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HYDRIDES OF GERMANIUM, TIN, ARSENIC AND ANTIMONY

‘ : * : u
Submitted by Williem L., Jolly and John E. Drake

Volatile hydrides may be prépared from ether solutions by the reaction
‘'of the appropriate chloridgs with 1ithium hydroaluminate.l In this general
method, it is necessary to work with strictly enhydrous reaéenﬁs and
solvents bécéusé of the'great réactivit&'of 1ithium hydrosluminate towerd '
water. The proceduiéé described-beioﬁ are bellévéd to 5e much more convenient
beceuse the reducing agent employed is pbtaasium hydroborate, which is
relatively insensitive toward vatek. Since only‘aqﬁeoué golutions are
involved, there are nd.solven@-burificatioh3atefs énd there is no .
dissolution or contaminatioﬁ of stopcock grease,‘éfc. ' |

. W
. General Procedure

. .
The apparatus shown in Fig. 1 mey be used for the preperation of the

hydrides of either germanium, tin, arsenic, or antimony. Aqueous acid is
pléced in a 500-ml'three-neck round-bottdm‘flask eqnip@ed wifh a magnétic
stirrer, an inlet tube for nitrogen of argon‘(dipping beneath the solution),
a 100-ml dropping funnel and an outlet'tubé leading to a vacuum line. Thé '

flask is partielly immersed in an ice-weter bath, During & run, nitrogen

“Department of Chemistry and Lawrence Rediation Lsboratory,
University of Californie, Berkeley 4, California

.f
These syntheses ere based in part on references 2 and 3. For a discussion

of generel vacuum technique, see reference k4,
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or argon is continuously bubbled (at a rate of approkimately 500 cc/min,
S.T.P.) through.the magnetically;stirred acid solution and passed through
a series of thrge traps (numbered'l, 2 and 3 in Fig. 1). The pressure

in the system is maintained at approximately 100 mm by adjustment of the
stopcock leading to the vacuum pump on the right side of the line. Two

of the traps are immersed in Dewar flasks contailning liquid nitrogen.

A. GERVANE AND DIGERMANE

H’Geo3 + BHh + 2H >' GeHu + HB'BO5 B
- - + .
BHGeo5 + 7BEu + 158 - > hG§2H6 + 71!51803 + 3520

Procedure
The apperatus used is similar to that described under General

Procedure except that the ice-bath 1s.not included., ‘The reaction flask
is charged with 120 ml of glaciel ecetic acid end is flushed with |
nitrogen br argon. In 25 ml of water are dissolved successively, 2 g
of ﬁotaasium hydroxide pellets, 1 g of germanium dioxide and 1.5 g of
potésaium hydroborate, giving e ratio of BH&/Ge(IV)Aof 2.9. This solution
is added, over a period of 10 minutes, to the glacial acetic acid. A small
quantity of yellow, polymeric GeHx‘forms in the reaction flask. The flow
of inexrt gas is mainteined fopy a further 5'minutes after all the solution
“has been added, and then the stbpcock~connecting.tﬁe reaction flask to

the vacuum line 18 closed. The line is evacuated thoroughly.
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The contents of the 1iquid nitrogen traps are germane, digermane,
a trace of trigermane, water, acetic acid, and ca.rbon dioxide. The |
ﬁlaterial is distilled through a chloroform-slush trap (-63.5°) to remove
trigermane, water and acetic acid. The carbon dioxide is readily removed
by paséing the gases through successive fraps of ascarite and magnesium .
perchlorate. . Finally, by distilling the gases ‘through a carbon diéulfide
slush bath ('-lll.6°) to‘ remove digermane, puré samples of both ge.rnane
- and digermne are obtained. ' | | |

.Typically, this procedure gives 7.0 ‘mmoles, or about 160 c.c. (8.T.P, ),
of pure germane, corresponding to a germanium conversion of 73%. The
 amount of digermane prepared is 0.31 m. moles, or about 7 e.c. (S8.T.P.),
corresponding to a germanium conversion of 6.5%. The yield Sf digermane -
is improved if a lover concentration of hydfo'bbrate is used; the best
result being aA germanium conversion of 9.1%':when the BH,;/Ge(IV). ratio is'
1.5. ‘However, the yielldlof gexrmane is-decrease@ byvany appreciable varia-

~tion in the gquoted amount of hydroborate.

Progerties

The gérmane prepared has a vapor pressure of 181 mm. at -111.6°
'\‘(l‘iht.‘ 182 mm,s). The 1ni‘ra5red spectrum of ﬁhe gas in the NaCl reéion
shows fhe fundamental fréquenciés, v3, Vo and vl& at 2105, 943 and 81? cm"l ,
respecti-vely;s Germane is ’st..ored i;i a glaés vessel with a greased éfbp-
coek. | | | 4 | o

The dige_rméne prepared b_y this procedﬁre has vapdr pressures of 6 mm

at -63.5°, 77 mn at -22.9° and 221 mm at 0° (1it. ca 9 mm, ca 85 m and
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243 mm respectively7)'. The infra-red spectrum of the gas in the 17aCl
region shows the fundamental frequencies Vs Vg and v6 at 2069, 885
and 759 cm-l respectfurely.8 Digermane is absorbed by stopcock grease
and should be kept in a vessel sealed with a mercury float valve or in

an all-glass ampoule. On hea.tirig' it decomposes violently to its elements.

B. TRIGERMANE AND POLYIERIC GeH::

. . | (
. 611Ge03 + 5BH), + LE —> 2Ge3H8 + 5331303 + 36,0

3+ (b« x)BE; + (12 +x)E" —> BoeH, + (4 + 3)331303 + (12-3%)B,0

8HGeO

Procedure

The procedure described for the ,production of germane and digermane
gives very poor ylelds of trigermane and polymeric GeE , and changes mist.
be made in the procedure to obtain better yield of thqése latter compounds.

The apparatus used is identical to that described under General Procedure.

The flagk is charged with 120 ml. of 3 M sulfuric acid; the system is
cooled in the ice-bath, and the ﬂask is flushed with nitrbgen or argon.
In 25 ml, of water are dissolved successively, 2 g. of potassiﬁm hydroxide
péllets, 1.0 g. of germanium dioxide énd 3.0 g. of potassium hydroboraté s
corresponding to a ratio of BHE/Ge(IV') of 5,8. This solution is added,
over a period of 15 minutes, to the sulfuric acid, During the addition

some foaming occurs and an a.pprecia‘hle amount of yellow polymeric GeHx

* wywhere x & 1.0
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is deposited. On completing the addition, the flow of inert gas is.
waintained for a further 5 minutes before the line is thoroughly
evacuated.

The trigermane and water present in the liguid nitrogen traps
can be separated from germane, digermane and carbon dioxide by dis-
tilling the materials through a chloroform slush bath (-63.5°). The
germane and digermane may be separated as described previously, but
the yields are not as good as those obtained with acetic acid. The
trigermane 1s_easily separated from the water by passage through a
trap containing magnesium oerghlorate.

Typically, this procedure gives 0.07 mmoles, or 1.6 cc (8.T.P.),
ofypure tfigermane, corresponding to a germanium conversion of 2.2%.
| The contents of the reaction flask are filtered immediately after
the reection is complete and the yellow polymeric GeH_x is thoroughly
washed with water. It is then dried by pumping it on the vacuum line.

Typicellyj'this procedure gives 1.6 mmoles, or about 0.1 g. .of

'polymeric GeHx, corresponding to a germanium conversion of 17%.

Progertiee

The trigermane prepared has & vapor pressure of 9.5 mm. -at o°

(11t, 14 mm;7). The infra-red spectrum in the NaCl region shows two
' 1

" bands at 2041 and 794 em™~. Trigermsne, like digermane, is absorbed

by stopcock grease and should be kupt in an all-glags ampoule,
The polymeric GeH prepared is a yellow solid which turns

orange-brown without change of composition on treatment with concentrated
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.alkali, but is decomposed by concentrated acids. It must be bandled
with care since on exposure to air 1'5 ébmétimés’ decomposée explosively
. to 1ts elements. Both the yellow and the orange-brovn materials ex-
plode on heating to give germanium; hydrogen and a traée of gei'mane.
The value of X 1s usually close to unity (values between 0.95 and 1.10
are usually found); ﬁhus the product prepared by this procedure

" appears to resembié .the -polymeric compounds (GeH) n described by earlier

2,10 My ingra-red spectrum (KBr pellet) in the NaCl region

shiows three main bands at 2062, 833 and 775 cem™t,

vorkers.

C. STANNANE AND DISTANHANE

H0 + Wisno} + BE, + TE —> "S“Hu,* _33.330'3

. - R ] - 4 ’ '
'BEISnO.,2 + 5531& + 138 —> hSnEHG + 5331303 + 320

Procedure

K

The apparatus is assembled as described under General Procedura.

The resction flasl is charged with 150 ml. of 6 1f HCL and is flushed
with nitrogen or argon. The solution wh‘ich is to be added from the'
dropping funnel is prepared imediately before use as follows. An
ice-cold solution of 36 g. of 85% potgesium hydroxide in 60 ml. of

- water 1s added, with stirring, to an ice-cold solution of 15 g. of

_ 4n(II) chloride 2-hydrate in 60 ml. of water. A solution of 1.5 g.
of potassium hydroborate in 20 ml. of water is then added to the

solution. The resulting stannite- hydroborate solution is added,

w3 07



-1-

over a period of about 30 minutes, to the stirred hydrochloric acid
solution. During the rgaction, a brown pfecipitate (which soon turns
grey-black) forms in the flask. The flow of inert gas is continued

for sevéral minutes after the complete addition.of the stannite-hydro-
borate solution. The stopcock connecting the reaction vessel with fheﬁ
vacuum line is then closed and the line is thoroughly evacuated.

Dur;ng subsequent operations; it 1s best to keep the stopcock‘
above the mercury manometers closed except vhen it is neéeesary that
they be open for pressure measurements. The crude product is distilled .
into trap 3 preparatory to 1£s purification By fractional condensation.
If only stannane 1s sought, the material is distilled through a CS,-slush
| trap (-111.6°) to remove both vater and distannane. The stannane which
passes through this trap is highly cont;minatéd with carbon dioxide
originating from the earbonate impurity in the potassium hydroxide.

This impurity may be removed by distilling the stannane sqveral times

. through & trap containing 1/16-1n. pellets of Linde Molécular Seiﬁe,
- . Type MA*, at 0°. A small amount of stannane decomposes in this process,
8o it is necessary to pump on the system during each.distillation.
‘Typically, 1.0 mﬁole, or sbout 22 cc. (S.T;P.),bbf purified stannane
is prepared by this procedure{; Thia yield corresponds to 2.T% yield,
based on the/hydroborate consuped, ' - -

If it is desired to isolate the distannane, the crude product is

*Obtainable from the Linde Air Products Company, Division of Union
Carbide Corporation. The molecular seive pellets should first be heated

in the trap to 2OQ° for several minutes while pumping to desorb highly

| volatile materials. - - ‘73$3 []8
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distilled through a chloroform-slush trep (-63.5°) to collect water
and a Cse-slush trap to collect distannane. The distillation must
not be prolonged, or appreciable amounts owaater will pass through
the -63.5° trép. Typically, 0.02 mmole, or about 0.4 ce. (8.T.P.),
of distannane is prepared by this procedure. -Slightly better ylelds
may be obtainé@ by making the stannite-hydroborate solution more con-

*
centrated.
~ Properties

Stannane, prepared as degcribed, has a vapor_préssure of 17 ﬁm.
at -111.6°, in good agreement with the 1iteraturet value of 17.5 mm.
‘The melting and boiling points of stannane are reported as -l50° and
-51.80; reepectively.la- The infrared spectrum in the ﬁaCl region shows

e prominent triple band (the Sn-H stretchihg vfbrationl3, v3) at l900-cm"l,

.a& medium band at 760.cm'l, and strong bands at 700 and 675 g lh.
The'bresénce of carbon dioxide in stannane may be readily determined
from the infrared spectrum; carbon dioxide has a strong abéorption band
at 2300 em ). Stannane has been stored without decomposition in clean
giass vessgls in the absence of mer¢ury for periods of several weeks.
Traces of ;xygen are reported to inhiﬁit the decomposition.ls Decom-
position, once started, is usually quite rapid and results_in'the for-
mation of a beautiful tin mirror on the walls of the vessel. Stannane

is best stored in a glass bulb with an extended tip immersed in liquid

nitrogen.

* . " . . .
It is possible to dissolve the reagents in a total of 110 ml., rather

than 140 ml., of water.

St
O
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Distangane is an extremely unstable substance which, when warmed
to room temperature, completely decomposes to the elements, forming a
mirror on thé,walls of the container. However, distannane may be
readily distilled from a trap without decomposition if the distillation
is carfie& outat very low pressures and if the trap is allowed to warm

up very slculyiB

D, ARSINE

: _ Nt o .
las(OH)), + 3BH, + TH —> UAsH, + 30, + THO

?rocedure

The apparatué is assenbled as described uhder.General Procedure,

The reaction'flask is charged with a eolufion of 25 m;. of.concentratedg
sulfuric acid in 200 ml. of water an& is flushed with nitrogen or argon.
Four g. of sodiﬁm hydroxide, 8.0 g. of arsenic(III) oxide and 2.0 g.’

of potassium hy&rdborate are dissolved, in that order, in 20 ml; of
water. This solution should be prepared immedistely before its use,
because 1t decompéses with evolution of arsine and precipitation of
arsenic. The solution is added through the dropping funnel, over a
period of 15 minutes, to the sulfuric-acid solution. An orange
preqipitate of arsenic forms in the flask. A small amount of yellow,

H forms at the entrance to each of the 1liquid nitrogen

2

traps. This material forms as the result of the decomposition of

diarsine, Asaﬂu.ls The £low of inert gas is continued for several

polymeric As

743 10
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nminutes after the complete addition of fhe arsenite-hydroborate
solution. The stopcock connecting the reaction vessel with the
vacuum line is then closed and the line is thoroughly evacuated.

The crude arsine is distilled into trap 1 (Fig.l), a U-tube
packed with Ascarite is substituted fér trap 2 and the ' arsine is
than distilled through the Ascarite into trap 3. Trap 2 is replaced
and. immersed in & CS,-slush bath (-111,6° ), and the areine is dds-
tilled into trap 1. T,y,piéally,‘- é9 mmies, or 650 cc. (s.7.P.), of
purified arsine is prepared by this proce;lure. This corresponds to
59% yield, based on the hydroborate consumed. o

.

Properties

Areine has a vapor pressure of 35 mm. at +111,6° , a melting
point of -116.93" “and a boiling point of -62.48 ~«_ The infrared
spectrum in the:laCl region shows a triple band at 2122 em™d (vl and -

ve) and bands at 1005 and 906 cm”* ‘(vu and v :!‘es‘pe’ctively)4.]‘9 Arsine

3)
18 & relatively stable gas which may be stored in glass vessels for

geveral months with less than 5% decomposition. Ordinary stopcock

grease is blackened by prolonged exposure to the gas.
L, ,‘BTIBINE_
- - + . _
th(OH)h + 3BH + TH —> hsnns * 333303 + 71120

Procedure

The apparatus is assembled as described under General Procedure.

w3 1
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The reaction flask ié charged with a solution of 25 ml. of con-
centrated sulfuric acid in 200 ml. of water and is fluéhed with.

nitrogeﬁ or argon. Twelve g. of B5% potassium hydroxide, 15 g.

. of potassium antimony tartrate and 2.6 g. df potassium hydroborate

are'diasoived, in that order, in 100 ml. of water. This solution
is added through‘the dropping funnel, over a period of 15 minutes,
to the sulfuric acid solution. A black precipitate of antimony forms
in the flask. The fléw of inert gas is continued for several minutes
after the complete addition of the-antimbnite-hyﬂroboraté solution:
The stopcock connecting the reaction &essel with the vacuum line is
then closed and the line is thorouéhly evacuated.

| e crude stibine, with its impurities of wéter.and carbon

dioxide, is distilled into an ampoule attached to the ball Joint

"which was previously connected to the reaction vessel. Trap 1 is

1qmersedAin & toluene-slush bath (-95°); trap 2 is immersed in an -
n-penténe-alush bath (TISOO)’ and trap 3 is immersed in liquid
nitrogen. By slowly distilling the crude stibineAthrough these
'traps, the water plus traces of stibine are condensed out in the
-95° trap, purec stibine is collected in the -130o trap, and the
carbon dioxide plus traces of stibine are collected in the liquid
nitrogen trap. With suitable precautions (because of the poisonous
nature of stibine), the‘qontents'of traps 1 and 3 are discarded.

Typically, 25 mmoles, or 560 cc. (8.T.P.), of purified stibine is

prepared by this procedure. This corresponds to 5;% yield, based

on the hydroborate consumed.

743 192
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Stibine has vapor pressures of 81 mn. and 22k m. at the melting
points of chloroform (-63.5° ) and chlorobenzene (-b45.2° ), respectively
The boiling point is -18.4°. 20 The infrared spectrum in the NaCl region
shows a tfiple band at 1890 cm'l (vl and vs) and bands et 831 and 781 em™t
(vh and Vos respectively).el Stibine lies béfweén §rsine and stannane
in its stability toward decomposition to the elemen%é. If it 158 to Ve

stored longeffthan_two or three days, it should be kept frozen with liquid

nitrogen.

3,

)
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