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' THE HIGHER SILANES AND'GERMANES »
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0 Gell ——>Ge Hy ., + (a-1)H,

nen +2
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Silane, SiHh,'mayibe efficiently prepared by the reaction of silicon
.tetraéhloride with.lithium hydroluminate,;.and germéne, GéHE,\ggy ?i effiéiently
prepared by the reactio# of aqueous germanate(IV) with aqueous hydrobvorate.
However none of the hethods for breparing silanes or germanés from eiﬁher
f aqueous or non-aqueouS;éolgtions‘gives décent yields of the higher hydrides of
"“l general formﬁla.SinHQn'+‘2 and GenH2n i-zf_ It}has ?§fentl& begn diééovered

. that the higherlsilanes3 and germanesh may be prepared in good ylelds of
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. Lawrence Radiation Laboratory, University of California, Berkeley L, California.

"~ 1. Permanent address. Atomic Energy Establishment, Trombay, Bombay.

¥ Departmént 6f Chemistry, The_University, Southqmpton, England.

s




passing silane and germane, mmétﬁﬂy} m“@ an ozonizer-type 511eét ‘
" electric discharge. We desoribe here the appsrotus and procedurs for preparing |

;: about L 8. ‘of disilane or digermane, sbout 0.5 g. of tria_ils.né or trigermane, SR

g L

‘ ab‘dut 0.1 g.lvof n-tétmaﬂmé ‘or n-%tmgemne, sbout 0,02 g« of iso-,-tétfasilém
U o iso-tetragerumane, m,mm#muntd of the various isomers of the higher

": hyﬂrides.' Silgneé as Msh a8 Bisﬂw '&np. germneva'as high as Gegﬂzo have peenif-l“'; |

- detected.

| The main difPlculty in preparing pure samples of the higher hydridés lies

o

. in their separation from ons emother - perticularly in the separation of the 8
.. isomers. Whereas the £irst three members of each homologous series msy be .

i _ clearly separated from one another by fractional condensation in a vacuum

B line?"” the-tem- a.ziq, 'hig‘hei' hydrides must be separated by gas chromatograp 1.”5 )

o - Since the higher hydrides are spontaneously inflammable in air and are pxobsbly ,.
very toxic, more than the usual precautions are required in their chromatographic ‘j‘

al

I separation. Therefors we G.eecribe the chromatographic é.ppa:re.tus and procedure ‘

. in considerable detatls . -

B A@aratus' .

| The vacum line apparatus (rig. 1) consists of two/'saétione - one for the = |
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_ electric discharge m@m, ond tha other for the preliminary aeparation ;f‘
the products by :mmm condensation. Mo greased stopcocks or.Joint.s gar;"be
tolorated in any pert of the mmé‘@cn 6 to contatn the higher hydridss,
-becanse t:hese cmoundsdiamlwmmm? Thorefore all the valves are of
the meraury flost type excopt ths one that separetes the tuo sections. (The

’

latter vaive is a greassless needle mlw* becguss it is nscessary to be able

) 'l
to open 1t 'véry slovly)s 'The Joﬁw t0 which storage dbulbas, transfer vessels,

andotherapyammam.comcm%mmmmofmo-mmesotbat

no grease need be used, The dimonsionn of the ogonizer-type discharge tube

are probably not erz:mal, but 4% s recommended that the gap between the
concentric tu‘bes be about 2 mu., @t the outside diamater of the tube be
about 3{» mn., and that the a.iatame:;fm ths bottom oi‘ the‘ tube to the exit
 tube be at mt'ao cm. A smll tubs or buld 0f about S-nk volume at the
botton }¢:>f the dischargs tube conaets nonvom J.miquid WB..that.oﬂmrw—"*"

. wise might clog the inlet tibe. When imuse, the discharge tube is surrounded

# Silane and germans can be handled in @ greased gystem, however,

t  Delmaxr-Urzy Stopeock, manufactured ‘oy\m Delmar Scientific Co., Maywood,
Illinois, or Lab « Crest throaded glass mmw, manufactured by the
Fischer and Porter Co., Warminster, Pommsylvania. _ .
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by & dry;zee-acetone slush to vhich a little e@neenmwd hydrochloric aé;d

' has been added to increase the e‘l.ect;‘ical mﬂﬂtﬁ. | The inner ﬁmr of i -

| . the discharge tube 18 £illed vith the same mixtures. The outer cold bath 18

__electricalllrvmﬁnded, and the ﬁ.nnér‘icom bath s mm& to one of the f

| secondary terminals of a 15-kv. transformer. (The other secondary terminal 1o

grounded.) The high ;oltaaa cmctimshouldbe placed 6o that the operatgr | :
agd other peraopﬁel cannot mdverbently touch them! The metal frame'of the

vacuum line should Ye gro\mdeda ' . |

The automatic Toepler pump should be of & type (such as it 1llustrated

| 1n Fig. 1) that doea not csuse rapid surges of gas flow. The capacity or the ’ :
= Toepler pup should be wmmoo ml. 'meir:tom yoma‘or the m;e' - |

bulbs is about 6 litera. -

Proeeduvp‘ for »_e]ntheais

Sufficlent silane or germane is distilled into the discharge-tube secticn
of the apparatus o that-the pressure is about 400 mm. when the hydride 1s
completely vaporized. If disilans 1s the desired product, the trap following

e
TR
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B the ozonizer is imuerced in an n-pentane slush bath (-130°): 'If trisilane

‘,or ddgermane i,g the desired product, the trap 1o imuorced in a toluene s:l.ush

3
é."

* vath (-95°), 12 silanes higher then trisilane or germanes highex than

digermane are the desired products, the trap 48 imersed in a dry-ice-acetons
vath (~78%). Dry-ice vaths are placed around and within the dischargs tube,

S

the electrical eonnecéions.m made, and the high voltags is turned on. The
] .

automatic Toepler pumped is started, and ths pumping rate is adjusted to
. . / : . ‘

spproximately 300 ml. per minute, - / , S

As the reaction proceeds, hyﬂxoganm 48 formed. It is imossfbla tb

Ae.stiuat;e. the extent of reaction fmm the charge in pxessure, because the
nunber of 'mlea ‘of silane ox gem,m decomposed is roughly equgl %o the. number
7 _ . . . / :
of moles of hydrogen formed. mr the gases bave circulated through the
system for about 6 hours'” the trap me«mﬁ the discharge tube 13 immersed in
| _ | o i -

liquid nitrogen. After continuing the gas eirculation’fox another 15

Z% . With such a cold trap in t.ha systen, ailane will condense until its pressure
is about 220 mm. Hmvar all the eondensed silane will eventually vaporize be-

museofthemtantdacmosiumofﬂmwofammthedischargetube
Y

e During the circulatiou of ges, it is neeaaaary to mplanish occasionany thc
- cold bath which fonwa ths disehrm tube .

7
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minutes, the four tr;'pg in tha asoparation section ofthe\syatemm also ¢
.Mrsedinuquid nitroaea, and the needle valve 45 opened m@@» that’ -
the hydrogen is very slowly pumpod out of the aynthesis section through tha
- four J.iqu.iﬁ niﬁmaen trapé- Aﬁerthe system has been thoroughly evacuated,
ths material vhich hasveondenae.d out 11\ the 'aeps,ratm section s distilled
back into the synthesis sscticn end e needle va:.va 1 closed, The Mquid
nitrogen 4s removed frmthatmpmcadm thadiacharaa tube, and the gas -

.‘cirenla.tion s eoz;&ma‘ unm euch time as it uauaged that a negligivle

"~ amount of silane or germane rema;na undecowosedo Again the hydrogen is

romoved as deq;::ubed a'bov;,‘ aud all the voiatﬂo condensidle products. (l'in-v :
| eluding those 1n the Aischarge tube and ﬂa trap Mdmﬁw.ronwﬁs 11-.)."',.

-

' “mco@imdmdfrapateityeremwthewpamﬁmmcﬁm.i |

Procedure for Separation by Fractional Condensation

Although the yields of individual hydrides can be somsvhat controlled

o by the temperature of thetrap following the @ischargs tube, any syanthesis

. v_wm always yield the entire gamut of hyd.r!.deso; Pure éamlea of digilane

~ and trisilans (or ths comsponad.ng aems)w&e*aepmted by fractional

. [
Da B -
I B
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The crude silsnes are distilled through & -95° trap end a -130° tvap into:.

a -196° trap (11quid nitroa&x;'). e -95° t;ﬁp collacts the trisilane and

| higher silanes, the -130° tm;p:conam the disilana, and tho 1 quid Qitrogex_;
trap colleots the undecompaged amnq; The disilane is further purified by

' passing 1t through a «105° trm.(an ew-mthmm mxture, the temperat@
measured vith a t.hén@mr) to mmve moes of wnam e xture Qf |

trisila.ne a.nd h:lgher silenas s diauum through & ~63° trap (cmomrom

;

| .slush)anda-95 traptoaﬁwmp hs -63° trap collects the higher

silanes, the -95 trep collacts the trisilane, and the «196° trep collects a

| trace of d1s1lana, The trisilane is further purified by passing it through

a -78° trap to remove traces of'tetmimln. A cxuds senple qf tetrasilanes N

(vhich must be further purified by gas chromatography) can be prepaxed by

; passing the higher silanes (from which the disilane and trisilane have been
vemoved) through a -23° trap (carbon tetrachloride slukh).

'Mcmdagarmneammtimathmmab@ompanﬁa-nftmp

(caﬂ:on d1sulfide slush):lntoa -lsﬁotmp Tha «63° trap collects the

‘ »-leprcmmmcmm&mme mmtxmormmmmmd
' /
higher gemnes uuatmwaasfmp(emxorawmo the

A
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_.teme:a'mrle messured wzthiammter)anaa,-sfmpyo;a ~196° trap.
The -35? txap eollacts the higher aemma‘, the -63° trqp conacta the trigermne,
' and the -196° trep collects o trace of digermans. I
' ' | i

Becauss the higher auanéé and gersanes ere extremely Teactive toverd
o:qrgen, the gas chromtomhic separation mstba carried out with a minimm
'.'.e',@omumawspmm.‘mﬁmarmu«smuammmwemcm-
'nnetoamantmmmmnasm’mm.abypmmgthemer
parfc,ofthetuba:ﬁa-?&“bath. Pmnimgenorém@sumenlegmto R

the tube %0 & pressure of about 70 ems The -78° bath s removed, end the

-

 transfer tube is warmed to xoom temperature, at which point more nitrogen

»

is introducsd to a total pressure equal to0 the atmospheric pressure. By tipping

}the' transfer tu‘oé, a portion of the hydride mixtwre may be caused to ¥un into

. the 11ttle bulb opposite w rubver aeptm’_; Portions of the hydride mixture

o _mwzmmmmmmwmmu@cmemmmmwma

et P

into the gos chrmntompw apparstus.l If tha pﬂ.sﬁou and‘quinder por'uon

, ofmmmmmmeam,mmmwmmmdmm.

!\/
the‘oackorthe ayrinsa; bmw&thaﬂuk, andlzaw a sonadepositwhich
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fouls the syringe. It is therefore recommended that grease be applied to the

£ :

B "upper half of the pia%on in puch a way that the hydride mixture cannoteom

in contact with the 'm'éase. When the needle 1 vithdzﬁwn fron .the :entram‘ce:;';
nmembrane oi" t.he gas chromatographic nppa;'gtua, the smll amount of wvarm hydride
w 6ix vthe tip of the needle burns with a flash and a pop. To preventj
clo_gg.ing'of the peedle, 1% 10 necessary to indert a thin ﬁm.i_nto the needle
after each use in order to lneep. 1t clear.” After use, the eyrings showld be

. . R - \\\\\
rinsed thoroughly with dry benzene and then flushed with nitxogen.

A chromstogrephic colurm made of & stainless steel tube, 1/2 in. in dismeter

}
~ Bl

~ and 5 ft.. long, packed with 20% silicone oil on 60/80 ﬁrebrigk, sexrves very

well. The column temperature 19 maintained at J.oo°, with the injector, detector,

-

1

E ¥ Alternatively, the tip of the needle can be kept ﬁom the atmosphere by

using small capsules closed on opposite sides with rubber septa. See the
- “description of these SchutzrShrchen 'by Pehér, Kuhlbdrsch and Luhleich‘.é

| #* An Aerograph Model A-90-P gaé chromatograph _(mnufactu:éd by Wilkens Instrument

. . - - o . . 3
and Research, Inc., Walnut Oreck, California) serves satisfactorily.

P L N SO

—

‘and ‘collector zone temperatures maintained at 215°%, 140°, anda 115°, msp_ective]y.t ”"’ ¥
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The samples are eluted with haliwm gas, ot & flowrate of spproximately 5.0

nl./sec. The vapors leave the chromatograph through & hypodermic ncedle g N
_ maintained at 115%
The varicus eluted fractions sre collected in collecticn treps such as

that pictured in Fig. 3. Thase tzps are made ready-for-use by first evaci:ating

.them and testing for leakige. They are then partially irmorsed in a =78° bath
and £illed with pure nitrogen gas st & pressure & fov millimsters greater than

atmospheric pressure;-thé needls valves are then closed. (The collection traps
o .

are kept dn the cold baths until such tim as the hydride fractions which have

e
A

been collected in them ave disw.lndmmmmﬁsa\vacmnne.)' The
- exit of cach collection trap is connacted by & rubber tubs (attached to o _

~one-hole yubber stopper) to an’ exhoust manifold leading to the hood, ¥hils

- a Stream of pure helium is passing through the chromatographic colum, the
. . o

septum of & collection trap 15 pierced vith the exit moedls of the chromtogroph. -
The ncedle valve aﬁthe_tqpof.mtmpistmmwlyopemdmdthe flovw
' of heliun 45 continued for o fov mimutes 8o s to fiush all air cut of the- - ——

rubber tube and the exhaust manifold. mtmpinaisoonnecfadm'the ,

chromatograph and theneem vaive 38 closed. 'm mahinépmeedm is

EPHEEE

LAV S
. Co- . .
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A -’ .
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be necessary in order to chromatograph 1 ml. of hydrids mixture.

cnm.

B - repeated for each collection trap.

> l..._’,A—-—"*- T

 Before attempting to ccparate and collect fractions of the hydride -

.m#:ture. one oY vgo pmldnﬂmryma should be ean'ied oﬁtwith about 2;5-;7{
o samn‘és." Soms adJustamnt of the colum tempezatire i heldun ﬂw-_v;"
| ’ra_te. my be néeess&’qf#oxﬂe;‘ to get clean-cut oparations of the desired
| fractione When 1(1:1::@9@& that the fravtio s v collacted, sasglas

' Of the order of 100-200 jl. should be injected. Thus five or ten Funs may /

T

~—

A fou seconds before cach fraction of interest cmorges fxom the chromatograph,

| thevnead.le valve of the appropriate eollsct@ trap 15 opaned and the trap
1 Wma;om'mw. ‘After each fraction bas passed through
| the chromatograph, the collection trap is discomectedfrom the chmmtogmm
ot the snodie vaiv 1o cloood.” hen 80 eatizo cxuple liss beem accad

, through ths chromatograph, the collection traps m”cmnemd by means of the

e * Because there may be only a fow seconds between fractions, there may mot

o enough time to close thémem'valwbemattachingﬁn next collection

4rap. There 15 no howm in delaylng the closing of the collection trap for
. half a minute or “‘ pEoukd,

4
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ring Jointa to the vacum line and the pure frectious are distdlled into |-

—

eppropriate parts of the systen.
rties . - !

Disilane he.a a boiling point! of -;3.1;.3‘_’ and a melting potnt! of 252,
The gas has & cl_:arac;'ge?iatic i;xg‘tama abaor};’t:io'n.‘ bpectm thch may be uéed
for identj.ﬁcation ‘pgxp;s;e.. A‘baax:ption ’ban:da are observed at the folloving
frequanciess (m cm'u)x 2160 (a), W\ém), 853, Bld&, 835 (a) Triailane has
a boiling point! of 53.0° and & xnaltmg pos.ntT of -117°. The vepar shove
infrared absorption peakss ét the olloving fmqmnciea:" (4n ™) 2180 (s),
548 (a), 884 (va) 19 (4), 8 (a), Ti7 }w, BT (o), 705 (o). omad
| tetrasilam vaporshuws a’t;sorption gealca at the follwins fx;aquencies9 (in m’l):
2155 (s), 1015 (v').. 935 (éx). ;rr (v), 879 (s), 74‘;9 (u), T8 (v), 701 (sh, ),
69h (8),’: 662 '(S)E’ '_I_ggtet.maim vaporshow ;'baoxptﬂfn peeks at the following
troquanctes? (1a ca™ )i 2130 (v), 2585 (), 2000 (W), 985 (s, w), 935 (m),
915, 906, 898 (m), 67X (s, 866 (), 658 (sby m)y 693 (s). Distiame, tristlams,
" and tue isomers or tetrasilane havs mwtiw proton magnatic resonance spectya.’
The physical properties of digemane end trigemens have been described in

a previous synthesis. These hydrides and the isomoxs of tetrasilans have

distinctive proton magnetic resonance spectra.’h
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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 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.



