L -

© UCRL-11236

~ University of California
 Ernest O. Lawrence
 Radiation Laboratory

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

 SOME PROPERTIES OF
NORMAL- AND ISO-TETRASILANE

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted for publication in
J. Inorganic Chem. UCRL-11236

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California '

AEC Contract No. W-7405-eng-48

SOME PROPERTIES OF NORMAL- AND ISO-TETRASILANE
Sudarshan D. Gokhale and William L. Jolly

December 1963



UCRL-11236

- Contribution from the Department of Chemistry, and- )
Inorganic Materials Research Division of the Lawrence.
Radiation Laboratory, University.of California . .

: Berkeley, Californisa

Tt

. Some Properties of Normal- and lgg-Tetrasiléne_,uv

" By Sudarshsn D. Gokhale"and Willism I. Jolly

The two isomers of tetrasilane were prepared in an ozonizet-typg
. electric discharge and isolated by gas chromatography. The isdmers
‘were identified, consistently, by their nmr spéctra,their,inffafed,,_y

spectra and their relétive vélatilitieé}

(1) Permanent address;,”Chemistry'DiViSion)7Aﬁomi¢ Energy

. Establishment, Trombay, Bombay. =~ =~



Introduction
fV\M. NN P P S,

- Stock et 3&2 obtained normal tetrasilane from the products of the

!

- (2) 'A. Stock, P. Stiebeler and F. Zeidler, Ber., 56, 1695 (1923).

reaction of magnesium silicide with hydrochloric acid, but they were

fuunable to isolate the branched-chain isomer. ’Eehér‘sz al3 achieved a

(3) F. Fehér, H. Keller, G. Kuhlb8rsch and H. Luhleich, Angew. Chem,

Zg,-h02:(1958);

partial separation of the two isomers by fractional distillation and

reported the boiling and fieezing poihts,'densities, and refractive

5

indekes of the isomers. Borer and Phillipsh and Fehér and Strack

(4) K. Borer and C. S. G. Phillips, Proc. Chem. Soc., 189 (1959).

'(5) F. Fehér and H. Strack, Naturwiss., 50, 570‘(1963)J‘,.

» _showéd that the mixture of silanes obtained from the reaction of magé
 nesium silicide with aqueous acid can be separated into many compbnents,'
including n- and.iig-tetrasilane,'by gas.chromatographyt

We havé.prepared‘a mixﬁure_of higher silanes by an_electrié dis~

charge method similar to that used to prepare the higherrgérmanes6 o

(6) J. E. Drake and W. L. Jolly, J. Chem. Soc., 2807 (1962). -




,-2-.

" and trisilane'. The isomers of tetrasilane were seperated by gas

| (7) E. J. Spanler and A. G. Macharmld Inorg Chem., 1, h32 (1962)

chromatography and identified by their relative VQlatilities, by their = fp_ﬂ};.,f{ﬁ}

infrared spectra, aﬁd, most unequivocally, by their nmrvspectra;

Egperimental
The tetrasilanes were prepared from pure silane by the ozonizer-
" type electric discharge metlfloc16"7 subjecting fhe products higher than:_'
trlsllane to gas- llquld chromatographlc separatlon The details of

the method w111 be publlshed elsewhere _ Generally the ratio of n-

"‘_'tetra51lane to 1so-tetraS1lane_was 511,

The  infrared spectravwere obtained with.Perkin-Elmer Infracord
“Spectrophotometers (NaCl Model 137B and KBr Model. 137) using a 5-cm.

NaCl cell and a 6-cm. KBr cell, respectively. The spectra are given

“in Figure 1. The infrared,spectrum_of normal tetrasilane shows bands xj;?”p

at the following frequencies (cm-l):_ 2155 (s), 1020 (s); 935 (m);_
97 (w), 879 (s), T8 (w), THL (w), TOL (sns m), 69k (s), 662 (s),

535 (w), 470 (w). The spectrum of iso- tetrasxlane ‘shows bands. at the'

“:ffrec.;uencies (cm'l) 1. 2210 (w) 2155 ( ), 1000 (w), 9h5 (shj w), 935. (m),

915, 906 898 (m), 871 (s), 866 ( )y 698 (sh m), 693 (s)

The vapor pressure of n-tetraS1lane was found to be lO O t 1 o mm ;{vv_:”

~at O and 29 5 l O mm at 25 e vapor pressure of 1so-tetras1lane

could not be measured accurately because even our best sample e
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' contained perhaps as much as 5% impurity. 'However, we can state that,'at209,' 

* the vapor pressure of iso-tetrasilane is more than 5 mm higher than that

:L“ofJg-tetrasilAne. In ihe;chromatbgraphic separation, the iso-isomer
"preceded- the normél’isomer, in kéeping with'thé vapor pressure
:meaéurements; | |

The.mass'gpectrum of gftet:asiléne'shOWed a fragmentation pattern

. of the four different typés of ions with the following relative order
+o
3

found for g-tetragermaﬁea.i The mass spectrum of iso-tetrasilane was

of intensities: Siy > Si; > Siﬁ >-SiI;'this order is the same as that

(8) J. E. Drake and W. L. Jolly, Proc. Chem. Soc., 379, (1961).

not obtained.
The isomers were diluted with "conditioned" tetramethylsilane (TMS)' 
:.. for_ﬁeésurement of the nmr épectraﬁ "Conditioned" TMS was prepared‘by “
o ﬁreating the middle fréction of a fractionél distillation of TMS with
silane, followed by fractiohal cohdensétion on the va¢uum’line using
traps at -78°, -130°, and -1§6°. ‘The ™S which collected in the -130°
trap was used to dilute the tetrasilanes enough to fillfthe ﬁmr tubesi

. to the optimum height. It also serVéd as an internal standard. The" .

' proton magnetic resonance spectra werélobtained using tbe‘Aé6O and 100

9

" Mc Varian Associates nmr spectrometers”.

(9) ' The cpoberation_and help given by Varian Associates in permitting

us tovuse their 100 Mé”spectrometer_is(gratefully acknowledged.v
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““V”rThe specﬁra are,preSented in Figures 3 td"S._'For'complefeneSSg‘spectraf;glﬂr'f'
were obtalned for d1s1lane and tr1s1lane also. Flgure 2 shows the :

981 satelllte spectra for trlsllane at 100 Me and 60 Me. The ppm

'values glven are to. lower fleld of the TMS

A : . - Discussion
P . . o 1% ¥ VOV

The nore volatlle isomer of tetragernane nas assumed to be the.
‘“branched-chaln 1somer, in. analogy to the. relatlve volatllltles of the
'._Jbutane isomers. In our follow1ng dlscuSS1ons of the 1nfrared spectra o
:g.;fi and nmr spectra, 1t will be seen that this ass1gnment is born out.
Infrareqvggeszra - In the 1nfrared spectrum of 359-tetras1lane
.[(SiH ) SiH], one expects the nresence of bands dne'to the SiH group
and the absence of bands due to the SlH group The ﬁeak absorption'
at 2210 cm l,-on the high frequency s1de'of the main Si-H stretching
1 frequency band, probablyvcorresponds to a stretching freouency of the
A'SiH gronp.. It isvapparent'fromvour study.of the nmrhspectrum that the

siE proton is. shlelded more than the SlH protons ‘We conclude~that'”‘

3
'the SiH bond has a hlgher electron dens1ty, and that therefore it is

e stronger and has a higher stretchlng frequency than a correspondlng
o ‘U:bond in: an SlH3 group

There 1s no 51gn1f1cant absorptlon in the KBr reglon or in the -

' 720 - 830 cm ; reglon in the case of 1so tetra31lane at 10 mnm pressure,‘fa

i”whereas there is a. strong absorptlon band at 662 cm l:and a weak ab-_hiﬁsgch

kSOTpolOD band at 7&8 cm ; in the case of n-tetras1lane The 1nfrared

;‘spectrum of trlsllane shows 51m11ar, but much weaker, absorptlons in |
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‘the 740 - 750 (’:m"l and 570 - 590 cm'l regionsf ‘It .is therefore suggest-:
ed that these bands are due to the SiH, group. -
The strong absorption band near 870 em™Y in both tetrasilanes,

presumably due to the SiH. symmetrical deformation, is split in the

3
‘case of iso-tetrasilane. The analogous type of resonance éplitting'of
. the methyl symmetrical deformation band, due to more than one methyl

.10
group on a carbon atom, is observed in the infrared spectra of alkanes.

- (10) L. J. Bellamy, "The Infra-red Spectra of Complex Molecules',

John Wiley & Soms, Inc., New York, 1958, p. 2k.

vfc;We suggest that the band with distinct PQR branches centered at 906 cﬁ;

.. in the iso-tetrasilane spectrum corresponds to an SiH bending mode.

Infrared spectra of the silanes seem to be less complex than the cor-
responding spectra of the alkéneé because the Si-Si vibration frequenc-

" ies are much lower than the Si-H vibratién-and-bendingfrequencies}l

(11) G. W. Bethke and M. K. Wilson, J. Chem. Phys., 26, 1113 (1957).

Ny, Spectra:- The nmr spectrum of trisi;ane at 60 Mc is compli-

::i éated, just as it is at 40 Mg}e because'theﬁchemical shift and coupling -

o (12) J. J. Turner; "HighﬁResolution NMRfSpectroscopyﬁ,'Theéis,

' Cambridge Univ., October, 1960.

, ' constant between the;SiH3 and SiH, protons are of the same order of




Jf; magnitude. At 100 Mc, the Spcctrum is relatlvely simple, but by far p

”lﬂ the best -spectra are found in the 981 satellites.' The 951 satellite o

,expected, the 2981H3 resonance is spllt into a tr1plet, and the 981H2‘j
" resonance is split into a septet, of ! which only five lines are apparentftg;

in Flg. 2.

- -side of Figure 3, and that at 100 Mc is shown in Figure 4. - Tt will pé.taﬁ.f

. ) " . X . - r‘. " . l ""':’.i.
- noticed that the main resonance is. complicated in each caSe-3 However,

Co(ab) J. A. Pople, W. G Schnelder, and H J. Bernsteln, “ngh—Resolu-

"Efieresonance is split into a sextet, of which only four components-are _ffa§
- apparent in Fig. h by the five protons whlch are nearby. Apparently

‘ _—_——_——l
" the k Si- 29511, - and 2981§ -Slﬁ coupling constants are of very

. sxmllar magnltude. On the low-fleld 51de of the main resonance, the

o 100 Mc: (Flg. 5) is s1mple.. The,strong-81H

-6 -

spectra of tr1s1lane at both 100 and- 60 Mc are shown in Flg 2. As :

. 'The nmr spectrum of n4tetrasilane'at,60 Mc is shown on the left o L

'(;3)~-The general shape of the main resonance is similar to tbat_'

of n-tetragermane6 and is a mirror'image of that of n¥butane}

tion Nuclear Magnetlc Resonance , McGraw-Hlll Book Co., New York,ﬁfjki”t"

1959, p. 235.

e 29g4 satellite spectra (shown in Fig. 4 for 100 Mc) are simple.

- As expected, the “ISiH, resonance is split into a triplet. The SOSiH, i

e

29SlH3 and 9SlH2 resonances are well separated ‘ On the hlgh fleld L

s1de, -the resonances overlap but are. Stlll recogn1zab1e.»n

A- The nmr- spectrum of 1so tetrasxlane at both 60 Mc (Flg 3) and

resonance is a doublet, 73""’ o




" halides'? and of the SiH

-7-

V'and the weak SiH resonance is spllt 1nto ten components, of whlch two o
o or three are lost 1n the n01se and cannot be seen in Flg 5. The

4

981H3 sattelite bands. are shown in Flg 5.
~The chemlcal shifts are glven ih-Table I;, We have ihcluded our
data for disilane and trisiiane for comparison purposeé. It.is clear
' from the data that, as we increase the number of silicon atome'bonded
to o-silicon atom adjacent .to a_silyi group, the shielding of the pro-
.-‘tons in the silyl group deoreaSes. This effect is just the opposite-of.
:hthattpredicted froﬁ siﬁple.electronegativity considerations,_end paral-
.:ifilels the variatipns in chemical shifts of the CH3'group in ethyl |
' 16

group in'diéilanyl halides.”

3 N

» (15) B. P. Dalley and J. N. Shoolery, J.. Am. Chem. Soc., 77, 3977
(1955). . |
v (16) _M. Abedini,vCI H. Van Dyke, and A. G. MacDiarmid, unpublished

data.

-g'VﬁC{ . The increase in shleldlng on going from the SlH3 group to the SlH .

group 1s expllcable in terms of the reduced electronegat1v1ty of Slll-“;,

con compared with hydrogen
The H-H and 981-H coupllng constants are given in Table IT.
| "They.are of the same order of magnitude as those'reported by Abedini
."23.33}6 Although the mechanlsm of the spln-spln interaction is not |
“clearly understood, 1t is loglcal to expect that 1f this interaction 1sh

' through-the bonds_lt should“decrease with en.lncreaserlnvthe number of

" interposed bonds. ‘The value of 3.5 to 4 cPe'for_thefcoupling constant



i fjgem;nal_protons_ln silane_repqrtedhby~Ebsworth and'$urner,

= 'In the case of saturated hydrocarbons, v1c1nal proton coupllng con-'3

- 8-

'of v1c1nal protons in the hlgh Ty 511anes and the value of 2 75 cps of

37 1nd}cate

(17) E. A. V. Evsworth and J. J. Turher,J. Chem. Phys., 36, 2631(1962).’

- that somethlng other ‘than mere through-bond" interaction is involved

-estants 11e 1n the range of 5 8 cps, and the gemlnal proton coupllng
8. : : .

- constant 1n methane is 12. h cps > -_g_,ijva” 557335

(18) Ref. 1b, pp- 193, 236. |

| gcknowledggént,f ‘This-research was s?@portedabvjthe'U[,s;_Atomica,bunl.

.- Energy Commission.
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. Table I. Chemical shifts in ppm (£'0.02) to low- field of TS

% Compound . . -SiH, PR -SiH,- ~ -SiH

o ,:Si3Hé . o '”v‘3.36 . SR 3.18
"‘;'E-SiL}Hm ‘3;36 SR ©3.26 o |




" Table II. Cqupliing' cd,nstan_ts m cps .

$0.20 -+ . . #LO .. - - £1.0° o

B-Slquo | 37 ‘ 199 3 197 - S




+ Fig. 1.

-

FIGURE. CAPTIONS .-

Infrared spectra of normal- and iso-

tetrasilane.

- ,: Fig- 2.0 .

a: polystyrene calibration. b: 5 mm.
pressure in 5-cm. cell. c: 10 mm pressure
in 5-cm. cell.

Nmr spectra of trisilane at 100 and 60 Mc.

- Satellite resonances shown are to low .field

' of main resonances.

' Fig; L.

Nmr spectra of normal- and iso-tetrasilane.
Main resonances at 60 Mc.

Nnir spectrum of normal-tetrasilane. Main

~and satellite resonances at 100 Mec.

vFig._S.

Nmr 5pectfum_qf iso-tetrasilane. Main and -

‘satellite resonances at 100 Mc.
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29SiH, 100 Mc 29SiHy
Main resonance and 60Mc
2981 satellite 291 satellite
SiHg
29SiH, Low gain 29SiH,
SiH,

1 l | | l

4,27 407 3.28 5.0l 4.78

ppm

Fig. 2

MU.32542



-14- UCRL-11236

SiHg
n F' SIH3
Low gain
SR I
3.42
SiH
' bn-fefrosilone
Iso-tetrosilane
= L { - - i |
- 3.36 3.32 342 293

ppm

MU.32544

Fig. 3
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29

SiHy 29giH,
Main resonance
/ low gain

29, | #SiH,

|
437 4.24 3.36 234 2.27
ppm

MU-32545

Fig. 4
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i
SiH3
SiH
295iH, #%SiH3
| ! ‘ | I
238 342 292 246

ppm

MU.32543

Fig. 5
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