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Transtation Editor’s Preface

The English version of Volume I1of Braver's “"Handbook® follows
the path of the very well received translation of Volume 1, Agaln,
some of the materiazl and particularly the bibliography has beeq
correctad and brought up to date, The homencleture has beeh re-
vised where necessary, with the Stock and the Stock-Warner systerns
{the practice of uslng Romsan numerals to deflne oxidation states of
atoms) adopted as much ag possible. This conforme with current
I.U.P. A.C. and Chemiecal Abstracts practice [for details of this,
see Reobert C. Brasted, J. Chem. Education 35, 136 {1948}]. The
references to laboratory equipment and technigques reflect current
1. 5. usage, but nseful European methods hava been retained,

It i3 hoped that this volume will be as well received as the pre-
ceding one., Comments from users are invited {o help improve
future editions,

Paul G, Stecher
Rahway, N, J.
May 19€5
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SECTION 19

Copper, Silver, Gold
©. GLEMSER AND H. SAUER

Copper [Pure Metal)

CuC + H, = Cu + H,0
o5 2241 8as 180

A solution of electrolytic copper in 30% nitric zcid is evapo-
rated to cdryness, The resultant nitrate is converted ta the oxide
by heating for 15 hours in an electricel furnace at 850°C, The
oxide 15 then reduced at low temperature {250-300°C), The prod-
uet is finely divided metallic copper,

Alternale method: Reduction of copper oxajate with hydrogen
[, Fisehbeck and O. Dorper, 7. anorg, allg., Chem. 182, 228
{1928}]. For prepgarative direotions, see subsectionon CuS, p, 1018,

PROPERTIES:

Atomic weight 63,54; m.,p, 1084°C, b,p. 2595°C; 43° 8,93.
Crystal structure: type Al

REFERENCE:
H, Haraldsan. Z. anorg, allg. Chem. 240, 339 {1938},

Colloidal Copper

Ar ammoniacal solution of CuSQ, (1:1004) is treated with a
dilute solutlon of hydrazine bydrate {1:2000) in the presence of
acacla (gum arabic). The hydrosol obtained upon heating is im-
mediately poured into a parchment paper bag which has heen pre-
acaked in water for some time; it i8 dialyzed againat water for

four days.

PROPERTTES:

Th drosol 18 copper-red under {ncldent light and blue under
tranat:i:tlgd light. K protacted from air, it is stable for a limited

time,
1003
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BEFERERCE:

\. Gutbler and G. Hofmeler, Z. anorg. allg. Chem, £, 227 {1805).

Copper Hydride

CuH
L 4Cul + LialE, = Lil 4 Ally + 4Cu¥
015 35.0 133.9 4077 238.3

solution of Cul is made o react at reom tempera-
m:'eAuﬂythfiTn:olutiun of LiAlH, in ether-pyridine (the latter being
preparad by mixing a concentrated ether sclution of LIAIH, with
shsolute pyridine), yielding a blood-red pyridine seluticn of CuH,
The mixture is allowed to gtand at room temperature for 4-£
hours to complete the reaction. The All, co-product s sparingly
soluble jn pyridine and precipitates to a large extent. it is then
readily separated irom the clear superpatant liquor by centrifuga—
tion. The residuzl All, and the soluble Lil ara separated from the
CuH by sddition of an at least egual volume of ether to the pyridine
solution, The resultant red-brown precipitate of Cull Is separated
by centrifugation, washed with ether, dissolved in pyridine, and
reprecipitated with ether. This purification procedure i repeated
twice, The ether is then evaporated io a high vacuum,

The reaction may zlso be carried out by treating a sclution of
Cul in pyridine-teteshydrofuran-—ether with an ether sclution of
lithiums aluminum hydride. In this case, CuH precipliates a8 seon
as the two solutions are mixed, while both AlT, and LiI remain i
solutfon, The CuH precipitate is then purified as ahove by dis-
solving in pyridine and reprecipitating with ather),

II. PREPARATION OF COPPER KYDRIDE BY REDUCTION OF SOLUTIONS OF
COPPER SALTS WITH HYPOPHOSPHOROUS ACID

A 65°C mixture of 25 g, of CuS0 -5 H,0 in 100 ml, of water
and 20 ml, of 2N H,S0, Is added to a solution of 21 g. of H,PCQ In
300 ml, of watar. After standing for 24 hours, the resultant pre-
cipitate {6 filtered and washed successively with water, alcohol
and ether. Although the precipitation $s not quanti{ative under
these conditions, the product is relatively pure,

Small amounts of irog Balt or halogen
with the precipitation. ogen lon impurity interfere

FROPERTIES:
Formula welght 64,55, Light red-brown color. Anhydrous when

oblatsed by method I, Undecom
. . posed (metagtabie) up to about
#'C; decomposes {uto the elements above this tempefature. and
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repldly at 160°C. Quite stable in 0°C water; just ag in the tharmal
decomposlifon, disscelates luto metallic copper and Hy from 45°C
on, rapidly at 65°C, Dark red ryridine aolution, Cryatal structure:
type B4 {expanded Cu lattics), Heat of formation: 5.1 keal./mole,

REFERENCES:

L. £, Wiberg and W, Henle, Z, Naturforsch, b, 250 {1952},
II. O. Neunhoeffer znd F. Nerdel. J. prakt. Chem. 144, 63 (1935);

G, ¥. Hittlg and F, Brodkorh. Z. anorg. allg, Chem. 153 2
242 (1926, . 2T 123, 2%,

Copper [l Chioride
CaClI

Z2CuSG, + ZNaQ! + 53¢ + 2H.O = 2Cull -+ Nay30y + 2H,50,
(5 H;0)
409, i1a.8 24i, a5 I949.0 142.1 198.2

Gaseous B0; 18 bubbled through an aequons solution of 50 g, of
CuB0,-5 HZO and 24 g, of NaCl at 60-70°C until Culll ceases
to precipitate. The product 18 suction-filtersd and washed with
sulfurous scid, then with glacial acetic aciduniilthe latter becormes
calarlass. The molst product is placed In & shaliow dish oron a
Inrge watch glass and heated on e water bath until the odor of
acetic acid is no longer detectable, If 18 stored in a tightly clesed
container,

Altewnate methods; a) Acetyl chloride 15 added in drops to a
boiling solution of cupric acetate in glacial acetic acid contafning at
least 50% of acetic aphydride by volwme, Whenthe color changes to
vallow, the addition Is stopped and the mixture I8 refiuxed for 15
minztes, The resultant white solid is suction-fiitered, washed with
acetic anhydride, and dried at 140-150°C (D, Hardt, private com-
munication).

b} Cuprie chloride is heated to 150-200°C In glycerol, The
CuCl obtained 18 filtered, weshed with alcohol, and driedin
vacuum [B, K. Vaidya, Nature {London} 123, 414 (1928)}.

¢) Reduction of CuCly.2 H,0 in a Na SO, solution (R, N,
Keller and H, D, Wycoff in: W. C. Farpelius, Inorg. Symtheses,
Vol, H, New York-London, 1948, p. 1},

d) A solutlon of crystaliine CuCl, in hydrochloric acid is re-
duced over copper with exclusion of alr {use a Bunsen vaiva; for
a description of the vaive, see Hackh's Chemical Diut[onary, ara
ed,, the Blakiston Co,, Phila.-Toronto, 1844)., The prodict Is
poured into water i[ahg.s}]Denigés, Compt. Rend. Hebd, Séances
Agad, Sef. 108, 5687 . , .

@) A mixture eoLsisting of 1 part of CuS0O -5 H,O, 2 paits of
NaCl and 1 part of Cu turnings 18 heeted (us¢ & Bunsen valve) with
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{x-
PAELS il the color disappeals complaetely. The m
o o o Tt CuCl crystallizes out [M. Denigés,

into water, and
et poummds Hebd, Séances Acad. Sci, 108, GET (1889)].
f) Sublimatfon of commercially pare CuCl over copper in g

stream of HCl and argon at 900°C [J, B, Wapner and C, Wagner,
1. Chem. Physics 28, 1597 (1957}

ETHONYM:

Cuprous chloride.

PROPERTIES:

Formula weight 93,00, White grystalline material, M.p. 432°C,
b.p, 1490°C; 43° 4.14, d422 3,677, Sparingly soluble in water
25°C): 1.53 g./100 g. (partial decomposition in water: 2CuCl =
Cu + CuCly), Forms a green basic chloride in air, Soluble in hot
conc. hydrochleric agid, come. alkali chloride soluticns, cone.
aqueous ammoenia, Crystal structure: type B3, Conversion into
high-temperature modiffeation of type D4 at 418°C, Heat of
formation {25°C): — 32.2 keal./mole,

REFERENCE:
M. Rosenfeld, Ber. disch, chem. Ges, 12, 554 (1873},

Copper ] Bromide

CuBr
2Cu50, — 2KBr + 50, T S0 = S£CuBr + EH.SD, + K.50,
(5 H:0)
490 4 236.0 2241, 8.0 2869 156.2 174.3

Stoichiometric quantities of pure CuS0,-5 H,0 and KBr are
dissolved in boiled distilled water and the solution is filtered
through hard filter paper, It is then heated to a moderate temper-
ature and a fast stream of pure SO, is passed through, with stir-
ﬁ. for about two hours, 'The passage of gas i3 continued until
: mixture has cecled complstely; the CuBr precipltates in the
orm of fine yellowish-white crystals. The solid is filtered while
carefully excluding all light, resuspended 5-7 times In boiled dis-
mtﬂled wate: ism which soma ;_?}03 is bubbled, snd fiitered again,
by Somrcon!.a fiualg weashed with 50 -containing alcohol, followed
g v ining ethez, The salt {s driedfor 3-4 days over HoS80,

J t: hydroges atmoaphere, and then in vacuum,

Itemam met;uds: a) Acety]l bromide 18 added {n drops to a
:lﬂ.llg mmnof ol t::fric acetate in glacial scetic acid, contalning
mlw sreeneand anhydride by volume, uctii the seiution he-
Comes lon}.a pure white precipitate appears (D. Hardt,
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b) Ancther starting materist consists of the mixture ussd in
the preparation of ethyl bromide from alcohol, Br, and red phos~
phorus, The mixture is filtered and an excess of CuSQ 4+ B0l
ad;le;ll to t.hat ciitiaartisolution. The dark green solution 18 brought to
& Doil; erystaliization soon follows [D, B. B g, 4, Chem, .
{London} 127, 496 {1925)], riee %

¢) Synthesie from the elements [J. B. Wagner and C. Wagner
J. Chem, Physics 26, 1587 {1957)). " '

SYNONYM:

Cuprous bromide,

PROPERTIES:

Formula weight 143.46. Colerless crystala, M.p. 4958°C, b.p.
1345°C; d4%° 4.72. Insoluble in H,0; soluble in hydrogesn halide
solutions, nifric aeld and sgueous ammeania. Haat of formation
{25°C): — 24.9 kcal./mole,

CuBr exists in three modifications: y-CuBr {yps B3} below
381°C, g-CuBr {ype B4} between 391 and 470°C, a~CuBr icubic)
above 470°C,

REFERENCE:
J. N, Frers, Ber, disch. chem. Ges, B1, 377 {1828),

Copper I} lodide

Cul
2Ca80, + 2KI + 50, + 2H0 = 2Cul + 28,80, + K50
(2 HO)
4894 g aadi. a6.4 38015 196.2 1743

The compound i8 obtained a& a pure white sofld by precipita=
tion of a solutfon of CuS0,-5 HzO with XI in the presence of §
slight excess of sulfurous acid. Ths product is washed with water
contalning & small amount of SO, then (with exclusion of af¥)
with pure salcohol, and finaily with anhydrous etkher, It is then
filtered with suction and freed In vacuum of the last tracesaf
other. Residual stromgly adhering traces of water ara best re-
moved In a high vacuum, first at 110°C and finally somewhat. .-
above 400°C. A beiter product 18 chtained If a small quantity of ¥
iodine is added to the material »;g;l}e';'dr ét has baen dried at 110°0:7
T ine i3 entl removed at . e

Mi:ifed;l:t;anffmrf}g a) Analogous to the preparation of Gu-ﬁg;
from the resction mixture used in the synthesis of ethyl indide.
Crystalline Cul is obtaimed [D. B. Briggs, J. Chém. Soc, (;3\'

127, 496 {1925)].
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h) Symthesis from the elaments [J.
b Citua Physios 26, 15497 (1857}

B. Wagner and C. Wagner,

STRORIYM:
Cuprous iodida.

PROPERTIES:

t 190.45. Pure white crystaliine powdf:r. M.p.
5.63, Quite stable in light and a;r. meits
ithout decomposition in high vacuum and i a stream of oxygen-~
t“:ﬁe M. Thap:olidified melt is clear and coloriess (impure ma-
terfals vield dark melts). Insoluble iz H,0; soluble in acids a_.nd
squeous ammonia; seluble in alkali fodides., Heat of fermation
(25°C): — 16.2 keal,/mole. .
cul exists in three modifications: y-Cul {type B3} below 4027C,
J-Cul between 402 and 440°C, and -Cul {cubic) above 440°C,

Formula welgh
§05°C, b.p. 1336°C; d3°

REFERENCE:

C. Tubandt, E. Rindtorff and W, Jost, Z, anorg, allg, Chem, 165,
185 A%27),

Copper (i) Chleride
CuCl,
I. DEHYDRATION OF THE HYDRATE IN A STREAM OF HCI

Pure CuCl.-2 H 0 is Tecrystallized from dilute hydrochlerie
acid to remove traces of basic salt, and is then heated to constant
weight at 140-150°C in a stream of dry HCI, The Cull, is atored
i» a desiceator over H_ SO, and NaOH until a1l remaining traces of
adhering HC1 have been abgorbed by the NaOH,

b Co{CH,CO0): + 2CH,COCH = Cagl, + 2 {CH,CONC
1816 1570 1343 204.2

A) CUPRIC ACETATE 50LUTION

Glaclal acetic acid codiaining a small quantity of sce -
dride 18 piaced in the solvent fask of aq-‘.iaxhle{ a;'ktractti::n‘?{e
m* ” section of the apparatus is filled with copper turaings,
sl fatroduced, and the solvent {s brought to a boil. The solu-

becomes saturated with copper acetate after 1-2 hoyurs,
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B ANHYDROUS CUPRIC CELORIDE,

The solution prepared in the Soxhiet via (A) 18 allowed to cool
to 35°C, decanted from the solfd which crystaliizes out, and pre-
cipitated at 40-50°C with the stoichiometric quantity of acetyl chlo-
ride, Caleculation of the stolchiometric quantity may bebased on the
golubility of cuprie acetate in glacial acetic acid: 20 g./Mter at
35°C. The precipitate is washed with efther hot glacial scetic acid
or cold acetic anhydride, both of which may be removed by a fital
washing with anhydrous ether. The product is dried at 120%C,

Alternate metheds: a) Blgh-vacuum dehydrationof CuCl,-2H0
at 100°C [W. Biltz, Z, anorg, allg, Chem, 148, 207 {1925)}.

b) Refluxing of CuCl,.2 H,0 in 5QC1., Removal of the excess
S0C1, by distillatien and evaporation of resicdual splvent in vacuum
[H. Hecht, Z. anorg. allg, Chem, 254, 37 {194T)l.

BYNQNYM:

Cuprie chloride,

PROPERTIES:

Formulz weight 134.45. Yeliow, deliqusscent mass. M.p.680°C,
b.p. 655°C; d325 3,387, Soluble in H,0 and alcohol. Solubility in
ethyl aleohol {0°C) 31,9 g.; in methylaloohol (15,5°C) 67.8 g./ 106 ml.
Soluble ir acetone, ylelding a dark green sclution, which becomes
yellow at high dilution, Heat of formation (25°C): -— 49,2 keal,/mole.

REFERENCES:

I, H. C, Jones and W, R. Veazey. Z. phys, Chem, 81, 654 (2903).
I, 0. Hardt, Z, anorg. allg. Chem. {in press); private comrnuel-
cation,

Copper [li] Bromide
CuBr,
i. CubD + 2HBr = CuBn + HO
79.5 181.8 2234 180

The stoichiometric guantity of CuO [or Cxw{UH) 4} I8 ﬂisé_qifgg in
aueous hydrobromic acid and the golution is evaporatedin vt“grig;uum

over H.80,. -

I CufCH,COO0)*H:0 + 3CHOOBr _
) 188.6 3685 o
— CuBr + 2{CEHCON0 + CH,COOH + HBt
228.4 2042 Bl 809

Cu(CH .CO0) s+ HyO (6.0 £.) is placed in a Pyrex
mbam?fgy xdi;;%eamm.gc wia;ich ias closed off with a rubber stopper

m ot weouE
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furmei and a filtering tube. Agltation

zlt‘il:'r:r;hi‘:pgﬁted; 15 ml. of benzena is added, foll::ll\;ed
alowly by a 10% excess of CHGOBr. The mixture is stirred for

¥ recipitete is allowed to gettle and the
- mtﬁf}s?ﬁh:nﬁ :ff lzhrouih the filtering tuba. The r;action
mbmught to completion by treating the residue with additional
::.nmm and CH.COBr. The supernatant tiguid 1s removed by fil-
tratlon and the Cf:Br-,, |s washad 3-4 times with anhydrous benzens,
The product is dried at 150°C for two houra under nitrogern.

o

SYNONYTM:
Cuprie bromide,

PROPERTES:

crystals, very deliquescent. M.p. 498°C, b.;?. 200°C;
diff;fﬂ_ rl-{lghiy saluiyle in H,O, yielding 2 green solution; solu-
bility (15°C) 122 g./160 g, HzO; soluble in acetops, alechol and
pyridine. Dry heating casuses decomposition into CoBr and Brg.
Evaporation of an aqueous solution also causes decomposition {at
the h.p.}, Depending on the tempersture, CuBr, crystailizes from
aqueous solutions with two or four molecules of water of crystal-
lization, ylelding highly deliguescent, brownish-green crysiala.
Crystal structurs: monoclinic, Heat of formation (25°C): — 33,2
keal./mola.

REFERENCEE:

L L. Vanine, Handbuch der prip, Chemle [Handbook of Prepara-
tive Chemistry]l, Part I, 2nd Ed., Stuttgart, 1921,

IL G. W. Watt, P, 5, Gentileand E, P, Helvenston. J. Amer. Chem.
Soc, 77, 2752 (1955),

Copper Oxychloride
Ca(ll; - Cu{OH).

2CeCly + CaCO, + FC = CuCh-Cu{OH)y + CaCl + CO,
2689 1ot 12.0 2320 LD 2241,

Stoichiowmetrie guantities of cupric chioride, calcium carbonate
@marble) and water are allowed to react In a homb tube for 48
bours at 200°C. The product is filtered, fraed from unreacted
Cuiillg by washh:g ho;dth bolling aicohol, and dried in a desiccator.

ltematem mathod: A cone.solution of Cull,ieboiled for several
hours CuQ. Ths Houid is decanted: the product 15 washed with
seetone and dried [E. Hayek, Z. amorg, alig, Chem. 210, 241
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PROPERTIES:

Dark yellowlsh-green powder, decomposed by bofling water,
Crystal structure: monoclinie,

REFERENCE:

G. Rousseau. Cempt. Rend. Hebd. Séances Acad. Scf, 110, 1282
(1890). —

Copper [} Oxide
CuD

I 4 Cuf{CH,CO0), + NH. + 2HO
(1 HyO (1 H,0)
7985 501 364
= 2Cu,0 + N, + §CH,CGOH
086.2 13} 480.4
A 20% hydrazine hydrate solutlon (35 ml.) is added to 50 ml,
of soncentrated copper acetate soluticr. The solution turns green,
nitrogen evelvas, and a yellow to orange precipitate of Cu,0 sepa-
rates on standing. The product s washed with HgO, followed by
aleohol and ether. Care must be exercised to avoid an excess of

hydrazine in the reduction, since such an excess causes reduction
to metallic copper.

I 4Cu + Op = 2000
8542 2241, 2882

Small copper plates fe.g., 3 mm, x 26 mm. % 10 k) are bung
from platinum wires placed in a vertical tubuler furnace; the
latter is then hsated to 1000°C in an atmosphere of teckaloal grade
N, {1% Oz). While bringing to the desired temperature and cooling
down, use only pure N, The reaction 18 completed after about. .
24 hours. The product composition correaponds approximatsly to.
Cu,0 [cf. C, Wagner and H, Hammen, Z, physik, Chem, B4G, 197
1938})]. )
{ Al}tlemte methods: a) Equivaient amounts of CuO andCuaI&
heated fn vacuum for five houzs gt 1000°C, The product s homog=-
enized and rebested [F, W. Wrigge and K. Msisel, Z. anorg. allg,.. ;
Chem, 203, 312 {I333)]. U

b} B—Ea_uction{ of }lli‘ehling’s sai;ltﬁ};al;s]dth hydrazine SIAE
M. C, Neuburger, Z, Fhysik 67, . N
: ¢l Electro]gysls of aywealdy alkaline solution of Nall a% ﬁ; v
using copper electrodes [B. B. Dey, A. Jorgarac, M, V. K. Dixih
8. Sampath and R, Viswanathan, J. Sel. Ind. Rgﬂtsaroh m 3
219 (1954); Hira Lal, J. Sei. Ind, Research (indfa) 123, 424 6% TR é
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ERNCNTM:
Cuprous oxide.

PROPERTIES: Red Cu ;0 is identlcal
1 wder, He 2
Formula welght 143'08{]1;?-1111‘2: rgice in color being caused by

whh e e variety,} 25 g 04, Insoluble in H.O; soluble in
pnmnicle o nﬁp'colnzca.za;;eiﬁs i;?dxzogen halide solufions, mark-
ediy sulu?;nl:amii al'kali hydroxides. goluble in dijute oxyac it:ls;E }vith
formation of Cu and Cu¥+. Crystal atructure: typeoc 3. Hesat of for-
mation from 2 Cau + ': Oz} —40,0 keal,/mole (258°C).

REFERENCES:

1. M. Straumanis and A. Ciruls, Z. anorg. allg. Chem. 224, 110
1935).

IE, l{-l Di;nwald and C. Wagner, Z, phys. Chem, B22, 215 (1933);
E. Engelbard, Ann. Phys. {V) 17, 501 {1533).

Coppar [il} Cxide
Col)

The starting materizl, cupric nitrate, may be obiained by dis-
solving electrolytic copper in nitrie acid and evaporating the
solution to dryness on a steam bath:

2Cu(NOy = 2Cul + 4NO. + O,
{3 H,)
4832 1551 18400 3z

The cupric nitrate i# dried im a drying oven, in which the tem-
Poerature is rajszed very slowly from 90 to 120°C, After the ma-
terial has heen completely converted to the green, loase basic
salt {24 hr,), it 13 hoiled with water and filtered. The dried galt is
firet heated slowly io 400°C, resulting in removal of most of
the aitric acid; it {sthen pulverized, sjowly heated further to 850°C,
and mafntzined at this temperature for one hour, It is again ground
to a fine powder, reheated for several hours to about T00°C, and
allowed to cool in & desiseator,

Alternafe methods: 2) Precipitation of Cui{OH) g from a2 Cul0,
Bojution with ammonia, followed by calcination to CuO. The product
s free of suifate. Calcination temperature 600-700°C [A, A.
Kazantsev, Khim, Zh., ser, B (Zbk. Prikl, Khim,) T, 1108 (1938}].

b) Oxidation of very pure thin copper foll at 1060°C in a siream
of pare O, [H, H. von Baumbach, H, Dlinwald and C. Wagner, Z

trochem. 59, 399 (1955)], . Kofstand, %, Elek
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¢) Precipitation from CuCi,.4 H,0 with sodium bydroxids in

the presence of CH.OH [R. Fricke and J. Enbach, T, Elektrochem.
53, 76 (1949].

SYNONYM:

Cupric oxide,

PROPERTIES:

Formula weight 79.54, Black powder. M.p. 1336°C; d}* 6.315,
Soluble In acids and ammonia, After caleination at high tempera-
tures, soluble only in beiling cone, acids, Crystal structure: type
D26, Heat of formation (25°C): —37.1 keel,/mole,

RE FERENCE:

R, Ruer and J. Kuschmann. Z. anorg, allg. Chem, 154, 8% (1926). -

Copper (I} Hydroxide

Cu{OH),
CuSO, + 2NaO¥ = Cu(OH) + Na50,
(5 H,0%
2499 FaliA4 oT.6 142.1

I A solution of CuS0,+5 H,0 i8 treated at 70°C with 10% aqueous
ammonis until 5 deep blue color appears, The solution 18 then al-
lowed to react with the stoichlometric quantity of NaOH, yielding a
precipitate which settles well. This Is filtered, washed repeatedly
with warm water, and dried in vacuum over conc, H 50 .

H. Aqueous smmonfa is added in drops to a bolling solution of
CuS0,-5 HoO until the initially green precipitate acquires a blue
coler. The crystalline basfc sulfate thug obtained is filtersd and
varefully washed with water, It is then digested with a moderately
concentrated NaOH solution, filtered, washed, apd dried in vaouam

over CeQ or H S0 .
SYHONYM:
Cupric hydroxide, R

PROPERTIES!

Light blue, orystaliine powder. Insoluble in HiO; soluble jn
acids and agueous smmonia; falrly soluble in concentrated NaQR.

The erystalline form 1s stabie at 100°C. Heating of the fvgshly

r
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1914
nversion to black, water-

prociplita! results In co ’
hiumcm:ﬂ:e. d3° 3,368, Heat of formation (18°C):

- 106.T kcal,/mole.

REFERENCES:
L A. N, aAgte and N, 5. Golynko. Trudy Leningr, Khim,-Tekh.

. 8, 140 {1940),
I Eﬁtvi';:Ino Emd E. Engert. Chemiker-Ztg. 48, 144 (1827);
B. Rottger. J. praki. Chem, 78, 491 {1858 R. Fricke and
J. Kubach, 7. Elekirochem. 53, 76 (1949}

Potossium Cuprote (Il]
KCu,

A mixture of any available fipely divided potassium oxide with
CuO is beatad to 400-500°C incarefully dried oxygen at 760 ram. Hg.

Al POTASSION GXIDE, KO,

The sealed {20 em. long) giass tube o containing distilled po-
tassium §s placed In the constricted side tube b of the apparatus
depictad In Flg. 276; the system is evacuated and flame-dried,
then filled with dry nitrogen; tube a is fixed so that It slopes
Bomewhat toward ¢, Tube d is raised above b and its lower end
broken in a stream of nitregen; it is then replaced in b by means
of 8 wire attached to hook e, The system s again svacusted; the
potassium inside b is melted and allowed to flow into 4, care being
taken t¢ avold plugging of the gas inlat,

Hybvacuum

z ‘3’"_}

Fig. 276, Preparation of finaly
divided potassium oxide,

Oxldation of the potaasium iz aoki
eved by admixing inoreas
I:ym mm.n:f :fxyg:u to the nitrogen, The quantity of G, is adjua::g
e 1 ! wm;:ar f- When the reaction 1g complate, the
55, 1) ﬁn; az r:s homogenized in a vacuum ball mill
mn am of dry N,, and stored in sealed glass

-
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ANALYSIS: T

Potassium {6 determined as KCIO,; the product may alad e
hydrolyzed and titrated as KOH, C

BY REACTION OF KO, WiTH CuD

The potassium oxide prepared in (A) s ground with the stoichio-
metric amount of CuO (K:Cu=1:1} {n the vacuum ball pill
merntioned above. The grinding {8 carried ocut with careful axole-
gion of moisture, and is contloned uotil the powder clings to the
walle, This usually takes 5-20 minutes. The ioner ground joint
sg of the ball mill {s then connected to the outer joint s, of the
transfer device shown in Fig. 277 in such A manner that the T-
shaped tranafer plece Is horizoatal, It contains p movable alu-
minum pin n which fits fairly locsely into opening s To staxt
with, 53 is closed off with a ground cap. The mixture of oxides is
transferred from the ball mil! to the transfer dovice by aheking
and loioclking at the walls. The transfer device is disconnected
from the miil in 2 stream of dry N, and joint s i closed with 4
ground stopper; cap s; is then removed and s, i8 connected to
joint s, on the side tube a of the main apparatus of Fig. 277. A
sflicon carbide boat k is located exactly below s, Stopper sz is
removed, dry N is introduced through s,, and a small portion of
the material is pushed into the boat by raieing and lowering the
aluminum pin n. Careful shifting of the boat followed by repeated
movement of the pin allows the boat {o be filled completely.

E.

Ng ar 02“3

3|

! i
Fig. 277, Charging and heating of
the KOu~CuO mixtura.

While the stream of dry N continues toflow, the boat 18 shih
to reactor tube g, placed in furnace o (Fig. 2Y7), whig_;h ‘con
an elsctrically heated quartz tube ;mrrounde:l by a {Tansps
protective tube. The mixture 15 he_atad to 450°C ’-?"’FE'}'_E“E‘_@,
the formation of KCuO, I8 complete zfter 24 hours,

’ z
1tk

- +
el Tl

PROPERTIES: b &

Formula weight 134.64, Crystaliine powdar, steel hiue ks
biue, Decomposes vigorously in weter, ylelding = Do
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O, and forming
precipita mpases ln dilute acids, avolving O
CMpTi0 s:;;.nz:qumﬂ ghlorine and oxygen la conc. hydroshlaric
scid. Decomposes with loss of weight on heating above 580 Cina
stream of oxygen, Nonmagnetic; shows a characteristic x-ray

diffraction pattern.

e

REFERENCE:
K. Wahl and W, Klemm, Z, anorg. alig. Chem, 270, 89 (1952).

Schweizer's Reagent

L Copper turnings are covered with 20% ammonia containing
some NM C1, and gir is bubbled throngh the suspension, An azure-
blue solution of [Cu(NH,),] (OH}, is formed, Evaporation of the
salution in a stream of dry NH, ylelds long, azure-hlue needless of

[Cu(NH g} o] (OH) 5

Il Freshly precipitated Cu(OH), is dissolved in 20% zmmonia
solution,

PROPERTIES:
Formula weight 165,68, Schweizer’s reagent dissolves gellu-
loge.

REFERENCE:
M, E. Schweizer. J. prakt, Chem, 72, 108, 344 {1B57),
Copper {ij Sulfide
Cn;S

2Cn 4 s = CUpS
1271 3t 1m0

kL A mixture of siolchiometrie quantities of Cu and 5 is placed in

a quartz tube, which is sealed s b
until the mixture melts, igh vacunm, The tube is heated

methods: a) Cuprie suifide
the 18 heated In vacuum to
meling polot of ouprous muifide, The reaction is preferably
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carried out In a graphite crucible inside an evacuated tube {E,
Posnjak, E. T. Allen ard H. E, Merwin, Z, anorg, allg, Chem, 84,
95 (L916)), -

b} Cuprlc suilfide obtzined by precipitatfon from a CuS0,
solutior with S 18 reduced in a stream of Hy/H 8. The optimum
conditions are: & temperature of 700°C, & gas composition of 4.6%
H, and $5.4% H.S, and a reacifon time of ons hour, The product
is crystailine and quite pure [N, P, Divev and E. M, Yakimets,

Izv. Ural. Fil, Akad, Nauk S88R 1§55, No, 3, 5; abstract in Chem,
Abstr, 13,638a],

SYNONYM:

Cuprous sulfide,

PROFERTIES:

Blue to blue-black, M,p, 1127°C; &%° 5.6. Solubillty (18°C):
4,05 x 1078 g /100 g. H 0, Very sparingly soluble in hydrochlerio
acid, Heat of formation {25°C): —19,6 keal,/mole,

Exists in twc modification: g-Cu S thexagonal) below 91°C,
a-Cu S ftype C 1) abova 91°C, The latter existe only with a copper
deficiency, the composition helng approximately Cu,.e8.

RETERENCES:

1. P, Rahlfs, Z, phye. Chem. {B) 31, 157 (1936); P, Remdohr, Z,
praki. Geol. 51, 1 {1543},
fI. C. Wagner. Private cornmunication,

Copper (I} Suifide
CuaS

Cu + § = Cus
3.3 31 5.6

The sulfide precipitated when cupric salt solutions arse treated
with H_S is not uniform. A better produect 18 obtained from the re-
action of a solutionof sulfur ino C8 ywith pure coppsr powder obtained
from copper oxalate, Copper from CuQ s unsuitable; it strongly-
absorbs H 0 vapor and thus still contains some oxygen, .

A} COPPER OXALATE

A soluticn of CuS0, -5 HZO in water is reacted with an efial
volume of cone. HoSO,. The solution iz brought to aboil, anda
siight excess of boiling agueous oxalic acld is introduced ina thia
stream, The crystalline, easily flitered oxalate is ropastediy
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wazhed with pure water,
ferthar washed until no aold can b

B COPPER POFDER

filtered through a fllter orucible, and
g deteated.

0°C to remove a8 much

The copper oxalate 18 heated at 13
water of orystallization as posgihle, It is then placed ih an

aloc furna heated to 320°C in a stream of purifled H,,
o o Sae accompaniad by a riss

tarts suddenly and is
The decomposition S aly at 220-260°C, and the

Ia temperature. Heating Is continued
mﬂp&;g then alowed to cool (both operations are conducted

ugder a strearn of Hgh The copper powder 1s stored under
hydrogen.,

C} COPPER SULFIDE

The copper powder obtalned above is finely ground and covered
with CS, in a besker, Semewhat more than the theoretical amount
of § is disnolved in = Iarge volume of €8, and added to the contents
of the begker {the sulfur reguired may be obtzined in sufficlently
mre form hy dissolving pure 8 in CS,, Hiterisg the solution
through a glass filter crucible, and precipitating the filirate
with low-hoiling petrelewn ether), The resultant Cu.3 18 trans-
ferred with the adhering CE, to & homb and covered with twice
the amount of ¥ required for tha formation of CuS, The homb ia
filled as completely 2s possible with CS, and sealed. Then it is
rotated along its long axis for four hours while surroundad with
steam, The bomb {s opened and contents filiered through a plass
fikler crucible and washed with CS,; the residual, adhering CS,
s removed in vacyum, The product iz drfed for 1-2 kours at
90-100°C in a vacuum of ¢,1-1 mm, He,

FYNONTM:
Cupric sulfids.

PROPERTIES:

Black. M,p, {dac.) 200°Q: g=e 4.5
- i G 4.6, Imaoluble in H,O, alcohol
mmmlubtiﬁ' Solubilfty (18°C): 33.6 x 10~% £./1490 2. igao.asoc:n:—
withou rostdus (n KON sohuithrs. oora L OlyBultides. Solublo
- 8 8t :
Hest of formation (25°C): —12.1 kcalq}'ymo!e. ractre: wee B 18

EETERENCE:

K. Pigelbeck
énd O, Dorner, Z, anorg. alig, Cherm. 182, 228 (1928).
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Copper {i| Selenide e
Cu,Se

2Cu + Se = Cu,S5¢
1271 00 DINLD

Selenium vapor carried in a astream of nitrogen I8 passed over
Cu placed in 2 porcelain bost, The Se is also in a porcelain boat
located ahead of the Cu 1n the quartz reaction tube, A thermal
gradient 18 obtained by means of two electric heatera which main-
tain the temperature of the Cu erf about 400°C and that of the Se
at about 300°C, A well-crystzllized product is obtained,

Alternate metkods: a) Hestlng a stolohiometric mixtare of Cu
and Se In an evacuated, ssaled quertz tube {P, Rahlfe, Z. phys.
Chem, {B) 31, 1957 (1936)].

b} Preparation of CuSe and CuSe from Cu and 8e in a Cu,S0,
solution [C. Gorla, Gazz. Chim, Ital, 79, 481 {(1940}]. -

¢} Fasesge of H_Se through soluiions of Cu saits, Formation
of CuSe and Cu,Se [L. Moser and K. Atynekl, Mh, Chemie 45, 235
{1825)1.

d)] Raductlion of the basle selenite CuQ « CuSed, W, Gellmaan
and F, R, Wrigge, Z. anorg. allg. Chem, 210, 373 (1233)].

SYNONYM:
Cuprous selenide,

PROFPERTIES-

Black, d3% 6,84, Exists in two modifications: tetragonal
B-CugBe fhelow 110°C), cuble a-Cu e (ebove 110°C) (essentially
a defect lattice deficient in copper). Heat of formation (235°C):
14,2 keal./mole, D

REFERERCES:

P, RahMs. Z. phys. Chem. (B} 8}, 157 (1936); W. Borchert, Z. o
Krigtallogr. 108, 5 {1946); G. Gattow and A, Sohneider, Z.
anorg, alig. Chem. 286, 296 {1956). :

Copper {} Telluride A

C‘II:TG . 'Hm,
aCu + Te = Cugle '
1%7.1 127.8 2547 -

Obtained by fusing electrolytic Cu with pure Te ina crusib% bl _'-&
under & protective layer of NaCl.and KCl, . ST A
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SERORTEM

Guprous talluride.

PFROPERTIES:

ray- ; d 35 atom%
pritile: homogeneous; containg 33 &n
mﬁn.p.m::c;ut g00°C. d3F 7.338. C'ryatal structure: bexagonal

tspecial type), defect lattice at Cu <, Te.

REFERENCE:

H, Nowotny. Z. Metaliforsch. {Metallkunde) 1, 40 (1346).

Copper {i) Sulfate

CuR0,

ZCU + 21‘[:50‘1 = Cu,SO; + EHEO -+ SD:
Il 1562 23351 B0

Copper turnings are placed in conc. Ho80  at a temperature of
200°C. The resultant gresn solution 1s added dropwise, through an
asbestos filter, to an alcohol-ether mixture (1:1} or to methanol,
cansing Cu S0, to precipltate in the form of almost white orystals.
The produet 1= decanted, washed with alcohol, and dried Ip vacumm,
B cannot be prepared by treating CuCl or Cul with H, SO,

Allernate method: Double decomposition of CuyO with neutral
dimethyl sulfate under anhydrous conditfons [A. Recoura, Comptes
Rendus Hebd, Séances Acad. Sei, 148, 1105 (15081].

HYNONYM:
Cuprous aulfate,

PROPERTIES:

o Rearly :ni:’jig cTystals or grayish powder, Decomposes in water
airmEu‘in mu‘ Stable Im dry air; décomposes slowly in moist

. olly omposed by heating; oxidizes at 200°C to CuQ and
CafO,, of formation {25°C): —197.% keal,/mole,

REFERENCE:

4.6, ¥, Druce and G, Fowles, Chem, News 137, 385 (1928).
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Tetrcomminecopper {il) Sulfate
[Cu{NH,},]50, - H.0

CUSD; : 5 HQ'U + 4 NH! = [Cu(NHﬂ']SO‘ " H:O + 4 Hlo'
2467 451 2458 721

A solution of 50 g. of {inely divided Gu8Q, + 5§ H0 1o 75 ml, of
cong, ammeonia snd 50 mi, of weter s filtered and precipitated by
glow addition of 75 m!, of alcohol. After standing for several hours
in the celd, the crystals are filiered on a Btchner funnel, washed
with & mixture of alcohol and cone, ammenia {1:1) and then with
aleohol and ether, and dried by suction,

Large crystals mey be obiained by covering a layexr of alochol
with a layer of an ammonia soltution of CuS0, (G. Bornemann,
Ancrgan. Praparate [Inorganic Preparations], Leipzig, 1926, p, 156},

BYNONYM:
Cuprammonium sulfate.

PROPERTIES:

Deep blue cryatais. d2° 1,81, Solubllity (21,5°C): 18.5g./100 g.
H,O. Decomposes in afr, Loses H,0and 2 NH, on beating to 120°C;
the remalning ammonia is evelved at 160°C, '

REFERENCES:

H, and W, Blltz. Ubungshelspiele ausder ancrg. Chemie [Exereison
in Inorg, Chem,], Leipzig, 1520; F. Mazzi, Acta Cryst, -3
137 (1955); M, Simerskd. Czechosl, J, Phys. 4, 3 (1554).

Copper {} Nitride
Cu,N
This compound is prepared by treating CuF 5 with NH,.

A} STARTING MATERIALS .

i. Accordiog to L, Balplamo [Gazz. Chim, Ial. 14,.78 (1884 ey
CuF, - 2 H,O i8 prepared by dissolving CuQ in 40% kydrofjveris -
acid, precipitating the fluoride with alechol, and dryzing in,ﬁ P
"."aﬂuum. . f . . *1‘5m :: B

2, NH,F is dried In veouam over NaOH. ....- = .. ._4;% :

4, NH.,and N are carefully dried. Cet I
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B PENYDRATION OF CuFy - 2H G N,
Abowl mixture of 5 parts of CuFa - 2H,0and 1 part

of NH FE liz ga‘ fa:undum boat placed in a guartz tube set In an
o towly heated for two hours to

adacir istance furnace, is B
m‘chin ?:tram of Nj. (The NHF serves to depress hydrolysls

during the dehydration.j

) PREPARATION OF CualN
immediatel
The anhydrous CuF, at 250°C {see above), is 'y
rezcted for three hou?s at the same temperature with a fast
stroam of NH, Heating above 300°C gives products deficlent in

nitrogen.
STNONTM:
Cuproys nitride.

PRCPERTIES:

Formuls welght 204,83, Dark green powder, stable in air at
room temperature; oxidizes at 496°C in a stream of O, with pro-
noueced incandescence, Decomposes spontanecusly in vacuum at
sbout 450°C, Secluble in dilute mineral aclds and cone, hydre-
chloric aeid with formetion of the corresponding ammonium salt
and partial formation of Cu metal. Decomposes violently with
conc. W SO, and HNO,. df® 5.84. Crystal structure: type D0y,
Heat of formation (25°0): +17.8 keal,/mole,

REFERENCES:

R. Juza and H, Hahn, Z, anorg. allg, Chem, 238, 292 (1938); 241,
172 {1939); K. Juza, Ibid. 248, 318 (1941).

Copper (1] Azide

'Cll{N:}l
CA.I{NOIJ! + ENaN; = CU{N;;I! + gNﬂNG’
3H,
2416 L0n 1476 116.0

A solution of 5 g, of Ca{NQ,) 3« A H.O in 200
& mi, of H,0 I8
I;e;led 'Ii':e the cold withk 50 ml, of a solutfon containing 2.523. of
> tm:e:'umlfan.t precipitate is suction—filtered and washed
memlh o c?ld watar, The wet product ia left tu stand 24
mhun b of a 2% solution of hydrazole acid, suction-
wae with alcohol and ether, and dried at room tem-

porsture. The visld
wﬁh}; hf&iﬂi‘ of azide in the form of a hrown-
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Alternatively, finely powdered basie CuCO, may be treated = -
Eth an excess of 2% HN,, sfter which the worknp 1e the same a8 - -
ove. Sy
Alternate methods: a) Reactlon between Cu(NO 3, + 3 HzO and
LiNy+ HyO in aleoholic solution and decomposition of the
Cu{Ng}p - 2 NH, {M. Straumanis and A, Cirulis, Z. anorg. allg.
Chem, 251, 315 {1943)).

b) Determination of azide nitrogen according to F. Fefgl and
E, Chargaff, Z. anal, Chem, 74, 376 {1928),

SYNONYM:
Cuprous azide,

PROPERTIES:

Black-brown powder or black-brown, opaque crystal needles,
depending on the method of preparation. Very sparingly soluble in
H,0 and organic solvents. Readily soluble in acids, including
CH,CO0H, and in ammonia, Decomposes on heating in sir inko
Cu and N, Can be easily reduced to white CuN, ir an aquecus
asolution of hydrazine, Crystel structure: orthorhkombie,

Explosive properides: Harmiless when moist, quite sensitive
to rubbing when dry or molstened with ather, Explodes when
placed in a flame. Bix times stronger than Fh(N ), and 450 times
stronger than mercury fulminate when used as a datonstor,

REFERENCE:

M, Straumanis and A, Cirulis. Z. anorg, allg, Chem, 251, 316
(1943),

Copper Phosphida

Cuo,P o

3Cu + P = CuF
1906 819 2218

“

Stoichiometric amounts of Cu and red P are heated fﬁy% Py,
hours at 640°C in an svacuated, seeled Vycor glass tube, The Ze= . ;Ei
action product i homogenized, meltsd In 2 sealsd guaTt?
and heated for five hours at 1000°C. R %

PROPERTIES: o ‘ )
Silvery, shiny material with metallic sppearsuce. Tngokibl

nitric acid. d3® 7.147, Crystel siructure: hexagonal, Heg A s R
mation (25°C); — 36.0 keal,/mole. S b
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BEFERRNCE:
M. ityraldsen, Z. anorg. 2lg. Chem. 240, 337 (1339).
Copper Diphosphide
CuP,

Cu,P + 5P = 3 CuP;
1.6 154.8 3765

A midure of Cu,P with the calculated ammm;t of red phos-
porus s heated in a quartz tube for 24 hours st 630°C,

FROPERTIES:

Formula weight 125.49. Gray-black, grainy powder. Slowly
dissolves in boiling nitric acid (1.2). 43° 4,201, Heat of formation
(25"C): 23,5 keal,/mole,

REFERENCE:
H, Haraldsen, Z. anorg. allg. Chem, 240, 337 (1838,
Basic Capper Carbonates
CoCO, -Cu(OH): (Green Cupric Carboncte)

2Cu(NOy), + 2NaCO, + H,O

(3 H,0)
483.2 2120 18.0
= CuCO, - Cﬂ({)ﬂh + COt + 4 Nﬂ-NU}
jind B 440 OO

An aquecus solution of Cu(NO,), - 3 H,0 Is allowed to react at
Tom temperature with & solution containing the equivalent amount
of soditm or potassium carbonate, The greenish biue, partially
colleddal precipitate of varying composition that forms Is grad-
:‘mo m—(}u {O!a’;memr ftha mother liquor into ecryastalline

3 .
p .fsll:émaybeu(?EeEu{Noa}a 3K 0, CuiCH C00),-H 0
Iﬁm m::h;cli: a} Precipitation of 100 ml, of LN CulS0
o Ha C0,, followed fmupediately by filtering,
-“lfﬁ- men waler, and drying after standing for 24 hours
Gr¥ger, Z, anorg, allg, Chem, 24, 127 (1900)},
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b} Hot CuSO, solution is precipitated with sodium h .
The precipitate 18 decanted and washed until the solid s free of
alkall. It is then dissclved in acetic acid, the solution fs evaporated
to drynesa, andthe residue ie takenup in water and added to a 100°C
solution contalning 4/8 of the equivalent quantity of K L0, The
supernatant 1s decanted and the precipitate i3 washed with hot

water and dried [W. C, Reyreclds, Proec., Chem. Soc, (Leadon}
190, 53 (1897/98)}. '

PROPERTIES:

Malachite-gresn powder, Insoluble in H,0, soluble in agueous
ammoniz. On boiling in water, particularly whenthe letter contains
alkall carbonate, deposits brown oxide, Stable to 150°C In the

a]g:;ence of alkali, decomposes at 220°C. Unstable toward H,S,
d35 3.85,

REFERENCE:

G. Bornemann, Anorg. Priparaie [Inorganic Preparations], Leipzig,
1926, p. 166,
2 CalQy  Cu(OH), (Blue Cupric Carbonate)

3 Cu(NOy)e + 3CaC0; + H:0
{3 H,0)

T24.8 3005 150
= 3CuCO; Cw{QH), + 3Ca(NO)e + €O,
3447 {92.3 L

A solution of copper nitrate is mixed with an excess of pleceg
of chalk, and the mixture is placed in a large-diamster tuheof
stropg glass connected to 4 mercury manometer, The tube is thén
sealed, The asurite forms at room temperature when the 1lbarai:e|£
CQ, creates & pressure of 5-8 atm. et

Alternate methods: a2} From precipitated green basic _B."]?P?«}{
carbonate under & CO, pressure of 4atm. The reaction 18 marzed
accelerated by the addition of azurite [V. Auger, Comptes ;Eté ing
Hehd, Séances Acad, Scl. 168, 944 (1914)]. NG

by A soluble copper salt is added in portiona to's sclutiom. )
containing Na.CO,, NaHCO and suspended blus copper carhop ;ﬂg
A new portion 18 added omly after the previous one hes bosh on
verted from the green basic carbomate to the blus {V. Augm;ﬁ
log, eit.}. ' R

c} Fi:rmation from CuCO,s Na 04+ 8 HyO from satubited . o
NaHCO, solution and precipitated basic GuGOs};gand misb;@ﬂ‘gﬁhﬂ; i
40 gtm, V. Auger, loc. cit.]. ' SR I :
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) der, M.p. (dec.) 220°C; d4%° 1,88
W [ . * ? : ’
Apuro-hia cryst&.lllnﬂ po the green compgund in humid air,

soluhle tor. Coaverts {0 !
Snlble tnina;‘monium salt solutfoss, Crystal structure: ortho-

hambic,

REFERENCE:
B, J. Debray. Comptes Rendus Hebd, Séances
(1858).

Aecad, Bel, 48, 218

Copper {l| Acetylide

G Cy - HhO
2C'LICI + H!Ct bl Ct];’Cg + 2HGl
(H, O}
135.0 2241, 1691 729

Pure CuCl {10 .} l& added in vacuum to a solution of 30 g. of
NH ,Cl in 100 ml, of H30; it dizsalves after addition of 58 mil, of
conet. ammonia, A sclution of 20 g, of hydroxylammonim chleride
in 100 ml. of H,O is then added, and the entire mixture is diluted
with 150 mi, of H,0, The solution becomes completely colorless
after a few mioutes, It is then siphoned into an evacuazted vessel,
and acetylene ig iniroduced, The acetylene {from a steel cylinder)
paseas through a purification train copaisting of sealed wash
bottles eguipped with fritted glass plates and filled #n succesafon)
with HgCl ysolution, 2N NaOR, Cu(NO4) pinnitric acid and 2N H S0,
followad by two wash bottles filled with 2% leuco-indigo carmine
solution fmade from 1ndigo carmine and zine dust), for the detection
and absorption of O, and a glass-bead trap for catching any
entrained liquid droplets, Upon contact with the cuprous salt
solution, acetylene produces a bright red, flocculent and very
vohuninous precipitate, The product is suction-filtered on &
fritted-glass funnel and washed with boiled water and acatone,
all operations hoing carried out iz vacuum. After thorough suction-
drying, # i dried at 100°C (In high vactum)in a drying pistol,
The product comtains about 95% CuyC,- HoO and I8 stored in
sealed ampoules filted o high vacuum,

PROTERTIES:

Brownish-red powder Inaoluble in H.,O
. , golubla in HC1 and
E’;:: l?h;.hna, On beating with RHCI, mﬁist, freskly prepared
L #° decomposes into C,H, and CuCl fand 2 smail acount

mwm#m. 28 In alr to CugO, C and Hy0, the ovlor
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REFERENCES:

BR. Klement and E, Kiddermann-Gros, 2. anorg. Chemn, 264, 201
(1347); L. Hosvay. Ber, diach,. chem. Ges. 32, 2607 (1899),

Paris Green {Copper Acetedrsenite]

4Cr0 + 3 As0; + 2CH,COGH = 3 Cuf{AsOh)y - Cu(CH,CCO), + HO
§18.2 593.5 120.1 1013, 180

Cupric oxide 13 heated with 8% acetic acid, AszQO,1s added,
and the mixture i8 refluxed for two hours, The produet 1s allowed
to cool for balf an hour, filtered, washed and dried,

Alteynaie method: DHlute acetie ecld is allowed to react with
an excess of freshly precipitated Cu(OH), and the produoct is
separated by filiration, Dilute acstic acid is added to a solution
of As;0, in bofling NeOH untfl the color of ghenolphthalein dis-
appears. The hot sclutions are mixed {mole ratfc of CuO:As O,
=4:3) and allowed to stand for several days [8. Avery, J. Amer.
Chem, Soc, 28, 1158 {1208}],

PROPERTIES:
Emerald green, crystalline powder, stable to ajr and light,
soluble in H,O, Decomposes on prolonged heating In HaO, Un-
stable in acids, bases and toward Ha5. Toxic.

REFERENCE:

G. D, Luchinskly and U. F. Churiliina, Zh. Prikladnoy Khim, 18,

558 {1940},
Fehling's Solution
SOLUTION 1
34,6 g. of CuS0O, - 5 HaO dissolved in 500 ml, of Ho0. - .,n‘ﬁ_ -
SOLUTION 2 Bie L

te (Rochelis
173 g. of orystelline potassium godfum tarirs
salt) amfl; 53 g. ?; NaOH are dissolved in MO and dituted to EB&

mi, . e
Equai voiumes of the two golutions are mixed before use. - i . .
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PROPERTIES:

Deep blue solution, reduced to Cuz0 on heating with reducing

agents (sugar test in uring).

REFERENCE:

Taschenbuch fUr Chemiker und Fhysiker

I Daps ant K and Dhysicists], Berlin, 1943,

[Pocket Book for Chemists
p. 1779.

Very Pure Sifver

¢ (e.g., from silver residues, see p, 1029) is dissolved
in fo?c?erf‘i?:ig :ici%i, and the diluted solution is PI_‘G'-?iPitﬁ_wd in the
cold with a solution of very pure maCl, The pI_'empitate is washed
several times with cold water and dissolved in freshly prepared
ammonia Soclution, After several hours of standing, the sulutijnn
is filtered. Silver chlorige is precipitated from the filtrate with
very pure nitrle acld, washed with Hz0 antil no further nitrate
can be detected, and reduced in & silver dish with invert sugar™
and NaOH (from Na metal) at 60°C, with sucrose and NaOii,
or with a boiling alksiine sclutlon of formaldehyde {he formal-
dehyde should be distilled prior to the preparation; sugar s50-
Intions should be filtered through bone charcoal and recrystal-
lized). The resultant silver slurry is filterad, carefully washed
fres of chloride ion with water, dried and melted down fo small
ingots over pure Ca0, If tha metal iIs heated no Ionger than
absolutely necessary for melting, and If the vesultant metal grains
are ceoled In z reduclng flame, the silver obtzined is quite pure;
it contains abaut 0.001% 5 and traces of G, AgCl and O,

The silver obtained in this manper is further purified by
electrolysis. The greater part of the grains is used as the anocde
{ritted glass finger filled with the Ag) against a cathode of pure
gllver {wire or sheet). The electrolyte is a 10% AgzNO, solution
prepared from the remaining melted silver and very pure nitric
acid, The power supply lead is a strip of fine sheet silver whose
upper surface i& protected by a layer of asphalt or Bakelite lacquer.
The electrolysis is carried out at a constant voltage of 199 v.
acrose the terminals, The silvar flakes depositing on the cathode
are removed from time to time, carefully washed, dried and

fused (o ingots In a eiream of wure h
very mure Ca0O, o ydregen in a boat made of

*A 1:1 mixture of dextrose and levulose,
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FROPERTIES:

Atomic welght 107,88, M,p, 960,5°C, b.p. 2170°C: 430 .
Crysatal structure: type A 1, P ; 430 10,497,

REFERENRCES:

0, Hénigschmid and R, Sachtlehen, Z. anorg, ailg. Chem, 185,
207 (1931); Th, W. Richards and R. C, Wella, Z, anorg, al_%.

Chem. 47, 56 (1905); O, H¥nigschmid, E, Zintland M, Linhard,
2, snorg. alig. Chem, 136, 263 {1824),

Silver Powder

Pure AgCl is stirred with water, allowed to react with sodium
hydroxidse, and reduced with glucose, which is added to the boiling
suspension In smail portions, Samples are removed from time to
time, fillered and carefully washed. If the Ag yields a completely
clear solution on heating in chloride-free HNO,, the raduction is
complete. The medium must be kept alkallne throughout the
reaciion; an excess of glucese should be avoided. The product ia
fittered, washed free of basa, and dried at 100°C,

Allernate methods: &) Beduction of ApCl with aguecus formal-
dehyde {L, Vanino, Ber, dtasch, chem. Ges, 31, 1764 (1898)3,

b} Heating finely powdered Ag,0 to 500°C [F, Jirsa and d,
Jelinek, Z. anorg. allg. Cham, 158, 63 (1926)}.

¢) Reduction of Ag,0 with H, 0, and drying at 250°C {F, Jiraa
and J, Jelinek, lec. cit.].

PROPERTIES:

Gray, crumbling powder, According to Vaaino, the product of
the reduction s a loose, black powder.

REFERERCE:

G. Bornemenn. Anorg. Priparate [Inorganic Freparations], Lelpzig,
1926, p. 161, S

Silver from Residuas =2

I. The collected residues are allowed to react with hydrochloric

actd {1:1), The precipitate is allowsd to gettle and the supamm _
is siphoned off, The precipitate is weahed froe of uc-n_l Ty repea,p&@ 5
decantation with hydrochloric ecid and water, tiltered with suctio, t;
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d with HCI (1:1}, and reduced

placed tn a large porcelain dish, mixe
stirring, After disappearanca of the white
whb Zn rods with SBOne e of acld and Za with

slurry is washed fre
particlss of AZCL the 28 S 00T 0 ehould be tested for the

Mot water and filtered, The wash
presence of Zn. The resultant silver slurry can be.a processed
further aither to Ag or AgNO, {when only pure AgCl is required,

an ammonda solution of the salt may be reduced with 20% hydrazine

hyurate).
lurry is dried and fused with a small quantity

a) The silver s _
of borax in & Hessian crucible, The fused Ag is made into gravules

by careful pouring into water,
b) The silver shurry is dissolved in nitrle acld (1:1); the
solution is filtered and evaporated in z porcelain dish on a steam

bath uati] crystallization, The last traces of nitric acid are re-
moved by drying in a vacuum or by {uslon.

Alternaie methods; The silver obtained from the reduction with
2o is dissolved in dilute aitric acid, The solution is filtered and
AgCl is precipitated by addition of dilute hydrochioric acid to the
hot sotution, The precipitate is filtered, earefully washed with
warm water, and dried. Then 20 parts of ApCl are mixed ina
mortar with 10 parts of Na 00, aad 3 parts of KNO,, The mixture
is placed in a red-hot Hezsian erueible, The reduction proceeds
zccording to2 AgCl + Na ,CG, =2 Ag + 2 NaCl+ CO, + %= O, The
AgCl may also be added in portions to the mixture heated slightly
above 380°C. 4 melt of Ag is formed fmmadiately. The Ag ingot
is cleaned by boiling in water containing sulfuric acid (G. Borne-
;ﬂ&f:dj Anorg, Priparate [Inorgacic Preparations), Lelpzig, 1926,

15%0

REFERENCES;

Handbuch filr das Eisenhiittenlaboratorium [Handbook for the Iron

t'.:;:;-ka Laboratory], Vol. L p, 317 (1939). F. Specht. Quanti-

¥8 anorganische Analyse in der Techaik [Quantitative
Inorgznic Analysis in Eangineering], 1953.

4. SILVER FROM PHOTOGRAFHIC SOLUTIONS

T]::j pliotographic solutfon is made alkeline with smmonia and
allow d L:} reuact with a slight excess of ammonlum sulfide, The
mmsipho ne?i ::’ ifow%i: to stand overnight and the supernatant Houid

Phoged ;-sci ?t rasidue is suction-filtered and washed with
wale bosax !-"i ate, after addition of a smajl amount of
anhydrmsat 960""(: BT hgisl;iad in 2 Hesstar cructble, dried and
nﬂic'hedmr. . rax is leached out of the product with

Alternate metbods: rods

 ppods: at?:: ita.i?chd ° are piaced in exhausted fixing
or about one wealk with froquent
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agitation. The precipitated Ap slurry s filter 1lated
with lead {H. Grubitsch, Anorg. gﬂparativ:dcc];f:::jn: ?gerganic
Preparative Chemistry], Vienna, 1950, p, 464; for deecription of
cupeilation, see also Hackh's Chemical Hdetlionary, 3rd ed,, The
Blakiston Co.. Philadelphis-Toronto, 1944), ' ’
b) The pH of the solution I8 adjusted to 6.9-7,2 wit

CuB(, or Al (80}, iz added, Silver pracipitates m‘r;tihz]::?e:rzgf
gponding hydroxide (when the Ag is not present as AgCl, FeCl, in
added). The voluminous precipitate is treated after 3-4 days v?'ilh-
sulfuric zcid of increasing concentration (up to $6%), which re-
moves hydroxides, gelatin and other impurities and concentrates

the Ag to 20-50% of the total. The Ag is fused in & erucible after
adding some borax (U.8, Pat. 2,131,045},

REFERENCE:

Handbuch fir das Eisenhiittenlaboratorium [Handbook for the Iron
Works Laheoratery], Vol I, p. 318 (1933),

Sifver Mirrers

Of the two methods given below, the firat is best for flat
suriaces, while the second is used for concave surfaces, such as
vacuum jackets, With variations, however, they may alsc be used
in other applications. Careful and thorough clsaning of the mirror
surface (glass, quartz, porcelain, miea, plastio, ate,) 15 & nacessary
sondition for any successful silvering effort.

. A} PREPARATION OF THE MIRROR SURFACE

The silver coating on old mirrors is dissolved with nitrie acld
and the surface is rinsed with water, The hands are scrubbed with
soap, apd the soap foam is transferred to the surface, which ig
then scrubbed for some time with the foam, Scrubbing is continusd
whila the surface is rinsed, first with tap water, tben with distijled
water. In the end, the units surface mustbe perfectly wetted by the
water, If any greasy, water-repelient area remalns, the entire
operation must be repeated, After rinsing,the plecs to ba mirrored
is pi dish of digtilled water.

plfacif di;n dzsired to polish the silver mirror after deposition, the
surface is first covered with a thin paste prepared from egual
perts of alcohol, ammonia and precipitated calcium carb_omgqg_
and the paste is rubbed in vigorously with celiulose Pﬂpﬂm
cleaning mixture may then be removed with some fresh ceil coe,
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B PREPARATION OF THE SOLUTION
an test tubes: 1}

into three cle
The following are weighed 3 0.9 4 0.05 g. of

2) 1.1 & 0,05 g. of AgNQs,
m‘ falfﬂgﬁa s)econd and third of these compounds are

dissobred H 1)liters of distilled water.

The toﬁﬁw I:re hetd in reaginess: two dark browa bottles
600 ml,) with ground stoppers; three beakers or Erlenmeyer
flasks with capacities of a) 8§00, b) 300, ¢} 100 ml.; a 20-ml.
harsits; a glass funned,

C) SLVER SOLUTION

. of AgNO st tube 1) is dissolved in 50-108 ml. of
distllled water B et b one third of the solution is held in
reserve in ¢, Ammonia Is added (with vigorous swirling) from the
burette to the larger portfon in & until the resultant deep brown
precipitate just dissolves, Some AgNO, solution is then added
from the reserve, ammonia i5 agaln sdded in drops, and the pro-
cedure Is repeated until the reserve has been exhausted. The
last soluticn added should be AgNC,, and the mixture shoujd be
sormpewhst turbid, if the solution 1sclearatthe and of the operation,
a few crystals of AgNO, are dissolved in distilled water and
acdded to the mixture umtil turbidity setsa in, The Ag solution is
diluted to 500 ml, with distilled water and transferrad without
Hltering to one of the brown bottles. Thus protected against light,
&t may be stored almost indefinftely.

Dy REDUCKNG SOLUTION

The solution of Rachelle salt (test tube 3) is added to 500 ml,
of distilled water In wessel a; the mixture is brought te a boll,
apd the AgNO, eclution from test tube 2 s added, first in draps
fbe addition causes = boiling point elevation and thus a delay in
bolling—do mot add the AgNO, too fast 1}, then more rapidly, The
tesultant brown-colored turbidity gradually tragsforms inte a
groenish-gray precipitate, The solution Is boiled over a small
flame for six additional minutes, filtered and stored In the second

brown .boule. In this bottle the solution 1s stahle for aeveral

E} SI.VERING

Small mirrors are best made in 4 thorou
ghly cleaned tal-
;‘l:g h‘:‘t‘h or a photographic deveioping l;];-agr.!rr Larger ’;:?;:i-ors
prepaved by creating a S-om.-high leakproof rim of

Paper at the e
sorves as the bottom of tifg:hh? Furtace, 80 that tha surface liself
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Equal volumes of the silver-containing sad reduc
dua solutions
are measured out in & graduated oy] ing
cover the mirror surface with g ylinder in amcunts evfficlent to

_ layer of Hquid 1 em, deep,
mixture is then immedistely poured on to theq:iurfaca and the dlll'g

is vigorously rocked. A bluish, rapial thickening depos iTmed
after a few minutes on the mirrorgnﬁytha glass walls, %;:Bsﬂgluﬁm
becomes turbid and small silver particles appear on the suviace
of the lguid. The solution 1s poured off, the mirror rinded with
distilled water, and the silvering process repested with fresh
solution. Finally, the silvered piece is rinsed with distilled water
followed by alcohol, and the mirror is allowedto dry while standing

on end. It is advisable to grip the mirror with lab. tongs or
forceps and not 1o touch it with the fingers,

In the case of mirrors silvered on the back, the siiver iayer
iz protected with a lacquer coating {shellac, varnish}., The Ag

precipitated on the glass side is removed with 2 cotton pad
moistened with kighly diluted nitric acid,

F} POLISUING

The cperation is carried out on the day following the silvering.
A piece of dusi-free chsmois leather is tightened around a ball of
wool ('‘polishing ball’'). The surface is then carefuily gone over
with the ball and ie then rubbed with increasing pressure. If this
does not produce the desired result, some jeweler’s rouge s
spread on the ball, the excess is bhrushed off, and poliahing is
continued,

The mirror prepared as above has a golden sheen (on the
hack mide).

il. A} PRETREATMENT

The glass surface to be treated, such as the inner space of a
jacket, ig cleaned for 30 minutes et €60°C with freshly prepared
cleaning solution and is then thoroughly rinsed with water, Thias
is followed by a 10-minute treatment with 1.4% hydrofluoric acid
and another rinse with water, Then the surface ia treated fox 10
minutes with technicel grade comc, nftric ecid (d 1.52) and rin.safl
with water; the final ringe is distilled water. DR

Co It

B} SILVERING EERI

RN 1

The foliowing three solutions are prepared separately: ‘

1) 50g. of nﬁi‘gNOa in two liters of water; stored in the darkina
ground=ioint bottle;

2) 80 g. of very pure, chlorine-free KOH mtf?m?m Gf G

rubber-stoppered bottle;

g

LY
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Sugn 800 ml. of wster; a mixture of 100 ml, of
&qm u:nd 3.; I:rlrl of very pure, chlorine-free nitrio acid

r 1.42) is added to this solutloz,jwht:ticgc t:isethen storad far at
bonst woak re use in a ground-Jo .

-n:.a threo h::tl)utions tlﬁ:g:l} are mixed as follows: cone,
amivoaia s added in drops with stirring to soiution (1) until the
initinlly formed precipitate just dissoives, _Solution {2) 18 then
added, yiolding g dark brown to black precipitate (a green pre-
cipitate indicates & defictency of ammonia and the materisl must
ba rejected). lf the precipitate is of the right color, ammonis is
again sdded slowly with stirring until the precipitate ju_st dizs-
appears. A slight excess of smmonia delays the deposition of
silver in the next atsge, but does not prevent it. The resuitant
mixture of {1) and {2) may be stored, at most, for one hour. Scluticn
{3 is added immediately before use. The deposition of silver
iasts 10 to 30 minutes, depending on the excess of ammonla. Jta
completion is recognizable by the appearance of a flocculent
precipitate, The solution must be removed at this point to avoid
harm to the mirror. The surface is thoroughly rinsed with
distilled water to remove all residues (including silver slurry)
amd dried, preferably in vacuum. The silver layer and the glass
do aot separate on heating to 458°C in a high vacuum of 107% mm.,
which j8 particularly inportant in silvering of vacuum jackets for
digtillation columns.

REFEAENCES:

L. W, Bothe, J. prakt. Chem. 42,191 {1863}; R. Bottger. Polytechn.
Notizbl, 38, 317 (1883); 29, 324 (16884); H. Kreusler, Die Sterne
9. 42 (1929); E. von Angerer. Techn. Kunstgriffe [Industrial
Techniques}, 5th ed., Braunschweig, p. 61.

. P. W. Schenk. Private communication.

Colloidal Silver

A midure of 200 m], of 30% FeS0D4 sclution, 280 m)
. . . of 40

daodhml citrate, and about 50 ml, of 10% NaOH is added to 200 ml%
b 0% A&'N?os ::éﬁtian. d'r!;e r;s:ltant colloidal ailver precipitate
@ and washed 4-5 times with 10% ammonium

::tnte aplution a:gﬂ firally twice wiih 6% alcohiol, The mixture
or o 5 el au the product carefully dried on p water bath
mmﬂh M‘l;wm-' 2) A 0,801N AgNO, solution {100 ml.) is
e p :; drops of freshly prepared tannin solution and
&q:h % godivm carbonste solution, Heating the mixture
resulty fﬂrmntlﬁn of a sol (W. Osiwald, Xleines Praktilum der
Eollotdehopis i . Manuat for Coilaid Chem. ], thed,, 1830, p. 4],
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b) A warm 0.00IN solution of AgNO, is
: ed by
addition of 0.005% hydrazine hydrate ﬂoil:t redug
Gutbler, cited in W, Oatwaid, o, eit,}, ion (Ag 8ol according to

c) Siver sol by eleetrical atomization: o

mm. in diameter, are hent at right angléls ZT:;:}.. i;lov::rmﬁ
and the bent sections immeraed in a beaker with distilled water
go that they form a U fipure. A curregt of 4-6 amp, should flow
at 110 voits through the short-oircutted electrodes (rheostat
control). Clouds of colloidsl Ag are formed when an electric
arc is passed through the gap beiween the two ends. Addition of

a few drops of 2% sodium carbonete sohution is recommendsd
[G. Bredig, Angew. Chera, 951 {1898)],

TROPE RTIES:

Black, grainy powder containing about 97% Ag. Soluble in
water, yielding a red-brown to black, extremely finely divided Ag
sol. o

REFERENCE:

M. Carey Lea. Amer, J, Sci, 37, 476 (1889,

Silyer jodide
Agl

AgNO, + KI = Agl -+ KNO,
1899 1480  I34.8 0.1

At atmospheric presgure silver lodide exists in three modifi-
cations; ¢-form (cubie, type B3), §-form (hexsgonai, type B4) and
y-form (cuble, type B3), At room temperaturs, the rate of
Interconversion between the o~ and B-forms is so low that the
twoe forms are stable when stored slone or as s mixture. T
gsilver jodide precipitated from solutions usuplly consigts of =
mixture of these two modificatfons, When physical uniformity of
the product is not a factor, chemioa;tli updum Agl may be prep! red
in lar ties the following m . o a

Vegzgrq‘;t;tai Klbfﬂs g. is }t];i‘;ﬂolwd in 8.3 lﬂeraofdistggﬁ
water, and 85 g. of very pure AgNQg in 8.5 liters of water. TheEE
solution is added, with constant stirring, to the AgNO, solution,
A miiky lquid is initally formed; flocculation ocours only 1ster.
The supernatant is eiphoned off after standing 2~3 hﬂ;-gﬂa the
precipitate is transferred to & three-liter botile, Two Htola

distilied water is added, and the mixiure is shaken vigoroualy i 3

b
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amall of todide, The flocculent precipitate
nt::ﬂy mdolt;:;n I:‘lear supernetant may be siphoned off
ahogt ﬂv:a minutes., The product ia cleaned by decantation
all the KNOa hes been removed, The wash water 18 ellowed
rewain in cootact with the precipitate overnight to remove al}
the possibly adsorbed electrolyte {which 1s hard to dislodge),
Test for KNO,: evaporation to dryness of 200 ml. of the wash

in

Lk

r1%4

a platinum dish, Blank test with the distilled water

wator

hard
used shing,) The precipitate is placed on a plece of
filer mmﬂ dl}'ied at 110-120°C, The dry Apl is eanily ground

fine powder.

® .The mixing of the solutions and the washing operations must be
carried out in the absence of daylight. The product may be exposed
to daylight only when it is completely free of impurities.

PROPERTIES:

Yellow, crystalline. M.p. 556.8°C, b.p. 1506°C. Insoluble in
Hz0; solubility (25°C): .26 « 107® g./100 g. Ha0; almost insoluble
in ammonia; appreciably soluble in cone, hydriodic acid and
cone, solutions of alkall lodides, particularly when hot; soluble
in Nz 5,05 solutlon, FHeat of formation —14.85 keal, per
mole,

HEXAGONAL 8- Agl

Siiver iodide as precipitated szbove is dissolved iIn a coneo,
aolttion of potassium iodide, The solution is filtered and poured
into water. The Agl precipitates as a thick flocculate. It ia
washed with water (by decantation} uatil the iodide ion is no longer
detectable by the AgNO 5 test. The Aglisgfiltered and dried at room

rature

d395.696; crystal structure; type B4.
QUBC o -Agl

8} Cubic Agl is always formed when hexagonal or mixed Ag]
&= pulverjzed, e &

b) Sfiver iodide is dissolved in a conc. solution of AgNO 3, Th

- 3 2

dolmtion 1s filtered and poured iote water. Fine-grained, slowly
coagulnting Agl is formed. ¥ is washed by decantation until the
#llver fon canmot be detected in the wash water, The mixture

» Blered and the product dried at Toom temperature
d£° 6.680; crystal structure: type B3, we ‘

EEFERENCE :

N, N. Kolkmeijer and J, W, A,
T (193), van Hengel. Z. Kristallogr. A 88,
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1037
Silver Chlorate

AgClO,

AgNG; + NaClo, = AgClO, + NaNOQ,
1609 108.4 1913 5.0
Solutions of 170 g, of AgNO 5and 108 g. of NaClIO
in 100 ml. of 85°C water, are combined apd eoiﬁ;i}; gi’s:;wl;;g
supernatantd is car:ﬂﬂly decanted and 50 ml. of Hz0 (0°C) 18 added
to the residue. The resultant crystals are ion- H
O RSt v, suction-fittered; they
A purer product may be cbteined by dissolving the residue
rematning a;fter the above decantation in 125 ml. of HzD at 90*C,
t_moling to 0°C, and suction-filtering. The crystals are redissolved
in 120 ml. of HaO at 90°C, cooled to 0°C, suction-filtered, and
dried in a desiccator, The yield is about 118 g. of 99.7% AEClO s,
The compound should be stored in dark fiasks, Since AgClO; is
g stronp oxidant, extreme care should be exercised when it is

brought into contact with easily oxidized materials, eapecially
organic subsiances,

PROPERTIES:
White crystals. M.p. 230°C, decomposes at 270°C; d 4.43,
REFERENCE:

D. G. Nicholson and C. E. Helley in: W. C. Fernelius, Inorg.
Syntheses, Vol, 1I, New York-London, 1548, 1. 4,

Silver Oxide
AgO
2 ApND, + 2NaDH = ApO + 2 NaNG, + HD
159.8 500 338 170.0 150

Equivalent quantities of a conc, selution of AENOj and & dilute
aplution of NaOH (both prepared with COa~free water) are mixed;
the resultant precipitate 18 decanted and wasbed with COafree
water, The precipitate 13 cent;-ﬂugeid, suction-filtered, end dried
at 85-88°C in a stream of COy-free air.

Alternate r:eséhads: a) Precipitation of & dilute AgNCG 5 s0lution
with Ra{OH)a, with careful exoiusion of GOz [E. Laue, Z, anorg:
allg. Chem. 165, 336 (1927}
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e
“ iution is
Eiaotrolytl aration: A 26-30% NaNQs s0
- at w femperature at minimum current density
{anode current density 1s important}, using & ailver anode and a

alcka] cathods positioned as close as poasible, [K. Merel, Magyar.
Chem. Fulyoirat 45, 197 {1913}].

PROPERTIES:

Dark brown to brown-bliack powder. M.p. {d.ec._)_gﬂﬂ“c; d3®
T.%30. Insoluble in water [solubility {20°C): 2.14 - 1.0 g.,flﬂ.{} g.
H30]; somewhat soluble in NaOH. Moist Az20 is quite insensitive
1o . Bome decomposition ocCurs on drying, Crystal structure:
type C3. Heat of formation {25°C): —17.3 kcal./mole.

REFEREKCE:
E. H. Madsen. Z. anorg. allg. Chem. 13, 197 (1913},

Silvaer Peroxide
Agaos

AgO — 2XKOH + 3KMn0, = AgO. + 2KMnO; + HO
2315 112 316.1 2478 94,2 15.0

Solutions of AgNO, and KMnO4 are combined and an excess of
KCOH is added. The resultant precipitate is filtered in 2z glass
filtering crucible, waszhed with ice-cold water until the filtrate is
colorless, dried for two hours at 110°C, and placed for 24 hours
in a desiccator over Pg0s. An anhydrous product containing up
to 606, Ag 03 3s obinined.

Alternate methods: =) Treatment of AgNOga solution with a
solution of potassium or ammonium persulfate [H. Marshall, J.
Chem, Soc, (London) 59, 775 (1891)].

by Reaction of metallic Ag with ozone-~containing Oz at 240°C;
uee of lower temperatures is also possible If Fa ,O,or Pt is
used as catalyst [W, Manchot and W. Kampschulte, Ber, disch.
chem. Ges. 40, 2891 (1907)].

¢} Reaction of NaOCl with Agz0 at 75-80°C . .
Indian Chem. Soc. 32, 95 {1955}].Ag (R L. Duta, 4

d) Hydrolysis of AgoNOwn (from ancdic oxidation of AgNOa
h’lm} and thermat decomposition of AgsNOyn [G. M. Schwab

G. Hartmann, Z. anorg. allg, Chem, 281, 183 (1955)).

PROPERTFIFS:

Gray-black powder. Decomposes above 100°C
into Ag and Og;
43% 7.483. Boluble tn conc, ENO,, from which it pracipitatel;
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an dilution, Decomngeg in hot conc,

strongly oxidizing, H330 4 with evolution of O4,

REFERENCE:

F. Jirss. Z. enorg. allg. Chem. 225, 302 (1935),

Sodium Orthoargentite
NaaAgUI

ARD + 3Na,0 = 2Na,AgO,
2018 1860 AL

Stoichiometric gquantities of pure, sbsclutely dry NagO and
dry Agz0 {drled in vacuum at 80°C) are welghed in the abgence of
meisture and CO». The two stariing materials are ground to a fine
powder and intimately mixed in the vacuum ball mill shown in
Fig. 55, p. T6. The mixture is transferred {with exclusion of gir)
to a sintered magnesia bost placed In a protective tube of Fe or
Ag which Hself is positioned in a heating tubs (Vycor or quartz).
The heating tube iz evseuated epd the mixture heated to 400°C.
The product 1s homogenized by grinding and rehsating.

FROPERTIES:

Formula weight 208.85, Light green powder, highly sensitive
to moisture. Decomposed to a black substance even by smail
auantities of water vapor. Stable upte 450°C in vaouun,

REFERENCE:

E. Zintl and W, Morawletz, Z. snorg. allg. Chem, 236, 372 (1938).

Silver {f} Sulfide

AgsS

2Ag + § = AgS
2158 92.1 24708

1. Pure suliur vapor, carried in a stream of N, is passed-bver

Mre Ag at 250°C, The §and Ag are in iwo separate boats pleced

in 4 quartz tube, Alternstively the S may bepiaced ia mqurtﬂ

+
)
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16 mm. D, with a constricticn in the middle
m. lls'rsof Tﬁﬁm& is open at one end and narrows to a conical
wolzle at the other, The Ag is piaced ina quartz tube, of the same
diameter and about § ¢m. long, constricted at both ends in such a
way that one of the ends fits the nozzle of the other tuhe. The
otbar sod is attached by means of a ground joint to an cutlet tube
for warescted S vapor. The 5, in & boat, 18 placed in the first of
the two chambers formed by the 18-cm,~long quartz fube, Then
the tubes containing the S and Ag are placed inside a larger qgartz
tube set in an electric furnace. The furnace is hea?ed to 350°C In
such a way that sulfur is distilled from the first into the second
chamber of the lé-cm.-long tube (purification). The furnace is
then set at 250°C and heating is continued in a stream of Na.

NZ e L B e —
R e N R N TN BN W

-] Ag

Fig. 278, Preparation of silver (I) sulfide,

Plugping of the outlet tube with excess S is prevenied by heating
the tube {(if necessary, with zn addillohal elestric furnsee). De-
pendiag on the flow rate, the conversion of 10 g, of Ag requires
6 to 8 hours, The excess S remaining in the AgsS after completion
of the reaction Is removed by heatlng in a stream of N, The
temperature {5 maiotained below 360°C to prevent sulfur from
being driven off from the AgaS.

Il. Very pure Ag and S are placed atopposite ends of an evacuated,
sealed glass tube previously cleaned by the von Wartenberg method
{p. 34:1}. An excess of 5 is used. The tube is heated for 1-2 days
at 400°C. It is then pulled (halfway) out of the furnace so that the
¢pd contalning the sulfur i3 exposed on the outside. This enables
the free sulfur to sublime from the praduct onto the cold excess
sulfur. The reaction is complete within about 12 hours,

Alternate methods: a) Precipitation of an anurorniacal sokution
of AgNO, wit‘l: HzS. The precipitate is washed with water and
dried at 150°C in a stream of CO2 Excess S is removed by
heating for one hour at 350-400°C ins stream of Hy [E. von Britzke
and A. F. Kapustinski, 2. snorg, allg, Chem, 205, 95 {1932)].

b) Fusion of the calculaied amounts of Ag and 8 in & pressure

l'lm’m” {A. M. Gawlin and D, W, McGlashen, Econ. Geol. 33, 143

FYRONTM :
Argestous gniuis,
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1041
PROPERTIES:

Black, crystalline, M,p. 845°C. 430 n e, 4
Sulubl; i:; KSI: iglu;lion. Insolubte in aque:ma a.m%::'midai Tmiﬁf:ﬂ
point 8-AgaS (rhomble) ~ a-AgsS (cubic): 179°C, Hoat,

(@-BgaS, 35°Ch: —7.5 keal/ mote eatolformation

-

AEFERENCES:

j. O. RHonigschmid and R. Sachtleben. Z. ano
207 (1931), rg. allg, Chem. 195,

1. . Wagner. Private comrrmunication,

Silver (! Selenide
Ag.Se

2Ag + Se = AgsSe
215.8 T840 2047

A boat contaiping selenfum and (pehind it} a bost containing
metallic silver are placed inside a gquariz tube. Ths tube is sur-
rounded by two electrical fhuwmeces, so that the Se ig heaisd to
300°C, while the Ap is at 480°C, A stresm of Ozfree nitrogen
carries ihe Se to the silver {see Fig. 278, preparation of AgaS).
The Se vapor is pagsed over the metal until large amounts of Se
begin to acoumulste behind the Ag, The heat is maintalned at
420°C for some time affer that to remove any Se which may have
adhered to the product surface. The conversion of 5 g. of Ag re-
quires 6-8 hours. Dissoclation begins above 400°C.

Altlevnate method: Reactlon of soluble Ag saita with CuSe. The
reactions with CuaSe and CusSez give metelilo Ag as g hy-product
[W. Gellmann and Fr. W. Wrigge, Z. snorg, allg. Chem, 210, 378
{19331,

PROPERTIES:

.

Black, crystalline, d3* 8,187, Crystal structure: at 75°C
tetragonal with c/a = 0.66; at 80°C tetragonal with c/a = 0.94; at
240°C cuble, Heat of formatfon (cublc Ag,Se, 25°C): —6.0 kca.‘l-.
Per molsa, ;

REFERENCE:

Q. Honigschmid and W, Kapfenberger. Z. anoTg.

alig. Chem, 213, .
198 {1933). . o



1l o, GLEMSER AND H, SAUER

Silver i) Tailurids
Agsle

2ag + Te = Ag:Te
2155 L1276 3434

por over Ag, Nitrogen serves as the

carrier ion temperature is 470°C, The flow rate
of the Tag‘:t;:: stlf:ul}‘:ﬁt alow; 1.1:, the amount of Te entering the
resction chamber should not exceed the rezctive capacity of the Ag,
The apparstus is identical o that used for AgaSe. 'I‘_he conversion
of 8 g. of Ag requires 72-36 hours. Excess Te is removed by
heating to 500-540°C in high vacuum. Well~crystallized products
are obtained, _

Alternate methed: Heating Ag in 2 porcelain cruclble in an
stmosphere of Te, with excluajon of air [P. Rahifs, Z, phys, Chern.
{Bj 31, 157 (1836}].

Prepared by passing Te va

PROPERTIES:

Gray-black, crystalline, di® 8.318. Transition point f-AgsTe
(Thombic) ~ o -Ag,Te {(cubic): 145.5°C. Heat of formation{8 -AgaTe,
25°C)y —5.0 keal. /mole.

HE FERENCE:
©. Honlgachmid, Z. anorg. atlg. Chem. 214, 281 (1933).

Silver Sullate
AzSO,

2&3“’03 + HgSO. = ﬂglst}{ + EHNU‘q
335 8 881 L8 126.0

A solution of AgNO, in some H,O i5 treated with 1:1 sulfurie
scid, The AgaSO, precipitate is cevirifuged, dissolved in hot
conc. H 50, {(in a Pt dish if high product purity is required), and
boiled for several minutes to expel the nitrie acid, The acid
sulfate which crystailizes on cooling is centrifuged and treated
with water in a Pt dish. The pormal suifate thusg crystailizes as
a flse powder {evolution of heat). The supernatant is decanted and
‘: crystals washed with pure water wntil free of acid. The AgaBOy

cemtrifuged and dried on an air bathat 114°C. The entire opera-
tion must be conducted in a dustproof stmosphere.

Allernate methods: a) Treatment of AgNO s solution with

Chesn. 195, 207 (1931)]. chtleben, Z. enorg. allg.
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b] Soluticn of ,P_.g metal in B .
R, Sachtleben, loc, cit.), Ifuric seid (O, Hinigechmid snd

¢} Finely divided Ag. 80, is obtajned
agueous solution with aleohol, The pmmc:’yiapmlg{::t‘iron of i:
100°C {H. HahnandE. Giibert, Z, anovg. allg. Chom, 258, 81 (1049)]

049

PROPERTIES:

Colorless crystals, M.p, 657°C, dec “C: gi&
5,460, Bparingly soluble in water; solu!gl?ifynsflsafg}-l?g'rqllgia-
£./100 g. H 0. Slightly decompoged by lght, soquiring & lght~
violet celor. Disscclates on melting, acquiring a yellow eolor
which disappears on treatment withgaseous 50 5, Crystalstructure:
orthorhombic. Heat of formation (25°C); —170.5 koal/mole,

REFERENCE:
Th, W, Richards and G. jones, 2, agorg. allg, Chem, 55, 72 {1907).
Silver Svlfite

AE:SO;
2 AgNO, + NaSO, = AZSO:, + 2NaNO,
A30.5 ' 1250 295.8 1108

A solution of AgNO, is treated at room temperature with the
stoichiometric quantity of NaaSO, solution, yielding e precipitate
of Ag S0., which is filtered, washed with well-bolled water, and
dried in vacuum.

Alternote method: Precipitation of aqueous AgNO 5 with sulfurcus
geid {J. Muspratt, Liebigs Ann. 5C, 286 {1853}].

PROPERTIES:

Colorless powder. Sparingly soluble in water, spiuble in agueous
ammoniz. Decomposes in light and on heating, forming the
dithionate and sylfate, Insoluble in liquid SOa.

REFEHRENCES:

F. Berthfer. Ann. Chim, Phys. (3) 7, 83 (1817); K. Seubert and
M, Eiten. Z. anorg. alig, Chem. 4, 44 {1894).

Silvar Amide

AgNH,
AgNOs + KNH, = AgNH, + XNO
189.9 55.1 123.% 101.1 .

3 . S
{s formed in the reaction beiween potasaidm.
ami?ﬂ,i:vl::da:jg?;r nitrate, Doth dissolved in liquid aramenla: Good.. -
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- In Fig. 279
Iewita oltained with the two-aym tube shown ,
» mu?mn, colution 8 allowed to flow into excess AgNO,

sohption, causing precipitation of AgNHa.

0 ENM,

Pirst, KNHj is prepared in arm 8 from potassium metal and
NH,. To achieve this, inlet tube ¢ is connected to & source of
absolutely dry NHs and the entire apparstus is dried by passing
through N, and heating. Then « i3 temporarily closed off with a
stopper and oxide-free K, together with & few milligrams of
sposge Pt as catalyst, is introduced at & in a stream of NHa. Inlet
tube b is melt-sealed to a pressure-resistant tip, the pressure
gradient required for the glass-blowing operation being achieved by
brief alternate closing and opening of inlei a with a finger. The
AgNO4y is now introduced into arm 4 &nd dried in a stream of
NHs;. Arm A is then meli-sealed at ¢ in the samme way as b, the
pressure gradient being achijeved by removing the plug from stop-
cock h and closing the resultant two openings {when required)
with 2 finger. Arm B is then immersed in ice water and NHs 18
allowed to condense in it wntil it fills 1/4 of {he volume, Ik the
presence of Pt, 1 g. of K is converted to KNHg within 15 minutes,
After completion of the reaction, the Ha by-product is allowed to
escape via stopeock h.

i — 2
i

&

Fig, 279, Preparation of silver amide.
B AgNH,

The AgNO; in arm A i8 di#soived In a manner similar to that
presented above, and both arms are then fiiled to half their
volume with liquid NH,. Afier the solutions have become homo~
lm‘!:é the;;] Sl'e combined by atlowlng the KNH, solution to flow

“ﬁgmaiaoluﬂon. The resultant precipitate of AgNHs
J e purified by decantetion with liguid NHa. This
carried b{tpauring the_supemtant itquid NH; into arm B
m}‘ mmpraﬂi into A {B is then in lukewarm water, 4 in ice
pitate 18 vigorously agitated, together with the

which coodenses on it, and 8 then aliowed to aeitle. The

N

i
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supernatant liquid NHj is again poured off joto 8. This opevabii

is repested several times, Finally a deep la of Yauid 3 &3
condensed onto the precipitate in A. This arm {::.Mn immmadfﬁ;

z -—35°C bath in order to establish atmospheric pressure instde the
apparatus, stopcock h is opened, ardd the tube is fused at 4, The
liguid NHa i3 allowed {0 evaporats slowly through stopcook b and the
tube is evacuated to remove residusl NH,,

These reactions may also very conveniently be carried out in the

apparatus of Fig. 69, p. 87; this apparatus is an improved version
of the one descrihed above,

FROPERTIES:

White, guite voluminous precipitate {when molst). Soluble in
smmonium salt solutions, sbsolute ammonia, and excess KNHa;
insoluble in excess AgNO,. Blackens on exposure to light. The
precipitate shrinks considerably on drying and acquires color.

Extraordinarily explosive when dry. Appevently bmpossible to
obtain an absolutely pure state.

1
REFERENCES:

I!.‘:'
E. C. Franklin. Z. anorg. allg. Chem. 48, 1 {1905); R. Juza, Z.
anorg. allg. Chem. 231, 121 {1937

i

Silver Arzide
AgN;

AgNO, + NaN, = AgN, + NaNO,
169.5 830 148.9 5.0

A solution of NaN; is treated in the cold with a slight exceds of
AgNO 5 solution. The AgN, precipitate is decanted, filtered, washed
with water, alcohol and ether, snd dried In vacumm OVEr ocono.
HaSO 4 _

Altevnate methods; 2} Slow sddition of a 1% AgNO 5 aolut_:lgpatp,e,
1.5% agueous HN,, prepared by distillation of a solution of NaN, in:

Ho80« The product i8 washed free of Ag ion [F. V, Friedlindery .

J. Amer. Chem. Scc. 40, 1945 (1918); T, Curtius, Ber.dfacha -

chem. Ges, 23, 3027 {1830)]. -t[*:v!"
hydrazine sulfate [A, Angeli, Atti Acad. det Linc. 2, 569 (1893)],

R )
PROPERTIES:

Coe \-.l.._-g.:é-l ;,% -'._
Colorless crystalline meedles. BLp. 262°C. -Sparingky mm

in water and nitric acid; resdily soluble  {n-aquecus SmInCANAS

':9

s
4

b} Preciptiation of & cold, saturated solution of AgNO'S with:’

'

L

Gt
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hock and heat. The white color

Righly ol Sensitive to 8
chaages 10 u:ls.y-}io.let on heating to 170-180°C. Detonation tem-
pETAUTS ahgut 200°C. Crystal structure: orthorhomhbic, Heat of

formation: +67.3 keal,/ mols,

RE FERENCE:

G. Tammann and C. Kroger. Z. anorg. alig. Chem. 169, 16
{1928).

Silver Nitride
Ag:N

Potassium hydroxide pellets are added to a solution of AgCl
in conc. ammonia until the effervescence, cauged by the evolving
NHa, stops. The mixture is diluted with distilled water, filterad
through filter paper, and washed with water until Lhe fiitzate
is neutral. The moist product is transferred from the filter paper
to a porcelain dish, where it may be stored under water for some
time.

The product conteins smail amounts of AgCl and Ag, but is
free of AgaO.

Alternate methods: &) A solution of Ago0 in conc. agueous
ammonia 15 aliowed to stand in alr or hested on a water bath,
The same may be schieved by precipitation with alcohol. The
product is impure, with a variable content of Aga.0 and Ag [F.
Raschig, Liebiga Ann. 233, 93 {1886}],

b) Solid AgF - 2NH 4 i stored for several dsys over Hz80 4 in
a desiccator, The product i8 free of Ag,O and rich in Ag; the yield
i8 small {L. J. Olmer and Dervin, Bull. Soo. Chim, France (4)
35, 152 {1324))].

FYMONTYM:
(Berthollet’s) fulminating or detonating silver.

PROFERTIES:

Forumla weight 337.65, Black finkes, sometimes shining black;
crystalline appearance {wher prepared according to Raschig, see
above). Insofuble in H:0, soluble in dilute mineral acids, explosive
;nd:lm with conc. acida. Both the dry and the moist product may

stored in m’at toom temperature for a long time, Siowiy
datomposee at 25°C, Decomposes at room temperature in vacunm,
Decomposes explosively in alr at about 165°C. Very sensitive
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fexplodes) when touched with objects of great relative hardness,
even when moist, Exiremely sensitive when dry, but reistively
easy to handle when moist, Explodes readily when

Rachlg"s msthﬂd. d?‘i B_O‘ errsaai Bmﬂmrﬂ: cu‘bic' Hﬂat?f
formation (25°C): +61.0 kcal./mole,

REFEHENCE:

H. Hahn and E. Gilbert. Z, anorg, Chem., 258, 77 {1949),

Silver Acetylide
Ay

139.8 240, 239.8 128.0

Pure acetylene i8 introduced Inte a solution of AgNO s which
has been trested with a large excess of ammonis. The white
precipitate of AgaCp s filtered, washed with water, then with
aleohol and ether, and dried over PyOg it a desiceator.

PROPERTIES:

White powder, light sensliive, very explosive, particularly when
dry. Soluble {(decomposition) in KCN solution, yielding CaHa. De~
composed by HCI into AgCl and CzHa. Deécomposes hydrolytically
in water and alkalia, '

REFERENCE:
J. Eggert, Z. Elekirochem. 24, 150 (1918).

Silver Cyanamide

ﬂglcN: 4

Carefu] sddition of HNOja to commercial CaCNz at 0°C and

pH 6 yields HzCNs. The solution thus obtained, which contalns

shout 10% HoCNa, ia treated with en armmmoniacat spmj;fonmt

AgNO . (added in smali portions). The resuitant AgaCNa I5

purified by solution in ditute HNOs ang rﬁpmcipﬂ:atiun with difute
NHs; it 1s washed and rapidly dried at 136°C, )

PROPERTIES: |
Formula weight 265.79. Yetlowish-white powder cortaining .

: -4 KGN = 2K [Ag (@)l
99.5 N. BSoluble in KCN: AggCNg+ 4 KON _ 3
* Ka%}ﬂi?acpy?olyais in vacuum proogeds. via the intafrm:- g
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silver dioyanamide, AZC N3, which is stable up to €00°C. The de-
e, ot 750°C, The residue consists of Ag

oompasition ate at
which 13 m'i: n‘;u:;ulnide apd Ng If the temperature rise is too

rapid, the pyrolysis becomes explosaive.

REFERENCE: )
A. Chrétien and B. Woringer. Compt, Rend. Hebd. Seances Acad,
Sci. 253, 1114 (1951).

Silvar Carbonate
Ag,COn

}HLgNO, + Na.CO, = Agg[:(); + ZNHNO,
3336 1040 275.8 1700

A solution of AgNOjs is treated with alkali carbenate or bi-
carbopate, When precipitating with the carbonate, avoid an excess
of the resgent, since the AgsCOs precipitate may then contain
oxides. ‘The product is filtered, washed wiih waler, and dried to
constant weight over HaS50, and P30s. It still contalns traces of
water.

Due to its sensitivity to light, = pure silver carbenate can be
obtained only when the preparation is carried ogt in red light.

Alfernate method: Electrolysis of a £.02M solution of NaHCO,
uding a silver ancde and platinum csthede. The crystailine pre-
cipitate sl the znode iz AgaCO. [P. Demersa, Canzd. J. Res. {A}
17, 77 (1839).

FROPERTIES:

Light-yellow der. Very spariogly soluble inwater; solubility
@5°C): 3.2 - 1077 g./100 g, H30. Scluble In cone. alkall carbonate
solutions, KCKN sohstion, ENQ; and HaSO.. Sapiits off COyon
beating (CO» pressure at 218°C = 792 mm.). d43%° 6.877. Heat of
formation (25°C); —120.8 keal, /mole.

REFERENCE:

G I(!iggg'} Jefirey and A. W, Warnington. Chem. News 132, 573

Silver Nitrite
AgNO,
it 8.1 1559 1011

A solmbion of 5 parts of KNOy 18 added to
& solution of 8 parte
of AgMO, The resultant pale yellow precipitate 1s usually
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contaminated with some Ag.0, which 1s removed by recTystal~

lization from water at 70°C. On cooling, AgNO5 crystsliizes

L] + 3 C in
the form of hair-thin, almoat colorless needies. It is best to work
under red light to preveat decomposition,

PROPERTIES:

Colorless to yellow nreedles., Somewhst acluble in water: the
solubility in¢reases markedly with temperature: (15°Cy E'IEB
;60°C) 1.38 g./100 g. HzO, Soluble in excess nitritea, with fon'na-'-
tion of compliex saits. Blackens in Hght. Decomposes at 140°Cy
disgoclates into Ag and NO; on dry heating. In agueous soluticn,
gragdually decomposes into Ag, AgNO, and NO. d3° 4,453, Crystal
strecture: orthorhambic, Heat of formation: —11,6 keal,/mole.

REFERENCE:

J. A. A. Ketelaar. Z. Kristallogr, {A) 95, 383 (1936).

Silvar Tartrate

ApCHOy
2 AgNGy, + KNaCHO = AmCHG, + XNOy + NaNO,
(4 HaO}
358 2832 G835 10L.1 B30

Stoichiometric quaniities of AgNO, and potaesium sodium
tartrate [Rochelle salt) are dissolved in water apd the solutiome
combined, On additlon of sloohol {in which silver tartrate is in-
soluble), the product precipitates as a white, cheeselike deposit
which 13 immediately filtered through a suction or Buchner filler.
The precipitaie is washed with aquecus alcohol until no furthex
Agt ion is detectable. Further purifioation may be achieved
by orystailization from 80°C water, & smail quantity of Aga0O being
formed in the provess. The aqueous solution i8 filtered end alcohol
is again added, The precipitzte is filtered, washed first with
aguecus, then with absolute alcobel or agetone, and dried in
vacuumn over HaS0 4 o

Due to the light senaftivity of the compound, it s best to work
in the dark,

Alternate method: A hot, moderately conc. solufion of Rockelle
selt is added to an 80°C dllute solution of AgNOa; the rasction
{addition) s complete when the continuslly forming precipitate
no longer dissoives, The silver tartraie crystalilzes ou oooling
in the form of fine flakes which acquire a white, metallic aheen.

on washing.
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‘White - 1y stabt
or orystalline fiakes, not entirely stabie in
e In dﬂ?t: nitric acid, aparingly seoluble in H30
/100 g, H,0); inscluble In elcohol, ace-

solubdlity at 25°C:0.20 2. _
:nne and ;tther. Decom%asea in ammonia end NaOH, yielding
0. Evolwes CO3z on dry heating, leaving pyrotartarie acid

and Ag as Tesidve, di® 3.432.

REFERENCES:
L. Redienbacher. Llebigs Aann, 38, 132 (is41); H, Sauer, Unpub-
lished,

o-Phenanthrolinesilvar [} Persulfate

[Ag phenj 5.0,
ZAgNO, + 4G, HalNs + 3 (NHL):8:0:
395 T8 Ra4.89
= 2 [A.!!{CuHsN!]s]S:os + 2(NH,30, + SNHNG,
12209 20845 181

Two equivalents of en agueous solution of o-phenanthroline are
sdded to a solution of AgNOg. A coloriess, gelatinous precipitate
is formed; It rapidly turns red-brown on addition of a cone,
solution of (NH ) o5:0s, and settles on standing as fine eryatals.
The product is suction~filtered, washed with cold water, and
dried, first with alechol and ether and then in & deaiccator. The
yield is quantitative,

PROPERTIES:

Formula weight $60.44, Chocolate bhrown, very stable crystal-
line powder. Insoluble in water. Readily soluble {without de-
composition}) in coid conc. nifric acid, yielding a dark brown
solution from which the perchlorate may be precipitated by ad-
dition of an excess of conc, NaClO, solution. Forms AgQ in alkali
bydroxidea,

REFERENCE:
W. Hieber, Ber. disch. chem. Qes. 61, 2149 (1328),

Tris-o0 - dipyridylsilver [Il] Perchlorate
{Agidipyrh](ClO,).
The reaction between silver nitrate and o, o' -dipyridy! yields

Moo, ~dipyridylsilver nitrate [Ag(dipyT)a] NOa, which is con—
verted into bis-a,a ~dipyridyisilver(Il) persu?fate: E’Ag{_dipjrr}a]SaOs



19. COPPER, SILVER, GOLD ‘1Y

with Ka350e. Treatment of this compound with nitric aotd yietds
tris-a, & -dipyridylailver () nitrate tAz (dipyT) 1 {NO ) 2 adg:im
of NaClQ4 tc an aqueous asolution of this nitrate ylalds a pre«
cipitate of the corresponding perchlorate.

A) BIS-0r, & -DIPYRIDYLSILVER NITRATE [Ag (dipyr),)NO,

A hot solution of 16.9 g, of AgNOa in aqueoys ethanol 19 added
to = hot solution of 31.2 g. of &, &'-dipyridyl in ethanol, vielding a
precipitate of [Ag(dipyr)z] NG, Additional product 18 recovered

upon concentration of the mother liquor. The compound 18 re-
crysiallized from kot diluie ethanol.

FROPERTIES:

Formula weight 482.27. Yellow needieas. Decomposes at 165°C,

Decompeses slowly in light. Sparingly soluble in cold and hot
water and in common organic solvents (except aleohols).

By BIS-o, 0 DIPYRIDYLSILVER () PERSULFATE [Ag (dipyc)s] 5204

The yellow needles of {Ag(dipyr}zlNOs sre stirred into en
exceas of cold, saturated agueous Kz820s; a deep red-brown
precipitate of the complex persulfate iz produced. The reaction
is complete after two hours of constent stirrving. The precipitate
is washed with cold water,

PROPERTIES:

Formula welght 612,39, Red-brown precipitate. Decomposes &l
137°C. Very sparingly soluble in water, insoluble in the commen
organic solvents. In air, converts to the corresponding hydrogen
sulfate,

C) TRIS-e,c-DIPYRIDYLSILVER (I} NITRATE [Ag (dipye)3) (NO3),

Product (B) is triturated ina mortar witheold nitric acid (d 1.4},
The excess acid 1s removed and the resti{hl:.t:?:dafﬁsﬂ mag ;;rﬁ
water. The brown agueous extract is tre an 8 of
aqueous NH.NO, snd cooled with lce, thus precipitating simiall;
dark-brown needles of the dinitrete, The precipitate is puriﬁad
by soluiion in warm water apd reprecipitation with aq(uqrt:;y:i’gt
NH4NGa.

PROPERTIES: S

” ' 4, Decompoden at

Formula weight 700.47. Darl; hrowan needlga . ros
178°C, Soluble in water; the aqueous solution decomposes ﬂlﬂ% :
evolving Oz Powerful oxidant.
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B THIS- @, & BIPY RIDYLSILVER 1) PERCHLORATE [Agldipys)s] (CIOg)

d is precipitated when NaClQ, is added to an

The precipitate is washed

CONTHOUIN
seous sokution of [AgédinyT) 3] {NQa)a.
with warm water.

PRCPERTIES:

Formula weight 775.36. Orange-brown erystals. Detonstes on
heating. Very sparingly soiuble in water.

ARALYSE:

Determination of the Ag {Ii) in compounds B-D: the complex salts
are treated with cold squeous KI, yielding iodine: AgX,+ 2 KI -
2 KX + Agl + /3 I,. The lodine is titrated with Na 5,0, solutien,

REFEBENCES:

G. T. Morgan and F, H., Buraiall, J, Chem. Soc. (London} 1930,
2594; H. Kainer. Thesis, Heidelberg, 19535,

Yery Pure Gold

Gold (20 g.} is dissclved in agus regis in an 800-ml. besker,
and the solution is concentrated to a thick sirup, The nitric seld
is expellesi by evaporating the solution five times on a steam bath,
each time with 26 ml. of hydrochlorie acid (4:1). The residue is
taken up in 650 ml. of hot water and digested uniil all soluble
material is dissolved. It is then ellowed to settle for elght days in
& dust-free atmosphere. The precipitate consists of AgCl con-
taining amall amounts of Au, Pd, 5i0s, ete. The goid solution ia
ﬂlta_md through & double layer of thick filier paper, without dis-
turbing the precipitate. This and all later precipitates are not
worked |;p; further to obtain gold,

Experience indicates thet the gold reflned by use of SO still
contains some Pd, while that precipitated with obxlz.lic acld containg
Cu, Pb and other metals. Therefore both of these procedurea must
be used to obtaln gold of the desired purity. Suifur dioxide is passed
through the warm goid solution (80°C) ohtained above; the gold
precipitates quantitatively on careful neutralization with ammonis
g:ll- The product is nilowed to settle overnight and the deposit

”wa Eﬂt:::ﬂ washed by decantation with hot weater; it is then
ﬂhﬂeﬂﬂ fous hours on a steam bath with cone. kydrochiorio

washsd free of acid with hot water. Then it is vedissolved
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in & beeker. The entire procedure is
to re;*-ﬂ;e ﬁgﬁf;, Ni, 20 and Ph.
for 1 ouIS aminents {141), armoni
weter, heated for fouy hours :{m s]stmhsdath&:iathoim cong m
acid, and decanted, Ammonia {L:1} iz again added mdhier re=
moved by washing with water. The goid sponge i3 disgelved in
dilute aqua regia; after addition of HC1, the aolution is concen—
trated by evaporation, diluted with Ha0, decanted snd filtered,
The gold is precipitated by careful addition {there is a danger of
foaming over} of small portions of powdered, crystalline oxalio
actd. I the sclution retains a yellow color, it is carefully neu-
tralized with ammonie and more oxalic acid is added; the addition
of the acld is continued until the solution remains ¢olorless, The
resultant gold sponge is dieasolved and reprecipitated with oxslic
acid, It 15 then Pd-iree, Finally the goid is redissolved, pro-
cipitated with 502, digested with conc. hydrochloric acid, and
washed with water. The last traces of HC1 are removed with am-~
monia, The product is transferred to s glazed porcelzin dish
and dried at 110°C. Yield 75-80%. The gold prepared in this
manner is spectroscopjeslly pure {free of metallic Cu, Ag, Ni,
Zn and Pt).

Alternate methods: a) Preparstion of pure gold by the method
of G. Kruas. The product is probably not 25 pure as that prepared
by the method described above [G. Kxiss, Lieblga Ann. 288, 43
{1887)].

b) Extraction of AuCls with sther. Total impurities in the
product, about 0.001% [F. MyHus, Z. anorg. allg. Chem, 70, 203
£1811)],

repeated eiglt times in opdan
The product is then digested

PROPERTIES:

Atomic weight 197.0. M.p. 1063°C, b.p. 2060°C; di™-® 19.29.
Crystal structure: type Al

REFERENCE:

T. A, Wright, Metals and Alloys 3, 146 (1932).

T

"o
4

. Cor
Colleidal Gold i iaiy

A mixture of 120 ml, of very pure, twice-distilled water {siveP

condenser} and 2.6 ml. of a Bolution of 6 g, of HAuCL, 4 H;01n
one Hter gf water is prepered snd brought to a boil 25 rapldly as
possibie. Shortly before the boiling point is reached, 3 sab. of
0.18N solution of very pure potassium carbonato is ﬂd@d‘&&
Boon as the solutlon begins to bol, it is-rapidiy swirled eroyung

S

-
s

4
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atirred rex glass rod), while 3-5 ml, of a dlute
M of hm:ahge {1.§ mi. of 40% formaldehyde in 100 m],
of water) is added. Stirring is continued until & reaction i5 evident

fthis wusually ura within a few seconds-——one minute at most),
m:?muon becomes bright red, 1t is again brought to a

Yol aad held at the b.p, for ashort t{me until the odor of formalde-

m disappagrs.
Altemate methods: 8) Readuction with ethereal sclutlon of

phospborus (R, Zsigmondy and P. A. Thieazen, Daa kolloide Gold
[Colloidal Gold], Leipzig, 1825, p. 487}, ‘

b) Reduction with hydrazine hydrate or phenyihydrazenium
chioride [A. Gutbier and F. Resenscheck, Z, anorg. elig. Chem.
39, 112 {15904)). .

T e léedmt}i]an with sodium snbydro methylene citrate [citramin)
[L. Vanino, Kolloid-Z, 28, 122 {1917)].

d) Reduction with alkalipe formsldehyde sclution [P. P. von
Weimarn, Kolloid-Z, 33, 75 (1923)].

e) Sol of gold by pulverization iv an electric are [Th. Svedberg,
Ber. disck, chem. Ges., 39, 1705 {1906); G. Predig, Angew. Chermn,
950 {1898); E. F. Burton, Phil. Mag. 11, 425 (1506}

PROPERTIES:

Bright red sol, particle size about 1-6 - 1077 ¢m, Highly sensi-
tive to electrolytes. Concentrated sclutions fup to 0,12% pold) may
be obtained by dialysis,

REFERENCE:

R. Zsigmedy and P. A. Thiessen. Das koiloide Gold [Colloidal
Gold), Leipzig, 1925, p. 33,

Gold from Residues

L FROM PLATING BATHS

A clay celt filled with NaCl solution and provided with a zine
electrode is placed in the gold solution. An electrode made of a
piece of bress sheet Is immersed in the pold soluiion and the
two electredes are comnected into = efrcuit, The gold is depasited
fuantitatively on the brass electrode over a pericd of a few weeoks,
during which the brass electrode is replaced once or twice and the
Zg electrode Ja pickled several timeg,

R. FROM RASTE CONTAINING GOLD AND SILVER

The particles are caleined snd the resultant
powder ia boiled
Wik conc. witric acid to remove Ag and other metals. The diluted
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solution 15 filtered and the residus is

steam bath for 24 hours, The goid is -
tiltrate with FeSO ., and worked wup. EO: precipitated fmmthg

. FROM INDUSTRIAL ALLOYS

The goid alloy is ground as finely as nossible
conc. hydrochloric acid on s sand jlr:-ath}mcmc. niai:ﬂch::itgd bgﬂ
added in drops from time to time. When solution is complete, the
mixture is evaporated in a porcelain dish piaced on a atea.m,lmth
(dust-free atmosphere) until the liquid soldiftes on coolivg, The
residue 18 taken up in a larpe quantity of weter and allowed to stand
for some time; the precipitated AgCl is then filtered off. The
solution is heafed and the gold 1o precipitated with excess agueouns
FeClz. The supernatant is decanted and the residue boiled with
diluwte hydrochloric acid untll the HCl ceases to yeilow. The
solution is then flltered, dried and fused with borax ir a porcelain
eruzcible. If higher purily is desired, the procedure is repeated.
If préesent, Pt, Pd snd Tl mey be removed from the filtrate with
Fe or Zn.

Alternate methods: &) Reduction with slksline HyOy [F. Vanino
and L. Secmann, Ber. disch. chem. Ges. 32, 1968 {1809)],

b The pold solutionis edded at 100°Cto s solution of Hy  MOz) e
vielding very finely divided gold (L. Vanino, Handbuch der prap.
Chemie [Handbook of Prep. Chemistry], Stuttgart, 1921, Vol. I,
p. 520,

¢} Electrolysis of Ag- and Pt-contelning alloys [W. Mdblua,

Berg- und huttenm, Ztg, 44, 447 (1885); 47, 324 (1888); Chernlker~

Ztg. 15, Rep. 18 (1891); E, Wohlwill, Z. Elektrochem. 4, 379 (1897}
RE FERENCES:

I. Plage, Industr.-Bl. 150 (1878).
II. W. Adolphi, Chemiker-Ztg. 52, 109 (1928), . .
Hi. A. Bender, Anleifung =z, Darstellung anorg. Preparate [Intro-
duction to the Preparation of Inorganic Cormpounds], Stuttgert,
1893,

Gold (I} Chloride
AuwCE .

Prepared by thermal decomposition of an auric chloride obtained

from hydrogen tetrachlorcaurate {I1i).
HAuCl, = AuCl + HCl + Ch
{4 HyO} 3
4it3 2305 88.5 709 o
Gold (5-10 g.) is dissolved in aqua regiaand the solvents ars.rey

moved by vaoumm distillation {aspirator) atwaterbathtemparahus, .

sk

E

"_n‘l

-
1
S

heated with aqua rogta op
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e
s oduced through
ratected by s blanket of COy intr
!i:lﬂl'l — l;hs altric acid is expelled by doubiie evaporation
‘:ﬂ m::y .hydmehloric acid, and the resultant dark red-brown
" into a dish where it congeals to 2 gryatalling mags,

melt is poured R
This 160°C In high vacuum, uatil no vapor prassure
i wm tseiiet:me HAuCl, liquefies again during this operation,

[ by 11 water iz
be exercised to avoid spattering, Affer a
sltou:]clle resigue is heated to 156°C (boiling bromobenzene

bath). At higher temperatures {170~205°C) the decomposition s

L ithin a few hours.
Aplltit:ngte methods- a) Thermal decomposition of AuCl; in air

at 185°C [J, Thomsen, 4. prakt, Chem, 13, 337 (1876)).
b} Dat!ramposition of AuCl, in z stream of dry HCI at 175°C

[M. E. Diemer, J. Amer, Chem, Soc, 35, 552 (1913}l
¢) Decomposition of AuCl, in a stream of dry air [F, H.

Camphell, Chem, News 86, 17 (1807)].
The products prepared by mathods a-c are not completely

pure.
SYNONTMS:
Aurous chloride, gold monochloride.
PROPERTIES:

Light yellow crystals, not deliquescent. M.p., (dec.} 289°C;
d3® 7.4. Soluble in alkali chloride solutions. Decomposes on
Sojuiion in water, Heat of formation (25°C): —8.4 keal,/mole,

HEFERENCE:

W. Biltz and W. Wein, Z, anorg, allg, Chem, 148, 152 {1925},

Gaold Iy Chloride
Ac(Cl,

E 2Au + ACH = 2 AuCl,
w50 6721, [+ ]

Finely divided gold is trested at 225-250°C {but not higher
with garoous Cl, st & pressures of 900-950 mm, {Theﬁ:-:old powiér i:
by precipitating a solution of g gold salt with sulfurcus

actd, washing ang drying at 180°C.} The powder is in a porcelain
bost which {8 placed fn 3 glags tube, At the point tmmediately
adjolning the boat, the tube widens foto a sphere with outleta at
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top and boitom, Excess Cl, escapes threugh the ypper outiet;
gutlet also carries a rod, which can hegmmd topﬁah thti“ﬂntgl:

(which condenses in the sphere) into a storage flask via the lowes

cutlet. The yleld is 6,1-0,2 g. per hour of larga
crystals. Tgs fup to 10 mm, long}

O. About 0.2-0.6 g, of freshly precipitated gold is
50-ml, flask connected to tha atmo:aphzre vlaga reﬂup:zign?e:
and & drying tower. Molten lodéine menochloride is added in drops
through a eide tube, The reaction sterts when the flask is heated
When the reactlon subsides, an excess of IC) Is addedandthn;
mixture is heated for a short time until boiling just beging, The
solution is cooled and extracted severzl times with CC1, (distilled
over P,Og). The suspenslon is then filtered (suction) in a stream
of Nz through a sintered glass funnel; the residus is washed with
€C1, and freed of CCl, in vacuum, The yield is quantitative,
Alternate method: HAuCl; - 4 H 0 s carefully beated in a
atream of Clg final heating for had an hour at 200°C {M, E.
Diemer, J, Amer. Chem, Soe. 35, 553 (1913)],

SYNONYMS:

Auric chloride, gold trichloride.

REFERENCES:

Formuls weight 308,37, Ruby-red oryatals (when subilmed) or
red-brown to dark ruby-red crystalline maas, M,p, 229°C, b.p.
Bec.) 254°C; 42° 3,9, Mslts at 288°C under a Cl, pressure of 2
atm., Sublimes at 180°C, Hygroecopic; soluble fn H O with
formation of HyzlAuCl,0]. The neutral agueous solution decom-
poses gradually with separation of metallic gold; acidic solutions
are more stable. Soluble in alcohol and ether, Heat of formation
(25°C): —28,3 keal./mole,

REFERENCES:

I. M. Patit. Bull. Soc, Chim. France, Mém. 37/38, 1141 (1935);
W. Fischer and W, Biltz. Z, anorg. allg., Chem, 176, 83 (1228},
. V. Gutmann, 2. anorg. allg, Chem, 264, 169 (1351). .-

Hydragen Tetrachlorecurate {})
HAzCL - 4 HO - .-J.=,

-3
2Au + 3Ck, + ZHCI = 2HAuCL

{4 HiO)
940 2127 %9 823.8 :

the solveni-1&
Precipitated gold Is dissolved in agua regin Bad _ Ivennt-18
evaporated at steam bath tampetraturs {aspirﬁtad'ivaporjf'fhé nitrde: o
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. -]

woli axpelled by repeating the procedure twlce with conec,

uﬁ:hrh acid s::hioh \s itself removed by evaporaiion, The
. d inte a dish, where it congealstoa

romaRast melt is ure
qrystalline mass. TE: residur]l mother lquor is decanted, and the

are crushed to allow rapid drylng ina drying closet. The
mass is pulverized several times during the drylog operation until
R is compistely dry.

PROPERTIES:

Yormula weight 411.90, Elongated, light-yellow needles, dell-
quescent in moist z2ir, Scluble ir water, alochol and ether, The
compound crystaliizes from alecohol. One molecule of

avhydrous
B0 is given off onprolonged standing in dry air, Crystal strueture:
monoclinie, Heat of formatjon: —4.5 keal./mole,

STNONTMS:

Gold trichloride acid; ehloroauric acld; zurochlorohydric acid;
hydrochloroauric acid.

REFERENCES:

W. Biltz and W, Weln, Z, zporg, allg. Chem. 148, 192 (1925);
J. Thomsen, Ber, disch, chem. Ges. 1€, 1585 {1883),

Potassium Tetrochloreaurate i}

KAuCl -4 HyO
2AuCl + 2KCE + HD = 2KaAuC -4, HyQ
a06.7 149.1 180 FyEEY

An aqueous solutfon of AuCi, or HAuCl 4 strongly acidiffed
with Eﬂ. thi: treated :ﬂth an equimolar gnantity of conc. aqtieous
EC1, mixture is evaporated over B r at

Sempetatar 230, or at 4 moderately

PROPERTIES-

Formula welght 386,94 Light:
N ~yellow npedles, steble In air,
Bolable in watey ando aicohol, inaoluble in ethey, Loses water of
exysallization at 100°C, Crystal structure: monoclnic,
STRONT N -

Amrie potasstinm chloride,
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REFERENCE:

H. Tepstie. Ber. Wien, Akaed. I, 89, 281 (1874),

Gold [lif] Oxide
Au;ﬂ;

2 Au{OH); = Au0, + SH,O
4850 442.0 0

Gold hydroxide Is made according o the procedure outlined
jn the next preparation and heated to constant welght at 140-150°C,

It is best to start {rom Au metal if the product must be entirely
free of nitrogen oxides. The gold is dissolved in agua regla and
the nitrie acid is removed completely by evaporation with hydro—
ehloric acid, repested five times, The hydroxide 1s precipitated
with & small excess of NaCO, {very slight blue color on Mtmus
paper), washed several times with water, centrifuged and puritfed
by electrodialysis for 14 days. The product is dried and convarted
to AugO, at 140-150°C,

Crystalline Au,0, cannot be obtained by dehydration of Au{QH),.

Alternate methods: a} By atomization of gold by means of a -

high-frequency spark in ozonized O, The oxldation product com-
tains ahout 40% Au O, the res{ being elemental Au (gee Thiesgen
and Schiltza, as well as Schiitza and Schiitza, in references below),

b} Precipitation of Au{OH), from AuCl, solutionwith potassicin
hydroxide by Fremy's method [W. E, RoseveareandT, F. Bushrer,
J. Amer. Chem. Sog, 48, 1221 (1327)]. :

DETERMINATION GF ACTIVE CXYGEN

The solution is boiled in 0.1N oxalic acid and back-tiirated |

with KMaG , selntion,

SYWONYMS:

QRS S S

Gold trioxide; gold sesquioxide; surle oxide.

PROPERTIES:

Black to brownish black, Soluble in cong,, aelds, markedi

_aboye 166°C dntduhs
soluble in glacisl acetic acid, Becomposos aboye: 160 s
and O, Heat of formation {25°C): +18.8 kealifmole.: ¢ . b
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REFEREIVCES:

hias . Schiitza, 7%. meorg. alig. Chem, 243, 32

B A o hitzs Schiltza, 2. anorg. alig. Chem,

; H, Schitza ard L ;
51;35}5,9 H{la-lﬂj: G. Lunde. 2. anorg. allg. Chem. 183, 345

{1947).

Gold {1il) Hydroxide
Au{OR);

2KAuCl, + 3NelOy + 3R0

(/¢ Hs0)
7739 3180 .0
— 2Au(OH) + 6NaCl + 2KCI + 3CO:
495.0 0T 148.1 1320

A solution of KauCl, is heated for several bours on a water
bath with am excess of NayCO, The resultant precipitate is
filtered, thoroughly washed, digested with warm, dilute sulfuric
acid, and carefully washed Inaglasafilter crucible wntil the filtrate
is free of H;50,. The product is dried at room temperafure over
H.S0,.

Alternate methods: a} Precipitation of AuCl, soluiion with
MeCO, [G. Krllss, Eiebigs Ann. 257, 290 (1887)L

i) Bydrolysis of gold sulfate or nitrate [P. Bechottlinder,
Liebigs Ann, 217, 312 (1883},

¢) Fuslon of gold with Na,0, and decomposition of the re-
=uliant sodium aurate with dilute sulfuric acld [F. Meyer, Compt.
Rend, Hebd. Séances Acad, Sci, 145, B05 {(1907}].

d) Anodic oxidation of gold in 1IN sulfuric aeid (F, Jiraa and
O. Buryidnek, Z. Elekirochem. 2§, 126 (1923); W, G, Mixter, J,
Amer, Chem, Sec. 33, 688 {191)3,

ETRONTM:
Aurie hydroxida,
PROPE{IES:

Formmla welght 248.02, Brown powder, soluble in H.0,
wolsble fn conc. acids and hot XOH, When dried over PO, 1In
vacoum, the compound {8 converted to AuQ{OH) (8lowly at room

s rapidly at 100°C), whereby the color changes, the

fiaa) ome rapgive from yellowish red t
bhﬁ’g 140-150°C, o ocher-hrown, Convertse
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REFEHRENCE:

R. Lydén. Z, enorg, allg. Chem, 246, 157 {1939,

Potassium Aurate
KAuQ, -3 H,0

A06.0 1122 5.0 0443

Aurle hydroxide is reacted with warm cone, KOH in th
. e aheone
of atmospheric CO, Affer filtration the solution ig n]lowedtg

avaporate In the dark, The precipltated crystals are driedin
vacuum over K 80,

PROPERTIES:

Formulz welght 322,15, Light-yellow neadles, soiubls in water,
givieg a highly alkaline reaction., Decomposes on gentle haating,
giving off water and oxygen., The residue consists of Aw, KOH and
KC.,

REFERENCES:

F. Meyer, Compt, Rend, Sfances Acad. Sci. 145, 805 (1307}
E. FTrémy. Am. Chim. Phys. 31, 483 {1853), o

Gold (I} Suvifide

AuS g
ZK[AafCN)] + H5 + 2HCI = AmS + 2KCI + 4 HCN
a7e.a s34, 70 4881 1491 1081

A cone. solutlon of K[Au(CN)jl, obtained by treatment of a
solution of AuCl, with excess KCN, is saturated with HsS. Hydron
chloric aoid is sdded to the clear solution and the midureds -
heated, resulting in the appearance of a brown aojor. A DoAYy Ll

rapidly settling precipitate is formed on boileg. Thi&-isrw_%
washed with weter, and them successively with alcohol, ether;. =
CS, and flually agaln with ether, The product {6 dried io constent . -,
weilght over P, 0.. I

The prom:t fxsually contains - sulfuy and some moilsture, whish.
are difficult to remove, 1t may be.freed of S.by ‘?‘3“‘1"@5 iﬁm :
fiitering and reprecipitating with boilicg hydroghlorie: sbfdasdai Ly, ?ﬁ

- T
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PEOMERYIES:

Browa-~ powder when dry, steel-gray when moist. The
frashly pr::::il:ated compound ls readily soluble in water, forming
a collold, particularly in the presence of Hz8. Easily recoagulated
by hydrochloric ecid and galts. Insoluble after drying over PoOj,
Resistant to conc. hydroohloric acid and HgSC4 88 well astc
KOH. Oxidized by agua regia and strong oxidanta. Soluhlenin
solutions of KCN and alkali polysulfides. Decomposes at 240°C

into Au and 5.

REFERENCE:

L. Hoffmann smd G. Krisa, Ber. dtgch, chem, Ges. 20, 2361
{1887).

Gold (It} Suifide
AuS

8AuCl + 9HS + 4H0 = SAvSs 4 24 HC + H80,
Len MHRT 26210, 72 i83.3 §7.5 8.8

A neutral 1-3% sohdion of AuCl, is precipitated in the cold
#&he temperature must not exceed 40°C)with H S or an alkall sulfide,
The precipitete is filtered, thoroughly washed with water, and
trested with alcohel, anhydrous ether, CS; snd again with ether.
The product 1s dried at 130°C over P05,

Alternate methed: A solution of AuCl, is added in dropa to an
aqueous solution of sodium dithicaulfatosurate (I} {for preparation,
see under Au .C o) {Antony and Lucchesi, see references belowl.

PREOPERTIES:

Forrmla weight 229.07, Deep black. Insoluble in water end
acide; soluble in aqua regia and solutions of potassiwm cyanide
snd alkali polysuifides. Resistant to KOQH in the cold, decomposes
afier prolonged boiling, libersting gold. Thermal decomposition
beging at 140°C,

V. Astony and A, Lucchesi. Gazz, Chim. Htal. 19, 552 {1889); 20,
61 {1890); L. Hoffipann and G. Kriiss, Ber, disch, chem.
Gew. 20, 2704 (1887).
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Gold (I Sulfide K
An,S,
{4 H.O
523.8 6.2l 450.2 2617

A fast stream of HoS 18 introduced into IN hydrochloric aoid
at —2 to —4*C; simuiteneously, acooled solution of HAuCl, - 4 HL
is allowed {o flow in. The black precipitate s digested with water,
washed free of acid, trested with alcohol and ether, extracted
with OS5 in a Soxhiet extractor, washed with ether, and dried in
vacuunt over Pylg,

Alternate methods: a) A solulion of AuCly in absclute ether
I1s saturated with H;S. The product is washed with (S, and alechol
[X. A, Hofmann and F, Hochtlen, Ber, dtsch. chem, (les. a7, 245
{1904}].

by Completely dry LiAuCl,+2 HzO I= treated with H,$ at
~10°C. The product is extracted with alcohol, (S5, and again
with alcchoi and ether, and dried =t T0°C in pure Ny [U. Antony
and A. Lucchesi, Gazz, Chim. Ital, 19, 5562 (188%)].

PRAOPERTIES:

Deep black. Imscluble in water. Hesistant to bydrothloric
and sulfuric aclds and dilute nitric acid, Viporous resction with
cone. nitric acid., Seoluble in conc. NagS solutiop, alkali poly-
sulfides and KCN. d3° 8.754, '

REFEHENCE:

A. Gutbier and E, Iiirrwidchter. Z. enorg. alig. Chem. 121,266
(1922), il

Gold [l} Acetylide . e

S et

AuGr RPN

ok
Prepered by precipitating a solution of sodivm difhiﬂﬂ“mh‘; ib
aurate (1), Na,[Au(Sz041al + 2 HO, with acetylene. o _

A} SODIUM DITHIOSULFATOAURATE (i)

O+ 5 H4O in 50 parts-of pilen
A solution of 3 parts of Naz8:Oa 5 Hg0 o o S0 PR
i8 reacted (stirring) with a solution of 1 part of AuCla HGY AR

AR
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(5]
solution 13 added in portiona, each portion
ﬂm“m%ﬂar the red color resulting from the previous
yred. The compound is precipitated from

iz suhn::: ;1&3%%? alcohol and purified by repeated selution in

water and reprecipitation with zleohol.

By GOLD () ACETYLIDE

Yation of NeaJAwSsOag] 18 reacted with an excess of
ﬂr&maqvaeous ammznia and then slowly satura_ted with 031-!3,
The solution becomes yeliow, and 2 yellow prempi?ate deposits
after some time. It = washed by decantation with water and
alcohol, filtered and dried over H80,.

PROPE RTIES:
Formula weight 418,02. Yeilow powder. Insoluble in water;
decomposes in boiling water without evelution of CaHga; decom-
poses slightly in hydrochloric acid with evclution of C;Ha Ex-
tremely explosive when dry. Detonates at 83°C If rapidly heated,

REFERENCE:
A. Mathews and L. L. Waiters. J. Amer. Chem. Soc. 23, 108
{1900},

Gold (I] Cyvanide
AuCN

K[AS(CN).] + HCl = AuCN + HCN + KOl
2881 J4E 2200 . 74.8

An aguecus sclutlon of K[Aw{CN),] t& mixed in the cold with
kydrochloric acid ard warmed to 50°C. Most of the AuCN pre-
cipitales. The mixture f8 ovaporated to dryness on a steam
beth, resuiting in removel of HCN., The residue is taken up in
watey, fillered, thoroughly washed {in the absence of sunlight) o
remove KCl, and dried over H_ 80, or P05,

Alternate methods: a) Precipitation of a solution of AuCl, with
KBI:}[P. 0. Flgui;::, J. I;ha;m Chim, 22, 329 (i836)].

D&Oompoﬁ on O a[a‘-ﬂ CN]Q with HCl {A. Wogrinz,
Metalloberiliche 8, 11, 162 {1564)]. ] I *

PROPERTIES:

Lemou-yellow crystalling powder, Stable in alr. Sparingly
scluble i water and dilute acids. Soluble in solrtions of alkali
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syapides, KON, ammonia, Nao8z0, and (NH ]
with separation of Au on ary heating. {Unat‘g.h:lse Wligma;
moist, 43°7.12, Cryatal structure: hexagonal,

HEFZRENCE:

K, Himly. Liebigs Ann, 42, 157 (1843),

Potassium Dicyonoqurate m
K[Au(CN}:]

Formed when ‘‘fulminating gold” is dissolved,

Pure gold (10 g.) is dissolved in 50 ml. of aqua regia (34 mi, of
cone. hydrochloric aeld and 16 ml. of nitric acid, ¢ 1,33 on a
steam bath. When solution is complete (sfter about two hours),
‘ofulminating gold” is precipitaied by addition of an excess of
ammonia. It is washed until Cl-free, dissclved whkile still molat
in & slight excess of KON solution, concentrated on a steam hath,
ang aliowed to crystallize overnight. Additionsl sslt may be re-
covered from the mother liquor. The nroduct is recrystailized
from an egqual amournt of boiling water, and dried over Py0g or
conc. H 50, Yield 50%,

Alteynate methods: ) Electrolytic solution of Au in warm
aqueous KCN [J. QGlaesford and J. Napier, Phil. Mag. 25, 61
{1844)).

b} To prepare solutions of K{Au(CN);] or Na[Au{CN);] for
use In pgold-plating baths and still avold using gold sponge or
evolution of HCN, HAuCl, in an amount corresponding to 3 parts
by welght of Au, is dissolved in 50 parts by weight of water. The
flask contents are swirled around while NazCO, or KiCO,is
added until a test with Congo paper no longer yieldsa blue color.
The gold solution is then poured into & porceiain dish and allowed
to react (stirring) with 5.2 parts hy weight of NeCN or 6.8 paris
of KCN: the solutlon becomes warm and colorless. Bix paris of
antealed 0.02~-mm.-thick pold foil, cuf into small chips, ere added,
and the misxture is hested for several hours on a waier Bbath with
stirring and replenishing of the evaporating water. Hesidual un-
reacted gold is removed and the sotution is evaporated to dryness
[A. Wogrinz, Prakt, Chem. (Vienna) 3, 216 (1952)]-

BYNORYM:
Geld potassiumn cyanide,

FROPERTIES:

. Repdily soluble
Formula welght 288.14. Colorleas crystals
in 40, aapa.zmhug}.;,$ goluble in aloohol, insoluble in ether and scetona.
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frow saturated aqueous solution by sulfuric acid,
atid, nitric acid and aloohol. Decomposes on holling

with soids, Stable in air and light. d3° 3.45.

REFERENCE:

F. Chemnetivs, Chemiker-Zig. 51, 825 {1827},



SECTION 20

Zinc, Cadmium, Mercury
F. WAGENKNECHT AND R. JUZA*

Zing

In
YERY PURE ZINC

Certain grades of commercial zinc are quite pure. The higheat
purity may be achieved by distillation (Procedure | or, atarting
from ZnSCy, by purification of the ssali and elecirolytic isolstion
of the mefal {(Procedures I and IY. Extreme purity of zinc salts is
particularly {mportant in the preparation of scintilistors.

I. PURIFICATION OF ZINC SULFATE TN SOLUTION

Alumina, stapdardized hy the method of Brockmann, is intro-
duced in portlons Into a glass tube (30 cm., long, 4 cm. dlameter)
provided with a fritted plass disk at one end. After each additicn
the adsorbent is compacted with & glass pestls or by applylng a
vacuum, The material is allowed to flil 2/3 to 4/5 of the tube
length, The material Iz prevented from fluldizing by placing 2
plece of filter paper on top. The flask conteining the solution 15
above the column; the liguid flows inte the columa throughi.n
inlet tube bent & an acute angle. The bottom end of the column 18
placed in a suction flask. Continuous operation of the system 13
achieved by applylog a slight v:g;tin. The adsorbent removes
AS. Sbg Bl. I's Fe, HE, u Pbr Cu E- :

To remﬂ?lre Ni 'orgco,’ the ZnS0), solution is made alkalize with
ammonia &nd filtered through alumina that has been prea'eatgg o
with an alcohollc solution of, respectively, diacatyidia;ﬁn_ﬁ Oz.‘gw
nitroso-f -naphkthol. - EX

Manganese may be removed by edding 0 the Zal0, solution

tited (f}
0.5 g. of (NHs).PbCle hydrolyzed in one liter of redis )
Haong hBatiig geapmix;.are for a short time fo the boiling-poiat, -

_ N 1
*The second edition wag réviged by Dr. Ho Togohuster =i &

1067
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aud filtering off the deposit of PhOa flakes after 24 hours, Traces

removed by passing the solutlon through an AlaG,
“m-m p:n:lncuncentrating the product. Solutions purified wiih
t stringent reguirements,

AlyOy as above satisfy the mos

0. FLECTROLY TIC SEPARATION

The electrolyte should contain 40-60 g./liter of Z2n (¢=zlculated
as the sulfate), A piece of silk taffeta serves as the membrane,
Pure ZnG is suspended by stirring in the ancde chamber. The
catbode is Al or Pt, the anode is Pi. The curreat density is 0.01-
0.03 amp./cm.> The Zn deposit may be peeled off cleanly from
the aluminum shee! by cutting off its edges. Inclusions are re-
moved by fusing with a small quantity of NH4CL in a porcelain
crucible. The ingot is pickled clean with HCl and thoroughly
washed with distiiled water.

IE. DISTILLATION OF METALLIC ZINC

The last step in the purification of the Zn metal is a double
vacuum distillation. The operation is carried out in 2 Vycor
tube shaped as In Flg, 280. After the distillatien {650°C), =
slight gray deposif, which is
separate from the main bedy
furnace of the distiliate, may be ob-
served at b, It contains Cd.
Traces of & Back, very lufly
trnpurity are left at a, No
impurity deposit is formed at
b during the pubsequent second

Fig. 280. Digtillation of zine, distillation, To prevent con-

tamination of the final product

with some heavy, low-volatility components still present, the second

distillation is stopped before the material at o is depleted. The

resultant Zn product ls spectroscopically pure, If & quartz tube

is used and larger amounts of Zn (e.g., 30 g.) are distilied, the
distiliate adheres very strongly to the tube wall.

PROPERTIES:

Atomijc welight 65.38. Rluish white, Solubility in Hg (18°C)
2.2 g Zn/100 g. Hg. M.p. 415,4°C, bup. 905.7°C; d 7,103, ﬁgardneas

2.5. Crystal gtructure: type A3 (Mg type). El
: . ectrochemioal
equivalent 1.220 g. (amp, - hr)~?, e tyre)

EEPERFECPS.

L E. Tiede and W, Schilore Ber. dtsch, che
. ' . m. Ges. 75, 588
(1842): W. Schikore and K, G, Miller, 2. ENOrE. Chanz’gﬁé.
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327 (1948); W. Schikore and T. Pankow. big
327 . - Ibld. 258, 15 (1949)
Ii. F. Mylus and ©. Fromm. %. apor 4
(1895, 8- ailg. Chem. 8, 144

[1. R. Pelermann, Theels, Bern, 1846; O, Honigschmid
Mack. Z. 2norg. allg, Chem, 346, 363 (1941), ndM. von

Zing Hydride
ZnH,
L 'ZI!I, -+ ELiﬁIH.‘ - ZI.'IHg + EA.“'I: + 2113,1
4132 T5.8 87.4 599 2877

Ether solutions of Znlp and LIAlH, (mole ratio 1:2) are mixed
at —40°C or below; a white precipitate forms., The product must
be separated immedjately by centrifugation to prevent contamina-~

tion by polymerlc (AIHj)x,which begins to form after some time,
The Lil remains in the supernatant solution.

. Zn{CH;}; -+ ELIAth = ZnH: + gLiMHacHg
3.4 oA B7.4 1039

Dimethylzinc (0.57 g., ~8 mmoles) is distilied in a completely
dry atrnosphere into an ice-cold solutlon of 0.5% g. £~ 16.6 nupoles)
of LIAIH, in 10 g. of absolute ether {predried over LIAIHg). The
white precipitate obiained on heating the mixture to reom tem-
perature is filtered, washed several times with sbsciute sther,
and freed of adhering ether by hesting to 50°C in vacwom.

The dimethylzinc needed for this preparation is obtalned by
heating Hg(CHz}sz (p. 1119) with a large excess of zinc shot in a
closed tube, At 120°C the yield is quentitative after 64 hours.
The dimethylzinc may be distilled at atmospheric pressure ina
stream of Ns. B.p. 46°C. '

PROPERTIES:

Solid, white, nonvolatile when pure, Readily oxidized; rascis
with H 0 or humid air, evolving Ha, This reaction iy very vigorous
in the case of old preparations, which oiten ignite spontaneously,
Stable for some time at room temperature ln dxy air; in high
vacuum st 90°C, gradually decomposes to the elements. .

REFERENCES:

L W. Wiberg, W. Henle and R. Bauer. Z. Naturforschg, éb, 383
1951), X

iL é DE Barbaras, A. E. Figholf, H. J. Schlesinger et a1k
Amer., Chem. Soc. 73, 4585 (1951). - e TRR
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Zinc Chloride
Z‘nCl,

Zn + 2HQ = ZnCl, + H,
654 708 1363 20

; . enhydrous ZnClg is prepared by treating Zn with
: ‘;g ftm?im"c in & guartz boat placed in & tube of high-melling
glass, At this temperature, the formation and sublimation of
ZnCl; proceed at sufficiently high rates. The subliTned chloride
is collected in a sectior of the tube which is kept cool for this pur-
pose. Temperatures above 700°C should be avolded, since en-
trainment of zine vapor with the chloride may result, & phenomenon
recoguizable by the appearance of a color inthe otherwise colorless
sublimate, For additicna] purification, the chloride may be resub-

limed in 2 stream of HCL

IL. The same reactlon ¢2n be carried out in znhydrous ether.
Ether and excess H{L are removed on a steam bath (vacuum).

IIL Zn + 2Cull = #nll + 2Cu
65.4 104.0 136.3 1271

A E6.7% solutlon of CuCl in pure, dry acetonitrile {distilied
several times over Pg0s) is electrolyzed at room temperature
with a Pt cathode and 5 Zn anode {voltage across the terminals
is 12 v.). The electrolysis proceeds under & bianket of absolutely
dry No. The reaction is complete when a gray coating of Zn is
obgerved on the Cu deposited zt the cathode. The solvent is
evaporated In vacuo, and the acetonitrile solvate of ZnCly is
:;;‘mrmd into the unsolvated salt by careful beating, Yield 96-

If the appropriate copper salts are used, the process may also
be empluyed for the preparation of ZnBry and Zniz, and by sub~
stitating a cadmium anode for the zinc electrade, CdRrs and
Cdl, may be prepared.

Zinc chloride exists in three different crystal modifications.
Detalls on the preparation and the structure of the pure individual

wodifications are glven by H, R. Oswald sznd H, Jaggi [Helv.
Chim. Acta 43, 72 (1960}). i

FROFERTIER:

Coloriess, bighly hygroscopic, smell crystals. M.p, 313°C
=y m'c:. 4 {pyen) 2.93, Solul;iiity per 100 mi. of HgO: {G’C)’
208 ¢, (20°C) 367 g, (4 2.08), (100°C) 614 g. Crystallizes in the
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anhydrous form only sbove 28°¢, heno

sther, acetone and other orgenic solvi?:}::?le 10 methanal, ot -
AEFERENCES:

I O. Honigschmid and M. von Mack. Z. ano
. . rg. allg. Chem, 248
366 (1941); for apparatus, see O, H .
Ibid. 226, 285 (1936), Hoénigschmid and F. Wittner,
N. R. T. Hamilton and J. A. V. Butler, J.
1832, 2283, er. J. Chem, Soc. {London)

Ol H. Schmidt. Z, anorg, allg, Chem. 271, 305 (18533,

Zine Hydroxychloride
In(OMCH

20 + ZaClh + HO = 2Za(OH)CH
Bl4 1262 180 ot Gl

Zinc hydroxychloride ig one of the basic zine haljdes which can
be prepared as well-defined crystalllne compounds by several

methods, for example, by dissolving Zn0 in zine halide sciutions
of definite concentration,

The compound is prepared by adding 6-7 g, of ZoO to 100 ml,
of 2 70% soluticn of ZnCl; and heating to about 150°C until solution
is complete, (If seeding orysisls ere present, the solution bacomes
turbld and orysialllzation begins at 133°C.} A coarsely crystalline
product is obiained by cooling the solutien to 50°C (where the
first crystals separate), then heating to 135°C and allowing the
mixture {o cool slowly to room temperature over a perlod of 24
hours, Most of the crystals deposit between 130 and 300°C, The
mass Is carefully crushed and washed with acetone until ihe
filtrate exhibits only a weak opalescence onadditionof AgNO;. The
product iy dried in vacuum over CaClg.

SYNONYM:
Zinc chloride hydroxide.

PROPERTIES:

-4
Formula weight 117.85. Colorless hexagonai leaflets, The
chloride content is removed by water.

REFERENCES:

Driot. Comptes Rendus Hebd, Séances Acad. Scl. 150, 1426 (1916);
W, Feitinecht. Hely. Chim, Acta 13, 22 (1930). o
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Ammonium Tatrachlorozinccte
(NH)EnCL

ZnCl, + 2NHLCl = [NH,}ZnCl
1358 107.0 24553

A solution of 70 g. of ZnCly and 30 g of NH._,,C] is prepared by
weating with 29 (!) ml. of hot HgO. It is advisable to messure
the water with a balance. The homogeneous diammonium salt

tallizes on cooling. Yieid 45 g.
m?;tu&' three-cnmpongent system ZnCla-NH,CI-Hz0O has been in~
westigated by Meerburg, It was found that (NH, o Z2nCl, canbe
precipitated only from seolutions which have higher concentrations
of ZnCl; than the desired salt. A solution contzining ZnCl; and
NH,Cl in & 1:2 ratic usually yields the salt ZnCl, -+ 3 NH,CL

PROPERTIES:

Shiny, orthorhombic leaflets, crystallizable only from ZnCls
solutions, M.p. ~ 160°C; d 1,88, Crystial class Dag.

REFERENCE:

P, A. Meerburg, Z, anorg. allg, Chem. 37, 199 (1903).

Zinc Bromide
ZnBr.

Zn + HB3: + !Y4Br, = ZnBr, + Y, H;
654 808 758 £25.2

The purest material is oltained by electrolytically dissolvin
puritied Z_n in a mixture of aquecus HBr and Br::tin a zuartz dislf
The solution i3 digested with an excess of Zn, filtered and Crys-
tallized by evaporation. The crystals are recrystallized from
dilute hydrobromic acid and separated from the mother Mquor
:ynrcenntrmganon. The product is ther sublimed in a stream of

g

Alternate method: See under zine chioride, p. 1070,

PROFERTIFS:

Colorless, highly hygroscopic crystals. Sublimes
0 . , producing
Justrous seedles, M.p. 394°C, b.p. 850°C: & 4,201, Solubiiity {0°C)
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388 g. (& Ha0): (100°C) 675 g. (anhydrous 7
Anhydrous when crystailized above 37°C, Solﬂlglgﬂifnl Oﬁoﬁmﬁﬁ
sther. Crystal struciure: tetragonal; space group 14, facd.

AEFERENCES:

G. P. Baxter and M, R. Grose, J, Amer, Chem. Soc. 38, 868
- * r L] 191’6
G. P. Baxier and J. R. Hodges. Thid. 43, 1242 {192;.) 1

Zinc lodide
Znl,

n + 1. = Zal,
654 2538 3192

L One part of ziac dust is digested with three parts of 1odine and
10 parts of H,O until disappearance of the {5, The mixture is
filtered ané concentrated over H,80, and NaQOH ina vacuum degle-
cator (N atmosphere}. The Znl; which crystallizes out is vecuum-
distilled at about £00°C,

Well-dried Znl;, prepared by the wet method, {8 sublimed in
an oil-pump vacuum, The evolving icdine I3 expelled from the
apparsing. The compound is obtalned as a pure while subli-
mate.

I. One part of zinc dust is refluxed with two to four parts (de-
pending on the quality of the Zn dust) of iodine and 10 parts of
absolutely anhydrous ether until the initlal coloration of the
liguld diseppesrs comgpletely, The residual Zo-Zn0 shurry 4
removed from the ether solutlon by filtretion through a frifted
glass fliter. Most of the ether {s distilled off, leaving a product
contalning about 0.5 mole of ether per mols; the ether is driven
off in vacuum {fanning of the flask with & flame will belp).
Alternate method: See under zine chloride, p. 1070,

PROPE RTIES:

Colorless, hi hygroscople crystala, M.p. 4456°C, b.p.
824°C; a 4.73.6. Sgcﬁils;ﬁlitysffﬂ °() 432 g.} {160°C) 510 g. {anhydrous
saly)/100 ml. HeOQ. Below 0°C, Znlp - 2HaQ crystaillzes out of
solution. Soluble in ethanol, ether, acetone and dloxans. Subiimo;s
In vacuum (orystal needies). Decomposes On beating in mf
Crystal structure: tetragonal; spece group Id; /acd. :
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REFERENCES:

Chem. 27, 450 (1923}; W. Biltz and C,
Chem. 128, 161 {1523).
Laurer and K. Platz, Heidel-

L. T. J. Webb. J. Phys.
Messerknecht, Z. anorg. allg.
IL Unpublisked experimeats of P.

berg.
Zine Hydroxide
{crystallina]
FNZI'!(OH:&

L Zn0 — NaOH + H.0 = NaZn(OH}, == Zn{OH). + NaOH
514 400 180 130.4 a8 .4 0o

Analytical grade ZnO (160 g.) is refluxed in a round-bottom
flask containing a solution of 600 g. of NaQH in 300 ml, of Hz0,
After the ZnO is dissolved, the solutlon is diluted with 300 ml.
of Hz0O and cooled to 80°C, At this point, the volume of the solution
is about 900 ml. It is filtered and diluted 10 times with water.
Crystalline Zn{OH), separates out after 2-3 weeks. This is
filtered, washed first with cold water, then several times with
warm water, and dried over conc. HaB0O,,

Small needles are formed during the initial stages of crystal-
}iuﬂon; however, standing converis them into the other crystal
orm.

IL Amorphous Zn{OH): I8 prepared by addisg the stolchiometric
quantity of amwmonla to a solution containing a8 known quantity of
Zn30,. The precipitate iz filtered amd washed thoroughly to re-
move as much of the adsorbed aulfate as possible {if the Zn(OH)z
Is worked up without preliminary washing, the product consists
of bagic sulfates]. The molst, washed precipitate s dissclved in
the required amount of conc, ammoniz. Then NHs s slowly
separated from the solution by placing the beaker with the am~—
menia selution together with a besker with Ho S0, under a bell
Jar. A large guantity of crystals is obtained within & week. It is
important that the initial removal of NH, be slow; then the re-
aultant crystals are 0.5 cm, long, on the AVETAZE.

PROPERTIES:

Colorlesa crystals. In equilibrium with weter, stable up to
2°C; decomyposes at higher tem ¢

perature, ¢ 3.053. Crystal struc-
ture; type C31 [e-Za(OH), type], e
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In addition to the stable ¢ -ZB{OH)z,
crystaliine forms of the compound
spontanecusly tc € -Zn(0OH),,

there are five additiona}
» which are unstable and convert

REFERENCES:

T al.gsﬁécholder and G. Hendrich, Z. anorg, allg. Chem, 241, 76
(1339}, T

II. B. G. Dietrich and J. Johnston. J, Amer. Chem. Soc, 49, 1419
{1827).

Zinc Sulfide
InS
ZnSO; -+ H13 = 7Zn5 + H:SDJ
{7 H.O)
287.6 234f. 94 BR.1

1. Zinc sulfide is preferably precipitated from a slightly acidic
buffered atueous solution: an agueous solution of ZeSQO, s
treazted with ammonium scetate; it Is then saturated with H.S
with heating and frequent stirring {optimum gH for precipitation:
2-3), The precipitate is allowed to settle and the supernatant is
decanied. The precipitate {s shaken with 26 acetie acid saturated
with HaS; the solid is allowed to settle and the washing Is repeated,
To obtain an oxide-free product, the filtration and drying should
be carried out in the absence of alr.

II. Well-crystallized zincblende is obtained from pure, dry pre-
cipitated zinc sulfide by heating the sulfide in o stream of nitrogen
for eight hours at E609-650°C. The reactor 1s a ceramic tizhe.

Pure wurtizite may be prepared from the same ZnS precipi-
tate by heaiing in a streem of Ny for one hour at 1150°C.

PROPERTIES:

White powder. M.p. ~ 1650°C (appreclable vol_ailiizatiun}; dis~
tills without decomposition at high veotum (5 » 107 mm.). d 414,
Solubility (18°C) 0.6688 mg. {freshly precipitated) /100 mi. HiO,
Scluble In dilute mineral acids, Hardness 3,6~4 (bath modifi-
catlons), The low-iemperature modification {sphalerite} crysial-
lizes In the cublc BS system (zincbiends}, the hlgh~temperaittt;ra
modification {wurtzite} in the hexagonal B4 system. Transition
polnt: shout 900°C. Grinding at room iemperature coaverts the
metastable wurtzite o zinchlende. -
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REFERENCE:

H. Piatz and P, W, Schenk. Angew. Chem. 49, 822 (1836},

Zine Formaidehydesulfoxylate

Zn{SO, - CH,OM),

37050, — 1CH,0 — 2H0 = Za(50; - CH,OH}: + 2-“[5?.1“' CH,OH).
3570 1201 366 2836 287.4

A 33% solution of ZnSz0, {1300 g.) 1s added to 600 g. of & 30%
formaldehyde solution; the addition is accompanied by & tempera-
ture rise to §0°C. The liquid is stirred and the temperafure
maintained at 60-65°C for some time. The mixture is filtered
and set aside for 2-3 days. The clear solution is again filtered
and concentrated in vecuum while S0, is aspirated In through 2
toiling capillary. The zinc formakiehydesulfoxylate is the flrst
to precipitate. The crystals are separsated from the mother liquor
by centrifugation and dried by heating in vacuum.

The tribydrate is obtained af 60°C from & salution of 100 g.
of the anhydrous salt in 100ml of H,0, the tetrahydrate by allowing
a selution saturated at 20°C to stend for seme time.

The ZuSa0s solution required in the preparation cennot be
prepared accordiog to the directions given on p. 394, since the
latter progedure ylelds agqueons sohitlons containing only about
10% Zn5z05. In this case it is belter to react a mixture of the
purest possible Zn dust (200 g.) and H,0 (460 ml,) with 305, which
shoald he prewashed with an alkaline solution of Na,5,04. The
reaction proceeds according to:

in + 250, = ZnS,0,
654 128.1 185.5

and i8 carried out in a wide-neck Erlenmeyer flask at 35-40°C
(stirring). initially, the mixture must be cocled; later it should
be warmed, After several hours the reaction sturry is zllowed
fo settle and the product is filtered through a Buchner funnel.
The concentration of the viscous, unstable solution i3 determined
by titration with 2 0.01 M solwtion of indigo carmine [1 mole of
indige ie equivalent to 1 mole of $402-; for additional analyticel
mefhoda see G. Panfzzon, Melllang Textilber, 12, 119 (1331}
A methbod for the preparation of secondary zinc formaldehyde-
o 150 ¢ 1a d?:!:lnmi{.ma lli Bazler, Ber. Disch, chem, Ges.
1927); o ellinek, Dasg sui-

fite], Part 1, Stuttgart, 1939, Hydrosuliic fHiydroxy
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SYHONYMS:

Primary :zinc oxymethanesulfinate; monozipc formaldehyde-~
sulfoxylate.

A technical-grade product containing over 20% of the anhydrous
compound 15 available under the names Dekrelin scluble conc,

{BASF}, water-scluble Hydrosulfit BZ (Ciba}, Sulfoxite 5 come.
{Du Pont), elc.

PROPERTIES:

Colorless crystal needles. The anhydrous salt Is atabie in
air, The trihydrate (flakes with a nacrecus luater) and the tetra-
hydrate {rhombohedral leafleis) sre more labile. Soluble i HaO.
The solution acts as 2 bleaching agent and is quite restistant to
acids, The reducing activity increasea merkedly with tempera-
ture; the rH values of & formic acid soiuvtion at pH 3 sre: (25°C)
15; (h0°CY 2; (80°C) a mexiouwom of 0.5. Decomposes on prolonged
bolling. The warm solution turns alkaline indanthrene yellow G
paper blue and decelorizes an altcholic sclution of neutral red,

REFERENCE®:

K. Winnacker and E. Weingsertner. Chem. Technologie, Vol 2,
p. B0, Munich, 1950; BIOS Final Report No. 422, London, 1945;
H. von Fehling. Neues Handworterb, d. Chemie {New Handbook
of Chemistry], Vol. X, p. 291, Braunschweig, 1930; A, Schaeffer.
Melltand Textilber. 30, 111 {1948},

Ammonivm Zinc Sulfate

{Nﬂi‘.'!z“{so-t]: -8 H,O

{NH()!SOJ + ZnS0,-TH O = (NH;}:EI!(SO]}:' g H,O + H.U
1321 2UT.H M7 18.0

A sclhution of 45.2 g. of ZnS0, « 7HZO and 20.8 g. of (NH,]?_SG{
is prepared in 75 ml. of boiling HaO. The solution is ﬂlte;r;eq
through a jacketed funnel heated with hot water. The crysial
precipitating from the filtrate are separated from the mo

liguor and dried in vacuum over zahydrous ammonium zinc sul- .

fate or Hy50,. Yield 50 g.

BROPERTIES:
Water-clear, efflorescent, monoclinic crystels, Solubility of

the anhydrous salt {(0°C) 7.3 &i {20";’:} 12.6. g.;{astg):is,zy :

per 100 mi. H,O. d 1.93, Space group Cgh. . o "u*-ff‘h‘_'i_



wN F. WAGENKNEGHT AND R. JUZA

Zinc Salenide

ZnSe
Zns0, + HiSe = ZnSe + H.S0,
{7 H, 0}
257.8 2341, 144.3 oa.l

L A dilute solution of ZnSO,, buffered with ammonium ace?ate,
ks sdded dropwise to a saturated aqueous solutign of HaISe, while a
stream of H.Se (from AlgSes and gilute HC1), diluted with oxygen-
free Ny or Mg is passed through the liguid. The precipitation
vessel is heated on a steam bath, The excess HgSe bubbling out
of ihe solution is absorbed in a wash bottle filled with cone.
pitric acid. If the Zn selt sclution is introduced too rapidly or in
too high a concentratien, a white precipitate 1s formed: it requires
a very long time to convert to the yellow ZoSe. Since {he yellow
ZnSe precipitate is difficult to fllter, it is centrifuged and then
washed (by centrifugation) first with boiled, weakly ammoniacal
HzO and then with methancl. It is dried in a vacuum desiccator
over CaCl,, then at 120°C in a drying pistol over Py0..

When mwoist, zinc selenide 1s very sensitive to alr, Therefore,
to remove oxidation products the dry product is placed in a tube
and Beated for 2-4 howurs at 600°C ln a stream of H, or HgSe. A
boat containing s small amount of Se is placed ahead of the pro-
duct. The heating is continmed uniil all the Se in the beoat evapor-
ates. The cubic modification Is thus obtained.

The hexagonal modification is ohiained by treating ZnCls vapor
with H.Se.

IL ZoSe may be prepared by a dry method from & mixture of 4 g.
of Zn0, 2.5 g. of Zn8, and 6 g. of Se sccording to;

2%n0 4+ ZaS 4+ 38%e = 3ZnSe 4+ 50.
1827 a7 4 2369 43340 B4.1

The mixture is heated for 15 minutes st 800°C in & covered cuartsz
crucible, 4
B iz also pogeible fo start from 5 g. of ZnS and 6,5 g, of

:1:5603. and then proceed as above. The reaction !s formulated

Zo5 + 5eQy = ZnSe + 50,
974 HIO  1d3 84l

PROYERTIEA:

Lemos-yellow powder. Soiuble in fuming hydrochloric scid

with evolslion of BoBe, d (pycn.) 5.30, Crystal structure: 3
(etncblende type) ox B4 (wurtzite type). . o e B
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AEFERERCES:

I. R. Juze, A. Rabensu and G, Pescher. Z. anorg. allg, Chem,
285, 61 {1956); Fonzes-Discon. Comptes Rendus Hebd, Séancea
Acad. Sci. 130, 832 {1900),

II. A. Schleede and J. Glassner. German Patent 699,320 {1938},
issued to Telefunken Co, '

Zinc Amide
ZnI:NH;):

Zﬂ{C;H;), + ENH’ = Zn{NH;}: =+ 2C_|H|
1235 Ml 1.4 60.1

The preparation is carried out in the apparatus of Fig. 281, Di-
ethyizinc is Introduced into the storage vessel through the side
tube, 2 blanket of COQ, being provided; the side tube Is then
sealed, For each run, about 3 g, of Zn{CaHg) 5 is vacuum-digstilied
from a to b. The apparatus is then filled through stopcock ¢ with
very pure Nga. The tube connecting the two vessels is broken at
d, mnd 50 ml, of absglute ether, carefully dried with Na wire; iz
added through ¢. During these manipulations, the system is flushed
with a fast stream of Nz, which is introduced at ¢ and leaves the
apparatus through a CaCly tube attached at d. The Zn{NHg)s is
precipitated from the ether solution by 2 siveam of carefully
purified NHs. Simultaneously, the ether in blis evaporated, an
operation which requires about two hours. The product is com-
minuted by shaking {glass slug f is already present in B} Am-~
monia is then passed over the product for five hours at 160°C and
for 12 hours at room femperature,

Fig. 281, Preparation of zinc amide.
¢ storage vessel for diethylzinc: f glass
' siug.
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MROPERTES:
Colorlass, amorphous; decomposes aslowly in air, d 2,13,

REFERENRCE:

R. Juss, K. Fasold and W. Kuhn. Z. anorg. allg. Chem, 234, 86
(1937).

Zinc Nitride
Zn,N,

87n + ZNH, = ZnNy + 33,
196.1 3.1 224, 8.1

A porceiain boat containing ~7 g. of zinc dust is placed in e
Yycor tube. The malerial is heated in a rapid stream of NH, for
17 hours at 500°C, for elght hours at §50°C, and finally for 16
hours at 600°C. In the process, about 3 g. of Zn is lost by dig~
tillation. The remainder ls converied to Zn,Na. This procedure
assumes that the zing does not fuse into a solid mass, even though
it requires temperstures above the meiting point for complete
conversion to the niiride.

PROPERTIES:

Gray-black; quite stable in air. d (x-ray) 6.40. Crystal struo-
ture: type D563 (Mn,Cs typel.

REFERENCE:
R. Juza, A Neuber and H. Haha %, anorg. allg. Chem. 238, 273
(L938).
Zin¢ Phosphides
z“;?;, ZHP;

3Zn + 2P = ZIn,P, In + 2P = ZnP
M.t a0 256.1 B5.4 820 1278

L Weighed quantitles of zinc and a very si

¥ sHght excesa of red
plowpborus fiotal about 12 g.) are slowly heated to T00°C in =n
evsomded gquartz tube, about 12 om. long and 10-12 mm, LD..
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placed in an eleciric furnace, One end of the tube iz sllowedtd. : -
project from the furnace to condense the volatilized phosphorus;
which when liquid rescts very ropldly with the zine. The ZHaPy
is then heated to 850°C, sublimed to the other end of the tube,
which is maintzined at 760°C, end kept at this temperaturs for
about one day. A dense, homogeneous sublimate 13 obisined.

1. A mixture of Zn,; P, and ZnP, is obtained by passingnhosphorua
wapor over hot zine (the procedure 18 outlined in the oase of
ZngAsy, method [; see p, 1083),

PROPLRTIES:

Zn,¥Py Gray. d {(x-ray) 4,54, Evolves PHp with acida, Crystal
structure: tetragonal, type D6q {(Zn Py type). o

ZnP,: Orange te red needles, d {(x-ray) 3,51. Sublimes with-
out decomposition in an atmosphere contzining pheaphorus vapor;
insoluble in nonoxidizing acids. Crystal structure: tetragonal;
space group DY or DI,

REFERENCES:

1. R. Juza and K. Hér. Z, anorg, allg. Chem, 283, 230 (1956).
II. M. von Stackelberg and R. Paulus. Z. phys. Chem. {B) 28,
427 (1935},

Zine FPhosphate
ZN(POJF‘H:D

i SZnS0s-THLO + 2Na,HPO, -2 H,0
ge2.7 358.0

= ZaFOYy -4 H QO + 2Na8S0, + HSO, + 21¥:0 |,
4582 284.1 95.1 T

<oadioh
A solution of 5.8 g, 0f ZpSO4* THzO in 400 rl, of B0 Is stirred"
at the belling point with a solution of 2.5 g of NagHPO4 « 2H40
in 100 ml of ByO, The crystalline precipitate which forms, ima b
mediately 1s analytically pure. CLa it agE 24

1L, 37n0 + SHFC, + B0 = Zay(POy)y -4 H:O -
244.1 1560 18.0 458.2 . -

A E solution of HpPOa {(d 1.52, 100 g.) s anmuad\ahthe‘
bolling ?&m (121°C) with ZnO (sbout 42-g.), taking crréto e
plenish the svaporated water: The solution id then GoclEd-4am
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finally in ice. Ten parts (by volume) of
Mg:mn?s added \gi:h%-gigoruua stirring and the solution is
fitared into & porcelain dish, in which it is heated (with stirring)
on a steam bath. The transparent Iamellae of the tetrehydrate
precipitate after & shart time; they are suction-filtered, washed
with holling water, and dried oz a clay plate. Yield 16 g.

PROPERTIES:
Colorless crystals, needle-shaped and tabuler, Solubliity in_
HeD decreases with lncreasing temperature; can be recrysinl-
Haed only from solutions containing phesphoric acid., Soluble in
dilute acids and dilute ammonia. Loses twomoles of H,0 at 180°C,

s third mole at 190°C; the anhydrous ssit Is obtalped at about
450°C. d %.109. Herdness 2-3. Crysisl structure: crihorhompde,

STNONYM:
Zinc orthophosphate.

REFERENCES:

1, E. Thilo and J. Schulz, Z, anorg. allg, Chem, 265, 261 (1951).
IL N. E. Eberly, C, V, Gross and W. 5. Crowell. J. Amer. Chem,

Soc, 43, 1432 (3320),

Zinc Hydroxyphosphate

Zm(OH)PO,
Z0,(PO,); + Zn0O + H,0 = 2Zn OH)PO,
4 H,00
A538.2 B4 130 485.5

Ap intimate mixture of 1.146 g. (0.0025 mole) of Zna(PCe)s *
48,0 (cf. p. 1081) and 1.63 g. (0.02 mole) of ZnO is pleced In a
porcelain crucible and covered with water; the erucible is half
fuli at this point. The crucible is hested In an autoclave for seven
boura at 130°C and 12 atm. The product is digested with 8% meth-
anolic acetic acid on a fritted glass fUter and 13 then washed until
the filtrate is free of Zn, after drying at 160°C, the product is
amalytically pure,

PROPERTIES:

Formela welght 242.75. The colorless crystals are identical
wiih the miveral tarbutite. The water of hydration is glven off
abowe 458°C. Crystal atructure: triolinic, ®
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REFERENCE:

E. Thilo and I. Schulz, Z. anorg. allg. Chem. 265, 201 {1951},

Zine Arsenidas

Zn,yAs,, TnAs,
3Zn + 2As = EnpAs. Za + ZAs = ZnAs
106.1 1498 3400 554 1468 21%.2

I. A Vycor tube coniaining s porcelain boat with pure zinc is
heated to 700°C in an electrical furnace; the atmosphere in the tube
consists of dry, pure Ny or Ha The As, in a second porcelain
boat, is placed &t the end of the tube which projects out of the
furpace and 1s heated with a gas flame. The As vapor thus pro-
duced is carried over the metal by the stream of Ny or Hg, Since
the metal has already an appreciabie vapor pressure at 700°C,
erystals of Zn,As, form on the boat rimm and on the tube wall,
while the uneveporated metal in the boat is converted to s gray-
black mass of arsenide,

. Heating stolchiometric quantities of Zn ant A8 in an evacu-
ated, sealed Vycor homb at 780°C yields ZnyAsy. The same con-
ditions will produce ZnAs,, provided an excess of As is used,
since the wvapor pressure of As In ZnAsg, which results in de-
composition of the latter, is quile high at the above tempera-
ture.

PAOFERTIES:

ZnaAs,: Oray. Gives off AsH, with acids. M.p, 1015*C; d
(x-ray) 5.52. Sublimes at the m.p. to give needles or lamellaa.
Possesses metal-type conductivity. Hardpess 3. Crystal atruc-
ture: type D6y (20,575 type).

ZnAsg: Gray black. Orthorbombic crystais. M.p. TIE*C, Subw
limes at the m.p. Hardress 3. d {(x-ray) .08,

REFERENCES:

M. von Stackelberg and R. Paulus, Z. phys. Chem. (B) 28, 427
{1935); W. Heike, 2. enorg. allg. Chem, 11B, 264 (1821).

¥
Zinc Thicontimoncte Vo
Ziny(SbSh
3ZnCl + 2 NmpShS, 8H0 = Zay(Sb5)s + 6Nall + 18 4,0
P 5625 BBG.1 2307 E

A solution of 25 g of Schilppe’s sall (seep. €19} in"rﬁ_mzafﬁil
HoO is treated with a solution of 10.6 g. of ZuCia tor 22.5 g-di
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0 ml, of HyO. The chrome yvellow precipitate

washed times centrifugation with hot water. It ig
:hd at aus;%var&“ at ml{)]):'{:; the orange product is ground. It
contains sbout ’8‘5 free S, which is extracted in & Soxitlet apparatus

with CS5

2S04 » THL0) 10 &

PROPERTIES:
Orange powder. Decomposed by HCl. Discolors at 180°C

° d szalt is
S at 200°C, forming SbySy. The corresponding C
m-mﬂ. the B.IE!'CIJ.'I'_‘," {I) s=alt ocher yellow. d {pyon.) 3.76.

REFEREXNCE:

F. Kirchhof, Z. anorg. allg. Chem. 112, §7 (1920}

Diathytzinc

Zn{CyHy):
70 + C.Hd = CHyZnl 2CHZnl = Zn(CeHyle + Znly
G 158.0 221 4 4427 124.5 Hny2

1. The 509-ml. flask ¢ of Fig. 282 is charged with 200 g, of
dry CgHsl {prepared by heating CaHsI with Na chips, and si-
phoning off and distilling the liguid} and 200 g, of zinc dust,
previously cleaned with acid and dried at 160-188°C in a
stream of €Oy Dry zine turn~
ings are then added until the
pile of metal projeciz above
the surfazce of the liguid. A
stream of dry, air-free COg
or Ny is infroduced through b,
expelling the ajr in the sys-
tem, When the apparatus is
filled with inert gas, the tip
of tube ¢ is dipped slightly in-
te the mercury in cylinder d
Fig. 282. Preparation of diethyl- and capillary b 1Is rapidly
zioc. d mercury seal; ¢ ampoule  flame-sealed. The flask is
for product storage. then heated in an 80°C water

bath. The temperature of the

bath s gradually raised to 96°C, while the tip of ¢ s lowered into
the mercury unill it reaches about 20 cm, below the level of the
metal. H all necessary precautions to exclude moisture have
bees taken, the reaction starts after about i-1.5 hours of refluxing.
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The raaction ls complete after an additional 1.5-2 houra, when no
furthex droplets of CyHcl condense in the flask {solid CaHyZul).
The sealed capillary & is cut open, ¢ is removed and replaced by
vessel ¢, and a slow stream of the inert gas is passed

the systern. The flask 1s then tiited so that the condenser points
downward, amd the Zn{C_Hg), is distiiled on an oil bath (about

200°C) iate e, which is then sealed in the usual way. Yield about
52%.

1. In Dennis’s procedure, the starting material is a zinc-copper
compound prepered by reducing & mixture of 200 g. of 2n dust
and 25 g of finely powdered CuD for 20 minutes at 400°C in a
stream of Hpi the product must be used immediately, Sufficient
contact aree between the metal and the CaH,I 18 achieved by
mixing the finely ground metal with an egual amount of dry sand,

I1. Larger quantities of Zn(C H.)s may be prepared starting from
a zinc alloy contzining 5-8% Cu, which i3 prepared by fuging Zn
with brass, casting Into rods and cutilng into chips. When this
alloy is used, one half the necessary guaniity of the quite axpen-
sive CpHgl may be replaced by CgH.Br. The reactlon is then
less vigorous,

The product Zn{CyH.)y IS freed of ethane and CoHgE by low-
pressure fracticnal distillatlon. It iz stored in sesled ampoules
or in a flask provided with a well-greased stopoock,

The same procedure may be used for the prepsxation of:
di-n-propylzing, b.p. (3 mm.) 40°C; di-n-butylzinc, by (9 mm.),
81°C; and diisopentylzine, b.p. {12 mm,) 100-103°C.

PROPERTIES:

Colorless liquid. M.p. ~30°C, b.p. (760 ram.} 117.6°C, (30 mm.)
27°C, {4 mm.) 0°C: d (26°C) 1.207, {8°C} 1.245. Resistant to COx;
ignites in air. Decomposes extremely violently in HyO, forming
Zn{OH); and CzHa. Soluble in ether.

REFERENCES:

L E. Krause and A, von Grosse. Chemie d. metallorgaz. Ver~
bindungen [Chemlistry of COrganometallic Compounds}, Be_rlin',-
1937 {preparative directions cited from Simonovich. Eh.
Russ. ¥iz.-Khim. Gbach, 31, 38 {1899)]. A

II. L. M. Dennls. Z. anorg, ailg, Chem. 174, 133 (1528).

I, Organic Syntheses. Coll. Vol. 2, New York and Iondon
1943/50, p. 184; H. Grubitsch. Anorgan.—prep. Chm_ie [Pre-
parative morganic Chemistry], Springer, Viemns, 1550, 94531‘
A. W. Laubengayer and R. H. Fleckenstein. Z. anerg. zﬂiﬁ
Chem, 191, 283 (1830}, e

-

L
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Zine Carbonate

ZaCly

L =90, + 4KHCO, = ZInC0y + KiSO, + KCOs + 2COy + 2RO
ﬂﬁt_}f 0.8 125.4 1744 1382
Noutral ZnCO, Is obtained when zinc carbonate, precipitated

at as low a temperature us possible, is allowed to age for & long

time ut low, gradually increasing temperature in a CQa~free

N KHCO. solution (300 ml.), cooled o 3°C and saturated with

COy, 1s added with stirring to 760 ml. of a 0.1M Zn30,; soclution

at the same temperature. The temperature s maintzsined below

10°C during the first 3-4 days; it is then ralsed to 20°C and main-
tained there for an additional 2-3 days until the inliial flaky
precipitete has been transformed into 2 finely crystelline deposit.

The product s washed several times by decantation with water,

taking care to remove the fiocculent material floating in the

supernatant liquor, and washed free of sulfate on a filler. It is
dried in a desiccator at room temperature, or by heating at 130°C,

The x-ray powder pattern of the product heafed at 130°C cox-
responds to that of natural smithaonite {ZnCOz), but confaing
gseven addltional lines. The yield is satisfectory,

L ZnCly + 4KHCO; + xCO,
138.3 406.5
— ZnCO; + 2KCl + K.COy + fx +2)C0; + 2H0
1254 1481 1382

Preparation by rapid aging st moderate temperature under
CO. pressure: 10 mi. of a cone. solution of ZnCl, Is frozen
with Dry Ice in a freezing tube., A fourfold excess of solid
KHCOy and 10 ml, of B0 are added, A few pleces of Dry loe
are added on top and the tube is melt-sealed while still cold, 1t is
kept al roomn lemperature untl] the contents melf, The tube Is
en held at 130*C for two hours,

Departures from the above two procedures result in basic
products.

PROPF RTIES:

Coloxless. Converts to the basic salt on boiling with water.
'l'dhml decomposition beging at 140°C; at 295.5°C the pressure
CO5 19 700 mm. Solubility £.7 - 105 g./100 wl. H,0. Readily
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acluble in acids, ¢ (pycm) 4.4; d (x-ray) 4.51. Hardneaa$.
zincepar). Crystal structure: rhombohedral, fyps GO, ({uhltal
typel. c uum, :

REFERENCE:

G. F. Hottig, A. Z&rner and O. Hnevkovsky. Monatsh. Chera, 72
31 (1939). X =

Iing Acelate
Za{CH,CO0),

Zo(NOsk -8 H:O + [CH,COH0 = Zao(CH:CO0) + 2HNO, + SH0
297.5 1021 1835 1280 801

A mixture of 10.2 g. of Zn{Cy)a - BHLO and 40 mi, of acetle
anhydride is heated. When the vigorous reaction ceases, the mix-
ture Is stored In the cold for some time; the crystal slurry is
then suction-filtered, weshed with some zcetic anhydride and ether,
and dried In vacuum over KOH and Hz804. Yield 954, .

PROPERTIEE:

Colorless, hexaponal, prismatic crystals. M.p. 242°C., Bublimes
in vacuurn without decomposition at lower temperatures; decom-
poses at temperatures higher than the m.p. d 1.84, Sparingly
soluble in cold water, dissclves slowly in warm water. The di-
hydrate crystallizes frem dllute aoetle acid, the monohydrate
irom water and absolute alechol.

REFERENCE:

E. Spiith. Monatsh. Chem. 33, 240 (1912).

Zine Cyanide
Za{CN): e
e
. 780, + KON = Ze(CN) + XSO, e
ﬁzsn'f.g} 1502 1174 17438 ik

A solution of 10 g. of ZnS0s + THO in 100 ml. of HaO I8 n}jxaﬁi
(constant stirving) with s KON solution until no further pricipiiee
is formed (about 5 g of KCN in 60 mi. of HaO s n&edﬂd}z._‘m‘_._ .

.
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precipitate, which ttles well on prolonged bolling, i8 washed
with hots?!.,o and dried either with alcchol and ether

or ot TO°C. Yield about 4 8.

: 8 Za{CH,C00), + 2HCN = Zn{CN); + 2CH,COGH
1535 5.1 1174 120.1

The Za(CN), 15 precipitated witk hydrocyanic acid from & solu-
tion of Zugﬂl: in CH,COOH. After washing, the product 1s dried

st 110*C.

PROPERTIES:
White, amorphous powder or shiny, rhombic prisms, Insoluble

1t HyO and alcohol. Soluble in alkall cyanides and aguecus ammonie;
soluble in dilute scids {evelution of HCN). Decomposes at 800°C;

d 1.852. Crystal structure: type C3 (CugC type).

REFERENCES:

L Ullmann, Enzyklopidie d. techn. Chem. [Encyclopedia of Ind,
Chem.], 2nd ed., 19, 718; Loebe. Thesis, Berlin, 1302,
I. W, Biltx. 7. anorg. alig. Chem. 174, 161 {1528).

Potassium Tetracyanozincate

K{Zn{CN),
L Zn(CN), + 2KCN = K,Zn(CN},
117.4 1502 2477

Zine ecyanide is dissolved in the equivalent amount of KCN
solution. Aboul 10 min. is required at room temperature; the

Process may be accelerated by heating, The salt precipitates
from the solutfon on concentrating, prec

IL ) + K0, + 4HCN = KZn(CN}, + CO; + 2H.O
514 13832 108.1 27T 4.0

Zinc oxide 18 suspended in an aquecus solution of the equivalant
quamtity of K;CO, and treated for several days with gaseous HON
mfl) completely dissolved. Small crystals of the salt complex
procty from the concentrated filtrate, They are drled at

PYNOWTM:
Potasstomn zine cyanide, zine potassium cyanide,
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PROPERTIES:

Transparent octahedra, M.p. 538°C; d 1.647. Sclubiltty {204CY
11 g/3100 mlL Hz0, 1 g./210 g of 88% v./v. alcobol.
soluble in liguid NH,. Cryatal structure: type Bl (spined).

REFERENCES:

I. F. Spitzer. Z. Elekirochem, 1), 347 (1905),
. W. Biltz. 7. anorg. allg. Chem, 170, 161 (1928},

Zinc Silicate

Zn,510,
2ZnC + 8y = ZnsSi0,
o2 s 80.1 2228

L Two moles of Zn( and one moie of 8105 are intimately mixed.
The reacticn is facilltaied by using finely divided starting mater-
jals and cempressing the mixed powder into b-g. tablets. The
mixture I placed in & platinum bost inside a ¢eramic protective
tube and heated above the melting point of ZegS10, (= 1512°C) ina
Tammenn furnace, The protective tube is closed st one end, which
helps to exclude the reducing furnace gases to somne extent. The
reaction may be observed through a port mede of cobalt glass.
The meiting point is reached when the upright raw material tablet
cellapses. To prevent eveporation of the ZnC, the heating must be
rapid, :

II. Tablets made of a mixture of twe moles of Zno and cne mmole
of amorphous Si0y are heated for four days between 500 and
16006°C, The x-ray powder pattern of the resultani product_indi'-—
cates a homogeneous material. . .
11, Preumatolytic-hydrothermal synthesis from ZnG and ZiO, im
an zuioclave at 365°C.

SYNONYM!
Zinc orthosilicate,

viarl e

PROPERTIES:

HCL Mtpﬂ
Colorless, Soluble in 20% HF, decompoged by . .
1512°C; @ 4,163, Hardness B5.5; crystal structure: ty_-_na. 3*“11‘-' .
{Be,Si0, type). At 1432°C, forms a eutecilo containingone mole-uf
$i0,. Phosphoresces on activation with manganese. PR3 i

P
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L]
BEFEMENCES:
Bilts and A, Lemke, Z. anorg. allg, Chem. 208, 330 {1532},

Pabst. Z. phys, Chem. (4) 142, 227 (1929).
o Nisuwenburg and H. 3. Blumendahl., Rec, Trav,

TADR
Pays-Bas 50, 129 (1931).

Hp
EP?’?

Zine Fluoroasilicate
ZnSiF, - 6 H,0

n0 + HSiF + S HLO = ZoSiF, -6 HO
314 144.1 Sl I5.8

Samewhat less than the stolchlometric gquantity of ZnQ is dis-
solved in agueous H SiF,. Complete saturation is avelded because
it produces hydrolysis with formation of colioldal silicle scid,
The mixture is evaporated on a steam bath in g platinum or lead
dish until a film forms on the surface; the film is redissolved
with some water and the product iz allowed to orystallize over
HSC, 1n & desiceator,

SYNONTYM:
Zinc fluosilicate.

PROPERTIES:

Colorless, rhomhbohedral prisms, stable in air. Solubility {0°C)
50.3 g, of the anhydrous salt, (10°C) 52.8 g,/100 ml, of saturated
solotion. A saturated solutlon st 20°C has d~1.4. d ipyen,) 2,138,
d {x-ray) 2.15. Crystal structure:; trigonsl.

REFERERCES:

W. Stortenbecker. 2, phys. Chem. (A} 67, 621 (1%09); C. Huff,
C. Friedrich and E. Ascher. Angew. Chem. 43, 1081 (1830),

Zinc Ferrate ELy]

ZnFe, ),
i nQ + Felly = ZnFe ),
4 169.7 2411

L Zime omide, precipitated from 7zncl
n a solution and dried In
VacE over POy, 19 mixed with o- or ¥~-FeQOH in a ratio of
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1ZnC:1Fe 305, taking into account the water . mixtye
Ia then screened and weighed out, The pow;::tr:tmm for tou:
hours in a Pyrex bottle on o mechanical shaker. Following this
4-g. portions of the mixture are placedinan open platimum cmcibls-
which Is then set In an eleciric furnace. The reaction may h;
carried out either at 800°C in a stream of dry alr or at 1000°C
in the zbsence of such an alr fiow. In either cnae, one hour is
reguired for the reaction,

When Zn0 {prepared by heating ZnCQ, for twohours at 1400*C)
and FegOs are used instead of the ebove-specified raw materiala,
the mixture must be caleined for six hours at BOD'C to obtaln &
ZnFe 04 with a pure spinel lattice, :

11, ZnCl. + 3NaGH = Na[Zn{OH),] + 2 NacCl
t38.3 1200 1594 1139
18 HaO)
4.4 3408 200.0 1.1 3307

A solution of 2.4 moles of NaOH in 300 ml. of Hj0 is allowed to
resct with a solution of 0,15 mole of ZuCl, In 100 mi. of HZO. The
resultant Na[Zn{OH}s] sclutlon is treated with a solution of 0.3
mole of FeClz+ 6HyO and 1.2 moles of HCI in 5000 mi. of H O
(vigorous stirring} and, after stirring two hours, heated for
0.5 hour at B0*C. The mixture is allowed to settle and is then
allowed to react with 2N NaQH to  permanent red phenolphthal-
ein color, The product is weshed by repeated decantation with
2500-ml, portlons of Hy0 until the supernsziant is free of C1°
{abont 15 washings are reguired), flitered through a sintered
glass filter, washed untit the solid is free of Cl7, and dried ina
vacuum deslecator over Pg0Oc and solid XOH. The product then
consists of slmost bisck, highly lusirous, brittle pjeces, These
are crushed, sieved through a 9,15-mm. screen, and redried in
the desiccator,

After annealing for one hour at 60°C, two spinel interferences
are barely recognizable in the x-ray powder patlers. The spinel
pattern becomes fwly developed after heating to 500°C. .

PROPERTIES: o

nFe,0, is paramagnetic when prepared by either
the ]::l?;: ob: Dt\;mqel Eret rﬁegﬁ .Plt nbso%gz more than its equivalent of
Fe,Os while maintainipg its crystal lattice and becomes ferro-
magnetic. The magnetizability of these products 13 maximym
at about 70 mole® Fezlsz. d (x-ray) §.395. Crystalstrgsmm;; B
type H1, (spinel typej. S Lo e
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REFERENCES:
wd W. Dirr. 2. Elektrochem. 46, 254 (1939); G. F. Hiit-
R “mu. Ehrenberg and H. Kittel, 2. anorg. allg. Chem. 228,

112 {1936},

ginmenn's Gresn

A mixture of the carbonates or oxalales of Zn and Co with an
amount of KCl (e.g., 15 g. of ZnCQa, 3.5 g, of CalOy, and
W5 g of KCI) Is heeated geveral hours at high temperature
(> 1006°C) in & Pt crucible. (The KCl serves as & flux and miner-
alizar.) The material shouid then be gooled under a CO5 blanket,
The resction is brought to completion by repeating the procedure
several times followed by washing, The K1 must be replenished
between heatings.

At bigher temperatures and on vacuum cal¢ination, the color
becomes lighter; it is malachite green in the presence of an ex-
¢ess of Zn, brownish pink with an excess of Cn. Products caleined
elow 1000*C contain green-hlack ZnCngQy.

Rinmann’s greea consisfis of mixed ZnG-CoO cryatals; the
green, Co-deficlent products {up o about 30% Co) consistofa
solid solution of CoO in ZnO (wurizite latiice). The pink, Co~rich
preparations (above 70% CoQ} are sclutions of ZnO in CoO {NaCl
laitice). The intermediste reglon iz heterogenseous,

SYNONTMS:
Cobait green, turquoise green, cinnabar green.

PROPERTIES:
Soluble 1n wesk acids and solutlons of (NH,)COjs. d ~ B.5.

REFERENCES:

d. A, Hedvall, Z. anorg. allg, Chem. 86, 201 (1914); C. Natta and
L. Passerinl. Gazz. Chim. Ital. 59, 620 (1929).

Cadmium
(needles)
Cd
Cd50, = Cd + H:80, + 70,
% K,
2583 1124 881

Twe piatipun dick electrodes (dizmeter 4.5 cm.) are
. placed
ome shbove the other (distance of ebout 5 cm.} in a vertical glass
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eylinder (LD. 7 em.). The lower electrode se thode,
the upper as the anode. The electrolyte is a QII;:.;B. :Isd;g: :r-lutim;
slightly acidified with Ha504. The Cdis deposited aa a fine cryatal-
line powder on the cathode at a current density of 0.1-0,3 amp./em.?
The electrolysis vessel filia up quite rapidly w:lt.h the sil
cr:,rstald pmr. glrom time to time the loogse powder is m
resse i glass rod
Ejrcult T he sy to prevent eatablishment of & short
When the Cd in the electrolyte is depleted to extent
that Hy begins to evolve at the cathodI:e. the MT:;I;&uBt be
replenished with CdBQy to avold formation of & spongy deposit
(the latier also appears &t excessive current densities),
The compound is used as filler in the Jones reductor.

PROPE RTIES:

Silvery-white crystal powder. M.p, 321°C, b.p, 766°C; d 8.642.
Bulk density BO%. Solubility {18°C} 5.17 g./100 g. Hg. Soluble in
mineral acids. Hardness 2. Electrochemical equivalent 2.087 g
(amp.-hr.} "}, Crystal structure: type A3 (Mg type).

REFERENCES:

F. P. Treadwell. Helv. Chirn. Acts 4, 551 (1921); F. P. Treadwell,
Lehrbuch d. anaiyt, Chemie [Analytical Chemistry], Vol. 2,
Vienna, 1949, p. 542,

Cadmium Chloride

CdClL
L Cd(NOy: + 2HCl = CdCl, + 2HNO,
{4 H.O)
808.5 729 153.3 126.0

Repeated evaporation with very pure conc. hydrochtoric roid
converts Cd{NOg)p = 4H 0 to the chloride. The produot is ré=
cryatallized twice. Partlal dehydration Is achieved by storing for
a prolonged time in a vacuum desiccator containing fused KOH
(which is frequently repleced). Finel dehydration ia achieved by
careful heating of the product in & siream of HC1, distilling twice
in the same stream, and finally fusing the distitlate under puxe
Na. 2

v

iI. cd + 2HCl = CdCL + I _

1124 2.9 ig3.3 2.0 .

The reaction hetween Cd and HCIat 450°C 18 smooth and e
form, The chloride is distilled twice inastream of HC1 an&mmag

under Na- ' BETI - SN
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m OACH,CO0) + $CH,COCI = CdCle + 2 (CHLCO)R0
830.5 1510 1805 2042

warm about 4 g of cadmium acetate {dry) in

. m::il:t;ﬂdu(f:r 8 mixtuge of the latter with acetic an-

hydride) is treated with a slight excess of agetyi chlorine or with

HRCl. The white preeipitate which appears immediately

s centrifuged off, washed omce or twice with dry benzene, and

dcied st 190-120°C,

Cadmium hromide may be prepared by the same procedure

from cadinium scetate and acetyl bromide (or HBr gasj.

PROPERTIES:

Colorless rthombohedral leaflets. M.p. 568°C, bh.p. 367°C.
Sclubdlity {(¢°C) 90.1 g. {2.5-hydrate), {20°C) 111.4 g. (2.5-hydrate),
Q06°C) 150 g (1-hydrate)/160 ml. HpO. Crystallizes as the mono-
hydrate above 34°C. Solubility {15,5°C) 1.7 g. of anhydrous CdClp
per 100 g, of ethanol or methanol. d 4.047, Crystal structure: type
C 1% {CdCl, type). Method LI yields a white, microcrystaliine
powdier whick in the cold tends to form gelatinous inclusion pro-
ducts with various solvents (e.g., benzene).

REFERENCES:

Q. Hioigschmid and R. Schlee. Z. znorg. allg, Chem. 227, 184
{1936); H. D. Hardt. Private communtcation: A, E. Pray.
inorg. Syn. 5, 153 (1957); E. R. Epperson et al. Ibid. 7,
162 (1963),

Cedmivm Hydroxychlorida
CA(OH)CL

Of the flve basic cadmium chlorides, CA{QH)CI has the highest

chloride content; it is the stable end product of the hydrolyals of
Bot oo dilute solutions of CdCl,.

L CdCly + NaDH = CA{OH)Cl + NaCl
1833 46.0 1848 58.5

A 0.1-1M solution of CdCl, is treated with 30% of the stoichio~
metric quantity of aqueous NaOH. The resultant soiution should
have a pH of 6,8, The precipitate is a labile basic chloride which
I cooverted In atages over a period of a few days to the stable
CHOH)CL, provided it is in contact with the mother liguor, The

Wworetical composition is obtained
i at the starting materie,. when a 1M solutlon of CACi;
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. CdO + CaCi + M0 = 200K
128.4 1853 160 29,8

Cadmium oxide i3 heated for seveps] da o
solutlon of CdCl; in a sealed tube, ¥S at 21°C with e
SYNONYM:

Cadmium ehloride hydraxide,

PROPERTIES:

Colorless, elongated, hexagonal prisms. d 4,57, Layer lattice,
type E¢y [CAOH)CI typel.

REFERENCES:

1. W. Feitknecht and W, Gerber. Helv, Chim. Acta 20, 1344
(1837); Z. Kristallogr. (A} 38, 168 (193T).

I 1. L. Hoard and O. D. Grenko. 7%, Kriatallogr. (A} 87, 110
{1934).

Potassivm Cadmium Chloride
CdCl - KCI- HO

CdCl, + KCl + HO = CdCly: KCl: K0
183.8 748 180 275.9

This double salt crystallizes belew 36.5°C from an aqueous
solution of equimolar quantities of the components. The snhydrous
g8t crysiallizes at higher temperature,

The compound is used in the Lipscomb-Hulett standard cell
(704 mv.)

PROPERTIES:

Fing silky needles, The saturated solution contains the follow-

: ; 87 g, (09.3°0) '
ing amounts of the anhydrous salt: (26°C} 21.B7 g, (A%.3°C)
21,50 g, {41,5°C) 35.66 g, (105.1°C) 51.67 g./100 g L

REFERENCE:

H. Hering. Compies Rendus Hehd. Séances Ac:ﬂ. Sok mmi A

{1932). ROt

Tk
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Codmium Bromide
CdBr;

cd + Bn = CdBr
24 168 aT2?

Cadruium 1s hrominated at 459 °C in a guaxrtz boat placed inside
» Vycor tube initially filled with dry Na. Nitrogen is then passed
through a washing bottle filled with Brg and introduced into the
tabe. The complete bromination of 3 g. of Cd requires about twe
hours st 450°C. Raising the temperature lo increase the reaction
rats Is not recommended, since this mey canse eppreclable quanti-
Hes of the metal to distill with the product. The molten CdBr,
is deep red as long as unreacied metal is present and becomes
incressingly lighter as the metal is consumed, 30 thai the end of
the reaction may be readily reccgnized by the final permenent
light color, The product CdBry is distilled twice ia a afream of
Bra by raising the temperature; it is freed of excass Bry by re-
melting under pure CO,. The entire procedure may be carried
out in the apparatus described by ©. Hénigschmid and F, Witiner
[Z. enorg. allg. Chem. 226, 297 {1936)] for the preparation of pure
uranfurn balides; it 1s also described under UBr, {p. 1444),

Altermale method: See undar zine chloride (p. 107¢) and cadmium
chloride {p. 1093).

FROFPERTIES:

Colorless, bexaponel, pearly flakes; highty hygroscople. M.p.
566*C, b.p. 963°C; d 5.192, Solubility {18°C) 95 g., (100°C) 160 g.
per 100 ml, H;O. Crystallizes as the monchydrate below 38°C, &8
the teirahydraie above this temperature, Sclubllify (16°C) 24.4 g.
of aghydrous CdBr,/100 g. alcobol. {rystal structure: type C 18
{CdCl; type).

EEFERENCE:
o, Hmisa("mﬂam and R. Schlee. Z. anorg, =2llg. Chem, 227, 184
Codmium lodide
Cdl,
¢ Cd + 1, = Cdl,

1124 2538 3603

Codmenn shavings (or Cd sluryy obtained from CdSO, solu~
tion + Zu) are ehaken in distiiled H,0 with the equivatent ;uanti't}'
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of resublimed lodine. The shaiing may be

mixture is refluxed for two hours. Ai‘oay T mﬁﬁo{%mﬂmﬂg
disappears, It is flitered and concentrated on a stosm bath,. he
orystals are vacuum-dried for 24 hours over Py0, af 100-150%C.

ed 1n a stream of
free COQa. The Cdl,; vapor is condensed in & lon ol

off with canvas. This yields **Cdl, flowers.” g giasg tube elou;l

1L CdsSOy + 2X1 = Cdly, + K50,
*fx Hy0)
256.5 a0 sl 1143

An aqueous solution of three paris of CdSQ, - 8/3 Hz0 and
four parts of KI is evaporated to drynees end extraoted with warm

abmolute alcochol. The Cdly cryatallizes in colorless lamiellae
upon cooling of the solution,

Altevnate method: Bee under zine ¢hloride, p. 1070,

PROPERTIES:

Colorless, lustrous, hexagonsal leaflets; stable 1n air. M.p. 387°C,
b.p., 787°C; d 5.87. Solubllity (18°C) 85 g., (100°C) 128 g./100 ml.
HoO; (20°C) 176 g./109 ml, methanol; ~30 g,/100 mi, of ethenol.
Soiuble In ether, Crystal structure: type C 6{Cdlz)and C27 (second
Cdiz type). d (x-ray) of both structures is identical,

REFERENCES:

! W. Bitz and C. Maw Z. anorg. llg. Chom. 148, 170 {1925);
E. Cohen and A. L. Th, Mossveld. Z. phys. Chem. 84, 471
{1520},

L. Jahresber, Fortachr, d. Chem. 1864, 242,

Cadmium Hydroxide

CA(OB) o
f. COARSE CRYSTALS :"
Cdl, + 2KOH = G3OHh + 2KI =3

366.3 1128 146.4 892.0 : LT

water 1 mixed with

A solutlon of 10 g of Cdly in 200 ml, of wa
320 g, of carbonate-free KOH. The mb.(tuxt'e is hea;gg;é‘l:ifl_tbﬂ,
first precipitate of CA(OH)a redissglves Al w"-tm o proges - 1
beating must be accompenied by continuous SHETIRE. 7, bl Y
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lowar layers of the liguid from reaching a temperature high
?:vqh to cause partial mcl:mveralon of the Cd{OH); fo black,
aparingly soluble €d0. The major part of the CA(OH)z crystallizes
when the solution is slowly cocled. However, a part of the hydrate
remtlas in solution svem after complete cooling and mmay pre-
cipitate as amorphous Cd{OHjy If the product is Immedistely
trested with weter, Therefore, the mixture ls sllowed to stand
for 13 kours before sttempting to separate the Cd{OH}a with

walET.

h. vVery homogenous Cd(OE)s; is obtained from ¢admium ace-
iate apd B85 KOH following precipitation of crystalline CdO hy

the same procedure.

AT. FINE CRYSTALS

CA(NO,),*4H,0 + 2NaOH = CAIOH), + 2NaNO, + 51,0
0435 0.0 146.4 170.0

A fipely crysialline product is ebtained by drepwise addition
{stirring or shaking} of 4 boiling solution of CA{NOj3)a to boiling,
carbonate-free 0,.82N NaOH (steichiometric guantities). The pre-
cipitate is repeatedly washed with hol waler and vacuum-dried
over Pa0yg at 60°C. (For detalls, see in the original.)

PROPE RTIES:

Nacreous, hexagonal leaflets soluble in scids and NH,C1
solution. Solubility (25°C}) 0.26 mg./100 ml. Hz0; 0.13 g./100 ml.
5N NaOH. Dehydrationstarts at 130°C, is complete at 200°C. d 4.79,
Crystal structure: type C8 (Cdlg type).

REFEHENCES:

L A. de Schulten. Comptes Rengus Hebd, Séances Acad. Scl.
101, 72 (1885).

IL. R. Schelder amd E. Staufenblel, 7, anorg. allg, Chem. 247
271 (1941). g e © =

ML R Fricke and F. Blaschke, 7. Elektrochem, 46, 46 {1940).

Cadmivm Suifide

Cds
Cds0, + HS = Cds + HS0,
{*fs 1,0}
250.5 2240 1445 021

Finely divided cubic C4S 1s obtained by
precipitation with HaS
of 2 ot, H80-acidifled aquecus solution of CASO « The hexagonal
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modification (more or leas free o

cadmium halide solutions; hnwever.ftggb;is?ﬂdf:n:a s{mm

taninated with strougly adhering halide which oannot be washed

out, :
pepending on the particle size and m:ﬂnca.

the color of ithe preclplistes varies &mt?:mzt:t:em ora,ugef

Lemon yellow ‘‘cadmjum yellow'' is prepared by precipitating

witﬁ constant stl;‘r}iﬂg. & very diluted neuiral solution odeSO:

with an excess of Nag3 solhwtio

e of sulfate, o 1. The pracipiiate is then washed

Dark CdE is obiained by calelning a mixture paria
CdC0y amd one part of sulfur powdergin a crucim:.i m pmdug
is pulverized afler cooling,

Pure Cd3, free of the anlons of the precipitating medium, is
prepared by bubbling HaS through & sclution of CA{ClO4}5 in 0.1~
0.3N perchloric acid. Lower acid concentrations yield precipitates
which are difficult to filter; the precipitetion is incomplete at
higher congentrations.

Crystels a few millimeiers in size are obtained Lrom HyS
and Cgd vapor at about 800°C (see Frerichs’ method in the literature
below).

FROPERTIES:

Lemon-yellow to erange powder. Solubility {18*C) 0.13mg./100
ml. HgO. Soluble in cong. or warm dilute mineral aclds, Sublimes
at 980°C., d 4.82. Hardness 3, Crystsl structure: cuble type B3
(zincblende type} and hexagonal type B4 (wurtzite type). The cuble
modification is converted to the hexagonal by heating at T00-8G0*C
in sulfur vapor.

REFERENCES:

W, O. Miligan. J. Phys. Chem. 38, 797 (1934); H. B. Weiser and
E. J. Durkam. Ibid. 32, 1061 {1528); W. S Mulier and G.
Loffler. Angew. Chem. 46, 538 (1833); E. Donges. Uapul-
lished; G. Denk anmt F. Depk. Z. analyt, Chem. 130, 383
(1949/50); R. Frerichs. Naturwiss. 33, 2181 {1946).

CADMITM SELENIDE CdSe

The preparetion iz analogous io that of ZnSe (method I, see .

p. 1078},

FROPERTIES:

Formula weight 191.37. Dark-red powder. d m _

Crystal structars: type B3 (zinchlendetype) and B4 { B

B

ZING, CADMIUM, MERCURY m Lo

T =

rad
o
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Cadmivm Nifride
Cd,N;

SCA(NH,)y = Cd,N: + 4NH,
453 4 3653 8.1

Caimium amide, Cd{NHaz}s, 18 thermally decombosed in a
vapor pressure eudiometer (see Part I, p. 102} at 180°C while
ropeatedly removing measured amounts of NH,. The evolution of
NH, ceases after about 36 bours, The CdalNy product decomposes

If the temperature is raised higher.

PHOPERTIES:
Black; forms oxide in aly. d (x-ray; 7.67. Crystal struc-
bure: type D6a mngog}.

REFERENCE:
H, Heho @nd R. Juze, Z. anorg, allg. Chem. 244, 111 (1940}

Cadmium Amide
CH{NE,),

Cd(SCN). + 2ENH, = Cd{NH,) + ZKSCN
238.8 110.2 144.5 184.4

Cadmium thiscyanate {7 g.) s placed on filter disk b of ressel
a {Fig, 283). About 15 ml. of carefully purified NH, is condensed

Pig. 283. Preparation of cadmium amide. & and k i
a pinch clamps;
I stozage vepsel for ammonia; m glass slug; n glass bulbs. -



20. ZING, CADMIUM, MERCURY el
onto the salt, which then dissclves In the
KNHp in lquii NHz is edded to the above mixture ough

ground jeint ¢, and the vessel i3 elos - by 4

ed off with ground ot
A fluffy, white precipitate of CA(NHy), s formed, Qamﬂﬁg
ENH, used must be somewhat leas than stolchlometricas Cd{ﬂﬂﬂg

dissolves in excess ¥NH,, In addition, no etr must be aliowed to
be present during the reaction; a stream of N, s therefore passed
through the apparatus when it is opened for any reason. :

After thorough mixing of the two solutions, the supernatant
liguid containing KSCN and excess CA{SCN); in liquld NH, is
fiitered by suction through disk b, This cperation is performed
by closing stopcock e and carefully evacuating the apparatus
through f; this results in transfer of the liguid from ¢ to g, which
iz cooled with Dry Ice-aleohol, The llquld is then removed from
the system and into flask i by appiication of slight pressure,
athieved by closing f, raising the temperature in g temporarily
(remove the cooling hath), and opening the sorew pinchcock h,
After closing }, the product is washed by producing e slight vac-
pum in the system and transferring fresh lquid ammonia from
storage vessel ! through screw pinchcock k onto the product in
@. Wasghing is complete when the NH, evaporates without leaving
2 residue. When this point is reached, all the NHa fs removed
(by suction) from the product, The iatter is then imocked off the
walis by means of the glass slug m and transferred to bulbs n.
The preparation 1& carried oul at (or near) the bolilng point of
NH, (—233.5°C). Very pure Ng, Introduced through atopoocks ¢
or {, is used as the hlanketing gas,

FPROPERTIES:
Slightly yellowish, amorphous; rapidly discolors to hmwp. in
Eﬂ'. d 3.05- . A
’ Sl
AL FEHRENCE:

R. Juza, K. Fasold and W. Kuhn Z. anorg. allg. Chem. &'“
(1937). '

S ¥ PN

emmonia. A aolution of a

. . RENCT N P
Cadmium Phosphides ROy
Cds®,, CdP, Gy MR
L 5Cd + 2P = CdPy
sra 620 s@E

The procedure for the preparation Cds®j Ip siwmdlar ¥ ¢

for ZnyPs (method 1, 9ee p. 1080); that » Htals progupline
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quarts from Cd metel and red P. The temgerature
alony the tube mt:?: Jrom €00 to 600°C, The mixture ts allowed
o react for about nine hours, gnd the entire tube is then heated
for 13 kours at 680°C, The resultant CdaP5 is resublimed several
tmes over an open flame, and finally sublimed at 880°C into g

slightly colder part of the quartz tube.
¢ 1 cd + 2P = CdPs
24 620 1Tdd

A mixture of CdPg with Cd; P is formed by using the procedure
given (see p. 1083) for Zn;ASy {method I}.

1L Cd + 4P = CdF,
1z4 1240 2964

A mixture of 0.6 g. of white phosphorus and 20 g. of a Pb~Cd
alloy contzining 5% Cd is sealed under a COy blanket in 2 Vypor
. The ampoule iIs heated In an electric furnace fo HE66-
575°C (the heatup time s a few hours) and maintained at thig
temperature for 2.5-5 days, If large crystals are desired, the
temperature gradient in the furnace should be small and the cooling
slow. The CdP, is purified hy boiling with glacial acetic acid and
A0z and subsequent treatment with 20% hydrochioric acid.
The starting Pb-Cd zlloy Is prepared by fusing the two melals
under KCN in a porcelsin cracible and cutting the product into
strips, Commmercial phosphorus is purified by melting under dilute
chromosulfuric acld and dried under COpz.

gi

PROPERTIES:

Cda Py Gray, lustrous needles or leaflets, M.p. 700°C; d
(x-Tay) 5.60. Soluble in hydrochloric acid with evolution of PHy,
explosive reaction with cone. nitric acid, Crystal struecture:
tetragonal, type D5, (Z0,P).

CdP.: Orange to red [appears occesionaliy in ap indipo hlue
modification: B. Renault, Comptes Rendus Hebd, Séances Acad.
Sel, 76, 283 (1873)]. Tetragonal needles. d (x-ray) 4.19,

CdP,: Black, highly reflecting crystals. Very unreactive, dis-
solves In bolling zqua regia, Decomposes into ihe elements on
beating in vacuum, d (pycn.) 3.90. Crystal structure: moncetinic,
space group Chy.

HEFEEENCES:

L R Juza and K, Bir. Z. snorg. allg, Chem. 283, 230 {1956)
IL M. vou Stackelberg and R. Daul 8. Cr )
- ey g aulus, Z. phys. Chem. (B) 28,

K. Rrebs, K. i Miller and G. Zirm, Z. anorg. allg. Chem.
286, 15 (1956), & &8
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Cadmivm Arsenides
CidyAss, CdAs,

SCd - 2As = CdyAs, Cd + 24s = CdAs,
337.2 148.8 487.1 124 1498 2022

The preparation of CdyAs, is similar to that of Zn.As
(method I): heating ihe metal in 2 stream of hydrogen that cu?rle:
arseni¢ vapor {3ee p. 1083),

The phase ciia,g:_-am Indicates the existence of CdAs 2 Which may
be prepared by fusing the components,

PROFERTIES:

CdaAsa: Gray. M.p. 721°C. Hardness <3.5, d {x~ray) 6.95,
d {pyen.} 6.211. Crystal structure: tetragonal, type DSy (ZnsFy).
CdAs g Gray-black. M.p, 621°C. Hardness 3.5-4.

REFERENCES:

M. von Stackelberg and R. Paulus, Z. phys. Chem (B) 2B, 427
{1235); A. Granger. Comptes Rendus Hebd. Seences Acad.
Scl, 138, 574 (1904); Zemcrzuny., Z. Metallographie 4, 228
{19133,

Diethylcadmivm

Ca{CHs)
CeHsBr + Mg = CHyMgPr
1030 243 133.3

2 CeHyMgBr + CdBr, = Cd{C:Hy)e + 2MgBrs
280.8 2732 141.3 363.5

Anhydrous, finely ground CdBrp {136 g., 0.5 mole) m'addt*,:_lllii:
small portjons (vigorons shaking and no cooling) tO & solution ¢
C HgMgBr in 350 ml of absolute sthey. The letter reagent

prepared from 29 g (1.2 moles) of Mg and 131 g, (1.2 mﬂﬁi%g. '

C.H,Br. the amount reguired o dissolve the metal, The ks

I-‘u'?rtfon ’oi the other is distilled off in 4 stream of Na on & water
bath whose temperature does not excesd B0°C. The solid, perous,
gray mass left in the flask is then distilled at 1 mm. into &
Tiquid-nitrogen-cooled trap, while the temperature of the ol hath

ls rained fopm 20 to 120°C over the one-bour distiliation peried,

- Sk
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clear, vomplata coloriess distillate 13 carefully freed
of mr by diatilli:og théy latter in a nitrogen stream; the residue
is distilled in Ny 2t 19.56 rom. All the CA(CyHg}o goes over at

€4,0°C; 1t iz analytically pure. Yield 90%.

PROFPERTIEE: .

th an leasant odor. M.p. —21i°C, b.p,

{lmgﬂn;‘ﬁ.?;isél. ('rw?ﬁﬂ mm.)uﬁ‘i.'r“c. Decomposes &t 150°C, ex-
plosively at 180°C. May e stored without decomposition ing
sealed tube filled with Ny Fumaes explosively in air, at first
forming white and then (rapidiy) brown clouds acgompanied hy
violent detonstion, Decomposed by HsO with a cheracteristic
crackiing sound continuing for hours on end. 4 {21.7°C) 1.653,

REFERENCE:
E. Krause. Ber, dtsch. chem, Ges. 50, 1813 (1418},

Cadmivm Carbonate

CdCo,
1 GdCl, & (NH)LCOs + 4NH, = [CA(NH]CO, + 2NHC!
153.3 6.1 i1 240.5 147.0
[CHNH}]CO;s = CACOy + 4NH;
240.3 1724 84,1

A solution of (NH,)3CC, Is added all at once o & solutlon of
CdCl;, followed by the guantity of ernimonia necessary to digsolve
the resultant precipitate, The liquid is then heated in an open ves-
sel oo a water bath, The CdCO, separates as shiny crystals.

IL C4Ck + 2HCI + 3H,0 + 2C0O{NH.); = CdCO, + 4 NH.Cl + CO;
1835 T8 541 120.1 1724 214.0 44.0

A wvertical bomb (wall thickness 3 mm,, diameter 25 min.,
hejght about 50 cm.) contains a solution of 10 mmoles of CdCls
iIn 30 ml. of H,0, 0.3 ml. of cone. hydrochloric acid, and 2
small glasys heaker filled with 20 mmoles of urea. A long stem
from the tottom of the Hhomb supports the beaker ahove the liquid
eurface. The bomb {5 mell-sealed and heated at 200°C for 18-
24 hours, The yieid iz almost quantitative.

FROFPERTIYS:

White powider or rhombohedral leaflets, Sparingly soluble in
B0, .ﬂll.lb in acid. Vapor pressure at decomposition (321°C) 77
., @57°C) 780 mm. 4 4.258. Crystai structure: type GO, (calcite).
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REFERENCES:

L A. de Schulten. Bull. Soc, Chim, Frence [3} 19, 34 (1898
. W. Biltz. Z. anorg. alig. Chem. 220, 312 [1934).1 19, 34 (AB98).

Cadmium Acetate

Cd(CH,C0O),

CA{NOy);* 4 H:O + (CH,COR0 = CH{CHCO0) + 2HNG, + SHO
304.5 1023 2806 1240

A mixture of & g. of CA(NOg)z; * 4H,0 and 25 mlL of acetic
anhydride {3 heated; when the vigorous reaction has ceased, the
mixture is refluxed 15 minutes, After cooling and suction-
filtering, the white, crystalline precipitzte is washed with aome
acetic anhydride and ether, and vacuum-dried over KOH and
H 80.. Yield 3,6 g. (37%).

PROPERTIES:
Colorless crystals. M.p. 254-256°C; d 2,341,

REFEREMCE:
E, Spith. Mopatsh, Chern, 33, 241 (1912).

Cadmiuvm Cyanide

CAiCN),
CYOH) + ZHCN = CA(CN). + 2HO N
146.4 28 | I64.5 8.0

Evaporation of a solution of Cd{OH}, in agquecus HCNpresj?l-‘:
tates CA(CN)a In the form of crystals. These gve dried at 1367g;

. PERRSITYN - =
PROPERTIES: R
Alr-stable stals; turn brown on heating in.air. -Soliliiiity.. .
{15°Cy 1.7 g.th']};i ml, HeO. Soluble la ¥XCN selution d2..22£:. .'

Crystal structure; type C3 {Cuz0 type). '

REFEHENCE: _ N S
W, Biltz. Z. aporg, &llg. Chem. 170, 163 {1328).




11, 3 F, WAGENKNEGHT AND R, JUZA
Potassium Tetracyanocadmate
K. C4{CN}

Cd(CN)y + 2KCN = KCHCN),
1644 1302 29“.?

Cadmium cyanlde, obtained by precipitation of a CdS04 solution
with KCN and i{ltering, is dissolved (shaking) inan aqueous solution
of the stoichiometric quantity of KCN. The filtrate is crystallized
by evaporation. The product 18 dried at 165°C.

STNONYMS:
Potassium cadmiuvm cyanide, cadmium potassium cyanide,

PROPERTIES:

Octahedral, very refractive, air-stable crystals, Solubility
(coldy 33,3 g.. (b.p.) 100 g./100 ml. Hz0; {20°C) 2 g./100 g. of B8%
v./v. alcohol. M.p. sbout 450°C; d 1.B46, Crystal structure: type
H1, (spinel type).

RE FERENCE:
W, Biltz. 7, ancrg, ailg, Chem. 170, 161 {1928},

Codmium Thiocyonote
CA(SCN);

CdSQ, -+ Ba(SCN), = Cd({SCNj; + BaSO,
% H:0)
25,5 2535 228.6 288.4

To 2 boiling solution of 12,68 g. of Ba{SCN}s is added, in
drops, 12.83 g. of CdSO, - %, HaO in 100 ml of boiling HoC,
taking care fo keep the liguid boiling. After cooling, the pre-
cipitate is allowed to settle and the mixture is filtered after
stending for some time. The filtrate is eveporated to 8¢ ml.,
filkered agaln, and evaperated to dryness on a water bath,

The required starting solutton of Ba{SCN)z is prepared by dis-
solving 15.78 g of Ba(OH}; * 8H0 in 500 ml. of B0 and allowing
¥ to react with a solution of 7.62 g, of NH,SCN in 100 ml, of H30,
sccordiag 1o the equation

BalOH), - 3H™0 4+ 2NHSCN = Ba(SCN); + ZNH, + 0H:O
HeH 1522 o0 Y] .1 180.2
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The mixture is brought to & botl gnd w
T m hested uitti Nit, cossen ta

SYNONTMS:
Cadmium rhodanide.

PROPERTIES:

Colorless crystal crusts. Soluble in K,0, sloohe] and Hq_uld
‘qHa.

REFERENCE:

H. Grossmann. Ber. disch. chem. Ges. 35, 2666 (1902).

Codmium Silicole

Cd.Si0;
2CA0 + §i0, = CASIO,
250.8 80.1 3109

Like Zng8104, Cd Si0, s prepared from the oxides by fusion
or by hydrothermal synthesis {see p. 1088).

SYNGNYM:

Cadmium orthosilicate.

PROPERTIES:

M.p. 1246°C; d 5,833. Phosphorescent after activation with
manganese.

REFERENCE: L

W. Biltz and A. Lemke, Z. anorg. alig. Chem. 203, 330 (1932);
C. J. van Nieuwenburg sed H. B. Blumendshl, Rec. Trav.

Chim, Pays-Bas 5, 989 (1931).

Cadmium Ferrate (11} CeRE

CACO; + FeuOy = CAFeQ + CO 7 *’“}‘
1734 158 28481 440 r _" ) -4

Fingty screened ©dCO, [or Cd{OH)y] and . v—FaGc}H )
o a Cd::;'e ratic of 1:2 are mixed for five howrs on a ixe
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ahaker atmosphere free of CO, and H 0. The loose powder
is dhkii:d ‘rnto s-g.ph;ortmns, which are heated for one hour in a
platinum crucible at 800°C [mixtures with Cd{OH}s at 1600°()
and then silowed to cool to room temperature fn a desiccator,

The compound cannot be prepared by precipliation,

PROPERTIES:

Dark brown, hygroscopic powder; stable at room temperature,
Crystal structure: type HL, (spinel type}.

REFERENCE:

R. Fricke and F. Blaschke, Z. anorg, allg. Chem. 281, 398 (1843},

Marcury fil] Oxychloride
chlz ' ‘ngG

1. Ta prepare brown HgCl, + 4HgO, a solutjon of 15.0 g. of borax
in 1.5 liters of water is added to a seolution of 10.0 g. of mercuric
chloride in 2.0 liters of water (both solutions are at 56-55°C).
The desired compound separates on eooling in the form of thin,
flexible flakes 0.1-0.8 mm, long, Depending on the thickness of
these flakes, the color of the precipitate varies from golden
yeliow to black-brown. The yield is about 854, based onthe
HgCl; used,

IL Black HgClp + 4HgQ is obtained when 5.0 g. of finely crystal-
line brown HgCl; - 4HgO is healed for 72 hours in a sealed tube
with 10 ml. of 0.IN HNO, at 180°C. The product separates in the
form of rhombic needles several millimeters long, which are
readily isolated from the basic nitrate present in the mixture.

SYRONYM:
Mercuric oxychleride,
PROPERTIES:

L Depending on the thickness, golden yellow to dark brown
flakes; elongated brown crystals from concentrated solutions.
Bolable in hot water (partial decomposition), The powder patiern
d:l.utimmimls #t ir]:;} theha:lack form (appearanceof lattice defects).
Brown HgCl, - a4 remerkably wide phase range, from
3.82 to 4.00 Hgo. Y IR piase e, ¥
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4 1L Blac};,ﬁneedle-shaped crystals, sparingly solubla mmtﬁa.
. lﬁfp}rcn.} 0i. Crystal structure: orthorhomblc, space grenp
oh

REFERENCES:

L A, Welss, G, Napgorsen and A, Welss. &. Naturforach. b,
81 {1954).

JI. A, Welss, Private communication.

Mercury |Y] Broamide

HgB [}]

Hg + Br. = HgBn
2006 1598 3804

Five parts of Hg are covered with 60 parts of H30 and sllowed
to react at §0°C {vigorcus stirring) with four parts of Brg, which
is added dropwise as long as no permanent color is formed. The
solution is then brought to a boll, filtered hot, and placed In an ice
bath to induce crystallizstion. The salt 1s dried at as lowa
temperature as possible. Purification !s by careful doubleor triple
sublimation from a porcelain dish heated on a sand bath and
covered with a Petri dish. When very high purity is required
{e.g., for conductivity messurementa), it may be necessary to re-
peat the sublimation several times more,

PROPERTIES:

Colorless, lustrous crystal flakes (sublimate and from Hy0),
rhombie prisms or needles (from aleoholj. Light yellow liguid
between m.p. 238°C and b.p. 320.3°C. d®° 5,73; d?* (liq,) 6,11,
Vepor pressure (200°C) 24.1 mm., (280°C) 334,2 mm.; sublimes
without decomposition, Solubility (26°C) 0.62 g., {100°C) 22 g, per
100 g. Hz0; (26°C) 30.0 g./10C g. ethanol; {25°C) €9.4 g./100 g.
methanol. Specific electrical conductivity (242°C) 1.45 . 107%
ohm~1, fts melt 18 a sclvent for a large number of lnorganic and
organic substances, which impart consideraile conductivity to
the melt. Crycscopic constant 36.7 deg. per mole Ip 100D g. of
HgBr,. Rhombic layered lattice, space group C13. q

REFERENCES:

W. Reinders. Z. phys. Chem. (A) 32, 514 (1900); G. Jandﬁvf_gqgl .
K. Brodersen. Z. anorg. Chem. 281, 264 (1950}, e
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Potassium Trilodomaercurate (]

K#gl, - H,0
XI + Hgl, + H:0 = KHgly-H:O |
W60 453 180 6385

t, 41 g. of KI and 59 g. of Hgls are dissolived in 14 (!} ml, of
hutrg?o. Thnag hesker should be tared precisely sc thet evaporating
H,C may be replenished. The salt crystallizes in yellow needieg
from the cooling solution. The above instructions result from a
study of the three-component system H;gi_g-lﬂvH%O showing that
in this system only KHgl, « HaO can precipitate. Y:ﬁeld L

The salt K Hgl, (without water of crystallization) is obtained
from acetone containing exactly 2% H,O (between 34 and 56°C).
Use: A solution trested with X1 is known &8 Thoulet's solution
(see Part I, p. 99); it is zlso a reegent for alkaloids. Alkaline

K Hel, solution is Nesslexr’s reagent,

FERONTME:

Mercury potassium lodide, potassium mercuriiodide, potassium
iodohydrargyrate,

PROPERTIES:

Light yellow cryatal needles; becomes orange-red in 8 vacuumn
desiccator over HgS0, (reversible loss of Hy0). Decomposes In
HzO with loss of Hgl,. Soiuble in Ki solution. Sublimes off Hgls
on heating.

REFERERCES:

M. Pernot. Comptes Rendus Hebd. Séances Acad, Sci, 182, 1154
{1926}; 185, 950 (1927); Ann. Chim. {30] 15, § {1931).

Copper (I) Tetraiodomercurate i)

Cu,Hgk,
I- 20\150; -+ KzHgL + 50;- + EH!O
(5 HaOh
408 4 T84.5 4.1 346.0

= CuyHel, + XK,80, + 2H.80,
£35.4 1743 195.2

A soletion of 4.5 g, of Hgl, and 3.3 g. of KT in 25 mL of Ha0
aad treated with & solution of 5 g. of CuSO, « 5 Hz0 in
of B0; 80; 1s then introduced. The resultant bright-red

|

E
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precipitate 1s suction-flitered, washed with HgpQO, and dpled:at >

100°C. The compound may be recrystallized from lmth;rﬂroehlorm.
gcid.

II. B2Cul + Hg]g = CU{HEI;
auey 4545 B354

The compenents are mixed in stolchiometric proportions and
fused over an open flame ir gn evacuated Pyrex glass bomb, which
should be as small es posgible. Pure Cu,Hgl, 18 obtained.

An analogous procedure yieids Ag Hgl,.

PROPERTIES:

Bed crystalllne powder or small, tabular orystaizs, o 6,094,
Crystal struecture: tetragonal. Spece group D3i}; on heating to
T05C, the color changes to chocolate Hrown with simuiiane)us
enantictropic structure transformation to cubic type B3 (zinc-
blende} in which the catlon diatribution is random. )

REFERENCES:
I. Cabentou and Willm. Bull.Soc. Chem. FrancefZ] 13, 184 (18-'?0-}.
J. A. A, Ketelaar, Z. Kristallogr, 80, 190 (2931). Y

II. H. Habn, G. Fraok and W. Klingier. Z. anorg. allg, Chem. 279....
271 {1955}. .

Marcury I} Sulfide .
Hgs
BLACK MODIFICATION

HgCl, + HsS = Hgs + 2HCI
2715 4l 2527 2%

Hydrogen sulfide is imtroduced inte a mercury {II} solution ‘mﬂ.
1-2N HCl, absolutely free of oxidizing agents. The trmsiqnt@lte;
to brownish precipitate reacts with additional Hi5 to yleld blacky, - q']
Hgsr E.fey B “'3—- £

i .W; j

Bg:5Ch + HS = 3 HgS + 2HCI, -

. C e et

SYNONYMS: : N
C ooyl

Ethiop’s mineral; mercuric sulfide, black, o
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D NODIFTCATION
HgtCH.CO0) + HS = Hgs + 2CH,COOH
8187 2241 287 120.1

A selution of 35 g. of HR{CH3CO0) 5 and 25 £ of NHLSCN in 100
ml. of hot glacial acetic acid is prepared, A moderately fast
stream of H.S is then introduced until precipitetion Is complete,
The acetic acid is then slowly evaporated (cautlon, HCN!}, and
the black precipitate trapsforms to the red form. The glacial
scetic acid must be present untll comversion is complete; aver-
heating must be avolded. During the last stage the paste muat be
constantly stirred. If this Is neglected, the product is dull red
or brown. When the acid has been completely removed and the
product cooled, 200 ml, of Hz0 1s added and the mixture is fiitered
through # Bichner funnel. The product ls washed and dried he-
tween two layers of thick filter paper. Yield 26 g.

H MgCl, is used instead of the acetate, a larger amount of
glacial acetlc scid is necessary and the boiling must be longer,
The flnal color, however, is never &5 magnificent as thal of the
praduct prepared from the acetate.

Alernate methods: ) A conc. solution of HgCly (20 ml.) 18
poured fnto 12 ml. of aguecus ammeoniz (1:2). The resultant preci-
pitate 1s treated with 2 yomewhat larger quantity of conc. NazS3;Ca
solution than Is necessary for complete sclution, The mixture is
heated in a dish and evaporated untll pasty; the paste is filtered
and washed with hot H;0,

b A dry method for the preperation of cinnabar consisis in
subliming black Hp3, prinding the sublimate under ¥ 0, freeing
it from excees sulfur by bhelling with a solution of KxC0y5, washing
and drying at 70°C,

SYHONTMS:

Clnnabar, vermilion, Chinese red, cinnabarite,

FROFERTIES:

Black meodification; Velvety black amorphous powder (tetra-
hedral crystais). Soluble in aqua regia and in conc, solutions of
alkali sulfides, forming thic salts, Unstable, d (x-ray) 7.69. The
miperal metacinnabarite crystulilzes es type B3 (zinchlende).

Hed modification: Scariet powder, darkens in alr. Soluble in
aqua regla, less readily soluble than the wnstable modiffcation in
alkali eulfide solutions, Sublines at 5830°C; d B.09. Hardness

2-2,5. Mexagonal, deformed NeCl lattice, type B9 (clnnabarite
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L. C. Newell, R. N, Msxson and M. H. Filson in: H, &Bﬂvlh:'
Inorg. Syntheses, Vol. I, New York-London, 1839, p. 19; O,
Hausamann. Ber. disch. chem, Ges. 7, 1747 (1874).

Mercury (H) Selsnide

HgSe
1. HgCl; + H,Se = HgSe + 2HCl
2715 81.0 279.8 728

A dilute solution of HgCl, is added in drops (stirring) to a
saturated aqueous solution of HaSe, 50 that HgCl, is never pregent
in excess. Air is carefully excluded. If a cone. solution of HgCly
in used, the precipitate formed consists of yellow HgCl, » 2 HgSe.

I HgCh + 2NaCN + SNH.OH + 5e0. + 350,
L5 98.0 280.4 1010 1922

= Hg8e + 2ZNaCl + ZNH,CN + 3(NH,)S50, + 4H:0
1795 18¢ BB.1 996.4 721

Meroury (i) chioride is added to en equivalent amount of NaCN
solution; the mixture iz made strongly alkaline with ocong: am-
racnia e&nd an eguivalent amount of SeQy is added. The mixture
is filtered and 50, is introduced. The [iguid muat be maintained
alkzline to prevent precipitation of red selenium, The end of
the neutralization may be spotted by the reduced rate of ab-
sorption of SOz. The black EgSe ls suction-filtered, washed
with @ dilute smmontacal NaCN sclution followed by HzO, and
dried in a desiccator over PaO;. : )
1, Hg + Se — HgSe TR ¢

ops TR0 2106 oam e

Stoichiometric quantities of Hg and Se are heated to 550-600°¢
in 4 sealed bomb. o

The product may be purified by sublimation st €00-6503C i .
a giream of very pure N.. o

SYNONYM: S it;.,sp:;i
Mercuric selenide. oL

4
PROFERTIES:

Gray-black (the sublimed material is violet-bisck) regitar
crystals with a metallic luster. Sublimes without decompesitiesl”

e ::f@%
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about €00°C in Na, COy or vecuum. Soluble in NH,HSe, glving
:.qu solull::u d 3’266. Hardness {of tlemannite} 2.B. Cryatal

styucture: type B2 (zinchiende type).

FERERCES:
l.n:. Moser and K, Atynski, Monatsh. Chem. 45, 235 {1925},

Hahn ang G. Stérger. Unpublished data.
Ig': g:Pemnl and R. Sacerdotl. Gazz. Chim. Ital. 40, I, 42 (1910);

Chem. Zentralbl. 1910, IF, 1741,

Mercury [Il) Amide Chloride

HENH:C]
HgCl, + 2NH, — HgNE.Cl + NH(CI
2715 a5 2581 33.5

A solution of 20 g. of HgCly in 400 ml. of H:0 is mixed with
31 ml of 6N {10%) ammonia. The resultant precipitate Is allowed
to settle and Is then suction-filtered and weshed with 180 ml, of
cold water. This amount of wash water muat be adhered to pre-
cisely, since it affecta the composition of the product: with larger
quantities of HzO the product assumes a yellow calor due to partial
formation of NHgaCl - Hz0O, The product is dried at 30°C {ex-
clusion of light): when it appears to be dry, it is ground and dried
further at 30*C. Yield 18.5 g.

STNONTMS: '

White mercuric precipitate {infusible}; ammoniated mercuric
chloride.

PBROPE RYLES:

While, light-sensitive powder. Insoiuble in H,0; decompoges in
Hy0 and alcohol, Cempletely soluble in CHL,COOH. Does not melt
on heating, tut volatilizes with decomposition, d 5.38.

HEFERENCES:

E. Mannerheim. Pharmazeutische Chemie [Pharmaceutical Chem~
isiry}, IV, Exercise Compounds, Collection, 682, p. i3 (1521}
4. Sen. 2, anorg. allg, Chem, 33, 197 £1903),

Dismminemercury (H} Dichloride

HgCl, -2 NH,
L HgCl: + 2NH, = HgCl, 2 NH,
s 341 305.9

A solollon of 6 g. of HgCi, and §
g of NH.C] in 200 ml. of
B0 i allowed to ronct with 20 ml, of 4,58 {EE:} ammonia. The
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mixture is left to stand six days {freguent shaking)., The resultant

precipitate consistg of small, colorless crysials. It 18 washad with
aloohol and dried in the dark over KOH.

. In the sbsence of molsture, the product of theoretical compesi=
tion i formed in 1.5 days via additlon of NH, to KgCls at room
temperature in a vapor pressure eudlometer (cf. Part I, p. 102),
The other known ammines are HgCly - 8 NH; and HgCl, - 8.5 NH,.

SYNQNYM:

White mercurie precipitate (fusibie),

FPROPERTIES:

Fine rhornbic dodecabedra comprise the crystatline, air-stable,
white powder, Melilng range 247 to 253°C under NH, at atmos-
pheric pressure. Soluble in CHRCOOH. Stable aa o precipitate In
a solution contalning more than 1.7 g. of NH,C1/100 mi, of H40,
Melts with decomposition on heating. ¢ 3.77. Crystal structure:
cuble with random distribution of Hg.

REFERENRCES:

I D. Strémholm. Z. anorg. allg. Chem, 57, 86 (1908},
IL W. Biltz and C. Mau. Ibid, 148, 170 {1925).

Mercury (Il) iminobromide

Hga(NH)Bte
2HegBrs + 5NH, = Hg{NK)Br, + 2NH/Br
TROS 511 el 1955

I. A solution of 2.16 g. of HgBrg ln 80 ml. of bolling water is -
mixed with a solution of 0.2 g of NH.Br in 100 mi. of 0,1N am-
monle. A yellow precipitate forms immedlately; it is suction-
filtered while stilt hot, washed with 250 mi. of cold watex, ang
dried over NaOH. Yleld 1.4 g. (81%). B
IL A concentrated solution of 1.4¢ g. of Kghrp and 0.9 g. of NH E
(total volume about 30 ml.) is edded to 2.6 g. d&eam.g&qﬁ_ ;
tated HgO. The mixture is shaken for sbout six houxs; it claritie

after 2.5 hours. 'Fhe precipitate is worked up as in methed L

SYNQNYM: . o S
Mercuric iminobromide, o
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FROPERTIRS:

Yallow and KI aclutions
. light-sensitive powder. Soluble In KCN s
insaluhle mlﬁgnnic solvents. Shaking with cold, Agquecus ammania
yiakds the bromtde of Millon’s bese {see below).

REFERENCES:

L W. Ridorff and K. Brodersen, Z. anoTg. allg. Chem. 279,

145 {1952).
IL A. Meuwsen and G, Weiss, Ibid. 28§, 5 (1957}-

Millon's Base
NHgOH -xH0 {x=1 oT 2}

2 Hgh + NH,OH = NHgOH-2H,C 2% NHg,OH - H.Q
4332 35.1 488.3 450.2

Freshly precipitated HgO (see below) is taken up in carbonate-
free, approximately 12N ammonia, and shaken io the dark for
14 days. The resultant light-yeilow microcrystalline praecipitate
iz filtered and washed with some water, It Is dried over silica
gel in a desiceator.

This dihydrate of Millon’s base may be converied tothe
brown monobydrate by hrief drying (10 minstes at 110°C). Thie
compound 1s stable in vacuum over silles gel.

The starting HzO i3 precipitated at 70°C by addition of a solution
of 7.5 g. of NaQH in 20 ml. of H;0 to & solution containing 25 g. of
HpCl; in 200 mi. of H,0.

The starting ammonla solution Is prepared by passing 51 g.
of CO,-free NH; through 250 ml. of bolled distilied water.

FROCPERTIES:

a) Dibydrate: Very fine, yellow, hexagonal crystsls, light-
sensitive, Inscluble in alcoho)l and ether. Converted to the mono-
bydrate above 110°C. d (x-ray) 7.33, Cryatal structure: hexagonal.

¥ Monohydrate: Brown, light-sensitive powder. In moist air,
the cojor changes o yellow, with formation of the dihydrate. d
{x-ray) 7.05, Crystal structure: hexagonal,

KEFEREWCE:

W. flidorff and K. Broderses. Z. anorg. ellg. Chem, 274, 338
(1963, & 4iz



20, ZINC, CADMIUM, MERCURY H¥T

Bromide of Millon's Base

Nifg,Br
2 HEBT’ + 4 NH; = NHE’BI + 3 NH{BI
208 841 495.1 253.8

Ammonia (5§ ml., 24%) 1s diluted with 400 ml, of water, A
solution of HgBry in 200 mL of water, saturated at 20°C, is sdded
with stirring, The resuliant yellow precipitate 5 filtered and
washed with water until the filtraie iz free of hromide ion, The
light yellow product 18 dried at 120°C and stored in vacuum
over silica gel.

The iodlde and the nitrate of Millon's base are also readily
prepated (see reference below).

PROPERTIES:

Light yellow, fingly grained powder. d (pyen) 7.84, d {x—ray)
7.66. Crystal structure: hexagonal {space group Di,).

REFERENCE:
W. Ridorff and K. Brodersen. Z. aporg. allg. Chem. 274, 338
{1953},
Mercury (I} Thionitrosylats
THg«(NShl-
2 Hgo{NOy); + S(NH} = 2Hg(NS) + 4HNO,
(2 H.0)
11228 188.3 886.7 2521

A solution of 2.3 g. of Hga(NO,)s (carefully predried over Polg)
in aboyt 60 ml, of dimethylformarnide 18 prepared, Any besic nitrate
which may precipitate Is filtered off. The solutlon is cooled in &
—70"C hath and 400 mg. of S;(NH},, dissolved in & few millilitars
of dimethyHormamide, 18 added. The resuliant yellow solulion i
slowly brought to room temperature. A yellowprecipitate begins to
separate at about 0°C. The mixture is allowed to stend 1¢ minutes
and is filtered on a coarae fritted glass fiiter., The precipliate is
washed with dimethylformamide, followed by acetone. The produet -
is dried in high vacuum, first at room temperature, then for 2 short
time at 100°C. Yield 1-1.5 g.

S¥NONYM: . .
Mercurous thionitrosylate. S
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PROPERTIES:

Solid yellow substance.

at roocm temperature; deto
ot z0d by bases, evolving NH,; Teacis with strong acids,

forming bastc Hg salts, 305 and ammonium salts,

Insoluble in all common solvents,
nates when held ln a flame,

REFERENCE:
M. Goehring and G. Zirker. Z. anorg. alig. Chem. 283, 70 {1956),

Mercury (Il Thionitrosylate

[Hgl:NS]S]\
2 Hg{CH,C00), + S(NH), = 2Hg(NS), + 4 CHCOOH
BT 1553 55535 LFLL)

A solution of 27 g. of Hg (CHzCOO) o in absolutely dry pyridine
is prepared. Then 1 g. of 5,(NH)4 in 20 ml. of pyridine is added,
resulting in the appesrance of a blood-red color, followed soon by
separation of a fine-grained yellow precipitate, The mixture Is
mechanically shaken unti! the supernatant becomes pure yeliow:
this requires about two hours. During this operation, the tempera~
ture showld be¢ maintained at 20-25°(; the reaction is Inhibited
at lower temperatures. After the shaking, the deposit is washed
several tmes with pyridine {total B0 ml.} and ithe solvent is de-
capted., The remaining pyridice s removed by ether extraction,
The produnet is vacunm-~dried over conc. HaSO4. Yield 2 g. (65%).

PROFPERTIES:

Finely divided yellow powder, Insoluble in all common sol-
veols. In water, decomposes with blackening, Stable at room
temperature, decomposes st about 140°C,

SYNONYM:
Mercuric thlonitrogylate,
REFERENCE:

A. Meuwsen and M, Ldsch. Z. anorg. allg. Chem, 371, 217 (1963).

Diethylmarcury

Hg(Cilh
2CHMgBr + HgCl = (CH,,Hg + MgBr, + MgCh
264.8 2715 258.5 184.2 85.2

Magoesium furnings (25 g.) are covered with 500 mL of dry
ether in a two-liter ihree-neck flask provided with a dropping
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funrel and reflux condenser, Ethyl bromide (126 g.} 1a graduslly
added in drops from a funnel. The rate of the resction, which
starts after a few minutes, is regulated by the rate of addition,

1t may be slowed by cocling with water, When

the reaction ceases,

fhe solution Is bofled for about 30 minutes, cooled and filiered

through glass wool.

The etheres] CyH MgBr solutionis treated portionwise {stirring
with 97 g. of HgCl; in a second three-neck two-liter flask, equipped
with a stirrer and a reflux condenser. The addition is spread out
pver 45 minutes to aveld & too violent reaction, The solution is
then bolled for about 10 houwrs, after whick 250 ml. of water 1g
slowly added through the condenser to hydrolyze the excess CgHy~
MgBr. The ether layer is separated and dried over CaCl, After
removal of the ether by distillation, the residue iz distilled under
reduced pressure. The Hg(C,H.); goces over between 97 and 99°C

at 100 mm. Yield 635 g, (~60E).

Dimethylmercury meay be obtalned In a similar manner ac-

cording to

2 CH,MgBr + HgCly = Hg(CH,). + MgBr + MgCl,.

Storage ampoules are first filled with Ny or COgto avold
explosions during melt-sealing. To evoid the unpleasant results of

shattering of the ampoules on exploaien (fliying

glags, etel), the am-

poules should be stored in cotton wool inside well-stoppersd pow-

der jars,

PROPERTIES:

Almost ocdorless, heavy liquid. B.p. (760

mm.} 159°C. Stable

to Ho0O and alr. Gradually decomposes when atored in light {Hg
drops appear). Almost inscluble In Ha0, sparingly soluble in

alcohol, soluble in ether, 4 (20°C) 2.468. Very

toxde.

The danger of poisoning is especially great when the com-
pound is spilled on a porous surfecs, such as a labopatory
bench or wooden ficor. The material is insctiveied by hot hydro-
ehloric acld or bot mercuric chleride solutfon {formation  of*

C s HgHECl). cenrg
ek -
REFERENCES: b ML 3

C., 5. Marvel and V. L. Gould. J. Amer. Chem,

Soc. 44, 163 (1922)

E, Krause and A. von Grosse. Chemls der metallorgen.
Verbindungen [Chemistry of Crencmetsllic Compoungdg], B!ﬂ!li%_! :

1537,
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Mearcury I} Acetote

Hga(CHL.COO}
HeqNOys + 2CH,COONa = HE(CH,COO): + 2 NaNO,
‘ﬁ;‘.?’ 164.1 519.3 1700

A solution of 20 g. of Hgs(NCs) 5 in 120 ml, of water plus 3.5
ml. of 235% HNO, is treated with a solution of 15 g. of sodium
acelate in 50 ml. of H 0. The resultant precipitate is washed
with cold water and dried in a desiccator over CaCl;, Yield 13 g,

SYNONYM:
Mercurous aoetate,

PROPERTIES:

White, light-sensitive crystal flakes (Hinged with gray). Solu~
bility (15%C) 0.75 g./100 ml. HzO. On bolling and in light the com-
pound in soluticn disproportionstes te Hg and He (I1) acetate; the
mercuric salt then hydrolyzes to a yellow, insoluble basic salt.
Readily soluble in dilute acetic acld, Insclubte inaleochol and ether.
Decomposes on heating, forming 4 regidue of black flakes.

REFERENLCE:
Ullmann, Enzykopidle 4. techn. Chemie {Encyclopedia of Ind,
Chemistry|, 2nd ed., [V, 679.

Mearcury (I} Acetate

Hg{CH,CO0},
HgO + 2CHCO0H = Hg(CH,CO0) + H,0
256.5 iG] 318.7 180

A solution of 20 g of yellow HgO in 30 ml. of 509 CHCOOH 1s
prepared on a water bath, It is flltered through a jacketed fliter
beated with hot weter, and the filtrate i3 cooled with ice, The
crystals are suction-dried and washed with ethyi scetate, The
prodact Is recrystailized from hot ethyl acetate or ifrom hot
waler slightly acidified with acetic acid. The salt is driedina
vscmen destccator over CaCly,

Use: As a mercuriz 2nd -
sorption of ethylene, ing oxidizing agent and for the &
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SYNONYM:
Mercuric acetate,

PROPERTIES:

Nacreous, light-sensitive crystalline flakea, On storage. ads
quires a yellow tinge and an odor of CHRCOOH (fosmation of i
basic salt)., M.p. 178-189°C, decomposes af higher temperdtures,
Solubllity {8°C) 26 g., (19°C} 36.4 g-/100 ml. HyO (and ahout
100 g. at 100°C with pertial dec.). The compound in 0,2N aquecus
solution is approximately 30% hydrolyzed: the yellow bagle aalt

precipifates on dilufing or heatlng; Sciuble in ethyl acetate.
d?2 3,286,

REFERENCE:

Gmelin-Kraut. Hdh. anorg. Chem. [Handbook of Inorg. Chein.]. 7th
ed,, V2, 826, Heldelberg, 1914, modified. ;)

[

Mercury (I} Cyanide

Hg{CN}
I HgO + 2HCN = Hg(CN)j + 0
2ig8 .l 2T [1:11]

The crystaliine material is obtained by evaperation of a golu-
tion of HgO in agueous HUN, The product ia recrysta.!lized, dried
at 50°C, ground and redried, T

LT N N
1. G HgO + FeFefCNjjs + 9HO = kLR
*he 1050 858 162 . .
9 HgfCN)y + 4Fe{OH)s + S Fe(CH) o d
2874 428 270 A ag.

One part of HgO is digested for a few hours on & wnf;'rbqth,k :
with ons part of Prussian blue and 10 parts of H30. The cmmp o
separate on evaporation of the sclutien. o ;

BYNONYM:
Mercuric ¢yanide.

PROPERTIES:

Colorlesa, prismatic, tetragonsl orystals.: DésompostsJaté |
and (CN), at 320°C. Solubilityi(0°C) 8 gis 1100206) 3.9 go
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MO (A%5°C) 101 /100 g. ethanol; (19.5°C) 44.1 g./100g,
o d 3.996. Crystal structure: type Fl, [Hg(CN) 5 typel.

PEFERENCES:

A 2. anorg. allg. Chem. 170, 161 (1928),
& wmaut Hgb. alngorg-. Chem. [Handbook of Inorg. Chem.)],

Tth ed. V3, 832, Heidelberg, 1914,

Potassium Tetracyonamercurate {il)

KyHg(CN).:
Hg(CN), + ZKCN = K:Hg(ON)
2527 130.2 3829

L A solution of stoichlometric quantities of Hg{CN}; and XCN is
evaporated to induce crystallization. The product is recrystal-
lized and dried at 80°C.

I, Treatment of a suspension of Hg(CN}y In liquid HCN witk the
stoichiometric querntity of KCN produces KHp{CM),, in addition
to K HE(CN) &

SYNONYM:

Potasghan mercuricyanide.

PROPERTIES:

Colorless, octahedral crystals. Solubility (20°C) 1 g./35 g, of
89% v./v. alcohol. d 2,420, Crystal structure: fype H1, (spinel
type).

REFERENCES;

L W, Biltz. Z, anorg. allg. Chem. 170, 161 (1928).
oL G. Js}mder and B. Grittner, Ber dtsch. chem. Ges. 81, 118

Mercury fl) Thiocyanate

M (BCNY,
Bg(NOJ» + 2KSCN = Hg,(SCN), + 2KNO,
(2 B0}
sma 1945 5174 2082

- A stightly actd golution of EEa(NO,) 5, freed
a of mercuric ions
by mensag of meiailic Eg, 18 treated wit?h’. somewhat less than the
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stolchiometric amount {~75%) of KSCN solution. A dﬂrk-ggy'-l@'-

precipitaiea et first; afler standing for several days (

stirring), it bacomes completeiy white. It 18
times with boiling H0. v washed sgvexal

SYNONYMS:
Mercurous thiocyenate; mercury (1) rhodanide.

PRCPEATIES:

Colorless, light-sensitive powder. Insoluble in H;0, soluble

in KSCN solution, precipitating Hg. Decomposes onheating, forming
a foamy mass. d §5.318,

REFERENCE:

K. Huttner and S. Knappe, Z, anorg, allg. Chem. 130, 27 {1930).

Mearcury {llj Thiocyanate

Hg(SCN)

Hg(NGy): + ZKSCN = Hg(SCN), + 2KNO,
{H,O)
3426 1945 316,38 032

A Hg{NOg) solution, acidiffed with a few drops of HNO,,
is treated with the stolchiometric amount of KSCN solution. The
resultant crysizlline precipitate is suction—filtered and washed.
with H,O. The product may be recrysteliized from hot H O or
aleehol, Yield 80%. :

SYNONYMSE:

Mercuric thiceyanate, mercuric sulfocyanate.

PROPENTIES:

Colorless, fibrous needles or naoreous flakes. Solubility [25'0}"‘
0.069 g./100 mi. HgyO. The solubility in alcohol and bolling H:0
and in KSCN sclution is higher, In ether lower. Decomposes wit&
swelling on heating to 165°C. ‘

REFERENCE:

W, Deters. . anorg. alig. Chem. 77, 157 (1812). '
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Potassivm Tetrathiocyanomercuraie (I}
YaHg(SCN)

Hg(SCN);, + 2KSCN = K.Ha(SCN),
J16.% 194.3 511.1

A bolling solutfon of 20 g. of KSCN in 106 ml. of HaO 13 mixed
with 31.7 g. of Hg(SCN), The HgS precipiiating on cooling ig
filtered off. The flltrate 15 concenirated on A water bath unti]
crystallization. The soiution then solidifies on further coocling
to a white, fibrous crystalline mess. It 1s suction-filtered end

dried over Pa.O..
SYNONYM:
Potassiura mercurithiccyanate.

PROPERTIES:

Brilliant white crystal needles. Readily soluble in ¢old water,
soluble in aleohol, inscluble in absoiute ether,

REFERENCE:

A. Rosenhelm and R. Cohn. Z. anorg. allg. Chem, 27, 285 (1201).



Scandium, Yitrium, Rare Edrtb.f;
K. WETZEL

Yo

Fure Scandium Compounds

Scandfum may be {reed of sccompanying elementa by extraction
of its thiocyanste with ether,

A} PURIFICATION OF SMALL QUANTITIES o

One gram of the oxide (which should contein as little Ti, Zr
and Hf as possible) 1s digsolved in dilute hydrochloric acid, The
solution {5 evaporated on a water bath until a molat crystal paate
is obtained (gee note, p. 1126). This Is taken up in 60 mi, of G.GN
HCL Then 33 g, of NHSCN is added ¢the finnl volume should he
about 100 ml.) end the mixture is shaken with 100 ml. of ether, I a
separatory funnel Is used, complets phase separation is often d:lﬂ‘l-
cult to achieve since the stopcock
may become plugged with solid de-
composition preducts of HSCN dur-
ing the removal of the bottom phase,
I is therefore adviseble io uss a
fiask such as that in Fig. 284, which
bas a ground plass stopper at the tog,
and to use 2 vacuum in order to
tranafer the top {or ether} phase into
flask ¢ via tube b, Dliute HCI {8-10
ml.) is added to the separsted top
phase, the ether iz evaporated, and
the dry residue is treated ona water

bath with cone, nitric acid, addedin  Fig. 284, Ether mm

drops (caution! viclent resction).  of scandium thiocys
The mixture is then boilled with  ether sclutipn, 5 HiF
some additional conc. nitricacld un- ¢ storage ﬂnslgwi
til the orange red HSCN decomposi~ selution, ¢ vadinm
tion products diseppear, The solution ticn,

general symbol Lo

1125
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1 dilwted with water and pure scandium iz precipitated with dilyte
AMMONid.

This procedure almost completely removes Mg, Ca, Y, the lan-
thantdes, Th and Mn; it also irees the scandium, to & large extent,
of Ti, 21:. Hf, U and Fe. However,the product is still contaminated
with varving amounts of Be, Al, In, Mo, Re, Fe and Co.

SOTE:

Very impure raw materisl samples often yield a noncrystatlizing
sirup on evaporation of the HC1 solution; this siru? should not he
heated too long because there is a danger of extensive hydrolysis,
A small excess of HC1 does not interfere at this stage.

By PURIFICATION OF LARGE QUANTITIES

The crude oxide {60 g.) is dissolved in hydrochloric acid and
evaporated carefully on a water bath until a moist crystalline
mass is formed.

(If the mass should become sirupy instead of crystalline, the
evaporation is discontinued and the mixture is diluted in 400-508 ml.
of water, Then dilute ammonia is carefully added until the vellow
end-point of tropeclin 00, 30 ml. cf 2N ECI 1s added, and the volume
Is made up to 800 ml withwater, The purification procedure is then
continued as described below.)

The paste iz dissolved in 630 ml, of 0.1N ECL If Ti or conzid~
erable quantities of Zr and Hf are initielly present, hydrolysis pro-
ducts of these elements may still remain; they are filtered off before
the next step. The solution iz then allowed to react with 500-550 g.
of NH4SCN and shaken with one liter of ether in a threa-titer flask
oot a separatory fupnel). Just as in method (A), as much of the
ether layer as possible is transferred to a second flask containing
100 ml. of a saturated agqueous solutiop of NH, 8CN, The acid content
of the ether layer, which reaches 0.06N {in HSCN) in the first flask,
is largely neutralized by slow addition of 27 ml, of 2N ammonia {the
flask is vigorously shaken during this addition), The ether ia then
shakep in a third and fourth flask each time with 100 ml. of 45%
XH,SCX solution, The Se is obtained from this purified ether phase
by extracticn, ip a separatory funnel, with pure water (portions of
2530500 ml.), The extraction is continued until the agueous layer
ceases to yield a precipitate on addition of dilute ammonia (any
lron in the starting material will concentration In the first 250-500
ml. of aqueous extract). About 2-3 liters of water is necegsary to
extract 40-50 g. of Sc;0; from one Hter of ether, The aqueous phage
remaining in the first flask is now acldifted with 30 ml. of 2N HC!
and the operatlon with one lter of ether is repeated (reuse the

agueous eolutions in flasks 2 to 4.) A second repetitlon of the ex-
fractios procedure yields the last traces of Se.
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Such a purification of an oxide initially containing 75-
§-9% 2rOa, 0.8-0.9% HiQs, 1-2% Ya0a, 0.5% D;an,s%’ gﬁ:gil
§.5% Tma20s, 6-8% Yby05, and 19 Luz0, gavea 80%, vield of Soa0y.
sl_:.e_:ctr-::-scopic analysls {x-ray) revealed no other rare earth impu-
rities nor Zr and H{ in this product (limit of detection: 0,1%); the
remaining 10% of the scandium cxide present In the Taw mate;rial
was also obtained in greatly concentrated form. After conversion to
éi-;e Doxide, the resldue left In the firstflask contained less than 0,5%
alla.
Alteynate methods: a) Fractlonal condensation of the chlorides.
h) Fractional sublimation of the acetylacetonates.

o} According to Vickery, pure Sc compounds may be obtained by
lon exchange.

REFERENCES:

W. Fischer and R. Brock. Z. anorg. allg. Chem. 249, 188 (1942);
this paper also reexamines several cther procedures for ex-

fraction of scandiwmn; R. C. Vickery, J. Chem, Soc, {London)
1366, 245,

Trectment of Maonozite Sand

Monazite is the orthophosphate of the cerium group of rare
earths; it contains oxides of the cerium group (56-7T0%), oxides of
the ¥ group (1-4%} ThO, (1-20%}, varying quantities of ThS10 4, and
gmsall amounts of 5105, Fes0s and AlyO5.

A) FXTRACTION WITIE SULFERIC ACLD

The monezite sand s ground ina ballmill (final product approx.
1,S. 30 mesh). Cone. Hz504 (3,25 kg.) is heated to 200°C in a six-
liter porcelain dish, and 3.5 kg, of ground sand i3 gradually added
in small portions (efflcient stirring is necessary). Heating and
stirring are continued for 30 minutes after completion of the addi-
tion, until & dark gray, guite firm paste is obialned.

The paste is siowly poured (stirring) into 25 liters of cold water,
and stirring is continued for one honr, If the solution is still warm
gfter this time, ice Is added untili the temperature drops below 25°C,
since the rare earth sulfates are more soluble in cold than hot
water. The residue Is sliowed to settle, the clenr supernatant is
decanted, and the solid is guction-filtered and washed several times
with cold water, The residue consisis of 8iQa, TiO,, ZrOs and

‘unreacted monasite, The residues of several extraciions may be
combined gnd subjectad to a gecond HaS0, trestment.
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B PRECIMTATION OF Th IN TIE FORM OF ThPy0y

The filtrate, which contains HyS04, B3P0, Th and the rare
earths, is diluted to 168 liters and siirred for one hour in en
sarthenware or wooden vessel. The nascent, slightly bluve-gray,
Weavy, gelatinous precipitate Is allowed to settle for B-12 hours,
R comsists of ThP;0, contaminated with phosphates of cerium
and of other rare earths, The pregipitation 1s complete when no
additional solld separates on further dilutton. The ThPyC, is

filtered off and washed with water.

C) PRECIPITATION OF THE BARE EARTHS IN THE FORM OF
‘J_!-SU‘.‘ h Lng{mqh ) 2“20 QR Ll‘lz{l:yﬂqh - 51‘120‘

The rare earths are isolated from the filtrate by agitation in the
presence of finely ground Na,S0, until the absorption bands of Nd
are no longer abservable through a 5-cm. layer of the clear super-
natant. The precipitate is filtered off, washed and dried at 110°C
[if the starting materiai contalns large amounts of yliria earths
{Le., xenotime, YPO,} it is best to precipitate with solid oxalic
acid, zince the double sodium yitria sulfates have appreciable
solubilities in water].

A first crude separation of the ceria earths from the ytiria
earths iz achieved by sdding solid oxslic acid to the filirate from
the double sulfate precipitation. Use of a saturated selution of
oxalic acid yields a precipitate which ia difficult to fier and ne-
cessitates furthey dijution of the soiution.

D} CONVERSION OF THE SULFATES OR OXALATES TO THE
OXMmES

The double sulfates or oxalates are mixed with water and stirred
to a thick paste, which is allowed to react with slightly more than
the stoichiometric quantity of solld NaOH, which is added In small
portions with constant siirring at high heat. As the reaction pro-
coeds, the paste becomes increasingly liquid and stirring is easier,
The reaction is brought to completion by further heating and stir-
ving for one howr. The hydroxides are transferred to a 30- to 40~
liter earthenware container and stirred with 20-30 liters of water.
The precipitate 18 aliowed o settle, the supernatant i{s siphoned
off, and the washirg is repeated untll the liquid gives only a weak
alimlise reaction, The hydroxides are diesolved in conc. nitric
acid (pdd ¥} Ha0; If large amounts of Ce are present). This
mitrate solutlon serves as starting material for further workug.

Purther separation of the resultant mixture of rare earths and
fsolution of Sndividual components are described inlater procedures
fa this section; In particular, ses the preparation of pure La, Pr
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and Nd Compounﬁﬂ frnm ceria earths ion
aration of pure Ce, Sm, Eu and ¥b co:? ex'change and the prep~

REFERENCES:

D. W. Pearce, R. A. Hanson, J, C, Butler, W, C. Johnson and W. O,
Haas in: W. C, Ferneltus, Inorg. Syntheses, Vol. 11, New York-

Londen, 1946, p. 38; 5. J. Levy. The Rare Earths, London
1924, pp. 18, 71, 79, i '

Treatment of Gadolinite

Gadolinite is an ytiria earth-berylllum-iron (I) silicate; its
approximate composition s ¥Y;BezFeSia0,,, and it contains up to
BO% rare earth oxides and about 104, BeO,

A) EXTRACTION, SEPARATION OF SILICIC ACID

The gadolinite is pulverized in a ball mill 1o a size pessing
through 8 YU.5. l40-megh sieve, Two kilogrames of this material
ere mixed with seven Hters of conc. HCI and evaporated {(stirring)
in a8 shallow porcelain dish placed on a sand bath; the evaporation
is continued until a stiff paste 1s obiained (1.5 days reguired}. The
residue while still hot is tskem up in 2-3 liters of hot water,
suction-filtered and pressed dry,

To complete the extrzetion, the residue is again treated as ahove
with 0.5 liter of conc, hydrochlorie ecid, taken up in one lter of
water, suction-filtered, and washed with 0.5 liter of hot, dilute
bydrochloric scid. The regidue (Si0z and impurilies not attached
by hydrochloric acid) is discarded; it contains only ahout 0.6% of
the rare earths present in the starting material,

B} PRECIPITATION WITH OXALIC ACID

The combined filtrates from (A) are diluted with water te twice
their volume and hested to 60°C; a thin siream of a hot solution of
1400-1500 g. of oxallc acid dihydrate in two lters of waler is then
added with stirring. The mixture i9 kept warm overcight in & cov-
ered container; the precipitate ia suction-flltered while sHil warm
and washed with warm weter. This ylelds sbout 95% of the Tare
earths initielly present. Large guentities of rarve earth oxaiates

erucible furnece and heated until the transient gray colox dis-
appears again. The oxides can then be readliy dissolved io acids,
Thay contaln no more than about 0.1% FeaOs and 0.15% 510z :
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€} PRECIPITATION RITH N3

trates in the filtrate of the oxalate precipitation
0 m imtmzs more than 50% ofthe toial metals present. To
separate the Be and the rare earths, the latter are precipitated with
NHy s the hydroxides (after transient reduction of the iron o the
divalont state), The ifllirate of operation (B) {two liters) ia di-
tuted with six liters of water in & l10-lilter fitask, The flask is
provided with a dropping funnel, as well as gas inlét and outlet
tubes; the gas Iniet tube reaches to the bottom of the flask and the
outlet terminates at the neck. The solution is heated to 60°C and
the pecessary amount of XMnO, [determined by testing & very
dilute sample of the solution with Mn (Ii}} is added with efficjent
mixing to oxidize the oxalic acid. The highest possible concentra-~
tion of KMn0O, should be used. Then 500-70¢ g. of solid WH4Cl is
added and the mixture is brought to a boll while 504 i3 pagsed
through. ‘The solutlon is maintained at the boiling point for an ad-
ditional 30 minutes, 2 slow siream of S0z being bubbled through
all the time. The flame is then removed, the 30, is replaced by a
stream of Ha, and conc, carbonafe-free emmeonia {s added until ng
further precipitation pccurs. The precipitate should be pure white,
A brownish color indicates imcomplete reduction of the Fe;a
greenish tinge {impura Fe{(H)s] Indicates that the gmount of NH,Cl
added was insufficlent. In either case, {he addition of ammonia 1s
dizcontinued, the precipitate already formed is redissolved in
hydrochloric secid, and the procedural fault is corrected, If the
precipitate agsumes 2 greenish color only towsrd the ead of the
operation, thiz is an indication that Fe{QH). has hegun tc deposit
because an excess of NHy is present in solution.

After completion of the precipitation the mixture is allowed to
cool to 45°C, and a freshly preparedsolutionof 70 g, of N2,5;04 in
500 mi of water and 20 ml. of dilute ammonta is added with ef-
ficient mixing, The passage of Hpls discontinued and the precipitate
ia guctlon-flitered and washed with 2 warm (maximum 45°C) solu-
ton of 10 g. of N235,0, and 20 g. of NH,Cl In one liter of water,
followed by one liter of pure weter. The filtrate and wesh water
are discarded. The rare earths which have remained in solution
after the oxalate precipitation, ss well as the Be, are thus guan-
titatively precipitated. A solutlon in which the weight ratio
BeQ:1n;04:Fez05 = 1:0.2:1.6 yields a precipitate in which this
rafio is 1:0,2:0,05-0.03,

D} SEPARATION AND RECOVERY OF THE Be
The moiet hydroxide precipitate 18 dissolved in the minimum

Amonol of warm glacial acetic acid and eveporated to complete
dryncge ou 2 sand bath, Basic beryllium acetate RBe,0(CHaC00)s
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iz distilled from the residue at atmos

led pheric pressure . 2B4°
b.p. 330°C; cf, the procedure for the prepamfinnu:t m&?&;ﬁnﬁ:
acetate, p. 90Y. The residue from this Be separation may be
purified by ancther gadolinite exiraction,

REFERENCE!

W, Tischer. Z. anorg. allg. Chem. 250, 72 {1942).

Pure Lo, Pr and Nd Compounds from Cerium Earths
by lon Exchange

Rare earth mixtures are efficlently separated by elution of
complexes, Among the complexing agents which are usable as
elvents, these which act ea chelating apents possess significant
advantages, A two-column process is ususlly employed: the first
column 1s charged with the rare earth mixture and the second
column with z suitable auxiliary cation. H the chelating agent
used is readily soluble in water (for example, sthanclamine
diacetic acid) the material in the segond {or bottom) column may
be in the H form.

The following process is sultable for rapld laboratory-scale
separation of ceriun earths: the cerlum is removedfrom the mix-
ture by precipitation with KMnC,4 and Na,CO0s (seebelow, prepara-
tion of pure Ce compounds). The remalning compoundsy are adsorbed
on 250 ml. of a cation exchange resin {Dowex 50 or Wofatit KPS~
200; particle size 0.2-0,4 mm.). The resin is then pleced in an
jon-exchange column (L.D. 4 om.} which I8 partly filled with water,
A second oolumn of the same LD. Is filled in the same manner
with 350 ml. of the resin in the Zn form.

The eiuent fiows successivaly through the two colwnns; it con-
fains 2, of nitrilotriacetio actd and is muffered with NHg to & pH of
7.0. If the eluste flow rate iz not less than 0.5 ml. per minute,
there is no danger of formation of precipliates inside the cohmns,
The eluate is cocilected in fractions; the lanthanides sppear in
the order of increasing fonic radius, The La, whick remains in the
columns safter elution of the heavier eartbs, may itself be rapidiy
eluted with a solutlon containing 4% pitrilotrigcetic zcid and
2. NH4Cl {pB 2% S

#;%i‘he éluag frs}.ctinns are brought to a boil and the rare eartha
precipitated with oxalic acid. The mixtures are allowed to stand
for 80 minutes at 80°C and filtered hot, and the solids are caicined
to the oxides. The first fracttons, which may contain minute
quantities of Zn, are reprecipitated, More then 70% of the nifyllo-
triacetic acid used in the provess can be recovered from the aiua

by precipitetion with HCL
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Starting from 63 g of ibe mixed oxide {14.7% Lag0a, 23.5%
PrOn. 5% NdaOa, 5.4% SmzOs, 2.4% heavier errths), this
method gave 8.3 g of LasOs (vleld 90%, purity> 99.5%), 10.3 g.
of Prs0;, {yield 70%, purity > 99%) and 30 g. of NdaOy (yield

88, ity > 99%) in 50 hours of elution. .
?i:ap::egod is also applicable fo the yitrium earths, although

in this case it reguires more preliminary effort and takes
longer.

HEFERENCES:

L. Wolf and J. Massonne. Chem, Techn. 10, 230 (1958}; L. Wolf
and J. Massonne, J. prakt, Chem. () 275, 178 (1856); L. Hol-
leck and L. Hartinger, Angew. Chem. 66, 586 (1954); €8, 411
{1956); F. H. Spedding and J. E, Powell in: F. C. Nachod and
J. Schuber, Ion Exchange Technelogy, New York, 19}55, .
365; 4. Loriers and J. Quesney. Comptes Rendus Hebd., Séances
Acad, Sci. 239, 1643 (1954); J. Loriers. Ibid. 244, 1537 (1853),

Pure Cerium Compounds

1. PRECIPITATICN ®ITH NagCOy AND KMnOy4

A nitric acld solution of 230 . of cerium earths, which should
consist only of nitrates, is diluted to one liter and brought to 2
boil, and the pH is adjusted to 2+3 with aqueous NayCOg. This al-
ready precipitates some of the cerium in the form of Ce (IV) hy-
droxide. A solution of KMnO, is then added until the red color
persists, the mixture is reheated tothe boiling point, and the cerium
is precipitated by adding {with constant stirring) a sclution of KMnOs
and Nap(COp (mole ratio 1:4}. The pH gradually reaches 4 and the
red color becomes more intense; stirring at the bolling point is then
continued for an additional 10 minutes and the precipitate is suction-
filtered and washed with hot water. The filtrate contains minute
amounts of ceriwm, in addition to the other rere eayths. Ifitis
desired to isolate the last traces of (e, the pH of the bolling fii~
trate is adjusted to 5-6 with squecus Nau(CQsz. The resuliant
precipitate consists of carbonates containing all the (e present.

The cerium I3 isolated from the resiGues [whick consist of
Ce {IV) and Mn (IV) hydroxides] by solutionofthe residuss in conc.
bydrochloric acid and precipitation in the form of the oxalate, The
precipitate is ealcined to CeQ; {96% yleld, 99,55 pure).

1. PBECIPITATION WITH CaCOj AND KB:rQj

The followlag procedure 18 suitable for 4 raw material mixture
40-50% CeOz: a nitric acld sclution containing about
4100 g of the rare esrth oxides {total of 12 liters) la divided in
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three equal portlons. The solutions ere heated in pr dishes
and adjusted to pH 2,7 by adding CaCOs {mechantcal s?ifrl?in;. Then
100 g. of KBrOg fs added and the solutions are concentrated to cne
liter (see note below). This procedure 1s repeated several timen to
achieve complete oxidation emnd bydrolysis. If bromine wapor
escapes during the eveporation, the pE is readjusted to 2.7 by
adding further CaCOs. The mixtures are then ditutedto five literas,
heated almost te the bolling point, and sllowed to settie overnight.

The supernatant liquors are decanted, combined and, aftey
addition of 80 g. of KBrO,, evaporated to 2-3 liters. The mlxture
is then diluted to eight Niers, brought toa boil, and again decanted.

The combined precipliates are bolled in six liters of water, the
supernatant ligquor js decanted, and the precipitate 18 suctlon-
filtered through a Biichner funnel, The mother liguor 13 combined
with the solution containing the other rare earths,

Other cerium compournds, for example, the basic nitrates, may
be purified and converted to the oxides by boiling 50 g, of the moist
starting material with 200 ml. of 3N NazCOs solution. The hasic
carbonate i3 filtered off and washed with 50 mi. of water. The
product is dissclved 1n 16 N HNCa containing 3% HaOu.

This method glves 99,8 pure CeQg in 87.6% yleid.

NOTE:

The Ce {lII) seems to oxldize during the evaporation in the hot
cone, soluticn, while the hydrelysis of the resuliant Ce (IV) takes
place in the hot dilufe solution,

lil. ETHER EXTRACTION OF Ce (JV) NITRATE

Ve ure Ce(z may be prepared from the commerciel raw
materfgl l!;y the following combined procedure: ten paris of orude
oxide and sever parts of hydroguinone (reducing agent) are dig-
solved in bojling conc, hydrochlorie acid, The bydroguirone
oxidation produsts are destroyed by oxidative degradetion with
HaOa in ammonjacal solution, followed by evaporation wiltk cong,,
nitric aecid. Since it is eccompanied by foaming, thie operation
must be carriad out in a large vessel. If necessary the cerium may
aiso be freed of orgsnic confaminents by preeipitation with mlét.:
acld, followed by solution of the pracipitate in oonc, mitric nt:

I the starting material also contalns thoriurn, the wmealate iz
bolled with & concentrated, neuiral to siightly ammoniacel, solution
of smmonium oaxzlate; the precipliste is suction-filtared gm;
thoroughly washed. Repetition of this vperation ylel?: a_salatio: ntt}.
(NEH}4Th{Ca0s)4 which conteins ali the thorimnm in iﬁmllg gr::m

The nitric acid solution of nitrates, which 1s ol;tglm i eites
cage, is evaporated to dryness; it iz then treed N
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Pame we as the Initial CeO,) and eveporated seversl times
with comi.‘h:mos until orange-red (NH}sCe{NQa)s begins to
te from the desp red soluticn. The precipitate 1s filtered
off an & fritted glass filter (additional double nitrate may be re~
covered from the illtrate by further evaporsation). The product ir
recrystallized from conc, nitric acid, disscived in 6N nitric acid
of nitric oxide), and extracted with peroxide-free ether
altric oxides and peroxides reduce Ce*™). The residual materiat
in the agueons solutlons should be reoxldized by evaporation with
conc. pliric aecid and extracted with ether, since the solutions stil}
cootain appreciable quantities of Ce?™.

The combined ether extracts are distilled, water being added
during distillation. The cerium nitrate may be reprecipitated with
water containing a hydrazine salt, which serves 2s a reducing

nt,

‘geThe resuitant cerium nitrete solution, which Is about 2N in
HNOs, is filtered and slowly added in dreps to a hot, coneenfrated
solution of oxalic acid. The finely crystalline precipitate of cerium
axaiate is suction-fiersd, washed wilh a large quantily of water,
dried and calcined to the oxide,

The oxide may also be obfained by evaporation of the nitrate
solution, followed by thermsl decomposition of the cerium nitrate,

Preparation of cerium compounds of especially high purity (for
beutron bomhardment); Peppard et al. recommend extraction of
the Ce (IV) from a 10M HNO, solution with a 0.75M or 0,30M solu-
tion of bis(Z-ethyllhexyl orthephosphate in n-heptane [, F. Pep-
pard, G. W. Mason and 5. W. Moline, J, Inorg. Nuclear Chem, 5,
1a1 {1957)].

PROPERTIES:

_ Cerlum (IV) oxide is white with a slight yellow tinge; the color
is & function of particle size, Even slight comtamination with
Pr or Th (0.005%} produces a distinct pink color; higher amounts
cause z reG-brown color. ‘The calcined material is soluble in
acids only In the presence of reducing agents. d {x-ray) 7.172.
Crystal structure: type C1 (CaFs typel,
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Pure Samarium Compounds

I. REDUCTION WITH CALCIUM AMALGAM

28mCl, + Ca{Hg) = 28mCl, + CaCl,
5138 401 4487 111.8

A solution of 180-240 g, of anhydrous rare earth chlorides in
600-700 ml. of absolute ethanol is placed in a thick-wall, rubber-
stoppered separalory funnel. After addition of 7-10 g. of Ca In the
form of a 1% amalgam {see p, 1804 for preparation), the separatory
funnel 1s stoppered and vigorously shaken. Since this reduction to
Sm (II} is =scoompanjed by formation of calcium ethoxide and con-
gequent evolution of Hi, the flask must be freguently vanted by
opening the stoprock (witkout, however, allowing air to enter).
The initially yellow soluticn soon becomes dark; after a few minutes
the color becomes dark brovm~red and precipitation of SmCls
begins. The Ca becomes exhausted after 20 minutes. The funnel is
inverted so that i rests on the rubber stopper, & Bunsen valve ia
attached to the outlet tube, and the stopcock is cpened. After 10
minutes, the CaQ present in the mixture Is neutralized by adding
{through the funnel stem) 2-3 ml. of HCl-saturated anhydrous
ethanol, and the funnel is vigorously shaken, The precipitate should
turn bright red. After 30 minutes the Hgis separated and the finely
crystalline precipitate of SmCly is centrifuged In the absence of
air. The mother ligquor la decanted end the precipitate s freed of
the adhering sclution by shaking with air-free absclute ethanel,
followed by centrifugation. _

Further purification is achieved by taking up the precipitate In
water, in which it is oxidized to Sm (II) and forms the basic chlo-
ride, Dilute hydrochloric acid is added and the mixture is heated
on a water bath until the mercury left in the SmCls has agglom-
erated and can be filtered off, The yellow solutlon is concentrated
until crystallization just starts, and then saturated with HCl
while coollng in ice. The precipitated bexahydrate is dehydrated
and again reduced, The SmCla Dmﬁeiﬂéuter this last puriﬁcgt;r:_n

rocedure contains coly a few percent of L,
: The Eu mey be removed by electrolysls of an aikaline “e‘*tg
solution of the Sme-Eu mixture In the pregence of Lithium nitrute; &
merc thode is uged. Onstott, starting from & precipitatg

ury cathode ation entirely
conteining 1.6% EugOa, WaA able to phialned & proparisil Axed
free of Eu in one electrolysis run.
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A REDUCTION RETYE Mg + WL

Ancther process suitable for the separation of 8m from rare
sarth mixtures consists in reducing the semarium, in the form of
hydrated chlorides In ethanol or ethangli-dioxene, by means of
Mg + HCL. A mbdure containing 3% Sm can he concentrated to 55%

Sm in a simple run,

REFERENCES:

L. A. Brukl, Angew. Chem. 52, 161 (21939); E. J. Onstott. J. Amer.
Chem. Soc. 77, 2193 (1585},
O. A. F. Clifford and H. C. Beachell. J. Amer. Chem. Scc, 74,

2730 (1948).

Pure Evropium Compounds

L E‘Cl: 2 Hgﬂ

A cone. solution (d 1,35, 100 ml,) of rare earth chiorides con-
taining about 70% Eu {balance N4, Sm and Gd) i3 plzced together
with a few milliliters of cone. hydrochloric acid in a one-liter
wide-neck flask, Zine amalgam granules (300 g., U. 3. standard
mesh B0) are added, and the flask is stoppered and vigorously
shaken by hand, From time to time it is held in front of the slit of
a spectrometer to observe the absorption bands, The iniffally al-
most colorless sclution turns yellowish; after about 30-40 minutes
the Eu 5253 A band disappears, indicating complete reductlon to
Eu (i[). The solution is decanted from the remaining Zn while pro-
tected by a COx blanket and poured into a second one~liter flask;
the flask is closed with a two-hele stopper carrying a 250-ml.
dropping funnel end a gas cutlet capillary. Crystallization of
EuCl;*'2 HaO starts after addition of the first 200 ml, of conc.
hydrochloric acid; it reaches & maximwn rate after 580 ml. has
been added. This procedure precipitates 90% of the Eu preseat.
After 2-3 hours of standing, the well-cooled mixture consists of
almost equal volumes of pure white crysials with a falntly blue
fluorescence and an essenfially soloriess mother liguor.

The air-sensitive crystals are filtered under GO throngh a
cotton wool filter and suction-tried as far as possible, If oxida-
fiom does occur, the filter cake becomes hot and evolves KCl gas.
The Eu may be further purified by redissolving the product chloride
mcer COQ:. The operation should be repeated five times. Finally
the product is filtered through a fritted glass filter (under a CO»a
blasket) and washed with 10%, methanoilc HCi, The alcohol and the
BCl cap then be removed by slight heating in a fast OOz stream.
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Ancther method for remogval
in crude eurcplum consista in
Zn amalgam in HECl sohition,
precipitated with carbonate-free
in sclution,

of traces of other earths present
reduction of the ewropfum with
Then the trivalent earths are
emmonia, The Bu {II) remains

II. EoSO.
2EuCl, + Zn = 2EuCl, + %nlCl,
5167 5.4 445.8 136.3
EuC]; + H:SOq = EUSO.‘ + 2 HCE
222 G 98.1 248.1 728

A solution of 3,5 g of EuyQ, in 5.4 ml of 6N HCl is diluted to
about 200 ml. A Jones reductor (height 4¢ cm., diameter 2 cm,) is
filled with 1% Zn amalgam granules (0.5-1 mm.), which ave then
washed with 200 m3. of 0.1N HC1, Whenthe wash Mguor just covers
the zine, the cutlet of the reductor is dipped in 50 ml of 8M HaS0,
in a 600-ml. besker covered with a round piece of paper. Carbon
dioxide Is then introduced into the beaker to expel the air, The
EuCl; 1s passed slowly {2 ml./min.) through the reductor, followed
by 150 ml. of 0.1N HCl. Very light, white, hairlike crystals
of n-EuSO4 are the first product. This mixdure is hested to
80°C in a COz atincsphere, resulting in conversion of the x-form
to the stable A-form, which is less soluble in dilute BgS0. snf
settles as a dense crystslline mass. The mixture is cooled to
room temmpersture, and the white EuSO, iz filtered and washed
with dilute hydrochiorie acid, followed by a few milliliters of
HCl-acidified metbanol. The CO; blanket I3 not necessary during
the filtration. The product may be dried in air at 76°C, The yleld
is 909, of 93.7% EuSO,.

FROPERTIES:

White, microcrystalline, Sparingly aoiuble in water; 4 (26°C)-
£,98. Isomorphous wifl Sr50 and Ba304.

HI- EuCOI

EusS0Q, + Ma,C0y = EuCO, + Na,80, y
248.1 106.0 2120 M2l ; H
First, b g, 1804 1s gradually added to 300 ml. of & vigorously
boiling, m?yge:ffj:g-ee soluﬁrm which 1s IN in NazCQy and 0.4N !n
NaOH (12.6 g. of NaHCOg and 10.8 g. of NeOE). After a short tima,.
the solution turns dark; the color dissppears on further baﬁing,
and s dense, lemon yellow, crystalline precipiate of BuG0y-is.
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formed. This precipitate s fiitered and dried in alr at 73°C, An

abmost 1 ure product 1s obtalned in 964 yleld.
mmr qﬁmﬂties of EuCCy are needed, the first fraction

of the sulfste lons liberated In this reactionls removed by decanta-
tion and further Na,COs-NaCH solution is added to the residue,
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Pure YHerbivum Compounds

I ISOLATION OF YTTERBIUM FRONM YTTERBITM EARTHS
IX THE FORM OF YbSOy

Reduction of ¥hg(S04}s oo 4 mercury cathode yilelds Yh30,.
The method is particularly suitable for the preparation of pure
YD from ytterbium earth mixtures,

The crude oxitde, which must be free of forelgn mefals [which
decrease the overvoltage necessgry for the reduction of Ybh (If)
because they tend to form amalgems], is converted to the sulfate
by evaporation with H 304 The electrolyie should contein 120 g
of sulfate and 50 g. of cone. Ha30, per liter, The electrolyzsis
is earried out in & thick-wall beaker b (Fig. 2B5) with its bottom
covered with a l-em, layer of very pure mercury, A nickel
bus bar k connects the mercury pool to the negative side of
the power supply. A carbon rod a, partially jmmersed in a clay
cell ¢ filled with dilute H 80, serves as the anode. A stirrar 7,
which agitates both the mercury surface and the electrolyte, pre-
venls the formation of z dense precipitate op the cathode znd thus
makes possible the preparation of larger quantities of YhSCs. The
electrolyte temperature is maintained at 20°C by external cocling
with running water.

The electrolysis 1s carried out at 72 volts and a current
deneity of 0.05 amp./om? (about 4-4.5 amp, if the beaker is
19 cn. in diameter), At higher current densities the formation of
crystals of YISO, is 30 rapid that they occlude considerable
quardities of impurity ions (Ym, Lu, etc.) After a few minutes the
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solution turns green. When the cathode
a loose layer of YB30, 2-3 om. thick, thebacomes Govered with

current efficlency he-

comas very low and the electrolysis is sto copdi

ticns described, the process requires 2-3 hﬁfr&:: Under the i
The precipitate iz coliected

on a Bichner funnel and washed

1138

oxidatlon of YhSQy is accom-
panied by a marked temperature
ingrease, which could cause de- F
composition of the product YbS0,
for Tha(B304)al.

The precipitete is dissolived e T
in dilute nitric acid, peuiraiized ]
with arnmonia, and reprecipitated
with oxalic acid. The oxide ob- Fig. 285. Electrolyticprepa-

with water, and the residual water ,’.m o A
is rapidly Temoved by suction, -
Speed i3 necessatry because the 4 i LN

tained upon calcination of the oxa-~ ration of ytterblum {B) sulfate.
late stil! contains iraces of the a carbon rod, ¥ beaker, ¢
sulfate. clay cell.

Additional quantities o YhSG,
meay be recovered from the spent elecirolyte by inclusion in the
izomorphows Sr80,. I this is desired, then the eleotrolyte ahould
contain only 0.5% Hz804. The 3250, solution I8 prepared by very
rapld neutralization of 3 g of SrCO,; with the stolchiometric
quantity of dilute HaSQ4. This solulion Is added one hour aftar the
start of the elsecirolysis. The added solution conteins siowly
crystallizing Sr80¢. The addition is repeated twice at Intervals of
one bour. Affer 4-5 hours the precipitete, which contains SrS50y
end YhSQ. In 5 ratio of about 19:1, is filtered off and washed, The
Y804 is protected against oxidation to ¥b {If) by inciusion in
the SrSO, lattice. On calcination In sir, YbS0O, 15 converted to
Yhz0s and may be separated from the Sr804 by digestion with conc.
hydrochioric acid on a water bath. Some additionzl Sr804 ey be
precipitated from this HCl solution hy adding diluie suifurle acid
and allowing the solution to stand 12 hours, After removel of the
SrS0,, the Yb is precipitated with oxalic acid in the ususl manner.

The electrolytic separation of Yb is accompenied by conoentrgf
tion of Tm and Lu in the residual solution. »

Europlum and samarjum may Ye separeted (a3 EuSO4
and SmSO,) from the other rare earth metals by the same
method,

PROPERTIES: .

+ oxidized by
Formula weight 269.11. Green Yb®T jons are by
water to Yba‘l'{a%!c;lution of Ha). Solubilily in didate aulfuric aoid:
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ite f 5% Ha850

YhSOliter of 1% HaS0Os (0.2N}; B g YhS0,liter o 250,
:lgl; b, ﬁhﬁo.ﬂiter of 12.5% Ha304 (2.5N). [someTphous with

51504,
. PURIFICATION OF Yb (Sm, Fu} VEA 4N AMALGAM PROCESS

Yhi© + 3Na(Hg = Yb(Hg) + 3Na’

The procedure Is suited both for efficient puriﬂc:atior} of a
concentrated ytterbium solution {method o below) and for isola-
tion of Yb from a mixture of nelghboring rare earths, as well as
freeing the latter from Yb imethod B). ]

a) A product containing about 97% YbsOa (balance is ytterblum
earths), which may be prepared via Yh3Gys by the method described
under 1, is dissolved in scetic acid on a water bath and evaparated
until crystalilzation. A solutlen cof 187 g. of vtierbium acetate
in 133 ml. of boiling water is prepared in a one-liter flask. The
hot solution 1s vigorously shaken for iwo minutes with 260 ml, of
0.5% sodium amalgam (125% of the theoretical Na). During the re-
action 3 ml. of acetic acid is added to preveat the formation of
hydroxide {formation of NaOH by partial decomposition of thas
sodium amalgam). It Is best not to shake the mixture untll the Na
is fully spent, since shaking may cause the Yb to partially redis—
solve in the form of Yb (i) ions (green celer of the aquecus layer).
In addition, the Yb content of the amalgam should not exceed 1% to
avold solidification. The amalgam is separafed from the solution
and water-washed twice to remove the acetate, It is then treated
with sufficient dilute hydrochloric acid to neutralize the resjdual
Na. Small quantjties of Yb which go into solution during this step
arg precipitated with NaQH. The amalgam is then shaken with
excess hydrochloric acid until calomel siarts toform. The YD{OH) 5
precipitate is added to the HC! soluticn and the mixture is evapo-
rated fo a sirup, The precipitating NaClis fiitered off, The filtrate
is caleined. Spectroscopically pure Yb;Os is obtained in 2 yieid
exceeding 90%,.

The acetate soiution remsalning from the first extractionmay he
allowed to react, after addition of 3 ml. of acetic acid, with an ad-
ditionai 83 ml. of sodium amazigam. The resuliant yitexrbium amal-
gam is worked up as above. The mother liguor is converted to
the hydroxide and may be reextracted after dissolving in acetic

b I complete extraction of Yb from a mixture of ytterbium
eartha is desired, the solution must be shaken up to 20 times with
sodium amalgam and the agueous layer repeatedly freed of
the sodium acetate formed, since high concentrations of the latter
lsteriere with the reaction, Using this method, Marsh was able o
reduce the YD content of & Lu preparation to 0,0033%.
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Pure compounds of Sm and Eu may he prepared by & basieally
gimilar methed. The preferential formation of Sm, Eu and Yh
amalgams 1s due to the fact that metallic Eu apd Yb always form
divalent lons, while Sm does a0 partiailly.

REFERENCES:
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Metallic Rare Earths
[. RERUCTION OF THE CILORIDES WITH METALS
LANTHANUM METAL., PORDER

LaGCly, + 3X = La + 3KCI
245.3 1173 L369 2287

The Vycor {or similar glass} spparefus shown In Fig. 286 is
dried by fanning with a flame under high vacuwum. A vacuum pump
is conpected at d; ¢ end i are closed off with rubber stoppers.
The apparatus is filled with pure, dry nitrogen or argom, end &
small tube contalning distilled potassium is placed in tube b the
neck of the potassiom ampoule is broken immediately prior to uae.
Anhydrous rare earth chioride is introduced Into o through tube ¢
(air must be excluded during this operation) and tube ¢ 15 imme-
diately closed off again. The apperatus {s meli-sealed at ¢ and 4,
and evacuated through J to a high vacuum. Capillary fis heated
and bent downwerd (to posiilon ') and the potassium is slowly
distilled from b into g. This second distillation removes the pos-
aibility of traces of potassium oxide coming into contact with the
chioride, The apparatus is then melt-sealed at f and e, & smali
portion of the potassium is distilled into constriction 4, and the
tube (a-g) is heated to 220-360°C in an electric furnece. Part of
tke rare esrth chloride is reduced after a short time; an additional
fraction of the potassium is then distilled inic k, and the tube 13
reheated in the furnsce, This stepwise reduction is continued until
most of the rare earth chloride has beea converted to the metal,
Only then is the remalning potassium distilled by furniog
the tube upside down and placing aimost the entlre apparstus (f=a}
in the furnace, The potassium is then immediately distiiled off
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—

Vacuoum

Fig. 286, Preparation of metaliic rare earths
by reduction of the chloride with me‘tallic po-
tassium. a rare earth chloride; b, I metallic
potasgium; ¢ filling tube for the rare earth
chloride; # connection to vacuuim pump.

again, and the process is repeated several times. This stepwise
reduction prevents the reactants from fusing together, and thus
ensures completion of the reaction. Finally the tube is gradually
pulled out of the furnace, until a potasstum mirrer no longer forms
at the unoccupied spots on the tube between g and h. The product
consists of & loose black powder which doesnot adhere fo the glass
walls of the tube.

After cooling, tlp f is connected viz a dry rubber tube to the
vacuum-Ny {or Ar) system and broken off under Naer Ar. The
alkali metal at = serves as a barvier and treps any traces of water
vapor which may be introduced, ‘The tube can now be broken at i
without endangering the product, snd the mixture of rare parth
metal + 3 zlkali chloride at s may be poured into a transfer ap~
paratus through which protective pas is flowing (for transfer ap-
paratus see Part I, p. 75 ff., especially Fig. 54).

All the rare earth metals, in the form of powders mixed with
&lkall chloride, may be prepared by this method. In preparing Sm,
Eu or Yb metals (these elements form divalent compounds),
a lemperature of 250°C must not be excesded, since at higher
temperatures, the direction of the reaction is reversed and
SmCl;, EuCls and YbCla are formed,

CERIM METAL, S0LID
CeCl, + 5Ca = 2Ce + 3Call,
483.0 1208 2803 333.0

A ¢rucible of sintered Ca0 or dolemite is
placed in an iron tube
provided with a welded-on bottom and a screw lid, and the space
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between the crucible and the tube is filled with CaO powder. This
precaution prevents contact between the reaction mixture and the
iron wall if the crucibie should break, Since the heat of the reaction
between Ca and CeCls is not sufficlent for clean separation be
tween the meial Ingot and the slag, it is necessary to add a third’
component which produces a highly exothermic reaction with Ca,
e.g., Iz, 3, KC105 or ZnC1,.

For s tube 20 cm. high and 2.5 cm. in diameter, suitable
guantities of reactants are 200 g, of CeCly, 103 g. of I3 (mole ratio
1:CeCly = 0.825:1.0) and a 154, excess of very pure Ca powder {par-
ticles 9.3-2 mm.}. The reactants ere mixed under anhydrous con-
dition and placed in the crucible; the ironcap is filled with Ca® and
screwed on, The tube I8 placed in a furnace heated to 650-750°C,
The reaction starts suddenly when the tempersture inside the tube
Teaches 400°C. The yield of Ce metal ig 93%. The reaction may be
carried out on a larger scale, but due to amaller relative heat
loszes, only 0.5 mole of I3 per mole of CeCly and 4 104, excess
of Ca are needed. The use of sulfur or KClQa lowers the yield.
The resultant Ce metal contains 1-5§ Ca and 9.1-1% Mg.

When smaller quantities of raw materials are used, the reaction
temperature must be increased. This is done by replacing the fodine
with ZnClg (3-6% Zn, based on the amount of Ce). The product is
freed of zinc by evaporating it in vacuum. The yleid iz 90F of
Ce containing only 0.002% Za.

Any Ca, Mg or 2n which may be dissolved in the Ce is removed
by placing the product in a erucible made of MgO, Ca(l, BeO or Ta,
which in turn is pleced in a second erucible made of graphite,
This assembly is placed in a quartz tube with one end closed
and the other connected to & high-vacunm punp via a water-
cooled brass coupling. The coupling is provided with a gless
window to facilitate opficzl temperature measurement. The well-
insulated quartz tube 15 placed for 30 minutes in an lnduction
furnace heated to 1250°C. The mett Is held at this temperature for
10-15 mimites, unt!l cessation of bubbling,

This entire sequence of procedures can be used to prepare La,
Ce, Pr apd Nd in 99.9% purity. The reaction with Ca ccmvar@s
SmQls, EuCls aod ¥YbCls to the dichlorides, The pregaration of
Y fails due to the high melting point of this metal. S

1f. REDUCTICN OF THE OXIDES WiTH METALS L T

Loy

SAMARIUM METAL, SOLID SRR P

A tantalum crueible (height 20 om.,dlameter 2.5 oy covteining
a mixture of 20 g, of SmyCy and 20 g of freahly prepared La ttm:;f_ _
ings is heated for J0 minutes at 1450°C in an electric furnace nifk
pressure of 0.001 mm, The upper part of the crucible projecis
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fraam the Nrnace and is closed off with Id carrying a connection

to a Bigh-vacuum pump. The Sm i3 denosited on the cooler parts

of the crucible, The method resuits in e highly pure metal free of
: the yield is 80%.

L Pnnr Yb metal may be prepared by the same method, In e

similar preparation the La may be replaced by Ca or Al

PROPERTIES:

Atamic weight 150.35. Bilvery, sir-stable metal. More volatile
than La metal.

REFERENRCE:
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fif. EEECTROLYSHS OF FUSED CHLORIDES
LANTHANUM METAL, SOLID

The apparstus for meltelectrolysis is shown in Fig, 287, The
anode 1s a graphite crucible (inside diameter 40mm., inside height
80 mm., well thickness 5 mn,, botiom thickness 10 mm.) containing
the melt. The current is supplied through a sleeve surrounding the
bottom of the crucible; the sleeve i connected to the power supply
through an irop rod. The cathode ia a Mo rod (diameter 10 mm.,
length about 100 mep,} friction-fitted inte &n iron plpe &nd covered
oear the top with a tube of sintered corundum cemented in with &
tale—waterginss mixtore, 'The rotating eathode should be able to
agitzte the meit; the current {s syupplied via a carbon friction con-
tact. To collect the I.2 metal which is thrown off by the spinning
cathode and protect M against contact with graphite and the Cla
formed at the anode, 2 siniered alumina crueible (upper diameter
40 mm., height 30 mm.) is fitted exactly into the graphite crucible,

The furnace ls heated to 1000°C and the crucible is charged
with a salt mixture of the following composition: 27.4% LaCls,
668.0% KCl, 4.8% CaFy (3.75 g, of KCland 0,25 g, of CaF, per grem
of Laz03). It is advisable toadd indtially only a small portion of the
fluxing materiai. The mixture is allowed to melt and any NH4CL
present is ailowed ito escape; the remainder of the flux is then
added during the flrst minutes of the actual glectrolysis. The elec-
trolysis is run at 6-8 volts and 46 amp. The highest current
e'ﬂ‘h;ienclea and product yields are obtained at about 7 amp. per
cm.” and 25 amp.-hr. The cathode should rotate at a rate of
1-2 rp.8. At the end of the reaction, the current is shut
off and stirring (rotation of the cathode) is continued for a few
misutes. The crucible is then removed, aliowed to cool and broken
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to pieces, The resultant in- i
got contalns more than 99% I
Iapthanum.

With scme of the other =

rare earth metsls {Se, Gd),
it is necessary fo work below
the melting point of the metal,
In such cases the metal isde-
posited on a cathede of molten
Zn or Cd, in which the metal

dissolves, The Zn or Cd y
is wacuum-distilled from the /’
product alloy. ({1 Ny
i1 1

PROPERTIES: ’7

Atomic weight 138.92. Iron
gray, with a vivid mefallie
luster when polished; duc-
tile, malleable. Tarnishes Fig. 2B7. Preparation of lantha-
rapidly in rnoist eir. M,p. num metal, o graphite erucible;
886°C; d? 6.18. Crystal b corundum crucible; ¢ melyb-
structure: g-La, type A3 (Mg denum electrode; d iron rod; e
type); H-La, type Al {Cu coruncdum protective tube; f ther~
type). moceuple.

CERIUM METAL, SOLID

Metalllo cerium is obtained via elecirelysis of a fused mixture
of anhydrous CeCla and KCl-Na(l.

The reaction is carried ocut Ia 2 roughly cylindrical copper
vessel, with z wall thickness of 1 mm. {see Fig. 260, p. 957}, The
inside diameter iz about 2.5 om. At the top, the tube widens to an
inverted truncated cone with a base dlameter of about 8 cm. The
cathode is & carbon rod {diameter 9 mm., leagth 16 cm.) inserted
from below: up te ahout 1.5 cm. from the upper end of the cylindrical
section of the tube, the cathode is wrapped with asbestos cord; this
asbestos cord, in conjunction with the unmelted portion of the
chloride mixiure which rests on it, serves as the bottom. of the
melting pet, The anode i3 a somewhat thicker carbon rod ingerted
from above, The position of the anode may be adjusied by & height-
regulating device attached to the side of this crucibie. The elec-
trode gap is located approximately at the midheight of the conical
melting space.

For small-scsle preparstions, a thin carbor rod about 3 mm,
in dlameter and 20 mm. long is clamped between the two cathoded.
The crucible is filled with 200 g, of CeCls and 15-20 g. of KCI-NaC)
{equimolar mixture} and the crucible contents aremeited as rapidly

N
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passl current of 30-40 amp, at 12-15 voits, As soon
:: tha ::nwti;jhn: 1 consistency, the anode ls raised somewhat,
the thin tarbon rod is removed, and electrolysis i3 carried out for
sevaral hours at 700-750°C, After solidificetion the metallic ingot
= removed and remelted under KCi-NeCl In a silicon carbide

crucible.
PRGPERTIES:

Atomic welght 140,13, Iron gray, with 2 vivid metaliic luster
when polished; may be cut with a knife; somewhat harder thap lead;
ductile, malleable, M.p. 635°C; d?® 6,92, Tarnishes repidly in
moist air; burns at 166-180°C in a stream of Oa. Attacked hy
water (evolution of Ha). Crystal structure: w-Ce, type A3 (Mg
type); 3-Ce, type Al (Cu type).

Y. ELECTROLYSIS OF ALCOHOLIC CHLORIDE SOLUTIONS

The electrolysis of an alcoholic solutionof a rare earth chioride
on 3 mercury cathode (20 volts, current density 0.02 amp./em?3)
yiedds an amalgam with a rare earih metal concentration of up to
3. The mercury is removed by vaguum distillation, leaving
behind the pure rare earth meizl

REFERENCES:

L W. Klemm 2nd H, Bormmer, . anorg, allg. Chem, 231, 141
(1337); H. Bommer acd E. Hohmann, Ibid. 248, 359 (1941);
F, H, Spedding et al. Ind. Eng. Chem. 44. 553 (1852); F. H,
Spedding and A, H. Daane. J. Amer. Chem, Scc. 74, 2783
(1952); E. J. Oaslott. Ibid, 75, 5128 (1953},
IL. A. H, Daane, D. H. Dennison and ¥. H. Spedding. J. Amer.
Chem. Soc, T3, 2272 (1953); E. J. Onstott, Ibid. 77, B12 (1855).
. F. Weibke and J. Sieber, Z. Elektrochem. 45, 518 (1939); F.
Trambe. Bull'.‘ Soc. Chim. France (5) 2, 660 (1935); W.
Flscher, K. Brunger and H. Grieneisen. Z. anorg, silg. Chem,
231, 54 (1937); W. Mutbmann ef al. Liebigs Ann. 320, 242
{1901); see also Ind. Eng. Chem. 3, 880 (1911).
IV. V. B. 5. Hopkins et al. J. Amer, Chem. Soc. B7, 2185 (1935);

$6, 303 (1934); 53, 1805 (1931y; Z, anorg, allg, Chem, 211,
237 (1933).

Rare Earth Trichiorides
LaCl, (anhydrous)

L REACTION OF THE OXIDES WiTH Cly AND S5Clq

The rare earth oxide (1-2 g} is placed in @ porcelain boat and
chlerimated for about five hours in a stream of Cla-8,Cla (prepared
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by bubbling Clz through s wash bottle filled with 85C1; and standiog
in a 30-40°C water bath), The temperature Is slowly rajsed during
the process from an initial 406°C to about 20° below the melting
peint of the chloride. The chlorides deposit on the bottom as locas
powders reedy for use In further reactions.

The chiorides of Sm, Fu, Gd, Th, Dy and Y, which melt balow

TO0°C, are best prepared by dehydration of the hydrated chiorides
in a stream of HCL

{I. DEHYDRATION OF THE HYDRATED CHLORIDES N A STREAM
OF HEL

The hydrate of the rare earth ¢hlorile (3-5 p.) 1a driedina
vacuum desiccator and then heated by stages in the region of the
individual hydrate transiticn temperature while astream of oxygen-
free Np-HC! mixture is passed over it, The boat, which may be
of peorcelain, quartz, gold or platinum, is placed in a tube of
Pyrex, Vycor or quartz. The iemperature may be raised beyond
the transition reglon only when no further hydrochlorio acid con-
denses on those sections of the tube whichproject from the furnace;
if this precaution is not observed the chioride inelts in the water
of crystallization and the product then contains oxychloridea. De-
hydration is complete after 30-60 hours. Heating at 300-400°C in
8 stream of pure HC! s continued for one bour, and the product iz
allowed to cool in a stresm of Ny. The stepcocks end ground joints
which come int¢ contact with the hydrogen halides are greased with
a mixture of paraffin and paraffin oil,

The product must yield a clear sclution in water. Contami-
nation with traces of oxychloride msay be recognized by turbidity
of the agueous solutions,

HI. HEATING OF THE HYDRATED CHLORIDES WITH MH,.Cl

Dehydration of the hydreted chlorides may 2lso be schisved by
heating with an excess (1-1.5 times) of NH.Cl. The products, how-
ever, always contain small quantities of NH4ClL.

I¥. HEATING OF THE OXTDES WITH NH,Cl

A 2350-ml. guartz Erlenmeyer flask equipped with an adapter
that can be closed off with & small glass cap and canalsobe -
connected to a guartz tube (lemgth 25 om., dizmeter 3 omi) is
filled with a mixture of 60 g of the rare earth oxide and 120 g
of NH4Cl. .

The flask, tilted sbout 34° from the borizontal, in slowly
rotated around its axis and heated to 220-250°C on an.wix bath.
Evalution of NHs ceases after 6-B hours. After ashnrt;co&khg
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s closed with the glass cap while atilli warm
mm“:llf:zg tto cool completely. The cap Is then replaceg
with e quarts tube. The other end of the tube s connected {via
twg gas traps) to an oll vacuum pump. The flask 1s evacuated ang
surrounded with an electric furnace extending a few centimetera
heyond the quartz jolnt. The mixture is siowly heated to 300~-350°¢,
resulting in evolution of a small quantity of water vapor and
NHy. The excess NH,CI sublimes into the gquartz tube, To prevent
cracking of the glass connection, it is semetimes neceasary Lo cool
the oiber end of the tube with a water-cooled lead or tin t_:oii. After
4-5 hours, the mixture is allowed to cool, the fuartz tube is cleaned,
and the sublimation is repested. Complete removal ofthe last iraces
of NH,C1 is attained only at 400°C,

The method is particularly sulted io the preparation of large
quantities of product. The oil pump may be replaced by a jet ejector
if an adegquate trap filled with & drying agent is inserted in the line.

The mahove methods are sultabie for the preparation of all the
snhydrous rare earth chiorides, including that of yttrium, For the
preparation of 5¢Cls, see W. Fischer, R. Gewehr and H. Wingchen,
Z. anorg, &lig, Chem, 242, 170 (193%).

PROPERTIES:

Bygroscopic powders which give clear solutions n water and
alcobhol. The melting points drop from LaCla {(~B&8°C) to Thla
(~600°C) and rise again to LuCly {~900°C),

REFERENCEZ:

L W. Kilemm, K. Meigsel and H. YU, von Vogel. Z. anorg. allg,
Chem. 180, 123 (1930).
IL O, Honigschmid and H. Holch, Z. arorg. alig. Chem. 185, 244
(1927); 177, 94 (1928); L. Holleck. Angew, Chem. 51, 243 (1938},
DL F. Weibke and J. Sieber. 7. Elekirochem. 45, 518 (1938).
V. A. Brukl. Angew. Chem. 52, 152 (1939); J. B. Reed. J. Amer,
Chem, Soc. 57, 1159 (1935); D, H. West and B. S. Hopkins,
Iid, $7, 2185 (1935).

Rare Ecrth Tribromides

LoBr, (cnhydrous}

I DEHYDRATION OF HYDRATED BROMIDE-NH . Br MIXTURES IN
A STREAM OF HB: )

A Rydrobromic actd sotution containing six moles of NH,Br per
Meole #f the yare earth bromide 1s carefully evaporated to dryness
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on an air bath, with constant atirring toward the end of the opera~
tion. The evaporation should be carried out in a stream of COg
The crumbly salt mixture is dehydrated in a stream of HBr at
slowly lncreasing temperatures. The product must not be allowed
to melt under any circumstances! The sublimation of NHiBx staris
ai 260°C; its last traces are removed at 600°C,

Very pure tribromides are obtained hy dehydration and remsowal
of NE.Br from the LnBr; « § H50-NH Br mixture on heating in high
vacuum. For the preparstion of ScBra, 5ee W, Fischer, R. Gewehr
and H, Wingchen, Z. anorg. allg. Chem, 242, 170 {193%9).

[l. TREATMENT OF THE ANHYDROUS CHLORIDES WITH HB:

The anhydrous rare earth chloride (1-2g.) is heated 1n & stream
of {IBr for about seven hours. The temperature iz slowly ralsed
from 400°C io slghily below the melting point of the bromide,

FROPERTIES:

Hygroscepic powders. The melting points rise with atomio
weight from SmBry (~628°C) to ErBry {(~550"C).

REFERERCEE:

I. G. Janisch et al. Z. anorg. ailg. Chem, 207, 361 (1932):
G. Jantsch and N. Skalla. Ibid. 201, 213 (1931).

II. W. Klemm and J. Rockstroh. Z, anorg. alig. Chem, 176, 189
(1928},

Rare Earth Triiedides
Laly [onhydrous)

. DEAYDRATION OF HYDRATED JODIDE-NH4] MIXTURES IN A
STREAM OF HI-Hz

A mixture of one mole of Lnlks 8 Hz0O and six moles of NH4I is
neated in a stream of HI + By mixture with a moderate HI conces-
tration. Under no circumstences should the temperature be raised -
at a rate fast enough to melt or sinter the product during the .
dehydration, Because the product is extremely sensiiive to Qaaul %
molsture, great care must be exercised in purifying t.he-gugaﬁw‘;
Qince the last traces of NH.I sublime only at high temperatwzams  J¥
the mixture is heated to 600°C during the last stage. When >
dehydretion 1s complete, the HI 13 flushed out with ¥z The iodj.ﬁtﬂi
ere stored under N : S

This method is :.uitahle for the fodides of La, Pr and NdJ *ﬂt} -
ever, Smils is usually contaminated with seme Smla, Whieh:
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limination of the NHLL This i3 done
R b S e xestng 31 with oine vapos
Agada, under the conditions of this method, Euly decomposes to
Bul, and iodine. Because of their tendency tohydrolyze, the iodides
of the rare earth metals which are less electropositive than Fy
can be prepared only from the anhydrous chlorides. The same

applies to Cel,.

0. REACTION OF THE ANHYDROUS CHLORIDES WITH MIXTURES
oF MW - Ha

The anhydrous rare earth chloride is heated for 4-6 hours until
&00°C is reached: itis thenheld atthis temperature for 30-40 hoyrs
in a stream of HI-Hg containing a5 much HI as possible. The iodides
are cocled and stored under Ng.

Specia! care must be exercised with the lower-melting chlorides,
since the chlerides no longer react with the HI when enveloped in

lodide.
PROPERTIES:

Hygroscopic powders. The melting points drop from Lal,
{(~761°C) to Prla (~733°C) and rise again to Luls (~ 1045°C).

REFERENLCES:

L G. Jantzch et al. 7. anorg. allg. Chem. 185, 56 {1930);
E. Hohmanr and H. Bommer. Ihid. 248, 384 (1841).

IL G. Jantsch et al. Z. anorg. allg. Chem, 201, 207 (1332); 207,
Jp3 (1932); 212, 55 (1933); E. Hohmanp and H. Bommer,
Thid. 284, 383 (1941),

Rare Earth Dikalides
LoX. lanhydrous)

The tribalides of Sm, Eu and Yb are converied to the dihalides
by beating In a stream of carefully purified Hz. The temperature
should not be raised as high as the meltipg point of the trihalide,
since the molten compounds react either slowly or not at ail with

Ha.

All the dichlorides, dibromides and dijedides of Sm, Eu and Yh
€an be prepared by this method, Note that Eul, is formed under
the conditlons given for the preparation of the trilodides {method
1), Thermal degradation of Ybl, in high vacuum is the preferakle
maeihod for obtatning YhI.,
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REFERENCES:
W. Prandtl and H. Kégl. Z. anorg. allg. Chem. 172, 265 (1928);
G. Jantsch, H, Rupnig and W, Runge., Ibid, 161, 210 (1927});

W. Kapfenberger. Ibid, 238, 281 (1938); G. Jaotsch, N. Skal
and H, Jawurek, Thid, 201, 218 (1931),

Cerivemn (I} Oxide
Cey0,

Reduction of CeOg ln a atream of Ha iy {he best methed, It is
carried out in a silicon carbide boat, The Hy must be carefully
purified {free of oxygen} anddried. Verypure CeQp (3 g.) prepared
as described on p, 1133, reguires about 80 hours at 1000°C (or 45
hours at 1100°C) for complete reduction. Traces of La and HA
moderately increase the rate of reduction, while Pr and Tb do
so markedly, The reduction is complete when the blue-black color
of the partially reduced intermediates chenges to the pure golden
yellow of Ce;0a. .

FROPERTIES:

Golden yellow {greenish yellow products are incompletely re-
duced); converts slowly in air to Celdy; rapld conversion, acoon:-
panted by a glow, on slight heating. Readily soluble in acids. d
(x-ray} 6.856. Crystal structure: type D5, {A-sesquioxide type).

REFERENCES:
e
E. Friederich and L. Bittlg. 2. anorg. ailg. Chem. 134, 316 (132
145, 127 (1925); W. Zachariasen, Z. phys. Chem. 123, 134
(1926); G, Brauer and U, Holtschmidt. Z. anorg. allg, Ohera
265, 105 (1951); U. Holtschmidt, Thesis, Freiburgi. Br., 19
G. Brauer and U, Holischmidt. Z. anorg. allg. Chem,-279; 128
(1955); D. J. M. Bevan. J. Inorg. Nuclear Chem. 1, 49 (1958,

Prasecodymium {IV] Oxide o wm

Pri),

At 400°C, prasecdymium oxide preparations achieve & oo " ¥
tion corresponding to PrQg only under an D;__preﬂ____aurﬁ of 2 ¥
However, at 300*C, only 50 atm. of Oy suffices. \Tha oxdd
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PrsOy is carried out in the quartz tube shown
in Fig. 288, The Og Is generated by the de-
gomposition of & weighed emount of NaGiO,
In the sealed tube, The amount of chlorate
used Is csleulated beforehand to yield an
O, pressure of 50 atm. in the sealed tube,
After the NaClOs is decomposed by local
heating, the entire tube is heated to 300°0

for 48 hours.

PROPERTIES:

Ha €5ty Dark brown powder, easily reduced by Hy

8 A b to PrgQ0s. Crystal atrucmre_a: typ_e (_31 {Ca¥Fy

type). Measurements of the dissociationpres-

Fig. 288. Quartz gure of Oz indicate that the Pr-O system

tube for ocxidation contains additionzl stable phases with com-

of prasecdymium positions of PrO; s Py, aonand Proy gsa.
axide.

REFERENCES:

J. D. McCullough. J. Amer. Chem. Scc, 72, 1386 {1850); W. Simon
snd L. Eyring. Ibid, 76, 5872 {1854}; R. E. Ferguson, E. D.
Guth and L. Eyring. Ibid. 76, 3890 (31854).

Rare Earth Hydroxides
Lo{OH), [crystailine)

Crystalline trihydroxides Ln{OH)y; of the lanthenides (at least
those ranging from La to Er) and of ¥ are prepared by heating the
hydroxides under conc. (7N} NaOH: A solution of 2 g. of the nitrate
in 2 ml, of water is added to a silver crucible containing a solution
of T g of NaOH ir 7 ml. of weter. The crucible, covered with e
silver lid, fits precisely into a pregsure tube closed off with e
screwed-on cap. The tube is heated for 25 hours at 200°C. The
mixture is cooled, the clear supernatant is sipboned off, and the
product is washed several times (by decantation} with COp-free
water; it is then washed on a filter crucible in the absence of COa
and dried by suction, Final drying s achieved by storing the prod-
uct for 24 bours over cone, HoS04 in 8 vacuum desiccator.

PROPERTIEN:

Trapeparent, hexagonal prisms, Solubllity in cone. NaOH Iln-
ereases with the atomic number, The dehydration passes through
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an intermediate stage, MO(OH), in which the compounds have the
PoFCI structure. La(OH)a has UG, structure,

REFERENCES:
R. Fricke and A, Seitz, Z. auorg. allg. Chem. 254, 107 (1947); R.

Roy and H. A, MecKinstry. Acta Cryataliogr. (Copenbage
365 {1953). g (Cope &

Lanthanum Sulfide

La.5,
2L, + 3H,S = La,8, + 6HC!
480.6 L) a14.0 B8

Anhydrous LaCly Is heated in 2 stream of pure H.S. The tem-
perature is meaintzined at S00-800°C for several hours, followed
by heating at 600-780°C overnight, Prior to use, the HgS is dried
over CaClg and P,0s, liguefied af —78°C {see p. 344 #.) and evap-
orated from the liquid [A. S5imon, Ber. disch. chem. Ges, 60,
588 {1927} and this Handbook, Part I, p. 46 ££] at a flow rate
of one bubble per second. The intermediate product is then heated
to BOG-1000°C for several hours znd sllowed to cool in a stream
of H S. .

Tai-?is method is suitahle for &l! the rare earth sulifides, including
these of 3¢ and Y.

LagfSOJs + 12HS = LaSy + 125 + 12HO
584.0 408.0 arg.a 3848 2162

The recrystzilized sulfate hydrates may also serve as starting
materials, Except for the fact thal the decompositiontemperatures
of the dehydrated sulfates {given by Brill; see references beloy)
are different, the procedure is simflar to that given above for {he
chiorides. In this ocase, however, the products are ususlly con-
taminated with varizble amounts of LnaO 55, .

Under these conditions ¥a{SO 4)a and Era{S04)s form LngO58
exclusively. It iz also possible to prepare Les0.S by reduction of
La {80 g}a with Hy at 860°C. "

I the treatment with HoS is carried out al & lower tempérsa
{580~-600°C), the sulfates of La, Ce and Pr form polys

LngS4, which decompose above 600°C to LngSs and 5.

The anhydrous rare earth sulfates start to decompose above -

600°C, yielding the basic sulfates InaOs + SO, whose ﬂ!!&m:rl'_i—
po&ition{emparatures decrease from La (1150°C) te Yb @W?W-

SER LT



PROPENTIES:
Light yellow to light orange, opaque, hexagoral prizms, Jd3%
436

REFERENCES:
L W. Xlemm, K. Meisel and H. U. von Vogel. 2. anorg: allg,

Chem. 190, 128 {1930).
IL O. Bril. Z, anorg. ailg. Chem, £7, 464 (1905); W. Blitz. Ibid,
71, 424 (1911); Ber, dtsch. chem. Ges. 41, 3341 (1908).

Lanthanum Selenides

LasSes, La.Se,
La.0, + 3HSe = La.Se;, + 3H 0
3358 2429 5id.7 ad.0

I. Both LaSe; and LazSe, are prepared hy high-temperature
reaction of the oxide or chloride with H Se.

A boat with Las0s is placed inside a quartz tube surrounded by
an electric furnace. Severzl boats coataining Se are placed ahesd
of the oxide and heated with Bunsen burners to z temperature
at which the Se slowly evaporates. A stream of carefully purified
H, is passed through the quartz tube. After {reatment for about
five hours, during which the temperature of the Lap,0s is slowiy
raised from 600 to 1000°C, LagSe, is obtained in quantitative yield.

Heating the polyselenide for 30-60 minutes in high vacuum at
600-800°C yields La.Ses. This operation must be carried out in 2
porcelain or corundwmn boat, since quartz reacts to form the rare
earth oxide and SjiSe;.

The same procedure is used for CegSe, and Prg3es. However,
Nd yields only NdjSes.s. The other rare earths do not form poly-
selenides. The sesquiselenides of these elements are best prepared
by treating the rare earth chlorides with HSe:

21a + 35e = LagSe;
2778 it N 3147

L. Synthesis from the eiements by heating a stoichiometric mixture

in a silicon carbide crucible held in an evacuated, zealed quartz

FPROPERTIES:

LagSes: Brlcknx;gg. Insoluble in both cold and boiling water;
viclestly evolves in dilute acids; decomposes stightly after
seversl days 1o moist alr, d%° 6,19, P i
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REFERENCES:

I and II: W. Klemm and A. Xoczy. Z. anorg, allg. Chem. 233, 84
{1837); A, Koczy. Thesis, Danzlg, 1936,

La, Ca, Pr and Md Monochalcogenides
LaS, LnSe, LuTe

These compounds are prepared by synthesis from the elementa.
The rare earth metsl powder, as pure as possible, 18 placed in one
of the arms of an L~shaped glass tube. The other arm containg the
stoichiometric guantity of S, Se or Te (1:iratio). The tube is melt~
sealed in vzcuum and hested in an electric furnece until the non-
metal is completely consumed, The temperzture should reach
400-46G"C by the end of 2-3 days. Powder pattern anslysis of the
products indicates the formation of nonhomogeneous materiala
containing ImaXs and LngXy, Wt not LnX, which starta to form
at 10¢0-1109°C,

For this reason, the samples obtained at the lower temperatura
are compressed {10 tons/em.® to cylindrical tablets in an atmos—
phere of COy and sealed (under vacuum) in quariz tubes. The
matertal is then slowly heated to 1000°C In an eleciric furnace
{to 1180°C in the case of the tellurides). The products are
§9.2~95.5% pure.

In addition, CeS may be prepared by heating CesS, to 2200°C
with & small excess of CeH,; an evacuated molybdenum container
is used.

PROPERTIES:

The monosulfides of Le, Ce, Pr and Nd are greenish yellow,
the monoselenides reddish yellow, the monotellurides blue viclet.
The sulfides decompose in moist air to form HyS. Crystal struc-
ture: type R1 {(NaCl type). _

REFERENCES: S mae

A. Jandelll. Gazz, Chim. Ttal, 85, 861 (1955); E. Q. Eastmnn L.
Brewer, L. A. Bromley, P. . W. Gilles and L. N. Lofgren. .‘I.
Amer. Chem. Soc. 72, 2249 {1950).

Tl ﬂll%
- -f)ru. 'I-— %

Europium {li] Chalcogerides T
EuS, EuSe, EuTe DT on,

EuCl + § (Se;Te} + He = EuS (EuSe; EuTe) + 2HCL

L

&

2088 92.1(70.0;127.8F 20 184.0 {230.9; 274.5) T2 L :_:

A mixture of EuCl, with a ssveralfold excess of 3, Se.op ‘Bevdg,
heated for several hours to 600°C in a fast stream of pwiﬂml;ﬁ’m

».-14

[
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Thais produces the desired chalcogenides. TheS,Seor Te in exvess
of the desired composition ls removed by heating for a few hours
more at 530°C in the stream of Hy.

Europium also forms an oxide, BEuQ, which may be prepared by

weating EuyOs with La or G,

PROPE RTIES:

EuQ: dark red or blue depending on the conditlons of prepara-
tiop: d 7.7. EuS: blug black; d 5.7. EuSe: brown black; d &.4.
EuTe: black, metailic appearance. All the Eu {II) chalcogenides

crystallize in type Bl.
REFERENCES:

Ww. Klemm and H. Senff. Z. anorg. allg. Chem. 241, 268 (1939);
H. A. Eick, N. C. Baenziger and 1. Eyring, J. Amer. Cherm,
Soc. 78, 5147 (1956); M, Guittard and A. Benacerraf, Comgptes
Rendus Hebd. Séances Acad. Sci. 248, 2589 {1959); L. Domange,
J. Flahaut and M. Guittard. Ihid, 248, 697 {185%); 4. C.
Achard. Ibid, 250, 3025 (1960).

Rare Earth Sulfates
Ln,l:Sﬂ.}; ' !'IH;G

The oxide {0.3 g.} is dissolved in 20 ml. of hot 6N Hz8C4. The
solution is filtered and allowed to crystallize over conc. HaS0, in
a vacuum desiccator. The proguct is fitiered through fritted por-
celain, washed twice with 10 ml, of water and once with 10 ml. of
ethano], and dried in air for four hours.

The product obtalned from La by this procedure is Lag(S50a)a ¢
$HO and from ¥bh it is ¥bga{S804}a - 11 H0. The remaining rare
earths and yitrium yield octzhydrates.

Cerium sulfate, Cey{S04); * 5H50, is prepared by heating 3 g
of the chloride with § ml. of conc. HoSG, until a1l the hydrogen
chloride has been removed. Then 20 mi. of water is added and the
product is allowed to crystallize in a desiceator.

Alternate method: A neutral or slightly zcid solutionof the sul-
fate ip treated with about 3/4 of its volume of ethanol. The suliates
may thus be isolated repidly and quantitatively, without the
evaporation stage,

Aphydrous rare earth sulfates may be prepared by de atien
of ihe hydraies at 400-800°C, TheJ;amg ]fx?ocedu:l; Omo be

weed with the acid sulfates obtained evaporating the chlorides
wilh conc. H-80,. by evap 06
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PROPERTIES:

The rare earth sulfates usually crystallize es octabydrates,
The aphydrous sulfates are formed in the range of 155 to 295°C; §f
the dehydration is carried out carefully, it is sometimes poasible

to detect intermediate stages, such as peatahydrates (Pr, N&, Er}
and dihydrates (La, Ce, Nd, Yh).

REFERENCES:

W. W. Wendlandt. J, Inerg. Nuclear Chem. 7, 51 (1958); W. Biltz,

Z. anorg. Chem. 17, 437 (1911)}; O. Brill, Z, anal. Chem.
47, 464 {1505),

Rare Earth Nitrides

LaN

Rare earth nitrides may he prepsred by heating the metal in
& stream of Ny or NHa, or by raeaction of the chloride sits NHa.
The preparation of LaN by the first method Is given as an exampie.

LANTHANUM NITRIDE, LaN ¥

Lanthanum filings {seversl hundred milligrams), prepared from
the metal in a stream of N, are freed of iron with & magnet and
heated In 2 molybdenum hoat placed in & stream of purified Na.
The azotization reguires 2-4 bours at 760°C, I-2 houra at 200"C.

The nitrides of Ce, Pr, Nd, Sm, Eu and Yh may be prepared by
a basically similar method,

PROPERTINS:

Biack powder; evolves NHp in maist afr, Crystel sthucture;
type B1 (NaCl type).

REFERENCES:

8. Neumann, C. Krdger and H, Haekler. Z.sanorg. allg. Chem. 207,

148 (1932); W, Muthmann and H, Kraft, Lieblgs Ann. 325, 274 . -

1962); A. Jandelll and E. Bottl, Atti R, Acad. Naz. L L
%lend. (6] 25, 129 (1937); R. A. Young snd W. T, Ziegler.
J. Amer. Chem, Soca. T4, 5251 (1952); H. A. Elck, N. C.

Baenziger and L. Eyring. Thid. 78, 5987 {1956}; B. M, Ormont
and E. V. Balabanovich, Russian Patent 51,424, Cheni
Zentr. 1938, T1, 573; W. Klemm and G, Winkelmann. Zmaa:g}

=
allg. Chem, 288, 87 {195€). WA
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Rare Earth Mitrates

La{NO,): (anhydrous;
LG, = N0, = 2La{NOy), + 3N

A pitrates of the rare earths may be oblained from
ke oxides by heating with NH4NOa or, better, by treatment with
liquid N304 However, NA{NQs}a can be prepared only from NdzO,
and NgOa; hesting Nd O3 with NH4NOs yields NA(NOa)a + NH.NO,,

The apparatus for the preparation from the oxides and NaQ, is
shown in Fig. 289. Drying tower a, filled with P;0s, 15 connected
to storage bottle ¢ through a vacuum-type stopcock b. A mercury
mapometer, which serves as a safety valve, is attached at f, and
a McLeod gage is connected to g via a cold trap. The 150-ml,
steel bomb h is equipped with a needle valve atf the top and a
square thread screw at the bottom; the later is for the introduction
of the dry oxide (about 2 g.) and removal of the reaction preduct.
The bottom neck of the bomb and the corresponding surface of the
screw bead bave machined seats for & lead O-ring. Lead packing
may also be used at the junction of the bomb and the needle valve,
Thi metal and glass tubes are connected at i by means of a cement
sea]l (for example, Glyptal). Two stopcocks, ¢ and 4, and a cold
trap &k complete the sysiem.

Fig. 289. Preparation of anhy-

drous rare earth nitrates, o dry-

ing tower; b, ¢, d vacuum-type

stopcocks; f, g connections to

mancmeters; k steel bomb; k cold
trap,

The apparatus i3 evacusted through 1 to ebout 0.02 mm. Stop-
¢ack ¢ 18 closed and about 30 ml. of tiguld Na04 is condensed ;pf
by eooling with liguid N, Then ¢ is opened, b and 4 are closed,
and the N0, is distilled into the steel bomb A {40°C water bath
& ¢, cooling with liquid N, et h), The needle valve is cloged and
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the bomb disconnected at i. A steel jacket is screwed on B
bormb 15 heated for 24 houss gt 130G, atiar cogllng. The éﬁ"ﬁ
removed (vacuum) vie a system of drying towers filked wieh
Mg{C10s)s and eollected in a trap cooled with Dry lce-aéatcnd.
L ‘1"hcei I?St h;afef of N4O4 are removed by heating the prodist

& drying pistol at 137°C {boil lena).
are obtained in 100% yield. (holling x ) Very pure nitratga

Up to now, this method has been used for the preparation of
the nitrates of Y, La, Pr, Nd, Sm and Gd. Fer the preparation of
{NHq)2Ce{NOgj)s, see G. F. Smith, V. R. Sullivan and G, Frank,

Ind. Eng. Chem., Anal, Edit, 8, 449 {1936), as well as p. 1133 f, of
this Handbook,

PROFERTIES:

Loose powders; iorm clear selutions with water and ethanol
{very excthermic process). The nitrate colors differ onty slightly
from those of the corresponding anhydrous chlerides.

AEFERENCE:

T. Moeller and V. D Aftandiiian. J. Amer, Chem. Soc. T8, 5249
{1954); T. Moeller, V. D. Aftandilian and G. W. Cullen in: ‘W,
C. Ferpelius, Inorg, Syntheses, Vol. ¥, New York-Londow,
1957, pp. 37-42; L. F. Audrieth, E, E. Jukkols, R. E. Meints -
and B, 5. Hopkins. J. Amer. Chem. Soc. 53, 1807 (1931).

Rare Earth Cyclopentadienides

B

LE{C;'H!}: . e el
L3
LnCly + 3NaGHy = Ln(CiHgls + 3NaCl e %

The anhydrous rare earth chloride, in tetrahydrofuran solutiop,. -
is treated (stirrieg) with the stoichiometric guantity of -¢cyplam 3
pentadienylsodium, The solvent is then rgmoved by dié*, atign
and the product is sublimed at 200-250°C in vacuum {107 m

Up to now, only the tricyclopentadienides of Se, Y. La, Ce,.,
Nd, 8m and Gd have been prepared, -

RN

PROPERTIES: =:'. Sod

Crystalline compounds; begin to decompose abovh. 4
Iusoigfe in hydrocarbons, soluble  in- ts_t;*ahy&rom.
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. pecompose in water to cyclopentadiene
amd U Nydroxide. Quite stable in air, with the exception of
CC 1 H,)s.

BEFERENCE:
G. Wikinson and J. M. Birmingham, J. Amer. Chem. So¢, 76,

6210 (1954).
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Titanium
Ti

Due to its great affinlty for a large number of elements, the
preparation of titanium peses coneiderable difficuities. In pac-
ticular, N, € and Q dissclve to an appreciable extent in the
metallic phase, and cause cold-shoriness even wher present in
minute quantities. They cannot be removed elther chemically or
by sinfering or melting In high vacuum, (onseguently, the rel-
atively easy conversion of TiO, with Ca {method I balow) yields
only 98% pure metal, even under conditions whers the highegt
purity of apparetus and rew materizle Is meintained. -

Pure metal that iz ductile while cold ¢an therefore be pres
pared only by methods which use halides as the starting materiala.
However, these procedures, which are besed on the reactions
K TIF, (or Ne;TiFg} + Na (methed II or TiCl, + Na {method IH
balow), suffer from the drawback thei the deposited metsl e
usually perous or flaky, which leads to reoxidation during the
removel of the alkali halide by-product; it 1e therefore used cnly
as 2 crude starting material for the purification process. Never-
theless, careful adberence {o a number of precautionary measures
permits the preparation, even by these methods, of pure metal
which car be cold-worked. The Kroll magnesium process (mathod
IV}, which utilizes the reaciion hatweem:: ;I‘iCl., and Mg, 1s used at
present both in the laboratery and in industiry, -

The highest purity (0.03% C sod ~0.006% Nj is attained via
the elegant recovery process of van Arkel and de Boer {method ¥

below), This is bhased on the thermel Secomposition of t;l‘taniun;i

iodide at 1100-1500°C, s T
St

[. PREPARATION OF CRUDE METAL IR
FROM THE OXIDE AND CALCTUM i L
Ti0, + 2Ca = Ti + 2Ca0 . T

88 02 47§l e @

When only orude starting metsl for the Tefining |
desired, the preparetion may be slmptifled dfid carried
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made of two steel sections welded together. Section i
:&:“;:e of larger dlameter) consists of a tube of type 3041,
staialegs ar low-csrbon steel with a welded-on boltom. A wal]
thicdmess of 1 mm,. is sufficlent If the tuhe diameter does not
exceed 45 mm. This section is annealed at 1000°C in moist H,
(for more efficient removal of the P and C preaent)., A second,
crucible-1tke section, 40-60 mm. long, of exactly the same
shape apd precisely fitting intc the firat section {in such a way
that the two sections telezcoped together make up a vessel closed
on all sides), is charged with the starting materizis and forced
as far as possible Into the first secticn In order to reduce the
air space inside to the minfmum and to give the tightest poaaible
seal between the two walls. If this is done, then the rims of the
two tubes may be welded together without & welding rod; the
lower section of the tube, that is, the gsectlon encompassing the
charge, is cooled In water during the welding operation. One can
aveid, to a large extent, the penefration of the welding gases into
the bomb efther by extending the sealing surizce between the two
tubes {that I3, by using lenger tubes for an ldentical charge},
or by crimping the upper rim of the ouler ¢rucible around the
inmer one. AE an explosion protection, and to provide a baclup
to strengthen the bomb walls, a closely filling external tube or
jacket, made of the seme materizl and open at both ends, should
surround the bomb. Scallng of the bomb may be prevented by
preheating the latter inside a porcelain tube in a siream of Hy;
if the heating must be carried out In elr, a coat of aluminum-
bronze paint will prevent too rapid oxidation of the tube,

Followicg the reaction (see description below) the bomb is
allowed to cool completely before being sawed open. 'The sawing
should not introduce any iron fillngs intc the product (avoid
tilting the bomb during sawing or cuttipg 2t an apgle). The re-
action product can usually be loosened by gentle tapping with a
bammer while the tube is clamped in a vise, Alternatively, the
crucible may be sawed open along its length and the steel jacket
la hust peeled off,

Only Si-free, weli-dried Ti0O; starting meterial should be used,
to avoid formation of silicon or silicides. K this preceation is
not taken, these impuriiles zre carried over in the subsequent
reficlug process and are incorporated into the titanium ingot.
Furthermore, the reduction should he carrled out only with
distilled Ca: addition of distilled Na is advantageous. Thus, the
Peduction of 25 g. of Ti(; with a mixture of 40 g, of Ca and 20 g
of Nz yields about 13 g. of crude Ti (with a metal content of abott
0%} Heatlng for 20 minytes at 1000°C suffices for complete
meduction. After cooling and opening the tube, the contents are
fromnd to pea eize and leached with aleohol, water and incress-
Ingly concenirated portions of hydrochioric acic, The residue
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ls washed free of chloride, the
and the product is dried at 1000, water 18 removed with aleohol,

‘The preparation of titanium thet 15 malleshle whenhot (=200°C)
by this process is deseribed by Kroll., Pure Ti0, (770 g,}, turnings
of distilled Ca (770 g,), aad fused and pulverized CaCly/BaCl,
{760 &./250 g.) mre mixed and pressed into briqueta, which apa
allowed to react under 99.2% Ar in an electric furnace at > 700°C,
The additlon of the salts is necessary to moderate the reaction
and, above all, to prevent the formation of CaTjOg, 8 product
which dees not resct with Ca even on repeated reduction, The use
of CaHy, in the second reduction hes proved ugeful, since the
powdery hydride mixes very readily with the other reactants
while the nascent Hg it evolves is a powerful reducing agent,
Thus, 348 g. of Ti (from the first reduction stage) + 400 g, of
CaCly/BaCly (3:1) + 50 g. of Ca + 50 g, of Call, gave a yleld
of 337 g. of metsl after heating for one hour at 1000°C under
99,6% Ar., The very well-sintered product iz crushed and waghed
with water and concenirated hydrochloric acid, yielding falrly
homogeneous granules,

The origieal reference covers the constructional details of
the furnace.

With sufficiently small Inputs (20-30 g. of Ti0g) the second
reduction may also be carried out in the welded bomb and withowut
the additlon of CsHg; the temperature should then be 100G°C
(see zlso the procedure for Th, method I},

As in the preparation of the rare eerth metals {F. H, Spedding
at al,, Ind, Eng. Chem. 44, 553 (1952}] the addition of free lodine
to the reduction mixture is recommended, since the large heat
of formation of Cal, faciiitates fusion of the metal.

iIl. PREPARATION OF CRUDE METAL
FROM FLUORIDES AND SODIUM

NaTiF; + 4Ne = Ti + 6NaF

20178 920 474 2580
o K.TiF, + 4Na = Ti + 8KF + 4NaF _
240,1 gz0 4TS L1632 168.0 T

The fluorotitanstes are prepered by dissolving pure “Ti0 5 dnk
an excess of warm 20-40% hydrofluoric acid, treating the mbduse
with a stolchiometric guantity of NaOH or KOH, evaporating the
solution without overheating (at 40-60°C) until aaturation, and
allowing the product to crystailize, In the cage of the polasalum
aslt, the product is the monohydrate; it is readily recrystaliizad
from water, Heating of the gir-dried product f:sr two days.at
35°C readily ylelds the anhydride, whichinair at 500°C decomposes -
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oxyfluoride. The NazTiFg crystallizes aiready as the ap-
Nl salt and may be obtained in 99.9% pu:rity by repeated
precipitation with aloohol from aguecus solution. The smaj]
amount of water remaining in the product after dryingin air
is Qjfficult to remove by heating without causing partial hydrolytic
decomposition [H. Ginsherg and G. Holder, Z. anorg, allg. Chem,
190, €07 (1930); 196, 188 (1981); 201, 198 {1831}; 204, 225 {1932)),

The NagTiFg, in portions of up to 1kg.. may be readily reduced
with 3 10% excess of Na Ina bomb. The sodium 18 cut tnto smagl)
cubes and mixed with the hexafluorotitanate. After f{illing, the
bomb is welded as in method 1 and heated to 1000°C. Tt is im-
perative that the fluoride be absolutely dry, otherwise an explosion
tnay OCCur.

When K-TIFa i5 used in ke same process, a Na excess of
only 1% is used, to prevent the formation of too much K, which
may cause ignition of the mixture upon opening of the tube.

The one great disadvantage of this process is the fact that
removal of the fuorine from the product requires very long
boiling with large quantities of water. Direct waahing of the
fluerine-containing reaction mass with hydrochloric acid i= not
feasible, since the alkali fluorides react wilh the zcid to form
hydrofluoric acid, which dissolvea the fitanium metal, On the
other hand, boiling with water results in considerable oxidation:
the Ti thus produced may contain more than 204, of the oxide, After
the treatment with water, the metal is boiled a few times with
aqueons sodium hydroxide and is then ireated with cold, dilute
bydrochloric acid (too much T1 goes into solution with warm acid).

HI. PREPARATION GF CRUDE METAL
FROM CELORIDE AND SO

TiCl, + 4Ma = Ti + 4NaCl
188.7 we 479 235.8

I the reagent quantities are small, the welded steel bomb
described in method ! can be used, The temperatures must be
very high (to start the reaction, the bomb must be red-hot)
and thus the TiCl, vapor pressure is very high. Larper quantities
(300 g. of TiCl, + 245 g of Na) must therefore be heated in 2
thick-wali steel bomb, the lid of which 13 sealed on with a copper
gasket and secured with a keavy screwed-on Cap,

The TiClg pressure in the bomb can he kept low by one of two
methoda: 4) the starting temperature of the reaction msy be
lowered by the addition of a tablet of KCIOs~Na; the smail amount
:': Oxygen introduced is not detrimental provided only crude metal

desired; b) the reaction tube may he constructed in such a way

that there exists z temperature \s
heated to 700-800°C, Pe gradient and only the sodium
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If the amount of stariing material is not
of reaction developed in tha%mcess is suﬁicie;?t:?aﬁg:emf::f
ing of the metal; the heat may evenbe suffictent for partial melting
of the charge. The product titanium is first washed with alcobol
to remove the extess sodium, then with water to remove salts,
and finally with dilute hydvochloric actd, After repeated washing
with water, alcohol amd ether, the metal is dried in a vacuum
desiccator, Assuming the above-mentioned charge of 500 g of
TiCly, the product consists of about 31.5 g. of half-fuded meta}
end 4.5 g of fine powder, as well as 71 g, of lumps and grains
whose Ti content ranges between 96and 99,59, The powder fraction
oxidizes gquite readily.

This metal i3 much betier suited &s crude Ti for the refining
procezs than the product obtained from the hexaflnorotitanate.

In the industrial Degussa procees, 46 kg. of Na is heated to
700-306°C. Then, 85 kg. of TiCly is piped onto & layer of molten
KC1/NaCl {15/15 kg.) situated below the Na. The resultzni metal
conslsts of 989 Ti end 2% Fe,

IV, KROLL MAGNESIUM FPROCESS

TiCl, + 2Mg = Ti + 2MgCh,
1887 488 475 190.4

A} PREPARATION OF THE METAL

Mapnesium works just as well in the reduction of TiCl, as
sodium: in addition, commercial magnesium is already very
pure and may be handled in air without speclal precautions.
Thus, magnesium is the preferred reducing agent,

The reduction gpperatus Is shewn in Fig. £290.

Since titanlum aftacks iron at high temperatures, the entire
reaction zone of the crucibie must be lined with a4 1.5-mm,-thick
sheet of molybdenum. Although molten Ti also adheres to molyb-
denum, the two metals can iater ba peparatedon a lathe. The TiCl,
itself does not react at high temperatures with either Fe or Mo;
the only precsution necessary i to keep all iron paris inside the
furnace oxide-fres,

The reaction crucible &, ined with molybdenum sheet ¢, is
charged with 360 g. of very pure Mg blocks {the Mg metal surfaces
are precleaned with & file), The adapter cover e, which wrig
the dropping funnel m and the Ca electrodes, 1s put in place &nd
entire system is evacuated to 0.1 mm. Verypure Ar is intrb m!!ﬁ&&_ 3
and an electric are is struck and maintained for 10 min, between
the two Ca electrodes o; the resultant Ca vepor serves fatsh;
scavenger for molsture and impurity gases. Fisal d:;;rmgf ;m
AT 15 achieved by dropwise additlon of a small guantity 1a
from the small dropping fumnel m.
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Fig. 290. Preparation of ti-
tanium metal from tltenium
(Iv) chloride and magnesium,
#} chrome-nickel alloy outer
container {Inconel, Nichrome,
or other similar alloys may
be used); b) iron crucible;
molyhdenum lining; 4} fron-
plate lid; ) adapler cover;
ft cooling chambers; g) cool-
ing colils ({lead); &} vacuum
line; i) rubber balloon for Ar;
&) rubber connections and
seals; /) iron inlet tube for
TiCly; m} dropping funnel
with TiCl4; n) electrodes; o)
calelom rods; p) glass adspter
for a sight glass;q} stopcocks;
r) storage bottle with TIClg;
y) CaCla tube,

When the alloy contziper ¢ reaches a temperature of about
700°C, 500 ml. of TiCl, is slowly added to the reaction chamber
from toe storage bottle r. The addition rate is such thatl it takes
1.5 hours to agd all of the TiCl,. The temperature, which rises
to about 1050°C, should be precisely controlled during the entire
addition, The remaining 150 ml. of TiCl,; isthen added very slowly
over a period of 0.5 hour, the temperature being gradually raised
above the wiling point of Mg (to & maximum of 1180°C).

The molten Mg creeps over the surface of the nascent clumps
of Ti, thus constantly contacting fresh TICle. In the process
small quantities of Mg and MgCla are occiuded in the Tis the
fival heating of the iron crucible to above the boiling point of
Mg i» Intended to counteract this phenomenon,

The progress of the reaction may be observed through the
quartz window eet in adapter p, H the rate of addition of TICl, 18
ook precisely conirolled, the inlet tube ! meay become plugged
with Tl spenge.
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after cooling in argon, the cruclble 15 fyll
. of large
of light Ti metal emhedded in white MgClz crystals, Th:l:li‘tﬁ
countzins extremely finely divided Mg and MgCly; however, no
Migt:rtlhal%lm]: is ffurrfiig; This masa is removed from the cruu’lble
W e Neip of a lathe, cuiting as far ag
ike pieces of Tl are he . troae e intngy

1d =0 firmly in the surrounding M that
n?etal turnings can be produced without any difficulty. T%i:?e ars
first wvery carefully leached with water, and are then treated

with an excess of dilute HCl. Decantation ylelds about 1% of the
product in colloidal form. The smaller turnings are wei-ground
in & ball mill and worked up separately, They ere unsultable for
the production of ductlle T!{, The coarger pieces are crushed
to 10-12 U, 8. meshsize, and this coarse metal powder ia rewashed,
separated from ihe fines, and etched with hot hydrochloric acld
{1:3) until the acld becomes deep violet, The acid treatment ia
necessary because the crushing cperation oxidizes the surface
of the metal particles (in contrast to the zirconium oxides, the
titanium oxides can be removed by acid leaching). After another
washing procedure, first in cold 6% hydrochloric acid and then
in water, followed by drying, the powder is freed of Fe with a
magnai, rescreened, wasked with alcohol and dried at 120°¢. The
vield of Ti meta) ig 284 g. (95.9%).

Worner, as well as Waritmen et al,, has modified the shove
procedure in several respects, They ssrry out the reaction in
vacuum,; however, this nscessitstes the use of a2 double-walled
container, The addition of TiCl, 18 garried out much more
rapidly (804 &t 30-40 ml./min., the remainder at 10 ml./min},
so that 1500°C temperatures occur locally, and external hesting
may be =ztopped as early as five minutes afier the start of the
TiCl; addition. When the reaction is complete, healing at 600°C is
continued for 45 minutes, ‘The reaction product ia not leached;
MgCly; and unreacted Mg are parily removed by evaporation
and partly by fusing &nd draining.

B) REMFELTING OR RESINTERING OF THE METAL

The Ti sponge may be converted to solid metal by fusion in
an are furnace, in which either high vacuum or a pure argon
(89.92%) atmoaphere is employed; the other accepiable procedure
is sintering with alternating pressing and heating in high vacuum
{10"* mm.} at 1000°C, The Ti powder may also he hot-ralleqd
in air while contained in 8 welded steel container, Iu the last case,
contamination with Fe is slight aad the iron {e eaplly removed by
etching the ingot after unwinding the steel sheet. For further de-
ta gee the original references, .

uz,sauming thagt the proper conditions are obeerved, the produgt
metal ig about 99.8% pure, and contains 0,06% Fe, 0.1% O, 0.02%
N and 0.02% MgCla.
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. THE REFIXING PROCESS OF VAN ARKFEL AND DE ROER

Tit, = Ti + 2%
55548 hNy 507y

«) The iodides are used for the preparation of small quantities

- ¢ z.) of metal; these highly hygroscoplc compounds are
(~20-30 &) not introduced dire¢tly as raw ma-

- terials, but are produced as inter-
mediates during the process in which
they form from crude metal and
iodire. The most sulitzble cruge
titgpluwm for this process is thst
prepared from TiCl, and Na. Ti-
tanjum cxide, nitride or carbideare
attacked hy the iodine; thus, the
correaponding nopmetals are left
unchenged and do not incorporate
into the growing metal inget. The

al 1|4 weak point of this refining process
s that a conslderable number of

¢ 4 Hom other metals {e.p., Zr, Hf, Th, V,

£y — E, 5i, as well as Al and Fe if
i/ the filament temperature is low)

are oodeposited with the desired
Fig. 201, Preparetionofil~ titanium; therefore, these impurities
tanium mefal by the procass should be removed during the prep-
of van Arkel end de Boer. aration of the crude metsl, that s,
g) pyrex bulb; o, &, ¢) tri- prior to refining.
angular arrangement of The Pyrex thermsal decomposi-
tmgsten bus bars; d4,, th) tlon flask iz shown in Fig. 291.
hmgsten wires; k) fodine The tungsten bus bars «, b and ¢
storage flask; () shatter {diameter of each 6 mm,) 2re ar-
valve; ) ateal ball, ranged 1o a triangular pattern and
sealed into the glass, The Ti de-
posits om drawn tungsten core wires (d, and d,), each 9,04 mm.
thick and 400 mm, long.

These wires cannot Just simply be stretched directiy between
the electrodes, as would appear from the drawing, If thiz were
done, the rapid rate of heat conduction through the tungsten
rods could cause oxcessive cooling of the wire ends and con-
sequertly prevent the titanium from depositing at the cold spots.
This would result in nonuniform deposition, that is, preferential
accomulation of the metal on the glowing msectiens, which would
tbus become beavier and unbalance the entire wire. Consequently,
after a certaln time has elapsed, the alightest mechanical shock
wonld be sufficlent o break the thin wires and interrupt electrical
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contact, The critical

by insertion of reduceip;i: :B :nrga;:iihg}ud therafore be strengthenad
sten wires, The simplegt “mngemenfrzgriaslva]y thinnex tang-
wire ring fixed in & slit in the bug bar: ::‘nim et . thick
with a drilled 0.2-mm, ring o which fhe Elowivs wire (o Siery,

Crude T e glowing wire is attached,

(40 g.) is placed in g end 12 g, of |

space h, The flask is evacuated to <10-9 e 3 In evacuated
degassed by heating to about £00°G. At the :m:. Hi.nd the meta) ia
glass part of the apparatus (excep:a for the 'imdi s ontine
and degassed by fanning with 5 fleme while thg pe tuba) 1s dried
Is malntained. As soon as a sufficlently hi hraduaeﬁ fiae beon
restored, a predetermined starting cu:ra]:zt Ebo:f?;m ——
applied to the tungsten wires to bring them té a “hlao b atop.) 19
perature’ of 1400°C, as measured by an optical ror bot;l}' i
system is coocled and sealed at i, the thin glass art?t{rmﬁ hrokon
by means of an electromagnet and steel hall » lzmd thonl i: o
allowed to flow into z, A temperature of 260‘0 isesu?[ﬂ gmthf -
a rapid reaction of the lodine with a portion of the Tt sien uor
sometimes even accompanied by the sppearance ofa.ﬂm;e F?sﬁ -
ing this the =apparatus iz melt-sealed at % and hea.ted't 0553?1‘;
in a furnace; the tungsten wire dy 1is then hroughi to 9.':I low at
the seme current as above, The apparent temperature Eead:
the pyrometer is now lower becmuse of the cclored vapors rising
fro;_n the materisl. This femperature muoat be hel% constant
during tl!e entire subsequent procedure (by increasing the current
as the thickness of the deposited Ti layer increases).

The equilibrie prevelling in the system arg highly temperature-
dependent. Furnace temperatures below 250°C produce Til
which then decomposes on the het wire In accordance with tl:a'
above equation. At higher femperatures, Til, reacts with the
erude Tl to form Tils, which has a consldersbly lower vapor
pressure, Only at temperatures sbove 500°C does this pressure
become large enough to again produce titanium deposition on the
glowing wire. The Ti metal formed et higher temperatures is
80 free of iron that the latter canaot even be detected,

Gases which may still be present in the flask during the re-
fining of the Ti are bound by the metal (thus, a small amount of
pitride is often formed), For thiz reason, the ¢urrent o the
first wire is shut off after a certaln fime and that to the second
wire, da, is turned on; the Tl metal which then deposita on da
is completely pure, Beczuse of the graduel Luild-up of titanium,
the current must be reised wp to 200 amp, when the Ingot reaches
& thickness of ebout 5 mm. This reguires about 24 hours; tf the
starting material 1z the crude Ti obtained from the hexafluoro-
titanate, the build-up rate is lower.

The current o the furnace can be gradually reduced to zero
in the coursa of the run, since the growing T! rod beginy to radintes
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awough heat to malntain the required temperature throughout
te system (toward the end of the run, it may even be necessary
to cool the furnace space with alr).

I the crude metal used in the refining process is prepared
fram pure starting materials, the resultant smooth T1 rod iy
almost completely pure, since the tungsten wire substratum con-
stitutes only about 0.01% of the rod. The metal has about the same
duciility as Cu, and may therefore ba cold-worked and rolied.

The following method is well suited for the conversion of a
plece of ductile titanlum (it applies also to Zr or Hf) to powder:
Ti is trested at 600°C in a stream of Ha. The gas musti be ex-
tremely pure (see p, 11l if, ). The regultant hydride iz brittle
apd easily ground to & powder. The Hi may then be removed
by beating in high vacuum at ¥11E 1A 08

) This method bas recently been used in the U.S, to prepare
700-g. gquantities of Ti. The operation ie carried out in Pyrex
containers 990 mm, long and 200 mm. {n diameter, but metza] tubes
bave also been used with great suceess. For a given size of tube,
the metal tubes sre mucheasier to handle and sirmpler {0 cool, They
contribute to the safety of the operation since an oll bath can then
he wsed. The crude Ti is not placed at the hottom of the tubular
vessel but Iz held In a layer 10-15 mm. thick at the walls by
means of a cylinder of perfocrated Mo sheef, With this arrengement,
It 1s also possible to digpense with the additional furnace heating,
The glowing wires, in the form of hairpins, are hung from three
tungsten rods; if one wire burns out, twe more are still avallable.
Titanfum prepared in this manner contains £.03% €, 0.003% M,
0.002% O, 0.04%, Si, 0.04% Fe, 0.06% Al and 0.002% S,

VL. PREPARATION BY ELECTROLYSIS OF MELTS

Because of {is high melting point, the Ti formed by elegtrolysis
deposits on the cathode in the form of 2 solid cluster impregnated
with the melt. The presence of even minute traces of moisture
or oxygen causes the depositlon of a finely crystailine material
with a high salt content; sultable operating techniques, however,
make it possible to oblain large crystals of pure metal,

e} Crude titenivm may he chtained by electrolysis of a solutlon
of Ti0 or mixed TiO-TiC crystals in a CaCl, melt at 700-850°C,

b} The electrolytlc decomposition of K TiFs in a bath of
NaCl, on the other hand, yields a very pure, cogrsely crystalline
wetal. In this process the melt becomes enriched in NaF, accord~
fog to the overzll equation

K, TiF, + A NaCl = 2KF + 4 NaF + Ti + 20,

while chlorine i3 evolved on the anode,
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¢} Another precess uses ao electroiyais oell inwhichthe cathode

chamber 1s separsted from the anode by a diaphras;
alumina; TICl, vapor s introduced Into a nfelt ﬁ?aim:n;aetrg
chloride or alkaline earth chioride in the c¢athoede chamber, The
resultant disaolved lower chiorotitanates deoompose to the ;netal
at a later stage of the electrolysia,
d) Metal of very high purity may be recovered from erud
o
titanium  ©r titanium waste by anodic solution of the starting

material in a melt of alkali metal chioride contalning & smalf

amount of lower titanium chlorides, and
T1 at the cathode, ' reprecipitation of the

v, REDUCTION OF Ti0z WITH CaH,

A mixture of TiOz and CaHj (in 40% excess) is heated for one
hour in hydrogen at atmospheric pressure (electric furnace, 950~
10675°C); the product is ftreated with dfiute hydrochloric acid. A
fine powder, with & metal content of 96%, is obtained; the remain~
der is mainly Hy (3%). This process is also suitable for prepars-
tion of V, Nb and Ta from their oxides.

PROPERTTES:

Siivery white, ductile metal, M.p. 1730°C; d 4.45. Crystal
type A3, Hexaponal o-Ti converts at 835°C to the body-centered
cubic form (8-Ti}. Electrical resistivity p=42.1020.cm,

Scarcely or not at all attecked by acids and bases; dizsolvea
readily in hydrofluoric ecid,
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Vs,

Zirconium, Hafnivm
Zr, Hi

The general remarks concerning titanjum apply equally well
to zirconlum and hafnium, These elements are thus prepared vie
the same methods and generally in the same equipment as de-
scribed in detall inthe section on titanium, In the following, we skall
discusa only those details that differ from the above, Where Hf
is not discussed separately, the conditions specified for Zr apply.

L Zidy + BCa = Zr + 2Ca0
123.2 80z .2 1122

Crude starting Zr for the refining process is prepared via
the pesled bomb method, with corresponding changes in the
amowols of materials used, chiefly the addition of Na, which i8
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bighly recommended for the reduction of ZrQg fouges 20 g of
ZrOs + 20 g of Ca + 10 g, of Ne); heating to 1300°C produces
& metal stlll contaloing oxygen. Although this causes c¢old-
shortness, the metal becomes malleable somewhat sbove 200%C,

II. KZF¢ + 4Na = Zr + 2KF + 4NaF
2534 20 912 1182 163.0

Crysialline K;2rFe (80 g.), prepared by cooling & heated
solution of the hydroxide in KHF;, 18 heatad with 27.5 g of Na
in a sealed bomb et 1200-1300°C. The resultant 18 g. of cruds
metal 1z 2 sultabie materizl for the refining procesa.

L ZiCl, + 4Na = Zr + 4NaCl
333.0 920 9.z 233.8

Up to 1 kg. of sublimed ZrCl,, crushed to lumpa, and 450 g.
of distilled Na may be reacted In one run in a4 sealed ates] tube
at 850°C. The boitem of the tube im cherged with a layer of Na;
this is followed by the reection mixtuve (ZrCl, + Na}, topped with
a layer of Na, Since the vapor pressurs of ZrCl, 18 considerably
lower than that of TiCly, the proteasing of larger quantities is
simpler. The heat evolved in the reaction is so larpe that partial
sintering of the metal occurs,

. ZiCh + Mg = Zr + ZMCh
2338 8.0 B2 160.4
As 1n the magnesium process for Ti, Zr may be prepared by

reduction of Zrel, vepor with Mg in a helium simosphere {see
refersnces velow for further detalls).

V. ZII‘ = Zr + 2!’;
5pEg 918 SM7
The glowing wire temperatures during refining should be
~1400°C in the case of Zr and ~1600°C in the case of Hi. The
Pyrex vessel must bs kept at 600°C. The crude metal cbinined

from the chloride is the most sulieble raw material, Recently
7T has been prepared in large gluss vessels in the form ofirods

welghing up to 200 g.
FROPERTIES:

Silvery white, ductile metals,

E‘E‘ vity
Forxmla M.p. d o {clogempackad hexig.} e
welght =8 (botu ) |
Zr 581,22 i8G0"C 650 BI0°C T gy e 1008 Do aieE

HE 178.6 ooaprsc  13.3 ~1500"C mqtrﬁ.g’_-m

wh
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or not at all attacked by golds and bases; dissolye
flvoric acid. For the pulverization of solld metals

via Mydrogenation snd dehydrogenation (hydrides), see pp. 1170 and
1154,

REFEREKCES:

General: A. E. van Arkel, Reine Metalle {Pure Metals], Berlin,

1989, p. 191 (Zr) and P 267 (Hf}; see alse H. Funk, THe
Derstellung der Metalle im Laboratorium [Preparation of
Meisls jn the Laboratory], Stutigart, 31948, p. 43; H, Grubitsch,
Ano rggnjsch-prﬁparativa Chamle [ Preparative Inorganic Chem-
istry], Vienna, 1950, p. 413,

E. Wedekind. Liebigs Aonn, 385, 149 (1913); J. W. Marden and
M, N. Rich. Ind. Epg. Chem, 12, 6§53 (1820); O. Ruif and M.
Brintzinger. Z. anorg. allg, Chem, 123, 267 (1323); M. J,
de Boar and J. D, Fast, Z, anorg. allg, Chem. 187, 177 (1930}
W, Kroll, Z, aporg. allg. Chem, 234, 42 (1937),

1, Weiss and E, Neumasnn, Z. anorg. Chem, 65, 248 (1910);
E. Wedekind and 5. J. Lewis, Lieblgs Ann. 385, 181, 193 (i513);
J. H, de Boer and J. D, Fast, Z, anorg, allg, Chem, 187, 177
{1930},

{Zr) D, Lely and L. Hamburger. Z. anorg, Chem, 87, 209
(1914); J, H. de Boer and 4. D, Fast, Z, anorg, allg, Chem.,
187, 177 {1930).

{Hf) J, H. de Boer and J, D. Fast, Z. anorg. allg. Chem, 187,
193 (1930).

H. van Zeppelin, Metall u. Erz 40, 252 (1943); W, J. Kroll, A,
W. Schlechien and 1. A, Yerkes. Trerea, Electrockem, Soc, 88,
263 {1946); W, J. Kroll et al, Trans, Electrochem. Scc. 982, 187
(1047); W, J, Krollet al, Trans. Electrochem, Soc, 84, 1 (194B).
(Zr) A, E, van Arkel and J, H, de Boer. Z. anorg, allg. Chem.
148, 345 (1925); J. H, de Boer and J, D, Fast, Z, anoxg. alIg.
Chem, 153, 1 {1926); J. H, de Boer and J, D, Fast. Z, anorg,
allg, Chem, 187, 177 (1930); J. D, Fast, Z, anorg, allg. Chem.
%3...;;0;‘45 (1938); J. D, Fast, Osterr, Chemiker-Ztg. 43, 27, 48
{tif) 4, H, de Boer and J. D, Fagt. Z. anorg. allg. Chem, 187,
193 (1830); see 2lso A, E, van Arkel. Metallwirtschaft 13, 405,
511 {1934), -

Therivm
Th

Despite the close resemblance in chemical behavior of the metals

nad their compounds, thorium differs from titanium, zirconiwn
amd bafolwm fn one reepect, and that makes the prepavation of
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the metal much easler. Thus, aithough the affinity of thorhmn
metal for O, N and C is large, its cubic face-centered latiice
cannct asccommodate these nommetals in solld eolutions, The
regult is thaf, even on incomplete purification, these nonmetala
are present only in the form of compourds and in small quarntitieas
they have thus Iittle effect on, for example, the mechantoal
properiies of the metal, For this reascn Th may be obtained in
a cold-workable form by pressing and sinlering the powder,

in ¢ontrast to tlitenium and zirconium, the preperation of thorium
metal via reduction of the oxide with caleium (method M} acquires
increazed !rnportance mnd rivals the reduction of the tatrachloride
with sodium {method ). Melt electrelysis (methed I is another
possibility, Neglecting the small oxide content (sp {0 1%}, which
in any case has never been determined precisely, the metal ob-
tained by any of the three methods is slready quits pare and con-
taing only 0.1-0.2% of other impurities. The Th prepared by the
refining process (method IV}, is definitely oxygen-free and should
in any case yield the purest produet,

I, REDUCTION OF THE TETRACHLORIDE WITH SQDIUM

ThCl + 4Na = Th + 4NaCl
9799 920 233l 2358 :

Up to 300 g. of oxychlioride-free sublimed ThCls may be
reacted st S500°C with vacuum-~distilled Na (269 excess) ina
welded iron bomb {see method I, section on titanium}. The iren
crucible should be filied with the reection mixture in the same
way as in the reaction befween Zr(Cly and Na, that is, layer by
layer, Following the reactien, the bomb s completely eooled,
opened and the reaction product treated, first with alochol (o
remove the excess Na), tbhen with water (always mainteining
the solution on the alkaline aide). After complete removal of
the chlorine, the residue 15 treated with 2N HNO, to disgolye
any Th{OH), which may be present, fillered with suction, thor-
oughly washed with water, alcohol and ether, and dried in vaduwin
at 300°C. The metal yleld is 55%, inthe form of lead-gray piatelets
and pellets. The coarsest particles are also the purest and contain
0,1% G (1% ThO g Lo

II. REDUCTION OF THE OXIDE WITH CALCIUM

L"‘
ThO: + 2Ca = Th + 2Ca0 e
264.1 80.2 2821 3123

A} PREPARATIVE PROCESS

The process is besed on the reduction of very pure Thﬂﬁ--m
distﬂledpr(}a in the presence of enhydrous CeClg heated to 450%8% .
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t the tempereture of the reaction, affordt

:‘hl! !qncﬁ:lmr:n ?;lof :1 i, T!P;e heavy Th product settles to the
boltom and is thus protected by a layer of melt. The apharatus
is either a steel bomb capped with a threaded conleal lid (ef,
the paper of Marden and Rentschier) or the simpler welded steal
tube described under method I for the preparation of Ti, The
charge, which is made up of four parts of ThOy, four parts of
CaCly and three parts of ground Cg, is vigorously sheken ina
closed bottle to achieve the most complete mixing possible. The
womb is filled rapidiy, seeled and heated for one hour at 950°C,
The tube is then cooled and opened; the resultant pea-sized
reaction product is gradually added to water (about two llters
per 40 g, of starting ThOa}l with vigorous stirring to prevent a
local temperature rise. After the caleium has completely reacted
with the water and the evolution of gas ceases, stirring is stopped,
the supernatant liquid is decanted, and the soiid is washed four
times with two-liter portions of water, vigorously shaking ézch
time for 5-10 minutes. The decanted supernatanis are low-
concentration suspensions of dark, fine Th. Finelly, 200 ml,
of water is added tothe remaining heavy reaidue, followed by 25 ml.
of conc. nitric acid (vigorous stirring). The odor of acetylens is
noHceable, and if the ThOg used in the preparation was made from
thorium nitrate which contained some sulfate, the odor of H.8
will alsc be present, After 1D minutes, the sclution is diluted
tenfold, the product 1s allowed to settle, the supernatant is de-
canted, and the acid treatment 18 repeated once or twice, After
thorough washing with water (twice, fwo liters each time), the
product is suctlon-filtered, treated with zlcohol and ether, and
dried in vacuum at 300°C. Under favoreble condifions, the rel-
atively coarse, dark gray powder is obtained in 90% yleld.

Kroll uses the same process withasuitable szlt melt. However,
instead of working in a sesled bomb, he uses an iron crucible
placed in an argon atmosphere,

B) MELTING OF Th POWDER

Small, relatively compsct cylinders are formed from thorium
powder under a pressure of 6~7 toms/em?, Crucibles of sintered
thoria are suitable melt containers. The cyllnder, wrapped in
a tungeten wire spiral, is placed inside guch a crucible which i9
set up in a quariz container comnected to a high-vacuum pump.
The material is heated with a high-frequency lnduction cofl,

The apparatus is evacuated and the sample carefully degassed
by slow heating while the vacuum is maintained, With coarse
metal powder, this operation regquires about half an hour, and
longer with fine powders; the resction is essentlally complete
when the powder resciics red heat. The temperature s then rapidly
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increased to mell the metal. Oxidation is prevented 1if air is
excluded from the system until after complete cooling,

Thorium powder with a completely clean surface 18 noteworthy
for its senmitivity fo air after high-vacuum degessing at 400°C,
This sensitivity is 80 pronounced that the metal catches fire on

coming in ¢contact with air. The reaterial also reacts so vigorously
with H, that it becomes red hot,

[li. ELECTROLYSIS

Th{NG,), - 4 B0 — KThF; —+ Th
5502 3662 2zl

The elactrolysis of a solution of KThF, in a NaCl-KCl melt
yieids very pure metal, containing only 0.02% C, 0.05% 51, 0.005%
Fe and a negligible amount of other impurities,

The KThFs is prepared by dissolving 400 g, of Thi{NO3}s * % BaC
in two liters of water and adding, with constant stirring, a solution
of 250 g. of XF in 400 ml, of water, The KThFs precipitate iz
allowed to settle, washed by decaniation untll the washings sre
free of nitrate, suction-filtered end dried for several houra at
128°C.

A cylindrical graphite crucible serves both as the electrolysia
vessel and as anode. The inside dimmeter is 6 cm. and the height
15 cm,, with & wall thickness of I-2 cm, Current is supplied
through a strip of Nl sheet wrapped around the upper pari of the
outside wall. The cathode is & strip of Mo sheet 0,05 mm, thick
and 1 cm. wide, which reaches 2,5 cm. from the bottor. The
graphite cell stands in a suifable refractory container wound with
the heating fillament. The entire apparatus is placedinside & shest-
metsl vessel filled with thermal Insulation (see also the simdlar
arrangement described for the electrolysie of uranium).

A mixture of 250 g. each of KCI and NaCl is melied, and 30 g.
of XTh¥s is added. When the mell ia homogengous, elactrolysis
proceeds, with the above Mo cathode, at a temperature of T75*C.
A curremt of 18-20 amp. Is required if the submerged cathode
gsurface area is about 20 om®. Afier 20 minutes the cathode s
carefully removed from the liquid and repiacod with a new plece of Mo,
30 g, of KThFs is added, and the elecirolysis is continued for
90 minutes mors. This procedure may be repeated geveral {imes,

Tor preparations on & somewhat larger scale, a larger crucible,
capable of containing about 1 kg, of the melt, end a molybdentmi
cathode 2.5 om. wide &re used. The procedurs ia the same,
except that the KThFs additions are inpreased to 80 g, the current
to 45 amp,, And the cathode area to 50 em®. Eightfold repetition
of the operation in this larger equipment permits the preparation
of about 130-140 g. of Th (58% vield). -
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al adhering to the cathode strip ie & mixture of
lohll“:cu'l;‘.hm;lnd solidifled meli. After complete cooling, the salt
et the finely powdered, readily oxidized metel fraction are
removed by treatment with water. The residual coarse-graines
Th is ireated three tlmes with nitrle acid {1:19) and washed with
water. This metal powder s then suction-filtered, washed with

alcohol and ether, and dried in vacuum at 300°C.

1v. REFDNING PROCESS

Thl, = Th + 2L,
TA9E 2321 BOTY

The thorlum metal prepared by the sbove process is very
pure and absolutely free of oxygen. The procedure is easentially
the same as that described for Ti, except that the temperature of
the glowing wire is higher {1700°C). The stariing material may be
any Mnod of crude thorium, provided It Is free of metals which
will also deposit on the glowing wire; the product derived from
the chloride is very suitable.

FROFPERTIES:

Gray powder, solid similar to platinyra. Relatively soft and
guctile: these properties are unaffected by the presence of small
quantities of oxide. M.p. 1830°C; d11,7. Crygtal structure: type Al,

Hardly or act at all attacked by dilule acids (including hydro-
fuoric); dssolven readily in fuming hydrochioric acld and es-
peclally in agua regia. Hesistant to strong bases.

Thorium powder may be prepared from the solld vis the hydride.
The procedure is ldentlcal te that described on p. 1170 for T
and Zr; the hydride should be decomposed above T0°C.

REFERENCES:

Geperal: H, Funk. Die Darstellung der Metalle im Laboratorium
(Preparation of Metals in the Laboratoryl], Stuttgart, 1938, p.
48, A, E, van Arkel, Reine Metalle [Pure Metals], Beriin,
1939, p. 212; P, Chiottl and B, A, Rogers, Metal Progress
60, 60 {1951),
L D. lely and L. Hamburgar, Z, anorg. Chem. 87, 209 (1914);
see alao referencen {1 for Ti and Zr.
M. J. W, Marden and H, C. Rentschler. Ind, Erg, Chem, 18, 97
(1927); W. Krell. Z, Metalllunde 28, 30 {1936); see also O.
Ruff and H. Brintzinger, Z, anorg, allg, Chem. 129, 267 (1323}

Bk ‘1;-’%, Driggs aad W, C, Lilltendshi, Ind, Eng, Chem, 22, 1302
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IV. A, E. van Arkel and J. H. de Boer. Z. anorg, allg. Chemy

148, 245 (15825); N. D, Velpel, E. M. Sherwood and L E.
Campbeil. 4. Electrochem, Soc. 102, 687 (1955).

Separation of Zirconium and Hafnium

Hafplum does not occur as & separate mineral, but appears
in nature as the slways present companion of Zr; the Hf/Zr weight
retio 1s uswally in the range of Q.01~9.025. The preparation of
Hf or the purification of Zr thus always involves the isolation of
Hf from the crude chlorination product or from commercial Zx

compounds. The following fractionation processes are of practical
importance:

I. Crystalllzation IV. Ion exchange and adsorption

1. Precipitation V. Partition between two golvents
II3. Distillation

[. CRYSTALLIZATION

This method, which ls wnwieldy and applicable only tothe
separstion of very small quantitles of materiai, bas been aban-
doned for all practical purpoaes,

1. PRECIPITATION

Good separation is cobtained by precipltation of the phosphates]
the hafnium concentrates in the leas sojuble fractions, A detafled
description of the recovery of Hf from cyrtolite, a silicate of
very high Hf content (5.5% HfOg), 18 given In E, M, Larsen, W. C,
Fornellus sad L., L. @uill in: L, ¥, Audristh, Inorg., Syntheses,
Vol. III, New York-Toronto-Lozden, 1950, ., 67, :

HI. ISTILLATION

Since the vapor pressures of ZrCly and HICl, are virtuaily
the same, the process meakes use of their adducts with PCl, or
POCl,. When a 50-plate glass golumn is used, the more volg;{a
Hf compound concentrates in the firal distiilation fractlopn. (8
of the total; 2.5% to 16% HOg): the residue remalning affer
digtillation of 40% of the total feed contains only 0.2% HiOg. - .;pqy.

This process Seems to have recently assumed a grested ..
industrial importance. —

IV. ION EXCHANGE AND ADSORPTION L

This processa, which was Introduced in 1948 by Stzeﬁt-'nﬁ{i 4
Seaborg for the s:eparation of midligram gquartities of Hfmﬂ‘ﬁ:ﬁt-_'_--:
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tant In preparative work only when the smal] Hf
m amthe predgmmant Zr, may e retained on the column,
This is achieved by selective elution of the Zr with 1IN H,80,
(which involves the formation of an apdonic complex) from g
column of syntbetic catlon exchange resin (method «) or Dy selective
adsorption of Hf on silica gel from zn anhydrous methanolie solution
of tbe tetrachlorides (method F). Although the laiter process
permits larger throughputs and shorter residence {imes, work
with anhydrous methattol involves difficulties, and the further treat-
ment of the eluate is more troublesome. Method # becomes
applicable chiefly in those cases when one is forced to deal with
tetrachlorides, for example, when the latter are precipitateg
by chiorination of minerals, )

4y Dowex 50 or Zeccarb 225 (350 g., with a particle gize of
0.5 mm.) is treated with water for several days and then placed
iz & tube 120 cm. long and 2.5 cm. in diameter. A solution of
20 g. of ZrO(NOg)z - 2H:0 in cne liter of 2N HNO, is passed very
siowly through the column. (If the nitrate is not available, 24 g,
of ZrOCly-BH40 is precipitated as the hydroxide, washed thor-
oughly, and dissolved in one liter of 2N HNC..} The material
absorbed on the column is eluted with 1N HaBO, (flow rate of
100 ml./hr.). The Hf concentrate begins to appear when 95-98%
of the Zr has bheen recavered (passage of zbout nine liters of
the =acid); the HfO. content in the Zr salt eluted prior {6 this
point is less than 0.01%.

[For faster throughput rates, one can use the ‘‘breakthrough
method,” in which the initinl adsorption on the resin is omitted;
the resultant separation is, however, poorer. Ong proceeds as
follows: a solution of 2.5 g. of ZrO(NQOg)s- 2HaO per liter of
1N HzS50. is passed through the above column at a rate of about
200 ml./hy, Before the ‘‘breakthrough polnt’’ is reached (after
the passage of about nine liters), the solution leaving the column
coctains malnly Zr and a small amount of HEf, whose concentration
in the Zr slowly increases to0,1%, Fonly seven liters is collected,
the product recovered from the solntion consists, for example,
of 8.2 p. of oxide containing 0.047% of HfO,.}

After removal of the Zr, the Hf adscrbed on the column is
elted with stronger sulfuric acld (>1.2N); z solution of 0.06
moles of oxalic acid in one liter of 2N H,S0, Is an especially
gocd eluent. Thus 63 mg, of Zr-free HfO, may be cbtalned in
a 3{-g. column, starting from 70 mg. of HfO, containing 8% Zr0 4
the material {g paseed through the lon-exchange columnin the form
of a solution of HfOCl, + 8K 0 in 675 ml, of 1N HS0,.

b} Bilica gel (1060 g.) with a speciffc area of 720 m.%E.
Is purified by treatment with nitric acid (1:1) and washing with
waler, activated by heating for four hours et 300°C, and suspended
fa dry methanol; this suspension is placed in a tube 120 cm. long
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and 5.0 cm, in diameter, The column then containg about 700 ml,
of methancl,

Zirconium tetrachloride (400 g., eguivalent to 210 g. of ZxO g,
with a Hi/Zr weight ratio of approximately 0.02, is dissolved in
two liters of anhydrous methanol: the solution ia allowed o stand
for three hours and is then flitered, The filtrate advances through
the column at an average rate of 20 om,/hr. (400 m1, /hr.).

[The highest separation is achieved during the initial atages,
as the following data 1lustrate:

Cumnulative throughput, In g, Zr05/g. silica ge! 0.05 0.1 0.2 0.25
% Hf in Zr leaving the column 0,05 0.1 0.35 0.6

Thug, one can collect aneluate contalning 140 g, of Zrd, (equivalent
to 265 g. of ZrCly) with & total HY concentration of less than 0.1%.

Guddly, much better results are cbtained when the operation
is conducted on a larger scale. Thus a column 10 cm. in diameter
and 150 cm, long charged with & kg, of silica gel ylelds, at cor-
respondingly higher throughputs but otherwise unchanged operating
condifions, 1.8 kg. of Hi-free ZrCl,.]

At the point when only about 200 g. of ZrCly {equivalent to
160 g. of total oxide) remains inthe coluran, the HfO; concentration
in this residue becomes 10%. Further concentrstion is sittained
by eiution of the column with a solution of 2.5 moles of HCI/liter
of methano} (preferential desorption of the ZrCly). Depending
on the durstion of this ireatmnent, the finel elution with 7N H4504
ylelds, for example, 60% of the absorbed Hf as a 30% product,
or 20% of the metal 2s 2 60% product. These concentrates con~
stitute z very suitable starting material for the extraction process
described below.

The ailica gel may be reused efter reactivation,

V. PARTITION BETWEEN TWO SOLYENTS

The process is based on the preferential ether extraction of
Hf from aqueous thiocyanate-conteining solutions of Zr and HL
Addition of aclds or szlts alters the eqguilibrium. Thus the pressunce
of ethar-insoluble sulfasie jons shifts the distribution of Zr and Hf
in favor of the agueous phase, while the additlon of ecld or NH.SCN
achieves the opposite effect. Since no separatior can be achieved
by a single-stage extraction, a multisiape process must be used.
The process ia designed to schieve maximum separation by com-
bining the above fectors, i.e., by varying the sdditives I the initial
and final stages, Hydrolytic reactions have glso been used to
advantage In this separation. Tie following procedurs has proven
effective for the processing of & rawmaterial conteiniag~ 20% 10y
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e, which is 1N in HSCN, is prepared by shakin,
mT:‘i‘le:m:Iraﬁ:i with an acitdified sclution of NE4SCN (90 g, cﬁ
NHSCN + 1/2 mole of HoS04); the sulfv:ric acid Is added in
smail portlons during the shaking. A mixed oxide Zr(HfyO,,
calcined at not too high & temperature, yields on Levap?ratmn with
conc. HyS0, a product ofthe approximate camposu.t::an 1 _zroz:g 80,
This product, in a concentration of 40-5¢ g. of oxide/liter of HgQ,
is used as the starting material.

One liter of this freshly prepared sclution (do not heat to dis-
solve) is treated with 600 g. of NH4SCN and vigorously shaken
for one minute with one liter of the above ether preparation. After
standing for five minutes, the ether layeris siphoned off and trans-
ferred to the next stages of the process, where it i3 treated with
solations of the following composition:

Stage No, 2 3 4
(NK4e) 2504 (8.) &0 54 84 .
(NHJSCN (g} 50 25 0 P
HaG {r).} 500 500 s00 .

The initial extraction is repeated ten times, each time witha
pew batch of the ether-HSCN phese. Each of the resultant ether
extracts {fractions 2-10) is then passed through all the successive
stapes of the process, The agueous sclutions in each stage are,
of ¢course, used over and over again; that is, the new ether fraction
is trested with the thioccyanate soluticn remsgining in that stage
from the exiraction of the previous ether f{raction. However, it
is recommended that the NH.SCN concentration in the agueous
solutions of stages 2 and 3 be gradually increased (always re-
taining the thiocyanate gradient shown in the table} and that thio-
¢yanate be gradually added to the succeeding stages. The solution
of the last stage must, however, always consistof B0 g. of (NH,) 2504
in 500 ml. of water, so that the ether leaving the system iz always
washed free of Zr and Hf. Thus, new last stages must be continually
sdded to the series. When the thiocyanate concentration in the
aquecus sohition of stage 2 reaches twice the ievel shown in the
table, this solution is “‘retired”’; the solution from stage 3 becomes
that of stage 2, the solution from stage 4 is shifted to siage 3,
and 36 on down the line. A new thiccyanete-free agueous stage
ie then added at the end of the series.

The Hf + Zr concentration and the Hf/Zr ratio must constsntly
be checked in each stage, since the separaiion depends on a large
pamber of interdependent factors, Thus, the temperature greatly
sffects itbe partition coefficients, an effect which can be com-

pemsated for by changes in the volumetric ratios be the phases
or by adtition of salts. o8 betweon F
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Some hydrolysis mey ocour In stage 1; it I3 recognizable by
the appeerance of heavy turbidity or precipitation in the sgueous
layer, and may necegaitate an lntermediate ireatment {(precipitation
with ammonia, followed by solution of the precipitate with H804).

As has Dbeen emphasized before, the process Is particularly
effective with partially concentrated hafilum products, as shown
by the following data. Starting from 40 g. of a produst with a
HiOs; concentration of 18%, the sgueous layers of the various

stages, after shaking with 10 Hters of ether, contained the follow—
ing propertions of HiO,:

1 2 3 4 5 [
Oxtde {g.) 28 ~d ~5 2 0.8 8.2
BIC; (%) ~7 ~20 >45 > 40 =80 > 70

The corresponding figures obtained from a starting material con-
taining 0% HfO, were:

HIO; (%) 26 ~50 ~80 ~99 >99

Alteynate methods: &) U,8, authors have used processes in-
volving fractional! extrection of the aqueous phase with benzene
solutions of diketones [thenoyl trifluoracetone: E. H. Huffman and
L. J. Beaufait, J. Amer. Chem. Soc. 71, 3179 {194%}; trifluorc-
acetylacetone: B. G. Schultz and E., M. Larsen, J. Amer. Chem,
Soc. 72, 3610 (1950)]. One disadvantage of the thenoyl iriflucre-
scetone process may be that the Zr, which is usualiy the major
component, is preferentially extracted into the benzene phase,

k) A process in which aqueous solutions of the chlorides are
countercurrently extracted with methyl isobutyl ketone in thepres-
enca of thiocyanates and thiccyanic acid has attained industrial
importance [W. Fischer, H. Heitsch and G. Otto, German Patent
1,010,061, Oct. 18, 1955; Nuclesr Sci, Abstr. 10, 371 (1956)].

¢} The nitrates of Zr and Ef can be aetectively partitioned
between aquecus nitric acid and organic solvents, particularly
tributyl phosphate and ketones, the Zr being preferentially ex-
tracted into the organic phase {R. P. Cox, H. C. Peterson and G, B.
Beyer, Ind, Eng. Chem. 50, 14l (1958); Chemle i Laboru_:gg
Betrieb, August 1958, 340; W, Flscher and H. Heltach, Germin
Patent 1,007,306, Nov. 16, 1964; ¥. Hudswell and J. M. Hutchéon,
Proc. Internat, Confer, Peaceful Uses of atomic Energy, Vol. B,
563, New York, 1956; J. Huré and R. Saint-Jares, ibid,, 553.]

d) British authors recommend chromatogrephic geparation on
Alz0s or cellulose, using an organic solvent [T, V. Arden ot al,,
Brit, Pat. 654,695, Aprit 22, 1948, granted June 27, 1861; Chem,
Zentr, 52, 4840, T
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Unpublished experiments.

Titanium, Zircanivm and Thorium Mydrides

T

Hydrogen dissclves in the Ti metzl Iattice until a composition
TiHo,g is reached; this preduces a hydride with a considerable
bomogenelty in the range of TiH-TiHa.. The upper hydrogen con-
centration 1s attzinable only with T1 and H; of the highest purity,
while operating under conditions of extreme cleanliness.

The meta] form best sulted for the hydrogenation is Ti sponge.
Titanium sheet starts to absorb Hy gt 300°C and does so rapidly
beginning at 404°C. Partially hydrogenated Ti reacts with care-
fully parified Hy even &t 20°C, Hydrogen is released from highly
hydrogenated products by reheating fo above 4008°C inhigh vacuum;
complete desorption is achieved at 1000°¢,

When it is required to absorb only a predetermined quantity of
Hy, the following procedure mey be employed. The metal 15 weighed
ioto a boat of sintered clay {or, better, of stainless steel, provided
traces of Fe in the product are not detrimental) placed in & quartz
tube connected to the system with a ground jolnt. The apparatus
comsists of a glass bureite with 0.1-ml. divisions provided with
lﬂ hfeilﬂgat:t;he ﬂ;l;;d Hg reserveir and connected to an elecirolytic

7 Geoer i apparatus js attached to a high-vacuum system.
The qeartz tube volume i3 measured, and the nla.getal is degassed by
heating to 550°C. Hydrides with the desired Hs content are ab-
faimed by varying the absorption temperature and the guantity of
pdrogen iniroduced,
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ZefH, ThiH

The preparation of 2r end Th bydrides s sitilar to the above
procedure. Zirconfum reacts very rapidly keginning at 700*C and
al atmospheric pressure iz capable of disaolving 1.9 atoms of
H per atom of Zr. Thorium starts to abgsorb Hg at 400*C; the

maximum Hy concentration corresponds {0 a hydride compositon
of ThHa -

PROPE RT{ESR:

Gray powder of somewhat Iighter color and lower denaity
then the parent metal powder. Incontrasttothe T1 and Zr bhydrides,

Th hydrides of high hydrogen content are labile and ignite sponp-
taneously in atr,

REFERENCES:

AJSieverts et al. Z. phys. Chem. 145, 227 {1929); Z. anorg. allg.
Cher. 153, 28% (1826); 172, 1 (1928); 187, 155 (1930); 199,
394 (1931): G. Hagg. Z. phys. Chem. (B) 11, 433 (1981);
T. R. P. Gibh and H. W. Kruschwitz, J. Amer, Chem, Soc,
72, 5365 {1950); R, E. Rundle, ¢. G. Shull and E. D. Wollar.
Agta Crystallogr, {(Copenhagen) 5, 22 {1952),

Titanivm {il} Chloride, Bromide and lodide
TiCly, TiBey, Til,

1a. TiCl + Ti = 2TiCl
1887 LYRY 7.8

A weighed quantity (2-3 g.) of TICl, is placed with the spprop-
tlate precsutions in e thick-wall quartz tube, and the stoichiomstric
quantity of Ti filings 1s added. The tube is cooled in g Dry Ice~
alcohol bath, thoroughly evacuated by means of an of pump;, and
melt-gsealed in such & way that its total length is 12-15 om. It
s then plsced {n & very slightly inclined posaition In a tubular
electric furnsce so thet the T1 metal i3 locaied at the higher end
and the chloride at the iower, The Tiis In the hottest part of the
oven (at 800-500°C), while the section contalning the TlCh%g
in a cooler zone (at about 200°C). An explosion shield 18 recam-
mended, If one uses & mixture such a8 Ti+ 2 TICls the proc&du;pf

ous but more involved. -
N lissmdig:ntgg: of black and purple substances (TiClz and TiC1}
is observed after 24 hours. AS poon as ali unreacted T101,
disappears, the reactor tube is pusied deeper into the furnace,
which resuits in a graduel disappearance of the reddish component..
To achleve complete homogeneity, the mixture ia heatad for AL
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d at 600-700°C. The produst is black and ma
mnwmimmme wali by gentle tapping {the reaction with thz
quarts wall proceeds to only a very slight extent), The quartz
tabe 15 sawed open; the black powder is dropped into a transfer
apparatus (Fig. 54, p. 79) and reheated in vacuum for 15-30
mipates at 300°C to removethe mojature absorbed during the trang.
fer, The product is then ready for further procesgsing.

Ib. To prepare larger guantities of TiCl; by the same method, i
is advisable to use & vertical reactor tube, in which the molten
dichloride is formed oa passage of TICl. vapoy over titanlwm
filings heated to a high temperature. A layer of Ti filings about
30 cm. bigh is placed on a perforated carbon plate in a fuged

tube 110 om. long and 4.5 cm. wide. Just underneath the
carbon plate there is & graphite cruclble supported by a piston-
like arrangement; this crucible collects the dropiets of the
product. The entire arrangement is placed in a tubular furnace;
the temperzture at the metal level is 1060°C, while that at the
level of the collecting cruclble is 308°C. After thorough flushing
with Ar, gaseous TiCl, Is iniroduced from zhove in a slow stream
of Ar. At the end of the reaction the graphite eruclble is removed
from the furnzce in &n atmosphere of a protective gas, and the
solid hlock of TiCl; is removed by gentle {apping,

TiBr,, Til:
These compounds are synthesized in & similar mannar, except

that the halogens, rather than the tetrahalides, areused as starting
materials,

Ti + Bry = TiBz,; Ti + 1, = Til,
479 1598 2077 479 2538 anL.7

After weighing and before addition of the Ti filings, the Bra
:_nust_ be cooled to —78°C, siace liquid Br, and Tl reect with
gnition even at room temperature, This phenomenon also ocgurs
Io the sealed tube as soon as the Br, starts to melt. The tubes,
bowever, are capable of withstanding the pressure. With Is, on
fhe otber hand, the conversion to tetraledide starts only after
slight heating. In both cases, further itreatment s simliar to
ihat of the chloride, The quartz tube wall is attacked even less
by the bromide than with the chloride, while the icdide does not
react with quartz at ail.

TS 118.8 189.7

A bigh vacuum {s created in g quariz tube, one end of which 15
filled with TICE, and heated to 475°C, while the other Is maint
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gt —78°C. The TICL, formed vis the disproportionation condenses
at the cold end. Complete decompesition of 1 g. of TICl, tedquires
gbout 12 hours, When the reaction is over, the fube end contains
ing the TiCl, is sealed off from the remainder. Since the de~
$c;xé:1pos ttion :ictigg ? TiCle+TiCl, + Ti sets inbelow 475°C, pure
iClz canno o ned this method; th WhYyS
tains 2-3% of free tltanium‘.ny ® Product sl o
Cn the other hend, this method may be very succesafully
used for the preparation of TiBrs, At temperatures slighily
apove 400°C, balf a gram of TiBrs will decompose completely tn
18 hours according to the equation 2 TiBr, = TiBra+ TiBr,. How=~
ever, the disproportionation 2 TIBrp—TiBr, + Ti sets in above
H0°C, 50 again fre¢ titanium may be presentin the product.

[Ii. Very pure and fipely divided Ti(l, may be obiained by re-

duction of TiCl, with H, In ar electrical discharge produced
without electrodes.

PROPERTIES:

TiCla; Black crystzlai ignites in moist alr; soluble inHﬁO.
evolyving Hp (the same properties apply to TiBry and Tilg. d
(TiCIg) 2.13, {TiBrg) 4.31, (Tily) 4.99.

REFERENCES:

T. W. Klemm and L. Grimm. 2. anorg. zlig. Chem. 249, 198
{1842}; P. Ehrlich, H. J. Hein apd H. Kihnl, Z. ancrg, allg,
Chem. 292, 139 (1967); for Tils, see also J. D, Fast. Recuei}
Trav. Chlm. Pays-Bas 58, 174 (1835 for TiCly, ses es-
pecially D, G. Clifton and G. E. McWood, J. Phys. Chem. 60
311 (1956}.

. R. C. Young and W. C, Schumb, J. Amer. Chem. Soc. 52, 4233
{1930); W, C. Schump and R. F. Supdstrém. J, Amer. Chem.
55, 596 (1933); see also W. Kiemm, Angew. Chem. 63, 683
1987).

. ‘{V Gljztm&n, H. Nowotny ard G. Ofner. F. enorg. allg. Chema,
278, B0 (1955).

Titanium {lil] Chloride, Bromide and todidal L
TiChk, TiCly 6 H,0; TiBry, TiBr - § Hal; Tily

Ticl,
L 2TiCl, + Hy = 2TiCh + 2HC
3704 2.0 apss 720 £ L
- - -;_-,:oﬂg:- o
2) The procedure developed by Schumnb ot a}l. was o s :1
Klerun and Krose as follows, ‘.im .u
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The apparates is shown in Fig. 292, Parls e, ¢, and 4 are made
of Nsed quarts, while the contalner f Is Pyvex. Before the atart
of the reaction the entire system Iz thoroughly drled with 5
stream of Hy. About 25 g. of TiCl, is then added through b, the
fursace Is rapidly heated to 800°C, and the cooling water for the
fiager ¢ is turned on {Schumb et al. use & sysiem made of high-
melting glass and heat to 650°C only). The TiCl, in 4 is heated
almost to the boiling point while a stream of Hy is passed through
the flask: the product is free of TiCly only Iif an excess of TiCl,
is present in the resction chamber. The unrescted TiCl, is coi-
lected in container f, which is cooled with Dry Ice. After ali
the TICl, hes been distilled out offlask a, the current {o the furnace
is shut off: it should cool rapidly, since the insulaition consisty
only of a thin asbesios layer. When the temperature drops to
120°C, the water flow to the cold finger is stepped, the finger is
dried with en air stream, and the furnace s kapt at 120°C for
several hours in order to free the product deposifed on the tip
of the finger of TiCls. The TiCl, left in the remaining section
of the apparatus is distilled off by fanning with a flame. The asystem
is then allowed to cool in & stream of Hy, followed by a fast stream
of CO,;. The container f is then disconnected at ¢ and replaced
with a transfer device (Fig. 54, p. 7B} the cork stopper carrying
the cold finger is pulled out from the reacter to a distance sui-
ficient for insertion of z scraper; the TiCly is scraped off the
finger and dropped by tapplng into the transfer contaiper. The
¥leld of the pure product 1s 2-3 g.

—

7 & fwrnsce

Fig. 292, Preparation of Hanium {0 chlaride

according to Kiemrmn and Krose, a} flask, b)

charging adepter for TiCl,, ¢) reaction tube,
d) celd finger, f) contalner

5) Larger quantities (150-200 g} of legs
pure product (98%)
Gan be prepared in one day In the apparatus of Flg. 293 vis

reduction of TICl, with Hj on the surface of & glowing tungsten
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Fig, 283. Preparation of {itanium {Jf) chloride

according to Sherfey. a) Pyrex reactor; e)

tungsten rods, ahout & rmm. in dameter; )

fungsten wire coil; m) flask for disiiliation
of TICl,.

The four-liter Pyrex reaction vessel g is provided witha
flat-ground lid with four opesings, ome in the middie and the
other three arranged symmetrically around it, The central 34/46
ground joint b carries a tubular adapter ¢ closed off with a two~
hole rubber stopper d through which two tungsten rods e {6 min.
in diameter) are Inserted. The rods are Interconmected Ly a
tungsten wire, the thickness and length of which ere determined
by the availeble power supply. Thus, healing a wire 1 1awm. in
diameter and 30 cm, long to the required temperature of 1000
1100°C reguires a current of 36 amp. and 8.6 v. Thinner wires
gheuld not be used, If at all possible, since they may turn odf
during the run; longer wires inorease the process Tate, T

The spparatus is thoroughly flushed with pure, dry Ha, whil
js Introduced &t g and which leaves at . When all the molstiks
has been removed, stopcock h is closed and {18 upaned,'wiﬁ{o‘%
interrupting the stream of H;. Then TiCls (one Mier = 1700-g3

s introduced from dropping funnel # lato distilling flask nm'aB®) '

except for a small residue, redistilled into the resction vesmala‘;*
The distillation aspparatus ls then removed and the upan.tngn
n is rapidly closed off. -

Only the lower third of reaction vegael ¢ 1s heated with a hesds . -

BB

ing mantle, The bolling TiCls then conilenses on the Tid AT LT

R 1

Vi,
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- ed with & fan if necessary—end, while flowig
mmﬁ the nascent TiCls., Ifthe TiCl, bolle too vlulentlyg_
the solid TiCl, particles may come in contect with the hydrogen
streamy, be entrained by it fa;*d PILEJS' the reflux condenser (the
r serves ouly as a safety vent).
m‘:ﬁ: the bailingyt}f the TICl, {in the fasi hydrogen siream)
has reached g steady state, the tungsten wire ls heated to red
hest. The reduction starts immediately and is accompanied by
the appearance of violet vapors of TICl,, which condense on the
walls and are largely flushed down to the bottome of the TiCl,-
containing flask. Since there is a pousibllity that alr msy enter
the system whenever there 15 a sudden cooling and resultant
temporary vacuum, the H, flow rate must be carefully maintaineg
{the air is undesirable since It may oxidize the glowlng wire
to the point of burnout and may also cause hydrolysis). When
the TiCl, ceases to flow unhindered along the walls of the vessel,
the reaction is stopped by turning off the current to the glow
wire, and the flask is allowed to cocl in a stream of H,, The
TiCl, may be distilled directly from the reaction beaker by re-
placing the lid used in the reaction with a one-hole cover., How-
ever, it is simplier to transfer the reaction mbdure to a side-
neck distilling flask and heat to 150°C on an oil bath. The Iast
traces of adsorbed TiCl, are removed by heating in vecuum
to 200°C; other valatile contaminsgnis are removed at the szme
time. About 150 g of TiCls;, corresponding to = yield of 1065
for 904 based on the amount of TICl, sctuzlly consumed in the
reaction), is oblalned. Because it contains & small quantity of
TiCl;, the product has 2 reducing wvalue of 101.5%. It usually
ignites even in moist air, and even more rapidly when it is still
warm; transfer must therefore be carried out carefully, in
an inert atmasphere,

The difficulties involved in welding on the tungsten coil may
te circumvented by means of the following arrangement. Two
copper tubes (diameter 6 mm., leagth about 30 cm.) are electrically
insulated from eack other and cemented in the adapter ¢i just
above ¢ they are provided with side fittings for connection to
cooling water. The cement may be an epoxy resin such as Arald-
e 121 R with hzrdener 951.* The upper ends of the copper
tabes, which serve as bus bars, are Interconnected by means of 8
shori pfece of rubber tublng; the lower ends are closed off. A
sirip of molybdenum sheet (0.2 mm, thick, 6 cm, long) is soldered
on al the lower end of each of the two copper tubss to support the
tungples wire, A firm electrical contact between the wire (which
t» wound Into five or six colis} and the moiybdenun strips is

*Both manufactured by the Ciba Co; see also p. 3%
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achleved by threading the wire ends thro:gh & sertes of smali

heles ic the siripe, followed by be the & ov
to the strips, by bending 8 over and crimping

1L FTiICL + Ti = 4TiC),
||r|o: 50.9 4.8 817

¥ pure Ti metsl is available, the TiCl, may be prepared in a
thick-wall pressure tube made of fused guartz or Vycor in ac-
cordance with the akove equatlon. The procedure is essentfally
the same as that described for the preparation of TiCly. A
large amount of TiCl; forms imitially; this stage may be recog-
nized by the black color and moist appearance of the product,
due to unreacted TiCls. After the initfal reaction ths reactor
tube 1= gradually {over several hours} pushed completely into the
furnace, which is maintained at 600°C, Should a temperature
gradient exist in the system, the TiCl, will sublime, in the
form of violet, leeflike crystals, intc the center of the pregsure
tube, The tip of the tube iz then broken off under a bianket of
protective gasy the other end, which may contain some resi{dual un-
reagted Ti, 18 alse broken off, and the TiCl;is dropped into &
transfer device {cf, Part I, p. 75), in which it iz heated for an
additionzl few minutes in vecuum te 100-150°C by fanning the vessel
with a flame; the small amount of TICly which evolves shows that
the reaction did not go to completion. The reacior walls are at-
tacked cmly =t the spot where the T1 metal was placed, and then
only very slightly.

L $TiCL + §b = STiCl, + SbCh
e 588 22 483 228

The reduction of TiCls to TiCly with Sb does not require &
complicated apparatus and may be carried out as foilows: .

A solution of SbCl; (d 1.265) is reduced with Zn dust. The
resultant Sb Is washed several times with 0.IN HCIl until free
of Zn, then treated with alcohol and ether, and finally dried 1A
a stream of COg. Antimony prepared by ofher methods does
not raduece TiCl, as efficlently. v

Freshly distilled TiCl, {28 g.) i3 placed in a bomb tube 25d
the Sh (6 g.) is added; the reactor tube is melt-sealed andlrleat@ o
for five hours at 340°C. After cooling, both tube ends are broken:. .
off znd the moist mass, in e stream of COy, 15 transferred io a
three-neck flask via an adapter at neck a. Then (G, 1s added
from a dropping fuonel attached to neck b while the mixtu.r&ii:
agitated with a stirrer inserted through the center ﬂg‘* - |
dissolves out the unrescted TiCls, The mixture is & m‘ﬁ i
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settie tahle siphon tube i{s Inserted at a, and the auper-
llm' fﬂ:g’ .';Z forcedp out by COCs pressure applied through p,
The operation is repeated until the product is free of TiC,,
The SbCly formed In the resction is removed in the same manner
by exhaustive extraction with ether, the last traces of which are
avaporated by keating on a water bath in a stream of COg5. The
TiCly, in the form of a violet powder, is transferred to storage

under a hlanket of COz. The yleld is quantitative.

IV. Altemate method: Finely divided, very pure TiClz may be
prepared by reduction of TiCl, with Hy in an electric are.

TaEn

I The preparation of TiBraby method Ia is similar in its esseniials
to that used for TiCls, except that the removal of TiBr, after
completion of the reaction must be carried out at a higher tem-
perature (250°C).

The preparation by method Ib uses the same apparatus as that
for TiCly. Since TiBrs is a solid at room temperature, the reflux
condenser must be cooled with hot water or steam. The TiBry is
poured hot info the distillation flask and allowed to solidify before
the apparatus 1s flushed with Ha.

I, Sublimed TiBr, crystals are syothesized from the elements
under the same conditlons as those given for TiCla.

Tl

II. Direct synthesis from stoichiometric quantities of the elements
by heating in a sealed tube is similar to the preparation of TiCl,
or TiClz; from Ti + TiCl,. As long gs the tetraiodide still sc-
companies the diiodide and the triiodide, the product is a solid
cake which is difficult to break up by tapping. Toward the end
of the reaction, after heating for several hours at 700°C, the product
can be pulverized by vigorous shaking., The reaction may be com-
pleted at 180°C (reduce the temperature over a period of several
days). The reaction is tested for compleiion by pulling out the
tp of the fube from the furnace {maintsined at this temperature}
apd cooling it with 2 piece of moist filter paper. The reaction
is complete if after several hours only a very slight film of Tils

1 vbeerved (the film quantity is negligible compared Lo the total
smaterial in the reactor). celie P

FROCERTIES:

il Formula weight 154,27, Violat-red to black orystals;
In vacuign at 425-440°C; decomposes to TiCl, + TiCls
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above 450°C.

type D Os.
TiBra: Tormula weight 287.65, Bluish-

black crymtals; de-
%qglllwsﬂs to TiBra + TiBr, at 400°C. Less soluhlarg: HyO than
L s

Tiis: Formuls weight 428,66, Yiolet-black necdie-ahaped crys-
tals; stable up to 300°C on heating in high vaeuum; decompoaes

to Tilz + Til; above 380°C. DMssolves siowly in HaO without
evolving H..

Readily soluble iz H,0. 4 2.886, Crystal structura:

REFEAENCES;

Ia. C. Young and W, C. Schumb, J. Amer, Chem, Soec, 52, 4233
{1930); W, C. Bchumb and R. F, Sundstréim. J. Amer. Chem,
Soc, 55, 596 {1933); W, Klemm and E, Krose, Z. anorg. Chem,
253, 209 (1947); H, Hartmann, H, L, Schiifer and K, H, Hangen,
Z. anorg, allg, Chem, 284, 153 (1936} for TiBrs sce alzo:
R C. Young end W, M. Leaders in: W. C, Farnsliua, Inorg.
Syutheses, Vol. H, New York-London, 1946, p. 116.

Ib. J. M. Gherfey. J. Research Nat, Bur. Standards 48, 259
(19561); Inorg. Syatheses, Yol. VI, New York-lLondoam, 1360,
p. 57; P. Ehrlich, G. Kaupa and K. Blankenstein, Z. snorg.
allg, Chem. 299, 213 (1959).

II. W, Klemm and E. Krops., Z. ancrg. Chem. 253, 209 (1947
P, Ehrlich angd G, Pietzks, Unpublighed experiments; for Til,,
gee slso J. D. Fast. Recueil Trav, Chim, Pays-Bas B8, 174
{1938), . '

11, M, Billy and P, Brasseur. Comptes Rendus Hebd, Séances
Acad, Sci. 200, 1764 {1935). .

IV. T. R. Imgreham, K, W, Downes and P. Marier. Canadian J,
Chem. 35, 880 (1957); Inorg, Synthesss, Vol. VI, New York-
London, 1960, p, 2.

TiCl, - 6 KO

TiCl, — TiCly — TiCl - 6 HO R
1887 1548 2624

-

Titanium (T} chloride may be prepared by cathodio reduct ol
of TiCls in {a hydrochloric acid solution; if the concentration.of
TiCly in the solution is sufficlently high, the hexehydrate pre-
cipltates on saturstion witk HCIL The crystailization is apparently
inhibited by the presence of totravelent titenium, and total re-
duction of the sclution is therefore necessary. :

The procedure, according to W. Fischer, is as follows.

Lo
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indrical battery jar (diameter 7 om., helght
] e:.mnna:ytlha eleotrolytic cell. The center of the callgls
ocoupled by a clay cylinder {diameter 4,5 cm,, helght 12 em,). The
cylioder is beld in place by a soTk ring with three additional holes,
two for carbon anodes (placed opposite each other on the diameter)
and the third for an cutlet tube for the Cly gvoived during the elec-
trolysis. The clay cyiinder is cloged with a three-hole rubber
stopper, which contains &n jnlet tube rTeaching almast to tha
bottom of the cylinder, a shorxt outlet tube, and a lesd wirs to
the Pt cathode. Also recormmended is the inseriion of an additional
glass tube, used for occasional sampling of the solution &8 4 check
on the degree of reduction,

To start with, TICl, (19 g.) is added in drops with efficient
cooling and vigorous stirring to 27 ml, of 25% HCI solution.
The insoluble hydrolysis products which may be formed are
filtered off through fritted glass. The clear solutlon is placed
in the clay eylinder, and the anode chamber is filled to the same
level with 25% hydrochioric seid. At 12 v. and a current density
of 2.5 amp./10 cm.? of the Pt cathode, the electrolysis should
require about four hours, The Jar is meanwhile cooled with ice
{or, if necessary, with Ice-salt), Toward the end of the run,
HCl is added to the aolution until saturation, The hexahydrate
TiCl,-BH-0 crystallizes hest when the solution is not agitated;
therefore, the introduction of HCI sheuld be interrupted for 19
minutes every balf hour. I ihe reduction I complete, the product
crystatlizes within one hour, forming a solid crystalline mass. It
is placed on a cearse fritted-glass fllier under CCj and the
mother liquor is remowved by suction, The precipitate is washed
with some saturated HC1 solution, followed by ether, and the crys-
tals are dried in & vacuum desiccator over soda lime. The
TiCly - 6 HO than conslsts of small ¢rystals,

PROFPERTIES:;

Pale-violet, hygroscopic ¢rystals, readily scluble In water,
Decolorizes slowly by oxdation in dry alr, rapidly in moist air,
with formation of white TiO hydrate,

If a saturated solution of TICl, is covered with ether and
eaturated with HCl, a green, very unstable isumeric hexahydrate

Is formed [A, Stihler and B. Wirthwein, Ber. disch, chem. Ges.
38, 2619 (1905)].

REFERENCE :

Private communication from W, Fischer, Hanrnover,
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TiBry -8 H,O

T8 —+ TiBry — Tiliry 8 H,O
467.0 2878 305.7

Titanivm (I} bromide TiBra-8H0 is

prepared in exactly the

same wiy as TiCla«6Hy0. A solution of 37 g. of TiBr, in 3’5 ml

of 34% hydrobromic acld is poured into the clay eylinder and re-
duced for three hours at a current intensity of 2.5 amp,

PROPERTIES:

Reddish~violet crystals. M.p. 115°C. Soluble in H30, mathanel,
absolute mlcohol and acetone: insoliuble in CCl, and benzene. De-
composes in absolute ether.

REFERENCES:
The same as for TiCly:6Hz0D; see also 4. C. Olseaand E. P.
Ryan, J. Amer, Chem. Soc, 54, 2215 {1932).
Titanium (¥} Chloride

TiCl,

Tl + 28C + 2C, = TiCly + 2CO
9.8 46 418 189.7 50.0

PREPARATIGN

a) An intimete mixture of 30 g of commercial TiO; (aold
under the trade name “‘synthetic rutile’*; if natural rutile is used,
it must be preground for 24 hours in a ball miil until & very fine

powder is obtalned), 15 g. of charcoal or cerbon biack, and 0,05 g~ -

of manganese dioxide catalyst is stirred to a paste with water and
6.3 g. of soluble starch, The mixture isheated in & drying chamber
with occasional stirring until s material consisting of sgglam=
erate¢ particies 1s produced; this is placed in & clay crucible,

covered with a leyer of carbon plack, and thoroughly calclned by -

means of & biesi burner.

The chiorinstion is cerried out in a guartz tube (20 mm. LD: 7

te which an 8-mm, quartz tube 13 sealed ats 45° ragle. The
narrower tube is inserted into & 150-mi. distiliing flask, which:

serves 48 the receiver.

The larger tube is charged with the TiO, +C.nixture andithy -

entive apparatus i9 dried by faming with & flame, while d.StoaRdy
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through. The recefver is Immersed [n zn joe-
sgnc‘q‘:u::ug?wm theufeactnnts are slowly heated to 450°C tn g
stream of Cly. In the absence of & catalyst, or if the TiQ, I5 in-
sufficiently ground, heating to 1006°C is necessary. From time
to time, particularly toward the end of the run, thg tube section
between the furnace and the recelver is fanned with a flame tg
distil! off any condensed TiCls and to prevent plugging with
FeCly. At a flow rate of three liters of Cl; per hm_xr. the reaction
requires 4-§ hours for completion. The receiver is removed and
the product TiCls is freed of dissclved Cla (and COCla, if present)
by drawing a stream of dry air through the tube. The yield is
about 40 g.

b) A simple laboratory apparatus, which Ccan be vsed fop the
preparation of mest anhydrous chlorides {solid, liguid and gaseous),
has been described by Kroll (see Fig. 294). It is made of fused
gquartz, which is better than porcelain since it is attacked at
much higher temperature and even then produces only a single
coptaminant {SiCls). The apparatus consists of a single tube in
two sections, one wide and one narrow, and containing 2 cold
finger in the large-diameter section; ithe latter section serves =s
a condensing chamber far the distillate or sublimate, The heating
arrangement is divided into two parts, The heating section for
the narrower tube reaches well into the wide-fube section, to pre-
vent the chlorides from condensing in the transition section, The
large-diameter section may be heated slightly If the need arlses;
it is only pariially covered by the heating element and its exposed
part may be cooled by placing it in a wooden box filled with Dry
Ice; this may be necessary inthepreparationof chlorides which are
difficult to condense (e.g,, BCly). Chlorides which are liguid at
mom temperature (s.g., TiCl,} condense on the cold finger angd
flow into the receiver, the reactor in this case being slightly in-
¢lined, Nonvolatile chlorides deposite as solids on the finger.

heater quartz glass
T rd

Fig. 294, Preparation of anhydrous chloridea

according to Kroll, The mein tube and the cold

finger are made of fused quartz, a}) reaction

chamber; b) condensing chamber, Dimensioas
in mm,

U the raw materials for TiCl, are ver i
¥ pure Ti0Oz and sugar
ehircoal calcined In a stream of Cl,, then the prepurification
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described below hecomes unneceasary, The solid

. charcoal mmay
be sdgslpensed with if the chlorine astream galso contains CCly
ar ogela. . '

See also the preparation of ZrCl,.

PREFORIFICATION

The crude product is decolorized and contarninants auch as
FeCla, VOCls, etc., aTe removed hy adding 1 g.of Cu powder
(Na amalgam or Hg may zlso he used) and hesting the liquid to
90-100°C for 15 minutes with cccasiona) shaking,

[If Cu turmings are used, the amount specified above must be
increassed tenfold. Oleic acid and its salts spd other oy gaAniG
compounds, in quentities of lass than 1%, are also efficient decolor-
fzing agents {C, K, Stoddard and E, Pietz, U. §, Bur., Mines Hap.
Invest. 4153, 40 {1947)].

According to British Patent 588,857 the following purification
procedura is pariicularly well suiled for the removal of traves of
vanadium. The product containing 0.072% V {s mixed with 0,1% of Fa
stearate and traatedwith H o5, causing precipitation of  black~brown
sulfide; the latter is filtersd off. The TICl4 then contains only
0,002% V.]

After heating with copper, the TiCl, is cooled and suction-filtered
through a very dry filter funnel], znd the filtrate ia transferred for
{further purification (removal of 81C1, and dissolved nonvolatile hy-
drates) to the distilletion apparatus described below {Fig. 295).

Al ATMOSPHERIC PRESSURE DISTILLATION

The neck of distiliing flask e is closed off with a ground stopper
provided with & small hook, from which & thermometer 13 sug-
pended on a Pt wire. The side arm passes through a condenser
jacket: a small bulb b (the receiver for the forerun) &nd an outlet
tube ¢ filled with P,0, are sealed on as shown. In the initial
stage of the run, the system ends in & second distilling flask e
eguipped with & break-sesl valve | {seo Tart I, p. 63}, via which
the flask is leter conmected to additional pieces of glasaware.
The apparatus is set up to peinti aad flasks a and e are dried by
fapning with a flame while 2 stream of alrls passed through.
Then TiCl, is placed in flask ¢ and the latter is heefed on en of}
bath, ‘The forerun is collected in b, which 1s then sealed off,
while the main fraction of the material is distilled into e, whioch is
then sealed off at 4. This operation is followed by nnadéztiona.l
distillation &t atmospheric pressure: flask ¢ is melt-sealed nij; |
to the system shown on the right side of Fig. 2054; this part
the apparatus is very thozcughly dried by ﬂm@ﬂ lf:am" _ :ﬁ
the system and allowing dry air to enter. The thif
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then shattered at the prescratched peint ¢ by moving the
m“.m:: A by means of a magnet, The forerun from this distillatjon
s callected In & and the main fraction of the distillate in receiver

w, which is then melt-sealed &t point .

Fig. 295, Purification of titanjum {IV) chloride
by distillation: A) at atmospheric pressure;B)
in vacuum.

Bl VACUUM DISTELLATION

Vessel m is meit-sealed at o to the rest of the apparatus
shown in Fig. 298B, and the sntire system is dried by Tanning
with a flame while a high vacuum iy maintained, The TiCls is
then introduced inte m and frozen with liguid nitrogen, the break-
seal valve n is broken by the method described above, the system
s evacuated to 10™* mm, and sealed at p. A forerun is collected
In r by cooling this trap and graduslly heating flask m; the con-
nection to r i then sealed off. The main fraction of the product
may now be disiilled in ome batch, that is, by collecting in cooled
recefver ¢, sealing off at ¢, and repeating the vacuum distillation;
or the TiCl, may be distributed into several batches and collected
Intraps 1, s5, 23, elc,

FROPERTIES:

Colorleps, acrid lquid; fumea sirongly In moist air. M.p
—24.8°C, b.p. 136°C; d 1.73. i

Hydrolyzes almost completely on solution in water; if the
Mpdrolysis is depressed by addition of acid or if only amall
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quantities of water are used, ch)
mediates, Readily forms addas e Ges may form s intefs

ctes with
meial chiorides, stc, smmonia, pyridine, non-
REFERENCES:

Preparation: a) Private communication from W. Fischer, Han-
ROVar, bLW. Kroll, Metsli u, Ere 36, 101, 125 (1935}; oo
also A, Kostar, Angew. Chem, 69, 563 (1857},

Prepurification: A, V. Pamfilov, A, 8. Chudyakov and E, G, Stan-
del. Zh, Prikl. Khimii 142, 232 (1335), and other papers of
A. V. Pamfiloy published in that period,

Distiliation: K. Aril, Sci, Rep, Tohoku Imp. Univ, 22, 959 {1933);
the apparatus described may be used for the dletiilation of
other highly corrcsive liquids, such as POCI,, 30C1 g, eiz,

Purification of TiCl, for atomic weight detarminations ig described

by G. P. Baxter, J, Amer, Chem, Soc, 45, 1228 (1923); 48, 3117

(1826); E. H. Archibald, The Preparation of Pure Inorganic Sub-

stances, New York, 1932, p. 184,

Ammonivm Hexachlorotitanote

(NH.)o{TiCh]

This 1z a good, easily meagured starting materiel for preparing
hydrochioric acid solutions of titanium, since it forms concentratad,
gtable solutions In water or dilute hydrochioric acid,

TICL + 2NHCl = (NH)TiCl)
1887 167.4 50,7

¢

The preparation comprises precipitation of (NH4) ;{T_ic:l,] from
an HCl-seturated solution, using a special apparatus which miy
glse be employed in many other syntheses, o

A 260}1'::.1. wida-peck Erlenmeyer fiesk is used to hold 100

ml, of solution. The flask is closed off with » closely fitteg

three-hole rubber cap (“‘fermentation cap’). A glass stirrer;
preferably of the twist drilt type, is inserted in the center Im]@f
a drop of glycerol is used for lubrication and gas seai. THe 86

i né
commended. Laboricus centering of the gtirrer is avolded a
gasy assembiy and dismantling of the apparatus pm_nmi;e&d by
coupling the stirrer to the motor shaft for the speed redicer

14 rubber vacuuwnEoSe? |
shaft means of & piece of strong, rigid nﬂ:l:er Factuii BOSEy
The llirgction of rotation of the stirrer is such Hiat tﬁamw

P B
of a ground joint sealed to a mercury-seai agitatoris alao ¥eos |7
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liquid shed down: higher agitation rates can be reached

?ﬁh this ui:aggement without cgimger of splashing, and the stirring

cient.

i ﬁ mﬂo:kefif; supported at the neck by a clamp which holds it

ina cooling bath st a depth so that it is c-_avered with coclant to just

below the claump level while still leaving enough coolant under-

peath the flask to provide cooling of the botiom.

The gas inlet tube need not dip iato the golution, since the rate
of absorption of HCL in the vigorously stirred liguid is so rapid
that it is almost ocontrolled by the input rate alone; possibie
plugging of the inlet tube is also avoided by not letting the tube
dip into solution. The HCI addition rate is controlled to avoid the

. foymation of a mist above the stirred mixture, a point at which
evaporation losses just begin, The greater the stirring rate, the
higher the rate at which the HC! may be Introduced, and the sooner
the end of the run, Compleie saturation of 100 ml, of precipitation
sclution requires less than cne hour.

The HCI flow rate is sharply reduced toward the end of the run,
The progress and termination of the HClabsorption can be followed
by means of bubble counters inserted ahead of and behind the
precipitation flask,

The HCl generator must be capable of yilelding a continuous
stream of gas and must also zllow & wide range of adjustment
in the flow rate; in addition, it should be easy to start, give an
air-free gas stream as soon 85 possible after the start, gand stop
generating gas shortly after being turned turned off. The generator
described on p. 280 fulfills these conditions less well than the
apparatus developed by W. Seidel [Chem. Fabrik 11, 408 (1838},
in which conc. hydrochloric and conc. sulfuric aclds resctto
give a good yield of HCI; thisisaccomplished by dropping the acids
separately onto a packing of glass beads,

If only smell quantities of HCI are required, the most con-
vendent generator is still the Kipp, which utilizes the reaction
of conc. sulfuric acid with lumps of NH,C1, particularly since
the gas does oot have to be dried, Howaver, foaming is quite pro-
noanced at larger HC] Dows,

ning now to the precipitation of (NH,){TICl]s. gaseous
Eil 5 introduced at €°C into 2 sclution of § g. of 'I]‘iclf in 100
NE g ws (7:1) hydrochloric acid contaiping sbout 4 g. of
a1 HCI gas 15 added until saturation, Then the HCI flow is
mmhi:it::g:i:gt;g continued until completa prqcipit&t_mn.
ig iow, the yellow (NH o) z[TiCle] is obiained

in the form of coarse crystais averaging 0.1 mm,

The precipitate is separated from most of the mother liguor by
a short suction filtration through coarse fritted piass {without
mwwhedenthmughmeco ound! tals
are them mp }, and the crys

Pressed between two pieces of filter paper. ¥ an asbestos
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filter is used, the compound rmust be repeatedly boiled with cono
hydrochloric acid and then very thoruugmeﬁrewash& ]

PROPERTIES:

Yellow octahedra, probably of the K [PtCls] structure, May
be stored for an indefinite period if moistened with hydrochloric
acid and kept‘in a closed container; on washing with anhydrous
ether and drying over conc. H.S0. in & vacuum desiccator, de-
composes with propounced evojuiion of ECl, In mofst air, forms a

white hydrolysis product, which is unuszual 1n sl being soiublie in
Wwatar,

REFERENCES:

A. Rosenheim and O, Schiitte, 7. anorg, Chem. 26, 239 {1301);
W, Fischer amd W. Seidel. Z. anorg. allg. Chem. 247, 333

{(1841); W. Seidel and W. Figcher, Z. anorg. allg. Chem,
247, 367 (1941).

Titanium (I¥]) Bromide

TiBr,
L TiCl, + 4HBr = Tibn + 4HC
1857 323.7 7.8 143.8

Due to the long time required (3¢ hours), the original method
described by Thorpe in 1856 (bubbiing of EBr through warm TiCle
until the boiling point of the sclution equals that of TiBr,) has been
maodified as follows,

Receiver b of the spparatus shown In Fig. 296 is cooled with
liguid nitrogen or Dry Ice, and pure, dried HBr is condenaed in
until enough liguid is preseat. The section above 4 is then broken
off, TiCl. is added to a, and the apparatusis regealad at e.
Stopcock { is closed, i is opened, apd TiCls I8 slowly distilled
into container b, which is cocled with D:'y 13;; the ?iiiali :‘raction
is guite violent. By periodicaily removing coolant, it 1s pos-
s:ib;le to briag the reaction fo completion. The gas mixturs evolved
(essentizlly HC1) is vented through stopcock 4, while the HBr is
condensed in ¢ by proper cooling. The mixture 18 allowed to warm
up to room temperature in order io gecelerate the reaction, and
the condensation of fresh ABr into the flasi is repeated several
times. Finally, vesssl b, witich conteins 2n glready very pure
crude product, iy sesled off at g; if desired, flask ¢ may be sealed
at point & to & distiliation apparatus {such as the one described
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im the preparation of Til,) and the TiBr, further purified hy

wacuums distiliation.

Fig, 296. Preparation of
titapiym (IV} bromide,

iL TiOy + 2C + 2Br. = Tibr, + 2C0
gk 240  MET 3676 564

The already-described method of preparation of TiCl, is
modified only to the extent that the stream of Cl, is replaced by
dry CO, which passes through a 60°C wash botile conizining
135 g. of Bry: the bromine-saturated COp then passes over the
reaction mixture {30 g. of TiQ; + 15 g of wood charcoal), which
is heated to about 600°C, A mixture of TiBrs, CBry and free Brg
collects in #he receiver. The last two products are distilled off
in a stream of pure CQ, bubbled through the melt, leaving the TiBr,
as the regidue. Cocoling to room temperature produces a solid
ﬁa::fi. which mzy be purified by multiple distillation, The yield

1 Ti + 2B, = Tibr,
474 3197 g7 8

I metattle Ti is evailable, the compound may be easily syn-
thesized from the elements (see the procedure for the preparation
of Htamium _diha.lifias}. A weighed amount (5-6 g,} of freshly dls~-
tlled Br; is placed in & thick-wall guartz tube cooled with Dry
Iee, crude Ti is added (somewhat more than ‘the stoichiometric
guantity), and the tube is sesled under high vacuum, The Bra
begine 1o melt on removal of the coolant; the reaction starts im-
-ﬂlliﬂlel!u Melst;nad ﬂamesm t;.?p';iig f.ﬂer completion of the raaﬂtigﬁ

T4 i distillad off; it o purifl
by mubiigle diatiliation (see Til,) w8y be p
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FAGFERTIES:

Amber yellow, octahedral crystals. M.p. 40°C, b,p. 230°C;
4 3.25. Exiremely hygroscople, absorbs molgture with !?ydrolytlf.;
decomposition. Very readily soluble in alcohol, moderately in

ether; soluble in 34% hydrobromic acid and in conc. hyd
acid, Crystal structure: type D1,, - bydrochlorie

AEFERENCES:

1. W. Biltz and F. Keunecks, Z. anorg. allg, Chem. 147, 171
(1925); W. Klemm, W. Tilk and 8. von Miillenheim. Z. anorg.
Chem. 178, 1 (1928).

1. See also J. C, Olsen and E. . Ryzn, J. Amer, Chem. Soc,
54, 2215 (1532), as well as R. C. Young in: W. C. Fernellus,
Inorg. Syntheses, Vol, II, New Yark-London, 1946, p. 114,

1, See also J. M, Blocher Jr., R, F, Rolsten and I, E. Campbell,
J. Electrochem. Soc. 104, 553 {1857).

Parification of TiBr, for atomic welght determination is described

by G, P. Baxter and A. Q, Butler, J. Amer. Ckem, Soc. 50, 408

{1928); E. H. Archibald, The Preparation of Pure Izorganic Sub-

stancen, New York, 1932, p, 145,

Zirconium {1V}, Hafniuvm §V] and Tharium (V)
Chiorides and Bramides

ZrCl, HIGL,, ThCly ZeBr,, BiBr,, ThBr,

2eCH,

70y + 2C + 2CL = ZeClL + 200
1232 248 418 2880 58.0

An intimate mixture of one part of pure Zr0Oz 2nd two paris of
calcined carbon black or sugar charcoal is placed in a porcelain
boat and heated at 500°C in a siream of Ciy or, preferakly,
ZrC, with no admixtures is chlorinated in & Cla-CCly gas mixture
produced by passipg Cl; through a wash boltle {70°C) filled with
CCl,. The initial chlorination temperature is 350°C, but is

radually raised {o 700°C.
: The 1lt;qm.zilzsnnam is similar to that described on p, 8BD for the
preparation of BeClg, except that, when working with Cly~CCly, .
g trap for the unrescted CCl, must be inserted in line after tube
A. Since ZrCle, which sublimes at 331°C, 18 diffigult to Te~
condense, it is edvisable to use & long tube (600 mm.), prefexably
of Vypor. The additional resublimation at 300-350°C is carried
out in a -streem of Ha, & treatment which more sffeciively ramma} .
the oxide and FeCly preseat. : e
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Alternate method: The industrial chlorination of ZrC prepared
from XrS10, is described by W, J. Kroll ot al. [Trans. Electro-
chem, Soo. 89, 269 (1946); 92, 187 (1847); J, Electrochem. Soc. 34,

1 08},

MROPERTIES:
ite talline powder. Sublimation point 331°C, m.p. (under
pre:g:tre]ciﬁ“c; dp':.au. vields 2 misat of hydrochioric geld in
maist air; violently decomposed by Hg0, forming the oxychloride,
Seluhle in aloohol and ether. Crystal structure: type D 1,.

RICL. Thl,

The same general method is used for HiClg and ThCl,; in the
case of ThCl,, the Cl,-CCly mixture should be replaced with
Cl8Cl, since this allows reducing the temperature fo 700°C
instead of $00°C,

z.hh anl'q, ThBI'{

‘The preparation of the bromides in a Brgp-saturated nitrogen
stream reguires high temperatures if practical reaction rates
are to be achieved. The oxide-carbopn mixiure must usualiy be
heated to about IR00°C; this temperature is easily atteinad with
a gas-air blast hurper provided the quartz resctor is embedded
in porous, refractory gravel (‘Distomite’ gravell,

The preparation of HEBr, and the lower bromides HFBr, and HiBe,
is described in W, C, Schumb and €, K, Morshousa, §, Amer, Chem,
Soc, 63, 2696 (1847),

BREFERENCES:

D. Lely and L., Hamburger, Z. anorg. Chem. 87, 209 (1314);
A. Voigt and W, Biltz, 2. anorg. allg. Chem. 133, 277 (1924);
O. Homigschmid, E. Zintl and F. Conzdlez, 2. anorg. elig.
Chem. 138, 293 (1924); J. H. deBoer and J. D, Fast, Z. anorg.
allg. Chem. 187, 177 (1830); W. Fischer, R, Gewehr and
H. Wiggehen, Z. anorg. allg. Chem. 242, 181 {1939); 4. P
Coughlin and E. G, King, J, Amer. Chem, Soc, 72, 2262 (1950);
for the bremides, see alsc R. C, Young and H. (i Fletcher
la: H. 8. Booth, Inorg. Syntheses, Vol. I, New York-London,

1939, pp. 49, 51,
Tharivm Chloride
ThC-‘L-HH;D

A solution of thorium bydroxide in excess h
ydrochioric acld
I8 evsporated until sirupy and 15 then sllowed to cool and cryatallize,
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Further purification, Iin particular, removal of Fe and BiOg
iz best achieved by shaking with an ether-agueous hydrochlerie
acid mixture. The experimental arrangement ia the same as
described for the preparation of (NE,)g[TiCls}, p. 1185,

The crystals are dissolved in the minknum guantity of 6N HCIL,
filtered through ashestozs, snd shaken twice with ether to remove
the iron. SiHeic acid precipitates during the evaperation and fe
alge filtered off. The filtrate is cooled to 0°C, and HC1 gas ia
passed through until saturation. An equal volume of ether iz added
and the mixture is treated with additional HC! until homogeneous,

Pure white crystals of ThCl, - 8 H 0 crystallize; these are filfered,
washed with ether, and dried,

FPROPERTIES:

Formula weight 518.08. Deliguescent in moist alr, readily
soluble in water and alcobol. Scluble in ethylenediamine,

REFERENCES:

C. B. Kramer. J. Amer, Chem. Soc. 64, 1009 (1942); T. Muniyap-
pan, Master’s Dissertation, University of linols, 1885,

fitanium [V], Zirconium (V) ond Thorium (IV) lodides

Tl (Ze1,, Thi

Syntheses 1 and I (described below) stert from crude Tt
{prepared from TiCl, and Na), which is alilowed to react with I
vapor, while in method Iil & commercial fine Ti-Al alloy powdar
(Altarms T0%, I.e,, contalning 7T0% Ti} is boiled in & solution of Iy
in CS,. Upon remaval of tke solvexnt, the ATy 12 bound in a non-
volatila complex KAIL,, while the Tils is distflled off. This maethed
18 recommendad for [arger-scale preparations.

Ti + 21 = Tiku
478 5009 R

1. Crude T1 (20 #.) i treated with dilute hydrofluoric geid, washed
with d[ii:tﬂ]egl wga:er end alcohol, and dried, It is then placedin
the center bulb e of the apparatus shown in Fig. 297, whick is
sealed off at f as close to the bulb as possible. The spperaius ija}
made of high-melting glass, preferably fused quariz war::iﬁ
highest purity is to be obtained. Filling tube & is closed :;ﬂ ;

a rubber stopper; the system is evacuated and dried hy fannioy
with & ftame while vacuum is maintained. The stopper ata
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297, Preparation of titaniurn {IV} lodide according
T to the method of Blocher and Campheil,

}s removed for a while, and doubly sublimed, carefully dried I,
{100 g.} is =ndded vis tuhe a. The [,is melted and transferred
a5 a melt into bulb ¢, which Is then sealed off at b_ Bulb ¢ ia
cooled with Dry Ice; the system {5 evacuated to 10 ¥ mm,. and
sealed at i, The center bulb is heated to 525°C, and the two side
bmibs are alternately heated and cocled witk air, to produce g
slow stream of I, vapor which flows back and forth over the
Neatsd metal. The reaction is complete after three passes. The
conversion is quantitative, based on the metal countent of the Ti,
Nonmetallic Impurities are laft as & residue in ¢, if the compound
is to be resublimed or subdivided intc pertions, additional bulbs
are fused onto h as described in the preparation of BaCly (p. 888),

iL E a particularly pure product is desired, one may proceed as
fodows: 2 g, of Tl powder is piaced in section ¢ of the Pyrex
apparatus shown In Fig., 298 and heated for ome hour at 500°C ln
high vacuum (provided by a pump attached
at 9). The material 15 then cooled to room
tampergture, and thin glass partition 4 is
broken by means of a magnet and ateel ball
& {which i8 then removedfrom the system by
sealing off at &) bulb b, which contains 10 g,
of 1, is thus connected to the rest of the ap-
paratue, The lstter i now sealed off atiand
the pamp is turned off. The I, vapor reacts
immedlately (sometimes slight heating is
nacessary) with the Ti to give aquantitative
yield of TIl, {in the preparationof Zrl,, it is
noceseary tg heat the apparatus for geveral
boure in an electric furnace at 200°C), When
the reaction is complete, the apparatug is
pealed off at m. After breaking partition ,
the gases Ifberated during the reacticn Fig. 288 Prepara-
are vemoved by mesns of a high-vacuum  tion of titapium {IV)
mwp conpected at ¢, The system is re- lodide according to
sealed at &, the TI, is subHmed from « Faet: d, ¢ and f are
imte ¢ by beating the former, and constric-  break-seal valves;
Hon = I8 sealed off. The pump may ¢ 18 a steel ball,

-hﬂmeatedatp,shmkan, andan:’rggg :
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evolved during the sublimation removed. The compound may then be

removed, ag desired, through p. If the Til, is to be stored, the
gystemn is Aealed off al 1,

The preparation of Zrls or Thi, is slmnilar,

1. In the method of Blumenthal and S8mith, the apparatus {(Fig. 289}
consisis of atwo-llter, long-neek, round-bottom flask g, two smaller
round-bottom flasks & and ¢ (500 ml., 250 ml. respectively), a
condenser and 3 receiving flask 4 (250 ml.). The multihole
ribber stopper in the iarge flask carries the following: 1) an
ammular heating device conslsting of aplasstube g which terminates
at the botiom In a closed sphere; steam s lntroduced via a thin
inner rubber tube which reaches down to the sphere; 2) a dropping
funnel; 3) a reflux copdeaser; and ¢) & glass tube with a larger-
dismeter filter section (¢he latter 19 in flask o and is filled with
glass wool), All openinga to the atmosphere are protected with
drying tubes filled with silica gel, Before tho start of the prep-
aration, 10 g. of KI ig placed in flask . The apparatus is as-
sembled and dried by fanning with a flame while a stream of air
is drawn through, The rubber stopper is ralsed rapidly and 127 g.
of I, dissolved in 860 ml. of CSy, and 50 g. of finely powdered
Altarn 70% zlloy {equivalemt to 1/2 mole of free Ti, the remainder
being the oxide} i8 added to fiask a, The sclution is brought to a
boil by passing ateam through the heatlng device. The heating i3

¥ig, 209, Preparailon of titanium (IV) lodide according

to Blumenthal and Smith: e rubber copngction with

pinchoock; g steam heater conglpting of &n outer

glags tube with a sphere and an Inner mubber tubs; .
i filter with glass wool packing, e
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contiog hour with oecasional ghaking, resulting in
@lﬁ.ﬂ-ﬂ:&wfo{urﬂ?&lon of the Ipdides (T1l, and Alla). These are

sohub) S5
Th: ::igb.a;a is cooled to yeom temperature andcomprassed dry
adr i3 igtroduced via the reflux condenser, foreing the selution
through the glass wool filter and Into flask b, This transfer ig
ince the lodide solution in flask b must

arried out In stages, 3
:B concentrited fgm time io time by distilling excess C8; intg
flask d, Finally, three 100-mi, portions of C8, are added to rinse

out the last traces of product in 4; these gre also transferred to y:

The rubber conhectioh ¢ is closed off with a clamp and flask ¢
15 removed from the system, Flasks b and ¢ are heated in g
water bath to 80°C until ail the CS, distills Into . A slow stream
of dry N, is intreducad through stopaock f, and flagk b is stroogly
heated with = burper while flask ¢ {5 cooled with cold water;
this causes the All, to react quantitatively with the Kl to form
nonvolatile KAll,; the Til, meanwhile distille info . The dis-
tillation is ended when colored vapors can ng longar he obsarved,

The erude product (90% yleld) containg 95.1% Tils, 4.6% free
Ig and 0.5% ladides of other metzls. Since 28% of the CS. is re-
cycled, and elnce XI and I, may bhe recovared from the KAl

melt by air oxidation:

1208

AKAN, + 30, == 4K + AL,0, + 81,
the process ie suited for the preparation of large guantities of Tily,

IV, Alternate method: If metallic Ti is not available, TII, may be
prepared by the method of Heutefeutile {1867}, The procedurs ie
similar to method I for the preparation of TiBry.

The tetraiodides of T{, Zr and Th may be produced from the
oxtdes with the aid of All,,

PROPERTIES:

Red-brown ociahedra crystallizing in ty
pe D 1, but {rans-
f:;_rmed o proloaged atofage to a modification with a iowar degree
ma_ayg;miry. M.p, 156°C, b.p. 377°C; d 4.40. Fumos atrongly in
; dissolves rapldly I water with hydrolytic decomposition.

BEFEHENCES:

L gl Glg.ﬂg;%%r ?}l;xdt:nLanE agdampbell. J. Amer, Chem, Scc, 63,
o 242 (1936), - Tannexberger. Monateb. Chems.
4. D, Fast, Z, anorg allg, Chem, 239
. allg, . 239, 146 (1938).
% 3. Eﬁiﬁlunxgth;l and H. Smith, Ind, Eng, Ch(em. 4}2. 248 (1950%
. W, + Keunecka, 3, anorg, allg, Chem, 147, 171
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{1925); W, Klemm, W. Tilk and 8, von Miillenheim,. Z. anosy.
ellg. Chem. 176, 1 {1928); M. Chaigneau. Comptes Rendus
Hebd, Séancez Aced. Scl. 242, 263 (956); 8. Ramamurthy.
J. Sel, indusir. Res, 148, No, 8, 414,

Titunium {1} Oxychlorida
TiOC!

TiO, + 2TiCl, = 2TiOC! + TiCl,
79.9 085 1867 139.7

A quartz mbe is thoroughly baked while under high vacuum, I¥
in then charged junder & nitrogem blanket) with TiCl, B0% excess)
and TiO; The tube 15 evacuated @0™% wmm.), sealed off and
placed in a furnace with a temperature gradient so that one third
of the tubs, containing the TIO4-TICIL; mixture, i3 at 650*C while
the remszinder iz at 530°C, The resction ends in about 12 hours;
the excess TiCl, and a small amount of yellowlsh-brown orystals
of TIOC! pass into the cold zone. Tke hot zome containa a brown,
finely crystalilne cake of TIOCL. If heating in the temperatura
gradient is contimued for several daya all of the TIOC] migrates
tc the colder zone and deposite ae beautiful long orystals, The
TIOCL i8 1solated by diat!lling the TICI, into the empty half of
the tube, freezing it there, and cutting the tube in two, The mixed
cryatsis of TIiOCI and TiCl, are then treated with dimethyl-
formamide, In which TiCi, dissoives readily, forming a blue
solution. The TiOCl rsaidue is repestedly washed with dimethly-
formamide, followed by alechol and ether, and dried kn vacuum,

The compound may alsc he prepared by a similar procedure
via the reaction of TiCl, with Fe 304, 810y, Hi0 ot Og,

FROPERTIES:

Golden-yellow to red-brown cryatals; decomposes slowly inair.
Decomposes to TiQ, and T1G],; onheating insn open annealing tabe,

REFERENCE:

H. Schifer, ¥, Wartenpfuh! and W. Weiss, Z, anorg. alig. Chem,
295, 268 {1858),

Titanium (IV) Oxychleride

TiOCl,
L aTiCl, + As0, = 3TiOCHL + 2AsCl
188,71 1875 1348 151.3

An excess of TiCl4 I8 treated with As g0, resuliing in & highly
sxothermic reaction which goes to completion If cailng of ﬁh :
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solid produ lowiah substance obtained fg

P ot s dav::g:g-T;Eif h";?;uetionﬂltmtion in the shganen
mstﬁ:a anh ?vashmgwith absolute pentane or CCl,. Residya}

gol:rj:nt is re;::ged by vacuum distillation at room temperaturg,

The product contains traces of eraenic,

18 TiCl, + Cl,0 = TiOCk + 2Lk

1593 8.9 1348 141.8

dry O, {8 introduced through g

A stream of Clz0 diluted m:«l,:o_.gckaaﬁo—ml. Fask contaug
laxge-diametor injet tube inte & {nto the Hask
sbout 100 ml, of TiCly {the TiCls Is distilled into the lask under
conditions of complete exclusion of moisture), The gasis prepared
by passing a stream of Oy-Cly, predried with P Og, ovar HgO,
The latter is contaiped In a glass mba]provided with a cooling

d able to rotate (Liebip condenser).

jmglﬁlga;mgabaf the inlat tube with solld T1OCl, is prevented by
sealing & glass spatula fo the bottom of the flask In such a way
thet it projects a few centimeters into the tube. Occaslonsl re-
tation of the flask around the inlet tube then keeps the latter free,

The O,-Ciz0 mixture s bubbled in until the formation of a
erystalline paste makea this impossibla. Tha mixture iz allowad
to stand overnight, whereupen any small quantity of hypochlorite
still present decomphsaes to Cl, and additiopal TIOCI ;, The product
is Flltered in the absence ¢of molsture and washed saveral {{mss
with high-purity CCl, which bas heen distilled over P 0,; the pro-
duct is freed of the CCl, by evaporatlng the latter o a2 stream of
a dry gas, and is then kept in vacuum for a short time,

The yield is practically quantitative, based om Cl 0; based on
TiCl 4 actually used, it is about 50%.

FROPERTIES:

Pale yellow, hygroscople, crystalline powder. Sparingly soluble
In CCl,, benzene znd almilar sclvents, moderately soluble In
ethyl acetate, readfly soluble in ethereal hydrochloric acid (de-
composition), Hydrolyzee in moist air, giving a white color.
Disgociation to TIC], and TiOj begins at 180°C. ¢ 2.45.

REFEREMNCES:
L P. Ehrlich sud W. Engel. Z, anorg, allg. Chem. 322, 217 {1963).

I K. Dehnlcke. Angew. Chem, 75, 417 (1968); At
; . . 15, §3); Angew, Chem.
{International Ed, in English) 9, 325 (1963), e

Zirconium Oxychloride
Zx(0Ch: - 8 HL,0

The anhydrous compound ig uhtimo
with wn, Of the sxisting hydrates,
2, 3, 5, 6 and 8 moles of H30, the laat 1s the most Important,



RE. TITANLUM, ZIRCONIUM, HAFNiUM, THORIUM 121%

aince 1t crystallizes as a sparingly soluble compound from aquecas
golutione containing HCl, In a soluticn coateining sbeout 1.2 g, of
ZrOCly *BH5O par 100 ml, of HZO, the flat minimum ssction of
the sclubillty curve corresponde to a concentration of 7-8 moles
of HCLl/liter at 0°C, The cctahydrate is readily recrystallized and
can therefore be prepared in very pure form.

PREPARATION

ZrOy — ZrOCl-5HyO
121.2 ag2.5

i, Blnce zircon Zr310,, a minersl found {n nature, is more difficult
to work with, it is hetter to start from zirconla ZrQ; (eaddeleyits),
which is calelned, finely ground {the coarser particles are sereened
off with silk gauze}, and converted to the guliate by evaporation or
treztment for several daye with an excess of warm conc. H80,.
The solid realdwe, which consists of Zr(80,}); and uareacted Zr0,,
iz taken up In water (the solid is added in small portions to prevent
heating of the solution). The sulfate dissolves slowly, and its
solution may be aided by acldifying the water with some hydro-
chloric acid. The resultant milky suspension, which cozntalbe
solld undisselved ZrQy and 5105 {or ZrSi0,), 1s allowed to stand
for several hours and filtered.

The weskly acidie sulfurlc acid solution is precipitated with
ammonla and the hydroxide is filterad off. H the precipitate still
exhibits a high 81 content, it 15 dissolved ian cone, hydrochloric
acid and the solution is evaporated o dryness; this procedure s
repeatod several times. On redissoiving in water, 5{0, and some
basic zirconlum chioride become the insoluble residue. If no Bi
is evideat in the hydroxide, the fresh gel is dissolved in cold
bydrochlortc acid and the oxychleride is ailowed fo crystallize by
adding cone, hydrochloric acid or saturating with HCl, The crys-
tals are filtered and washed witk 8N HCL

I, When the starting materfal is high in 51O; and, In geoneral, if
a platinum dish is available, the ZrOs; may be avaporated with a
mixture of conc. HaS0, and 40% hydroflucric acid instsad of with
pure HyS04., The temperature required for this procedurals lower
than ip the preceding method. The subsequent steps are ag de-
scribed in method i

M. The octahydrate ZrOClg-8HzO may aiso be propered as
foltows, A suspension of freshly precipitated zirconfum ];ydroxida
tn H 0 s diseolved in coid dilute hydrochloric acid; affor Fltering,
the ZrOCly- S8R0 is erystallized by evaporation (if necepoary, by
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adding cone, hydrochloric actd). The starting zircomium hydroxide
is prepared ﬂ? precipitating a solution of K Z2rFs with emmonia;
the precipitate, which contains a basic fluoride, must be treated

kort time with conc. HpB0. (to remove the HT') and re-
t:i?;s:lv:d in H2S0s. The pure hydroxids ls precipitated with
amaTROnia,
disgsolve-—If
v, 2r0l, is dissolved in water {do not heat to
necassar;, add¢ some hydrochloric aeld); the solutien is filtered
and the oxychloride {s precipitated by making the solution 7-8SN

in HCL. _ ) _
The crude chiorination products of those zirconium-containing

minerals that are difficult to break down must bé rechlorinated _with
Clg at 1000°C, yielding crude chlorides, which can then be purified

via method IV.
PREPARATION BY RECERYSTALLIZATION OF TIE OXYCHLORIDE

V. The fact that ZrOCls-8H;0 dissolves readily in water and is
insoluble in 7-8N (25-30%) hydrochloric aeid allows this com-
pound to be used as an intermediate in the purification of Zr
salts, Although complete isolation of zirconium cannot be achisved,
this mathod eliminates not only Al, Fe, Nb, Ta, the rare earths
snd many other elements, but alse Ti, the removal of which cther-
wise Involves great difficultfes, Thus, for example, the Al content
may be reduced from 0.035% to 0,0015% by only one recrystalliza-
tion; the decresse in Fe content is of the satie order of magnitude.
Beprecipitation of the oxyechloride ls thus more effective than that
of the sulfate, described on p. 1232,

Since the molar solubility of HFOCI,.BH 0 Is identical to that
of the Zr salt, the Hi/ Zr ratio remains unchanged,

The strongly acidic HCI sclution of ZrOCi,- 8H 40 ia evaporated
on a water bath until eryatallization is inciplent and is then treated
with an equal vojume of cone. hydrochiorie acid; the mixture is
heated {do not allow too much HCI to escape) and, if necessary,
25% hydrochlorfe acld is added to the warm mixture until solution
is complete and the mixture contains, at most, 39 g. of oxychloride,
Le., 15 g. of ZrQ, per 100 ml. The solution 18 mechanically stirred
and fts temperature is allowed to drop to a point where it stiil
feels warm to the hand; 1t i8 then cooled with lpe. After stirring
for 30 minutes at 0°C, the product is filtered through & medfum-
wj:dﬂfo fgg::ted glads and washed with 26% hydrochloric acid pre-

The filtrate still contalns about 1.5 of the o
5 g chloride {or
0.8 g of Zr0,} per 100 ml. ¢ 7 {

YL A tl.lﬁh{: ll!':;1“1";&:-!:.n:u:l gives a less complete precipitation, One
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First 25 g. of ZrOCi,- 8H 0O & diswoived in a mixture of € mik.
of conc. hydrochloric acid and 100 mi, of HgO. The solution 18
heated {0 70"C and filtersd., The filtrate Ie concentrated to 76 ml.
apd allowed to cool without stirring, The crystallizing salt 18
suctlon-filtered on a fritted glase and washed with a eold 1:1
alcehol—cone. hydrochlorie acld mixture, in which the oxyehloride
ie very sparingly scluble. The yleld is 10 g. of purified material;
an additional 7 g, may be recovered from the mother lquor by
further evaporation and crystallization,

SYNONYM:
Zirconyl chlaride.

PROPERTIES:

Tetragonal prisms or needles., Deliguescent in moist afr,
evolves HCl and becemes dull in dry alr, Soluble in HpO (alight
hydrolysis) and alcohol., Lower hydrates are formed on heating
in & stream of HCI, Liberates HCI on heating in air and the selu-
bility in water is gradually losi; revertztothe oxlde on caleination,

Precipiftatiocn of an zleoholle solution with ether or acetone
ylelds dizirconyl chloride Zrz0.,Clg-5E 0, which s sparingly
soluble In water, The same compound deposits when a dilute
agqueous solotion of zirconyl chloride is allowed to stand for
a month,

Hafnium Oxychlaride

The proparstion and properties of HfOCl,- 8HO arve virtuaily
identical to those of the Zr compound,

REFERERCES:

. M. Falinski, Ann. Chimie [11] 16, 237 (1341},

I, L. Moser and R. Lessing. Mouatsh, Chem, 45, 327 {1924),
B. A, Lister. J. Chem, 3006, {Londoen) 1851, 3123,

IIl, F, P, Vensbla and J. M. Bell, J. Amer, Chem, Soc¢, 33, 1599
{1217} M. M. Smith and C. James, J, Amer. Chem,. Soc. 42,
1765 (1%20); ©. Honigschmid, E. Zintl and F. Gonzilez, %,
anorg. allg. Chem,. 138, 293 (1924).

IV. See also H. von Sfamens and H, Zander, Wisaanschaﬂ;l
Versffentl. Siemens 32, 484 (1922); W, B, Blumenthal, J. Cham.
Education 39, 607 (1982}

V., W. Fischer snd M, Zumbusch, Z. anorg. ellg. Chem. _§3.249

{1544); see elsc O. Honigschmid, E. Zintl and F, Gonzzles.

Z. snorg. alig. Chem, 139, 253 [1924) or E. H, Archibald,
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1932, p. 187,



1204 P. EMRLICH

' C. Fernelfus, Inor
. O, Sohumb and E. Pittman In: W. . g.
v gaﬂ?esus. Vol, 1I, Rew York- London, 1946, p. 121,

Lower Titanium Oxides
Tih TieCa

L. The surest preparaiion of defined lower T1 oxides involves

sintering with metallic Ti.
Ti + 3T = 2Ti; Ti © TiQ), - 2T
Eba 2307 s5TE ATE 795 1278

s ara prepared from a Ti sheet and ground te pinhead
simf,-‘ﬂ:nﬁ:;agnet il; ul?sed to free tham from the Fe picked up during
the machining operation, The fillngs are etched with dilute
hydrefluoric acld, rinsed with acetone, and rapidly dried. They are
mixed with T10, in proper amounts and the mixture {s pressed into
tablets or rods: thase are heated in high vacuum to 1600°C
in the arrangement illustrated in Fig. 300,

—— o — — ]

T g

Fig. 300. Synthesis of lower titanjum oxldes
{dimensions in mm.}.

Two Tammann crucibles (10 mm, and 14 mm, LD,), made
of sintered clay, are placed one inside the other, and the as-
sembly 12 placed is a tube (20 mm. LD, and 400 mm, long) made of
the same materfal and closed at one end. The 14-mm. cruecible
Is loosely coverad by the closed end of an idenifcal crucible, as
sbown, The outer (20 mm. .1.) tube 18 connectad to a high-vacuum
gystem via a2 ground joint cemented on with pleein. This arrange-
ment of three conceatric tubes is needed because the outer
corutdum tube is no! vacuum-tight at the reaction tempera-
ture of 1600°C. The gas used for flushing the annulsr space
between the surrounding graphite heater and the inner corundum
tabe is hbydrogen, which diffuses inside. Thus, in new tubas,

inside pressure rises from a satisfactory high vacuum to
1 mm, within 10 minwies at 1600"C; the pressure rises even
wore rapidly in older tubes, The pump must therefore be left on
the entirs heattng period, The above arrangement of

cructhies prevents the hydrogen from diffusin
g to the reactants
before it can be remaved by the vacuum pump,
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The mixture 18 heated at 1600°C for 15 minutes in a Tammanm
furnace; this is obviously insufficient to bring about complete
reaction. The Ti 18 oot completely consumed, but it bacomes 8o
brittle that it is readily pulverized in an agate mortar, This fine
powdaer is rehested and the product is then homogeneous,

If T! powder is used as the starting material, a single but
longer heating rur is sufficient (/2 hour at 1660°C),

Mstarials with a2 low oxygen content are best subjected to a
preliminary homogernlzation treatment, elther by high-frequency
heating In high vzouum, or by =so~called button-melting inan
electrie arc, which is familiar in tifanium metatlurgy.

The above procedure is generally appiicable and may b used for
the praparation of lower oxides of other elements closely related
to tltanivm, e.g., 2r, Hf, V, Nb, eic,

Ik many casas it has proved more coavenlent not to start sach
run from the metal; in those cases, a larger quantity of the low-~
oxygen compound 18 prepared andtheausedas a stock raw material,

O, Reduction of Ti0,in & atream of Hy at 1250°C ylelds a product
of composition TiO,, ¢, at 1436°C and longer reaction times up to
Ti0; 4a. At 1000°C, the reduction of Ti0; In & TiCl,-saturated
stream of Hy zlso ylelds a small amount of viclet-colored TigO,y,
hesidas the other preducts,

TIE. When TiO,; is reduced with carbon, the formaticn of mixed
TIO-TiC crystals cannot be entirely prevented. According to
Shomate, heating in veouum at 1400°C for 20 hours yleids Ti04
via the reaction 2 TIQ4+C=2 Ti;05+CQ, in sgreement with the
observations of Jumker, who found that significant amounts of
carbide ars formed only above 1600°C,

PROPERTIES:

TIO: Formula weight 127.80. Golden yellow powder. M.p.
1750°C; 4 4.89. Crystal structure: type Bl (¥aCl type). The rock
salt phase is homopenecus over & wide range of compogitions
{10, 5-TiOg.q). TiO dissolves in dilute hycaiiochforie and sulfurie
acide with partial oxidation: Ti% + H¥ =T1®" + /5 Ha,

TiyO4 Formula weight 143,80, Dark violet powder. -M.p.
“-'1990""0; d .45, Crystal 3tm0tur3: WP& D51d- I W e

REFERENCES.

I. P, Bhrlich, Z. Elektrochem. 45, 362 (1839); see also B,
Andersson, B, Colién, U. Kuylenstlerns aund A. néki,
Acta Chera, Scand. 11, 1541 {1857}, o wa
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. Frtederich and L. Sittig. Z, amorg. alig, Chem. 146, 127
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14, 28 (1999); G. Lunde. Z. anorg. alig, Chem, 154, 341

{1987); G. Braver and W, Littke. J. Inorg. Nuclear Chem.
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Tiranium [IV] Oxide
Ti{}g

Titanjum {IV) oxide crystallizes in three modifications of
decreasing stability: rutile, anatase and breokite, Whether the
synthesis of brockite has been achleved 15 atill in doubt, Anatase
is formed via the hydrolysis of Ti halldes at mot too high a temn-
perature (§00°C) or via low-temperature caleiping {~7G0°C} of
procipitated titanie acid. The lattice is stabllized by adsorbed
anions, amozg which the most effective are suifzte and phosphate.
Pure TiO, calcined at high tempersture always ylelds the rutile
lattice.

L TiCl, — Ti0,
1897 748

Very pure TiO, is readily prepared by hydrolysis of pre-
purified and repeatediy distilled TICl, The chloride 18 hydrolyzed
in Pyrex veasels cooled in {ce and the residual titznic acid is
precipitated by addition of ammondz, The mixture 1s bolled for
one bour, filtered snd thoroughly weshed until free of chloride {if
necessary, the precipitate 1s redissolved in hydrochloric acid be-
fore washing, and precipltated with ammoniz). Tha precipitate is
dried at 107°C and ecalcined for one hour at 800°C, The product
should be grousnd to a fine powder, rewashed unt{l fres of chloride,
and calcimed at 1000°C. After calcinatlon, the Ti0, so prepared
le white or light gray. A yellow tinge indicates traces of iron.

Alternate methods:

IL A more readlly flitered precipitate is obtained when the
precipitation 18 carried out in the presemce of (NHg).-,,SO‘:. Com-
merclal TICL, (300 g.) is slowly zdded to one Mter of distilled
waler, and the golution is purified by boiling for 10 minutes and
wmadand any insoloble impurities by filtratiop. A solu-
ph £, of (NH4) 350, fntwoliters of distilled water actdified

ml. of conc. hydrochlorfe acid i trested in a simfilar

- The two solutions are cogled, combined with atirring,
brought to & bofl. The pH is adjusted to 1.0 by addition of

!E&E
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ermoniz. At pH«<l, the yfeld is lower, while at pH>1 the Fe
content of the product may exceed 0,003%, Further treatment 19
the same a@ in (). The yield is almost quantitative, and a rutile
powder with a Ti0; content exceeding 92,.8% 15 obtained,

Iz E,TiF, -+ TiO,
240.1 79.8

A solutlon of KiTiF,. {which kas been recrystallized several
times) in hot water is prepared, and ammonia 15 ndded to pre-
cipitate the snow-white Ti0,.aq. The precipitate iz thoroughly
washed, dried and caleinad,

v, TiDSO, - 21,0 — Ti0,
195.0 784

This may be achleved by hydrolysis of titanium sulfate solutions
on prolonged boiling. However, this procedure s not recom-
mended since It Tequires s long time (eight hours) and the resultant
pracipitates are difficult to filter; precipitation with ammonia at
the boiling point is preferred.

V. Ti0Y, + 0, = O, + 20,
1897 820 788 88

The feilowing procedure for the preparation of rutile differs
fundamentally from the previous methods, Abazolutely dry O, and
TiCl, vapor are passed for 20 hours through a 20-mm,.-1.D,
porcelain tube heated to §50-750°C, Colorless to light-yellow,
lustrous crystals of rutile are deposited onthe whita resoter walls,
Unreacted TICl, is collected in a reseiver cooled with ice-salt,
Teward the and of the preparation, pure Oy 1s passed through the
tube, and this stream Is contimied whils the mixturs I8 cooling.

SYNONYM:

Titanium dioxide.

PROPERTIES:

Rutile: C4, d 4.22; anatase: typa C5, dd..&ﬁ;bmnkii‘é:
type C21, at};ﬁa. M.p. 1870°C; thermal dissociation above 1800°0
Is evident from the appeerance of a bluish tinge and a lower

melt paint. )
Aﬁrphaus T105 18 aiso insoluble in water and dilute aoida,

It dissolves slowly ia hot come, HzSO,, better in alkall kydrogen
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sulfates. The solubility 1s strongly dependent on the prior thermal
treatmont.

REFERENCES:

A, V. Pamfilov, Y. G. Ivancheva and K, F. Trekhletov, Zh,

N Obschey Khimii 13, 1310 (1940); C. H. Shomata. dJ. Amer,
Chem, Soc, 69, 218 (1847).
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IV. Techeng Da Tschang, Buil. Soc, Chim, France [5] 3, 271
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Titonium ¥} Oxide Hydrate
Ti'Dg‘nHzU

t, Compounds belonging to the systern TiOg-H a0 prepared in the
usual way (2.g., by precipitation with ammeonia from 2n aguecus solu-
tion of K TiFs) may be regarded as composed of TiOz and labile
HzC, Psart of the water, however, 1s hound and lecalized; its
amount depends onthe methodof preparation, Precipitated, hydrated
TiO; either exhibits gzn amorphous x-ray pattern or consists of
anatase containilng adsorbed water; similar lattices are formed by
the products of hydrolysis of TI(50,)y sciutions (refluxing for
four hours), while hydrolysls of TiCl. and TiI{NOz), solutions
under identical conditions yislds rutile,

H. ““Orthotitanic aeid” H,TIO, or TiOg ~ 2 H O seems toformonly
mnder certain definfte conditions; using the Wilstiiter acetone
methad at Jow temperature #°C), it was possible to prepare &
compound of composition TiO,-2,16H 0,

EEFERENCES:

For gereral vefereaces, see R. Fricke, Das System TIO/HOIn
R. Fricke 2nd G. F. Hiittig, Hydroxyde und Oxydhydrate
[Mydroxides and Oxide Hydrates], Leipzig, 1¢37, p. 211

L. H. B, Welger and O, W. Milligan. J, Phys. Chem. 38, 513
(1934} O. Glemser, Z, Elektrochem. 45, 820 (1939); W, Biltz,
?m Lehrer and O, Rahlfs. Z, anorg. allg. Chem. 244, 281

B, R Schwarz and H. Richter, Ber, dtackh. 2,8
{928); K. Willstitter, id, 57, 1082 {192:1. chom. Ges. 82
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Paroxotitanic Acid

H(I‘i.O‘..
TiCy + HiQ: + HS50, + LSO+ HO = B TiO(S0N] -3 HeD
9.9 A48 881 1748 18.0 404.3
KATiOn8C0:] 3 H,0 = Ti{OH), - O0H + E.50, + S0,
4042 1318 1745 881

According te Schwarz and coworkers, § g. of titanic aeid
hydrate (Merck) ia dlssolved In 10 ml. of warm cone, H 80
the solution is diluted to three times ita volume with water,
cocled to —10°C, placed in a dropping, funnel, end added to a golu-
tion of 8.6 . of X80 in 15mi, of 30% H O, The mixture 18 cocled
to 0°C and allowed to stand in the cold for 1/2 hour; it Is then pre-
cipitated by addition of zbout one liter of ice~coid reetone pretrested
with HzO; until the appearance of the color of titanium sulfate
{alcohol may cause partial reduction of the solution, yielding a
product deficient in active oxygen). The precipltate s filtered with
suction and washed with ice-cold abpoiute ether until the filtrate
gives = negative reaction with permanganate. The product is dried
for several hoursinhigh vacuam at the jowest possible temperstura,
yielding yellow-red potassium peroxytitanyl suifate corresponding
to the formula K {TiO4(504)4] « 3 HO,

Accerding to X, F. Jahr (see FIAT-Review, Anorganische
Chemie, Part IIf, p. 173) the colsr is due not to the complex anion,
but to the perowytitany! catlon itself, See also E. Gastinger, Z,
anorg. zllg, Chem, 275, 331 (1964},

In the praparation of the corresponding zircopium and hafnfum
Balts, which are white but have an analogous structure, the in-
dicated concentrations of the reactants must be very strictly
adhered to,

If the complex salt 18 to be used immediately, purification
by thorvough washing suffices. The precipitate is dissolved on the
filter in ice water and the solutlon is poured into 10 liters of ice~
cold water, Gradual deposition of the pure white precipitate seta
in after some time and the precipitation is complete after about
24 hours, The product is purified hy filtering, washing with foe
water followed by acetone; any adsorbed water 1s removed by
agiteting in a shaker flask (three times with 100 ml, of acetone,
once with 100 ml, of absolute ether, three times with petroletim
ethor—-all washing operations at 0°C), The remalning petrolsum
ether is removed by suction and the product is ieft for about 0.5
hour in n vacuum deaiceator which does not contaln a drying agent.

The peroxide bydrates of Zr, HE gud Th are prepared by treat
ing a solution of the sulfate {5-10%, based om the oxide conteut)
with an excess of 30% HgzOa cooling to —20°C, end precipitating
with ammonis below 0°C, The slimy precipitate ie revioved by
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srotion cooled contalner with the ald of a filter candle
and uammwttr: ice water, Tha only suitable drying method is
the ammonia extraciion process dascribed by W, Bitz[Z, Elektro-

chem, 33, 491 (1827)],

PROPERTIES:

. OOH: Slightly bhygroscopic, lemon~yellow powder,
Gmmls loses its a.%twe oxygen at roam temperature, with
resultant decoloration. Readily solubla without decomposition in
dilte H SO ,; loses oxygen graduslly in watar,

REFERENCES!:

R, Schwarz and W. Sexausr, Ber. dtsch. chem. Ges. ¢, 5060
{1927); R, Schwarz and H. Giege. Z. saorg. allg, Chem, 178,
209 (1928); see also R. Schwarz and F. Heinrich, Z. anorg,
allg. Chem. 233, 387 (1935).

Zirconium |IV] Oxide

Iy

2rOCl -8 HO ~ ZrOg; Zr(80): 4 H0 — a0,
3223 123.2 3354 1.2

Zircomdum (V) oxide is formed when zirconium oxide hydrates
or zirconlum salts of velatile, oxygen—contalning acids (nitrates,
oxalates, acetates, ate,) are dehydrated and then erleined,

Usuzlly the oxychloride or sulfate is therm=zlly decomposed
between 680 and 1000°C. Either salt must be prepurified by
repeated racrystzllization. In the case of the sulfate, the thermal
decomposition removes the last traces of 80, with some &ifficuity.

The amorphous ZrOg;, which g the first product obtained on
beating the oxychloride (300°C), converts at 500°C tothe tetragonal
modification, which then contains only traces of Cl. Above 600°C
the material is monoclinic.

Allernate methods: «) For the almost compiste decompoaition
of ZrOCly-8Hg0 with superhested steam (accompanied by evolution
of HC1 and formation of 2rO,) sea Akhrap-Simonova.

b) The preparation of Zr0O, by removal of silicon from ZrSiO,
with 310 io deseribed by Zinti et al,

PROFERTIES:

White powder. M.p. 2680°C, b.p, 4300°C; d 5.73. Exisis In
several modifications. Crystal structure: tetragonal and monoelinic.
The chemical behavier 1s strongly affected by the nature of the
prier thermal treatmont, If the compound has besn heated to
moderate tomperatures, it dissolves quite readily in mineral
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acids; after heating to high temperaturce, it is solubls only in
hydrofivoric acld amd cone, K 80, after melting, it 15 attacked
only by hydrofluoric acid. Decomposes readily In alkali hydroxtds
or carbonate melts, in which it forms acid-soluble zirconates,

REFERENCES:

O, Ruff et al, Z. anorg, allg, Chem. 133, 193 (1924); 180, 19 (1929);
W, M. Cohn and §. Tolksderf, Z. phys, Chem. (B) 8, 331 (1930);
G. L. Clark and D, i, Reynolde. Ind, Eng. Chem, 29, 711 {1937)
L. K. Akhrap-Simoncva, Zh. Prikl, Khimil 1), 941 (2938); E,
Zintl, W, Briuning, H, L. Grube, W. Krings and W. Morawletz.,
Z. anorg. allg, Chem, 245, 1 (1540); A, W. Henderson and K, B,
Highie, J. Amer, Chemw. Soc. 76, 5878 (1954),

See alsc R, Fricke, Das Syatem ZrOy/H 0 in R Fricke and G, F,

Hittig, Hydroxyde und Oxydhydrate [Hydroxddes and Ouxide Hy-

drates], Leipzig, 1937 p. 219, especially for the formation of
oxide hydrates,

Hafnium §i¥] Oxide
Hi0),

Hafntum (V) oxide Is prepared by caleinstion of the hydroxide,
oxalate, oxychloride or sulfate at 500-1000°C. The cryataliization
of the oxide starte ai 400°C, :

PHOPERTIES:

Whits powder, M.p. 2780°C; d 9.68, Essentlally identical with
ZrO, in chemical behavior, It probably forms the same types of
crystai lattice.

REFERENCE:

G. von Hevesy and V. Berglund. 4, Chem, Soc, {Londom) 125,
2373 (1924).

Thorivm $i¥) Oxide
ThO,

I.  ThNO.) 4 HC or Th{NO;} SHO or Th{CsOy)s* 6 HiQ — Thy __
552 570.2 518.4 L

itfon of
Thorium (V) oxids ia obteined by thermal decomposition of
thorigm oxide hydrate (which is precipitated with ammonig) o¥
nalts of oxygen-containing acids. The nitrate and oxalate are o8-
pecially suitable as starting materials, while the sulfates give uﬁ‘
the izst traces of 80, ;lnly Tidthindﬂfi?l:lrtg; avaporition dish sd g8
Pure nitrete Is place & o e
very carofully lisated io an glestric furnace, The mttrate-ajmiﬁ;
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coasigerably at 300-400°C and forms a Spongy mass, which sub-

collapses and beoomes more compact. To prevent the

of 810, during caloination of the axide, the powder obtained

on decomposition of the nitrate is plaeed [b & Pt erucible and is
then heated for 1-2 hours at 806-850°C.

The oxalate Th(C 04l S6H O glves off 1ts water of erystal-

lizatlon at 300°C and is almost entirely decomposed to the oxide

{the weight of the final products is <1% greater than the thearetica])
at 450°C,

IL According to Brintzinger and Mdilers, active oxide 15 obiained
when thorium chloride, nitrate or sulfate is decomposed with steam

at 800°C,
I For the preparation of oxide hydrates and hydroxides, see
the raferences indlcated,

PROPERTIES:

White powder, compact or loosa depending on the method of
preparation. M.p. 3050°C, b.p. 4400°C; d 2.87, Crystal structure:
type Cl (fluorite type). Almost insoluble In acids when calcined
at high temperaturss, although readily decompoesed in bisulfate
melts or by evaporation with conc, Hy50,. In contrastte TIO,
al Zr0y,, does not form salts with basle oxides and is therefore
Insoluble in molten NaOH or Na,C0O, The oxide prepared by
calcination of the oxalate at 500°C may be dissolved by peptization
with dilute hydrochloric acid,

REFERENCES:

L J, W. Marden and H, C. Rentsghler. Ind. Eng, Chem. 1P,
97 (1927); H. J, Born, Z. phys. Chem. (A) 179, 256 (1837),

IL . Brintzinger and A, Mdllers. 2. anorg. Cham, 254, 343 (1947).

EL EH. Fricke, Das System ThO,/H 0 in: R, Fricke and G. F.

Hiittig, Hydroxyde and Oxydhydrate [Hydroxides and Oxide Hy-

drates], Leipzig, 1937, p. 228; W. Biltz. Z, anorg. allg, Chem,

244, 281 (194C); M. Dominé-Berges. Ann. Chimie [12] 5, 108

{19590},
Fitanivm, Zirconium and Thorivm Sulfidas
TiS,, TiS,, TiS _,
1S, TS,
| TiCl, + 2H,5 = Tis: + 4HOCL
1897 882 112.0 1458

TSy + 5§ = Tis,
M0 an1 L4

Thauinm (V) sulftde TiS, 18 usually
prepared by the resction
o & gaseous mixture of TIC1, and E.8 in a red-hot tube. A
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chlorine-free product cannot be obtained without an aftertreatment
with § In a presgure tube at §00°C. The yleld Is also unsatis-
factory (30-40%, bssed on the TIC1,); however, the yleld may be
increased by repeated passage of the unreacted TiICl, from the
recelvars. .

The reaction 18 carried out in the apparatus shown in Fig, 301;
it sonsists of a Pyrex combustion tube fused at both ends to 100-ml,
round-bottom fiasks. Flask o is filled with 50 g. of freshly dis—
tilled TICl, and 1 then sealed off at c; b 18 & Teceiver for un-
reacted TICl,, and I8 cooled with ice-salt. A Stock recelver
covled witk Dry Ice and containing about 25 ml, of Mquid H S 18
connected to the system st 4 via & srmnall wash bottle filled with
glycerol {this is the bubble counter) and two GaCly deving tubes, A
fast stream of H,8, generated by gradual removal of the coolant,
1a passed through the apparatis while the combustion tube 18
heated te 480-540°C. The TICl, in s i then heated almosat to the
boling point and held at this temperatore with a amall flame,
The TICl.-HaS pas mixture reacts In the tube to form EHC] and
TiSo: the latter settles on the tubs wall. After all the TiCl,is
distilled from e, the system i8 flughed for a short +ime with Hy or
CO,, the H,S line 18 reconnected at e, and the unreacted TiC1; con-
denged in b is passed apaln through the tube, thiz time Into g,
After the TiICl, has been used up (3-5 hours), the TiS; produced
{8 treated for two hours at the same temperaturs In a slow
stream of H,5 to remove most of the chioride still adhering to
the product. The materisl 18 allowed to cool in a siream of Hy or
CO, the tube is broken at both ends, and the dark braes-yeliow
TiSs, which crystalilzea as leaflets of mosalc gold color, is
cellected, The yield is about 10 g,

Ar .

'3 -

Fig. 301, Preparation of titanium dimuifide. i

Complete removel of the chloride can be effected only b red

peated heating of the product with excesa § in a prageure. tulbs; |

Thus, 4 p, of crude TiS, and 3 g.of 5 are piaced in -a bomb-
tube of ngcor or similer glass, The sulfur should be completely
free of carbon compounds [von Wartenherg _mathmi: Z. a.naxg‘
allg, Chem, 251, 156 (1943); this consists uf vacuum sjetifla-
tion, followed by 48-hour heating =t 200°C in Vactwn -op

under N, followed by another vacuum distitlation), Thohomb - !
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5. apd S I8 sealed in high vacuum and heated for
m'&;h:.:-r:soﬂ"c. The tube is opened and the volatile com-
poneats are removed in a heated vacuumn desicoator (drying pistol}
at 100-150°C. The product, which stiil contalns some chloride,
is again heated with additional S to about 6§00°C for two daya, and
the volatile vompoaents are again removed In vacuum. The inter-
mediate product then consists of graphitelike trieulfide and up-
regoted S, The free sulfur may be removed by vacuum distiflation
at 400°C; the restdual TiS, undergoses thermal decomposition at
temperatures above 500°C, ylelding pure TiS ..

n. Ti + 85 = TiS,; Ti + 3% = Ti§,
479 41 128 495 882 B4l

Sulfides of any desired composition may be obtained by syn-
thesis from the clements, which is & generally applicable method,
This is mlso the simplest way to prepare chlorine-frea producta.
The starting material consists either of Ti filings made by gring-
ing Ti strips (for the preparation of the sirips, see the directions
for the lower titanjum oxides, p. 1Z14) or simply Ti powder
twhich, however, usually has a lower metal content}, First 1.5 g.
of T and 4 g. of 8, In a thick-wall Vycor fuba, ara carefully
degassed Ie high vacuww, The tubs is then sealed and heated at
650°C for four days. Metal particles still present in the product
are grownd separately, added to the sulfide product ftotal about 3 g.)
together with 1.7 g, of S, and agaln heated in a pressure fube for
two days at 600°C. The free sulfur Is distilled off at 460°C;
the higher sulfides are, if deaired, decomposed thermally above
30070, yialdlng T1S, and T18,, a8 in methed I,

PFROPERTIES:

TiSy,: Formule weight 112,02, Brass-yellow flakes with &
metallic luster, d 3.22, Crystal atructure: typa C6.

Stable in alr at norms} temperatures; forma T1O, on heating.
Decomposes in nitrle acid and hot cone., H,SO,, relessing S;
dissolves in bolling agueous sodium and potagsium hpdrexides,
formning alkali titanates and alkeH sulfides.

TiS;: Formula weight 144,08, Graphitelike substance. d 3.22.

Except for its lssolubtlity in boil NaOH. it is "
all chemical properties, ing NaOH, it gimilar to TiS,

mf!
Lower T1 sulfides may he prepared by synthesis from the

elewests, by treatment of Ti meta] wit
TiS, with M, with TiSg, or by reduction of
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SYNTHESES STARTING FROM TITANIUM METAL

The procedure is identical {o that of method T in the first
stage the 5 iz bound to the TI, and the resultant product fs gub-
sequently homogenized at high temperature, As long as the
presence of sulfur i8 stili a possibility, the temperature 1y raised
very slowly, Bo that It may require as long as two deys to reach
800°C 1n the case of S-rich compounds and 1000°C for S-poor
compounds. The above temperetures are then maintained for 2-3
additionsel days, aftey which the product ls tested for bomogensity
by x-ray analysis.

The resction is carrled out In a guertz tube, which undergewes
only slight deviirification but no further changes, Titanium metal
iteelf begina to react with quartz at about 850°C. To exchude
entirely the possibillity of reaction of the titanium with the quartz in
the cazse of the subsulfides (Ti1S_,), the reaction mixture is placed
in small ceramic or sintered clay crucibles {8~mm, diameter,
30 mm, long) which are than inserted in suitable quartz tubes and
the tubes sealed off., This complication usuelly results in the
necaasity of using tubes of lesser wall thickness; hence, grester
care must be exercised during heating,

Az in other cases where tubes are to be heated to tempera-
tures ag high as B00°C, protection against exploaiop is recom-
mended; this is provided by wrapping the tube in ashestos paper
and inserting it Into a small cage mede of several layers of Ni or
Cu wire mesh,

When gquartz tubes are cut open with an emery wheel {1 mm,
thick), 1t i5 not always possible to prevest quartz aplinters from
gatting Into the product, If the material is not a mass with a
solld, gloesy surface affording sasy yisual separstion, the em-
bedded quartz partisles should always be removed by shaking
with bromoform followed by centrifugetion.

REQUCTION OF TiSy WITH Hz

This method permite carrying the reduction esfaras the mono-
sulfide stage, provided high temperaturss are usod, Sinco all
gmall amounts of Cl present are removed during the reduction,
the crude TiS, prodused by method Ioan be used as such without
further purification, The reaction 18 carried out in an unglazed
porcelain tube, with the boat containing the material placed
in the center: a stream of carefully dried Hy freed of Oy by con-
tact with Pd) Is passed over the boet. Two to three hours suffice
for the reductfon; the duration of the run depends on the quantity
of material and the hydrogen flow rate. The temperature ta which
the fube is heated 18 & deciding factor for the degres of roduntion
(500°C — TiS g0, $00°C ~ iy g, 1200°C~ TiByak -
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PROPERTIES:

ored substances (TiS, s: black; TIS, ;a: viclet;

Tﬁ::,r ’hsrt:bwl:a"l‘?gi 5! gray)., With decma.;ing sulfur content, the

guacaptibility to hydrochlorie acld attack increases and that by

aoidic oxidation agents decrezses. In contrast to TiSg, the lower

sulfides are unaffected hy sodium hydroxide. The aepquisulfide
phase has a wide range of compositions (Ti8, 54~ T18; 15

REFERENCES:

W. Biltz and P, Ehrlich. 2. anorg. allg. Chem, 234, 97 (1937); see
also H, Hahn and B, Harder. bhid. 288, 241 (1956} (also con-
taing information on growing of single crystals),

Zirconium Sulfides

Zirconfum: sulfides can he prepared by exactly parallsl mathods,
i.e., reaction of ZrCl; with H.8 or synthesis from the elsments,
Orange-red ZrSy; may be thermally decomposed to brown Zr3,
at 800°C. The lower zirconlum sulfides Include, in additien to
the sasquisnlfide and subsulfide phases, an additiopal compound

zrs,____b AR

REFERENCE:
E. F. Strotzer and W. Biltz. Z, anorg. allg. Chem. 242, 248
(1339},

Therium Sulfides
Synthegis from ithe elements under pressure ylalds a desp red
polysulfide Th,8,, Wlac brown ThS,, & aasquisulfide, and a sub-
enlfide ThSD PEe
REFERENCE:

E, F. Strotzer, Z, anorg. allg. Chem. 247, 415 (1941),

Titorivm [I§l] Sulfate

Ti{S0.);
2 Ticii - Tig[so‘},
LYEE 3 Ng4 0

THantum tetrachloride (100 £.) 18 carefull
, y decomposed with
approximately four times 148 volyme of Hg0, The solution 18 cooled
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and treated with dilute ammonla to preei “ B,
is guction-filtered, theroughly wuhaﬂ wﬂhpi :ﬁe:?i:dmm
(vigeroug shaking} in 76 ml. of come. H;50,, Tke solution s
diluted with water io ome liter, the precipitation with ammonia
ig repeated, and the resultant deposit is reprecipitated two
additional times, The TiO,+aq. obtalned {about 480 g,) is care-
flly dissolved in 100 ml. of conc. H,80,, ylelding & total lquid
volumeé of shout 500 ml.; this is suction-filtered through glass
and treated with 300 ml, of cone. H,80,, yielding about 400 ml,
of a solution of TI (V) sulfate. This solution is reduced to Ti (I}
suifate by the following electroiytic method, '
A low vertical cylinder closed off with 4 rubber stopper serves
as the electrolysis vessel and contains the sulfate solution. The
anoge i85 a plece of Pt sheet tmmersed in s olay cell filled with
20% HzS0,. The cell is partially immerned in the Ti (IV) Sulfate
gsolution and is surrounded by four amalgamated iead atrips, also
immersed in the solution, The stopper oo the outer elsctrolyals
vessel has holea for the clay cell and for the inlet and cutlet gas
tubes, The electrolysls s carried out In a constant stream of
CO, and with efficlent water cooling, The current density is 0.08
amp,/cm,? at 24 v, for the first six hours, then 0,33 amp,/em,?
at the same voltege for an additiona! six hours. This reduses
all the Ti (IV) sulfate to Ti (II1) guifate; the latter precipitates
as an HpSO.-containing hydrete {fine, pale light violet crystals),
To obtzin the anhydrous Ti ([} sulfate, the product is seetlon-
filtered in a stream of COg washed witk 50% H SO,, and piaced
{in the absence of air} {n a round-bottom flask fitted with & ground
joint and filled with CO,. Then 300 ml, of dilute sulfuric acid
(20% v./v. H,50;) is added; the flask 18 stoppered with a ground
stopper fitted with inlet and outlet gas tubss and an opening for
the insertion of z thermometer; it is heatedin a stream of COy uatil
the precipitate dissolves, Using gas pressure, the Iquid is forced
into = filtration apparatus {see Part I, p. 74} and flitered under
CO, through & tubular fritted glass fiiter fitted with appropriate
ground joints, The receiver withthefiliratels in tarn cloged off with
& stopper fittad with a thermometer and gas tubes; CO, iz pessed
through, and the temperature is slowly raised by means of an oil
bath. ‘This concentrates the liquid to about half its volume. A
this point a violet precipitste begins te form; on farther beating,
this turns to blue and finally, at 190-200°C, to green. The tem-
perature is meintslned at 190°C for three hours zzd {5 then
raiged to 210-220°C for 10 minutes, Heating to higher temperaturas
results in evolution of $0, end oxidetion of the T1 () “Eﬂm'_
The materls] is aflowed to oool in & stream of COg it should
remain green, H i apsumes & bius color, the heating procodure
must be repeated. The gresn preciptiate is fiitersd under COse
using the filtratton spparatus; the contaminatiog T (IV} sulfate
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oved by washing with conc. H380,, followedby glacial acetic
:l:m anhydgus inganol gnd ether. The tubular fritted glagg
filter iz removed from the filiration system, covered witha
ground cap fitted with a stopoock, and placed horizontally in g
short fubular slectric furnace; the material & then dried for four

hours at 140°C In a congtant atroam of pure Ngz.

PROPERTIES:

Green crystalline powder, Inscluble in water, aleohol and cone,
H,504; soluble in dilute Hy50, and in hydrochloric acid, ylelding
& violet solution,

REFERENCES:

0, Sehmitz-Dumont, P. Simons and G, Broja, Z. snorg. Chem,
258, 307 {1949); W, J, de Haas and B, H. Schultz. Physlca {2}
6, 491 (1929); A, Stinler and H, Wirthweln, Ber, dtsch. chem,
Ges, 34, 2619 (1905).

Titanoxy Svulfate

TiD50;,

This compound ie produced on evaporation of TiCy or T10,-4q.
with conc. H,8(,; the dihydrate is gbtained under the same son-
ditlons but with 70% H;80,. The material, whick 1a extremely
hygroscople and readily splite off S0,, caz alfo be prepared as a
white precipitate by dropwise addition of a sclution of S0, 1n
80 Cl, to a solutlen of TiCl, in SO, Cl, followed by refluxing
{E. Hayek and W, Engelbreckt, Monatsh. Chemie B0, 640 (1949}].

Iron-free titanoxy sulfate ie usvally notavailable commeroially.
When available, it is not completely water soluble, The follow-
Ing precedures are therefore recommended for the preparation
of the pure compound,

L TOSO;

TiCl, + H,50, + HO = TiDSO, + 4HC)
1897 58,1 a0 160.0 145.8

Pure, multiple-distilled TiCl, s added fa dro {vigoroud
stirrieg) to the stofehlometric guantity of 50% -Hasoﬁ.l"él‘she preaipl-
iste formed after each addition should diseolve complstely before
the mext portlon of TICL, s added, After the addition of sbout 34
of the TICL,, the Mquid tarns into & viscous, yellowish solation, It
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{s dilated with 1/5 its vo

o TIOL, 18 completes ume of water, and the dropwise addition
Tha reaultant asclutfon, which is still h Q0

inIHC-li- :3 ﬂ:’iﬂm;ate% tg dryness on & water b;fh]ityTho ?ﬁiﬁthi:

palverized, ed and freed of HC1 hea r Bav

at 80-100°C in & drying pistel at a pra:gure o?':tgf::r n;':n.em days
The sulfate obtained In this manner {T105:80, = 1:1,07) 1a

eolorless and frae of HCL, ¥ 18 hygroscopic and soluble in water

ylelding a clear solution, "
Gelatinous or repinous precipitates may =zppear during the

evaporation of the HCi-containing, highly viscous and slightly

yellow solutions; the same phenomenon may ococur during the

yacuum concentration operation. Addition of aleohol or acetone

to the concentrated solutione leads io the formation of fibrous
precipltates,

I, TioSO,-2H0

TiCl, + 2H,0 = TiDy + 4HCI

188.7 38.0 7.9 145.8
Tith + H80, + HQO = TOSO0,-2H.0
795 BE.1 150 196.0

A solution of 40 ml. 63 g.) of freshly distilied TiCls §.p.
134-138°C) in 130 ml. of water is preparad. Most of this solution
i{s then reduced to a slight extent by means of Zn rods or, better,
by electrolysls {light-brown color), while 10 ml, kept separately
is reduced to the irivalent tianium lon {deep viclet color)., The
reduction 13 iotended to enmsure that all the iron is preseot in
the form of Fe®', to avoid hydrolysia and coprecipitation of F&*+
with the Ti, The reaction is carried out in dilute oxailc acid.

The violet chloride solutfon {8 slowly addedindrops to a beillng
solution of 1 g of oxalic acid in one Iiter of water; then the brown
chloride solution is added In the same way., The mixiure should
be malntained at the boiling peint for a total of four hours, the
volume heing kept constant by oveasional addition of water, The
conditions of preoipitation must be ciosely adhered to, to prevent
coprecipitation of unfilterable metaiitenic acid, The precipitate
ia filtered through & isrge Bichner fuarel, washed fres of C1 with
boiling water and drfed by suction. I is then treated with 35 mnl.
of conc, H,S0, in a bsaker, The mbdure iz gently boiled until
precipitation begins, After cooling and addition of 126 i, of
water, the mixture is allowed to stand (with oocasionel stivring)
for Bevarsl days amd, If necessary, 1s flltared. It is then eveporated,
Precipitating crystala of TIOSC«-HaO-
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oL TS0, solutions
Ti0, + 2KHGO, + H0 = KTi0(C0).: 2 H:0

799 563 18.0 354.2
E TG00 2 HO + 2H,50, =
A543 196.2
K50, + Ti0s0, + 2C0O + 2C0. + 4HO
174.3 1804 560 HE.0 ™1

Irop-free titanfum sulfate seclutions, used as analytical stand-
ards, aTe readily prepared by repeated recrystallization of
KoTiO{C 304 ) 5+ 2H,0 followed by {reatment with conc. H50,.

A concentrated solution of KHC 504 1s saturated at the boiling
point with freshly precipitated TiGg-ad.: the mixture iz con-
centrated, whereupon white needles precipifate cut, The double
palt 1= dissolved with heating in an approximately egual weight of
water, The solution is filtered and the salt is recrystallized In
about 80-30% yield by cooling with lce and stirring. The iren
content is reduced in the process from 0.061% to 0.004%, und ao
forther iron can be detected after znother repetition of the crys-
tallization, The analytically pure salt has a compositlon cor-
responding to K T10{C040), - 2H 0,

To prepare one liter of an approximately 0.1N Ti sulfate
solution, 38 g, of the double oxalate #s thoroughly mixed with 32 g,
of pure (NH,} 80, {iron-free¢?!}) and placed In a 750-ml, Kjeldah]
flask. The addition of (NHy 50, facilitates the reaction. Then
80 ml. of pure cone, H;80, is added. Tha flask is heated carefully
with 4 smali flame until cessation of foaming, and the solution i
then boiled on astrong flame to decompose the oxalate, The solution
s cooled, whereupon it becomes sirupy; it is carefully added,
with viporous stirring, to 500 ml, of distilled water and {s then
diluted to ome liter., If precipitation acours after standing over—
night, the solutfon is filtered. The solution should give a negative

test for oxalate upon addition of 1 drop of 0,1N KMnG, to 50 ml.
of the liquid, B *

V. Alternate method: Pure T1080; - 2H 0 precipifates in the ferm
of long crystai meadies from a solution of TIO, -aq. in 60-70%
290, in which the ratio TiO,:Hz80, =1:3 to 1:7, At higher

Concentratione of acid, the precipita
less H,0, precipitate 1s powdery and contains

FYROWYM:
Titany] sulfate,
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PAOFERTIES:

Anhydrous: highly bhygroscopic: dissolves slowly in water to

give a clear sciution. Dihydrate: readily seluble. Decomposes in
hot HaO with precipitation of TiOy.aq, o

AEFERENCES:

I. Private commuaication from K, F, Jahr, Bexiin,
. 3.93‘;?}: Hixson and W, W. Plechner, Ind, Eng, Chom. 25, 262
1. R. Rosemann and W, M. Thomton. J, Amer, Chem, Soe, 57,
328 (1535); see also C, Péchard. Comptes Rendus Hebhd,
Séances Acad, Sel. 1i6, 1513 {1893); A. Rosenheim and Q.
Schiitte, Z, anorg, Chem, 26, 239 {1801).

v, A, V. Pamfilov and T, A. Chudyakova, Zh., Obschey Khimil
19, 1443 (1949},

Zirconium Sulfales

ZI'[SGJ :'1 -4 H:U

Hauser znd more recently Falinskl have made a thorough
study of the systemn Z2r0,/50,/H;0 as a function of the 50,
concentration, It was found that the tetrahydrate is formed on
addition of ZrOCls-8HRD to a sulfurie acld containing less than
§4% S0a (@ 1.714), The tetrabydrate solubility is then 2%. The
minimum solubility (0.3%) corresponds to 50% 80, in the acid
{d 1,517),

I the SO, content sxceeds 64%, scid sulfates precipitale:
Zr(5C4) s+ HaS04+ 26,0 8t an SO, concentration of 64~72%, and
Zr (S04 )5 H80, - H0 at 72-79% 80s,

PROPEHTIES:

Formula welght 355,41, Orthorhomble orystals. The basie
salt precipitates slowly from nsutral, seturated solution, rapidly
from dilute solution or ahove 40°C. B

In sulfuric acid soltion, the Zr migretes to the anods instead
of to the cathode; therefore, the tetrahydrats may actielly be
present in the form of a disulfatooxozireonic acid (R JOZr{80 )] +
3H z0),

Ze{S0,),

The anhydrous sali B obtained by evaporation of tke totra-
hyérats or Zr oxychloride with conc. HeS04



} 0 P, EHRLICM

Thus rOCl,e BHZO 18 mixed with 50 €. of cone,
Ha 50 ;né?“aﬁ;ruttﬂzrmma:!on of the gas evolutlon, carefully
evaporated with stirring on a gand batk., The dihydrate of the
sulfate crystallizes out as s [ntarmediate In the process, but
decomposes on further heating, glving off additional Hy0. The
arcass HgS0O, 1s completely evaporated by heating to 350-380°C,
The product Is allowad to ogol in a desicestor.

PROPERTIES:

Formula weight 283,35. Microcrystalline powder, Very hygro-
scopic; in air, forms an unstable solutfon from which the normal
tstrahydrate crysteliizes after some time, The achydride dissciven
more rapidly in a small than in 2 large amounot of water, slnce the
temperature rise produced by the heat of hydration sharply
aocelerates the solution process.

REFERENCES:

O, Hauser, 2. snmorg. allg., Chem, 106, 1 (1219); M. Falingki,
Apn, Chimle 16, 237 (1941),

Purification of Zr salts vie the tetrahydrate

One volume of cono. Hy80, i8 added te two volumes of a mod-
erately comt. agueous dolution of Zr aulfate or chloride; the thick,
white, crystalline precipltate of ZrB04)5+ 4K 50 15 readily filtered
with suction on fritted glass of medium porosity. Since 1g. of
the salt dissolves Inlml, of H;0, the Zr sulfate {s sasily dissclved;
It is reprecipitated by addition of cone, Hs50,. The iron is ef-
ficiently removed during the recrystallization providsd the solution
contains about 0% HCl. After each preeipitation, the sclid Is
wached several times with = solution mads up of 15 paris by
volume of Ho0, efght paris of comc. H;80, and one part of conc.
hydrochloric acid, followed by three washirgs with acetone. Ale
cobol should not be used for washing, since it forms complexss
during the further precipiations,

Thus, 11353 g. of commereial ZrCi, feguivalent to 1731 g, of
Zr{S04)3  4HO! was dissolved In 1800 ml, of HyO 2nd 250 ml,
of conc. HCY, then 100 mi, of cone, H380, wae added, precipitatizg
1640 g. (94%) of Zr(50,),-4H0; five additiona) crystallizations

this product funder fdentical conditions} finally give 1212 g.

of pure teirahydrate. The following ¢ab £
purtfication achleved: Ing tsble shows the degres o

=% <01%  -g0 =0, 0500
y muerial Fe o Mg, S A, Ad, gE’rg ca,cfih% = 0.3001‘5 = 01. %
= recrymaliized — - - Ca. Mg, N85I Ap Fe,Cu
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A residual Fe content up to 0,01% may be removed by mere

recrysiallization, without the additfon of HCL. The Bf content of
2.7% remsins unchangad,

REEFERENECE:

w. 51 G;.?haugh and R. Gllehrist. J, Amer, Chem, Soc, 74, 2184
{1852).

Titanium, Zirconium and Hafnium Nitrides
TiN, ZeN, HiN

Tianium Nitride

A number of procedures are available, The simplest {e the
incdusirial process etarting from TiO, +C + Ny deseribed fr method
I, If metallie T1 1s avaflable, synthenls from the elements {method
I} is recommended, Very purse nliride in rod or wire form,
sspecially well sulted for physical measuremesnts, is obtained by
vapor deposition {method III), An addiifons! method of lesser im-
portance consists of the reactlon between TiClg and NH; (methed
IV}

L 2Ti0s 4 4C + N, = 2TiN + 4CD
159.8 480 280 12848 120

The industrial process does notyield s pure product. Acetylene-
derived cgrbon black is degaseed at 1200°C, mixed with T10,
(mole ratlo 1:2}, and the mixiure pleced in a silicon carbide or
molybdenum boat; it 18 calcined for three houra at 1250°C Ina
Biream of Ny The product conteins $8% nitride; the remainder
is lowar T1 oxides.

I. 2Ti + N = 2TiN
238 2840 123.8

1n the first stage of this preparation, the ductile metal absorhs
Binall quantittes of N, and thus Decomes brittle; it can then ba
palverizad for further treatment with nitrogen.

TREATMENT WITH NITROGEN
Titanfum fflings ground to pinhead size andtreatedas deseribed

in the directions for the preparation of TiO (p. 1214) are pliced
in 5 silicon carbide or molybdemum bost and heeted to 1206°C
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LE

paration is carried outhln ahhar:i porcalain
mbe stream &f pure, dry Na The product has the epproximate
mmpt:a;lon Tmo.,:? it 1s finely ground and subjected o & second
nitrogenation. The deslred compoaition is attained in two to threa
repetitions of the procadurae. The quality of the product is ad-
versely and decisivaly affscted by the preseace of the slightest

traces of Oy or HO during hesting.

for #-3 hours, The o

PRESINTERING

The products prepared in the zbove manner ire grouud 28 finely
as possible and compressed under 2000 kg./cm? into Tods 3 X 40
or 5 %40 mm, Successful molding usually requires the addition
of 2-5% of metal powder. The rods are embedded in nitride powdar
{c prevent formation of an oxide coating) and presintered ina
small tubular tungsten fursace {cf, Part I, p, 40) &t about 230040
in a stream of Ng the small amount of free metal 1z converted
to nitride 1n the process, Since the reactlon is usually accompanied
by cossiderable shrinkage of the rods and concomitant appearance
of porosity, the material must be repulverized, remoclded and re-
gintered, This procedure ls repeated two to four times, until the
presintered rods exhiblt some constzney of demsity.

HEGH-TEMPERATURE SINTERING

When the rods have attalned sufficlent strength and density
In the presintering precess, they are fastened with clamps in
preparation for direct electrical heating. The operation 1s carried
oat in technical-grade Ar contzining 13-15% Na; the equipment used
has heen described by C, Agte and H, Alterthum, Z. techn. Phys.
11, 182 (1939),

The ailtrides are heated to just below their meiting points,
At these extreme temperatures, all impuritics (except some oxides
and the carbides) possess higher vapor pressures than the nltrides
and therofore evaporate, However, the oxides, even though their
melting points are lower, are difficuit to remove. The carbides,
with higher melting points than the nitrides, remain unchanged.

oL 270, + Ny + 4H, = 2N + 8HCl
378 4 280 81 1288 017

The techaigue uged in the vapor depostiion

process is the same
::v that dezcribed for the preparation of the metals (T1, Zr and Hi}
m the gan ph“? Hexc;pt that the gas used here 18 a TICls~
saitrated mixture o 3+ the reacti is

lese successtul wich N, dong), e o the glowihg wire
gasometer e filled with a mixture of equal volumes of Hy
amd N, The gas bubbles through a 36°C wash bottle fiiled with
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TiCls (p of TICL, = 17mm.). Thegas flow rate is of no importance,
except that 1t mustbe low anough to aehleve saturation, The optimam
reaction pressure is about 30-40 mm,, measured with s manometer
whose mercury surface is protectedby a thin fiim of butyl phthalate,

The reactor 1s 2 round-bottom Pyrex flask with inlet and
outlet tubes for the gas fused oz the sides, The arc~shaped glow
wire (shout 8-10em. long) is weldedto two thiek tungsten slactrodes:
these are Healed into & ground joint inserted through the Lottom
of the fiask, The 0.2-mm. glow wire may be either W or Ta.
Wiree of Ta can be directly welded to the W rods, whereas the
W wires have to be connected via a short Ni bridgepiece,

In the course of the reaction, the glow wire is heated to about
1450°C; since the depositied TIN is iteeif a good electrical con-
ductor, the current must he raised from 10 to about 22 amp, with-
in the firat 40 minutes, One serious disadventage of the process
is the fact that the temperature cannot be measurad with an optical
prrometer because TiCla, one of the products of the fapt decom-
position of TiCl,, soon cosis tho flask walls. One must regort,
thersfore, to indirect estimation of the temparatursby msaguring it
in a blank Tun with gases containing no TiCl,. The nitride deposits
as a fine crystalline coating of copper to gold luster,

Alternate methods:

v. TiCl, + NH, = TIN
LE5.7 170 819

A8 we have indicated before, this process I8 less desirahble,
Chlorine~containing TIN is formed (in poor yield) on the wallas of
2 porcelaln tube in which a gaseons mixture of TiCl, and NH; 18
thermally decomposed at §00°C, The same resuit 18 obtained when
the solld compound TICl,:4NH, is placed at the front end of the
fube, evaporated in a stream of NHs, snd allowed to react at
804°C,

The TiCl, ammonlate is prepared by distilling the TiClg into a
bomb tube and covering the Hguid with excess NHa at —80°C;
the pale yellow compound is formed after shaking the sealed tube
for i r room temperatura,

'I‘iehu?‘can?ée nitrlde’?eformed at BOO*C I8 hested In a hard
porcelain tube at 15060°C for six hours in s stream of NH, to
obtain a Cl-free product of the compeaition TiN.

PROPEATIOE:

Bronze-cclored powder. M.p. 2650°C; d 5.21. Somewbat dis-
Bociated at *he meiting point, Crystal struckire: iype B1 MNal
type), This struciure holds for a wide range of compositions
{TIN,. o~ TiNg.4)» Vary good electrical conductor,
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lsokible in HCl, ENO, and H450,, aven on bolling; dissclves
raphily in hot aqua regia: Ivolves NiH, oo bolling In potassium

Npdroxide and on heating in soda lima.

Zirconium Nitrids, Hafnivm Nitride
These compounds are prepared by the same methods as above,

exporimental arrangement is the same as for TIN, except
:‘haﬁbﬂ xﬁ“mn temporature 1s higher {(about 1300°C). Sinece
Mo begins to form a carbide at this temperature, the equipment
must be made of tungsten, The products are oniy about 0% pure;
the remainder iz mainly the oxide,

I, Yollowish-brown ZrN (m.p. 2980°C} is synthesized {rom the
elements by hesting the latter for iwo hours at 1280°C, The
corresponding temperature for HEN is 1400-1500°C,

II. The vapor deposition method: If Ha (or Ha + Ny, or NHa) is
the earrier gas for ZrCl, {or HECl,}the required wire tempera-
tures are 2000-2400°C, With pure Nz, the temperzture must be
2900°C and the rate of deposition is considerably slower.
Nitridation of Zr wire by heating fn pure Nz produces ZrN
at very low rates and in a very loose and brittle form, even if the
temperature ig almost at the meiting point of the mafal {1B60°9C),

REFEHRENCES:

Gena{li;;l:ljc. Agte and K, Moers, Z, anorg. allg, Chem. 198, 233

31).

L E.TFriederich and L. Sittig, Z, anorg, allg, Chem, 1435, 293 {152;),

H. P. Ebrlich. Z, anorg. Chem. 259, 1 {194%); G. L, Humphrey,
J. Amer. Chem. Soc, 75, 2806 {1953),

OL A. E. van Arkel and J. H, deBoesr, Z, anorg, allg. Chem. 148,
345 (1925); F. H. Pollard and P. Woodward, J. Chem. Scc,
(London) 1948, 1709; Trans, Faraday Soc. 46, 190 {1950}
F, H. Poliard and G. W. A. Fowles, J, Chem. Soc. {London)
1952, 2444,

IV. A, Brager, Acta Physiochim, URSS 1i, 617 (1939); see also
O. Ruff and F, Eisper. Ber, disch, chem. Ges, 41, 2350
{1208); 42, 900 {1908), o

Thorivm Nitride
ThyN,
. ITh + 2N, = ThN,
096.4 506.0 7504

Thorlum nitride ig ugtally
prapared by heating ‘th illings
1 2 stream of » Mare Nz, The reaction ie complete in three
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hours at 890°C. The presence of oxide in the metal iy detrf-
mentzal (producte lower in ¥ are formed),

. Altermate methods:

) FThC, + % N, + @ H, = ThyN, + 12 RCH
ug2 88 1% 752 438

Since Thal s is not an elactrical conductor, the method of vaper
deposition {used in the preparation of pare TiN and ZriN) givea
poorer results. Thus, solid ThCl, is made to regct witk Ng+ Ha in
a flask maintained at BOO®C, The tungsten glow wire 18 at < 1000°C,
The yield is poor.

b 3ThO, 4 8C + 2N, = ThyN, + §C0
7924 721 580 1524 16R1

A sintered tungsten rod containing ThOg + graphite is caleined
above 2000°C in & Na-contalning stmosphere; black ThaW, crystils
and lighter, oxide-containing products are formed,

PROPERTIES:

DaTk-brown, almost black powder, Stable in dry atr; readily
sojuble in zclds,

REFERENCES:
1. B. Neumann, C. Kréger and H, Haebler. Z, anorg. allg, Chem,
207, 1456 (1932),

I, W. Diislng and M. Hiniger. Techn, Wissenschaftl, Abhdlg.
Oaram 2, 357 (1931).

Titanium Tetranitrate

Ti(NGy)
1887 £42.0 295.0 g7

solution of 8 ml, 6.1 g.) of TiCl, in 10 mi, of CCl4 18 cooled
wlt!f D:;ulie in a two—faek flask provided with & dropping funnel
and a reflux condeaser which is protected with a PaOytube. A
solution of 11.6 g. of N3Ogin 25 ml, of CC1, is thee added dropwie.
A yellow, floceulent precipitate forms g8 8oon ag the COL, 1molts

(~23°C), that 18, after removal of the coolant, As.tha lempezaturs:
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rétes from —23°C (o room temperature, the pracipitate dissolves
wih ewmuonazi(‘; gas, If too violent, the bubbling may be alowed
down by cooling. Solution of the last fraction of the precipitate
is accelerated by mild heating, The volatile components (NOLC)
and CC1,) are removad by vaguum distiliation, leaving a residue of
the white Ti(NOj)e, which may be purifled by sublimation in high
vacuum at 50°C. Part of the product decomposes in the procesg

into NyOx and nonvolatile TIOMNO 4) 3.

1 8 TiCl, + 4CINO, = Ti{NQ.), + £<Ch
1905 3899 2p6.0 2834

A large excess of CINO, is condensed at liquid nitrogen tem-
perature oaio the surface of 2-3 ml, of TiCl,, [rozen in a sold
trap at high vacuum. The trap is conngcied to & surge vessel and
the temperature iz raised to —80°C, The reaction, which iz ac-
companded by evelution of chlorine, is complete after a few hours,
The volatile compenents {Cl, and exress CINGCa) are then distilled
off in vacuum at room temperature, The Ti{NOj3)y residee, In
the form, of a crystal cake, may be further purified by sublimation

at 50°C.
PROPERTIES:

After sublimation slightly sbove the melting point, white needles,
M.p. 58,5°C. Decomposes &t zbout 100°C,

HEFERENCES:

I. M, Schmeisser. Angew, Chem. 67, 493 {1955); D, Liitzow,
Thests, Univ, of Munich, 1955,
O. W, Fink, Thesls, Univ. of Munich, 1958,

Tharium Nitrate
II‘]‘{NO;},. . ﬂHsO
RECOVERY QF THORIUM SALTS FROM MONAZITE

The mechanteal ore-dressing proceas ylelds a monazite sand
voucenirate consisting of & mixture of Th allicate, rare earth
phosphates, Si0; and usually 4-5% ThO,. The material is cgl-
cined, finely ground and dissolved hy prolonged digestion with
conc. B,80, at 210°C. After cooling, the pasty mass s disgolved
B fce water and the undissolved matertal is filtered off, Further

may proceed via the following methods.
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1. In tkis method, Th i8 quantitatively precipitated as the phosr
phate, together with a emall amount of rare carth phosphates;
this is accomplished by neutrelization and dilutfon of the solutlen,
The phosphates are dissolved in cone. hydrochloric acid and pre-
cipitated with oxalic acid, and the thoroughly washed preocipitate
is extracted with warm ameous Ne;COQy. Most of the rara sarths
atay In the residue, while the thoriwm dissolves in the formofa
carbonate complex, NagaTh{COg)s. The material ia fresd of the
remalning traces of rare earths by repeated crystallization in the
form of the sulfate Th(S0.);3+-8Hz0. The procedure consiste of
pracipitation of the hydroxide with ammonia and solutionof the latter
in sulfuric acid to re-form the sulfate, The precipitate from
the last purification stage 15 dissolved In nitric acid to yleld the
nltrate,

[In an older proceas, the Th and the rare earths are copre-
gipitated as oxalates from the fnitlal acidic solution. The Th
is extracted as the carhonatothorate hy ireatment with egueous
NazCCa solution.]

. A good yield of ThO g may be obtained in another process used
primarily for production of the rare earths, The fiitered sui-
fate extract is treated with NapS80, ito pracipiiate the corlum
carths (as double sulfates); the corresponding Th ealt NagSO,-
Th{S0,.) s * 6Hz0 remains in solution, The mixture is filtered
and the flltrate i5 heated to 90°C; it is treated with oxalle acid,
ylelding a precipitate consisting chiefly of Th oxalats.
Further treatment 18 the same a8 In method L

li. PURIFICATION OF THORIUM NITRATE

Very pure NH,NO; is added to a solution of the crude nitrate;
the result is the double nitrate Th{NOa},r NHNOg 8H O, The
product is further purified by dissolving In griple-distilled wetar,
adding redistilled nitric acid, and concentrating in » Pt dish on za
electrically heated water bath untll crystallization begins. The
solution #s then caoled with loe and constantly stirred; ths re-
aultant crystals are centrifuged off ang redissolved. The pro-

oedure is repested five times, yieldiag about 50% of theinitlsh

Th as the doukle nitrate.

The product is dissoived In very pure water, filtered and"

tlon of
precipitated ae the oxalate by addition of a altric acld Aol ;

Purlﬂl::ci cxalle acid: the precipitate Is suetion-filtered, waaaed'
with aleohol, and dried, The resuitant Th oxalate ey be celoined

T
S AE"

Vot e -

immedistely to the oxide, or it may be reconverted to the niteate. -

by dissoiving in oone. mitric ecid. RRMER
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W. PREPARATION OF THE HYDRATES

the conditions of preparation, Th{NOj)y erys-
ummmm Ozolut[ons of thorium hydroxide {u}‘ from HNG,
solutions of moderately caleined oxide) with varying contenis of
water of crystallization. When & not too acid solution Iz con-
pantrated by evaporation, Th{NOgz}s crystallizes in the cold with
12 moles of H,0, A sviutior evaporated at 15°C yields the pentg-
drate, which is steble to 80°C if heatad in ar aimosphers frae
of 0O, At higher temperatures, it converts to the tribydrate, and
between 125 and 150°C, to the hemihydrate, Above 150°C the
remaining water 1s split off, together with nitrogen oxides.

Y. PREPARATION OF THE ANHYBRIDE

Anhydrous Th(NOa}, 15 prepared by treatment of the lower
hydrates of Th with N O5 condensed at —78°C,

PROPERTIES:

Formula weights: Th(HOz)s 480.15; Th{NOa), -SHZO 570,23,
Very readily soluble in HyO and alcohol. Due to hydrolysis, the
aqueons solution becomes acid and slowly precipitates a basic
gall., The commercial product usually contains sbout four moles of
By it usually also contains some sulfate, Combines very roadily
with atkall and aikaline sarth nitrates to yielddouhls nitrates (rory
beautiful crystals), The alkali salts corrasponding to the formula
AlkJTR{NOg)g] crystallize ln anhydrous form. and the corve-
sponding alkaline ezrth compounds with sight moles of H 0, Water-
containing alkali thorates AlK[ThR(NOgy}s] have alsc been describad.

REFERENCES:

L D. W. Pearce, R. A. Hansen and J, ¢!, Butler in: W. C. Fern-
eliun, fnorg. Syntheses, Vol, II, New York-London, 1946, p. 38;
see also H. and W, Biltz. Ubunggheispiele ans der unorgenis-
chen Experimentalehemis {Laboratory Problems in Experi~
mental Inorganie Chemistry], Leipzig, 1920, p. 226; end L.
Vanfno, Handbuch der Priparativen Chemije [Handbock of
:rﬁggratwe Chemistry], Vol. I (inorg, Part), Stuttgart, 1925,

II. E. 5. Pllkington and A, W, Wylle, J. Soo. Chem, Ind. 66, 387
ﬁxt this article also lists additional references on the
WM. ©. Honlgachmid and 5, Rorovitz, Sitz.~-Ber, Akad, Wisgensch,
Wien Ila, 12, Neo.3(1916); seeslanE, H, Arehibald, The Prep-
aration of Pure Inorganic Substances, New York, 1932, p. 195
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IV. E. Chanvenet and Souteyrand- Franck. Bull, Soc, Chim. Frasce
[41 47, 1128 {1830},

V. P. Miscisletl, Gazz, Chim. Ital, 60, 882 (1930); see also J, R.

Ferraro, L. J. Kstzin and G, Gibson, J, Amer, Cham, SBoc,
T, 327 {1855). .

Titanium Qxernitrate, Zircanivm Oxonitrate

TiO(NO b, ZrO [Ny,
Til.&l_zﬂl] + 4 N0, = Ti{NG;:I;[Zl’{NO;)d + 4NO + 21.
5550 3089 2959 230.3
TiNO[ZeNO)] = TiONOZrONOy),] + 2NO; + 1/2 Oy
058 d3g.3 1879 353

A suspension of Fily or Zri, In achydrous €Cl, ie placed in
a three-neck flask and sgitated with a mapmetic stirrer. Pry
dipitrogen tetroxide i then bubbled through; the excess gas and
the NO formed In the rsaction are sliowed t¢ escape through a
Pu,Og tube, On contact with the gas, the liquid ansvmes a deep
violet color due to lberation of lodine, After about gne hour, the
product is suction-filtered through a sintered glass plate; this
operstion 38 carried ot in a dry box ie flowing nitrogen (gee
Part 1, p, Tl). The product 1s then washed with anhydrows CCle
and the sclvent removed In vasegm,

PROPERTIES:

The almost white, powdery oxonitrates are hygrosoopic; on
heating, they are converted to the dioxides without melting, Soluble
in aleohol, Insoluble in benzene and CCls. o

REFERENCE: o

V. Guimann and H, Tannenberger, Monztsh. Chem, 87, 424_ (19563;;:
Titanium Phosphide, Zirconium Phosphides, Therium Phosphide
TiP, ZePy, ZrB, ThiPs '

w i

Titaniym Phosphide

1. The proceas recommended for the pr:epara_ﬂon'ipi tita.ntl:mﬁﬂ;qm . :
phides is the pressure synthesis fromthe elemémts.in the “?u&di:sﬂ ¥

SRR N X
i .._t-' W

.
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spparatus (see Part I, p. 76}

Ti + P — TiF
479 3L TRA

Bilte ot al, give the following procgdure: 2 g, of Ti filinge
ground to pinhead size {or thelr preparaticn see the directions
given for the lower titanium oxides, p. 1214) and 4 g, of rad P
are weighed Into a small ceramic or sintered clay cylindrical
crucible. The msterfals are degassed by fanning with 2 flame in
high vacuum and are then sealed finvacuum}into a guartz pressure
tube, The colder half of the tube is heated to 450°C, whils the
Tt side is maintained at 950°C. Two three-day periods are needed
for the reaction, After the first period, the tube is slowly cooled
for 3-4 hours, and the unreacted P is thus distilled into the cooler
section, The product is readily ground In an agale mortar, an
indicatfon that the ductile T1 metal has reacted, The grinding is
carried out under CS, which is then removed with alcohol and by
drying fn vacuum over BaOH at 120-140°C, Microscopic examination
of the dark-gray metallic product should show ne red phosphorus,
The phosphorus guantity used for the second reacticn stage should
again correspend to ap atomic ratie of 3 P:1 Ti. The produet
treatment after the aecond three-day heating period is the game
as that after the firat, The resultant phosphide does not correspond
completely to the formule TiP (maximum composition is TiPy.ga).

IL Ti€d, + PH, —+ TiP
1827 340 789

The method of Gewecke starts from phosphine generated from
yellow P and KOHE; the gas is washed with conc. hydrochloric acid
to remove spontanecusly igniting phopphorus hydrides, followed by
NaOH. It is dried in two U tubes filled with CaCly pleces (broken
up from a golidified melt of the salt] snd two PO, tubes.
The gas eonters the reaction apparatus proper through a trap
{—250‘:_:3] deaigned in such a way that any gaseous TiCl, backing
ap during the reactios will condense out. The PHj train is con-
nected to the reactor via a ground joint, with a two-way stopcock
for Tznting} Insertad In the 1ine,

reactor conaiats of = a spherical TiCl, vessel followed by
a heating tube 40 cm, long, Both thevessel ang the tube are Vycor,
%l ﬁsaht:;:pt iiwmbmf a.np ?{rdinary glass receiving flask foE
% L] &g Ior one o
tle;‘h.lzer Copper wire mesh) af ontains agueoes CudQ, an
syatem is {frst filled with H,, The reaction tube Is heated
to 750°C and the PH, generator is atarted {his requires 3-4
bowrs). The TiCl,, which i5 kept coldupto this time, 15 now hested.
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The chloride vaper reacis with the phesphine in the hot reaction
tube (reaction time: about three hours). As in the preparation
of TiS, from TICl; and HaS8, the TiCl, may be cyeled back and
forth through the tube. The titaniurn phosphide product laa
light-gray, high~polish mirror deposited on the tube wails. However,
the product ie not free of the chioride even after treatment at
350°C in high vacunm. Preparatfons with msodmuwm phosphorus
content correspond to TiPg,55; the yisld 18 modest.

EROPERTIES:

Black-gray powder with a metallic sppearance; attacked onby
slightly by acide even when heated; thermally very stable; i is
assumed that a subphosphide exdsts, ¢ 3.%4.

REFERERCES:

W. Biltz, A. Rink and F, Wiechmann. Z. anorg, ailg, Chem. 238,
395 (1933); 1. Gewecke, Liebigs ann, 361, 70 (1808); for data
on the system TiCl,/ PHa, see R, Holtje, Z.anorg, allg, Chem,
190, 246 (1930}

Zirconium Phosphides

The pressure syathesis used for TiP is also employed im the
preparation of compounds of the Zr/P system. First stage:
treatment in a Faraday tube for 50 hoursat & 1000/500°C gradient;
atomic ratio 1 Zr:4 P. Second stage: aftertreatment in a quarte
pressure Hibe {wall thickness 4 mm., LD, 12 mm,) for 50 houra
at BOO®C, The product is black-gray ZIPs; this may be degraded
to ZrP in high vacuum at 820°C, X the desired composition
does mot exceed ZrPc,, the second stage merely increasea the
homogenseity of the product, Since vapor pressure then censes
to be a factor, ordinary quartz tubes may be used.

The diphosphide ZrP, may also he prepared via method I
for TiP.

REFERENCE:
E. ¥, Strotzer and W, Biltz. Z. anorg. alig. Chem. 238, 216 {1838).
Thorium Phosphide
One heating cycle in the Faraday spparatus suffices to prepare

Th.P, {a subphosphide ThP ga 2180 exista)., The refa:-'!:ants ave
he:tea [for ﬁ‘gh hours in a furmace with & 940/ 450°C gradient
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aromie P = 1:3). The absorptivity of Th for x-rays ig
voly hlghtu:i:dotiaﬂfom mln}ute quantities of surface oxide interferg
ia the x=ray pattern analysis, Therefore, for precision work
{particularly when the protduct is a lower phosphide) an empty
aylindrical crucible is first keated for onehour junder high vacium)
tn the rear section of the tubular guartz reactor, while the emall
quarts flask with the raw material &t the front end of the reactor

After cooling of the rear section (in high vacunm),

remains ceold.
the raw material is transferred to the crucible and the reactor

tube is sealed off.

REFERENCE:

E. F. Strotzer and W. Biitz, Z. anorg. allg., Chem. 238, £9 (1938),

Zirconium ornd Hafnium Phosphates

No unequivocal characterization exlsts for the phosphates pre-
cipitated from Zr salt solutions. The orthophosphate is {ormulated
as either ZX{HPQ,)y or ZrO{HPO )z on prolouged heating shove
T00°C, it converts to ZrP 0,

L ZeOCle- 8,0 — ZrO{H.PO.): — ZrP0;
321% 1.2 235.2

First, ZroCl,-8H50 {2 g.) is dissolved tn 1,5 liters of 6N HCl,
and then a solution of 2 g. of Na,HPO, in 1.5 liters of 6N HCI is
added in drops, The finely divided precipitate is washed by repeated
decantation with 6N HCIl, filtered and dried at 80°C, The product
corresponds to ZrOM FO,) 4.

The hafnium analogue, HiO(H, PO )a, is prepared in exazotly the
Bame manser; it 1s loas soluble than the Zr salf.

I. Alternate method: Solutlons of Zr sulfate (2-5% Zr0,) and
2.5% HaPO, in 2N sulfuric acid are added sbmultansously In drops
to 2N H 80, at T0-75°C,

PROPERTIES:

Spariogly soluble in cone. mineral acids, except hydrofluoric
acid; when freshly precipitated, soluble {withformatic?n 0]?& complex)
In a midure of HPO,, oxslle acid and cops, Hy80,, An acid-
:g::e. white peroxy compound is formed when a cold suspension

Pholphgte I8 reacted with an NaOH-Na ;04 solution and then
digested at 70°C, ZrP 0, cryatallizes In the cubic K 6, lattioe,
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REFEAENCESR:

1. G. Hevesy and K. Kimura. Angew, Chem, 38, 775 {1925); J.
Amsr, Chem, Bee, 47, 2540 (1$25); see aisc J, H, de Boer, 7,
ancrg. allz. Chem, 144, 193 (1925).

II. E, M. Larsen, W, C. Fernelius and L. L, Quill, Analyt. Chem.
15, 512 (1943},

Titanium, Zirconium and Haofnium Carbides

T:C, ZeC, RIC
Titenivum Carbide

Methods I to [iI, given in detail for the preparation of TiN,
ara alsc useful for synthesis of carbides, These are: I} the In—
dustrial process Ti{O, + C; H) synthesis from the elemsnts; and
O0) vapor deposiiion. The last process may be modified by firat
depositing the metal from a vapor and then converting the depeeif
fon & glow wire} to the carbide by heating in a hydrocarbon at-
moephere {methed IV), or by using a glowing carbon wire fn an
aimosphere of TiCl, vapor (methed V).

1, T, + 3C = TiC + 2C0
8.8 /e 599 8.0

In the method of Agte and Moers, & mixture of pure TiO,
and zcatylene-derived carbonblack {the latter degassed at 2000 "C)is
placed in a graphite hoat and heated for half an hour in a tubular
graphite furnace to 1700-1800°C, Very pure and dry Hy I8 used to
flush the sapparatus., Since the kydrogeam reacts with the bot
graphite fuhe to form hydrocarbons, the carbon content of the raw
material mixture should be 15-25% less than the stolchiometric
ratio, The products usually still contain some OXygen.

If the TiO, + 3C mixturs is heated very rapidly (within 20
minutes) to 1900°C in & stream of Haor CO, & product containing
18,5% C may be obtained (as demonstrated by Meyerson); further
heating reduces the carbon content to 17%, because of decarboni-
zation, .

PRESINTERING

The carbide rods, made of powdsT compreesed z;hzitgﬂﬂmkg.fm&
are heated in a graphite boat inside a tubular graphiie farnace
temperatures bafwean 2500 and 3000°C and maintained at thege
temperatures for sbout 15 mimtes. The material is protectad
against surface absorption of additional carbon by &mbedding

the rods in carbide powder.

R
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, the procesges

tv considerable shrinkage of the rods, the p of

upg::ri:a.uon. resompression and resintering must be repeated

24 tirnes.

HIGR-TEMPERATURE SINTERNG

o carbtdes decompose in vacuum, the high-tempearature
ahm th:muﬂt be carrfed out in an atmosphere of technrical-
grade argon, The rods are heated to extremely high temperatures—
fust short of the melting point {for a description of this procedurs,
see TIN, p. 1234). Most of the Impurities evaporate at these tem-
peratures, leaving a relatively pure product,

I Ti + C = TiC
478 1.0 294

Titantum fillngs are mixed in the stolchlometrie ratio with
acetylene-derived carbon black (very thoroughly degassed at
2000°C}), and the reactiom is started by heating to 1800°C ina
BeO boat placed inside a high-vacuum furnace (see Part i, p, 40
for descriptton), The beryilium oxide boals are sei up Inside the
hoating element, which consists of tungsten boats {40 mm, long,
10 mm. wide, 8 mm,. high) subjected to high-infansity (200 amp,)
low-voltage current. The fingl sintering of the finely powdered
crade product requires 10 minutes at 2400°C,

W, In this proeess a tungsten wire, which serves conly asa
substratum for the depesit, is heated to glowing In an atmosphere
consieting of a volatile hallde of the metal, a carbon compound and
H, Moerz recommends the use of hydrocarbons such as toluana,
inetead of CO; the depesition of free carbon with the carbide {8
avoided # the partial pressure of the hydrecarben in the system is
lew. The hydrogen atmosphere facilitates considerably the resction
at the giow wire by reducing the decomposition temperatures of
the halides to a much greater axtent thag doeg reduced pragsure or
€¥en vacuum,

Tich + o ST e + 4HC
1837 160 S8 145.8

A pure hydrogen stream {which mustbe free of Ny and O and {8
therefore most convenlently generated by slectrolysis) 1s divided
Inte two fractions, one of which is pagsed through a 25°C wash
bottle filled with TiCl,, the otherthrough & similar bottle containizg
fokwne at —15°C; the streams are then recombined and introducsd
fnio :he reactor. The glow wire 18 malntained st a temperature of
1600°C, which {s Lept constant during the experiment by gradually
Imcreastng the curvent., Further detalls are given by K, Moera,



22. TITANIUIM, ZIRCONIUM, HAFNIUM, THORIUM 1247
Alternate methods:

IV. A modification of the method just described conaists fn hesting
the metal wire prepared by the vapor deposition process o' s
hydrocarbon atmosphere. This modification is not, however, very
conveniant in the case of the lower-melilng matals (T1, Zr) since
the wire terperatures must be relatively low and thus very long

gl?iw }Eﬂm&s are required, I may be used successfully with W, Ta
an s

V. Anoiher method of avelding imtroduction of the tungsten wire
{which is used as a suhstratum in all previcusly described vapor
deposition processes) into the product reverses the above pro—
cedure; i.a., 2 cathon wire i{s heated to incandeacence in the vapor
of a volatile halide of the metal {in the presenca or in the absence
of Hal.

The methed suffers from one disadvantage: the dissociation of
the chlorides at the glow wire does not cease when ali the cerbon
originally prasent in the wire has been consumed, As & result,
the products contzin varying amounts of the free metal dissolved in
the czrbide. Carbldes of stoichiometric compogitior are obtained
either by calcining the above products ia bhigh vacuum &o svaporate
the dissoived metal} or in & hydrocarbon atmosphere &o convert
the excess metal to ocarbide). TFurther details are given in the
raferenca citad below.

PROPERTIES:

Gray powder, Insoluble in hydrochloric acid, soluble In nitrie
zeid. M.p. 3410°C; d 4.92. Very good alectrical conductor with a
nositive temperature coeffleient, Crystal structure: type Bl (NaCl
type), with a considerable range of phase compositions {T'1C,.4~
Tigah

Zireonium Carbide and Hafnium Carbide

Thess compounds are prepared by the same procadures as (-
taninm carbide, The resction mixture consists of either ZrQO, (or
HO, + 3 C, or Zr for Hf) +C;the regzction temperatures Ho. -
above 2000°C, Since both ZrC and HIC are very sensltive to N -
the high-temperature siotering siage mustbecarriedout in 9% Ax..

Just ke TiC, both ZrC and HEC dissolve carhon when molten.-
This phenomenon is most detrimentel in the cese °f ZrG, whose
melting point is lowered irom as00°C to about 2450°C by the ab~
sorption of carbon; the carbon 18 released on cooling, _

The procedures employed for the preparation of TiC by the
vapor deposition process must be modified somewhat in the case
of ZrC and HEC, smee both ZrCl, and HICi, are solids, ‘Thew
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he chlorids and it
reactor 1s filled with & suffiolent guantity of t a
Jower section is heated with a small furnace fo a temperaturg at
which the vapor pressure is sbout 10-20 mwm, (that is, to about

*C), The same applies in method V.
m’l‘a industrial p;;limratlon of ZrC from ZrS5i0, and carbon in g

rephite cracible using an arc furnace is described by W. Kroll
Et al. [Trans, Etectrochem. Soc. 83, 263, 317 (1946}; 82, 187 {is%47);

J. Electrochem. Soc. 94, 1 (1948)]

REFERENCES:

Generul: C. Agte and K. Moera, Z. anorg. ellg, Chem, 188, 233

{1933},
L G. A. Meyerson and Y. M, Lipkes. Zh. Prikl, Khimii 18, 24,

351 {1945}; see aiso E. Friederich and L, Bittlg, Z. anorg, allg,
Chem, 144, 1569 {1925},

i, P, Ehrlich, Z. aporg. Chem, 258, 1 {1949),

I and IV. A, E, van Arkel and J. H, de Boer. Z. anoxg, zllg,
Chem, 148, 345 (1925),

Vv, W. G, Burgers and J, C. Basart, Z, anorg, zllg, Chem, 216,
209 {1934),

Thorium Carhides

ThC, ThC,
ThQ. + 3C = ThC + 2C0; Tho, + 4C = ThE, + 2CO
4L 360 244.1 S&0 2841 50 2561 360

Thorfum carbider are prepared In an electric arc furnace,
The arc {3 produced In a graphite crucible containing the re-
action mixture. Abcut 200 amp, at 110 v, {a required to melt the
mixture,

A mixture of ThO, and caleined carhon black (0.24% ash) or
graphite powder {0.33% ash), in quantities corresponding to the

e equations, i made into a paste with a smail armount of
water and starch, and evaporated with stirring (grapbite is pre-
ferred to carbon black because of its smaller volume), The lumpd
of dried material are placed in a emeible by means of 2 poreelain
spatula; their large size prevents them from being carried out
of the erucible by the CO g8 £voived in the process,

PROFERTIEN:

ThCx Opaque, dark-yellow
. Paeudotetragonal crystals with a8
metailic Inster, M.p, 2650°C; d 8,96, Completely miscible with
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ThC at high temperature, practically lmmiscible at room tetipera-
ture. Formsa a eutectie with graphite (empiriesl formuls ThC;,.}
m,p. 2500°C}. Decomposes slowly in water, rapidly indiluie acids,
evoiving & mixture of hydrocarbons (chiefly acetylene) and Hg.

Th: M.p, 2620°C, Crystal structure: NaCl type. For matexial
of empirical formula ThC, ,q, the miscibility gap begins at a

temperature of 1880°C; the gap widens at room temperature to
ThCq,05-ThCp 7a.

REFERENCESR:

M. von Stackelberg, Z. phys. Chem, (B) 8, 437 (1830); H. A,
vi"glélgjlm and P, Chictt!, Trane, Amer, Soc, Metals 42, 1295
{ .

Titanium, Ziscenium and Thorivm Silicides
Ti84y, ZrSi,, TRSI,
I. PREPARATION FROM THE ELEMENTS

Ti{Zr, Th) + 28i = TiSi; {ZrSi, ThSiy)
47.891.2 2321 551 104G 147.3 2882

The silicides are prepared by fusing or mintering intimate
stoichlometric mixtures of the elements {in powder form), The
reaction i8 carried ocut in sintered clay or ceramic crucibles,
placed in 2 Tammann furnace under a blaoket of Ar. In all three
cagep the reaction takes place at 2 relatively low temperature and
is highly exothermic; therefors, one should work with gram quan-
titles only. :

In the method of Alexander, some advantage 15 gained by re~
placing the pure metals with hydride powders. Initial heating takeg
place in vacusm, which at 400-500°C i3 replaced by an atmospht_ax__'?
of the H, evolved by the reaction ftged. This gives asi_ntareq
silictde at temperatures 18 low as 909°C, I

Brauver a.ndp;ﬁtius modifiad a method developed by Hinigachruid

and prepare ThSis by the foilowing procedure. Intimate mixtures
of Al, Th and Silumin i3% Si, 87% Al) powders ars compi‘er}m- .

into tablets 10 mm. long and 5 mm, thick, planadina]gmm
orucibles and fused at 1106°C in high vacunm, Slow cooling_ {rom
1100°C to 800°C in four hours) producea good crystals of tha
product within the siuminum fngot. These are freed of axcess Al
by alternate trestments with dilute hydrookioric acida.nd_pctmm
hydroxide (moderate hesting), followed by washing with water

aloohol, Sinpe most of the sillcide particles Jorm nnhiaﬂm .

40
i
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with the 8i and SiO, contaminants, the crystallites gra
pulverized in an agaie mortar and separated ire:n foreign makisr
artioularly Si0y. which cansot be removed by chemicil means)
by flotation with bromoform (d 2.9} The bromoform must be
coatlmously renowed, Evaporation with bydrofluoric aecid is not

prectioai, since it destroys the silicide.

Alternate methods:
. ALVNINOTHERMIC METHOD

tion of a mixture of, for example, 206 g, of Al powder, 250 g,
of 8, 180 g. of 5i0; and 15 g. of TiOa for 40 g. of K?TiFE ), covered
with a thin layer of Mg, yields an ingot containing, in addition to §i
and Al, small, iron-gray tetragonal pyramids of TiSi,.

Bl. ELECTROLYTIC PREPARATION

The pure, crystalline silicldes are obtained by meltelsctrolyels
of a mixtureof, for example, 10 KaS1F, + T10; at about 300°C, using
an iron cathode; alternately, electrolyeis of TiO; dissolved Ina
melt of silicate may be used,

V. REACTION OF THE METAL WITH SILICON TETRACHLORIDE

The silicides are obtained inthe form of a coating on the reactor
walls when the metals are heated to 1100-1500°C in a hydrogen
stream spturated with SiCl,,

PROPERTIES:

Grayish-white ¢rystals with a metallic luster and good thermal
and electrical conductivity. d (TiSL,) 4.02; (ZrSly) 4.88; (ThSL,)
7.63. TiSi; and Zr8i; are insoluble in mineral acids {except hydro-
fluorle aeid); Zr8i; is also insoluble in 10% KOH, TiSi, dissolves
slowly in 10% KOH. ThS8i, is unaffected by alkall, but dissolves in
dite and conc. hydroges halides (slowly in the cold and rapidly
when heated). Attacked by Cl, at temperatures as low &8 500°C.
TiBij is stable at red heat In air, while ZrSi 2 and TkSi, burmn,

REFYHENCES:

L O, Honigschmid, Monatsh, Chemie 28, 1017 (1907); P. P.
:'hmder. Metals and Alloye 9, 179 (1938); F. Laves and H. J.
allbayn, 2, Kristallogr, 101, 78 (1939); G. Brauer and A.
n‘llﬂhlan f’ Z. anorg. allg. Chem, 249, 325 (1942); E, L. Jacobsom,

- freeman, A, G, Tharp and A. E, Searcy, J, Awmer. Chem.

Boc, 78, 4850 (1956); see sls
32, 278 (1941), oo also K. J, Wallbawn, Z, Metallkunde
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Ii. O. Honigachmid., Comptes Rendue Hebd. Séancea Acad, Sok
142, 157, 280 (1806); Mopatsh. Chem, 27, 205, 1069 (1908),

L. M. Dedero. Compies Remdus Hebd, Séances Acad, Sof, 208
799 {1839); J. L. Andrieux, Congr, Chim, mdustr, Nanoy 18
I, 124 (1938); Rev, Métallurgie 45, 49 (1948), :




Vanadium, Nichium, Tantalum

G. BRAUER

Vanadium
¥

The preparation of high-purity V metal is difficult becayse it
tends to form very stable oecluded phases with renmetals, particn-
larly with O, N and C. These elements must be removed in advance,
because their alimination from the meial phase at a later stage is
difficult. Hence cnly a few of the many proposed mothods afford a

ductile metal or V powder of & high degree of purity.

I Vi + 5C3 = 2V + 500
181.8 A 1018 2804

In the method of Marden and Rich, 175 g. of V304 is mixed with
300 g, of ground Ce and 308 g. of CaCll; (dehydrated by preheating
at 450°C), and the mixiure piaced in a smail sealable iron bomb.
The addition of CaCl, as fluxing sgent 1= essentizl. A gmall piece
of Na or K ig also added (o act later as a scavenger for residual
(O and Hz(), or the bamb is evacuated and then filled with Ar. The
bomb is tightly sealed elther by screwing down the lid or by welding,
beated one hour at 900-950°C, cooled to voom temperature and then
reopened. The product is chipped oui with u chisel, and the chunks
are added, slowly and with agitation, to about 20 liters of ¢old water
(avoid local overheating). The product disintegrates and is allowed
to settle for about 2 min, The supernatant is decanted; the solid is
washed (by decantation) several times with HO,then several times
with approximately 2 N HCl. The product is ductile, granuiar V
According to McKechnie and Seybolt, the reaction between
¥20s 20d Ca Is coupled to advantage with the strongly exothermic
reaction Cz + 1, = Cal,. In this case, Cal, has the desirable effect
of reducing the melting point of the mixture, thus replacing the
c’cllrz used inlt:e previoua method,

oT example, & mibfure of 300 g, of specially purified V305 (888
below), 552 g. of metatlic Ca U.efabcﬁﬂ% gxcess,\ and i‘gﬂ g- of

1252
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I, i3 placed in a sintered magnesia crucible, which is in furn placed
in a 1.5-liter steel bomh; the bomb is then hermetically sealed,
With the above quantities, the steel bomb should have o diameter
of 100 mm., 4 beight of 280 mm, and & 10-mm, ~thick wall: tha 114
should ba = steel plate held hetween polied-down flanges, Tt'la mag-
nesia crucible can be closed with & cover of the same material
(the cover is {formed by pressure-shaping granmular mappeaia with
g steel cover). The bomb iy evacuated, filled with Ar, cloged and
heated to about 425°C o start the reaction, Immediately after igni-
tion, spontanecous heating to a much highep temperature takes
place, accormpanied by an ugusual neise, Granular and powdered
V is isolated Irom the reaction product in 74% yield.

The VzOg, which is normally prepared from NH VO 4, must be
freed before use of small amounts of N and H still adhering to 11,

One methed of accomplishing this iz heating the oxide for 18 hours
in & atream of moist O, at 4006°,

II. The following reduction affords V as & fine powder:

1573 REE N 5.8 103.4

A stream of H,, thoroughly freed of traces of Qg, N or HpQ
(see p. 112 ff,, N, ramovel ag for Ar, p. 82 if.}, is passed over a
platinum boat located in a Pt tube and conteining about 7 g. of
VCl,, The Pt tube forms aninsertfor a porcelain tube and protects
the Istter from attack by the subliming VCl; and by the V formed
from such a sublimate; it alsc ensures the protection of the boat
contents from contaminstion by 81 compounds from the porcelain
tube. The V formed during the reactionis further protected agalnst
contamination by plecing a porcelein boat contsining powdersd V
ahead of the Pt boat. This protective vansdium {which may be iess
pure) serves to remove the last traces of Ny and O from the gas
stroam. The resctor tube is conmected to a large, empty U tube
which allows observation of the exit gaa aed 1s, in turn, cosnscted
to a KOH-filled trap,

The porcelain tube is slowly hesied to, and ther held at, a tem-
perature of 900°C unt{l HCL evolution {which follows the initial for-
mation of 2 small quantity of brown fumes) is complete. After
cooling to room tempersature {end not before}, the product 18 ro-
moved from the reactor in astreamofHa. At this point, it conaists
of vanadium hydride (approximate composition VH,z ), which s
convertsd to pure V by heating in high vacuum, It should be borne
in yoind that finely subdivided vanaédjum a.lt:d van:fih::rn; hydrida are
sensitive to atmospherie Oy even 2t room: tampe . _

The Pt sheet Pnbaorba some V during the reaction and turns.
darker, belttle and fragile, The vanadjum oan be remeoved from
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m of ¥ hy heating to red heat in air or, vis a
md:sx ni::hod. by :?\:atn{ent with & molten mixture of 1 part
of KNO4 and 15 parts of NaKCOs The Pt is thus completely re-
generated. 1t should be possible to replace the porcelaln fube, with
no loss of efficlency, by an alumina tube. _

Alternate methods: ay Very pure Vcanhbeobtainéd by deposition
from the gas phase in the apparatus ahown in Fig. 291._13. 1168, In
this case the apparatus is made of fused quartz and is heated to
§00-1000°C during the reaction. A suitable crude metal starting
product is gbtained, for example, by reacting a mixture of VCI; and
Na in & heated ircn bomb. Since the transport to the incandescent
wire is sccomplished via VIa whose volatility is relatively low,
this process is oot as advantageous in the case of V as with metals
of Group IV [A. E. van Arkel, Metaliwirtsch. 13, 405 (1934);
J. W. Nash, H, R. Ogden, R. E. Durtschi and I. E. Campbell,
J. Electrochem. Soc. 100, 272 (1953); H. W. Rathmann and H, R
Gragy, Vancoram Rev. 10, 6, 17 {1835)].

b} With Ar ss the carrier phase, the reduction of VCl . with Hy
(affording pure V powder) ¢an be accomplished at 626°C {G. Jantsch
and F. Zenek, Monatsh, Chem. B4, 1119 (1853}]. )

¢) According to another proposed method, a stream of dry,
high-pority H; saturated with VC1 ; vapor is passed over Mg turnings
{in a Mg® boat} and gradually heated to 700°C over a peried of 2.5
hours, After cooling, the product mixture of ¥, VCl; and VClg is
thorouphly exirected with Ho0 todissolve cut any chlorides present.
The residue of V powder (55,3% V) i2 then vacuum-dried.

d} A mixinre of 2 parts of VCl;and 1 part of Mg is pressed into
pellets and these are heated for 1-2,5 hours at 700°C In a2 MgO
boat ingerted in a guartz tube (H, or Ar atmosphers). The product
metal confains up to 99.5% V [A. Morette, Comptes Rendus Hebd.
Seances Acad. Sci, 200, 1110 (1935}].

Solid V metal is comminuted and reduced to a fine powder via
t.beevanadjum hydride stage. Thus, vanadium is heated to about
S °C ina stream of high-purity H, and is then cooled in the same
gas. The hydride is very brittle and can be readily comminuted by
pounding or grinding in a volatile organic liguid such as benzene,
which protects it against local heating snd oxidation. The com-
mlm.:ted material is then dehydrogenated to pure ¥V metal by hesting
;’;sl:}lfh vacuum (W. D. Schoell, Thesis, Univ. of Fretburg i. Br.,
95 sngmw;f high-grade V cdn be further increased (to about
(1o ) by long beating (e.g., for 20 hours) in & high yacuum
Br.. 1950), 50°C (W, D. 8chneli, Thesis, Univ. of Freivurg i.

mi'or ormation concerning meltlng V metal in crucibles
of various materials, gee ¥ 1
11, 16 (1958}, + W, Merril, Vancoram Rev. 11,
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PROPERTIES:

Atomic weight 50,95, Light-gray metal, ductile when pure,

M.p, 1900°C; d 8,11, Insoluble in hydrochloric and gulfy

] rie acids,
soluble in nitric and hydroflucric aelds. High affinity for O, N, C
and H, Surface reaction with atmospheric O 5 starts already ot 20"‘0*
this ¢an lead, particularly in the caseofa fine powder, to sonsider~
able contamination. Cryetal structure: type Al ’

REFERENCES

General: E, A, van Arkel, Reins Metalle §Pure Metals}, Berlin,
1839; H. Funk. Derstellung der Meh{na im Lai:o}ratorium
[Laboratory Preparation of Metals], Stuttzart, 1538; C. A,
Hampel. Rare Metals Handbook, New York, 1964,

L J, W, Marden avd H, C. Rentachler, Ind, Eng. Chem, 19, 97
{1827); E. D. Gregory, W, C. Lillendahi and D, M, Wroughton,
J. Electrochem, Soe, 98, 295 {1861)}; A. P, Beardand D. D,
Croolts, J, Electrochem. Soe, 101, 597 (1954); R. K. McKechnie
and A, U, Seybolt. J, Electrochem. Soc, 97, 311 {1950); J. R.
Long. fowa State Coll. J. Sei, 27, 213 {1953},

I, Th. Doring and J. Geiler, 2, anorg. allg, Chem, 221, 56 {1934),

Varadium i) Chloride

vCl,
L VCL + i H, = VCi, + HCL
157.3 el 1218 383

The reactor 18 a Pyrex, Vycer or fused quartz tube, and the
V1, i placed either directly in the tube or ic & porcelain boat
{tha transfer to the resctor requires great care, because VCij ia
very hygroscopic), A streamofdry, completely deoxygenated hydro-
pan is then passed through the tube (the end of the tube is pro-
tected apainst molsture by a CaCls tube), and the system is heated
{0 about 400°C. While HCI is evolved, thetemperature is gradusily
increased to 675°C. Care should be taken not to axceed 700°C
{(according to Klemm and Hoschek, not syen 8G0°C), otherwise re-
duction to V metal will occur. The reaction {ime depends on the
quantity of material used; it fs about 1 hour for 0.5 g., and about
40 hours for 30 g. At the end of the reaction, the Hy stream is
replaced by & stream of Pz0g-tdried Nj or CO», and the VCl, pro-
duced is discharged from the reactor under amhydrous conditions.
A high yieid {~ 90%;) 1s obtained.

i, VG, = VI, + VO
514.8 te1e 1928

Rapid disproportionation of VCis according toihe above equation
egn bEI:J s.ch:leizved ot 806°C in a stream of high-purity Na. The VEL,
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rried & the W, stream (4 bubbles/gec.), while the ¥Ci,
g;:las in t::y ::;};otor t;be. The temperature should not exceed
850°C, to avoid loss of VC1, by sublimation, The reaction is fairly
fast; for exnmple, the reaction of 20 £. of VCl; takes 2 hours,

PROPERTIES:

_green leaftets; m.p. about 1350°C; 4. 3.09. Lesa hygro-
acopic thap VCls 2nd VCl,; insoluble in gleohol or ether. Crystal

structure: Cdl, type.

REFERENCES:

I. F. Ephraim and E. Ammann. Helv, Chim, Acta 18, 1273 [1833;;
W, Kiemm snd E. Hoschek. Z. snorg. allg. Chem. 226, 359
(1936); R. C. Young and M. E. Smith in: J. C. Bailar, Inozg,
Syntheses, Val. IV, New York-London-Toronto, 1353, p. 126;
H. Funk =nd W. Welsa, Z. anorg, allg. Chem. 195, 327 {15858).

I. ©. Rugg and H. Licidett, Ber. disch. chem. Ges. 44, 506 (1911);
P. Ehrlich and H. J. Seifert. Z. ancorg. allg. Chem. 301, 282
(1959).

Yanadium (1} Chlorida
'\"Cf;, VCI. 5 HgD
¥Cl,

L Vildy + 350L, = Z2VCl, + 380.
1499 358.3 314.8 1922

Vanadium trioxide powdsr (2.1 g.} and 8.5 ml. of pure SQCl,
are placed in a bomb tube ebout 1.5 ¢m, in diemeter, and the sealed
tube 15 heated for 24 hours at 200°C, The tube is cooled to below
0°C (in order to lower the SO, vapor pressure) and 19 then opened
to allow S0, {0 escape. Then the tube contents are flushed out,
under anhydrous condittons, into a small flask, using some S0CIs
for this purpose (the SOCI, {athen removedby vacuumn distillation).
The VCl, residue is washed several times with very pure 0S5 to
remove traces of 5;C1,, and then thoroughly vacuum-dried at BO°C.
;i:liﬂrmm of dark-violet ¥Cl; are chtained innearly guantitative

i 2V + 65.Cl = 4VC), + 550, + TS
3618 Bla.2 620.3 3208 2244

Fine, pure V.0, powder (18 g.} and 40 mi. of$,C1, are refluxed
weder ashydrous comditions for 8 hours {constant si;;irrlng). The
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excess S3Cla, containing dissolved §, is dec
. . anted and
formed 8 washed with dry CS,, Adhering volatiles are mmt?v:lmh;

heating fhe material at 120-150°c under vacuum or hy extracting

it for several hours with CS,inaSoxhiet apparatus, Afier thorough

puriflcation, the residual Bulfur content of the resulting fine ale
of VCls is about 0,.2%, The yield iz about 30 £, o oyt

Coarse {and hence lags roscopic) ¢
obtained by heating the fine crl_gfaliine l;irgdmrg:-:tah}z. mcm
of fresh S5Cl; in a sealed tube at 240°C. Since no gas s evolved
in this operation, large amounts can he treated at one time,

The same reaction can also be carried out in A sealed tube st

300°C; however, smaller quantities must be nged Inthis case {(6-7
of V405 and 20 ml. of S,C1.). e

IIT. VCl, = VI, + Y Cly
1928 157.5 335

A flask containing VCi, is comnected to 2 yeflux condenser via
& ground joint and kept at 160-170°C for 2 days while passing a
thoroughly dried and deoxygenated atream of COyor Hy through the
system (to remove the Cl; formed inthethermsl dissociation}, The
flask is then arranged for distillation; unreacted VCl, and the
traces of the VOCl,; formed are distilled off at 200°C ina Hg
strearn, Reduction does not take place under these conditions, The
hy-products can alac be removed by vecuum distillation. AR opera-
tionsg are carried out under anhydrous condltions, '

Alternate methods: IV. Reaction of VO1, with 5, removal of the
5501 by distiliastion, then heating of the produet at a temperature
gomewhat below 300°C in a stream of CO,.

V. H ¥V metal i= available s83 a very fine powder, it ¢an he
rescted with excess ICL, according to the equation:

2V 4 BICL = 8, + 2VCl, B
W19 0742 7BLS 3146 .
The mixture is hested under anhydrous conditions in a giass fissk
equipped with a reflux condenser. The flask is carefuily heated
with a direct flame until the initially vigorous reection, which
affords iodine vapor, subsides acd vapors of the boiling ICL beoomie:
visible. After coocling, the mixture ia extracted with OClL 4 {distiiled

from P40¢), filtered in a N, stream through a sintered glass disk, *...

washed with CCI, and dried in s vacuum desiccator. The
18 very pure provided all of the vanadium has reacted.

PROPERTIES: . .
Formula weight 157.3. Violet, quite orystalie, Very hygroe

scopic, Soluble in acidified water. In the shsepce of afr, cenbe -
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ebtatned from solutions as VCia - §HZ0, Soluble 1n aleohol, Insaluble
im othyl sther. d 8.0. Crystal structure: D8 (FeCly) type,

REFE RENCES:

Hecht, G. Jander and H, Schiapmans, Z. anorg. Chem. 254,
L ;!55 (1945;,:} experiments carried out at the University Lebora-
{. Br,, 1961,
L e . Milller. 7, anorg. allg. Cher. 244, 94 (1040);
experiments carried out atthe University E.aboratory, Freiburg
i Br., 1951; H. Hartmann and B. L. Schlzfer. Z. Naturforsch,
€8, 754 (1951); H. Funk and W, Weiss. Z. anorg. allg. Chem.
295, 327 (1958).
I, J. Meyer and R. Backa. Z. anorg. zilg. Chem. 135, 177 (1924);
F. Ephraim snd E, Ammann, Helv, Chim. Actalg, 1273 (1933,
R. C. Young and M. E, Smithin: §. C. Bailar, Inorg. Syntheses,
Vol. IV, New York-Toronto-Londozn, 1953, p, 128,
IV. O. Ruff 2nd H, Lickfett, Ber. dtsch, chem. Ges. 44, 506 (1911};
F. Ephraim and E, Ammann. Helv. Chim. Acta 16, 1273 (1933},
V. V. Gutmaan. Monatsh. Chem, 81, 1155 (1850},

¥CL-6H.0

The hexabydrate can be obtalned from agueous, acidic VCl,
salution by cooling and saturating with ECl. The starting solution
s obtained Ly elecirolytic reduction of e solutionof V04 in hydro-
chloric acid or, more conveniently, by dissoliving V30, in hydro-
chloric acid. -

Vgo_g + 21‘;! = V;D_q + 2]';20
1819 4.8 L 1459

V:Os + 6HO + gHzO = EVCI;'BH,D
1438 13441 162.1 285.4

For exampte, 7.5 g. of V,0, {obtained by reduction of VO with
H a8 deacribed on p. 1267) 1s dissolved in 200 ml. of cone, BCL by
allowing the mixture to boil severalhours. This solution is concen-
trated to 50 ml., cooled to —10 to —20°C, and saturated with HC1
gas. The precipjtate of green VCl,- 6 HzO ia suction-filtered on
glass frit, dlpgolved 1o some M 40, and reprecipitated with HCl while
cooling (see also the preparation of TiCl; « 6 H;0, p. 1193 L.}

FROPERTIES:
Formula weight 265.4, Green, hygroscopic orystals,
REFEBRENCES:

A. Plecinl and M, Brizzl. Z. anorg. Chem. 19, 394 {1899); P, Ehrlick
aad B. J. Selfert, Z, anorg. allg. Chems. 301, 382 (1959).
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Yonadium (IV] Chloride

VCI,
1. VO + 1,04 = v,
1573 al 1929

In the method of Furk ang Weiss VCl,, which 18 readily chtsined
from Vi0s and 53015 (see p, 1256), is looeely packed i.nyn. alightly
inclined reactor fube made of high~meiting glags. The tube is con-
nected by a ground joint to a receiver, which ia protected againat
moisture. A glass-wool wad ia placed atthe end of the reactor tube
to prevent solid VCl, particles from reaching the receiver. Dry
Clz is passed through the apparstus to dispiace the air; the VCla
is then heated, sterting from the end closest to the yrecelver. The
reaction rate can be controlled by regulating the Cl, flow, The
crude VCl,is coilected in the receiver, which is kept at 0°C; it 18
then distilied from this receiver inaslowstream of Clg |

conditions), discarding tbe forerun. Approximatety 88 g. of pure
VCl; is obtained from 30 g. of VCi,,

1. A processg similar to that described in method I may be uzed to
prepare VCl, from ferrovanadium end Ci, A very long reactor
tube iz used, and the rezotion rate i= regulated so as to allow most
of the by-product FeClj to settle out. The VCl . must be redistilled
from the receiver,

Alternate method: Disproportionstion of VCl,y to VO and VC1,
by heating in a N stream at 900°C in & porcelsin fube [0, Buff and
H, Lickfett, Ber. dtsch. chem. Ges. 44, 506 (1911)].

PROFERTIES:

Dark red-brown liquid. M.p. —i09°C, b.p. 148,6°C; d 1.87.
Fumes in gir, and even ai normal tempevature shows & marked
Cl, vapor pressure (decomposition). Sealed ampoules containing
VC1, should be stored in the dark (occasionaliy they shatior be-
canse of high internal pressure}. Dacomposed by water. Soluble jn
cone, hydrochlorie acid, ethanol and ethyl ether.

¥
RE.FERENCES:; .

By

-

I, 1. Funk and W. Welss. Z. asorg. allg. Chem, 295,327
(1958). e
o. A, . &. Amer. Chem. B3oc. 3, 671 (1913); ¥,
Ephl?;.imu:::-dmlsz. Ammams, Helv. Chim. Acta 16, 1275 {1983}
J, H. Simons snd M. G. Powell J Amerchmn Soe 8,

75 (1945). T

RS
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Vanadivm {il) Bromide
VBI"

'\’Br, + 'J'lg]'{i = "v'Br, + HEBE:r
0.7 el 208 808

The starting material is VBr 2, whichis best left in the tube uaed
for its preparation (see below). In thig case, the reactor tube i3
considersbiy longer than that used merely to prepare VBr,,

The zones contsining VBrs are heated, one efter another, to
dark-red heat while a H, atream is passed through. The heating
is best accomplished in & tubulsr electiric furnace, in which heasting
is more uniform than with open flames; with such a furnace, pro-
pounced local overheating and reaction rate differentials are pre-
vented and the total reduction time is short. The reduction of 2 g,

of VBr, takes 1-1,5 hours,
FROPERTIES:

Light-brown to reddish; Iight pink-red when heated. Feltlike to
faky crystal aggregstes. More hygroseopic than VClg, but not as
senasitive as VBrs. Gives a viclet solulion with H,O; this scon turns
brown, evolving H,, d 4.58. Crystal structure: C§ {Cdlg} type.

AEFERENCES:

¥. Ephraim and E. Ammann, Helv. Chim, Acta 16, 1273 (1933)
W. Klemm sand E. Hoschek. Z. anorg. alig. Chem. 326, 359
(1936).

Yanadivm [Iif] Bromide
VBT,

V{+ FE—') + a.'r! Br, {4‘ "h El‘:} = VBI; |:+ FEBT:}
%.¢ 554 a7 239.7 290.7 2050

A high-melting glsss tube, 10-12 mm. 1.D. and 80 cm, long, is
charged with 5 g, of very fizely powdered high-grads ferrovanadium
(b0 bost s used), A stream of thoroughly drfed COj is passed
through 2 small round-hottom flask in which absolutely dry Bra,
slowly introduced from a dropping fupnel, is vaporized by slight
E:ting. The CO3and Br ;vapors then pass through the reactor tube,
m:ther end of the reactor carries {preferably sealed on) con-
- :b— for the subpequent collection of VBry (e.z., tubes which cen

Bpli-sealed), whichare protected from the atmoephere by a P20s
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tube. Air and moisture mmst he 1
the reactor with CO; + Br,, rigorously exoluded, After

the Fe-V ia heated to red heat,
first product is a small amount of YOBr,y, which is qulcklym
r&:atdi'ii];:r diEp;ﬁeﬂi ?‘Lhealing the entire tube length to prevent the
depeaition of vanadium oxide (the i annot remov
converaion to VBrs and ( ttor o by od). The

FeBr, is then carried out over & period of
about 4 hours. Maest of the FeBr, remalns at the axite;:‘:iofthé
tube, while the Bry sublimea out, It fs freed of FeBrs by repeated

sublimation. Rather low sublimationtemperatures and long lira-
tion tubes are requireqd in thig e o

procedura, F
flushed with pure, Br,-fres CO4. inaily the syatem is

PHOPERTIES:

Black with greenish reflections, cryatelilne; the vapor 18 violet.
Extremely hygroscopic, d 4,52,

REFERENCES:

J. Meyer and R. Backa, Z. anorg. allg. Chem. 135, 177 (1924);
F, Ephraim and E, Amman,. Heiv. Chim. Acta 16, 1273 (1988);
W. Klemm and E. Hoachek., Z, anorg, allp, Chem, 228, 8958

{1936),
Vanodium ) lodide
Vi
This compound is prepared by synthesis from the clements.
¥+ Ig = Vh

5L0 2538 SMME

1, In the method of Moretie, VIj is first prepared from V and 1,
{see the following preparation) snd then decomposed by heating af

400°C in high vecuum while removing the I split off. The decom-

position is virtually complete in 24 hours.

I. In the method of Klemm and Grimm, & stolchiometiric mixture of

V turpings and I, is sealed under vacuum into a short quartz tube, -
with gocaslenal coollng to reduce the I vapor pressure, The entire

tube is then uniformly heated at 160-170°C.

PROPERTILS; .

. ttod by Hg0:

Dark-violet, hexagonal leaflets, Not reedily we 0;

slowly forms a viclet sclution. Infscluble In sbaolute a:thm;i:

banzene, CCl,, CSa Partly oxidized in alr, turning brown,. 3544
Crystal structure: C§ {Cdls) fype. ;

,\_- .
.t
p I

ey

2L TN

LR
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ASPERENCES:
. I Aocad, Seci. 2407 1218
A, Morette, Comptes Rendus Hebd. Séances 207,
(1938); W. Klemm and L. Grimm, Z. anorg. allg. Chem, 249,
193 (1942).

Vonadivm {ill) lodide
VI,

Formed whes metallic V and 1, are heated at 300°C under the
vapor pressure generated by tha latter.

vV + 3L = Vi
510 98RT 4317

Vanadium metal {turninga cor powder) and excess I, are placed
in a bard gless or fused quartz tube, ¢loped at one end; the tube
contents are cooled fo — 30°C; the tube 18 thoroughly evacuated and
then melt-sealed to a short total length. A vigorous reaction aseta
in on heating, The entire tobe is hezted for a while at temperaiures
up to 300°C in order to achleve product uniformity. The excess I,
fs then allowed to distill off into 2 somewhat cooler zone, and the
tube is quickly cooled and opened,

PROPERTIES:

Brown-black, crystalline powder. Very hygroscopic. Readily
soluble in water giving & brown solution which turns graduslly green
in ajr, Algo zoluble in absolute ethanol; inscluble in henzene,
CCl,, C8,. d 4.2,

REFERENCE:

A. ﬁ;gﬁﬂf Comptes Rendus Hebd, Séances Acad. Sci. 207, 1218

Yanadium Oxychlaride

Yol
V0, + VCl, = 3VOCQ
1404 1575 a07.2

A quartz tube, about 180 mm, 1
r . long end 15 mm, in diamater, 18
charged with 1 g. of V405 and 2 g. of VCL, under anhydrous
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conditions. The tube is thoroughly evacusted
placed horizentsily in a ﬁ:magzgprgﬂding 2 taéﬁmm
such that the raw meatertal 18 kept at 720°C and the empty kalf of
the ftube at 620°C {see Part I, p, 76 {, and preparation of THOCL,
p. 1200}, After 1-2 days, VOCI forms as & crystalline depontt
in the center of the tube and a dense mass on the 720°C aide.
In addition, small amounts of VCl,, VCl,, VCl, and YOOI, are
also prese_nt. The tube is opened indry Nz and the VO1, and VOOL
are vaporized in vacuum, The tuhe contents are then glurriad i;
dimethylformamide, and the VCi,and VCly are removed from the
VOC: by repeated slurrying and decantation with this solvent. The
VOCL, oblained as the residue, is washed with ethansl snd ethyl
ether and vacuum-dried,

Alternate methods: Vanadium oxychloride cen also be obtained
a) by heeting VCl; and COy [O. Ruff and H. Lickfett, Ber. dtsch.
chem. Ges. 44, 506 (1911); E. Wedekind and C. Horst, Ber. disch,
chem. Ges. 45, 262 (1912)};

b) by heating VCl; in an Oj-containing N, stresm;

c] by heating VOCl, in a pure N stream [P. Ehrlich and H, J.
Seifert, Z. anorg allg. Chem. 301, 282 (1959)].

PROFERTIES:

Formula weight 102.41, Brown crystels, the particle size
depending on methed of preparation. Decomposes at about 600°C
into V1, and the oxide; not attacked by Hz0, hydrochlorice acld or
alkalles; dissolves in warm conec. HNGy and cone. H 804, 4 3.44,
Rhombic crystals, {sotyplesl with FeOClL,

AEFEAENCES;

H. Schifer and F, Wartenpfuhl. J. Less-Common Metalg 8, 29
(1961); P, Ehclich and H. J. Seifert, Z. anorg. allg. Chemy.
301, 282 (1959).

Vanadivm Oxydichloride

YOI, H h*',,
v,0, + 3VCh + VOCl, = 8 YOOl iﬁ
1818 4720 1733 218 Wi

A tho round mixture of 3.6 g. of dry V.0 and 9.4 g.0f -
VCig is mﬁtgthe closed end of & 1-m.-longtube, and 0.9 l.of
VOC1, is then added, The upper part of the tube must be freeef -
traces of thege substances. Thetube, filledwith aly; is meitveesiol, - ¢
and 1a covered along its entire length with'a sheef=Tnetal Jacket m_, "
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Power third, in a alight inciined position, ig then heated to about
G witk a mbu;g* Elrectric furnace. The sheet-metal jacket
provides & tempersture gradieat alobg which the product VO,
suhlimes out of the hot reaction zone. This procedure reguires af
1sast 4-5 days, However, the yleld canbs increased by longer heat-
Ing time, Green needlelike crystala of VOCL, are deposited in the
cald part of the tube. The tube 1s opened at & sultabie spot; tha
product Is suspended inpetroleum ether, ethyl ether or CCly to dig-
solve some adhering VOCly, and then suction-filtered on a coarse
frittad-glass filter, The relatlvely coarse filter separates the
VOCI, orystals from traces of finely divided hydrolysis products,
The VOCI; is freed of adkering solvent and stored under anhydrous

conditions,
Alterngte method: The older method of reducing VOCL, with

Zn powder in a sealed fube is less efficlent (Gmelin-Kraut, Handb,
d, anorg, Chermn, [Handbook of inorg. Chem.], 7th Ed,, Heidelberg,
1808, Vol. 111/2, p. 120).

SYHONYM:
Vanady! dichloride.

PROPERTIES:

Formula weighi 137,86, Shiny green crystals; hygroscopic.
d 2.88. Bolutions of WOCI, in agueous hydrochloric acid are ob-
tained by adding VCI, to H 0 or by heating V205 with excess cone,
HCI and evaporating most of the excess BECLl. The evolution of Cl,
brought about in this manner can be greatly facilitated by addition
af weak reducing agents such as ethanol or H.S.

REFERENCE:
H. Punk and W. Weiss, Z. anorg. allg. Chem, 285, 327 {1358).

Vanadiuvm QOxytrichloride

vocl,

I Vs + 380CE = 2VOCl, + 35S0,
1815 356.0 3485

A flask comnected to a reflux condenser via a ground fotat 18

¢ with 20 g. of V0, and 24 ml. of SOCI, {equivalent quanti-
le#) and heated for 6-8 hours on 2 water bath under rigorously
anbrydrous conditions, After rearranging the apparatus for forward
diatillation, the reaction product is distilled directly from the flask.
This method ylelde pure VOCI, provided no excess of SOCl; is used.
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II. V:O'a + SCI, = EVOCI. + lfl 0!
1495 6121, LYEY

Pellets, obtained by compress a mixture 5
powder, arsd hested at BOG-§0G%C mingn Cly streamo!;hneo :B:l-ﬂhrﬁ
reaction product, containing VOCL, as well i anmmis
of VGClg and Cla is re n i
is yellow. The product should not he distilled to dryneas beoa
it is likely to igmite, Rigorously anhydrous conditions are required,

Alternate method: The VCig 18 hested in a stream of Og, using
the apparatus described for the preparation of VCl, from VCIa and

Clz, p. 1259 [H. Funk end W. Weiss, 2. ano
327 {1958)1. - #lE. Chem. 208,

SYNGNYM:
Vanadyl trichloride,

PROPERTIES:

Formula welght 173.32, Light-yellow lHgquid. M,p, —79.5°C,
b.p. 127°C; vapor pressure {0°C) 4.4 mm,, {80°C) 175 mm.; d
{(0°C) 1.85, (32°C} 1,81. stantly hydrolywed by HZ0; quickly
attacked ever by szimospheric moisture; vielent resction with Na

ah?;e 180°C. 3Scluble in ethanol, ethyl ether and glacial agetic
Acia,

REFERENCES:

I. H. Hecht, G. Jander znd H. Schlapmann. Z. anorg. Chem, 2564,
255 {1847}

II. W. Prandt! and B. Bleyer, Z. snorg. Chem. §5, 153 (1908);
L. Vanino, Handb. d. prip. Chemis, Ancrg. Teil {Handbook of
Prepzrative Chemistry, Inorganle Section}, 3rd Ed,, Stuitgart,
1925, p. 675; F. E. Brown and F. A, Griffits in: H. 8. Bopth,
Inorg. Syntheses, Voi. I, New York-lLondon, 1934, p, 108 and
J. C. Bailar, Inorg. Syntheses, Voi. 1V, New York-London-
Toroato, 3953, p. B0; A. Morette. Comples Rendus Hebd.
Séences Acad. Sci. 202,1846 {193€). b

vanadium Dioxychioride o

.
B T

VO,Cl - e i b } l

voct + CLO = VO] + 2Ch
173.3 B85 114

%

A 250-ml., two-nack flask oquipped with & Jarge-diamoterntet. . -,

tube, with ail joints and stopcocks made gas-tight with Hoﬁmﬁ
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rowerke Hoechst} or Teflon grease, is purged with doy N,
-‘;‘“ pul;e YOCly (i(m ml.) iz distilled in, and Cl;0 gaa dﬂute'.:i
with O, is introduced at room tsmperature. The Cl0 ras mixture
ia oblained by passing 05 and Cl;{bothdried over P;05) over HpoO,
R is advantageous to keep the HgQ in a rotatable glzss tube

surrounded by a cooling jacket (Liebig condenser).
After a while an orange-colored, microerystalline mass iy

ed, while the temperature of the reaction mbxture increases
gri:t:ﬂy. The 03—01301)?&9& is continued untl] the quantity of the
crystala formed makes further feeding impossibie, The materia]
is Filtered under rigorously anhydrous coaditions and then vacuum-
dried. The product must not be washed with CCl,, becaused this
solvent slowly reacts with VO Cleven at room temperature, afford-

ing phosgene. .
The yield, based onCl;0, 18 searly quantifative; based on VOCl,,

it 18 not higher then 60%.
PROPERTIES:

Orange-~red, microcrysfalline, very hygroscopic powder. At
150°C, dispreportionates into ¥V20g and VOCl,. Sparingly scluble
in noapolar solvents, moderstely soluble in ethyl ether, soluble in
B0 with decompesition. d 2,29,

REFERENCE:

K. Dehnicke, Perasonal communications, 1960,

Lowar Vanadium QOxides

Yy

gvlo.'b + V:O: = V.Oia
3638 1488 518.7

a} A stoichiometric mixture of V505 and V30, is heated for
48 hours af not less than 609°C, preferably st 750-804°C, in an
evacuated, sealed quartz tube,

b) Or, the V.O; suxface 18 reduced in an SO, styeam at a
$emperature somewhat higher than 700°C, and the unrsacted VoOs
is extracted from the rerction product with conc. ammonia.

FROPERTIES:

Bine-black, cryatalilne powder, Reedil
» . y solible in cone. HNOg,
paxingly soluble in conc. ammonia and 2 N NaOH. The independont
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phase with a moncelinie erystal stryet

P ot 700°C. Iy ure is atable only below
YO,

Since the direct reduction of V30, does not give a well-definad

product, thiz compound is hest prepared thesis fr
and V50 3, suggested a long time ago by Be:geﬂ: ® trom V0%

Y0y + Vo0, = 4Y0,
181.3 1409 318

An intimate mixture of V40 and V;0,, In the exsct proportion
required by the équation, is heated for 40-60 hours at 750-800°C
in a small evacuated, sealed quartz tube,

Alternate methods: The V0 15 fused with an excess of crystal-
line oxalic acid until a greenish-blue, completely water-scluble
mass of vanadyl oxaizte is obtained, "This mass is then calcined,

to complete decompozition in the ebsence of air. The VO is ok=-
tained as the residue,

FROPERTIES:

Blue-black powder. M.p. 1650°C; d 4,34, Deformed C 4 {rutila)
type cerystal structure.

vnoﬂn—l

According to G. Anderson, several lower vanadium oxides have
very similar compositions which are intermediate between those of
VO and of V30, and correspond to the formula YnOenws (where -
n=3, 4, 5, 6, 7 or 8)., These oxides have very narrew reglops of
homogeneity and are obtained by vacwutn heating mrrgﬂ:mﬁms;-
mixtures of V0s, VO, and V for 2-20 days at 860-10060°C,

¥.0y

Vi, + 28 = V0, + 2HO i
1818 48l 1489 86.0 s
dtepa: B
The ¥ 0g is reduced in a stream of very pure i, in two _
first, for Ei'% ;uurs at 600°C {the. 658°C m.p. of V30 should nct be s

3
axceeded), then for 6 additional hours at $00-1000 c. o
For 1}n'fnrmaﬂon on the formation of V20y aingle oTystalaysee - - ¥

H. Hahn and C. de Laurent, Angaw. Chem. £8, 6231836}, grem - 13!

. . . “"1‘;—' 5-. I
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PROPERTIES:

Dull, black powder. M.p. 1970°C; o 4.87. Crvstal structyre:
alumina type.

VG

v,0, + V = 3VO
199 S0 ey

Synthesized from Vg0, and ¥ metal powder under vacuwum op
Ar. The reactants are kept in Ala.O, crucibles which, in turn, are
inserted into small, evacuated quariz tubes. Or. the apparatus
described by Ehrlich for the preparation of TiO (p. 1214) may be
used. The optimum resction temperatures lie between 1200 and
1600°C. A product of greater waiformity is obtained by cccasionally
interrupting the heating and repulverizing the material, A reaction
time of the order of 24 hours at 1200-1300°C is needed, whereas
1 hour is sufficient at 1600°C.

Alteynate method: Electrolyeis of phosphate melts containing
dissolved V30 [H. Hartmann and W, Missing, £, anorg. allg,
Chem. 266, 88 {1951)].

PROPERTIES;

Gray powder, The region of homegeneity is VOg 25-¥V0O; ag.
Crystal structure: B & (NaCl) type.

AEFEHRENCES:

H. Fendius, Thesie, Univ. of Hannover, 1930; W. Klemm and L,
Grimm, Z. anorg. allg, Chem,. 226, 358 (1936¢); W, Klemm =and
E. Hoschek, Z. anorg. alipg. Chem. 242, 63 (1939); W. Klemm
and L. Grimm, Z, anorg, ailg. Chem. 250, 42 (1942); W, Klemm
and P. Pirscher, Optik 3, 76 (1948); F. Aebi. Helv, Chim.
Acta 31, 8 (194B); 8, §. Todd and K. R. Bonnickson, J. Amer.
Chem, Soc. 73, 3894 (1983); M. Frandsen, J. Amer, Chen.
Soc. 74, 5046 {1962); N. Schomberg, Acta Chem. Scand. 8, 221
{19%4); G. Anderason, Acta Chem. Scand. 8, 1509 (15564},

Vanadivm [il) Hydroxide

V{OH),

A peatral N,
3 . 43V0 4 solution 18 reduced electrolytically ats mer-
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A} PREPARATION OF THE VANADATE SOLUTION

V0, + BNaOH = ZNa¥O, + 3H:0

18L.9

0.0 3678 .0

Corcentrated NaOH is prepared from equal welghtsof NaOH and
H;0O, and the solution 1s filtered in the absencs of CO4 to remove
the NazCG, contaminant. The strength of the solution isthen

Fig, 302, Prepara-
tion of vapadium (III)
hydroxide, A} carbon
anode; D) clay d&a-
phragm:; E) electro-
Iyte solution; G rub-
her stopper; N)stand-
ard cell; R} N, inlat
type: §) electrelyte
bridge.

determined by analysis. The amount of
V4O required by the above squation is
then dissolved in this solution, and

1 M NaiV0O, is prepared by dilution with
water,

8) ELECTROLYSIS

An electrolysis cell of the type shown
in Fig. 302 is filled with very pure Hy and
the Nag¥O, solution. The cell is cliosed
off with rubber stopper &, and the anode
space within the cley disphragm pisfiled
with 1 M Ne 80, solution. Very pure Ny
is bubbled {via inlet tube R} through the
electrolyte solution for the first 15 min-
utes, and 18 passod ovesr the liguid surface
for the remainder of the electrolysis.
Electrolyais is cavried out with & current
of 0.1 amp, at a cathode potential of
— 1,70 v, {checked by meens of the stand-
ard celi M. Brown-greea V{OH}, precipi-
tates, and the slectrolyte assumes abrown-
red color. The electrolysis is digoontineed
gfter 5-10 hours, snd V{OH), t=solated in

the zbsence of air, This ia accomplished by first draining the Hg
through the stopeock, then sucilon~filtering the V(OH}, suspension

under a Ny atmosphere and thorcughly washing
with deserated H, 0, Finally the V{OH), is dried in high vacyum,

FPROPERTIES:

PR )
Formula weight 101,97, Brass-colered, crystallize; mﬁﬁ‘r‘ o

oxidized by Q4.

REFERENCE:

N. Konopik snd A. Neckel. Monatsh, Chem, BB, 97 {195T). .-
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Vanadivm (Vi Oxide
Vel

Highest grade V305 is ohtained by calcining NH VO, at 509.
850°C. ‘I‘mg‘es of Niusual];,r contaminating the product thus obtained
can be virtually eliminated by heating for 18 hours at 5330-5T0°C in

a moist Oy stream.

PROPERTIES:

Formula welght 1819, Red to orapge-yellow powder. M.p,
674°C. Slightly soluble In water: 0.07 g./100 g, Ha0;d 3.26,
Readily scluble in alkeli hydroxide solutions, acids and ethanol,
Crystal structure: orthorhombic.

Sepported V.0, (Y}, catalys1s)
[. ON \ZBESTOS

A solution of 5g. of NE VO, in100 ml. of hoiling HO is reduced
with NH,S0, and trested with sulfuric acid until the sciution
turns a pure blue~violet., Asbestos (20 g.} is added; the mbxture is
allowed to boil for 10-15 minutes and ia then coeled to 40-50°C; it
iz then rendered strongly alkaline by additlon of cong. NH,,
wheraby the V(OH},; precipifates onfo the asbestos. The latfer is
dried and again {reated with unreduced NH,V0O,, whereupon the
asbestos and the flask wall become violet-blue, The asbhestos mass
is then pulled apart into small ciumps, dried and celcined at BO0-
600°C; its V05 content may be as high as 509,

I. 0N CERAMIC MATERIALS

To produce a homogencous deposit of VO on ceramic mate-
rials {e.g.. firebrick), 2-3 equivalentis of a mineral acid is added to
8 NH ,VO; solution, The resulting dark-yellow solution, which con-
taing 90131:1&31 V20s » aq., 1s boiled in the presence of the eeramic
material (heating on the water hath is insufficient), thereby causing
precipitation onto the carrier of a yellow-red, atrongly adhering

layer of V0s. Glass (not porcelain} reaction vessels should be
uged in this process. }

BREFEHENMCES:

N. Yefremov and A, Rozemberg. Khim, Prom, 4, 12%; Chem, Zentr.

1927, O, 1894; ). Adadurov and G. Boreskov, Khtm, Prom. &,
732; Chem. Zentr, 1928, 11, 2926,
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Colloidel ¥,
[ METHOD OF MLTZ

2) A mortar is usedtoprind]g. of NH VO, with some H0, and
10 ml. of 2 N HCI is added while stirring with the pestle. The red
precipitate formed and the supernatant are transferred onto a
filter, the liquid is filtered off, and the solid is washed with H 0,
After a while, the initially clear filtrats becomes reddish asd
turbid. The precipitate is then transferved from the fliter to an
Erlenmeyer flask (using water {rom a wash bottle), and the volume
iz adjusted to 100 mi. The quantities of materisl used may be
increased up tc 200-fold, provided the proporiions are kept the
same, After a few hours the converslon of the precipitate to a
glear orange-red V. Og sol le complete. Fibrillar birefringence
becomes evident only after prolonged standing.

b} In the modification of Fanphry, 0.5 g. of NH VO, and 2 mil.
of aitrie aseid (1 vel. of cone. HNO; + 10 vol. of HzD) are ground
together and then an additional 2 ml. of HNO,is added. The
mixture ia filiered, and the V305 formed 17 washed until i starts
passing through the filter; if is then shaken with 200 mi. of H0
and allowed to stand for 14 days.

PROFPERTIES:

Because of the fibrillar structure of the particles, ihe sol
exhibits strong streaming birefringence and on aging shows an
increase in fbril length. Part of the V05 15 always molecuiarly
dissolved, in an amount increasing symbatically with the toial
concentration. The sol shsorbs electrolytes stronply, and elways
contaings some venadium {1V).

M. METHCD OF PRANDTL AND HESS: SAPONIFICATION OF
TERT-BUTYL ORTHOVANADATE

S(CHLWYO, + 3HD = Va0 + 8CH,OH
572.8 54.0 1BL9 4447

a} lert-Butyl aleohol and ¥ 0y are refluxed for aszveral houra,
affording & light-yellow sclution of leri-butyl orthovanedate con-
taining 5.3 g. of V0 per 100 g The solution is filtered and
subjected to fractional vacuum distiilation in an Anghiitz flask, Th:ls
ester is sometimes repurified by 2 second vacuum diatﬂlatioﬂ_-.f
Ester properties: b.p. 137°C (15 mm.}, 132°C {32 mm.}; m.p."
45-47°C,

by H in added to the ester; this. produces 4 wery looge
[Woilenfourange-colored precipitate, On boiling with & zarge“
quantity of HyD, & clear, colloldsl VaOs aolution is obtained. Tha'
alcohol {b.p. 82°C) is completely elimingted by the boiling. S
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PFMPERTIES:
Blectrolyte-free, virtueily monodisperse sol; does not age

Anm‘a methods: a) Pouring maolien V,05 into HaO gives g
fairly polydisperse sol, which is electrolyte-free and undergoes
little or no aging {E. Miller, Xolloid-Z. B, 302 (19113

b Dissolving Vi0s 12 dilute HyOz and boiling the solution
affords a strongly polydisperse sol, which is electrolyte-free and
does pot age sppreciably [W. Ostermann, Jahrh, 4. philas, Fak,

Gottingen II, 265 (1921},

REFERENCES:

General: H, Geasner. Kolloid-Beih, 18, 213 (1024},

1 W. Biltz, Ber. dtsch. chem. Ges. 37, 1095 (1804} E. Sauer,
Kciloidchem., Praktilura [Labk, Manual of Collcid Chemistry),
Berlin, 1935; R. H. Humphry., Proc. Phys. Scc, (London) 35,
237 {1923},

H, W, Prandtl and L, Hess. Z, anorg, allg. Chem, 83, 102 (1913},

Ammonium Metovenadate
NH, YO,

Ammonjum metavanadate 13 a common commercial product,
bt its purity usually ieaves something to be desived. Since it is
easily prepared frotn V,0g (3ee method 11} 2nd in turn readily
vields V30y on oalcination, it plays an important recle in the
preparation and purification of wanhadlum compounds. Only the
purification of NH,V0, iz treated hera,

I. A saturated NH, VO, solution is prepared in hoiling, weskly
ammopiacal HgO. About 500 ml. of HiC is required for 25 g. of
NI, ¥Os; but, to avoid excessive hydrolysis, it is better to use
more water thap to prolong the boiling. The solution is filtered
hot through a fine-pore fritted glass filter, 10% of its welght of
s:::lid NH/Cl is added to the flitrate, asnd the mixture is cooled to
0°C. The precipitating NH VO, is allowed to stand &t 0°C {1 hour);
it is then suction-filtered and waghed with & amall amount of ice-
cold, ammoniacal H,O and tinally with some fce-cold pure water.

K pecessary, this recrystallization may be repested several
times. Compiete removal of alksli jons and traces of Va0s - XH0
{formed on slight hydrotysis) is extremely difficult.

H. K a smaller velume of liguid 1s desired, V,Opg is dissclved

In NajCO, as NaVO,, and NH,VO, ig precipitated from this

solation by addition of NH,Cl,  ~ = T ooh ted 1

to Thus 26 g. of VO 18 added, inemall portions and with stirring,
4 boling aclution of 17.5 g, of achydrous Na,CO, tn 125 ml. of

B0. Afler the CO, evolution has subsided, saturated KMnO4
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solution is added to the reaction mixiure in an amound just suffictent -
to discharge the green-blue color stemming from partial reduction
of the vanadium, Undigsclved V ;O and MnO yara carefully suction-
filtered on a fine-pore fritfed glass fllter untit the filtrate 1a
completely clear. The residue is washed with R ;0 unt]l H Oy
no longer gives a positive reaction for vanadinm. The filtrate,
which amounis to about 125-150 ml., is heated to 60°C and then
poured all at once Into a hot solution of 75 g. of NH Cl in 126 ml,
of B30. Preclpitation of NH, V0, starts immediately and 12 com-
piete after a few hours. Some of the salt sdheres fairly tenaciously
to the glaze walls, ‘The salt is suction-fiitered and washed with
small portlens of Ho0 until the washings are free of chioride ton.
It i5s then driedinafr at a temperature below 40°C. An almost pitve-
white szlf, stil] conisining some Na (about 0.3% NaCl) is obialned
in 304 yield,

The NH,VO, can be recrystaliized under similar conditions,
For examgle, 26 g. of the salt is dissolved in a solution of 16 g. of
Na 05 in 125 mil, of HO with mild heating (to 30-40°0). The
mixture is then cazefully filtered and precipitated at once with
NH ,C1 a8 deacribed ahove,

PROPERTIES:

White, crystalline salt, often yellowish due to slight treces of
V.05 Solubility: {15°C) 0.52 g., {32°C) 1.0 g., (56°C) 1.6 g. per
100 g, of HyO, 4 2.33. Libarstes NH; above 50°C, Readily con-
verted te V 0 when hested dry,

REFERENCES:

I. 1. Vanino, Handb, d. prip. Chem,, Anorg. Teil [Handbook of
Preparsative Chemistry, Inorg. Part], 3rd Ed., Stutigart, 1925,
p. 672; M. Lachartre, Bull, S8cc, Chim. France {4] 35, 321
1924).

1. I[R H) Baker, H. Zimmermann and R. N. Maxson in; L. F.
Audrieth, Inorg. Syntheses, Vol, II, New York-Toronto-London,
1850, p, 117; experimental dats and personal communicetions
from several laboretories.

Alkali Yancdates

Among the alkali vanadates, only NaVQ, is ¢ommercially
available. However, the number of existing defined alicall vanadates
is rether large. Only the system KO-V 30, has been subjeoted to
a systematic preparetive study. It mey be asgsumed that the othey

stems have similar structures.
By A stotchiometric mixture of KzCOa and VaOg {ior axatnple, &
total of 5-6 g.} ts heated in anopen eruciblie. The grucible material
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tures ara rich in alkali, an 80% Au-~20% Pd
m ?l'rl;eiie::erl:tiuxra ghould not be incressed at a rate fagter
tham 10°C/min., it order to prevent a too vigorous reactlon which
would result in lose by spattering. At lown alks]l contents, the
maximum required temperature is about 500°C, while 1006°C ig
paeded when the alkall content is high. Severs] hours (8-34) of
heating are required at these temperatures, The product is cooleg
to balow 350°C in a dealccater to prevent meisture absorption,
The preparation must be modified somewhai, depending on raw
material composition (see the original literature),

The phase diagram of the KaO-V;0g system shows the existence
of the following potassium vanadates: Ka0 -4 V.0 (m.p. 626°C,
incongruent); Ka0 . Vy0e (m.p. 520°C); 16 K30 - 9 V4O (m.p.
696°C, incongruent); 2 K,0 - V.0 {(m.p. 910°C}; 3 K350 - V0,
(m.p. ~ 1300°C).

REFERENCE:

F. Holtzberg, A. Reisman, M. Berry and M. Berkenblit, J. Amer,
Chkem. Soc. 78, 1536 (19G6).

Vanodium Sulfides

Al vanadium sulfides can be synthesized from the elements,
An intimate mixture of the finely pulverized components, in the
proper proportloms, is placed In sintered clay tubular crucibles;
these are Inserted In gquartz tubes, which are then evacuated
and melt-sealed, The iubes are then slowly heafed aod finally
maintained for a long time at a maximum tempersiure of 1000-
1300°C. Contact between the vanadium metal and the quariz must
definitely be avoided.

This procedure ylelds Va3, VS and VaSa.

3V +5=VS5 V+S§=vVS 2V + 35 =Vs,
1529 321 1850 600 321 621 1M 9As 1881

All the sulfides, as phases of the V-8 system, have more or
less wide regions of homogeneity.

Otber preparative methods can also be used toobtain particular
b uge o P

¥E

VS, = 2V§5 + §
182 180 921

Thermal decomposition of VS, at 1000°C in & H. stream vields
:m#mmpositlonwl,migznhmr . ? v
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Pure V3 cen aldo he prepared by prolonged caleination of V
in a atream of H,S, ¥ profone ©e

PROFERTIES:

VS exists, a8 a phase of the V-S system, between V3,00 and

VS;E;B. d 4,51, It has a BB (NiAs} type corystal struciure with
V¥ .

Vil

VEOS + 3H:s = V,S. + 3H=0
1498 102.2 194.1 0

4 thin layer of about 6.6 g. of V0I5 spread in s porcelain
boai, which is then inserted into a suitable tube and heated for
10 hours at 756°C in e moderstely fast Hy5 stream, predried over
silica gel. At the end of this heating period, the tube i& cooled in
an HGS stream and the V5, removed from the boat, A uniform
and thin layer of V30, is essentialto achieve a reasonable reaction
time, Under the same conditions, 2-3 g. of VO, requires 2 days
for complete converajon to the suifide. Increzaing the temperature
to 850°C reduces the resction time to a few kours, but the end
product contains somewhat less S than required by the formule
V83 {e.g., V83 49)

In addition, VgOp can alsc be used as the starting material, hy
heating it at 700°C in a stream of {3 vapor, For data concerning
the formation of V S, single crystals, see H. Hahnand C, de
Laurent, Angew. Chem, §8, 523 {1956). -

PROFPEATIES:
Homogenecus between V8, ,, and V, g5, Dark-gray powders:

Quite resistant to dil. acids; in contrast to VS, insviuble in dilute
sodium hydroxide. d 3.7, S

VS.', o

Ty T '._@i ,: .
A mixture of V.S, avd excess §, corresponding to the-gp;_;gehﬁs':__;;;
mate formule VSap, 18 heated for 16 hours at 400°Cin & sealed

tuhe, followed by & 12-hour annesling period at 90°C (to copvert

the excess S into the soiuble n-form). The reactlon product iz

then exhauatively extracted in a Soxhlet apparaius, with the ¥Sg
remaining as the residee, Exterding the heating period (to Sevored .

monthe) affords larger crystals. S ﬁ'u' .'

oy
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PROPERTIES:
welght 179.19. Black powder. Compoaltionscmetiimes

mm Eloarresigond exactly to the formula. Unstable above 500°C,
decomposing lnto V3S; and S. Quite reaistant to dilute scids;
readily and completely soluble in sodium hydroxide, yielding & req

solution. V54 asl das

REFERENCES {all aulfides):

W. Biltz and A. Kocher, Z. anorg. allg. Chem. 241, 324 (1939); E,
Hoschek and W, Klemm, Z. anorg. allg. Chem. 242, 48 (1933},
W. Klemm and E, Hoschek. Z. ancrg. ally. Chem, 228, 382
{193¢); B. Pedersen and F. Grgnvold. Acta Crystallogr. 12,
1022 {1959); B. Pedersen. Acta Chem, Seend, 13, 1050 (195%;;
G. M. Loglnov, Zh, Neorg. Khimii 5, 221 {1264,

Vanadium Salenides

| N V=O; + ng -+ 3% = \-'3593 + Sﬁgo
1422 AT.2 1, YiGS RELE) a0

About 0.5 g. of V30,5, which during its prepsration has been
heated not higher than 5G0-600°C sc that {s an active product capsable
of fast reaction, is placed in a small porcelain bosat, which is
inserted into a quartz fube. A larger boat containing Se is placed
abead of the one containing V.04, and a8 stream of very pure Hy
is passed through the tube, The V,0, zene is first heated to
690°C, and then graduaily to 900°C, using & small tubular elactric
furnace; simultanecusly, the Se is vaporized by heating with a gas
arner. The section of the quarty tube extending beyond the furnace
is cooled with a cooling ceil. After passing over the resction
product, most ofthe Se condenses inthis saction. After the reaction,
the tube is allowed to coct and the product is repulverized; the
selenation is repeated twice.

The composition of the products thus obtalned varies markediy:

'hvesl; prepared al 800°C, the end product is ~VSe, g, &t 1000°C
-~ 1.4

L. Heating the above products with a suitable excess of Se in 8
short sealed quartz tube at a temperature which, depsading on the
fe conteat, should be between 600 and 800°C affords products
with a higher Se coatent.,

IE. Thermal degradation of the products of the first selenation, by

:%::ilt fo & high vacuum at 1000-1100°C for several days, affords
| .
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PROPEATIES:

The V-3 pystem has 3 stable phases with very broad homo-
peneity regions,

o-Phase (VSe), from VEBI o 1o Y88,y .56. D\ﬂl-ﬂrﬂ]r der,
L] 5.;-&.}’ EB [N:{';:% type crystal structure, with volda, v

-FPhase Ba), from Vse to Ve » Gra der with

metzliic luster. d 5.87. he2s *-90 b

y-Phase [VSe,), from VSe, g to VBe, . gv. Gray, emall, leaf-
like crystals with metallic luater, d 5,79, Crysta! structure:
C8 {Cdl,) type.

REFERENKCE:

E, Hoschek and W. Klemm. Z. anorg, allg. Chem. 242, 49 (1939).

Vanadium [{] Sulfete
V50, 6 HO

Produced by elecirolytic reduction of VO30, followed by
ethencl precipitation of VO3S0, - 6 HaO from the resuiting vanadiun
{iI} soluticon.

VOSG, - 3H,0 — V50, -8 H,0
2l 255.1

A} ELECTROLYTIC REDUCTION

The electrolysls vessel consista of a glass cylinder, 5 ¢m. in
dismeter and 10 ¢m. high, such as, for example, 8 smail Pyrex
pressure vegsal. This vessel im closed with a five~hole rubbex
stopper to accommodate the cathode stem, thermometer, diaphragm,
and N, inlet and ouilet tubes. A suifable outlet tube is a small
fermentation tube, which serves as protectfon egainst alr and
should, {f possible, be drawn out into 2noutward-pointing capillary,

The cathode iz made by bending & lead strip (3 x 26 X 80 mm,}
into & cylinder so that it encloses the diaphregm. A hole is them
drilled pear one end of the ¥b strip, and a iead red (serving apa
bus bar) is attachad to it by hammering iIn place. The anode
also consists of 2 lead rod, whick can be prepared by pouring
moiten Fb into 2z glass tube, while cautiously fanning tho latter
with g flame, and then oooling and breaking the tube. Prior la
electrolytic reduction, the cathode s pretreated, according to the
method of Tafel, by using the cathode #d an ancde in 2N HaSCr,
until § is uniformly coated with brown PbOj. The disphragm
conslets of a glass tube, about 16 ¢m, long and 2 om, LD, Wi!h
a fine fritted-glass disk sealed to Its lower end, aEE
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VGOS0, solution, which is also 2N in HsSO,, is prepareg

uy Sisaelving 66 & of VOSO, - 3 Hz0 (for preparstion, see p. 1285)

in M,0, adding 8.5 ml. (15 g.} of conc, HpS80,, end diluting to

lso'i‘!;t “q.iiit:pll;.l;n%m 1s filled with 6N HaS0, to the lavel of the

VoS0, solution in the cathode space. Thia is best done by pouring

both solutlons in at the same time. Electrol:,rsig iz started at 0,8

amp, and shout & v, Cooling iz unnecessary, since the tempera-

ture does not excead 3000. If the currant should axceed 0.3 amp,

during the first few hours, it must be readjusted to this value,

During the intermediate reduction pericd, the current drops ig

0,2 amp,, while the voltage increases. The curreat should, however,

not be raised to 0.3 amp. During reduciion, the dark-blue VOSG,
solutlon first turng dark blue-green, then later dark and opague,

In the fina! reduction perlod the current again rises while

the voltage drops. Reduction is complete when the solution
is red-viglet, Beduction time: 55-60 hours. During electrolysis, &
slow stream of O5-free N or COylspassed through the electrolyte
at the cathede.

If only the reduced vanadium (I} sclution is needed and pre-
cipltation of crysizlline VS04 15 kot desired, the electrolyte schition
can be protected from atmospheric O in & simpler fashien, by
covering it with a xylene layer about 2 em, deep,

If desired, the electrolysis may be continued at 0.01-0.02 amp.
and 3 v. for sevaral months; a completely reduced VSO 4 solution
is thus always available for use, To remove solution 25 needed,
the gas outlet tube i3 pulled out of the rubber stopper and a
pipette inserfed in Hs place. Virtually no oxidation takes plsce If
the Y50, solutlon sspirated into the pipette 1o immediately allowed
to run out into another vessel under an inert gas blanket,

A low current density s necessary inorder to obtain a relatively
concentrated VS0, solution with a minimuem #H,S0,. content, as
required for the precipitation with etharncol described below.

B) PRECIPITATION WITH ABSOLUTE ETHANQL

The glass apparatus shown in Flg. 203 is suitable for the
isolation of crystalline VSO,. s main section is adapter k, bent
at an angle of about 100°. The erdsof k are connected vie standard
taper joints to the other parts of the apparatus. The joints are
lightly lubricated with stopoock grease. The entive apparatus is
fagtened to a cross-shaped supporting rack of iron bars by means
of two common clamps (not shown in the drawing), one holding the
néck of the round-bottom flask p and the other the recelver m. The
rack can be rotated, with moderate resistance, about its axis
fwhich is perpendicular to the plane of the drawing). '

The gae fnlet tube ¢ is connected via a pressure hose to & tWo-
way sepeock which connects the gystem either to an oil-type
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VacuwIm pump or to & pource of pure, POg-dried Ny The N, must
ke very pure; 1t is pressurized to 0.2 atm. gauge by’mms o} a Hy
or H ,,ID leveling device (3-m. water column), and then intro-
duced iInto the apparatus. A two-liter fiask, eerving as a Ny

surge vesacl, ia Inserted betwesn
drying train, the N, puriffer and the POy

Fig. 303. Preparstion of vanadium (i) sulfate.

K bent adepter; s} 29/26 joirt; s5) 24725 joint; sa

and #4)12/18 joints; €)gas inlet tube with stop-

cock hy; #)250-ml, rownd-bottom flagk; f) tubular

adapter with fritted-glass disk; m)recelver; Ay
and hg) stopcocks,

L

The apparatus is completely purged of airby aiternate evacuation
and flushing with nitrogen. Then 20 mi, of 2 M VSO, solution ia
removed from the electroliysis veasel with a pipette, the stopper ¢y
is removed, the pipette isimmediately inserted through this opening.
unt{l it almost touches the boltom of flask r, and the solution:is:
allowed to flow cut, With stopoock h, opes, the filling operationda:
garried out in o countercurtent nitrogen siream, o e

In the same manner 40 ml. of absolute etharol, previousky -
deaerated by boiling while passing through pure dry nitrogen, {8
added to flask r. Stopper ss ie fmmediately closed, and the galire
apparatus vigoreusly chaken fox 5 minutes by & back-end-forkh:
movement of the cross arm. Solid, grenular V50, - 6 H,0 heging:-
to precipitate within a few seconds. Stopeock hp 15 DOW connsatad
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a to 8 wash hottle containing some weter and a)sq
vin & mz:e: b';‘;ile counter and liquid seal. With stopcocks hy and
Ay open, the pale-purple mother liquor is decanted by carefully
tlting the oross arm. The salt precipltate io r Is washed by
vigorous shaking with the liguld quantities indic_mte':i below and
decanting the used ligquid before each new additlon, The wagh
lquid s Introduced, as indicated above in the case of the VSO,
solution, in a conntercurrent Ny stream by msans of a pipette
ingerted through 5o, The washliguidsare introducedin the following
order: 2x 15 ml, of deaerated absolute ethanol; 25 ml, of the
same othanol plus 10 ml, of absclute sther; 10 mi, of ethanol plug
25 m! of ether; § ml, of ethanol plus 15 ml. of ether: 3 ml, of
ethano! plus 25 ml, of ether, Finally the salt is transferred onto
the fritted-glass filter f with an additiomal 25 ml. of absclute
ethyl ether, The ether adhsring ta the substance is removed by
continuing the N, purge stream (about one hour). Flask m i5 re-
placed with the N-filled drying vessel ¢ shown In Fig, 304 while
contirming the N, stream via h, Vessel f is charged to one third
of its capacity with a Py0s-pumice drying mixture, and any oxygen
present in the latter is removed by alternate evacuation and
purging with N, Then the dryiog vessel and the tube § are de-
tached from adapter k at joint sz, f ls immediately closed off
with a groumd stopper, and the system is connected to the oil
vacuum pump by way of hy (resetting the two-way stopcock).
After evacuation, stopcock hs is closed snd the drying vessel
with the product i= allowed fo stand for 5 days at 25°C {(drying
can also be accomplished, without the PgOg-pumice mixture, by
immerging the evacuated drying vesasel in [iquid nitrogan)., The
light red-violet product is stered in container n, shown in Fig.,
304, which provides protection from oxygen and enabies one to
remove the product when desired. To transfer the product to
ne the latter is evacuated, then filled with Ng; the drying vessel
is also filled with N, through hj, the glasg stopper is remaved
from f, and the storage container n (which carries a male joint),
from which the two-joint adapter and bent tube p have just been
removed, is inserted In its place. During this operation, the Na
stream {m Introduced via stopoock i, of the storage contaimer,
a8 well as via h, The substance is transferred to 7 from the
fritted-glags tube { by turning the tube upside down, The storage
mﬂfﬂmﬂ is then detached from the tube and closed off witk
two-joint adapter and bent tube p. To remove any O, entrained
m :ﬁ. t;ﬂlfsfer. contalner n is immediately evacuated and
h a-lé.haua two operations are then repeated twice.
‘“’“mm ot Mg of V80, +6 Hy0 is obtained ($0% yield,
based L of 2 M V850, solution nsad),
Sort exposure of the product to air does not affect 1ts storage
stablity provided the last traces of O, are removed by repeated
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purging of the aystem with N, The product is stable for several
months, even U frequently sampled.

L

v ,
: { "

@ & F "
]
&8y

Fig, 304, Drying tube and storege container
for vanadium {J1) sulfats. f) fritted-glass
tube zs in Fig. 303; ¢} drying tube containing
the Pa0.-pumice mixture; ») storage tube
plbent tube for filling operationa involiving
small amounts of substance; sz and =5)
standard taper joints, as in Fig, 303,

To remove some product from the storage container, the eatl-
mated amount la transferred to the bent tube p by inclining and
tapping n {Fig, 30¢). Niirogen is introduced via h., and fube p
contalning the product is quickly replaced by an identical empty
tube. The closed-off storage container is then evacuated twice and
filled with Ny; ot the same time, the open, previously tared bent
tube p containing the VS0, - 6 HzO Is quickly weighed {to ascertain
the weight of samplse in it), and isthen guickly connecied to the No-
filled apparatus (Flg. 303) by inserting its male joint intoc joint
53. By guickly turning the ¢ross arm, the sait is poured from the
bent tube p into the flask s, whereupon the system (of Fig. 303) ia
reevecuated viz h, and refilled with N, The V50,6 HyO can
then again be dissolved in Og-free HgQ, added from a pipette in &
countercurrent stream of Np. In this manper, an HaSO free
solutfon of VSG, is obtained; this can be used to prepare other
vanadium (II) compounds in the a;me tappamtus while retaining the
cert air ia completaly ahsent.

ﬁ;ﬁﬁfwmd; _ﬁF solution of VO in Hz5C, is prepared in
the absence of air, end is then eveporated in vaouwm {C. M. French
and J. P. Howard, Trans. Faradey Soc, 52, 712 {1956)}.

g e
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PROPERTIES:
red-viclet, fine crystalilne powder, oxidized to brown eyep
in dry air. Readily soluble in deaersied H,0, yielding & red~viglet

&olu;ir; rate VSO, - 7 HzO may also be formed under ether

conditions.

REFERENCES:

J. Dehrert. Thesis, Univ. of Jena, 1852 8. Herzog. Z, anorg. allg,
Chem. 294, 155 {1958); L. Malatesta. Gazz. Chim. Itai. 71,
616 (1941); J. Meyer and M. Aulich. Z. znorg. allg. Chem. 134,
278 (19303; A. Piccini and L. Marino. Z. ancrg. Chem. 58, 49

{15086).

Hydragen Disvifatovanadate (I1Y
HV($0,). - 4 B0

A paste obfained by stirring 10 g. of VzOg and 36 g. of cone,
HSO, 1s heated for & while on & water bath and allowed to stangd
unti] the next day. The mixture is then treated with 80 ml. of Hz0
and reduced on the water bath by bubbling through it a stream of
80,. Reduction to VOSO, is complete in a few mimutes, Excess
505 iz holled off and the product electirolytically reduced io the
trivalent state, using the apparatus described for ammonium
vanadivm (I} alum {p. 1284). The resulting green solution is
filtered on a fine-pore fritted-plass disk and allowsd to stznd in
i vacuum desiccator over H. S0, After 2 few days, 2 green
crystalline powder separates out; it is stirred witha large quantity
of ethanol, suction-filtered and then thoroughly washed with
ethancl. The productisdried ever H 80 ,inz 0O -fitled desiccator.

SYNGNTM:
Digulfatovanadic (111} acid,

FROPERTIES:

Formula weight 316,14, Green erystalline powder; can be
stored for extended pericds of time in closed bottles even in the
pmencm; of air.

compounds: The above procedure yields NH,V(8O)a"
4 30 when 12 g, of NH,VO, 18 used in place of 14 g, of :}305-
i a2 Bexaliydrate, BV(SO.), -6 H,0, Is formed if 150 g. of
P04 16 used; the sall NH,V(SO,),+ 6 H,0 results when NH,VOs
1s reacted with the stoichiometric amount of H,80,.
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Sulfates of trivalent vanadium can be obtained uping hydrazine
as the reducing agent and glacial acetic acid ap the reaction
mecg;ﬁn. m;_l 1';1rte:mediate, V{CH,COO)s, 18 formed under thegs
conditions. Bydrates of V,(80,),, for example, V,{80.): -9 H
can be prepated in this ma;nar? ? v 3504k -9 B

The anhydrous compounda HV{SO.), and V, (SO} can be pre-

pared by using conc. H,S0,, or by thermal dehydration, Se
and Markowicz, ‘ by ohydration, See Meyer

REFERENCES:

J. Meyer and E. Markowicz, Z. anorg. alig. Chem. 157, 211 (1926);
J. T. Brierley, J. Chem, Soc, 49, 823 (1886); A. Stihler and
H. Wirthwein. Ber. dtsch. chem. Ges. 34, 3970 {1905); J,
Dehnert, Persons] communioption, 1951,

Ammonivm and Potassium Disulfatovanadate (IH)
NH¥(50.), KV(SO,),
NHV(S0,):

A paste prepared by stirriog 12 g, of NH VO, with some H,0
is slowly added tc 300 ml, of 2 N Hg80,. The resulting pure
yellow solution is mixed with 200 ml, of saturated 50 sclution and
40 p. of (NH 250, The blue solution cbtained is eveporated, first
on & water hath, then over an openflama, until a blue sait begina to
precipitate. Concentrated H S0, {30-50 ml.) is added and the
heating, during which fumes are evolved, continued for a while, The
mixture 12 allowed to cocl overnight and is then taken up in H;O.
The residue is suction-fiitered, triturated with H,0, rebotled with
H.0, thoroughly washed, and then dried over H 80, in a vacuum
desiceator, Yield: 4.7 g, of NH V(SO ¢ a.

KV(80):

The K salt is prepared similarly, by evaporating a mixiure of
200 ml. of 2 N HaS0 10 g. of vanadyl sulfate, 21.1 g, of K380, and
10 ml. of swufurous scid on a water beth, then adding 10 ml. of
conc, H 80, ang heating for s while, while fumes are avolved.
After cooling, 400 ml. of H,O Is added and the mixure botled for
a short time, The green product is washed with HaO, guotiogs
filterad and vacyum-dried over HaS50 & _

PROPERTIES: .-
Green, crystalline powder. InBoluble in HaO asd acidsilﬂwhaﬁ_ _
and decomposed by alkall, :
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REFERENCES:

. Stevers and E. L. piiilier. Z. anorg. allg. Chem, 173, 213
A {1528); A. Rosenheim and H. Y, Mong. Z. snorg. slig. f-‘-hem_
148, 25 (1925); V. Auger. Comptes Rendus Hebd. Séancesg

Acad. Sci. 173, 306 (1921}

NHMS0,).+ 12 H,0 (Alum)

A mixture of 25 g. of NHVO,, 180 mi, of ;O and a g. of cone,
H SO, {see below} is prepared with stirring. The hot mixture 1s
created with SO, until & clear, dark-biue VOS50 ;solution is formed,
Excess SO s bolled off; the mixture is evaporated o 120 ml, and
fHltered. A porous clay cylinder 5 cm. in diameter and 19 em.
high, serving as diaphragm, is placed in & Ptoup(l2 ¢m. in
diameter snd 6 cm. high). The vanadhum sait solution is poured
into the anmular space; then, 25 ml. of 10% H 80, and a Pt coil
serving as anode are placed in the inner space, and the mixture
is subjected to electrolysis for 45-50 min, at 8~4 v. and 6-7 amp,
The electrolysis ls cont{nued uniila pure green sclution is obtainad,
The end-point of the reduction can be determined accurately by
comparison with the color of & known vanadium (II1) solution or by
a control titration with KMnO,. The reduced sclution i8 allowed to
stand in & closed vessel, Crystallization of the alum is compiete
within 2-3 days the yield is 30-50%,

The E50.4 quantity ¢ used initially determines whether the red
or the hlue alum form will be obtzined. When « = 20 g., pure red
crystals resuit, whereas when » =40 g,, the crystals are pure
blue.

PROPERTIES:

Red or blue crystals; effloresce slowly in atrwith loss of water
and oxidation. At 40-50°C, the alumm melts in its water of orystal-

lization, affording a green mags. Solubility (20°C): 40 g./100 g.
H.0. d 1,687, v ) ¢

K, BB AND Cs VANADILM {110} ALITVS

The preparation of these compounds is similar to that of the
NH, alum. The starling material is either V405, which is con-
verted to a YOSO, solution by treatment with H,S0, and SO4, 0F &
VO8O 4 compound. The stoichiometric quantity of K50,, RbaS04
or €880, is added and the mixture is then electrolytically re-
doced. The eage and completeness of precipitation of these alums

from their green golutions incre  on5es)
ie the order K - Rb - Cs, age (and their aolubflity dec
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REFERENCES: B

A. Piceinl, Z, anorg. Chem. 11,106 (1896); 13, 44'1 {1897); A, Blilte-
mann, Z. Elektrochem. 10, 141 (1904); J, Meyerand E, Marko-

wicz. 2, anorg. sllg. Chem. 157, 211 (1926); H. Hartmann and
H. L. Schiifer, Z. Naturforsch, 6a, 754 (1951),

Yanadium (V) Oxysulfate
(Wanadyl Sulfate)

Y050,
Y050,-3H,0

A solution of V;0y in pure mulfuric actd s reduced, pref-
arably with 807 {which la easier to work with than oxalic seld
and athanol because its exosesa may be readily ramoved),

Vil + Ho80, 4+ 50, + 5HO = 8 VOS50, 8HO
1819 98.1 219k LR 434.1

Thue a stiff paste iz prepared by stirring 190 g. of mildly
caleined V,Qg with 110 ml, of cono. HoS0, and 50 mi, of HO;
considerable hest 12 evolved during this operation. On the next
day, 160 ml. of H30 is added and 805 introduced while heating the
mixture on s water bath, until nearly all of the V0 15 dissolved,
The dark-blue filtered solution Is concentratsd om & slowly
boiling water (or steam) bath until & thick cryetal mess i8 formed;
the crystals are then suctlon-filtered and waghed ecid-free with
86% ethanol. The undesirable formation of a thick, blue alrup or a
hard crystal cake, mentioned in the literature, seémas to be due to
impurities or to reaction conditions which differ from those given
here: no such inconveniences are encountered when VgQg, pro-
pared from thrice-recrystallized NE VO3, and 505 a8 the reducing
agent are used eccording to the above procedure. The brigi_a_t,_
light-blue erystelline powder is dried over P ;05 in avanwmumm
desiccator. Yield; 236 g. of VOS8O, 3 H.0. Eveporation of the.
mother liquor affords another crop of less pure vanedyl aul{ata

PROPERTIES:

- line deyr. Readily solubie In KO, aparlnglg .
in :tmlfe ;yrgraut:::opicl:ui:deﬂnﬁelr gtable in  closed bottlepro=

oatii M
vided oxygen s abeent.

3
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REFERENCES
. Vanino, Handb. d. prip. Chemie, Anorg. Tell [Handbook of
b Preparative Chemistry, Iorg. Part], 3rd ed,, Stuttgart, 1925,
p. §77; J, Dehnert. Thesis, Unlv, of Jena, 1952, and a persona]

communication.
YOS0,, anhydrous
V0, + 2HS0, = 2V050, + 2HLO + ;0
1519 196.2 3264 48,0

Apalytical grade cong, H;8CG. (160 ml.) and 3 g, of ¥,0, are
hoiled for several hours in a long-neck, round-bottom flagk. The
product is coaled (first in air, then In ice), and poured into 500-
700 ml. of H,0. The solid is suction-filtered until dry and washed
with a large quantity of water. Since the product is siili hetere-
geneous (yellow-brown particles, in addition io green omes), it
is again subjected to the Same treatment and, after suction-
filtration, dried with ethanol and ether, or over H 80,ing
desiceator.

PROFERTIES:

Green, loose, gramular o finely erystailine powder; wirtually
insciuhle in HO.

REFERENCES:

A. Sieverts and E. L. Miller. 2. anorg. allg, Chem. 173, 513
(1928); V. Auger. Comptes Rendus Hebd, Seances Acad. Sci,
173, 306 (1921).

Yonadium Nitrides
YN

I. I pure V metal is available, it is best to proceed via the
syntheges:

V+ N = VN; ¥V + NH, = VN + 3, H,
510 1126 B850 510 2341 €50

which give the purest products. Depending on the metal particie
size, a reaction temperature between guﬁnﬂ 1300°C is rsmﬂﬁd'
The starting material ia placed in a boat {or crucible) made of
AlD; or Mo metal (see algo the preparation of TiN, p. 1223, end
of NN, p, 1328). When other preparative mefhods are used, pat—
ticularly those employing oxygenated starting materials {as in the
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method desoribed below),
gomne cXygen,

Alternate methods: : Ceid
If, Very pure NH.VOg is heated for several hours at 800-1000*C
in & very dry NH,; stream, . :

UL VOCls or V30, i heated in an NH, stream
IV, VoOa +3C +Ny=2 VN + 3 CO,

V. Deposition frem gus phese on en incandescent wire; the gas
containg VCl,, Hi and Ny, {sse also TiN, p. 1233). ' €

the nitride product inevitably contains

V;N

I. Vanadium nitride, VN, i3 intimately mixed with the stoichio—
metric quantity of V metal powder; either the loose or the com-

pacted mixture is then heated at 1100-1406°C in an Al4O, or Mo
crucible nnder AT,

PROPERTIES:

Dark, submetallic materials.

VN: M.p. 2050°C; d 6,94, Homogeneity reglon: VN
¥Ng , +1- Crystal structure: B1{NaCl} type.

VzN: Homogeneity reglon: VNg,sg- VNpas. Crystal siructure:
L 3 type.

REFERENCES: !

I, II. H. Hohu. Z. aporg. Chem, 258, 58 (1949); V. E. Epelbaym
and A. Breger. Acte Phyeicoohim. URSS 13, 595 (1940); W, D.
Schnell. Thesia, Univ, of Freiburg i. Br,, 1960,

1. H. W. Roscoe, Amn. Pharm. Suppl. 6, 114{1868); 7, 191 (1870);
N. W. Whitehonse, J, Soc. Chem. Ind. 27, 738 (1307).

iV. E. Friederich and L. Sitiig. 7. anorg. allg. Chem. 143, 293

1925). )

V. E‘. E.]van Arke! and J. H, de Boer. Z. anorg. allg. Chem. 148,

345 (1926); K. Moers, Z. anorg, allg. Chem. 188, 243 (1981).

vanadium Phosphides L
¥, ¥¥, VP, : R T

Vanadiym phosphides are eynthesized from the purest V metat i
avatlable and P, =
v T 2P = VP V+R= VP T -t iR

5.0 620 1130 516 310 §20 -
anadiym, the laiter contained in an..uzeg-
cmf&?:?hﬂaﬁs m in & gquartz tube of.tl_:gtypens&dfom_
“Faraday synthesis’ ({see p. 76 f.). The tube is ;
evacuated, melt-sealed and then heated for 24-48 hoursdn.
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reage temperature of the metal is 700-1000°C anqg
m :.:M&QP Eﬁ?—e&an“c. To achieve homogeneous producta ang
Aigh P contents, the reaction must be carried out In stages, with
intermediate grinding of the materials. Atmospheric oxygen must
ve oarefully excluded durisg the grinding, to aveld apprecisble

abaorption by the products.
The V-Ey systere contains the phases VPg apd VP, ag well g5

ea in which the P content is Jow,
M'?nmthl::h;smpunﬂon of VP, ah excess of P must be used from
the very start because VP, once formed, reacts extremely slowly
tional phesphorus.
ﬂth’l‘h‘:d{r;zadhfnl: pilphnosphide VP can ba obtained not oaly via the
shove synthesis, but also by thermal degradation of VP at 700-
SO0~ C {vacuum),

Lower phosphides (including V.P) are obtained by synthesis
from the elements or from YF and V,

Alternate method: Electrolysis of VOg-containing phosphate
mailts, with cathodic reduction to vanadlum phosphides [M. Chéne,
Compies Rendus Hebd. Séances Acad, Sci, 208, 1144 (1939); Ann,
chimie [11], 15, 272 {1941])}],

PROFERTIES

Dark-gray eybstances; the lower phosphides have a submetalile
luster. Not aftacked by dilute H S50,. Attacked by conc. Hy80 4 the
more readily, the lower the phosphorus content. Incompletely
goluble in mitric acid and aque regla. Can be analyzed sfter de-
composition by fusion with sodium carbonate-sodivm nitrate,

VP: d4.T; VPy ae: d 5.4,

REFERENCE:
M. Zumbusch and W, Biltz, Z. anorg. allg, Chem. 249, 1 (1942).

Yanadium Carbides
¥C, v.C

L 1t i8 probable that pure products can be obtalned only by sya-
theeis from the elementa: R

V+C=VC 2V +C=w0
510 120 830 Mg 120 113%

The reactants, preferably in flnely sybdivided form, are in-
timately mixed and, if needed, also compressed into peliets. The
mmlism 18 then carried out in a high vacuum. At a temperature of
1300°C, ag:oﬂmtelirif:u bours, orat 2000°C gbout 15 minstes, aﬂ:
regaired homoge on of the product. The reactlon is bes
carried oul i a graphite crucible, P ;
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Alternate methods: a) The ele comblyed
: ment ;
in a carbon arc [A. Moretie and M. C:. :.Il;eham Cumptgm
Hobd. Séances Acad, Sci. 202, 572 (1936)] '
) Vanadium oxides are mixed : -
stroum on 15 High wamre Carhi:ﬂh carbon end heated in a B,

es of an inoreased degree of
purity are cbtained i the fipal te
1700~-2100°C (see the corres mperatures ave allowed to resch

ponding preparation of ‘TC, p, 1245 #f.
{c_i ﬁgtel ;nﬂ Ig Moers, 7, anorg. allg. Chem. 198, 288 (1931); E.?
Friederich and L. SitHp, 7. anory. allg. Chem, 144, 169 (1928);
A, Morette, Bull. Soc, Chim, France {5}, &, 1063 (1838); W. Dawihi
and ﬁ;-',vﬂix. 2. anorg. Chem. 244, 181 (1946)]. T

c apor ceposition method {see THC, p, 1246).

contx‘:l.ining VOl and toluene vapors is paasf:i oveE}mA;cl:;dﬁzzx
W wire [K. Moers, Z. anorg, slig. Chem. 198, 249 (1931)].

PROPERTIES:

Dark, very hard, chemically resistant submetallic subatances.
The V-C system has two pheses: o

¥C: Homogeneity region VOg,goVCg.rq; m,p. 2800°C, ngrsa.
tal structure: B 1 (NaCl) type.

Y3 C: Homogenelty region VCgu.4-VCg.s. Crystel strugture:
L 9 type. o

AEFERENCES:

A, Osawa and M, Oya. Seci. Rep, Tohoku Imp, Univ, 13, 95 (1936)
Chern, Zentr, 1930, II, 288; W, Rostoker and A. Yamamotd,
Traps, Amer, Soc. Metals 46, 1136 (1954); N. Soheinberg, Actd
Chem. Scand, B, 624 {1954); M. A, Gurevich and B, F. Ormont,
Zh. Neorg. Khimil 2, 1566 {1957); W. D.Schneli. Thesis, Uriv.
of Freiburg &. Br,, 1960, -

i

Dibenzenavanadivm {0} o 3 o

Al P

VC + Al + SCH, = V{CeHah AlCk fwﬁ";ﬁ

152.8 7.0 1542 3164
SVICH )" + 8OH = 4 V(GHYy + VOH + 450 + 2CH,

The reactor is & 250-ml., thres-neck fask em:;!pped
agitator, a reflux condenser &nd & meToLIy safety valve, A
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. 10,37 moles) of dry Al powder and 4 g. (0.03 moles) of
sy guhﬁ:;ded AICly and 158 ml of absolule benzene (4
excess) Is added, The system is purged by introducing N, via the
reflyx condenser. The flzsk is equipped with a pressure-equalizing
dropping funnel containing a golution of 9 g. (6 ml,, 0.047 moles) of
freshly distilled VCl, in 50 ml. of penzene. The flask contents
are heated to a boil while stirring under a blanket of Ni. The VC1,
solution s then added dropwise (slowly) over 2 pertod of one hour,
and the mixture is agitated and boiled for an additional 20 hours,
It assumes a golden yellow color. It is allowed to cool, and the
dropping funnel, the agitator and the reflux condenser are replaced
(under a N stream) with stoppers and & vacuum adepter, The
benzene 15 then removed in vaguum, with heating toward the end
of the distillation. The dry residue is reduced to small pieces
(in the same flask ard under Ng). While protecting it from air, 4
part of the residue is then transferred io a500-ml. separaiory
funnel kept under N (which is introduced through a side {ube), and
covered with 200 ml. of No-saturated peircleum ether. This is
foilowed by repeated additions, with vigorous shaking, of 100-ml,
partions of Np-saturated 1 N NaOQH. After complete hydrolyais, the
mixture is allowed fo s{and, the aqueous layer is separated, and
the brown-red petroleum ether sclufion is washed three times
{in the absence of air} with 20-ml. portions of Ng-saturated H 0,
Hydrolysis of the remainder of the solid reaction product is
carried out similarly, in 2-3 operations. The combined peiroleum
ether extracts are dried for 15 minutes over solid KOH and the
golvent is evaporated in vacuum., The residue is sublimed at
120-150°C in high vacuum, placed in a V-shaped washing tube,
washed three times with 5-10 ml, of zir-free, absolute petrolevm
ether to remove organic impurities, and finally resublimed. Yteld:
1.3-2.b g, (13-256%, based on VCi ).

PROPERTIES:

Formula weight 207.18, Brown-red te black crystaliine sub-
stance. M.p. {in N,} 277°C. Sublimes inhighvacuum at 120-150°C,
de‘v‘OmPG_SBB above 300°C, Instautly oxidizedhby air (decomposition),
Soluble in benzene, ether, pyridine, petroleum ether and acetone;
the solutions are brown-red and stabie in the absence of air, In-
soluble or only sparingly soluble in CCl, and methanol. Not

dissolved or attacked by H0 in the absence of O,, but decomposed
in the presence of air.

REFERFNCE :

E. O. Flecher and B, F, Kigler, Chem. Ber. 90, 250 (1957).
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Folassium Hexathiocyanatovanadate i
K. VISCNY,

A vanadium (IIT) solution is obtatned from ¥ 0p by reduction

of the Iatter with 50, followed elsctrolysis
then reacted with KSCN: by lysis. This solution is

Vol 4+ 5H,50, + 12KSCN + da~

1819 490.4 1188.2
= 2KWW(SCN)y + 3K\S50, + S5H,D + 2507
10335 5218 as,

Fine V30 powder (91 g., 0.5 motes) 13 stirred with 260 ml, of
4 M Hy504, the suspension hegted, and 30, introduced until a
elear, pure blue solution is obtained, The mixture is heated to a
beil to remove the excess BQ, and isthen conoentrated to 2/3 of 1te
previous volume.

This solution 18 subjected to electrolytic redustion in z cell
containing a clay cylinder diaphregm; the current is 2-3 amp,
at 10 v, (the proecedures are those described on pp. 1277 and
1284). The electrolysis 18 continued until the electrolyte at the
cathade shows the pure green color of vanadium {HI), The hest
electrodes are those made of platinum sheet,

The theorstival dquantity of KSCN used depends on the voluwme
of the cathode electralyte and is calculated on the assumption that
¢ moles {or 583 g. of XSCN) correspondsto 1 g.-atom of vanatium,
This uantity of KSCN, in the form of a concentrated aqueous
solution, is then added to the above electrolyie. The resulting red
liquid is concentrated on & water bath; the residue ie dissolved in
the minimum =mount of ethanol and treated with sther until K 80,
no longer precipitatea, The K 80 is filtered off, the flitrate is
evaporated on a water bath, and the precipitation operation is
repeated, The residue thus obtained (it fs completsly fres of
K80, i3 recrystallized from a small ameunt of Hz0. Well-
formed crystals of the dihydrate, X,V(SCN)e * 2 HoO, ave obtained.

The anhydrous salt is obtained by drying the dihydrate over
H,SO, in a vecuwm desicostor, finely puiverizing it, a.ndth:m
completely dehydrating it under vacuum (drying pistel) at 85°C
until constant welght is reached.

PROFPERTIES:
K3 V{BCN), * 2 HaOt Formula weight 552.79, Brown-red, leaf-

ilke crystala.
Kaﬁfy{SCN)e: Formula weight 516.76. Very hygrorcoplc.

HEFERENCE: -
0. Schmits-Dument and G. Broja. Z. &n0TE. Chexn, 258, 289 (1848).
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Niobium Metal, Tantalum Metal

Bocause of the tendency of Nb and Ta metal tc form very stable
oxides, nitrides and carbldes, the diificulties in the praparation
of these metals are similar to those encountered in the preparation
of Tt and Zr (see pp, 1161 and 1172} _

Three methods zre available for industrial preparation of the
pure meials, The first involves electrolysis of fluoride melis
contajning K NbOFs (or KyTaFg), as well as a cer_'tain amount of
the corresponding oxides, NbaOs or TaOs. An iron fusion pot
serves as the cathode and graphite rods asthe ancdes, The resuliing
metal is a fine powder which may he separated from the admixed
sa)t melt by a variety of processes. In the segond method an oxige
and & carbide, for instance NbsOg + & NoC, are mixed, compressed
into pellets and hested in high vacuum to temperaturss exceeding
1600°C. In the third method, a double flueride is reduced either
with liquid sodium or sodium vapor. In each case, the materisl ia
processed further via powder-metallurgieal methods, by subjecting
it to repeated and alternating precsdurss which increase density
end hot degassing treatments,

I. REDUCTION WITH S0DTUM OR CALCIUM

The laboratory preperation of the metal powder proceeds via
reduction of the halides with scdium, caleium or CaHy.

Thus, for example, 50 g. of high-purity, dry K FTaF, and 13 g,
of Na {precut into small pieces under benzene) are placedina
heavy~wall steel vessel, tightly closed off with a well-fitting
copical lid, which ls fastemed on with screws, The system is
beated for one hour 2t red heat, allowed to cool completely, and
reopened; the reaction mixture, which still contzins some {ree
Na, ia carefully introduced, in small portions and with egitation,
into 500 mil. of HyO. The lumps disintegrate, and the resulting
metal powder i3 treated several times with Ha(, then hot nitric
acid (d 1.2), strong hydrochloric acid {i:1) and, finally, again and
thoroughly with water, 5t is then dried,

According t0 Kroll, the oxides can be reduced with caleium
metal iz the presence of CaCl; as the fluxing agent

Wby + 5C2 = 2Nb + §5Ca0
205.5 200.4 185.8 260.4

Terds + 5Ca = £Ta + 5020
141.9 0.4 Asle 280.4

Bedistliled Ca turnings of the best grade are used in approxi-
mately 30% excess. The presence of CaCl, 1s esgential. For
example, o a2 preparation of g smail amount of metal, 8 g. of
Wb Og (or 13 g, of Tay0y), 8 g. of Ca and 15 g, of CaCl; aré

in a heavy-wall tubular iron erucible (25 mm. in diameter,
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B0 mm, long) which is filied with Ay and
it off with a welded-on {oxygen.
orucible is then heated for ha

made gagz-tight by clos
acetylene flame) iron plug, Thtlmg

M and h °
allowed to cool completely, and sawesu:p:::hﬁilgm&n&

treated with wailer and acids, as described above. The metal
powder contalng some very fine party ’ eparated
by decantation and discar?;d. particles which are best =

The above two methods are equally epplic
Vartous modifications of these metbodg £ mﬁﬂ::;ﬂigﬁm::
the reduction with Ca may be replaced by one with CaHg [2ee
the corresponding prucedgres for Ti, mathods I and 11, pp. 1161~
1165, as well as G. Tourne, Ann, Chim. [13], 4, 949 (1958)].

The metal powders thus ohtained are not particularly pure and
often contain not more than $7% of the metal, which 1s accompanied
by hydrogen, some oxygen, and aometimes also small amounts of
nitrogen, carbon and iron., The purity can be increased by re-
peating the treatment with the veducing metal or with CaHj; and,
algo, by Increasing the beich elze, At any rate, Ut is of advantage
to purify these powders further by heating them gt a high tem-
perature under vacuum, for exempls, via procedure H. However,
the further conversion of Nb or Ta powder to the correaponding

halides is not affected by the impurities, provided they are not
metallie,

II. PURIFICATION BY CALCINATION

Low-purity Nb or Ta can be freed of maoat of its contaminanta
by heating t¢ red beat in a vacuum. Both Nb and Ta heve very high
melting points, and thus the contaminants can simply be evaporated,
In this procedure, the metsl powder, pressed into oblong rods and
elamped hetween water-cooled molybdenum jaws, is repigtancs~
heated with a high current, or the loose or compressed metal
powder is heated to red heat on & support of ThD, W o Ta ghest,
placed In & tungaten elsctrical healing element. The hest type of
heater 1s the furnance shown in Part I, p. 40 f,, wherein a tungsten
tube or a tungsten trough 15 used as the heat conductor. High-
frequency induction heating can aleo be used, in each case, :t;a:ery
high vacuum of at least 107% mm, is of controlling impf';r st ;::
if the purificatlon is to be efftcient. The msstarlal i.st '
gassed by preheating t for shout I L aines at 2000 600°C.
ture ig then slowly inereased 8 _ {
for some time (cngrto several hours), Hthis temperaﬁ;.:ﬁn m
o S I G rhown 1 27,490 RIS
ac ; dition, 4 - )
de:iiig;ie' ::e}atfng. among other things (formaticn of & m:tglalﬂ?__

between metal and impurities). s
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. CRYSTAL-GROWING (OR VAPDR-DEPCSITION) PROCESS

or Ta can be obtained by depoaition on an in-
O‘mp:rﬁmmfmm gaseous NbClg and TaClg, eliher in the
presence or the absence of hydrogen. This crystal-growing
ss corresponds closely to that described for titanium on

p. 1168 f,, particularly as far s the sppatatus is concerned. Singe
ten and Nb or Ta raadily form brittle alioys, & tungsten
aucleating {substratum) wire cannot he used in this case; instesd,
one uses an approximately 0.I-mm, @ wire of the metal to be
deposited. In addition, Mi {and not W) terminals are used, and
the system is degassed by heating to red heat in vacvum before
the start of the run, The chloride (NbClg or TaCls) is introduced
ipto the side tube and vecuum-sublimed in situ; the entire reactor
system is heated and thoroughly degassed prior {o sublimation,
because the gbsence of gas is essential io the quality of the
deposited metals. The resctor remains connected to the vacuum
pump throughout the entire process. Vapor depesition takes place
by heating the chioride and the entire vessel to about 100°C; the
substratum wire 1s heated to 1800°C in the case of Nb, and to
2000°C in the case of Ta. The deposited metals are of very high

The thickness of the incandescent wire changes continuously
during the reaction, so that careful supervision of the process and
good electrical control are imperative, This disadvantage is cir-
camvented in Rolsten’'s modification of the process, wherehy the
volatile jodide of the metal is decomposed at 750-1100°C in anp
indirectly heated fused quartz {or Vyoor) tube.

Alternate metkods; a) Resction of the chlorides with Mg fJ.
Prieto, A. 4. Sheler and J. Wulff, Metals Technol, 14, No. 6
1194T)].

b) Reduction of the oxides with 8i while volatilizing the
nagcent Si0 [E, Zintl et al., Z, anorg, allg, Chem. 245, 1 {1840)).

IV. COMMINGTION OF THE SOL1D METAL

Commercially avajlabie solid Nb and Ta (gheet, wire, ete.) are
usually far purer than the powdered material. When metal powder
of very highest purity is required for the preparation of a Nb or
Ta compound, solid waste pieces may be used to advantage, They
are pulverized by hydrogenation at 500-600°C (see hydrides)
apd cooling under H, The resulting hydrides are very brittle pnd
are readily pulverized to the desired size, The powder thus cb-
tamed 1is T‘ifﬂaedeh?dmgenated at 1000°C in an extremely high
Yacum., erease In purity occurring during these cperations
I8 megligibly sraall provided very pure Hh;gis uagf the pul?r%ﬂzancn
of the hydrides Is carried out in an inert gas atmosphere, and the
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heating and degassing of the
glowly that no appreciably
{which i? permanently conne

material i3 always carrted out 50

loss of vacuam occurs in the syatemm
cted to & vaceum pump),

EROPERTIES:

Nh: Atomdic welght 92,91, M.p. 2468°C; d 8.58.

Te: Atomic welght 180,95, M.p. 30630°C: & 16.6.

These two metals are not attacked by mineral scids {with the
exception of hydrofluoric); they are readily soluble in a mixture of

concentrated hydrofluoric and affric scids. Crystal structare:
A 2 (W) type.

REFEHRENCES:;

Gerneral: A, E. van Arkel, Reines Metalls [Pure Metals], Berlin,
1939; H. Funk. Die Darateliung der Metalle in Laboratorium
[Laborato’ry Preparation of Metals], Stuttgart, 1938; Ullmans
Enzyklopadie d. tech. Chemile [Ullman’s Esncyclopedia of
Industrial Chemistry], 12, Munich-Berlin, 1960, Niobium, p.
736 f.; 4. L. Miller, Tantelum and Nicbiam, London, 1959,

I. K, R, Krishnaswami, J. Chem. So¢. {London) 1930, 1277; W,
Krell, Z. anorg. allg. Chem. 234, 48 (1937); J. W, Marden and
M, N. Rich, . 5, Patent 1,728,941 {1927/29); 3, Braver. Un~
published experiments, Darmatadt, 1942; W. E. Denonis snd
A. F. Adamson, U,K.A,EA, Techn. Note No. 92 (1964); E. F.
Block, 115, Pureau of Mines, paper giver at the Achema
meeting, Frankfurt, 1958,

II. B. Bickle, Z. Metallkunde 37 (Metaliforschg. 13, B3 (19486}
R H. Myera. Metallurgia {Manchester) 38, 307 (1348}; Sym-
posium on the Metallurgy of Niobium, J. Inst. Metals 86
{1956-57); B. W. Gonser and E. M. Sherwood., The ‘Technology
of Columbium, New York-London, 1958,

I, W. G Burgers and J. C. M. Basart. Z. anorg. alig. Chem.
216, 223 (1934); see alse the literature ciled in section od Tt,
method V; B, F. Roisten. Traps. A.LM.E. 215, 472 {1950);
J. Electrochem. Soc. 106, 575 (1969); 2. anerg. allg. Chem.
305, 25 (1560).

Vanadium, Niobium and Tantalum Hydrides

After tho 1 degassing at ved heat in vacuum, the metals are
heated in :i:i ﬂisphegre of extremely pure Ha The rate of hydrogen
ahsorption depends strongly on the particis size of the nﬁtgim the
meta! purity and the pretreatment method, Above 460°C, “ﬁ’%‘
solid N& and Ta {sheet, wire, etc.) react fairly rapidiy. 'rhr; é‘:ltp &
the remction lncreases with the metal purity and ispa arly



R
s 5. BRAUEC

high if the metal history includes a previcus hydrogenation ang
debydrogonation. In that oase, hydrogen is sometlmes absorheq
wean at room temperature. Both the NbH and the TaH systems
may exist in two stable phases; the trapaitions from ong tg
another, hawever, are not clearly reflected in the isotherms agg
jsobars of the H, equilibrium presaure. Hence, depending on the
temperature and equilibrium H, pressure, the hydrogenated mate-
risl may contain hydrogen In all ratios up to the limiting composi-
tion, which is appreximately Nbioa. g5 and Tal,.g {corresponding to
112 ml of Ha/g. of Nb and 56 ml. of Ha/g. of Ta. One gram of ¥
abgorhbs & maximum of 206 mi, of H, corresponding to the
limiti.ug formula VHol at:

The dewterides of Nb and Ta are analogous to the hydrides
prepared under the same condltions,

PROPERTIES:

Lustrous metalllc or metallic gray appesrance, much like that
of the free metals. Thelower hydrides{upto approximately MH, ,)
are quite hard but are stlll ductile, increasing in brittleness with
increasing H coptent and becoming extremely brittie at high
hydrogen ratins. The hydrogen can be removed in e high vaouum at
temperatures exgeaeding 400°C, and rapidly between 800 and 103)°C,

REFERENCES.

General: D, P. Smith. Hydrogen in Metals, Chicage, 1548,

V-H: L. Kirgehfeld and A, Sieverts, Z, Elektrocherm, 36, 123
(1930); H, Huber, L. Kirschfeld and A, Sjieverts, Ber. dtsch.
chem. Ges. 59, 2891 (1926) M. J. Trzeciak, D. F. Dilthey
apd M, W, Mallett, Batelle Mem, Inet, Rep, 1112 (1958},

¥b-H: A, Sleverts and H, Moritz, Z. anorg, alig. Chem. 247, 124
(1841); W, M, Albrecht, M, W. Mallett and W. D, Goode.
J. Electrochem. Soec. 105, 219 (1958); 105, 981 (i959)
8. Komjathy. J. Less Common Metals 2, 465 (1860),

Ta-H: A, Sieverts and H. Brining, Z, phys. Chem, (A) 174, 363
{1835); A, Sieverts and E, Bergner, Ber, dtsch. chem, Ges,
44, 2394 (1911,

MNiobium H] Chlioride

NLC,
Nb + 2NbCl, = 8NbCle
=72 3035 4815

Stoichlometric quantities of Nb metal powder and NhCla are
welghed under ambydrous conditions, triturated and piaced in &
gaartz tube which i& closed at one end. Copstrictlons b and 4
E‘L 305) are then made in the end of the tube and it is connected

3 high-vacuum source. (1t should be remempbored in caleulating
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tl;e amm‘lcrl?h ofnaibCla that this compound exhibits a conmsidersbie
ase wi and can, therefare,
Ese of NbCl3 ov 1B particularly cun]fr:nt;gn‘t'f}wmg compostiicn. The
Teo degas the contents, the reactor ia heated for 12 hours in
high vacuum at 200°C ang is then melt-asealed at constriction d.
The reactlon is completed by heating the entire tube at B00*C for
two to three days, The tube is then chilled in water and the fairly
volatile by-products (NbClg, NbOCl,) are distilled forward into

tube section r by establishing a 200/26°C temperat
The NbCl, remains in a. perature gradient.

D T G
e S —_—
7 ’ < e high vacwum

Fig. 305, Preparation of niobium (II) chloride. The
quartz regetor is § mm. LD, Length: o = 30 mm,, ¢ =
29 mm.

PROIV'EHTIES:

Formula weight 163,83, Black-brown crystals. Siable in ey,
insoluble in HzO snd orgenic sclvents. Whenheated in an evacuated
tube, the NbCl, decomposes et atemperature gradient of 808/550°C
via the equilibrium reactlon: 4 NbCl, = Nb + 3 NbCly, ay; at a tam-
perature gradient greater than 800/20°C, the reactionis; 2 NbCly =
Nb + NbCi, Heatlng in alr produces NbhOC13 and NbgOg.

REFERENCES:

H. Schifer and K. D. Dohmann. %, anorg. allg. Chem. 300, 1 (1958);
H. Schifer and F. Kahlenberg. Z. anorg. allg. Chem. 305, 291
{1560},

Niebium (Ill) Chloside
NhCl;

L NbCly -+ Hy = NbCh — ZHC
aThz  #Rdl 1683 729

h & vessel
h purity, oxygen-free hydrogem iz pessed throug :
Bonfgﬁling NbClg heated to 150-180°C. The gas Btrean: than:
passes through & Pyrex or Vycor tibe heated to 400-530 Gamﬂa
solid precipitste of green-black NbCls deposits nnEdthﬂ walls:
Complete conversion of ¥bClg to NBCLy mey be achieved, Pll'ﬂmnt :
the gas rate is low. The lowex partial pressura: of NbC at::rta ;.E
saturation temperature of 160°C) and the higher temper
the reaction zope (that 15, 530°C) lead fo & Hmiting commﬁim >
whioh 18 Jow in chiorine (NbCEa, ev)- TR
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Brubaker repared NbClg from Nb metal and 1
the ‘::n:nm;gF?g I;113*; they then rllowed it to subiimg ::
am Hy stream through constriction ¢ into the right-hand tube, whing
was heated to 500°C and equipped with a cold finger. The NuCy s
soparsted both as a dark crust on the tube wall and a8 a cone_
shaped deposit on the cold finger, f[‘ha product may he pyrophorie
when prepared by this procedure; it should, therefore, be handlsg
only under a protective Ny blunket.

1I. 3NbCl, + 2Nb = 3NbClL
5105 1558 996.4

High-surface Nb metzsl {e.g., folt) and a slight excess of NbCl,
are placed in an evacuated reacter tube which ia then sealed. (The
NbCls can be prepared in the reactor itself before introducing the
Nb metal; this can be accomplighed by reacting weighed sinounts of
Nb (s and CCl,—see preparation of NoClg, method IIL) The gealed
horizontal reactor is hested for three days in a temperature
gradient such that the end of the tube containing Nb is at 390°C,
while the remainder of the tuhe is at 355°C, The conients are thus
converted to Nb(Cl,, which, ag a result of the reversible equilibrium
NBbCl 5 (Bolid) + NbClg (gas) ~ 2NbCl, {gas), i8 transported into the
355°C zone where It deposits as cryetals, It can ther be resublimed
by reveraing the temperature gradient. Attheendof the procedure,
only the part of the tube containing the NbCly is heated for a few
mingtes to 380°C while keeping the other end at 20°C, thus driving
the NbClg to the cold end. The tube is allowed to cool and is then
opened under aphydrous conditions.

The partial pressure of NbCls and, hence, the compoaltion of
the NbCl, phage can be varied inthis synthesls by varying the retio
of the NhCle to the voiume of the sealed tube {saturation pressure
of NbCl: at 355°C is 8 atm.).

m. ANLCE + 2A1 = 3NDLCYL + ZAICL
810.6 53.9 557.5 2881

m“Suh" limed NbClg is heated with a less than stolchlometric
e_-.;ampty of Al powder in an evacuated, sealed tubular reactor. For
Ie, 1.2 g, of NbCls and 0.08 g. of Al mey be used. The eutire
lemgth of the tube is heated to 275°C for about 40 houra, 1t is then
ahnm: ; 8 temperature gradient, with the main section encased in

:: rature block at 300°C and the protruding end at room
pe . The partially formed NbCl, decomposes into NbCla
aod NbCl;, the excess NbClys and AICE, sublime into the tube end,
of ﬂ,ele ﬂ:::;eﬂmn ‘l"’lwk Nbfé; remains in the main (lower) section
cautions teainet miooovered by opening the tube; no special pré-
againgt afr are needed. The pﬁuct of this' pmcﬁggs uauelly

costaing 5 Amaill amount of Al od
with the Al powder. of A1304 (about 0.7%) which is introduc
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Allernate methods: a) Heductio
(excitation) Ha 8t 200°C [V. Cartem of NbCly with activated

Monatsh. Chem. 87, 769 (1956)). mann and H. Tannenbergesr,
b) Preparation fxom Nb motal in an HCI stream at 300°C. A

mixture of NoCly and NbCl, is obtained v, ¥
_ . Y. Spitayn and N,
Pregbrazhenskiy, Zh, Obsheh, Khimii 10, 783 {1?31&]??38‘}1. Sr::
baker and R. C., Young {19511, : T

PROPERTIES:

Green-black; cryatallizes in crusts, rods, or .
sufficiently high NbClg pressure and in the abuanceplo;t:iar. m
is stable at 800°C. It disproportionates te NpCls; and Nbin e
temperature gradient. Only slighitly air-sensitive af roomtempera-
ture. Ingoluble in Hz0, dilute acids and dilute alkall. Attacked hy
oxidizing agents at varying ratee depending on the concentration
and the tempersture. Insoluble in orgenic solvents, evenin ethanol.

Exhibits a rather wide homogeneity reglon (betweer NbCljs 1a
and NhCl, ,-), 4 3.75.

REFERENCES:

1. P. Stie. Buli, Soc, Chim. France {5] §, B30 {1939}; H. Schiifer
and C. Pietruck. Z. anorg. aiig. Chem. 266, 151 {1951); C. H.
Arubsker and R. C. Young. J. Amer, Chem. Soc. T3, 4179
(19561); H. Schifer and K. D, Dchmann {1959).

iI. H. Schifer znd XK. D. Dohmann, Z. anorg. elig. Chem, 300,
1 (1959).

{Ii. H, Schifer, G. Goser and L. Bayer. Z. anorg. slig. Chem,
265, 258 (1851).

Niobium #V) Chloride
NbCL
Propared by reduction of NbCle.

L aNbCL + Fe = ZNbCL + FeCly
sicd | 556 45 1288

The reaction g carried out In a seaied tube divided intatwo :
sections by a constriction, 48 shown in Fig, 304. ThBNh‘f;s
(3 g.) i iatroduced into the closed fube end ¢ by comect:mm% a;
tube via its stﬁlapsnendbmtheappmm:sedﬁo:miio n-_._
NLClg (Fig. 309). Pure iron (0.24 €., .8 Wh:mmﬂxnwnwaﬂ-tﬁg
or veduced iron) ie piaced in section b, the is i ¥k
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¢ applied, and the tube Is sealed af the poing,
ﬁtlmwl?;a;ed ptp;.lba ja@ encased in two closely spaceg
sluminum blocks which are glectrically heated to two different
temperatures. The section containing NbClg 18 heated to 195°C,
and that with Fe to 400°C. The reactlon i{ime is at least 4p
bours. The gaseous NbClg is reduced and NbCl, separates ag
well-formed crystals in a trangition region between the two tem-
perature rones, The FeCl; (which at 400°C is still not very
volatile) and unreacted NbClg are found in the otheTr sections of the

tube,
],, thermomerer .

asbestod

i / E !
TR A

Fig. 306. Preparation of nlobiure {IV) chioride,

To prevent scattering of the reaction products by 2 rapid influx
of gas {dry air, €O, or N} while opening the evacuated tube,
the tip of the tube should be seratched, placed in a slightly larger
vactum hose, and brokern off under vecuum, The tube may then
be praduslly fiiled with gas through the vaouum hose. To isolaie
the NbCly,, the tuhe is then broken at an appropriate spot.

II. The NbCl; can also be reduced with Nb metal,

4NbCl; + Nb = 5NbCG,
10803 g2.9 17y

Thue, NbCly and an excess of Nb metal are sealed into a tube
described in method I and heated inthe same tempersture gradient;
the reaction 18 complete in about 16 hours.

Alternale methods: ») Reduciton of NBCle with Al metsl; re-
quires a subsequent distillation of excess NbClg and AlCL,.

b) Reduction of NbClg with H, at 2 atm. (generated when the
::tbe Iz filled at STP, sealed and then heated). The reaction does

go t;)o:'omplet!un #nd NbClg and NbCl, must be separated by
¢) Reaction of NbCle and NDCl,; a8 in most methods, an excess
of KiuCly, i8 ugually required to depress the decomposition of NbCls.

FROPERTIES:

Brown-black crystal peedies: t
; pure brown in transmitted light.
Sublimable at aboxt 276°C, provided decomposition into NbCls and:
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NbCl, is prevented by a sufficiently high NbCls pressure. Deconde
POBES 0N EXpesUre to air snd motisture {color change fivst to biaok;
then to white). Dissolves in a small amount of H30 and in dilute
hydrochloric acid, giving = dark-blue sojution.

REFERENCES:

H. Schifer, C. Goser and L. Bayer. Z. anorg. allg. C 2@3-,
258 {1951); data from the Chemical Laboratory of Uni~-
versity, Freiburg i, Br., 1952; H, Schifer, L. Bayer anf

H, Lebmanz, Z, anorg. allg. Chem. 268, 268 {1952).

Tontalum [{V] Chloride
TaCl,

1. 4TaClh + Ta = 5TaCl,
14230 1516 1a14.0

A gquartz reactor tube with & neprow hovked conatriction, shown
in Fig, 307 (I}, is thoroughly Gegassed by heating in a high vatuum;
then, 4 g. of Ta metal (preferably foil) and 10-15 g. of TaClg are
introduced into the tube on opposite sides of the constriction, and
the tube is sealed under high vecuum. Tt ig then heated in & slanted
position in a tempersfure gradient 8o that the liquid TaClg {in the
higher end of the tubse)is at 280°C and the Ta st 830°C. The nascent

F
z F W ¢ rai a1 _ N
I-—-—w'hnmane-l-—‘zw'ﬂmmca-—u-j . Bt
Fig. 307. Preparation of tantalum (IV} chlo- T
ride, ») aluminum foit; 3 TaCle. TR I

ey

TaCl, deposits in the 280° zone (large crystals) but is.gepara i
from the TaCls. A six-dey runylelds 8-10g.; there ig also &.Fes v
of unreacted startlng materials, Before opening the iube, the
renctor is cooled, and the section contalning TeCl, 19 rohested
to 208°C to separate any admixed TaCls by sublimation, The opeas -
ing of the tube and handling of TaCl, should ba cm.legi_ wt:lﬁﬂ;@
absenos of molature, - . R e "

:
i3

ih
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1l $Tal), + Al = 3TaCl; + AICl,
) 10747 g7 503.3 133.4

The reaction ig carried outina sesled reactor tube (Fig, 307, D
ta & high vacuum, Aluminum foil ffor axample, 50 mg.} {8 Intro-
ducad at b, while TaClg {(4~5 g.) in an ampoule is &t f; both are
introduced under anhydrous conditionas., The TaCl, is made to
sublime (in high vacuum) toward tube section d, and the tube ig
sealed off at constrictions » and ¢. The sealed tube 18 heated for
10 hours in a temperature gradient (see Fig. 306) such that b i
at 400°C and the remainder of the tube st 200°C. The TaCl, de-
posits at ¢ as large orystals, The tube is allowed to cool and only
section ¢ is reheated to 200°C to remove any TaCls present in it,

IH. TaCl, + H = TaCl, + HCi
555.2 3228

Whereas TaClg reacts with molecular Hy only at femperatures
exceeding 500°C (to form Ta metsl), the reduction of TaCl, with
H, =ctivated by a high-frequensy siectrical discharge can be
carried out at 206°C., The apparatus is the same as that for the
preparation of TaBry {Fig. 311} and the process is the same in ajl
its detafls. A two-hour run completely reducea 1 g, of TaGig,

PROPERTILS:

Brown-black crystals, Molsture-sensitive; decomposes with
oxidation on exposure to air. On hesting in vacuum, disproporticn-
ates to TaClg and 2 lower chloride; on heating in aiy formas Ta.Og
and wolatile TaCl;, Partly soluble in H O and diiute acids, yield-

ing coffee-hrown solutiens; an inscluble dark tnaterial is also
formed.

REFERENCES:
L H. Schifer and F. Kablenberg. Z. anorg. allg. Chem, 303,
178 (1960, ® e el o

0. H. Schifer and L. Grau. Z. anorg. allg. Chem. 275, 198 (1954,

. :;.9 g;nmm and H. Tennenberger, Menatsh. Chem. 87, 769

Niobium [¥} and Tantalum (V] Chisrides

NhCly, TaCl,
NuL,
L Nb + %,Cl, = NbCl
n2e L 270.2

Miobfum metal, either ag a powder or as & solid, can ba readily
in a Ci;stream. The reaction is best carried out ins
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tube similar to that shown in Fig. 312 (preparation of NbBry); hows
ever, the saturation tube 18 replaced by a T conneator throul
which the sealed tube can be evacuated or dry N, or Ol introduced;
The end arrangement of the apparatus varles dopending on the
expected amount of NbClg. Alr must be carefully digplaced by
evacuation or ing with N, The reaction with Cl, starts.at
125-240°C; at 240°C, It takes only a few fours regardlesa of the
Nb particle size. The absorption of Cl, i1z usually quite rapid,
The NbClg protuct is taken out under azhydrous conditions and

resublimed in an appropriate manner (the apparatus of Fig. 308
can be used).

i. NbO, + 580Cl, = ZNbCL + 550,
205K 5949 2404 3203

A common, carefully dried bomb tube is charged with 2.7 g, of
NbOs and 10 ml. of S0OC1,. Care shouldbe taken in the preparation
of NhyOp (from preciptiated hydrated oxide) not to exceed 400°C,
since excessivaly caleined oxide is inactive and reacts incompletely.

Thus, if the oxide is exceasively
E*—ﬁ P caleined, 1t 13 fussd with KBSO (, the-
|

high melt hydrolyzed, the hydrated oxide
VECURM precipitated with ammonta and then
= dried for a loog time at about 400°C,
; Before une, the SOCL, is purified by
presence of 5 and then fractionally
distiliing it n a columm {D. L.

0

first refluxing it for 4 hours in the

s Cottlet, J. Amer. Chem, Soc, 68,
1384 (1944)), ' -

The filled and sealed tube I8

heated for 3 hours at 200°C. Om

glow cooling, Nb(ig crystallizes in

furnace” /4 needles., The tube 18 cooled to
—10°C, opened, and the SOy dig=

Fig, 308, Resublimation of charged by heating to room tem-*
piobjum and tantzlum pen- perature; the excess 30C1; 18 ve=
tahalideg under achydrous moved by further slight heating for
conditions. vecuum. To achieve this, as wellkas:

for the further handling of NbCIgs:
the apparatus shown in Fig. 309 is attached to the oper bomhs; -
Hecause of the high sensitivity to molsture exhibited by No€ly,: i‘b.'iﬂi
ahsolutely necessary to eguip the apparatus with deviceswhickk
permit handling of the product in such s wey that even tyaces of
moisture wilt be exciuded. The NbCly remeaining at ¢ is fesh
moved to b by subliming it under vacuwm; it {2 then transferred tn
g {under nifrogen) for further hendling, Thia is ﬁh@tﬁ&;hﬁp_
removing the ground cap ¢, stretching a thin perferated polboyd
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tube and introducing through this cap & amall spatula
mnrrl::: handle. Tube g of Fig. 309 is used for astoring the
i is ologed at fwithe ground glass stopper and permits
of the chloride, Protection from moisture ig
which is Introduced through i, Naturally, other
ofg, for example, a aimple

partial .mmoval

vided Nz
%I:ea of c::ftai::érs can be used instead
ampoule which Is soaled off.

Ay “ VREIENTI

(Bt

£ Dot

Fig. 308, Purificationby sublima-
tion and filling of s vessel with
niokivm (V) chioride. a,k)}bomb
tube; c,d)openinga for Introducing
epatulas and long-handie hocks;
g)storage vessel.

II. The oxide can alse be chlorinsted with ©Cl, in a similar
fashion:

Nb, + 5CCL = 2NLCl, + 5COCHK
265K 1269.2 5404 494.6

In {his method (whick was originally developed for analytical
purposes) 1 g, of oxide and 4 ml, of CCl, are hested for 5-19
hours af 370-300°C in a sesled tube, it is not absclutely necessery
to remove the sir from the tube before the reaction, After opening
the {ube, which should be done with the usual precavtions, the
feactants are distilled off, The NbCl, is resublimed under vacuum
and isolated es described In method I, Because of the high
pressur:fm dg;elop?} in the sealed tube, this method 18 limited to
small en reactants [E. R, al,, InoTE.
Symibeses 7, 163 {1863)]. [ Epporson ot *

Alternate methods:

Iv. Nb,O, + 5C + 10Cl, = NbCl, + 5COCY,

Is this very old method, the oxide is mixed with purified sugar:
charcoal 40 a 1:4 molar ratio, The gramilar mixture is piaced
(wilhout 3 boat) in a tube of high-melting { Pyrex or Vycor) glass.
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Beyond the mixture (in the direction of gus flow) there is a falrly
long bed of pure charocal. Before atarting the chlerination, both
leyers are dehydrated by heating to $00°C in a stream of very
pure Na. Very pure, O,-free Cl, is then passed through while
heating the mixture to 280-350°C and the adjecect charcoal layer
to 760°C. The NbCls receiver is pealed direcily onto the reactor
via a constriction. During the reaction (3 hours for B g. of Nb,Og
and 32 g. of C) the constriction must be checked to make sure that
it does not become plugged with Nb{lg, The fermation of the by-
product NoOCl,, which is usually difficult to avoid ia this reaction,
i8 almost completely prevented under these conditions, In apite of
this, separation of the NpCi, from the NbOClg by eareful fractional
sublimation is recommended. [P, Sie, Bull. Soc. Chim. France [5]
€, 830 (1939); R, F. Rolsten, J. Amer, Chem, Soc, 80, 2952 {(1858))],

v, l
ey NBCY, + 5000,

Nb,O, + 5CCI,
A chlorine stream containing CCl, vapor (the stream is saturated
by bubbling through & CC1g-contalning wash bottle) is reacted with
the oxide held in a boat which is ingerted into a tube of high-meliing
glass or, better, a quartz tube. The reaction temperature ia 300-
400°C. Quite often, MbOCl; is alsc formed ae a hy-product
[Gmelin-Kraut, Handbuch ancrg, Chem. [Handoook of Inorgenic
Chemisiry], Tth ed., Vol, iV¥/1, Heldelberg, 1928, p, 236].

VI. NbS, + %Ol = NbCI, + 5,00,

[C. Bonlgschmid and K., Wintersberger, Z. anorg, silg. Chem,
218, 161 (1834).]

FROPEATIES:

Yellow, gramuar tc needle-sheped crystals; dark-red when
contaminated with 1 mole® of WCl,z M.p. 204.5°C, b.p. 264°C;
d 2.75. The melt ia orange. S

Extremsly sensitive to moisture, which rapidiy cmnverts»it_t.g
the white NbOCls and them to NbzOg - xH 0; hence it cannot bé
handled in air without marked decomposition. Reacts vigorously
with water (dec.); dissolves without decomposition in ethanol,
ether and, by an unknown mechsanlsm, a2lso in very congentrabed

hydrachlaric and oxalic aeid solutions. Tt -
TaCl, )
1. Ta + %CL = TaCh ’

iB1.0 551, a54.2

The preparation from the elements is exactly the Blm.ﬂ&ﬁ;in
method I for NbCls. When Ta powder is used, the reaction staris.ak
176°C and 1= compiete in a few hours at 260°C. e

e
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n. TasOy + 550CH = BTaCls + 550,
418 oLy 765 320.3

mixdn 6 g. of Taz0p and 5.5 ml, of 80CI, (threefalg
m:ss} is ﬁa:gdzfnrgﬁ hours in a bomb tube at 250-240°C, ‘The
preparation of the starting materials and the procedure are
exactly the same as for NbClg, method II. The rea_ction yieldg 5
liquid solution of TaClg in SOCla from which 30CI, is removed by
distiliation in the apparatus shown in Fig. 309, while the TaCi.

is resublimed.

i1 8 Tagﬂs + ECC’;. = ETRCIH + ECOCIQ
4119 T68.2 T16.5 494.G

The reacticn i3 carried out exactly as for NbClg, method I,
the mixture being heated to 300-320°C,

Alternate methods: @) Methods IV and V for the preparaticn
of NbCls can be applied to TaClg in exactly the same manner.
Since (in contrast to NbOCI;) ne tantalum oxychloride is formed,
the products are fairiy pure,

b) From Ta and HCi at about 40G°C [R. C. Young snd C. H.
Brubaker, &, Amer. Chem, Soe, 74, 4967 (1852)].

¢) According to Chaigneav, the reaction between Tz Og and
AlCl; reported by Ruff and Thomas iz nearly quantitative when
the reactants are used in the following propertions:

3Ta0, + 10ACL = 6TaCl; + 5 ALO,
13257 1333.5 2149.4 G058

Before use, the AlC]5 should be purified by vacuum sublimation,
The reactants are sealed under vacuum into a tube of high-melting
glass. After heating for 48 hours at 400°C, the TaCl; product can
be separated from the A0, by vacuum sublimation at 200°C. Ac~
cordiog to Schifer, Goser and Bayer, reaction mixtures with a dif-
ferent composition (2 Ta Oy + 5 AICL,) vield AlIOCI as the residue,
Mixturea of Nb.Op; and AICl; usually yieid only mixtures of
NRCl; and NbOCl, {Q. Ruff and F. Thomas, Z. ancrg. ailg. Chem.
148, 1 {(1925); H, Schifer, C, Gdser and L. Beyer, Z. anorg. ailg.
Chem, 263, 87 (i950); M. Chaignesu, Comptes Rendus Hebd.
Seances Acad. Sci, 243, 957 (1956)).

PROFPERTIES:

Coloriess crystalline reedles; yellow when contaminated by
ﬁl, (even 1% NLCl; imparts a definite yellow color) or tungsten

rides. M.p, 216,2°C, b.p. 23%°C; d 3,68, Very senaitlve ic
mokstnre; decomposed by H,O and even by concentrated HCl,
separating tantalic acid, Soluble in absolute ethanol,



23, VANADIUM, NIOCBIUM, TANTALLM 1307

REFERENCE:

I. K. R. Krishnaswami, J. Chem. Soc¢. {Loodon) 1830, 1277;
K. M. Alexander and F. Fairbrother. J. Chem. Soo, {London)
1949, 223; W. Littke. Thesis, Univ, of Fretburg {. Br,, 1961.

II. H. Hecht, G. Jander and H. Schlapmann, Z. anorg, Chem, 254,
255 (1847); J, Wernet, Z. anorg. allg, Chem, 287, 213 (1853);
experiments carried out |{n the Chemical Laboratory of the
University, Freiburg i, Br., 1951.

M, 0. Ruff and F. Thomas. Z. anorg. ally. Chem, 166, 213
{1826); K. Schifer. Z. Naturforsch. 3b, 376 (1948); H. Schifer

and C. Pletruck. Z. sporg. sllg. Chem. 264, 1 (1951); 267,
174 (1951).

Niobium Oxytrichloride

NbOCL,

i. Nelh + Y0, = NbOCl, + Cl;
270.2 mel 2158

About 2 g. of NbCly is sllowed to sublime from u gide arm into
& reacter tube which is approximately 20 mm. 1D, To premote
goad distribution of the NDClg, the tube contalns & small amount of
weshed and dried glass wool. A slow stream of dry Og(1=2 .
liters/hour) is passed through while the tube which is heated to
150°C by mezns of a tubular elactiric furnace. About 809 of the
NbClg rescts in 2 hours. ‘The remainder subliines tmchanged into
the cold section of the tube, from which it la driven back {vacuum)
and then apain treated with O, In this manner, nesrly compiete
conversion is achieved; the mascent NbOCl; is sublimed in an Qg
gtream at 200°C to that section of the tube which 1s kept at 100°C,
It deposits there as a dense crystal rosetite, The material is dis-
charged from the tube and handled under completely anhydrous
conditiona.

0. Prepared in & segled tube agcording to the reaction:

NI’.‘I!D‘; + 350C1; o= ENbDCl, + 3501
265.8 856,89 4368 1922

The reaction proceeds exectly according to the stolchlometry
shown by the equetion. The method used for preparing the reactaats
15 the same as that described forthe preparation of NhCls (p. 1303),
A recommended charge for 2 normal bomb consists of 13.3.g. of
NbyOp (1/20 mole) and 10.3 mi of SOCL,, prestivred into & paste,
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impo the reactants be intimately mixed before the
:::smmditm;::: atherwise the 30C1; will react preferentis,u;
with the outer part of the oxide mass to form NbClg, while a large
portion of the oxides will remaln unreacted. The mixture is
heated for about & hours at 200°C. After cooling, well-formed
crystals of NbOCly (fine needles) are found in the lower part of
the tube, Purification (oy sublimation) and {sclation of the NbOCj,
must he done carefully: temperatures showld be held below 350°C
to prevent decomposition into NbgDg ahd Nblls. This operation is
best carried out in the apparatus of Fig. 309,

m. Nb,G, + 3NbCl; = $NbOC,
2658 210.6 1785

A glass tube is filled under vacuum with 0.3 g. of Nb 304 and
3 g of NbCl, (a very large axcess). with the two compounds
pleced at opposite ends of the tube. The inclined tube is then heated
in a temperature gradient {Nb;0s356°C/liquid NhiClz 210°). After
12 bours, white crystalline needies of NbOCL, deposit in the center
of the tube. Unreacted NbBClg is then removed hy heating the fube
in a 200/30°C temperature gradient, The NbOCi; iz isolated undsr
& blanket of dry, inert gas,

Alfernate methods: a) The NbOCl, is often & by-product of
preparative reactions for NbCig [e.g., NbCg + CCl,, D. E, Sands,
A, Zalldn and B, ¥. Elson, Acta Crystallegr. 12, 21 (1555}]. The
soparation from WbClg can be achieved by repeated fractional
sublimation under vacuum or in an Og siream =t temperatures
below 350°C,

b} The product can aluo be prepared by thermal decomposition
of NbCly etherate at 90°C. {F. Fairbrother, A. H. Cowley and
N. Scott (1959)].

PROPERTIES:

Colorless, often crystailizes in very fine needles. Vapor
bressure: 10 mm, (234°C); 760 mm. {335°C). Disproportionates
into NbOg {or NhyO,Cl} and NbClg above 350°C. Best purified
by vacuwn sublimation st 200°C, Very sensitive to moisture;
decomposed by H, 0. Tetragonal cryatals,

BEFERENCE:

L ]l: Sde, E’ﬂﬂ Sgc Chim. France [5] €, 830 (1939); F. Fatr-
rother, A, H. Cowley and N, Scott, J. Less-Common Metals

1, 206 (1959), °
O. H Hecht, G. Jander and H. Schlgpmann. Z. ancorg. Chem.
‘z_f&égz ;mo (2947); J. Wernet. 2. anorg, allg. Chem. 278, 213
. f:,' Schilfer and F. Kahlenberg. 2. anorg. allg, Chem. 305, 327

e
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Niobium {lll) Bromide
Nb#tr,

NbBI; + Hg = Nbﬁl.', + 2 HBx
BE.5 24 a3y 141.8

The zpperatus of Fig. 310, containing boat s with the niobium
metal, is dried in a stream of very pure N at 200°C, Furnace o,

is then heated to 450°C and dry Br,vapor Is introduced in an N,
stream. The nascent NhBry condenses at #.

N, Br. |
Bl = Bt T codlire
T, 1 ¥ % waler

Fig. 310, Preparation of niobium (III) bromide. s boat
containing nioblum metal; b} ashestos wool; o, 03)
electric furnaces.

After compiste bromination, the bromide is sublimed in 4 pure
N, stream at 270°C, passipg through glass wool plug b and the
constriction ¢ into section ¢ Then, a stream of high~purity Hy
is intrpduced smd NbBrg is allowed to sublime slowly Into tube
section ¢, kept at 500° by means of furnace o5, It deposits on the
fube wall as a shiny biack crust and es e black cone on the cold
finger. The tube 18 opened and the product ia removed under &
protective N blenket. The outer ¢rusts ere not alr-senaitive and
are insoluble in HgQ. On the other hand, the cones deposited in
the inper part of the apparatus decompose rapidly in the presence
of meist ate,

PROPERTIES:

Plack, with verying air sensitivity, depeading on preparative
conditions. Almost completeiy resistant {o Hi0 and dilute acids,
Decomposed by concentrated H SO and HNOs. Iasoluble inorganie
solvents. Can be sublimes itn a high vacuum (10™* mm.) at aboui

400°C. Thermal decomposition into NuBrs and Nb beginsat 900°C:

The TaBr, and the Talr, can be obtained in the same manneg

28 NbBr,, starting from TaBrs end H, at 700°C; however; tha.

purity and the yield are lower [R. C. Young and T.J. Hestings,
J. Amer. Chem, Soc. 64, 1740 (1942)), 3

The NbBr, cen be prepared from NbBrs and activated kgt
200°C; see preparation of TaBry p. 1810 [V.. Guitmann g ¥

Tannenberger, Monatsk, Chem. 87, 769 {1956)1: - . LR v

-1 .
b

Pk o
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REFERENCE:

G. H. Brubsker and R. C. Young. J. Amer. Chem. Soc. 73, 4179
(1951}

Tantalum Y} Bromide
TaBr,

TaBr; + H = TaBr, — HEr
5315 5004

The horizontal reaction tube of high-melting glass {about 3 cm,
ID. and 50 cm. long) shown in Fig. 311 is heated In vacuum, and a
boat containing TaBre is introduced under anhydrous conditions,
High-purity, dry H; is pessed through the tube at a raie of ahout
one liter per hour.

4

e

5 ﬁ:“_ﬂ . ]mmrfmmj W—F
)

Fig, 311, Preparation of tantalum {1V}

bromide, a)boat containing TaBrg; )

cold trap; h)grooved stopcock for fine

flow regulation; s) induction coil;
¥ ) yaCcuum,

A pressure of 4-6 mm. im maintained in the tube by means of
the grooved stopoock h, which regulates the vacuum v, A glow
discharge is produced by coll s, which consmists of 18 turns of
copper wire (2 mm, O.D.) on the outside of the tube; 2 high-

ney current of 4900 kilocycles/second is applied to the coll,

which consumes about 20 watts, The gless wall temperature at the
cofl 18 about 180-200°C. The tube section contaiming TaBrg is
heated; the TaBr; is slowly vaporized and rescts with the B,
activated in the glow discharge zone, The napcent TaBr, is de-
posited on the tube wall in this zone. Unreacted TaBrg , which
on the cooler porticns of the tube, can be driven back

imto the reaction zone and redused by moving the induction coil to
;-ﬂ-hr spot. The reaction of 0.8 g. of TaBry is complete within
,,,"’"" The tube 18 allowed to cool and the product is soraped

the tnbe wall under ankydrous conditions,

»

R
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PROPEATIES:

Black ;_:oowder with steel-blua tinge. Slightly hygmacnfvléé
Disproportionates to TaBrg and TaBrs st 300°C under vacuum,
Yieids a brown golution and an insoluble residue with H 0.

HEFERENCE:

VY. Guimann and H, Tammerberger. Monatsh, Chem. 8%, 769 (1956).

Niobium (V} and Tantelum (V) Bromides
NbEr;, TaBr,

I. Nb + l}‘zBi‘g = NbBI';; Ta + a_ﬂlgBI’ = TBB'I.';
829 104.8 1925 1814 3856 5865

Pure, dry Nj 1= saturated with Br, in a washing bottle or a
saturation tube s (Fig. 313); the pas mixture is then passed over
Nb or Ta metal contained in the horizoutal reactor tube r made of
cquartz or high-melting gless, The metal may be either powder or
aolid.

E

—— H
K L"'"_rr r il I
- il —_—
5
I

]

i
1 m .
¢ S :
2 A o
A
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X .“: g"I
Fig. 312. Preparation of nioblum (V) and .o K
tantalym (V) bromides. ) receiver; f)cold . w?m:;;
finger; m)boat containing the metal;o)tubular - Sl "
slectric furnace; +) reactor tube; s) saturation "

l_'.
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-
)
™

v
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First, the air is completely removed from the rcectar. Thﬁ;—
the mection of the tube coataining the metal is heated by aitold .

el
.
LA
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e reactor, or by a tubnlar electric furnace o,
WWW:ESE;. then bromide formation begins at $0°C; with
solid Nb, it starts at 195°C and with Ta powder at 156°C; it {g
mplete‘ in a few bours at 235-250°C. The nascent bromide
sublimes onte cold finger f. When lerger guantities are desized,
large-diameter receiver a is attached tothe end of the reactor. The
axtremely hygroscopic bromide should be removed ifrom the
spparatus white the latter is in a dry box (Part L, p. T1).

O, (3Ta0) + 10 A1Br; = 8NbBr; {6 TaBrs) + 3ALO,
- Sl';h_:s,[ 132.’175} 28673 25548  Bi832 5(8.8

In the method of Chaigneau, the mixture of pentoxide and AlBr,,
in proportions Indlcated by the ahove eguation, ig sealed under
v inte a Pyrex glass tube {vefore use, the AlBr, is purified
by vacuum sublimation). The tube is heated for 24 hours at 200°C,
and allowed to cool: the small amounts of Bry formed in the process
and residual AlBr, are vacuum-sublimed at 140°C. The pure
pentahalide 1s then Beparatgd from the Al O by vacutim sublimation

at 240°C, yielding large crystals,

I, MNbO,(Ta0;} + 3C -~ 6By = 2 NbBr, (2 TaBry) + COBr, + 200,
2658 4418 8380 9300 885D 1i81) 187.8 BB.0

The bromides are prepared Ly a method similar to that pre-
sented for NbCls {or TaCls} {method IV, An intimate mixture of
the pentoxide with very pure charcoal (preferably sugar charcoal)
is heated in a stream of inert gas (CQ,, No) carefully prepurified
to remave traces of O, and HyO and saturated with dry Brgin a
wash boitie. There is a possibility of a side reaction leadicng
to the oxybromide in the case of NhyGs: however, this does not
bhappen with Ta,D.. Wiseman snd Gregory report & reaction
temperature of 700-860°C in the case of Ta,Og. The final product
is resublimed under an inert gas or, befter, in a high vacuum
{190-200°C); because of i{s high sensitivity to moisture, it should
be handled cniy under anhydrous conditions,

Allernate methods: o) ReacHion of the pentoxide with CBry
{anslogous to that with CCl,, see p. 1308) in & sealed tube yields
pure TaBrg (In the cage of Tz,40,.) according to the equation:
Tas +5CBry =2 TaBrg + 5 O + 5 Br,. The reactant mixture
s beated for 7 days st 200°C, the gases formed are allowed to
escape and TaBre 35 vacuum-sublimed at 300°C. The yield is
ouly about 70%. The corresponding resction with Nb O doed mot
yleld pure NbBrg; instead, mixtures are formed [M. Chaignest,
Comples Rendus Hebd, Séences Acad, Sci, 248, 3173 (1959}].

B) The TaBre can siso be obtained from Ta and HBr at 375°C

IR. C. Yomg and C, H, Brubske 74, 4967
(19523, T, . Amer, Chem, Soc. T4,

[T
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PROFEATIES:

NbBrs: red crystals; m.p. 265.2°C, b.p. 361.6°C,
TaBrs: yellow ¢rystals; m.p. 265.8°C, b.pr. 348.8°C, 4 5.0.
Both compounds zre very sensitive to hydrolysis, very soluble

in ethanol (with a chemical resction), and somewhat soluble in
CCl,,.

REFEHENGES:

1. M, Alexander and F. Feirbrother. J. Chem. Soe, { London)
1948, 223; D. H. Nowicky and I, E, Campbeli in: K. S. Booth,
Inerg. Syntheses, Vol. IV, New York~Llondon-Toronto, 1953,
p. 13%; R. ¥. Rolsten. J, Phys. Chem, 63, 126 (1958); K. R
Krishnaswami. J. Chem, Soc. {London) 1930, 1277; €. H.
Brubaker and R. C. Young., J. Amer. Chem, Soc. 73, 4179
(1851); W. Littke. Thesis, Univ, of Freiburg 1. Br., 1961,

Hn. M. Chaigneau, Comptes Rendus Hebd. Séances Acad. Sci, 243,
957 {1956).

I, W, K. van Heagen, J. Amer. Chem, Soc. 32, 729 (1910); W, H.
Chapin apd E, F. 8mith, J, Amer. Chem, Soc, 33, 1499 {1911);
E, L. Wiseman and N, W, Gregory. J. Amer, Cham, Soc. 71,
2344 {1948),

Niobium Onytribromide

NbOBe,
L NbyO; + 3CBr, = 2NbOBry + 300 + 3By
2858 293.0 £97.3 &r.21 &2l

A stoichiometric mixture of NbhgOg and CBr, 19 hested for 24
hours st 200°C in on evacuated, sealed tube. The fube ie opened
at itz thin, drawn-out end, and the gases presexnt are allowedto
escape. The NbOBr, is then purified by vacuum-sublimation ut
300°C, The yield is nearly guaniitative.

1L NbBe; + Y30 = NBOBr; + Bre
4003 1181 3487 5
The apparatus is similar to that used for preparation of NbOCls
{method I); the NbBrg is heated in an O, streem at 150°C, About
1 hour is necessary for 1 g, of NbBrs The NbOBrs product ig then
vacuum-sublimed at 180°C into another section of the reactor and
kept there et 90°C, A denss orystai deposit is obtained, The final
NbOBr, must be isolated and handled under completoly snhydreus
conditions, Sl
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Alteynale methods: o) Reaction of NbsOy with C ard Br_ u

m:}c‘necompoeition of NbBrg etherate at 112°C [F. Falrbrother,

_ Cowlay and N, Scott (1655)]. .
& l‘:‘aOBr, gm be preparedirom TaBrgand Ogat 200°C via methed

T, but cannot be sublimed without decomposition.

PROPERTIES:
Yellow-brown; moisture seasitive, fumes in meist air. Thearmal
decomposition into NbOs and NbBr; begins abave 320°C,

REFERENCES:
I. M. Chaigneau. Comptes Rendus Hebd. Séances Acad. Sci. 248,
3173 {1959).

[I. F. Fairbrather, A. H. Cowley and N. Scott. J. Lesa-Common
Metals 1, 208 {1359).

Mobium [I¥], Nobium {){l} and Nebium {f] lodides

NbT., Nbl,, Nbi.
Nb!; = th + 'fl! I!; Nbl;} - NhI: + Ig
T3S BO0.5 1130 T35 473.5 2041

Nhl,

A tube, dried by fanning with a flame and prepared ior evacuation
and melt-sealing, is charged with a small amount of Nbls under
completely anhydrous conditions.

The tube is then sealed in 2 high vacuum and the end contelning
Nbl; 18 heated to 270°C while the reactor is in a horizental position.
The liberated icdine collects at the other end, which is kept at a
temperature of about 35°C (pfI,] = 0.8 mm.}. The reaction time is
about 43 hours. A residue of Nbi, remains on the spot where the

starting Nbl; was placed; it can be subiimed at about 300°C under
the above-indicated 1, pressure,

NM,

Ethey Nblg or Nbi, i8 heated under vacuum in a horizontal
i ope, 48 deacribed in the preparation of Nbl,. The higher
is heated to 425-430°C and the tube end in which the liberated
::lud is kept at 40°C. Renction time is 48 hours. The Nbis
wm:m Tesublimed in the iube at 450-500°C (partial
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Nbly

Nb[: -+ IJ'I’Hg = Nhlg + Hi
1736 1L2L 34857 gl

A Dbost contalning Nbl, i heated in & stresm of pure H,. The
reaction begins at 300°C and is complete in a few hours at 400°C,
Higher temperatured should be avoided to prevent reduction to Hb
metal or Nb hydride (theae reactions start ebove 400°C).

FROPERTIES:

Nbl,: dark-gray crystelline oblong leaflets or thin needles:
metzallic luster. Scluble in H,0 and dilute hydrochloric aeid.
Nils: insoluble in H0 or cone. HCL,

Nbig: gray-black, Insoluble in organic sclvents; slowly hydro-
lyzedhy H50C. @ 5.18.

REFERENCE:

M. Chaigneau. Comptes Rendus Hebd. S€ances Acad. Sci. 242, 263
(1056); 848, 18056 (1357); J. D. Corbett and P. X. Seabaugh.
J. Inorg. Nuclear Chem. £, 207 (1958).

Niobium (v} ladida
NbI;

Nb + 4L = NI,
928  H348 815

A vertical tube of Vycor or Pyrex glass {LD. approximately 23
mm., wall thickness 2.5 mm,) is cherged with 4-12 g, of Nb metal
{either solid or powder), A demse glass wool plug ts piaced over
the charge and approximately 20 cm, from the closed tube end,
followed by a 20% excess of pure, resublimed I, powder. The tube
and its oconteats are thoroughly degassed in a high vacwwm and

melt-sealed under vaouum. Then the reactor is placed ima -

slightly inclined position (with the Nb metal atthe higher and the I

at the lower end} and heated by means of iwo separate h.ibumt'
slectric furnaces (these meet at the cenier of the tube). The -

nlobium is heated to 300°C and the I first to 189°C and then to
250°C, The reaction 15 nearly guantitefive after 10-15 hours apd

Nbl; crystals ceilect In the transition zone between the two - -

tempersture regicns. The yields are lower with: N% powder tha

with solid Nb. The reactor i broken at the center; the Nblgds

O
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remaoved rous conditions (e.g., in & drybox, see Part |,
p M) a::d ::pm ringed with dry petroleum ether (under N 2
wndil ;he adhering 1y 1s removed and the petroleum ether stayg
oolorless. The traces of petroleum ethér are evaporated in
mr;:t;rdim to Corbett and Seabaugh, this synthesis can also be
carried out in a ¥-shaped, closed reactor tube.

The method of rescting a pentoxide with All;, used successfully
for the preparation of Tal., yields only impure Nbls when Nb,O,
j= the starting material [M. Chaignesu, Comptes Rendus Hebd,
Séances Acad. Sci. 242, 263 {1956)]. _

Alternate method; Hepested distillation of NbBry in an H
stream (a pure product iy pot readily obtalned, however) [W, M.
Barr, J. Amer. Chem. Scc. 30, 1568 (1908); W. K. van Haagen,
J. Amer. Chem. Scc. 32, 729 {1510)].

FROFPERTES:

Yallow leaflets or needle-shaped crystals with a braas luster,
Sublimeg without decomposition only under considerable I; pres.
sure, Very sensitive to moisture; decomposed by HpQ, forming
Hl.

REFERENCE:

F. Kortsy. J. Amer. Chem. Sec. 61, 838 {1939): K. M. Alexander
and F. Fairbrother. J. Chem. Soc. {London) 1949, 3472; R. .
Rolsten, J. Amer. Chem. Soc, 78, 5409 (1957): J. D. Corbett
and P, X, Seabaugh, J. Inorg. Nuclear Cham. 6, 207 (1958);
W, Littke. Thesis, Univ. of Freiburg 1. Br., 1961.

Tantalum (¥} lodide
Tal,

L Ta + %I, = Tal,
1309 GuS 8155

The procedure corresponds exsotly to that described for Nblg.
The tube end contrining the Ta metal igheated to 300°C and that con-

10-15 h::er;f firstto 180, thento 250°C, The reaction s compiete in

o 3Ta0, + 10Al; = BTal, + 5 ALO,

i325.7 10771 4893.0 508.8

In this method of Chaigneau, a stofchiometric mixture of TazOs
snd Ally, 10 a Pyrex glase tube, s hoated in vacuum for 24 hours
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&t 230°C. The tube soction containing the reactl
o
by then is black) 1s hesied further to 350°C andréimb:;;;:: ém

The Tals sublimes (rearly theoretice] yleld .
of the tuhe, where it deposite as Gr:rsta:lg‘? } into the colder end

FROPERTIES:

Shiny black rhombic erystals subliming at 543°C
‘ . ; . VApor
pressure: 7.8 mm. (320°C): 6 mm, (420°C); 421 mon, (50&"5‘3.
d 5.80. Very sensitive to moisture,

REFEREKRCE:

1. F. Korosy, J. Amer. Chem, Soo. 61, 838 {1939); K. M. Alex-
ander and ¥, Fairbrother, J. Chem. So¢. {London) 1948, 2473;
R. F. Rolsten. J, Amer. Chem, Soc. BO, 2952 (1958); W, Littke.
Thesis, Univ. of Frelburg 1, Br., 1961,

If. M., Chaigneau. Comples Rentus Hebd. Séances Acad. Sel, 242,
263 (1956). ==

Niebium §il} Oxids
NhO

L NbOy + Nb = 3NBO
124.9 2.9 21T.8

A mixture of N0, snd Nb metal {8 pulverized to as small a
aize ag possible and then compressed (ntc small pellets which are
heated for 10-20 minutes at 1600-1700°C in =n etmosphere of
very pure AT or in a high vacuum. The best support for these

-y

pollets im Nb sheef; however, the peliets should touch this sheét

only at & very few points,

H. NbO can also be prepared via a prolonged reduction of higher
nicbium oxides with H,. An especlally thorough prepurification

and predrying of the Jiydrogen is esgential. Thoreacilon is carrled - .
out at 1306~1750°C. Th2 reduction of 0.5 g. of NhO5 to N'bOtakBB Lo
about 60 hours st 1350° end about 15 hours ef 1700°C. I is'lm=

portant to follow the progress of the reduction via's per!ﬁdin‘ahh_cjg
on the welght of the reactants; this is because the resction 2lse
readtly yields Nb metal in addition to NbO. Tho miéial may start

to accumulate after the num i8 in progress for some time and, 3
the presence of the unaveidable trace impuritied: ln gy ity Bs -

converted into Nb,N and NbaG. - I L i

Lo

PRI
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PROPERTIES:

Formula weight 108.91. Gray, submetallic, d 7.30. Crysta]
strwcture: spaciia;‘.l type similar to B 1 {Na(l) type.

REFEREHCE:

G. Grube, O. Kubsschewski and K. Zwiauer, Z. Elektrochem, 45,
885 (1939); O. Kubaschewski. Z. Eleltrochem. 46, 284 (1349);
G. Brauer. Z. anorg, zilg. Chem, 248, 1 (1341},

Niobium [IV] Oxide

NBC,

In this procedure, pure NbyOg is reduced in an Hp stream at
1000-1200°C.

Nk + He = 2NBO, + H;O
2858 2n4) 488 180

the reduction time for 1 g. of oxide {contained {n a boat) {5 1-2
hours., Weight control is necessary, since prolonged heating at
high temperatures produces some further reduction to NbQ,

PROFPERTIES:

Formula weight 124,91, Black powder. d5.9. Crystal structure:
C 4 (rutile) type.

EEFERERNCE:

P. Klinger, Techn. Mitteil. Krupp, Forschungsber. 1939, p. 171;
G. Grube, 0. Kubaschewski and X. Zwlaner. Z. Elektrochem.
45, 885 (1939); G. Brauer. Z. anorg. ally, Chem. 248, 1 {1941},

Niobium (¥) and Tantalum {V] Oxides
NbyOy, Tay®,

Commerctal NbOg and Ta 0 are usuaily low-purity products;
in particular, Nb2Os often contains Tazoa,y Thgypuueyfgequently
w with Fe, Ti and St since these elements accompany

Ta iz the original minerals, The foilowing methods for
nlﬂ)fhg‘the Pentoxides are based on the assumption that the
content of these impurities does not excesd 2 few porcent.
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1. PURIFICATION VIA THE CHLORIDE

a} The tantalum and the tin can be removed fro mme:
NbOs {0r Taz0s) by converting the oxide into g cm::l-ig fouowm:d}
by extraction or distillation. This method 1s 1imited' e
guantities of reactants,

As we have shown In the preparation of Nb
Clg for T N
1304} t g. of the oxide and 4 m, of CCl, are plac;d[i: atco::::n?n

tubular bomb {which need not be evacu

carried oul while heating o zsu-awc.atg:?é é?&:iﬂ ;ﬁﬂﬁ
opened, and ihe solid pentachloride product 15 extracted five times
by sheking with 5-mi, portions of CClg, followed by phase aepers-
tion, This may be done {p alir provided the operation {s carried out
quickly. The TiCi, and SnCl, sre very readily solubie in cCl,
whereas the pentachlorides dissolve less readily and less rapidl;r
{less than 10 mg. of chieride/1 ml. of CCl,) and therefore remain
ag residues. The residues are then converted to the oxides with
10, Assuming complete chlorination prior to the extraction, the
Ti and Sn content of the product oxides should be = 0,05,

b} Instead of leaching the TiCl4and SnCl,outof the chlorination
product, the latier can be removed by vacuum sublimation at 0.1
mm. and 200°C {after the sealed tube is opened), In this procedure
the subliming pentachlorides travel omly a short distance
within the fube before depositing in a cooler zooe; however, the
TiCl, and SnCl, are volstitized so completely that the pentoxides
obtained by this procedure ocontaln less than 0.05% of TiO, and
Sn0 =18

¢} The foliowlng method, whick can be used to purify NbhOg
{but not Tagds), has the advantepe over the previously described
one that it can be used with larger guantiites of reactants.

The following preliminary treatments may be used:

a) Nby0; is fused with KHSO,; the melt is aliowed tc cool and,
efter the grinding, -is treated with dilute H80, and Hg;. The
hydrated oxide is precipitated from the peroxide soiution with
SO, at the boiling point, the mixture is decanted, the supernatent
is discerded and the agueous slurry of the precipitate is used
in further reacticons,

b} Freshly precipitated hydrated odide (or the NbgOs-KHSO,
melt) is directly dissolved in ammonium oxalate or tartaric acid
and the resulting solutionof the complex is used in further reactions.

¢) A hydrochloric acid solution or suspendion of the chiorina-
tion products (NbCl;, NbOCla} may be the starting material., :

Next, the schution (or suspensiop) Is adjusted fo a volume
Cerrasponding to & maximum concentration of 4 g. {0z, even better,
2-3 £.) of Nby0/100 mt, and the sclution is setureted, while ioe-
tooling and agitating, with HCl gas as described in detail 1a {ke
Preparation of (NH,)oTiCie 5. 1199 if, The suspension, as well a5
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xide precipitated during the treatment with Hci
mmﬁcgmas cﬁearpwhen the solutfon is saturat‘ed with HCJ;
sometimes, however, the HCI trestment and the agitation mug
be quite long. Approximately three hours are required per 10p
wl. Then 4 g. of solid NH,Cl per 100 ml, is added and the
mixtare is agitated for approxjmgtely half an hour, The
{NH,)sTiClg and (NH,)sSnClg precipitate up to their regpective
solubility lmits (0.5 mg. of T{ and 0.4 mg. of Sn/100 mi,). The
mixture is filtered through & small-porg f;xtted—gla_ss filter
(it is best to cool the filter externally with ice}; the filtrate jg
diluted witk four te five times its volume of H>0 and then hydro-
lyzed at the boiling point. The Teadily filtered hydrei.ted oxide is
then calcined to the oxide. A 70-80% yield of purified Nb O,
containing iess than G.1% of TiO 5 or S0y, is obtained. The losges
aTe due to the isomorphous occlusion of (NH)gN0OCls by the

precipitated {NH ) ,TiCl,.
il. SEPARATION ¥lA THE OXALATE

Very pure niobium oxide csn be obtained either from erude
piobium oxide or from concentrated nicbium oxide mixtures,
provided the TapOg:NbOp ratio is not greater than 1:4. The
following method js used; Precipitated, moist hydrated oxide
lequivaient tc about 20 g. of snhydrous oxide) is repestedly
treated with fresh 200-mil, portions of a solution which is 2N in
HCl and 5% in oxalic acid dihydrete, Each treatment involves
beating the mixture for severa! hours on a bath at 60-70°C witk
stirring, followed by decantation, Most of the T'a remains in the
{osoluble residue, which slso becomes concentrated in Ti and W;
the pearly pure Nb goes into solution, aiways accompanied by Sn.
The combined solutipns are evsporated te drymess, and the
residue calcined to decompose the oxalic acid, The caleination
residue is rasther pure NbOg, contzining only about 1% TaOs
Plus some alkali stemming from the starting materisl.

This fairly pure Nu Oy, in the form of precipitated hydrated
oxide, may again be subjected fo the same leaching operation,
which gives a virtually Ta-free oxide,

. SEPARATION BY EXTRACTION

_The extraction of squeous hydrofiuoric seclutions of the pent-
oxides with immiscible ketones can be used with very impura
slarting materials, In this case there ia no restriction on the
permissible Nb:Ta ratio, In this extraction, the aqueous phase
Cconlains HF and either HCI, HNO3 or K80 ,; the best purification
efficiency ie obtajned with HNOs and H.S0, The cosfficients for
partition of Nb and Ta between the two phases depend to a large
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extent on the acld concentration. The extract agent
. 8
meﬂ:yl h;sobutérl ke;tone {MIBK) or cycluhexanox All Bqulmpmy 1:
mus mage of &n HF-resistant
et gt chioriden material {polyethylens or

The pentoxide {(or a mixture of
strong hy?roﬂunric acid and the res
audition of HzS0,, to a concentration of 100 ¢, of ventaxid
56N HF and SN H.80,, This solution isgextrmﬁ mrfciﬁz:i:];
nalf its velume of MIBK. The combined ketone extracts contain
virtuaily 8ll of the Nb and Ta originally present and are free of
other metals. The organic phase is then extracted with aqueous
actd as follows.

8} When the starting material is elther Nb,Os or an Nb-rich
mixture, the organic phase is shaken with the same volume of an
agueous solution that 15 3 N in 1,804 &nd 1 N in HF. This aguecus
phase then contalns 96% of the Nb, but less than 0,1% of Te. A
second exiraction of the kelone phase with fresh acid solution
gives a second, smaller Nb Iraction of lower purity. A small
amocunt of high-purity Ta remains i tha organio phase,

b} When the starting materis} is TagOs or a Ta-rich mixture,
the organic phase stemming from the first extraction is shaken
with the same volume of an squeocus acld soiution which is 4.5 N
in HaSO4 and 2.8 N in HF, thus removing ali of the Nb together
with a small amount of Ta. The remaining ketone solution vontaina
most of the Ta (9%.9%% purity),

Pure Nb or Ta iz oblained from the ketone solutions by
extraction with pure H.0. The pentoxide, dissolved in the aqueons
{more or less acidic) final solutions, is then precipitated with
ammonia.

In special cases or when the starting materiels containa
mederate Nb:Ta patic the procedure can be modified. These
modifications are summaerized in {he following tahle,

pentoxides) is disaplved in
ulting solution adjusted, by

Extraction of Nb and Te with Methyl Isobuiyl Ketone (MISK)

Optimum extraction

Extraction system

Optimum extrection
for Ta alone {from-
the aquecus phaze)

for Nbor Nb + Ta
{from the agueous
phase}

(HF + HNO g)/MIBK
{HF + H 30 0/MIBK
{HF + HCH/MIBK

7NEF + 5 NHNO,
5.6 N HF + 8 N H 80,
6.5 N HF + 7.3 N HCL

————
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Ablwrmale methods:
IV. FLUORIDE SEPARATION BY THE METHOD OF MARICNAC

erystaltigation of K TaF, ia secompiished by addj
XF Ft? mu?ric solutions of Nb and Ta, while KoNbOF, aﬂf
curpulates in the mother liguor. This procedure is more suitakble
for a large-scale process than the laboratory [C. Honlgschmid
and ¥X. Wintersberger, Z. avorg. allg. Chem. 219, 161 (1934);
C. W. Balke, Trans. Electrochem. Scc. 85, 89_ {1_944};(3* g,
Sgvchenko and Ya. V. Tananayev, Zh. Prikl. Khimii 19, 1093

{1946); 20, 585 (1947)].

¥. TASNIN PRECIPITATION

Smpall amounts (about 1 g.) of very pure NbyOy and Ta Oy can
be obtained from the corresponding crude oxides via a simple
fractional precipitation of ¢xalate complex solutions with tannin.
The procedure is based on the analytical method of Schoeller

({1937).

V1, SEPARATION RITIt [ON EXCHANGERS

The separation of Nb and Ta on an ion exchange column is
promising but not yet sufficienily developed. The Nb and Ta
products can be oltaired in 99% purity {romt solutions which are
9 M jn HC! and 90.05 M in HF (K. A, Kraus and G. D. Moore, J.
Amer. Chem. Soc, 7i, 3865 (1946); E, H, Huffman, G. M. 1ddings
and R C, Lilly, J. Amer, Chem, Soc, 73, 4474 {1851); 4. L. Hague,
E. D. Brown and H. A. Bright, J. Res. Nat. Bur, Stzndards 53/4,
261 (1954); P, Miinchow, Chem. Zig. 84, 490, 527 {(1960}].

FROFERTIES:

Nb0y: White powder turhing vellow on heating; insoluble In
agueous acids other than hydroflucric. M.p, 1495°C. Crystallizes
in various modifications; does not form well-defined hydrates.

TajOg: White powder; insoluble in squecus acids other than
hydrofluoric, M.p. 1872°C. Crystallizes fn verious modifloations;
forms no defined hydrates.

HEFERENCES:

General: W. R. Schoelier. The Analytical Chemistry of Tantalum
and Niobjum, London, 1937; H, Schifer. Angew, Chem, 73, 153
(1858); G. L. Miller, Tantalum and Niobjum, London, 1959,

1. R F. Welntand and L, Storz, %. anorg. allg. Chem. B4, 223

(1907); H. Schifer and C. Piet Chem. 264,
106 (1961). etruck. Z. ancrg. allg. Chem. 2b3
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1. H. Schifer, L. Bayer and C. Pletruck. Z. ano allg, C
" - - - ] hﬁm.
f_f:5'231*° (191); J. Wernet, Z. suorg. allg. Chem. 367, 213

11l. K. B. Higbie and J. R. Werning, 7. &, . .
No, D235 (1856); E, L. KoernefM. SmuBtgranﬂ¢ m&eﬁ
Meeting of Extractive Metsllurgy Section of the A.LCL.E..
Chicago, 1957; G. H. Faye and W. R. Inman, Canad, Dep;:’
Min. Techn. Surv, Res. Rep, No. MD 210 (1957); J. L. Tews
and S. L. May, U. 5. Bur, Min. Rep, No. USBM-U-252 (1957):
C. W. Carlson and R. H. Nielsen, J. Metals 12, 472 (1960).

Alkali Nisbates and Tantalntes

Either Nb;Og or TagOgp is heated with an alkali hydroxide or
alkali carbonate. 3aite of differing composition ere obtained,
depending on the reactan{ ratios, the temperature, snd workup
of the reaction product. Systematic investigation hag shown that the
system alkali exide-pentoxide containg a wids range of compounds.

The thoroughly drisd starting Nb,Qg (or TagDy) and Li,COa,
NaCOs or KyCO; are mixed in ratics celculated to give the
desired finasl composition; the mixteres are heated in a crucible
at a slowly increasing temperature (e.g., 100°C/bour} to insure a
gmooth resction without loss of resciants. The best crucible
material is Pt or (particulariy for mixtures with high alkall
concentrations) an 80% Au, 20% Pd alloy. The temperature is in-
creased to just below the meiting point of the mixture and kept at
this point seversl hours; the mixture is thencocled and pulverized.
The heating and pulverization are repeated an additional twe times.
An oxygen atmosphere is maintained over the crucible during the
heating to prevent the product from splitting off oxygen.

In the preparation of the mets galts

NboO, + LizC0u(NasCOy, K:COy) — 2 LiNbO{2 NalNbOy, 2 KNbO;}

2858 Ta.8 1060 882 o 327.8 580.0
Tay0s + LizC0y{Na:C0y, ¥:00,) — 2 L1802 NaTaO;, 2K Tal))
461 9 738 1860 1382 4718 503,93 538.1

the smount of alkall carbonate may be somewhat grealer than
that indloated by the 1:1molarratio (aowever,a 2:1 ratic should not
be exceeded) and the reactfon mixture may be extracted with warm
H.O. The meta saits remaln as residues which dissolve only with
difficulty, Larger single crystals of the meta salis can be obiained
fram a XF or KC1 meit.

For informstiocn concerning polyniobates and polytuntalates, ses
Paﬂ mr Seﬂtlon 3.
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PROPERTIES:
Calorless, crystalline compounf?s-
Tha following phases are known:

e aC - NbgOs | 12

Lig0« Nb (m.p. 1408°C); L1140 - s (m.p. 1263°C);
Ll.?) . :?«rb,o:?t;.p. 1231°C, incongruent); Li0 - 14 NbOg {m.p,
1265°C, incongruent).

Na,0-NbOg:

* Nb m.p. 997°C): NagO « NogOp{m.p. 1422°C, poly-
mm?pi:ﬁf}; Na:gs- I:4 Np'hgoa {m,p. 1277°C, incongruemty; Na.O .
14 Nb Oy (m.p. 1309°C, incongruent).

K30- NbaOs:

3K.0 « NbyOs {m.p. 950°C); K30 - NbjOp {1m.p. 1439°C, incon-
graent); 2 K,0- 3 NbOs (m.p. 1163°C); KO ;3 NbyOg (m.p.
1234°C, incongruent); 3 K 0 * 22 NbaOg(m.p. 1279°C, incongruent};
6K 07 NbyOgand 7K0 + 6 NbzOg (metastable, obfainable only
by quenching).
Kso- Ta-goﬁ':

3K 0 - Tag0p {m.p. 1336°C); K 0 - Ta40p (m.p. 1370°C, in-
congruent); K 0 -2 Taglsz (m.p. 1520°C, incongruent}; KqO -
5 Ta0g (m.p. 1645°C, Incongruent).

KEFERENCES:

L. L. Quill. Z. anorg. allg. Chem. 208, 357 (1982); P. Sie. Comptes
Rendus Hebd, Seances Acad. Sci. 198, 1696(1934); P. Sile, Ann.
Chimle [11] 7, 493 (1937); F. Windmaisser, Osterr. Chemiker-
Ztg. 45, 201 (1942); B, T. Matthias and J. P. Remelka. Pkys.
Rev. (2) 82, 727 (1951); E. A, Wood, Acta Crystallogr, 4, 353
(1951); A, Reipman, F. Holtzberg, M, Berkenblit, M. Berry
and E, Banks, J. Amer, Chem. Soc, 77, 2115 (1955); 78, 718,
4514 (1956); B0, 37, 6503 (1953); 81, 1292 (1959).

Poroxyniobic and Paroxytantalic Acids
HNbLO, - 5 H,0, HT30, *n H,O
HNbO, 2 H,0
ZENDO, - HO + JHS0, + 3HO0 = 2HNbO, + 3X,50, + 6HsOs
2] 2842 548 915.8 5728 204.1

Sulfuric acid (2 N, 10 ml,) 48 gradusily added to a solution of 2 &
of potasstam peroxyniobate in 50 ml. of H.O. The precipitate
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formed {caution: this precipitate redisgolves readily if there 18 an
excess of sulfuric acid) is flitered off and wasghed three to four
times with HyO, ethanol and efher. The yield is poor (about ! g. of
peroxynicbic azeid, in the form of g light yellow powder),

HTall, ~n O

I. 2 XKaTa0, + aHzSD-I. + 4 H,O = EHTEOJ + a8 K;Sﬁ; - § H;:Oy
450.5 204 2 4918 Ll ] 20541

A solution of 2 g, of K,TeQ, in 150 ml, of H,0 iz prepared
and an approximately equivalent quantity of dilute H 80, addad all
at once, The nascent pracipitate is first centrifuged; It can then be
filterad and washed with soma H,0, then with ethanol and ether,

. Tagd; + 2H,Q. = 2HTD, — HO
4419 8.0 4819

Tantalic acid, freshly precipitated with ammonla irom a sclutjon
containing 10 g, of K, TaF,, ig treated with 50 ml, of H O and
50 mi, of 30% H,O5 The tantalic acid dissclves completaly within
a few hours, sffording a transparent, opalesceat liguld. The latter
is treated with equal amounts of athanol and saturated Nall
sclution, The mixture, which at first staya clear, sjowly deposits
out a precipiiate of peroxytantalic acid, which I filtered off the
pext day and dried with ethansl and ether,

PROPERTIES:

White aubstance, Gelantinous when wet, fine powder when dry.
Ta:poroxy oxygen ratlo =1:1.

REFERENCES:

A, Sieverts and E. L. Miller, Z. amerg. ellg. Chem, 173, 237
{1928); P. Maelikow and L, Pissarjewsky. Z. anorg. Chem, 20,
344 {1899). _

Potassium Pesoxyniobota, Potassivm Peroxytontalate

KngOlp KlTlOl .

NbO; + BKOH + 8H,O, = 2KNbO; + 11 H0
285.8 3366 2721 876.4 1082

Ta 0y + $XKOH + 8H,Oy = 2K,Ta0, + 11H,O
4419 3358 2721 HSL5 1542

KIN'JC'; b ‘f; H.ﬂ

L A mixture of NbyOg (1 part) and KOH (8 paris)ls fused in &
siver crusible. The fused mass 18 dissolved in a minimum of .
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t of Ho Oy 18 added and the mixture heated for
:l ‘g'ho:t smlliaan:‘ou&e wat;r ?:ath. The scluticn is filtered to re-
move the black Ag particles, 9-10 moles of_ H,0/ mole of Nb O,
iz added, and the mixture is precipitated with an equal velume of
athanol, The precipitate Is air-dried and washed with ethanol ang
ether: it is then redjssolved ina mixture of three to four moles of
H,0, and 0.5 moles of KOH/mole of the Nb4Op reactant and pre-
cipitated with 1-1.,5 times its volurne of ethanol, The precipitate
is again dried with ethanol and ether,

freshly precipitated
1L The fusion step can be avoided by using

niobic acid or potassinm nichate instead of NbyO .. These com-
pounds are dissolved in potassium hydroxide ard the workup pro-
cedure 18 the same as that deseribed in method L

K. Taly

Tantalic acid Tap0s = aq. is precipitated with ammonia from
a taatalum solution {(o.g., that of K TaF,} The precipltate is
suctjon-filtered and washed with a large quantity of Hz0O. The
galatinous intermediate, which should pot be allowed to age, is
added to a sclution of 20 g. of very pure KOK in 250 ml, of 3%
HzQ, (made from “Perhydrol,”” Merck) until the solutien is satu-
rated. Cooling to 0°C causes separation of granular peroxytantaiste
crystals, which are suction-filtered and dried with ethanol and
ether or in a vacuum desiceator over HqS80,.

The pure white erystals have a compesiilon corresponding io
K:Ta0g; the yield is poor,

K.Ta0, 'y H.O

A mixture of Ta,0z (5 g,) with three times the stoichlometric
quantity of KOH 18 fused In a silver crucible, The product i8
allowed to cool and is then dissolved in 3% H,Cy any separated
eflver is filtered off. The sclution is treated first with 20 timea
the stolchiometric quantity of H,0. and then with an equal vojume
of ethacol. The precipitated, fine powder of the salt is suctlon-

filtered and dried with ethanol and ether. Yield: 6 g. of pure
white K Ta0, - %/, H,0.

REFERENCES:

A, Bleverts and E, L. Miller. %, anorg. 2llg, Chem, 173, 287
(1828); C. W, Balke. J, Amer, Chem. Soc, 27, 1140 (1905);
%N;‘st} B;Ikemgnd E, ¥. Smith, J. Amer, Chem, Soc. 30, 1637

Y w and L. Plegarjewsky, Z. gnorg. Chem.
20, 344 {18989}, jewsky g
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Niabium and Tantalum Sulfides
1. FOOM THE METALS

In genaral, the synthesis from the elemente givas products of
any desired composition, If the reactant ratios correspond exactly
to the region in which s phaee is homogeneous, the product is TRLLE
gtherwise, it is a mixture of phases,

A mixture of about 1-3 g, of solid Nb metal (or, better, Nb
fillngs or powder} and that guantity of vecuum-distilled sulfur
which will give the desired product composition is Placed in a
quartz tube, which is then evacuated. The mixture is heated
aslowly 2nd then Rept at 700-1000°C for two daye. Under these
conditions, dpending on the temperature uased, either the nigh-
or the low-temperature wmodifieation of = phase is obtained,
Special conditions zre required for some compounds (e.g., hex-
agonzl NbS;:850°C < T < 1050°C, with the niobium pleced In the
hotteat zome of the ampeoule; rhombohedrai Nb,,, Sa: T > 800°C,
nichium in the coldest zone of the ampoule),

In no case i the sulfur quantity absorbed greater then that
gorrespondiag te the formula NbS, No preparative methods are
known as yet for NbS,. Traces of this compound are formed
during the preparation of other nichium sulfides, The heating of
mixturag Jow iz gulfur should be occasicnally imterrupted, the
Intermediate product repulverized and remixed, thenh replaced
in the evacuated tube, and the heating centinued.

The lower sulfides may slso be obizined by homogenization
of the corresponding mixtures of nlobiurm sulfide + Nb, In addition,
partial degradation of the higher sulfides by distilling off the
sulfur in & high vacuum also yields lower sulfldes, Another
preparative mathod i8 based on the reaction of Nb with HS at
temperaturss between 550 and §06°C,

The tantalum sulfides ars prepared by procedures based on
the same principles. Since the phase relationships are less
complicated, one has preater Iettitude in selscting the prepars-
tive conditions. The tantalum sulfide with the highest losown
S concentration is TaSs, which can be obtained at 6§00°C,

. FROM THE PENTOXIDES

Efther Nb.O, or Tey0g (2-30 g.) is placed In 2 looke layer
ina pm--::elainE reactor tube and exposed for three o six hours at
950-130(' C {0 a S -seturated stream of HS; prior to entexing
the tube, the latter passes through a purificaticn and dryisg tra;in.
ag well as through a washk hotile containing ¢S5, at 25-'35@.
The reactor must be thoroughly purged of air prior io the run nnd_
air leaks must be avolded during the reaction, In particular, tha
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t be air-free, The ¢crude sulfides are then extracted wity
gS's m“;mve traces of precipltated 3. The Nb product has the
ou;pusiuon NbSy.s, the Ta product TaS,q. It appears that no
other compositions can be obtalned by this method,

PROPERTILS;

The hexagonal NbS, and the rhombohedral Nbp; .8, are blue-
black, shiny crystalline campounds: NbSj single crystals 0.5 mm,
in size can be obtained, The remalning niobium sulfides are
dark-gray to black or dark-brown powders deveid of luster,

The TaS, consists of microscopicaily small leaflets, not
apprecisbly velatfle in vacuum up to 1180°C, wheteas TaS, don-
sigts of a mass of loose, feltlike crystalline fibers which are
always obtajned when other modifications are heated for 14 days
at €00°0. At B50°C, TaS, decomposes rapidly into TaS, and
sulfur, which dissolves In the TaS,;. The sulfides are unaffected
by hydrochloric acid and sodium hydroxide, but vigorouslky oxidized
by hot concentrated H 80, or HNC .

Seven phases are known In the Nb-8 system: ‘““H-Nb3'" {fem-
porary general designation, probably comprising two or more
phases), hexagomal Nb, S, (0<y < {0.,3) and the closely related
hexagonal Nk, S, (0,3 < x < 0.43), rhomhohedral Nby, .5, {0,12 < x
< 0,5), hexagonal Nb3s, rhombohedral Nh8, and monoelinic NbSa,

HEFERENCES:

Nb-8: W, Biltz and A. Kbcher, Z, anorg, allg. Chem, 237, 369
{1938); O. Honigschmid and K. Wintersberger. Ibid. 213, 161
(1834); H, Biltz and W. Gonder. Ber. dtsch. chem. Ges. 40,
4963 (1907); G, Higg and N, Schdmberg, Ark. Kemi. 7, 371
{1954); Hérst Miller. Thesis, Univ, of Freiburg 1 Br., 1938;
F. Jelilnek, G. Brauer and H. Miifler. Nature 18§, 376 (1960},

Ta-$: W. Biltz and A, Kocher. 2. anorg, allg, Chem. 238, 81
(1838); H, Biltz and C. Kircher. Ber. disch, chem, Ges. 43,
:f:ﬁﬁﬂ[lglﬂ:l; G, Higg and N, Schinberg., Ark. Kemi 7, 371

Minbiym oand Tantalum Nitrides

L The pure Nb and Ta nitrides are prapared by syothesis from
the elements. The reactant metals should be fins powders and
#hould be degassed by heating tn high vacuum. The N must be
completely free of O, and H70, With fine metal powders, the
reactlon temperature should be 1200°C:; with Hilngs or solid
metal, # muet ba 1300 to 1500°C, Temperatures higher than these
Baurally increase the nitridation rate; however, because of
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squipment limitations, they are employed only in the case fn which
the metal, in the form of wire, is clamped ento terminals and
heated electrically in an N, atmosphere,

Hydrides of Nb 2gd Ta can be used instead of the metal. The
nydrides lose thelir hydrogen during the firststages of the reaction,
atfording an especlally reactive, fine metal powder; this, in turn,
permits lower reaction temperaturss, I addition, very pare NH,
may he used instead of N,. The reactlon of the metsl with am-~
monis oceurs at a temperature which is ususlly 300-400°C lower
than that required for N,

z) Nitridatlon of thin metal wire can be achieved at tempera-
tures between 1350 and 2800°C, Thia procedure, whichuaes nitrogen
under prassura, siways yields producte with an N sontent corre-
sponding to the upper limit, Nbd. The rates of Teaction are high
but the amount of obtalnable product 18 obylously small. Products
with a low N coxntent can be obtained by shoriening the heating
perlod and lowering the N, presaure; product homogenelty cannot
he guaranteed, however.,

b} To obtain nitrides from metal powder, the latter 18 placed
in a sintered elumins boat ingeried lnic a ceramic reactor fube.
Becasuse the nitrides are so extremely sensitlve to oxygen, com-—
pletely oxygen-free producis can be obtained only If penetration of
forafgn gases in Teduced by using the best, least porous ceramic
reactor materials, Even these exhlbit some porosity, however. The
best method 18 fo inkert the resetor tube into znother protective
tubs and fill the annular space between them with very pure Na.
The products vary ia N content depending on the temperature and
duration of nitridation, and czn rangeupto NbN or TaN, To achleve
high homogeneity and nitrogen contents, the mixture of reactants
must be cooled from time to time, removed from the apparatus,
reground to a fine powder, and nitridized again,

The hest method for obtaining products of a given desired N
content is synthesis stariing from a homogeneous mixture of
highly nitridized materialg and metal powder. Such mixtures are
homogenized by prolopged oalcination at at leagt 1400°C (high
vacunm or Ar atmosphere) with occasional ceoling and regrinding
of the calcinad Intermediate product.

1. Less purs niobium nitrides can be obtained from the oxide,
earbon and nitrogen:

Nid, + 2C + Vel =NbN + 200,
An intimate mixture of NbQg and the stofehiometric quantity of

ath-free oarbon is caloimed In & etream of very pure Ngor NHy
st 1250°C, The products probably gl contain pome O end C.
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This method is oompletely unsuftable for the preparation eof
Ta nitridsa because In thia case the product gontzins conaiderable
jos of O and C.
Tve nitrides ocan also be obtained from the oxides and NH,,
provided the reaction time is sufficiently long.

PRGPERTIES:

Daerk products with submetallic appearance, Products with &

N content are yellowish-gray o7 brown, those with a low N

content are dark gray. M.p.: NbN about 2000°C, TeN about 2804°C,

The N, decompesition pressures begome appreciable at tempera-

tres exceeding 1400°C. Not attacked by acids. Readily and

quantitatively convarted to the pantoxides by moderate calecination
in the presence of air (this 15 a2 analytical method}.

The independent phases which exist in the Nb-N system
correspond to the compositions NbN,, 500875 NPNo.,pe 6,96 and
NbNg co040 ; Gensity of these ranges from 8,3 to 8.4,

The independent phases in the Ta-N system correspond to the
compositions TaN, g {d 13.8) and TaNp, so0,10 {d 15.4}.

REFERENCE:

Ia. K. Becker and F. Ebert, Z. Physik 31, 269 (1325); K. Moers,
Z, anorg, allg, Chem, 198, 243 {1931); H, Rigener. Z. Physik
132, 448 (1952),

Ibh, C, Agte and K, Moers, Z. anorg. allg. Chem, 198, 233 (19831);
G. Brauer, Z, Elektrochem. 48, 897 {1940); F. H. Horn and
W. T. Ziegler, J, Amer, Chem, Soe, 89, 2762 (1547} G. Brauer
and 4, Jander. Z. aporg, allg, Chem, 270, 160 (1852); G. Brauner
and K. H. Zapp. Z. anorg. allg, Chem, 277, 128 (1857); R. P,
Elliot and 8. Komjathy. Columbium Metaliurgy Symposium,
New York, 1960; G, Brauer and R, Egselborn. Z. anorg. alig.
Chem. 303, 151 (1961).

IL fm zls‘l:l:'iedarlch and L. Sittig. 2. aporg. allg. Chem, 143, 308

Niobium and Tontalum Phosphidas

NbF;, TaF,, NbF, TaP

Tbese phosphides are prepared b -
mtuis e y synithesis from the ele
» elther la a ““Faraday apparatus” (see Part I, p. 76} or by

7
ol
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heating a mixture of metal powder and P {n an Al crucible,
either case the reactor is a sealed, evacuated qu:?t';. tubem m

Nb + P (2P) = NbP (NbPy)
929 31.0(820) 1289 (154

Ta + P (2P) = TeP {TaPy)
1809 310 20 214 (242.9)

In the ‘“‘Faraday method,’* that end of the tube which contains
the ¥ is heazted to 450-530°C, while that containing the mstal is
heatod first to T56°C and then to 950 ta 1100°C,

In the methed which uses s mixture, a fast onset of the reaction
sometimes leads to explosion of the sealed tube, particularly if the
P content of the reactast mixture s high,

The lower phesSphides can alse be obtained by degradation of
producta higher in phosphorus, This is done {n high vacuur at
850-800°C,

FROGPERTIES;

Black to dark-gray substances; fairly resistant to common
reagents, vigorous resctioa only with copc. Hz80,: In the case of
products high in phosphorus, also with conec. HNO, Completely
decomposed by fuzion with alkaline oxidizing agents, @: TaPy 8,45
TaP 10,85,

REFERENCE:
M, Zumbusch and W, Blltz. Z. anorg, allg, Chom. 248, 35 {1841}

A, Reinecke, F, Wiechmann, M. Zumbusch and W. Biltz, Z.
anorg. allg. Chem, 248, 1 {1942}, .

Niobium and Tontalum Carbides _ ¥

1, a) Pure products must be synthesized from the elements. _

Nb+C=NbG; Ta+C=TeC © i

923 120 1049 1809 128 1929 B |
.

Intimate mixtures of Nb or Ta metal powders {or mm,m
hydrides with carbon {as ash-free as popsible) are: plactd-br
graphite hoats or praphite crucibles and heated in A vasuum or ik
&0 H, atmogphere, Reaction temperatures vary between 1400 and
2100°C. When a tubular carbon furnace is used #8 the hest source
and an H, stream as the protective gas, the carbon sontent of the
mixtures should ba 15-20% lower than stoichiometric; th;l&d&

“
e
e
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BCIESS causea the Hg to react with the earbon of the
PaTmaoe m h&';":g.t, and the resuitant hydrocarbons supply the
wdditional oarbon needed to achieva the desired composition,

An additional purificatfon of the carbide powder can be obtained
hy sintering (see TiN, p. 12331.). For purposas of presinteriag, the
carhide powder is pressed into pellets which are embedded in
Jooss carbide powder to protect them from chemical agents, ;I‘hese
pellets aye then presintered at & temperature of 2500-3000°C for
sbout 15 minutes. The subsequent high-temperature sintering in
a at above 3000°C produces ‘‘self-purification’” becauss of

of impurities,

vullbt;lifz;t:t);min qI:la.ntities of cerbides, Nb {for Ta) wire is heated
at temperatures exceeding 2500°C iz an H, aimeosphere which
contains small amounta of hydrocarbon vapors. The presence
of N, makes so little difference that up to 80% of the H., may be
replaced by N, Suitable hydrocarbons are toluene, methane and
acetylene. The nascent carbides formed may lose carbon at the
high temperatures if the CH , content of the gas is lesa than about
1 %, or that of CHy 1s less than about 14 %,

L The carbides can also be obtained by reacting the axide with
carbon,

NbO. + 3C = NbC + 2C0
Y 360 1049 56.0

TaOs + 7C = 2TaC + 5CO
418 841 3858 146.1

The reapective powder mixtures, in Mo or carhon boats, are
reacied at 1250-2300°C fn ax H, stream, At 2300°C, a one-bour
heating iz recommended. When carbon tubss or hoats sre nsed
as in method Iz, the mixture may be leas than stoichiometric with
respect to carbon, The products may be further purified via the
above-cited sintering,

Alternate methods: Crystal growing procedurss.

a} A carbon fiber ia resistance-heated to above 2004°C with
current. The ffher {8 {n a ‘‘reaction lamp,”’ which also holds
thoroughly degassed TaCl, {his process cannot be used with Nb).
The quantity of TaCl, needed is Qifficult to measure out (aisc, with
excess chioride, free metal or lower carbides are formed on the
tacandescent fiher). At any rate, this process may be foliowed by
In:‘arrbigiz.atlun in mtlh;ie.}prcenema of Hy and a hydrocarbon vzﬂr

. G, Burgers ..M B . 2. . . . 218,
”’b?ﬂgm asart, 2. anorg, alig, Chem

lde may al#o be deposited on a sten wire exposed
M 1900-2300°C and 0,1 mm, Hg to an Ha grngler gas containing
#mall amousts of TaClg (NCly) and toluene vapor, However, this

Bownr . -
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carblde product will contain 1 iarge amount of free metal and must
be subjected to & postoarbidization treatment (K. Becker and H.
Ewest, Z. techn, Phyaik 11, 148 (1930); K. Moers, Z, anorg, allg,
Chem. 198, 243 (1931)],

c) According to a patent [D, Gardaer, U.S, Patent 2,532,285
(1946/50}}, the pentachlorides can be reacted with H; and carbhon
derivatives such as CCl, or CaC; even at 600 to T00°C,

LOWER CARBIDES

Most preparative methods describe the synthesis of ¢arbides
of the lmiting composition NbC and TaC. However, method I {ar,
H properly executed, also the above-deascribed crysial growing
procedure} also gives products with a low C content, e.g., products
corresponding to the lower carbldes Nb G (and Ta C).

FROPERTIES:

Iron-gray to dark-gray powders; the sintered solid exhibits a
bright metalllc Inster; tarnishing frequently changes the surface
color to brown to yvellow, Does not lose carbon at high tempera-
tures in the presence of hydrogen, provided a small amount of
hydrocarbons ig present in the gas (see methodlb), Stable to Nyap
to shout 3300°C, Quite sensitive to O and HzO on heating, undar-
going rapld oxidation sbove 800°C in afr. Not very volatile in high
vacuum up to 3080°C, :

NLC: m.p. 3600°C; d 7.6,

TaC: m.p, 3900°C; d 13,9,

BEFERENCE:

lz. C. Agte and K. Moers, 2, anorg. allg. Chem, 198, 233 (1931);
G. Brauer, H. Repper and J, Wernet., Z, anorg. allg, Chem.
277, 249 (1954); G. Brauer and R, Lesser., Z. Matall_hn%"
49, 622 (1958); 50, 8 (1958); E, K, Storms and N, H. Xrikorlan,
J. Phys, Chem. 63, 1747 {1959); R. P. Ellloft. A.8. M, Preprint
No, 179 (1960). n

Ia, b. K. Becker and H, Dwes. 2. techn. Physik 11, 148 {2930).

M. E. Friederich and L. Sittlg, Z. avorg, allg, Chem, 144,168 -
(1925); C. Agte and K, Moers, Z, anorg. alig, Chem. 198, 233

{1931); A. Y. Kovalskiy and Y. 5. Umenskiy. Zh, Fizich. wi.,;:
20, 769 {1946); Chem. Zenir, 47, II, 1346, R
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Chromiuni, Ma{}*édﬁmm; Tﬂﬂg!!fﬂ, Uranium
F. HEIM and S. HERZOG

Chromiuvm
Cr
I. CT;O: -+ EA! = ECT + Aie(}a
1520 339 1.0 n.4a

An intimate mixture of 79 g. of pure ignited Crz0a, 33 g, of Al
granules (or Al powder), and 25 g. of fused and powdered KzCra0,
is placed in a clay crucible whose bottom iz covered with 10 g. of
CaFg The mixture is caused to react by means of ignition mixture
and = strip of Mg.* After cooling, the contents of the crucible are
broken up, and the spheres of metal are mechanically extracted,
This gives about 99% pure chromium metal in 50-75% vield {the
larger the quantity of reactants, the hetter the yield).

L 2K [CrCL{H04 - 3Mg = 2Cr + 3MgCl, + 4KCl + 2H.0
6310 arh 4.0

The K (CrCls{H;0)] 15 obtained by dissolving 100 g. of K2Cra0»
in the minimum quantity of water, freating the solution with 400 ml,
of HCY {d 1,124}, and gradually adding 100 ml, of 80% alechel. The
reaction is accompanied by viporous evelution of hest. Then, 170 g.
of KCl is added and completely dissolved, the mixiure filtered,
and the filtrate evaporated to drynesa, The mass is then completely
detiydrated by further heating. The resulting violet solid is then

*The ignition mixture, called ‘* Ziindgemisch?’ or **Ztindkirsche’
(gniting cherry}, consists of an intimate mixture of 15 parts by
welght of barium peroxide and 2 parts of powdsred magnesium
metal beld tegetber with collodion, The whoie is wrapped in mag-
pesium ribbon, which acts as fuse {H, Bliicher, Auskunftabuch fiir
#e chemische Industrie [Data Book for the Chemical Industry], 18th
ed., de Gruyter, Berlin, 1954, p. 13z43,

1334
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ground, and any green portions are removed as completely as
possible, The potassium chromijum (I} chloride thus obtained is
mixed with 50 g. of My filings. The mixture is placed in a covered
Hessian crucible, brought to red heat ang held at this temperature
for one half hour, However, not all of the KC1 muat be allowed to
volatilize, otherwise a fraction of the Cr will be converted to the
oxide and will contaminate the product, After this calclastion, the
crucible is cooled and broken. The shards and the particles of
green chromium oxide, which appear on the surface of the gray=-
black melt, are removed, The mechanically cleanad mass is then
placed in weier, where it crumbles to 8 powder. The =oluble salts
gre removed by decantation. The residue j= boiled with dilute
altric acid to remove the excess Mg {and the MgD which has
formed from it).

Any Mg(NQa)z and excess acld present are separeted by further
decantation; filtration is oot recommended because of the fine
particle size of the metal, The Crresidueis dried on a steam Tath.

Yield about 27 . of light-gray, microcrystalline powder whose Cr
content is 29,64,

Hl. ELECTROLYSS

The electrolytic cell consists of a beaker with a copper cathode
rod suspended in the center. A lead sheet or a coil of lead tubing
placed along the wall of the cell serves as the ancde; if the latter
arrangement iz used, cold water is circulated through the tubing.
The electrolyte consists of a sclution of 240 g. of CrOg, 3 g. of
Cra{SOals - 12 Hz0, and 8.8 g of Cr{OH)s * 3 HzO In one lter of
water. A ocurrent density of 0.10 amp./cm.? and a potentie] of 3.2
volts are used. It is essentinl that the electrolyte remain undis-
turbed (no stirring) during electrolysis. The thick layer of Cr
which formas on the cathode in & few deys is readily stripped off,
If it should prove necessary to remove the H, which accumuiates
in the metal voids during deposition of the Cr, the product should
be heated to 600°C In high vacuum,

IV. Duetile Cr is chtained from CrCls and Ca in a sieal bomb
under argon, For detells of the method, see section on Ti T A
p. 1161, q. z.ﬂt

PROFERTIES: AR
Atamic waight 52,01, Solid Cr has a silvery luster; very hard asd
brittle, but very pure Cr is ductlis, M.p. about 1920°C (ia vmmm]_r,:
b.p, sbout 2200°C; d° 7.138. Body-centered ocubic orysietsy
hexegonal form also exists. : L
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REFERENCES:

, Lehrbuch fir das ancrg. chem. Prektikum [Text-
- mlgﬁorg. Chem. Practice}, 5th ed., 1944, n. 188.
. H. Funk. Darst. der Metslle im Laboratorium [Preperation of
Metals in the Layoratery], Stuttgart, 1938, p. 3
Wi, Private communication from Prof. G. Grube, SeeH.Haraldsen
and E. Kowalsky, Z. anorg. alig. Chem, 224, 330 {1935},
V. W. Kroll. Z. anorg. allg. Chem. 226, 23 {1835).

Chremium (I} Chioride
CeCly

L ool + Ve Hy = CrCh, + HCI
1554 .2t 12289

The special vessel (2.5 x 50 em., Fig. 313) used for the reduction
is made of high-melting glass. For reasons of safety it is first
baked in vacuum at 500%C while empty. It is provided with & two-
hole rubber stopper, through which the outlet tube z and the longer
inlet tube b {(8-mm. diameter) are inserted. The reactor is charged
with CrCl, (prepurified by sublimation in & stream of Cig}). The
tube is heated to 300°C in a thermostetically controlled electric

| furpace
a 3 "

| it

il

Fig. 313, Preparation of chro-

mium (I} chloride, & inlet tybe

for hydrogen, Ha-HCI mixture, or

nifrogen; d stopeock with 10-mm.

bore for withdrawal of reaction
product.

furnace, while a mixture of H, and HCI {the latter serving to hinder
any fariber reduction to Cr) is admitte:ﬁfruughb {the GI}F. Og-iree,
2" ml/min, gas streame are mixed in 2 tes prior to introduction
the apparatus), The outlet tube o 1s connected to a drylng tube
:m with CaCl,. Totest for completeneas of reduction, the furnace
removed briefly from time to time {pure CrCly, is white), When

ﬁ“m B
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the reacticn 13 complete, the furnace is ceoled, the Hy-RCl mix—
ture displaced with dry N, or CO, and the inlet hube pulled
hack until itz tip is at the rubber stopper. The reacior tube is
then meli-sealed at constriction ». Any required quantity of CrCl;
can be shaken cut of the tube through the 10-mm.-bore stopeack d;
in this operation, the CrCl; must always be under dry, Og-free
inert gas, which Is admitted through stopooek e. (For specisl

apparatus for storage under inert gas, see also Part I, pp. 71 and
75.}

L. Cr = 2HO = CCL + Hy
520 445k 1229

A small porcelain boat is charged with pea-aized pieces {or,
hetter, powder) of metsllic Cr and inserted In a guartz re-
actor tube, Dry, Og-free HCI ig passed through the tube, which is
heated fo as high a temperature as possible {1150 %o 1204°C). On
cooling in the HCP strezm, an asbestoslike mass of white {or, if
impure, pray} crystalilne needles of CrCly is obtrined. Because
of its toughness, the mass 13 very difficull to remove from the
boat. The preparation must be sealed as repidiy as possible Into
a sample tube filled with N5 or COg if this is not done, the
anhydrous CrCl, is rapidly hydrated by atmoepheric molsture,
after which oxidation also occurs at once. Becnuse of its high
melting point, some metal may be trapped within the chloride and
thus remain unreacted. iher

[
0L Cr{CH,COO}, + 4HCt = 2CiCl, + 4 CH,CO0H
J40.2 145.8 2459

Ten grams of fine chromium {I1) acetete hydrate Cro{CHACOO) "
2 H,O orystals is debydrated in 2 three-peck fiash 2¢ 110 to 120°C
(aspirator vacuum); the color changes from brick-red io brown.
Then, 60 ml. of air-free ether is added and dry HCI is passed
through the vesse! with the suspension (the vessel 1 in kn ice bath
and 1s protected against atmospheric molsture by a P 0y tube).
After several minutes, a violet coler is observed in the solution,
and the chromium acetate powder is transformed (with an increase.
in bulk) into chromium () chloride whick stiil coptains some
acetic geid. The flask 1s swirled during this operation to prevent
clogging of the inlet tube. The white crystals are filtered imithe
absence of alr, washed with absolute, eir-free ether, and drieg
at 110 to 120°C, The scetic acidisthus elimingted, and pure whitey
analytioslly pure CrCly is obteined as e residue. Yield 4-5 gu-* -~

PROPERTIES:

White crystels or fused, fibrous mess, M.p. 8234°C; 41§ 2,751,
Very hygroscople. Can be sublimed in vacuum. Dizsolves readily
In water, glving a sky-blue solution,



1.3 F. HMEW AND 5, HERZDG

KEFERENCES:

. sis, Unlv, of Leipzig, 1925, p, 43; F. Hein, Z,

- mcm‘ ‘g::m '_2_3,, 314 (1831); F. Ephraim. Helv. Chim.

Acta 17, 281 (1934); A. B, Burg in: L. F. Audrieth. Inorg,

Syntheses, Vol, II, New York- Toronto- London, 1350, p. 150,

O. J. Xoppel. Z. aporg. Chem. 45, 361 (1905); W. B!itz and E,

Birk. 7. anprg. allg. Chem. 134, 134 (1324); W. Fischer. Z,

anorg. allg. Chem, 222, 309 (1838); H. Hecht. Praparative

Anorganische Chemie [Preparative Inorganic Chernistry],
Berlin-Gottingen-Heldelberg, 1951, p, 80.

IIL Private communjcation from F. Hein, E. Kurras and W. Kiein-

wichter (unpublished).

Chromium {lil} Chloride

CreCl,
L 2 Cc + 2 CI: = 2 C[C};
1040 BEOL 316.8

Coarse Cr metal powder {10-20 g,) is placed in a 50-cm.-long
and 3cm.-I.D. horizontal porecelain reactor tube, which is heated
in a blast lamp flame, It i3 essential that all residual air be
displaced by a fast stream of completaly dry Cl, {for at least
ball an bour prior to introduection of the Cr). The i{emperature is
then raized as high as possible; the tube is allowed to cool, and
the Cl, is displaced with dry COg. Violet leaflets of OrCl, form,
with a large increase In volume (to avoid plugging the tube as a
Tesult of this volume increase, the Cr reactant should be distributed
<ver a long stretch of the tube).

The CrCl, is purified by sublimation in the atream of Cla, then
repeatedly boiied with conc, HC1, washed with distilied water uatil
disappearance of chloride reaction, and dried at 200 o 260°C.

The high sublimation temperature of over 1200°C is & disad-
vantage of thle method., Under certain conditions the procelain
tube can be markedly corroded in this operation and, in addition, it
may be plugged as a result of the large volume incresse ocourring
during the formation of the chromium (MT) chloride. The foliowing

» in which green chromium (IO} chkloride hydrate is de-
bydrated in a stream of CCl, ai 600°C, avolds these difficulties.

N. OVESALL EQUATION :

FCrCI{OH,),]C) -2 H,0 = CrCl, + 6H0
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SIDE AND INTERMEDIATE REACTIONS:

A[CCHOHNICH 2HO = Cry0y + 6HC + 9H,0
Cr;(); + 3 CCL = 2 CrCl,, + 3 C‘DG];
2 Cl';o; + CC.I. = 4 CrCi; + CD‘

Thug, one by-product is phosgene, which must be carefully
vented {use a heod!). Simple abgorption in water is not adequate,
since the hydrolysis is not instantaneous.

The gpparatus is shown in Fig, 314. Forty grams of green
chromic chloride is placed in quartz flask ¢, which ia placed in an
electric furnace capable of delivering 650°C. The apparatus for
generating and superheating CCly vapor iz then attzched, 'This
apparatus coneists of the 250-ml. diatilling flask ¢ with its super-

pesed dropping funnel and a U tube immersed in a silicone oil bath
at 150°C,

Fig. 314, Dehydration of chromium (ITI) chic-
ride hydrate with carbon tetrachloride.

After brief heating of the furhace (flask temperaiure of 1G0-
156°C), one drop of CCl, per secornd is admitted from the dropping
funnel inte flask @, which is heated with a Bunsen burner in such &
manner thet each drop vaporizes at once. After some time {furnace
temperature of about 300°C), a mixture of water, CClg, etei
distills over. It condenses In d; the noncondensing gadses (ihcleding
phosgene) are vented through the hood, After some two hours of
reaction, when the furnace temperature hes reached GEO*C, the gas -
atream is Interrupted and the apparatus allowed ‘o cool, The
aphydrous CrCl, remains in the flask in about 0% yield (some of
it sublimes), The lustrous violet orystailine leaflels ave extracted
with boiling dilute HCI and Gried. About 20 g, of ¢hromium (1)
chloride is obtained.
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PROPERTIES:

Formuls weight 153,38, Rad-viclet crystalline scsles with
motzliic luster. iaM.p.N 1150°C, May be sublimed in Cl; stream;
rate of solution in water, acids ard OTRAnic solvent_s 1measmab1y
slow. Additionof avery smailemount cfCrCl, alds in rapid solution

of CrCl, in water or alcohol.

REFERENCES:

1. Private communication from H. Hecbt, Greifswald; F, Hein, 7.
anorg. allg. Chem, 201, 314 {1931).

IL G. B. Heisig, B. Fawkes and R. Hedin in: W, C. Fernelius, Irorg,
Syatheses, Vol, II, New York-London, 1946, p. 123; A, Vavouljs
et al. bid., Vol. VI, New York-London, 1960, p. 128,

Chromium {{lj Bromide

CrBr:
L CeBry + 0.5H, = CrBr, + HEBr
2915 el 5148

A weighed quantity of CrBry is reduced to constant weight in a
U tube at 350-400°C for 6-10 hours. The most painstalking puri-
fication of the H; is essential for suceess. For uniform hesting,
the U tube is surrounded with an asbestos box.
ether
1L Cry{CH,COQ), -+ 4HBr = 2CrBr; + 4 CH.COOH
346.2 3237 4247

The procedure is the same 2s for chromium {II) chleride

{method HI), but hydrogen bromide is used instead of hydrogen
chloride.

FROPERTIES:

White crystailine powder; d§ 4,866, Soluble in air-free water,
yielding 2 blue color, Rapidiy oxidized in njr.

RSP FERFNCES:

L W, Biltz and E, Birk., Z, anorg, allg. Chem. 134, 134 (1824);
W. Flacher and R, Gewahr, Thid. 282, 309 (1936), d

0. Private communication from ¥, Hein o= 4
= . » E. Kurras and W. Kiein-
wichter (uapublished), -

Sk
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Chremium (II}} Bromide S
CrBr, o
2Cr + 8B, = 2 B .
040 4195 583.5

Electrolytic Cr powder is spread in & thin layer in a quarts
reactor tube and bromine vapor, predried over PyOg, i5 passed
over the Cr iIn a stream of O,-free, dry N, or Ar. The quartz
tube is heated to about 1000°C, whereupen the two elements combine
with incandescence at the beginning of the reaction, The unconverted
Br, is condemsed in a receiver cooled in ice-galf mixturs, After
4b-60 minutes, the maierisl is allowed to cool while maintalning
the gaz siream. The lustrous black, leafy erysials of CrBrg aré
purified by several extractions with absolute sther and decantations
with ice water (to remove traces of adnering CrBrg). This i
followed by washing with absolute aleobol and ether: the product
ias dried in a vacuum desiccator over PyCp.

PROPERTIES:

Formula welghi 291.7€, Black lustrous crysials, green i.n
transmitted and reddish in reflected light, Soluble in water oniy
upon gddition of Cr (If) selis,

BREFERENCES:

J. Reschke. Thesis, Unlv, of Lelpzlg, 1925; F, Heln and . Wintner-
Hélder, Z, anorg. allg. Chem. 201, 519 (1931).

Chromium {li} lodide c Lt
YA

Crls ]

it

Cr + L = Crh R
s20 2598 8084 PEERPOR.
ﬂlﬂ‘

The starting materials are electrolytic Cr raduced tu Ehez
of millet seed and I, resublimed over KI (sge p. B?Tjn‘ﬂha s
paratus is shown in Fig. 315, The guartz resctor tubd B¥EE ‘

't‘-’

.3"

e

overall length of about 56 om, &nd &n LD. of 2 cm. {z.ﬁcm.&ttaa

bulged-out section). The tubs ends {on the right side of the drawdngy
in e quartz capiliary spiral which is someéwhat constrictad:
on the opposite side, it can be closed -offbya Inrg%-rldﬁ.ﬁ
ground joint connected to stopoock hy. The scooling tEag?
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k hy to a teg adal:_atar; thus, it can be g
o v:cuum system (via stopcock hg) or with
turn leads either o the N soureg

coanected via stopc
line either with the high-

the two-way stopcock = which it

um oil purp.
* t’?t::zw:::unble tybular resistance furnace ¢ Serves to heat the

quartz reactor at any desired spot.

varuum A

ofl pump

Fig. 315, Freparationof chromium (11} iedide.
a quartz resctor tube; s boat with Cr; ¢ elec—
tric furnace; & cold trap.

First, & trage of very fine Cr powder ia placed in the tip of the
capillary spiral, and then I (104 excess over the sioichiometric
quantity) 1s placed in the slightly inclined tube section i, A smail
porcelain boat with the Cr is placed in the bulge s. Trap k is now
cooled to —B80°C and the apparatus i1s evacuated (with stopeock z
closed) to < G.001 mm.

The vacoum is then broken with Ny and the evacuation repeated
ithis procedure is repeated 3 or 4times). Stopeock Ay is cleosed and
the Cr powder at the tip of the spiral is heated with s torch fo &
bright red glow fo hind the last traces of Oz, Thea the tube furnace
is set ia place over spot s &nd the Or heated at 700 to 850°C; to0
minimize undesirable heat losses, asbhestos paper {not shown in the
figare} 1s placed in both furnece openings. As the Iy now diffuses
slowly toward the Cr, the nascent Cri, solidifies as a crystalline
mass at both sides of the fube protruding from the furnace, Ths
slow procedure ylelds very beautiful leaf- or needie-shaped red-
brown to jodine-colored crystals, At the beginningofthe iodination,
3 deep-hiack coating &lways forms cn the colder portions of the
tube; this materisl is more volatile than Crl, and converts to
Criz at higher temperatures, evoiving iodine. Even though the
Cﬂ:l':o 1tt§e1f is not particulariy volatile, the crystal deposit extends
::ifting tﬁiadefﬂrﬁr up to 2 om. beyond the hot zone, By gradually
the ¢e, the crystalline deposit is shifted away from
mﬂpﬂt where the Cr Is sitvated; in this way, one prevents i
on be;;ménlfo;::;‘:ﬁ?se and provides a surface for fresh deps
lmhmbyume with the | § procedure, almost allthe J; is introd E

’ & long heating producing a type of resublimation :
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ang yielding beautiful single orystals. Such s run takes B~14 days;
some unreacted metal s still invarizbly found after this time at
the bottom of the bost, because the aublimation of Crlg from the
{protective) melt is very slow. When the lodination has pro-
ceeded g5 far as possible, the exeess 1, must be displaced before
the Cri; itsed can be removed. Thus, the reactor s conneoted
to the high vacuwm (viz hj3), with the cold trap st —30°C. The I,
is driven off by careful famning with 2 flame (250-300*C) and
contlmious evacuation. Ewvacuation Is contiopued aiter complete
removal of the I; until the quartz tube 13 coel; the apparatus is
then closed off at Ay,

Transfer of the Criz from the reactor reguires great care,
since the compound is extremely sensitive to air and moisture.
Further, the solid material posaeases a relatively large surface.
The following procedure is the safest: The wvacwum is broken
with compresasd Mg via h,, and pressure above atmospheric 1a
created in the apparatns, The quartz capillary is then broken off
at g and this opening iz attached to another N, connection. The

Hy I S x
I

m P

]

Tig. 316. Transfer of chromium (I} lodide

following its preparation. « reaction tube

of Fig, 315; p poroelain boat with front well
broken off (scoop).

joint with *, is then removed and the adapter tube b is inserted in
its place, as shown in Fig. 316 {an Nj stream also passes through
b). The sdapter carrles at one end the seme stendard taper joint
as ky, and at the other end two shori connectors m and n. An Ng
stream enters at = a long glass rod, the forwerd end of which is
bent into n smell hook, is introduced through m, This hocok aup—
ports & fairly large porcelain boat p, whose front wall i broken
off at a sharp angla, The boat is of such a size that it fs stfll able
tc move in the quartz reactor. Now, with the fast Ny siream.
always maintained, this ‘‘dredge’’ iz pushed forward through the
loose crystal aggregate, whereupon most of the latter drops into
boat 5, This operation is aided by gentle tilting and tappiog of the
redctor. The filled bost § is now pulled back into the adaptes &;.
the adepter is quickly detached from the reactor and closed off
with a ground cap. Finally the boat with the Crl, is transferred
for storage into z tube provided with a ground joint {see Partl,
p. 75); as a precaution, this tube is evacuated several timed ané
then filled with N (slight gege pressure). Al of these tperatidhs
must bo carried out in seguence and without undue deley. widt
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PROBERTIES:

Browg-red leaflets; thin leatiets are somewhal transparent,
thick crusts often have an lodinelike oolor.  Very sensftive to
air and moisture, easily soluble, with bright blue color, in ajr-

free water. M.p. 750-795°C; 4% 5.02,.

REFERENCE:
F. Hein and G, Bihr. 2. anorg, allg, Chem, 251, 241 {1343).

Chromium {Ii] lodide
CfI.

2Cr + 3L = 2Gi
iy TELS 565G

The apparatus {Fig. 317} iz made of high-melting glags,. The
dlameter of the tube at e f and his 25-30 mrn. Three grams of
fine chromium metal powder (electroiytic chromium is bhest) is
introduced into ¢, and an excess (46 g.) of iodine into A Then k is
sealed off and the apparatus is evacuated to appr. 107% mm. (with
occasional gentle heating). The iodine is now sublimed into f by
cocling the latier section (Dry les}) &nd heating %k {during this
operation stopcock b iz turnped off and on). Following this, g is
sealed off in high vacuum, and thea d is sealed off as well,

b

Fig. 317. Apparatys for synthesis of chromium
{111y iodide,

Now sections ¢ and f are enclosed In separate tubulsr furnaces;
£ 1;5 beated for 24 hours at 475°C, m:dI; for the same peried at
Z2%5°C. (The vapor pressure of icdine at this temperature ig
W& 3 atm.) The apparatus is then alicwed to cool, apd
m-readed’ ct iodine s gublimed out from ¢ (whioh is held at 100°Q)-

({eld at room temperature), The tube is then broken, in dex.
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air, at constriction | (carefl!), The material i3 tramfeﬂ’!@w
suitable storage vessel, which is then evacuated for some Mip
remove the last traces of lodine, The yleld is almost quantitative.

If necesaary, further purification may be achieved by heattng
for geveral hours at 500°C in an evacuated guartz fube. Thig
operation yields chromium (!} iodide; the iodide can boe scblizusd -

in vacuwum at 700°C and {inally reiodinated as daaemad
avove,

PROPERTTES: ‘- 'f'

Black crystals; dissclve rapidly in water upon addition of some
Cr (Il lodide, Stable at room temperature; thermally dissociated
at higher temperstures according to: 2 Crls= 2 Crl; +In The
iodine pressure reszches 1 atm, et phout 670°C. .

BEFERENCELGS:

L. L. Handy and N. W. Gregory. J. Amer. Chem. Soc. 72,5049
(1850); N. W. Gregory and L. L., Handy in: T, Moeller, Inorg.
Syotheses, Vol. V, New York-Toroato-London, 1957, p. 128,

S TLLE

Cheamivm {Hl} Hydroxide e

Cr{OB}; " n B0
I A-HYDROXIDE CefOHY3 * 3 H20 : o ,,é‘
XF.

A solution of 12 £. of gray-hlue [Cr({Hz0} o]Cls Hor preparation,
see p, 1348 §,) In 500 ml. of water is treated with 100 ml of 2.8
sminonia. After seitling of the preclpitate (centrifuge 1f necossary),
the mother lquor is decanted; the suspension is filtered through e
leef filter, thoromghly washed until free of NH,CIl, and dried in
air. .

PROPERTIES:

Bright blue-green powder; glves biue salts of the [Cr(H ao),}x&-'
type with dilute acids. -

S-HYDROXIDE Ce{OH)s * 3 HeQ

The procedure for the prepuvation of the A-hydroxideiafole
but one stexts with 12 g. reen of [CRC1a(Ha0}4ICl - 2 HaOs=s

+ ar
PROPERTIES: g

Dark biue-green powder; gives greenpaits o;tha{c:rmﬂ
2 HaO type with dilute, acids, In. contzapt? hotha&y_ e,
hydroxids is insoluble in-acetio acid. = ... N
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L O, + 3CH,OH = 2 Cr{OH), + 2CH,CHO + 3HO
{-nHy)

nt method for preparation of larger guantitiea
of ﬁmgjg: c:m::li:uan of 180 g. of CrOa in 2 liters of water is
prepared and alcohol (8 portions of 18 ml, a¢ S~minute hlntervam)
is added with vigorous stirring (coution: a hood is needed!). After
4 hours of stapding, an additional 80 ml, of alcohol is added in the
same maaner, The mixture is then refluxed fer_ 16 hours (siirring
is required to Avoid bumping). The finely dwideq: dari hrown
tate is filtered through & 24-cm,-dizmeter Biuchner funnel
and dried at 116°C without washing. Yield: 14510 150 g. Additional
quantities (30-35 g.) can be recovered from the filtrate by con-
centration of the latter. Alternately, the Cr-containing liguid may
be used ag solvent (instead of water} in the next run.,

FROPEATIES:

This method affords a black product with a pitchlike luster,
probably because of & smsall admixture of higher oxides. This
material hes a higher ecatalytic activity then that obtalned hy
precipitation.

REFEBRENCES:

L. A, Henizsch and E, Torke, Z.ancrg. allg. Chem, 203, 73 {1932},
I R. F. Rutkruff in: W. C. Fernelius, Inorg. Syntheses, Voi. II,
MNew York-London, 1846, p, 180,

Chromium Suifides

CrS, CrsSy

Ct + § = CIS
520 521 84l

2Cr + 38 = CrS,
184.0 46.2 MoE

The sulfides are prepared by heating exact stofchiometric
miztures of eleciroiytic Cr (for preperstion, see p. 1335} and
pure 3 for 24 hours in small, evacuated, sesled quariz tubes
Placed in an electric furnzce at 1000°C. All of the S does not
react even if heated for 3-4 days angd slowly cooled. The product 4§
Is froed of unreacted sulfur by fanning with a Bunsen flame while. -
stmultanecusly cooling the empty geal-off point of the tube. THB:
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quantity of 5 which condenses in that section ia determined D
rewelghing, and the composition of the sulffde is oﬂmﬁaﬁﬁf
using this value,

Cracking of the quartz hsbe during cooling ﬁprewm
which are bigh in § can be avoided by sealing the reaotion vesgm,

proper in a second, simiiarly evacusted quartz tube. Y £
FER S
1L 20CYLY + 3HS = CuSy + 8HCI REEVE
3188 sl 20,2 -.‘

Exactly stolchiometric CrzSs may be obtained by henuﬁg
CrCls in a stream of H 8 at 800-650°C.

[

PROPERTIES:

The chromium sulfide preparations obtained via mathudlhm
& metallic eppearance and become fused at the temperaturs of
preparation. The CrS possemses a hexsgonal superstyucture of
the 8 type, while at 59,7 atom® of S, & B 8 structure with the
axial ratto ¢/a = 1,62; has been shown to exist. The CraSy obtalned
by method II consists of hexagonal black leaflets, reaistant. tom?-
oxddizing scids, eaaily soluble in HNO,.

REFERENCES: " 5
I. H, Harzldsen sad E, Kowalsky. Z. anorg, silg, Chem, 224

331 (1935); H. Harsldsen snd A. Neuwber. Ibig, 234‘

{1937). )
II. W, Riider{f and E. Stegemann, 2, anorg, allg, Chem, ﬁi; 3&&

{1243}, -
Chremium Nitride
C"N . . :'"‘.'_L {i “
) . 9.
' Cr + hN, = CiN S ’J"“"'* ;
G 1L4L 860 L
it 1EE - H’F‘P‘E

Elegtroiytic chromium powder is heated for 2 hivuks &)
300°C in a quartz or porceisin tube while & dry; Og~fFed sl .
of Ny is passed through. After cooling, the product i&grw;
&n ggate mortar apd caioined again for 2 hours in & smmﬁ‘:ﬂ"! ;.
The finel product is treated: with HOI--untll Aothidg
disselves (the HC} Hquid ‘remding co]brlesul. Tha b‘" E
1s thoroughly washed and &eied, -
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lln. Ci'Ch + 'iNH] = OrN + SNI'LCI
1554 s8.2l MO

tuba of high-melting glasa (25-30cm, long) is used and 5-1¢ g,
of t:hydrma Cfcia is caleined, first gently and then vigorously, ina
stream of NHs, The heat source isaseries of burners. The NH, 18
obtained oither from a bomb or by heating about 300 ml, of cone,
ammonia; Jt {5 dried by passage through a lime tower and a lerge
U tube filled with CaO, The reactor tube carries no outlet tube,
sihce the latter would be plugged by sublimed NH,CI {use a hood!),
Strong heating is continued until no further NH4Clvapoer is evalved;
then (after cooling) the product is ground and recaleined in a

stream of NHs. The yleld is almost quantitative.
If it is desired to remove traces of CrCly, the product is ex-

tracted in the cold with some dilute HCl {add some Sn), then washed
with water, filtered and dried at 100-120°C,

PROPERTIES:

Black, magnetic powder; insoluble in acids and alkalies; d 5.4,
Crystal structure; NaCl type,

REFERENCES:

L. F. Briegleb and A. Geuther. Liebigs Ann, 123, 239 (1862); R,
Blix. Z. phys. Chem. B 3, 236 (1928),

O. H. Biltz and W, Biltz, tbucgsbeispiele aus der unorg, Experi-
mentalchemie [Exercises in Experimentsl Inorganic Chem-
istryl, 3rd and 4th eds,, 1920, p, 20,

Hexaaquachromium (1Y) Chloride

{Cr{OHyICH
L [CAOHM] (NOy)s + JHCI = [CHOH,),JCl, + 3 HNO,
{8 B0
4.2 2085

A solution of 100 . of chromium nitrate Cr(NQa)a + ¢ HaQ
in 100 ml, of H0 and 100 mi, of EE%H{]{CI is praps.(x]::d? )glydrﬂﬁen
chloride gas, predried in H,S0,, {s introduced with ice cooling:
until the precipitation of [Cr(E 0)s] Cls is complete,

’l'!;e crystal Slurry is rapidiy filtered on a large glass suction
"flllllt and washed with some fuming HOL, Itis disselved in 100 ml,

witer apd 100 ml. of fuming HCl, and reprecipitated with HCL
P while cooling in fce. After precipitstion iy complete, the
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greenish supernatant solution is decanted and the gray-blue chloride
ia freed of most of ihe adhering HCl and the green chloride by
stirring three times with acetone. The remaining impurities are
completely extracted by treating the product with small quantities
of acetone on a fritted-glass funnel ({the flltrate muai become
colorless in the end). The acetone is removed by rinaing with
absolute ether. The salt is freed of ether srd traces of moisture
by drying in a deslccator over HgSO,.. The yield is about 72%,

I. [C!CL{H;O}I;]C]'EH,G = [Cr{H:0%]ClL
"85.5 256.5

A solution of 50 g. of green chromism chioride hydrate in BG g,
of water ia refluxed for one half hour, during which time almoat no
color chanpe is observed., The flask is then cooled by immersion
in an lce—sait mixture and HCL gas iz inbroduced with perdodic
ghaking of the flask. The temperature inside the flask must always
be held below 0°C; this is achleved by freguent renewal of the
freezing mixiure., Afier saturation wiih HCI, the fine powder which
geparates is zllowed to mettle to the bottom and the supernatant
blue-green ligquid is decanted, The powder itself is rinsed out of
the flask onto a fritted glass funnel with cold saturated HCL, dried
a3 much as possible by sugtion, then stirred with acetone and
washed until the acetone {s no longer green, As soon as the acetons
traces have evaporated, the crude product is dissolved in 20 ml. of
water; It is filtared if necessary, and HClgas is introduced into fhe
blue solution {while cooling the flask with cold water} until satura-
tion, At this point the gas flow is Interrupted and the flask is placed
In firely crushed ice. The solution becomes almost colorlessg
after soma time while the chloride separates in granular, blue-
gray crysials. After filtering through a fritted-glase funnel, the
product is washed with acetone and dried over HzS04. Yield; 12 g

1. KCt{50,) " 12H,0 + §HC!-» [Cr{H,00]Ch

Chroms alum (250 g.) is dissclved inachilled mixture of 1 liter
of conc. hydrochloric geld and 250 ml, of water. The solution is
filtered and seiurated with hydrogen chloride gas at 10 %o 15°C. It
becomes almost colorless during this step, and the ¢rude product
separates in crystelline form. The crystals are filtered _andl
purified by dissolving in 175 ml, of waler, reprecipitating at 100
as described sbove, filtering again, washing with dry acetons, .
and drying over sulfuric acid. Yield: about 30 g. S -

PROPERTIES:

Blue~gray crystals, very deliquescent in air, solubie in wWater
with a blue—viclet color, readily soluble in alcohol, Inselulle & _
acetone. ’ T
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REFERENCES:

; - « 209, 72 (1932
. Haptzsch and E. Torke. Z. anorg alig. Chem, 208, ).
II.L i Werner and A, Gubser. Ber. disch. chem. Ges. 34, 1591

1801},
1. :3 0.}1-[1315}'. J. Amer. Chem, Soc. 28, 620 (19G4).

Chloropentacguochromium (il)) Chlaride

[CrCI{OH:}5]Cl  HO

£ H,O (& M0
IBE5 5.1 3277
B) [CrCHOH:)]SO, + 2HCE = [CeClOHLICk + Hi80,
[-3 Hi [ Ha
ki 2665

A) PREPARATION OF [CiCHOH 351504 - 2 15,0

A solution of 26,8 g, of green chromium chloride hydrate
[Crel{H004)C1 * 2 HzO in an equal amount of weler is allowed fo
stand for 24 hours at room temperature, and & mixture of 10 g of
conc. Ha80, and € g of water is then added. The sullate soon
separates in bright green tablets.

B) PREFARATION OF [C:CHOH 3)41C1 - Hg0

A conc, agueous solution of the sulfate, cocledte 0°C, is aliowed
te flow into ether at 0° while a stream of dry HCL is introduced. The
yield is greater than B7%,.

PROPERTIES:

Bright green, microcrystalline, very hygroscopic powdsr;
readily soluble_in water, alcohol and acetone. Differentiated from
s isomers by its solubility in a mixture of equal volumes of ether
and fuming hydrochloric acid. Insoluble in HCl-saturated ether.

REFERENCES:

L B. F. Weinland and Th, Sehwmann, . Ges, 40,
3094 (1907). Ber. dtach. chem. Ges. 4!
I M, Guliérrez de Celis. An. Soc. Espad 53
. . Espad, Fisica Quim. 34,
{1838}, abetract fn Chem. Zentr, 193§, I, 1874, N



24, CHROMIUK, MOLYEODENUM, TUNGSTEN, URANIUM 351

Hexaamminechramivm {ill) Chloride and Nitrats
[Ce{NH,)kCl,, [CriNH,)o](NOs)s

[, PREPARATION BY AUTOGXIDATION OF AN NH4CL- CONTAINING
AMMONIACAL SOLUTION OF A Cr (8 SALT

A solution of chromium (1) salt is prepared as indicated in the
preparation of rhodochromium chioride {see p. 1359). Thissolution
ig forced under pressure {in the absence of alr) iato a flask con-
taining & mixture of 525 g, of NH ,Cl and 540 g. of ammonta {d 0,91).
The vessel shouldbe almost fizll et this poigt. The flask is stoppered
at once with a cork which carries & gas outlet tube; the tube
terminates under water, The flagk is placed in cold water untfl H
evolutlon ceases {(sbout 1824 hours), The [CriNM,)alCla that
deposits on the undissolved NHC) and that dissolved in the llguid
are worked up separately,

The red solution is decanted and trezted withan equal volume of
95% alcohol, The chloride, which settles after several hours, is
washed by decantation with alcohol, filtered, rewsashed withaleohol,
and dried in air, It i= then dissolved jn lukewarm water and the
solution passed through a filter intowell-coolednitric acid {d 1.39),
whereupon the [Cr(NHa}a] {NOa)s separates in long, yeliow needles,
The precipitate 1s washed several times by decantation with nitric
acid, then with a mixture of Lvolume of nitric acid and 2 volumes of
water, flitered, washed with alcohol unill free cfthe acid, and dried
In the air,

The product-containing NHLCl {5 treated several times with
156-m], portions of water at room temperature, bul only as long a8
the extrscts are still yellow. They are treated with an equal
volume of nitric acid (d 1.38; good cooling is essential), Yellow
needles appear, either at once or after several hours; they are
worked up as above, Total yleld: 35-40 g,

The salt is purified by dissolving in & minimum quantity of
cold watar. The sclution Is pessed through a fikier inte dilute nitrie
acid (1 vol. of nitrie acid, d 1.4, and 2 vol. of water): the cxystala
are washed with alcohol and dried ic air.

L CiCls + 8NH, = [Cr{NH:}]Ch
1584 1022 260.5
[Cr(NHy}ICls + SHNO; = [Cr(NHu](NOs): + 8HC
2008 180.0 A40.2

The presence of NeNHp catalyst prevents the coproduction of .
[CrCU{NH)s] Cla. . I
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draft 18 needed; a one-liter Dewar flask ig
plactdma‘:i?hi: ﬁ. charged with about B0 ml. of liquid NH,,
and 0.5 g. of pure Na metal and 0.2 g, 0f Fe(NH«)3(304)2 " 6 Hy0
are added, (Instead of the Dewar fask, a one- liter baaker inserted
in 8 second, 1.5-1iter beaker may alsobe used.} After disappearance
of the blue color of the NHj solution, 50 g. {n_&arly 1.3 mole} of
CtCly is added with constant stirring {2-¢. portions over z peried
of 1-2 hours). The brown precipitate Is allowed to settle and the
clear supernatant liquid is decanted or siphoned off,

The residue is transferred to a large ¢ish and altowed %o stand
{with occasiona! stirring) uniil the odor of NHj disappears and a
lustrous yellow, {ree-flowing powder remains. The vield of ¢rude
[Cr(NHa)e] Cla Is almost quantitative {about 80 g.).

The crude product is purified by dissolving rapidlyin a mixture
of 10 ml, of conc, HCland 180ml. of water at 40°C. After filtration,
the solution is trested at once with 50 ml. of cone. nitric acid to
precipitate pure [Cr{NHa)a] (NCa)s- The liquid is allowed to cool
to rooin temperature, the yellow crystalline sall is filtered on 2
Bichner funnel and washed with distilled water containing some
HNOga, then with alcohol, and finally with ether. The productis
dried in a vacuum deeiccator in the absence of light and stored In
a brown bottle. Yield: 80 g. (75%).

E¥YNONYM:
Luteachromic chleride or nitrate.
FPAQPERTIES:

The chleride (as well as the nitrate) forms orange-yellow
crystals, ocly moderately soluble in water at room temperature
(the nitrate in the ratio 1:40), Solubility is still further decreased
by addition of nitric acid. All [Cr{NH3z)a]%" salts are sensitive to
light even when dry. Decomposes slowly in sclution, more rapidly

on boiling, depositing chromium hydroxide. Heszting with cone.
HCI produces [CrCl{NHz)s} Cla.

REFERENCESR:

L S. M, Jorgensen. J. prakt. Chem. 3¢, 2 (1954).
L. A. L. Oppegard and J. €. Bailar, Jr. in: L. F. Audrieth, [norg.
Syntkeses, Vol, III, New York- Toronto- London, 19590, p. 153,

Chiosapantaamminachromium {3} Chloride
[CrCKNH, ) JCh
I. BY REACTION OF LIGUIN NH3 WITH CrCl;

Pry Cr(la {8 g.) 15 added to liquid t
quid NH,. The resction starts a8
the boiling point of the NE, , and the CrCl, is transformed into a red
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preduct. After evaporation of excess NMj, the residueis triturated
with 3¢ mi. of jce~cold weter, filtered, then washed with some cold
water until the filtrate is reddish, Concentrated nitric acid is
added to the filtrete and {CrNHyu)e] (NOjs)s ls obtatned (see p.
1551), Yield: zbout 7 g.

The red residue, consisting of {CrCl{NHj)s] Cla, 13 boiled with
cone, HCI, cooled, mixed with water, filtered and washed with
gome cold water, It is then diseolved as rapidiy as possible at
50°C in 400-500 ml. of waier which iz acidified with a fow dropas
of Ha80, The solution is immediately filtered through a large
fluted filter paper and treated with an equal volume of vonc. HCL
The salt precipitates in beagtiful red cryastals: after one howr,
these are filtered, washed with 1:1 HCl, then with aleohol, and
dried in a desiccator, Yield: about 5 g.

1. FROM THE RHODOCHLORIDE BY BOILING WITH HYDROCHEORIC
ACID

The prosedure for the preparation of rhodochrominm chloride
(see p. 1353} is followed, except that after the Iutroduction of Oy the
entire mixture is bolled for a few minuies with 5.5 times its
volume of cone, HCl, whereupon the [CrCl{NHa)s] Cl; precipitates.

After cooling, the gupernatant liquid is decanted. In 24 hours;
additlonal purpureochromic chloride separates from the super<
uatant: it iz, however, contaminated with NH4Cl. The Ni.Cl is
removed with dilute HCL; the residue is washed with aloohol and
dried in a desincator, '

Yield: about 45 g. {from 60 g, of KaCrzOs) .

Puriflication is the same as in method ! (solution in water con-
taining some HoS0, and addition of HCI). .

SYNONYM:

Purpurecchromic chloride.

PROPERTIES: :

Formula weight 243,54, Carmine-red crystals; di®® 1.687,
Solubility {16°C) 0,65 g./ 100 g, HO, Tn aguecus solution, even o
moderate heatinﬁ, adde & water moleculs toglve [Cr{H gO}{NHg}dg}% _
Space group Vi". . '

AEFERENCES:

L O. T. Christensen, Z. anorg. Chem. £, 229 (1893); H. Biltz sof
W. Biitz. Ubungsbeisptele &, d. unorg. Exp, chemig [Exercises
in Inorg, Experimentsl Chemistry], 3td and 4th edﬂ..'@_%?;
p. 175' ) o - R :.,.:I.:TI .

I, O.T, Christensen, &, prakt, Chem, 28, 57 (1881). . '~

Lo
T
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Trit!hylonadiuminuhromium Iy Sulfate,
Chlotide and Thiacyanate
(Cr ang]u(SOn)s, (G2 eny] Cls * 3.5 Hy0, [Cz eny] (SCN)a* H:O

A} ANHYDROUS CHROMIUM (I} SULFATE

C]‘;[SO]]]' lS H;O = CT;(SG..]; + 18 HgD
T16.% 3922

Heating of Cra{304)as - 18 HaO for 2-3 days at 100-110°C gives
a lumpy product; this is ground and dried further. Complete de-
hydration is indicated by the fact that the powder is no longer
s¢luble in water.

B} ANBYDROUS ETHYLENEDIAMINE

Since anhydrous ethylenediamine atiacks cork and rubber stop-
pers, groued glass equipment must be used. Five hundred grams of
NaOH and B75 ml. of commercial ethylenediamine hydrate are
peated overnight on a steam bath. Two layers form; the upper
layer is decanted, treated with additional 150 g. of NaOH for
several hours; the supernatant is decanted again and distiiled,
B.p. 116-117°C at 769 mm, Yileld: almostquantitative, (Propylene-
diamine can be dehydrated in the same manner,)

The ethylenedizmine thus obtained stlll coatains some water,
Absolutely dry ethylenediamine reacts only very slowly with the
Crz(504) 5.

C) TRIETHYLENEDIAMINECHROMIUM {115) SULFATE

CHESO‘:); + 6 H;N - Cth 1 NHS .. [CT ena_}g{SOq},
2922 Je0.8 7538

A 300-mi. Erlenmeyer flask, t¢ which an air-cooled condenser
s altached by a ground joint, is used to reflux 49 g. of Cra(304)a
and 50 ml. of anhydrous ethylepediamine on a steam bath. Within
one hour (and often much less), the sulfate begins to lose itg bright
green ¢olor and its powdery nature, If this should not ocour after
two hours, the reaction is Induced by addition of a drop of water.
From this time on, the flask must be shaken to and fro, to brisg
unreacted Cra(SO4)a info contact with the amine; the shaking is
discontinued when a brown, solid wass forms; this s aliowed to
remaln on the steam bath overnight, The solld, which ls orange-
yellow a:tiet; cr:l}ian%. is then broken up with & spetula, ground,
washad aleohol, and dried . : . , based
pongr Rl in alr. Yield: 89 g. [95%
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0 TRIETHYLENEDIAMINECHROMIUM {11 CHLORIDE HYDRATE

[Crena]o(SO4h + 6HOL = 2[Cren,]Cl + 3H,80,

-3.5 Hs0
T52.8 2188 G

A solutlen of 32 g, of [Cr eng)a {504)s In dilute HC1 (6 ml. of
gonc., HC1 and 30 ml. of water) is prepared at 60-65°C and rapidly
filtered through = Bichner funnsl. The filirate 18 stirred and
gocled in fee while 27 ml of conc. HCI is added; the chloride
[Cr ena] Cls * 3.5 HpO separates at once. Filiration yields 20 g.
or 60% based on the sulfate used,

This chioride 13 still contaminated with sulfate. ¥ may be
murifiad by recrystallization from water. Thus 20 g. of the crude
product is dissolved in 20 ml, of water at 85°C. On cooling, 12 g.
of pure chloride is obtained,

E) TRIETHYLENEDIAMINECHROMIUM (II) THIOCYANATE

[CremlCly + SNHSCN = [Cren,](SCN), + 3NHCI
{-B5H0) (+ HO)
4378 228.4 1248

A solution of 30 g. of [Cr ena} Cls + 3.5 HzO in 100 ml. of warm
water iz mixed, while ice-cocled and rapidly stirred, with a conc.
squeous solution of 36 g. of NH,SCN. The sparingly soluble
[CT ens) (SCN)a » H O separetes at once. Fiitration yields 30 g.
of the crude product, or 94% based onthe chloride charged.

For purificaticn, the product Is recrystallized from 100 ml. of
water at £5°C, oooled, filtered, weahed with alcoho] and ether,
and dried in sir. Yield 23 g., or 77% based on the crude.

The bromide and the jodide can he obtained in exactly anslogous
feshion, that is, by addition of the corresponding ammeoniwn sall.

Alternate methods: From violet chromjum (IO chloride o»
dehydrated chrome alum, with ethylenediamine hydrate or ethyl-
enediamine, respectively. S

PROPEZRTIES:

The [Cr eng]®" salts are distinctly crystalline, orange-yeliow
substances, which are slightly semsitive to light even wh_en-d&
Their agueous solutions have poor stabilily, phrticularly W
heated or placed in sunlight: then the initial red color is followed
shortly by complete decompesition. While the sulfats is extreniely
scluble in water &nd the chloride is also very soluile, the thie-
Cyanate, the bromide and the logide are relatively sparingly
goluble, The chloride and the thiccyanate are readiy convertady
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beating to the gorresponding [CrXg eng] * salts (see the two prepa~
ratians which follow),

REFERENCES:

. Rollinson and J. C. Ballar, Jr. in: W. C. Fernelius, Inorg,
C Ls.yu theses, Vol. 1, New York-London, 1946, p. 196, P. Pfeiffer,
Ber. dusch, chem, Ges. 37, 4277 (1804); Reschke, Thesis, Univ,

of Lelpzig, 1926; M. Linhard and M, Welgel. Z. anorg. allg,

Chem. 271, 115 (1852}

cis-Dichlorodisthylenediominechromium {f) Chloride

[CIC]a enI]C! HO

['CT en,}Cl.; = [C'[‘c}g en,}Cl - HgN " C!I'II - NH:

. 8.5 H, O -HQ
( -137.5 ) (ggﬁt,f}

The [Cr eny] Cla - 3.5 Hz0, which serves as the siarting mate-
rial, Is recrystallized from = 1% agueous NH,Cl solution; this
imoparts a small NH,Cl content to the chioride complex, and the
NHCl catalyzes the thermal decomposition, If the [Cr engjCla-
3.5 H,0Q is prepared specifically as a starting meterial for this
reaction, the NH,C1 may be added already duringthe recrystalliza-
tion of the impure [Cr enzj Cly = 3.5 HzO.

The recrystallized salt is dried and is then spread ln & thin
layer on a large waich glass, which 1s beated ta 210°C, Cereful
control of the tempersture is esaential, since the rate of decom-
position is too high above 215°C, while beiow 200°C the reaction
is very slow. The evolution of ethylenediamine starts after a few
miputea; the salt gradusliy becomas darker apnd after 1-2 hours
turns red-violet. The course of the reaction is checked by the
weight loss, which should approach the theoretical value of 30.6%.

A crude product, in satisfactory purity for many purposes, is
obtalned by washing with fes-cold conc. HCl. For further puri-
fication, it may be recrystaliized as follows: The salt is dis-
solved rapldly in wster at 70°C, using 4 ml, of water per gram
of sait, and the filtered sclution is cooled in & cooling mixture.
Then 1 ml. of jee~cold conc, HC) 16 added for each gram of the
ealt, whersupon smail red-violet needles eeparate, These aré
filtered and washed with alcohol and ether, Yield: 0.45 g. (60%)
per szm of atarting compound.

tnate method: From Kz[Cr{CoO4)s] via two intermediate
steps {A. Werner, Ber, disch, chem.{ G:g.)tfi. 3135 (1911)].
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PHOPERTIES:

Small red-violet needles, readily soluble in water with a violet

color. The solution becomes crange after s few hours, more
rapidly when warmed.

REFERENCES:

C. L. Rollinsen and J. C, Beilar, Jr. in: W. C. Fernelius, Inorg.
Syntheses, Vol, JI, New York-London, 1946, p, 201; P, Pfeiffer,
Ber. dtsch chem, Ges. 37, 4277 (1304); M. Linhard end M.
Welgel. Z, anorg, allg. Chem., 271, 119 {1952},

trans-Dithiecyenatodijethylanediominejchremiuvm {11
Thiccyanate

[Ce{SCNY, eny | SCN
trans-Dichlorodijethylenadiamine]chromium {IM)
Chloride
[CrCl: ena] CY
a) [Crens}{(SON); = ICr(SCNlsens]SCN + HyN-CyH,* NH,
Lg 3488

The crude [CT ena} {SCN}s« H O used as sierting materiel is
prepared according to the directions glvenon p, 1355 and recrystal-
lized from a 1% NHSCN solutlon as In the preparation of
cis~[CrCl, engt Cl + Hy0. As in the latter case, the product Is
prepared by thermai decomposition, but at 2 temperature of 130°C
{maximurn 134°C). The theoretical weight loss is 18.40%. The
product, which is a uniform yellow-red, is recrystalllized several
times from hot water, the soclution concentration belng such that
the thiccyanate starts to corystallize slowiy only after the so-
lution is completely cold, This procedure yields 2 g. of pure
[CT{SCN) 4 an,) SCN per 3 g. of cruds; the material atill containg
1-2 moles of water of hydration; this is removed in a dagiceator,

b) ch
[Cr{SCN}s en:1SCN — [CrCiy em]Cl
3468 2187

A fast stream of Cl, is passed through an agquecus slurry of the
thicoyanate obtained in (a); good cooling is necessary, The green
crystalline powder which separates from the violet solution ia
essentially trans-dichlorosulfate and -chicride. About 0.5 g, ofthis
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erude dichloro salt is obtained from 2 g. of thiocyanate, A oop-
oant:ated solutlon of the crude salt in cone. HCY 1§ placed ing gqn
HyS0, desiecator, which also contains a small dish with conc. HEL,
The blue-green acid chloride [CTCly en0y) Cl_- HC1 + 2 HaO (0.3 g}
separates in one day. On heating to 100°C, this is transformed into

[CrCl; eng] CL
PROPERTIES:

Trans-[CrCleena]Cl consists of green erystals. A very thin
layer of a conc. aquecus soluticn appears greem, while thicker

layers have a brown-red color.

REFERENCES:

1 C. L. Rollinson and J. C. Bailar,Jr.in; W, C, Fernelius, Inorg,
Syntheses, Vol. II, New York-London, 1846, p, 202; P. Pfeiffar,
Z. anorg. Chem. 29, 113 (1902).

1I, P, Plelffer. Ber. dtsch, chem. Ges. 37, 4282 (1804),

Dichteroagquotriamminechromiom [} Chloride
{CrCL{OH. }{NH1):iCl

There are three position isomers: a, b, and ¢, The preparation
starts from (NHz)aCrO4 and hydrochloric acid.
a} Une gram of (NHajsCrQ4 (for preparation, see p. 1332} is
carefully dissoived in € ml. of dilute HCI {the flask must be cooled
with ice). It is added to the acid slowly in small portions, as soon
asg the vigorous reeotion from the preceding portion bas subsided.
On additlon of 19 m]. of conc. HCland long standing In the cold, the
red solution deposite red-vielet smowflakelike crystals, These
are recrystallized from the conc, agqueous solution by addition of
conc, HCl, After washing with alcchol and ether, the crysials are
dried over H,S5C4, Yield: about 1.1 g,
b} About 2 g, of the chloride prepared in (a) is heated in HCI
Bolution at about 60°C until the hlue color of the solution I8
completely changed to green. By suction-filtration In a deslcoator,
dark green, needle-shaped crystals can be lsolated from this
aulut{un; these are dried over H S04, This salt cannct be re-
erystallized; it is always contamipated with impurities.
c) I 8 ml, of cone, HClisueedto dissolve cne gram of {NHa)aCrOs
wnder the same conditions ae is {a), one obialns a bright green so-
Intion, from which gray, needle-shaped crystals poon separate.

Ylmﬂm: :;':m w;agifed with alcoho! and ether and dried over H 80 *
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PROPERTIES:

Formula weight 227.50. a) Red-violet dichroic crystals, soluble
in waler, Eiving 8 blue color. b) Dark green, needle-shaped
crystals, soluble in water, giving a green color. ¢} Gray, needls-
shaped crystals, Insaluble in cold weter, soluble In warm Hg0,
glving & red color.

REFERENCE:

E. H. Rlesenfeld and ¥, Seemann. Ber. disch. chem, Ges. 42,
422 (1809).

Hexaureachromium (11} Chlaride

[CrOCNH,),]Ch ' 31,0

[GrClL(H0,]CH 2 1L0 + 60CNH, =
268.5 500.4

= [CHOCNHMICLH 3 HO + 3HO
5728

Green, crystalline chromium chioride hydrate [CrCl{H0)4] C1 -
2 H,0O and somewhat more than the stolchiometric quantity of urea
are tizsolved in some water and trezted with a few drops of HCL
The solution is concentrated in a drying oven at 75°C (or on the
steam bath) untll a crystalline crust forms. The crystal slurry
thus obtained Is dipsolved in the minimum quantity of watsr at
50-60°C and rapidly filtered, The salt complex separaies as green
needles.

PROFERTIES;

Green needles, readily soluble in water, inscluble in absoclute
alachat, '

REFERENCE:
E. Wilke-Dorfurt and K. Nlederer, Z. aporg. ailg. Chem, 184,
150 (1929), | o

e

Y op

thodachremivm Chloride
{NHCHOR)Cr{NH;}1Cly

The preparation involves oxidation of an ammoniacal, NH Cl—
containing solution of Cr {K) salt, i
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Sixty [ KoOr o0 powder s placed in a 2,5-lter beekay
and cow:gar; n;rs“; 203‘: ml. of cone, HC1 and 75 ml, of aleoho] (stir-
ring). The resulting graen solutton of chromium (II1} salt {s reduceq
with zinc white still warm (but below 50°C) in the absence of a1y,
The blue solution Is poured inte & mixture of 590 g. of NH,C) and
750 ml, of conc, ammonis, the necessary good eooling being achleved
by adding pieces of loe (or by immersion in ice). After dacq.nung
from undissolved NH4Cl, Ox is passed through the liquid, which 15
shaken vigorously to achleve rapid oxidation, The Iiguid b?comes
red apd Thodochloride deposits cut abundantly. The salt s filtered,
washed first with & mixture of 2 vol. of water and 1 vol. of cone,
HCL, and then once with cold water. Itlis dissolved in cold water
and the solution allowed to flow inioc a chilled mixture of & vol. of
conc. HCl and 1 vol, of water, whereupon the rhodochloride re-
precipitates almost completely. It i washes with 1:1 HCI, then
with alcohol until free of acid, and dried in gir in the dark. Yield:

about 25 £.
FROFERTIES:

Formula weight 468,64, Pale crimson-red cryatalline powder;
contzing 1 mole of HyO when air-dried; this is slowly lost over
conc, H80,.

REFERENCES:

8. M. Jorgensen, J, prakt. Chem, 25, 328 (1882): for composition,
gee K, A. Jemsen, Z, anorg, allg, Chem, 3232, 257 (1937}, as
well ae W, K. Wilmarth, H, Graff and 8. T. Gustin, J. Amer,
Chem, Soe, 78, 2683 (1956).

Erythrochromium Chlaride
[(N8,);Cr{OH)C{NH,)(OH,)] G,

Seven grams of rhodochromium chloride (preparation as above)
is dlssolved in 50 nl, of 2 N ammonia, This blue solution becomes
pure crimsoz red in about 15 mioutes; it {8 then cooled In fce
ead treated with 100 ml, of {ce-cold, conc. HCL. The erythrochloride
which precipitates is filtered, washed with some dilute HCI, then
with alcohol and ether, and dried over HaB0,. Yield: 56%.

FROPERTIEE:

Light~sensitive, crimson-red crysialiine i dily
' powdar; more roa
soluble in water thas the rhodochloride, :
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REFERENCES: 3

K. A. Jensen, Z, anorg, allg, Chem, 232, 264 (1937). W. K.WIF

marth, H, Graff and B, T. Gustin, J. Amer, Chem, Soa, 78,
2683 (1956),

Trisi2,2'-dipyridylichromium (i1} Psrchlorate

[Cr{dipy)s]{CIO.).
Cr + 2HCE = Cilly + H,
52 (-ag.)
Cr{lly + 3 dipy = [Csl ipyls]Cly
[ ey 488 {-ag)
[CridipyalCle + 2NeCIO; = [Cr{dipy)sJiCl10y): + 2NaCi
{-ngd e

All operations are garried out under pure Ngand with deserated
Heuids.

A solution of 0.28 g. of electrolytic Gr {preparation on p, 1335}
in 2,5 ml. of 1:1 HC is prepared. After the Hg evolution ceases;
the solution is diluted with 20 ml. of water, and 2,35 g. of 2,3%
dipyridyl, dissclved in some methanct, is added, The solution, now
¢ deep wine-red, is filterad through a fine fritted-glass filter. The
filtrate is treated with a solution of 1 g of NaClo, and 0.6 ml, of
70% HClO, in 50 ml. of water. A slurry of black-violet crystals
is formed at once. This is filtered on fine fritted glass, washed
with water, alcohol and ether, and dried in vaciuim over PyOs.
Yield: 3 g. (83%, of theory). o

B H
PR

PREPARATION OF 2,2-DIPYRINYL 0

LA

4) From FeCls and pyridine in an autoclave [F. Heln and H.
Sehwedler, Ber. disch. chem. Ges, 68, 681 (1935)]: b) refluxing of

Raney nickel and pyridine [G. M. Badger aad W, H. F. Sease, J.

Chem, Soc¢. {London) 1956, 616].

e
The corresponding complexed with l-m-phemf_mal&%

[Cr phemsl, Xp (where X = I or CiOsandn =1, 2, 3} caa pa
pered in & similer manner [8. Herzog, Cher. Techn, 8, G44 (L3958

FROFERTES:

oxddized when damp (scquires a yellow color}, 'Sparingly 8o
water or methano!l, giving an intense wine-ped-ovior, - -

Small black crysials; completely stable {n alr when &?E@

.

Uk
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hioric acid solyti
oluble In sther and benzene. In weak perc ation
mdmad by air, forming yellow tris(2,2 -dipyridyl)chromium (o)
perchlorate, which can pe crystallized by concentrating the sclution

ip the cold over HzSO4.

REFERENCES:

3. Herrzog. Theals, Univ, of Jena, 1952; I, Hein and 8, Herzog. Z,
anogg. allg, Chem. 267, 337 {1952}; G. A. Barbieri and A,
Teitamanzi. Atti R, Accad, Lincei (Rome}, Rend, [6] 16, 877

{1932).

Tris|2,2 -dipyridyljchremium {} Pe rchlorate

[Cridipyh]CIO,
2 [Cridipyh](ClCh) + Mg = 2[Cx{dipy)]CIOs + Mg(ClO4).
2.710 2.418

All gperations are carried out under pure Np and with air-free
liguids.
qTriS{z.Z*-dipyridyijchmmium (1) perchlorate (1.0 g.i prepa-
ration as sbove) i covered with 250 ml. water, giving an opague
wing-red soluticn. This ia treated with 60 mg. of Mg powder
{about 3 times the stoichiometric gquantity) and machine-shaken in
a well-cloged contginer. ‘The solution becomes colorless after a
maximum of 3 hours, and 3 fine, indigo-colored powder separstes
out. The powder. hecause of Its fine particle size, impartis en
apparent black-violet color to the solution on superfleial examin~
atlon, Now 3 g. of NH,CIO, is added &nd the mixture i3 shaken
for an additional hour to dissolve the remaining Mg. After stand-
ing overnight, the dark-blue product is filtered through a fine
fritted-giass filter, washed three times with 5-ml. portlons
of water, and dried in vacuum over PyQg. After a few hours, the
preparation is dusi-dry. Yield: about 0.65 g. (about B0%, of theery).

PROPERTIES:;

Indigo-blee powder; soluble ln methanol, ethanol, acetone and
pyriding, giving a deep, inky blue color; insoluble in water, benzene
and ether. The solution Is oxidized almost Instantiy in air, becom-
Ing lighter in color, The dry product reacts spontaneously with

atmospheric O, with considerablie evolution of heat and loss of
the 2,2"-dipyridyl,

BEFERENCES:

$. Herzog. Thesis, Univ. of Jens, 1952, F. Hein and S. Herzog. Z-.
anorg. allg. Chem, 267, 337 {1952),
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Tris[2,2'-dipyridyl)chromium ()
{Cridipy )]

Cr:/CH.COG). + 3 dipy = [Codigyy,] + Ce(lX1) aod Cr{ID} complexes.
-2 HO
{ 21&.2 ' 488.8 5906

Two grams of chromium (3] acetate hydvate is mixed {in the
absence of air) with 2.49 g. of 2,2 -dipyridyl (equivalent to 1,5
moles of dipyridyl per g.-atom of Cr), Now, 40 ml. of dezerated
water is added and the resulting suspension iz machine-shaken
for three hours, The black precipitate 1= filtered off from the
deep-red mothor liguor (through a very fine fritted-glass filter),
washed with water and alcohol, and gried over alr-fres P 0s.
Yield: about 1 g.

Allernate methods: Reduction of tristz,z‘*«dipyrldyl}chromim
{17} szli in tetrahydrofuran with socdium.

PROPERTIES:

Small black crystals; soluble in henzene, tetrahydrofuran,
pyridine or dimethyiformamide with a red color. Ignites in air
with oxidation to Crgz0a.

BEFERENCE:

8. Herzog, K. Chr. Renner and W. Schin, 2. Naturforsch. 12b, 809
(1957).

Hexaphenylisonitrilochromium {0}
FCHCYH,NC)a]

ACnL{CHLCO0Y, - 2HO + GHINC fexcess) —
11287

2 [Ce{CyHNC]] + 4 CrlIT) complex
12414 :

The reaction is carried out under Na; a large excess of p. 1.
isonitrile i3 desirable. Six grams of chromium. . (I} scelite:
Cra(CHaCOO)s - 2 HzO is suspended in 40 ml. of methanol, snd
2 solutlon of 20 g of isonitrile in 10 ml. of methanol ia added,
After about cne hour, well-formed garnet-red crystels scparste.
from the desp black-red solution. The precipitate s fltezedy
washed with some methanol, and dried, - e ek
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The yleld is 5-6 {.., which 12 almost quantitative, based on the
disproportionation shown akove,

BEOPERTIES:

Garnet-red crystals with metallic, yellowish-green reflectance,
staple in air, diamagnetic. M.p. 178.5°C (undergoes deformation st
151°C). Sotuble ir chloroferm and benzene ia the cold, readily
soluble In the hot solvents. Can be recrystallized by reprecipita-
tion with alcohol from a chloroform solution. Canbe obtained from
methylene chioride: in this case, large crystals, similar in ap-
pearance to pyrites, are obtained.

HEFERENRCE:

L. Malatesta, A. Sacco and S, Ghielmi. Gazz. Chim. Ital. 82, 618
{1952),

¥ a Cr (I} halide is used instead of the Cr (II) acetate, the
reaction is completely different: a crysialline precipitate of
ICT{RNC),Cl;] (orange-red) or [Cr{RNC) Bra] {olive brown}, de-
pending on the starting halide used, forms instantly. Thesea com-
pounds show a Bgaramagnetism of 2.84 Bohr meagmetons, corre-
sponding to Cr They are again completely stable in air and
can even be heated in water without decomposition; inscluble in
ether, zleohol, benzene and carbon fetrachloride, but scluble in
chloroform and methylene dichloride.

REFERENCE:

F. Hein and W. Kleinwachter. Private communication, unpublished.

Chromium Orthophasphate

CrP0,

4Ce0; + 4HPO, + 3NH, B0 = 4GP0, + 15HL + 8Ny
400.0 3820 1502 588.0 270.2 67.2L

A mixture of 11.6 g of 85% HaPO, (d 1.89), 12.5 g. of CrOa
{125% of the stoichiometric quantity) and ﬁiﬂtml. of )Hao mgPrBP“'ad'
and 5.4 g. of 80% hydrazine hydrate (115% of the stoickiometric
amount} {n 100 ml. of HaO 15 added In drops and with stirring, After
stirring lor 15 minutes at 50°C, the precipitate is washed, suction

dried, andthendried for 2 hours a£ 100°C. Yield: 19 g, of amorphous

Ao
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3.5~hydrate. Healing for 2 hours in vacuuwm at B00°C yields 13 g,
of CrPCq, which gives a orystalline x-ray diffraction pattern,

PROPERTIES:

Hydrate: Turquolse green powder. d 2.15. Following the above
directions gives a particle size of 0.1 p, while a tenfold ditution of
the reactants gives 1-u particles,

Anhydrous: Gray-brown; insoluble in HzO and CH;COOH,
d 3.95.

REFERENCES:

F. Wagenknecht, German Patenfs 1,046,657 (1957) and 1,056,104
{1957).

Chromivm [il] Sulfote
CeSO - F H 0O

Cr + H.50, + 5H,0 = C80 ' 5H,O + H,
528 8.1 0.l 238.2 2.0

Twenty grams cof coarse, very pure eleoirclytic chromivan
(> 99.98% Cr) is placed in 150 mil. of HaD, and 46 g. of cone.
H.S0, is then added with agitation. The Cris completely dissolved
and massive crystals of £r80, + b HpO precipitated from the deep
blue, highly supersaturated solution. Concentration of the liquid

in vecuum gives an 2imoat theoretical yield of the product. The .

salt iz fitered, washed with some ige-cold water, and dried in
vacuum or in a stream of Np; any water present can be removed-by
thorough washing with acetone.

L
v

PROPERTIES:

T R T A
R TN

Blue, massive crystals. Completely stable in air whe:_n;q,g.,f-_\;-,;;
Solutions sre instantly oxidized on contact with ebmospberic O

Solubility (0°C}): 21 g./100 g. HqC. Isotypic with CuSO, » 5 ByOr

AEFERENCE: S T

sl St

H. Lux and G. Himapn. Chem. Ber. 1, 2143 (1958).  ~ T |

o8
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Chromium (I} Solt Sclutions

1. PREPARATION BY ELECTROLYTIC REDUCTIGN

K:CT;'OT -~ 350; -+ H,SG.-—»K,SO; + Cr,{SD,}, {‘ :]_q_:]
3942 6571 95.1 392.2

Cr(SOM(ag + 2 e— SO, {ragy + SO
age.: 286.1

The electrolysis apparatus (see Fig. 318) comprises a 1,5-titer
jar p and a cylindrical porous clay cell 4 of about 500-ml. capacity
(helght 17 cm., diameter 6.5 ¢m,); the cell iz closed off with g
rubber stopper which carries 4 glass i
stirrer « with a mercury seal, &
sarnpling tube s, a gas outlet tube &, and u
a lend cathode v having 230 cm of sur-
face, The cell is surrounded by the Pb
anode w.,

The Ph cathode should be prepared
accordipg to directions given by Tafel
{see the references below). Itisaus-
pended in 20% sulfuric acid and sur-
rounded coaxtally by a second cylindri- ' Hilie
cal Ph electrode. The current {0.13
amp./in.?)is turned on, and the working _
electrode isoperated first as ananode, Lc,
then as a cathode {6 min,}, and finally
agaln as an anode (15 min). Afterthis,
it is brown. It is washed with boiling
water and drled, ¥ig. 318. Preparaticnof

The chremium (IH) sulfate solution chromjum (i) sulfate by
required for the electrolytic reduction electrolytic rednction
is prepared as follows: SO 15 hubbled piar; gporous clay cell;
through a solution of 0 g of KoCr 404, s sampling fube; * gas
30 g. of conc. H;804 and 450 g. of outlet tube; u stirrer
water unt_li reduction s complete. with Hg seal; v lead cath-
Good cooling is necessary to prevent ode; w lead ancde.
the transformaticn of viclet to green
chromium (OT) sulfate f[the latter is not as readily reduced to
chromium {II) sulfate], The excess SOy iz driven off with & fast
stream of alr. The last traces of 50, must be removed by brief
E:ling_ The solution, whose volume is now about 50 ml., is trans-

v m lto mm ciay cell, The ancdic electrolyte is 2 N HgS8O04 -
o ot ysis proceeds at & current density of 0.13 amp./in.®, that
b ]l:ur °:I'I'Bﬂt of 4,6 amp. The reduction takes 12 hours, but W0
o may be required if a great deel of green chromium (O0)
sulfate ie presert, The course of the reduction can be followed by ﬂ
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removing semples and tltrating with excess .1 N KMn(y, adding
KI, and back-titrating with 0.1 N Na_5,0,.

II. PREPARATION BY REDUCTION BITH ZINC

it is best to use a zinc reductor. This consiats of a vertical
glass tube, 45 cm. long and 2 cm. LI, with a glasa stopcock at
the lower end. It {s two-thirds filled with zinc gramiles. Beforée
use the contents of the column are amalgamasied for 10 mioutes
with 2 0.2 M HgCl, soletion in 1 M HCI, then washed with & Jaxge
quantity of water and finally with some 1 N Hy804; durlng this
operation the Hquid level should always be above the zinc, The re-
duction proper is carried oul by adding a solution of 20 g. of green
chromiuwm (II) chicride hydrate in 120ml, of weter and 30 ml. cE 2 N
H530, to the reductor tube; the rate of discharge from the reductor
is so adjusted that only a pure, light blue chromium (I} salt solution
drops into the directly attached storage or reaction vessei.

This solution ohviously contains zinesaits. Solutions completely
free of foreign salts are obiained either by disselving chromium (IT)
acetate or, better, by dissolving elecirolytlc chromium in dilute
HCIL, as described, for example, {nthe procedure for dris{2,2 -dipy-
ridylichromium {I} perchlorate,

APPLICATIONS

Useful for removing Oy from gases, for reductometric titration,
and as 2 reductant in organic chemistry.

PROPERTIES:

Blue solution, very sensitive to air; storage stebility is highly
dependent on the purity of the starting materials,

REFERENCES:

I. Ch. W, Hofmann. Thesis, Univ., of Bers, 1947; R, Flatt and

F. Sorumer. Helv. Chim. Acta 25, 684 (1942); A. Asmanow. Z. .

anorg. allg, Chem. 160, 210 (1827); W. Traubeacd A. Goodson. N
Ber.gdtsch. chem. Ges. 49, 1679 (1916); J. Tafel. 2. phys.
Chem. 34, 187 (1900} .
0. E. Zinil and G. Riesicker. 7, anorg. silg. Chem. 181, 7% -
{1927}; M, R. Hetfleld in: L, F. Audrieth, Imrg.Syn?!hEﬁE K
Vol 11T, New York-Toronto-London, 1550, p. 143, ik
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Chromium [I!Y] Acetate
Cl’l(CH]COOL - 2 H!O

L CrCly -+ YaZn = CrCly + 'L ZnCl
(- 8 H,M {ragd
o665 2T
€2l +~ 2 NafCH,CO0) = '/ CrofCH,CO0) + 2 NaCl
. o [-2 M
(o ( -13’%’{3’ ) 1441

=

Pure chromium (I} acetate may be prepared only if oxygen is
completely excluded. Thiz condition is approached in theapparatus
of Fig. 31%.

Fig. 319. Preparation of ehrominm
{Il} acetate. a zinc reductor; & glass
wool plug; ¢ pincheock or glass stop-
cock with 10-mm, bore; 4 reactlon
vesael; e fritted-glass funnel; { glass
stirrer; ¢ rubber cap to sesl stirrer
ageinst outside air; k dropping funnel;
i suction flask; % dropping funnel for
washing liquids; I bubble trap for cut-
going inert gas; m rubber sleeve for
sealing large stopper.

The chromjum (If) selt solution is cbtained in & Zn veduotor
(8e€ previous preparation). This consists of a glass tube e (45 om.
loog and 2 cm, LI.) in which a glass wool plug is inserted &f b

The Zn granules filling the tube are amalgamated before use

5.
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{10 minutes with a 0.1 M HRCl, solution in 1 M HCY, then washed
with large quantities of water and finally with some 1 N H 804
during this procedure the liquid level skould always be above the
zinc. A pincheock or a glass stopoock with a 10~-mm, bore g
located at c. Reaction vessel d is attached with a rubber tube o
the moderately coarse fritted-glaps funnel ¢ (diameter abeut 10
cm.). (Glass stirrer f should provide thorough stirring of the
precipitate during the washing and drying steps; it is held in place
and turned By means of the rubber cap g which serves as a seal.
Nitrogen oz carbon dioxide (Og-free) is passed throughthe reaction
vessel durlng the precipitation, and over the precipiiate during the
filtration. The gage pressure in the apparatus (governed by the
liquid height in the trap 1) should be as smali as possible.

A solution of 90 g, of green chromium (TH) chloride hydrate in
120 ml. of water and 30 ml, of 2 N H 50, Is poured into the re-
ductor tube and iis outflow rate so adjusted that only a pure light
blue chromium (II} salt solutlon drops inte the reaction vesesl
d. A iiitered sclution of 252 g, of Na acetate in 326 ml, of water ia
charged beforeband into the reaction vessel {via A). During the
precipitation the vessel contents are stivred briefly by hend, using
the stirrer provided.

After completion of the precipitation, Ny or COj; i admitted
into filter e and stopcock ¢ is opesed, In this opersélon the flliering
flask i ¢an be carefully put under a siight yaguum, provided a
sufficient flow of N, {or COg) is maintained and the chromium (1T}
scetate i3 slwaya surrcunded only by the protective gas. The
precipitate §s washed on the filter with alr-free distiled water,
then several times with alcohol, angd finally with peroxide-fres
ather, after which N; or CQg {H;0-free) is passed through for
24 hours. The chromium {I}) acetate must be completely dry
before it can be exposed to alr, since it oxidizes at an appreociably
faster rate when moist. Yield: bb g.

The preparation can alse be carried out withsmaller quantities,
&g, one third of those given above, In this case, the dimensions
are reduced to 7 em. L.D. for the precipitating vessel d and iite
funnel ¢. The reductor need Hs only 35 cm, high (filled to 25 em.).
The drawing of Fig, 318 is based on dimensions appropeiate to thig.
cage,

1L Cr + 2HCI ~ CrCl -ag. |
520 ] i

CrGly-ag, + 2CH;COONa — Y Cry(CByCOO) + 2NaCl _

(-2H,0) 1883 -

© . oair

Two grams of electrolytic chromium is covered with 8 m tnie

of 6.2 ml, of conc, HC! and an equal volume of water (aiy shewlldg -

'
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. After the start of the Hj evolution, about 10 additiongl
ml. of water s added and the vessel is heated on a steam bath,
When the evolution of Hy ceases, the sky-blue soluilon of chramium
(It} chloride Is slowly filtered through a fine friited-glass funze)
into a solution of 28 g. of sodium acetate in 40 mi. of deaerateq
water. The solutlon immediately turns red, and after a few seconds
small glittering red crystals begin to pI‘EC%pltEtE. After overnight
stapding, these are filtered through fine fritted _glaas, washad five
times with 10-ml, pertions of water, dried withair-free CaCl,, and
stored under Ng, Yield: about 6 g.

Other means of obtalning chromium (iI} salt sclutions may be
used instead of direct sclution of the chromivm used, provided the
product solutions contain no foreign substances which would aifect
the precipitation of the acetate.

PROPERTIES:

Dark-red crystals, slightly soluble in water and aicohol., In-
soluble in ether. When dry, stable In air for s few hours; stable
indefinitely under N, Drying over Py0s at 100°C regults in loss
of the complexed water, change of color to brown, and increased
sansitivity to air.

REFERENCES:

5, Venino, Handb, d, prip, Chemie [Handhook of Preparative
Chemistry], Inorg., Section, Stuttgart, 1925, p, 710; E, Zintl
and G, Rlenicker. Z, anorg, allg. Chem, 181, 378 (1927}
M. R. Hatfield In: L. F, Audrieth, Inorg. Syntheses, Vel, III,
New York-Toronto-Lendon, 1950, p. 149; K. H. Zapp. Unpub-
lished, Freibupg i. Br.; 8. Herzog. Unpublished, Jena; M, Kranz
and A, Witkowska, Przemys] Chem. 37, 470 {1958); Inorg.
Syntheses, Vol, VI, 1950, p, 144,

Chromium (Il] Oxalate
Clclﬁg “ZH.O

C.I’SD‘SH,O + NajC;Oq = CrC,O.‘EHlo + NB;SO‘ + aHtO
2382 134.0 176.1 142.1 54.0

A dry mixture of 14 g. of Cr80, - 5 H,0, B . of Na,CaDs, and
0.2 ¢ of HLL 04+ 2 H0 18 cevergd with?t?:outglso ml.zofﬂgg—frea
B;0 under a protective blanket of N, This mixture is shakes
vigoyously, After some time, CrCz04 - 2 HaQ separates as a ilne,
ctysialline, green precipitate, It is filtered, washed withcold HuOn

[
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end dried over CaCly, giving a yellowish-green powder, ‘The yell .
is 80"‘85‘%- . o

Alievnate method: Reection of so0lld Nas,Cqa0 with concentrated

sotutions of chromlum {if} valt oltained electrolytically {method &f
welz). P

REFERENCES:

H. Lux and G. Olmann, Chem, Ber, 91, 2143 (1958); H. Walz, M. S,
thesls, Univ, of Frelburg 1. Br,, 1958, '

Hexoogquechremium M} Acetate

[Cr{OH,)HCH,CO0),

Cx(OH);*$H;0 + SCH,COOH = [CrfH,0),](CH,CO0),
IaTd 1802 i k)

1. Excess glacial acetic acid is added to the light blue-green A~
chromium (II) hydroxide (for preparation see p. 1345). The
raaction proceeds with appreciable evolution of heat, The crystala
{which precipitale after & few hours) are separated from the
mother liguor, washed thoroughly with acetone and ether, and
dried over H.S04.

1. Allernate mefhod: From chrome Rlum via the readily obtained
dihydroxotetraaguochromium (T} sulfate. :

PROFERTIES;

Needle-shaped biue-violet cryatats, readily soluble in water; -
solvolyzed by alcohal, S w
M

REFERENCES: e

I. A. Hantzsch and E. Torke. Z. suorg. ailg. Chem. 209, 78 (19325
I. A. Werner. Ber, dtsch. chem. Ges. 41, 5462 (1808}, 'ﬁ.-». px
' U

e ey 0
Dihydroxchexaacetatotrichromium {lil) Acetats and Ch-!artdfi""\éﬂ

{Co{OH){CHCO0N](CH,C00) n G, [G:r;{om.(bu.couy.]ci-sm

Prepared from CrOg. glactal acetic acid and sleohol, * o F
a} A two-liter round-bottom flask fitted with'a J.‘&ﬂ'lﬂ:ﬁ '
is used. Tt is charged with 200 g, of CxrOy (sulfieic agitk
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which vared with 400 ml. of commercial girclal acetig
acid, ?hm:t}la:t?un {s faduced by careful heating on & water bath
waich is held below the boll. Since pure CrGs does not react with
vory pute glacial acetic scid aven &t the boil, the reaction mey he
started by sddition of some alcohol. If the reactlon becomes tog

, the fiask is cocled. When the svolution of CO, begins to
subside, the flask contents are refluxed for about 2 hours on a
rapidly boiling water {or steam) bath. The thick, brown contents
of the flask, which consist of hexaacetatolrichromium chromataa,
are aHowed to cool somewhat. To complete the reduction of any
chromic acid still present, first 50% alcohol and then 36% alcohol
{about 100 ml of aleohol in all) is added in amall portions through
the condenser, The [lask is now heated for cne hour on a steam
hath, and the green ljquld is then concenirated on a water bath.
The green diacetate powder hza the formula

[CrOH[H0K CH,CO0)] { CH,COM,: - HaO.

The monoacetate hexahydrate is obtgined by dissolving the powder
in some water and sllowing evaporation to tzke place over Ha80Q,.
The monoacetate tetrahydrate erystallizes in long priams when an
aquecus selution of the diacefate is treated with acetone,

PROPERTIES:

Formula weight 675,41 (¢ HgyO}, 711.45 {6 Ha0). Green, water-
soluble crystals.

k) Evaporation of a sclution of the diacetate in dilute BCl ovar
H;;SCM yields [CI‘S{OH}g{Cﬁgc{}G}B] Ci-8 H;]D-

PROPERTIES:

Formula weight 723,90, Dark green prisms, may be recrystal-
lized from water,

REFERENCES:

R. F. Weiniand and E. Bitiner. Z. anorg. allg. Chem. 75, 329,
Anm, 1 (1312); R, Weinland and P. Dinkelacker. Ber, dtsch,
chem. Ges. 42, 3016, 3012 (1509).

Potassium Trioxalatochromate 1]
K [CriC0,),] - 3 HO

Prepared by treatment of i te
tth K,Cr .00 oxallo acid and potassium axain_..l
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A concentrated aqueous solution containing 12 g, K CraQs Is
added dropwise with stirring to a solution containing 27 g, of oxalie
acid dihydrate and 12 g. of neutral potassium oxalate monohydrats,

The mixture js then evaporated to a small volume and slowly
cooled to bring about crystallization,

SYNONYM:

Potassium chromivm oxalate.

PROFERTIES:

Formula weight 485.4, Black-green, moncelinie peales with
transparent blue edges. Readily soluble in water.

REFERENCE:

H. Hecht, Priparative anorg. Chemie [Preparative Inorganic
Chemistry), Berlin-Gottingon-Hetdelberg, 1951, p. 158,

Potassium Hexacyonochromats Il

Ky Cr{CN)]
Cr{CH,COO), + 8KON — KJ{Cr(CN}] + 3 CHCO0K

Sevenieen grams of CrO; or 25 g. of K;Cra0O- i8 treated with
70 ml. of BCl {45 ml. of conc. HCL + 25 mi. of water) and reduced
while hot by additfon ofa total of 25 ml, of ethanol in small portions,
A very slight excess of ammonla is added to the hoiling solutjon.
The precipitate of Cr{OK)a is filtered bot through a fluted filter
peper, washed several times with hot water, and finally dissolved
in some dilute acetic acid. This solution is evaporated aimost to -
dryness in order to remove the excess acetic acid, The regidie Is -
taken up in 150 ml. of water, filtered, and poured into & hOiiing :
solution of 100 g. of KCN in 200 ml of water (use a hood!). The
very dark-red polution thus formed is evaporated on a staambatﬁ, :
A brownish-black solid usually separates; this Is removed by -
{iltration, On further concentration, bright-vellow crystalg. deporit -
on the walls, The mother lguor also yields additioxal et
The product Is recrystalilzed two or three times from wafsr fad. |
dried over H,S0,. The yield is 38 g. (TO%). B PRy gt

PROPERTIES: h -s

Formula welght 326,41 d¢ L71, Bright yellow, moneokinfa i

erystals, isomorphous with Ka[Fe{CN}al: decompas e ab.ovg 1&&%#1

Solubiilty at 20°C: 30.96 g./100 g water; lnseluble. m-ﬂmmi?_z
wdd

¥}
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Agqueous solutions tend to deqomposs, especially in light or gy
heating, separating Cr{OH)a.

REFERENCES:

V. D. Cruser and E, H. Miller. J, Amer, Chem, Soc, 28, 1143
{1906); O. T. Christensen, J. prakt, Chem. [2] 51, 163 (1885);
see also J, H. Bigelow in: W, C. Ferneliug, Inorg. Syntheses,
Val, I1, New York- London, 1948, p. 203,

Fb

Patossium Haxathiocyanatochromate |l
K, [Cr{SCN)] * 4 HO

KCr{80u)s -+ 6 KSCN = Ky{CTr{SCN)L] + 2 K50,
12H0 +4 H,0
4504 553.0 569.8

A moderately concentrated agueous solution of 6 parts of KSCN
and 5 parts of chrome alum is hezted for 2 hours on 4 steam bath,
and i3 then coancentrated in a dish until the cooled residual liguid
solidifies to a mass of red crystals. This solid is extracied with
absolute alcohol, in which the Ks[Cr{SCN) g} disaolves very readily
while Kz50s remalns as a resldus. After evaporation of the
filtered zlcohol exiract, the szlt is recrystallized once more from
alcohol.

The snalogous ammonium salt {(NH,)a[CT{SCN)a] * 4 HaO is
obtained in the same manner, except thal reaction in the sohition
of NHySCN and chromium ammenium glum takes place only sfter
a brief period of bolling.

SYNONYM:
Potassium chromium thiocyanate,

PROPEATIES.

Lustrous crystals; dark red-violet in reflectsd iight and garnet
red it transmitted light. The szlt remains unchanged in air or
over Ha504; 4t loses iis water of erystallization only when heated

to 110°C, One part dissolves in .72 parts of water and ia 0.94
parts of alcohol; d1® [ 711, P

BEFERENCE:

J. Roesler. Liebigs Anp, 141, 185 (1B§7).

el
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Trilithivm Hexaphenylchromate 1}

Llaﬂr[C.H.). " E.s{C]H;hO

ather
CrCly + 6 LHCH,) — Li.Cr{C,H,} ' 2.5 (CeHu30 + 3LIC
1344 5042 5 127.3

All operations are conducted in the absence ofair and maiature,
using high-purity N as a protective gas.
g} The required solution of phenyllithivum is propared in 2 500-mi,
three-neck flask fitted with a reflux condenser and Hg seal, a high-
speed Mg-sealed machanical stirrer, a gas injet tube, and a
dropping funnel, The procedure is as follows: Clean, finely cut
lithium (8 g.) is covered with 100 ml. of ether that has been
freshly distilled over benzophencnescdium (referred to hereefter
as ketyl ether). With the stirrer operating st high speed, 64 g, of
freshly distilled bromobenzene, dissolved in 200 ml. of ketyl
gther, is added dropwise at a rate sufficlently frst to keep the
reaction solution boiling vigorously. After all fhe bromobenzene
has been sdded, the solution is refluxed for one hour, After cooling,
it is filtered through fine fritted glass. The clear solution thus
obisined has a phenyllithivm concentration of about 10%.
B) The preparstion of the lithium chromilum phenyl complex em-
ploys the same= apparatus as described in {g). However, the dropping
funnel is replaced by a iap-injection bulb containing 10 g. of ¢n-
hydrous, very finely powdered chromium ({If) chloride. With
vigorous, high-speed stirring of the lithium phenyl solution in the
flask, the chromium chloride is slowly intreduced by tapping the
ilb, The course of the reaction 1s monitcred by observing the
decresse In the mumber of black particles of chromium chloride,
After 10-12 hours, the reaction i3 discostinued withou! wailing
for complete conversion of the solid chromium chioride. The
nascent yellow precipitste is flltered through flne fritted ginas.
By cooling the black-brown filtrate fe —10°C, a portion of the
complex is obtained in beautiful crystels. The reaction residue
is rinsed hack into the three-neck flask with 200 ml. of ketyl
ether znd again collected on the fritted glass. o

The resction flesk is now replaced with a reflux coudanpert
which 5 atteched to the Ny-genereting apparatus (to equalize the
pressure). The receiver flask i3 heated and the ether s distilled .
through the fritted glass plate and onto the residue; by cooling- .
the receiver fiask, the sther is suction-drawn through the regidue
back into the flask. This operation is repeated untii the regjdue
is coloriess, On cooling, most of the gomplex compound cyyatal-
llzes in the receiver. The crystal slurry thus ohiained ls ze~
crystallized from a lazge quantity of Ketyl ether; or It is extrantesk

.
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. The mother liguor
with fresh ketyl ether as described above. T st
e yellow-brown and free of helogens. Yield: about 15 g,

PROPERTIES:

Yeliow-orange crystals; soluble in ether, benzene and fetra.
hydrofuran; sensitive to air and moisture; completely hydrolyzad

by water or alcohel,

REFERENCE:
F, Hein and R. Weiss. Z. anorg. allg, Chem. 285, 145 (1958),

Ammonium Tetrathiocyanatodiamminechramate {itlj
NE.[CI.‘I:SCN:N {N I‘Ia)z} b H:O

Prepared by fusion of NH,SCN with (NH,}aCx 307 and extraction
with water.

An enamel cooking pot of at least 4-liter capacity is charged with
A00 g, (10,5 moles) of NH,SCN and carefully heatad; seversl smal}
flames are used to provide as uniform heating as possible. The
mass is stirred witha glass fest tube which contains a thermometer;
the heating is continued until the solid Is partiy mealted and the
temperature 13 145-150°C, Now, an inflmate mbdure of 170 g
{0,673 mole) of finely powderad (NH,).Cr 05 and 200, {2.6 moles)
of NHsSCN is added in portions of 10-12 g, with continuous stirring,
A fairly vigorous reaction begins after 10 such portions have besn
added; NHy is evolved and the temperature rizes to 160°C. The
fiames are now extinguished and the rest of the mixture is added
to the melt in such & way as to maintain the temmperature st 160°C,

Stirring is continued zs the melt cocls; the solid product which
deposits on the walls of the vessel is scraped away, ground fo a
fine powder while still warm, and stirreg in a large beaker with
730 ml of ice water. After 15 minutes, the ingoiuble residue I8
freed of Inether liquor as completely as possible {suction-fiitration,
no washing). It is then stirred into 2.5 liters of water, preheated
¢ 65°C. The temperalure is rapidly restored to 60°C and the
golutlon is flltered all at once through a funnel heated with hot
water theating sbove 65° causes rapid decomposition, with pro-
duction of & biue color and generaticn of HCN).

The hot fllirate is placed overnight in an ice chest, and the
separated corystals are then flitered with suction, The mother
liquor is used for another extraction of the residue at §0°C, thus
affording an additional quantity of crystailine Reinecke salt.

Flaaily, 12-13 additional grams of product raay be obtained by

concentrating the mother liquor to 250-300 ml. under reduced -

pressure at 40-50°C,

Beald
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The total yield of air.
(52-57% of theory).
The insoiuble residue from the second extraction wbout 130

136 g.) is composed predominantly of Morland salt, Le., guanidium
tetrathiocyanatodiamminechromate (I11),

dry Reinecke sall amounta to 250-275 &

USES:

Used for the isolation of amines, sminc acids, complex cations
and erganometallic bases; it forms sparingly soluble saits with all
of the above; these salts ususlly ecrpstallize well. Also usaed as
reagent in guantitative determination of Cu and Hg (procedwre of
C., Mahr) and of quaternary onium cations (procedure of F, Hein).

SYNONYM:
Heinecke zalt.

PROFPERTES:

Formula weight 354.45. Ruby-red, lustrous, light-gensitive
leaflets, which lose their water of crystaliization on drylng at
100°C and form scarlet cubes and rhombododecahedra, Both
forms are readily soluble in cold water, alcohol, zcetone and
moist ethyl acetate, inscluble in benzane, Dacomposed by bolling
water,

AEFERENCES:

H. D. Dakin. Org. Syntheses 135, 74 (1935); Coli, Vol, II, 585 (1943).

Tetrathiocyanatodiamminaechromic {IH) Acid

H{Cx{SCN){NH )]
NH,{Cr(SCN){NHy)} + HCi = H{CHSCNL{NH;):] + NH,CI
{ - H,O) {- 2 Hy)
354.5 6.5 B354

A concentrated aquecus solution of NH,[Cr(SCN). (NHalal * HaQ -
(see preceding preparation) is treated with a smail excess of
hydroehioric acid, then extracted thoroughly with ether, The free
acid¢ iz sbsorbed in the ether with an intense dark red color; addi~
tion of NaC] makes the extraction almosé guantltative, Evaporstion
of the ethereel zolution In vacuum over HeSO; and KOH :ﬁnlﬁaq
red mass which loses its soiubility insther after standing for & daw _
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. The product is recrystallized from 50°C waler, In which it
gg:olws v!:ry readily, except for a small yellow residue. On
cooling, small red scales separate; these are agsin recrystallizad

fram water.
SYHONYM.:
Reinecke acid.

FROPERTIES:

Lustrous red leaflets; readily soluble in water, alcohol and
acetons, Heating for several days st T0°C renders the acid
anhydrous; further heating at 1190-115°C imparts a darker color,
The undried compound decomposes between 50 and 30°C, puffing
up and evolving water,

REFERENCE:
R. Escsles and H. Ebrensperger. Ber, disch, chem, Ges. 38, 2681
(1903).
Ammonium Tatrathiocyanatedianilinochromate {ill}

NH,[CrSCN){CH,NIL),] - T', H,O

a) KCrfSQy): + BESCN = K,[CH{SCN),] + 2K.S0,
{12 HD
49494 5830 5178
KL ICxBCN}] + 4 CHLNH, + CH,COOH
5178 3725 aal
= (CALNH:)-HCr{5CN),(C.HK,NH,).] + 2KSCN -+ CH,COOK
B857.8
bj {C.H;.NH,}gH[Cr{SCNJ.{C,H,NH.}I,} + NHy, =
G572 ito
NH,[Cr{SCN)(CsH,NHy)y] + 2 CHNH.
488.8 186.2

2} A mixture of 500 g. of chrome alum, §00 g. of KSCN, and 509
ml. of water is heated for 4 hours on a smanf.: bath. 'I{‘;ha solution
Is cooled, 500 ml. of aniiine s added, and the mixtuve is stirred
for 3 hours at 60°C on a water bath, It 13 then again cooled and & 4
mixture of 6 liters of water and 600 mi. of glacial acetic acid I8
added, After a few hours the precipitate is filtared and disgolved -
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in 1.5-2fliterts of Ic:n:n!c:l dg:ethanol. This solution i3 filtered, wnd g
liters of water s added, whereupon (CH, NH C i
{CaHsNH)2] precipliates as a thiclk, vinle‘é cﬁsstﬂ ;]lﬁiyfﬁcﬁﬁq;
further precipitation from methanol-water, the yleld 1s $30 g '
k) Four hundred grams of this anomalous anilinlum sajt is treated
with 800 ml. of methano]l and 300 m). of conc, ammonia, This
solution is ceoled in ice and 3 liters of water iz slowly added; the
crude ammonium thiocyanoto-aniline complex precipitates, After
filtering with suction, it Is treated once more in the same mapner
with methanol, ammonia and water, Yield: about 200 g

USE:

Separation of aming acids, especially groline,

SYRONY MS:

Ammonium salt of rhodanille acld; ammonium rhodanilate.

FROFERTIES:

Violet-red crystals, somewbet scluble In water, very soluble
in methanol, acetone and ethyl acetate, The solutions decompose
on botling. Insoluble in ether, benzere and chleroform. -

REFERENGE:

M. Bergmann. J. Biol. Chem. 110, 476 {1835).

Potassium Tetrathiocyanatodipyridinochromata (I}
K[Cr(SCNupy] "2 H0

Prepared from Ka[Cr{SCN)s} and pyridine. S
'I‘{mearts of Ku[CrBCN)g) (for preparation, see p. 1374}..ldrig5i
at 110°C, is heated with 30 paris of anhydrous pyridine in g small
flask (4 hours on the water bath, in the abaence of moisture), The
hot solution is then poured into & crystailizing dish and allowed ia..
chill in an ice chest. The solid whéc?xcry?;gllsszg; ’is azi.u o :
of KSCN, pya * H[Cr(S8CH)4pYa), and iKpyslilr sPyal- B ig<
suction-dried and pieced on a clay plale. The complex potaagi}wﬁ
salt deliquesces over a pariod of 1-2 days, giod the KSCN 15 &
tracted with water at room tempereture, while the KCT{ESCN) 4 DY 5l
is extracted with hot water. Whencooled, the resulting red soiutions
Eradually deposit small, lustrous red crygtala of :he ppussim .
sal, The residus remeining after ie hot walter WHWW'!_-i
pure dipyridinium salt pys - HICrECNkpy et~ - ’“'5“..;_. K
i|.4‘|
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PROPERTIES:

ula welght 517.66, Smail red ¢rystals, which become
anh:r::rr;ﬁs a1:m hegnting to 110°C. Almost lnsoluble in ccld water,
but somewhat soluble in warm HaC. Completely insoluble in
bengene, chloroform and ether; very scluble in aguecus and ab-
sotute ethyl alcohel, methanol, ethyl acatate and pyridine; vepy

readily soluble In acetone. .

REFERENCE:
P. Pleiffer. Ber. dtsch. chem, Ges, 39, 2121, 2123 (1506).

Trichloretriequochromium
[CrCl:{OH:}:}

S[CrCL{OH: LG = 2{CICH{OH,)] -+ [CrClL(OCH.),]C - 2 H0
6313 1249 266.5

Green chromium chioride hydrate [CrCln{CHpl ICI- 2 Ha0 (s
converted into [CrCla(OH4),]CI on standing for 3 days in a vacoum
desiecatsr over cont. HghO:. I 15 then suspended in absolute
ether; [CrCl;(0OHy) 5] is formed by disproportignation anddigsolves
with a brown-viclet color, On evaporation of the ethereal soluticn
in the absence of atmespheric moisture, [CrCl;{0OH,) ] is ohtained
as ap amorphous brown powder.

PROPERTIES:

Formula weight 212.43. Brown, amorphous, very hygroscopic
powder, rapidly altered by traces of water. Soluble in water with
a yellow-green color, which quickly becomes pure green owing to

a reaction, Solutions in ether may be stored without change if
moisture is abgent,

REFEAENCES:

A. Recoura, Comptes Rendus Hebd. Séances Acad. Sci. 194, 220

{1932}, 186, 1854 (1933); see also ¥, Hein. J, praki. Ghem.
153, 168 {1938).

Trichiorotriethanolochromiovm

[CI'CL{CJ-I;UH};]
CiCl: + 3CH.O0H = [CrSl,{CeH,OH), ]
1384 1482 298.8

Dried CrCl; is refiuxed {in the sbeence of moisture) with
beolute alcohol and a small piece of zine {or CxCly), The Crols

a
3

4
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dissolves; the sclution, which s red when hot and . .
gEreen when coldy
ls concentrated n a vacuum desiceator aver conc. Hz90s, The Ted

crystels which deposit &re washed with
ether, &nd stored dry. some absoluts ﬂMhollgnﬁ

PROPERTIESD:

Dark red, hygroscepic crystals; soluble in aleohel, acetone

and chloroform with a red color which soon becomes green, The
agueous solution decomposes rapidiy,

REFERENCE:

I. Koppel. Z. anorg. Chem. 28, 471 (1901,

Trichlaratriamminechromivm
[CrCl{NH]

FPrepared from (NHa)aCrQ, and hydrochlorie acid.

TFive grams of triamminechromium tetroxide (for preparation,
see p. 1392} iz iniroduced inte 50 ml, of well-cooled cone, HC]
{constant stirring), The resulting gray- to blue—green precipitate
ig filtered off. The neutral complex, which deposits from thé
filtrate after atuoding for 1-2 days, is filtered with suction and
washed with water until the washings become colorless. It is thex
dried by washing with aleohol and sther,

PROPERTIES:

Formula weight 209.48. Blus crystals with greenish tinge,
insolutle in cold HyO. Dissolution in warm HyO causes aguation
to [CrCla{OHa) (NHa)s]Cl. Presumably trans form,

REFERENCE:

A. Werner. Ber, dtsch, chem. Ges. 43, 2289 {1910).

. iayridi mium S
Trichlorotripyridinechra i
W ek
[CrClipyal A o
L CeCly + 8Spy = [CiChpy]
1584 sg7a 3857

The CrCla, in excess of dry pyridice, is refluxed iz the_-p
of a small granute of CrCla, ‘The CrCly Gissolves completaly
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. lution is fiitered ang
some time, giving a green color. The 80

egoled, whereupon the [CrClsPYal erystallizes out. On distilling
the pyridine from the mother liquor, the compound can be okialned

in almost guantitative yield.

1. Adedition of HgO to a pyridine Solutior_l of green chromium
chloride hydrate [CrClg(Hz0}ICL - 2 HzO yields a pgreen powder
which consists esseatlally of a mixture of [CrClspyy) and
[CT{OH) z(H 70} aPY2]Cl.  When this mixture is ireated with HCl,
the latter salt goes into solutton as [Cr{HaClepyalCly glving s
deep red color. The residue consists of crude [CrClspya]. This
is digsolved in conc, HCI and reprecipitated by pouring the filtered
solution into a large amount of water, Finally the [CrCiapy,}is
recrystallized once more from pyridine.

PROFPERTIES:

Green leaflets, readily soluble in pyridine, chloroform, acetone
and conc. HCl; sparingly soluble in ethyl alcehol; insoluble §n
water, ether, benzene and naphtha.

HEFERENCES:
P. Pfeiffer. Z, snorg, Chem. 24, 282 (31900); 53, 99 (1007).

Chromivm 1) Glycinate
{HzNGH:CGO]:Cr

CiCly 6 H, 0 + 3HNCHLCOOH + 3NaOH
266.5 2252 1209

= [BNCH.CO0),Cr + 3Nall + 3H:0
274.8

At aqueous soluticn of one mole of green chromium chloride
hydrate and 3 moles of glycine iz boiled while 3 moles of NaOH is
added gradually, This gives a dark-red solution frem which a
viclet compount separales. The latfer is filiered ofi while the
mixture is still hot. The filtrate, after cooling and standing in
vatuurn over H 504, deposits still more of the violet compound,
tegether with larger red crystals, After suction-filtration and
dryiog, the heavy red crysisls are separated from the lighter

violel ones by slurrying with alcohol. In this way, both compounds
are obtained in anaiytically pure state, v ’

PROPERTIES:
Red crystals = chromium {O1) glycinate, (HaNCHCO0) o Cr.

Violet crystals = so-called ‘'bagic® chromium tycinate
NI ACHACO0) 2Cr (OH)2Cr{OOCCHNE5) 5 + HgO. am e '
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organic solvents.

Chromium (fIf) a-aleninate can be obtained i an nnm
mzoner. If the reactlon s allowed to take place in cono, solution
the Ted chrum_wm (I) alaninate separates; the “'Lasie” m
(LI} alaninate is obtalned by evaporation of the solution,

AEFERENCE:

Beth compounds are sparingly soluble in water and insolokle i
0 - 1 .-

E. Ley. Ber. dtsch. chem. Ges. 45, 380 (1912),

Chromium [Hll) Xanthate

HCHOCS:,Cr)
KCr{30,}e + 3CHOCSK = [{CH,0C5)LCr + 2KS50,
[~ F2 H:O) 4509 1158
4994

A sclution of 20 g, of polaseivm xanthate In some watar 18
treated with 2 solution of 23 g. of chrome alum. The blue-black
compound which precipitates is Sltered off with suction and dried
on 2 clay plate. It is dissolved in pyridine, and water {s added
in drops until a permanent clouding {5 chiained, The sciution i
then allowed to stand undisturbed to bring about crystallizatios.
The ¢rystals are separated by filtration and dried in vacuimn.

PROPERTIES:

Dark-blue crystalline powder, soluble in organic media, fn-
soluble in water,

REFERENCE~

J. V. Dubsky. J. prakt. Chem, 90, 118 {1914).

Chromium {§ill] Acetylacetonate

(CHLONCr b,
- L _‘_-.'
L Gi(CH,CO0) + 3CHO = HGHONC] + SCHCOOH" w5
‘iz 0 304

A mixture of 40 g. of [Cr{OHz) s} {(CH3COO)s (fox prems.
see p. 1371), 150 ml, of water, 40 g. of avetylagetone. m%
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acid Is hested until solution is complete and crystal-
liill:tlzumtﬁ t];a internal complex begins. Then the solution is
polled for a short time until the biquid bumps vigerously, It is
cooled gradually, then chilled in ice and filtered. The first crop
affords 18 g. of chromium acetylacetonate, which canbe recrystal-

lized from chloroform-benzene,

. Cr(NOy)s + SCHOr = [{(C:HyOehCr] + SHND,
A 3003 840.9

An alcoholie solution of [CT{OHa)a]{NQCa)s is treated with the
stoichiometric quantity of acetylaceione end then gently refluxed,
The chrominm complex crystallizes out after the excess alocho]

is distil)ed off.
AEFERERCES:

Red-violet crystals, m.p. 2167 can be sublimed in vacuum,
Soluble in alcohol, chloroform and benzene; virtuzlly insoluble in
water and petroleumn ether,

REFERENCES:

F. Hein. J. prakt. Chem. 153, 168 (1839); F. Gach. Mcnatsh. Chem.
21, 108 {1200).—As far s preparation from chromium chloride
hexahydrate and acetylacetone in the presence of urea is
concerned, see W, C. Fernelios zng F. E. Blanch in; T. Moeller,
Incrg. Syntheses, Vol, V, New York-Teronto-London, 1357,
po 130-

Chramyl Chloride
Cr0,Cl,

L KGO, + 2NaCl + 2 K80, = C10,Cl, + NesS0, + K80, + 2HQ
N 8 1144 lag.2 1549

A clay cracible is used to fuse 200 g. of K CrQ, witk 122 g. of
Na(Cl at a tempersature which should not be excessive, ‘The melt
12 poured onto a sheet of iron and broken up intc coarse pleces.
These are placed in a 2-liter ground-joint fiesk and coverad with
200 ml. of 100% H,S50.. A distilling condenser is connected to the
Oask at once, and a ground-joint receiving flask with s gas outlet

tabe t» attached to the lower end of that condenser. When the
Inttsally -

L}

vigorous reaction becomes moderate, the veactlon flask is é
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neated gently until no further Cro,Ci, distilly,

is purified by a second distillation Inedry ground-glass am%

the pure CrOxCl; 1= collected In
then melt-sealed. dry glass ampoules, which 2re

T KoCraOr+ 4 NaCi+ 3,50, = 2C0,Cly + KiSOu+2NaiSOL + SHG
2942 1189 904.2 530%.8

It is possible to omit the fusion step. Thus, 150 g. of fuming
H3304 is added in portions to a mixture of 50 g. of NaCl and 80 g.
of KaCrzOg (both thoroughly dried). Further procedure is the

same 28 in method T. The yleld is approximately 50%, based on
K 7507

111, Crds + 2HCI = Ci0yCl + HO
1D T28 1549

A solution of 60 g, of CrOs in 170 mi. of cone. HCI 12 prepared,
and 100 mil. of conc., Hi 50, is added in 20-ml. portions while
cooling the flask in ice. The fiuid mixture iz poured into 4 sepa-
ratory funnel, and after 20 minutes the lower CrOLCl; luyer is
drained into a smsll ground-jolat flask, Dry air is bubblad through
it for several minutes and the crude CrQgCl, i= distilled ag in
methed 1. '

FROPERTIES:

Deep-red liquid; fumes copiously In moist air. Shouid be stored
in the dark and in sealed plass conteiners. M.p. —26.5°C, b.p. 117°C
4%} 1,8118. Can react explosively with combustibie organic and
inorganic substances, Soluble in other inorganic acid chlorides
and organic lquids, such as POCLs, CCls, CHCl, and CaHa.

REFEREMNCES:

Tand L. L. Varnino. Handb. d. Prép. Chemige éﬁmdmknf'ﬁeﬁf
arative Chemistry], I, Stutigari, 1325 p. .
I, E. Moles and L. Gomesz. Z. phys. Chem, 80, 513 (1912}

See also H. H. Sisler, Inorg. Syntheses, Voi.II, Ne\[.'York—'-Laﬁdﬁt%' :

COATTR

1946, p. 205.

e
- SN -
Chremium Frioxide-Pyridine . e t‘ff;
Cel) P R 2

2y QR I
2CHN + CIO; = 20HN Cfc‘n et

hours at 110°C end then chilled in ice-pilt mixture, Fiftymi?

Four grams of CrOs {0.04 mole) is dried’in vacﬁuﬁ'ﬁm‘f

MOLYBDENUM, TUNGSTEN, URANIUM a0y
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idine (0. l&) ia similarly chilled in & 300-ml, Erlenmeyer
flxn;k- 'i“l‘lgII gr?&?ue) flask is agitated vigorously while situsted ip
a ¢old bath, and the CrQa 13 slowly added. The flask is then stop-
pered and shaken furtherx until solution is complete (solution ia
hastened by the use of a large excess of pyridine), The cooaling is
necessary to prevent oxidation of the pyridine. The excess solvent
is then removed in vacuum, The product is sensitive to light,
Slow evaporation favors the formation of large crystals. Yield:

10,3 g. (100%).

PROFERTIES:

Yellow to dark-red crystals, Soluble in pyridine; insoluble in
CCl,, benzene and ether. Hygroscopic. Decomposes slowly at
166°C: at higher temperatures, burns to give voluminous green
chromium oxide. Hydrolyzes at once with water. Stable in-
definitely in the dark. Stored in sgaled confainers at room tem-

perature,

EEFERENCES:

H. H. Sisler, J. [r. Bush and 0. E. Accountius, J. Amer. Chem,
Soc. 70, 3827 {1948); O. E. Accountius, J. D. Bush and H. H.
Sisler im: J. C. Bailar, Inorg. Syntheses, Vol. IV, New York-
London-Toronto, 1953, p. 94,

Chromyl Nitrote
T, (NO,),

CI’O; + N!U; = CTOI(NOH.}E
FLEv Rl 1680 208.0

A powder funme] is used to rapidly pour 8.3 g of NyOg into &
90-ml. ground-joint flask precharged with 7 g of Croy and a few
(vacuum} boiling stones. The flask is attached to a distillation
dgparatus whose joinls are lubricated with silicone grease and
which is protected against entry of atmospheric molsture by mesns
of a P30g tube, The reaction begins after a short time, with fusion
of the solids. The reactionmixture should be left standing overnight
at room temperature,

The dark-red liquid product is distilled in aspirator vacuum, A
liqujd—anagen-couled trap is interposed between the apparatus and
the aspirator to prevent access of moisture and to condense the NOa
and NO¢ which distill off, The CrO4(NOs)g distills ata bath
temperature of about 75°C (partiai decomposition). The receiver
then containg 5.8 g, of pure Cr0a{NOa) o :
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FROPERTIES:

Dark-red liquid, semsitive to molature, M *
L : ¥ » +Fs —27 G bi '
{10 ? mm,} 28°C; (17 mm,) 67°C, Decompcsea at about 120’&. ’

REFERENCES;

M. Schmeisser and D. Litzow, Anpew. C e, 3 .
D. Liitzow, Thesis, Univ. Mﬁmheflgas_hem 66, 230 (1954);

Chromyl Peschlorate
Cr0,{C10,),

CIO; + 20!20; = CI'OIECIO,.}; + ﬂclol + ‘I;O;
16040 J3LE BH20 1348

A two-neck flask is used; then, at —50°C, § g. of ClaOe,
followed by 3 g. of Cr0,, is zdded through one neck. This peck 15
then closed off either with & ground siopper lubricated with
fluorinated hydrocarbon grea=e (see undar Clg0, p, 209 .}, or by
sealing off. The ciher neck leads to a manifold sarrying sealable
ampoules and s second, similar flask. The cpenend of the manifold
is closed off with a Pa0g tuba,

The cold bath is now replaced with & bath at +6°C. The ClgOa
melts, and the two components react vigorously. The reacicr is
allowed to stapd at 0°C for several hours (preferably overaight).
After this, no further gases are evolved.

The reactor is now cooled with Hygwid nitrogen and the entire
systemn evacuated to sbout 0.1 mm. The cold bath is removed and
the second flask (at the menifold) i3 cooled; within a few minutes,
Cly and ClOa distili with foaming. ‘To remove these gases oom-
ptetely, the vessel ia immersed in & bath at +20°C for one half
hour and vacuum is applied. As soon as no further volatiles distitl,
the bath temperature fs raised fo about 36-36°C. The Cr0z(ClO4)a
now distills into the manifold and flows into the first ampoule
{transparent red liquid), The manifoid with the ampoules should be
somewhat inclined. When sufficient compound has collected in the
first ampoule, the latier is sealed off. Additlonal distilied product
collects ln the stub left from the first ampoule, and is drivan-in;g
the next ampoule by hesting with & hot-air blower,

oL .‘_-“I
PROYERTIES:

Red liguid, very sensitive fo moisture. M.p, ~1°C, B.p.
(extrapolatqed) {760 ymm.} 174.7°C; (0.08 mm.} 35°C; {0.8 mm.}
45°C, Powerful oxidant; dissolves in CCls. May s s fox
months in the dark at Dry foe temperature, Often W".*"Wﬁ
+BD=C‘ . [ ] N
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REFERENGES:

M. Schmeisser. Angew. Chem. 67, 493 (1956); D. Litzow, Thesis,
Univ, Minchen, 1955.

Rubidium Chromate

R Cr0,
2310 100.0 25740

Ohtained by evaporation of an aquecus solution of Crdg which
has been peutralized with RbaCOg [oT RBOH}

The hy-product RbaCrgOr forms at even & Very small exress
of Cr0y; therefore somewhat more than the stolchiometric quantity
of Rb CO; should be uged,

II. Preparation anslogous to that of CsaCrQk.

FROPERTIES:

Yellew, rhombic crystals, isomorphous with K UrO, and
Kz50,. Readily soluble ip water (429 at 20°C}.

HEFERENCES:

L. Grandeau. Ann, Chim. Phys. {3) 87, 228 (1863); J. W. Retgars.
Z, phys. Chem. 8, 39 (1891); Abeggs Harndbuch der =morg.
Chemie [Abegg's Bandbook of Inorganic Chemistry], IV, 1,
p. 362 (1921),

Rubidium Dichromat's

BbCr, O
L RbCy + 2C0, = BhCr); + COy
2318 2000 3870

Obtained by evaporstion of sioichiometiric mixtures of RhaCOs
(or RbOH) and CrQs.

I Preparation analogous to that of Cs 7Cr g0,

PEOPERTIES:

Trimorphic; forms A and B deposit together from solution

bove 35°C, Orange-colorad moavclinie o | 1
“m r red triclinic Gryﬁt&lﬂ- :
m’-" soluble in water {5% &t 1300). C e
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REFEREHCES:

L. Grandeau. Ann. Chim, Phys, (3), 67, 207 ] T
der anorg. Chemie IV, 1, p.{ gaﬁ vl }{‘1883}. Aboggs m

Lesium Chromote
Cs,CeQ,

Cs:Crid: + Ba(OH): = BaCr0, + o0, + H,0
481.8 714 2434 1349

A small excess of Ba{OH)p s added to & warm solution of
©8;0rz07. The sparingly soluble BaCrQy is flltered off and the
solutlon 1s concentrated until crystallization coturs,

PROPERTIES:

Yellow hexagonal or rhombic crystals, resadily soiuble an
water, "

HEFERENCE:

J. H. de Boer, J. Broos snd H, Emmens. Z. anerg, allg. Chﬁm,
191, 113 (1930).

Cesium Dichromate
: Cannly

i (NH.).CrD; + 2CsCl = CseCrelx + 2NH.C]
249g.1 438.7 4818 :

L :l"_

FROFERTIES: a
I Orange-red triclinic crystaldy spaifigly seluble-1a-colds

scluble in kot water.-- - 7 -
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REFERENCE;

J. H. de Boer, J. Broos and H. Emmens, Z. anorg. allg, Chem,
191, 118 {1930).

Potassium Fiuvorachremote
K[CrO:F]

KgCI‘:Gr + 2HIF = ZK[CI‘O:F} + Hg{)
a4 4100 31a.2

Powdered K Cra0O, is heated in a Pt dish with excess of
conc. BF until solution is complete, On cooling, K{CrO,F] seph~
rates as red crystals.

PROPERTIES:

Formula weight 158.11. Ruby-red bipyramids, readily soluble
in water. Etches glass vessels In which it is stored. Crystal

structure: tetragonal (space group thy.
REFERENCES:

A, Sireng. Liebigs Ann, 128, 227 ({1B64): 4. A, A. Ketelaar and
E. Wegerif, Recueil Tray., Chim. Pays-Bas 57, 1265 (1938).

Potassium Chlerochromate
KICrO.0N)

ECn + 2HC = 2K[CO,CH + HO
04,2 728 349.1

L Fifty grams of fine K,Cr 0y powder is dissolved in a mixture
of 85 ml. of conc. HCI and 50 ml of water {by heating to 70°C).
The solutlon is filtered through e jacleted funnel heated with hot
water. Afier I-2 days, the nascent nrystals are filtered off with

suctlon, recrystallized from pglacial acetic acid, snd dried in g
vacuum desiccator over H 80,

IL KCrO + Gr0.Cl: = 2K[CrO,Cl)
94,2 1349 3481

A three-neck flask g fitted with g gtirrer, a thermomteter, 8
droppiug funnel, and a gas outlet tube, A solution of 76 g of

3
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K,CrCs 1n 125 ml, of hot water ia

Cr0aCla is added dropwise with stirring, The tempersture 15 held

at 90-108°C by means of a Bunsen burper. Stirring is continued

for 1 hour at the same temperature and _
poured into 2 beaker, the flask contents are them

After 18 hours the o

filtered off with suction and pressed together fimﬁmﬁm
mother liquor as thoroughly as possible without washing. The
product is then placed on a clay plate, covered with & watch glaas,
and allowed to stand for 10 hours. Yield: 109 g (81%, based on
KaCrls)

The mothar liquor, cooled at 9*C for 1,5 bourg, yields about
16 g. of less pure K[CrQ,Cl}, To purify this, 30 g. of the impure
product is dissclved in 100 ml. of ecetone, filtered, and 700-800

ml, cf CCl, is added slowly with stirring; 18-17 g. of pure K{Cr0sCl]
is thus cbtained.

PROFERTIES:

Formula weight 174.56; d 2.497. Sparkling, orange-colored
crystailine needles, soluble in glacial acetic acid and acetone.
Undergoes hydrolytic cleavage in water. Heating the sali to 100*C
causes loss of chlorine,

REFERENCES: )
1. L. Vanino, Handb. d. Prip, Chemie [Handbook of Preparative
Chemistry], I, Stuttzart, 925, p. 321

1. H. H, Sisler in: W, C. Fernelius, Inorg. Syntheses, Vol, II,
New York-TLondon, 1846, p, 208, : )

Potassium Tetraparoxochromate {¥)
Ky Crhy

Prepared fram KOR, CrOp and Hz0a.

A mixture of 25 ml, of 50% Cr04 solution, 100 ml. of 25% qu. N

end 100 mi. of #,0 le coolediana cold bath unti} lce begins o

Now, 30 ml of 30%, H,Op 15 added dropwise {with shaking]gcatﬁg;g
bﬁiﬂ’s taken to keozlp tﬁe Folution temperature from Tising Above-#

0°C. ‘The Initiaily red-yellow solution soon acguires ablack-brown
color. The salt !:;mm drops to the bottom o_f the vessel aftar 12
hours is flitered off with suction, washed with 95%, alcohol ntil the
washings are colorless, then with ethe;,-a_c_n% ’égnrgd_-ﬁ}a?:!?
vessel. The yleld is about 50%; hased on te Ha8y usedl’

fi\t;{l_ﬂ}.l’\. x :..

e

placed in the flagk, and 86 ¢ of

o
'y

Kl
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PROPERTIES:

Formula weight 297.30. Red-brown crysials, which may pe
stored for montﬂ] without decomposgition. Moderately scluble in

eald water, insoluble in sloohol and ether.

REFERENCE:

E. H. Riesenfeld, H. E. Wohlers and W. A. Kuisch. Ber. dtgch,
chem. Ges, 38, 1887 {1905).

Ammonium Pentgperoxcdichromote
{NH Oy 2 H.O

Preparad from NHCl, CrO, and HyOg.

The procedure for the biue ammonium sait ig the same as that
used for ¥,Cre (see ghove), The quantities used are: 100 ml of
H40, 5 mlL of conc. HC, 10 g of NH5Cl, 10 ml of 504 Cr(; solu-
tion, and 25 ml. of 30% HaO. At the end, the product is washed
only briefly with %04, alcohol.

PROPENTIES:

Formula weight 386,13, Violet-black crysfaliine powder con-
sisting of flat prisms which show strong plecchroism [bright red-
brown and dark blue-violet), May be stored for afewdays ina
cold desiccator; transforms completaly to (NH4)CrQOg on 24-hour
exppsure in the zir; decomposes explosively at 50°C to CryOa.
Soluble in ice water éviolet-brown color),

REFERENCES:

E. H. Riesenfeld, H. E. Wohlers and W, A, Kutsch. Ber, dtsch,
chem. Ges. 3B, 1888 (1905); G. F. Wiede, Ber, dtsch, chem.

Geg. 31, 518 (1898}y; R. Schwerz and H, Giese. Ber. dtsch
chem, Ges. 66, 310 (1933},

Riperoxotriamminechromium (V)
{NHHCrO,

Prepared from ammeonia, CrO, and H 40,

A mixture of 26 ml. of 10% smmonia and 6 mi. of 50% CrQs
solulion 1a trested dropwise at 0°C with 5 ml. of 30% HaGz TH

o

Ut

F 3%

il
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resultant sclution is first allowed to 5

mixtuce, znd is then heated tand for one howr In 4. cooling

(together with the coplous
of (NHs)3CT307 contained thezain) to about 50°C uptil the viESe s

evolution of gas ceases end the salt dissolves
Finally, the solution is filtered and cooled umm;%m%
(NH2)aCrOs which crystallizes is filtered off with suction, washed

with absolute glcohol and ether, anddrieding g
vield: about 0.3 g a deglccator over KOH,

SYNONYMS:

Chromium teiroxide triammine or trismminechromium te=
troxide.

PROPERTIES:

Formula weight 167,11; d'%® 1,564, Light-brown needles,
soluble in dilute ammonia and water {partial decomposition), In~
soluble in other aclvents. The product should be protected frotm
molsture, but because of the denper of explosion, storage ampouleg
other than the type senled by fusion of the outlet should be used.

REFERENCES:

K. H. Riesenfeld. Ber. dtsch, chem. Ges. 38, 4070 (1305); O. F,
Wiede, Ber, disch. chem. Ges, 30, 2180 {1897); for discusszion
of valence state, see S, S. Bhatnagar, B, Prakash and A. Hamid.
4. Chem. Soc. {London) 1838, 1432,

Barium Orthochramate {V] 3

Bay Gl

BaCrQ, + Cr0, + 5BalOH): = 3BaCrO: + SHO
2554 1520 8569 128

%

Stoichiometric quaentities of the starting meierials, which miust

b very pure snd anhydrous, are thorcughly mixed. (Howevet; s
very small excess of Be{OH) 3, 1.8., 0.03-0,06 moles Bgﬁfa&am W
must be provided. Any larger excess of the base will givo TiSE

the heating which fotlows, o partial or somelimes GHEpTE

formation of tribaxlum chromste (IV), BagCrOs. The latter is%

heavy, blackish-green, glittering cx;ystallins powder which ip?é; :

olive-brown under the microscope, e
About 4 g. of the mixture isthen heated in a sintersd Anispl

boet in an Og-free nitrogen stream (2 hours af SO0-0BG°E); - (A

3y
LA
9'_“‘.!:.\_-.5-:‘ ;'-__I-.I-

G L

LIRANIUM 5 S
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PROPERTIES:

Microcrystailine, heavy emerald green powder. Readily soluiie
ta Qiluts HC) or HCIO,, even in the cold, with brownish yellow

color. Water causes hydrolysis. Stable to methanol,

REFERENCE:

R. Scholder and G. Sperka. Z. anorg. allg. Chem. 285, 49 (1958).

Barium Chromate [V}
Bas(CrO,)s

2BaCr0, + BaCOy = BadCr0,), t CO: + 20
SG. T 197.4 4.1

An intmate mixture of 1 mole of BaCrC, and 9.50 moles of
BaC(Q, is heated in an O.~free nitrogen stream at 1060°C. Four
hours of heating suffices for about 2 g. of reactants. The Baa{Cr0y4),
product is of excellent purity,

PHROPERTIES:

Black-green microcrygtalline powdepr. Watey cruses pradual
decompasition. Complately soluble in dilute acids, with dispropor-
tionation to Cr (IO} and Cr (VI),

REFERENOE:

R. Scholder and W. Klemm. Angew. Chern. 66, 463 (1954).

Sodium Thiochromite
Naﬂrsg

Prepared by reaction of K,CrQ, with & soda-sulfur melt,

An intimate mixture of I part of K,Cr0, with 30 parts of KNaCOs
and 30 parts of sulfur is heated for 30-60 minutes in a covered
sintered slumina crucibie; the latter is placed inan electric furnace.
The temperature is 750-850°C. After heating, the cructble Is allowad
lo cool slowly, The cold melt is slurried in water, then washed by
decantation several times with diluje NaOH, The thiochromite 18
filtered off and thoroughly washed, first with dilute aloohaile

NaDH, then with pure alcohol, and finaliy with ether. The produst

is free of potassium desplte the use of X salts. ¢

3
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PROPEATIES:

Formula weight 139.13; d 3,2, Crystan
gregate with a greenish luster. we ..?;rmedmhmgr“ ‘F'm";:kmﬁ,
are produced above BOOC; thege appesr gonal X

garnet-red by branamitted
light. Wher moist, rapldly darkans ang deac :
to air. mpodes on SXpOSIe

REFERENCES:

w. Rudorif and K. Stegemann. Z. snorg. allg. Chem. 25
{1943); R. Schneider. J, prakt, Chem. E@, -HE (18 9?).' 251, 379

Dibenzenechromivm )

{CollnGr

MCH
3CCL + 2Al + ACL + 6CH, - 8 [Cr{CH] [ACL)
4731 53.9 1333 458.4

EICTEC¢H3}21+ + 50>~ 4+ 40H- - ACHCH), + 250, + 2HO
418.5

A 250-ml. three-neck flask is used, and 25 g. (0.16 moles) of
anhydrous CrClz, 3.5 g. (0,13 mcles) of dry Al powder, and 60 g.
{0.45 moles) of sublimed and rapidly ground AiCl, are weighed in.
Tke {lask is evacuated several times with an asplrator and refilled
with dry, O,-free nitrogen. Than, 150 ml. of absoiute henzene 19
introduced in a countercurrent stream of inert gas. The flask
is again evacuated for several mizutes to remove traces of HCY
{with the evaporating benzene}. Ther, 10 drops (0.3 ml.)of
mesitylene are added under protection of the N, blanket, The flask
i now fitted with a reflux condenaer carrying 4 meIvury preqasure-.
relief valve, A high-speed Hg-geal stizrer and a plopper are
placed on the other necks, .

The N stream is cut off and the mixture ls refiuxed for S6--
40 hours with vigerous stirrisg. The flask contents are cooled, the) :
decomposed by pouring slowly (under Ng) into 200 mi. of C Al
contained in a 4-liter three-oeck fask, The latter 13 cooled in les '
two of the necks are fitted with stopcocks and the third carrles &, .
high-spaed Hg-ueal stirver, Then 200 mi, of HyO s aigo added.’; .’
When hydroiysis Is complete, 2 liters of benzene s added, then &
solution of 220 g of KOH in 500 ml, of Hy0. Finally, 220 g.of
solid sodium dithionite is Tepidly introduced. After 2 hours ot -
high-speed stirring, the davk-brown solution fs.osrefully
with suction (in the absence of air) Into an evacuated 3-litez &
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which carries an N inlet tube, The solutionis dried with solid Kop,
R is then transferred (under Na} to a distillation apparatus, gnq
the solvent is removed theroughly on a hot water bath. The solig
black residue is washed 3 times with absolute ether (under Ng) ang
than sublimed in high vacuum at 160°C, Yield: 29.5 g. {90F of

theoretical),
PROPERTIES:

Biack, diamagnetic crystals, sensitive to &ir. M.p, 284-285°C,
Slightly soluble in ether and petroleurs ether, glvings brown colox;
moderately scluble in benzene.

REFERENCES:

E. O. Fischer and W. Hafner. 7. Naturforach. 10b, 685 (1955); z,
anorg. allg. Chem. 286, 146 (1956); E, O, Fischer, W, Hainer
and J, Seeholzer, Private commpunication,

Bis{diphenyl)chromivm [0}
{C,,H"};Cr

[

8.0,1—
{[C1gHm}eCl‘]+ —p {C:,Hm];Cr

The melt is prepared an? hydrolyzed in the same manner as
described below for bis{diphenyl)chromium (I} fodide. The first
fittrate is refected.

An excess of alksline sodium dithionite solution 1 added under
Nz to the later, pure orange-red filtrates, whereupon the
bis{diphenyljchromium (I) cation is reduced instantly and pre-
cipitates as bis{diphenyljchromium (0), After standing for ons haif
hour the precipltate is filtered off on a large, fine fritted-glass
funne] and then dried for 1-2 days over P,Os. It ls then extracted
with ether or pentane In the absence of air; the bis{diphenyljchro~
mium separates from the solvent inbeautiful small crysials. These

?;ngm&red off, dried ie vzcuum, and stored under N, Yield: 10 to

PROPENTES:

Crystals with brasslike luster, M G

. M.p, (not sharp) at 112°C.
Eﬂl"blf i::nether, alcohol, benzene, etc,; diamagnetic. Limited
tabllity o air when dry, Dibenzenechromlum (0} and diphenyl®
benzenechromivm {0) can be prepared from the corresponding .
chromitm (1) salts {n esentially the same way. g

. ﬁ

.
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KEFERENCES:

E. 0. Fischoar ami D, Seus, Chem. Ber, 83, 1814 (1856) F, Hein
and W. Kleinwiichtar. Private unpublished communiontion,

Dibenzenechromivm It} lodide
[(CaH,):Cel1

Ten grams {0.C5 moles) of Cr{CeHg), fine powder 13 shaken
with 200 ml. of benzene and 100 ml. of HO in o separatory funnel,
while alr is psssed through, until all the solid dissoives and the
benzene phase becomes virtually colorless. The yellow-brown
aquecus layer is filtered and treated with gaturated aquecus KI
solution (stirring) until no further yellow precipitate separates
out. After cooling in ite, the precipitate 1s fiiteved off, washed 3
times with some CHgOH, and flnaily with ether. It is then dried
in vaouum. Yield: 10.5 g., or 65% based on €r(CgHe) e :

FAQFERTIES:
Egg-yellow, stable in air, moderately soiuble in HyO.
REFEALNCES:

E, O. Fischer and W. Hafner. Z, anorg, allg. Chem. 286, 146 (1956);
E, O, Fischer, Private communicstion,

Bisidiphenyfjchromium (I} lodide
[Ce{CpaHm)alT

Ten grams of gleved, anhydrous Crils dust, 8 g. of Al powder,
27 g. of subhlimed diphenyl, and 30 g, of AlCl; (powdsred in g
mortar) are separatsly dried for cone half hour inap ovenat -
116°C, Then, the CrCls is mixed intlmately with the Al powder,
and the biphenyl with the AlCly, The twomixtures ara then blended -
thoroughly with eachk other in a 166-ml, besker plaged fa g dige .
leg oven. Finally, the total mixture s covered with p layer »of -
pure biphenyl (3-4 g.), and the beaker is covered with a walgh~
#lzags. The beaker s now placed in a ajiicons oil bath preheated
to 100°C, amd the bath temperature s slowly ralsed to LI0°C. Aw
5000 s the resction heging (110-120°C, melting of Mma
followed hy puffing up and evolution of HCL veprs), ihe hesting ¢ .
the ol bath is digconiinued. The heat of yeachon csuses by
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of the mixture lo rise spontaneously {c 140-15p3c,
meigtmutes the melt is stirred vigorousiy with & thermometer,
care belng taken to keep the temperature from rising above 18¢=(,
The reaction is allowed to complete itself in one llalf hour. Dy
this time, the oil bath temperature is kepl at 120°C, Ca.ref_u,l Con—
duct of the melt reaction 1s most important in this preparation.
The beaker with the melt is now cocled io room temperature,
The melt is added with a spatula to 100 ml. of msthanol (addi-
sipn in portiong) in an 800-ml. beaker placed in an ice bath,
An orange-red to brown solution forms; cold, saturated NaCl
solution is then added with stirring. This yields an easily fji-
tared product whick is separaled once on a 15-cm_. _Buchner
funnel, Then sbout 3 g, of solid KI is added to the acidie, dark-
hrown filtrate: thiz causes precipitation of the Ms(diphenylichro-
mium (f cation present, However, most of the product is in the
fiitrstion residwe, and is obtalned by leaching the residue several
times (on the fumnel) with 100-ml, portions of water, fellowed by
suction-drying. Before each leaching, a fast stream of airis
drawn through the fiiter cake for iI0-15 minutes, in arder o
oxidize any remaining chromium (0} to the monovalent siate, The
leaching is discontinued when the wash water becomes almost
colorless. The bis(diphenyljchromium {I) icdide iz reprecipitated
by atirring zhout 8-10 g, of sciid KT into the [fitrate. It g filtered
off with svetion and washed with water, then 10 ml. of alechol ang
two 10-ml, portions of ether, Yield: 22-25 g, The crude product is
aiready very pure; it can be racrystallized from alechol.

FROFERTIES:

Formula weight 487,33; m.p, 157°C, Depending on size, orangs
to reddish black crystals, Scluble in pyridine, alechol, chloroform,
acetone; almost inscluble in benzene and water; insoluble in ether
and naphtha. Not sensitive to dilufe hydrochlarie zeid.

REFERENCES:

F. Hein. Ber, disch, chem. Ges. 54, 2716 (1921); E. O. Fischer and
D. Seus. Chem. Ber, B9, 1814 (1956}; F. Heln and W. Klein-
wachter. Unpublizshed private communication,

{Diphenyllfbenzens|chromivm {l] lodida
[(Cas ¥, )Cr(C L) 3T
All operations are copducted under pure N, in the absance of
molature, '

A Grignard solution is prepared from 37 g. of magnesiuxt,.
235 g. of bromcbenzene and 900 ml. of eheolute ether, After .
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end of the reaction, the solution is decanted from the unrescted
Mg into a 1.5-lifer sulfonation flask, which {8 provided with a
stirrer, 8 thérmometer, a tap-injection bulb from which solid
reagents can be added, and Inlet and outlet tubes for N

The solution is cooled to —15 to —18°(. Vigorousg;tirriug and
good cooling are provided, and 40 g. of sublimed CrCl, is tapped
from the bulb Into the flask at & uniform rate; total addition times
2 to 3 hours. (The CrCl, is preextracted with boiling HC1, washed,
dried, and sieved through a U. 5. standard 0-mesh screen.) The
reaction temperature should not rise above ~12°C, The mbdyre
becomes black-brown. After the addition of CrCla, stirring la
cantinued 2 to 3 hours. After stending overnight in an ice chest,
the mixture is stirred thoroughly and decomposed by pouring it
slowly onto an ice-Hz50, mixture {760 g. of ice, 25 ml. of cone.
H804) contained i a 4-liter breaker. The addition proceeds in
alr and with Cconstant stirring while the beaker is immersed in an
ive-salt bath. The yellow-red ethereal emulsion [8 rapidly
decanted into a dish and the ether is driven off. The agueous
layer is filtered through 2 suction funnel with the largest possible
fillering suriace.

The residue from the ethereal layer is stirred with approxi-
mately 50 ml. of 50% KI and 56 m), of saturated Nag80, solution,
and is then thoroughly extracted with chloroform (shaking In &
sgparstory funnel) until the solvent is caly slightly yellow, The
squepus solution, which contains KI, 1s combined with the filtrate
from the aquecus layer and similarly exiracted with chioroform.
The residue from the filiration of the aguecus leyer, the fllter
paper, the funnel, and all vesssels are also extracted with chioro-
form. The combined crange-cclored chloroform extracts (whick
conteln the crude fodide) are washed twice, each time with 15 ml,
of KI and 18 mil. of NegSOy solutlops, then once with 256 ml. of
H,Q, and dried for 34 hours over ashydrous potasgium carbonate.
The filtered chloroform soiution is concentrated, under achydrous
conditions, in aspirator vaouum at a bath temperature of 25 to
30°C, The residual viscous mass s rinsed into a dish with a
minimum emount of chioroform. To remove diphenyl, the material
is triturated, first with 100-mi, portions and later with 3¢-ml.
partions of sheolute ether, until & samaple of extract shows almost.
no residue on evaporatiom. A total of 1.5 to 3 Jiters of abaolute
ether 18 required, The viscous, red-orange, erude iodide hardens’
and becomes powdery as the exiraction of dipheryl progresaes,
It i dried over POy in vacuum, It may be kept for months
if stored in a cool piece away from light. Yield: 35-40g. of
crude iodide. It is composed of bis(diphenyl)chromium ) iodidey
{diphenyl}{benzene)chromium () lodide {the principal constit~
uent), and a very small percentage of dibenzenechromlum {if-
iodide, : h
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neychromium (1) iodide, the
To ohta:iu pure {di?ms?rlg}tbf;l iﬁud?& iodide 1s dissulved i 900
18 B fanoﬁ' \th 360 m1. of water, and passed throy
ml. of methanol, treat ; W @2 OH form of Wofalit T, 150 oo
an anion exchange. Egﬁumnof :ir_'.: material ic 70% methanol) at
Amberlite IRA $10; Theg'colum“ is then eluted with 70% alcohs)
rate of 3 ml./min. e fraction of the filtrate is collected in the
and the yellow to nral:l_g fraction 18 concentrated In aspirator
atsence of COg THI5 rature of 30-835°C untll a methancl-free
vacuum at a bath tetheis filtered to remove a slight cloudinesg
solution remains. T Sf'itered solution is diluted to 300 ml, with
(diphenyl). The clear, fi lution of 18 g. of anthranilic acid
water and treated with & KOH in 60 ml. of H,0 while cooling
(m.p. 146°C) and 12 g of KOH in ‘ 2
i . trestment causes the (C; H,5)2Cr {I} anth-
the flask In fee; this trea amorphous precipitate
ranilate to deposit as an orange-yellow, amorp proecipiiate.
ding for 2 hours, the precipitale is removed by filtration
After Stand g fine fritt'ad-glass funnel, The filirate iz treated
trough a very e I in a separatery funnel. The (CyyH;e)
with 20 g of solia K { il. The oilis extracted
(CgHa)Crl separstes at once as an oil. £ -
with chloroform until the latter is only slightly yellow. The com
bined enloroform extracts are thoroughly shaken with some 20% KI
solution, and then with a very small quantity of water; the extracts
are t.he:i dried for several hours cover potassium carbonate. The
filiered solutions are concentratec? by distilling off the chloraforn;
in vacuumn (under snhydrous conditicns) at_; a bath tem}:erat;re;a
30-35°C. Finally, sbout a 10-fold guantity of abso;ue at erns
added, causing &an orvange-red oil to separate; this gra,du? ¥
solidifies and can be ground under ether. The supernatant ether
layer is replaced 2 or 3 times to remove the chloroform. Thi
powder is filtered off under anhydrous conditions, washed seve:;a
times with ether, ang dried in 2 drying pistol at 2 mm, &nd 55-60°C
(using acetone as the heating medium), The product is recrystai-
lized by dissolving in absolute alcohol at 60-70°C (amhydrous con~
ditions), filtering throogh a very fine fritted-glass fufmel while Btll;
bot, and storing overnight at ~20°C. This yieids masgive orange-re
erystals. The (C;oH;,){CsHg)CrI can also crystallize in g:n}.‘tdt:m;l
yellow hexagonal leafiets, but these transform into the crange-re
erystals after standing for several days in the mother liguor,

Since the (C;zH oMC Ho)Crl often separates as an oil, seeding
e solution may be belpful. The precipitation can be completed
by very slow addition of a 3- to S-fald guantity of ether. The
precipitate is filtered off under anhydrous conditiops, washed twice
Wwith some 1: 1 absolute ether/absolute ethanol, twice with absatute
ether, and then dried to a constant weight in a drying pistol 8t 2.
M. and 55-60°C (using acetone as the heating medium), ThiF
drying quantitatively removes the ether, which otherwise a.dheres_ _
tenaciously. Yield: 26 g. of {C1 aH10)}{CaHalCrlL el
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The (diphenyl){benzene)chromium () iodide can also be pre-
pared by a reductive Friedei-Crafts reaction, starting with an
appropriate midure of benzene, giphenyl, CrCla, AlCl; and Al
powder. The reaction can be carried out under reflux at atnog-
pheric pressure, but again affords idipheny) (benzenschromium ina
mixture with dibenzenechromium and bis (diphenyl)chromium, After
conversion to the iodides, they must be separated from each other
in a manrer analogous to that given abave,

The yleld in this method, even under the most favorable con=
ditions, is lower than that of the Grignard procedure.

FPROPERTIES:

Formula weight ¢11,33. Red-orange, massive, somewhat Hght-
sensitive crystals. M.p. approximately 160°¢ (decomp.). Can be
stored in vacuum or under My in the dark Readily soluble in
pyridine; soluble in chloroform, aicohol and acetone; less soluble
in water; insoluble in ether, benzene and petroleur ether,

REFERENCES:

F. Hein. Ber. disch. chem, Ges, 54, 2741 (1921); F. Hein and H,
Meininger. Z. anorg, allg. Chem. 145, 115 (1925); ¥. Heln and
E. Markert. Ber, disch. chem, Ges, 61, 2261 {1928); F. Hein,
P, Kleinert and E. Kurras. Z. anorg, allg, Chem. 288, 228
(1957); H. H. Zeiss and M. Tsutsui. J, Amer. Cherm. Soc. 79,
3062 (1957); F. Hein and K. Eisfeld. Z. anorg. ally, Chem.
2832, 162 (1957).

Molybdenum
Mo

L. MaG; + 3H: = Mo + JH,G
440 Br.EL 988 541

The MoO,; is obtained by heating ammonium moiybdate. Since
MoGO, is wvolatile at higher temperatures, it s prereduced in a
stream of hydrogen at about 500°C to the nonvolatilte lower oxides,
The oxides are then reduced to the metal at about 1000°C,. The
product is allowed to cool in &n Hp atream, snd the metal 8
obtained as a gray-black powder. s

1L 3MoO, + 4Al = 3Mo + 2ALD,
3539 167.9 2379 203.8

Because of the volatility of MoOa, the starting malerialls
MoO,, which is obtalned by reduciion of MoGs with Hg et
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dark-rod doat, A clay orucihle embedded in dry sand is used, and a
mietare of §0 g of MoOs and 21 g. of Al powder {oT, better, A}
e the size of graina of sand) is placed In it, The mixture ig

F wased to renct by means of an ignition mixture. * After cooling the

crucible is brokenup, and the solid melt of MO, weighing about 50 g,
tabout 90% yield}, is solated, If 60 g. or 40 g. of MaO2 1s charged,

the yield drops to 70-80%. The metal contains 98-38.5% Mo as well
as some 51, Fe and Al

PROPERTIES:

Solid Mo is bright, with & silvery luster. Powder 1s light- to
black-gray, depending on particle size, M.P. 2626°C; d 14,23;
hardness 5.5. Attacked (with difficulty} by nponexidizing acida and
aquecus alkalies. Crystal structure; A 2 type.

REFERENCES:

H. Funk, Darst. der Metalle im Laboratorium [Preparetion of
Metals in the Laboratory], Stutigart, 1938, p. 69 f,; H. Biltz
and R. Girtner. Ber. disch, cham. Ges, 38, 3370 (1906},

Dibenzenamolybdenum [0}

(CaH, Mo

An intimate mixture of 4 g. {0.015 moles) of MoClg, 3
. . 5+ £- 0.'1)23
ﬂoles] ;: ar}hydrous ﬂ_ne AlCL, powder and 1 g. (0,04 g.—-atojns,‘. of
powder is placed in a glass combustion tuba of about 75-ml.
::sap::aizy\;miguut ::3 1:111. of absolute benzene is then added. The tube

. Sealed, pisced in an lron protecti

in aﬁlﬁ:imntal position for 15 hours at 1%0"8.0 ve fubs, and heated
conis m; ﬂiz&.c the tube 13 carefully opened and the dark-colored
thew treaten withﬂmmsed with 20 ml. of methanol {cooling) and
75 mi. of water, The residue is filiered off on &

[ ]
(it sy e {Serman Zindgomisch'” or * Zindidirache
and 2 parts E’; ‘n;ade from 15 parts by weight of barjum peroxide
beld togethor with o ered maguesium metel, intimatoly mixed snd
ribbom, a plece of &zlodion. The whole is wrapped with magnesium
with ﬂ;ﬁ evol ritbon serving as the fuse, Mepnesium burns
utlon of much heat; the bazrium peroxide furnighes the

aAmoun
large 8 of oxygen needed for such forced combustion (H.

Blacher, A i
S h‘:ihmﬁsbwl;ﬁh tlhgt:hdm chemische Industrie [Data Book for
Chem Industry], ed,, de Gruyter, Beriin, 1954, p. 1314).

el w.




24. CHRCMIUM, MOLYBDENUM, TURGSTEN, VURANIUM (¥

frittad-glass funrel, The dark-colored filirate is transferred to s
500-ml. three-neck fiask, carefully prepurged with Na The
solution 18 covered with 200 ml. of benzene, and 10 g. of potasaius
diaminomethanedisulfinate (NH3) C{805K) 5 [or the same amount
of formamidinesuliinic acid {NHz},CS80.! is added with vigorous
stirring. Next, 60 ml. of conc. ammonia is added funder & pro-
tective nitrogen atmosphers), This glves rise o a green oolor in
the nascent suspension, as well as in the benzene, After two hours
of stirring, the preen benzene sclution is decantad {in the aboence
of air) into a fairly large Schlenk tube (see Part I, p. 75} which has
been carefully prepurged with Ny; it is ther dried with Bolid EOH,

A green crystailine residue remains after vacuum removel of
the benzene. This is transferred to a sublimation vessel {complate
exclusion of alr) angd sublimed in high vacaum at 100-105*C,

Yield: with (NE2)aC{805K)s, 1 g.; with (NH ) C80,, 0,7 g.; or
27 and 20% of theoretical, respectively (based on MoClg).

PROPERTIES:

Green crystals, extremely sensitive to alr; decomp. 115°C.
Soluble in organic media such as benzene, ether and petroleum
ether. Inscoluble in water. Very sensitive to cxidation,

REFERENCE:

E. G. Fischer and H. O. 8{ahl, Chem, Ber, 89, 1805 (1956),

Molybdenum (Ilj Chloride

Mﬂ;Ch
L Mol = Mo, Cl;, + 3IMoCl,
12138 008 T133

Heating of 20 g of pure MoCly to red heat in 2 small boat
Placed in an Op-free nitrogen siream gives bhright yellow, annlyt-
ically pure Mo,Cls (98% yleld).

IL. 3Mo + 3COC, = MoCl, + 3C0
2080 2983 5008

A stream of COCL, (3 bubbles/sec.) Iz allowedto react with 8 g,
of very pure Mo In & Vycor tube (30 minutes at about 61G°C). Yield
is 50%; 0.5% is lost in the form of side products; the remainder is
mireacted Mo. MHeating is carried out with a.thermostaticslly
ocnirolied electric furnace precakibrated to 614°C. .
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agn mass is floely ground and extracted

sev:}:l iji:nt::eittrlf aat:t:ilixtu:e of 85 parts of ether and § parts of
aleohol (peflux), The filtared, golden-yellow sulutim? gives {in
vacuum) a scalelike residue which crumbles to a light-yellow
This compound corresponds to the formula

uned.
:f:c?;h?%f}.;r:om the alcohol cannot be removed without de-

composing the produch

PROPENTIES;

Amarphous, dull-yellow powder, stable in air, Infusible, aon-
volatile: 437 8.714, Insoluble in water, glacial acetic acid, tcluene
and naphtha, Solubla in alcohols, acetoine and pyridine.

REFERENCES:

1. W. Biltz and C. Fendius, 7. anorg. allg. Chem, 172, 384 (1928);
S. Senderoff end A. Bremner. J. Elekirochem. Soc, 101, 23
{1554),

II. XK. Lindner, E. Heller and H. Helwig. Z. anorg. allg, Chem.
130, 210 {1823).

Molybdenum (] Chieride

MOC]’

MoCly + Hy = MoCly + 2HCL
03T 4L 2R

The reaction tube szhown in Fig, 320 1s used both for the
f;‘t;;pzzéaltinn of MaCl; (see p. 1405) and the subsequent reduction
R

Fig. 2320. Preparation of moiybdenum

chloride, The lengths of the i;:diﬂdual t(g:ne

sectiona are: a 32 om., b 8 om., ¢ 60-75 cm,

The LD, 1a 2-2.5 cm,, 1-1.2 cm. st the
consfrictions,

i

Ko
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Six grams of Mo powder is placed at a, and Mo(l Irepared
from it (see next preparation); the product is then gu%liiamed dnto b
and ¢ by means of a Ci,stream, Aftey cooling, the Clj; is displaced
with €O, and this, in turn, with dry, Qg-free hydrogen, ‘The loft
end {near its lowest part) of zone ¢ is now heated to about 260°C, ap
that a 5+ to 10-cm. section of the tube is filled with rad vapar, Aiter
some time, 2 white mist of HC] appears at the tube end adjacent to
the moisture-retaining silica gel tube, Continued volatilization of
the MoClg (which keeps dropping into the lowest section of ths tizbe)
results in 8 copper-red coating.

The heat source is gradually shifted to the Tight, until all the
MoCls is transformed inio MoCl,, Overheating should be servpa-
Iousiy avoided. The reaction requires 2-3hours. Atthe end, the H.
{s replaced by dry COg, and the remaining MoCl, is distilled from
section b 80 that none of it remains in the MoCl;. The excess
MoClg is driven into adapter d (this tule is attached to the reastor
by means of an asbestos seall. After cooling, the resctor tube is

cut inte several pleces and the crystzls sre pushed out with a glasa
rod, Yield: 4-§ g.

FPROPERTIES:

Copper- to brown-red powder; d®; 3.578, Stable in afr; sparingly
eoluble in pyridine; insoluble in water, alcohs! and ether, Forms a
blue solution with conc, H 80,

REFERENCES;

H. Biltz and W. Biltz. Ubungsbsispieje aus der unorganischen
Experimentelchemle [Excercises in Inorganic Experimental
Chemistiry], 3rd sed $th eda., 1520; W, Biliy andé C, Fendius,
Z. anorg, allg, Chem, 172, 389 (1928} L. P, Liechti and
B. Kempe, Liebige Ann, 169, 344 (187%); see also A, Rosen~
beim, G, Absl and R, Lewy, Z. anorg, allg, Chem, 87, 200
(1931},

Molybdenum {¥) Chioride o

MoClg S S

2Mo + 5CL = 2MoCl,
1918 I0L S40F

The apparstus shown in Fig. $21 i used for the chiorinnkidn

of the Mo. During the experiment, an additional largesdismetes . -
Plece of glass tubigg 13 attached at ¢ by means of & large-dlameinr L
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s tube is pointed up\gﬁd.(ghe left se-::uon
- charged with 6-10 g. of Mo (for preparation,
o mt:::lt;maﬂﬂi 130: and H, {woth free of oxygen and very dry)
.~ sod through the tube until the air is completely displaced
E:m & wash bottle which is connected in seried. The CO; flow ig
pew shut off, and the Mo heated in the hydregen atream for 1-2
hours (the temperature should be asz high as p?ﬂsible}. The water
¢which forms via reduction of the surface oxide layer) is driven
off vla the open end ¢ by means of a burner and the tube is allowed
atream.
N c’?ﬁ!e ﬂlxﬂ: {Ia.;er may 2150 be reduced in an allernate procedure,
wherehy the Mo is healed in a dry HCl stream until no further
wooly sublimate (MoOg -+ 2 HCly 13 formed., The sublimate can be
driven into the abave mentloned glass tube by gentle warmning
{use & hood!). It Is recommended that a drylng tube or 2 wash
bottle with conc, H 90, be attached at the end of the reaction tube
fo maintain anhydrous conditions. The outlet gases should pass
through the drying arrangement before entering the hood.

rubber hose, This glas

r rent

!

crg_JL;x., )

T';?:W 1 serial burper

"

s

Fig. 321. Preparatics of molybdenum (V)
chloride, Cverall length of reaction tube
ebout 1 m,; part a-b 30 om,; LD, 2-2.5
em, and 1-1.2 cm, at the constrictions,

Before chlorination, the twbe is cooled, the attached wash
bottle (cono. H,50,) purged of air with Clg, and the Hao {or HCY
displaced from the tube with Cla; during this operation, pincheock
I remains cloged, The rezction between Mo and Cly either starts
spo!:ta.neously or &t mos! needs only very gentle beating witha
:erl.al buraer for iaitiatlon, The reaction is accompanied hy the
mn&i of st:;eams of de¢p dull-red vapor which condense
beyon mmcuna fction b. By gentle Deating of the Mo with e

withra; ;E well as occasional heating of constriction b by
ﬁlmnlngl unsen flame, the MoClg I8 collected In b-c, where
précipitates in a shower of very fine crystailine ieaflets, Intense

beating must be avoided, At the
Temasin at the left of b, end, only a few small gray flakes

i

)]

B
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The tube contents are allowed to cool In a CQg stream, c is.
closed off with 2 cork, and bis sealeq off with a torch, The cryptals. - °
sre loosened by tapping, and transferred to a COfilled, 35-cm.- T
Jong storage tube of the same diameter as the combugtion tube {the: -

gtorage tube is slipped over consiriction ¢). The storage tube i,
then sealed off, )

PFROPERTIES:

Blue-biack, extremely hygroscoplc crystala; dark green. if
oxychloride is present. M.p, 194°, b.p, 268°; 43§ 2,927,, Soluble
in water &nd alcohol (solvolysis); soluble without decomposition
in organic solvents such as ether, CHCls, CCl, and 0S5, o

REFERENCES:

H. Biltz and W, Biltz, Ubungsbeispiele aus der unorganischen Ex-
perimentalchemie [Exercises in Inorganic Experimental Chem-
istry], 3rd and 4th eds., 1920, p. 218; W, Biltz and A, Voigt.
2, anorg. allg, Chem, 133, 299 {1824}; P, Lisoht and B, Kempe.
Liebigs Anm. 165, 345 (i873) B, R, Epperson et al, Inorg,
Syntheses 7, 163 (1963). -

Molybdenum {{il) Bromide
MﬂBI'.

EMo + SBI; = EMDB]:!
1813 4793 B7l4

Qbtained (75% yisld) by hesting Mo in astream of Bry at 350°C.
Sepurated from by-products by waghing in cold, HBr-saturated
water,

e

F
y
.
T

PROFERTIES: - o

Formula weight 338.70. Black, densely matted crys il
needles, whick decompose to MosBT's &nd Bry when cﬂmﬁo
absence of air. Insoluble in water amd aclds, readily-’-aﬁl__
bolling anhydrous pyridine, forming {MoBrspyal.

REFERENCE; . L 1; o
: L E oA WS e 3

200 (1931},
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Tribrometripyridine molybdenum
[Ho]!npy.]

MoBr, + dpy = [MoBrapys
3357 2373 5780

see preceding preparation) is refluxed at

°C with 20g. of drous pyridine {frequent swirling necessary}.
ﬁue Chot“;:yilcﬁne Zﬁﬁtmn is rapidly filtered (suction) io Temove
a small amount of residue and is then treated with cong, HCI unti]
a weak acid reaction is obtained. The brown-yellow precipitate
which forms ls filtered off and washed with alechol end ether, For
purification the compound is extracted with chloreform in a
Soxhlet apparatus. Crystal clusters conslating of small octahedra
separale upon slow evaporation of the solution,

Five grams of MoBT, {

PROPERTES:

Brownish-yellow neadies; cryatallize in octzhedra from chioro-
form; soluble in pyridine; sparingly scluble in chlereform; in-
soluble in water, dilute acids, alcohol and ethyl acetate.

REFEREHCE+

A. Rosenteim, G. Abel end R. Lewy. Z, anorg. allg. Chem. 197,
201 (1951},

Potassium Hexachloromolybdate {iIf)

KMol

2Mo0y + BHOL + 8KCl + 8e — 2KMoCl,
{-2 W0t
5804 4473 529

L A solution of 20 ¢, of HaMo0, * HaO
. 3 * B0 In 180 ml. of conc. HCL and
30 MT%I' fzf distiled :rater Is elzetroiyzed for several hours st about
cb,, 15 bu;;;zafig-u i ttﬁe t;leegnialysla vessol 18 waler cooled and
£ the req trivalentu:tga b olutlon, The solution i& thus reduced
Thfn;:.;ﬂnpt‘ ng‘}-" amaigamated Ph may be ueed for the oathode,
i i bt oo, HCL 10 st - 0

agm.

2 ﬁT reduced solution 18 evaporated as rapidiy as possible over
flame untll ita volume e about 20 ml.; it is then saturated
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with hydrogen chloride and treated with a deasra )
of 15-20 g of KCl in distilled water, It is thant:mt:ﬁﬁ
70°C and reduced pressure until crysisls begln to agparste,
ffitered and resaturated with hydrogen chloride while cooling in
foe, The crystals are suction-fiitered, washed with cono. HCY, with

gicoholic HCL and finally with aicohol; they are then dried In
yaruuin.

II. Potassiwmn molybdate i3 dissolved in HC! end reduced ata

cathpde immersed In 2 clay cell. Gaseous H{] is bubbled through
the cathode liguor to precipitate the KsMoCla,

FROPERTIES:

Formula weight 425,98, d*° 2,54, Brick-red crystals, readily
soluble in water,

REFERENCES:

. W. R. Bucknzail, 5. R. Carter azd W. Wardlaw., J. Chem, Soe,
{London) 1927, b13; A. Rosenbelm and W. Braun. Z. 2norg.
Chern. 48, 320 (1905).

II, 3. Senderoff and A. Bremner. J. Electrockem. Soc. 101, 28
{1954); see also K. H. Lohmann apd R. C. Young In: J. C.
Rallar, norg, Synthases, Vol. IV, New York-London-Toronto,
1953, p. 97,

Molybdenum [fV] Oxide

MﬂO: )
L Medy + Hy = MG + HO e
1440 s3d{, 1280 18.0 *

Molybdenumn {VI} oxide is reduced for 5-7 hours in a stream of
H; at 450°C; the oxide mixture is then celoined at dark-red heat
in a porcelain boat while & stream of HCI iy passed over 1#;}@.!,’33‘
chuses sny remainiog MoO, to volatilize as MoOs 2 BCL Fipal
the product 1s allowed to cool under Ha.

. MELT REDUCTION OF MoO3 WITH NH;

The following method is ugeful for preparing pure MoDy: Elgﬂ:_l__; .
Erams of dehydrated comumercial smmonjum molybdate, 7 - of’
purified molyhdic acid, 14 g. of calcined KaCOs, and 7 g, of HyBO: -
are fused together in a large-capacify, caveréd Pt arusible aus
kept in the molten state for several hours. :Cooling plelds x -

= .

A RN
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wiful MoQ, crystals; thisis easily
ure crystals are readily separated
with boiling water.

prittle cake, permeated with bea
removed from the crucible. Thep
by & simple extraction of the melt

IE. A mlxture of MoO, and Mo (2:1 mole ratio) is heated for 40
hours at 700°C in the absence of air.

PROPERTIES:
Brown-violet pewder or crystals, lnsoluble in water; d=3 4.808,
Crystal structure: C 4 {rutile) type.

REFERENCES:
L C. Friedheim and M. K. Hoffmaan. Ber. disch. chem. Ges. 35,
782 {1902). -

IL W. Muthmann, Lieblgs Ana. 238, 116 (1387).
L A. Magnéli,G. Andersson, B, Blomberg and L. Kiklborg. Analyt.

Chem. 24, 1998 {1352).

y-Molybdenum Oxide
Mﬂlﬂil

11 Mo, + Mo == 3Mo,0.,
15%3.5 960 . 167Th4

tim:.rt?l-y pmu;;d molybdenum powder and sublimed MoQg are in-
Hmat 15; ; and chavged into a preignited alumina crucible,
b Iznaﬁdhnt the sealed end of a quartz tube. The mixture i3
aEhased heatg;d ;acuum, purged frequently with Q.-free argon,
150 me oo ogr 3 _days it 580°C under an argon pressure of
£29 . product is allowed to cool, the material is reground
powder, and reheated for 3 days In the same manner.

FPROPERTIES:

Fo
maerr:;ul:c;v;ighaidﬁﬂﬁ._ Violet crystalline powder. Relatively
oxidation to BoO.. S&Emiégi&uctgm&ntrated HNQ, causes slow
rhambic crystals (space group Dc:‘aﬁx}‘.mateﬁal' 4% 4.18. Ortho-

REFERENCES:

G. Higy and A, Megné
0. GhmsErMaud éi. tﬂ% Kem, Mineral., Geol. 19 A, 1 (1944);
u %, Z, wnorg. alig. Chem. 263, 2 (1850);

A. Magnéli, G, Ander
Chem. 24, 1998 11952??% B. Blomberg and L. Kihlborg. Analyt

#‘f’r-«':’,.




24, GHROMIUM, MOLYBDENUM, TUNGSTEN, URANIUM fry

lower Molybdenum Hydroxides
MOLYBDENUM BLUL, Mo,0.{O0H),

{btained by reactiop of nascent bydrogen with MoQ,,

Fifty mb of distitled water and 10 ml. of conc, HKCl, followed
by 3 g.T;:r an_algrticalllyl pﬂura zine granules, are added to 10 g, of
Mo, e mixture I3 left standing overnight: th
e then filtered off, washed math oo atiainy mi:}‘m“i"fﬂi’é?nf
and dried over P50,

Alternate methods: 1) Reduction with SnCl, - 2 H,0 in HCL
sojution.

b} Synthesis from MoO, and Mo powder {O. Glemser apd G.
Lutz, see below),

Giher molybdenum bive compounds: See Q. Glemaer zod G
Lutz {belaow).

FROPERTIES:

Formula weight 477,82, Blue crystailine powder. In air,
oxidizes wery slowly to MoOj. Stable to NM, and alkalies. Good
electrical conductivity.

REFERENCE:
. Glemser and G, Luiz. 2. anorg. ellg. Chem. 264, 17 (1851},

Mo 0. (OH}y

This olive-colored hydroxids is cbtained by the ection of zine
gramiles on molybdenum trioxdds in cone, HCL

An Erlenmeyer flask is fitted with a water-filied valve to ex-
clude air (Contat-Gtickel attachment}, whereupon 1 g. of MoOs is
charged: 100 ml. of conc. HCI is then added, followed by abeut
5¢ g, of zinc granules. The solid phase flrst becopses blue [for-
mation of Mo,Gyo{0H}, and MozOs (CH) 5], then red {MosCy (OH)el,
and after about one hour green [MogOg(OH}io}. it is desirable io
cool the Rask with ice durlng the reduction. The MogOg(OH)30 i
extremely sensitive to air; the laiter must therefore be excluded

during waghing with water. The compound is dried with Ogiree

diirogen and stored in sealed tubes, :

PROPERTIES:

Oxidizes Instantly in air, evolving heat, Evolves hydrogen os
thermal  gecompogition in  vacuum, forming Bordeaix réd

Mo:05{OH)a. This s also the miain praductobtain'a_glin the “?"’%. ' : ,

of rerated water with MogOs(CHlo.
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REFERE NCE:
0. Gtemser, G- Lutz and G- Meyer. Z. ancrg. allg. Chem, g8s, -
{1956).
pmelybdenum V1] Oxide
1\10‘)‘;

qmrnanium molybdate and nitric acld,
Eﬁfﬁiﬁﬁmnﬂﬂ“ acid 1s added to a boiling gulution of pure,
recrystellized amumonium molybdate, thus premp:tatmg_ﬂammh
aAfter standing for several hours, the granular precipitate jg
filtered off on 2 Blchner funnel, washed and dried for 16-20 hourg
at sbove 150°C, whereupon it dehydrates to MODE' The MoC; may
be purified by aublimation in & quarte tube at 780°C,

SYROWY MS:

Molybdenum trioxide; molybdic anhydride,

PROPERTIES:

Formula weight 143,95, White powder, turning yellowon heating
and reverting to white on cooling. The sublimed product consists of
sparkling, colorless erystaliine flakes. ML.p. 795°C, b,p, 1156°C;
d%% 4,596, Solubility at 28°C: 0.490 g. MoCg/liter Hz0. Crystal
form: rhombic. Space group Vif,

REFERENCES:

W. C. Schumb and W. H. Hartford. J. Amer. Chem, Soc. 56, 2613

{1934); O, Houigschmid and G, Wittmann. 7. anorg. allg
Chern, 223, 86 (1936).

Melybdic Acid
H:MoO, * HO

Pr
Megzll;eeigmlammmm molybdate and nitric acid. F
PaIred into I Sl?t;mnn of ammonium molybdate (159 g, /1terks
W 1.42) per it %, Of 80% mitric acid [320 ml. of conc. B
200 g of soljg H]Ha;qrm[?l temperature {vigorous stirringh
then seeded witp 103 i8 dissolved in the cleax Liquid, ¥
A lew granules of HaMo0O, - E,O. On stand

et —— 1 e ekl T




24, CHRGMIUM, MGOLYADENUM, TUNGSTEN, URAMIUM 1413

g-10 days HaMoOy ¢ B30 separates in almost theoretical vield. The
scid is washed for several days by repeated decantstion with ice
walter.

PROPERTIES:

Formula weight 17998, Transparent canary-yvellow crystals,
very speringly soluble in water, Loses I moie of H,O by st
for zbont 2 weeks in vacuum over HZSQ,, 4'® 3,124, Mopoclinfe-
prismatic erystals,

REFERENCE:
A. Rosenbeim. Z. anorg. Chem, 50, 320 (1906},

Ammoniuvm Qxopantuchloromalybdate (V)
{NHih[MoOCH]

2Me0y + 6HCl + 4NHC + 2 e — 2INH)[Mo0C]
aste 214.0 8504

Al PREPARATION OF Moz SOLUTION

The MoO; {1 g.) is dissolved in HCI {d 1,16, 500 ml,) by
heating, The solution is concentrated to 250 ml,, filtersed and
made up to 500 ml. with HCL.

0) ELECTROLYTIC REDUCTION

The above-prepared solution (75 ml) is diluted with an equal
volume of H,0 and electrolyzed et a platinized Pt cathode (surface =
5 em,? at 2.5 amp. until hydrogen evolves, The anode is made of
smooth Pt sheet; it i3 immersed in § N HCL, which is separated
from the cathode space by means of & clay cell.

The resulting red-brown solution 1s vecuum-concenirated to
50 ml. and treated with a solntion of 9 g. of NHCL In 30 mi of
water; the mixture is heated for about cne minute. :

Hydrogen chioride is introduced while coollng the flask and
emerald-green crystals are precipliated. These are recrystaliized
by dissolving in a minimeum guantity of water 2t 80°C and saturating
the solution with HOL while cooling. The crystals are washed with
cone. HC1 and dried in vacuum over KOH.

PROPERTIES:

Formula weight 325,32, Emersld-green octahedral crystals,
which disgolye in water with hydrolysis and development of brown
color, oo
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REFERERCES:

R. G. James and W.
F. Foerster and R. Fricke, Z. angew.

Wardlaw. §. Chem. goc. {London) 1927, 2146;
Chern. 36, 458 (1921,

Polassium Hydrogen Diperaxomonamoiybdate

KHMo(y-2 .0

Potassium molybdate solutions rich in HOy are treated with
coe equivalent of mineral acid per mole of molybdate, whersupon

KHM0O. * 2 HO erystaliizes.

PROPERTIES:
Formula waight 268,09, Long, pale yellow, crystalline needles.

REFERENCES:

K. F. dshr. Ber. Ges, Freunde TH. Berlin 1938, 21; K. F. Jahr,
Maturforsch. u, Medizin in Deutschland [Scientific Research
and Medicine in Germany] 1933-1348 {FIAT Review) 25, I,
189,

Tetraamminezing Tetraparaxomolybdate (V1)
[Zn{NH,),|Mo(,

Prepared from smmonfum
it o molybdate, NH,OH and Ze3Q, by
a 6&91mixture of 100 ml. of water, 100 ml. of cone, ammonia
+31), and 20 ml, of an ammonium molybdate solution containing
ig;atom of Mo perliter is cooledto —12°C in an ice-salt mixture,
L Tﬁ %mp;rat\wes capnot be used, since water is frozen out (ice)
. thf.n 3G m]. of Perhydrol {309, H.04) is added, followed
ettrtons T M %n80, solution (brief but thorough stirring). The
onlon 1 hﬂfa;:red to stand undisturbed for 1.5 hours at —12°C.
Nzt out it is examined for signe of incipient crystal-
et e ne Is chserved, corystal formation is induced by
rubblag of the flask walls with a glass rod. The orystals

are {iltered off, washed twice w
N . 1 i.th i -
twice with ice-oold ether. Yield: abuutzea c;.‘id %% siodhal sar e

PROPERTIES:

Formuda weipht
soluble in Waterg{bdecﬂ'ﬁ' Deep red-brown, lustrous erystals;

position), Amtnonizcal solutlons are more
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stable. IﬂﬂohlblF in organic solvents, -&Ppreciah‘ly more ataple 1
the corresponding potagsium salt and barely explosive, However,

it is not zdvisable to seal it {nio ampoules, May be storad fn 8
desicecator over KOH and wnder NH, for about 1 wagk,

REFERENCE:

K. Gleu. Z. anorg, slig, Chem. 204, 73 (1952),

Molybdenum [iV] Sulfide
MaoS,

L MoO, + 35 = MoS;, + $0,
1250 §82 1501

A mbixture of 150 g, of K3CGa, 310g, ¢f 8, and 200 g. of MoO, is
heated at red heat for ome half hour. After cooling and exiracting
with water, the residue is 80 g, ciMoS,. It is alsc possible to start
with 200 g. of ammonium molybdate, 150 g. of K;C04, and 280 g, of
8; this affords a more crystalline produgt, although in lower yield,
According to Bell and Herfert, one may also start with MoOj,
KoCO35 and 5. '

IL Mo + 25 = MoS5,
9a0 &t 1801

Stoichiometric guantities of Mo and 8 areheated iz an iron tube.
The MoS,; thus obizined has the crystal latlice of natural mo-
Iybdenite. . '

SYNONYM:
Molybdenum diswfide, :
PROPERTIES: S
Opague, gray-blue leaflets with a greasy feei, ox graphite-lile
powder, Sublimes at 450°C; d1% 5,06, Soluble (decomgosition)
aqua regia, Decompossed by HaSO, to MoOs. Electrical condy

whose conductivity increases with lliumination. Dlamagdéte,
Crystal structure: C 7 type. A T

REFERENCES:

I M. Guichard, Comptes Rendus Hebd. Séances Acad. Sci. 328,
1239 (1899); :an.mcphim. Phys: 7,23, 562 (1901); B. E. Bell and.

R. E. Herfert. J. Amer. Chem. Soc. T8, SU6L408N. - 4o o

I, A, E. van Arkel. Recueil Trav. Chim. Payy Bas 45, 442-(k
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Ammonivm Tetrathiomalybdate
[NHI]:MDSi

Prepared by treating an ammeniacal ammeoenium molybdate

solution with HsS.
A solution of 5 g of (NH,)eM070as - 4 H,0 in 15 ml. of water

is prepared and treated with 50 ml. of ammonia (d 0.94). Then
HS is introduced., The solution first turns yellow, later deep red,
and after half an hour a copious gquantity of crystals, soma of
them well-formed, precipitates suddenly. The cryatals are washed
with cald water, then with aleohol, and dried in vaguum,

PROPERTIES:

Formula wefght 260,27, Blood-red crystals with metailic
surface luster, readily soluble in water, very sparingly soluble

in alcohol.
REFERENCE;

G. Krilss, Lieblgs Ann, 225, 2% (1884).

Potassiyvm Qctacyanemolybdate {iv]
Ei[Mo(CN}s] -2 HyO

L A solution of Mo {iI) obtalned by eleciroi
A ytte reduction is
oxidized to th_e guadrivelent state with a stoichiometric gquantity
u{ Mo(}a_ and ia thep treated with NM,SCN and pyridine, The pre-
] pi;fte 113 converted to K, [Mo{CN)] - 2 H.Oby reaction with KCN.
meds;utﬁ;n of 15 g. of pure MoO, in 150 ml, of 8 N HC! is re-
Cace th: e trivalent state at a lead cathode {5-10 amp.} while
ﬂnog o cﬂ:)tllxle cell {porous clay! with water and bubbling COa
o A on. A graphite ro¢ imumersed in 15% HCL serves
Hoo'rahemrgguceld solution is treated with a solution of 7.5 g of
o gooon Thm ]-.'dOE 8 W HCL: the solution thereby changes from red
EMr;ted e 10 (IV) salt solution thus obtained is poured into &
Mm':d el thaeo wion of 95 g. of NH,SCN; 60 g. of pyridine i3
m’dﬁﬂﬂex renctions szit;ti%:é s made weakly alkaline with ammonia,
of ats, 8t carried out under COg in the absence

A black oj

to a2 solid bf;:;"ﬁ“m during the neutralization: thie sclidifies
c the Ok cooling with ice, The supernatant liguig is
wished with water and eddeg slowly to & hot,
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gaturated 10 M KCN solutlon, The reaction

mixture iy comcan
antil crystals begin io deposit; it 1= then cooled fn ie apd ﬂ:rt:m
with suction.

The mother llguor is further concentrated and .
plex is precipitated with aloohol (rapid Stirrmgﬂ;?c%ﬁn Com
rﬂdﬂ(}t is dissolved in some water, the solution heated for some
time with zctivaied charceal, filtered, concentrated by evaporation
and finally freated with alcohol. The precipitate of K,[Mo{CN}s] -
2 HoO is fairly pure except for traces of thicoyanate, which ean
pe removed by an additional recrystallization. Yield: about
5o g

gAEtemute melhods:
1, The produci of the reaction of MoO; with HSCN and pyridine is
treated with KCN. The yield iz low. {See original reference for
detzils.}
1M1 Via the following intermediates:

HCL, H.0 KSCN pyTidine
MeQ, - HMeO, — MofGHJISCN), —
KCN

Mof{OHISCN) -2py —~ R [Mo{CN},J-2H,0
PROFPERTIES:

Formuia weight 496.50 (dihydrate), Golden or bright-yellow
tablet-shaped crystals (rhomhie bipyramidal); gives up its water of
crystallization at 105-110%C. Very readily soluble in water, In-
soluble in ether, Solubility iz shsolute alechol at 20°C: 0,017 g,
per liter. 42§ {anhydrous salt) 2.337,

REFERENCES:

I. H. H, Willard and R. . Thielke. J. Amer. Chem. Sco. B7,
2610 (19335).

IL A. Rosenheim, Z. anorg. Chem. 54, 97 (1907); see also W,
Biltz, E. Eschweiler end A. Bodensiek. Z. anorg, allg. Chem.
178, 168 (1928).

M. N. H. Furmsn and C. O. Miller im: L. ¥. Audrieth, Inorg.
Syntheses, Vol. III, New York-Toronto-London, 1956, p, 1690,

Tungsten
W

WO, + §Hy = W + 3HO
2319 g7al 1889 Sl

' nicked
Pure ipnited WCs Is placed in a porcelaln or, better, & i
koat, whigﬂi is thanai.uaerted into a tube of unglazed porcelainor
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The tube Is heated t{&y meuiyof an
alectric furna through a streawmn ol pure, H..

mmﬂ w“; wf:i}g“{: magt.‘rﬁ"c (gmalntained for some time),
mr t:iuoo-muufg. The reduction proceeds falrly rapidly and ig
campl when no further Ha( vBpor evolves. The tube is allowed
to uoo:?n the Hy stream. Gray metal powder is the product,

Other authors report that the reduction with very pure H; may
aven be completed at 806°C {8 hours of heating). ‘d .

The particle size of the metal powder does not depend on that
of the starting WOs, but {principally} on the reacticn tempersture,
as well as the heating time and the Ha flow rate. An especially fine
tungsten powder is obtained when the above directions are followed;
a very coarse powder resulis from reduction with moist H, shove
1500°C. The product is pure if the starting WOa is alao pure,

Alternate method:

W, ¢ 3Zn = W + 3Zn0D
2919 1961 1HZD  244.]

Pure, freshly ignited WO, Is cooled and mixed with 1.5 times
the theoretical quantity of dry Zn dusi{., This mixture is com-
pressed in a crucible and overlaid with another 3- to S-mm, layer
of Zn dust, which is similarly compressed. The crucible is then
closed off with a well-fitting cover and heated briefly to red heat,
A vigorous reaction ensues after about 5 minutes, as shown by a
cloud of evolving ZaQ. The cruclble is then allowed to cool
completely while siill covered, The lipht-gray top layer, composed
principally of Zn0, Is removed, The black oruclble contents are
crushed and thoroughly bolled with dil. HCI to remove ZnD and
any Zn still present. The black residue is allowed to settle for &
moment and the acid s decanted. The metal powder Ia washed by
decantation with water once or twice, filtered rapidly with suction,
and rewashed with water, In this operation the powder must always
be covered with liquid, Finally the meta] is washed with alcohol,
suctlon-filtered, and dried in air. Careful preparation sheould yield
a black powder containing at Jeast 99.8% W,

other refractory material.

STNONYM:
Woltram,

PROFERTIES:

Tungsten powder is gray to black, d ;

+ depending on perticle size;

Lhe iﬂéigu::fhihits & Mght gray, lustrous surface. M.p,~ 3650°C,
llf;dneaa ﬁcsnﬁcﬂ“mm from the vapor pressure curve); d 19.3.
oype. » depending on the history. Crystal structure: A 2

o
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AEFERENCES:

M. Funk. Darstellung der Metalle im Laboratorium [Pr
Metals in the Laboratory], Stutigart, 1938, p‘[m?:ugfig‘u&f
Apgew, Chem. 25, 1892 (1912); C, Glemser and H, Saver, 2,
anorg. allg, Chem, 252, 145 (1843); M, Delépine, Compte;
Rendus Hebd. Séances Aced. Scl. 131, 184 (1900); L. Weiss
and A, Martin, Z, anorg, allg, Chem, 55, 308 (191D},

Tungsten (¥} Chioride
WCl,

WCl, + 1. H: = WCL + HQ
5387 HFE-T R R

Reduction of WClg vapor with H; for too short a peried of heat-
ing and at too low a temperature results in hexachioride-containiog
WClg. Too high a temperature affects the yleld adveraely, since
considerable amounts of lower chiorides form.

A tube of high-melting glass (Fig. 322) i5 used. The WCla
produced in aection g 18 distilled into the 50-¢m.-long section b
in & stream of Hy, Sectionkisheated to the reduction temperature,
which lies somewhat above the boiling point of WClg (350-4007C,
plectric farnace), The WCls is distilied into storage tube ¢ ina
stream of Ny, thereby separating it from the lower chlorides; tube
¢ i3 then sesled off et both ends.

i e
7 T — 1o Bod

—--EJ-MM' + e | I Aromr—

Fig. 322. Preparation of tungsten (V) chioride.

FROPERTIES:

Black, crystslline solld with somewhet greenish lusier. Ex-
tremely hygroscopic, M.p, 248°C; 4°% 8,875, Water canses im

mediate decorposition; somewhat soluble in dry CSz. -

BREFERENCES:

. E. Roscos. Liebigs Ann. 162, 356 (1872); W. Billz and A, Voigh
Z, anorg. allg. cgsham. 133, 301 (1924); W, Biitz gnd C. Pendiug,
Thid, 172, 385 (1928); W. Klemm &nd H, Stoinbere. bid. 485
193 (1936). : .
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Tungsten (V1} Chlaride
wcCl,

w o+ 30k = WCly

I'
1838 6R0L 963

trictions (Fig. 323).
d in a Vycor tube with severs] cons
A qE:?::r:;lhemis efen better and the special apparatus described

by Honigschmid and Menn is the best,

e b

Fig. 323. Preparation of tungsten {¥1) chleride,

A procelain or guartz boat contzining W powder 1s placed in
section 2 and i3 heated for 1-2 hours in a stream of Hy (700-
1000°C).  After ceeling, the Hy flow 18 discontinued, the Hy dis-
placed by Na; after about 30 minutes, alr-free Cly (see p, 272 for
preparation) 13 introduced.

The tube area containing the boat is gradually heated to 600°C,
fThe first product is a small amount of red oxychloride; later
products consist only of blue-black hexachloride, which deposits
in section o (beyond the heated beal) in the form of sparkling
erystals. The tube censtrictions are kept at 350-400°C during the
chlorination, which requires 2-3 hours, Next the red oxychloride
forerun 1s driven into e¢: then the WCl, collected In 2 s seblimed
inta b at 350-400°C, while an additionsl forerun deposifs in
r. For further pyrification, the WClg can be sublimed into ¢ (the
oxychloride {= moved Into d prior to this sublimation). Finally,
the WCl, is fused in 4 stream of Cl;; on resolidification, the mass
bursts into small crystals with 2 loud creckling noise. After cool-
ing, the Cl iy displaced with dry, (Og-free nitrogen and the tube
section containing the purified WCly is sealed off at both ends.

IL W0, + 3CCL = WCl, + 3000,
b 4613 3847 THEA

. The chie! requirements in this method are the presence of an
xcess of CCl,, completely anhydrous conditions, and thorough
:;npletmn of the reaction; if these conditions are not observed,
mt;;;;g;}oduct WOCL, forms readily. Moreover, the WOC1, has the
und ¢ praperty of catalyzing the hydrolysis of WClg in moist

A dry glasg bomb tube about 50 cm, long is charged with 0.5 £.

of WO, and It g. of CCL, fthe
. WOs must be completely dehydrated
by previous ignition, after which it should be pur;:-, yelgw: thyngCh
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ijs predriad by long standing over

gatl.lrﬂ.tEd with C-lg)- The tuhe ig
from the torch flame should not be
iybe 1s pleced In a protective iron jacket and slowly hea -
g hours) to about 450°C; it 1s kept at this temperature :’;ﬁ_tfdhﬁfs

After slow cooling, the tube i3 very carefully transferred to a well:
drawing hood without removing it from its protective iron tube. ‘The
jatter is inclined and clamped to 8 support. The sealed tip of the
gless tube is then heated at low hood vecuum unti] the phosgens,
present in the tube under high pressure, blowa the tip away. The
phosgene 18 driven out by wvacuum as far possible, the CCly
poured off, the residual solid washed once with fresh CCl,, and the
reactor tube connected to an aspirator via a CaCl, drylng tower,
ALl the C©Cl, is volatilized and the tube 13 resealed since the
beautiful, almost black crystals of WCl, hydrolyze inair to yellow-
red WOCls and yellow WO .Cl,. Proper procedure yields an almost
hizck solid with no red or yellow spots,

Eranular CaCl, or PO, and 1o
then sealed. The wnt&:- vapor
allowed to enter the tube. The

PROPERTIES:

Blue-black, melsture-sensitive ecrystals. M.p. 275°C, hp.
a47°C: d®§ 3.520, Indefinltely stable if stored in a dark deaiccator
over H 804 Very slighily soluble but decomposed in water;
the purer fihe WCla, the lower the decomposition rate. Very
readily soluble in alcohol (with vellow color), CHCl;, CCla {with
red and dark-brown celor, respectively), CS;, ether, benzene,
ligroin and acetone, Thess solutions decompose on longstanding in
air, and very rapldly on heating or addition of water. Good cryatals
are oblained by heating WClg in CCl, to 100°C in 2 sezled tube,
followed by slow cooling (rectengnlar tablets and four-sided
prisms). Crystiallizes in space group C3;.

HEFERENCES:

L O, Hinigschmid and W. Menn. Z. anorg, alig. Chem, 228, 68
{1936); see also M. H. Lietzke and M, L. Holt in: L. ¥, Audrieth,
Inorg. Syntheses, Veol. III, New York-Toronto-London, 1950,
P. 163, .

I, W, Junder. Lehrbuch fiir das anorganisch-chemische Pralktikum
[Lab, Text for Inarg. Chemistry], Sthed., Leipzig, 1944, p, 408,

Tungsten {IV) Oxide
Wi

WO; + H: = WO, -+ Hgﬂ
2319 3 N 2159 180

Stahle at 800°C in & gaseous atmosphere coraposed of 4"".555'
Ha a!}d 45_,8% HaO. . e A
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Durs additional purifioation over ailica

. " I:hsubiT:\h:;;’ t;!l-::ed through pﬂ water-filled flask to
mlllﬂ lswithev];aler vapor, The flask i8 held in an BE°C thermo-
To i1d condensation of the water vapor thus taken up, the

— .1:0 anects the flask to the reactor is wrapped with
?l::!r‘;:mﬁent?;g tape and heated to about 100°C. The H./H,.O
mixture ihen flows over a hoat with WO, set in a porcelaln or a
quarte reactor tube gurrounded by a tubular electric furnace and
boatsd to 860-900°C. The reduction is complete in 2 hours. The
product ds allowed to cool In an Oga-free nitrogen stream, The
nitrogen is admitted through a 3-way stopcock located betweaen the

water flask and the reactor.

. A mixture of WO; and W (vorresponding {othe formula WQg, o0)
13' heated for 40 hours at 950°C in a small evacuated and sealeq

quartz tube.
PROFPERTIES:

Brown crystailine powder, M.p. 1580-1600°C under Ng, b.p.
1730°C; appreciably volatile above 1050°C; d®f 11.05, Hardness
5-5.5. Crystal structure: C 4 (rutile) type.

REFERENCES:

L O. Glemser and H, Sauer, E.anorg. allg, Chem, 252, 151 (1943);
J. A. M. van Liempt. Ibid. 126, 184 {1923}; L. Wohler and
R. Ginther, Z, Elekirochem. 29, 281 (1923},

IL A, Magnéli, G. Andersgon, B. Blomberg and L. Kihlborg.
Analyt. Cherm, 24, 1998 {1952).

¥ -Tungsten Oxide
WOy

BWO, + 5W = 3W,0,
HIo 19841 829 14361

Very pure W powder and Very pure Wi, are intimately mixed in
i y mixe
the prescribed ratin of WOy572 and heated for § hours at 890°C in

a small evacunied and sealed quartz tube. The
L product is ground and
treated again for 24 hourg at BOD*C in the same manner.gr

PROFERTIEE:

Formula weight 4853,47. Red-violet crystalline powder; aemi-

emductor. d33 7,72, Deformeg Doy type,
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gE FERERCES:

0. Glemser and H. Bauer. Z. anorg. alig, Chem. ’ l
A. Magoéll Ark. Kem. I, 223 {1949); A. M 252, 144 {19@3;_,

son, B.Blombergand L. Kihiborg. Anal, Chem, 24.' 1958 {1952},

Tungsten Blue
H: W0,

Produced by reaction of nascent hydrogen with WO,

Fine WO; powder iz slurried with distilied water in an Erlen-
meyer flask, conc. HCl and analytically pure Zn granules are
gdded, and the flask is closed with a valve which excludes air
(Caontat-Gockel attachment}, When the Zn 13 consumed, the super-
natant llguid is rapidly decanted gnd fresh cong, SO and Zn
granules are added. This is repeated untli the reaction product i
brown, Washing, drying and transfer of the product to a storage
vessel must be carried out in the absence of cxygen.

PROPERTIES:

Formula welght 232,42, Brown to violet powder; 43§ 7.35.
Very readlly oxidized. Evelves H; aiong with HzO on thermal
decomposition, Oxidized by water with H; evolution. Slow oxida~
tion affords blue Hp 5a W03z and Ho, 1 WO3z. DOg type with tetragonal
distortion. : -

REFERENCE:

Q. Glemser apd (. Naumann, Z, ancig. allg. Chem. 265, 288
(19513, e g

T o, 0 @

Tungsten {VI} Oxide

WO,

oo

Na, WO, + 2HCl = W0, + H.0 + ENaQI_ o
{-2 H.C} . .
230.0 \

729 a31.%

The yellow WO, is obtalned by slow dropwise addition ofe
¥arm, saturated solution of NagW0, to 2-3 timtes its volums of -
boiling cone, HCI, followed by additional beatingffor -héd g&% i
8 steam bath, The preocipitete is llowed torselble, washed RHh .

i ok Bet LA
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5 NHNOs golution untll no further C1™ reaction is obtained, and
dried, ;irst at 120°C and finatly at 600°C.

PROFERTIES:

w powder. M.p. about 1470°C, b.p. about 1700°C;

~yello .
d‘il:‘rezn;?ncyr;smls triclinie, pseudumonoclimc. Space group C .

REFERENCE:

W. Reinders and A. W. veorvloet., Receuil Trav. Chim. Fay-Bas
42, 627 (1923}

Yellow Tungstic Acid
H:w(h

L CaW0, + 2HX = H,WO, -+ CaXs
2850 2439

A boiling mixture of 50 rl. of HzO, 40 mi. of conc. HCL, and 40
ml, of HNG, is treated with 20 g. of pure CaWO.. The resulting
yellow precipitale i3 washed 8 times by decantation with slightly
acidified water, and dissolved in 50 ml. of conc. ammonia, The
clear filtrate is heated to boiling and treated with acid {60 ml. of
H;0, 50 ml, of HNO, and 10 ml. of HCI) to precipitate yellow
tungstic acid, which ls washed severzl times by decantation with
pure H,C, filtered through a leaf fiiter and slurried in pure H3O.
The suspension settles on standing for 14 days, during which an
electric current is oceasionelly passed through it (Pt electrodesh
the clear supernatant liguid is siphoned off; the residue 18 concen-
trated on a steam bath and then thoroughly dried in a desiccator over

solid NaOH. The tungstic acid preduct is free of HCI and has the
campasition W0, - 1,53 Ha0,

M. A boiling soiution of 200 g, of ammonjum tungstate {composition

2 (NH¢) 50, 0.5 W03, 3 HoO] tn 4.48 liters of H40 s poured into 2

:}Lﬁgrsdof boiiing 35.4% HCl. The deep-yellow precipitate is filtered

of S?— purified by 2 nine-day dialysis (until the wash water 15 fres

of oI and 1:;:1& PE has reached a constant value of 4.4). Alr drying

s residye .gﬂlves a 55 _yield of tungstic scid of composition
s * 1.18 HaO; 1t still conteins traces of HH, and Ci7.

PROPERTIES:

Yellow powder, which appears i i
. eary amorphous under the microscops)
it is claimed that jts X-ray pattern i3 erystalline. 7

RN
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REFERENCES:

1 G. F. Hiittig and B. Kurbe, 2, anorg, allg, Chem, 122, 45
i A, M. Morley. J. Chem. Boc (London) 1930, 18980, (1522).

Tungstan Oxytetrachioride
WOC),
WO, - 280C, = woo, + 280y

1 A mixture of W03 with 4 times its weight of S0C1, is heated In
a sealed tube for 6-12 hours at 200°C, The reacifcn proceeds to
completion only if the SO; is vented by opening the sealed tube for
a brief time, The red WOCl4 crystallizes from the excess 80C1;
in long, well-formed needles, and is purified by removing the
S0Cls in vacuum.

II. A sealed tube is used to heat the WO, with a solution of Clg in
CCl, (3 hours at 200°C}., The fube is cooled and opened (caution:
phosgene is prasent!); the WOCl, is washed in the tube with dry
CClg: and the tube and its contents are heated to 160°C and irnme-—
diately placed in a desiceator.

PRGPERTIES:

Long, ilustrous, red needles, yellow in fransmitted light, M.p.
208°C, b.p, 222°C. Decomposed at once by water, more slowly by
atmospheric moisture, forming tungstic acid.

GEFERENCES:

T. H. Hecht, G, Jander and H. Schlapmann, Z. anorg. allg, Ckem,

254, 261 (1347).
. A, Michael and A. Murphy. Amer. Chem, J. 44, 382 {1910).

Tungsten (IV] Sulfide o “
ws= .- : ._L- ..‘$:
L W + 25 = WS 5

1839 i 2484

A stoichiometric mixture of W and S is bested at awe'uﬁé'#_
Very pure N, in a sealed quartz tube for 24 hours. M
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E\VOQ + ?S = EWSt + 350[
- 4655 2244 444.1 122

ixture of 33 g of W0a, 40 g. of suifur and 15 g,
Mcgm::bepﬁcea in & tebular crucible of ungiazed porceliain
o:wl(;lma long, 35 mm. 1.D.) which is clesed off with & perforated
e s’ Lid, “The crucible is heated in a vertical tubular furnace
at 600-700°C until the reactlon is complete and the ex¢ess 3 has
burned off, It is thean heated for an additional 15 hours at 149G°C
while H;S' is passed through, LArge crystals of pure sublimed
WS, are thus obtained,
}?nely crystatline W3, is obtgined from 92 g. of W powder
and 35 g. of sulfur by following the gbove directions but heating
only for 7 hours at 1450°C fn a stream of HaS.

PROPERTIES:

Blue-gray crystals with a mefallic luster, inscluble in watar;
d'® 7,5, Crystal structure: C 7 type. Exhibvitg catalytic and
radio-detector properties.

REFERENCES:

l. 0. Glemser, H. Sauer and P. Kénig. 7. anorg, Chem. 257, 241
{1948).
IL. E. Tiede and H, Lemke. Ber, disch, chem. Ges. 71, 584 (1338).

Tyngsten Hexaphenoxide
WOLH:),

WCh + BHOGH, = W(OCH:), + 6HC!
366.7 5647 955.3

. One wi, part of WCla 2od about 14 paris of phenol are haated
in 2 long, large test tube. Vigorous evolution of HC! begins as
?!::;::: a5 lhe phenol melts. The tube is now heated over 2 small
B 1:1 ! un;;l the phenol bhoils. After some time the melt (which
Boﬂtngy‘ hrown-black even In thin layers) becomes deep red.
e d otjit con_ttmtl;ed for a short time; the tube is then cooled
T rota ;ng 1l _distribute the mejt on the walls of the vessel.
ity Sooted m:j L is treated with some aicohol while crushing
Tk & O% ! rod. The excess phenol dissolves in the alcohol and

Product separates 25 a brick-red powder. It is filtered off

r?uctim, waghed with alcohol, and recrystaliized from the
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SYNONYM:
Tungsten hexaphenolaie.

PROPERTIES:

Dark-red needles or leaflets, M.p. 98°C, Readily soluble in
CCls, C8z, CaHe. eic. Relativaly poorly soluble in cnlg aloohol,

REFERENCE:

B, Funk and W. Baumann. Z, arorg. alig. Chem, 231, 265 (1937).

Potassium Enneachloroditungstate i
K:W,Cl,

Prepared by electrolytic reduction of g KCl~eontalitlng solution
of WOa in conc. hydrochlorie acid,

A solution of 10 g. of WQ, - HzO in a conc. solution of 7.5 g. of
K L0, is prepared. This solution fvolume of about 15 ml.} s
pdded in 2 or 3 portions fe 260 ml. of cone, HOL (40°C); the
kydrate, which precipitates after each addition, is allowed to
redissoive before the next portion is introduced. After cemplete
golution is fipally obtalbed, the lquid is quickly cocled to 0°C,
The crystalline precipitate thug obtained is composed for the
most part of KCl. The solution, flltered through a fritted gisss
funnel, contains 3-4%, WOz as H{WO5Cla}, and 18 used in electrol-
¥sis.

The cathode vessel is z porous clay cell of about 6,5 om, 1D,
and 21 cm, high; this ig set in a beavy-wall 12.5-om,-LD, and
al-em,-high glass cylinder and centered with the aid of a rubber
stopper. The rubber stopper conatains five holes: two for the
symametrically placed carbon anodes, two for glass tubes used for
pagsing CO, through the anodic electrolyte (so as to decrease the
Cly concentration in the latter), and a fifth hole through which
the electrolyte is introduced, A drain is provided at the bottom
of the anode vessel to permit rapld empiying st the end of the
M. The clay cell is oclosed off hermetically with a rubber
stupper, which carries a gas-tight stirrer (Hg aeel}, the cathode
lead, and an opening for removal of samples during ths electrol-
Yals. The ancdic liquar is conc. hydrochloric acid, while the clay
¢ll 15 charged with 450 ml of the W (VI) solution described
A%ve, The latter Is reduced at 40°C and & current demsily of
a.i amp",i'in-ﬂ until it furns yellow_gmen and the coﬂsmption of

anganate becomes constant. .

cathode i & 140-cm.? Pb sheet, which may be amalgamated
It Becessary, Rums with amalgamated electrodes reguire & longer
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j than do those wgzi;bpure Ph cathodes {BO-9¢

elutfon (s free o .
mini:; T&fﬁ P:::::éuimlg results with Pb cathodes, the latter
must be formed by alternating anodic and cathodie polarization in
§ N HsSOy; this is unnecessary with the amalgameated electrodes
(because of the purely chemical reducing action of the cathode
metal, 1t is best to admit the cathodic liguid only after the voltage
has been applied). The Ph, which init{ally goes Into solulion and
later reprecipitates, cafufte:s ml p:gblem either durlng electrolysis
war 0 B SOIULHOM
or i:f:gi ﬁt:rcompﬁ?iﬂn of the reduction, the cathode is carefully
removed from the solution, the anndelvessel rapidly emptied, and
the cathodic liquid containing the precipitated crystalg poured iato
an Erlenmever flask, where it is then saturated with HC! while
chilling in ice-salt mixture, After 1-2 days, the crystall}ne pre-
cipitate is collected on & frifited-glass (vonel, wazghed with some
cone, hydrochiorie acid, then with alcohol and ether, and dried in
a stream of air. The yield {s about 604 based on the WO, « H 0
used.,

For purification, KaWzClg is reprecipiiated with a readily
soluble potassiumm salt. For example, 25 g. of KsWaClg 15 dis-
soived in 175 ml. of boiled cold water; the solution is filtered
into an Erlenmeyer flask which contains 150-175 g. of solid
KSCN. The flask s then shaken, A coplous guantity of deep green
to yellow-green crystals separates even during the filtration;
the solution mesnwhile turos red. After one hour of standing
in the cold, the crystals are suction-filiered, washed a few times
with very concentrated KSCN solution, then with hot BO% sicohol,
and dried in air. The product is fairly stable and can be stored for
months in dry air over HaS0,.

time fup to 2 hours

BYHONYM:
Potassium nonachloroditungstate (I,
PROPERTIES:

Formula weight 804.24, Small dark-
.24, , Ereen tablats, yellow in
;ri::.nsrfitt.ed Hght, Soluble in water, giving a dark-gresncolor; very
theght ¥ scluble In alcohol. The aqueous solution oxidiges in &iF:
crystalline compound slso oxidizes but more siowly,

REFERENCES:

0. Cooneg:ﬁrg 4nd A. Guthe. 2, ancrg. allg, Chem. 134, 317 {1924):
C;llle nbznberg_and K, Sandved, Thid, 130, 9 (1923); O, Olson~
S re. Dbid, 88, 50 (1914); W, Biltz. hid, 170, 164 (1928%

- vonassen, A, R, Tarsey, S, Cantor and G. F. Helfrich in:

Th,
h M"e{;e;:{- I:“i?g Syatheses, Vol. V, New York- Toronto-
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Hexachlorotripyridineditungstate {iin

WiClipy;
KWl + Spy = 3KQ + W.Clypy,
804.3 2743 22T B17.9

Ten grims of freshly recrystallizeq KaWaCly is refluxed 1o
150 ml. of dry pyridine for $§ houra {N; atmosphere). The red
solution is filtered te remove the brown precipliate and traatad
with 2 Iarge excess (10 volumes} of ether. This precipitates
the dark-hbrown complex salt; it may be recrystallized from
pyridine.

FROPERTIES:

Insoluble in water, somewhat soluble in ether and beszene.
Diamagnetic. A corresponding aniline complex exists.

REFERENCE:

H. B. Jonasgen, 5. Canfor and A. R. Tarsey. J. Amer. Chem,
Soe. 18, 271 (1956).

Potassium Octecyanotungstate v}
K, [W{CN)] -2 51,0

Prepared from KaWaClg aod XCN. .

A solution of 20 g, of KaWgClg In 150 ml. of cold, holled
water is prepared and tresmted on & weter bath witk 65 g. of KON
powder;: this causes oxidation to W {I¥), and the green color of the
solution changes to red. Toe KCN should be atdded very carefully
{shaking} over a pericd of 5 to 10 minutes,

The polution is now heated sbout twe hours on the water
bath, filtared {decclorizing charcoal heing added if required) mnd
evaporated untll crystals begin to deposit. The first crystal
fraction, consisting predominantly of KCi, i flitered off and
discarded, The filirate is diluted to 330 mi. and treated, while -
atill warze, with 20-25 ml. of 95% sleohol, The K [W(CN}s] + 2 H0
Beparates in lustrous, bright-yellow plates oz sbarp cooling ina
freezing mixture. After one hour, 15 additional! mi. of aloohol iy
8dded, The mixture is suction~filtered after atanding for 12 houxs
in the cold. The product is washed with hot 80% sloohel, Yieid:

60-704;, based on tungsten.
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. first precipliated twice

cation, the compound IS
mrogﬂém:g:e:us solution by adding an equal volume of alcohal,
then dissolved in 16% KCN solution and, after concentrating,
ltuis.ed A gt §°C untll crystallization s complete. The
a mmt is again reprecipitated with water and alcohol to remove

traces of KCH.

PROPERTIES:
weaight 584.5. d% 1,989, Bright—-yenuw erystalline
pov.gg-?fglliw evﬁporation of & KON selution affords large, yellow-
red crystals, Very readily solubte in water (about 13-14 g./10 ml.
H,0 at 18°C). Inseluble in aleohol and ether.

REFERENCE:

0. Olsson-Collenberg, Z. anorg. alig. {hem. B8, 50 (1914);
H. Baadsgeard and W. D. Treadwell, Helv. Chim. Acta 38,
1689 {1955),

Potassium Qctacyanatungstate {V)
K| W{CN)s] - H.O

A solotion of Ko[W{(CNja]+ 2 HzO (11.569 g. = 0.05 moles) in
125 ml, of water (acidified with 2 ml, of conc, BNO; and titrated
with permanpapate to = permanent red color) 1s prepared. The
silver salt is then precipilated by addition of §.21 g. (0.08 moles)
of AgNQ; dissolved in 50 ml. of water. The solid is washed with
dil. HNO,, dissolved in the minimum amount of ammonia, and re-
precipitated with some dil. ENO,, After thorough washing with
water, the sall is suspended in 50 ml. of water and canverted to
the potassium gait by addition of 0,11 g (0.07 males) of KCl. The
AgCl precipitate is removed by filtration, and the filtrate is
trested with alcohol until the Ka[W{CN)e] - HaC precipitates. It
is fillered and dried over CaCly. The yield can be as high as
91%, based on the starting tungstate (IV). -

PROPERTIES:

Formula weight 527.4. Smal _
solubie in water, mall temon-yellow crystals, readily

REFERENCES:

Q. Olsson~-Collenberg. 7. anorg. allg. Chem. B8, 50 (1914);
and W. D. Treadwell. Helv. Chim. Acta 38,
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Uranivm
U

The preparation of the pure metal is rendered difficult by its
great tendency to combine with O, N, C, ete,, and to alloy with
many meta]s.

Basically, the following preparative methods are available:

a) Heduction of uranium oxides or halides with suitable metals,
such as Na, Mg, Ca {methods | to IV).

b} Eiectrolysis (method V).

1. In the Jander methed, U0y is reduced with metalilc Ca;

UG, + 2Ca = U + 2Ca0
2781 w2 ARy 12

The reacter is an lron erucihle sbout 13 cm. high, 1.6 cm, LD,
with & 0,l-em. wall, This i1z charged with the reactant mixture,
consisiing of ¥ g. of UD, and 11 g, of Ca turnings (the latter should
he as freshly distilled as possgible). The crucible cover is then
weolded on and the reactor heated for one hour at 1000-1100°C
{the crucible should e embedied in ¢harceoal powder to protect
It from oxidation). The crucible is then completely cooled, opened,
and the conients gre coverad with 90% alcohol saturated with
NH4Cl Agqueous NH;Cl aolution iz then added, The materiai is
washed with water and then with aleohol. The product sonsists of
four different fractions;

a) a very finely divided oxide-containing uraninm, which can
be separated by slurrying;

b} iron metal particles with & amall uranium conteat, which
can be removed after drying by means of 2 m t3

¢} nonmagnetic metal flakes (uranium with 2 high content of
fron), which can be separated on a 140-170 1.5, standard sieve;

d) & very fine gray-brown powder, coniaining about 97% U
and 2-3% Fe, but only very small amounts of O. The yleld of this
fraction is 66%.

The presence of iron impurity in the product oan be avolded by
Coating the inper surface of the iron crueible with oalglum car~
bopate, but the shrinkage of this lining during drying and Its fragility
necesaitete conaiderable care in handling, Areactor linedwith ¢al-
cium earbonate is capable of producing meterial containing 99.9% U,
although the yleld is appreciably lower thas in the abtve-described:
Procedure,

I Very pure uranium ls obtained by reductlon of Uelle m’,th-'
freshly distilled Ca in high vacuum, The mixture is heated above
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poin nd the Yis obtained a8 a fine gray powder
the mellg i Ctae,darmm the by-product Ca0 by sieving, Any

ara
'm..m"‘:d“&b?wifgn |s present in excess) sublimes out from the
product at ihe reaction temperature, The product analyzes as

95.95% U.

above procedures may be improved by edding to
the resclant mixtures a mixture of scrupulously predried apd
prefused CaCl; and BaCls The salt mixture serves as e flux and
pi high temperatures digsolves both the Cal and Ca metal, It
is further recommended that the p‘ru-duct be reduced & second
time under the same conditions; this is because the first reduction

pormally goes to equilibrivm and no further.

IO, Both of the

IV. Many varlations of the reaction of urenium chlorides with
metallic Na in sealed iron vessels have Dbeen described. The
products range in purity from 93 to 100% U. The preparative
method described below is based on the earlier procedures and
attempts to overcome Ssome of their shortcomings; however, it
affords & uranium whode k-ray diffrzotion pattern still clearly
gshows UG, lines. For this reason ons must question the as-
serflons of earller authors who claimed that this procedure
gives a compietely pure product.

UClL + 4Na = U + 4NaCl
5799 920 9181

UG, + 5Na = U + 5NaCl
414 1150 20981

An alumipa tube ¢losed at one end {a So-called Tammann
erucible), 12 crm, high and 2 cm. LD,, is charged succesaively with
5 g of NaCl, 13 g. of uranium chioride (for preparation, see p.
1436 under UCly, method [}, and 4.5 g, of Na metal {freshly cut
wnder ether), The materials must be added as rapidly as passible
fad then ocvered with NaCl up to 1 om. below the top edge of the
Crucible, The fllled tube is placed inside an only glightly larger
iron crucivle (3-mm. wall thickness} and the lid of the latter is
x;n?; :ﬁ (see alsc Part I, Intermetallic Compounds, prepara-
b weldegys by fusion of components). Two thiek wires or bars
- suspendedm!ﬂ the outside of the irom crucible so that it may
15 oospend In & vertical tpbular electrie furnace, The reactor
t.htsF ¥ beated to 1I5¢°C hourg), held for 15 minutes at

rature, and the 1
opéned, and the o n allowed to cool. The crucible is

HCl-saturated met
waler to dimgalve

oatents of the alumina tube are treated with
Banol to remove unreacted Na, then with hot
away the NaCl, Yellow NagU.0, may appear
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during this operation, even If the chloride reactant contained only
g small perceniage of UO,Cla, However, the NegUsOy may he
separated completely from the U metal reaidue by repeated
glurrying with water and decantetion. The residue is then washed
geveral times with HCl-gaturated methanol and with water. Finally,
light-gray metallic pellets are ohtained,

v. ELECTROLYTIC PREPARATION

Very pure uranium is obtained by electrolysis of KUF, in an
NaCl-CaCl, meit, A ecylindrical graphite crucible serves hoth as
the electrolysis vessel and the anode. It has an LD, of 6 om., 2
hetght ©f 15 em. &nd walls 1-2 ¢m. thick. The selectrical con-
nection is made with a strip of NI sheet wrapped around the
upper part of the outside wall. The cathode is a strip of Mo
sheet, 0.3 mm. thick and 1 cm. wide, which is immersed in the
melt s0 that its lower end is 2.6 cm. above the bottom of the
crucible. ‘The latter stands in a suitable refractory vessel, around
which a hezting wire is wound, The entire apparatus is placed
in a large-dlameter lead veasel filled with tharmal insuletion.

A mixture of 250 g. of NaCl and 250 g. of anhydrous CaCl, is
first fused together, and fhe mell temperature fs adjusted as
exactly as possible to 776°C., When the mixture is thoroughly
melied, the cathode is inserted and the current is turned on
{30 amp., potential drop between the elecirodss about 5 v,), The
current density should be 10 amp./in, 2,

Now, 30 g, of KUF; is added in small portiens sc that 1t melts
ag rapidly as possible. After addition of the KUFg iz completed,
a depogit of U beging {o form on the cathode, where it appears in
the form of s metsllic tree; this renchea a thickness of about
2.5 cm, in 45 minutes. The old cathode is then slowly withdrawn
from the melt, a new one is introduced, and the electrolysis 1a
continned as before, while fresh salts are added to the melt as
neadead.

The materia} edhering to the costhode conslsis of 2 gray,
spongy mass, which i permeated and surreandedby solidifled meit,
The melt protects the material from oxidation during cooling, Alter
thorough cooling, the solids are stripped off the cathode and
treated with water. Most of the salts dissolve guite easily, while
the residue of heavy U powder can be readily &nd completely
freed from traces of CaFa etc., by slurrylng with water. The
fraction consisting of very fine particles should be separsted nt
the same time, since this material oxidizes very easily. The
residue then comprises pure, fairly coarse particles of gray
metal. The latter is washed with 5% acetic acid, foliowed by
alcohol and ether; it Is dried in vaouum aod stored in sir-tight
Vessels, This material is not pyrophoric. However, if the flve
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motal powder is not pemoved the dry product may Ignite in aip
uader soms cireumstances,

PROPERTIES:

- llets or black powder. M.p. 1689°; d 18,685,
u J'ﬁ:‘dﬂ'ﬁ&eﬁemmg an electrie furnace, Dissolves In dil, HO1

and RS0, {slowly in cold acids but rapidly ia warm ones), evolving
Ha

REFERENCES;

H. Funk. Darstellung der Metalle im Lahoratorlum [Preparation

of Metals in the Laboratory], Stuttgart, 1938.
L. W.Jander. Z. anorg. allg. Chem. 138, 321 {1924).

iL E. Botolfsen. Bull. Soc, Chim. France 45, 626 {1929).

III. W. Kroll. Z. Metallkunde 28, 30 {1336).

1v. J. Zimmermann. Lieblgs Ann, 218, 16 {1883); A. Flscher. Z,
anorg, Chem. 81, 170 (i$l3); A. Roderburg. Ibid. 81, 122
{(1813); D. Lely aad L. Hamburger. Z. ancrg. allg. Chem. 87,
220 {1914); H. Haag and G. Brauer, Data from the Chemn, Lab.
of the Unlv, of Freiburg I, Br., 1950,

¥. F. H. Driggs and W. C. Lilllendahl. Ind. Eng. Chem. 22, 516
{19540).

Uranivm Hydrida
UH,

U + 32H, = (H,
1 8361 8Ll

This procedure 18 suceessful onl
metal fa employed, ¥ when vesy pure uxanium
Uraniom (10 g} is freed of the adherent oxide la
yer by brief
treatment with dil. nitric acid, washing with water, and drying
over Il:?(};. The metal is then coarsely ground and placed in &
porceasm l:aat, which should be lmrge encugh to accommodate the
locresse volume which accompanies the hydride formation.

Rydrogen is then passed over it at 250°C. [The pretreatment of

the
?W"]E‘a. Tlﬁ’ pﬂ-:::gva through a copper column heated to 650«

ot (magnesiwm perchlorate), and uraniurn
powder heated to 700-7569¢ The p ’
. aactl o fter 20~
30 mindeq; the ylold is qmtilmive_ on is complete after 2

Bee alao Part [T, Section I, p. 113 ¢,

ot i
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PROFERTIES:

Fine, black, pyrophoricpowder, Loses H, when heated in vacuum
above 250°C, forming a uranium of high chemical activity, Powerful

reducing ageni; reacts vigorously with water according to: 2
4 H;0 = 2 UOa+ 7 Ha. tog to: 2 UHa

REFERENCES:

F. H. Spedding, A. 8. Newton, J, C. Wax{, O. Johnsen, R. W, Nottort,
4. B, Johns and A, H. Dasne, Nucleonics 4, 4 (1949),

Uranium (iil} Chloride
ua,

878.9 1121, 344.4 3.5

1. Completely pure UCl, 15 reduced with B, ln the saame fube In
which it Is prepared. The reduction proceeds bhelow red beat and
then at dull-red heat, until the off-gnses arefree of HCL Absolutely
pure Hpz must be usad. The dull-brown, very hygroscopic UCL, ad-
heres strongly to glass. ‘Thua, when the mechenically separated
product is dissolved, scme brown to brick-red U {IV) sllicate is
glways obtained as a resldue. ;

0. YUranium is rezcted with dry BCL at 2560-300°C.

PROFPERTIES:

Lustrous, dark-red, very hygroscopic needles; d®§ 5.440, Very
readily scoluble in water, glving a purpie-red liguid which becames
green within a few seconds as Hj is evolved and a red precipltate
forms, Insoluble in anhydrous alcohol, acetle geld, CCle, CHCl,,
acetone and pyridine. -

o wid

REFERENCES: F

I A, Rosenhelm and M. Leobel. Z. anorg. Chem. 67, 235 (1808}
W, Biltg and C, Ferdius. Z. auopg. alig.Chem, 172, 3ad {1928y
J. F. Suttle in: Th. Moeller, Inorg. Syntbeses, Vol, \i‘-,.iia?a_s
York-Toronto-Londen, 1957, p. 145, - e !

. E, Staritzky. Analyt. Chem. 28. 1055 (1966). = & - - .o~ ==f
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Uranivm (V) Chloride
uck

epar ts) is diffieult
tion of completely pure UClq {or UCls
o e - conditions there exists an equilibrium: 2 UCl, +

i rral
?;tnc«: ﬁgﬁsﬁuﬂawmr, for many purposes, especially for the sub-
se;uent reduction to metallic U, any mixture of the two uranium

chlorides is adequate, Such 2 mixture 1s prepared rapidly and con-
veniently by the following method.

UO, + C + ‘2‘,",Clg (?.C!g} - UEIQ (UCI.} = CO.‘,
a0r 120 4154 (378.9)

A quartz tube 40 om. long and 2 cm. LI, Poth ends of wh'ich
carry ground joints, 18 charg:ed with a mixture of 20 g. of GO,
and 7 g. of carbon black, distributed along the entire length of the
tube. One end of the reactor tube is connected to a waskh boltle
containing HzS04; the latter, in turs, iz connectedto a U tube filied
with P50, which Is attached to aCiyeylinder. The other end of the
reactor i connected to two ground-jolnt Erlenmeyer flasks In
series {do not use round-bottom [lasks; thesearenot as well suited
for the precipitation operation), which inturnare attached to a wash
bottle with H 80, (the latter is connectedbackwardand serves as a
trap for atmospheric moisfure}. All jeints are lubricated with
vitreous phosphoric acid. A wery fast stream of Cl; is passed
through this apparatus, When all the air is displaced, the reactor
ig heated with two rosette burners, beginning at the Cl, inlet,
Within 4 short time the wrandum chloride begins te sublime into the
cooler part of the hibe, largely as a brown vapor. By shifting the
burners to the next zone of the tube as the reaction is completed in
the preceding one, it is possible to sublime mast of the uranium
chloride lnto the two Erlenmeyer flasks. The yleld is almost
quantitative. It takes one hour to obtaln about 12 g. of uranium
chloride frem 20 g, of U0,

Chlorination of Us0, under identical conditions, sometimes

recommended in the literature, glves chlor natel
with DOOL. E ides greatly contami

I, UCl, may be obtained by heating a2 mixture of 28 g, of UQa
::ﬂn;:fu t 6 g. of sugar-derived gharcoal, covered with some ad-
boat ms:.:ga:- charcod! powder. The resctants are in an unglezed
dispma slream of Cl, i3 passed over the latter {the air is first
Seanced by evacuation and ‘several purgings with Cl). The re-
driven into ¢ C and 15 completed at 600-700°C, The UCle 18
decom, ;:espharicg‘l recelver gealed onto the reactor tube to
102 O spons P¥-product UCl,, The material must be redistilled
¢ Btream into 3 second receiver sealed onto the firat,

k-.n -',:... )
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1L U0, + 250C% = UCL + 250,
201 2379 379.0 1281

A bomb tube of ~ L5em. LD.1a charged with 5.6 g. of pure UQ
and 10 ml. of 50Cly (freshly distilled mvacuum);gthasap:rre the:
thercughly mixed. The sealed tube i3 heated for 7 days at 200°C; the
time required for compietion of the resotion may be somewhat re-
duced if the tube is briefly cooled al regular intervals and the SO
formed is permitied to escape.

The product consists of UCl,, parttally dissolved in S0C1y, and
partially present as preencrystals. The lower partof the bomb tube
is cut oif, the entire contenis rinsed rapidiy with some S0OC], into &
160-mi, ground-joint flask and distilled wnder reduced pressurs
{e.g., 140 mm,} in a siream of dry Nj (or COg) to remove the
S0Cls. Finally, the trown adduct of SOCL, and UCH, i decompoed
by heating at about 150°C unti]l & pure green residue of UCl, ia
obtained {half an hour {8 required). Yield: about 7.5 . (95%).

V. Analogous to HOnigschmid’s method for UBr, {see p, 1440 1,),
The product has the composition indicated by the formula, The
procedure ia somewhat tedious because of numercus precautionary
measures necessary. Useful only for small guantities,

V. Chlorination of UCl: at 250°C,
DHOPE RTIES:

Formula weight 379,90, Light-green needles or dark-green octa-
hedrz, which sublime at red heat as a red vapor. M.p. 567°, ..
613°, d%§ 4,73-4,97, The agueouns solution gives a strongly scidic
reaction because of hydrolysis. Scluble in ethyl acetate and
henzoate; insolubla in ather, chloroform and benzene,

REFERENCES:

I. H. Haeg and G. Brauer. Expsriments at chemical Jaboratories
of the University of Freiburg 1. Br,, 1950,

D. A. Voigt and W, Biltz, Z. anorg. allg. Cherc. 133, 281 (1924).

L H, Hecht, G, Jander and H. Schlapmann, Toid, 354, 255 (1947);
checked at chemical laboratories of the University of Freih}:r:g
. Br., 1951,

V. O, Honigschrid and W, E. Schilz, %. anorg. allg, Chem. 170,
145 {1928y O. H'énigschmid apd F. Wittner, Ibid. 22€, 29§
(1936}, .

V. E. Staritzky. Anaiyt. Chem. 28, 1056 (1956). See also J, A.
Eermann zad J. F. Suftle in: Th. Moeiler; org. Syutheges,
Vol, ¥, New York-Toronto-London, 2067, p. 143. - -
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Uranivm (v} Chioride

L[+

149

ucl + ',":{:]: = UClg
ara.g 10, 4154

A very clean hard-glass tube a-h, bent as shown in Flg. 324, i
charged at locaticn b with 2 roixture of UCl; and finely divided
wood charcoal, and attached immediately toa Cly-generating ap-
paratus via joint a, The reactants and the glass tube are carefully
dried by heating in the Clg stream, which ls predried over POz,
When stronger heating is applied at g, a mixture of UCLy and UCl,
distills toward d. To completely convert this ¢hloride mixture into
UCls, a sufficlent quantity of Cla ig first frozen In f by cooling the
latter; the tube is then sealed off at c and {after evacuation viz
joint k) at g, The solld Cl, at [ is brought to 0°C. This results in
a vapor pressure of about 3.6 atm, Then heating tha tip of tube 4
causes sublimation of pure UClg from the heated zone; it forms
a dark-brown depesit at o,

T
Fig. 324. Preparation of uranium (V) chloride,

Alteynate method: Chlorination of U0, with OCl, i zealed
tube at 250°C (Michael and Murphy). e P

PROFERTIES:

atesDe:ﬁirown. crystaliine, very hygroscapic sublimate, Dissoci-
ates ¥, ¢ven at room tempersture, to UCly and Clg (equi-
mer ufm paztial pressure of Cl; at 20°C Is at least 10”3 mm.); must
wa::r o:iathb; stored in seated vessels filled with Cl,. Soluble Ln
. };fmg and evolution of HCI; soluble in absolute alcohol
ne; the best soivents are ethyl acetate and benzonitrile.

EEFERENCES:

H.
Martin and X, . Rldau, Z. anorg, allg, Chem. 253, 205 (1943);

Dl
Ruff and A. Heinzelmann, Ber. gtsch. chem. Ges. 42, 455

(1908); A. My
365 (1910}, chael and A. Murphy, J. Amer, Chem. Soc. 44,
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Uranyl Chloride
GO,

U050 3HA + BaCl = UQ,Cl, + BaSO, + 3H,0
4262 2083 2410

THE.1 e REVEH

Us0s + BHCL + H,0, = SUOCY, + 4K,0
H42.2 FALE] 340 W3

An agueous solution of uranyl chloride is prepared by {a) drop-
wise addition of a BaCl, solutlon to & conc. solution of HOLS0 ot
3 HpO [for preparation, see p. 1447 under urenium (IV) sulfate]
antil all of the SOI” jon is precipiteted {no excess of BaCly),
followed by filiration; or (b) by thoroughly boiling UOs with water
to give a yellow powder of HUQ,, which is then dissolved in dil,
HCl; or (¢} by slurrying UsQa in conc. HCL, foliowed by dropwise
addition of 80% HaOa; the UzOq is thus dissolved &s TOLC15, al-
though the reaction is slow.

Careful evaporation of any of the UDCl; soiutions on a water
bath and then in a vacnum desiceator over conc, H8C, affords a
erystalline mass of composition UC,Cl,-H0. To obtain UG 01 ,-
3 H.0, a small portion of the residue is bheated with some cone,
HCL, the resulting solutlon 1s allowed to evaporate in a deslccater,
and the small crystals which separate are addedio a cone. solation
of the main body of the monohydrate, whereupen they grow into
large, uniform prismatic crystals,

The V0401, HgO and UOgCly- 3 H40 can be dehydrated
without decomposition by the following method, Theuranylchloride
is first dried over P05, placed In flat porcelain boats, and slowly
heated im 2 dry HCI/Cla stream to about 450°C over a period of
4-5 hours. Under these conditions no decomposition to the oxide
takes place and only the water of crystallization is removed. H
any UOL{OH)C] is present, it s converted to UOsCls by reection
with the HCI, libarating water. :

Altevnate methods: a) repeated evaporation of uranyl nitrateor
acetate with cone. HC1 ylelds U0 Clg solutions, which are crystal..
lized in a vacuum desiccator over KCH. The amount of water of
erystallization present in the product depends cn the duration of
the drying period. Y

b) Oxidation of UCl, with Oy (Leary &nd Suttie}. o

FROPERTIES:
U0aCl,

Golden-yellow when completely anhydrous; hydrated UORUly axe
hibits o greenish luster. o
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1440 F.

VO;Cl, *+ 3 HyO
t 395.09. Yellow-green, fluorescent, oblique-
Formui:m\;el%!;hquescem in air; extremely soluble in water,
angled prisms, 7.25 wt, parts of UCaCl; * 3 HaO dis-

ther. At 18°C .
;Lmoiln l;n:agt of HyO; the s.aturated solution is very viscous,

REFERENCES:

i iatz. Ber. dtsch. chem. Ges. 34, 2774 (1901);

- Mé.lmge:;gng; g;e Coninck, Compies Rendus Hebd. Séances
Acad. Sel. 148, 1768 (1903); L. chs and I, Strassmann, Z,
Naturforsch. 7 b, 637 {1852); H. A. Leary and J. F. Suttle in;

Th. Moeller, Inorg. Syntheses, vol. ¥, New York-Toronto-

Landon, 1957, p, 148,

Uranivm |IV) Bromide
Ufir,

Prepared by brominating 8 mixture of UQ, and charcoal.

The apparatus used by Honigschmid (Fig. 325) consisis es-
sentially of two parts: the glass section A and the quartz tube B
with receiver . Section A serves to hold the welghing tube and
its stopper, and is attached ta the quartz tube £ by mesans of &
large Mange joint, Section B has & sacklike profuberance on one
gide, of the same LD, as the quartz tube itself.

System D, comprising 3 quartz tubes connected by ground jolnts,
is inserfed info tube B, The side view of this system is shown
geparately in the {lgure, and s also reproduced in the main draw-
ing, Tube 2-d, constricted in the middle, carries a quartz boat
containing the oxide-charcoal mixture, Tube b, which will be stored
later in the weighing tube mentioned asbove, serves as a recelver
for the pure, fused UBr,. Tube ¢ leads the uncondensed bromide
vapors into the receiver.

The quartz boat is charged with a mixture of 1 part of sugar-
derived charcoal and 4 parts of uranium oxide, intimately ground
lopether in an agate mortar. The boat is then inserted into tube 6.
The flanged joint and all stopcocks which wilt come in contact with
'Ell'ﬂmme Vapor are greased with sirupy metaphosphoric acid, The
a&nged connectlon is held together with strong metal springs. The
sppﬂraluf Is heated with small electric tube furnaces which ean be
h‘-‘,r‘e"he“ ong the length of the quartz tube as far s the protuberence.

ﬁoPParaqu Is firsl fliled with N, and the quartz tube s
ordelerdm d;y‘g {ihts entire length (beginning at the protuberance) in
¢ material, Then a Br,-saturated stream of Ny is
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ntroduced and the furnsces are shifted In such a mann

entire system of tubes canbe heated as for as part d, Thﬂere:&p;rt:f
ture is raised to yellow heat; the UBr, beging to form and con-
gepses Ind. Tubes L and ¢ rematn completely free of material and
only a small amount of UBr, collects in receiver C. About 5 g. of
UBry forms In one hour. The furnaces are now shifted in such a
way that the preweighed tube b remains cold, yet the sublimate in

d 1s heated to yellow heat. The second sublimation (from J into b)
is carried out either in dromine vapor or in pure N,

A, A o
. i
—_— L e
e T
'] o 4 r

Fig. 325, Preparation of uranium {IV) bromide.

The meilting of the UBr, should be sccomplished without 4 loaa,
if possible, and without too long an expesure to high temperature.
Thus, after corpletion cfthe sublimation, the entire system of tubes
s pushed toward the protuberance by mesans of a guartz rod in-
gserted through recelver (¢, while all furnaces are stili at their
maximum emperature, In this way the small tube & with the UBr,
is shifted into the hoitest part of the apparatus. The sublimate
fuses in 2 few momentg: the furpaces ere now shut down and re-
moved at once. Unneceasary overheating of the UBr, 1s thus
gvoided.

The apparatus is allowed te cool ina stream of N, and are then
filled with dry air. In disassembling the tube system, receiver C is
removed first and the individual joints are loosened with a long
glass rod provided with a small hock, while a steady, fast stream
of aix is passed through. Tube e is pushed up to the protuberance
and is allowed to glide into the latter by gently turning the whole
apparatus. Then tube b with the fused sublimate s pushed into the
previcusly prepared weighing tube, which is then closed in the ususl
manner. The length of the run from the beginning of heating to the
disassembly of the apparatus is 3 hours or 1ess.

PROPERTIES:

Formula weight 557,73, d7i 4,834, Lustrous, brown to biack
leaflets, sublimable in 4 Brp-Nj stream; in Ny slone, dissociates
partially to UBrs and Brg. Disaolves in HaQ with fizzing and for-
matton of a green liquid.

REFERENCES:

0, Hénlgschmid, Monatsh., Chem. 36, 58 (29161 O, Honigschmid and
F. Wittner. Z. anorg. &llg. Chem. 226, 296 (1936}



r. HEIN ARD 5. HERZOG

12
Uranium i¥] Oxide
Uy
L U0, + Z2H: = 300, + 2H0

#4121 &l slnd2 3.0

g UsOg s prepared hy heating pure uranyl nitrate,
ma}iﬁ zia::e:goxidi for smmonium diuranate} to T00-BGO®Cy it is
then reduced with Hp at 900°C end allowed to cool 1n the stream of
Hai-

T U0L:0,-3HO = U0 4 2C0: + 3150
1124 01

Precipitzation of a hot cone. solution ofuranylnitraie with oxalic
acid vields a yellow powder of U0:C,04 + 3 H;O: this is converied
to black, very fine, pyrophoric U0 powder in a stream of H; even
below red beat,

REFERENCES:

Formula weight 270.1. Brown powder. M.p. 21768" under Nj;
d%5 10,9, Crystal structure: C 1 {fluorite) fypa.

REFERENCES:

L W. Biltz and H. Miller, 2. anorg. allg. Chem. 163, 261 {1927).
1. W, Jander. Tbid. 138, 321 (1924).

Uraniom [V} Oxide
U,

uranpulr?: UO4 is difficuit to prepare because the thermel cleavage of
aras ;j;one ﬂﬂmﬁf does not free the product of traces of volatile
con v While at high temperatures disscciation inte UsOa
aad O becomes objecticnable. To eircumvent these drawbacks it
i# desirable 1o use O, at a pressure above atmospheric.

L
UD]IEH!G = UO; -+ I]":O! - 2H:0
et 26601

A w&:ﬂitzf tube is charged with 5-10 g, of the dry peroxide and
e, s fpered; In an electric ¢rueible furnace prehested to
+ A fast stream of O; is admitted through the opening in the
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furnace id. The temperature is initially held for 3-
g50°C =and then for one half to one hour at 4000, Theﬁgguu at
tube s then stoppered and allowed to cool In 2 desiceator,

I, Uranyl pltrate is hezted in O, to 500°C; however
«till contains iraces of water, ver, the product

. U -+ 4.0y = 390,
G422 8562

Figure 326 shows the apparatus in which rather st
of Ua0a can be converted to UO, atan oxygen praggurege héﬁ?m
atmospheric. The reactor r consists of an Inconel {a Cr-Mi alloy)
tube which is screwed inte a brass flange plate. This plate also
carries & seal seal groove with a neoprene gasket, The upper,
tlind flange plate, also made of bress, carries the seal tongue and
is drilled for a welded-on brass cross. The latter is connected to
two high-pressure diaphragm valves and a pressure gage. A re-
moevable quartz insert ¢ facilitates replacement of reactants,
Mancmetar wm is arranged in such a way that it also serves as a
pressure-relief valve. The graduatediube g is for the iiguid oxygen;
it must contain sufficlent oxygen to generate the deaired pressure
in the reactor.

Pure U045 for UO, prepared as in method I) {8 placed in the
quartz insert tube g and the reacior assembled to the flangea. The
entire gystem is purged with Oy, beginning at stopcock ky; the Og
may be discharged at the pressure gage. Then stopoeck b, is
closed and the apparatus is evacuated by opening stopcociks hy and
ka; 1n this operation, valve vy {8 open and pg closed. The UyCa is
vompletely dried by heating reactor r for one bour at 85G°C while
maintaining the vacuum, A Meleod gage is used to ascertaln when
the apparatus is completely evacuated; the vacuum conmectlon st
stapcack hk; is then closed, as are stopeock hia and valve o,. Trap
{1 filled with liguid O, by immersing it in liquid Ny and opening
hi. The amount of O, condensed in the trap should exceed by 10%
that required to bring the pressure in the reactor to 27 atm. gage.
This O, quantity can be estimated more exacily alter the apparatus
has been used once. When sufficlent Qg i8 condensed in the trap,
stopeock R, is closed, Now the graduated tube g s immersed lna
Dewar flask filled with liquid N, and stopcock hg IS opened. The
eXact guantity of O, which is needed to attain the required gage
Brasasure is measured infc 2 and Stﬂpcﬂck ha 1s then ciosed, The
reactor is cooled in lquid Ng aod valve vy is opened. Tube g 1s
then immersed in liguid O in order toestsblish an inside pressure
of about I atm,; this csuses the O to distill over iato the regctor.
Next, valve o i3 closed and the ragetor v is brought very gr adualty

room temperature In order i avold scattering of the UsOe By
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this {3 to replse

he best procedure for doing place

m“‘p?dt?‘lmsﬂﬁ::i %e?war ﬂisk with an empty one. The reactor
mmbelhu a;d in an slectric furnace and heated for 40 hours at
. g condensed in the reactor, the excess

o 1

600-700°C. ﬁfawndm;iléﬁa yalve va. The liquid Oj remalning in
can be dlsche rrg:mo uglhyl yacuum, or allowed tc escape {slowly)
E‘mughp ! othem manometer while the trapis ina Dewar flask contalning

ifguid Nz.
ﬂ‘i‘;ﬁ{ﬂeﬁ‘; ;P?; ai{igay gﬂmcﬁm data, this procedure ylelds pure

U0
Fig. 326, Preparation of uranium (VI) oxide,
r Inconel resctor; g guartz insert tube; g
graduated condensation trap; f condensation
trap; » manometer and pressure-relief valve;
v vEIves.
PROPEATIES:

Bright orange-vellow, very hygroscopic, amorphous powder or
hexagonal crystels; 4%% 7.368. Soluble In minsral acids, forming
urany} saMs, In water, it hydrates in24hours at room temperature
to glve U0, - HZO.

A red, hexagonal modification, which 1s less stable, forms at
£50-500°C; its erystal structure resembles that of UsOg,

REFERENCES:

L W. Biltz and H. Mililer 7. &nor
o - T g. ailg, Chem. 163, 258 {1927).
B. G. F. Hittig 2nd E. v, Schroeder, Ibid, 121, 350 (1922}; 5. 5-

im, S¢i, Technol, Chi :
1948, 11, 951, na 1, 12 {1948}, abstr, in Chem, Zentr

I 3. Sheft, 8. Fried and 5 -
2172 1950y, N. Davidson. J. Amer., Chem. Soc. :i'_ﬂ;:
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Alkali Uranotes (Vi} e -"*-'r;:-,.:" i
LiuUO,, Na,U0,, K,UO, o

Moot

U0, + LiCO{NaCO,, K00, = Li:UOy(Nay, U0, K, U0 + €0, !
168.1 T30 {1080, 1385 3150 (3483, S8D3) e

f

. Byl

Alksll carbonate and UOg (1:1 mole ratio) are intimetely .-
ground, placed in a large-diameter crucible, end gradually heated = .

in an electric furnace to 800°C while O, is slowly passed through,
The process is interrupted several times to regrind the reactents,
The end of the reaction is recognized by the fatiure of a saraple to
svolve COz on dissolution in il hydrochloric acid (2-3 days re-
quired to reach this point). Y

Lo
AR,

-l
e

PROFERTIES:

Light orange when finely divided. Aqueous slurries show a
distinetly slkaline reactlon within a few minutes, Soluble in dilute
hydrochleric eeid and suifurie acid, ae well a3 Iz 2 N acetic aecld
(except for potassium uranate). '

REFERENCE:
W. Ridorf{ and H, Leutner, Z. anorg. allg, Chem, 292, 193 (1957).

Alkali Uranates [V)
LiUQ,, Nal’0,

LisUO(NasUOy + UOy = 2LiO{NaUOy)
315.9 1348.0) 270.1 E£36.0 (618.1}

A mixture of alkalli urapate {VI} and UO, {1:1 mele ratio}
is heated in evacuated, sealed guartz ampoulss al 650-750°(. The
amponies ere opened at intervals of 10-20 heurs, the reaction
product is reground to a fine powder, and the heating is resumed
usipg & new ampoule, The reaction is complefe in 75-10) hours;
the litkium compound forms in a somewhat shorter time and at &
somewhat lowar temperature,

PROPERTIES:

Formuls welghts: LiUQs 293.0; NeU0s 309.1, LiUCs is dark
violet, NaUQOs brown-viclet. Both are very stable, Much morg z¢-
sistant to acids than the corresponding uranates (VI). Dilute kydro- ~ ¢
chioric and sulfuric acids have no effect in the aold. mﬂﬂﬁlﬁ;ﬁ. E
dil, nitric acid, Coehe ’ i

el
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AEFERENCE:
W. KGdorff and H. Leutnor. 2. 800Tg allg. Chem. 282, 193 {1957),

Urenium Peroxide
VG, -2 H0

Precipitates from uranyl nitrate solutions on addition of H,0,,

solution of uranyl nitrate istreated dropwise with
:I&‘ﬂ‘iAHb:bﬂ:.ngT]i:?resulting amorphous, white precipitate is filtersq
on the fnest filter possible (membrans or Millipore filter) angd
washed thoroughly with boiling water. The peroxide, which is a
bright sulfur-yellow after filtration, is first dried in the ajr on n
clay plate, then at 100°C to constant weight, and stored in vacuum

over P;0s.

II. Resction of (NH)a{UQz{Ca04)z) « 3 HRO with Ha03 yields erys-
taliine, nonhygroscopic U0, + 3 HZO, which i3 converted io the

dihydrate by storing in vacuum over Py0g.

OL A readily filterabls peroxide hydrate is obtained from the
regotion of 50 ml. of 30% HaO 5 with 3 g. of UQ, (half a day at room
temperature),

FROPERTIES:

Formula weight of UQ, - 2 H;O: 338.10. Yellowish-white,
amorphous powder or fine needles.

BE FEREKCES:

I and 0. A. Rosecheim and H. Dachr, Z. anorg, a hem, 181
178, 180 (1929). g olle. Chem. 22
IL A, Sieverts and E. Miller, hid, 173, 299 (1928),

Uranium {IV) Sulfide
Us,

UCL + 2HS = US, + 4HCI
ik HEL W2z

L The best starting material for
the preparation of USz 15 Na UCls .
tds material is preferable to UCl, because ita volatfmy is lower :
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The starting mixture is prepared during the synthegly of Ul Rpac -
p. 1438, method II}; thus, the sealed-on round raoivlngﬂﬂﬁ Y

precharged with 10 g. of ignited NaCl, Fualon of the Uclyﬂfi’
NaCl yields a green cake, The Cl; is removed by evacuation of {he -0

reactor tube. Then & stream of dry HSS (elther generated
liquefied material or made by paasing pure, dry H, over ﬁ-bﬂ'ﬁi:&
containing molten 5) is passed over the Nu zUCE, while heating the 13
latter to 600-T00°C; the reaction is continued for 4-5 howre. until 8
the off-gases are free of HCl. The US, Is sllowsd to eool undey 3
H,S and washed briefly with deaerated ive water, then with aleoba} - 3
and ether, and dried in vacuum et 149°C, BERRE LR

I Prepared from UsOs and HoS at 1150°C (electric furnace); der .9
pending on the reaction conditfons, either o~ or 8-US, Is formed, 3

F»

£

PHOEERTIES:

Black leaflots with a metallic luster, altered only by prolonged !
atanding in air; dﬂf 7,06, o _

REFERENCEH:

L. E. F. Strotzer, O. Schoefder and W, Blitz. Z. anorg. allg. Chém;
243, 307 (1840); A. Colanl, Ann. Chim. Phys. (8) 12, 30 (1907):
R. Flatt and W, Hess, Helv, Chim. Acta 21, 626 (1934).

IL M. Picon and J, Flahaut, Comptes Rendus Hehd, Séences Acad.
Sei. 237, BOB {1953},

Uranium IV} Suvifate
U{50,% - 5H,0 or 4H,O
Prepared by cathedic reduction of HOS0.:

UOSO: + K5O, + 26 —U(BO) Lo
(-3 H:O (-8 HyD) PR
o 981 5idd -

The electroiyte consists of an approximstsly saturated s
of UQL(50.) - 3 HyO (1 mole) in about twice the stoichiometric
quentity {2 moles) of HyS04. The 0480, + 3 ByOisprepared from
UOa(NOa}; * 6 HyO by svaporating to dryness with H,80, aadeony | L
tentrating an aqueous sclutlon of the residue t& & situpyeam: . -2
sistency, whereupon the UQeS504 « § HaO BIMWtM 3
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|

- olution 1s placed in & cooled glass cylinder whioy )
mﬁ.ﬁ?;ﬂ:;ﬁyaw. A clay cell contains the znode. The beat
results are obtained with an Hg cathode anda carbon rod anode, The
Hg layer is placed on the pottom of the cathode vessel; the electrica)
connection is made with a copper wiresealed into a glass t}the. The
resction proceeds quite rapidly at 3-5 amp. Any materizal which
separates during the electrolysis is redissolved by addition of )
some water., At the end the cathode liquid becomes dark green with i
a steel-blue to black-violet fluorescence. If the electrolysis con- i
tinues beyond the tetravzlent state, the reddish brown color (in
transmitted light) of trivalent nranium becomes apparent; however,
this compound is very unstable and is guickly reoxidized in ajp
ko tetravalent uranivm. .

The concentrated acidic U(SO4)y sclution thus obtained ig
very stable and may be kept for weeks, in contrast o the very
dilute aclution,

Concentration of the solution in vacuum over HSS0, yislds ;
US04 B HO as large, dark-green eryslals; alternately, the i
praduct may be obtained by evaporation in air below 76°C, ¥ the [
product s precipitated with aicohal 1o the ¢old, it is a Iighi-green, '
fine ¢rystalline powder,

The tetrahydrate TH(S504)z * 4Hz;0 is prepared by dropwise
addition of conc, H450, tothe reduced solution (high~speed stirring);
e H80, is added until no further precipliation ovcurs. During this
operation the temperature rises to 40-50°C,

. tzhe salt is washed with aleohol and ether and dried on a clay
plate,

PROFERTIES:

_UB04)y - B HyO: Formula weight 574.32, Dark-green mono-
c!mjc prismatic crystals, Hydrolyzes o solution in water, pre-
cipitating the basic sulfate UOSQ, - 2 Hal, Solubitity {20°Ch
8.78 g./100 g, of solution in 0.1 N HA8G,.

UiSGy), - 4 HO: Formula weij
: ght 502 26, Whitish-green pre-
cipitate composed of needles arranged in a sterlike form, Soiuble

;i;ater with separation of the basic gulfate; soluble in dilute

T L

e

KEPERENCE:

B. J. Meyer apd A, Nachod, Liebigs Ann. 440, 186 (1024). -
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Ammonium Uronyl Carbonats
(NH)JUO4(CO,)]

2UOMND + BN, + 3H,O = {NH,U:0; + 4 NH N,

t- 8 H,O A

L10G-E.4 A24.%

(NELLU,0: + 8(NHLCOs = 2{NH)[UOACON] + 6NH, + SHO

624.2 1044.5

The (NHa}aUsO7 Is precipitated from an aquecus solution of
10 g, of UD5(NO3)5 « 6 H30 by addition of conc. ammonts. The fine
yellow powder is auction-fillered, washed with water, and stirred
with an excess of conc. ({NH,;}3C0; solutlen for about 10 minutes
(the flask Is on a 70°C water bath), The clear supernatant lguid
is decanted and zllowed to stand overnight, Yellow crystals pre-
cipitate; these are filtered with suction and dried in air. The
residue of undissolved {(NH.)aU;04 is treated aeveral times with
the mother liquor at 7G°C, as described above, until ¢rystals no
longer form on cocling. Yield: 5-8 g, :

PROFERTIES:

Formula weight 522,26, Well-formed, traneparent yellow crys-
tals, monoclinic priematic; ¢ 2,773, Spearingly soluble in water;
ingoluble in aleohol and ether; may be recrystallized without de-
composition from agusous {(NH;}3005.

REFERENCE:

Ebelmen, Liebigs Ann. 43, 302 (1842).

Uranivm V) Oxalate

U{C0y), " & H,0

L

UOAGH,COO)s + 4HCE + NaghiO4 = UCK + 2 NaHS0: + 2 CH,CORK -
{2 H,O) (-2 H,0) SO ﬂ*‘ S
4248 145.9 210, TN
RN L T

-

UCL + 2HCO, + BHO = UG 6 H,O0 + 4HCL
1504 fgan

Five grams (0,012 motes) of UOg{CHsCOO)z » £ FzQ powae ?@

dissolved in 100 ml, of dilute HC1 (1 : 10in water) phéheated to-88

While stirring, 5 g. (0,024 moles) of Na 5,04+ FHs0 powder ﬁ

)
il
Ty
L,
g
LN
o
i

3

~mn

Y O
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itial precipitate is brown, but rapidl

ThT%:ier: 5 nﬂ. of I::va:um. HC] is added and t};g

{iture ahout 10 minutes on the water bath (until
:‘ulutiun iisc::;:ieectie]f.o?rhe dark-green solution of uranium (IV}) salt
is usually somewhat cloudy beczuse of & haze of fine sulfur, It ig
filtered In the absence of alr and treated while sfill warm (appr,
§0°C} with a saturated oxalic 2cid s¢lution; the latter is added
slowly (good stirring). A heavy, solld gray preci?itate forms at
once. It settles in a few minutes and, after stapding for one ha_lf
bour, exhiblts the dark-green color of uranfum (IV} oxalate, It ig
washed 5 times with 100-ml. portions of water, Bulfite and oxalats
should be removed completaly by this operation, Since uranium (Iv})
axalate is completely stable in air, it may be air dried. The yield
is almost quantitative (5.7 g.}

PROPERTIES:

Dark-gresn microcrystals, gtable in air [incontrast io solutions
of uranium {IV} salts]. May be recrystallized from warm conc,
hydrochlorie acid. Only slightly soluble in water and dil. acids,
Loges 5 moles of H,O at 110°C, but the sixth mole only at ahout
200°C.

REFEAENCES:

V. Kohlschiitter and H. Rossi, Ber. disch. chem. Ges. 34, 1473,
363¢ {1801); E. Marchi in: I. F. Audrieth, Inorg. Syntheses,
Vol, I, New York-Teronto- London, 1850, p. 166,

sdded in small portions,
changes to whitish-green.

Potassium Tetrooxalctouranote {IV)

K {U0{C0,01 -5 H,O

UG08 H,0 + 2K.COHO = KNGO, SHO + 3HO
LAy AB&.5 E36.0

A slurry of 6 g. {0.614 moles} of (Ca04) * 6 HaO in 50 ml. of
water is treated in the sbsence of air with a solution of 5 -
(0.027 moles) of KoCaOy - Ho0 in 20 mi. of water and allowed to
8tand on z leam bath for one hour, It is then filtered and the
dark-green filtrate is troated dropwise with 200 ml, of absolute
alcohol (good stirring), Small Hght-green crystals preeipitate.

These are filtered off, waah i
ether, ard dried ovep Pao: #iod with absolute alcohol, then with

PROPENTIES,

Readily soluble in water {21.7 *
-7 g. per 100 g, of water at 17°C),
th:t t;:ly very slightly soluble in water-alconol Elixtu:ea. Convarted
ate by heating for a few hours at 200°C,

i

e M=



24, GHROMIUM, MOLYBDENUM, TUNGSTEN, URANIUM 1458

AEFERENCES:

V. Kohlschitter. Ber, disch. chem. Ges. 34, 1472, 2619 (1801);

E, Marchl in: L. ¥, Audrieth, Inorg. Syntheses, Vol. 111,
New York-Toronto-London, 1950, p, 169,

Uranium [V} Ethoxide
U{OC,H,),

UCL + 4NaOCH, = UQCH} + 4NaCl
UOC,H,)y + ¥ Br; = U{OCH,),Br
U{OCH,)Br -k NaQG,H; = WOC,H,), + NaBr

A sodium ethoxide solution i prepared from 809 ml, of abso-
lute ethanol and 46 g. (2 g.-atoms) of Na (use a I-liter, three-neck
flask). Toward the end of the reaction, refluxing and good stirring
are needed. The solutien iz cocled to room temperature, Then,
while stirving rapidly, 190 g. (0.5 moles) of fine UCI, powder 15
added in portions of about 20 g, {(5-minute intervals), The contents
of the flask are protected atall times agzinat atmospheric moigture
by means of a CaCl; tube. The heat of resction cauwses the aleohol
{o boil, and the flask is therefore set in ccld water. When all the
UCl; has been added and the reaction subsides, the flask contents
are refluxed oa a steam bath for two hours {stirring). They are then
cooled to room temperature gnd asolution of 40 g, (0.5 g.~atoms) of
broming in 20 ml. of dry benzene is added dropwise {rapid atirring)
over a period of 15 minutes. The color changes from light green
o brown, them gray and, toward the end of the addition, dark
Ereen, '

While continuing the stirring, a sodium ethoxide solution pre-
pared from 11.5 g (0.5 g.-stoms} of Ne in 200 ml. of absolute
alcohol is rapidly added, causing ths color to turn brown. The
mixture is then distilled under enbpdrous conditioas to remove the
alcohol, To achieve this, about ooe third of the materisl is intro-

duced as rapidly as possible into a 500-ml, Claisen flask and the

alcohol is distilled off on an oil bath {good stirring). Then thé
second frection is added, eto. When the mass becomes solid;-the
stirrer iz removed; the flask is closed off with 2 stoppar end
graduatly heated to 150°C at 2-3 mm. The completely dry residue,
which contains NaCl and U(OCzMcle, 18 now heated further on an
ofl bath at 4 yeeuum of 0.001-0,004 mm. The uranium (V) ethoxide

distills at a bath temperature of about 180-240°C. The yield may

be 2s high ag 217 g. (94%)

-
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SYNORTYM:
Urantum (V) sthylate.
PROPERTIES:

Dark-brown ligul
Considerably higher the
ethanol, ether, benzenc,
decomposed In waler.

REFERENCE:

. A, Yoeman and H

R, G. Jone3, E. Bindschadler, G. Karmas, F "
Gilman. J. Amer. Chem. Sec, 78, 4287 (1858),

4, B.p. about 123°C at 0,001 mm.; 42 1,711,
cmal stabillty than UClg. Miscible with
ehloroformm, pyridine, etc. Immediately

Uranium {¥l] Ethoxide
UIOC:Hh

U(OG:Hs)s + NaGCilly = NaU{OC,Hs}
2 NaUOCHyhe + (CHCOVO: = 2U(OCH;) + 2GpH:C00Na

A 500-ml. three-neck flask 18 fitted with a gas-tight stirrer and
a gas outlet tube. This flask is used io prepare a sodium ethoxide
solution from 300 ml. of ebsointe alcohol and 1,69 g, (0.074 g.~atoms)
of Na. When all of the Na is dissolved, the selution is conled under
M, and 20 ml. (34 g., 8.074 moles} of uranium (V} ethoxide (see
ahove for preparation) is added with & pipette. The brown celor of
the ethoxide disappears, and a clear, light-green solution of
Nal{OC jH.); is formed. Now, 8,90 g, (0.037 moles) of dry benzoyl
peroxitie powder is added in three equal portions at about 10-minute
Intervals while vigorously stirring., The mixture bedomes warnm,
sequiring 8 red color and forming a gelatinous precipitate of
sodfum benzoate. After ome hour of additional stirring under Na,
half of the material i& transferred {still under N.) fo a 250-mi,
Claisen flask fitted with a distilling condenser, and the alcohol is
distilled eut at atmospheric pregsure on a steam bath. The second
half is then added and the procedure repeated.

The receiver flask is now heated on an o0i} bath ang the contents
::‘; Sﬂb]tﬁ:bed to a vacuum distillation. At firat, with the bath
almp::l‘ais e 28 high as 140°C and at 5-10 mm., the last of the
same bath feﬂmwed: the uranplum (VI} ethoxide distills out at the
20 Boceit mperature but at 2 high vacuum (0.003 mim.). Yield:
ey cation in high vacuum affords the pure product. Yield:

£ (43%). The botling point is 72-74°C at 0.001 mm,

ETNCY M

Uranium (V1) ethylate,
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FPROPENRTIES:

Red, mobile liguid; 4 1,563, Monomeric in benzene, Readily
goluble in benzene, ether, petroleum ether, ato, Extremely sengf-
tive to moiasture; forms uranyl hydroxide when hydrolyzed, Strong
oxidizing agent. Readily reduced to uranium (V) ethoxide. Syn-
properifenates with U {IV) ethoxide according:

WOCH ), + WOCH,, = 2UOCH,),
REFERENCE:

R. G. Jones, E. Bindschadler, D. Blume, G. Karmas, G. A. Martin,

J. B Thirtle, ¥. A. Yoeman and H, Gilman. J, Amer. Chem.
Soc. 78, €039 (1956).

Uranyldibenzoylmathone

U0.(C,:H,, 02,
UOL{CHL,CO0): -+ 20 H0, = U0,{C,H,,0y: + 2CH,COGH
[(2H.O
A3 44545 7i6.8

Methanolic solutions of uranyl! acetate and dibenzoylmethane
are combined in the cold. An intense reddish-yellow color appeara
at once, and after & few seconds uranyldibenzoylmethane powder
begins to separate; it can be recrystailized from a large smouni
of hot alcchol. Other sclvenis may also be used for purification;
however, one must bear in mind that uranyidibenzoylmethane forms
well-crystallized addition compounds with aimost all selvents,

Used analytically for the rapid separation ef rare earths pro-
duced in the fission of uranium, since these do not form complexes
with dibenzoylmethane in the presence of water. The wranium ¢an
be rapidly and conveniently separated by extractien (as the UO;
complex).

PROPERTIES:

Orange-red crystals, which change color at sbout 180°C and
begin to decompose at 245°C. Readily scluble in all ketones and
esters and in pyridine; moderately soluble in ethyl aicobol;
sparingly soluble iIn ether; imscluble in hydrocarbons such ag
benzene, toluene and naphtha. Stzble to water, but is decompdsed’
by acids and azlkelies (even by ammonia). -

HEFERENCESE:

H. Gbtte, Z. Naturforsch. 1, 378 {1946), Preparation of dibenzoyl~’
moethane: A, Magnami and 5. M. McElvain, Org, Synthaaa%
collective Vol. 8, p, 251, New York-London, 1955. o
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Maonganesa

Mn

J. BY ELECTROLYSS

Very pure Mn may be produced by electrolysis under the fol-
lowing conditions:

The electrolysis is performed with ancde and cathode spaces
separated from each other, using canvas or & ceramic substznce
as the cell disphragm. The cathode electrolyte contains 70 g. of
MnSO, - 4H 0 and 200 g. of | NH, ) 580, per liter, the anode etectro-
Iyte 100 g. of (NH,)aS0, per liter. The cathode is a polished
stainless stesl skeel: the ancde i3 z lead sheet, The cathodic
current density is 0.16 amp./in.? and the tempersture of the
electroiyte should not exceed 40°C. The pH value in the cathode
cetl should be maintained between 4.5 and 8.5, and the free sul-
furic acid content of the anode cell should not exceed 5%. To pre-
vent oxidation of the catholyte and te promote uniform deposition
of Mn, a small quantity of a saturated SO, solution is added from
time to time to the catholyte so that a copeentration of about 0.1~
I g. of S0 /tter i58 maintained in it,

The cyrrent efficiency is about 5§~70%. Inadditionto impurities,
the content of which is & functionofthe purity of the stariing electro-
lyte, the metal containg up to 0.02% S and seme Ho; however, the
latter can be readily removed by heating in vacwum. The y-Mn
product is silver-gray, polishes resdily and is stable in air, The
boundary layer in contact with the cathode shows gradual transition
to fine-grained B-Mn and is therefore hard, M performed under
different conditions, the electrolysis will produce shiny layers of
“Em‘“ln;m“h repitiy tutn dark upon exposure to air; in this cese

al should be immersed in 4 5% Ne,Cr,O, solution immedi-

alely upon removal from the electrolyte: iht
; this treatment passivates
o apd permite it to retain itg hmtrmsﬂsurfaca. F

1454
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I5. BY DISTILLATION

Very pure Mn can be cbtained by the distillation of Mn prepared
via the aluminothermiec or the electroiytic methods, The metal, in
& sintered AlyOs; boat, is placed in a ceramic tube cloged at one
end. The tube must be pretested for gas tightness, and a vacuum
of at least 0.005 mm, Hg should be establisked in it. The tube is
heated in a Globar furnace to e temperature of 1250 to 1350°C,
at which temperature the Mn vapor pressure is 1-2 mm. The
distilled metal deposits as amall needles on a tulmdar nickel
sleeve cooled by running cold water and located in the viclnity of
the boat; the metal can be loosened by slight tapping. The product
is extremely reactiva and ignites upon exposure to air; all sub-
sequoert handiing st therefore take piace in an Ar atmosphere
in the abaence of Gy,

Manganese prepared under the same conditions but deposited
on an unccoled surface, e,g,, an alumina rod, is loss reactive, The
dense, silvery scales of the crystalline metal are easily stripped
off and reduced io powder. This produst is the o -modification,
which is stable =t temperatures below 742°C,

FROPERTIEE:

Atomic weight 54,93, M.p. 1212°C, b.p. 2152°C, Electrolyticaily
precipitated Mn: d 7.2, crystal structure ¥ ~-Mn, A 6 type. Distitled
Mn: d 7,44, crystal structure o~ Mn, Al2 type,

HEFERENCES:

L R. Springer. Die elekirolytische Abscheidung des Mangens
[The Electrelytic Deposition of Manganese], Akad, Verlagages.,
Lelpaig, 1851; 8. M. 3helton and M. B. Royer. Trans. Electro-
chem. Soec. T4, 447 (1938}, Chem, Zentr, 1939, I, 2284; L A,
Mendeley, S, 1. Orlova sad Y. 5. Shpichinetskiy. Tsvet. Metal,
14, 53 (1941}, Chem. Zenir. 1942, II, 2156; E. Herrmann, Awmn,
Physik {5] 21, 339 (1834},

II. R. Schenk and A. Kortesgriber. Z. mnorg. sllg. Chem. 210,
273 {1933); H. Haraldsen apd W, Klemum. Ihid. 220, 164 (1934);
M. L. V. Gayler. Metailwirtschaft 8, 678 (1930); M. Picon and
J. Flahaugt. Comptes Rendus, Hebd, Seanceas Aced, Sci. 237,
569 {1953). '

Manganese {I!) Oxide
MO
MH(N{);}: = MnO, + 2 NO,; MnO, =+ H; = MnD + H.O
G 708

The oxide varies from grassy green to light preen and may be
obtatned from sany of the oxides {(or other suitable salts of
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ARZANSS reduction with Hg at temperatures below 1200°C,
Thus to:}e:yample. Mn(NO gy + 6HIO I8 heated iun air to shout
T the product (spprox. MiO g4 s ground to powder snd

I °C with pure, oxygen-free hydrogen;

hours at 800 °
metﬂ J:-:alte becomes apprecisbie about 458°C. With pro-
longed heating oT high temperatures the product turns an increas-

h color and finally becomes Light gray; ia the presence
o&mwomgziﬁ?t is brown, A reduction tempertture of 800°C ig suf-
ficient for hydrated oxides; MnCQ, must be beated to 1000-1106°C

for 15-20 minntes,

PROPERTIES:

M. p. 1785°C; d5.18. Crystal structare: B1 {rock sait) type,

REFERENCES:

P. Dubois. Arpn. Chimie [11) 5, 432; for preparation by healing
MnCD, er MnC 0, in a high vacuum, see M. LeBlanc and
G. Wehner. Z. phys. Chem. A 168, 6t (1§34); T, E. Moore,
M. Eliis and P. W. Selwood, dJ. Amer. Chem. Soc. V2, B5é
{1860); for preparation by hesting MnCO, in flowing Ng, sea
H. Ulich and H, Siemonsen. Arch. Eisenhdttenwesen id, 27
{19490); Z. Elekirochem, 45, 637 (1939),

Manganess (I} Hydroxide

ME{OH):
MnCl; + 2 KOH = Ma[OH), + 2KCI
{4 HMY
1474 1122 o0 Tga.l

In the method of Simon, a selution of 300 . of anal ically pure
KOH in 500 m). of water in a round-bottom %lask (seeﬁFig. 327} 1a
meated for about one half hour while a stream of comgletely Og~
ire.e hydroges is passed through; a completely O -free solution ¢f
trs;n g of nCl, - 4H.0 in 15 ml. of boiled water is then added

™ B dropping fannel. The mixture is then heated to 190~200°C
(28 rapidly a5 possible) on an oil bath while H is bubbled theough.
a“:;::d thae amorphous precipitate of Mn{OH}, s completely dis-
solved, fiask is allowed fo cool slowly on the ol bath, whereby

W precipitates out as white flakes of pearly sheen.
B s anio lng to r00m temperature, botled water prepurged with
- added from 4 dropping funnel until the flask 18 almost filied;

lauor 19 thes siphoned off by means of a glags tube which

—— e e
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reaches almost to the bottom of the flask {the flow of H ahould
not be imierrupted either during this or the preceding operation).
The glass tube is connected to a Pyrex glass filter (constantly
flushed with a Hy stream), which in turn is attached to a snotion
flask; the latter is connected to the suction
pottte containing a solution of CrCl,. The
sddition of small smounts of water{washing
operation} to the flask is repested several
times. The crystals are transferred {by
shaking the flask) to the glass filter, washed
on the filter, first with a large guantity of
O-free water (a second dropping funnei is
used), then with absclute alcohol through
which Hy 15 bubbled, and finally withperox-
ide~free ether. The product, afill on the
giass filter, i then dried in a desiccafor
over P00, while mzintaining a high vacuam.
This procedurs gives o moderate yleid
of a well-crystallized product, Larger
smounts of the microcrystalline substanoe
zre prepared more conveniently by the
method of Scholder and Keib [boiling with Fig. 327. Preparation
concentrated sodium bydroxide to which of manganess (i) hy-
{NH,OH)C1 is added]. droxide.

FROPERTIES:

When free of slksline hydroxides and amorphous components,
the dry product can be kept in an air-fiiled deslccator for weeks,
The erystalline compound cecurs in nature as pyrochroite,

Solubility (318°Cy 0.0019 g./liter, d 3.258, Crystal structure;
type C 6.

HEFERENCEE:

A. Simon, 2. anorg, allg. Chem, 232, 365 (1937); ‘T, E. Moore, M.
Ellis and P. W. Seiwood. J. Amer. Chem. Soc. 72, BS8 (1950);
R. Scholder and A. Koth. Z. anorg, allg, Chem, 284, 211 (1851},

Manganese [Hl) Oxide
M0y, »-MoO{OH)

448.1 .0 48.0 175.9 264.3

The method of Marhi gives y-MsO{OW) with a well-defined

X-ray pattern. A solution of 2.2 g. of MnSO - 4HaO (10 mmoleg} -

vy
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m 350 ml
thochanical agitati

of water is trented In a large beaker (very vigorous
on) with 34 ml. of & 3% I';;,O:; sclution (ap
meolss). With continued very vigorous agitation, 50 ml, of a 0.2 M
NH» sol!utton (10 mmoles) is added at once fro:m & praduated gyl.
inder, The dark-brown Or plack suspensien, which is evolving oxy~
gen is brought to a boll as repidly as possible. The boiling is
mﬁnued for about 4 mimutes and the solution is Hltered, wasked
with 1.5 liters of hot water, and drled over P50y in vacuum at
temperatures below about 160G°C, .

Careful dehydration of ¥ -MnQ{GH} (vacuum, 250°C) yields v -
Mn Oy, y-MnO{COH} accura in pature a8 manganita,

REFEREKCES:

W. Marti, Uber die Oxidation von Manganhydroxyd und iber hoher-
wertige Oxyde und Oxydhydrate des Mangans [The Oxidation of
Manganese Hydroxide and the Higher Oxides and Hydrated
Oxides of Manganese], Thesis, Univ. of Bern, 1944, p, 83;
W. Feitknecht and W. Martf. Helv. Chtim. Acta 28, 142 (1945);
T. E. Mopre, M, Eliis and 2. W. Selwood. J. Amer, Chem.
Soc. 72, 861 {1950}; P, Dubois. Ann. Chimie [11] 5, 434 (1936}
A. Simon and S, Feber. Z. Electrochem. 38, 137 {1932);
F. Krull., 2, anorg. allp. Chemn. 268, 134 (1932); K. L. Orr.
J. Amer. Chem. Spe. 76, 857 {1554).

Monganese IV} Oxida
Mnl,

MniNCy); - 6 H0 = MnQ, + 2NO, + 8 H0
AT 249

The starting Mn{NOs); - 6Hz0 is decom
ahenat o posed in air by heating
to shoul 190°C; the product ia ground to powder, boiled with nitric
;'che (conc. HNO, diluted 1:6) and beated in air to 450-500°C,
X-Tay paitera of the product clearly shows the lines of pyro-
lusite (A-MnOg). At atmospheric pressure, oxygen begins to split
e :bomve [,530’0 m air, end above 565°C in oxygen.
salutifm {,afe? ethods: a) From MnCl, and {NH ¢ 5,0, in 2quecus
b From ;z‘l;{m,Mn noand F. Pehéf, Z. Elektrochem, 38, 137 {1942} ).
German Patent 713 90; E‘é':}l NHizm agquecus solution (A. Harzer,
. » ¥ 88 -
ences cited below), s 12, Group 3, ae well as the refer
(9
A s}m::} ?ﬂﬂm;o}[e}]:'e'rnl‘:{bolili‘mﬂz’m- Chimie [I11] 5, 411 (193;2]3
5 ; r DG =2, 54, B0 {1931); A, Simon
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SYRONYM:
Manganese dioxide,
BEFEHERCES:

C. Pricker and R Hultner. Z. phys. Chem. 131, 263 (1528); 0.
Giemser. Ber. dtsch. chem. Ges, 72, 1879 {1939); F., Kretlil,
Z. anorg. allg. Chem. 208, 134 (1932); W. Marti. Theals,
Univ. of Bern, 1944; T, E. Moore, M. Eltis and P. W. Selwood,
J, Amer, Chem, Sgc, 13, 863{1%50); (3. Batler and H. R. Thirsk,
J. Electrochem, Soc. 100,297 (1953); G. Gattow and O, Glemser.
Z. anorg. allg. Chem. 309, 121 {1961).

Monganess (Vi) Oxide
Mllgﬂ-;

2EMuGy; + 23,80, = 2XHQ, + Mn,0, + 1.0
318t 184.2 272.8 2208

Conecentrated H 80 , {15 mi., d 1,84} i3 placed ir a dry porcel=
lain mortar precleaned with chromosulfurie seid; then 23g. of
KMnQ , i carefully added over a period of 10-18 minutes, while
constantly stirring with a pestle, To oblain the desired result, the
following precautions must be observed: only very pure KMn(i,
crystals, free of dust and organic substances (preferably Merck
AR, quality; do not reduce the crystals to powder), can be used,
The reaction slurry should be left standing overnight in a dry
spot, protected against dust. Porous pyrclusite is formed during
this time, and the MngO, il is very gently kneaded out from it.
Proper safety measures must be observed during the preparation
and further workup of the material, since it often explodes for
no apparent reason (&n ashestos face shield with safely glasses
and heavy ieather gloves should be worn and one should werk
kehind heavy glass plate and 2 fine wire sereen;.

Yield: 10 g. (62%). The product is entirely free of X+ and 80§

SYNONYMS:

Manganese heptoxide, permanganic aeid anhydride.
PROPERTIES:

An oil with green metallic luster in reflected light; dark xod.
in transmitted light; specific odor. M.p. 5.9°C: 43° 2.396; hiesk -
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—17%,4 keal {20°C); dissociation at approx. 55°C,
detonation at 95°C. In vacwumn, rapid end explosive siissoci_aifi.;.n
sbove 10°C, Forms a-MnzOs during explosive decomposition,
y=MrOz during siow dissociation. Sciuble in cone, Ha80 4 and
HyP0 o with an clive green color. Hygroscopic; dissociates sl.;tw}‘!,
in humid air to MnJg, liberating O s=containing (3 and, ogcaslen“

a red mist of HMnO4. Stable under refrigeration {(-—10°C)
pmv;id&d anhydrous conditions are maintained. Reacts exploswtely
with most organic compounds; sttacks acetic acid, acetic aphydride
and CCYl, even below ToopL temperfxture. Dangerous campw!
The impact sensitivity of Masl), i8 equal to that of mercuric

fulmijngte,

of formaticn:

REFERENCES:

J. M. Lovén. Ber. dtsch. chem. Ges. 25, Ref, 620 (1892); A, Simon
and F. Fehst, 7. Elektrochem, 38, 138 (1932); O. Glemser
and H, Schrider, 7. anorg. allg. Chem, 271, 294 (1953),

Sodium Manganata (V]

Na,MpO, - 0.25 NaQH - 12 H.O

2 KMy + 2 N80, - 7 H.D + 6 NaDH + 4 H,0
TI8.: 503 240.0 val

= 2 Na,MaOy, - 10 H; (3 -+ 2 Na,50, + 2 KOH
TIER M4 1 1122

A solution of 2 g. of very fine KMnQ ,powder in 50 ml. of
28% sodium hydroxide is triturated in & smell Erlenmeyer flask
with 3.5 g. of finely divided Nag80, + 7H,0; the flask stands in
an ice bath. The irituration requires about 19 mimates, that is,
uniil 2 light~blue crystalline slurry is obtained, This is then
transported by vecuum omto an ice-cooled glass fiiter, and the
product washed thorcughly with 289, sodium hydroxide at 0°C. The
wet preparation is rapidly spread in a thin layer on fresh clay
and stored st G°C in an evacuated desiccator (no drying sgent).
The salt hae the stofchiometric composition and containg, In addi-
ton to the hydroxide, about 0.4, 80,; the preparative procedurs

should be designed to keep go ; : M
inates to a minimum, b contamination by silicates or alum

PROPERTIES:

Formula welght 388,1. The galt, in the
1. , form of well-crystal-
Hized eky-biue rods, remains stable at 0°C if kept free of HaO
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and COg Solubility in 28% NaOH at 0°C is equivalent to 0,06%

MnzO. A solution of the salt in 50% potassium hydroxide turme
grassy green upon hesting or dilution; simultanecusly, MnOg i
precipitated according to the eguaiion:

INaMeO, T 2H 0 = NaMeD, + MeD, + 4 MNaOH.
REFERENCES:

H. Lux. Z, Naturforachg. 1, 281 {1945) and unpublished work.
The preparation of the suvlfste-free product is desecribed by
R. Schoider, D, Fischer and H. Waterstradt, Z. snorg. allg,
Chem, 277, 236 (1954).

Potassium Mangancte (V)

KyMn0,

2 KMn0, + 2KOH = 2X,MoC, + '/ O; + H O
a16.1 1122 294.2

A sclution of 30 g. of KOH in 60 mi. of water i3 prepared; 10 2.
of KMnO4 is added end the mixture is bolled in an open 250-ml.
Erienmeyer fiask untli a pure greensolutionis obtained. The water
lost by evaporation is then replaced and the flask set In ice. The
precipitated black-green crystals, which show & purplish luster,
are poliected on a Pyrex glass filter, washed t(high suction) with
some 1N potassium hydroxide, and dried over PyOg. Thé salt dan
be recrystallized by dissolving in dil. potassium hydroxide aml
evaporating in vacuurm, T

PROPERTIES:

Forrnula welght 197.1. Selubility (20°C) in 2N potasaldfip hy-

droxide 224.7 g./liter, in 10N potassium hydroxide 3,15 g./Jér: . .

LRI

BEFERENCES; s

vk, 4

X, A. Jensen and W, Klemm, Z. anorg. allg. Chem. 237, 47 {1838};
R. Luboldt. J. praki. Chem. 77, 315 (1856%5). Preparation of
&n especially pure, KOH-free product i3 deacribed by R

Schoider and E. Watersiradi, Z. anorg. a_llg. Chmmpiﬁ

(1954). :

g
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Barium Manganate (Vil]
Bll:l-'lnﬂa}:

2 KMnQ, + Ba(NOyh + Ba(OH). 8H:LO

Z186.1 2814 51835
= 2PaMnO), + YO + ZKNO, + 9H,O
5126
3 BaMnO, + 2C0y = Z2BaCOy + MnOy + Ba{MnQ.):
TRES 4481 a7 Be.49 75.2

A sclution of 100 g. of KMnO, and 100 g. of Ba(NO ), in 1.5
liters of boiling water is prepared and treated with 20, of Ba(()l?:}a-
8§H;0. The solution is heated on a water bath with frequent agita-
tion until the evolution of O largely veases, whereupon another
20 g, of Ba(OH)z - 8 H0 is added and the water lost by evaporation
replaced. The procedure is continued urntil the liquid becormes
cotorless, When the sparingly soluble BaMrO, settles out {fo-
gether with some MnQ, and BaCOj), the liquid iz decanted, the
precipitzte washetl repestedly with several liters of hoiling water,
boiled with & dilute solution of Ba{OH}4, and rewashed thoroughly
with bolling water.

The precipitate is thep suspended in i liter of water apd com-
pletely decompored by introducing simnlianecusly COg and super-
hoated steam. This iakes a few hours. The solution i left to
settle; the liquor is suction-filtered through glass and concentrated
unti} the almost black crystals appear upon cooling. The yield is
65-30 g, (80 to 1009 of theory). Permanganates of all types of
mefals can be prepared by reacting the Ba{MnO,), with an equiv-
ajent quantity of suifate,

SYNONYM:

Hariuvtn permanpanate,

PRCPERTIEB:

Spariogly soluble in water; d 3,77,

EEFERENCES:

W. Mathmann, Ber, dtsoh, chem, Ges, 28, 1017(1893); ¥, G, Grimm,

C. Peters and H, wolsr, 7, anorg. allg, Chem. 238, 73 (1998). %




25, MANGAMESE 493

Silver Monganats (VII} -

KMn(3, + AENO, = AgMn0, + KNO,
1356 188.% 2168 108,y

A hot (80°C) solution of § g. of AENC 5 in 100 ml. of water ia
added to a hot (B0°C) sclution of 4.88 g. of KMnO, in 300 ml, of
water te which a drop of cone, nitric acid has been added. Tha
mixture is permitted to cool. Since the product still contains
some K, it is recrystellized from water by slow coollng from 90°C,

The black, lustrous, needle-shaped crystals tesd to decompose
on prolonged storage. Because of its limited Boinbility, this salt

is less suitable as s raw material for cther parmanganstes than
Ba{MnG 4) 5.

SYNONYM:
Silver permangansaie.
PROPERTIES:

Solubllity {room temperature) § g./Hter Hy0; d 4.49, Crystal
structure; type HO,,

REFERENCE:
W. Biissem and X, Merrmann. Z. Kristallogr. A 74, 459 {1950)..
BaSO,-KMnQ, Solid Solution '

The solid solution (mixed ¢rystals), described end axsmined
in detail by Grimm and Waguer, is prepared simply by mixing
together sclutions of Ba(NOg), ang Kg50,, both containing a high
vercentpge of KbnO, As an example, the foliowing conditions
were found to be suitable:

A solution of 1,31 g. {5 mmoles}of Ba{ND ;) ; and 50 g. of KMrO
in 1 liter of water is prepared; similazly, 0.87 g. {5 mmoles) of
K280 4 and 50 g, of KMnO ,aredissoived in i liter of water, Heating
iS5 regquired in both cases, The clear sclutions—suction-filtered
through glass, if necessary—are brought to 50°C, added logether,
and allowed to stand for a short time af B0°C. The crysiels are
then separated hy suction filtretion.

Waghing the mixed crystels with acetone until the wnshl?quid
turns a light pose resulis in & product with a KMaO  cobtent ef
25-30 mole % treatment with water, however, resdily decompeses
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e solid solution, containing 6-8 mole &
mn%w?slséuilnme?imbystt::im with wa_ter at BT, ringing with
a 50 4ps:t:-1|u1:ﬂ.r.u-:, and repeating the washing. It is possible to [::Qﬂ
the 1‘33& to purple powder with solutions of 50; or other reducing
agents without a change it composition. The surface of the com-

i decomposed on prolonged expysure to suniight {with pre-

cipitatioa of manganese oxides).

REFERENCES:
. G. Grimm and G. Wagner. Z. phys. Chemn. 132, 135 (1928);
. Gr,ee also A. Benrath and H. Schackmann, Z. sznorg, allg,

Chem, 218, 139 (1934).

Potassium Manganese ({ll] Chloride
K;b{ﬂct,

KMaQl, + SHC + KCi = K:MnCl, + 2CL + 4HO
1580 . ) 46 2104 14i.8 T2.1

In the method of Weintand and Dinkelacker the compound is
prepared as follows: 5 g, of KMnO, powder is added (consfant
shalking} to 50 ml. of approx. 40% HCL (d 1.19). The initial fine,
hrown precipitate is slowly disselved on frequent sheking, while
copious quantities of Cl; are being evolved. The sclution iz left
standing for two bours, then decanted from any black KzMnCl,
that may have precipitated, and conc, aqueous KCl is added
dropwise to the deep dark-red to brown solution {constant agita-
tion) until the liguid becomes nearly colorless. The crystalline,
brﬂwKigt;iKzMnCls. precipitate is filtered off by suction and dried
over .

REFERENCES:

R. F. Weinland and P. Dinkelacker, Z. anorg. allg. Chem. 60, 173
(1968). For the hydrate K MnCly + H,0, ses C. E. Rice. .
Chem. Soc, {London) 73, 260 (1898),

Potassium Hexachloromanganate tiv)
K:MaCl,

Ca(MpO.); + 10 HCE + 4KCL = 2XKMnCl + CaCl, + BH,0 + 30k
prr i) Hin $38.2 8917 1110

in the method of Welnland ang Dinke
lacker, 5.0 g, of Ca{MuO4)a
b added (oopstant agitstion) to 50 ml. of 40% hydroobloric
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acid cooled with an lce-salt mixture. A solution of 2 E. of KOl
in B8 ml. of water is added simuitanecusty in drops. The aimost
plack, crystailine precipitate is rapidly separated by auction
filtrgtion and dried for a short time oo a clay pliate over conc.
HH04.

PROFEARTIES:

Formula weight 345.9. Small, transincent, deep dark-red crys-
tals; liberates Cly continuously even in dry aijr, P

REFERENCE:

R. F. :ga;im:md and P. Dinketacker. Z. anorg. allg. Chem, 60, 173
(1808).

Manganese (It} Sulfide
MnS

a-MnS, GREEN, CUBIC

This modification, which hea been thorcughly studied by x-ray
techpigques, is obtained via the method of Classen.

A boliing solution of sbewt 10 g, of MnCl, - 4 HyO ik 500 ml,
of water containing a smajl quantity of K,C,04 15 reacted with
an exgess of a 509 NH, solution and saturated at its boiling point
with Ha5. Upon further heating, the initisl flesh-colored Mn3
precipitste 1s rapidly converted to the stable dark-preen -
moedification, To remeove any coprecipitated suifur, the suifide i
boited three times with adil. solution of freshly prepared, coloriess
(NH ;S and, after filtering, washed successively with HjS-con-
taining water, alcohol and ether, It is dried ir an oil-yAarnp vecuwm.
at 120°¢,

'The dry preparation of a-MnS{alshandite) is described by H.
Haraldsen and W. Klemm, Z. anorg, allg. Chem. 220, 271 (1936}
for the synthesis of MnS, (hauerite), see W, Biliz and F, Wieck-
manp, ihid, 228, 271 {1935), B

PROTERTIES;

Formula welght 86.99. M. p, 1610°C; & .99, Crystal structure:
B1 (rock sslt) type. '

i
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REFERENCES:

(B 20, 89 (1833); F. Mehmed and

Sche . g, Chetn,
. H I::l:s:ﬂisfn. g‘]?yanorg.allg. Chem, 285, 194(1938); A. Classen,

Z. analyt. Chem. 18, 318 {1877).

SIS, RED, CUBIC

ethod of Schnaase, the vy-medification is obtalned by
i.ntrlt;[:dut::::agmﬂas inte a coid solution of 5_0 g. of M:ﬂCHSCDo).H .
4H_O in 300 ml. of water. After some time, Tm{:us"t;‘ca:;?_r the sulfide
gettles on the bottorm a5 H reddish~brown precipitate, while
another fraction adheres to the glass wall 25 a beautiful, minjyom-
ved scale, The precipitete is washed with HaS-s_aturated water
(the preferred washing method is decantation), filtered ofi with
suction while HS is being passed over it, washed again with aleohol
and ether, and dried in an oil-pump vacuum at 30°C.

Crystal structure: B3 (sphalerite) type.

HEFERENCES:

H. Schnaase. Z. phys. Chem. (B) 20, 8§92 (1933%); . Mehmed and
H. Haraldsen. Z, anorg, ailg. Chem. 235,194(1938),

y¥n3, RED, HEXAGONAL

Schnaaze prepares the y.medification by first dissolving 20 g.
of analytically pure MnCly + 4 HyO and some NH,CL in 500 ml. of
boiled water through which a stream of Qg-free Ny is belng bub-
bled. Then H:§ is {ntroduced at the bojling temperature and
Mn{OH); is precipitated out with & slight excess of concentrated
NH; solution. The precipitate is initially white, gradually turns
a light pink upon further contact with H.S, and finally assumes the
c_olar of red meat, while the sulfide forming the surface layer is
first orange yellow and later turns vermilion red. After settling,
the precipitate is washed twice by decanting with H,S-saturated
water and boiled for two days ina 10% NH, solution while H,S is
ﬁiﬁd Sthmugh Finaily i 15 washed by decanting several times
dar 2 -;ahlrated water, filtered off in the absence of air while
b oi:.ll-;mn ; vﬂmﬁ':aui .agvgg‘l’:gd ::;th alcohol and sther, and dried h;

. coprecind ove
by extraction with botling G, unger Ei o ngg::ﬁted sulfur is ram
ggsm Btructure: B4 (wurtzite) type.
tions w"“‘tﬁ:‘“’;:;i“ ‘f’f the two dry, metastable red MnS modifica-
apat fs r ot 330 otgm'rit:ﬂs at 200°C. The rate is appreciabie,
a -’lormml.n ‘Hheir . behiﬁ;:?mﬂc&tmna also differ from the
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REFERENCES:

H. Schnaase. 2. phys. Chem. {B) 20, B9 {1933); F. Mehmed and
H. Haraldsen. Z. anorg. allg. Chem. 23§, 194 (1938),

Manganese Y Sulfate

M50,

LRNMnG + 4 HS0, = Mngs0,), + K50, + 48,0 + 20,
1161 3424 304.8 1745 72

In the method of Domange, the crystalline MnSC ), is pre-
pared by infredueing 20 g, of KMnO, powder into 100 mil. of
H50, {d 1.B4) contained in 2 poreelain crucible (agitation);
the rnixture 15 carefulty heated for 10 mimies at §0°C while
stirring vigorously, whereby vapors of the explosive MngOs are
removed, The sclution is then heeted to 7T0°C (or at most to T5°C)
with continued wery vigorous agitation and sccurste tempera-
ture control (thermometer}, Vigorous evolution of Oy takes
place while the liguid turns brown and becomes clouded, with a
tendency for a2 spontszneous rise in temperature, so that the
danger of an explosion persists. After about 15 minutes, with
most of the reaction completed, the danger of an explosion passes,
The mixture is now slowly (10 mimutes) broughi to 140°C with
continued stirring and is finally raised to 200°C (in 15 minutes).
Following slow cooilng, the solution is washed twice by decantation
with 250, (d 1.84) to remove the Kz504. The product is ccllected
on 4 glags {ilter and placed on & clay plate, The latter is placed
for three fo four days in & desiccator contaiping P,0;. The
H 80, may be completely removed by heating the preparaticn,
together with a receiver cocled to ~B80*C, for about three hours
al 200°C and high veaouwum; the salt itself does not hegin to de-
compose until about 300°C.

PHOFERTIES:

Extremely hygroscopic sait comsisting of smali, dark-green
heedles. Soluble in 75.25% wt, % or more Hz80 , without alteration;
a brown salt of composition Mia(SQ4}s  Ha304 - 6Ha0 crystallizes
out from dilute (preferably 70%) sulfuric acid [AR.L.P. Ubbelohde,
J. Chem. Soc, {London} 1935, 1605} Sulfuric acidin concentrations
lower than 52% produces hydrolysis.

REFERENCE:
L. Domange, Bull. Soc. Chim. Fraoce [5] 4, 554 (1937).
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Casium Mangonese {1l Sulfote
CSMI!(SO‘;}, + 13 H O

G50, + 2Mn(CH,COO) 2H0 + 3H:S0,
e 862 514 i
= 2CsMa(50,) - 12H0 + 6 CH,COOH
1142 36.0

i n's method, 5.3 g. {0.01 mole) of Mn{CH,CO0), .
2}]:]{1) Ci];r lﬁi‘:zsfved in sulfurfc acid {conc, H_gSOq, dilated 1:3),
starting at Toom temperature. Then, a solution of 3.6 p. (0.01
mole} of Cs;80, in 10 ml. of sutfuric acid of the same concentra-
Hon is added; the sclution is first cooled to —25°C in orde? to
accelerate the precipitation and then left o stand flt}r a 10::|g titne
at —5°C. The alum crystals are filfered off with suction and

stored in a hermetically sealed bottle.

SYMONYH:
Cesium manganese alum,

PROFERTIES:

Coral-red crystalline powder. Melts at 40°C in the water of
hydration; however, turns brownish black slightly sbove room
tempersfure. The hydrated Mny 0, is precipifated upon addition
of water. The corresponding Rb alum meits at room temperature.

REFERENCES:

O. T. Christensen, Z. anorg, Chem, 27, 329 {1501}; H. Bommer,
Z, anorg, allg, Chem, 346, 281 (1841).

Manganese Nitride
Mﬂ]N

Thke nitride is prepareq from very reactive sublimed manganese.
The metzl iz heated in an apparatus which permits the ca;:igtinuﬂus
measurement of the amount of N, used in the reaction, A com-
a;ﬁely Oz-free nifrogen is used, under p pressure of ~100 mm.
a2 temperaiure of §90°C. The reaction is continued until &

con?:ent final pressure is obtainea {12-24 hours).
it Pmduct corresponds quite exactly to the formula Mn N
. ; € -phase sceording to Higg) and is strongly ferromsag-

oetic, Below 40000 the ho
from about 6.0 to 6,53, N. mogenecus region of the phase extends

..gu.:' "
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REFEAENKCES:

y. Zwicker. Z. Metallkunde 42, 277 (1951); R. Schenk and A
Kortengriibar. 7. anorg, ailg, Chem, 210, 273 {1933y G. H?igg.
Z. phys. Chem. B4, 346 (1929); L. F. Bates, R. E. Gihba and
D. V. Beddl Pantulu. Proc. Phys. Soc. 48, €65 {19386): aee
alse H. Nowotny. Z. Elektrochein, 49, 245 {1943).

For Mn,P, Mu,P, eic., see W, Blitz and F, Wiechm .
ailg. Chem. 234, 117 (1837). ann, Z. anorg.

Manganese lll] Acotate
Ma(CH,CO00),, Ma(CR,CO0),*2 B0
Mn[CH,CDO}; -2 H;’U

4 Mn{CH,COO) 4 HyO + KMnOG; + 8CH,CG0H

Yo 88.0 15.8 48.0
= 5Mn{CH,COO}-2H:0 + CH,CO0K + 10H,0
1340 9.8 188

in the method of Christensen, the salt is obtained in the fol-
lowing manner: 19.6 g. (80 mmoles) of Mn{CH,COO); - 2HO
powder is added to 200 mi, of glasial acetic acid et the boiling
temperature of the latter, and is stirred until completely dig~
soived. Then, KMnOQ, powder (3.1 g. = 20 mmoles} is gradually
pdded and the mixture heated for a2 short time with constent
agitation. After cooling, 3 ml. of water 1s added to the dark-
brown solution; the mixture is allowed to stand overnigit, If the
quantity of precipiate is too small, ancther 3 ml. of water is
added and the soiution stirred. The formation of orystallization
tuelei is promoted by frequent rubbing of the container walls
with 2 glass rod. As 2 rule, copious crystallization ocours within
abowt one hour. H necessery, the solution is allowed to stend for
a few more days (frequent agifation) umtil the mother liguor is

almost gglorless, The salt is then filtered off with suction, -

washed with some glacial acetic acid and recrysiallized. The
last procedure consists in dissolviog 30 g of sali in 200 ml. of
glacial acetic acid (beating), filtering off and working up fukther

Cal,

PROPEHTES: C e
The cinnamon-brown cryatals of a silky luate.r are immedinely -

decomposed by cold water (Bydration). i -

in the manper Qescribed above. Finaily, the sait is dried over: - ud
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in activity
tree auelel, of the follow

{CHLCO0), - 4 H30.

and is lkely to be a complex sait wim
e follay ing structure: [Mns{CHsCOO)a(Hz0)5-

REEERENCES:

Christensen. Z. anorg. Chem. 27, 825 (1801); R. F, Wein-

o Tl';nd and G. Fischer. Z. snorg. sllg. Chem. 120, 161 (1821),
Me{CH OO0
2 MH[NDL‘J: il H)_O + 1% {GH:CO]I:O
" 34 153.8
— 2Mn(CH,C00), + 4NOs + ';0s + 24 CH,CO0H
464 144.1

Chrétien and Varga obtain the salt from Mn{NQga); and acetic
anhydride. A mixture of 20 g. of Mn(NOg}s - 8 H O end 80 g, of
acetic anhydride is heated slightly {shaking} umtil the vigorous,
stroopgly exothermic reaction evolving large amounts of gas is
well under way. When the resction is cempleted, the homogeneous,
aily liguid ig cooled; the anhydrous acetste precipitates oul ag
a hrawn, crystalline powder. The lziter is collected on a glassg
filter, washed first with acetic anhydride and then with some
efher to remove the odor of acetic acid, and stored in a closed
conta‘iimr {anhydrous conditions). The yield, based on mapganese,
is 85%,.

REFEHRENCE:

A, Chrétﬂgaﬁi}en and G. Varga., Buil. Soc. Chim. France [5] 3, 2887

Potossium Trioxaiatomanganate {1}
Ks{Mn{C,0.)} - $H,0

KMnd, + 5 H,Ca00 20 + KGO,y = Ks[Mn(CO)] -3 HO + 12H0
158 6304 1382 490.3

+ 500

C
) a:tisdge and Eticks prepare the ferric ijon~jree compound

very semsitive to light) from snalyticelt KMnO
¥ pure L]
aconding to the equation presented above, A solution of 31.5 €.

°
(025 moles) of H.C.0, - 2H,0 tn 200 ml. of water is heated I 5
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a 500-ml. beaker to TG-75°C; then, §.32 -
powder ﬂis alided little by 1ktle (constant
the soluilon turng colerless, 6,9 g. (0,05 moles) of 4
troduced in 2 similer manner, %‘hé mbxture i; olee:gct? w&
(frequent stiTring) and diled with 150 mi. of 0-1°C watere
In all of the following operstioms llihr. must be excloded ag
much ss possible. The cxidation to Ma? * i8 effected tirough the
gradual addition of 1.58 g. (0.01 mole) of KMnO , powder; the solus
tion Is then stirred for about 10 minutes at ¢ to 2°C, The intepse
cherry-red licuid is then suction-filtered thraugh n glase filtey
precacled to 0°C, and is collected in a similarly cooled beaker,
MNext, the aolution is reacted with half its voiwme of ice—cold
gleohol and left to crystallize for two hours in an ice-salt mixture.
The precipitate is coliscted on & precooled glass filter, washed
four times with 26 ml, of 50 vol. % alcohck, then with 95% akechol,
abgolute alcohol and finzlly {three iimes) with ether: all of the
wash lquids must be ice ecold, After filtration with guction, the
deep Teddish-purple erystals are spread ie a thin layer and ex-

posed to air for a few hours; they are stored in brown bottles, The
yield is ~504,.

(0.04 molea) of KMBEF, - .
egitation) and 23 soomcas

PROPERTIES:

Very pure product can be stored for 2 long time at 20°C in the
atsence of alr; steble for an aimost unlimited time at —6*C,
Readily solubie in waier: concentrated solutions are deep reddishe-
brown; very ditute or scidified solutions are yellowish-hrown.

The color change is due to the shiff of the instantly astablished
equilibrium: B

[MA(C,0,017 + 2H,0 — [MalC,0) 1041 + CO*
The sslt is a normai complex.

R T I
REFERENCE; sy

G. H. Cartledge and W. P. Ericks, J. Amer, Chem. Soc. 58, '
2061 (1936).

Potassium Dioxalatedihydroxemanganate (V]

K.iMH{C:D.h{GHM*BHgO o ’ L- S

CTE ety
KMnG, + 3H.CO(-2HQ + e KaCiOy- H:0 .
155.0 5782 2.1 . e
= KgMu{CO)OHW) -2 H:O + 200, + @HEG, i_
2 Sk ':?-.-.,"-r«;.%; —%

This compound, discovered by Cartledie; abd ‘Exricks; Eb.t Bl 0
baxed in a mp:nner (aite similar to that of X, {Mi{C,0 Jal. THH -
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HC.0, " ZHgO is dissolved in 253 ml, of
m“'“ E‘..A";i: :::ort':?gno‘frs 2ocied o 0°C; then, 6.32 g. {0.04 moles)
of KMuO, pewier and 4.78 g. {0,026 moles) of KaC 304 ° HeO are
aided wi;h coastant agitation. The mixture is stilrred vigorously
for about 20 minutes; the temperature should rise gradualiy tg
Ag sgon as CO, begins to evolve at thig

. time, .
:eg d"‘:tl:‘;\e f‘hlt:;l: dark-green sclution is rapidly ccoled to U‘:c in
an maim'gmliag mixture (swirling necessary) and is quickly

ion- h a Biichner funnel {filter paper). The fil-
mmmﬂmﬁggg placed in a cooling mixture and reacted
with 100 m), of alcohol in small portions at 0°C; the complex salt
ig thus precipitated as a very fine, crystailine powder. The latter
iz rapidly filtered off, washed successively with ice-cold E:Cl%
aleohol, 95% alcohol, absolute aleohol and ether, and stored_ at 0oC,

The sall can be recrystallized at 0°C: the powder is dissolved
in 25 times i#s volume of cold 0.1 M oxalic acid, filtered rapidiy at
0°Q, the sohtion diluted with 1/6 its volumea of ice-cold 95% slcohol
and placed in a cooling mixture for crystellization. It is best to
prepare the salt in a ¢cold room, ctherwise proper cooliag becomes
cumbersome,

EROFERTIES:

Green, crystalline salt; rot homogeneous; consisis of green
grd orange rods {probably the cis and trans forms). Rapidly
decomposed al room temperature, particularly when exposed to
light; remains stable for & few weeks at —68°C if light s excluded.
Solutions are initially green, it rapidly furn hrown andbecome
elouded; solutions containing some oxalic reid kept 2t 0°C remain
clear for some tlme.

REFEFENCE.:

G. Ef[.lg;s:srtledge and W, P. Ericks, J, Amer. Chem, Soc. 58, 2061
T

Potassium Hexacyahomanganate i}

K;MIII:CN-h
) INaMalCNY, + Al + §NaOH = 8 NasMa{CN}s + NazAI(OH),
i 0.8 23 18.0 018
SNaGMn(CN), + 15K+ ~ IXMn{CN), + 15Na*
&3 i2le

According to Manchot end Gall, the galt is pest prepared by

slarting with Na.Mn(CN)a - XH,0 {see g, 1473), Thus, 10 g, of the .3
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salt 15 dissolved In 150 ml. of 2% sodiwn hydroxide (Exvienmeyer
fiask), the air being kept out during this operation by » styenatif .
Hgp. Then, 8 g. of Al granules iz added little by little, but rather . %
rapidly (2 minutes); the sparingly soluble Na;Mn{Mn{CN)] sheuld .-
not precipitate in the process. After about five minutes the solp~ .3
tion becomes intensely yellow-brown; it 18 then rapidly suetion-
filtered through & Pyrex filter of small poxe size, The filtrate is '
allowed to flow inte 150 ml. of a solution contalning 15 g. of
KOH and 30 p. of KCN and satursted with KCl. The desired com=-
pound is thereby precipitated as a white, crystalline powder, onty
sparingly soluble in water; any Mn* *present remains in solution.
The salt is separated by rapid filtration through a Pyrex filter
and thoroughly washed, first with 200 ml. of 10% potassium hy«
droxide, than with 100 ml. of 20% KCHN solution, and finally with
about 700 ml. of boiled, ice-cold water (until the fllirste 1s
completely ¢olorless),

PROFERTIES:

The potassium salt oltained in the above manner is alowly
oxidized in moist air, turning brown. The sodlum salt solution
is rapidly discolored in alr; Hy is iberated on boiling ind there
is a slow evolation even at room temperature. N

REFERENCES:

W, Manchot and H. (Gall, Ber. dtsch. chem. Gea. 61, 1135 (1928),
Preparstion by means of a sodium amalgeam is described by
W. D, Treadweil and W. E. Raths, Helv. Chim, Acta 35,
4277 (1952,

Potassium Hexacyanomanganate {1l

K.M2(CN), 3 HyO : 5

MnCO, + 6KCN + 3H,0 = KMa(CN} SHO + KC0y~ 7 v
114.8 390,6 &1 4213 138.2

A paste of 20 g. of freshly precipitaied MaCG , {aee the ng
preperation) is placed in e flask from which the air hes e
displaced with Ny and heated on & water bath fo 70-80°C, 4 ¥o
tion of 80 g. of KCN in 100 ml, of water is added slowly in<
and the mixture is maintained st this temperature for-&h agdty
tional half hour (occasional swirling), The small resi
undissolved MnCO, is removed by rapid filtration of the hot g6l0=. g
tlon, air beinp excluded as compietely as possivle. The Hluel
purple orystala which precipitate from the ysllow solution an oY
ing are separated by suction filtration, washed with #ﬁﬁlﬁf
dried in a N stream et room femperature, =~ - T
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Alfesnate meth
KCN. The sodiwm Comp

pistely similar manter; it {8 mo

od: Rendliy prepared from Mn{CHE.CO}, and
ound Na Mn(CiN}e is prepered in a com-
re soluble thar the polassinm salg,

STRONTM:
Potsssium manganese ([} cyanide,

PROPERTIES:

Solulile without heing altered only in solutions which have a
KCM concentration higher than 1.5 Nj at lesser CN concentrations,
the greenishl{aMn{MnlCN} o is precipitated. The crystals effloresce

in gir with partial oxidation.
REFERENCES:

G. Grube and W. Brause, Ber. dtsch. Chem. Ges. 60, 2273 (1927);
J. Meyer. Z. smorg. alig. Chem. 81, 350 (1513); P. Straus,

Z., anorg. Chem. 9, 6 (1895).

Petassium Hexacyanomanganate {iil]
K:Mn{CN),

M350y HiQ + 2MaHCO, = MnCO0, + Ne50, + CO, + 2HLO
189.0 1636 1149

2MnCO, + IZKON + H,Q; = 2KMn(CN), + 2K:COs + ZKOH
Mag 72 Mz 853.5 274 jid2

A fresh precipitate of MnCO, is
prepared by siowly adding &
:gllﬁanf of 50 g, of MnSO 4+ H40 in 120 ml. water to a solution of
theg' ic;rt NaHCO; in 950 ml. of water (26°C, good stirring; caution:
tionmwasu;:dte:ids to foam}. The product is filtered off with suc-
tho:;;ugmy nnxe:ih a large amount of water, and, while still wet,
ey gnly mixed with a solution of 135 g. of KON in 270 ml. of
oty ovdusing a durk-blue solution of K Mo(CN) . Following
Sitrrig. T e Tl of 3% Hi04 is added slowly and with
its colu:'- tura aolutfon is allowed to stand for & few minutes until
ot ns deep dark hrown. With sufficlent coollng no appre=
mm solo“nt of O3 is evolved. .
fter (to rem:::: te now passed without delay through s suction - z
pornds) and allowed £ coonll Tesidues of MuO, snd simitar coms i
erystailize overnight in a refrigerator. Tﬁ
g

orystals (80-70 p.. €3-74%, yield based on MnSO
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are filtered off with suction, washed with alcobol and da'fed
desiceator, An additional crop can be recovered from the '
liguor by cevering it carefully with a layer [mlghlyihebm;
volume]} of alcchol and allowing to stand for several daya, 2w
If it is necessary to recrystellize the salt, it ie oovmm %
§-10 times its volume of 10% KCN, rapidly beated on a water ¥ath =7
to 45°C {stirring}, immediately suction-filtered, cooled with ice -
and covered with alcohol as described above.

SYNONYM:

Potassium manganese {III) cyanide,

-

v ein,

PROPERTIES:

A
3

Dark red-brown needles; stable in airv; decamposedbywater,
forming hydrated MngOs.

o
.or

EEFEARNCES:

This procedure was developed in (uppublished) exp&riq;e@%
cocperation with E, Brodkerk; G. Grube and W. Brauge, !

dtsch., chem. Ges. 60, 2273 (182T); J. Meyer. Z. a.norg.
Chem. 81, 390 {1913).
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Rhenium Matal

Prepared by reduction of NH ReQ, or KRaO 4 with Ha,

1. Fine NH,ReQ, powder is slowly heated to 200-250°C in very
pure H, and heid st that temperature for thres I}ours. The tem-
perature is then raised to 500°C and the reduction completed at
1050°C (six hours), The boats and reactor tubes should be por-
celain,

If beating rates are too high, part of the product evaporates
as the oxide and deposits to form a mirror on the cooler parts of
the tube.

Il. ¥EBeO,, In & silver boat, is reduced in very pure 15 at 500°C.
The product is extracted with Ha0 confaining a small amount of
HC1, dried and again reduced with Hjin s porcelain boat a 1000°C,

PFROFERTIES:

Atomic weight 186.22. Uray metal powder; the solid bas o
platinum-like luster. M.p. 3170°C; d 20.35; Brinell hardness 250.
Readiiy soluble in nitric seid and slowly in sulfuric acid. Crystal
structure: A 3 type,

REFERENCES:

L W. Biltz and G. A. Lehrer. Nachr, Gétt, Ges. 1931, 193,

I, W, Biltz, Z. Elektrochem. 37, 498 {1931); W. Geilmann, Private
comununication,

Rhenium (1) Chlaride

ReCl,
Re + ¥, O, = ReCl,
188.3 33,01, ogo g
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sealed on. The air {s displaced with oxygen-free Hyand the Re
ther: hezted in a stream of Clz, The raw sublimate 1o collestad
in the first hulb; it is resublimed into the second bulb vndes:
oxygen-free, dry MNj (the less volatile ReCly remains in the firsk.
bulbj. The operation is repeated using the nexi set of bulbe, etc..
The HeCla fractions are then collscted from all thah.uhsaﬁ
reaublimed at 2-3 mm. and 500-5560°C.

ANALYSLS:

Cxidation to ReQy” with sodium hydroxide + HzOq: the am;r;* ' 1:

iop is precipitated as nitron hydrogen perrhenate. - W
PROPERTIES: ; q
Dark purple-red crystals, Bimoiecular under normal condi-

tiong {ReyCls), Converted in moist air to ReCl. 2HaO {2-3 hours);

the water of hydration is readily remcved by heating to 100°C in

vacaum over Pz0.. Soluble in wafer with a deep dark~xed color;

the solution furns cloudy after several hours bedause of hydrolysia,

and black Rez0s; - HiO is precipiated, Complete hydroiysis o#

boiling. Secluble in glacial acetic 203d and dioxane {reddish-purgle.

calor), alechol and liquid smmonia; slightly soluble in ether, A

ApNO, solution produces & precipitate onty after lengihy hesating

with nitric acid. Forms weli-orystailized compounds with Bbﬂl,

CsCl snd organic bases, Hexagonal erystal atructure., '

REFERENCES:

W. Geilmann, F. W. Wrigge and W, Biltz, Nachr, Giitt. Ges. 13382,
582; W, Geilmann and F. W.Wrigge. Z. aporg. alig. Chem. 214,
249 (1933); O. W. Kolling. Trans. Kansas Acad. Sci 56, 373 .
(1953). =

.=
)
"

fRherium [V} Chloride
ReGI;

Re + *3Cly = ReCls
w82 5500 9885

Bhenjum metal is plzced in a hoat which ia insea.’ted intaﬁ:%‘
hard glass epparstus of Fig, 328. The alr is displaced by Qu-frea
pitrogen and the Re chlorinated at 500°C in a stream of€l,. T
evolving black-brown vapors are condensed at .88 & bizck poifdy ..
The epparstus is seeled off at 1, connected at fita 4 hjgh.«wmmﬁﬁ g
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Fig. 32B. Preparation of rhenium (v} chloride

rom 20 to 50°C; smail fractions of the very
3:'1‘:::?;&335‘31? ﬁ?:tf 1?. f223°C] are then candenseﬂd indand ¢, The
hulk of the ReCls is driven inte b at 150 to 250 C,'H the iube melt-
sealed at 2, and the substance sublimed at 200 _c from b to ¢,
lesving only a slight residue in b, Finally, the tube is melt-sealed
at 3 and 4 and the preparatfon distributed {by shaking) into the
gmall tubes attached at c; the latter are then melt-saxled,

PROPERTIES:

& deep, black-brown powder; dark brown vapor. Sensitive to
air, sublimation at atmospheric pressure resuits indecomposition.
Hydrelyzed by water, forming various products. Scluble in hydro-
chioric acid {green solution) with liberation of Cla,

BREFERENCES:

W. Geilmann, ¥. W, Wrigge and W. Blitz. Avpgew. Chem. 46, 223
{1%33); Z. anorg. allg. Chem. 212, 244 (1933},

Potassium Rhenium {iv] Chloride
K ReCl,

Re + 20 + 2KCl = K.ReCl,
1862 4400 1401 17174

Fine Re powder is intimately ground with KCI {10%, excess) and
slowly heated to abowt 300°C in a poreetain boat, first under Ny and
then in a slow Cl, stream. The KzReCl, is formed immediately
aml only a slight quantity of rhemjum chlorides is volatilized.
Following cooling in a stream of Ny, the substance is dissolved in
some hot 5% HC) and recrystallized; the remainder is obtained
by concentration and Grystallization during cooling,
miuemm method: Beaction of KReQ 4 with KI snd hydrochlorio
The procedure is jnvolved and it is cifficulf to obtain & %
pure pi:':duct IH. Schmidt, 7. anorg, allg, Chem. 212, 188 (193%)
« W. Kolling, Trans. Kaneag Acad, Sci, 96, 379 (1853)]. "
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PROPERTIES:

Yellowish-green powder or regular green corystals, Melta
with decomposition. Addition of conc, H 8C, at modersute terms
peratures produces HCL. Fair sclubility in water, Solubility in
12 HCL: 21.4 {0"0},;. 30.2 {18°C) g./liter; in 37% HCL: 3.3 {0*C);
3.7 {18°C) p./liter. di® 3,34, Crystal structure: type J1,.

BEFERENCE:

W, Geilmann. Private commumication.

Rhenium [Vi] Oxychloride
ReQCl,

Prepared viz reaction of Re 0, with ReCl,

Rhenium metal is chlorinated at 500°C in a atream of Cly ia
the apparatus described for the preperation of ReQ,Cl. Following
eooling, the €1, is displaced with O, and the sections of the tube
in which brown-black crystals of ReCls have appeared are heated
with 8 sraall flame to 50~70°C, Tha Hells melis (oiten with appear-
ance of a flame} and the crystals turn into & brown liquid, which 18
then distilled in & stream of N5 into 8 well-cooled U tube receiver.
The oxcees Cly 1s evaporated, the apparatus fitled with Cg, and the
liquid brought to a genile boil. Hesting st 200°C in an N, stream
ig continued for an hour in order to completely remove all traces
of ReQaCl. Then abcut one third of the remaining liquid 18 dis-
tilied off. The receiver is now replaced by a fresh one and, except
for a small residue, the Temaining liquid is distifled over. .

Altevnate method: From ReCl, and dry Oy at 110 to 130°C
{C. W. Kolling, Trans. Kansas Acad. Sci, 58, 378 (1953}.

PROPERTIES:

Formula weight 344.05. Fibreus needles; dark orange in thin, '

brownish-red in thick layers. M.p. 29.3°C, b.p. 223°C {slight
decomposition). Decompeses af 300°C. Immediately forms Red, CI
on heatlng In a stream of O Hydrolyzed by water to rhenfum L@
hydroxide and HR20y. _

REFERENCE:

A, Brukl and K, Zisgler. Ber. dtech. chem, Ges. 83, S16.43082) L
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Rhenivm [VH) Oxychloride
ReChOl

reaction 0f Re 07 (eXxceas) with ReCl..

mhlaftis?}'one containing five and the other two parts of Re,
are placed in a high-melting glass reacter tube in a manneyr such
that heating of one will not raise the temperature of the other,
A U-shaped tube and two condensation {raps are connected {op
the reactor by means of ground-glass joiots {the traps are cooled
to ~85°C with aleohol-Dry Ice). The alr in the apparatus is dis.
placed with O, and the firat boat {the one comtaining five paris
of Re) is heated In a slow stream of Og in such a way that the
Re,0» formed is deposited in the tube (the U tube must be conted
te a low temperature during this operation}, The oxygen is then
displaced with Cl; and the second boat heated in a stream of Ci,,
The thenjum chlorides formed in this manner react with the Re_0,
and the products of this reaction are condensed in the U tube, Any
cocondensed Cl, ls evaporated; then, the ReD,Cl is distilled
over as the first fraction boiling above 100°C (it is usually very
light biue or green}, On repested fractionation in a stream of
Ng tke product becomes colorless,

Alternale melhod: From ReQ, and dry Cl; at 1§0-198°C,
Yields exceed 704 [C. J. Woli, A, F. Clifford and W. H. Johnston,
J. Amer, Chem. So¢. 79, 4257 (195T)].

PROPERTIES:
 Formula weight 268,68, Colorless Mquid: strongly light refract-
ing. M.p. 45°C, b.p. 131°C (corr.). Reacts instantanecusly with
Hg, Ag, stopcock grease and numerous other organic compounds,
Soluble in CCl,, Hydrolyzes to HReO, and HCI.

REFERENCE!

A. Brukl and K. Ziegler. Ber. ttsch. chem. Ges. 65, 916 {1932).

Rhenivm {IV} Oxide

Rt
L. 2Re0; + 3Re = 7ReO,
Hiar B8R ang 1525

A stoichiometric mixture vg”
tor of Re and Re0; is heated to 300°C
on2 day fn 2 small, evacuated, thick-wall quartz tube, which 18,
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sealed by melting; the reactants are then heated to 600-656*C Yo *ﬁ

an additional day. The product is orthorhomble ReO ., SR

LT~ !-.l'-'f

I. Heating of NH.ReC,4 in vacuwn at 500°C vields monociliié . .-

ReQy of the MoO, type: above 500°C, orthorhbombic oxided sye . -°
formed, oA

oo

PROPERTIES: L

Formuls weight 21B,22, Gray-black powder:; dj_gg.oﬁiate.s-' m--_a_; :

high vaocuum at 1000°C to Re aod ReyO,. Readily oxidized by Qs

insoluble in wesk geids, bt dissolved conc. halogeh aclds:

Converted to HReOQ, by H 0, and HNG ., d3° 11.4, Heat of forma=
tion: —70 keal. :

REFEREMNCES:

1. W. Biliz. Z, anorg. allp. Chem, 214, 227 {1933),

I, W, H, Zachariasen, Amer, Crystallographic Assoc., Program
and Ahstracts of Winter Meeting, F4 (1961); A. Magneil, Acta
Crysiallogr. {Copenhagen) %, 1038 (1956).

Rhenium {Vi} Oxide
ReOy
[. RERUCTION OF Rep07 BY CARBON MONOXIDE

Re0: + CO = 2ReDy + CO.
4844 g24df 4884 2241,

The apparatus 1s = plass tube sealed at one end; about T g. of
Re_ 0, is sublimed into it in a stream of O; When the reactioh
is completed, the apparatus is evacuated and filled with CO'te s
pressure of 760 mm. The glass tulwe is then slowly heated to
175°C in a glycerol bath and held at that temperature until the
preparation turns blue, The temperature is then slowly raiged
to 225°C and later, when red Re(d is formed, to 280°C, The rim
Tequires two to three hours. The yield is guantitative. .

I Reaction of Re.O; with dioxane to form a complex compeunt::.]
which dissociates at 125-145°C to ReQy and some volatile pro-
ducts, _
The apparutus consists of a reaciion flask protected agg_inat L
moisture; 4 ml. of dioxane ls rapidly added-to } g, of m e Y
under anhydrous conditions (the dioxane shonld be pre ol -y
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roetaly. The mixture is gently heated on a wateér bath uptiy
:wreh.ﬂlr ealoriess solution is obtained. Local overheating must he
] aince it pI‘OdUCES {_‘,'lﬂl.ldj’ golutions znd, ultimately, oon-
ﬂﬂldﬂdmt;d products, The flask ia then placed [n an ice bath fg
tam freezing, the frozen substapcs

froe olution, After the
s $o$ :) melt, The RegOr-dioxane complex crystallizes
in the form of & dense, pearly-gray precipliate; the excess

omes liguid. The freezing-melting operation is thep
drimna:d?eﬁhe excegs of dioxane decanted, and the compound
dried in g vacuum desiccator at rpoln tempe:;ature over cong,
H#:80,. The dry compiex is rapidly placed in a crucible andg
carefully heated on & hot plate {125 te 14500}'. The substance ig
melted, forming a colorless to bluish-green liquid, which later
dissociates to red ReQ, and some volatite, Re-iree products, The

ReQ, thus formed is pure. The yieid is about 859,

PEOTERTIES:

Formula weight 234,22, Red powder. During reduction of
Re 0., the preparation passes through intermediate stages with
hues ranging from green to dark blue (rhenium blue) until the
final red color {s obtmined. Decomposed in high vacuum at 409°C
to Reg0r; asnd ReQg. Not altacked by bot hydrochloric acid, Int
converted to HReOy by strong HNO;. Dizsproportionates in warm
NaQH to ReDjy and NaRel,; NaOH+ H;0; instantaneously produce
NaReO,. d}®6.9; beat offormation: —146,0 keal. Crystal strugture:

DG, type.

REFERENCES:

L A. D, Mela:.ren, J. N. Fowle, W. Brickel and C. F. Hiskey in:
L. F. Audrieth, Inorg. Syntheses, Vol. IIl, New York-Toronto-
Londag, 1950, p. 187,

1. B. Nechamkin ard C. P. Biskey. Ibid., p. 186; H. Nechamkin,
A, N. Kurtz, and C. F. Hiskey. J, Amer. Chem. Soc. 73, 2828

(1951).
Rhenium V1l) Oxide
RE;OT

2Re + ]Jrlat = Re|O,
JI24 TBAI, 4544

The compound s Prepared in 3
5 : 2 combustion tube to whicha:
bube is sealed on; the latter is attached to 4 condensation {TED:-
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Both ends of the tube are protected against humidiy bievoesdl - =5
containing CaCl, and conc. HzS0, The rhentum metal Yo pYaced
in & porcelain boat situated in the fromt section of the tube, whieK .5
is heated to 150°C while a very fast stream of oxygen i8 pased .
over the metal. Crystals of Re,0, depoasit in the front aegtic 3
the tube and in the condenser fube {there is virtually no vapor .
mist); if the starting Re is not entirely atkali-free, some KRe0
will remain in the boat. The Re O, should be resuhlimed ina
stream of O . ok
The componnd is used in the preparation ofHReO , of the lower 3
oxides and of very pure Re (reduction with Hg). Ce

PROPERTIES: v

Bright-yeliow crystalline powder. M,p. 301,5°C, b.p, 352_#&‘; Cr
d3® 6.103; heat of formation: —295.% keel. Extremely hygreoscople, .
Readily soluble in HgO, formning HReO4; sciuble in alcohol; spay-

ingly soluble in ether. Stored in melt-sealed glass tubea, Rhombic
crystals. )

REFEHENCES:

W. Geilmann, Private communication; W. A, Roth and C, Becker.
Z. phys, Chem. 159, 29 {1932); K, Wilhelmi. Acta Chem. Soand,
8, 693 (1954).

Sodium Rhenate (V)
MNa,Rely
218.2 800 280.2

The apparatus is shown in Fig, 329, A gold crucible ¢ is intro- .
duced inte the guartz apparatus through opeaing e and placed m_. "'f:?i.

elacrric furnace . . TR

Fig. 320, Preparation of sodium rhenate {I’?’J..'ﬂ m‘m 0

orucible-shaped attachment; ¢ pold orioiblel ¥ thermicchipierR
movable gold shield (splash skislap - * 7 e
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sttachment ; a stream of oxygen-free N3 i1s passed from & to
&U&ner m?"ough flushing with Ny 10 g. of very pure and dry
l;oﬂ is introduced (through f) into <. The apparatus is then
Eutnd to 500°C and ¢ g. of dry ReDa added by shaking to the melt,
The ReO, dissolves, the melt turns reddish-brown, and watep

vapor through /. After the reaction is completed, the
heatay e;c‘zl;::mved and j[attamc:hmment b cooled with ice water; thig

1s the solidified melt off the crucible walls. The fused mate-
rial contains {ctearly separated} an upper layer of NaOH and a
lower stratum of the brown rhenate. The fuzed cakg is gently
crushed, leached with deaerated ice water, decanted, f;lb&rgd in
the sbsence of air, washed with alcphc—l an_d. dried, again_m the
absence of air. The filtering and drying device stown in Fig, 52,

. T4, iz handy in this operation. .
d Afternale ?netﬁoa‘: Fusgion of ReQs with NaGH [W. Geilmann,

F. W. Wrigge and W, Biltz, Z, anorg. allg. Chem. 214, 233 {1933)].
SYNONTYM:

Sodiumm rhendte.

PROFERTIES:

Brown powder. On heating in air, converts to the yellow per-
thenate. Insoluble in Hz0 and in bases; solukle in cone, hydro-
chloric acid, converting to the green HyReCle,

REFERENCE:!

L. and W. Noddack. Z. anorg. allg. Chem. 215, 134 (1923).

Ammoniyum Perrhanate
NH, B0,

Re:0; + 2NH, + HsO = 2NH,ReD,
q84.4 538.6

m:i solution of Res0, in some water is repared, eXcess am-

a s added and the Solﬂti{)ﬂ prep + oible

plaie; on a water bath, evaporated in a platinum ¢
emale method: Rbepium sulfides, oxides or rheniwm metal

amgnonia, Recrystallization | re ! used 12
Prepare pure rhenjum (see p. 1478, Toiredl ey be

(L

kv T
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PROFERTIES; ST

Thick, white, bexagenal crystals., Dissocclates in ;
200°C to form NHa, Hz0 and ReO.. Solubllity: 2,9 (0°C); 6.2
(20°C); 32 (BO%C) g. of 2akk/100 g. HaO; d 3,63, Crystal structure:
HO,. type. .

REFERENCE:

1. and W. Noddack, Z. anorg. allg. Chem, 181, 23 (1929).

Barium Parshenote
Ba(BeO,),

An agueous solution of Re,0, (= HReD ) is neutralized exactly
with baryta water, using neutral red ss the indiostor. The reajdue
is dried, and the water-containing salt is converted to anhydrous
Ba{ReO 4}3 Inh vacuurn or by heating to 120°C,

PRGFPERTIES:

Foerrmula weight 637.80, Colorless columns or thombolds. Solu-
Bility: 1.8 {(0°C); 5.3 (20°C); 47 (T0°C} p. of =alt/100 g, H;0,
Solubility in alcohol: 2.4 g/liter of solution at 18.5°C,

REFERENCES;

1. end W, Noddack. Z. anorg. allg, Chem. 181, 25 (1929); W, Lewino,
Thesis, Univ, of Hamburg, 1982,

Barivm Rhenate [Vi]
EaRe(),

Prepared by reducing Ba(ReOs)a with ReO; andNaGHina mqilt. iy

The apparatus is tho seme as faat used in the preparation'el . s
Na3ReO, {Fig. 329). Sodium hydroxide {20 g.} is fused fh orycible. . &
¢ under a stream of Na; them, 8.00 g. of Ba(Re( )5 is ddded, ft y
lowed by 2.00 g. of ReCy. The melt is heated to 600°C and Beld'at” - ¥'&
that temperature for one hour. It is then cocled to 3007C und held
at that temperature for one hour. The heater Is then removed and
oftachment & cooled with ice water. The melt cake is brokegup -
and trested with 96% alcohol at 0°C; this jooseps:the NeQRsgds -
NaReQ, in the melt: the former reacts with. Wiy unce bR
Ba{ReO,), to form NaReQs and Ba(OH)g; the latter remains inttﬁ SRy
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ct is filtered, using the device shown in Fig, 52,

od
;“m Jh:»gg?:w 1:1“'1‘:‘b some alcohol, I contains some NeOH ang

BafOH) e
AMALYSES:

The compound ia
out Re (Vi) iraction
Re {IV) fraction is
aitran.

dispropertionated in acetic acid. Theleached-
Is filtered off and precipitated with nifron; the
oxidized to Re {VI[} and als¢ precipitated with

PRGPERTIES:
Formula weight 387.58. Foliage-green powder; readily dissaci-
ated. Slowly turns black i vacuum angd white in air (formation of
Re0 ). Instantaneously dissociated by water, acids and bases.
The presence of & slight amount of free NaQH is required for

stahility.

REFERENCE:
1. and W. Noddack. Z. anorg. alig. Chem, 215, 143 (1933).

Rhenium (V) Sulfide
EGS;

I. Re + 25 = Rely
1883 641 2503

Thentum and sulfur are mixed in stoichiometriz proportions

and heated for 18 hours in an evacusted, sealed smeail quarts
tube at 880-1000°C,

L. Hydrogen sulfide is used to precipitute Re.S, from a hydro-
chlorle acid solution; the precipitate is filtered off with suetion
and washed with water and briefly with acetone, It is driedina
quartz or hard glass tube sealed at one end. It is then hested Io
high vacuum to 6060°C until no further S sublimes out. The result |
i2 Re3. ouly slightly contaminated with sulfur,

Alternate method: Heating of Re in & stream of H.S to red

heat {H, V. A. Briscos, P. C. Robinson and E, M. Stoddart, 3.
Chem. Soc. (Loudon) 1931, 14413, T ’

PROFPERTIEY:

mii’:kat 80lid (platelets are seldom recognizahle); somewhal i’
m“""‘ 1000°C. Strongly sttacke quertz gt 1000°C. No appreci
eotulillity {n hases, alkaline sulfides, hydrochloric and salfuris; é |

)

i



geids. Converted by oxidizing agents to HReO,, 43¢ T;ﬁﬂﬂ'.m.&--{ R
formation: —T0.0 keal., Crystal structure: ¢ ;yp-e.‘ ' bkt
e

REFERENCES: e

-

L
<

b
-

1. R. Juze and W. Biltz. Z, Elektrochem. 37, 499 (1931).
f. W, Geilmann and G. Lange. 2. analyt. Chem. 126, 321 (1953),

Rhenium [VH) Suifide
ReyS:

2KReQ; + THS + ZHCI = ResS; + 2XC1 + 81O
578.6 15501 T8 5968 1481

A soclution ef KReQ, containing 30 ml, of hydrochieric aoid
per 100 mi. of sclution, is saturated for four hours with H_8, The
precipitaied sullide is washed with H S-saturated, 3% HC1 water,
The product is filtered in the absence of air, washed axd then
dried, first in 2 high vacmmm for two hours at 146°C and then in
high vacuum over freshiy prepared P ;0 {60 hours at 165-17G°C),

Alieynate method; Precipitation with compressed HS froma
sclution of KReQ, in hydrochloric acld; there is no need for the
high HC! concentration in this case. The workup is similar to
that described above [W. Gellmann, Z. analyt., Chem. 126, 321
(1843

FPROGPERTIES:

Black, readily oxidized powder, Dissociation to ReS; and 8
begins at 250°C. Insoluble in hydrochloric and sulfuric acids in
the shsence of air; oxidized by nitrie acid or H O, plue & bage
{6 HReO ,. d5° 4.866. -

REFERENCE:

4

olnak ‘;"
W. Biitz and F. Weibke, 7. anorg. allg. Chem, 208, 4(1938. - }?‘;

R

g ¥

Barium Mesoperrhennh S veogdy :ﬁ
Bay(ReOs)s .: e _..':‘r.

i ¢ The
Prepared by fusion of Ba{ReO4s witk N_nOHi .
is the same za used in the preparation of N&;ReOj (
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Cruct i to fuse 3 g. of Ba(ReO ), with § g. of car-
bool f::l: ;agﬁusundar a stream of COz-free air, The hot men
te-and cloudy. After cooling, 1t is ¢crushed, leached with 909,
m: to remové the excess NaOH and the NaReOQ , formed in

the process, then filtered, again washed with alcohol and drieq
with suction.

ANALYSIS:

The salt is decomposed with COz-free water; the Ba is pre-
cipitated as BaS0, and the Rel, as nitron hydrogen perrhenate,

PROGPERTIES:

Formula weight 944.52. Small, lemon-vyellow hexagonal {ablets |
and columns. Turns red upen heating to 800°C, returns to yeliow
en cooling, Stable in dry air, The wet salt is decomposed by CO,

into BaCO, and Ba[ReO o

REFERENCE:

1. and W. Noddack, 7. anorg. Chem,. 215, 146 {1933),

Waorkup of Rhenium Residues

Precipitates of nitron hydrogen perrhenate from analyses of
rhenium are cojlected and stored separately fram rhenium solu-
tions,

Wovkup of nitron precipitates: The material is carefully de-
composed In a stream of Hy, the products washed and oxidized to
Reg0», and the latter dissclved in H,O and concentrated in the
presence of KOH or ammonia, The KReO, or NH Re(, obtained in
this manner can be used without further purification.

Workup of various selutions: To avoid unnecessary contamina-
tion of the air with Re, the solution is newtralized and concentrated
(if necessary, by boiling), Itisthencocledand acidtfied with hydro-
chloric acid and the Re precipitated under pressure a5 ReyS,. Thz
Re S8, is washed and dissolved in KOH + HaOg, and the KReQ, 16
allowed fo crystallize out, If the KReO, s still not sufffclently
pure, {t Is reduced with H; and oxidized with O, to Re 405, and t8e
Iatter is uned to obtatn Re or the perrhenate,
lmrE- tﬂl":cenz of Mo must be removed, the procedure ia as fol- |
tho < 18 precipitated with H.S {under pressure} as RepSw:

preciptiate 18 dissolved in KOH . Hz0a, and the traces of N¢

—— o — am = = am
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are removed by extraction of the neutral solution with S-hydrénkg
quinoline or ¢hloroform. Foliowing repeated precipitation AR
pressure as ResS,, the product is dissolved in KOH + 0  amd. -
crystallized as KReOs. The KRe(Qy is recrystallized from het -

water.
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Matallic iren

FLECTROLYTIC JRON

The following conditions are snitable for the preparation of
very pure electroiytic iron: each liter of glectmlyte contains
about BOD g. of very pure FeClg - 4 HzO (Fe®* content less than
0.05%; sulfste-free) and 1,5-2.0 g. of AlCi, - 6Hz0 or 0.1 g. of
CrCls + 6HZ0. The concentration of free HCL is 0.01+0.02 N, and
the temperature is 90°C or higher. The anode s made of the purest
fron possible, and is wrapped in an asbestos bag. A sheet of van-
adium steel serves as the cathode. The mature of cathode pre-
trestment is important if the deposit of electrolytic iron is to he
easily stripped off. The steel sheet is first pelished to & high
luster, degreased by being used as a cathode in an alkaline KCN
bath, rinsed with water, and after being connected to the electrical
circuit, placed in a FeCl; bath, The cathodic density is 0.65-1.0
amp./in%¥; if the operation is of long duration or procecds at still
higher e¢urrent densities (up to 2 amp,/ in®), the electrolyte must
be continuously taken out of the bath, filtered, retreated, the HCI
mn]:ent adjusted to the one indicated above, and recycled to the

The relatively soft a-iren deposited contains H, but no Al or
Cr.o The ¥, may be completely removed by baking in vacuum at
950°C. Electrolytic iron is free of C or 8i, and of other metals if
the electrolyte itself Is pure.

FROPERTIES:

M.p. 1535°C, b.p. 2730°C; d -Fe:
A2 type, P : d 7.86. Crystal structure of o -Fe:

REFERENCES:

G. A. Moore, J. Metais 5, 1443 {1953); F. Miiller. Z. Elektrochem.

47, 135 {1341); F. Halla. Korrosion und Metallschutz 15, 380

(1939),

1290
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REDUCED 1IRON

ZFe(OH), ~ 3H; = 2Fe + 8HD
2137 GrLEL 1ILT 0481

1t ia best to siart from very pure Fe{OH),; thie i8 prepared by
adding = Fe(NOga}z solution to agueows NH, and drying the pre-
cipifate &t 65°C. The product, finely ground, is placed in an
aluminum or Pt boat {with Pt foil insert) and reduced in & siream
of Hy a5 the temperature is slowly raised. If the reduction tem-—
perature i3 lower than 350°C, the iron product is pyrephorte.
As & ruie, the temperature is raised slowly from 400 to T00°C
(with 20 g. of Feg0; this requires about 40 min.} and then held
constant {about 20 min,) usti! further HiyO is produced, If less
rezctive starting materizls (e.g., Feg(s prepered from the nitrate)
are used, ¥ may be necessary io hest to higher temperatures
{1050~1100°C} and for ronch lenger times (60 hours or more) te
insure compiete reducticn. The preparations are cooled in Hy;
their hydrogen content is minimal,

REFERERCES:

H. Fricke and L. Klenk. Z. Elektrochem. 41,617 (1935); R. Fricke;
0. Lohrmann and W. Wolf, Z. phys. Chem. {B) 37, 60 {1937);
. M. Savelevich. Trudy Insi, Chist. Khim. Reaktivov, No. 15,
61 (1937); abstract in Chem. Zentr, 1939, 1,4683; G. P. Baxter
and C. R. Hoover, Z. ancrg, allg. Chem, B0, 211 (1913}).

VERY PURE IRON :

0. Héhigschmid, L. Birckenbach and R. Zeiss, Ber. disch, chem.
Ges, 58, 1473 (1923); T. W. Richards and G, P, Baxter, Z.
anorg. Chem. 23, 247 (1200); alsc A, Gatterer, Commentationes
Pontific. Acad, Sci, L, 77 {1937); abstract in Chem. Zentr.
1938, I, 1745; A, Gatterer and J, Junkes. Specola astronom.
Vaticanz Comun, No. 6 {1938); abstract in Chem. Zentr.
1838, I, 2243; J, Talbot, P, Albert, M, Caron and G. Chaudron:
Rev. Met, 50, 817 (1953).

tron [fl) Chlaride L
FeCl: -

Fe 4 3:Cly == FeCl; FeCly + iy Hy = Felly + EC
55.8 BI61. 18242 822 113! 1088 385

. WA
The starting anhydrous FeCls is prepared from Fe am}{:}:h.. -
The Cl, is then displaced by mesns ofs stream of very dry-Nachdh "«
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complat H, is immediately intraduced, The re.
duction ;11‘?00::5; p::;?dly =a.t 300-350%C. I i3 advisable to spreag
the solid in a tube placed in & long electric furnace and to heat
slowly, sectlon by gection, in the Hg siream. _Partiy unconvertag
Fally syblimes in the Hz below 300°C, while above 350°C the
FeCl, tends to be reduced too far (to Fe).

The preparation of FeClg from Feo and HCI is less satisfactory

because of the higher temperatures reqguired.

STHONYMS:

Ferrous chioride, iron dichloride,

PROPERTIES:

White hyproscopit powder; can be resublimed in a stream of
HCl at about 700°C. M.p. 674°C, b.p. 1023°C; 4 (25°%) 2.162,
Vapor pressure at T00°C: 12 mm. Readily soluble in water and al-
cohol, Crystal structure: €19 type.

REFERENCES:

H, Wolfram. Thesis, Techn. Hochschule Dresden, 1813; W, Kangro
and E. Petersen. Z, anorg. allg, Chem, 261, 157 {1950).

Iren [N} Chlaride
FeCl,

8Fe + 3Cl = 2FeCl,
na o sral 3244

andﬁ Ps:éeam a::.]df ;Jl; ia very th.-:aroughl)r dried over conc. HyS0,
2 ¥ w;t'h D Is then liguefied by passage through a U tube
e lry thce-acetone mixture to about —4{°C, ‘The bath
pompes pasaess ] ten raized to —34.1°C; pure Clp volatilizes
possible iren wtgeo :bgﬁry o e e D ion
bakes slane &t 250{ ot 0.2 mm, in diemeter)., The rezction
prement md S -400°C; an excess of Cl; should always be .
Sttty reve paal always bubkie out from the H 80 ,~containing 7
e o efe .:aj:mmates the reactor train. To avoid piugging
o ‘mm,omw . ‘::if::g furnace (or the aluminum heating block)
o : + 50 that a fresh condensation zone may be
At the i '
ina ‘;t‘“‘m?i t::? é‘eﬁ‘-'twn. the preparation should be resub- !
limed Ly at abeut 220°C (the temperature should
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not excaed 300°C), AN of the Cl; is them displaced from the
apparatus with very dry N, (or ait), and the product 18 tr oy
(under Ng3) to storage vessels, which are then tightly sealed,

EYNOWYMS:

Ferric chleride; 1ron trichloride,

PHROFERTIES:

Formuia weight 182.2. Leaflets with a scmewhat greenish
metallic luster. Extremely hygroscoepic. M.p. (in Cly) 308°C,
b.p, (calecd.) 316°C; d (25°) 2.898. Decomposes partially on
sublimation in high vacuum, In the range of 160-210°C the de-
composition pressure of Clz over soli@ FeCi, and FeCl; obeyn
the equation: log P = 11.33-5.87 . 10%/T, Very readily solubie
in water, ethyl alcohoi, ethyl ether and acetone, Fe(l; apd

FeCly form a eutectic, m.p. 287.6°C, containing 13.4 mols % of
Fells.

REFERENCES:

G. G. Maier, Techn. Pap. Bur, Mines Washington No. 360, 40
(1925); ©O. Hohigschmid, L. Birckenbach and R. Zeiss. Ber.
dtsch. chem. Ges. 36, 1476 (1523); H. Schifer, Angew, Chem,
84, 111 {1952); for the preperation of larger amounts, aee
B. R. Tarr in: L. F. Audrieth, Inorg. Syotheses, Vol. I0I,
New York, 1950, p, 181,

tron {il} Bremide
FeBry

Febry, ANHYDRROUS

i Fe + 2HBr = FeBr, + H, .
559 1418 2137 224l R

Very pure Fe {reduced with Hz) is placed in an ungiazed pra= i
colain {eﬂl sit.uate{d in a porcelain tube and heated to mdsgo_%c;.j_:-;;g
i a completely dry stream of HBr-gaturated nitrogen, so thyt -
the nascent FeBrs distille out st once. The preparziion is {ransr~ -
ferred (in dry Ng) to well-sealed vessels. Thim last oporatign -
i5 faciliteted by atteching a smugly fiftisg tube ontoibe eXil, :
of the reactor; the FeBry ¢an then subltme inte this secend
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. Careiut dshydeation of FeBr; - 4H40 in & stream of N, ang
HBx.

BVNONTM:
Ferrous bromide.

PROPERTIES:
Light-yellow o dark-brown crystals; bygroscopic. M.p. 684°:
d(25°) 4,624, Crystal structure: C 6 type,

REFERENCEB:

L. G.P. Baxter, Z, anorg. Chem. 38, 236 {1904).
. G.P. Baxter, Th. Thorvaldsonand V. Gobb. Z. arorg. Chem, 10,

333 (1911).

FeBra. HYDRATE
Fe - 2?HEr — §H.0 = Febr,-6H.C — H,
339 161.5 3118

To prepare the hexahydrate, pure iron is dissolved in agueous
HBr and the solution evaporated helow 49°C, Above this tempera-
ture one can obtain the tetrahydrate, and sbove 83°C the dihydrate,

Altewmate method: Shaking Br, and water with an excess of
iron powder,

FROFERTIES:
Pale-green rhombic tablets; not deliquescent.

REFERENCE:
F, Schimmel. Ber. dtsoh, chem, Ges, 62, 963 (1929).

Iron {III} Bromide
Fer;

I¥e = 3Bn = 2FeBy,
ULr  yres 5m1.0

A Pyrex tube, sealed at the Jeft end and provided with a 45° bend
in the fiddle, is connscted at the right to a high~vacuum pumnp and
sum of Bry. Reduced iron powder is introduced into the left
it ﬁ aid of a long-stem funnel, and the right end of the
drawn out to a cepillary, The Fe is thoroughly des S

by evacuation and heating, Bromine is then condensed ob. 4

1
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the iren (liquid nitrogen bath); the Br, excess is such ihat afiep
completion of the reaction the pressure in the tube will stil] be
si Jeast B atm. I
After the pump end of the reactor tube is sealed off, the By,
is condensed in the right leg by cooling the latter in ice water.
The left leg is then heated to 175-200°C (naximum) and then the
right leg to 120°C; this produces a Br, pressure of about 5 atm,
The heating is done with two mating sluminum heating dlocks,
The hbutting ends are cut at an angle of 22.5° and sepersted only
by a thin disk of asbestos ( Fig. 330).
The reaction beging, although
slowly, even &t roocm temperature,
but cannot De completed at this
temperature eveninseveral months,
However, under the conditions given
above, pure FeBrs condenses outaide
the 200°C =zone, If the fempersture
of the Fe is too hiph or the Brg,
preasure ioe low, some yellow
FeBr; is also deposited at the e  Fig. 330. Preparation of
end of the tube, jren (I} bromide.

SYNONYM:
Ferric bromide,
PROPERTIES:

Lustrous black plates; very hygroscople, The decomposition
presgure of Bry at 90°C is 55 mm. and st 139°C is 760 mm.;
below 138°C, it obeys ithe equation: log p {mm.) = —3478.6/T +
11.327. The vapor pressure of FeBr, hecomes detectable above
139°C. Crystal structure: DO type {same a8 FeCl;}, :

REFEHRENCES: :
N. W. Gregory and B, A. Thackrey. J. Amer. Chem. SoC. 72,
3176 {1950); N. W, Gregory. Ibid. 73, 472 (1851).
lror Y} lodide
FGI;

L Fe + Iy = Faly
556 2588 8087

A high-melting glass tube is sealed at one end mod prm_r_id_ad
with a side arm terminating in & break-seal capillaty 4 (see Fig.
331), Very pure iren wire is placed at location.s of the u;ggf
a small plug of freshly ignited asbestos wool 4 is inserts loge
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Pure, dry 1z (less than stoichlometric quantity), in the
mo:r:nc.ouse pawﬁe; (is then placed on top of the ashestos woq]
plug. The reactor tube is then drawn out to smaller size at g, the
Iy 18 moved forward to ¢, and a good vacuum is gpplied by means of
» mercury diffusion pump, At the same time, the ot}&er sections of
the tube (a,b) Bre heated tnan electric furnace fo 500°C to depas the
Fa und the asbestos. The tube is then sealed off at §, and sectjon .
contzining the I is heated to 180°Cwitha suitable Al block or in ag
air bath (the section containing the Fels maintained at 500°C). The
tube is slightly inclined forward to prevent the liguid iodine from
flowing into the hot section, If the sbove temperatures are adhered
1o, the internal pressure does not exceed one atmosphere,

The nascent Felz sublimes slowly toward the cooler zone,
where it deposits as black leaflets which appear brownish reqd
when viewed by fransmitted light. As acon as the iodine vapor
disappears completely, the fube is allowed to cool ard 2 vacuum
hose is carefully slipped over side armd. The hose is connected
vla & three-way stopcock to a canned-rotor pump and 2 nitrogen
supply. Vacuum is applied, the sesled capillary on the side arm is
broken off, and pure, dry N, is slowly admitted, Care should be
taken during this step to avoid entraining any glass fragments in
the tube, As soon ag a slight gage pressure is eatablished, the re-
actor tube is broken off al ¢ and the product is transferred in
nitregen to a storape vessel,

E il ]

L ¢ e £r
—l r

Fig. 331, Preparation of iron (Ih
iodide. ¢ iron wire; basbestos wool:
¢ lodine; | seal locstion (after seal-

ing, the section to the right of  is
removed),

. Alfernate methods: 1L Heating reduced Fe in a stream of
z-Sdturated hydrogen, followed by disiiilation in o steel tube.

OI. Thermal decompositi .
extremely fine powder, position of Fe(CO) Ja. The product is an

BYNONYM:

Ferrous jodide,
PEOFERTIES:

FET08Copic; becomes whitish in afr, Aqueous solu~
less. Crystal structure: G 6 typs. C
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REFERENCES:

I. M. Guichard., Comptes Rendus Helxi. Sdances Acad. Soi. 145,
807 (2907), Sl 148
iI. C. L. Jackson and L. H, Derby, Amer. Chem., J, 24, 16 (1900);
Bull, Soc. Chim. France [3] 24, 863 (1900); see also W,
Fischer and R. Gewehy, Z. anory. alig, Cher. 222, 303 (1235).

0. W. Hieber and H. Lagally. Thid. 248, 300, 313 (1940},

iran (] Oxide

FeD
1. FeCil, = Fe + OO + COy
1438 TR 240 44.0

Thermal decemposition of FeCg0, yields pure FaQ cnly under
specific conditions, The decompesition is carried out in 8 quartz
yessel (Fig. 332) whose lower section is kept at 850°C by means
of an electric furnace, The joint i surrounded by a water-cooled
lead coil or & rubber hese. The nascent gases should be removad
as quickly as possible; for this reason, the resctor is connected
to fwo parsllel mercury pumps and s good forepump; the gaa is
carried inte two liguid-nitrogen-cooled traps containing nctivated
charcoal,

The starting Fel 0, (0.5-0.8 g.) is
placed in the small bulb above the quartz
vessel, and the water of crystallization 15 M ==
completely vaporized by heating io vacu-
am for 12 hours at 2¢¢°C. The buib is
turned in the Joint, and the Fel,0, drops
into the heated lower section of the re-
actor where it is rapidly decomposed to
FeQ, CO and CO4 fthe decomposition is
complete in about 20 seconds). The pro-
duct FeQ is retpined by a guartz wool
plug, which must be loose enough to o
prevent a buitdup of pressure during the C
decomposition. Fig. 332, Preparation

The furnace is now removed and the of iron (TT) 0"1‘1&":'__',}*_‘.'
bot quartz tube ig chilled as rapidly as : u; |
possible in cold water, since FeQ is wn~ SHLY. .

stable in the range of 300-560°C and decomposes socerding to:
4¥eD = Fe0, + Fe S oE
{this decomposition proceeds most raptdly at sbout 480°C, Tk

Ceases below 300°C), The above procedurs yietds w jJetshlack . -

ol
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1438
product, readily soluble in dilute acids; it is rapidly oxidized s
alr, bt does not ignite.
ration from stoichiometric quantities of commercial

ghglm ag;ﬁl}’- ced iron can alsc be reconunended. The mivture
and : few drops of water are gealed inte a preevacuated guarig
tube, heated for about three days st $00°C, and quenched in cold
water.

SYNONTM:

Ferrous oxide,

PROPERTIES:

M.p. 1860°; d 5.7 Crystal structure: Bl {(rock sakt) type,

AEFERENCES:

I P. L. Gunther and H. Rehasg. Z. aporg. allg. Chem, 243, 60
11939),

. R. W. Blue and H. H. Claassen. 4. Amer, Chem. Soc, T1, 3833
{1949); 4. P. Coughlin, E. G. King and K. H. Bonntckson, Ihid,
73, 3891 (1951); see also L. Wohler and R, Glinther., Z, Elek-
trochem, 2§, 281 {1923},

lren (i) Hydroxide
Fe{OH).

Tl:}B preparation of pure Fe{OH); has been described in defail
by Rihl and¢ Fricke as an example of operation under an inert
aimosphere. The geperal experimental arrangement is further
descri‘hed in Part I, p. 72 ff. It consists essentially of a buib,
one side of which can be connected to a high-vacuum pump as
well a5 a source of N, or & drying vessel, while the other side
is attached to devices for filtration, washing and transfer of
products. Al operations must be carried out with the most
113{_}1';):5 exciusion of O; in an atmosphere of pure, dry Na
strenn, ﬂgfpﬂﬁﬂtus is first evacuated{high vacuum);then a continucus
Cvovanen 1 z 18 introduced. A ceotrifuged sclution of FelOH)z

pa therg;.l very pure FeCi,) in conc, aqueous NHj is admitted
thmhprecipﬂation of:he ind diluted with alarge quantity of water, causing

v raos Fe{OH);. To oktain a denser precipitate (which
ﬂms o “EC P apidly}, the mixture i1s heated for shout thres hours
allowed to settle. The mother tiquor is filtered off, and

the precipitate is washed 10 to 12 times in similar fashion wntil

3 positive iest for chloride is no longer obtaired,
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To remove the remaining water, the residue t5 soltdifted by
immeraion of the flask in an toe-palt mixture, full vacuum is sp-
plied, and the water js distilled off overnight as the solid stowly
melts. The water is condensed in a large trap chilled in Dry Ioé-
acetone. Complete drying of the product 1s achieved by ke
it for several addllional hours under high vacinmm together with
a veasel containing PO,

PROPEHRTIES:
Nearly white, slight greenish tinge, When sprayed into alr,
burns with sparks. Crystal structure: C 6 type,
REFERENGE:

8. Ribhl and R, Fricke, Z. anorg. sllg. Chem. 251, 406 (1943).

lren {Ii, ) Dxida
Fe,0,

SFEiDj i+ Hg = EFG‘SQ_‘ - H:O

479.0 2041, 403.0 8.0
Fine Fey0, powder is heated to 406"C in 2 large boat placed
in & stream of Mg then the Ny is replaced with H; satureted with
water wvapor af B0°C. The connecting tubing between the satur-
ating vessel and the reactor tube must be as short as possible
and well insuiated against thermal lesses. When the reduction is
complete, as shown by the disappearance of ail of the red FegjOg,

the product is cooled in a stream of N Conversion of 10 g. of
Fe 5 requires about five hours,

PROPERTIES:

Black, ferromagnetic powder. M.p. 1580°% d 5.11. Mohs
hardneas 8. Crystal structure: H11 type.

REFERENCE:
S. Hilpert and J. Beyer. Ber. ¢disch. chem. Ges. 44, 1608 (1911).

fron M) Hydroxide

FeD{OH} o -
- FeQ{OH) . e
Fe[NOQy);- 9 H.0 + SNH, = FeO(OR) + ANHNG, + THLO
40453 g1 83.9 -2 1k

A colé solution of 810 g. of Fe{NOy)a +» $H0 in two I;ltam'-_ﬂi
water i3 poursd slowly, with vigorous stirring, into an ammonis
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sahution dissolving 120 g. of gaseous NH, in two
tters of ﬁg:’fgﬁﬂg necassaryl. T_he hydroxide which precipi.
tes is amorphous to X-ray analysis, It is washed by stirring
:: least five times with elght=liter portions of cold water, each
portion being decanted as completaly as posaibie. Thg residua]
slurry is thea stirred with sufficient conc. KOH solution to give
misture approximately 2NN and allowed to stand for 3-4 hours,
;‘inally 1w0°C steam 13 bubbled through ioz_* two l‘wurs, The
precipitate is thereby transformed qompletely inte b{"ght-}'ﬁllow
o -FeC{OH), which shows & crystalline x_—ray dif‘fractu_;m ?attern.
since remeval of the potassinm h}rdrc_::udeb}'washing is difficult,
it is converted to KCl by treatment with somewhat more than the
calculated amoust of KH, Cl. The precipitate is then washed
thoroughty with hot water until no further C1° can be detected. The
K content is then usually below 0.04%, Drying in a vacuum desioe
cator affords s product whose water content still exceeds the
thecretical (10.14%) by about 2%, Heating in veocuum or in & siream
of dry air yields pure o -Fez0s.
The naturally oceurring form of @ -FeO(OH), “'needle iron ore”
or goethite, has an E0 5 type structure.

REFERENCES:

R, Fricke and P. Ackermarn, 2, Elekirochem. 40, §30 (1934},
0. Clemser. Ber, dtsch. chem, Ges. 78, 2117(1837); R. Fricke
and G. P, Hittig, Hydroxyde und Oxydhydrate [Hydroxides and
Hydrated Oxides], Leipzig, 1937, p. 316:W. Hoppe, 2, Kristal-
logr. (A) 163, 73 (1940).

+FeO(OH)

2FeCl; - 4 HyO + (CH.)\N; — 2H,0 = 2Fe(QH), - 4 NHCL + BH,O

57,4 1401 98.0 179.7 2140 108.1
Fe(OH): - NaNQ; ~ HCl = FeQ(OH) + NQ + NaCl + H,O
85.9 630 385 868 00 585 15.0

A selution of 120 g, of FeCly - 4 HaO in three liters of water i
filtered, and the filtrate fs added to a fidtered solution of 168 g.
of hexamethylenetetramine {Urotropin} in 600 ml. of water. Blue-
green Fe{OH)}, is precipitated, Then =z solution of 42 g, of NaNOa
n 600 ml, of water is added with constant stirring; the mixure
is heated to about 60°C and silowed to stand threa hours (not
lnnger} with occasional egltetion, The oxidation, which produces
I{ - ?tOtOH}. procesds with the evolution of considerable quantities

nitrogen oxides. The supernstant liquid is drained off; the pre-

ﬁﬂate in wasEed thoroughly with warm water until free of chloride
dried at 60 C in & drying oven,

&0
-

i
)
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PROPERTIES:

very frlable deep-orange powder comprised of extremely fine
needles. Can De converted 1o pure y-~Fey,0,; by heating in vacuum
or in a dry air stream at sbout 350-400°C, On heating at higher
jemperatures, or in p seeled tube at 110°C, or oven on very in-
tensive grinding, the metastsble preparations of the ¥ series
are converted to the atable @ modification.

Occura in nature as lepidocrocite. Crystal etructure: Ef,

type. For metastable 8~Fel{OH), see O, Kratky end H. Nowolny,
%. Kristallogr. (A) 100, 356 (19383,

REFEREKCES:

0. Glemser. Ber. ditsch. chem, Ges. 71, 158 (1938); R. Fricke and
W. Zerrweck. 7, Elakirochem, 43, 62 {1%37); R. ¥ricke and

G. Weithrechi., Z. anorg. alig. Chem, 251, 427 (1943); F,
Wagenknecht. Kolleid-Z, 112, 35 (1949).

Iren {IH] Cxychloride

FeO1
FeCl,"6H,0 + 5FeCly = GFeOCl + 12HCi
2708 &t 6438 878

A mixture of 10 g, of FeCly - 8H;O and 35 g. of sublimed
FeCl, is placed in & round, short-neck Pyrex reaction flask,
fused on a steam bath, and allowed to solidify; then 15 additionsl
g. of FeCl, Is added. The reaction indicated sbove takes place
when the mgess is heated to 280-300°C (maximum). It is best o
jmmerse the open flask rather deeply in an oil batk heid at
250°C, so that no molsture condenses at the neck, The reaction
is compiete after 60-80 minutes, when no further evohrtion of
HCl is observed.

The reaction mass, which converts o 4 soild Ted oake, im
cooted mnd pulverized, washed briefly with a large amount of
cold water and then with acetone {io remove excess FeClg), and
dried in vecuum, ’

PROPERTIES:

Rust-aolored powder conslsting of small red needles, Free of
Fe 0, if made from suslimed FeCls end if reaction tempermqu
no higher than 300°C are used, Disproportionates sbove 300 L
inko the oxide and chloride, Crystal structure: Ely type.

REFERERCE:
H. Schifer, 7, anorg. Chem. 260, 279 (1346).



H., LUX
1o

teon 1) Sulfide
Fe$

Fe + & = Fe8
S5B azl 579

pure FeS of stoichiometric composition is obtained from pyre
yeduced Fe and distilled S, Exnctly weighead quantities of the two
substances are sealed in 4 z tube evecusted in high vacuym,
and are heated for about 24 hours at 1000°C; at higher terupara-
tures, the quartz tube bursts, One then tests for completeness
of the conversion: the reaction is complete if 8 po longer colispts
gt thst end of the hot tube which is cooled for teat purposes. The
lustrous gray product obtained is somewhs! sintered and reedfly

pulverized.

SYNONYM:
Ferrous sulfide,

PROPERTIES:
M,p. 2195°; d 4.584, Crystal structure; B8 type.

REFERENCES:

H. Haraldsen, Z. anorg. allg. Chem. 231, 81 {1937}; G. Higg and
J. Sucksderff. Z. phys., Chem, (B) 32, 444 (1933).

iron Mitrides
FE:N,FE]N
L 4Fe — ZNH, = 2Fe,N -~ 3H,
2234 4481 2514 &7 L

Fine Fej0; powder is placed in & porcelain boat at 500°C and
reduced as completely as possible with Ha: then, without aliowing
any air 1o penetrate, NH, is introduced at 350-550°C unti] the Hg
comtent of the exit gas decreases to g low, constant level, The
product is thea allowed to cool in the stream of NHj. I cor-
m In compoaition tothe formula Fe N (theoreticaily 11.1% N,

structure of Higg’s { phase, and exhibits a very paTTow
m of homogeneity. Often, however, the same composition
ammixed eIystal (sehid solution) phese €. On heating in
Yacwum at about 500°C the product fs converted {with joss of N3

gﬁg the solld solutton ¢ and then to Fe N {(v' phase, theoretically
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Il. Another method for preparing FesN consists in heating reduced
iron in the presence of an appropriate mixture of Hg and NHj3.

PROPEHTIES:

Fegl: Formula weight 125.7; 4 5,02,
FeysN: Formula weight 237.4; d 6.57 {?). Crystal structure;
I, 18 type.

REFERENUES:

1. G. Higg. 2. phys. Chem, {B) 8, 4565 (1930} also E. Lehrer. Z,
Elektrochem. 36, 588, 460({1930}; C. Eisenhut and E. Kaupp, Ibid,
36, 394 (1930): . Satoh. Bull, Chem. Soc. Japan 7, 515 (1832);
sbstract in Chem. Zentr, 1833, I, 752, -

1. 3, Brunaver, M, E, Jefferson, P. H, Emmett and 5. B. Hend-
ricks. J. Amer, Chem, Soe, 53, 1778 {1931); Chk. Guillaud and
H. Crevemux. Comptes Rendus Hebd. Séancey Aocad. Sei. 222,
1170 (1246); H. W. Kohischifter and M. Pavel. 7. anoryg, allg.
Chem, 255, 65, 73 (1947).

Iren Carbide
FB,C

It is best io start with electrolytie iron sheet; this i held
over henzene vapor to deposit z layer of carbon, then baked for
a long time in vecuum at 7T08°C and slowly cooled. To isolate
TeaC the sheet 15 placed in & neutral FeCl; bath ang used as
an anode at the lowest possible cutrent demsity. The bath is the
same as used in the preparation of electrolytic iron. In this way
very pure FeyC is left behind as a coarsely crysialline gray
powder, I is washed with dihute acetic acid, water, aleohol and
ether, and dried in vacum,

Allernate methods: a) Tron carbide may aldo be isolated
quantitatively while measuring the znode potential; see E. Houdre-
mont, P. Klinger and G. Blaschezyk, Techn. Mitt, Krupp, Forsch~
ungsber, 4, 311; Arch. Eisenbiittenw, 15, 257 {1841}.

b) Solution of white, low-8i pig iron in 1N scetic aeld; see
0. Ru¥ snd E, Gersten, Per. désch, chem, Ges. 4§, 64 (1912). .

) For the preparation of almest pure fused FesC, seeF,
Wever, Mitt, KWI Eisenforschung 4, 67 (1923}, - o

SYNONYM: - .
Cementite. e

PROPERTIES: N
Formula weight 179.62, Hardness 3.2-3.3; d (i6°) 7.66. frystal
structure: DO, type. : LAY

Lot
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of FagC to Fe and C proceeds at g hy
uh'rzymnbowmp?sﬂgé?nc Below 500°C a carbide having the f“m“glg
Fa,C may algo be obtained in various modifications [L. J. E, Hofer,
5 au Cohn and W. C. Peebles, J. Amer. Chem. Soc, 71, 189
{1‘9491:- 4 H. gki, J. T. Kummer, T, W, de Witt and P, E,

Pogur
Emmelt, ibid, 72, 5382 {1950}].

ARFERENCE
G. Naeser. Mitt. KWI fiir Eisenforschung 16, 211 (1934},

Lithivm Farrate ([l
LiFel),

Obtatned by heating fo high temperature or fusionof an intimate
mixture of Li,CC, with fine Fea0, powder derived from FeCa0 .,
At temperatures above about 670°C, the siable modification is of the
B1 type, with random distribution of the metal atoms; annealing
at 570°C converts it to & nearly cubic tetragonal modification with
ordered distritution,

Altemate method: Heating cone. LiOH solution with FegOy at
$00°C upder pressure [E. Posniak and T. ¥F. W. Barth, Dhys,
Rev, 38, 2234 (19313).

REFEREHNCE:

F. Barblan, E, Brandenberger and P. Nigpll. Helv., Chim. Acta
27, B8 (1544},

Patassium Ferrate (V1)
K.FeD,

L. BY OXIDATION WITH NQCl :

2NaQH + Cl. = NaCl + NaDC! + HO

=300 08 585 745
INaQC! + 2Fe(NO),-$H,0 + 10N40H ~
2835 8080 1900
2Na,Fe), + 8 NaNQ, + SNali + 23H,0
8917 510.0 1955
NaPeO, + 2KOH = K,FeD, + 2NaOH
183.9 1192 1880 50.0

A
oL hmmm ofw:;glg. of NaOH in 75 ml, of water s oooled, and

Vigorous stirring umtil a welight inorease of -
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20 g. 1s recorded. The cooling rate should be such that the mix-
ture temperature does uet rise mbove 20°C. Then 70 £. of goliy
NaQH ls added slowly and with constant stirring; the temperature
is allowed to rise to 25-30°C to speed the dissolution. As soon
gs this is complete, the solution I8 cooled once again to 20°C
mdmpasse.d through a glass filler to remove the precipitated
NaCl.

With the NaGCl sclutionheld at 25-30°C, 25 g. of solid Fe(NQ )
9H;0 is siowly added (stirring), the mixture 15 saturated with
solid NaOH &t 30°C, and the ferrate (VI) solutlon is either filtered
through a coarse glass filter or, better, cent A .

The precipitation of KzFeD, iz carried out in a 250-ml.
beaker by addition of 00 ml, of saturated KOH while wtirring
and cooling to 20°C, Afier precipitation, stirring is continued
for five minutes; the compound is collected on a mediym-porosity
glass Tilter and redizeolved by treatment with four or five 10-ml.
portions of 3M XOH. The solutions are combined in a 250-ml,
beaker and 50 additional ml. of safursted KOHE is added: after
five mimges of stirring at 20°C the sohdtion, which iz now about
11 M in KCH, iz filteraed through a medium-porosity glasa filter.

For further purification, the K,FeQ, collected on the Eiter
ig treated with 10 ml. of benzene, then three to five times with
20-mi, partions of ¢5% ethenol (aldehyde-free), and finally stirred
for 20 min. (in a large beaker) with 18600 mil, of 95% ethancl.
This last trestmest is repeated three sdditional times. The
product is collected on a glass filter, washed in ihe absence of
atmospheric moisture with 50 ml, of ether, and dried in & vacuum
deslceator. '

The yield is 45-756% of theoreticsl, the purity 82-96%., One
further reprecipitation from 6 M KOH raises the purity to 98.5-
99%,

{l. ELECTROLYTIC METHOD

Fe + SEOH = KFe(, + XK' + 4H0 + 8ev LA

3585 4488 188.0

The electrolysis ls conducted in a cylindrical vessel (95:sing,<

L D, and 100 mm. high) in which & poereus clay vell (50 mom. k. B,

and 80 mm., high) is set, The cell is beld in place by o

soaked cork ring in such a way that it touches the hotfom of the ..

cylinder. The anode is 2 strip of transformer iron sheet (0,30 -

Mn: 27 x 3.9 om., = 100 em.? of surface on esch side} which
adheres closely to the owter wall. The .cathode consists of a

sereen of iron wire rolied into a oylinder and piaced Inside the

cell, The anode is welded to a thick, acetylene-fiexho-Sladnad -

fron wire, which passes through the cork ring and s sthled m )




| 506 M, LUX

gork ring also carries a thermometer, g
t?o-hh?ﬂi;emxe Trgleease tube containing 36% KOH, and z shom
tube (7 mm. 1. D.} for removing samples.

Both cathode and anode are eiched with I:1 HC shortly before
the start of the experiment, and are then rinsed with. weater., The

linder s now filled with 200 ml and the cell with 60 mil, of
o hly prepated 40% NeOE precooled to 25-28°C. The apparatus
is assembled and cocled externally w1}h ice water. To start with,
the siectrode intended as the anode is connected as the cathode
and the electrolysis conducted for 3-5 min. at 3.5 amp, and 110 v,
d.c. The resistance in the circuit should be a_bout 30 ohms. The
palarity is ¢hen reversed; the actuzl electrolysis fakes four hourg
at 4.5 amp, (approximately 5.8 v.}); the temperature in the anode
space must never exceed 35°C.

The current is shut off and the anode electrolyte freed of traces
of Fe{OH)a by centrifuging or filtering rapidly through a medium-
porosity glass filter, The filtrate is cooled to 10°C, and 75 g, of
KOH pellets is added with continued cocling and vigerous shaking.
An additional hour at 0°C is allowed for complation of the reaction.
The KFeO, precipitate 1z rapidly collected oh a medium-poroesity
glass funnel, washed st once with ice-cold absohrie methanol,
gnd dried in wvacuum over Pz0s. The ancde electrolyte, which
after four hours is gbout 0,15 M in ferrate (VI), affords about
5 p. of KaFeQG, with a purity of 95%,. The main impurity is car-
bonate; in addition there is 0.1% Mn, as well as compounds passing
into the sclution from the earthepware cell. These could probably
be avoided by using a cell made of polptetrafluorcetkylene or
a pimitar materisl, The current efficiency is about 25%.

PROPERTIES:

Small lustrous orystals, very darle violet to black; stable onty
whenL compietely dry, Readily soluble in water; concentrated
solutions decompose rapidly; very dilute solutions are much more
stable. Chloride ions and FeG{OH) markedly accelerate the de-
composition. The instability of solutions as a function of pH is

dssoribed by 4. M. Schreyer and T, gy
23, 1312 (1951), ¥ . T. Ockerman, Anal. Chem

REFERENCES:

L g W. Thompzos, L. . Ockerman and J, M. Schreyer, J, Amer.
Jheglh;?r?l_m.i! 73, 1379 {1951); H. J. Hrostowskl and A, B. Scott.
asore. Che hye. 18, 105 (1950); B, Helerich and K, Leng. 2.
¥ ;(giﬁdewaTé 269, 171 (195¢); R. Scholder, H. von Bunsen,
(1955): L, Moo 0, W. Zeiss, 2. anorg. allg. Chem, 282, 268

¢ L- Mosser. J. praki. Chem. [2] 86, 431 (2897).

e

ok
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0. G. Grube and H. Gmtelin. Z. Elekirochem. 2§, 180 (1920):

modified directions based on unpublished experimemts made
together with H. Noeth.

Potassivm tron {iH] Sulfide
KFe8,

GFe + 4K,CO; + 3358 = 6XKFeS: + K50, + 400
2150 5258 #16.5 9554 17143

An intimate mixture of 5 g. of Fe powder {obtained by reduc-
tion with Hz} ., 25 g, of K4COs, 5 g. of NayCOs, and 30 g. of S 18
slowly heated in a helf-filled ¢overed porcelain crucible until
the mass flows smoothly; it is then held at bright-red heat for
about one hour. A better method consists in heating the mixture
{which is placed in a boat inserted in a porgelain tube) under
pitrogen at 900-1000°C., In either case the crucible i= conled
slowly and broken. The fragmesnts of the mel are soaked in warm
water, the sclution being frequentily decanted, umtil the only sub-
stance remaining in the flask is the reddish wviclet needles of
KFeSy (semimetallic luster), If a conmsiderable cuantity of col-
loidal, samorphous product is obtained, the reaction temperaturs
was not sufficiertly high. The crystals are washed with water
and aicohol and dried as rapidly as possible at 100°C, The yield
is 12-14 g.; the theoretice! yield, bused on Fe, is 14.25 g,

FROFPERTIES:

Formula weight 159.1. Insoluble in water; indefinitely etable
in dry air.

REFERERCES:

K. Preis. J. praki. Chem. 107, 12 (1869); R. Schneider. Ibid,
108, 16 {1869).

Basic iren [fll} Suifate

Fes(S0J(OH)s+ 2H:0 or 3Fe0,450, $H0

5Fe SO0 + 14H0 = EFe,{SO.];{GH};‘EH:O + 8RS0,
igz 1200 252 6.1 2.8

The pasic sulfate, which i stabie over o 1arge temperature
range (up to 170°C), is Teadily obiained fm orystallinefermby
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woating a sealed
Po SO s at 150°
consisting of small, trans

tube containing &n approximately 20% sohation of
G. ‘The product is & fine, orange-yellow powder
parent, cubelilte rhombohedra,

REFERENCES:
. E. Merwin. J. Amer, Chem. Soc. 44, 1965 {1923,
. P?isn'iiraks;rll:hi{in. 7h. Obsheh, Khim, 21, 456(1831); Athanasesco.

Comptes Rendus Hebd. seances Acad. Sci. 103, 271 {1888,

Basic Iren (lll] Acetata
[Fey(CH,COC)(OH):]CH,CO0 - H,0

3 FeOHL, ~ YCH.COOH = [Fel{ CHa GO0 CHLJCHC00 - H.O + 8H,0
3206 UL 632.7

The monoacetzte of the complex base, which oceurs predomi-
raptly In the monoacidie form, crystallizes readily from dilute acetie
acid {about 10% or 1.6 N}, The triacetate is formed only from aolo-
tions containing at lesst 65% acetic acid by weight (11.4N); these
are gliowed to stand in a vzcuum desiccator over ¢ong. H.80 .

To prepare the monoacetzie, a very dilute FeCla solition ia
trested at reom temperature with agueous NHjz: the precipifate
is washed for several days with cold water, which is freguently
decanted, and washed thoroughly again on a filter. The slurry of
hydrated iron oxide thus obtained js dissclved {heating) in about
an equa]l amount of zcetic acid, Crystallization takes place if the
solwtion is allowed to stand in ap epen dish for seversl days in &
well-ventilated spot, After filtration, the salt is kept for some time
over soda lime 1o absorh the scetic acid.

STNONYM:

Triiron (I hexaacetatedthydroxomonoacetate.

PROFERTIES:

Transparent, brick-red rhombic leaflets, Dissoives slowly it

cold : .
oy water, rapidly in kot water. Only sparingly scluble in acetic

REFERENCES-:

A. Krause. 2. anorg. allg. Chem. 169, 286 (1028); R. Wejnland and

E. Gussmanp. Ber. disoh chem, CGles
. . . Gen. 42, . Z. anorg-
Chem. 66, 157 (1910}, 42,3888 (1809} by
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Hexatyanoferrie (I} Acid _ '_"‘
H,Fe(CN),

K \FelCNJ-3HO + 4HOD + 2{CH 0 =
4224 145.8 1482

H Fe(CN)y - 2(CoHL0 + 4XKCl + 3H,0
341 8.2

A solution of 42 g, of K Fe(CN)s - 3H0 in 350 ml. of water is
mixed with 100 ml. of conc. HC {d 1.19); any KCl which separaten
is redissolved by addition of some water. After thorough chilling,
showt 50 ml, of ether is sdded. The etheraie eeparates in seversl
hours as aolorless teblets. These ave filtered off, wagshed with a
smell quantity of diiute ECI containing some ether, and redisgolved
in 50 g. of slechol, After residual undissolved KCI is removed by
filiration, the compound is reprecipitated by addition of &0 g.
of ether, filtered off, and washed with ether, It is finsliy trana-
ferred to a round flask and converted to H, JFe{CN)s by heating
at 40-50°C in aspirator vecuum.

BYNONYME:

Hydrogen hexacyancferrate {II), ferrocyanic acid,

PROPERTILE:

Snow-white when pure. d {25°) 1.536. Indefinitely stable if d.ry.
graduaily becomes blue in moist alr, Elimicvation of HON beging

at sbout 190°. Reedily soiuble in water or alcchol; insolubje i

ether or acetone. The bright lemocn-yeliow aquamis solution de,-
composes on heating or in light. Solubility (14°%) 13g;"100 -8
of agueous sclulion.

REFERENCES:

W, Biltz, Z. anorg. allg. Chem, 170, 161 (1928); A, Mittasch and
E. Kuss, Z, Elektrochem. 34, 159 {1928).

Ammonivm Hexacyanaferrote {1}

(NH}LFe(CN) - | ; X

R 3

HoFe(CN)y + 4NH, = (NH})Fe(CN),
21680 #8.1 2841

To prepare a completely potassium-free galt, & cons.
Bolutlml: oiP purs hexacyanoferric (I} geid is neuiralized with{pm&

e

'-.u;:'
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the salt which precipitates is collected, washeg

aqueous NHaj
:mm times witah aloohol and then with ether,

PROFERTIES:

Readily soluble !n water, insoluble in alechol. In vacuum, de-

composition begins above 100°C.

KETFEERENGE:
A, Mittasch end E. Kuss. Z. Elektrochem, 34, 59 {1028),

Hexacyanofersic (i} Acid
HiFe{CN}y

K Fe(CNy — JHCD = H,Fe(CN)y + 3KCI
328.3 1094 2148 2.7

Cold saturated KaFe(CNjes solation (40 ml.) is treated slowly
and in the cold with 40 ml. of fuming HCI; the mixiure iz allowed
to stsnd in an jce bath with frequent apgitation for about half an
hour, The KCl1 precipitate is removed by filtration ang the fil-
trate is shaken with 70 mi. of ether. Three layers are formed;
agueons, oily and ethereal. After dreining the mgueous layer, the
middle, olly layer is allowed to clarily, It is then separated from
the ether layer and the oil is completely freed of ether under
vacuum. This resulis in crystallization of a yellow etherate of
HaFe(CN)g; finaliy, however, pure HyFe{CN) g rémains 38 a brown
mass, The acid may he recrystallized by solution in absolute
éthancl and evaporation of the solvent. The compound must not

be allowed ta contast metal or rubber and should be kept as dry
a5 possible,

FYNONYM;

Hydrogen hexacyanoferrate (1iI), ferricyanic acid,

PHOPERTIES:

Rather readily soluble in water and alcohol; unlike H.Fe{CN}s,

it 18 alsc aoiuble in ether-aloohol
is yellow to browe. mixtures, The agueous solution

REFERENCE:
w. M angd D
110 (1928). G. Brown, J, Soc, Chem, ind. Trans. 44,

&&::!‘ﬁa PRI
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Sadium Hexathiocyaneferrate nn o
Na,Fe(SCN), - 12 H,0 |

Fe{OH)s + BHSCN + 3NaSCN + $H,0 1280
= N T t
106.9 ITT.2 748, . hFc{:asA TR0

Aqueous HSCN solution is sdded in the imown, ssmounk
of freshly precipitated and well washed h;;}rlgt;aim {II) oxide
until the solid i3 barely dissolved. Thea NeSCN is added untfl
about nine moles of NaSCN are present for each mole of Fe(SCN} 5.
The solution is allowed to stend in a desiccator over cone B;.sc? '
for several weeks; very dark-red crystals, which exhibit an‘inten&;
green color when viewed by refiected light, separate out. On
further evaporation of the mother liquor, precipitation of NaSCN
algo begins; on heating, the Fe* ¥ is partly reduced,

SYNONYM:
Sodium iron {J0} thiccyanaie.

PROFPERTIES:

Deliquescent in air; cenverted to the itrihydrate by storege
aver conc, HpSO4 BScluble in aleohol, giving a permsngenate-
like violet color; may be recrystallized from such solutions
without decomposition.

BEFEREMGES:

G, Krmiss and H. Moraht. Liebigs Ann, 260, 209 (1890}; A, Rosen-
heim and R, Cohn Z. anorg. Chem, 27, 295 (i%0l); H. L
Schiesinger snd H. B. van Valkenburgh. J. Amer, Chem. Soc.
53, 1215 {1931). n

$odiym Pantacyanoamminoferrate (I}
Na,fFe(CN)NH,] - 3 H,O

Naa[Fe{CN}NO]-2H:0 +2 NH, + NasOH
2950 341 40.0

= Nas[Fe{CN)NHy] - 3H/O + Ny + HO
Argd

A mixture of 30 g. of Nag{Fe{CN}sNO] - 2H0 with EEO J.'l:li..t of
water is prepared apd cooled in an jce-salt mixhure. Amenonia i

then introducsd st +10°C until saturation; the temperature duxieg -

*
!”-.--‘u

A
i
e akd

.
-
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this ration
um;?;lnmﬂ&f“

exceed 20°C, The solution is allowed
mmlo';:ta cover for steévefrai hf::s df;:‘t éon-gﬁrj ]:t
BEEDATA T p brownish-
0*C, and the cﬁtz?n;ﬂ?:lhby Fﬂtrﬂtiﬂﬂ- The remainder of the
yellow solution a1 precipitated from the sclution by addition of
The product may be purified by solution in some cold
Eségﬂ.fmm which it is precipitated 5 fine, bright-yellow needles
. cghoi,
by careful additi?: tgfigsﬁ};y?rgscﬂpm and Teadily loses NH,. It ig
drla:?io constant welght by storing for several days in a vacuum
desiccator over CaClg. It then contains three (or, aecording to
Halzl, 2.5 males of HyO. Yield: 24.3" {T?%)' The yellow aqueous
solution decomposes on heating, precipitating the hydroxide.

REFERENMCES:

. A. Hofmann, Z. anorg. Chem, 10, 264 (1883); W. Manchat, E.
K terry iod B, Woringor. Ber. dtack, chern, Ges 45, 2876 {1912);
F. H6lzl and K. Rokitansky. Monatsh. Chem. 56, 82 (1830).

Sodium Pentacyancammineferrate {[if)
Nex{Fe{CN);NH:] - BhO

Nay[Fe{CNL,NH,} 3 H.0 + NaNO, + CH,COGH =

3280 5.0 .0
Nay[Fe{CNJ,NH,]- H.0 + NO + NaQH + CH,COONz + 2H,0
2668 00 4.0 320

A solution of 20 g. of NaNG, in 50 ml. of water ig treated at
0°C with 20 ml. of 30% acetic acid and then with 30 g. of Naa[Fe-
{CN)eNH,] - 3HZ0, After two hours, 1:1 alcohol-ether is added:
tis first precipitates & violet aquo complex salt (formed in &
side reaction); further addition of the sicohol-ether mixture
precipitates the desired salt. This is purified by repeated solution
in cold water and reprecipitation with alcohol, The dark-yellow
powder is dried to constant weight in vacuum over conc. HaS0 a it
then contains one or two moles of water.

The salt dissolves readily Inwater, giving a hrownish-red color.

REFERENCES:

K. A. Hofmamn. Lieblgs Amn. 332, 24 (31900); F. Huoizl and K.
Roldtanaky. Movatsh, Chem, 56, 83 {1930).
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Mefallic Cobals

[Ii. Prepared by reduction of precipitated cobalt oxalate with hy-
rogen,

Ccbalt oxalate, precipttated in the cold, is dried at 120°C
and ground to a fine powder. It is then reduced with H, (six
hours at 500°C), with the lemperature being raised rapidly at
the beginning of the run. The product is cooled, ground and re-
duced once more; the fine metal powder is stored in a gless
vessel under alechol.

H. VERY PURE COBALT

Impurities, principaily Fe, Cn and Ni, are removed by various
precipitetion reactions snd by electrolysis. Finally, very pure
Co is deposited electrolyticelly from a CoS0  sohtion. Acaeording
to Kershner, Hoertel and Stshl, the pure metal still contrins
0.001-2.002% Ni, 6.001-0.003% Fs, a mextmum of 0.001% Cu,
and 0.005% 5.

A} REMOVAL OF IMPURITIES

A sclution of the cobalt (I salt istreated with Na,CO, - 10H0,
added in small portlons and with stirring, uniil the pH reaches
3.5; then 1 N NayCO, solution s added until the cobalf carbonste
just berely precipiates. The precipitated carbonates are re-
moved by filtration, Following this, 8 ml. of & safurated aquecus
solution of 1,2-cycichexanedione dloxires is added for each 10 mg.
of Ni, Cu and Fe presest in the filtrate. The Ni precipitates
out; the suspension 18 heated I:tr oneﬁi]:uuredatn;l}—% € with ccoa~
Slonal stirring, and the precipitate is fiiter .

The sﬂﬁ%on, which should now contain ebout 10% Co, is ad-
justed to a pH of 5.5 with Hz8C, or NagCOs, “Then, 0.2 moles
of pyridine is egded per liter of solution; the laiter is electrolyzed

1513
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o ging a mercury cathode (206 cm.? of surface
:i::; mm:rrpﬁ{n:mngmt anode. The cathode potential stayg
constant &t 0.78 volt. At & Ni content of 0,05-0.10 g./liter of soly-
tion, the electrolysis requires eight hours; at 2 level of 0.5 g, of
4-22 hours.

Nhlﬂ;:; itth ?!;T:ciro!}'ﬂis- the solution is filtered and the Co{OH) ,
precipitated from the filtrate by addition of NaQH. The precipitate
is washed by decantation with hot distilled ngter until the odor of
pyridine s no longer apparent, The precipitate is then filterea
oft and disaolved in dilute H.50, insucha way 25 to give 8 solution
containing 90-100 g. of Co. This solution then constifutes the
starting material for the electrolytic seperation of the metal {see

the following}.
B} SEPARATION OF THE METAL

The electrolysis cell is a 4-liter beaker witha side arm through
which the spivtion can overflow inio a collesting vessel, To avoid
contaminsation from external sources, the cell and collecting vesse]
are placed in a glass cabinet, The solution is passed through the
cell at 1-2 fiters per howr, the pH being maintained at 1.2-1.6
by addition of the pyridine-free CoS0, sclution, The electrolysis
conditions are: 50-55°C, three platinum ancdes and two titanium
cathodes (the lstter having about the same purface area as the
anodes), cathode current density 40 amp./in® The depogit of
highly purified cobalt ¢an be removed from the titaniem cathodes.

Te avold accumulation of impurities in the electrolyte, the
latter is periodically {as the need arises) reprocessed according
to the procedure given in subsection A on removal of impurities
(filtration, precipitation, washing and redissclution in H-80,).

Alternale method: Heduction of CoO or Cos0, with Hy for
five hours at 500°C {{zmeiin, 84 ed,, volume on cobalt),

PROPERTIES:

Atomic weight 58.94, Black metallic powder, M.p. 1452°C,

bp. 3183°C. Ferromagnetic. Readil i R
sivated by conc. }moa,gn R y soluble in ¢il. HNQa; pas

BEFERENCES:

I :.;.d Rﬂ:{z zl arorg. ally, Chem. 134, 25 (1924); G. F. Hittig
o paR] assler, 7. anory, slig. Cherm, 187, 24 {1930).

el u:rsm. ¥. W. Hoertet and J. C, Stanl. U, 8. Dept, Inter-

, . ¢ Rep. invest. 1956, I (Chem. Zentr. 1857, 255
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Cobalt (i) Chioride

CoCl,

i CaCl, + B50CL = CoCl, + 12HCI + 880,
[BHO)
2350 Tiig 1259 1378 4

Fine CoCls - 6 HzO powder is placed in 3 flask provided with
a ground joint and is covered with SOCl,. The mixture is refluxed
for several hours. The excess SOCly; i3 then evaporatedona
steam bath. The 30Cl; which clings to the product ia removed by
repeated evacuation of the flask.

U, Co{CH,COOY%-4H.0 + 6CHCOCI =

4.1 47L.0
120.% 204.2 2H2 145.9

A Pyrex tube 18 x 200 mm. is charged with 4.0 g, of fine
Co{CHZCO0)z « 4 B0 powder, It is then clesed off with a rubber
stepper; the latter carries z dropping funnel and a fritted-glags
filtering finger. Then, 15 ml. of benzene is added with agltation
{magnetic stirrer}, followed by CHaCOCl {slow addition untll
about 10% excess). The mixture 13 stirred for 30 mimdtes, the
CoCl, precipitate allowed to settle, and the mother Yiquor siphoned
off through the filtering finger. The residue ia ireated with ben-
zene and CHLCOC1 to complete the reaction. The supernatent
ligquid is removed by filtration apd the CoCly is washed three or
four {imes with anhydrous benzene; i is then dried for two houra
at 150°C under nitrogen. '

Alternate methods: a} Heating of CoCly - 6Hz0 with COCly:
in 2 sealed tube at 200°C {H. Heobt {1847},

b) Heating of CoClys - § HaOina streamof dry HCL at 160-170°C
[G. L. Clark, A, J, Quick and W. D, Harkins, J. Amer. Chem. Scc,
42, 2483 (1520)]. Simple heating at 140°C ylolds a nomewkat basic .
aalt,

. g
FRERY ./ S
L.

Leaflets, colorless in very thin layers, pale blue in layers PSS
1 mm, thick. M.p. 735°C, b.p. 1049°C; di° 3.357. Heat of forme-
tion (25°C): —77.8 keal./mole. Decomposss on long hesting in air
at 400°C, Sublimes at 300°C in HCl ges, forming lovse crystal~
line fragments, Hygroscopic. Solubility in HzO (g. of CoCla/100-8:.
of sclution): 29.5 (6°C); 34.B6 (20°C); 51.93 (98°C). Sohible ¥

PHOPERTIES:
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methanol, ethancl, acetons, pyridine and sther, Crystal structure:

¢19 ype.

REFERERCES:

. Z, anorg, Chem. 254, 51 (1947},
I}. g :Ivﬁtatt, P. STgGentile and E. p. Helvenston, J. Amer. Chem,

Sec. 77, 2752 {1955},

Hexaamminacobalt (] Chiaride
[Co{NH, )] Ch

CoCl, + 6NH, = [Co{NH,),]Ck

(6H, O}
2380 022 2320

A mixture of 15 g. of CoClz - 6 Hz0 and 14 ml. of H30 is heated
to boiling in the absence of air and treated hot with suflicient
conc. NHy to produce complete solution; the solution is then flltered,
Degerated alcohol (air boiled out under reflux} 15 added {o the bot
filtrate until a permanent clouding is just barely obtajned, The
sglution is cocled in running water and the solid thus precipitated
iz filtered off. It is washed with 1:1 conc. NHj: alcohol, then with
the same mixture in 1:2 ratio, and lasily with deaeraied, NHg-
saturated alcchol. The product is driedover KOH in z high vacuum.
Yield: 7g.

The precipitation, washing, filtration and drying mustbecarried
out in an O ;-free atmosphere (for technique see Part I).

Alternate method: Passape of NH, over Coll, at room tem-
perature [W, Biltz and B, Fetkenheuer {1914},

FROPERTIES:

Fiesb-colored powder or rose-red orystals. In high vacuum
gel:“H?SD; (65-67°C), converts to blue trans-[CoClANHJz)
mva y stable to O, when dry; gradually oxidized in air when
moist. Readily aoluble in dil, amumonie, sparingly soluble in conc.

amumonia, insoluble in alochol. d2° : 71
K ey 1+ 1,478, Cryatal stracture: J1;

KETERENCE:

W. Blliz and B. Fetkenheusr, 7. anorg. alig, Chem. 89, 97 (1914).
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Cobalt {1} Bromida

CoRry, CoBry -8 H,0
ANHYDROUS CoBr,

I. CoBr,- 8 Hs0 = CoBr. + 8HLD
3284 a8 108.1

Prepared by careful heating of CoBiry « 6Hy0 to 130-150°C,
followed by sublimmation in high vacuum at 500°C,

. Treasiment of Col(CHaCOO)y - 4 HaO with CH;COBr in benzene
in a manner analogouns to the preparation of CoCls.
Altarnaie methods: o) Heating of CoBry « 6Hy0 in 2 stream of
HBr at 500°C [G. Cruf, Bull. 8oc. Chim. France [4] 35, 550 (1924)].
b) Allowing CoBr; - 6HgD to stand for one wesk over conc.
H3S0 4 [G. L. Clark and H, K. Bruckner {1922)].

PROPERTIES:

Green solid or lustrous green orystalline leaflets. M.p. 878°
(under HBr and Ng);d2® 4.909. Heat of formation: —63.8 koal./mole,
Bygroscopie; in air, transforms o CoBry - 6 H3O. Reedily soluble
in H,0 [(red color). Saturated aqueous solution contains 66.7 g, of
CoBr, at 59°C, 6E.1 g, at 97°C (per 100 g, solution). Readily
soluble in methanol, ethanol, zcetone and methyl acetate; sparingly
scluble in tetranitromethane. Crystal structure: €& type.

REFERENCES:

G. L. Clark and H. X. Bruckner. J, Amer. Chom. Soc. 4, 230
(1922); W, Biltz and E. Birk. Z. arcorg, allg. Chem. 121, 34
(1923}; G. W. Watt, P. S. Gentfle and E. P. Helveston. J.
Amer, Chem, Soc. 77, 2752 {1956). .

CoBr, -6 HO

Precipitated cobalt carbonste ia dissolved in aquecus HRE
(d 1.48). The solution is hested on the steam bath until a deep

blue color appears; it is then concentrsted by eveporation o S

steam bath. Cooling in foe water precipiiates crystals ofd

hexahydrate; these are filtered off and washed with icevaler, -

PROPERTIES; W
Formula weight 26.88, Red crystals. M.p: 47-48°C; 43" 2u5:
Dellguescent in air, All water is removed by standing over ene
Hz80 , or by heating to 130~140°C. -
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REFERENCE:

G L Clark and B, ¥, Bruckner. J. Amer. Ckem, Soc. 44, 230 {1923},

Cobalt (I} lodide

EI-CDI;, ,ﬂ-‘cﬂig' Cﬁlg - H10

Co + 2HI = Cols T Hs
4.9 235.8 J12.8 2244,

c ger obtained from cobalt oxalate ig hf:ated to 400~
Suﬁfti:.n ein : s;tnr:am of HI {4-5 bours), The product jodide is meited
tiy heating to 550°C and aifowed to cool in high vacuum,

FROPERTIES:

Black, grephitelike sold. M.p. 515-520°C (in high vacuum);
d7® 5.584. Heat of formation: —39.13 keal./mole, Solubility in H40:
58,79 (—2°C): 66.4% (25°C): 80.9% (111°C). Dilute solutions are
red: concentrated sobutions are red at low temperstures, while at
higher temperstures all shades from brown to olive green are
present. Very hygroscopic, becomes blackish greea in alr. Solu-
ble in 50Cl1,, POCLs. Crystal structure: C 6 type.

REFERENCE:
W, Biltz apd E, Birk. %, anorg. &ilg. Chem. 127, 34 (1023),

$-Cal,

g gulhllmation of ¢~Colz in high vacuum yields .
~L0k 5.
Toe starting p-Colp is placed at location o of o
the tube shown in ¥ig. 333 and heated slowly in 7
& bigh vacuwum to 670-575°C. Cobalt metai re-
mang #E a residue at g, and a black sphlimate
of a-Coly is deposited st b, Ochre-yeilow §- AR & il
Colz appears at ¢, 88 do the I orystals present
In the tube. The tube ig placed in n horizontal
furoace in such & way that the scctton from e to
d 18 at 100°C. The section projecting from the o
w s fanned with a flame untfl all Ig col- 2 -
at ¢. The Joosely adhering #-ol 2 is shaken ot
mm’ ‘:‘lttl?mitsf- The apparatus 18 filled with Nz, Fig. 388, Sub-
of boca tomtente in Gealed off, About 0.8 g. limation ofco=
B-Coly is chtatned from 10 g, of a-Cols. balt(ll) iodide,

t
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L. o

Id

PROPEATIES: R
- -

T { .

Ochre~yeliow powder, d35 5.45. Very hygroscapie; da]:lqul_ﬁ@ \_,
in molst air, forming green droplets. Solution in HaO i8 aolow e
pecoming Tose-colored on hesting. Blackens at 400°C and cohs

verts to ¢-Cola. L

L

POES TRE

REFERENCE: .
E. Birk and W. Biltz. 2. anorg, allg. Chem. 128, 46 (1923),
Coly - 6 HO - #

Precipitated cobalt carbonate er Co{OH)z1s dissolvedin aqueous
HI, The sciution is concentrated on a steam beth to a sirupy con~
gistency and is theb allowed to cool. The product is filtered off
and washed with some water.

AMernate method; & solution of Colz in water s cooledto a
low temperature [G. L. Clark and K. K. Bruckner, J. Amer. Chem.
Soc, 44, 230 (1822 e

PROFERTIES:

Formula weight 420,86. d 2.90. Long, dark-red crystals, which
begin to lose water of erystallizatien ahove 277C and become an:
hydrous at 130%C. :

REFERENCES: L
0. Erdmann. J. prekt, Chem [1] 7, 254 (1836}; A. Etard. Aon, Chim.
Phys. [7] 2, 503 (1894), N

Cohalt [} Cxide
Col

Prepared by thermal! gecomposition of cobalt salts containtng
a votatile aoid moisty. ;;
Cobalt carbonate, precipitated from Co(NOgla + 6HsO withiy
agqueous Na,COa in the sbaence of alr, i3 heated for savsra,klﬁgl‘%;é
in high vacuum at 350°C. O,
Analysis for ective cxygen is necessary (trestment with hydro- - -
chlorio acid and determination by the Bunsen method), Cwn
Alternate method: (The product is less certain to havé e .-
composition CoD): heating of CO(NOa)a gikgo or 8o
1006°C and cooling in a stream of Nj. N T
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FMOPERTIRS:
Formula weight 74,94, di® 6.47. Heat of formatien: —57.5

live-green powder; takes up Qg from air af room tem-
:ﬂ} |-t{u m‘[""afwma prown, and finally black, as the oxygen con-

resses. Stable in alr when calcined at a high temperature,
ggveﬁs o Cos0« o heating in air st 390~900°C: Readily aolubla
in HCl, HaSO4 and HNO,. Fine CoO powder id also soluble in
ooqe, alkali, Crystal structure: Bl {NaCl) type.

REFERERCE:
M. Le Blanc and E. Mosbius. Z. phys. Chem. (A) 1£2, 151 (1929),

Cobalt 1,1} Oxida
CDIO‘

Precipitated ¢cobalt czrbonate is hested for one hour at 700°C,

Analysis for sctive oxygen is required (trestment with hydro-
chloric geid and determination by the Bunsen miethod).

Alternole methods: q) Heating of Co{NOalz - 6HZ0 at 700°C
{crucible, one hour} (4, A, Hedvall and T. Nilson).

b) Heating of CoC in air at 700°C [L. Wohler and . Balz,
Z. Eleltrochem, 27, 408 (1821)),

FROFERTIES:

Formula weight 240.82, d 6.073. Heat of formation: —206,1
keal. /mole. Blackish-gray powdar. Converts in air to CoQ {905~
925°C). Coarse crystaliine Coy0, is attacked only by oohe,
H80 4 fine powder diszcives slowly in acids. Crystal structure:
H 1} {spinel) type.

HEFERENCE:
J. A. Hedvall and T, Nilson. Z. agorg. alig. Chem. 205, 425 (1932},
Cobalt [il] Hydroxide
ColH{OH)
ColNOgy + 3KOH + 'y Br, = CoO(QH) + 2KNO, + KBr + H,0

ol 1683 198 818 2022 118.0

A selution of 56 g. of KOH in 300 :
: ml. of Ha0 §g added dropwise
{stirxing) to 2 solutlon of 90 g, of Co(NQg)z » 650 and 12 ml. of




2B. COBALT, NICKEL w
'c

Brp in 1300 mi, of K0, The resulting precipitate settles: mmﬂ
three hours. It 18 weshed by decantation with four G-liter 1 o
of COgz~free water. Should the precipitate undewgo pept
repeateéd addition of wash water, it 1s filtered on aZﬂ
membrane lilter, suctlon-dried and slurried in filve liters of
COg-free water. The slurry is filtered as nbwe and the sois -
dried in & vacuum desiccater over cone, H

All operations (precipitation, decantation Imd filtration) m'l.lﬂt
be conducted in a COg-free stmosphere. After drying inthe
yacuum desiccator, this precaution is no longer necessary.

Alievrnate methods: &) Alr oxidation of a sglution of CoCll, -
6Hz0 in aqueous NaOH [W. Feitkmechkt and W. Bédert, Helv.
Chim. Acta 24, 883 (1941)].

B ?recip‘ltation of [ColNHa¥e]Cl: with agqueous KOH [G. F.
HKittig =2nd R. Kasaler {1929)).

ANALYSES REQUIRED:

Co {electrolytic), HzQ, €03, and active oxygen (ireatment with
hydrechloric acid and determination by the Bunsen method).
Used aa an oxidation catalyst.

PROUPERTIES;

Black powder. d 4,29-4,80, Converis to CcaO4 on hesfing in
vacuum at 148-150°C, Dissolves in HCI, evolving Cly. Solable
in BNO, and HS0,. Not attacked hy aguecus alkal or arwaonia,
Soluticn in organic aclds such as oxaljc or tartaric, accmnpaniad
by reduction. .

REFERENCE:
G. F. Hiittig and R. Kassier, Z. anorg. alig. Chem. 184, 279 {1929};,

Cobolt (I} Hydroxide

Co(OH),
Co{NOys + 2XOH = Col{OH), + 2ENO;
18 Hy3)
291} 1122 1.0 0.2
ROSE-COLORED CalOW},

A solution of 40 g. of Co[NOg)a - GH;OinlOﬂﬂg.ofm
cooled to 0°C, is added dropwise and with vigorcus i s _,g--,
solution of 40 g. of KOH in 500 g, of H0 meintained at ﬂ"'l?? Ph
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mitial color the precipltate rapidly turhs to rose, The
Pmmamm is wami by dg;antation with CG g and Og=free water
aatll K* and MOy lons can hwo longer be detected. It ie thepn

filsyed ted in & dazjccator over 50% HaS0,.
Pmﬁtmf washing, filtration and drying must be carried

out in an atmosphere free of O, and O, since Co(OH) ; oxidizes
very readily {for technicue, see Part 1}

ANALYSES REQUIRED:
Co (electrolytic} HaO and COa.

PROPERTIES:

Rose-red powder. di® 3.597. Heat of formation: — 63.4 kcal. per
mole. Converts fo CoO + H O when heated fn vacuum at 168~
Oxidation leads to higher coball hydroxides, Readily soluble in
acids, insoluble in dil. alkalies, appreciably scluble in ammonisa,

Crystal structare: C 6 type.
REFERERCE:

G. F. Hittig and R. Kassler. Z_ anorg. allg, Chem. 187, 16 {1934),
BLLE ColOH),

A small excess of NaOH solution is added o a 0.1 M cobalt salt
solution containing about 1% glucose. The precipitate is thoroughly
washed in the ahsence of air with agueous alcohol, aqueous acetone
and finally with pure acetone, It iz then drisd. The resulting blue
kydroxide changes color very readily on drying (oxidstion),

When oniy small guantities are peeded, 5 ml. of the 0°C,
0.1 M cobalt salt solution is treated with5.2 ml. of 0°C, carbonate-
free 0.2 N NaOH in & small Erlenmeyer flask, The precipltate
and the mother liquor are poured at once into a centrifuge tube
chilled in fce-salt mixture and frozem, The tube, containing the
frozen block of solution plus precipitate, is then removed from
ihe ice-salt bath; a8 soon s the blockdetaches from the glass tube
i ig crushed in a porcelsin mortar and melted in the cantrifege
ibe by addition of 26% alcohol. The precipitate is rapidly centri~
fuged and washed twice with chilled agueous acetone and with
pare acetone. The acetome clinging io the biue precipitate is

evaporated in vacuurm_
PROPERTRS.

c ‘ﬁ powder. Constitution: “double~layer lattice,” related to
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REFERENCE:
W. Feltknecht, Helv, Chim. Acta 21, 766 {1238} and private demts
munication. '
Cabalt Sulfides
CoS, CoSy, Coufy, ToySy
LS
GD{NO:)! + H;S = Ce§ + 21‘1]’103
{6H.(0
2511 N al.0 1280

Precipitated in the same way as ¢-NiS. The produst is dried
for 90 houra, with the temperature raised slowly from 100 to 540%C.
The suifide dried at A300°C 18 pyrophoric,

Cetalyst for pressure hydropenation of orgenic compounds.

PROPERTIES:

Black powder, solubile in HCl. Forms Co{OH)S in air, Awnr-
phous (py x-ray analysis). Heat of formation: —21.71 keal./mole.

REFERENCE:
E. Donges. 2. anorg. Chem, 253, 346 (1947).

§-CoS

Co + 5 = Col
5869 a2 810

Fine Co powder is mixed with the stolchiometric quantity of
fine S powder and heated at 650°C for 2-3 daya In an evacuated,
sealed quartz tube, The tube is then guenched in cold watsr,

Analyses for Co and S are necessary., The compound is used
as catalyst in the hydrogenation of organle compounds.

Alternate method: A 1 N solution of CoCla ia treated with
acetic acid and precipitated with HgS; workup is the same as in the-
case of ¢ -CoS, SNy +

PROPERTIES: R

Gray powder, M.p. 1135°C; & 5.45. Soluble in aoids, Crystal
structure: BB type, Long heating at 200°C produces a modifica-
tlon with a complicated structure. Material with an overail
formule CoSy o is not homogenecus; the CoS phase has the gom-
pogition CoS8, 5 4-Co8;,43- i

LR,
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REFERENCES:

and A. Westgren. Z. anorg. allg. Chem. 239 g5
D. %ﬁ Donges. Z. anorg. Chem. 255, 346 (1947).

Ce$,

1 Co + 25 - Cof,

5.9 i1 1231

i wders are mixed amd
tojchiometric quantities of Co and_ 2 po
rengtafi in the same way a&s described in the case of 8-Cog,

. AEACTION OF Ha8 WL COBALT (HTY COMPLEXES

Dry, H.-free HoS is allowed to react with [Co{NHEa)sCl}C1,
or [Co{NHg)s)Cls- The temperature is rais_ed to 600-630°C over
g period of one hour, and ralntained at this level for two hours,
The product is allowed to cool to 200°C in the stream of H.3;
then the H.$ is displaced with dry CO, and the product is cooled
further. It is sensitive to air; it is heated with 3 1n & sealed tube
{one day at 750°C), and the excess 8 Is extracted with CS; after
the reaction is complete.

Analyses for Co and 3 are required. Used as a catalyst in
organic syntheses.

FROPERTIES:

Gray-black crystzlline powder; 4 4.269, Liberates S when
beated in absence of air. Not attzcked by nonoxidizing scids or
alkalies, Crystal structure: C 2 type.

REFERENCES:

L Ei Lsundquist end A, Westgren, Z. anorg, allg, Chem. 239, 86
(1938},

L. O, Hilsmann ard W. Bilts. Ibid. 224, 73 (1935).

CoiS, (H11 type) and CoS, {cubic crysialline) are prepared

in the same way as g -CoS: heating stoichiometric guantities of

Co and S powders in an evacuated, sealed quartz tube at 650°C.
[D. Lundquist and A, Westgren (1838)]. =

Cobalt iHl} SuHate

Eay{SGy), - 18 H,0

A sulfuric acid solution of CoSO, - 7,0 (formula wt. 251.13‘)}_ '

is anodically oxidized at 0°C,

2
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A porous clay cell (about 120 ml. vapacity) e changed with s
solution of 24 g. of CoS04 - TH;O in 75 ml. of warm SN H80,.
A cyiindrical Pt sheet {4 em, high, 12 cm. wide), which serves
as anode, is aiso inserted. A Pt wire welded to the sheet perves
as the elecirical lead. A Cu cylinder (8 cm. high) with & suitable
electrical lead s placed around the clay cell and serves as the
cathode. The calhode electrolyte is 8 N HS0 . The electrolysis
vessel is cocled in ice water. The electroiyeis starts when the
anode electrolyte bas reached 30°C and takes pbout 12 hours,
The thick, deep-blue suspension is rapidly filtered through a
fritted-glass funnel and is then pressed dry on a olay plate with
a Pt spatula.

Alternate method: Gaseous fiuorine is passed through an jce-
cold soluticn of 24 g, of CoSO. » THHO in 150 ml, of 8 N HiS0,
{(¥. Fichier and H. Wolfmann, Helv. Chim. Acta g, 1093 (1926)].

PROFEHRTIES:

Formula weight 730,87, Lustrous, hive-green leaflets. De-
composes rapidly in ice-cold water, liberating Oz and yielding
CoSCO . Dihite Hi504 gives & green sclution which is stabls for
geveral days. Aquecue NeCH precipitates Cold{OH). Decompoges
ropidly when heated in dry air, forming & brown {later raddish]
powder. Powerful oxidlzing agent,

HEFERENCE:

E. Muller. Elektrochem. Prakiilum [Laboratory Manusl for Elec-—
trochemistry], S5th ed., Leipzig, 1940, p. 218,

Cobalt Alumingte

CoAly O
Cﬁc + A].'Oa = CUA]IO‘
749 1020 LT

A stoichiometric mixture of CoQ and AlQa 18 prem@;m
thep mixed with 1,5 times its weight of KCl, The mistureds
heated to about 1100°C in a poreelain diucibie. The molt 13 200 3
pulverized, and extracted with boiling water until no further-Glr: .
Teaction is obtained. The residue is dried af EG‘Cjnadrm
oven.

réf'-ﬁ.e"-,.".;' :

SYNONYM: . R

Thenard's blue,
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PROPERTIES:

M.p. 1700-1800%; 41® 4,37, Not attacked by Cls, mineral acidg

alkalies, Decomposed by fusign with KHS0, and py
mﬁm H:S0. 0 & gealed tube af 200°C. Cryatal stmctyre:

H 1t {spinel) type.

REFERENCES:
J. A, Hedvall. Z. anorg. allg. Chem. 92, 305 (1915); 96, 72 (1915).

Hexsammineccbalt i) Nitrate

FCo{NHsW (N}

[ColNHs,JCl, + 3HNO;, = [Co{NH|(NO) + 3HCI
2675 159.0 3472 i09.4

A solution of [Co{MHa)siCls in 2 mintmum quantity of water ia
prepared and dil. BNO, is added; the resulting precipitate is
washed with dil, HNO, until free of the chioride ion, then with 90%
alcoho! until free of acld,

FROPERTIES:

Yellow tetragonal prisms. d3° 1.804. Solubility in HzO in
moles/liter: 0,0202 (0°C); 0,052 {20°C); 0,0704 (30°C).

REFERENCE:

8. M. Jérgensen, Z. anorg. Chem. 17, 457 (1898).

Cobalt (I} Amide
Co{NH,),

Fluffy Co{NH;), precipitates upon addition of KNH. t 1u-
_ 4 1o a solu
tion of [Co{NH4) o] (NOQ a}s h Hquig NH,,

[CoNE)JNDs), + 3KNH, = Co{NHy)s + BNH, + SKNO,
i L ) 165.4 Win 1022 303.3

The process Tequires a s
races upply of N, entirely free of oxygen
:lutue :‘;E! P+ 45§ ££}; this pitrogen is then 1:.:13:9:33r through a wash 4
U tubes with o p Ch: @ drying tower with solid KOH, and tW0,
P40s- The stream of N, Is then led to 8 menifold ;
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from which it may be directed through stopcocks to varlous yee
action vessels and auxiliary apparatus such asiranafer apd storage

tubes. A branch {erminating in & mercury-filled heake> serves a8
a pressure-relisf yalve,

In addition, a stream of very pure
NH, is required; this may be taken
from a storage coylinder which con-
tains some Na metal, The NH, is o
passed throwgh a drying fube con-
tafning MaNH. and then a fritted-
glags disk (not too finej to remove
any entrazined solid particles, The
NHa line has two side branches, one
terminating in & vent siopcock, the
ofther in an Hg mancmeter, The NH,
line mmst be capable of withatending
preasures io about 10 aim.; thus, it
must contzin no ground joints and

Pig. 334. Pressure veg-

onlty a few well-secured stopcocks,
The NH, line itseif {erminales in
the ahove-mentioned manifeld,

The reaction takes place in the
pressure-resistant vessel ahown in
Fig. 334, This veasel and scoegsory
equipment are attached to the mani-
fold via flexible couplings made of
lead tubing or corrugated pinchheck
{copper-zinc alloy); thus, they may
be connected to the No or NHa

sel for preparation of
cobalt (T} amide. Stop-
cock h and associated
iubing are perpendiou-
lar to the plane of the
diagram. The plug in h
is held in place by a
ciamp to prevent it irom
being blown out by preg-
sure in the apparatus,..

stresms, as desired, and slsc can be
moved to some extent.

The pressure spparatus is first hested while the Nj stream
passes through, Then, 1.5-2 g. of {Co{NHy)skNOq}a 18 adimitted
through a from a charging funnel and placed on the fritted-pglasa
disk. The tube is then sealed at c. Next, a few mg, of Pt black
and the required guantity of metallic K {3 moles of K per mole of
ICo(NHz)s](NQ3)s + 5% excess K) are placed in reactor b, and the
tube is sealed at «, The stopoock on the Ny line is closed and the
valve on the NH, cylinder is opesed. When the manometer in the
NH, Iine shows about 4 stm,, the valve is closed and the NHyia
vented to the atmosphere by copening the vent stopcock. -'rj;ia
purging process is répeated three {imes to displace the Na f_m;&
the spparatus. Then reactor b 15 Immersed in ice-aalt raiiturs),
the valve on the NH, cylinder fully opesed, and NHy allowed %0
condanse in & until the latter is 3/4 full of Liguid, Stepecck Ais
then olosed and tube o is cooled so that NH, distiils feem binte
a. The hydrogen evolved in tho reection of K with NHy ig vanted
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carefully opening h and the vent stopeock iy
mtﬁ?ﬁ: :ﬁlzf?ha potassium fs aliowed to react, wherehy a1
the [CO{NHs}s]}{NOs)y dissolves., The apparatus is then tilled while
tube o is cooled. The KNHZ solution i8 therehy filtered into o, (gt
the same time, the apparatus 18 rocked to mix the contents). Re-
actor b is then reccoled, thus recondensing the NH, in 1t; this lquid
NH, is again Siltered into e. This procedure is repeated three
{imes in order to react all of the KNHz. The reaction mixture fg
allowed to remain in ¢ for six hours {ice cooling and frequent
shaking]. It is then filtered into b, the precipilate being retaineg
on the fritted-glasa disk. The ammonis 18 again evaporated from
b and condensed in s, shaken there with the solid, and fillered into
b once more. This is repeated ten times, after which t_he precipi~
tate is completely free of KNO,. Finaliy, the NH? is vented by
opening h as well as the vent stopcock in the NH, line. Nitrogen
is then introduced into the apperatus, which is then inverted amd
opened by breaking the sesl at =, The amide on the fiiter plate is
crushed with the aid of a bent Ni spetuia, and transferred {in a
gtream of Ny} through the open end of o into 2 storage device
(see Part I, Fig. 54b for the latlerj. This storzge tube is aisc
purged with very pure N, and, after the amide has been infroduced,
is closed with a ground stopper. The storage tube s cooled in ice
while N ia passed over the amide until no further NH, is given off.

ANALYSIS:

The product amide is placed in & smail glass alb (air must be
excluded). The bulk ia then sealsd. The following may then be
done:

Determination of NH;: Aqueous KOH is added to the amide and
the liverated NH, is distilled into 2 known quantity of acid,

Determination of Co: The Co(QH) 5 which precipitates on eddi~
tlon of KOH is dissolved in sulfurcus acid snd the Co determined
by analytical electrolyals.

The NO,~ is determined with diphenylamine,

FROPERTIES:

Chocolate-brown powder; sometimes TH
. ; pyrophoric. Scluble indii
::;da with brown-red color, and in cold water with brown coloT;
by “gitly cloudy liguid gradually deposits brownish-black co-
. VD Bydroxide. Forms CoN in vacwam at 40-50°C. Heating
liguid NH, produces CoN, CogN and CoNg.ze.

REFERENCE:

0. Schmitz-Dumoxt, J. Plizecker and H, F, Piepenbrinck. Z, anorf.

allg. Chem, 248, 175 {1941),

i
R
W
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Dicobalt Mitrida

Co,N
2Co + NH, = CoN + 11 H,
117.9 an1l 14t T

Ten mg. of Coy04 is reduced with pure H; by heating in a
corundum boat for two houra at 350°C. The resulting Co powder
ia then heated for three hours at 380°C in a stream of NH; which

passes through the tube at 22 em,/sec. The product is ground and
treated once more under the same conditlons.

The reduction and nitridation must be garried out in one con=
tinuous operation, since the Co powder obtained by reduction of
Cos04 is pyrophoric. The cobalt powder prepared from cobalt
pxaiate cannof be completely converted te nitride under theae
conditions,

Altevnaie method: Thermsal degradation of Co{NH3) s in vacuum
at 160°C [O. Schmitz-Dumont, Angew, Chem, 67, 231 (1966); J.
Clarke and K. B, Jack, Chem, and Ind. 1851, 1004).

PROPERTIES:

Grayish-black powder. d 6.4, In the cold, dil. aciés and al-
kaliea react slowly, conc., HC1 rapldly, and cone, HNO y viclently.

Warm dil. scids also dissoive CopN rapldly. The siow attack by

acida gives & guantitative yleld of the NH Balts (thia is an analytical
method), while vigorous decomposition evolves part of the pitrogen
as N5 Forms & nhitride with the approximate compesition Co,N on
thermal decomposition, In vacuum, Ateble until formation of the
compound ColNg, s a8t 200°C; at 250°C, hexagonal metallic Ce
conteining small amounts of Ni is produced. Crystal structure:
rhombically deformed hexagonal close packing of metal atoms.

REFERENCE:
R, Juza and W. Sachse, %, anorg. Chem. 253, 46 {1945},

Cobait Nitride

CoN
Co{NHy = GoN + 2NH,
1070 788 4484,

Cobalt emide is pleced in a vapor-pressurs eudiometer (8o
Part i, Fig. 85) and carefuilydecomposed at 50-70°C in the absenoe.



1% O, GLEMSER

i pbaorbed inconc. HaSO 4 The degradg.
::n:“i; .lc:::tﬁl H’;ﬁ:{fﬂ all NHa Bas heen etiminated, The CoN thug
formed is transferred in the absence of air to a glass bulb, whicy
is than sealed off, The exact stotchiometric composition is pever
attainsd, since s small amount of Na isevolved along with the Ny,
The degration producis usually have the composition CoNg, g-

Colo, g

ANALYSES:
rmine the valence of Co, the sample is carefully heated

witznz liI'Eflwlﬁit‘.:rﬂ until NH, ¢an no longer be detected. The resulif
blue liquid, which contalns suspended cobalt (I0} hydroxide, ia
treated with KI apd NaHCO, in a flask closed off with a glass
stopper, and is then carefully acigified. After atandingfor one day,
the I, which separates is back-titrated with Nug3304 solution,

PROPERTIES:

Black powder; pyrophoric. The nitrogen content of the degrada-
tion product drops off with increasing degradation temperature (the
cemposition CoNg. g corresponding to the formuia CogN, is ob-
taiped at 160°C). Heating in ke presepce of Hz0 amd aqueous al-
kali liberates NH,. Dilute HaSO, liberates part of the bound nitrogen
as N3, Crystal structure: Bl type.

REFERENCES:

0. Schmitz-Dumont, H Broja and H, F, Piepenbrink, Z. anorg. Chem.
2_5:5. 118 (1947); O, Schmitz-Dumont, Angew. Chem, 67, 231
{1955).

Cobalt Phosphides

CoFy, CoF, Co,F
Prepared by heating stolchiometric quantities of
pure Co metal
and red P for 20 hours at 650-700°C in sealed, evacuated gusrtz
fubes. The starting Co powder is obtained By reduction of Co( or

Co g0, with H at TOOC,
GO“E'EP*CDI’,; CO+P=C¢P; 2Co + P = Cof
5y 8290 I513 588 1§10 238 174 810 1489
FROPERTIES-

CoPa: Grayish-black powder; d$®4.26. ;
CoP: Grayish-black powder; d3° 6,24. Crystal structure: B21

CosP: Grayish-black powder; a3 7,4, Crystel structure; C23.
s q
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REFERENCES:

CoPs: W. Biltz and M, Helmbrecht. 7. anorg. . Chem, zg,'
349 (1939), Te- allg —

CoP: ii.g ;;. Fyldng. Ark. Kem. Mineral. Geol.ll (B}, No, 48
{ Ja ’

CogP: H. Nowotay. Z. anorg. Chem. 254, 31 {1947).

Dicobalt Carbide

CouC
2Co 4+ 200 = Co + CO,
1178 4481, 125.9 Al

Fine Co powder, obiained from CoO and Hy et 260-300°C, ia
heated at 220°C with dry, Q,-free CO {flow rate 0.75 liter/hour)
for 550 hours, Reduction of the oxide and preparation of the car-
bide must be carried cut in one continucus operation, =ince the Co
powder is pyrophoric. The temperature must be held exaotly at
220°C since CoaC decomposes above 225°C,

ANALYEIS: .
Heating of CogpC {9.24% C) with H at 250°C gives a quantitative

yield of CH, (free C gives no CH, under these conditions).
PROPERTIES:

Metallic~gray powder. Decomposes between 260 and 319*C,
Hydrogen converts the orthorhombic carblde fo a hexngonal form
between 198 and 275°C, N between 297 and 369*C, and COj be~
tween 9§64 and 540°C. Space group of the rhombic carhide; dif.

AEFERENCES:

H. A. Bahr and V, Jeszsen, Ber. dtgch, chem, Ges. 63, 2226 (E930):
J, E, Hofer gnd W. C, Besebles, J. Amer. Chem, Sco, 63, 3&3

(1947}, e
Hexgamminecobalt (Il Chloride N

[Co{NH,1]Cl .

4CoCly + 4NH,0 + 20NH, + Oy = 4[Co(NH,LICL +-g:—Hic:-£i_}ﬁ' .
‘%L’:E} 2144 8406 2241, 10720 8 - -

;ﬂ_,‘-"";;’!. "W -

P .
A mixture of 240 g. of CoCly - 6Ha0, 160 g. of NH.JLL, spd 368

ml. of H40 1s shaken until solution is aimost complete. Then iﬂ&i&?
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shareosal and 500 ml. of ¢onc, ammonia are addeqd, apng

:‘ ;::tiuted m of air is passed through the mixture until the reg
sirea mes yellow-brown. The air flow should not he Ba

as to reduce the ammonia content; should this occur, gome

cont. ammonia may be added.
M’j‘t;:na;recipllat ed [Co{NHa)lCls and the charcoal are filtereg
off, and the residue is dissolved in hot 1-2% HCI, The sclution ig
filtered hat and the pure product is precipitated by adding 400 w3,
of conc. HCI and chilling to 0°C. The precipitate is collected,
washed flrst with 60% alcohol, then with §5% alcohol, and finally

dried at 80-100°C. Yield: B5%. .
“Alternate method: From [ColNH,):ClJCls; and ammonia {8, M,

Jorgensen, Z. anorg. Chem. 1%, 455 (1893},

SYNONYM:
Luteocobalt chleride,

PROPERTIES:

Wine-red or brownish-red monoclinic crystals. d3® 1,710,
Sotubility in Ha0 In meles/liter: 0,152 {0°C); 0.26 (20°C); 0.42
{46.6°C); Boiling in water yields Co{CH)s.

REFERENCES:

4. Bjerrum. Metal Ammine Formation in Agqueous Solution, p. 241,
Copenhagen, 1541; J, Bjerrum and J, P. McBeynolds in: W, C,
Fernellus, Inorg. Syntheses, Vol. II, New York-London, 1946,
B. 217.

Chloropantaamminecabalt {Ill} Chioride
[ColNH,,CCl,

Obtained by oxidation of an ammoniscal CoCl i
Obtaine » splutiop, and
purified via [Co{NHg} sHaOlx(CoO4} g - 4 Hal.

A) CRUDE PRODUCT, fCo(NHy)sCLICE,

A solution of 20 g, of precipitated cobalt car n some 151 g

f&zﬁm"“&d: filtered and c}?::oled; a n';i.xtuii E?I;Hétg zinl of conc. K
Tﬁ 50 g. of (NH,),C0; dissolved In 250 ral. of HyO is then ¥

mﬂﬁﬁ b ﬂm ls oxidized for three hours by tubbling i & S8
eveporated to. ais T addition of 160 g, of NH,Cl the solution 128

added to dge 8lrup censistency on the steam bath. Dilute Hci_iﬁ
ve off the CQ; and produce n wesakly acid resctiotiy]

S
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then ammonia is added to give a weakly basio solution, followed by -
10 ml. of additionel conc. ammonia. The liquid, whoae volume st
this point iz 400-500 ml,, is heated on the stesm bath untfl all the
tetraammine salt disappears; it is then treated with 300 m), of eone,
HCI and heated for 30-45 minutes onthe steam bath. The [Co{NHa)g-
Cl}Cl; precipitetea on cooling, Tt is filtered off and waahed with
1:1 HCI until free of NH,C1, then with alcohol until free of aeid,
The salt still contains some [Co[NH3) JC1z. Yield: 34.5 g.

AEFERENCE:

8. M. Jérgengen. Z, ancrg. Chem, §, 361 (1894),

B} AQUOPENTAAMMINECOBALT ({1} QXALATE,
[CofNH3)5(Ha0)12 {C104)5 « 4#H30

A mixtare of 10 g. of finely powdered crude [Co{NH4) ,C1]C15,
76 mi. of Hz0, and 56 ml. of 0% ammonis is heated on the stedm
bath in an Erieameyer flask covered with a watoh glasa (continupus
agitafion} until al! of the basic aquopestaammine chloride dis-
Boives and a deep-red solution forms. The solution is filtered,
the filtrate is made very weakly actd with oxslic acid, and some
additional {(NHJzC:0, is added f{¢ complete the precipitation:
The slerry is ellowed fo stand; the precipitate is then filtered off
and washed with cold water. The yield of the dry sali iz ebout 12 g,

SYNONYM:
Roseacobalt oxalate.
FROPERTIES:

Formuls weight 660.36. Briok-red crystals, Solubllity in water;

Y

at 17.5°C is 0,001 moles/liter. oA g
Dol
REFERENCE: } T

8. M. Jorgensen. Z. anorg. Chem, 19, 78 {1899),

C} PURE CHLORGPENTAAMMINECOBALT (K1} CHLORIDE,
[CofNH3)3C1CL;

Wi e
-=w‘°§g
Twenty grems of [Co(NHg) fHz0)14C50ds - 4Ha0 15 &%g s
in 150 m), of 29 zmmenia inthe cold, and the insoluble {Co 7
(Ca0 s » 4H;0 {iutecoxalste) ia flitered off, The fitrate iy préar - .
cipitated in the cold with dil. HCL The [Co{NHg}¢ClIClsibua 7
formed is $iltered off, washed successively wik alaohol,_a}:pg}%.ﬁl‘;
alcohol and ether, ard dried in air, TS BRI - P TR
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The purification method given by Jorgensen does not yleld com-
pletoly pure fCO(H3)sCiiCla

ANALYSE:

Jonizable C1 and total Cl are determined in order to determine
whether impurities are present.

SYNONTAL:
Chloropurpurescobalt chloride.

FROPERTIES:

Formula wefght 350.47, Ruby-red crystals, d3% 1.783. Solu-
tility in HO: 0.0089 (0°C) 0.0225(25°C};D.040{5ﬂ°§3] moles/liter,
The presence of HCl lowers the solubility; at 25_ , 10% HCY dis-
solves D,00067 moles/liter. Neutral aqueous soiutions decompose
when boiled, and Co{OH); i3 deposited. Heating {o higher tempera.
tures produces CoCl, Crystal type: orthorhombic-bipyramidal,

REFEREKCE:
F, J. Garrick. Z. anorg. allg. Chem, 224, 27 (1935),

Nitropentoamminecobkalt {lil] Chicride

[Cﬂ{NH;};NG;]C!l
[Go{NHgCIICl, + NaNOs = [Ca(NH;LNO,ICL + NaCl
230.5 1.0 261.0 58.4

A mixture of 20 g. of [Co({NH,);Cl]Cla, 200 mi. of H,O, and
90 ml. of 10% ammonia is placed in an Erlenmeyer flask covered
with a watch glass, and heaied on the steam bath until the salt dis-
solves {frequent shaking is neceasary). The solutionis filtered, the
fitrate cooled and made weakly acidic with dif, HCI, 25 g. of
Crystaliipe NaNO: 15 added, and heating on the steam bathis
coptinued until the initial red precipitate dissolves completely.
The cold, brownish-yellow solution containg a copious deposit of
crystals. At this poiot, 250 mi. of conc. HO! is added (carefully
al first), After chilling, the product ip filtered off, washed with

1:1 HCY, then with aloo) 5 : . K
Yiela: 17 g, hol until free of acid, and dne&inair.

BYRONYM: *
Xanthocobalt chloride, .
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PROFERTIES:

Brownlsh-yellow monoclinic eryatals, di® 1,804, Solubility in
HgO at 20°C: 0,11 moles/liter of solution; more solubte in hot HaQ,
Diecomposes on heating to 210°C,

REFERENCE:

8. M, Jorgensen, Z, anorg. Chem, 17, 463 (18%8).

Nitritopentoomminecobaly (U Chloride

[Co(NH,LONO]CL,
{Co[NH.):CHCL + NaNQG, = [Co(NHLONOJCY, + NaCl
ngns i 2E1.0 55.4

A solution of 10 g. of [Co{NH ) zCLJC; 1n a mixture of 150 ml.
of HyO zand 25 ml. of 10 ammonia is prepared with heating and
spltation., The sohition is filtered, cooled and exacily newralized
with dil. HCl. Then 25 g. of crystalline NaNoy is added and, when
this has dissolved, 10 ml. of 1:1 HCL. The resulting precipitate is
allowed to stand for several hours in the mother liquor while cool-
ing in water; H is then filtered off and washed with cold water and
alcohol.

PHOPERTIES:

Chamois~colored crystalline powder, four times less scluble
in water than nitropentaemminecobali chioride. Or standing for
severazl weekds, converts to the isomeric form. The conversion is
more Tapid if & 10% agueous solution of the compound is trested
with an equal volume of cone. HCI. :

REFERENCE: .
S. M. Jérgensen, Z. anorg. Chem. 5, 188 {1894}, ot

I « gy

Carbonatotetraamminecobalt ) Sulfate .. | ar

[CB{NH::I.CO;].SUUBI{.G : =i‘==!"-'ll?l L

An agueous selution of CoSO, is treated with (NE oGO0, and
NH (OH, then oxidized in & stream of air. S

Precipitated cobalt carbonate {20 g,) 15 dissalved in & mislewm o
quantity of dil. H50 4 The clear solution {about 100 mal.) 18 pouged '

£

J
o
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00 . of {NH J 5CO0 g itt 500 ml. of HaQ and 260 oy,
into & sulutionatfi : oe a.ii* 13 bubbled through for 2-3 hours, Aften
of m:t:s mmddatinn, the hlood-red solution, containing several sma))
compl ¢ rated on & steam bath until the pg).

Oq, 15 €vapo
]::::asl:fsﬂﬁgf_ € 'I?ha solutfon is then filtered, concentrated tq

ed, whereupon {Co{NH31sCO3]a 50, + 3 H20 cxysty).
?i?; ﬁ'smrgd d::isms- The mother liquor 13 decanted; the precipi-
tate iz filtered off and washed once with a saturated solubion
prepared from & gmall portien of the precipital_:e. More salt i
obtalned by further evaporation of the mother Hquor {add some

(NH,) 00 ,]. Yield: 32 g.

FROPERTIES:
Formula weight 524,27, Gamnet-red prisms, d 1.882. The
agueous solution decompases o standing inlight. Forms [Co{NHy),-
(Bz0)2]50, (tetraammineroseccobalt sulfate) with dil. HaS0,,
Loses zll water over cone, Hz80.. Crystal form: orthorhemic-

bipyramidal.

REFERENCE:
5. M. Jorgensen, Z. anorg. Chem, 2, 281 (1892},

Dichlarotetraamminecobalt (I} Chloride

[Co{NH}CL]CL

_Twa stable isomeric forms exist; these are the 1,2-dichloro-
{cis-) and 1,6-dichloro- (tvans-) compaounds.

LXDICALOROTETRAAMMINECORALT (LI CHLORIDE (C15),
[Co!NH_;hCI-;]Cl « 0.5H,0

Treatment of an ammoniacal solution of Co{CH,CO0)a + 4 Ha0
with NaNQ-, followed by air oxidation, aﬂordsq[co[SNHa)ilNUH]’j'
NOga, which is converted to the dichioro compound with conc, HCL
. }?u 15 bubbled for five hours through a solution of 20 g. of
T:eoa &nd 20 g, of CoCH;CO0); - 4 H,0 o 200 mi, of 20% NHs. o

violet solution is concentrated to a small volume with oo~
sionalladt!itlon of solld NaHCOQg, then chilted. A large excesa of
ﬁmm&#‘iﬁ t:1 Gause precipitation. The precipitate is fittered .
Thfs 5 ois i cohol-ether, and dried in a vacuum desiccators
wuhrﬁt:-ammtnembm (i) nitrite, which s 1o¥;

The el g the ¥ans compound, It is very easily hyd-l'OM"dE

at o 1oon 2dded in small portlons to cone, HCL malns
+ BiVing a quantitative yield of the chloride. - *F

v
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SYNGNYAM:

Formerly: Chiorovisleceobalt chloride,

FROFPERTIES:

Formula weight 242,45, Violet needles. Water soluble; loass
water of hydration at 60°C. Very unstable, :

REFRAENCE:

G, Duval. Comptes Rendus Hehd. Séances Acad. Soi. 182, 836 (1928).

DIAQUEYTI TRAAMMINECOBALT (L) SULIFATY,
IColNH 14 300512(80,)5 » 31,0

This is formed by treatment of {Co{NHz) 4CO03}{S0 93 - 3H50
with dil. B850 4

A solution of B g of pure [Co{NHz)4COyjg804 + 3HzO in
100 ml. of cold Ha0 and 10 mi. of dil. H;50 , is prepared; this
results in evohfion of CO, The clear solution is treated with
50-60 ml. of alcchol, added in small portions. The precipitate ia
filtered off, washed with 50% szlcohol until free of acid, and dried
in air. Yield: 6.2 g. (theoretical: 6.37 g.). :

PROPEHRTIES:

Formula weight 668.45. Red quadratic prisms, which lpse
water of crystallization over conc. H 80, Solubility at 22°C:
0.175 moles/liter of water,

REFERENCE:
8. M, J¥rgensen. Z. ancrg. Chem, 2, 296 (1892).

1,6-DICHLOROTETRAAMMENECCBALT {IT1) CHLORIDE (TRANS), RN
{ColNH414CH]CI - H0 o

A solutton of 10 g. of {CofMH ) JHZ0)a]a(50C a5 ¢ 3H;0 In 50

ml., of cold conc, HoS0 . is prepered; the flask i aliowed to m ,

for 24 hours, then placed in jice, and 50 mi, of cono, HCL ia

dropwise with frequent end vigorous sheking. The trans.8aiks”.

separates in 48 hours, The flask is tilted and the mother i

»

decanted as thovoughly as possible. Dilute HC1 is then added;ihE s

v

precipitate is filtered off and washed with dfi, HC! wotil freelof s

H3SO. then washed with aicohol until free of acid. Yield: ?‘t%"gal -

{theoretical: 7.53 g.).

‘SYNONYM: - R o

. X .
Fermerly; Chloroprasgocchalt chloride, w A

]

o
R
R EA

e
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PROPERTIES:

46, Lustrous green crystals, d®% 1 ggq.
-2 hours at 100°C. Solubil

water of crystallization in 1-2 ty
ﬁf_ 0.0141 mlgsfliter H.0; hydration in sclution, yieid

[CdNilsj{H;D}a}CIS. The trons compound is more stable thap

the cis form.

Formula weight 35t

REFERENCE:

S. M, Jirgensen. 2. anorg. Chem. 14, 404 (18973,

Triethylenediaminecobalt {iil} Bromide
[Co en;]Bry

The preparstion from cobalt salt, gthylenediamine and NaBr
yields the racemste of the optically active forms of [Co en,jBr,
as the first product, The racemate cen be resolved with tartaric
aoid into the d4- and I-tartrate, and further converted to the d-

and [-bromide.

A} RACEMIC TRIETHYLENEDIAMINECOBALT {{1I) BROMIDE,
[CoenalBra - IHO

4 solution of 10 g. of CoCl, + 6 HaD in 150 g. of 10% agquecus
ethylenediamine is prepared and oxigized by bubbling air through
it for ssveral hours, The brown solution is then acidified with
HCl and concentrated until crystallization. The erystal mass is
dissolved in H.0 and treated with NH NO,, which precipitates
1,6-[Co enyCl,INO,. This precipitate is removed by filtration;
then NaBr is added top the filtraie, whereupon compleiely pure
[Co en;]Br, « 300 separates out,

PROFERTIES:

Formala welght 533.04, Smeli yellow needles, M.p. 271%

43" 1.845. Solubllity in HiO at 16°C: 4.33 g, of anhydrous salt
per 100 g, of solution.

B} RESOLUTION WITH TAHTARIC ACID

A Sulutioﬂ of 106 - of [CU enﬂlBra in water iz treated with, !
two amm :; siver tartrate (68.3 E.) needed for resction with
filtered off mema'ah"‘ﬁH er hoiling, the AgBr preoipitats i
80 longer e w with boiling water until the water is 4

yellow. The filirate and washings are combined axd
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concentrated. On chilling, the d-tartrete separates and is removed
by filtration, The mother liguor is further coccentrated and the
additional precipitate of d-tartrate is removed, Cooling gels the

sclution to & mass of l-tartrata, still somewhat contaminated with
d-tartrate,

C} d-TRIETHYLENEDIAMINECQBALT (T3) BROMIDE TARTHATE
{Co enylBrid-CalOg) - BHL0 )

The d-tartrates crystals obiained in B are recrystallized from
hot water. Rapid cooling yields needles with a silky luater; these
disappear on standing for 1-2 hours in the mother liquer and arve
replaced by coarse platelike crystals.

PROPERTIES:

Formula welght 357.32. Small bright-yellow needles or dark-

yellow plateleta, Optieal rotation (1% sclution) [alp +98°, [MIp
+5565°.

) d-TRIETHYLENEDIAMINECOBALT {1} BHdMIUE-
A-[Co englBrz » 2H20}

The d-{Co ens]Br{C HyOe) » 5B 0 ebizined above ia triturated
with warm conc. HBr and the solution is filtered. On standing,
larpe hexagonal tablets (acid bromide?) separate out; these are
recrystallized from water te yleld cclumnar crystals of the d-
bromide, :

PROPERTEIES:

Formula welght 515.03. Yellow, columpnar crystals, More
readily soludle in HaO then the racemic bromide. 43" 1,971.
Optical rotation (1% solution): [a] p + 117%; [M] D + 602*. Crystal-
line form: ditetragonal-bipyramidal, -

E} I-TRIETHYLENEDIAMINECOBALT QII) BROMIBE, G
i~[Co engllivy « 2HL0 ..

The gelatinous I-bromide tartrate is triturated with wartn colt,
HBr, The sparingly soluble racemic bromide tarirate whichsepar-
ates out is removed by filiration. Onstanding,the solution depoails -
crystals of l-bromide, which are recrystaliized from hot 1||ivai.i:€i:|:!r T

PROPERTIES: ol ety

Formula weight 516,03, Yeliowish erystals, More readily soin-
ble in HZO then the racemic bromide. Optical rotation {1% solution}:,
o)y —135° [MJp —592° Can be converted {with AgCl ox AgNE) :
to the correaponding chioride or nitrete, o SRR B
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REFENENCE:

A~E: A. Werner. Ber, dtsch. chem. Ges, 45, 121 {1912),

Decaammine u-peroxacobalt (] Cobalt {IV} Sulfate

HNHHCo(OICo(NHIH ]SO0 SOH  HLO

The preparation involves oxidation of an ammoniacal sclution
of cﬁg&;ﬁ“&“ﬁg*‘mﬂ of 1 M (NH 504, 1 liter Uf'f:unc. am-
monia, 1 liter of HzO, 0.5 liter of 1 M CoS0 a Q.ﬁ 11te_3r (?f 1M
HyO3 and 0.5 liter of 1 M (NH;)=S200 1s prepared in the indicated
sequence, the solutions being added at approximately Iﬂ-sqcpnd
intervals., The mixture is vigorously agitated after each additicn,
After all additions have been compleled it is allowed to stand for
10-15 minutes. Most of the supernatant liquid is siphom.fd off;
the precipitate is filtered off, washed first with dil, ammonia and
then with aleohol and suction-dried, The crude product (G0-70 &)
iz dissolved as rapidly as possible In 1250-1720 g. of 2 N Hu80,
(heating to B80-85°C is necessary), The solution is filtered at
once and allowed o stand one day. The yieid is 30-50 g. of pure
product.

ANALTHIE:
Z2[CodNR), 0,04 — 2HT + A% =20, + 4Cat+ + BONH,* A+,

The product, in the sulfuric actd solution, is reduced with A33+:
the evolving Oa is eollected in an azotometer over strong KOH
by means of CO, An aliquot of the solution is used to hack~
Litrate the excess AS®" with Ce(S0,); and ferroin; another aliquot

s used to determine Co by precipitation with 8-hydroxycuineling
and titration with K8r0,. P ynoxy

PROPERTIES:

Formula weight §63.45, Grayish-black, lustrous Al~
s 45, . prisms.
most insoluble in cold dil. sulfyrie ecld; more soluble at 50-60°C,

REFERFNCE -

K. Gleu and K. Rewm, 2, aporg. allg. Chem, 237, 79 (1938).
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Sodium Hexanitritocobaliats (il

Nay[CofNOs),]
2 Co(NQy),-8H0 + 12NaNO, + 2CH,COOH + Hy Oy
562.1 280 1201 JITTR
. = 4NaNQ, + 2CH,CO0Na + 2 NayCo{NOu)e + THYD
ﬁ"‘,* Lt 3400 164. BT

A solution of 160 g, of NaNOg in 150 ml. of H:O is cooled to
50-80°C; some of the NaNOj i8 thus reprecipitated. Then S0 g
of Co{NOy)z - BHZ0 18 added, foliowed by 50 ml. of 504, CHCOOH
in samall portions {agitation}. Then 2 fast atreem of alr is bubbled
through for ome half hour. After standing for two hours, the
prown procipitate is filtered off, The filtratz must be clear at
this point, The precipitate isstirred with 59 ml, of Hz0 at T0-80°C,
The solution is separated from undissolved Ki[Co(NOgzlia] on a8
small filter and combined with the above-mentioned clear fil-
trate, The combined solution {about 300 ml.) is treated with
250 ml. of 96% alcohol. The resulting precipitate is allowed to
aettle for shout two hours, then ftitered, suction—dried, washed
four times with 25 mi. of alecohol, then twice with ether, and dried
in atr. Yield: 50-53 g, (T9%). ,

Reprecipitation with alcobol is desirable, The pure prepara-
tion must give a perfectly clear solution in HaO. To precipitate
the salt, the alcohol is addad from a wash hottde; during the addi-
tion, the flask iz vigorously shaken to insure fhat the particls
size of the precipitate will not be too small,

SYMONYM:
Sodium cobaltinitrite,
PROPERTIES:

Yeliow orystalllne powder. Very soluble in water, sparingly
soluble in alcohol apd ether, The agueous solution 1 not ptable
and forms HNOz ang HNO,. Crystal structure: J2, type {cuiic).

REFERENCE:
E. Biflman. Z, anaiyt. Chem. 3%, 284 (1900},

Potastium Hexacyanocobaltate (1} ST
K[Go{CN)} el

The intermediate K JCKCN)el i prepared from Co{CN)z and
KCN, Botling of it solution precipitates Ki[Co(CMpal. = -

A olear, filtersd solution of 48 g, of CoCla - 6 HyG ia 508 ml, -
of HyQ iz heated to boiling, and 2 clear soiution of 30 g. ai_-lg_ﬁﬂ__:;
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added dropwise with vigorous stirring, Be.
:T‘:ngd“:l“& oieﬂﬁaispoﬂmns of the KON, 2 sampie of the solution
is filtered and the filtrate is treated with a drop of KCN sclution,
jn order to estabiish whether any CoClg is still present in the
sohation. The violet-red precipitate of Co{CN), is filtered off,
washed with cold HzO, and dissolved while still moist in & ¢one,
solution of 60 g, of KCM. The geep recd soluth_un of K dCo{CN}al
ic heated to boiling for 10-15 min., wheyeupon it becomes yellow
and evolves H. If & small quantity of yellow K5[Co(CN) ] exystal-
lizes at this time, some water is added to redissolve if., The
boiling solution is {iltered and cooled, The K,[Co{CN)elnrecipitate
is collected on a filter and washed with some cold water. Further
quantities of the precipitate are ohtainetl_ by concentrating the
mother liquor to half its volume; this solid i3 worked up as zbove,
The combined precipttates are recrystailized twice fromhot waier,
some activated carbon being added to the solution. The pure,
almost ccloTiess crystals are filtered off and washed with some
cold water. They must give a ciear water solution.

The small excess of XCN called for in the directions for pre-
paring the solution of Co(CN) 2 in KCN prevents the precipitation of
green KiCofCo{CN)zl, which i3 inspluble at room temperature,

Alternate method: Oxidation of CoClg » 6 HpO + KCN in acetic
acid solution with air, and several reprecipitafions from acetic
acid solution with alechet [W. Biltz, W. Eschweiler and A, Boden-
sigk, Z. aporg. allg. Chem. 170, 161 (1928]].

FYNONTM:
Potazsgium cobalt {III) hexacyanide,

PROPERTIES:
Form}lla v‘veight 3:32.35. Small, almost colorless needles with
a yellowish tinge. d3° 1.878. Readily soluble in water; sclubility

in 87-88% alcohol (20°C): 1:7500 parts, Decomposes on heating

in absence of air, Crystaliine form: monoclinic, isomaorphic with
KaFe(CN) . i

HEFERENCE:

A. Benedetti-Pichler, 7. anal. Chem, 70, 257 {1927},

Hexdacyarocobaltic [H} Acid
H.Co(CN),
KCo{CNYy + 3 HCL = H.,C-::{CN}. + 3KCE
324 109 4 218 223.7

A solution of 3 g, of K.CoC '
" . s“o{CN) g in 9 ml, of H,0 im $reated with
g of cone. HCL The KCl precipitate is removed by filtrstion.

D) .- -
e b W M -
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The solution is sensitive to light,

SYRONYM:

HEydrogen hexacyanocobaltate (I).

REFERENCE:

A. von Breyer and V. Villiger, Ber, dtech. chem, Ges. 34, 268’.’
(1901).

HyCof{CNY -5 H,0

A very small excess of H,50, (d 1.84) is added to a 259,
agueous solution of KCo{CNjs, which is then heated for 15-20
minutes to 50-56°C and cooled. Absolute alcohol is added and the
alcohol-inscluble K80, is removed by filtration. The soldticn ia
carefully concentrated at 50-55°C and the HaCo{CHN)g - 5 HzO thus
formed iz recrystallized three times from aleohel,

PROPERTIES:

Colorless crystalline needles; hygroscopic. Heating at 100°C
yields white HaCo{CN}e + 0,5 Hz0. At highertemperatures, colored
products are formed until finally a black cobalt carbide remaigps,
Mot altered by brief bolling with HCl or ENO,, hut forms Ceg-
[Co(CN}als in hot H,30, (d 1.84).

o

REFERENCE:

0. K. Dobrolyubskiy., Zh, Priki, Khimii 26, 1185, 1233 (1963),

Metellic Mickel
SABATIER METHOD

NiO + Hy = Ni + B0 - '.'_,.;_,,__._'__
747 24l BAT -
Os i3 passed for 15 “"““"‘
Ver re, Oa-frae Hg dried over PyOs ia passéd fox ?n
over N{Gp?obtain;d by thermal decomposition of M{NOq}a - %
at 500-408°C. After cooilng in the My stream, the air-gensitive
metal is transferred to smatl glage bulbe attackedto the gpparaius,
and these are seated off. The metel pnwder may elso br&swmﬁ
in hottles under alcohol. _ . e S
Used as hyérogenation oatalyst. ""M

h&h i

._.,L_
PR
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PROFERTIES:
der; pyrophorie. M

nt 58.71. Black metallic pow r; pyrop .

X ﬁ;:lémi;:e Bif'.r‘? s, Ferromagnetic. Soluble in ¢il. HNOg, Dasai-

vated b]r ocanc, HNCa.
REFERENCE:

ier. Die Katalyse in der organischen Chemie [Cetalysisg
P S?Dhag:;nnm Chemistry], translated into German and enlarged
by B. Finkelstein and H. Hiuber, Leipzig, 1827,

Nicka! [I'] Chloride

NiCle
L. NiCl + 650CL = NiCcl, + 12HC! + §30;
wg?ic?” 7138 125.8 4518 1844

Water is removed by refluxing with 30Cl; as described for
Coll,.

II. NIiCL-6H 0 = NiCly + 8 H.Q
PRY 1208 108.1

The starting NiClgz « 6HZO is dried in 2 comimstion tube at
150°C; the final heating to 400°C proceeds in a siream of Cly-cone
taining HCL. After the yellow NiClp; has formed, the tube is
sealed at one end and the product is sublimed {oil-pump vacuum}
at the highest temperature that the tube can withstand. To re-
mt;% HCl, the NiCl is annealed in high vacuum over KOH at

Allernate methods: o) Heating of NiGls - § HyO in & sealed
tube with COCl, at 200°C (Hecht).

N'C?} T*;EN gmggeﬂﬁy recommended thermal decomposition of
Wolg - s does not yield i o cis
are formed, yield pure NiCls, since black by-product
<} Treatment of Ni{CH,C00) 2 - 4 H30 with CE sCOCI inbenzene,
. to the preparation of CoCls [G. W. Watt, P. S. Gentile
E. P. Helvenston, J. Amer., Chem. Soc. 77, 2762 (1956}

FROPERTIES:

Briget-yellow powder or o

rystalline ieaflets (like mosaic goid).
Subl, :33“6 (780 mm.); m.p, 1001°C {in sealed tube); d1° 3.521.
Reat formation: —73,0 kcal./mole {25°C), Sublimed NiClp i8

B w s
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reiatively stable angd takes up water slowly; fine NiCl; powderis |
hygroscopic and becomes green in air, Solubllity ain HD (R
NiCla/100 g. sclution): 34.8 (0°C); 40.4 (26.3°C); 46.7 (100°C).
mgc;rately soluble in methyl and ethyl alcchol. Crystal structurd:
ci :YPEQ-

REFEAENCES:

1. H, Hecht. Z. ancrg. Chem. 254, 51 (1947}
. W. Biltz and E. Birk. Z. anorg. allg. Chem. 127, 34 (1923).

Hexuamminenickel [IY) Chloride

[N H )] Cl:
NiCl. + 8NHy = [WNi{WNHsh]Cl:
6 H,0
57T 612 ZAL.B

A oone, solution of cobalt-free NiCl, + 6H O 1s treated with
excess cone. NH;, then cooled in rumning water. The separation
of fine erystals of [Ni(NH,).]Cl; is completed by addition of an
ammoniacal NH,Cl solution. The precipitate is filtered off and
successively washed with conc., ammonis, zlcobol and ethex.

Altevnate methods: Action of NH, on anhydrous NiClg at room
temperature [F. Ephralm, Z, phys. Chem, 81, 513 {1913)].

THOPERTIES:

Blue-vioiet, fine crystailine powder, d3® 1.468, Heat of forma-
tion: —16.3 keal./mole, The decomposition pressure at 176.6°C 1s
1 atm. Decormposes in HzO, libersting NH,, Scluble in aquecus
ammonia; nof soluble in conc. ammoniz or slcohal. Crystal -
structure: J1, type.

AEFEAENCE: Lo

S. D. L. SSrensen, Z. anorg. Chem. 5, 354 (1894). T ...x-._'-.-._ .
o

Nickel {lf} Bromide RNCES A

Ni¥r,

ANHYDROUS Niliry

Mi + Bry = Nibre
587 i5ad 2188

Nickel powder, produced by heating NICI, in a hydrogen m
at 440°C, p1; covered with 2 layer of completely dry-ethor M‘Idthen

S e
- £ .
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traated
axd the o
the preparation,
900°C (quartz or porcel

Alternale methods:
smb;: I;?E:afi;gt];f NiBI'a * EH:,D at 1400{3 1[1 a d]:'ying aven [J. A.,
A. Ketelgar, Z. Kristallog. 88, 26 {1934)].

) Reaction of Ni{CH £00) 5 - 4 HaO with CHSCOBr in benzene,
anslogous to the preparation of CoCly [G. W. Walt, P, S5, Gentije
and E. P. Helvenston, J. Amer. Chem. Soc, 77, 2752 (1858)).

promine. After i2 hours the ether is removed
ﬂt:id%? heated In vacuum &t 130°C. In order fo purify
which stili contains some Ni, it is sublimed at
ain tube) in e COg-free stream of N + HER»,
a} Heating of NiClg In & stream of HBr at

PROPERTIEE:

tellow powder or bronze-yellow micalike particies, M.p. 963°
(in sealed tube); d§% 5.018. Heat of formalion: —51.8 keal. per
mole (26°). Solubility in HzO (g. NiBry/100 g. solution): 56.6
{19°C); 61.0(100°C). Soluble in methy! rnd ethyl alcohols, acetone
and quinoline; inscluble in tcluene, Crystal siructure: sublimed
product, €19 type; unsublimed product, variable between C6 and

V19 types.
REFERENCE:
G. Crut. Bull, Soc. Chim, France [4] 35, 559 (1924},
NiBr, - 6 H D
NiBr, + 8H,? = NiBry 6 H.D
2185 1087 326.8

A solution of NiBr, in water is concentrated until crystal-
Bization begins and is then cooled. The crystals are filtered off
and recrystaliized from alcohol,

. Allernate method: Precipitated nickel carbonate or Ni{OH)z 18
dissolved in aqueous HEr, concentrated on the stemm bhath, and
the product recrystatlized from slcohol id. A, A. Ketelaar, Z.
Kristaliog. 88, 26 (1934)].

PROPERTIES:

Green crystals; transform to NiBry - 3H,0 at +28.5°C.

REFERENCE:

h 'G'i Lc Clﬁrk anﬂ
230 {1922), H. K. Bruckner. J, Amer, Chem, Soc. 44,

mw.ﬁmkl ELE
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MNickal (I} lodide
Nil, S
ANEYDROUS Nil,

Ni(OH), -+ 2HI = Wi, + 2H,0
927 255.8 35 36.0

Either N OH), or precipitated nicke} ortbonate i& dlssclved
in hydriodic acid and the solution evaporated to dryness. The
sclld is recrystallized from alcobol and dried at 140°C. A final
sublimation in high vacuum et 500-600°C 48 recommended,

Alternate method: Dehydration of Nilj + 6H,0 (Riedel, Theals,
Univ. of Halle, 1913), o

PROPERTIES:

Black solid; forms small lustrous crystals when sublimed,
M.p. T97°C (in sesaled tube); dI® 5.834, Heat of formation: —41.40
keal./mole. Decomposes when heated to high temperatures io air.,
Hygrescopic; repidly forms e green solution when exposed to air,
Solubitity in Hz0 (g. NiTo/10¢ g. solution}: 57.8(11°C); 84,1 (48°Cji
65.7 (90°C). Aquecus solutlons of Nil; cen dissolve up totwd
atoms of iodine, thereby acquiring & brown color. Dilute solutiona
aTe pure green, concentrated solutions dirty greem or reddish,
hrown, Slowly scluble in cold absolute slcohol, rapidly in hot,
Crystal structare; C19 type. o

REFERENCE:
. A, A. Ketelaar, Z. Kristallogr. 88, 26 (1934).
N.ﬂg . ﬂ H.,O

Nil, + BH0 = Nil,-8¥0 : O
3125 108.1 420,48 . .

A solution of NiI, in H,0 Is evaporated to & girup. The € il
of Nil, - 6 H,O are filtered off and suction-dried. . o .
Alternate mefhod: As in the case of Nilg, but without tie |
dration gt 140°C {J. A, A, Ketelaar, Z. Kristallogr, 88, 2§ {13y

PROFERTIES:

Blus-green orystals; rapidly deliquescent ir alr, heg
brown and giving off fodine. Exists up to 43‘{:;11;4;@:1;?;"__._
when heated on steam bath,. - - P T

SviEE
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REFERERCES:
0. Erdmann. J. prakt. Chem [1] 7,254(1836); A. Etard. Ann. Chim,
Phys. [1} 2, 503 (1894},

Nickeb (i} Oxide

Nit}

Prepared by thermal decomposition of nickel salts of volatile
aciids.

I. Precipitated nickel carbonate or Ni({NOg)3 - 6 Ha0 i3 heated in
a Pt crucible for six hours at 1000-1100°C and allowed to cool in
O -free nitrogen. )

On cooling in air, & suriace skin forms, which can be removed
by postreduction with pure Hp at 100°C,

Test for active oxygen is essential.

fi. Precipitated nickel carbonate is placed in a pear-shaped de-
composition vessel, the air ia displaced several{imes with Q,-free
nitrogen, and the entire apparatus is degassed in high vacuum at
100°C. After high vacuum is established, the system is heated,
over a period of 80 mimutes, to 350°C. The product is transferred
to previously prepared storage tmlbs, which are then seaied,

The oxide blackens immediately in the presence of air. Test
for active oxygen is essential,

Alternate method: Small chips of nickel are heated in sir at
1000°C (for procedure, see method i1, subzection on Cu 0} [H. H.
von Baumbach and C. Wagner, Z. phys. Chem. (B} 24, 81 {1934)].

Used as oxidation catalyst.

FROPERTIES:

Formuia weight 74.71. M.p, 1950°C; d 6.67. Hest of formation:
—58.4 keal. /mole. Bright-yellow powder, brown when heated. When
the axygen content is in slight excess, the color is dark olive
green, hecomipg darker as the oxygen content inoreases, NIO
prepared at high temperatures is almost inscluble in acids and
alkalies; the lower the temperature of preparation, the more

2oluble it is, especially in hot nityi !
5 iy ¥ ic scid and ammonia. Crystal

REFEHENCE:

M. Le Blanc and H. Sachge. 7, Elekirochem. 32, 58({1926),
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Micket {H) Hydroxide

NHOHY,

Ni(NQ,), + 2NaO3 = Ni{OH): + ZNaNO,
(8 FLOY
99,8 80.0 g7 1708

A solution of 25 g. of KOH in 250 ml. of carbonate-ires H 0 iz
added dropwise and with vigorous stirring to 2 warm {zbott 35°C)
solution of 60 g, of N¥{NQ;)z - 6HzO in 250 mi, of HzO. The pre-
cipitate is washed by decantation with several five-}ter portions
of warm, COg-free Ho0 (until the washings areno lenger aikaline),
then once with five liters of COj-free H;0 containing some am-
monia, snd finally with similsr portions of warm, COo-free water
until both precipitate and waehings are free of X+ and NO,~. The
precipitate is filtered off and dried in a vacuum desiccator over
cone, HZ80 4,

The preparsation atill contalns about one mole of adsorptively
bound water, which can be removed by heating to 200°C.

Precipitation, decantation and filtration are cerried out in
the absence of CO,. Ancther suitable starting materialils Ni(NOg)e -
& NHa; however, NiCly - 6 K5O and NiSO - 7HzO are not recom-
mended, since the precipitate then tepaciously retains Cl™ amd
803~

PROPERTIER:

Apple-green crystaliine powder; d 3.66. Decomposes at 230°C
into NiQ and HyO. Soluble in ammenia, ethylenediamine and acids,
Crystal structure: C 6 type. Heat of formetion: —62.68 koal, /mole,

REFERENCE:
G. F, Hittig and A, Peter, Z. anorg. allg, Chem. 189, 183 (1530},

8-Nickel {lil) Hydroxide

NiO{OH} ,
Ni(NOJe + SKOH + ¥Br, = NiO{OH) + 2KNOy + KBr + HO -
{%S}EIJ"E] 154.9 19.8 9.7 2082 1150 lﬁ.ﬂ*

A solution of 100 g. of Ni{NGs)z» §H40O in 1600 ml. of HE(; 15
added dropwise and with vigorous gtirring to 2 solution Q!t &
of KOH and 12 mi. of Bry in 00 ml. of Hal, Ti}ﬂ precipl mhgd
temperature should not exceed 25°C. The precipitate is wes
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- 0, then several ti

decantation) with COg free H,_ . mes

ﬂﬂmﬁm; using a centrifuge, until NOy~ and K* can no longer

}n detected in either the precipitate or the wash water. The wet

product is dried for three gays over conc. Hz30,, then two weeks

1:1 H . :
Ow;mipiﬁﬁ;n' decantation and filtration must be carried ocut

«free atmosphere.
in HT(;;:S for amwel:.xygen, Mi, HyO and CG, are necessary. The
oxygen and H,0 contents vary. In view of the rapid conversion to
NiOAOH), it i5 advizable to work up the precipitate as quickly
e,

= p'l?:s:it;ltemﬁne active oxygen, a 100-mg. sample is covered
with 100 ml. of H0, angd 1 g. of KI and 25 ml. of 2 N Hg80 , are
added. The liberated I, is titrated with Nagz550 4. )

Alleynate method: A solution of NiNOjg)g - 6120 18 treated
with spdium acetate and electrolyzed at room temperaturs. The
low yield is a disadvantage of this method [C. Glemser and J.
Einerhand (1950)).

PROPERTIES:

Biack powder, d3° 4.15. Readily soluble in acids. Rapidly
converted o NizOo{OH)4 by HzU and bases. Loses water when
heated in vacuum and is converted to NigOg{OH). Crystal siruc-
ture; C 6 type,

REFERENCES:

G. F. Hilttig and A. Peter. Z, anorg, ellg, Chem. 189, 190 {1930);
0. Glemser and J. Einerhand. Z. anorg. Chem, 261, 26 (1950).

y-Nickel {Hll} Hydroxide
NiO{OH)

Metallic Ni is fused with NasO, + NaOH and the melt is ex-
tracted with H.0,

A erucible of pure nickel is filled to one third of its volume
with 3 mixture of one part of Na 0, and three parts of NaDH, and
heated for four hours at 600°C, The meit is cooled, then carefully
mﬂﬁ With ice water, svoiding any rige in temperature, Washing
by decamtation with HO is carried out until thers no longer is an

reaction, _The tiny crystals settle very essily; the flec-
mleﬁamf;pltate 15 removed by slurrying.
r sctive en [s - H 0
are nocssnary, Oxygen [see under B-NiO(QH)), Ni, and Hs
Used a8 an oxigation cataltyst,

WS
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PROFERTIES:

3mall, lustrous, black hexagons or needies. d3° 3.85, Soluble
in dil. HzS0, with evolution of O,. Dacomposes on heating to
138-140°C. Crystal structure: resembles C 19 type,

REFERENCE:

. Glemser and J, Einerhand, 2., unorg. Chetmn, 281, 26 (1950},

Nickel {Ii311) Hydroxide
NiyO((OH),

The precipitation ef NiOx{OH}: iz carried out by dropwise
addition of 2 solution of Ni{NOa), » 6850 to aqueous KOH + Brg
at 30°C {as described under 8-NiO{OH)). The product is washed
by decantation with warm, COg-free HzO. All operations are
comducted in a CO~iree atmosphere.

Testa for active oxygen: see under 5-Ni}OH). Analysis for
Ni and Hy0 is recommended, Weater and oxygen contents vary.

Used as an oxidation catalyst,

Alternaie method: Electrolysis {50-60°C) of a solution of
NH{NOQga) g treated with sodium acetate. The low yield is & disad-

vantage of this method {O. Glemser and J. Etnerhand, see reference
below). ’

PHOPERTIES:

Formula weight 276,18, Black powder. d45° 3,33, Readily
solubie in acids. ©On hesiing to 140°C, cmerts o NiQ, HHO &nd
05 Crystaliine form: hexagunal. e

REFERENCES:
. Glemser and J. Einerhand, Z. anorg. Chem, 281, 26 [195

=

wlp
2T

Nicke! (] Suitide
NiS

a-Ni%

Nicl, + HS = Nis + 2HC

‘%5%-'_‘-?’ s2li, 08 728

The apparatus wsed for precipitation of pickel sulfi
the absenﬁ’ﬁ‘of air i shown In Fig. 385. The'@-NIS i¥
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Fig. 33p. Preparation of nickel sulfides in the absence
of air.

as follows. The air Is displaced from the apparatus by a siream
of CQg-free, Og-free mitrogen, At the same time, 21l liguids in
the apparatus are boiled and allowed to cool 1o the Na stream.
These liquids comprise the solution in e, which is 0.4 N in NiCla
and 0,8 N in NH,Cl; the water in b, which covers the chunks of
FeS: the water in wash bottle ¢; the saturated NH Cl, with excess
of eolid NH,Cl, in d; the conc, XKOH in the bubble-counting tube
e: and the wash water in f. The mercury trap h serves to prevent
the entrance of air into the reactor. Now CQa-free HgS is geoer-
ated in b, and the sulfide precipitates in a. The wash water is
transferred into ¢ {N, pressure), shaken with the precipitate, and
{after the lstter has settled} drawn off through fritted disc g.
m a vacurm pump. The washing procedure is repeated 15-20

5.

The Ni5 should not be completely precipitated fromthe selutlon,
otherwise it does not settle welt during washing.

FROFERTIES:

Black powder, soluble in HCl. Converts to Ni(OH)S in air,

Amorphous onx-ray analysis, Heat of formation: — 19.37 keal, /mole.

REFERENCE:

E. Dimges, Z. axorg, Chem. 253, 345 (1547,

Bl e v
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p-NiS

Ni +§ = Ni
587 a2z 80,8

A stoichiometric mixture of N1 and S is heated for six hours
at 80G°C in a sealed, evacuated guartz tube, '

Alternate methods: ) Preclpitation with Ha8 from & 1 N NiCly
solution contzining acetic acid, workep as for o-NiIS [A. Thiel and
H. Gessner, Z, anorg. Chem, §6, 1 {1914)1.

b) The alpha form of NiS is digested with 0.2 N scetic acid
for several days in the absence of air (A, Thiel and H. Gesaner,
see abovel,

FHOFERTIES:

Biack powder, M.p, 810°; d 5.0-5.6. Dissolves rapidly o
boiling in 2 N HCl. Crystal structure: B8 type.

REFEHENCE:

W, Klemm znd W, Schiith, 2. snorg. alig., Chem. 210, 39 (1933).

i
NiSC, + HsS = Nis + H80,
(7 Hah)
380.9 211, 8.8 88.1

‘The apparatus shown for «-NiS is used and H S 1s mabbled
through 1 N NiSO, sclution weekly acidified with dl, H50 4
Air must be rigorously excluded during the reaction. The precipi-
tate is worked up in the same way as o-NiS.

PROPERTIES:

Black powder. d3° 5.34. Converts to 8-NiS at 396°C. Crystal
gstructure: B13 {ype.

REFERENCE:
R. G. Lev! and A, Baroni, Z. Kristallogr. 92, 210 (1835).

. N :‘-.-.;'-! N
BRYING OF PRECIPITATED NiS o A

The slurry of the sukfide is dried in & drying pistal for eigg
hours {aspirastor vacuum}; the temperature 18 al:;zly rtenwﬂd:&
150°C, Then NaOH is placed inthe dryingpistol and the meteria:

dehydrated for four additional hours et 180°C inan oil-punp “mﬂ
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{s then transferred to another small flask and drieq
ﬁsﬁgﬂde 3 at 300-400°C (high vacuum}. The letter operation
be mcarns‘ ed out with care, to avold dusting of the product,

REFERENCES:
W. Biltg, Z. anorg. dllg. Chem. 228,275(1936); 238, 82, 126 (1938),

Nickal {IV] Sulfide
NiS,
Ni§ + 5 = MiS;
908 8Ll 1328

et Ni§ iz heated in a sezled tube with triple dis-
ﬁue%n?ptfi:}ey l'?or?rs at 450°C). Four to five times the stoichio-
metric amount of S is used. After the reaction is complete, the
excess S is removed by extraction with CS; in 2 Soxhlet apparatus,
Test for 5: The sulfide is dissolved in HNO,, and BaCl; ia
added to cause precipitation,

PROPERTIES:

Black to gray powder. d 4,39. Bensitive to zir even when dry,
eyolving 80g, which remalns partly adsorbed. Can incorporate 3
into the erysial lattice. Soluble in nitrie acid. Crystal structure:
G2 type,

HEFERENCES:

W. F. deJong and H. W. V. Willems, Z, anorg, alig, Chem, 160,
185 (1927); W. Biltz, Ibid. 228, 278 {1936). '

MNicke! (I} Amide

Ni(NH,},
NifSCN): + 2KNH, + Ni(NH), + 2KSCN
1749 o2 k] 1044

The mpparatus shown in Fig. 334 [see subsection on Co{NHa)s]
is charged with an excess of dry {-Ii(SCNj a. Then a.solf:tlonﬂf
KNH; in liquid NHs 1s added. A flocoulent red precipitate forma;
this 18 washed with liquid N, until peptization just starts, The
product is transferred to an auxillary apparatus (as in the pro-
cedure on p. 1527} and dried in Bigh vacuwum #t 40°C.

Used tor the preparation of Ni N..
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PROFPERTIES:

Red powder. Reacts mildiy with .0 to form Ni NHL
Decomposes when kested 4n vacupm w“%o, c NI{OH)y &ndNHa,.

REFERENCE:

G. 5. Dobart. J. Phys, Chem. 19, 537 (1915).

Trinicke! Ginitride

NN, .
INi{Ni,); = NiN, + 4NH,
273 2041 8884,

Nickel (1) amide {see precedingpreparation) is heated In vacuum
at 120°C; NH, is slowly evolved and NigN, is formed. Some Ny is
alsg produced in a side reaction,

Alternate method: A mixture of 10 parts of NIO and 7.4 parts
of completely anhydrous NI(CN), 18 fzsed in sn electric sre sur-
rounded by pure Ny [A, C. Vournazsos. Comptes Rendus Hehd.
Séances Acad. Sci. 163, 889 (1919). Co

FROPERTIES:

Black powder. Reazcis very slowly with water. Decompeoses
to Ni and Ng above 120°C, Alkslles liberate NHa. o

REFERENCE:
G. 8. Bohart. J. Phys, Chem, 19, 537 (1918},

Trinickal Nitride . _t'-?‘_;__ ;

aNi + NH = NLN -+ 1% H, e
1981 pEIL 1801 5381 T %:t:
e R

An zlumina boat is charged with 20 mg, of nicke] nbt‘ain&d‘fﬁﬂ".
Ni{(CO), The boat 18 hested for thres hours at 445°C in's reLotlan s b
tube through which flows a stream of NH, (22 cm,#seu.).mmm )
preparation is ¢ooled in the NHa atream, ground carefully m
agate mortar, and allowed to react with NHg.once mﬁunﬂm; o2 ﬁ;gb ..
Same conditions. -.- - RN
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The test for N in the product may be made by the miepg-

Kjeldall method.

PROPERTIES:

der. d2® 7.66, Unaifected by moisture and o,

Disgli:;;d‘g:ﬂwly by dﬂ" mineral acids in the cold, rapidiy l:y

cope. HCL and conc. HNO.. Dissolved rapidly by all hot acids,

Not attacked by agueous NaGH, Crystal s:ttructure: kexagonal cloge
packing of Ni atoms, oriented incorporation of N.

REFERENCE:
R, Juza and W. Sachse. Z. anorg. allg. Chem. 251, 201 (1943),

MNickel Carbide

Ni,C
gNi + 2C0O = NiC + CO,
176.1 4481 18R 2R3 1.

Pure NiC is reduced with pure H; at 275-285°C until constant
weight. The fine Ni powder 13 heated at once with pure CC {com-
pletely free of Oy for 260 hours 2t 270°C, The NiyC thus produced
ts pyrophoric. This may be remedied by heating for a long time
in Qy-free nitrogen at 250°C and cooling in the N stream,

Test for bound C: Heating with pure Hg at 260-2746°C evolves
C as CHay.

PROPEHTIES:

Gray-black powder, d}® 7.87. Heat of formation: —9.2 keal. per
ruole. Decomposed at room tempersture by conc. and dil. HCl: pre-
eipitation of C does not oceur (see Fe,C). Soluble in dil. HNOs;
dil. Hs80, causes separation of C. Stable at temperatures up to
380-400°C, Crystal structure: hexagonal close packing of Niatoms.

REFERENCE;

H. A. Babr and Th, Bahr. Ber. dtsch. chem, Ges, €1, 2177 (1928).

MNickel (I} Corbonate
Nm:'ﬁ“:ﬁ

e;e;mm. by electroiysis of CO,-saturated H,O with nlokel
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An electrolysis celi {20 x 15 x 20cm.) is covered with a Wooddn
lid from which three pieces of nickel sheet electrodes (80 x 2.9 %
0.05 cm.) are suspended. Two of the electrodes are placed at the
sides of the vesrsl and are imercomnected;the third is in the center
and s8rves as the ancde. The cell is filied with conductivity water
to 2.5 cm. below the top, pure COgis bubbled through, and the cur-
rent i8 turned on and controlled at 2-2.2 amp, The celi is cooled
externally with running water. The MiCO, + 6H4O drops to the
hgttu?zd:& It is filtered off and drled at 190°C. The yield is aboet
30 g./d=y.

PROFPERTIES;

Formula weight 226,82, Pale-green rhombohedra or monoolinie
prisms. Regadily soluble in acids. The product prepared in the
shove manner iz free of alkali, but contains some biack hydroxide,

REFERENCE:

E. C. C. Baly and N. R, Hood. Froc. Roy. Soc. London 122, 313
{1929). -

[N E e

Anhydrous NilG, exists in two forms, one green (1) and one
yeltow (I1). :

GREEN FORM {1}:

A solution of 0,12 moles of NiGla in 100 ml. of weter ig
scidified with HCl and charged info an autoclave. At 250°C and
a COp pressure of 1780 p.s.l., a solution of 0,18 moles of NaBCOy
in 100 ml. of water is added dropwizse. Green, crystalline NICO,
precipitates. Yield: 25-30%, '

YELLOW FORM (IE) :

The yellow NiCO, forms under the same conditions as the
green, but at a temperature of 180°C and from very conC, 8plu~
tions (0.22 moles of NICl, in 25 ml. of water and ﬂ.aﬁ__;ppla'q-'-g; B
NaHCO, in 100 ml, of water). The yield is poor. At loweg terpaf=
atures only colloidsl products sre chtained; at tamperath:asmf

i

tween 180° and 250°C a mixture of I and If s prodused. g

. -
Tt

FROPEATIES:

The groenform consists of microscopicaliy small, traispaxes; -
doubly E:iez'acting green rhombohedre; it is pot sitacked bLyrwerng



0. GLEMSER
1558

boit water, The habif and physical apg
ouns. avitis or by t umggre the same as those of I, On heating

fes o
?ﬁ;mdﬂ p:;%:s 400°C, both carbonates decoropose to CO; apd
green NiO. Both crystallize as rhomhbchedra.

REFERENCE:
R de St. Leon Langlés, Ann. Chimie 7, 568 (1953),

Nickel i) Thiocyanate
Ni{SCN),

Prepared by dissolving Ni{OH); in a dilute BNCS solwtion and
eveporating the resulting solution of Ni{SCN) a _

A dilute HNCS solution is saturated with Ni(OH); or nickel
carbonate and the deep-green solution is evaporated at fa.bcut 15°C.
Large green crystals of Ni{(S8CN}p . 4H.0 are deposited, Above
15°C and on drying of Ni{SCN)a -4 HzO, a yellow powder of
Ni{SCN); « 0.5 Ho0O is obtained. It can be rendered anhydrous by
heating to 150°C,

FROFERTIES:

Formula weight 174,88, Dark chocolate-colored powder. On
addition of water, becomes first yeliow and then dissolves with a
green color,

REFERENCES:

A. Rosenheim and R, Cobn. Z. snorg, Chem, 27, 280 {1901); Ber,
dgtech. chem. Ges, 38, 1111 (1901); A, de Sweemer. Natuur-
wetensch, Tijdsehr. 14, 231 (1985).

Diy-sulfido-tetrakis{dithichenzoato)dinicke! (1V]

(CuH; - CSS)NiS,Ni{SSC + CH,).

This nicke! (IV) complex compound is obtained by oxidation of
the correaponding nickel (1) complex compound with Og.

An alcobolic solution of 1 mmole (0,13 g.) of NiCly is treated
with an alecholic solution of 12 mmoles (0,15 g.) of monothio-
benzZoic acid and € minoles (.24 g3 of NaOH. The clear yellow-
?sm solution {in which the Wi is present as [Ni(SCCC alis)a™)
is iﬁfrlﬁ &t 50°C, and at the same time a gentle stream of Op
i atr meﬂ. The oxidation is shown by a change in color, first

then to violet, The reaction is complete in about four

>
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hours. The dark-viciet compound 18 filtered off, washed with aj~
cohol and water, and recrystallized from benzeme,

PROFERTIES:

Formula weight 794.55. Tuft-shaped aggregates of dark-violet
crystals, May be recrystallized from benzene, alcohol, ether and

C8,. Very stable to acids and bases; decomposed only by oxidizing
acids.

REFEREKCE:

W. Hieber and R. Briick. Z. anorg. alig. Chem. 269, 26 {1952),

Potassium Tetrucyanonickelate (I}
K [NiCN)] - B0

{E H:D} : *
i 1308 1107 1743
Ni[CN} + 2KCN + H0 = E{Ni{CNL] KO
110.7 1302 180 2038

A solution of 60 g, of NISO, . 6 HZ0 in 200 m]l, of water ia pre-
pared, and a solution of 29.7 g. of KCN in 70 ml. of water iy added
slowly, with constant stirving. The gray-green precipitate of Ni{CH),
is washed until free of sulfate and then filtered off,

The solid Ni(CN), is placed in a2 solution of 28.2 g. of KCN in
about 30 ml. of water. The solution, which is now red, i3 heated
on a hot plate until smail crystais appear, These are redissolved
and the solution is allowed to cool. The compound precipitates
ag beautiful crystais. The yield is 57.4 g, (9TE). : .

PRt

SYNONTM: =

Potassium nickel {11} cyanida hydrate. _ iy
4

PROPERTIES: riag

Orange-red crystals, The water of hydration is comiplel
removed by heating to 100°C. Very sofuble, even in cold wal ;
decomposed to Ni(CN), by mineral ecids. Forms tlackpreésiphaher’
of higher nickel hydroxides on sddition of hypobromites. V<X ,ﬁ

HREFERENCE:

- o .‘_1:'5;_
W, C, Ferpejjus apd J. J. Burbage in: W. G, Fernglius. Jnoxi .
Syntheses, Vol. I, New York-London, 1946, p. 22%. [ o w4 -

.



SECTION 29

The Platinum Metals
H,{. GRUBE

Pure Platinum
e

Platinum obiained {rom Russian or Colombian platinum ores or
by industrial recovery processes contains the other platinum
metals as impurities, as well s gold, iron and copper.

The following methods are recommended for lts purification:
the lead fusion process, based on the anglytical procedures of
Saint-Clalre-Deville and Stas, and the caustic soda precipiiation
of Schneider [1] and Seubert [2], in which all the platinum metals
except Pt pass into their lower oxidation states, which are not
precipitated by ¥H,Cl. There is also the Finkener process, based
on recrystallization of Na,;PtCle from dilute soda solutions; this
has been described by Mylius and Forster [3]. However, this
method leads to poor ylelds because of the low solubllity of
NaPtCls, A process by Reerink [4] moakes use of platinum's
ability to form a volatile carhonyl chloride with Clp and CO.

The hypochlorite method developed by Mylius and Mazzucchelll
[5] for the preparative purification of the platinum metals can be
recommended a8 a laboratory procedure. Platinum (in the form
of small foil clippings or sponge} is dissolved in the purest aqua
regia avajlable (glass or porcelain vessels); the solution is with-
drawn (or decanted) and carefully evaporated in a porcelein ¢ish
over 2 small flame; the concentraie ls dissoived in hydrochloric
acid and hot H,O. The chioride solution iz diluted with a large
amount of water, heated to aboul 80°C, and made slightly alkaline
‘t'“”’ sodz. Any IrO, present is precipitated with Clg, bubbled

brough for a short time, The fnitizlly colloidal iridium-containing
precipitate coagulates afler & short bime to s biack flocculent
:izmo? which setlles rapidly in the yellowish-red solution, Addl-
P a few mllliiit_ers of aloohel produces a marked increase in
o lime:wi{h;ﬁfnﬁmn' The more carefully the solution 15 neu-
lete » D0Wever, going below a pE of 7}, the more com-
P is the separstlon of the unwented oxide,

1560



29, THE PLATINUM METALS 1581

The other platlnum retals, gold and the heavy base metals
may be precipitated as the oxides by addition of hypochlorite. This
reaction can therefore be used for the removal of all metallic im-
purities. The only oxide scluble in an excess of hypochiorite 1s
the biack RuOj, {it I8 thereby converted ta the volatile RuDy).

The iiltered platinum solution is heated inabesker or porcelain
vessel and treated with NH,Cl. The (NH.)oPiCl, deposit i3 then
fillered off and extracted by bolling with distilled water to dissolve
any small quantities of (NH, )oPdAC!, stil] remaining,

The very pure platinum obtained after igniticn is free of all the
cther platinum metals, gold and the beavy base metals, H the Pt
still contains a few tenths or hundredihs of » percent of Ir, the
purification process can be repeated.

HEFERENCES:

1. W. von Schneider. Liebigs Ann, 5, 371 (1997).

2. K. Seubert, Ihid. 207, 8 {1881).

3. F. Mylius and F. Forster. Ber. disch. chemn, Ges. 25, 665 (1892},
4, E, I Reerink. Z, anorg, allg. Chem, 173, 46 (19238).

5. F. Mylius and A, Mazzucchelll, Ihid, B9, 1 (1914),

Reclaimed Platinum

In order to recleim platinum residues from the laboratory {e.g.,
platinmm abserbed on {ilter papers, Scraps, lilter ash, eic.), these
are well ignited and then sleved through a {lne screen, separating
the residues into *'fine’? and *'coarse’’ fractlons.

The <oarase fraction remaining on the screen contalns the
metzllic residues, such as smail pleces of wire, small elippings
and pieces of foil. It is advisable to pass 2 magnet through this
materiz]l to locate and remove any iron present in the form of
nails, wire, stc, In some ¢ases, it may be advisable to extract the
iron from this fraction by bolling with dilwie hydrochloric acid,
Copper or hrass residues are exiracted by boiling with dliute
nitric acid. The coarse material is then dissolved in agua regla
and proceased to recover the P{ aed lis assccieted metals, In
order to expel the nitric oxides present, the aque regla solution i
evaporeied fo = sirupy thickness, taken up with water and some
dil. hydrochloric acid, and treated with NH,CL to precipitate the
(NH,}gPtCls. The Pt still remaining in the mother liquor is pre-
cipitated with pure Zn.

pThe iron iﬁe fine fraction is flrst extreoted by boillng with
dilute hydrockloric acid; after ignition, the residue 15 diseolved by
beating in aqua regla. This solution is evaporated fo a givpy
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amd taken up with H,C and HCI; the Pt 1s precipitated 5

mﬂﬁl:::g:;mﬂm or more or less reduced saits and preparations
are to be processed, Berthold's work-up method is recommendes,
Often dict appears In the regidue on long standing, and somethmey
the Pt salts are partisily reduced by alcohol on long storage. In
either case the liguid iz first filtered, the residue l.s treated with
squa regia to dissclve any platinum it may contsin, and the re-

i n is filtered,
sun'll'rtﬁsig?oﬁltrate Is not combined with the ﬂrsf_. one, but ig
evaporated to drive off the agua regia. The Fesidue iz exiracted
with hot water and this solution added tothe main (that is, the firat)
filtrate.

When the solutlon to be worked up originates from an analytical
laboratory, the main impurities are likely to be saits of K, Na, Mg
and NH,. Alcohol and ether may also be present, In this case, the
lquid is treated with some conc. HClandpure Zr. If KoPtCls pre-
cipitates, it must be reduced by heating to convert it into soluble
material. Any aleohol or ether present must first be driven off,

After the reductlon, which is clearly indiczted by the decolora-
tlen of the liquid, the supernatant is decanted; the residue is
thoroughly extracted by boiling with cone, HC1 and washed by
decantation with hot distliled water until the wash water no longer
containg any chloride.

Double salts containing a platinum and an alkali metal ion (and
especially the ammoniom ion) are best treated by careful calcina-
tion in a P{ crucible under & layer of NE4CI, extraction with boll-
ing water acidifed with some hydrochicric acid, and reignition,

For reclaiming procedure for Pt from electrolytic Pt baths,
see p. 1567,

REFERENCE:

A. Berthold, 7Z. angew. Chem. 14, 621 (1301).

Platinvm Spenge

Platinum sponge 1s best produced by
_ 1 prolonged ignition of
(NHy)oPtCle in 2 Pt dish or bowl (dull red heat, ahout 600°C). The
\gnited sponge should be boiled with dilute hydrochloric acid, and

dth;; With distilled H,0, Finally 1t is gently heated again ina Pt

Platinum Black

Of the various methods of i
bréparation glven in the lterature, ',
that described by Gutbler aod Malsch seems o be the best, A 5%
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solution of HaPtCly is heated, nectralized with Na.C and pourad
into a boiling solution of sodium formate. The bhzk?u‘sim which
precipitates immediately 13 washed by decantation with bot B,y0.
1t is then flitered off with suction and freed from residual water by

pressing between fiiter papers; it is further dried over POy or
cone. HaS80,.

PROPEATIES:

Bisck powder, very active toward H,, with a maximum ab-
sorptive capacity for Hg at 0°C, .

REFERENCE:

A. Guibier apd Q. Maisch. Ber. dtsch. chem. Ges. 52, 1370 (1913),

Piatinized Asbestas

Asbestos i saturated with an alcoholle solution of HoPECIe -
& HaO (technical ‘‘platinurn chloride), therehy producing a matoe=
rial with a definite platinum concentration. In view of the cost of
the sclution, the caleulated guantity of H,PClg muat be abscrbed
guanfitatively by the asbestos; it is therefore essential to establiah
reeurately (by preliminary experiments) the absorbance of the
asbestos to be used, The HyPtCla-srturated ashestos iskneaded ag
uniformly es possible and the mass is ignited while being agitated
with & Pt spatnla or rod. This method 18 particularly suitable for
producing ashestos with low Pt contents (0.1-1% Pt} Its adventage
lies in that the product containg no forsign sslis which could ob~
struct the pores of the asheaios fibera and adversely affect ite
catalytic activity. .

To prepare platinized asbeatos with high piatinum contents
(5-10%), the mass Is saturated with a HaPtCl, sclution which does
not contain alcokol, The procedure is thesameas desoribed above,
The mass is made slightly alkaline by troating it with dil, sodiuga
bydroxide, and the chloride is thes reduced to fine, particuiate Pt
with sodium formate, The reduction ls best carried put in a'muffle
furnage at sbout 300-400°C. Finaily the asbestos is freed of -
allali salts by thercugh washing with cold water and is dried in g
muffle furance. At thig point the asbestos should be Hght gray.. =™

Erdmann gives ancther method, Asbestos saturaied with-conel
HaPiCls is plaged in a cone, solution of NH,ClL The ashestis;
wilch 1a thus permested with (NE,)zPiCls, {8 placed on a glass
funnel to sllow the excess solutlon to drain, aod is thep slowly
heated to incandescence, This produces &n asbeatos with a high
concentration of platinum spouge; however, the uniformity °rﬁ‘?
product leaves much to be deaired. o
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i tes flbers should be

analytical purposes the platinized ashes
s :hogrt :sh‘ posalble {almost powdery). For large-scale catalytie
nrocesses, the fibers should, on the other hand, be as long ag

possikle.
REFERENCE:

0. Erdmann, Lehrh. d. anorg. Chem. [Inorganic Chemistry Text],
5th ed., p- 175 {1910).

Handling of Plotinum Equipment

Because the various chemicals used in ignition and meliing
processes may be corrosive, gertain precautions must he cbserveq
in using platinum apparatus. Unfortunately, the use of platinum as
vessel material is not a panacea for all the corrosion problems
that plague the chemist.

Materials which readily form alloys with Pt (ponmetals P, As,
Te, 51, B and C) or metals which melt at low temperatures {Pb or
Sn) or substances which liberate these materials during ignition or
melting processes can not only damage but even destroy platinum
apparates. This alse holds for all melts contalning potassinm
hydroxide, sodium nitrate, or mixtures of the alkali hydroxides or
alkali carionates with sodiom nitrate; melts containing peroxides,
cyanides or suifides are particulariy injurious t¢ crucihies.

In general, ignittons should not be carrled oul at unpecessarily
high femperatures or with reducing flames; reduction with an
acetylene flame is forhidden.

Redueing conditions involving hurner or flue gases, activated
charcoal and the lke are particularly deleterious when free
silicic neld is also present. In this case, platinum-silicon alloys
are formed, leading to the characteristic silicon fracture.

The critlcal corrosion temperaturs, 1.e., the temperature ahove
which serious corrosion oceurs, generally lies around 700°C.
However, this temperature is ahout 500-600°C for melts consisting
mainly of KOH, Ba(OM}., peroxides or cyanides; for melts com-
posed mainly of carbonates or neutral salts, it is 808°C or some-
::tat higher, Further detafls are given in the Mittejlungen aus

m Chem. Lsboratorium, W. C. Heraeus Co., Hangu; publications

of the Engelhardt Industries, Newark i iker-
26, 82, 107 Hian. » N, 4.; G. Bauer, Chem

CLEANING

Careful treatment of Pi vessels after
use ig essential, Ususlly
the crucible contenta can be easily removed by mechanicel means.

-
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In some cases, the contenis can be dissolved with warm hydrow
chloric acld or chlorine-free nitric acid. If this does not suffice,
sodium pyrosulfate is heated in the Pt erucible until }heration of
803, the molten liguid s poured out, and the materiat still sdher

to the walls is dissolved with hot water (0. Brunck}. The crucible
is not damaged at all by this trestment, If the edgea of the cruetble
lid become bent out of shape, they can be smoothed out againat n
glasg plate with a spatula made of horn or Plastie. A very
dente:;:; crucible should best be repalred by a goldsmith or other
expert.

A Pt crucible that develops a small tear due to careless handl-
ing can readily he repaired in the laboratory. A small piece of
thin gold foil of suitable size and shape is placed over the tesr, and
the spot is heated with an oxyhydrogen torch untii the goid melts,
after which the patch iz smoothed with a burnisher. Such & crusible
can still be used for most purposes. Verysmall tears can be healad
with an oxyhydrogen torch; there is no need for a patch matexial in
this case. Platinum wires, e.g., the leads to thermocouples er
electrodes, can slso be welded fogether guile simply with an oxy-
hydrogen torch: the fwe wires to be joined are 1zid close together
and fused, or are welded together at a =lightly lower temperature
by & light tap with 2 hammer.

In case of serious damage, however, it is advisable toc heve the
vegsel repaired by s specislist,

Fiatinum Electroplating

Thin layers of platinum can easily be deposited from electro-
lytic baths; however, the deposition must be repeated several
times to produce thicker deposits.

Botiger gives & very good bath formula: it consists of 2 solution
of (NH,)2PtCls in sodium citrete. Langbein gives the followlng
instructions for preparing this bath: 500 g. of cltric acld is dig-
solved in two liters of HyO and neutrslized with sedium hydroxide,
This solution is heated to boiling and the (NH,)aPtCla, freshly
precipitated from a solution of 75 g. of dry HyPiCls, is sdded with
stirring; the mixture is heated until the (NH; )2 PICIs 18 completely
dissolved: the solution is then cooled end diluted with HaO to five
liters. To reduce the elgctrical resistance of the bath, -5 g. of
NH,C1 iz added per iter.

1I‘he electrc:-l;fpesis proceeds at 3~4 voits, & current densiy.qf_l
0.065 amp./in.? and a temperature of 70-30°C. Thin Pt sheet i3
always used as the anode ip platinum plating beths; it 19 SGS-I‘DB_‘!Y_
attacked at all, The bath must always be kept slightly alisline; lf
this is no longer the case after prolonged passage of gurrent,-
dilate aquesus sramonis is added until an odor of ammonis: 5
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noticeatle, If the bath is acid, Pt sponge will rapidiy precipi.
tateé W. Keitel et al. give another bath formula: cla-dinitrodinm-

issolved in ammonia, and emmonium nitrate ang

?ﬁ&a;ﬁﬁe I:r: aited to improve the conduotivity of the bath,
Ohjects to be plated with platipum {cathodes) are prepared in
axactly the same way as in any other method of electroplating. Given
the cost of platinum, these objects are usually small; platinum
electrolysis vessels therefore need Lo hold only 2 few liters of the
solution; the vessel will thus usually be a glass or pﬂ::calam hegker
or & small irontrough coated on the inside with a special alkali- and
acid-resistant enamel. If the platinum deposit 18 too dull, 1t can he
rubbed and scoured [n the same way a8 gllt-ware, and then replaced in
the platinum bath to deposit a{urther platiaum layer; thie treatment
may be repeated until the required deposit thickness is reachad,
The current efficiency in platinum ceating is very small {only
30-409, of the theoretical) since large quantities of energy are
consumed in liberating the great amount of H, that evolves. This

Hy &lso hardens the platinum deposits.

REFERENCE:

Planhauser et &l. Galvanctechnik [Applied Electrochemisity],
Lelpzig, 1949, pp. 539-942; gives further defails on bath com-
positions and op other recently developed plating baths.

According to Lummer and Kurlbaum, the liguid most suitable
for the platinization of electrodes for potentlal measurements con-
sists of 3 g. of HoPtCl, + § Hz0 plus 0.1 g, of lead acetate in 97
ml. of H,0; the bath temperature is 20-30°C, the potential about 4
volts. Two serjes-connected slorage batteries are used as & power
source and the current is regulated to produce a moderate gas
evalution. The current is reversed, so that each elecirode serves
alterpately as the anode and cathode. The total time for imitial
platinization is 10-15 minutes; usually only 1-2 minutes is sufficlent
for replating electrodes aiready covered with platinum black (before
platlnum plating these electrodes must be carefully cleaned; it 18
best ta do this with chromozulturic acid).

A thin coat of platinum (burnished platinum) can be produced on

glass and porcelain bakin : 1
solutions; by g on either of the following specia

I A solution of 1 g, of platlnic chloride
(HzPtClg + 6 HaO) In 3.5
ml. of abgolute aleohol is mixed with 10ml, of a concentrated aleo~

olic solution of porie acig and 2 v an
5 ml, t :
tine In lavender o ml, of & solution of Vene : :

H A solution of 1 g of
piztinic chloride (B PtCla - B HyO) i the
mlotmium amount of absclute aicohol is added slowly (stirring) to.
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& ml of ice-cold lavender of), After warming, Burgundy
added teo the mixture to give the required consia;acy. pltchjfa

In either case, the platinum-containing mass is spread und-~
formly on the glass (or porcelain) and carefully heat-dried so that
no bubiles develop. The coated surface is then heated to a dull red
heat In & mufile furnace or in a sulfur-free hlowtorch flame.

The ingredients of these sclutions are not uwsually available in
the laboratory., However, ready-for-use soclutions for producing
burnizhed platinum (with instructions} are provided by companjea
handling noble metals (e.g., W. C. Hereeus of Hapau or Degussa of
Frankfurt or Enpelhardt Industries of Newark, N. J.}.

REFERENCE:

Ostwald-Laother, Physlko-Chemische Messungen {Physicochemical
Measurements], 4th ed., Lelpzig, 1925, pp. 158-159.

RECLAMING PLATINUM FIOM USED BATHS

If the liguid quantity 1= not too large, then the best method iz to
precipitate the platinum with H38 (this is preferred over the pro-
cedure involving concentration of the solution and reduction of the
residue to the metsl). The platinum can be precipitated from larger
Houid guantities with pure Zn {foliowing acidification of the bath
liguid},

Platinum Chiorides

Strelcher and Krusiinsons glves the following facts about the
stability of chlerides of platimum 2s a function of temperature at
I atm. of Cly pressure:

PtCl, (russet) stable up to 382°C,

PtCly {dark green) stable between 382 and 435°C, .

PtCl, (greenish brown) atable between 430 and 515°C. S

The existence of PtCl {pale yellow-green), 581-563°C, 13 no
altogether certaln.

REFERENCES: e

5. Streicher. Thesis, Univ. of Darmstadt, 1913; J. Krusti,uannﬁé-@

Eleltrochem. 44, 537 (19#38). -‘_*-::l -
ICl,

Prepared decomposition of H,PiCls* 6 Hz0O In a sires f
chmrigle’. Thgy starting material is placed in e hoat sabina .



H, L. GRUBE

552
de of high-melting glass. The temperature i
combustion tubs macs 8 150°C, which drives off water, Whes,

60 to 16
ieoreased stowly from the temperature 1 raised to 275-

letel dr}r’
m-“:;;t:: Tmi::ﬁf two lfuurs, apd held at this level for 0.5 hoyr,
The temperature must not ke sllowed to xise above 360°C, After

i ° cduct is removed, quickly ground, re-
c?:;:as :: :t?:uéo::gugt'i::nheb%;t. and reheated for 0.5 hour at 275°C
I:vmle a stream of Cl, is passed over it. The resutant chloride ig
placed, while stlll hot, in a hermetically closable storage bottle,
The yleld from 6 g of HyPtCl, - 6 H43 18 3.7 g, of PiCl,,

PROPERTIES:

Red-brown, very hygroscopic crystals. Very soluble in water,
sparingly soluble in alechel. Absorbs moisture on standing In air,

yielding PtCl, - 5 Ha0.

REFEREKCES:

A. Gutbier. Z. anorg. Chem. 81, 381 (1%13); M. 5. Kharasch and
T. A. Ashford. J. aAmer. Chem. Soc, 58, 1736 (1836); R. N.
Keller in: W. C. Fernelius, Inorg. Syntheses, Vol, II, New
York-London, 1946, p. 247.

PCI,

I. Prepared by heatiog platinum sponge to abeut B0R°C in a stream
of Cly or, better, by thermal decomposition of PtCl, or HyPtCls -
£ #a0.

The HaPiCla-6 HiO {or the commerical product contajning
40% PY) is subjected to a prellminary decomposition over a free
flame at 150°C. The resulting residue is pround and decompogsed
in 2 slow air stream at 36G°C. Depending on the quantities involved,
the operation may require severai hours. At the end the undecom~
posed HyPtCle should be removed by extracting ang washing with
Ha0, after which the product is redried at 360°C,

PROFERTIES:

Formula waeight 266.0, Greenish-brown pawder. Insolubie in
wazer. At 250°C, dry PICI, forms & very volatile carbonyl chloride
?mi. CO. Thus gases containing CO should not be used in reductive
tﬁ";i ::lfefip?liﬁ:mm chél“}ride {the same holds for the chlorides of

glinum metfalg), Very s i . o=
chloric acid, yielding H, Pt)m‘. ¥ sparingly soluble in dil. hydr

REFZAENCE:

M. 8, Kha
‘mas}faach and T, A. Ashford. J. Amer. Chem, Soc, 58, 1776
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1. A chocolate-brown form of platinum {1) chloride can be pre~-
pared by careful concentration of a solution of tetrachloroplatinie
(I} ecid (see p. 1579) in hydrochioric acid; this material {8 more

soluble in hydrochloric acid and agueous emmonia than the product
obtained by method L ? § proce

REFERENCE:

W. E. Cooley and D, H. Buach in: T, Moeller, Inorg. Systheses,
Vol. V, New York-Toronto-Lerndon, 1957, p. 208,

Hexachloroplatinic iV} Acid
H ¥l 6 HO

Obtzined by dissclving platinum in agua regla. Toprepare large
guantitles, the platinum, in the form of thinshavings of foll, 13 dis-
solved in a porcelain or glass vessel and the selution poured into &
poreelain dish. Hydrochloric acid is sdded and the solution evapo~
rated to sirupy consistency in order Yo drive off the nitric acid and
any PtCl; + 2 NOCL which may form, The thick sclution s taken up
with HC1 end the resulting solution reevaporated to a sirup. This
ts repeated several times. Since the last traces of nitric oxide are
very difficult to remove, finely divided Pt may also be dissolved in
hydrochloric acid through which Cly is bubbled {or nascent Cl; may
be generated in the sclution itself by carefully adding HCXDy Or
Hz0y fo It).

° ’I?he cn]ncentrated golution im placed in & large tared dish and
the percentage of platinum in the chloride is adjusted {usually to
39.5 or 40%) by controlled evaporation of the aocid on s burner
{check on the decrease In weight). .

When the required percestage of platioum is reached, the dish
{5 removed from the burner and zllowed to stand until the chlorids
solution becomes a definite siurry. The sclution is then sti_xr._e_ﬂ'
with a thick glass rod until it is completely cool,

-

SYNONYMS:

Chloropiatinic acid, platinum chloride, pletinic chioride,
R

TROPERTIES: Caae

- m “piati—
Tormula weight (HaPtClae + 6 HaO) 518.0, Commere

num, ghloridet? cgtaini;g 39,5-40% Pt s pot a definite bydrats, }:n.at
has the composition of HaPtCla* 48 HaO apd tedeep armge..?tarte_
Ing muterial for the preparation of most platioun compoundi:. ; w
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Tetrachtaroplatinic [Il} Acid
H,FiCl,

Stable only in solution; prepared by reduction of HyPACl, with g
stojchiometric quantity of NoHa * 2 HCL

2 HLPCL 6 H,0 + Nyil2HCL —~ 2HPtCl, + N + 8HCL + 12H,0

cial platinum chloride {10 g., 40% Pt) isdissolved in 50
ml.%gmwieez in aplﬁﬁ—ml. beaker. Then 1,07 g. of solld NoH, -2 HC
is added in small portions, so that the solution effer\r_esces each
time due to evolution of Na. Within five minutes of adding the last
of the hydrazine salf, the deep red solution 1s heated on a steam
bath until no further gas evolves; it is then filtered to remove the
small quantity of platinum black which may depos it out.

PROPERTIES:

Red solution; leaves a brown deposit of PiCly oo careful evepa-
ration, Very stable in hydrochloric acid aclutlon, With an excesas
of ammonia it forms [PHNHg).] [PIC1,) or [PL{NHa)e Cla.

REFEREMNCE:

W. E. Cocley and D. H. Busch in: T. Moeller, Inorg. Synthesea,
Yol. V, New York-Toronte-London, 1857, p. 208,

Ammaonium Hexachloraplofingte i)
(NH,), P,

A dilute, weakly acidic (HCl) solution of HgPtClg is prepared
and, if that is needed, oxldized with H,0,, It is then reacted with
an excess of NH,Cl (at least three parts by weight of NH,C1 to one
of Pi) and slowly evaporated to dryness on a staam bath, The salt
crust mixed with the resulting residue is broken up with a glass
rod and the solids heated on & steam bath with continuous stirring
until {he powdery mass no longer gives off the odor of HCl, The
dry residue is then carefully molstened with some distilled water,
Eﬂfﬂﬂ ¥p 1n cold saturated NH, C1 solution and filtered, I is washed

st with N#,Cl solution, then with aleghol, The mother liguor

should be completely colorless o
reaction with B,S and $nCl, and show only fraces of Pf

EYMONTMS:

Flailn.:l!am a::]ammonmc, ammontum platinichioride, ammonium
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PROPERTTES: .

Formula welght 443.9. Lemon-yellow octabedra. A color ‘of
yallow ochre i¢ brick red instead{ﬂ lemon yellow ln?ic;teﬂ i;:
presence of other platinum metals, particularly P4, Ir and Ru.
Greenish-yellow fo green indicates that Rh is present, Complétely
decompaosed on ignition in & platinum dish, leaving fine particles of
platinum sponge, Very sparingly soluble in H,G, less scluble In
NE,C1 sclutons. Solubllity (15.5°C}0.67 g., (100°C} 1.25 g./100 m).

Hz0. Colorless solution in cone. mmmonis. Like KoMl y, insoluble
in aleohel.

Potassium Hexachloropialinate IV}
K PCh,

Prepzred by adding a sclutlon of KCl to HgPtCle {the ratlo of
solid components is 3:1), For complete precipitationofthe Pt with
KCli or NH,Cl, the P{ must be completely oxidized to the +4 atate
and the solution must be as concentrated as possible; however, the
solution should not be 20 concentrated that it becomes visceous while
the product is being formed,

EYNONYM:
Potassium piatinichioride,
PAOPERTIES:

Formule weight 486.0. Pure yallow crystals;dissolve withdiffi-
cuity in water; insoluble in aleohol. The color chenges in the
presence of the other platinum metals in the seme way as doea
that of {NE,)oPtCle. Solubility I water:

0 . KaPtClg/100 g HaO

o 0.74 e
10 0.90 S
an 112 _
56 2.18 St s
a0 .79 s e
100 §.13 g
.:.,{*Qf

Sodium Hexachloroplatinafe BV}
Na,PICl, Na;PICL -8B, .

fa ke

Y -

wh

o

Prepared by passiog Cly over & mixure ofplatioum Sposgestll

twice ita weight of NaCl. -Theraa;eﬁmtﬂmPaﬂwamlmwl k
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but should not under any clrewmnstances exceed 660°0,
Purification is effected by solution of the product in alcshol
filtration to remave WaCl and pilatinum metala, and concentratiuz;
of i solution, after which the salt ia dried in & drying oven,

If the reaction mlxture is dissolved In water (inatead of alechel)
and the solution concentrated, NazPiCle - 6 H,0 is produced ag
triclinic, orange-colored crystals, A very pure salt i3 obtaineq
by recrystallization from 1% soda solutlon; it loses 1is water of

crystallization below Laa"C.

than 500°C,

SYNONYM:

Sodium platinichioride,

FROPERTIES:

Formuia weight (anhydrous) 453.8, Orange crystals. Soluble in
water and alcohol,

REFERENCE:

L. Wokler and P. Balz. Z. anorg. allg, Chem. 148, 356 (1525},

Potassivm Tetrachleroplatinate {If)
K:FICt,
Prepared by reduction of K PtCls with 30, or NaHy - 2 HCL,

L A suspension of 4,7 g. of K,P4Cl, in 85 ml. of HaO is prepared
:3.: gg;g;' beaker; small portions of freshly prﬂpar:d SG:J solljution
e 85—-90"\:;1“13 stirring the suspension mechanically and heating
be made flrstonf alfwater bath, About 15 additions of 0.6 ml. should
addition, 2-3 min owed by 10-15 additions of 0.4 mi, After each
the SO, ks ooy es (later 3-4 minutes) should be allowed until
reduction WMnuTh:d ard its odor disappears, Toward the end of the
It is neceésar - suspended particles are gradually disappearing,
ing on eumpi};te proceed even more slowly. The solution remain-
crystallization beg;:_:i u‘f"“ 1s copcentrated on a water bath until
red KaPECL, is dissoly fter cooling, It fs suction-filtered, and the
any small ;esidue of ;ed in 40ml. ofcold water, filtered to remove
water. The golution i aPtCly, and the residua rinsed with 5 ml of
walter} fnto an sua-&f“eﬁmf" transferred (rinsing with 1¢ ml. of
$5-60 mi. Then 850 ml beaker; its total volume at this point 8
added with stirring. Tt:is"f 2 1:1 mixture of acetone and ether 18

Precipltates the solid chloroplatinate,

Lok,
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which ig allowed to settle, The bright yeliow liquid 1s decantad
the salt 1s washedthreatimes with {120 ml. of a(?etum-&ther ml;‘lgg

{decantation} and then three times with B0 ml. of ether, After

filtering and drying the preduct in ajr, the salt is yecrystallized
from het, siightly acidifled water., ve .

II, The KaPtCla can ba reduced with NaH, ¢ 2 HC} in the same wny
28 HoPtlla.

ZEMChL + NH, ZHC = 2P0, + 6HC + Ny
572.1 1050 880.%

The KaPtllg is suspended (brisk stirring) in 10-12 times its
weight of water. With continuous stirring, the sfoichiometric
gquantity of solid Ngi, + 2 HCl 15 added in small portions, the
temperature being raised to 50°C within 10 minsies. The K PtCly
digsolves with evolutlon of Ny, The aclution 13 brought to the
bolling point, filtered and concentrated, first over &n open flame
and then on a water bath, untll crystailizstion beging, Since no
foreign ions are introduced in this preparative method, recryatal-
lization can be omitted, provided the sterting materiais used are
pure.

An excess of NzH, « 2 HCL leads to the formation of platinum
black, while a deficiency leaves undissclved KPtCle.

The compounds (NH¢);PtCl, and NagPtCl, can also beprepared
in this way.

PRGPERTIES:

Formula weight 415.1, Red crystals or bright red powder,
Solubility in weter {187) 0.93 g., (100°C} 5.3 g./109 mi, Insolubie
in alcohol; reduced in alcohel.

REFERENCES:

L Magnus, Pogg. Ann. 14, 241 {1828),

O. R, gl'!\'f1 Kellgf tn: W. C. Fernelius, Inorg. Systheses, ‘V_o!. I,
New York-London, 1946, p. 247; N. G. Kiynchnikov and B, N.
Savel’eya, abstract in Chem. Abs, B1, 10288 {1957},

C. -

Platinum ] Oxide B

4 N
Wohler's method |8 recommernded In preference to others.

that 15 85 Enely
Oxygen i passed at 160°C cver platinum sponge taes & 8 SIS
di‘?iﬁzd as ;'ossible; the temperature must not exceed 560 -
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PROPERTIES:

it drous black powder. Readily soluble in aqua
Comtlzlsl:m 13;? ﬁu{:e d by Hap at ordinary temperatures, lberating
pent and forming gray plstlaum sponge. Decompuses at atmospheric

pressure (560°C): 2 PtO = 2 Pt + Oa.

RETERENCE:

L. Wokler. Z. Elektrochem. 15, 136 {1809).

Piatinum [IV] Oxide
"o, - xiio

L It is Imposgible to prepare completely anhydrous PtQO, without
decomposing it. In addition, even the hydrated material (which
contalns variable gusntities of water) I3 not easy to obtzin in pure
form. The procedure of Wohler and Frey appears to be the most
suitahle. Red-hrown hydrated platimum dioxide is precipifeted by
boiling a pure, concentrated selution of HaPtCla with concentrated
Na,C0, solution. The precipitated solid s made acid-insoluble by
hesting for several hours in 2 drying oven at 200°C; i is then
freed of chiorides by vigorous boiling with dllute sods solution and
digtilled water, Fipally, it 1= freed of alkall by treatment with
ditute suifuric acid and distilled water, flitered off and dried on &
waler bath

FROPERTIES:

Straw yellow after brief drying; on further drylng, becomes
?‘ellt;wmochre and then dark brown; at this point the oxide {s acid-
nsaluble,

REFERENCE:
L. wWohler, Z. anorg. Chem. 46, 438 (1604),

II. A I0% solution of HaPtCly (10 ml.) is added to 8 g. of NaNQCa in
a 50~ml. beaker, The schuton is evaporated to dryness over &
flame (covered with asbestos-~wire gauze} while continuously stirring
::Lh id:d. glass rod. Locei melting of the mixture must be carefully
Then 100 g. of NaNQ, Is heated to 620°C in a 460-ml.

mhaaker (contrelling the temperature with a thermocouple), snd
mdl'!’ » fine gowﬂer Tesidue from the evaporationis added at once.
flamne then removed. The olive-brown platinum oxide 12

-

Vo
N

4
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precipitated more or less quantitatively and apldly. ;

coollng andtsoiidﬁicatiﬂn. the beaker is? rmtzztﬂzgat the ;bm

golldify on the walia in fine particles. ti

polldity oo r ‘g avoiding the craclking of
The coeled melt 18 dissolved in about

residue is fillered off with suction, It

with HgO, taking care that the residue remaing covered with water

at all times, since otherwise it passes into solution as a collold,
Finally it i2 drled over Ca(l, in an evacuated desiceatar,

two liters of H, O, am!.' the
is then washed repeatedly

PROFERTIES:

Heavy brown powder; mmesluble fn aqua ragla, Blackens apd
sottles rapidly when treated with Hyinanaleoholic suspension (this

powder is soluble in agua reglz). Very active catalyst for the hy-
drogenaticn of olefins and narbony: groups.

REFERENLE:

V. L. Framton, J. D. Edwards, Jr., and H. B. Benze, J. Amer,
Chem, Soc, 73, 4432 {1951).

Hexahydroxyplatinates {IV}
NayPHOH), - x H,O, KPHOH),-x H,0

An agueous solution of MagPiCl, or KPiClg s boiled with
NaOHE and then treated with alechol. The precipitate consists of
small golorless crystals, which ave fiitered off and dried In afr.
Depending on the conditions of precipitation, the product contains
from 0.5 to 3 moles of Hy0, Aqueocus soiutions of these two aells
are very good electrolytes for electropiating platinum,

™
LY

Platinum {Il} Sulfide ;oo
#iS -
Produced by heating en intimate mixture of very fine powdets

of platinum sponge and sulfur; may alsc be produced by decomposi~
tion of a boiling solution of PtCla by ubbling in HzS, or mw

to it & solution of one of the alkall suifides, The black presipitits

c&n be washed and dried without being altered.

PROFENTIES:

Insoiuble in eclds, evea &b the boll. Yields metallic Ptytey

hested in atir.

g2t

L s



1596 H. kL. GRUBE

Platinum |I¥] Sulfida
|

dark-brown precipitate by passing HaS through g
[0 m&ﬁdo?ii:]’tmg in hydrochloric acid, Tlhe precipitation cap
be greatly accelerated and made almost quantitative if the weakly
acidic platinate solutlon is mixed with a 5% solution of MgCl, and
then saturated with H3S gas. After the excess HzS Is driven off by
boillng, the P18, is filtered off and carefully dried.

PROPERTIEE:

Insoluble in hydrochloric and sulfuric aelds, goluble {a nitric
acid and particularly in agqua regia. Even though Pt belongs to the
group of elements forming thio salts, Pt35 is only slilghtly sciuble
in colorless alkali sulfides snd yellow ammaonium sulfide.

Potassivm Tetracyanopliatinate {lj and
Borium Tetracyanoplatinate ()
KPHCNY, - 3H.O, BaPyCNY, -4 H0

Both salts are obtalned by precipiiztion reactions,

PtCh (KiPECE) + $KON = K,PHCN), + ZKCI(4KCD

13H.)
D640 {4151} 2605 431.4 1490 [298.2)
EFHCN], + BaCl, = BaPt{CN)}, + 2XCI
AH (2H.0) 13 HeOn
431.4 2443 i i 149,1

& solution of PiCly or K POl Is sdded to & cold, saturated
solution of XCN (use a good hood!), The precipitated K PH{CN) *
3 Hy0 13 filtered off with suction, I it is to be used for preparing
the barjum sait, # is dizsolved in water and freafed with & con-

centrated agqueous solution of BaCl,, The i )
2 precipitated BaPHCN
4 Hz0 Is fltered off with suction and washed with cold water,

SYNONYMS:
Potassium platinocyanide; barium platinecyanide.

PHOPERTIES:

K2PUCN), - 3 H,0: Polychromatic, hlue and yellow, Readily

soluble in bot water; most of
the solution, d 2,455, of it rapidly repregipitates on cooliﬁs_

- .
R n s
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BalPHCN) | - 4 HaO: Crystals with brilast polychrositss -

(pleochroism), iridescent violet-blue on the prism facas,:

green in the axial direction. Solubliity ({20°C} 3.6 g. /100 ¢, H.&
d 2.076, ¥ (20°C) 3.6 g./100 ¢ HJ0.

Ammine Complexes of Platinum (1}
Piatinum Ammines) -

Magnus's Selt [PUNH,),][PCL] and
Reiset’s First Chloride [Pt(NH,),]CL: - H,0 ;

An excess of 50% ammonia is added to a boiling solution of
HaPtCl, [obtained by reduction of HyPCi,, see p. 1570).
precipitates the dark-green crysials of Magous's salt, If heating
with the excess of ammonia is continued with stirring, ignoring the
appearance of the precipitete, the lafter redlasolves and the sclution
becomes colorless, It now contains {Pt{NHg), )Cla, Aelset's first
chioride. This =alt cen be precipitated directly by adding alcohol
whereby it is obiained as colorleass crystals, However, for higher
purity, the preparation should procesd via Mapnus®s salt.

This requires a solutlonof HePtCl, inwhichthe latter s pregent
in a quantity exacily equivalent to the Relset’s chloride. The
simplest way to achieve this is fo divide a given quantity of
HaPtCi, solution into two equal parts and use only one of these
for conversionefthe solute to{Pt{NHal IC1; Inthe manner deacribed
above. The excess NHy is driven off as completely as poasible by
heating on & water beih. 'The two solutions ere thea gradually
combined (stirring), and pure green Magnus’s salt is precipitated;

{PHNH\)]CL + HPtCl = [Pi{NH,)]{P1CL] -+ 2HC

a7

The precipitate is allowed to settle, the mother ilquor decantod,
and the solid washed with small portions of hot water {oh a filter)
until the wesh water 18 free of chiorides, The Msgnus's salt 18 now

pure and can be dried,
For conversion into pure Releet’s chloride, the molat Magnua's

salt 1s placed in a heaker, covered with some dil. hydroohlomts -

acid, and treated with an excess of concentrated ammonta, “Fhe

mixture 13 boiled gently with continuous stirring, gradualiy dis-..
solving the solids, The evaporating ammonle must be repliced..

from time to time to malntain the original volume. After the green
salt is completely dissclved the solution is evaperated untl] only &
faint odor of NHa remains. Then It is neutralized to liimus, 1 ol

LA

of copeentrated HCl added, and the mixturs treated with 10 thqed

its volume of 1:1 alcohol-aceione. It is ellowed msmmﬁﬂ

&

\‘ Syl
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[ hite precipitate 18 removed, washed a few times with
auﬂam:ms Ef alcohol~acetone, &nd rinsed with pure scetong
on & suction filter. The resulting Relsel's chloride is dried in ey,

PROPERTIES:

Magnus’s salt: Dark-green crystalline needles. Very dif.
freult g;) dissolve in water. Rapigly transformed Into trang-
[PtC1,{NHa)5] on dry heating to 280°C,

ftejset’s first chloride: Colorlegs tetragonal crystals. Sghu-
bility (20°C} about 20 £./100 g. Ha0O; more soluble in hot water,
Insoluble in alochol, ether and acetone, Forms the hydrate
[Pt{NHq),}Clz* HaO on recrystallization or concentration of an

agquecus solution.

Reiset's Second Chleride
trans- [PLCL{NH,}]

If Reiset's first chloride ig heated at 250°C until no further NH,
is glven off, the product is trans-diamminedichloroplatinum {II}:

[PUNIL}]CL = [PCL{NHy)] + 2NH,
3341 800.1 34.1

A mixture of this chloride with NH,Cl iz obtzined by evapo-
rating the first chloride with 2 large excess of concentrated HCl;
the NH4Cl is extracted from the residue with cold water.

Purification is effected by recrystallization from hot water or
by converting the solki to the nitrate by means of AgNO,, followed

by reprecipitation of the chloride from the nitrate solution with
concentreted HCI.

PROPERTIES:

Sulfur-yellow crystalline powder. Very slightly soluble in cold

:4355; solubllity (100°C} 0.7 g,/100 g. H,0. Decomposes above

Peyrona's Chloride
cis-[PYCL{NH,),]

L A cold, clear solgtion o L
H0 y f 20 g, of (NH,),PtC) in 100 mi, of |
is rescted with 5O m). of5 N arumoniz and allowed to stand for &
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12-48 hours In & closed fimak at 0°C. The -

contains Peyrone’s chloride and some Mm:;"?:fll:.mm ixtifyd L2
is filtered off and waahed with fce water untfl po M a'e \1{.3
precipitated from the filtrate with PtCI3™. The Peyrone's ohloitidd.
on ibe filter is then dissolved with boiling water, and the yellol
soiution is mixed with 1/3 its volume of 50% hydrochlerte aeids .
After standing for 24 hours, the crystalline precipitate is fHiversd - ¢

off, washed until free of acid with ice water and then with aléohol, . i
and finally dried in air, Yield: 10.7 g. S e

E. A lukewarm solution of 41 g. of K PtCL, snd 27 g. of NM,Clin .’
200 ml. of HzO I8 reacted with 54.4 ml, of 3.75 N ammonla (0.204 .
rmole) and ellowed to stand for two daya at room temperature and

for sn additional day at 0°C. The precipitate which hes formed f8
then filtered off with suctlon {removing the liquid as completely,

as possible), thoroughly washed with ice water, snd dried in sip.
The yield ts 27.1 g. of a product which is not completely pure buf
contains, in addition to cis-[PICly(NHs)g]., & few percent of
Magnus's salt and [PICI(NHz) a5 [PICL ]

PROPERTIES:

Yellow crystalline powder (needles or platelets). Soluhlli,!:;r;
(0°C) 0.26 g., (100°C) 3 g./106 mi. E,0. Dissolves very alowlyin
water at 100°C. Hapidly converted to the {rans compound on gry.
heating to 275°C.

AEFERENCES:

Gmeline Handb. d. aporg. Chem. [Gmelin’s Handbook of InoTganls
Chemlﬂ-try]. Bﬂl edn {1957}r Plstmum- Pm D’ pPl- isl 53! 23&1,
241: S, M. Jorgensen. Z. anorg, Chem. 24, 153 {1900); 8. M,.
Jorgensen and S. P, L. Jorgensen. Tbld. 48. 44% (190€); L,
Remberg. Ibid. £3, 33 (1913); R. M. Kellex in: W. C. Fernelius,
Inorg. Syntheses, Vol. IT, New York-London, 1948, p, 260.,.

cis-Dinitrodiammineplatingm (II)
[PHINO, :(NH))s]

e K
The cis form of this neutral aalt complex is precipitated Wheh.
an mqueous solution of potasaium platinum (D) aitrite Is uﬂ&?’
with aqueous ammonia. i
The starting KePt(NOa)s van be prepared from Kmf% 2
ig allowed to react with an excess of alkeli nitrite, avolﬂng‘j‘ bete
oxide, . '

- vl
— I N Uk
NOy -+ 8NaLE o
T asey T

¥PClL, + BNaNO, = KPHNO), + 2
488.0 d14.0 4573
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t by welght of K,PtCl,y issuspended in water and treated
wimo? gfncel;ytrateigh solution of 10 parts by weight of NaNOy, The
mixture is then heated with stirring, The yellow KaPiClg firat
dissolves giving a dark zolution, and then nitric oxide is liberateg
as fine bubbles while the solution clears to & pale greenish yeilow,
When no further gas evolves the solutionls cooled and, if necesgary,
the precipitated impurities are filtered off, .

The KoPH{NOg) solutlon can glso be prepered, in & smooth

reaction, from K PtCl, !

KthCL = ‘1NﬂNOg = K:Pt{NO!}; L 4 NaCl
4131 270.0 457.3 Z33.5

To produce the desired complex [PH(NOa)a(NHa)y |, the cold,
filtered solution of K PUNOL) 1S reacted with & stofchiometric

quantity of 20% aqueous ammonia;

K B(NO,), - ZNH, = {PHNOL{NH] + 2 KNO,
1374 341 8212 170.3

After a short time the complex precipitates as & dense whitish
massg of fine, needielike cryatals. After filtration and washing with
cold water, It ¢an be recrystallized from het water; the product
consists of pale-yellow needles.

PROPERTIES:

Formula weight 321,17, Pale-yellow needlelike crystals, De-
compose explosively at 200°C, Sparingly soluble in watewr; readily
soluble in aqueous ammonia, forming [PNQ3(NHa) 2] NO 4, which cen
be used to prepare a good platinum electroplating bath,

REFEHENCE:

W. Keitel and H, E. Zschiegner. V.S, Patent 1,779,436,

Pure Palladium
Pd

a sé?u::le ‘Wilm methed, very pure pelladium is obtalned by treating
as ﬂmon o4 PdCl, or NaoPdCl, with NH,Cl1n order to precipitate
e te-;_!thCla any slight Pt impurity which may be present. The
and am;fﬁ?ﬂm with an excess of NH,, filtered again if necessary,
(PaCi ed with HClL. A yellow precipitate of very pure

a(NHg)o} should form, Ifthesalt hes a dull, dirty yellow coloT,
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it contains a small quantity of {RhCI{NH1)gCly, Which $5 inaclubile

in cold ammonie. The salt ia therefore digested with cold aquecns .

ammonia; completely pure palladodiaramine chloride [PACI4{Nk k)
is cbtained from the filirate by a second precipitation with kydro-
chlorie aeld; it is a bright-yeliow crystailine salt, This 18 reduced
by lgnition in a etream of Hy to light gray palladium sponge,

FROPERTIES:

M.p. 15%4°C; d 11.97. Absorbs large guantities of many gases,
aspeclally Hy. i

AZFERENCE:
Th. Wilm. Ber. dtsch. chem. Ges. 15, 241 {1882),

Collaidal Patladium

A solutien of 2 g. of sodium protalhnate {the sodium salt of
protalbinic or lysalbinic acid) in 5¢ ml. of water o prepared;
aquecsua NaOH ie sdded In slight excess, foliowed by & soluifon of
1.8 g of PdCly (equivelent to 1 g. of Pd} in 25 mi, of HgQ. Then
N H, = Hy0 is added dropwise to the tesulting clear red-brown
liguid, producing immedista reduction (foaming). After standing
for three hours, the black solution is dialyzed against water to
remova the excese NaOl, NaH, - HzO and NaCl; this is continued
until the dialyzing water no longer gives a reaction for Nk, » HyO
and NaCl, The purified sclutlon is concentrated at 80-70°C and
dried In vecuum over H g 5O4. The product consists of shiny bisck
platelets, which diasolve In water leavicg no residus, '

PROPERTIES:

Stable when dry, Its solution appears opaque and black in incldest
light; thin layers are clear black-brown with & greeniak tinge jih
transmitted light. One wolume of the product {about 50% Pd) con-
tained in this colloidal solution can absorb approximately 3000
volumes of Hg.

AEFERENCES:

C. Paal end C. Amberger, Ber. disch. chem. Ges. 37, 124 (19047 -

P. Stecher et al. Merck Index. Tth ed., p. §23 under "MII: :

binic scid.””

Palladium Block e

L)

The Bitiger method for preparing paliadium biack copaisiedn -
reducing m&g;zuems aolution of & Pd (ID) salt with sedium formatit

o

T E g
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The reaction octurs slowly at rocm tempersture and i3 instantaneoys

at 56°C.

PROFERTIES:

According to C. Pasl, an agueous suspension of pailedium blaek
abhsorbs 12,000 times ils volume of Hgi the dry material ahsorhs

only 870 times its volume.

REFEHRERCE:

Jshresber, d. phys. Versing Frankfurt a.M. [Annual Report of the
Frankfurt a.M, Physics Society], 1872-73, p. 11,

Paliudized Asbastos

palladized asbestos ts prepared in exactily the same way as
platinized asbestos (3ee p. 1563).

Palledium {ll] Cloride
FdCl,

The anhydrous salt is prepared by heating loose palladinm

sponge [contained in a porcelain boat set in a glass tube) to a dull
red heet ln 2 stream of Cl, Aecordinpg to Krustinsons, the de-
compogition pregsure of PdCl; reaches 1 atm, at 738°C.
By dissolving finely divided Pd in come, HCI through which Cla
is bubbled, one obtains a solution in which both H PACL and
H,PdCle can be detected, oncentrating the solution also yields a
regidue of PACI,,

PdCl; Solution for the Detection of CO

Winkler gives the following method for preparing this selution.
rqg: Pd (0.2 8. 15 dissolved with gentle heating in about 10 ml. of
pOrcela:gmd'ig The solution s evaporated to drypess in a 50-ml
in 10 mkn of zh placed on a steam bath. The residue is dissoclved
cated tD.dr]rnO% 'hydrnchmric acid and the solution is again evape-
reguiting r :: 8; this last procedure = repeated three times. The
e g% residue, which is zow complately nitrate-free, Is mixed
HCL, A:FE;I' dith?r arn d dissolved (gentie heating) in 10 ml of 1 N
pumice ang 1umt;n 9 about 150 ml. with water, # few particles of
then boiled for abe of alcohol are added to the solution, whick 18

T aboul 10 minutes in an Erlenmeyer flask in order.
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to reguce any Pd (IV) not decomposed during the to

and to drive off the excess alcohol. Af%er cﬁﬁ. 2.?3.{?1
CH,COONs + 3 HO is dissolved in the liquid, The asolution is
filtered through a small wad of cotton wool ang diluted to 200 mb,
with the water used for washing the cotton wool, The clear,
reddish-brown lguid, which contains 0.1% palladium, i3 stable
when stored in a flask provided with a ground-glass stopper. To

be on the safe side, it is best to filter the aciution before uge; it
should be stored in the dark. ot

REFEHENCES:

J4. Krustinsons. Z. Elektrochem. 44, 537 (1938); 1., Wiekler, Z.
anal. Chem, 100, 321 (1935); 97, i8 (i%34): also describes
anaiytical methods for detecting CO with PdCly solutions,
Explicit directions for the preparation of paliadium catalyats
using PdCl,; are given by R, Mozingo in Organic Syntheses,
collective vol. I, p. 885 (Wiley, New York, 1955).

Peltadium {ll) Oxide
Pdo

A reasonably pure PdQ, particulzrly sultakle for catalytic pur-
peses, can be prepared by decomposition of palladium nitrats.
Sodium nitrate (50 g) and a solution of PACl; contalning 2 g, of
Pd are mixed and eveporated {o dryness, The dry mixture is then
heated (it fuses in the process), first for some time at 270-280°C,
then gt 350-370°C, until evolution of nitric oxides cesges; finally,
it is heated to 575-800°C for & short time, The melt is extracted
with 200 ml. of water, leaving behind the PdO. This is washed with
a 1% NaNOQj solution and dried in vacuum over H,S04. Theproduct
still contains about 1.5% H,0O and 2.5% alkall salig. The pure
material can be obtained by ignition in Op, but this c2uses a
less of catalytic activity.

FROPERTES:

Black powder; tetregonal crystals. Steble in air up mabqﬁf :
700°C, in O, to about 800°C. Insolubie In agua regia; solable hi
cone, HBr. d 8.7,

-
REFERENCES:
Gmelin, Handb. d. anorg. Chem. [Gmells's Handbook of Inorg nie

Chemis , Bth ed., Syatem No. €5, Berkin, 192433 ‘ﬁq
Slu'inar?n]d R, Adams. J. Amer, Chem. Soc. 46, 1685 {IW_
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Tetrachlorepalladates {if)
K,Pdc]." Na,l"dCh, {NH]}.P(’.CL.

PaCl, + 2KCL(ZNaCL 2NH,CI) = ¥.PACl, [Na,PdCl, (NH.),P4C],)
1775 1401 (168 10700 azg.4 (294.2 284.)

These three salta are obtained zs well-formed crystals by
treating PdCl, solutions with steichiometric guantities of the
respective alkali chiorides and slowly evaporating the solutions,

SYRONYMS:

Potassium, sodlum and ammoniwn patiadochlorides,

PROPERTIES:

K5PdCl,: Crystallizes in dark yellow or brownish prisms,
Resdily soluble in hot water, soluble with difficuity in cold water.
Precipitated in gelden yellow lamellae by addition of alcohol to g
tot aqueous aclutlan,

Na,PdCL,: Brown, deliquescant; also soluble in alechel.

{(NH, 12PdCl, : Crystallizes in long olive-colored prisms; ¢en
be recrystailized from water.

Hexachloropalladates {1V}
K;PdCl,, (NR,},PAC],
A sciution of PdCl; with an excess of KCI (NH, C1) is prepared,
from which bright red KaPdCly [(NH,),PdCl,] is precipitated on

introduction of chlorine. This 1a rapidly suction-filtered, washed
quickly with KCI (NH,CD-containing water, and rinsed withalcohol.

SYNONTMS:

Potassiumn and ammontum paliadium {IV) chlorides.

PROFPERTIES:

Wm red ¢rystals. Scluble with difficulty in water, even less

KCi 3nd NH, Cl solutions. Orystal structure: Ko POl -

¥
i
-uf
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Diamminepolladium i1} Salts

[PACI{NH.)S, [RABr{NH:)] S

e

I a slight excess of ammonia is added to a fairly duut}-,..mu“

solution of PdClg, a red precipitate known as Vauquelin’s salt:ds
formed. After drying, this becomes s crystalline, flegh~oolored

to dark-red powder, correspending to the formuds [PANH.)4l* -

[PACL] {analogous tc Magnus's green platiouwm salt), On hoiling
in water, most of Ii dispolves; the solution precipitates small
yellow octahedral erystals on cooling; this is trans- [PAC]{NHa)a}
Larger guantities can be easily prepared via methods described-in
the section on the preparation of pure paliadium (p. 1580). :
A PdBr, solution behaves in an exactly parallel manner upon
addition of ammonia: a red, grystelline precipitate of [PA{NHg})<
{PdBr,] is obtazined from the mixiture. This undergoes the same

transformation as the chieride to glve yellow eciahedral crystals
of [PdBrg{NHa}Q]. '

Pure Rhodium

R

1. Reasonably pure sodium or potassium hexschiororhodate (ges
p. 1588 for preparation) is the starting material. The sait is dis-
solved in water; the solution iabofled withan excess of ammonis &nd
concentrated, This givea the so called purpurso salt IRhCI{NHg)g]Cls
2s a straw-colored powder, which must be purified. The salt iy
first digested for a long time in hot 50% hydrochloric acid, is then
suction filtered (removing as much water as possible} and dried.
The lumps are carefully broken up with a proad gieas apatula and
transferred to a container of cold, concentrated HaS0, (salt

H,80, ratlc=1:1.5). Too large an excees of HaS0, should-bd
avoided, and the mixture should be warmed very cerefully, sinoe
otherwise en Inscluble suifate will resulf. Upon addition of the
powder, small Iumps, not wetted by the Hy50,, are ezally formred;

theme must be broken up with the glass spatula, The powden:mist - |

be added In small portions with continucus atirring theHQ .

escepes In bubbles, so that the mass foams. It 18 dlgestgd»untﬂ_éi_ :
becomes a honpeylike, viscous, lump-free yellowish paste: H?a‘&
water is added and the mass is filtered; the fiitrate is nilowed 5

run into concentrated HCL so that the reaulting solution Is approwl-

mately 50% in hydrochlorie acid. The purifled purpureo sail pEge .

cipitates as & dense, yeliowish-white residue. It is fiteredoff

with suctlon, washed, dried, ground with & glags spatule, andhnfied -

b
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trated HNG

hours with five times lts quantity of concen 3

ge:w\:hich the solution is mixed with an equal velume of water,

Fhe nitrate is allowed to crystallize overnignt; it is then flltereq

orystallized once from water, IC is then redla.
off, washed and recry n is MHltered, end the filtrate s again

water, the salutio
i?:;idedmto run into hydrechloric acld, The salt s washed with
pproximate those of the respecifve

liquids whose compositions 3 .
m?}ther liquors. Since the salt is only slightly soluble in cold H 0,

iver a flnal rapid wash with cold HzO, preferably on a filter
ii}]ifmgl:‘; to a vacuumn pump. The purpureachloride obtained In
this way Is placed In 2 covered guartz crucible set inside a
graphite orucible and ignited carefully in & gas-heated or muffle

furnace.

IL. According to Wichers and Glichrist, pure rhodium can be pre-
pared as follows, The finely divided, impure rmetzllic raw materia]
is mixed intimately with 1.5 times its weight of NaCl and heated
at BO0*C in & stream of Cls for 2-4 honrs, If is then cooled in the
stream of Cls. and the fused mass is dissolved in HzO.  The in-
saluble residue is again treated with ohlorine until all of the
rhodium hecomes soluble. The spolution is then diluted to a con-
centration of 40 g. of Rh/liter and filtered. The filirate is heated
on a steam bath and NaNQz is added until the color changes from
red to yellow; this regulres about 509-550 g. of NaNGz per 100 g.
of Rh. Finally the solutlon is beiled for an hour, The platingm
metals and some of the base metals zre cenverted into soluble
double nitrites, while other base metals are precipitated as hy-
droxides or basic szlts. The mixture ie filtered; the cold soiution
= treated with Na,8 end allowed to stand overnight (5-10 g. of
Na,3 is suificlent for a solution containing several hundred g, of
Rh). The odor of M,3 indicates the end of the reaction, which
precipitates Ph and smali gquantities of Pd, Pt and Ir. The filtrate
1s boiled to decompose the excess NayS. The purified solution is
again trested with 30-60 g. of NaNO; per 10€ g. of Rh (to convert
the rhodium completely to the double nitrite}. The cooled solution
15 treated with 2 saturated solution of NH,Cl, which precipitates
the sparingly solusle (NH,) s[Rh{NOz) 6], which is white when pure.
This product is allowed to react with hydrochloric acid. The re-
sulting hydrochloric acid solution of rhogium ckloride is treated
with NaNO; (after evaporating the excess of the acjd) and trested
:f:m Eedescribed rbove, except that smaller additions of Nag$
: tegu in the successive purifications, Finally, the concen-
Yated solution of rhodiwm chloride fn fydrochloric acid is con-
WH‘E‘: ‘:jd{NH;)aRhCla- Be0 by addition of a small excess of
E}'ﬁm}m Oge IBECULES Is treated with 95 aloohol. The precipitate
be A and washed with alechol., The (NH JaRhClz « HoO mey¥
edisgolved in water and reprecipitated with alcohol.
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The {NH,)sRhClg - HoO is ignited to rhotium s and
reduced with hydrogen. ponge poat-

PHOPERTLES.

M.p. 1870°C. Harder and more difficult to work than Pt. The
solid metal and the fine rhodium black powder obtained by reduction
from salt solutions differ In their solubility in acids, The solif
metal i8 Insoluble in all acids and mixtures of acids, and s not
attacked hy molten NaOH even 1f KNO, is added at dull red hoat,
If Rh Is fused with KHSO,, 1t slowly forms the water-soluble
potassium rhodium sulfate, which imparts & daric-red color to the
melt: at high Rh concentrations, the melt becones black,

AEFERENCE:

E., Wichers and K, Gilchrist, Trans. Amer. Inst. Mining Metallurg.
Eng. 76, 19 (1928), :

Rhedium jil} Chlorida
Rh(H,

The anhydrous chloride s prepared hy heating the metal v &
stream of CI; at about 400°C. Above BOGC, It redecomposes to
the metul and ehiorine. This chloride is red and inseluble in water
and acids.

However, the hydrated rhodium ([T} oxide mentloned on page
1588 dissolves readily inhydrochloric acid, giving & yellow sclution.
On evsporation of this solution, & residue of the hydrated chioride
RiCl3 + xHo0 (x = 3-4) is Jeft as & red deliquescent mass, which 18
called ‘' water-soluble rhodium chloride!’ to distinguish it from the
first product. Heating above 206°C converts this product to the
weter-insoluble RhCl,,

Hexachlorarhpdates {111
Sadium hexachlororhodate (11F, NeRhCl 32 H,0

First RhCl, is prepared by peassing Clp over vary fine rhodivi
powder =t about 460°C. Cne part by weight of the product RiCly I8
carefully mixed with 2-3 parts by weight of NaCl and heatad te
about 300°C In a stresm of Clz. The aqueous solution of this
chlorination product i filtered; after concentration, NagRhGls -
12 H,O erystallizes out as deep-red, moneclinic prismatic crystals,
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Posastivm hexachlororhedete (I}, K.RhCii: H:O, K,[RhCI(H,0]

um salt is prepared in exactly the sam
mﬂazot?ﬁo:i:iem;oﬁfﬁ E;ialt. On :_:oncentratlon. the first cr}rsmf
lization yields Ka[RhCls(H30}l- This salt is dissolved iu an aimest
gaturated aquegus KC) solution and the sqlutmn cancentrated; the
hexachlororhodate KoRRCls - HaG erystaliizes out on cooling, Both
of the above compounds form dark-red crystals.

Ammoniym haxachlorarhodate [HI],
{NH.LREC) - 1.0, {NH,)[RACL{H.0)]

Coneentration of & platinum-rhedfum solution which has been
freed of platinum by the addition of NH,Cl ylelds crystals of the
red (NH,)aRhClg - HzQ. Green crystals cccasionglly obiained are
{NH,):PiClq containing Rh s an lmpurity, .

A better method starts with soluble rhodium chloride (see page
1587}, which is evaporated together with an excess of aqueous
NH,CL

it the {NHy)aRhCle - HoO is takenup inwater and heated to a high
temperature, the much less soluble (NH,.}a[RhCls(H50)] crystal-
lizes ocut on cooling.

REFERENCE:

M. Delépine. Bull, Soc. Chim. Belgique 36, 114 (1827).

Rhodigm (I} Oxide
Rh.0,

L Very pure Rh.Op i3 obtained by heating RhCl, to T50-800°C in
& stream of Oz until Cl, s no longer given off.

L. The highly hydrated compound RhaOg - b Ho,0 is obtained when
concentrated KOH is added siow]y to solutions of rhodium salis.
ﬂ ;Z‘mlm*yellow compound precipitates; after washing and drying,

comes a pale-yellow powder. This material 1s not completely
alkali-free and is insoluble in water; however, it dissclves readily

in acids and on ignition
fagoluble in acids, ¢ Teverts to nonhydrated RhaQOg, which is

BTNONYM:

Rbz05 - 5 HzO: RBhodium hydroxide.

Pric -
=
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REFERENCES:

I. Gmelin. Handb. d, anorg, Chem. [Gmelin’s Handbook of Ingr-
ganic Chemistry], Bth ed., Rhodium, p. 46; L. Wahler and W,
Muller. 2. anorg. allg. Chem. 149, 132 (1925).

II. F. Krauss and H, Umbach. Z. aporg. allg. Chem, 180, 47

{1929]; G. Grube and G. Bau-Tschang Gu, Z. Elekirochem,
398 (1937). &

Rhodium Sulfate
Rhg(Sﬂ.}; 'K l'l.go

According to Krauss and Umbach, attempts to prepare rhodium
gulfate from rhodium bydroxide and suliuric acid lead to twe dif-
ferent products, depending on the conditions: these are yellow
rhodium  sulfate Rhg{50.}s+ 15 HyO and red rhodiurm sulfate
Rb5(30,)s - 4 B0

Rhg{s(}]); 15 H=0

The yellow sulfate s produced on solution of molat hydrated
rhodiurn {111} oxide (rhodiwm hydroxide) in dilute (L:10) suliuric
acid at temperatures not exceeding SG°C, Then the hydrated
Rh () oxide I3 precipitated from the ¢old solution with KOH
(avoiding an excess of the latter) and washed on a membrans fliter
until the collaidal hydroxide passes through, Suctionis then applied
and as much water as possible is removed; the residue is digsolved
without heating in dilute sulfurlc acid,

The solid salt is cbtained by evaporating this sotution in vaouum,
dissolving the residue in absolute ajechol, and precipitating with.
10-20 times its volume of ether; this gives a pele-ysllow, fine,
flocculent residve. After flltration, washing and drying, this bes
comes a light, yeilowlsh-white powder. The yleld is alweys poor;
at most 20%, )
Rht(sollx'*iﬂto o A

;Ji‘Lj-

Red, amorphous rhodivm sulfate is obtained eithar by svaporating -

a schution of tke isomeric yellow salt or by precipitating hydrated
Rh {I) oxide from s RhCls solution et the boiling polint, weshing
the precipitate with hot water, dissolviag it la hot dilute sulfaris

acld, gnd evaporating the mixture. To remove the excess HECa
the product is dissolved in KO and Ba(OH), is added wniil RE (T}
hydroxide begins to precipitate, The sclution ia fiitered mda;gam _
E\Japorated. o " ‘.-uq._
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ates undergo quite different precipitation reactions,
n.ur':‘::l t::l::ﬁge preclpimgt‘:s the 50?{ almost quantitatively from
solutions of the yellow salt prepared in the cold, These are acigic
and KOH precipitates the rhodium from such solutions, On the
other hand, the red salt solutions prepared under the ssme con-
ditlons either fail to give these reactions, or resct only gradually,
buat in sny case, not quantitatively, We must theregcre conclude that
in this last case we are dealing with 2 complex in which the bondg

are stronger than in the yellow salt.

REFERENCE:
F. Krauss and H, Umbach, 2. anorg. zllg. Chem. 180, 42 (1929},

Choropentagmminarhodium Salts
IRRCYNH,), 1L, [RRCINH}]1{NOL).

The preparation of the chloride and nitrate of these compounds,
which are alag known as purpurec salts, 1s given in the sectlon on
the preparation of pure rhodium (p. 1585 ff.].

Pure Iridium
I

Chemically pure iridium is best prepared by ignition of
(NH.)aIrCle. To obtain especially pure material, the metal should
be reconverted to (NH4)zIrCls (see p. 1594}, which is then re-
lgnited.

PROPERTIES:

Very hard, fairly brittle metal; m.p. 2454°C, On fgnition in sir,
forms small guantities of & volatile unstable cxide, IrQq; thus,
under conditions of oxidizing ignition the welght of Pi-Ir alloys
does not remain constant, Extraordinarily resistant to acids;
insoluble even in aqua regia. Attacked with comparative ease by

Cly, particularly in the presence of NaCl, with which the nascent
chiaride forms a double salt,

Iridivm V) Oxide
0,

In the method of Wdhler and Stredcher, IrQ), is prepared from

&een 1+Cly; which can be resdily oxidi ¢ at
800°C, giving blue-hisck [r0,. ¥ zed in & stream of Oy
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The oxidation of fine iridium powder in a siream of air ot
oxygen does not give IrQ, quantitatively,

BROFERTIES:

Black toblue-black powder, insoluble in acids. Crystal structuore:
rutile type.

REFERENCE:

L. Wohler and 5. Streicher. Ber, disch. chem. Ges. 46, 1721
(1813, -

Hydrated Iridium (IV) Oxide
IrQ, - 2 1,0

I. An agusous solutlen of IrCl, or HplrCls, prepared by the old
method of Vauguelin {zee Hzlr(Cl,;, methed I, p. 15931, is evapo-
rated several times to a sirypy consistency in a vacuurn at 40°C,
Afler each evaporation, the sirup is redissclved in water; this
treatment completely removes the excess of HCL The final con-
centrate 1s agein diluted, and dilute agueous KOH s added in
drops to the boiling sclution until the color changes from derk
red-broewn to green and them {o blue. The solution is then held at
the h.p. for some time to oxidize any Ir (I} whick may be present
and to coraplete the precipitation of the hydrated Ir (IV) oxlde. The
residue of deep-blue coarse flpe 18 filtered off, wadhed with watar,
then with abseiute aleohol, and dried in a vacuusn desiceator.

II. Gerlaeh’s method consists in edding the KOH solution in drops
to 2 boiling solution of NasirCls, to give the alkali-free hydrated
oxlde. The use of excess hydroxide leads to e product which con-
tains alkali. Purification is the same a3 [n method L.

PROFERTIES!

Very dark-blue powder. The hydrated oxide preparedbyrnethod -

I may be converted to IrQOz at 360°C in a stream of Na, F;‘QM
pracipitated IrO5 + 2 HaO is soluble in aclde. ik "
L T+

BEFERENCES: R :r-'m‘tfg"

1. F. Krauss and H, Gerlach. 2. enorg. ailg. Chem. 143, 128 {1-93.5?.

; :
Y

i

I H. Geplach. Thesis, Tech, Hochsckule, Braunschweig, 1928:pg. -

4, 42; N. K., Pschenizyn and 5. E, Krasslkow, abatract.in b
Zentr, 1933, I, 3911, 3

P

3
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Hydrated Iridium () Oxide
}II':OJ‘X H;O

solution of NaglrCla is prepared elther in the same way 25 in
melAlud 1 for KsIrCL + 3 HaO (see p. 1594} or, better, as suggested
by Ogaws, from a soiution of Na,IrCla and sodium oxalate at 50°C
according to the equation

A Ng,[I:Cl] ~ Nagl:0y = 2Nay[IrCl] + 2CO,

In either cese the solution is treated with potassium hydroxide
or potassium carbonate solutien in & Stream of COj. The sapa-
ration, washing and drying of the hydrated oxide must be carried out
under an inert gas {COp or Np). The alkali cannct be completely

ramoved from the product.

FROPERTIES!

Pale-green to dark powder, depending on the precipitation con-
ditiens and water content; oxidized in air to the hydrated Ir (TV)
oxide, particularly when damp. The Ir {II) compounds &re Inore
stehle in acid solutiens than the Ir (IV) salts; the reverse is true
in alkalire seljutions.

HEFERENCES:
L. Wobler and W. Witzmann, Z,anorg.Chem, 57, 334 (1908); Prep-

aration of Na,IrCle solution: E. Qgawa. J, Chem. Soc. Japan
50, 246 (1929).

Iridium I} Chlaride

K,
L Ir + 14,0, = IrCl
1522 1084 298 8

Fine iridium powder is placed In s porcelpin boat set in an
open-end glass combustion tube. The gas inlet side of the tube is
ﬂm‘;‘dm 4 small-dizmeter tubing, while the other end cerries a
E::au -glass joint, An Qu-free stream of chiorine, containieg 2
heated Perceatage of €O, is passed through the iube, which i

fo about 600°C with a burner and iiluminated either with -
direct sunlight or light from a burning magnesium ribbon. 'I'he

ination is complets in abaut 15 minutes,

-y
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L. Altermetively, Ir0,

- 2 HzO is heated to 240 The
¢, and {luminated wi 2 C 1o 1 stream-of;

th sunlight or a burning magnesivm pDON:

Ii. Finally, (NH, 131rCly may be decomposed in & stregm ﬁ!ﬁl .a‘
440-550°C; the conversion of 0.5 g. requires two bours, a e
PROFPERTIES; "
Dark olive-green powder. Stable up to 760°C under & Clg presw

sure of 1 atm, (Streicher); at 700°C the color changes to bright
vellow, :

REFERENCES:

F. Krauss 2nd H, Gerlach. Z. sporg, allg, Chem. 147, 265 (1935},:
L. Wohler and S, Strelcher, Ber, disch. chem, Ges. 48, 1720,
1582 (1813); 8. Sireicher. Thesis, Unlv, of Darmsatadt, 1418,

Hexachloroiridic (1Y) Acid
Hiell,

I. A solution of (NH,},IrCl, 1= decomposed by bubbling Clg thraug%
it at ahout 4°C; then the ligquid {is concentrated at 40°C (12-15 mmn.}
until a dark-brown sirupy mess resulis. This is gllowed to stand
for some time in an evacuated desiccator contuining CaQ {until 1t
congeals and crystellizes). The low temperatures mentioned must
be maintained to avoid the formation of NCla.

L A solution of {NH,)3IrCls is heated with aqua regla on 4 water
beth (approximately 10 hours} until the NHY is completely split offy
the solution is repeatedly toncentrated with cono. KHCE unt{l% ‘

HNOj is completely removed. R
T '.1“”&_“:
REFERENCES: P IR

I. Vauguelin. Lieblgs Ann. 89, 150, 225 (1846); A, Gnt};igqq;md:féc
F. Lindner, Z. phys. Chem. £9, 304 (1909). iy .
M. S. C. Woo and D. M. Yost. J. Amer. Chem. Soc. B3, 8841938

)3

e,
Potassivm Hexachloroiridate {IVf * “*1"" }

K,IrCl,

L A mixture of flze iridium powder and twice ita wolght.ofKORdg,
heated in a porcelaln boat almost to red pest while chlog E
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fter coollng, the excess KCl s extracted
mmo::rm j;, ?east possibla quentity of cold water, Then :.Ei
double salt is dissolved in bolling water and flitered free of ug-
converted Ir. The solution s slowly evaporated In a porcelain
dish. The KolrCls crystallizes as small, shiny, red-black octa-

hedra, which yielg a red powder on grinding.
Itfum amge extraction with boiling water it 15 best te add a feyw

drops of nitric acld in order to prevent the formation of KjirCl,
and convert any Ir {2} present to Ir {IV).

. According to Puche, better resulis are obtained by allowing
NagleClg solution to react with solid KCl while a stream of Cl, is
bubhbled through the mixture. The erystalline deposit is filtered off
with suction and washed severel ilmes with dilute alechol, It 1
thes rapidly washed with some water, The product s dried in g

drying oven at about 100°C.

PRCPERTIES:
Deep dark-red octahedra, Solubility (20°C) 1.12 g./100 g, H,0.
Insaluble ir zlcohol. d 3.5.

REFERERCES:

I. 0Old process of Berzelius: G. Gire. Ann, Chim, 4, 210 (1925),
H. F. Puche, Ihid. 9, 270 (1938).

Ammonivm Hexachlorairidate (IV)
(NH,IrCL,
A mixture of jridium metal powder plus twice jts welght of NaCl
is converied to Na.frCl, by heating to 400°C in a stream of Clj
{vompare the preparation of the analogous ¥KalrCla): this saliis

dissolved in some water. Addition of NH,Cl to this solution [or to

otier solutions of Ir (IV)] leads to the formation of (N IxClg;
the latter i3 only slightly soluble, () )

EYRONYM:

Ammonium irjdium {TV) chioride.

PROPERTIES:

Darl-red octahedra. Solubility (eold) °

. about 5 g., (100°C) about

10 g. /100 mi, H,0, d 3.03. Crysta)l structure: KngtCL type.

REFERENCE.
A. Guibier. Z. phys, Chem. 69, 307 {1909),
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Potassium Hexachloreiridate il

KIrCh - 3 HL,0

1. A hydrogen stream is passed over gently heated (not over 160°C)

K3zIrCle placed in a guartz or porcelain boat; the reduction pro—
ceeds according to the equation

KA + 3H, = 2KICL + I 4+ SHC

1. A solutton of X irCly {the concentration should be as high as
possible) in freshly prepared H 8 water is heated until the cclor
turns olive-green, Then KCl is added and crystsls of KalrClg +
3 Ho O deposit culs these canbe dehydrated, if need ba, The KiIrCls
can be reduced with 80y in the same manner, ut the product must
be neutralized with K,C0O,.

Alternate method: Reduction with oxalate: see sectior on
IrgQa - xH0 (p. 15%2}.

SYNONYM:

Potassium iridium (1) chloride.

PROFEHTIES:

Dark olive~green crystals. Readiy soluble in water, Insoluble
in aleobal.

REFERENGIE:

I ¥. Puche, Ann. Chim, 3, 273 (1938)

Pure Ruthenivm _ .
Rau o - w*i
o Dol
the Drepaiss..
Guthbier and Trenkner give the following method for 3
tion of the pure metal, To start with, 30 g. of the fine metal powder.
is heated to dull red heat for three hours in & stresm of O in erder
to volatilize Os, which 1s offen present as &u impurity. The
partially oxidized Ru is then Teduced in 4 streem of Hytihen &
mixture of the metal, the purest KOH, apd the purest KNGy .
{3:25:3 by weight) is prepared and fused in a-flat shiver .dm R

o s .
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is kept in the 1iqui;1 s;.ati {m; Ite.lf an ;ﬂm It
the reaction product is broxen into small lumpg
;zi mg?szg?ﬁs &n?ukewarm water. The -:Jrl_!.ngE'-j.l'ellow solution ig
red Into & large retort, the neck of which iz joined to a 2-m, -
long glass tube in such a way that the neck of the retort projects
as far as possible into the tube. That tube iz placed int &8 meta]
trough of about the same length filled with an ice-salt mixure,
The other end of the tube I8 connected 1:.0 gﬂask half-filled with
304, KOH. Then s fast stream of dry Cl, is introduced through the
filler tube of the retart. So much hegt of reaction I8 evolyed
that the RuOy distills over in 8 very short time. !t is ln the fDTm
of golden-yellow drops which solidify as a yellowish~red mass in
the conled condenser tube,

As soon as the formation of the tetroxide subsldes, the contents
of the retort are heated to 8C0-890°C with a microburner while
continuing o introduce Cly; the whole qperation is siopped only
when a yellow vapor (a mixture of RuQ, and Cl,) can be seen In
the attached flask. Since only ruthenium i3 capable of forming
volatile compourds under these conditions (the osmiwm having
been removed previously), all the other impuritles remain in the
retort.

To convert the tetroxide to the metfa], the Rudy, is washed oui
from the tube with lukewarm water, transferred to a porcelain
dish and, when completely disselved, reduced immediately with
pure aleohol (if the alcohol is added before seolution is com-
piete a viclent saplosion may oceur!). The resuliing inky Uguid
is concentrated on & water bath and the residue reduced to ele-
mental Ru with pure Ha,,

Alternate method: A method which is related to the analytical
procedure of Wichers et al. separates the osmiwm by distillation
of a nitric acid solution of the products of the alkali fusion step.
The residue {rom this distillation is made alkaline and ruthenium
is then distilled off, using Cl; as zbove, Regarding the danger of
explosions, see the properties of RuQ, .

The green melt

PROPERTIES:

M.p. ~ 2400°C; d 12,43, Very hard and brittle; can be -
_ : .43, : pulver
ized. When melted, part of the metal oxidizes and volatilizes as

RuQ,, which is stable at very high tem ives off a
pecubiar choking odor. ¥ hig peratures and gives

REFERENCES:

A, G;rttdar ard C, Trenkner. Z, anorg, Chem. 54, 167 (1905); E-
ickers, R, Gllchrist and W, H. Swanger, Trans, Amer. Inst.
Mining Metallurg, Eng. 76, 626 {1928),

F-3
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Ruthenium (IV} Hydroxychiorida
Ru(OH)CL,

Heating of RuO, with conc. HC} on r water bath gives a dark-
brown soluticn; according to Remy and Wagner, this ¢ontalns the
Ru (iv) chicride. If inhibited, the reaction (which involves the
splitting off of Cly) can be started by addition of a few drops of
alecchol, The product solution is evaporated and a dark-brown
product [Ru{OH}Cla] Is obtalned. On the basis of an early Incorrect

assumption, this is often called ““water-soluble ruthenium tri-
chleride,”’

PROPERTIES:

Dark-brown salt. Very resdily soluble in water, A certain pro-
portion is apparently slways present as fuCls.

REFERENCES:

A, Gutbier and C. Trenkner. Z. anorg. Chem. 45, 167 (1906). H.
Remy and A, Luhrs. Ber. dtsch. chem. Ges, 81, 917 (1928}
62, 201 (1929); H. Remy. Ihid, 61, 2110 (1928).

Ruthenium gil] Chloride
RuCl;, RuCl;'H.G
RuCly

L In the msthod of Remy et al., & mixture of carefully predried
Cls and CO (initial ratic of 1:4} Is passed over & boat containing
ruthenjum powder snd placed in a Vycor combusticn tube. After
displacing all the air from the tube, the latter is heated to TGG-_—_
BOG®{, and the fraction of Cl, in the gas siream is simu.‘ltmeuual_y.
increagsed. The beginning of the reaction is clesrly marked by &
considerable swelling of the material. At the eod of the reaction
the boat is kept for hall an hour atbright red heat, and the Ca
throughput is gradually reduced and finaily siopped, Coolisg in the
Clg stream yields a weil-crystallized product. o

. of Worter apd Balz, RuCly ls prepared vrlthatt
gle I;Ls;hzf Iggt.h‘f mixture of the metal and NaCl is heated at HHG
in & stream of Clg, after which theproducts are reduced with Hy at
400°C and extracted with HgO. The finely divided, velvety-biack
metal obtained in this way i8 chlorinated at 800°C, ot
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PROPERTIES:

Formula welght 207.5, Method ] gives goad erystals in the form
of shiny black platelets. Insoluble in water.

REFERENCES:

L H. Remy (with M. Kohn), 7. anorg. allg, Chem. 137, 385 (1924);
H. Remy and Th, Wagner. Ibid. 168, 2 (1928).
{l. L. Wahler and P. Balz. Ibid. 135, 413 (1924).

EuCl, - IO

Since warm hydrochloric acid solutions of Hu (I} are partly
oxidized by atmospheric oxygen ffor example, on concentration)
commercial “‘water-soluble ruthenium trichloride® 1s nol free of
Ru {IV}. A pure product corresponding to the formula RuCl, » H,0
can be obteined {from this material by elecirolytic reducticn.

A cathode of platinized Pt foil (40 > 35 mm.) and an anode of
polished Pt foil are suspended inside a small porous clay cylinder
placed inside & rectangutar, 200-ml. glass trough. The cathode
liquid is a ¢.03 M soletion of commercie]l RuCls jor a solution of an
evaporation residue which corresponds approximately 1o Ru{OH)Cl s}
which iz 2N in HCL; the anode liguid is 2N HCL. Efficient atirring
is necessary. The electrolysis is carried out at £.03-0.1 amp.,
with separate control of the cathode potential, The initial dark-
brown coler of the solution gradually clears. The electrolysis is
stopped when the cathode potential becomes constant at 0,01 volt
aad Hy evolution commences. The reduced solution should be red
A blue color indicates the formation of the undesirable Ru (II).

The RuCla solutlon rust be concentrated to crystallization in
the absence of aiz, in order to prevent reoxidation by atmospheric
oxygen. The evaporation is carried out in 2 round-bottom flask
fitted with a dropping funnel; the flask s purged of air with HCI
ﬁ;’; The reduced solution Is then introduced wvia the dropping
e ‘ii;ﬂ‘-i\';fh HCL continuously passing over It, it is evaporated at
80.100° £ point to & sirupy thickness, and finally to dryness at
4 C. It is finally dried to constant weight in a vacuum
esiceator over HaS8C,.

The salt obtained in this way 1s freeof com-
position indicated by the formura Ru (IV) and has the

REFEREKCE:

G. Grube aed G, Fromm. 7. Elekirochem. 48,661 (1940).

- S
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Ammonivm Hexachlororuthanate vy
(NH,),RuCl,

A concentrated solution of NM,Cl 1 added to & rathent
tom
chloride solution and the resultant mixhre concentrated in air.

The darlk-red crystalline powder is not komogeneous: it contales
{NH, Ja| Ru{OH)Cl].

SYNONYM:

Ammoniur ruthenivm (IVY chloride,

Ruthenium [V} Qxide
Ruﬂg

In the method of Remy and Kdhn, RuQ, = prepared by heating
fine rutheoimm powder at about 1060°C in a stream of carsfully
predried Oj. It can also be prepared by ignitlon of RuS, in alr
{the RuS, is obtpined by precipitation of ruthenium chloride solu~
tions with HgS), Wohler et zl. suggest heating pure BuCla at 600~
700°C in a stream of Q.

PROPERTIES:

Dark-gray powder with & metaliie luster, irideaces green and
blue. Inscluble in acids. Readily reduced by H; even at moderate
heating, d 7.0, Crystal structure: rutile type.

REFERENCES;

H. Hemy (with M. Kohn)., Z. aporg. 2llg. Chem, 137, 361 (1824);
L. Wéhiler, P. Balz and L. Metz. Ibid, 139, 213 (1924).

Ruthenium {VIil] Oxide .
Ral, H

Chiorine s passed through & solution of an elkal ruthenate, 85
described eariier In the section on the purification of uthenhs, )

In another method {Ruif and Vidic) mixtures of ruthenium paiwder
with KMnO, and KOH are fused; the ruthenate produced In this way
is decomposed with HyS5(s whiles still hot: & CQ4 siresm is
simultanecusly passed through the reaction vasgel and thﬂnt:%
distills off, S et
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ixture u, KMnO, and XKOH (1: 2:20 by w:elght) iz fused tq
a mih?le nquizt: l:"I‘rh.e dark:green melt is kept liguid for 0.5-1 hoyr
after all the permanganate has been added. Afier cooling, the melt
is dissolved in water and piaced, with one additional part of XMnQ, ,
in a Nask fitted with a droppiog funnel and containing 1:3 HS0,,
An icescooled flask contalning some water s used as the first
receiver (no alcohol! see properties), followed by 2 flask containing
some 794 NaOH, Sulfuric acid is introduced until the coler changes
from green to red; then furiher Hy50. (1/3 of the total liquid
volume) is added. After this & fast alr stream is bubbled through
while the solution is heated to 4p-50°C. Long golden-yellow needles
of Roly soon form in the ice~copied flask. Later, ruthenate ig
formed in the NaOH solution, producing an orange-red color,
Finally the solution is heated to boiling in order to steam-distil}
any remaining Ruly . The yield iz almost guantitative.

PROPERTIES:

Formula weight 497.1, A solid composed of golden-yellow
rhombie prisms. Very volatile, subliming even at room tempersa-
ture, Characteristic odor comparable to nitric oxide or ozone; very
irritating to the respiratory tract. Less irritating to the eyes than
050, . Melts at 25°C to an crange-red lauid. Solubility [20°C):
20.3 g./liter of HyO. Vapors and concentrated solutions tend to
react explosively with organic substances, sueh as alecohol, filter
fibers, etg. Distillation must therefore be carried eut in perfectly
clean equipment,

REFERENCE:

Q. R, Ruff and E. Vidic. Z. anorg.allg. Chem. 136, 49 (1524).

Fotassium Ruthenate and Potassium Parruthenate
KIR'"G-I ' Heo‘; KR“O.‘

_ A dark-green melt §s obtained by heatinga mixture of Ru powder
w_lth KOH ang adding KO0, or KNG thisg readily takes uppwater,
Blving an orange-red solution. On evaporation, KgRuj = HaO
crystallizes in Iridescent green prisms which appear red when
gp;ead In thin layers and viewed by trassmitted light. If Clg I8
uu;e u{duoed into the red solution, the latter becomes green due o
B ormation of perruthenate. Continued passage of Clp yields

. Hawever._ If the Cl; stream iz shut off at the right momend,
¥Bu0, is precipitated on coolingas small black tetragonal orystals.

In .:.
al m;ﬁ:f::'t" the ruthenates, the perruthenates are not stable
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REFERENCES:

A. Gutbier, T, Falco and H. Zwicker, Z. amorg. Chem, 22, 490
{1903); F. Krauss. Z. anorg. sllg. Chem. 133, 306 (1924),

Pure Qsmium
Os

Osmium powder {8 purified by fusion inzaoxidizing alksli melt.
Nitric acid liberates the volatile 030, from an aguecus golution of
this melt; the Os0, s distilled in a stream of air into a recelver
containing aqueocus NaOH and {3 ahsorbed. The osmium 13 then re~
precipitated as QsS; and ftitered off, It is reduced to the metal In
a stream of hydrogen.

The procedure Iz almost the same as in the purification of
ruthenium., The fine metal powder is mixed with KOH and KNQy
and fused at red heat. After ceoling, the melt is dissoived in water
in & retort. Nitric acid ig added until the solution becomes acidic,
and the OsQ, liverated 1 carrled in an air or oxygen stream to a
recelver contzining agueons NaQH, in whick it is sbsorbed. The
solution fs treated with 1,8, which precipitates the osmium
guantitatively (as 0=S.}. The precipliate iz filtered off and reduced
in a siream of hydrogen.

Since the sulfur is difficult to extract from the metal after the
hydrogen reduction, the distillation receiver can also be charged
with agueous KOB (instead of NaOH}, the resulting oamic acid salt
may be reduced to K.0s(Q, with alechol, and the K080, raduced
ta Os with Ha.

PHOPERTIES:

M.p. > 3000°C. Very hard and brittle, readily pulverized. The
powder always retains the characteristic odor of 050, , 8ince traces
of the latter are formed in air evenet room temperatures, Heallhg
in air leads to complete combustion to 0s0,.

Osmium [IV} Chioride
05(311

0 + 2L = Dl
1902 idlE 3351

reduction of
Small cuantitles of Op (prepared, for instance, by of
Gso:un:'ithqﬂaj are heated to 850-700°C in & porceltin bost apt.-ih _
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jon tube. while a slow siream of very pure Cl, 15
The tube is constricted beyond the boat and laggeq
1 temperat

. with asbestos to produce a zone of gradus perature
grmmhc;nout 2 hours are required for 0.2-0.5g. of Os to react. The
chloride precipitates in varjous forms {orusts to powders) and in
various colors (black to red-brown}. P4 deposi_ts inthe reactor tuhe
&t and beyond the construction. The tube i8 'melt-sealed ot the
constriction, and the part of the tube containing the chloride ig
evacuated, a cooling trap being inserted before the pump, The
material is sublimed in vacuum, using the same tube, and depoaited

in a further section of the tube.

a glass combust
pasaed through.

FHOFERTIES:

Black crust with a metallic luster, or Ted-bDrewn powder,
insoluble in water znd cther solvents and ln concentrated axi-
dizing acids. Slowly hydrolyzed by water. The ahove product
does not correspond exactly to the composition given by the
formuls.

REFERENCE:

¢, Ruff and ¥, Bornemann. 2. snorg. Chem, §5, 446 {1910},

Sodivm Hexachloroosmate {IV]
Na0sCl; - 2 H.O

In the method of Gutbier and Maisch, fine osmlum powder and
NaCl are mixed in a 1:1 ratle and the mixture heated in 2
porcelain boat in a stream of Cl, for half an hour, at which point
the femperature should correspond to & dull red heaf. The con-
version 10 NagOsCl, is almost complete. The sintered contents of
the boat are dissolved in the minimum quantity of cold dilute hydro-
chloric acid. The unreacted metal is filtered oif and the filtrale is
saturated with HCI (careful cooling), Most of the excess NaCl is
thue separated although pari of the Na,OsCle also precipitates out,

Gradually evaporation of the filirate yields NayCsCls 88
beautiful crystals, which, however, obstinately retain traces of

nacl even adter repeated crystallfzation from dilute hydrochlorie

BEFEREMCE:

A. Guibier znd g,
{1909),

Maisch, Ber. dtsch, chem. Ges. 42, 4289

" A
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Ammanium Hexachloroosmate (v}
(NHL)0sCl,

In the method of Guthier and Malseh, this salt
by allowing & dilute alcoholic solution of NH,Cl mi:;::c:ﬁ;am
stoichiometric guantity of Na 0sCl, (also in alcoholic solution).
The precipitate i3 o fine, dark-red powder. } oxystallizes frem
dilute hydrochloric acid (or from & mother liguor consisting of the
components) in besutiful, shiny biack octahedra which are cpague
wnder the microscope. .

Gutbier claims that {NH,)z0sCle is alsc obtained by dissolving
in HC] the sublimates frorm osmium fuslon, ¢oncentrating the
solution, and mixing the filtered liquid with NH, Cl.

REFEHRENCE:

A. Gutbler and K. Maiseh., Ber. dtsch chem, Ges, 42, 4239 (1809).

Osmium {IV} Oxide
0501

Osmium (VI oxide is reduced in the cold by a stream of Hy,
If, however, the 0sQ, is heated in the Hj siream, the product is
the metal. Osmlum (IV} oxide can also be prepared by heating &
fine powder consisting of a mixture of K;08Cla and three times it
amount of N8;C0O3. The temperature should belower than red heats
the cooled product is extracted with water which is stightly acidifted
with dilute hydrochloric acid, The product is perfectly pure 0e0

Alisrnate method: Heating of 0s to 600-510°C in a nitrogen
stream saturated with QsQ, vapor, Unreacted 030y 18 reclaimed
from the pitrogen stream by cocling it to a low temperature [O.
Ruff and H, Rathsburg, Ber. disch, chem. Ges. &, 495 {1917)].

PROPERTIES:

Formula weight 222.2. d 11.4, Black powdez, Insoluble in water
and acids, Forms 0sO, on hestlsg in air; readily reduced to the
metal by Hp, Crystal structure: rutile type. : e

Osmivm VI Oxide Bk

050, i

Os + EO: = OSO‘ ’ st
isez 640 2EdE

. Oamiam -ﬁoﬁd&r
Pure OsQ, s best prepared by a dry rnethod, _ l
is heated in a boat pleced In & glass or guartz tube through wiiok:§
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stream of dry oxygen is passed, The metal buras to GsQ, , which
deposits beyond the healed zone of t{me tube or, better, in a bulp
fused to the tube and cotled in ice, The deposit c?nslsts 0'.’: white
shiny crystals, though at first 1t may be alliquld (occasionally
pale yellow In color), which forms a crystalline solld on cooling,
Two or three receivers, preferably connected vla ground-glasg
joints, are fitted to the glass tube beyond the bglb. They are half-
filled with KOH to absorb the 0sQy vapor entrained by the oxygen,
The s, Inthe receivers ts reclaimed by reducltlcn to potagsium
osmate (violet-blue potahedra); this s accomphshed_by treating
the combined caustic liquors from the receivers with an equal

ity of alcohol,

q“a;tttg temnperature at the boat is increased g"radua%ly so that the
resction does not proceed too vigorously, heating initially to 300°C
and gradually increasing the temperature to 800°C. The tempera-
ture is then slowly reduced, and the product allowed to cocl in the
tube, The heating is most conventently carried out ina small
tubutar electric furnace.

PROFERTIES:

M.p. 406-40.7°C, bp. 130°C; d 4.8, Soluble in water without
decomposition; may be volatilized in steam. Dissolves slowly.
Decomposed by cong. HCl with evolution of Cl, A solution of
Ds0, is not decomposed by lLght and can be indefinitely stored in
transparent bottles. Toxig) the vapor first irritates the respiratory
passages and {partleularly) the eyes. Decomposed in a stream of
H; at red heat, forming a mirror,

Potassium Osmate (Vi)
K1050;'2 H.O

A solution of QsQ, in petassium hydroxide solution is redaced
with alcohol.

Osmiwn powder (2 g.} fs heated with 5 g. of KOH and 3 g. of
KNO, tn a silver dish to form & smoothly flowing melt. After
cooling, the brown solid is dissolved in 50 ml. of water, The gray-
violet crude salt is precipitated by adding twice the volume of
i:cohnl. It is readily decomposed mnd cannot be recrystallized

om water. It is decomposed hy heating with 5 g. of CrO, and
f(j:)cs H:50s, the 050, distilling off is collected in 109, KOH, and
s Q4 * 2HaO 5 precipitated from the resuliing sclution by
ing an equal volume of slechol. The solid is filtered off with

suction, washed with 5
dried 1n vacmm e Hag%c‘%flcohal and with absclute aleohol, and
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In & slmpler method, ogsmiym
stresm of Oy (compare preparatio
i collected in 104, KOH,

powder is beated directly ina
n of OsQ, ), and the OsQ, vapor

PROFPERTIES:

Pale viclei-red occlahedra. Readily soluble in water, insoluble
in alcohol and ether, Stable only in dry air. The water of eryatal-

lization is removed by heating to 200°C in an {nert + Heating in
air produces 080y . & ok

REFEBENCE:

O. Ruff and F. Bornemann, Z. anorg. Chem, 65, 434 (1910),

Potassivm Osmiamate
K(Os0.N)

Csly, + KOH + NHy = K({OsON) + 2H,O
354.2 sl 17.0 2513 36.0

In the method of Joly, 200 g. of 0sQy is dissolved In a solution
of 100 g. of KOH In 50 ml. of Hy0O: the solution is heated te 40°C
and dilute ammonia is added; this clears the dark-brown Iiguid
and precipitates K({OsQsN} as agranular, yellow erystalline powder.

Excess ammonia should be avoided beczuse it may praoduce
NHs (0sO3N). The product is washed with some cold water and
reerystallized, Larger crystals may be obtalned by gradual
evaporation of the solution; however, these crystals are dark due
to inciplent decompoaition,

FROPERTIES:
Fine, gramutar, yellow crystals. Readily soluble in water, only

slightly soiuble in aleohol. Darkens on heating to 1B0°C, with
decrepitation at higher temperatures. 4 4.5. Tetragonal erystals,

HEFPERENCE:

A. Joly. Comptes Rendus Hebd, Séances Acad, Sci. 112, 1442 (1881}
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Adsorbents and Catalysts

RWAGNER

Intraduction

Solid adserbents or catalysts must Poagess large surface areas

to allow contact with large quantities of reactants, Large surface
aregs can be obtained via two methods:

17 SUHDIVISION OF “[HY SOLID

The solid {8 subdivided intc very small greculea so that a large
fraction of the total crystal lattice structure becomes exposed as
particie surface. Comparison of x-ray and nltramicroscopic data
then shows whether the resulting granules are primary particles
fi.e., eohersntly diffracting single crystals) or secondary parHolas
{i.e,, a mosaic consisting of several primary erystals).

2} CREATION OFF A KETROIK OF INTERNAL PORES

In thizs case, the solid is permeeted by a system of pores {in-
terconnectad or not), somewhat ip the manner of a sponge, The
net result is the creation of a large interna} surface., The pore
openings of such active solids should not be too narrow since they
must allew the gases to penetrate Into the interior (ses [8]).

The two methods of achieviag high surface may be illuatrated
on the classic catalyst, platioum; thus, platinum black is the sub~
divided solid, while platinum sponge is the perous form,

Active substances oot ouly must have a large surface area,
but must also possess & proper surface structure, As & goneral
rule, one can expect the surface lattice of matals and lonic com-~
pounds to differ from the interier lattice of the crystal (12, 18, 14],
Thus, the active surface is very readily affected by external
agenis (such as Impuritias), and 1& alse subject to other in-
fluences, such as the method of preparation, ets. In addition, it is
often found that the seme perticls may CArry several crystal-
lographically differing surfaces. Obviously, these wil} differ not

| 502
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. {cal properties 12, 4, 5] but also in their eata.
!?tli)c h;ctt]ifiitry 0;1:'11;‘ 11]? Tp}?ls fact, &s well as the presence of
intrinsic and impurity defects in the latti-::et r-};fult:::t {n an overay
surface which is '-1811111113'1:'i ";r{_l h?gimganous. tis, iz turn, aifects
d catalytic nehaviol.
fts ;iseurggrtfog of o u:‘;trc-lling pﬂ.}f‘tiﬂle size, surface area ang
surface structure during preparation of various adsomen_ts and
catalysts are given in the preparative directione for individual
substances, as well as in the genara] notes. A more extensive
treatment of these problems is given in Ref. {A}], especially in
the articles in Vol, 4. The usual methods are frequently em-
ployed to obtain substances whose activity Is not only related to
their particle size and surface structure, but is alsc a direct con-
sequence of other factors such as laitice defects, amorphism,
the existence of unstable modifications [1, 10], etc.

Wao have seen in the above that the sctivated state of solids,
which is the resuit of the existence of special conditions in the
material, is rather unstable and can easily be destroyed. In the
preparation of activated solids, this state is fixed by removing the
conditions favorable to a transition to a more siable form (for
example, slow aging at preparative conditions); i,e., the solid is
“frozen” in the activated state, Thia may be done, for example,
by rapld quenching, quick removal of supernatant mother liguors,
ete, The active state also implies higher than normal surface
epergies, For this reason, active materials are generally very
reactive, and are Irequently used in heterogeneous reactions
(solid-seolid, solid-liquid, or solid-gas), They are more readily
decomposed chemically than inactive preparations: thus, active
metals oxldize faster, oxides hydrate more easily, hydroxddes
and hydrated oxldes are more sensitive to SO,  All of these
selide decrease In activity with time, due to a slow healing of
surface defects and an eventwal increase In grain size. The
kinetics of such aging processes are In some ways analogous
to those of the los-hole processes in semiconductors. Aging
proceeds via a series of individual steps and, depending on the
actlvation energy of these steps, different optimum temperatures
are required if the aging is to proceed at a significant rate, The
temperature scale of Hittig [6], derived as an extension of the
work of Tammann (see table), is based on studies of metals and
ionic compounds and provides a useful rule-of-thumb gulde to
the lemperatures at which thesa processes take place.

o It is seen from the table that some healing of surface defects
hmz::iiblt;g W:ethﬁut undue reduction of particle size. In general,
must be strict] m{?e?mlre of any heat treatment of active meaterials
temcous gas c}; ta{;n 1;0 led to avold deleterious effects, In hetero-
recommn . ¥6IE, reactlon temperabires exceeding those

ended in the table are often unavoidable; this leads to &
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FPertod ot Processes oocurriag in the
catalytic material
Initiz] surface < 0.23 | Raduction in adsorbing surface:
degradation degradation of thoge guriace de-
fects whick possess the highest
BRETEy,

Surface activation | 0.23-0.36| Degradation of surface defects.

Deactivation of the | 0.33-0,45| Formatfon of a surface which ie
surface stable ih a thermal equilfbrium;
beginning of particle aintering,

Activation of the 0.37-0,53] Degradation of defects in the Iz~
crystal center terlor of the crystal.

Deactivation of the | 0.48-0,B | Acecretive crystallization,
interior of the
cryatal

Relaxation and > .8 Stage prior o melting,
digintegration of
the crystsl ]

¥y = T/ T, whare T is the temperature of the experiment and
T'm the melting point of the substance (*K}.

rapid iractivation of the catalyst. In such cases a stabilization. of
the surfzce and of the remainder of the defact structure may be
schieved by precipitating the catalyst onto a suitsbls carrier
substance, Th