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THE HIGHER SILANES AND .GERMANES 

Silane, SiH4, may be efficiently pre~ the 

UCRL-11078 

reaction of silicon 

\ :'.... 
:· 

~' 
tetrachloride with lithium hydroluminate, 1 and ge~ne, GeH~~~Y be efficiently 

. ) 2 prepared by the reaction of aqueous germanate(IV with aqueous hydroborate. 

•· 

However none of the methods for preparing silanes or germanes from either 

aqueous or non-aqueous.solutions gives decent yields of the higher hydrides of 

It has recently been discovered 
' . .. ~ 

. . . 4 . 
that the higher silanes3 and germa.nes may be prepared in good yields of 

* Department of Chemistry, and Ino~ganic Materials Research'Division~f the 
· Lawrence Radiation Laboratory, University of California, Berkeley 4, California. 

t Permanent address: Atomic Energy Establishment, Trombay, Bombay. 

* Department of Chemistry, The University, Sout~ton, England • 

. . ~\: ' ' 

. ~ ... 
. ;._. , .. 

·.'' ·:-- t~~~ ··."'· ~ .,,..· ..... 
'.·. .. 

I 
I 



.· .. :-··· . .-: ·. , .. ( .... ·:. 
. ~ .. 

,; ...... ;· ·: ··, 

. ,. I 

. ··l 
· or is.o-tetragerma~:~e, u.d smaller m'D!)UDts of the varioUs isomers of the ·higher ,•:: __ :.: --_: ,._j 

··j 
' -

hydrides. Si~s as hi~ ~ S!sB:La ~ pl'BiaDes as high_ as ae9~ bave ~en·:·\ . ', · 
'. . ' ' 

/' . . "'·,:: ~· .. : . 

,'•····· 

~ ~ difticulqr -~ prapa:ring »~ samples ot 'the hiS}ler ~dee lies · 
,.··. 

. .- __ ,-
isomers. Whereas the first three. members ot each homologous series ma"j be 

clear~ separated from one another by tiactions.l condensation ill a vacuum . . . 

. ·._:) ' 
' . t 

·-.-I 
' : i 
. I 

_.· I 

::1 
~I 
'i 

·_ ' ' : . . 4 \ 
line~'3 the tetra.- and ·higher !zydr.ides J!lUSt be separated by- gas cbromatograpby.'5 -· ·-

, . .·· i 

· _Since the higher ~des are spontaneoua:cy- intlamma.bl.e in air and are probab~ _ 

separation. 

. . I 
/ 

.!' 

:,.. . ·.-:..·. . ~ ' . "~-· ' 

• • ·. . . ':. .' J: • ~ • 
. ·'·• 

-- ·- in considerable detail. · ·_. :. ~ ,_ .• 
_.; .. 

·,· .. 

........ 

Apparatus • ·-
' .. 

. ....... 

'· 
. ' 

I. 
I 

The _vacuum line- apparatus (ng. 1) :consieta of two sections .. one for the 
. -_ - .. -.. . ., : .- . . . I - . . -- . 

. . ' ' • 1 - ••. ;· • • •• • ~. • • . ••. .• •• • : .' -- ~ ' -. • ~ 
(··,' 

. ~ .. , 
·•: .• . : > ' .. ·, . 

~:: ·: .. ·.· _:··: -·1 . ; , 
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I 
electric 41scbal"p qnth9a1a, ad t1:ra other r. tbe p;rel:Smina:Q' separation ot 

to open 1t -ver:r slowl¥)• 'B2e 3o~ to vhlch •tcmJal bulbs, tranater vessels, 
,/ 

/ 

., 
concentric tubea be abo\11# 2 m. 1 t:ha'li t.bfa outa:14e diamater ot tba tube be 

. Q 

bottam ot the 4ischarp 'tube ~eta zumvol.a't118 liquid ~s tbat othsr----
• • •. •'' ' I . 

* S:U.ane and s;e1'lZIBDS caD be haDaled . 1n a sraa8e4 system, however. 

t · Del.mr-tfrq Stopcock, ~ b~~ Del.m.r ScientU'ic Co., ~oocl, 
Xw.noia, or Lab • ·Crest threaclec1 glass ila~ valve, mnufactured 'by tbe 
Fischer aD4 Porte!' eo., ilG.l'lld.uter, PQmuq~ ' 

I 
I 



.... 
' .. ; • l ' 

' -~~ -~ ~-

. -~ 
,: ; 

b)" a 417-ice-acetoDe slush tO vbich a 11~ concen~te4 ~chloric acid 

the discbarae 'tube is filled v1\h the same lld.xture •. Die outer cold bath is . 

electr1cal.l1' grouwied, and the 1DD8r col4 bath ia cormected to cme of tbe 

I 

vacuum line ahoul4 be sroundecl• 

1'he automatic i'oepler purqp sboul4 be ot a tJpe (such as t.bat illustrated 

bulbs is abou-t 6 111iers. 

Proced~ tor !Yntbesis 

.. 
Sufficient silazae or gel'l!m2e ·1s 41stuls4 into the c11scbarp•Wbe section 

. . . 

completeq vaporizeclo It 41ailene 1a tbe · .. aired. product,,· ·'the trap toli.owiDa 
. . ,... ' : . ~ .~ 

:'"'\ 

· ...... - .- " 

•·. 
. ' 

·.· .. 



~.;.-; 

.or c11ge:mane 1#1 the clesued product, the trap 1e izlaersecl ill a toluene sln~ 
1 • . . i 

I 

f 

the electrical comwct1cu .axe xraae, ad tJw hiP vol.tap 1a turned on. 1'he 

i 
I 

automatic Toepler pumped la started, ·aa4 the p~ rate is adJusted to 
. I 

I 

i 
I 

I 
; 

As the reacticm proceeds, ~aen.su 1s tozoma4. lt :S.a impossible to 
I 

o:f' molas o-r ~n formedo After t..he pees have circulated through tbe 
' 

;z.~. With·sucb. a .cold trap' in tbs 878t.Gm1 ailaAe VU1 condense until ita pressure 

1s about 220 DD. ~wr all tbe con4ense4 silane Vill. event~ vaporize be-

cause ot tbe CODStant dacompoa:ltiora ot tha ~of ailaDO in the discharS3 ·tube. i 

I ). 
t 

** Durins tbe c1rc:ulat10l'l ot p.a1 it is nGCIS&alT to npl.eniah occasioDally the 
.-/ 

cold bath vbicJ:~/tOilowa the 41scbarse tuba. 

/ 

. ,.· 
.·. ": 



-6· .~· 
minutes, tbe four traps :lA tba sepuatiola aectiozl ot tbs"-qatem ~ also ,· 

~. 

~ ir; 

imllersed :lD li(Juici DitmPA, and the aee41a valft is opemci alish~ 80 tba~·· 

I 

back :S.Dto tbs. QD.tbeail aecUOt& 8D4 the zaee4l.e Yalw is cloaeci. !~.'be 1S.CJu14 

·' 

' . 

J"'JZZIWcl aa cleacr1'be4 above I ad aU. the volatUe COD4ena1bla producta ( :lD• 
,. 

'~. . ~· .. 

' 

aDCi tris1lau (or tU correspon41Da ae~s):ma1"--l»e· aepuatecl b7 fractional 

... ' . ·~. . . ~ ' 

ccm4emsation :lD tb8 vaOw. UDB. ·:::-, · · 

. I · . 

. . ' 
·''•· ,. .. 

:. • i. 

... 
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' 

a -~trap (liquid Ditro&en)• !rhe -9'0 ~P collActa the triaUane and · 
'·· j . 

' .. 
measured vi th a thermometer) to remove t:nicea ot tria1.larle. The mixture o-r 

...... 

f . ·•.· .• 

~lush) aDd a •9'0 trap to a .l!Jfl' tmp. · !be ·..63° tmp collects tbe hipr 

r pa&sina tba lUsher ail.aDes (t.rola whicb the cUaU.a:ne and tritdJ•ne have been · ·· 

;,; . ·. ·.·' ~ 

· nmoved) thl'ousb a ·23° vap (carbcm 'tetzoacbl.or14e a~). 
. \ 

b crude germane& are 41stUle4 tbrou&b a -.63° tmp aDd a -ll2° trap 
•. 

i/. 
I • 

tr~l"JD!1Da aDd hisher ;ermtmea, the -llsf trap collecta the cliprmaD&, ana. the . I 
~19(/' trap collacta the ,.a.e-884 Pfti8Dito 'Die lld.xtue of trip~ aDd 

I . . ,. 

b18har. germane& is 41st1llbd ~ a •3,0 trap (etbuol. .tsz acetone, the 
•. J . ' 

. . ./ -....... """ .- .. ~· ~-- ....... ~-~--~ ............. . 

···,. 
~ ' ' ~ 

.··· 
,' .. ' 

·' . ~ 
' .··' ·. ;'. 
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' 
' . t 
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·~ 
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f . 
. ! 

~ 

.. 

I . 

I 
l 
I 

.a. I 

~rature measu:ecl with~ thel'mOIDeter) 8D4 a -63° i;rap to;a -~ trap. ' ' 

',; 

part. o~ tbe tube m a -78° bath. Pu:re Ditt'o&eD or 8.rson pa 1a tben li:d into 

/. . 

the tube to a p~~ ot about 10 c.mte 1'bB ·78° bath is removed, and the ' . . 

the transfer tube, a portion ot tbt Jvdri&t ~ ~~ill' be caused to run into-· 

' ' 

tbe little bulb opposite the lUbber septum. ~ortiona ot the ~ m:1xtura 
. ~ . ' . ' , .. ; ' 

are withdraw trom the tuba vit.h an air-tiaht Dee4la 8.124 s:f1'1nse and ~cte4 ... -· -:.------···---···· --.. - ~-- ·. - . ·- ' 

of the s:f1'1nse leaks even Olishtl¥1 ~ ra1xturo v1l1 be ~cl out b'or4 

.. ' ,. . .' . h; . . ---- -·-··----· .... 
the back ot the 8)'1'1Dse1 'bUl'A vith a tl.a81 U4 leaw a 80lid deposit wh:lch 

..;. . '. 
" .... f,; ':· .; .• ........... ' ' ~ . . . : 

.. : .. 
I ' •. : ' ~ < • 

'-~ ' ' · ·i:v~·:§k : ... . .. , ·· .. I, 

.,__..._.-



• 9. 

toula the s11"iD&e. It is .there tore reCODIIII8Dded that sreaae be applied to ~· ' 

1n contact with the grease. When the needle is vi tbdrawn trom the entrance· 

membrane of the pa chrolDatograpbia apparatus, the small amount ot warm ~de 

mixture on the tip ot the needle bums vith a flash and a pop. To prevent 

cloB&iD& o:t the ......u;,, it ia Mcea11U7 to ~a tb1n VUe 1Dto the Deedl.e 

. * after each use in order to keep it claar. After uee, ~ B)'rlnge shOuld be 
'·, 

~-~ 

rinsed thoro~ with dr.y benzene ancl then tluahed v1tb llitrogen. 

A chromatographic c_olUIDD made of a ataiDleaa atee1- tube 1 1/2 in• 1D diameter 

and 5 tt •. loDg, packed with 2(1/, aWCoD8 oil on 6o;9o ftrebrick~ serves very 
. • ' ·1·~ 

* Altemative]¥1 the tip of the needle caD be kept ~ the. atmosphere by 

) 

usinS small capsules closed on opposite aides vith rubber septa. See the 

description ot these Sch\ltmro'Drchen b7 rel1Gr, Kuhlborach aDd Luhleich. 
6 

** An Aerograph Model A·90·P ps cbromatosre.Ph (manufactured by. Wilkens Instrument 

. . ~ 

and Research; Inc. 1 We.l.n11\ Cnek1 CalJ.toD1a) sene a aatiatactori]¥. 

.~· ' • .~ ,;· ••. , !'\,. • • : .• / 

· .. 
·.' 

' ··~ 
'~· f • · .... •.··' 

' .:· '· ~ 

.. •' :· :·,"···:. 

l 
f. 

;. 



i 

'1'he samples are elutec.\ Vit!lllalium ., at a tl.ovmte ot ~roximato~ s.Q 
I 

. # 
' ml../sec •. b vapors laaw· tba ohromato~ throuah a ~rmic zaeecUa ;~ ,.i 

....... , ... 

. 

I . 

' 

' ' 

and f:Ulec1 with p\D'e Ditro&en saa at a pzeaaure a tev zrdlUmaters sreater than 

' ' 
exit oZ each ·collection trap 1a CODDected by a rubber tu'be (attachecl to o, 

. ' 

' 



·' ... ~· 0 •• .: • • 

,· 

. Before atteuwtina to separate GilA col.lA~ tmctiona of the~·~:: ... ;~ . .. --·· 
.· ' 

f. 

I ' 

<' 

trap. ~ze 18 DO .Jaam in 4elqiltl tba e1oa1q at the collectiozl trap for 
. L t • ;':_.· 

.. ~ .. >·· l:' -,·;·.:' .> ... ~< '··-~.~ .. ~~/ ''; 

bali' a millu.te f# eo.·: · · , ,, I' • · • 

·' 

~- ·~ I 

. . . . , ~· 

. ;,.· ~·· ' 

·!. .. 
·<:{':':·· . 

J.·· . '."'·,· 

. -·-, 
. '•' ,J '. 

:.1 • ••. , 



~· 

r1ns · joints to the vacuum l:1na an4 tbe p\ll'e tractioU Aft~ 41stil.lsd into ~. ,,_ . 
~ ::·, 

··~rtiea· 

l>isillme baa a 'boiliDs po1Dt7 ot •14.3° and a· mltiDa point7 ot -132°. . . . 

..'.·, 

1'he sas bas a characteristic intraJ'ed a'bsorgticm Spectrum which 'IJla'1 be used - . ' .. ... ~ \ 

., 

tor ~dentificatioa purgoses. · A'baorption 'b&mda are o'bsened at the followizls 
. -· 

l ~- •. • 

8 . ' '·. ' 
fl'equenc:S.es (in cm~1)& . 2160 (a), 9lto (m), 8;31 8441 835 (a). ~silane has 

' . 

9118 (m), 884 (vs), 819 (m), 8oS (m), 747 '(v), 117 (a), 705 (s). Normal . . 
' . 

;· 

2155 (s), 1015 (v), 935 (m), 917 (v)~ 879 (s)~ 7l&S (w), 74i (v), 701 (ah, m), 
-·I 

694 (s), 662 (s). Isotetrasilane vapor-ehml absorption peaka at the tol.l.owina '.-- . •\ 

. ( 

and the isomers ot tetrasil.e.nEt have 41at1Dctive proton magnetic resoDaAce spectra.· 

distinctive proton magnetic resonance spectra • .1~ 
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Fig. 2. 
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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 

B. 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 beha 1 f 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. 


