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SILANE, STANNANE, SILANE-ds, GERMANE-d4, AND STANNANE-da4

S o ' : ' * ' %
Submitted By: Arlan D. N’orman,.*+ John R. Webster and William L. Jolly .

Silane, germane, and stannane can bé.synthesized by the reduction
of a variety of silicon, germanium, or tin compounds with active metal
.hydrides.l"2 ' We have found that the general method described below,
involving the lithium hydroaluminate (LiAlHs) reduction of silicon
tetrachloride and stannic thofide, is convenient for the efficient
Preparation 6f one to fifty millimoles of silane and stannane. The
_method is easily adapted to the synthesis of deutério compounds, i.e.
Silane-da, germane-ds, and stannane-d4 by substituting lithium
deuterioaluminate for lithiﬁm'hydroaluminate in the appropriate reactions.
‘Silane-d4 and germane-d4 are useful in structural and mechanistic studies,

and undoubtedly stannane-da will have similar applications.

Department of Chemistry of the University of California and Inorganic
Materials Research Division of the Lawrence Radiation Laboratory,
Berkeley, California 94720. This work was supported by the U.S. Atomic
Energy Commission. - ' : . '

Present address: Department of‘Chemistry; University of Colorado,
Boulder, Colorado 80302. : e S
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Normal germane (GeH4) can also be prepared by reductlon of

'fgermanlum tetrachlorlde, although the prev1ously reported reductlon S

'3'of germanate ion by potaSS1um hydroborate in aqueous media gives

 significantly higher yields.3 Because this latter method involves '

:_“the'use of relatively large quantities of water, acid, and a large

.. excess of potassium hydroborate it is not economically feasible to

- adapt it to the preparation of deuterated germane.

*
General Procedure.

| 'The apparatus Shown in the figure is used for'tueipreparation,
of SiH; and SnHs. For the synthesis of SiD4, GeD4, and SnD4 &
..similar apparatus without the additionvfunnel is used." A suspeusioni
of LiAlHs (or LiAlD.) is placed in the 300 ml., 3-necked round |
’bottom flask. The flask is equipped with an efficient magnetlc
vstirrer,-a cold finger condenser, and a 150-ml. addition funnel

" which contains the silicon tetrachlorine-ether solution or tin ..
tetrachloride-ether'slurryf, For best resuits, all joints are greased
- with Dou-Corning Silicone grease. vThe-apparatus is atbtached to a
'a.vacuum line in.such a way.that_volatile reaction materialS'(productsf

and ‘some ether solvent) can be removed through a series of five U-traps.

These syntheses are based in part on reference L. A detailed
description of a vacuum line suitable for these syntheses is
given in reference 3. For. addltlonal dlscuss1on of vacuum llne
technlques see reference 5 . L

f
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The cold bath surrounding the reaction flask is maintained at the
- desired temperature by the controlled addition of powdered dry ice
to the bath solvent and the cdld-finger condenser is cooled to ..

'}78.5° (dry-ice élush).*

.A.. SITANE AND SILANE-d4
SiCls + LiAlHs - LiCl + ALCls + SiH4
S1Cls + LiAlDs ~ LiCL+ AICLs + SiDs

~ Procedure (SiHa)

The apparatus is assembled and Prepared for the reaction as described

.

under General Procedure, the reaction flask and addition funnel having

. been charged with 1.14 g (0.030 mole) of LiAlH. in 70 ml. of diethyl :

ether and 2. 30 ml. (0.020 mole) of SlCl4 in 50 ml. of ether, respectlvely. S

"The cold bath and the cold finger condenser are maintalned at -15 to
-20° and -78.5° respectlvely, during this entire synthesis. After the
1apparatus is evacﬁated, care being taken to avoid exéessive "oumping"

‘of the solvent as‘ether refluxing begins, the U-trap nearest>the reaction

.apparatus is cooled to -95° (toluene slush) and the remaining four traps -

‘are cooled to -196° (liquia nitrogen).- The SiCli-ether solution is.

A variety of solvents, i.e., ethanol, i-propanol, acetone, and .
~ trichloroethylene, can be used.in preparing dry ice cooling baths.
However, the low flammablllty of trlchloroethylene makes it preferable
to the others. ' , L ‘
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added through the addition funnel, over a 15 min. period, to the cooled,
- stirred LiAlH4 suspension. The silane is removed continuously at a

. moderate rate, ih order to prevent violent refluxing of the ether. The

. } rate is readily controlled by adjusting the opehing of the Stopcock

between the reaction vessel and the vacuum line. The reactién mixture .
"-is stirred fbr 15-20 min. afﬁer SiCls addition is completed, in order','

 ﬁ:to'ensure complete reaction. During this time the system can_be‘élosed

off from the vacuum line to prevent excessive removal of ether.. After R

* the final quantity 6f silane is pumped into the vacuum line, the reacﬁionil f 

1 ﬁvessel may be vented to the air and removed from the vacﬁum'line,
The contents'of the liquid nitrogen traps (silane and traces of
"éther) are combined in one trap and the material in the -95° trap

' (mainly diethyl ether) is discarded. The silane is freed of last tradéstf"

~of ether by passing it five times through a -130° trap into a -196° 'trap-.“-:;: o

| Typically this procedure gives 0.016 mole of pure silane (80% based on  ' T

| 8iCla).

" Procedure (SiDs)’

" The apparatus.used is'a}lOO ml;‘rbund-bottom flask equipped_with a
cold-finger reflux condénser_and a'magnetié stifring bar. The apparatus

" is attached to the vacuum line along with two lOO-ml.vdetachable bulbs

‘Caution: In order to prevent ailr from accldentally entering the
system, stop the addition of SiCls-ether solution while.a small amount
of liquid is still present . in the addition funnel. .This is important
since’ silane will inflame or explode upon exposure to oxygen. .
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 .fr§m wﬁich dry ether.solvent and silicon tetrachloride are distilled
into the feactor. The entire system is pre-conditioned 5y allowing
D20 to stand in the line at its room temperature vépor_pressure_and
_ exéhange with Hpo0 present. The‘pre-conditioning is necessary to ensure
" the highest pdsSible isotopic purity of the SiD4 prepared in the
:synthesis. After'one ﬁour theiDgO is pumped from the system and the
~apparatus is thoroughly evacuated to remové last traces of Dz0. |
After the pre-conditioning operation the'reactor is opened and
charged with 0.63 g. of LiAlDs (0.015 mole, > 98% D)* and re-evacuated.
Thirty>ml. of diethyl ether is dried in vacuo over LiAlH4 in one'dfvthe
detachable bulbs, then distilled into the reactor which is held at -l96°v
‘(liquid nitrogen). A small plug of glass wool in the neck of the bulb
will serve to keep small particles of LiAlH4 from transferring into theAJ
 reactor during distillation of the.ether. Silicqn tetrachloride
(1.72 ml., 0.015 mole) is placed in the other detachable bulb, degassed -
by brief pgmping, ahd then distilled into the reactor. The cold-finger
condenser is cooled to -78.5° (dry ice slush), the U-trap nearest the
reactor is cooled to -95°; and the remaining fqur traps are cooled to
-l§6°. The reactorlis allowed to warm slowly to 0° (over a 30 min.
period), the.volatile'products‘being removed as they form at a rate

slow enough to prevent violent refluxing of the ether. TFor best results

Alfes Inorganics, Inc;; 8 Congreésfsp.,'Bevériy, Mass.
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~‘the reaction hixture shoﬁld be stirred periodicalxy'during the reectionj
‘period. The reaetor‘is allowed to stand at 0° for 30 min. to ensure
,‘complete reaction before last traces of SiDs are pumped into the vacuﬁﬁ»
line. | | |
» The contents of the liqﬁid nitrbgen'traﬁs (SiD4 and traces ef
';'ether) are eombined inte one trap, and the material in the'-95° trap

vv(malnly dlethyl ether) is dlscarded The product is freed of last

traces of ether by passing it five times through a -130° trap 1nto a  ¢.-;‘.

=196° trap. . Thlrteen mmoles of SiDa (87% yleld based on IaAlD4) hav1ng _"-_vffw-'

an isotopic purlty of > 96% is obtalned.
Properties
The infrared spectrum of SlH46 gas in the NaCl reglon shows
absorptions at 2191 (s) (Sl-H stretching frequency) and 91k (s) em T
' The spectrum of S1D47 shows absorptlons at 1597 (s) (Si-D stretchlng_

 'frequency) and 681 em™. The mass spectrum of SiHs has peaks at n/e

2 and. Sin+ ions, respectively.

14-16 and 28-34, attributable to SiHy
Peaks corresponding to the analogous ion fragments in‘the mass spectrum
.of SiDs occur at m/e 14-18 and 28- 38 The presence of carbon dioxide

1mpurity in the silane is 1nd1cated by an abgsorption at 2300 em -1 1n the.

- infrared spectrum or by a peak at m/e = Ul in the mass‘spectrum.

_ Silene may be stored in the gas”?hase at room temperature for
: / . . .
»several months without notlceable decompositlon. Since silane does not-“

’ dlssolve apprec1ably 1n grease, storage vessels equlpped with greased i

'stopcocks may be used.e‘

/ .
L
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B. dﬁRMANE-M o
ée.<314 + _Lm4 - LiCl + AICL3 + GeDs
Précedure

The reactor consists of a 100-ml. round-bottomed }lask equipped
~with a cold-finger condenser and a magnetic stirring bar. The:apparatus
. is attached'td the vacuum line along with two detachable bulbs from
which dry dlethyl ether and germanium tetrachlorlde are distilled into
;: the reaction vessel. In order to obtain GeDs of the hlghest possible
isotopic purity, the entire system is pre-conditioned with D=0
(see SiD4 Procedure, sbove) prior to the synthesis.

After pre-conditioning the apparatus the reéctor is opened‘and
charged with 0.42 g. of LiAlD4 (0.010 mole, > 98% D) and then
| re-evaéuéted. Twenty ml. of L1A1H4-dr1ed diethyl ether and 1.4 ml.

(O 0123 mole) of GeCl4 are dlstllled into the reactor which is cooled

to -196°.  The cold-flnger condenser is cooled to -78.5° (dry ice
slush), the U-trapAneareét the reactor is cooled to -95° (toluene
slush),'and the four remaining U-traps are cooled to -196°. Thevreaction
mixturevig‘éllowed to warm‘slowly to rdom temperafure over a 15-20 min.

period, during which time the reaction mixture is periodically stirred

Details concerning these steps in the synthe51s are given above
under SiD4 Procedure. : ‘

/.
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S with a small'magnet. Whlle the. reactlon mlxture is warmlng to room

,_ytemperature, volatlle reactlon products are removed at a rate so as

" to maintain gentle reflux on the -78 5° cold flnger.. The. reactlon is

l complete when the reactor reaches room temperature.; fd

The materlal in the -95 trap (malnly solvent) is dlscarded.; The‘eh

“product in the. -196 traps is freed of last traces of;el

.r:SOlvent by R

‘aipass1ng it five tlmes through a rl3o° trap (n-Pentane SIush) The Ylelduttt{f?f'.

- 1s 0.0019 mole of GeD4 (19%, based on L1A1D4) and the deuterlum contentllfmit

1_of the product is > 96%.v

k- erti.:.e_s;; |

The" GeD4 prepared has a vapor pressure of 186 mm. at -lll h°

;1nfrared spectrum of the gas shows absorptlons at 1522 (Ge-D stretchlng'f”' -

'frequency) and 596 cm ,.9‘ The mass spectrum shows peaks at m/e”‘f
: Ato 41 and m/e 70 to 82 due to GeD and GeD 1ons, respectlvely.8
' :Traces of carbon diox1de 1mpurity may be detected by a peak at m/e =f

in the mass spectrum or by an absorptlon at 2300 cm l in the 1nfrared

.- spectrum.

Germane-d4 may be stored at room temperature in a glass vessel .,,i
‘equipped w1th a’ greased stopcock for several months w1thout appreclable

B decompositlon.fﬁw'mﬁm*riﬁ .
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’ ¢. STANNANE AND STANNANE-d4
SnCls + LiAlHs - ILiCl + A1Cls + SnHs

SnClq + LiAlD, - LiCl + AlCls + SnD4

Procedure (SnHa)

The apparatus is assembled as described under General Procedure;l

excépt ﬁhat a dewar flask is used instead of a crystallizing dish for
holding the low-temperature bath around the reaétion flask. The

reaction flask is charged with 2.7 g. of LiAlH4 (0.072 mole) and

"70 ml. of anhydrous‘diethyl ether. The cold—finger reflux condenser

and the dewar around‘the réaction flask are filled with -78.5° baths.
(dry ice slushes). The system is openéd to the vacuum pump, and a

| -95° bath (toluene slush) is placed around the U-trap neafe‘st_the
‘reaction vessel. The remaining four U-traps are céoled to -196° with

| liquid nitrogeh. Eight ml. of SnCls (0.068 mole) and 130 ml. of diethyi
ether are carefully mixed fogether to make a slurfy of the solid white

- etherate whichmformsf This slufry is slowly added from the dropping

. funnel over a period of about one hour. It is usuélly necessary to
agitate the slurry in some manner since the solid etherate tends to
settle to the bottom and hinder steady addition; sti?ring with a glass  ,
';rod is suffiCienﬁ. If sti:ringvof the reaction4flask cannot be

"accomplished while.thé dewar is ardund it, it méy be done manually by

.removing the dewar momentarily every five minutes and moving the

7
/

stirring bar with a small magnet. Addition of the slurry should be
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suff1c1ently slow S0 that most of the SnHag traps out in the flrst three

-196° traps. The appearance of much SnH4 in the last trap 1s -an . |
.slndlcatlon that the rate of addltlon is too fast and that product is’ E =
| belng swept through the condensatlon traln.. Con51derable Hg is also
‘ evolved in thls preparatlon and it hlnders the condensatlon of SnH4.

,“; We have found that our best ylelds are obtalned 1f a stopcock between :
"the -196° traps and ‘the vacuum pump is partlally closed, thus ‘J' |
v»;malntalnlng the pressure in the reactlon system around 50 to lOO tm Hg.l:é

After the‘addltlon of_the SnClafetherate slurry is conplete,ﬁthe o

reaction mixture is allowed to warm slowly to -20°. 'The‘mirture;is’ |

then quenched to -78°, and the reactlon flask is removed from the'Cl

_vacuum llne. ‘The materlal in the —95 trap (mostly solvent) 1s B

v‘discarded; The crude product in the -l96° traps is comblned and

passed four tlmes through a -ll2 trap (Cs2 slush) to remove traces
. of solvent. Thls procedure typlcally grves 0.020 mole (30% yleld) of

. SnHy with a vapor pressure of 17 mm. Hg at -112°.

- Procedure (SnD.)

The apparatus used is a 100-ml. round-bottomed flask equipped with
a cold-finger'reflux condenser and a magnetic stirring bar. This System‘
~ is connected to a. vacuum llne with flve U-traps between the reactor and
pump and two detachable bulbs from whlch reactants are dlstllled 1nto
.. the reactor. Prlor to the synthes1s the entlre vacuum system is. pre-';

'vcondltloned w1th DgO as has been descrlbed above (see SlD4 Procedure)
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After pre~conditioning and e&aeuating the system, the reaetor is
opened, charged with 0.270 g. of LiAlDs (0.0065 mole, > 98% D), and
‘then evacuated again. Ten ml. of dried diethyl ether and 0. 9 ml. |
anhydrous stannic chlorlde (0.0077 mole) are distilled into the reactor
which is cooled to -196°C. The cold finger reflux condenser and
dewar around the reactor are filled with -78° baths (dr& ice élushes).
The U-trap nearest the reactoi is cooled with‘a -95° bath (toluene
slush) and the femaining'four U-treps are eooled to -i96°. The reactor
and cold finger are allowed to warm slowiy to room temperature (over a
eperiod of about 90 min.), and‘volatile products are taken off at
five-mihute‘intervals. Stirring is accomplished manually by_using a
small magnef to move the stirring bar. The ;eaction is stopped when
the reacfor reacﬁes room tempefature. |

The material in the -95° traps (mostly solveﬁt) is discarded. The
product in the four -196° traps is combined and passed four times through
a -112° trap (CSz slush) to remove traces of solvent. The yield is
0.00l7 nmole. of SnD4, or 25% based oh LiAlD4. Vapor pressure at ~112°

is 17.4 mm. Hg., and deuterlum content is > 98%.

Details concernlng these steps 1n the synthe51s are given above
under SiD4 Procedure. oo
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Properties

Stannane has a reported vapor pressure at -111.6° of 17.5 wm. 10

vahe infrared spectrum of the gas in the NaCl region shows,absbrptions_

U at 1860(5) (Sn-H stretch), 760(m), 703(s), and 677(s) cm-l, i

The
deuterio etannene prepared:absorbed at 1455(s) em™ . The presence of -
Acarbon'dioxide in the stannane may be detected by a peak aﬂ‘m/e = Lk
© in the mass spectrum or by an absofption at 2300 cmfl in the‘inffared.
epectrum.

Stannane decomposes thermally in a few hours atvrooﬁ temperature.
. The decompositioh is catalyze@ by the‘metellic tin.mirfprvwhich fofms, o
;;however traces.ofioxygen'have beenvreported to inhibitlthe decompesition-l3 -

- Thus stannane is best stored at room temperature witpvoxygen present or

pure at liquid_nitfogen temperafdre.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission'” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








