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" 'SUMMARY.

The first part of the’phesis deséribés'a sﬁudy of réactions of silane, .
disilane, alkyl substituted monosilanes, monohalo—substitutéd'monosilanes,
SiH3—derivatives'of differént typés'of unsaturatéd'carbon compound;,
SiH3—derivatives of elements of groupsV and VI; SiH3—transitionmetal—
carbonyl'cdmpounds, and trimethylsilylsilape with stannic chloride. The

new compounds, (SiH_C1F, C1SiH .C=CH, ClSiHe.CEC-CF » Cl18iH

2 2 3 2

CléHSyCH=CH2, 0181H2.CH2—CH=CH2, ClSlH(ChH6), 0181H2N(S1H3)2, (ClSle)szlH

(ClSiH2) N, MeSSi.SiHQCl and Me3Si.SiH012) obtained during this study

.CH=CH2,

3

were partially characterised by n.m.r., mass, infrared and Raman
spectroscopy. In addition to the chlorination reactions, a new method
of preparing Me3Si.SiH3 is also described.
The preparation and identification of some novel group IV derivatives
1HgSi 1 1 H GeH H a

of mercury (Me381 gSlH3, (81H3)2Hg, Me381HgGe 3 (Ge 3)2 g an
Me _SiHgCH.) have been studied in the second part of the thesis.

3 3 ,
Although 199Hg and 29Si INDOR spectroscopy was the major tool for the
identification of these compounds, vibrational speétroscopy was used to

confirm this identification.
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CHAPTER ONE

INTRODUCTION

Silanes and germanes may be halogenated by a variety of reagents,
including free ha.logensl§2 hydrogen halides3, boron halidesh and
heated silver halidesS. Each of these reagents has its own
;aﬁvéﬁ£éé25'and-diséavantagéé; fhe mosf general and serious
disadvantages are the apparently inevitable formation of a mixture
of mono-, di- and tri- halogenated products, and forﬁation of a
polymer in some cases. Boron trichloride has been claimed to
chlorinate selectively6. Even if there is a selective halogenation,
the conversion is often very low. Although.side reactions, resulting
in the formation of unnecessary products are less common, it is
rather a waste of time to purify the required products. Part of the
wérk described in this thesis is concerned with the use of stannic
chloride as a halogenating agent for silanes. Aﬁ attempt will be’
made in this ch;pter to describe the maiﬁ differences between
stannic chloride and other halogenating agents. The differences

are not many, but méy be traced to some that aré.fundaméntal.

For the first time in 1971, stannic chloride7 was uséd'for the
monochlorination of monosilane and monogermane; with disilané,
digermané or trisilane, a mixture of mono— and di- chlorinated
compounds is formed, but no products resulting from disubstitution
at a single silicon or germanium atom have been detectéd among the
ini£ial reaction products, and the Si-Si or Ge—-Ge bonds are not
broken. |

Now a question arises, why stannic chloride is a selectivé

chlorinating agent for silanes and germanes.

. . . 1
It is assumed in most of the halogenation reactions



‘that the halogenating reagents are ready to donate a loné pair of
electrons to the empty d-orbitals of the silicon or germanium atom
and at the same time ready to accept a hydride ion from the doror
silicon or germanium atom. Iﬁ otherwords, there is an exchange

of electrons from one atom to other. Thus the free halogens aré
converted into hydrogeﬁ halides, hydrogen halideé into free hydrogen,
boron halides aré reduced to diborane and heated silver halides are
reduced to free silver and hydrogen. Similarly stannic chloride is

reduced to stannous chloride with formation of hydrogen chloride.
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Where A = Si or Ge and X = F, Cl, Br or I.

It is interesting to note that in thé'halogénation of silanes and

; gerﬁanes, the attack of the halogenating reagents involves substitution
- of the hydrogen on the siiicon or germanium atoms, but not on any
hydrogens situated on other atoms attached to the silicon or

germanium atoms. These reagents do not break the S8i-8i, CGe-Ge,

Si-C, C-C, C=C and C=C bonds. All these halogenating reagents



behave in a similar way but stannic chloride differs from other /
chlorinating agents mainly in the initial formation of monochloro
derivatives of silanes and germanes.

It may be believed that fhe tin atom of a stannic chloride
molecule is ready to. exchange with the silicon or germanium atom of
the silanes or germanes by donating a chloride ion to the éilicon
or germanium and accepting a hydride ion. This results in the
formation of an unstable intermédiate coﬁpound, HSnClB, which will.
yield stannous chloride, a white solid, and hydrogen chloride, a gas.
It is found that the stannous chlorlde produced in this reaction is
inert ;n this system, and does not influence further reaction8.

However, we have not detected the presence of HSnCl directly. 1Is

3
there any possibility of the dichlorination, when the stannic
chloride is reacted with the silanes or germanes? |
The dichlorlnatlon is less probable than the monochlorlnatlon
ThlS ‘-may be explalned by the following considerations. |
In the case of chlorination of the monochloro derivative of
silanes or germanes, the stannic chloride has a choice‘betWeen
hydrogens and the chlorine on the silicon or germanlum atom. 1In
this case, the exchange between chlorine atoms of each of these
molecules is more probable than the exchange of a hydrogen atom of
the monoéhldro derivative of silicon or germanium hydrides and a
: chlqriné atom of s?annic chloride.” This may bé mainl& dué to the

bond polarity of the monochlorosilyl or germyl molecule, caused

by its chlorine atom which removes an electron from silicon or germanium

as in the following .

>\<_./‘—\C"‘1ﬁ8,1013



In other words, the chlorine which is more negative than hydrogen,
makes the silicon or germanium more positivé and hencé the
donation of chlorine is more probable than the donation of.
hydrogen from a monochloro- derivative of silanes or germanes to
stannic chloride. Therefore, more examples of an exchange of halogen
atoms between monochlorosilyl and stannic chloridé aré noticéd
than the e#change between hydrogen and chlorine.

Aithough, there are a few examples of dichlorination in this

system, the yield is often very low due to the following mechanism.

xJ 3 S

Gﬁ /\l&
G\(N/Cl Sncl

' There are some advanfagés of stamnic chloride over other
halogenating reagents. Out of those, the most important, are higher
conversion of silanes or germanes to their corresponding monochloro
defivatives; the possibility of watching the formation of white
thin film on the inner walls of the reaction ampoule, the involatility
of stannous chloride, and the separation of the main reaction

product from the other reaction products more efficiently.

: But, there are some disadvantages of stannic chloride. Firstly
it dissolves and then reacts with the grease in the vacuum line
joints,'which frequently causes a leak in the high vacuum system.

It also may react withstarting materials before their estimatién.

Therefore i1t is necessary to clean the detachable sections of the
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vacuum line whenever a new reaction is started. A greaseless
vacuum line section is also essential. The second disadvantage of
sfannic chloride relates to its low vapour pressure at room
temperature. It is very difficuit to measure the pressure on the
scale and/or on mercury. Therefore, the stannic chloride for

the reaction should be ﬁeighed every time if an accurate

estimation is required.



CHAPTER TWO

EXPERIMENTAL TECHNIQUES AND

PREPARATION OF STARTING MATERIALS.



‘CHAPTER ~ 'TWO

2.1 Experimental Technigues . \\

\Y)
It

\V]

Apparatus for preparations

A1l manipulations of volatile compounds wéré carriéd out in
a pyrex vacuum system of conventional Aésign. A high vacuunm,
necessary for the exclusion of 'air and moisture from thé materials
being handled, was maintained by a mercury diffusion pump backed
5y a rotary oil pump. The pressures of the matéria,ls inside the
apparatus were measured using a spiral gauge with & mirror,
employed as a full point instrument with a'lamp and scale and
the pressure in the system was monitored by a pirani gauge.

The vacuum line was made of detachable sections, which
aided cleaning. This was frequently necessary to remove nonvolatile
so0lids (stannous phloride and mercury silyl species) and volatile
species (stannic chloride and cyclopenta—-3-ene derivatives) which
themselves either dissolve or reacted in the grease.of thé vacuum
line joints. Apiezon L and N greases were used on the stop—-cocks
and ground glass joints. Most of the detachable reaction ampoules
were fitted with 'Rotaflo' or 'Sovirel' teflon greaseless taps,
care being taken to keep them away from liquid nitrogen which
rapidly causes leaks. Using a molecular weight bulb the line was

calibrated for volume which, combined with pressure readings, allowed

. rapid quantitative estimations of the amount of volatile materials

present.

Criteria of purit
Y

A number of methods were used to establish the purity of the samples.



T.

Samples and iﬁpurities were identified by infrared spectroscopy,

the impurities being removed by trap-to-trap distillation in oﬁe

of the two trap sections through traps surrounded by slgshfbaths

of known temperature. For less well characterised samples, vapour-—
phase molecular weight determinations and vapour pressure determinations
at various temperafures were made together with proton n.m.r. spectra
to determiﬁe any impurities. The constancy of vapour pressure

was taken as a criterion of purity.

2.1:3 Infrared spectroscopy

Infrared spectra were recorded using a Perkin-Elmer 457 grating
spectrophotometer. The vapour cell (10 cm) was fitted with CsI
or KBr. plates using Apiezon W cement. Less volatile samples were.
frozen in using cotton wool soaked in liquid nitrogen.. Mull spectra
were recorded using CsI plates; nujol, dried by molten potassium
and hexachlorobutadiene were used aé mulling agents.

" Where particularly ﬁigﬁ>re§olution spectra were required or

where it was necessary to run the low frequency region down to

200 cm—l, a Perkin-Elmer 225 grating infrared spectrophotometer

was used.

2.1:4 Raman spectroscopy

Raman spectra of samples sealed in pyrex glass tubes (2x0.5 cm)
were run on a Cary 83 spectrometer excited with a blue laser. line
great care being taken to ensure that sample tubes were mounted

at the correct angle.

2.1:5 Nuclear magnetic resonance svectroscony

Proton nuclear magnetic resonance and inter nuclear dcuble



resonance (INDOR) spectra were recorded on a Varian Associates
HA 100 spectrometer at approximately 100 MHz. An external

Schlumberger frequency supply unit was fitted to generate radiation

- for heteronuclear double resonance; an accurate frequency of the

spectrometerwas measured during decoupling experiments. This
spectrometer was also used for INDOR spectral recordings fitted with

a variable temperature probe and an external recorder similar to

that used in chromatography. Fluorine, 29Si, 130 and some INDOR

spectra vere recorded on an XL 100 instrument operating at 100 MHz

for protons. This XL 100 instrument was used in the FT mode for

130, 29

. 1

Si and in the CW mode for 9F and lH; Samples were sealed
with ground glass bottoms in conventional pyrex tubes of S5mm diesmeter
for reading in the HA 100 spectrometer and in tubes of 10mm diameter

for the XL 100 spectrometer.

- Mass spectrometry.

Mass spectra were recorded on an A.E.I. MS9 mass spegtrometér
normally operated with an idnising potential of 70 eV. Most -
;ompounds examined contained chlorine which has a characteristic
isotope "distribution.

P = 1553 3Tea = 2h 477
Moisture in the mass spectrometer hydrolysed most of the halogenated
silicon compounds and some organic impurities were also noted. Since
the observed fragments were not derived mainly from pure parént.ions,
it was necessary to determine the accurate mass of the parent ions

after a mass spectrum had been run. Exact mass measurements were

also used to help to characterise new compounds.



2.2

2.2:2 ,Phenylsilaﬁe and silyl bromide were prepared by the method of

2.2:3

Preparation of starting mateérials

Procedures for preparation and/or purification of the many compounds

used during this work are listed below. Thé silyl starting -
materials were generally prepared by well décumentéd fechniques.
The appropriate references and any modifiéations attempted are
given. Most of the halides used were commercially available, and

for these the purity checks applied are recorded.

Monosilane and disilane were prepared by the standard method9 on
a 20m. mole. scale. The reduction was carefully carried out in
di-n-amyl ether under 60 cms nitrogen pressure kept constant as
the reaction progressed.
i + Li iH, + Li +
S Clh LlAth > Sth LiCl AlCl3

2812016 + 3L1A1Hh > 2812H6 + 3L1C1l + 3AlCl3

Kurmer and Fritz on a 200m mole scalelo.

~

hPhSiCl3 + 3LiA1Hh —> LPnSiH

. e}
PhSiHl, + HBr Z18°C 5 ppy 4 Sifl Br.

Purification and separation was achieved by distillation from

3 + 3L1¢1 + 3A1013

—96°C into -120°C. The reduction was carefully carried out under

nitrogen in di-n-amyl ether.

Silyl chloride was prepared by streamingsilyl bromide through an

excess of dried mercuric chloridell, giving a conversion of about
95%. " Separation was achieved by passage through -120°C and into
-130°C.

2SiH_ Br + HgCl

H 28iH
3 5 ngBr2 + 2 1h3Cl



2.2:4

2.2:5

2.2:7

2.2:8

10.

Silyl fluoride was prepared by streaming silyl chloride through an
excess of antimony trifluoride12
SiH _C1 + SbF -+ SiH_F + SbF C1 .
3 3 i3 3-x x

Monomethyl-, dimethyl- and trimethylsilanes were prepared by the

standard method as for silane and disilane in di-n-butyl ether under
nitrogen.
R _SiCl + LiAlH -+ R _SiH + LiCl + AlCl
n L—n b n " lb-n 3
where R - methyl group

n — number of methyl groups

Silylacetylene ~ a small amount of pure compound prepared by the

standard method13 was kindly provided by Dr D.W.W Anderson.

~

Silylperfluoromethylacetylene was prepared for the first time by
addition of silyl bromide to perfluoromethylacetylene magnesium '
iodide in diglymelh.

Br + IMgC=C- - SiH,.C=C-CF, + MgBrI

3 r IMgC=C CF3 1 3 3 MgBr

The purity of silylperfluoromethylacetylene was checked by its

SiH
molecular weight determination, infrared and n.m.r. spectra.

Vinylsilane and allylsilane were prepared by reducing their

corresponding trichloro species with lithium aluminium hydride in
di-n-amyl ether under 60 cm nitrogen pressure kept constant as the
reaction proceeded. The products were'pumped through —96°C into

—lQOQC. The infrared spéctrum of each showed that a very small quantity

of ‘silane passed through. No trichloro species of the startiqg

, . . - _+ _~r0. P . o 5
materialis were Trapped av ‘_'7'6 L. 1ne purivty O0Ii eaci compotmd WAS

5

. - . 15 . .
checked by comparison of observed and published ~ i.r. spectrum.
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2.2:9 Sila-cyclopenta-3-ene was prepared by reduction of commercial

dichloro-sila—cyclopenta-3-ene with lithium aluminium hydride in

di-n-amyl ether, under a reduced pressure of dry nitrogen.

2.2:10 Silylcyclopentadiene ~ a small amount of pure compound prepared by

the standard method16 was kindly provided by Dr Hans Moretto.

2.2:11 Disiloxane and tetramethyldisiloxane were prepared by réécting their

. . . . . 1
corresponding monochloro derivative of monosilane with water vapour 7.

281H301 +HO - (31H3)2o + 2HC1

2Me,SiHCL + H SiH)20 + 2HC1

2

0 - .(Me2

2

2.2:12 Disilylsulfide was prepared by the reaction between Hes and tri-
silylamine18

. 1H,) N + 2H > iH + ’H»

(si 3)3 2H,S (si 3)2s ‘ NH) SSiH,

.

2.2:13 Trisilylphosphine was.prepared by reaction of silyl bromide on
o~ . . 19 ) '
KPH, at -647C in dimethyl ether ~.
3 . - i +
3$1H3Br + 3KPH2 > P(SlH3)3 + QPH3 + 3KBr

The purity was checked with an i.r. spectrum 20.

2.2:1h4 Trisilylamine was prepared by the gas phase reaction of ammonia

with excess silyl chloride to avoid base-catalysed decomposition2l.

3SlH3Cl + hNH3 > (SiH3)3N + 3NHhCl.

2.2:15 Silylmangenese—pentacarbonyl and silylcobalt—tetracarbonyl - the
22 '

pure compounds prepared by the starderd methcd™ were Kindly -provided

by Mr Alastair Robertson.



12.

2.2:16 Germyl bromide was prepared by the standard me‘chod23 of bromination

of germane with HBr using an aluminium bromide catalyst and excess
germane.
H, + +
GeHh HBr - GeH3Br H2
2.2:17 Ammonia obtained from a commercial cylinder was fractionated to
remove water (-78°C bath) and stored over sodium in a bulb on the

vacuum line.

2.2:18 Hydrogen sulfide and phosphine were kindly provided by

Mr W. John Savage.

2.2:19 Bis(trimethylsilyl)mercury was prepared by a modification of the

method used beforeeh.

To the Na/Hg in a greaseless ampoule, excess trimethylchlorosilane
was added and was degassed. The ampoule was then shaken for about’
14 days. No other solvent was used since the (Me3Si)2Hg is highly -

soluble in<Me3SiCl. After 14 days, the ampoule was placed in a

dry bag, containing N, gas; where the mercury was removed by

2
inverting the ampoule and opening.the tap. (Since Hg is dénse, it

'stays at the bottom). The excess Me3SiCl was removed from the

yelloﬁ solution by vacuum distillation, leaving yellow crystalline
solid. This yellow cyrstalline solid is bis(trimethylsilyl)mercury.
o 15 ,

Hydrogen bromide, N ammonia, mercury, trimethylsilyl chloride,
dimethyldichlorosilane, monomethyltrichlorosilane, silicon tetrachloride,
“hexachlorodisilane, vinyltrichlorosilane, allyltrichlorosilane,

phenyltrichlorosilane, dichloro-sila-cyclopenta-3-ene and stannic

chloride were all obtained commercially, dried on the vacuum line



13.

and fractionated to remove any impurities as appropriate. Various

solvents used were purified or available purified as follows:-

Benzene

Toluene

Monoglyme

Diglyme
Tetramethylsiiane
n—-Pentane

n-Hexane

Aréton CCl3F
Carbon,tetréchloride

Dimethyl ether .

Di-n-amyl ether

CeP6

Analar grade, dried over sodium wire.
Analar grade, dried over sodium wire.
Shaken with K/anthracene and distilled.
Shaken with K/anthracene and distilled.
Spectroscopic'grade, dried over molecular
Spectroscopic grade; dried over molecular
Spectroscopic grade, dried over molecular
Commercial grade, distilled..

Spectrdscopic grade, dried over molecular

 Commercial grade, distilled.

Commercial grade, dried over lithium

aluminium hydride.

Spectroscopic grade, dried over molecular

sieve.
sieve.

sieve.

sieve.

sieve.
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REACTION OF SILANE, DISILANE, ALKYL

'SUBSTITUTED MONO-SILANES, AND MONOHALO-

SUBSTITUTED MONO-SILANES WITH

STANNIC CHLORIDE.




3.1

3.2

1k.

CHAPTER _THREE

Reaction of silane, disilane, alkyl substituted mono-silanes,

and mono-halo-substituted mono-silanes wiﬁh stannic chloride.

INTRODUCTION

This chapter describes a study of reactions of stannic
chloride with trimethylsilane, dimethyisilane, monomethylsilane,
monosilane, disilane, silyl fluoride, silyl chloride and silyl
bromide. Although the reactions of stannic chloride with monosilane
énd disilane have been studiedz they have been repeated for
comparison with reactions 5etween stannic chioride and alkyl substituted
monosilanes. This work was done largely to study the effects on
the'cﬁlorination reaction of changing the number of methyl groups
on thé silicop atom of silane and of changing the nature of the

electronegative group on silicon. All of the following characteristics

- of chlorination have been examined in detail; the possibility of

dichlorinétion, the. stability of silicon-carbon bonds, the time
required to complete reaction, the percenfage conversion of the
starting compound, the effect of the quantity of stannic chloride,
and the influeﬁce of produced stannous chloride and hydrogen chloride
during the reaction. .

From the reaction of stannic chloride with silyl fluoride, a
new compound, monochloro-monofluorosilane SiH2ClF was obtained.

The partial characterisation of this compound is reported in this

chapter.

The reaction of trimethylsilane with stannic chloride

Pure trimethylsilane (Im mole) and stannic chloride (1.lm moles,

0.366 gm) were condensed intc a 35ml reaction ampoule on a
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conventional vacuum line and allowed to warm to room temperature.

A white thin film on the inner walls of the reaction ampoule began
to form almost immediately and the reactiqn appeared complete in

3 hours at this temperature. The stannic chloride was quantitatively
. reduced to stannous chloride (lm mole or 0.193 gm), an involatile”
white solid which remained in the reaction ampoule.

Trap—to-trap distillation of the remainder gave hydrogén'
chloride (1m mole) passing through the -120° trap, the triméthylchlbro—
silane (lm mole; ca. a 100% yield) passing through the -78° trap,
and stamnic chloride (0.31m mole or 0.081 gm) was left. Thé‘
femaining stannic chloride was dissolved in the grease of thé'
vacuun line joints. No products formed by breéking the Si~d'
bonds were detected.

HCl_was identified by the rotational fine structure in its
infraredAspeétrum between 2700 and 3000 cm—l,‘stannous cthridé by
comparison,qf the observed and published powder photograthS;

. and trimethylchlorosilane by compariéon of the observed.and
published infraréd_spectrum?é,

An increase in staﬁnic chloride to a 1:3 ratio.of reactanﬁs has

no influence on the reaction products.

Trimethylchloro silane (0.5m mole) was condensed in an ampéule':
containing stannous chloride (2m moles or 0.379 gm) allowed to warm
to room temperature and then held at that temperature for ﬁ days.
After 4 days, all “.triméﬁhylcthrOSilane ~ (0.5m mole) was
recovered.

The reaction:

(CH3)381H + SnClh > (CH3)381Cl + HC1 + SnC12

The reaction of dimethylsilane with stannic chloride.

Dimethylsilane (lm mole) and stannic chloride (1.16m moles, 0.304 gu)
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were condensed into a 35ml reaction ampoule and allowed to warm to
room temperature. A white solid formed immediately and the reaction
appeared complete in 20 minutes at this temperature.- The stannic
chloride was quantitatively reduced to stannous éhloride (lm mole,

0.190 gn). The remaining stannic chloride (0.16m mole) was dissolved

~in the grease of the vacuum line joints.

Trap-to-trap distillation of the remainder gave hydrogen chloride
(1m mole) passing through the -120° trép and dimethylchlorosilane
(1m mole} ~ 100%) was left. ﬁo other products by.bréaking the
Si1-C bonds were detected. Dimethylchlorosilane was identified by
comﬁarison of the observed and published infraped spectrum27}

An increase in proportion of stannic chloride to a 1:3 rgtio
of reactants has no influence on the reaction, since neithér'MezsiCl2
nor any other products of decomposition were detected among the
proaucts.

Dimethylchlorosilané (0.6m mole) was condensed into an ampoule
containing stannous chloride, (2m mole or 0.380 gm), a white
crystalline solid, allowed to warm to room temperature and then
held at that temperature for 4 days. After this periéd, all .
dimethylchlorosilane (0.6m mole) was recovered unéhanged.-

The reactibn could be expressed by the equation:

(cH,) 8iH

. )
o *8uC1) > (0H3)251H01 + HC1 + SnCl,

The reaction of methylsilane with stannic chloride

Pure rethylsilane (1.02m moles) and stannic chloride (1.43m moles,
0.29k4 gm) were condensed into a 35ml reaction ampoule and allowed
to warm to room temperature. A white, thin filmm on the inner walls

of the reaction ampoule began to form almost immediately and the

" reaction appeared complete after U hours. The stannous chloride

produced (1.05m moles, 0.2 gm) remained in the reaction ampoule
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and since no stannic chloride was recovered any remaining mey have
been dissolved in grease of the vacuum line joints.

Trap-to-trap distillation of the remainder gave hydrogen chloride
(1.03m moles) passing through ihe ~120° trap, methylchlorosilane
(0.87m mole) passing through -96°, and nethyldichlorosilane (O.iSm mole)
which still contains a very small quantlty of the monochloro species
was left. No other products that might have been formed by breaking
the Si-C bonds were detected. The mono-chloro and dichloro derivatives
of methylsilane were identified by measuring the exact mass of their
parent ions and by comparison of the observed and published infrared

28,27

spectra. o

The reaction of methylchlorosilaﬁe with stannic chloride.

When pure methylchlorésilane (0.3Tm mole) and stannic chloride
(0.39m mole or 0.101 gm) were condensed into a 35ml reaction ampoule
and allowed to warm to room teﬁberature, a white solid began to
form very slowly. The reéctibn was not complete even after 3 days
at room temperature, but it was stopped after this period and products
were fractionated. The stannic chloride was quantltatlvely reduced to
involatile, white stannous chloride (0.22m mole or 0.04 gm) which
remained in the reaction ampoule.

Trap-to-trap distillation of the remainder gave hydrogen chloride
(0.21m mole) passing through —1200, ca. 39% of the methylchlorosilane

(0.1km mole) passing through -96°, methyléichlorosilane which still

contained a small quantity of the monochloro species (0.23m mole)

passing through the —780 trap and unreacted stannic chloride

(0.15m mole or 0.04 gm) was left. The remaining unreacted stannic

chloride was dissolved in grease of the vacuum line joints; no

MeSiCl3 was detected among the products.
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MeSiH,C1 (0.8m mole) was condensed in an ampoule containing
SnC1, (2n moles or 0.38 gm) and allowed to react at room temperature
for 4 days. After this period all of the MeSiHQCl (0.8m mole) was

recovered, demonstrating that MeSiH,Cl was not affected by stannous

2
chloride.

After a .small quantity of pure MeSiH_Cl was kept in a clean

2

glass ampoule at room temperature for 4 days, no decomposition
products were found, so that there was no detectable influence of
glass, light or room temperature on the compound.

+ The reaction between methylsilane and stannic chloride may be

expressed by the equation:

CH_SiH. + SnClh - CH

3 3 SlH2Cl + CH_SiHCl, + HC1l +»Sn012

3 3 2

~In steps:

(i) CH.SiH. + SnCIh +~ CH

1 + +
3By Slecl HC1 + SnCl

3 2

(ii) CHJSiH,Cl + SnCl) - CH,SiHC1l, + HC1 + SnCl,

or
ey ) ... SnCl) )
(iii) 2CH381H201 f CH381H012 + CH381H3 ) CH381H201

’

The reaction of silane with stannic chloride

Pure silané (0.4Tm mole) and stannic chloride (0.56m mole,
0.147 gm) were condensed into a 35ml reaction ampoule and allowed
to warm to room temperature. A white, thin film on the inner walls
of the reaction ampoule began to form very slowly. The reaction
was not complete even after 18 hours at room temperature, but it
was.stopped then and the products we%e fractionated. The stannic
chloride was quaﬁtitatively ;educed to involatile, white stannous
chloride (O.lSﬁ mole, 0.029 gm), which remained in the reactigh

ampoule.
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Trap-to-trap distillation of the remainder gave a mixture of

. . . o
hydrogen chloride and silane (0.L47m mole) passing through -130°,

. monochlorosilane (O.ilm mole) passing through —120ﬁ dichlorosilane

(0.0km mole) passing through -782 and unreacted stannic chloride

(0.35m mole, 0.091 gm) was left. The remaining unreacted stannic
chloridé must have been dissolved in the grease of the vacuum line
joints. No hydrogen, SiHCl3 or SiClh were detected among the products.
The above mixture of hydrogén chloride and silane (0.47m mole)
was ailowed to react with pure ammonia (0.6m mole) in a reaction
ampoule at room temperature. Ammonium chloride, a white solid,

was formed immediately and remained in the reaction ampoule.

. Trap-to~trap distillation of the volatile produéts gave SiHh

3.5:2

(0.32m mole) passing through -130°, and unreacted'NH3 (0.13m molé)'
was recovered. The quantity of HCl produced during thé reaction
(0.15m mole) was estimated from the weight of NH) C1 (0.0081 gm).
The monochloro- and dichloro derivatives of silané weré
identified by comparing their observed and published infraréd
specfraega’b
‘When silane (3m moles) reacted with stannic chloridé-
(0.5m mole) at room temperature over night, all stannic chloridé was
consuﬁed and SiH3Cl (0.5m mole), HC1 (0.5m mole), SnCl2 (0.5m mole)

and unreacted SiHh (2.5m moles) were obtained.

The reaction of monochlorosilane with stannic chloride

Pure monochlorosilane (0.47m mole) and stannic chloride

" (1.03m moles, 0.268 gm) were condensed into a 35ml reaction ampoule,

allowed to warm to room temperature and then held there for 24 hours.

A white, thin film on the inner walls of the reaction ampoule began
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to form very slowly. Although the reaction was not complete after
24 hours it was stopped at this stage and the products were
fractionated.

The stannic chloride was quantitatively reduced to stannous

chloride (0.13m mole, 0.024 gm) which remained in the reaction

ampoule.

Trap-to-trap distillation of tﬁe ?emainder gave hydrogen chloride
(0.13m mole) passing through -130°, ca. 72% of the monochlorosilane
(0.34m mole) passing through fl200, dichlorosilane (0.13m mole)
féssing through -78° and unreacted stamnic chloride (0.88m mole,
0.2301gm) was left. SiHCl3 —-and SiClh were not detected among the
producgs.

As in the previous reactions, a small quan?ity of SiH3Cl was
allowed to stand with aAlgrge excess of stannous chloride, SnClz,

for several days at room temperature. No reaction tock place and

“all the SiH3Cl was recovered, The overall reaction between silane

and stannic chloride may be expressed by the equation:

Sth +_SnClh ?‘SlH Cl + SlH20l2+AHCl + Sn?l

3 2
In steps:
(i) Sth + SnClu > 31H301 + HC1 + SnCl2
(;1) 31H301 + SnClh > 31}12012 + HC1 + Sn012 |

The reaction of disilane with étannic chloride

| Pure disilane (1lm mole) and stanmnic chloride (1.01lm moles,
0.265 gm) were condensed into a 35ml reaction ampoule, allowed to
warm to room temperature and held there for 18 hours. A white
solid began to form almost immediately; the reaction was complete

after 18 hours. The stannic chloride was quantitatively reduced to
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stannous chloride (1.0lm méle or 0.192 gm) which remainéd'in the
reaction ampoule.

Trap-to-trap distillation of fhe remainder gavé hydrogen
chloride (1m mole) passing thfough the -130° trap, unreacted
disilane (0.52m mole) passing through the -120° trap, monochloro-
disilane (0.25m mole) passing through the -780 trap and
1,2-dichlorodisilane (ClSin.SiHZCl; 0.23m mole) was léft. A
negligible quantity of 1,l1-dichlorodisilane (Hssi.SiHClz):was

detected when pure C1SiH .SiH2Cl was kept in an ampoule for at least

2
a day at room temperature.
| Monochloro- and dichlorodisilanes were identified by comparing
their obsérved and published infraredh and n.m.r. spectraSo
When disilane (3m moles) react with stannic chloride (0.5m mole)
at room temperature over night the consumption of all stannip chloride

occurred and C1SiH,..SiH_ (0.5m mole), HC1 (0.5m mole), SnCl,. (0.5m mole)

2 3

and unreacted disilane (2.5m moles) were obtained. Neither ClSin”

2

Sincl nor SiHB.SiHClQ was detected among the products. The

overall reaction between disilane and stannic chloride may be
expressed by the equation: -

SiH_.SiH_ + SnClh > H3Si.SiH201 + C1SiH,.SiH,Cl + HC1 + SnCl2

3 3 2 2
In steps:
4(1) SlH3i81H3 +‘SnClh > SlH3.81H201 + HC1 + Sn012
(ii) SlH3.SlH201 + Sn01h > ClSln2.81H2Cl + HC1 + Sn012
(iii) 2ClSlH2.SlH2Cl > 281H3.81H012

3.7:1 The reaction of silyl fluoride with stannic chloride

Pure silyl fluoride (1m mole) and stannic chloride (1.17m moles,

0.305 gn) were condensed into a 35ml reaction ampoule on a

conventional vacuum line and allowed to warm to room temperature
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A white, thin film on the inner walls of the reaction ampoulé

began to form very slowly; the feaction was complete aftér

18 hours. The stannic chlori@e was quantitatively reducedAto stannous

chloride (1m mole, 0.191 gm) which remained in the reaction ampoule.
Trap—to-trap distillation of the remainder gave hydrogen.chloride

(1m mole) passing through the -160° trap, a mixture (I) of SiH2F2

and SiHQClF passing through a trap at -130° and another mixture

(II) of SiH,CIF and SiHCl, was held at -130° but volatile at -78°;

unreacted stannic chloride (0.1lm mole) was left.

Trap—to-trap repeated distillation of mixture (I) gave SiH2F2

(0.3m mole), volatile at -130°, and Sinch (0.3m mole) was left.
Similarly, repeated trap-to-trap distillation of mixture (II) gave
SiHQClF (0.1m mole) volatile at -120° aﬁd dichlorosilane (0.3m mole)
was left.v

No SiH3F was recovered smong the products. SiH2Cl2 and SinF2

were identified by comparison of the observed and published

infrared spectra 29b, 31

‘

The reaction of silyl fluoride with stannic chloride precedes
by chlorination and then disproportionation, may be represented by
the equations:--

{H_F+SnCl,~> Si
SiH F*SnCl)> Sili C1F + HC1 + SnCl,

2SlHZClF -> SJ.H2F2 + SlH2012

Since monochloro-monofluorosilane (SiH_ C1F) is a new compound,

2

an attempt will be made in this chapter to characterise the molecule *

in detail.
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3.7:2 DNuclear magnetic resonance spectra

3.7:3

Proton n.m.r. of SiH C1F
<

TMS was used aé solvent and reference standard.
doublet at 4.52T, 5.07T
. chemical shift T = 4.79 ppm.
2J(HSiF) = 56 Haz.

l9F n.m.r. of SiH CI1F
[=

CCl3F‘was used as solvent and reference standard.

The spectrum showed a triplet.
Chemical shift "8" related to CCl3F = 146.4 ppm

2J(HSiF) = 56 Hz.

Mass spectrum

Since SiHQCIF wvas very sensitive to moisture, most of it was

hydrolysed with.the moiéture present in the mass spectrometer.
Therefore, it was necessary to obtain the exact mass of. the parent

ions.

35 37

Chlorine has two isotopes of ~°Cl and ~'ClL with natural
abundance of 75.53% and 24.47%, respectively.

Exact mass of parent ions:

Calculated Measured ‘ Error
28SilH235011Fl 83.959833 83.959229 less than 8 p.p.m.
28 .. .. 37 '
Si.H °'C1.F 85.95688L 85.956166 less than 9 p.p.m.

12 11
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3.7:4 Infrared spectrum

The observed infrared spectrum for SiH2ClF may be found in
tablesl and 2. The assignments of this spectrum have been justified

in the discussion (3.9)

3.8 The reaction of silyl bromide with stannic chloride

Pure silyl bromide (1lm mole) and stannic chloride (Im mole,
0.260 ém) were condensed into a 35ml reaction ampoule, allowed £o
warm to room temperature and held‘thére for one ﬁour. A white, thin
film on the inner walls of the reaction ampoule with some colourlessv
crystals began to form very slowly; the réaction wés cémplete after
one hour. | |

_ Trap—to—trap distillation of these products gave only pure
silyl chloride (1m mole) passing through the -78° trap and other
1iquid~solid products were ieft af -78° trap. This was identified
as a mixture of Snﬁrh and‘SriCl)4 by their infrared spectra, showing

strong Sn-Br stretching and very strong Sn-Cl stretching vibrations.

No traces of-SngclBr, SlH2C12, SlHeBr2 and SlH3Br were

detected among the products.

3.9 DISCUSSION
‘ In this chlorination study the reaction rates increased in the
following order:
. g < . < ‘H < Me-Si
Sth and/Sl2H6 Me81H3 Me351 Me2 1H2
 with reaction times of approximately 18-20 hours for monosilane and

‘disilane, 4 hours for monomethylsilane, 3 hours for trimethylsilane

and 20 minutes for dimethylsilane. Since an inductive effect increases
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or the steric effect decreases as the number of methyl groups
increases on silicon; the time required to complete the chlcrination
reaction would be expected to decrease as the number of methyl groups
on silicon increases. The observed reactiop times agree with this

prediction, except for Me_SiH. This discrepancy may have been due

3
to the steric hindrance caused by the three bulky methyl groups on

silicon in the Me3SiH molecule.

In all the above reactions the initial products were only
monochloro- derivatives. A very low yield of dichloro- derivatives
was obtained only when stannic chloride reacted again with the -
monochloro- derivative. A direct dichlorination on a single
silicon atom was never observed.

The reaction of stannic chloride with SiHQBr, SiH3Cl and SiHBF

- gave SiHSCl, a considerable quantity of SiH2012 and Sngch

respectively. The bend strengths to silicon increases in the

following order32.

.

i-F > H_Si-Cl > Si-Br > H_Si-
. H381 F 3 1-Cl H3 1-Br 3 1-I

. An exchange of halogen atoms between the above halo-substituted

silane and stannic chloride may be expected. In fact, SiHBBr was

conyerted to SiH3Ci and Sngcl shoﬁed séme change or produced a
considerable yield of SiH2Clz, whereas SiH3F was completely

conyertgd into a new compound SiH2ClF. Although the first two‘
reactions support the halogen exchange prediétion, the last
contradicts it. This may be explained by the following
consideration. Sincethe'Si—F bond is stronger than the bonds between
- 81 and Cl, Br or I, the exchange of halogen atoms between SiH3F

and SnClh molecules 1is less probable than the exchange of hydregen

on Si in SiH3F and chlorine on Sn in SnClh molecule.
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The disproportionation of SiHZCIF may be due to the instability of
the molecule either towards glass, light and/or temperature.

The new compound Sinch was characterised by proton n.m.r.
.19

F n.m.r., mass and infrared-spectroscopy. The mass spectrum
showed exact mass of the parent ions of SiH201F which is consistent
with the calculated mass, with an error of less tﬁan 9 p.p.m.

The proton n.m.r. demonstrates thé presence of one fluorine
atom and l9F n.m.r. proves the pfesence of two protons. As the
observed doublet in the p.m.r. spectrum by coupling with one fluorine

ié within the range of the - SiH2Cl region published for other -
33

5 » this is consistent with ‘the compound being

SiH2ClF. The formulation of the compound as SiﬂgClF méy be further

proved by comparison of its observed infrared spectrum with the

29b . 31
, and SlH2F2 .

3F, SlHQClg’

-SiH,_C1 compounds

.. . . b,
published infrared spectra of SlH3F3 . SlH2012

A correlation'diagram of infrared spectra for SiH
'SiH2F2 and Sinch is shown in fig. 1.

Assuming a mirror plane symmetry element SiHech would have
Cs symmetry. The centre of gravity of this molecule is believed tc

be between Cl and F as these two atoms are heavier than hydrogen.

NN Si

_1IB o | .

— 3

- H H
N ﬁa /
, ’
\ ;
— —

centre of gravity
_ ,

— . l\\\

N

IA

Ic is perpendicular to the plane of symmetry and IA, IB are perpendicular

to each other.



27.

Vhere I = moment of inertia and A,B,C are the
direction of the principal axis.
The nine normal modes, numbered according to Herzberg's

convention35, are described in table 1. The assignment of the normal

36

modes is facilitated by the use of band contours” ; 'A} modes should

give risé to bands with contours of type A, B or AB hybrids, with a
PQR structure or a doublet structure, énd A?L'modes to type C bands
with a prominent Q branch. The obsefved frequencies are listed in
table 2, with the proposed assignments.

The Si-H stretchings and Si-Cl stretching modes appear in the

-1
expected regions; v7 gives rise to a type C band at 2242 cm ~, v
to a type A band at 2200 cm © and V5 to a type A band at 570 em L.,

Vg may also be readily assigned as the type A band at 235 cm_l.

The remaining five normal modes are between 1000 and 600 cm_l.

Of these, v, is assigned as the type A band at 922 cm_l, by
L

comparing with vy, for SiH_ F and SiH_F_, and the remaining four

3 22

normal modes are assigned as —SiH2 deformations (v2, v3, ué and vé).
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NOTATION OF NORMAL MODES FOR SiH, CIF
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'CHAPTER - FOUR .

Reaction of stannic chloride with SiH_-derivatives of different

-~

types of carbon compounds.

INTRODUCTION

A.stuéy of reactions of stamnic chloride with silylacetylene,
silylperfluoromethylacetylene, vinylsilane, allylsilane, silylcyclo-"
pentadiene, sila-~cyclopenta-3-ene and phenylsilane is described‘
in this chapter. This work was done largely to study the effects
on the chlorination reaction of changing the number of c;rbon
atoms and of changing the nature of the carbon-carbon bonds in the
qrganosilyl compounds. All of these following characteristiés cf
chlorination have been examined in detail; the possibility of
chlorination, the stability of silicon-carbon bonds, the percentage -
conversion of the starting matérials; and the effect of the quanﬁity

of stannic chloride during the reaction.

A study of reactions of BCl_ with allylsilane and silyleyclo-

3

pentadiene is also described in this chapter. This work was done
largely for comparison with the reactions of stannic chloride
with allylsilane and silylcyclopentadiene.

From the reactions of SnClh with the organosilyl compounds;

the new compounds, C1SiH,_.C=CH, C1SiH .CEC—CF3, ClSiHe.CH:CH

2 2 2?

C1,SiH.CH = CH, <=> ; and from the reaction of
a N |

BCl3 with allylsilane, a neﬁ'compound ClSin.CH2-0H=CH2 were obtained.

The parfial characterisation of these molecules arevreported in

this chapter.
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4.2:1 The reaction of silylacetylene with stannic chloride

Silylacetylene (1m mole) and stannic chloride (1.5m moles,
0.4 gm) were condensed in a 35ml reaction ampoule and allowed to
warm to room temperature. A thin white film on the inner walls
of the reaction ampoule began to form almost immediately and the.
reaction appeared complete in 18 hours.

Trap—té—trap distillation of the volatile pfoducts gave HC1 ..
(o.sm mole) volatile at -130°, S1iH,C1 (0.07m mole) volatile at
-126°, unreacted SiH,CCH (0.43m mole) volatile at -1200,v01SiH2CCH
(0.5m mole) volatile at -78°, and unreacted SnCl) (&O.8m,mole,

0.2 gm) was left at -78°. The stannous chloride brodﬁced during
the reaction remained in the émpéule. No trace of Cl2SiHCCH was .
detected among the prqducts.

The féaction between silylacetylene and stannic chloride
may be-expressed by the equation: |

2.CECH + HC1 + SnCl2 + SlH3Cl

SiH3.C’:'CH + SnClh - C1S8iH

In steps 1. SiH3.CECH + SnClh--* ClSincECH + HC1 + SnCl2

3 3

The step 2. can be regarded as side reaction.

2. SiH,.CZCH + SnCl, + SiH,C1 + SnCl..CECH?
Since monochlorosilylacetylene (ClSiHQ,CECH) is a new compound, an
attempt will be made in this chapter to describe the characterisation

.of the compound.

4.2:2" The molecular weight determination of CISiH_.C=CH

The molecular weight was measured by the Dumas method.
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Molecular weight:

Calculated 90.5

91.3

Measured

4.2:3 Proton magnetic resonance spectrum

TMS was used as solvent and reference standard.

Chemical Shifts in ppm

T (CH) T (SiH)
- 7.52 (triplet) : 5.21,(doublét)

hJ(HSiCCH) = 1,0 Hz

h.2:4 Mass spectrum

Exact mass of parent ions:

.Calculated Measured Error
‘ 35C1 28Si H C H 89.969256 89.968993 less than 3 ppm
1 Phitaoty : : PP
37.. 28 . o
C1, " SiH4C Hy 91.966306 91.966740 less than 5 ppm

4.2:5 Infrared and Raman spectra

The observed infrared and Raman spectra for ClSiHQCCH may be
found in table 3. The assignments of these spectra have been

justified in the discussion (L4.9).

4.2:6 Boiling point by the vapour pressure curve method
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TABLE L
Observed Temperature Absolute Corrected Vapour Pressure
1/T :
in °c Temperature in °K (cm Hg)
+ 0.05 273.05 0.00366 16.20
- 23.0 2ho. 7 0.00400 5.10
- 51.0 222.0 0.00450 1.61
- 69.0 204.0 0.00490 0.0
- 81.0 192.0 0.00521 - 0.20

h.3:1

A1l the temperatures of different slush baths were measured by the

calibrated n-pentane thermometer. The boiling point of C1SiH,CCH

2

at one atmosphere pressure was calculated from the log. graph

(rig.2).

3.12

.

0.00312

320.5 %k

. « Boiling Point =

O ‘"o

h7.5°Cc + 2

The reaction of silylperfluoromethylacetylene with stannic chloride

Silylperfluoromethylacetylene (1m mole) and stannic chloride

(0.95m mole, 0.248 gm) were condensed in .a 35ml reaction ampoule

and alloved to warm to room temperature. A thin white film on the

inner walls of the reaction ampoule began to form immediately and

the reaction was complete in 18 hours.

Trap-to-trap distillation of the volatile products gave HCl
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k.3:3

- Calculated
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(0.95m mole) volatile-at ~120°, unreacted SiH3.CEC—CF3 (0.05m mole)
volatile at —960, and ClSiH2.CE.Ci—CF3 (0.95m molé) was obtained at
-96°.

The stannous chloride (0.95m mole, 0.18 gnm) producéd during

the reaction remained in the ampoule. Neither CléSiHCCCF nor any

3
other p-roducts that might have been formed by breaking the Si-C
bond were detected among the products. .
The reaction between silyl;;erfluoromethylacetylene and stannic
chloride may 'b' e exprésse_d by the equation:
SiHS.CECZ—CF3 + SnClh > ClSin.CEO—CF3
Since chlorosilylperfluoromethyl acetylene (C1SiH

*+ HC1 + SnCl2

2.CEG—CF3)

is a new compound, an attempt will be made in this chapter to

describ € the characterisation of the compound.

The molecular weight determination of C1SiH, .C= C'.—‘CF.‘-3
[

The molecular weight was measured by the Dumé.s method.

Molecular weight

158.5

Measured = 158

Nuclear magnetic resonance spectra

Proton n.m.r. of C1SiH CCCF

=3

TM5 was used as solvent and reference standard.

quartet at 5.12 T

Yy (1¥si) = 265 £ 2 Hz

5J (HSiCCCF) = 1.3 Hz

F n.m.r. spectrum

1:2:1 triplet at 5026.95 Hz up field from
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CC1_F at 9k, 190, 472 Hz.

3

Therefore, lgF‘ Chemical Shift "&" of ClSiH20CCF3 related to CCl3F
= + 53.42 ppm
%3 (FCCCSiH) = 1.3 Hz
k.3:4 Mass spectrum
Calculated Measured Error

35 .. 28.. '

Cl S1_H C_F 157.956638 157.9 56151 less than 4 ppm

1 1233 .

37.. 28.. _ - o

Cll SllH2C3F3 159.953688 159 .953273 less than 3 ppm

L.3:5 Infrared and Raman spectra

The observed infrared and Raman spectra for ClSiH2CCCF3 may
be found in teble 5. The assignments of these spectra have b €en

Justified in the discussion (L4.9)

L.h:1 The reaction of vinylsilsane with stannic chloride

Vinylsilane (1lm mole) and stannic chloride (1.5m moles, 0.4 gm)
" were condensed in a 35 ml reaction ampoule and allared to wa’rm‘to
room temperaturé. A thin wh’ite film on the inner walls of the
reaction ampoule began to form almost immediately and the reaction
was complete in 18 hours.
- Trap-to- trap distillation of the volatile products gave HCl

(1.11m moles) volatile at —Vl300, SiH_Ci (0.108m mole) volatile at

3

5+CH=CH, (0.672m moles) volatile at -78°, C1,S1H. CH=CH,,

(0.212m mole) volatile at -64°, and unreacted nC1) (0.25m mole,

-120°, C1SiH

. 0.07 gm) was recbveréd’ at —64°. The stamnous chloride produced

. during the reaction remained in the ampoule.’
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When vinylsilane (2m moles) reacted with stannic chloride
(1.5m moles, 0.397 gm) at room temperature for 4 Hours all stamnic
chloride was consumed and ClSiHQ.CH=CH2 (1.5m moles), HC1 (1.5m moles),

Sn012 (1.5m moles, 0.289 gm) and unreacted SiH -CH=CH,, (0.5m moles)

3
were obtained. No traces of ClZSiH.CH=CH2 and SiH3Cl were
detected among the products. ‘

The reaction between vinylsilane and stannic chloride may be

expressed by the equation:

SiH_.CH=CH, + SnClh - C1SiH, .CH=CH_ + CIQSiH.CH=CH + SiH_Cl + HC1 + SnCl

3 2 2 2 2 3
In steps:
1. SiH_.CH = CH, + SnCl) - CISiH,.CH = CH, + HC1 + SnCl,
2. C18iH,.CH = CH, + SnCl, - C1,SiH.CH=CH, + HC1 + SnCl,
3. SiH;.CH = CH, + SnCl) » SiH,Cl + SnCl .CH = CH_?

3 3 2
The step (3) can be regarded as a side reaction. .

Since monochloro- and dichloro-derivatives of vinylsilane
(ClSiH2.0H=CH2 and ClQSiH.CH§CH2) are new compounds, an attempt will

be made in this chapter to characterise these molecules in detail.

L.4:2 The molecular weight determination of chlorinated vinylsilanes

The molecular weights were measured by the Dumas method.

Molecular weight:

Calculated Measured

ClSiHe.CH CH2 92.5 . 93.6

Cl2SiH.CH CH2 127 ©127.8

]




36.

3 i e e
Compound J(HSiCH) T (SiH) T (CH = CHE)
C1SiH,.CH = CH, 1.5 Hz 5.1k (doublet) ~ 3.85 (multiplets)
Cl siH.cH = CH, 1.0 Hz 4.42 (doublet) ~ 3.85 (multiplets)

L. h:4 Mass spectra

Exact mass of parent ions:

Calculated Measured - Error
28 . : : _

35011 S11H202H3 91.983915 . 91.984073 . less than 2 ppm

3701 2881 H C.H 93.981955 93.980767 | 12
1 1702 3 . . | | . ppnm.

3561, 285 oo n 125.94503%  125.945308 less than 5
1o 51 H,C .. 125, . ess an ppm

28 . '

35Cll37C1l SllHlC2H3l27.9h2985 1?7.9h3h22 less than 4 ppm
37.. 28 . : ,
Cl,” 'si.H.C.H 129.940035 ~ 129.940345 less than 3 ppm

2 11273

4.4:5 Infrared and Raman spectra

The observed infrared and Raman spectra for ClSiHe.CH = CH2 and

ClQSiH.CH = CH, may be found in tables 6 and 7. The assignments of

these spectra have.been justified in the discussion (k.9).

L.4:6 ‘Boiling pcint by vapour pressure curve method
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TABLE 8

¢
r— Observed Absolute Corrected
. Vapour Pressure
Temgerature Temgerature 1/T (cm He)
in C in K
+ ,o.oé 273.05 . 0.00366 18.0
- 24,0 2k9.0 : | 0.00k02 5.4
- L1.5 225.5 ' 0.00443 1.65
- 64.5 208.5 0.00480 0.30
- 71.25 201.8 ' 0.00496 0.25

The boiling point of ClSiH .CH = CH,. at one atmosphere pressuré

2 2

was calculated from the log. graph (Fig.3).

3.22

0.00322

- 311.0%K

- Boiling Point = 38°C + 2
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The reac¢tion of allylsilaneé with stdandic¢ c¢hloride

Allylsilané (1m mole) and stannic chloride (1.2m moies,
0.312 gm) were condensed in a 35ml reaction ampoule and allowed
to warm to room temperature. - A white,:solid was forméd almost
immediately and the reaction was complete in two hours.

Trap—to-trap distillation of the volatile products gave ﬁCl
Cl (0.6m mole) volatile at

3

-126°, C1.CH,~CH = CH, (0.8m mole) volatile at -120° and SiH,Cl,

(0.4m mole) involatile at -120°, mne stannous chloride produced

(0.12m mole) volatile at -130°, SiH

during the reaction was remained in the ampoule. No trace of

chlorinated allylsilane (C1SiH,.CH,-CH = CH2) was detected among

2 2
the products. HC1, SiH3Cl and SiH2012 wefe identified by their
i.r. specﬁra as ‘in the prévious réaCtions.(chapter 3). Cl.CH2—CH = CH2
was identified by comparison of‘the observed and published infrared
speci;rum.37

“

The reaction between allylsilane and stannic chloride may
be expressed by the equation.

SiH_.CH,-CH=CH, + ShClh + SiH_C1 + Cl.CH2-CH=CH + SiH.Cl, + HC1 + SnCl2

3 2 2 3 2 2 2
In steps: '
. . - = y . . - - +
1. SlH3 CH2 CH CH2 + SnClh > SlH3Cl + Cl CH2 CH CH2 SnCl2
2. SlH3Cl + SnClh > SlH2012 + HC1 + SnCl2

The step (2) can be regarded as side reaction.

The reaction of allylsilane with boron trichloride

Mlylsilane (lm mole) and boron trichloride (0.34m mole) were

condensed in a 35ml reaction ampoule and allowed to warm to room
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tempera@ure. The reaCPion was compléte after 3 days at room
temperature with the'formation of a solid probably a polymer at
the bottom of thé réaCtion ampoulé.

Trap-to-trap distillation of the volatile productsAgave
SiH_C1 (0.2m mole)‘volatilé at -120°, unreacted SiH..CH,—-CH=CH

3 372 2

(0.22m.moie) volatile at -96° and 01SiH2—CH2—CH=CH2 (0.25m mole)

involatile at —960. The transparent polymer produced during the

reaction was remained in the ampoule. No traces of HC1, B2H6 and

ClzsiH.CH2—CH=CH2 were detected among the products.

When the above reaction was carried out for 53 hours at
~78° by reacting allylsilane (1m mole) with boron trichloride

(0.34m mole); C1SiH2.CH2—CH=CH2 (0.45m mole), SiH3

and unreacted SiH3.CH2-CH=CH2 (0.21m mole) were obtained with

the formation of a polymer as in the above reaction. No traces

C1 (0.15m mole)

of diborane, hydrogen chloride and dichloro-derivative allylsilane

were detected among the products.

~

The reaction between allylsilane and boron trichloride may
be expressed by the equation:

S;LH3.CH2—CH=CH2 + BCl3 > ClSle.CH2—0H=CH2 + S1H3Cl + Polymer.

Since allylchlorosilane (ClSin.CH2—0H=CH2) is a new

compound, an attempt will be made in this chapter to characterise

the molecule.

The molecular weight determination of ClSiH_.CHn—CH=CH2
(=S [~

The molecular weight was measured by the Dumas method.

Molecular Weight:

Calculated = 106.5
Measurad = 105.0
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h,5:5"

h,5:6"

¥

4o.

Proton mignetic¢ reésoriance "Spéctrum -

TMS was used as solvent and reference standard.

*®
T (—CHfCHz)

between I and 5.2

two triplets (J=7.5Hz)

with the'separatibn of

26Hz,

One quartet (J=7.5 Hz)

and multiplets

‘Chemical Shifts 'in ppm

T(—SiH2) T(—CHQ)

5.39(triplet) 8.1(heptet)

lJ(H29Si)=2l2.OHz -

3J(HSiCH)=3.2Hz 3J(HSiCH)=3.2Hz

" Since the n.m.r. analysis of the vinyl region of allylsilane

has already been done38, the detailed n.m.r. analysis of the

vinyl region for ClSiH2.0H2—0H=CH2

‘Mass svectrum

Exact mass of parent ions:

: Calculated
35 .. 28.. .
Cll SllH203H5 106.000555
© 37.. 28..
Cll SllH203H5 107.997605

Infrared and Ramdan spectra

The observed infrared and Raman spectra for ClSiHe.CHZ-CH=CH

may be fcund in table 10.

been justified in the discussion (4.9).

was not attempted.

Measured Error
106.00026. less than 5 ppm
107.996998 less than 6 ppm

2

The assignments of these spectra have

4.6:1 - The resaction of silylcyclopentadiene with stannic chloride.

Silyleyeclopentadiene (0.5m mole) and stannic chloride (0.7m mole,
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0.18 gm)'were'eondensed'in a 35ml reaction ampoule and allowed to

warm to room temperature.‘ A grey+whi§e solid was formed

immediately and the'reaCtion was complete in 3 minutes.
Trap-to-trap distillation of the'Volatile productslgave

HC1 (0.0Tm molé)‘volatilefap -130°%, SiH.CL (0.43m mole).volapile-t

3
at —120 and SiH.C1_ (0.0Tm mole)linvolatile‘at -120°. The grey-

272
whlte, solid produced during the reactlon was remalned in the .
ampeule'and phe'remaining unreab?édﬂSnClh'might‘haVe been‘dissolved
in.the‘grease of the vacuum 1ine jqiﬁﬁs as there vas$ no recoveny
ef SnClh; No trace of ClSiH C5H5 or Cl. CSHS was detected among
Fhe producﬁs. The reactlon between 511ylcyclopentad1ene and
s?annic chlqride may be'expressedlbyithe'equation:

SiH_.C_H_ + SnCl)4 - SiH_C1 + SiH,Cl, + HCi + Solid (C_H San3?),+ SnCl

3°7575 3 272 55 2
In steps.
." SiH_.C_H_ + SnCl, - SiH.C1l + C_H_.SnC1._?
1 | Si 3°C5ts Sn lh 81,3 1 C5 5 Sn 13
2.. SlH3Cl + SnClh > SlH2012 + HC1 + SnCl2

The step (2) can be regarded'as side reaction.

_The reaction of silylcyclopentadiene with boron trichloride

When silylcyclopentadiene (1lm mole) was reacted with boron
trichloride (0.4m mole) at room temperature for U hours, SiH3Cl :
(0.6m mole) was ebtained with the formation of a polymer which
remained a? the bottom of ?he‘reaC§ion ampoule;' Nq”traceSQof
ehlorinated silylcyclopentadiene and HCl were detectedlamqng the‘i
products.

| The reaction bepween silylcyclbpentadiene and boron Frichlbride
may be-expressed‘by the‘equation:

Cer SlH + BC'I3 + SiH_Cl + polymer.
|
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Lo,

Sila-cxclopenta—3~ene (1m mole) and stannic chloride (1.03m
moles, 0.27 gm) were condensed in a 35ml reaction ampoule and
allowed to warm to room temperature.” A white, thin film on the
inner walls'bf the reaction ampoule began to form almost immediately
and the reaction was complete in 30 minutes.

Tr;p-to~trap distillation of the volatile products gave
HC1 (im mole) volatile at -78° and monochlorosila-cyclopenta—-3-ene
(1m mole) involatile at -78°. ‘The stannous chloride (1lm mole, 0.19gm)
produced during the reacﬁion remained in the ampoule and remaining
unreacted SnClh might have beep dissolved in the grease{of the
§acuum line joints. No trace of dichlorosila—cyclopenta—é—ene was
detected among the produéts.

The reaction between sila-cyclopenta—3—-ene and stannic chloride
may bé expressed by the equation: | |

@ S anlL}.
1T

+ HC1 + SnClz.

compound, an attempt will be made in this chapter to characterise

the molecule.

Proton magnetic resonance spectrum

TMS was used as solvent and reference standard.
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Chemical Shifts in ppm

* *
T(~SiH) T(-CH,) T(fCH=CH—CH2)
5.33 (triplet) 8.1 (multiplets) between L4 and
5.2 (multiplets)

3J(HSiCH)=2.8Hz - -

* Since the n.m.r. analysis of the regions —CH, and jCH=CH-CH2
of sila-cyclopenta—3-ene has already been done,39 the detailed

n.m.r. analysis of above regions-for chlorosila-cyclopenta—3-ene

was not attempted.

4.7:3 Mass spectrum

Exact mass of parent ions:

Calculated " Measured B ‘ Error

35011288ilChH7 118.000555 1118.00081.3 less than 3ppm
37.. 28.. . ‘
>'c1, " st Chh7 119.997605 119.997921 less than 3ppm

1

~

4.7:4 Infrared and Raman spectra
The observed infrared and Raman spectra for
H C1
may be found in table 11. The assignments of these spectra have

been justified in the discussion (4.9).

4.8 The reaction of phenylsilane with stannic chloride

¢

Phenylsilane (1m mole) and stannic chloride (1.5m moles, 0.4 gm) were
condensed in a 35ml reaction ampoule'énd allowed to warm to room

temperature. A white, thin film on the inner walls of the reaction
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ampoule began to form almost immediately'and thé'réaétion was
complete in 15 minutes.

Trep—to-trap distillapion of the volatile products gave HCl
(0.92m mole) volatile at —1300, SiH_C1 (0.0Lm mole) volatile at

3
—1200, SiH.Cl, (0.02m mole) volatile at —780 unreacted'SnClh

272
and benzene (0O.5m mole) volatile at -22°, and phenylchlorosilane
_(0.9l2n1molé) involatile at —229. The étannous chloride produced
. during the reaction was remained}in the ampoule.

No trace of phenyldichlorosilane was detected among the
products; The benzenel'LO and phenylchlorosilang’hl were identified
by coﬁmarison of the observed and published inffared spectra.

The reaction between phenylsilane and stannic chloride may

be expressed by the equation:

6H SlH +SnClh > C6H .51H,Cl1 + HC1 + S1H_C1 + SiH Cl_  + SnCl2 + C6H6.

> 2 _ 3 272
In steps:
1. 96H5.S1H3 + SnClh > C6 5° SlH Cl + HC1 + SnCl2
2. C6H .81H3 + HC1 ~ SlH3Cl + C6H6

3. 6H SlH Cl + HC1 ~» SlH Cl + 06 6

' SlH3Cl + SnClh > SlH2012 + HC1 + SnCl2

The steps (2), (3) and (4) can be regarded as side reactions.
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- DISCUSSION .
From the reactions of SnClh'with some organosilyl compounds

(SlH3.C:CH, SlH3.CH=CH2 and c6H5

and with SlH3 CH2 CH= CH and CSHS SlH a large qu?ntlty of SlH3

was obtained. This may be explained by the following considerations.

.SiH3) a small quantity of SiH3Cl,'

Ci1

The statement often is made that "substitution at carbon makes the
Si-C bohd.more easily broken,hga' by which is meant that the
substitution of common functional‘groups of organic chemistry within
aﬁvalkyl or aryl group attached to silicon weakens the Si~C bond
toﬁard attacking reagents; This indeed is so, and the reason for

it lies in the fact that the common fﬁnctional groups (-OH, —COOH,

-cO-, -0-, -NH,, -NH~-, -N=N-, -C=N, -X, -OR etc.) contain highly

o>
electronegative éiéﬁehts and so serve to accentuate the already
—too—hiéh polafity of the Si-C bond. Negative substituents on a

g~ carbqnatom pose a special thfeat, for a 8- eliminatidn reaction
takes place.in the presence of a good acceptor in the shape of the'
silicon atom; B—chloroalkylsilanes, for example, readily cleave at
the Si-C bond when heated to give the energetically favored Si-Cl.
bond and an alkene. The enhanced reactivity of fluorocarbonsilanes
and éilokanes (especially if there be fluorine on the &- or B-
carbon atom) also is readily understood in terms of this priﬁciple.'
The rapid increaée in ease of basic cleavage of the Si-C bond in
4op

3° Si-CH2Cl,‘Si—CH012, and Si—CClS‘ offers a

further example. In the same way, the domination of methyl silicones

the series Si-CH

in the field of silicon polymers (rather than ethyl, propyl, butyl,
or organofunctional ones) is feadily understood. The Si-C bonds

of Si-C=C and Si-C=C systems are much more reactive than those of .
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the corresponding methyl compounds,  and.act like those of Si4CHC12'

and Si—CCl3‘groups. The ethynyl group is split from silicon even

by cold water. Therefore the formation of SiH_Cl in the reactions

3

.of SnClh with most of the above unsaturated organosilyl compounds is
not surprising.

' The formation of a very small quanﬁity_of SiHQC12‘in most of
the above reactions may be due to the chIOrination,of SiH3Cl with
the excess SnClh present in the systems.

The new chlorinated organosilyl compounds produced in this study
were all characterised partially'by n.m.r., mass, and vibrational
spectroscopy. The measured molecular weight of each of thése
compouﬁds are in close_agreemeﬁt with the calculated ones.

The mass spectrum of each of these newicoméounds shoWéd'exact
mass of the éarent ions which ‘are consistent with the‘éalculatéd
mass, within thé allowed error.

The proton n.m.r. spectrg demonstrate the presence of two.
sets of protons in ClSiHE.CECH, three fluorine atoms (coupléd'to
—SiH2 protons) in ClSiHQCCCF3, three sets of protons in ClSiH2.¢H=CH
and ClgsiH.CH=CH2, three sets of protons in ClSiHé.CH2—CH=CH2 and
three sets of protons in ChH6SiHCl which themselves are coupled.
to each other. l9F n.m.r. spectrum of ClSiH2CCCF3 proves the
presence of two protons. The observed proton chemical shifts due

29

to -SiH,Cl or —-SiHC1l, and the “7Si coupling constants(lJ(H29si))

2 2

in these molecules are within the range published for other'—SiHQCl ‘

and —SiHCl2 com.pounds.33 Since the n.m.r. analyses of the"—CH=CH2
38 and —CH=CH—CH2 regions of

had already been done,ithe'detailed.analyses

‘regions of vinyl and allyl-silanes

silarcyclopent—3—ene39

2
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of these regions in the n.m.r. spectra of chlorinated vinyl,
allyl-silanes, and chlorosilacyclopent-3-ene were not attempted.

The formulations of the compounds as ClSiH2CCH, ClSiHZCCCF3,

5 2SlH.CH=CH2, ClSlH2.CH2—CH=CH2 and ChH681HCl may

be further proved by comparison of their observed and published

43 Ly . o 45
3 » SiH;.CH=CH,"’,

C1SiH .CH=CH2, C1

vibrational spectra for SiH_.C=CH , SiH

3 3
SiH3.CH2—CH=CH2h6, and silacyclopent-3-ene.

The C-H, Si-H, C=C, C=C, Si-C, C~F and Si-Cl stretching modes

+.C=C~CF
L7

appear in the expected regions and most of these bands in the Raman:
spectra are strongly polarised (tables 3,5,6,7,10 and 11). The
bands in the region 960-710 cmfl(most of these are depolarised in

the Raman spectra) may readily be assigned as SiH, and/or SiH

2
deformations for most of the chlorinated organosilyl compounds. In
some casés CH2 rocks appear in the same region. The bands in the
region 480-130 cm.—1 may be due to CF3, CCC, SiCC, and C1SiC

2.CCC_F3

molecule appears at 620 cm._l which is depolarised in the Raman -

bending modes. The one of the CF3 deformations for ClSiH

spectrum.
All these assignments for chlorinated ofganosilyl compounds are
in close agreement with thebassignments for the corresponding SiH3—

analogues.,



L48.

TABLE 3

Raman and Infrared Spectra of C1SiH_.C=CH

2
Liquid Vapour
Raman ~ Infrared _
Raz?an F_requency Polarisation Frequency Possible
in cm Ratio in em Assignments
3310 vw p? 3313.8 s v CH
22LhT7.3w - ?
2220  vvs p | 2219.1 vs | v SiH(asym)
{ 2215 s v SiH(sym)
220k.h s | 2
2060 vs P 2061.8 s v C=C
1362 m 2x692 (overtone)
95041 s,broad dp? 955 s § SiH,
_ 934+l m g
870  w,broad dp? 874.6 vs | & Si}i2 )
815 A A § S:l'.H2
810 vw ,proad dp?
735 mpbroad dp? ) 7209 .8 w C2H2 impurity?
710 w ,broad - dp? 692 s p SiH2
670+2 w P27 663 w v sicC
6205 wr jbroad dp? 6287 m & CCH(asym)
615 m § CCH(sym)
535 vvs P 548 m v 8ici
325  w,broad p? 322w SiCC bend(sym)
222 s ap? - - SiCC bend(asym)
132 Vs . dp? - - ClSiC b end

Where s = strong, m = medium, v =weak, v = very, p = polarised and

dp = depolarised.

~




Raman and Infrared Spectra of C1SiH CCCF

TABLE 5

3

LIQUID VAPOUR .
Raman Frequency | Raman Polarisation | Infrared Frequency | Possible:
in em Ratio in .cm—_l o Assignment

2238 vs P ' 2226 s v SiH(asym)

. ‘{ 2221.5 s v SiH(sym)+v C=C
1265 vvw, br dp '12524.6 vs '

1225 vvw dp 1223 s v C-F

1172 vw, br dp 1180 vvs

U8 s ap OUT s § SilH,

880 s P - ? '

865 m dp 868 vs $ SiH2

The m P T60 vvir § SiH,

T31 m dap 726 vvw p SiH2

702 w P . 1 - 698 vvw v 8iC

620 m dp . 610 m 8 CF3

558 vs g 564 s v SiCl
W62 m dp LeT vvw 8 CF3

378 m ﬂ' dp? 372 m 8 CF3

305 vs P 302 vvw CCC bend?
243 + 1 vvs dp - SiCC bend?
151 vvs dp? - C1SiC bend?
Where s = strong, m =_medium, w = weak, br = broad, v = very,

'p = polarised and dp = depolarised.



" 'Raman and Infrared Spectra of C1SiH .CH=CH
2

50.

" TABIE ‘6

—2

D

polarised,

dp = depolarised

LIQUID VAPOUR
Raman Frequency | Raman Polarisation.‘- Infrared Frequency [- Possible
in cm Ratio in em . Assignment
3080 vw - dp? 3071.4 m
3005 s ys) 2988.6 w . v CH
2975 vw | p? 2964.2 w
- 2195 vvs P 2194.0 vs v SiH(asym)
' 2188.0 s v SiH(sym)
1600 vs P 1600.0 w v C=C
1410 s P 1410.0 m § CH,
1270 vs jo) 1271.2 vvw § CH
1015 vvw, br dp? 1007.0 + 0.5 s § CH,
1001.8 + 0.1 m 8 CH,
961.0 s 8 SiH2
955 + 2 s,br dp? 955.0 + 1 s p CH,
865 m,br - dp? 869.0 vs ) SiH2
810 vvw,br dp? 808.8 wvw 8 SiH;2
745 vs,br P 731.h w (555+180)
708 + 2 s,br p? 703.0 m v SiC
675 vw,br dp 634.2m p CH?
618 vvw dp 609.8 m p SiHe?
535 vvs P 555.0 s v SiCl -
468 vvs j) h71.0 vw - ?
380 w,br ap? 375.0 ww ?
295 s ,br p" - SiCC bend
- 180 s,br dp? . - C18iC bend
Where s = strong, m = medium, w = weak, br = broad, v = very,
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TTABLE - T

LIQUID VAPOUR
Raman Frequency } Raman Polarisation Infrared Frequency Possiblé
in cm Ratio in cm_l Assignment
3079 + 1w ap? 3073.4 vw v CH
’ 3029.6 vvw (1605+1412)
3000 + 1 vs P 2998.0 vvw } » CH
2968 + 1w p? 2965.0 + 1 vw
2222 vvs P 2218.0 + 1s v ‘SiH
' 1942.0 vvw (971 .2x2)
1598 vs P 1605 vw v C=C
1&05 vs P 1412 m § CH,
1268 vs P 1275 + 1 vvw s CH
1010 vw dp? 1010+ 1 m ) CH2'
- - 996.8 s § CH,
975 + 2 vvw dp? 977.0 s § SiH
971.2 m o CH,
810 + 0.5 vvs dp 810.2 vvs § SiH
768.0 + 1 vvw (375x2)?
T30 vw dp? 729.0 m v SiC
698 + 1w p? 694 .6 w p ‘CH
667.4% vvw impurity?
579 s | dp 590.6 + 1 vs v S5iCl(asym)
525 vvs P 535.4 s v SiCl(sym)
479 vvs ;) 180.0 + 2w SiCC bend(asym)
371 m dp? ©375.0 +1 vw SiCC bend(sym)
3?5 s P 325.0 + 2 vww ?
229 m dp? - C1,8iC bend?
179 vvs dp? - C1SiCl bend?

Where s = st

r = broad, v

very, p = polarised
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""TABLE™ '10°

LIQUID VAPQUR
Raman Frequency [Raman Polarisation| Infrared Frequency} Possible -
~ in cm Ratio in em Assignments
3108 + 2 vvw dp 3095 w
3025 + 2w . p? 3000 sh
2995 sh dp? _ 2980 w v CH
2950 sh dp 2920 w
2915 w > p? 2910 sh
2195 vvs } : b 2191 vs .v SiH(asym)
2178 vs - 2186 vs v SiH(sym)
1640 vs D 1637.5 m v C=C
1425 w dp? 1440 sh 8 CH
1405 w p? 1410 w } 2
1308 s p 1305 m § CH
1170 m,br P 1165 + 1 w ) CH2
_ .1037.5 w [ CH2
950 m,br dp 953.0 vvs § SiH2
860 vvw dp? 881.0 vvs 8 SiH2
‘(68 sh dp? 761.0 W $ SiH2
T45 s P T48.0 w p CH?
708 + 1 vs,br P 694.0 vw v SicC
608 s p 598.0 s p SiH,?
528 vs,br P 532.0 vs v sicl
416 m p? - CCC bend?’
355 m P - SiCC bend?
Where s = strong, m = medium,Aw = weak, sh = shoulder, br = broad,
v =very, p = polarised and dp = depolarised g




Raman and Infrared Spectra

'TABLE 11

of C18iH( Ch§6l :

LIQUID VAPOUR
Raman Frequency | Raman Polarisation|. Infrared Frequency Possible
in cm Ratio in em * Assignment
3101 + 1 vvw dp - 3085 + 2 vvw
3054 m p? 3039 w
3020 vw dp v CH
3005 vvw ap? 2960 sh
2918 s P 2920 w,br
2870 + 5 sh dp? 2850 sh -
2195 vs | T 2175 s v SiH
1612 m p 1610 + 2 vw v C=C
1420 éh - dp 1410 vw,br ) CH2 v
1405 m dp - S _CHZ(in plane)
1305 w p. - s CH (out of plane)
1285 sh p? 1270 vvw § CH,
1211 m P 1212 vvw S C_H2(in plane)
1109 w ap? 1108 m s CH(in plane)
1010 vvw ap 999 vvw ring deforn
95k + 1 w dp 955 w s siH
918 s P 920 vw ring deform
865 vw dp 857 + 2 s s SiH
763 m dp? 755.0 m 0 .CH2(in plane)
718 vs P - ‘{ring deform
678 v dp? - ring deform
640 s dp 643 m,br ring deform
520 vvs, br P 528 + 1 m,br v Sicl
440 w,br p? - ring deform -
380 vw dp - C=C twist
362 sh p? - ?
.235 m p? - ?
nl 197 s dp - L,lSng bend?

Where s = strong, m = medium, w = weak, sh.= shoulder, br

~ = polarised and dp = depolarised

broad, v = very
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‘CHAPTER ' FIVE

Reaction of stannic¢ chloride with SiH_ - derivatives of elements
o)

of groups 'V 'and VI.

INTRODUCTION

This chapter déscribes a study of reactions of stannic
chloride with tetraméthyldisiloXane, disiloxane, disilyl sulphide,
ftfiéilylphosphiné, and trisilylamine. This work was done largely
#o examine whéther there is a possibility of chlorination of the

above silyl-compounds, something not previously achieved by

many research workers using other halogenating agents. The

effects of stannic chloride towards Si-X bonds (X = 0,S,P or N)
in silyl-derivatives of elements of groups V and VI have also

been examined in detail.

From the reaction of stannic chloride with trisilylamine,
new compounds, 0131H2N(51H3)2, (ClSlH2)2N81H3 and (01§1H2)3N
were obtained. The partial characterisation of these compounds

is reported in this chapter.

‘The reaction of tetramethyldisiloxane with stannic chloride

Pure tetramethyldisiloxane (0.5m mole) and stannic chloride
(0.56m mole, 0.147 gm) were condensed in a 35ml reaction ampéule
and allowed to warm to room temperature for 3 minutes. A
bluish-vhite, thin film on the inner walls of the reaction ampoule
formed immediately with a vigorous bubbling. All the products
which were volatile at room temperature were removed at this stage

and the infrared spectrum of these products showed the presence
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of only MegsiHCl (0.5m mole) which was consistent with the infrared
spectrum published for MezsiHC127. When the reaction was allowed
to continue for 10 minutes, only HCl (0.5m mole) was produced -

and the involatile bluish white solid remained in the ampoule. The
infrared spectrum of this solid was’obtained using nujol as a
mulling agent and this spectrum indicated the possible presence of
Me2SiCl.O.SnCl.

When the above reaction was carried out for one hour at -22°
by reacting (MeESiH)2O (1m mole) with SnClh (lm mole, 0.265 gm),
only Me SiHC1 (1lm mole) was obtained as a volati;e product,; and
no trace of ﬁCl or (MeQSiH)ZO was detected among the volatile
products. HCl (1m mole) was produced when the reaction ampoule
was warmed to room temperature for 20 minutes after the removal of
all the volatile products produced during the first stage of reaction.

The reaction between tetramethyldisiloxane and stanﬁic chloride
may be expressed by the equation:

(Me28iﬂ)20 + SnClh > MeESiHCI + MeQSiCl.O.SnCl?? + HC1

2 3

In steps: 1. MeZSiH.O.SiHMe2 + SnClh > MegsiHCl + Me,_SiH.0.SnC1.?

= HC1 + Me, SiC1.0.SnC1?

2. MezslH.O.SnCl3 2

‘Proton magnetic resonance:study of the reaction

Tetramethyldisiloxane (0.25m mole) and stannic chloride
(0.25m mole) were taken in an n.m.r. tube with cyclopentane and

sealed. (Cyclopentane was used as solvent and reference standard) .

at -50° Chemical Shifts'in p.p.m.
T(CH) T(SiH)
. (Me_SiH) 0 9.85 5.27

(doublet) (heptet)
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at -22°

for one hour

MeQSiHCl 9.55 5.11
(doublet) (heptet)
NEQSiH.o.Sn013? 9.31 5.29
(doublet) (heptet)
at +28°

for 30 minutes

Me SiHC1 9.55 5.11
(doublet) (heptet)

Me SiC1.0.8nC1? 9.91 ' -
(singlet)

5.2:3 Infrared spectrum

The observed infrared spectrum for the unknown bluish white
solid, produced during the reaction (5.2:1) may be found in Table 12.
The tentative assignments of this spectrum have.been described in

the discussion (5.7)

5.3:1 The reaction of disiloxane with stannic chloride

Pure disiloxane (0.5m mole) and stamnic chloride (0.5m mole,
0.132 gm) were condensed in a 35 ml reaction ampoule and allowed
to warm to room temperature fof 5 minutes. A bluish white, thin
film on the inner walls of theé reaction ampoule formed immediately
with a vigorous bubbling. All the products which were volatile at

room temperature were removed at this stage and the infrared spectra
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- only SiH

5T.

of these products showed the presence of SiH_Cl (0.5m mole) and

3
HC1 (0.5m mole) which are consistent with the i.r. spectra published
for SiH3Cl and HCl. When this reaction was allowed to proceed |
further for 15 minutes, no more volatile products were obtained
and the involatile bluish white solid remained in the ampoule.
The infrared spectrum of this solid was obtained using nujol as a
mulling agent, and this spectrum indicated the possible presence
of ClSiHZ.O.SnCl.

When the above reaction was carried out for two hours at
-46° by reacting (SiH3)20 (0.5m mole) with SnC1) (O.Sm mole, 0.131 zm),
3Cl (0.5m mole) was obtained as a volatile product, and no
trace of HC1 or (SiH3)2O was detected among the volatile products.
HCl (0.5m mole) was produced when the reaction ampoule was warmed
to room temperature for 30 minutes after the removal of all the
volatile products produced during the first stage of reaction.

The reaction between disiloxane and stannic chloride nay

be expressed by the equation:

) .. } oo
(SlH3)20 + SnClh > 3111301 + SlHZCl.O.SnCl..

. ] . -46° ; .
: . H..O. —_— ¢l + SiH._.0.SnC1_%?
In steps 1 S1 3 0 S1H3 SlH3 1 1 3 0.5n 3
2. SiH3.O.SnCl3 5'T~';> HC1 + SiHeCl.O.SnCl?

Proton magnetic resonance study of the reaction

Disiloxane (0.25m mole) and stanzic chloride (0.25m mole)
were taken in an n.m.r. tube with cyclopentane and sealed.

(Cyclopentane was used as solvent and reference standard)
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Chemical Shifts in p.p.m.

at -50° © 7(siH)
51H3.O.81H3 ' 5.37
(singlet)
at -46°.
for 2 hours SiH3CI 5.41
(singlet)

SiH_.0.8nC1.?

3 3
5.29
or
C18iK,.0.5nC17 (singlet)
at + 28°

for 45 minutes SiH3Cl 5.4
(singlet)

C1SiH,.0.5nC1? 5,29
(singlet)

5.3:3 Infrared spectrum

The observed infrared spectrum for the unknown bluish white
solid produced during the reaction (5:.3:1) may be found in Table 13.
The tentative assignments of this specirum have been described in

the discussion (5.7)

5.4:1 The reaction of disilyl sulphide with stannic chloride

Pure disilyl sulphide (1m mole) and stannic chloride (1m mole,

0.265 gn) were condensed in a 35 ml reaction ampoule and allowed
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to warm to -46° for two hours. No white, thin film formed on

the inner walls of the reaction ampoulé. All the products which
were volatile at -46° were removed at this stage and then infrared
spectrum of these products showed the presence of only SiH3Cl

(1m mole). When this reaction was allowed further for 30 minutes

at room temperature, SiH_Cl (1m mole) was obtained with the

3
formation of a white, thin film and a yellow solid, on the inner
walls of tﬁe reaction ampoule and at the bottom of the reaction

- ampoule respectively. No trace of HCl was detected among the
products. . The attempt to obtain the infrared spectra of white
and yellow solids was unsuccessful. Therefore, the white solid
may be considered as SnClé and the yellow solid may be free sulphur.

The reaction between disilyl sulphide and stannic chloride

may be expressed by the equation:

(siH )2S + Sn01h > 28iH.C1 4+ SnCl_ + S

3 3 2
: ) ) -46° . )
S . .S.81H. + + H_.S.S5nC1.?
In steps 1 SJ_H3 S5.51 3 SnClh —_— 81H3Cl S1 3 nC 3
2. SiH.8.8nCl, R.T., SilLCl + SCl, + &

5.4:2 Proton magnetic resonance study of the reaction

Disilyl éulphide (0.25m mole) and stannic chloride (0.25m mole)
were taken in an n.m.r. tube with cyclopentane and sealed.
(Cyclopentane was used as solvent and reference standard)

Chemical Shifts in p.p.m.

at -50°. T (SiH)
iH_.S.SiH 5.
Si 3 S.S81i 3 5.65
(singlet)
at -he°
5t65
for 30 minutes SiH_.S.SiH (singlet)

3
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SiH_C1 5.41

3
(singlet)
at +28°
for 2 minutes only SiH3Cl 5.41
(singlet)

The reaction of trisilylphosphine with stannic chloride

Pure trisilylphosphine (0.2m mole) and stannic chloride
(0.6m mole, 0.156'gm) were condensed in a 20 ml reaction ampoule
and allowed to warm to room temperature for 3 minutes. A yellowish
brown solid formed immediately. All the products which were
volatile at room temperatgre were removed ard the infrared spectrum

of these products showed the presence only of SiH_C1l (0.6m mole).

3
No traces of HCl and PCl_ were detected among the products. The

3
involatile yellowish brown soiid remained in the reaction ampoule
and the attempt to obtain the infrared spectrum of this solid was
uhsuccessful. |
The reaction between trisilylphosphine and stannic chloride
may be expresced by the equaﬁion:

(8iHz),P + 38nCly > 3SiH,C1 + (SnCl,) P72

3

Proton magnetic resonance study of the reaction

Trisilylphosphine (0.2m mole) and stamnic chloride (0.6m mole)
were taken in an n.m.r. tube with TMS and sealed. (TMS was used

as solvent and reference standard).

Chemical Shift in p.p.m.

at +28° T(SiH)

for 3 minutes 5. 41
only SiH3Cl (singlet)
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5.6:1 The reaction of trisilylamine with stannic chloride

Pure trisilylamine (1lm mole) and stannic chloride (lm mole,
0.265 gn) were condensed in a 35 ml reaction ampoule and allowed
to warm to room temperature for 15 minutes. A white solid
formed immediately. Trap-to-trap distillation of the volatile

products gave SiH.Cl (0.82m mole) volatile at ~120°, unreacted

3
(SiH3)3N (0.27m mole) volatile at -78°, and a mixture of new

3 and (ClSiH2)3N (0.45m mole)

involatile at -78°. Trap-to-trap distillation of this mixture

compounds ClSleN(SlH3)2’(ClSlHé)2N81H

gave 0151H2N(31H3)2 3

(0.15m mole) volatile at —h6o, and (ClSiH2)3N (0.1m mole) involatile

(0.2m mole) volatile at -64°, (C1SiH,) N$iH

at —h6o. No trace of HCl was detected among the products. The

white solid was identified as the mixture of SnCl2 and NHhCl by

. . . + .
gqualitative analysis for Sn2+ and for NHh ions.
When pure (SiH3)3lSN (0.38m mole) was reacted with SnClh

(0. 34m mole, 0.09 gm), a mixture of chlorinated trisilylamines;l

01SiH215N(siH3)2, (ClSiH2)215NSiH and (C1SiH ) lSN (0.091m mole),

3 2°3

SiH3Cl (0.35m mole) and unreacted (SiH,_,)315
T

obtained. The monochloroderivative of trisilylamine was prepared

N (0.11m mole) was

by another methodi8a reacting dichlorosilane with (SiH3)3N at

room temperature for a few hours. SiHBCl was produced as a by-product.

The reaction of trisilylamine with stannic chloride may be
-represented by the equation:

a) (SiH.).N + SnClh > ClSlHQN(81H3)2 + (ClSlH2)2N81H + (ClSlH2)3N 5y 31H301

3°3 3

NHhCl + SnCl2
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In steps:

1. (81H3)3N + 8nC1) - (0131H2)XN(31H3)3_X+ HC1 + SnCl,

2. (SiH3)3N + LHC1L > 3SiH.C1 + NH) C1

3

b) The reaction between trisilylamine and dichlorosilane may be
represented by the equation:

(SlH3)3N + SiH,CL »-0181H2N(31H3)2 + 51H301

Since the chlorinated trisilylamines are new compounds, an attempt

2

will be made in this chapter to characterise these molecules in

detail.

Nuclear magnetic resonance spectra

TABLE 1L

Proton n.m.r. of chlorinated trisilylamines

T™S was used as solvent and reference standard.

01SiH2N(SiH3)2 (01SiH2)2NSiH3 (ClSiH2)3N
SiH, T (ppm) k.90 k.85 - k.80
13(®%sin), Hz 258.0 260.0 264.0
SiH, T(ppm) _ 5.56 5.5k -
13(®sin), e 212.0 22k.0 -
The ratio of 1:3 E h:3 -

integration
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‘TABLE 15
29

Si Chemical Shifts "&" in ppm relative to MehSi (-ve to low frequency)

. 29... 28 . T
a) (i) c1 SiH N ( SlH3)2 = 17.7
corrected 29Si frequency = 19.866832 MHz
. 28,... . 29 _
(ii)- 01. SiHN( 81H3)2 = 39.8
corrected 29Si frequency = 19.866392 MHz
: 29... 28_.. _
b) (;) (c1 81H2)2N SiH, = 17.16
corrected 2?Si frequency = -19.866842 MHz
(ii) (0128SiH2)2N298iH3 =  -L7.31

19.866243 MHz

corrected 29Si frequency

9

2 - - —
c) (c1 SiH,) N = -20.23

29

corrected ~7Si frequency 19.866781 HMz.

TABLE 16
15

N n.m.r. of chlorinated. trisilylamines

TMS was used as solvent and reference standard.

.o 15 . . . 15 . . 15
0131H2 N(81H3)2 (ClSlH2)2 N81H3 (ClSlH2)3 N
SiH,, T(ppm) - 4,92 (doiblet) L. 84(doublet) 4.79 (doublet)
25 (usiton), Hz 6.2 6.1 6.0
lJ(29SiH), Hz 258.0 - © 260.0 © 26k.0
SiH; T(ppm) 557 (doublet) 5.54 (doublet) -
25 (usitoN) , Hz 4.0 4.0 -

lJ(29SiH), Hz  212.0 : 224 .0 _
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‘TABLE ~ 17

1 +_~ .
2 lSN I (+ve to high frequency

N Chemical Shifts "6" in ppm relative to (CH3lh

.15, ...
a) C1SiH,, N(81H3)2
15

-51.32

10.132832 MHz

“corrected “°N frequency.

b) . 15, .
(ClSlH2)2 NSlH3

15

-22.11

ccrrected ~“N frequency 10.133128 MHz

15
23

corrected lSN frequency

+1.18

c) (cisiH N.

10.133364 MHz

5.6:3 Mass spectra

Since the chlorinated trisilylamineé were very sensitive to
moisture, most of these were hydrolysed with the.moisture present
in the mass spectrometer. It was also found that these compounds
were more stable.losing a proton in mass spectra when the ionising
voltage was 70 eV. Therefore, it was necessary to obtain the
exact mass of the parent ions.

Exact mass of parent ions

'Calculated Measured Error

35 _ 28.. 1k 28 .
c1, SllH2 Nl( Si

37T.. 28.. .. 14 _,28
011 SllH2 Nl(

1H3)2 140.965311  140.965004% 1less than 3 ppm

SilH3)2 142.962361 142.9621k4k  less than 2 ppm
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( 3501128311H2 ) 2th1285ilH3 174 .926339
3501137011(288ilH2)21hN128811H3 176.923389
(37c1128311H2)2th128silH3  178.920439
(35ci128SilH2)3thl 208.887368
3501237011(288i1H2)3luNl 210.88L4418
35C1137012(28SilH2)3thl 212.881468
(3Tc1. 2855 m) My : 21Y4.878518

1 123 "1

Infrared and Raman spectra

174 .926011
176.923120

178.920312

208.886L433
210.883342
212.879540

21k 877434

less

less

less

less

less

than

than

than

than

than

The observed infrared and Raman specira for the chlorinated

15

trisilylamines and corresponding

N labelled derivatives may be

found in Tables 18 and 19. The assignments of these spectra have

been justified in the discussion (5.7). A correlation diagram of

. . - . c‘ - -
infrared spectra for C181H2N(81H3)2, (C101H2)2N81H

is.shown in figure 5.

DISCUSSION

One m.mole of each of (Me281H)20, (81H3)20 and (SlH3)28 was

3

and (ClSlH2)3N

reacted with a m.mole of stannic chloride at low temperature and

gave a m.mole of MezsiHCl, SiH_Cl and SiH

3 3

formation of HC1l at this stage suggests that a solid, R

Cl respectively.

2

No

R=Me or H, Y=0or 5) might have been formed as an intermediate

compound. Later this solid was warmed to room temperature for

20 minutes. The oxygén compound gave only a m.mole of pure HCl;

 in the disilyl dulphide reaction with SnCl), another m.mole of

SiH.Y .SnCl

3

2 ppm

2 ppm

1 ppm

> ppm

5 ppm

9 ppm

(vhere
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SiH3Cl was obtained together with free sulphur and stannous chloride.

The above reactions may proceed as follows:

+ C15nCl
3
i 1 low temp.
4 .
R281HCl + R281H.O.onCl3
A

R2§f
I
:: room temp. :
: : c1 ' > HC1 + R281Cl.O.SnCl
:t--11 SnCl B

(where R = H or Me)

Although the n.m.r. study of the reaction of stannic chloride with
tetramethyldisiloxane at different temperatures is consistent with
the presence of A and B (5.2:2), the same reaction with disiloxane
éhowed.just a singlet at 5.29 T in the n.m.r. spectrum at —h6o,
and at room température the chemical shift of that singlet was noﬁ
altered. This-may be due to insolubility of the white solid,
produced during the reaction, in cyclopentane. The attempt to
trace the lH n.m.r. chemical shift due to HCl was not successful
bossibly due to its‘insolubility in cyclopentane or because of

i?s exchange. The n.m.r. study of the reaction of sfannic

chloride with disilyl sulphide at -46° showed the presence of
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(SiH3)28 at 5.65 T (singlet) and SiH_Cl at 5.41 T (singlet). No

3

trace of the possible intermediate compound SiH3.S.SnCl3 was

detected in the n.m.r. spectrum even after 30 minutes and at

room temperature, only a singlet due to SiH3Cl was observed.

Similarly the reaction of stannic chloride with (SiH3)3P showed a

singlet due to SiH3Cl when the reaction was allowed to warm to

room temperature for 3 minutes.
The infrared spectra of the white solids, produced during

the reaction of SnCl) with (MezsiH)QO and (SiH3)20 were obtained

using nujol as a mulling agent. The significant Si-Cl (560 cm—l

in Me,SiC1.0.5nCl and 520 cm—lin;SiHéCl.O. SnCl), Sn-Cl (390 em

in MeesiCl.O.SnCl and 410 cm * in Sngcl.O.SnCl), and Si-H (2180 -

2140 cm_l in SiHQCI.O.SnCl) stretching modes appear in the expected
regilons. The bands in the region 1170-1025 cm_l may be due to Sn.0.Si
stretching modes in both the molecules. The bands at 975,940 and
920 cn;l in SiHECl.O.SnCl molecule are in the expected regions of
SiH2—def6rmations and the strong band at ;260 cm~l in Me2SiCl.O.SnCl

‘may readily be assigned as CH_,—deformation. The remaining bands in

3
the infrared spectra for the molecules Me, SiC1l.0.SnCl and SiH_C1.0.SnCl

2 2
are not significant. Although some of these infrared vibrations
support the presence of above mentioned new compounds, it is
rather difficult to justify their existence.

The attempt to obtain infrared spectrum of the yellowish
brown solid, formed during the reaction of SnCl) with (SiH3)3P
‘was unsuccessful, and this so0lid may be considered as (SnCl3)3P
as there were no other products in addition to SiH3Cl.

The reaction of stannic chloride with trisilylamine gave a

mixture of mono-, di- and trichlorinated trisilylamines
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01SiH2N(SiH3)2, (01SiH2)2NSiH3, and (ClSiH2)3N . Each of these

new compounds was characterised by proton n.m.r. 15N n.m.r., mass,
infrared and Raman spectroscopy.

The mass spectra showed exact masses of the parent ions of
the chlorinated trisilylamines, which are consistent with the
calculated masses, within the allowed error (5.6:3).

The proton m.m.r. demonstrates the presence of twc sets of protons
3)2 2)2NSiH3 whicéh them-

'selves are not coupled to each other. The ratio of integration

and (C1SiH

~in . the. cases of ClSngN(SiH

proves the number of protons in each set. The proton chemical

29

o)
shifts and the “7Si coupling constants lJ(HLgsi) of chlorinated

trisilylamines are .within the range of the —SiHQCl and —SiH3

33

regions published for other —SiH201 and —-SiH_ compounds~~; these

3

results are consistent with the compounds being ClSiH2N(SiH3)2,

(ClSng)zNSiH3 and (C1SiH )3N. The 298i chemical shifts are

2

obtained by the heteronuclear double resonance method, which
will be disucssed in the second part of this thesis in detail.

The proton n.n.r. of (ClSiH2)3lSN showed a doublet by coupling

to 15N wvhich has a spin of 3. When one of these two lines was

irradiated by the 15N frequency using a secondary frequency supply
unit (Schlumberger frequency) the other one also collapsed and a

new peak appeared exactly in the middle of these two lines. The

position of this line is the proton chemical shift of (C1SiH Loy

2)3
molecule. The difference between thesc two lines in Hz is the

coupling constant 2J(HSi15N) and the 1°N chemical shift of (ClSiH2)315N

- +
at exactly 100 MHz was calculated in p.p.m. relative to (CH3)h15N I

15

~ Similarly the ““N n.m.r. parameters for ClSiH215N(SiH3)2 and

PR 15 ... e - e - . en
(CisiH,.) 5N81n vere obtained by the heterosuclear double resonance

2°2 3
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5N chemical shift "8" of (SiH3)3lSN was recently

. o + = .
measured.hgb(—79.9 ppm to low frequency of MehlsN I). The reaction

technique. The

of dichlorosilané with trisilylamine may be an exchange reaction
and this may bé considered an eicellent method of preparing the
monochloro—dérivativé of trisilylamine ClSinN(SiH?))2 alone.
The formulations of the compounds as c1SiH2N(SiH3)2, (ClsiH,) N
15

SiH3 and (ClSiH2)3N and their ~°N labelled compounds may be further

proved by comparison of their observed vibrational spectra with the

published infraréd'and Raman spectra of trisilylamihe.hg
Ehé'Si—H and Si-Cl strétching modes appear in the expected
régions (tables 18 and 19). The bands in the region 1002~700'cm_1'
'aré.dué to SiH3 and/or SiH2 deformations and Si-N stretchings. But
it is rather aifficult to assign Si-N stretching modes until these
chlbrinatéd trisilylamines are labelled with 15N isotope. The

15N labelled chlorinated trisilylamined

infrared spectra of these
showed a remarkable différénce in the region 1002-T00 cmfl. The
infrared band at 992 cm—l in the monochloro species was shifted

to 978 em T, the band at 1002 cm * in dichloro species was shifted
to 979 cm * and the band at 990.5 em © in trichloro derivative of
trisilylamine was shifted to 969.5 cmfl. Hence these bands are
assigned as (asymmetric) Si-N stretching modes, and the remaining

bands in the region 950—700_cmfl'are all assigned as -8iH_ and/or

3

—SiH2 deformations.

The bands near 480 cm,_1 in infrared spectra were not shifted
as expected; these are assigned as Si-N symmetric stretching modes
in infraréd and Raman spéctré of all these chlorinated trisilylamines

by comparison with the vibrational spectra published for (SiH3)3N.

The shifts in these frequencies should be small if the mode is related



T0.

to v (Si_N) of (SiH_).N. In that molecule v (5i_N) would not
sym 3 sym 3

3’3
14 15
shift if N is changed to N, since the N does not move in the
vibration.

The bands between 190 and 1.0 cm._l in the Raman spectra for
these chlorinated trisilylamines may be assigned due to C1SiN bending;
the bands at 285 cm—1 in monochloro-, 358 cm._l in dichloro-, and 322 cm—l
in trichloro- derivatives of trisilylamines may be due to SiNSi

bending; and the bands at 230 cmfl(Clsin)zN SiH_, 278 cm T in

3
(ClSiH2)3N may be assigned as asymmetric C1SiN bending modes. iny twé
modes due to Si-N stretchingvare observed in (SiH3)3N because of the
three-fold symmetry whereas three Si-N stretchiﬁg médes_are expected in
the chlorinated trisilylamines, because of lower symmetry. In fact
only two bands due to Si-N stretching modes are observed as in
trisilylamine and their positiéns are exactly the same as in
trisilylamine. This suggests that the effect of chlorine substituents
on the stretching vibrations at Nitrogen is very small. A marked
cﬂange is apparent however in the.Raman spectrum in that the band

near 1000 cm_l, which is depolarised in trisilylamine, is strongly

SN (SiHy),

and (ClSiH2)2NSiH3. Thus chlorine substitution has a powerful

polarised in the unsymmetrically substituted molecules, C1SiH

effect on polarisation and hence does not show the effect of lower
symmetry, possibly because chlorine is very polarisable. In the
case of (C18iH,) N the band at 1000 em © is . - polarised and this

may be due to the same reason mentioned above.
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TABLE 12

Infrared Spectrum of the White Solid (Me, SiC1.0.SnC1?) in Nujol

<

Infrared Frequency
, o Infrared Intensity Tentative Assignmen
in cm
3000-2700 vs : . Nujol + v CH
© 1470-1350 s Nujol + & CH3(asym)
1260 s § CH,(sym)
1170-1150 sh |
1085 s v Sn.0.8i%
1025 sh
810 s p CHy * V §i.0.Sn?
135 sh -
Nujol + v SiC
720 ' m v
560 W v S8iCl
390 w, broad ' v SnCl

Where v = very, s = strong, m = medium,

w = weak, and sh = shoulder
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TABLE 13

Infrared spectrum of the White Solid (C1S8iH_.0.SnCl1?) in Nujol
(<4

Infrared Frequency
. _ Infrared Intensity Tentative Assignment
in cm
3000~-2700 vs Nujol
2180-21k0 W v SiH
1470-1350 s Nujol
11ho sh
1100 s, broad v Sn.0.51?
1070 s
975 n
" 9ko m § SiH,
920 w
875 sh v 5i.0.8n?
830 s
720 W Nujol
520 W v SiCl
k10 W, broad v SnCl
) .

Where, v = very, s = strong, m = medium

w = weak, and sh = shoulder
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TAE J8

Infrared Spectra of Chlor{nated Trisilylanines

1 o 1500 oy b s C
cisin, x(sw3)2 c1sifly 511(3153)2 (cm;nz)z nSiH, ‘mmz)z 5ns;xB< (Clsm,‘,)sun (.c1sm2)315n
Vapour Vapour Vapour
Frequency Prequency Frequency : Froquency . Prequency Frequency .
= Assigunent ~1 Assigment : -1 Asuigument " Assingment Assigument Assigmment
1 -1 -] -1 .
in cm in em Ain cm iocem ° in cn in cm .
A951.0 a1 gig 29541 m v 8if 2200 o v Sil 2200 » “y 8iE 2210 & v 8il 2210 & v Si
2170 s 2170 » ' 2178 sh . ’ 2170 sh
1015,5 v ? ' '
’ L 1 .1k
992 » v o' ilaaym) £ 978 o v 81 Rlaaym) | 1002 o v SiTnlasym) | 979 5 v 8i%H(asyn) | 950.58 o 8i%(asym) | 960.5 s v 5i%8(asym)
941 va 8 il 949 sh s i 946 va ] Sxi.i3 and/ 943 ve P siﬂa and/ 99 8 6 s, 9k9 b s,
935 vs 880 vs or SiH, 880 v8 or 8iH, 876.5 vs 876.5 vs
887.11 é Biﬂz 885 s [} Biﬂz
740 w,broad o Bils ‘ 738 w,broad ~ 8i113 TH2 v p SiHa_ and/ 501 w p 8“13 and/ Thitl v o 8iH, Th111 w o sit,
) T15 sh or Siﬂz 7402 sh or smz ‘
5721 sh v 8iCl(asym) | sret1 sh v 8iCl{asym) | 584 w. .v 8iCl(asym) | 384 v v 5iCl(asym)
550 v v 8icl S50 w v 8iC1 542 m v 8iC1(sym) 2w v 8iC1(sym) 548 m v 8iCl{aym) S48 o v §ic1(sym)
b 115y b LS 15, 1k . :15,
488 wv v 8i" B(sym) | 4801 ww v 8i"’H(sym) 483 wv v 81" 'B(eym) 83 vw v 8i*N(sym) | 498 wv . v 8i%(sym) 498 vv v 8i*’R{sym)

Where v ® very, s ® strong, & © medium, v ® veak and sh = ghoulder
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FIGURE 5: CORRELATION DIAGRAM OF THE INFRARED SPECTRA
OF CHLORINATED TRISILYLAMINES



Raman spectra of chlorinated trisilylamines (Liquid)

Th.

TABLE 19 -

ClSiH2N(SiH3)2 (ClSiHe)zN SiH, (ClSiH2)3N
Frequer_lcy Pol. Frequeilcy ’Pol. “ Frequefcy Pol. As.signmeﬁt
in cm Ratio | in cm Ratio| in cm Ratio
2180 vvs,br P 2216+2 vs P 2220 vs P v SiH
998 s p 996 w P 1000 vw #p. | v SiN(asym)
. 970 w dp ’
946 vs,br dp {943 m dp 945 w dap? |{ SiH3 and/or
90T w dp 910 vw dp? SiH2
880 w dp? | 870 vw,br dp 878+2 w dp?
Th7+2 m dp | Th5 s dp T45 m dp 0 SiH3 and/or
702 s dp SiH,
628 vw dp .
1580 s p? 585 s P v $iCl(asym)
548 m dp | 536 m dp 550 m dp v 8iC1l{sym)
490 vvs P 480 vs o) 482 vs P v SiN(sym)
285 m p? | 358 w dp 322 s dp SiNSi bend?
230 m dp 278 m dp C1lSiN bend (asym)
190 w,br. . dp | 160 s P 140 s p? C18iN bend (sym)
Where v = very, s = strong, m = medium, w = weak, sh = shoulder, br = broad
P = polarised and dp = depolarised.
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CHAPTER = SIX

Reaction of silyl—transition;metal~carbonyl compounds with stannic

chloride.

INTRODUCTION

This chapter describes a study of reactions of stannic chloride
with silylpentacarbonylmanganese and silyltetracarbonylcobalt.
Aylett and Campbell studied £he reaction of HC1l with SiH3Mn(CO)550
and SiHSCo(CO)5 - A mixture of monochloro- and dichloro- derivatives
was obtained by the reaction qf SiHBMn(CO)s with HC1 at 75°C for
15 minutes and only Cl2SiH.Mn(CO)5 was obtained under the same
conditiqnvwhen the reaction was carried out for 30 minutes. The
published infrared spectral data for ClSiHe.Mn(CO)5 in the region
1000 - 700 cm—l was not correct due to the impossible fractionation
of the monochloro-species from the dichloro-species. Pure
ClSin.Mn(CO)Siwas obtained by the reaction of SnC1) with SiH3Mh(CO)5
and the partial characterisation of this compound is reported in
this chapter. |

The Si-Co bond in SiH3Co(CO)h vas broken by SnCl) to give

SiH_C1l, SnCl

3 and ClCO(CO)h.

2

The reaction of silylpentacarbonylmanganese with stannic chloride.

Pure silylpentabonylmanganese (1lm mole, 0.22 gm) and stannic
chloride (1.06m moles, 0.28 gm) were condensed into a 45ml reaction
ampoule and allowed to warm to room temperature. A white, thin

film on the inner walls of the reaction ampoule began to form almost
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immediately and the reaction appeared complete in 25 minutes at
this temperature.

Trap—to-trap distillation of the remainder gavé hydrogen chloride
(1.04m moles) volatile at —1500, silyl chloride (O.lﬁ mole) volatile
at —1206, dichlorosilane (0.04km mole) volatile at -78°, and ClSiHQ.
Mn(co)s (0.82m mole, 0.213 gm) was left. HMn(co)5 and c12siH.Mn(co)5
were not detected among the products. The stannic chloride was
guantitatively reduced to stannous chloride, an involatile whité
solid which remained in the reaction ampoule .

An increase in proportion of stamnic chloride to a 1:3 ratio
of'reactants‘has no influence on the reaction, since neither
ClZSiH.Mn(CO)5 nor any other products of decomposition were detected
among the products. The reaction between silylpentacarbonylménganese
and stannic chloride may be expressed by the equation:

SiH3

2

.Mn(co)5 + Sn01h - Cl1SiH 3

.Mn(co)5 + HC1 + Sn012 + SiH_Cl + SiH

In stpes: 1. siH3.Mn(co)5 + 8nCl) - ClSiHé.Mn(CO)

2. SiHg.Mn(CO)g + SnCl), > SiH,

3. SiH.C1 + SnCl, > SiH,C1, + HCL + SnC1,

+ HC1 +
5 HC1 SnCl2

c1l + Can(CO)S? + SnCl,,
3 2772
Steps 2 and 3 can be regarded as side reactions.

Although C1SiH .Mn(CO)5 has been prepared by Aylett et al, an

2
attempt will be made in this chapter to describe the characteristic

of this molecule in more detail.

Nuclear magnetic resonance spectra.

Proton n.m.r. of C1SiH, .Mn(CO)_
[ R )
TMS was used as solvent and reference standard.
Chemical shift: Singlet at 4.60 + 0.01 T

29... .
lJ(H'9.sl) = 215.0 + 2.0 Hz.

2

C1,

L
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6.2:3 Mass spectrum.

6.2:4

6.3

Exact mass of parent ions:

Calculated

35 28 .. 16

c1,° SllHESSMnl(C 0);  259.874102
3T\ 28..... 55 16

qll si H, gpl(c o)5 . 261.871152

Infrared and Raman spectra.

The observed infrared and Raman spectra for C1SiH

Measured

259.874050

261.871100

Error

0.2 p.p.m.

less than 0.2 p.p.m.

2.Mn(CO)5

may be found in Table 20. The assignments of these spectra have

been justified in the discussion (6.L)

The reaction of silyltetracarbonylcobalt with stannic chloride.

Pure silyltetracarbonylcobalt (1.1lkm mole, 0.23 gm) and

stannic chloride -(1.2m moles, 0.313 gm) were condensed into a 45 ml

reaction ampoule and allowed to warm to room termperature. A

yellowish white solid began to form almost immediately and the

reaction appeatred complete in 5 minutes at this temperature.

Trap—to—trap distillation of the volatile product gave

SiH_C1 (1.1lm moles) volatile at —780 and unreacted stannic chloride

3

(0.0km mole) was left. The remaining unreacted stannic chloride

was dissolved in .grease of the vacuum line joints;

no C1SiH .CO(co)h

2

nor HCo(CO)h was detected among the products. The involatile solid

remained in the reaction ampoule.

C6D6 was added to the involatile yellowish white solid. SnCl

2

(insoluble in C6D6) was separated by filtration; the orange filtrate

contained Cl.Co(CO)h, and the solvent C6D6 was removed by vacuum

distillation to give an orange crystalline solid.

The infrared

spectrum of this solid in nujol was consistent with the published

i.r. spectrum for Cl.Co(CO)uS.2
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The reaction between silyltetracarbonylcobalt and stannic
chloride may be expressed by the equation:

SiH .c:o(co))‘L + Snc1h + SiH

3 Cl + 01.00(00)h + SnCl

3 2

DISCUSSION

The reaction of stannic chloride with silylpentacarbonylmanganese

gave only ClSiH2.Mn(CO)5 in contrast to the reaction of HC1l with

-SiH3.Mh(CO)5. This is in keeping with the behaviour of stannic

chloride as a selective chlorinating agent. The HCl and SnClE

produced during the reaction have no influence on the chlerination

at room temperature. ' Formation of a small quantity of SiH_Cl may

3

be due to the instability of Si~Mn bond in SiH .Mn(CO)5 towards cleavage

3

o and 01Mn(co)5 in addition to SiH3Cl, and the

formation of very small quantity of SiH2012 may be due to the

by SnClh giving SnCl

chlorination of SiH3Cl with the excess SnClh present in the system.

The attempted detection of ClM’n(CO)5 among large excess of SnCl

2
produced during the reaction was unsuccessful.

The reacfion of HC1 with SiH3.Co(CO)h gave SiH3Cl and
HCo(CO)h. Similarly, with SnCl), SiH .Co(CO)) gave SiH,C1,
ClCO(CO)h and SnCle. This may be due to the instability of Si-Co
bond in SiH3.Co(CO)h towards HC1l and SnCl), .

Although 01SiH2.Mn(co)5 and 01231H.Mn(co)S were obtained by

the reaction of HCl with siH3.Mn(co)5 at 75° for 15 minutes,

Aylett and Campbell were unable to isolate pure C1lSiH .Mn(CO)S.

2
The i.r. bands given by them in the region 1000 - 700 cm_l were

at 945m, 838 vs, 730 s which are not the same frequencies observed
in this study.

For the first time, pure CLSiH .Mn(CO)5 was obtained by the

2
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reaction of SnClh'with SiH3.Mn(CO)5. The measured exact mass for

the parent ions was consistent with the calculated exact mass for

’
’

the parent ions of ClSiH2.Mn(CO)5 within 0.2 p.p.m.
Nuclear magnetic resonance spectrum showed a singlet at L.6 T

29

29.
with "7Si satellites, and coupling constant lJ(H Si) = 215 Hz,

which is typical of C1SiH_. - compounds.

2
The compbﬁhd ClSin.Mn(CO)5 is a liquid at room temperature
with a very low vapour pressure. This colourless liquid changes
to yellow at room temperatﬁre after a few minutes in light. Although
it was possible to obtain a Raman spectrum the attempted Raman
polarisation study was unsuccessful due to ﬁhe change in colour of
the sample in the laser beam. The observed Raman intensities sare
not significant, due to the “absorption of blue laser by the yellow
liquid.
The vibrational assignments for ClSiH2.Mn(CO)5 have been made
by comparison with those published for SiH .Mn(CO)5 .

3
The Si-H (2130 cm © in i.r. and 2160 cm t in Ramen), C-O

(2098, 2015 and 1985 cm * in i.r. and 2070, 2040 and 2020 cm T in

‘Raman), and Si-Cl (512 em T in i.r. and 540 cm_l in Raman) stretching
ﬁodes appear in the expected regions. The Mn-C stretching may also
be readily assigned at L68 em ™t in the i.r. and 460 cm T in the
Raman spectra. The band at 302 cm_l in the Raman spectrum may be
assigned to the Si-Mn stretching mode. The Mn-CO deforﬁation appears
at 666 cn T in the case of SiH3.Mn(CO)5; the bands at 654 em L

in the infrared and 660 cm—l in the Raman spectra of the chloro-
compound may therefore be;dssiénédas ¥Mn-CO deformation . The remaining
two bands at 948 and 835 cm-l in the i.r. and 950 and 840 cm—l'in the

Raman spectra are in the expected regions for SiH2—deformations,
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TABLE 20

Vapour : E- Liquid
ILR. Frequency Infrared . Raman Frequency 4Raman " Tentative
in cm_l Intensity in em Intensity Assignments
2130 w 2160 s, broad : v SiH
2098 m 2070 vs, broad |~
20ko sh v CO
2015 . Vs 2020 sh
1985 vw
948 m ' 950 vw, broad 8 SiH2
835 m 840 vvw, broad $ SiH2
654 s 660 w, broad § CO
512 . w 540 vw, broad v S8iCl
468 vw _ 460 vvw, broad v MnC
- - 302 w v SiMn
vhere s = strong, m = medium, w = week

v = very and sh = shoulder .
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'CHAPTER ' SEVEN .

Preparation and chlorinatiOn‘of‘trimethylsilylsilane

INTRODUCTION

This chapter describeéla newimeﬁhod,of préparing Mé3Si.SiH3
and its reactions with stannic chloride.’ Thé'préparation of
trimethylsilylsilane by a coupling reaction bétﬁeen SiH3K and Me3Sic1
has been reported by Amberger et a153; the yield was véry low
and the characterisation,éf this compound was not reported in
detail. From the reaction of solid bis(trimethylsilyl)mercury with
silyl bromide, a quite high yield of~Me3Si.SiH3 was obtained, The
reaction of Me3Si.SiH3 witﬁ sﬁannic chloride gave the newv compounds ,
MeSSi.SiH2Cl and.Me3Si.SiHCle. The partial charactérisations of
Me3Si.SiH3, Me 8i.81H,C1 and.MeBSi;SiHm2 ére reported in this

chapter,

The preparation of trimethylsilylsilane

Silyl bromide (3m moles)was condensed in s lOOmi reaction
ampoule containing the yellow cryétalline solid bis(trimethylsilyl)‘
mercury (& 10m moles, 3.5 gm) and. allowed to warm to room temperature.
The yellow solid-immediétely changed to yellowish-green. After
30 minutes at this temperature the reaction vas -stopped and all
the volatile products were removed from the ampoule,

Trap—to;trap distillation of the volatile products gave
SiHy, (0.1m mole) volatile at -130°, Me,Sil (0.05m mole) volatile at

-120°, uwnreacted SiH Br (0.3m mole) volatile at -78° and Me ;SiBr

(2.5m moles) involatile at —780. The yellow residue with some

mercury giobules remained in the ampoule. After 18 hours at room
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temperature this residue gave.Me3Si.SiH3 (1m mole) involatile at

3SiBr (0.015m mole) ana Me3SiH

(Q.O6m.mole). More Me3Si.SiH3 (0.5m mole) was obtained from the

-96° but volatile at -78°, Me

same ampoule after 48 hours at room temperature. Thus the -
trimethylsilylsilane was evolved over g period of days from the '

yellow residue. The rate of formation of additional Me Si.SiH

3

decreased with an increase in time. The tctal quantity of

3

Me Si.SiH3 evolved from the yellow residue after T days

3

= 2.0 m moles.

The initial reaction products SiHhsh, Me3SiH55, and Me3

were identified by comparison of the observed and pubiished

SiBr56

infrared spectra. The réaction between silyl bromide and bis(tri-
methylsilyl) mercury may be expressed by the equation:
31H3Br + (Me381)2Hg > M§3slBr + solid -~ Me381.81H3 + Hg
In steps:
1. SiHSBr + (Me3si)2Hg -> MeBSiBr + solid
2. Solid - Me3Si.SiH3 + Hg
' 53

Since the detailed characterisation of Me3Si.SiH3 was not reported””,
an attempt will be made in this chapter to describe the characterisation

of this molecule in more detail.

Nuclear magnetic resonance spectra.

. Proton n.m.r. of Me,,§i.SiH3
o)

Benzene vas used as solvent and reference standard.

'lH'Chemical Shifts in ppm

T (siH3) T (Me5i)
6.79(singlet) =~ 9.93(singlet)

The ratio of integration = 1 : 3
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‘Coupling Corstants in Ha.

- (o]
lJ(H29Si) = 182.0 “J(H029si) = 5.4
2rmsi®®si) = 6.0  33(ucsi®Psi) = 3.0
) = 119.0 41
29Si and 13C Chemical Shifts "8" in ppm relative to Me,Si(-ve to

low frequency).

1. Me 2BSi.ggsiH = -98.2
3 3
29 .. '
corrected “8i frequency = 19.865232 MHz.
2. Me,298i.288iH = =1T7.42
3 3
corrected 29Si frequency = 19.866837 MHz.
13 . e
. Si.S1iH = +6.
3 (CH3)3113 N 6.0
 eorrected le frequency = 25.145146 MHz.
T.2:3 Mass spectrum
Exact mass of parent ions:
Calculated Measured Error
2831 C_H 104.047753 104.047851 less than 1 ppm

2 312

T.2:4 Infrared and Raman spectra.

The observed infrared and Raman spectra for Me3Si.SiH3 may

be found in table 21. The possible assignments of these épectra

have been described in the discussion (7.5).

T.3:1 The reaction of trimethylsilylsilane with stannic chloride

Trimethylsilylsilane (lm mole) and stannic. chloride (0.96m mole,

0.258 gm) were condensed in a 20ml reaction ampoule and allowed
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?9 waim §Q'r99mf§epmerayuré.i A‘§hih.wﬁité film on thé inner
Valls1of ﬁhe'téabtion ampoﬁlé'bégan to form almost immédiatély
and the'reaction was complété in 5 minutés. Trép—to—trap
distillation of the volatile products gavé HC1 (0.96m mole)
volatile at -120°, unreaéted'Mé3Si.SiH3 (0.0km mole) volatile
at —789, and Me3Si.SiH20; (0.96m molé) involatile at -78°. The
stannous chloride (0.96m molé,‘0.188 gm) produced during the
reaction remained in the ampoulé. The réaction between trimethyl-
éilylsilane and stannic chloride may be expressed by the equation:
Me Si.SiH, + SnCl) > Me

3 3 3
Since trimethylsilylchlorosilane (Me

Sl.SlH2Cl + HC1 + SnCl2
SSl.SlH2Cl) is a new
compound, an attempt will be made in this chapter to describe
the partial characterisation of this molecule in more detail.

~

Nuclear magnetic resonance spectra.

Proton n.m.r. of Me;§i.SiH001
o) z

Benzene vas used as solvent and reference standard.

"1H:Chemical Shifts in ppm

T (siH,) T (Me8i)

5.34(singlet) 9.98(singlet)

The ratio of integration = 1 : 4.5

Coupling Constants in Hz

L3(#%i) = 200 +1 25(me®Psi) = 6.6
2&(H3i29si)' = 11.0 3J(HCSi298i) = 3.8
lJ(Hl3C) =

120.0 + 1
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29 13

Si and

low frequency)

1 Me 28Si.29

3 SlH2Cl =
: ' 29.,. o _
corrected S1 frequency =
2 e Psi.%8gin c1 = -15.7
3 2
.29 .. s
corrected S1 frequency =
13 e e , _
3 ( CH3)381.S1H201 =

corrected 130 frequency

‘Mass “spectrum

Exact rass of parent ions:

Calculated
35.. 28 .
01l 51203311 138.008782
37, 28,. - ,
011 812C3Hll , 140.005832

Infrared and Raman spectra

The observed infrared and Raman spectra for Me_S

- =30.75

19.866572 MHz

19.866871 Mz

25.144856 MHZ -

Measured

138.008335

140.006094

C Chiemical Shifts "" in ppm relative to Me,Si(-ve to

Error

less than 3 ppm

less than 2 ppm

i.SiHQCl may

be found in table 22. The possible assignments of these spectra

have been described in the discussion (7.5).

The reaction of trimethylsilylchlorosilane with stannic chloride.

Trimethylsilylchlorosilane (1m mole) and stannic chloride

(v 1.03m moles, 0.27 gm) were condensed in a 20 ml reaction ampoule

and allowed to warm to room.temﬁerature. A thin white film on the

inner walls of the reaction ampoule began to form almost immediately

- and the reaction was complete in 18 hours.

Trap-to-trap distillation

of the volatile products gave HC1l (1m mole) volatile at -T78°,
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3

and Me Si.SiHCle'(lm'mole)ﬁinvolatile'at-—780} The stannous
chloride (1m mole, 0.19 gm) produced during.the reaction, remained

in the ampoule. Since there was no recovery of SnClh3 the remaining
might have been dissolved in the grease of the vacuum line joints.
The reaction between trimethylsilylchlorosilane and stannic

chloride may be expressed by the equation:

Me_Si.SiH_Cl + SnClh > Me

3 5 Sl.SlHCl2 + HC1 + SnCl

3 2

"Nuclear magnetic resondrice spectra

"Proton'n;m;r;'of'Me;Si;siH012
3

Benzene was used as solvent and reference standard.

~ lH‘Chemical Shift in ppm

T (SiH) T (Me_8i)
L. 42 (singlet) 10.01(singlet)
The ratio of integration = 1 : 9

" 'Coupling Constants in Hz

1_,.29 .
JHTSL)  Zo35041 Zr@ePsi) = 7.0
2, .29 .« _
J(ESi™78i) = 14 g °5(acsi®si) = 5.0
lJ(Hl30) =121.0 +1
"29Si'and'l3C'Chemical'Shifts'"6"'in ppm relative té Me, Si(-ve to
L

I1ow frequency)

1 M.e3288i.2gsiHCl2 = +12.08
corrected 295i frequency“ = 19.867hk22 MHz

2 Me329si.283iH012 = -6.5h
corrected 2981 frequency = 19.867053 MHz

/.
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13 e s ' T a
3 ( C,§3)381.Slﬁ012 . .= .=-3.78
corrected'l3C frequency. = 25.1Lk4900 MHz.
T.4:3 'Mass 's‘péc‘tr‘um
' Exact mass of parént ions
. Calculated. Measured Error
3501 Bei com ; : N
2 27310 171.969810 171.969783 less than 1 ppm
354, 3T. 28
Cll C1, 812C3Hlo 173.966854 - 173.966723 less than 1 ppm
37.. 28..
Cly, 815040 "175.963910 . 175.964341 less than 3 ppm

ST bk

T.5

The observed infrared and Raman spectra for Me3Si.SiHC12

may be found in table 23. The possible assignments of these

spectra have been described in the discussion (7.5)

"DISCUSSION

During the reaction of silyl bromide with bis(trimethylsilyl)
mercury (7.2:1), after 30 minutes at room temperature, a very small

quantity of Si-H compounds was produced in addition to Me3SiBr.

But most of the Si-H compounds remained in the yellowish-green

residue. The evolution of Me3Si.SiH3 (1Im mole) from the yellowish-green

residue and the occurrence of mercury (Hg) deposits at the bottom
of the reaction ampoule after 18 hours at room temperature suggest

that the reaction between (Me Si)QHg and SiH_Br is through an

3
SiHgSiH

3

intermediate compound, Me This residue further evolved

3 3

Me3Si.SiH3 at room temperature over a period of days and this

suggests that the intermediate compound, Me SiHgSiH

3 3 is fairly stable
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in vacuim at room temperature.. The evolution of Me S5i.SiH, after

3 3
18 hours was not in largé qﬁantiyy. Théréfbré at room témperature,
ﬁhe'Quantity of évblution of Mé3Si.SiH3 is dependent uponvtime.

In othér'words, thé raté of formation of Me3Si.SiH3 decreases with
an incréasé in timé.' However, the above reaction is proved to be
thé bést méthod of préparing Mé3Si.SiH3 as the yield is quite high
in contrast to thé méthod reported by Amberger et al.53

The existence of the above intermediate compound, Me

199

;SiHgSiH

Hg and 298i INDOR spectra which will be

3
 was proved by its

: discusséd in thé sécond part of this thesis (chapter nine).
Although Mé3Si.SiH3 hés beén prepared and identified by

Ambérgér'ét ai§3 an attémpt has been made here to describg the

characterisation and chlorination of this molecule in more detail.

From the reaction of trimefhylsilylsilane with stannic chloride,

the new compounds, Me_,Si.SiH,Cl and Me_Si.SiHCl_ were obtained.

3 2 3 2
Each of these new compounds was characterised by proton n.m.r., hetero
‘ ' - 29 .. .
nuclear double resonance (for 9Sl and l3C), mass, infrared and

Raman spectroscopy.

The mass spectra showed exact masses of the parent ions of
t?imethylsilylsilane and the chlorinated trimethylsilylsilanes,
which are consistent with the calculated masses, within the allowed
error.

The proton n.m.r. spectra demonstrate the presence of two sets
of protons in Me

3 3 2 3

between SiH and CH protons was not detected. The ratio of integration

Si.SiH3, Me_Si.SiH,Cl1 and Me Si.SiHClz; coupling

indicates the relative number of protons in each set. The 298i
INDOR spectrum of Me3Si.29SiH3(Eig 5.5) showed a guartet which

proves the presence of one -SiH, group in the expected region published

for other disilyl compounds:33 The proton chemical shift and coupling



2955 INDOR SPECTRUM OF Me3Si.29$1‘H3

5.5

FIGURE

19,865,233 Hz.
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29

. . . 29 .. .
constants of Me381. 31H201 and Me _Si. 9SlHCl are 1n the expected

3 2
regions published for otheri—SngCl-and —SiHClQ'compound§;33
The hetero nucléar doublée  resonance technique (chapter eight) was

298i and 13C chemical shifts for Me3Si.SiH3,

3Si.SiHZCl and Me3Si.SiHCl . The measured chemical shifts and
5 =, :

. coupling constants prove the presence of two types of Si atoms and

used to obtain the

Me

one type Of carbon atom in each of the above molecules. These
results are consistent with the compounds being Me3Si.SiH3,

Me Si.SiHECl and Me

3 Si.SiHCL

3 2°

The formulations of the compounds as MeBSi.SiHB, Me3Si.SiH201

and Me3Si.SiHCl2 is consistent with their observed vibrational

spectra which have been assigned by compérison with the published

55,56,57

vibrational spectra for other Me3Si species.
The C-H, Si-H, Si-C, 5i-Cl and Si-Si stretcling modes and

CH3 deformations appear in the expected regions and most of

these bands in the Raman spectra are polarised (tables 21, 22 and

y -1 . . ot
23). The bands near 900 cm in Me381.SlH3, near 875 cm L in

Me3Si.SiHQCl and near TT5 cm—l in Me3Si.SiHCl2 may be due to CH

rocking. ‘' The bands in the region 990-930 cm._l in M’e3Si.SiH3

at 940 and 805 em T in Me3si}siH201 and in the region 915-850 —

in MeBSi.SiHCl2 may be assigned as SiH3, SiH2 and SiH deformations

respectively. The bands in the region 380~150 cm—l may be due to

3

C3Si and C1SiC bending modes.
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TABLE" 21. -

3

Liquid Vapour
. Raman

Raman Fri?-uen‘cy Polarisation Infrared E‘requency Possible

A ip cm ~ Ratio ' in cm Assignments
296542 s dp 2965 m
2900 vs p 2900 w v CH
2800 vvw ?
2130+2 vvs P. 2131 s v SiH
1440 vw ? |
1410 m dp 1410 vw S CH3(asym)

1328 vvw
1262 m :
1260 m p? } § CH3(sym)
1250+2 sh p? o
1078 ww ?

1055 vww p? T

' 993 W
990 vvw dp? } s SiH3
‘930 s dp 931 m
898 m p? 900 m } o -CH
830 m,br dp? 840 vvs 3
750 m dp 760 m P S_iH3
698 vs dp 695 m v SiC
625 vvs p 630m v SicC
498+1 m dp 492 m ?
475 s P ?
410 vvs P h10o w v S8i-Si
383 sh p? 385 vw
220 vvs p? - } § C351
14542 vs ap? - SiSiC bend?

vhere s = strong, m = medium, w = weak, sh = shoulder, br = broad

and v = very
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TABLE 22

"and v = very

Raman and Infrared spéctra of Messi.SiH2C_l
Liguid Vapour

: : Raman

‘Raman Frequency Infrared Frequency Possible

: _ Polarisation a

in cnm in cm Assignment
Ratio

:é970 s dp 2958+1 m '
2910 5 D 2900 w } v CH

g 2860 vvw

}élhO_tQ,vs p' 2138+1 s A v SiH
:ith’w,br ap 1410 w,br ) CH3(asym}
. 1325+= vvw }’ ?
41.526'5 W p? 1262 m § CHy(sym)
1252 v dp } -
940 m,br dp 94542 w,br § SiH,
870 sh } o CH
: $h5 vw,br dp 845 s,br 3
| 80542 w p? 802+2 vs 8 SiH,

755 w dp T43 w p SiH,?
702 s dp 698 w v Sic

630 vs P 620 w v SiC
- 525+2 m,br dp? 53041 m v SiCl
: ;;78 m P 490 vvw ?
: ;}18 vVs P 405 vvw v Si-Si
- 223 vs dp - } 5 C3Si

180 s p? -
Saso0s dp? - C18iSi bend?
vhere s = strong, m = medium, w = weak; sh = shoulder, br = broad




Raman and Infrared spéctra of Me_Si.SiHCL,.
)
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"TABLE = 23

2 .

_ Liquid

Vapour

Raman
Baman Freguency Polarisation Infrared Ff'equency Possible
in cm Ratio in cm Assignments
2965 m - dp | 296842 w v CH
..2902 s jo) 2910+2 vw
2850 vvw
2170 vs P 217142 m v SiH
141545 vw,br dp 1k05 vvw 8 CH3(asym)
125045 vw, br dp 1258 m § CH3(§ym) _
1055 vvw dp? ?
915 vvw, br dp? ~
B {865 sh s SiE
850+5 w, br dp? 845 m
175 w dp 718 s p CHg
738 m dp T34 m p SiH
T02 w dp 704 sh v 8ic
625 vs P 622 vw v SiC
542 sh dp? 558 s v SiCl(asym)
525m p? 532 m v SiCl(sym)
392 vvs P 395 vvw v Si-S8i
258 m dp? - ?
215 s dp? - s C3Si
178 m dp? -
152 s ap? - C1S8iSi bend
0957 vw p? - C15iCl bend?

where s = strong, m = medium, w = weak, sh = shoulder, br = broad

and v = very
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'CHAPTER . EIGHT

"INTRODUCTION

) Qrganosilylmercuryl and‘qrganogermvlmei'cury2 compounds were

first obtained in 1963, several types of such compounds being at
piesenﬁ known? In comparison to organomercury compounds, Rzﬂg,

they are more reactive and thus are used for preparative work,
especially for the synfhesis of organosilicon and organogérmanium
compounds wﬁich are otherwise difficult to obtain. From this
point'of view the most interesting are the derivatives of the types
(R3A)2Hg, vhere R = halogen, alkyl or aryl; A = Si, Ge. These

are readily obtainable and thermally stable, but are highly reactive,
necessitating their use in air-free conditions. Sufficient examples
are now known to demonstrate the utilit& of these compounds for
synthetic purposes. Although MacDiarmid et a.lh suggested the
possible formation of disilylmercury when they applied the Wurtz
reaction to the synthesis of disilane and 1,2-dimethyldisilane,

they were unable to ﬁrove the existence of disilylmercury. Up

to the present, not a single -HgSiH

or -Hg GeH_ compound has been

3 3
reported. With the intention of preparing.trimethylsilylsilane,

an excess of s%lid bis(trimethylsilyl)mercury was treated with silyl
bromide; trimethylsilyl bromide was rapidly.formed in almost
quantitative yield as the only immediate volatile ﬁroduct. An
involatile solid ;esidueAremained. Trimethylsilylsilane (Me3Si.SiH3)
was evblved from that solid, over a period of days. This suggested

the possible formation of an intermediate mercury compound,

Me_SiHg.SiH

3 and hence the mercury research was undertaken.

39



98,

This part of #he thesis describes.ﬁhe identification of
trimethylsilylsilylmercury, disilylmercufy, trime?hylsilylgérmylmerCury,
digermylmercury and trimethylsilylmethylmercury. Bis(triméthylsilylj'
mercury was used as a starting'material in the preparation of all -
these new mercury compounds. Alﬁhough vibrational spectroscopy
was used for partial characterisation of some of these species)
199Hg and 298i inter nuclear double resonance (INDOR) spectroscopy
was found to be the most useful technique in the identification
of these new compounds. The n.m.r. parameters for the starting

compound, (Me Si)2Hg will also be given.

3
One of the disadvantages of double resonance methods for
obtaining the details of the spectrum of a nucleus that is not
observed directly is that they are rather time consuming. This
difficuity is avoided to a considerableAextent by the iNDOR
(Inter Nuclear Double Resonance) technique in which the height
of a suitable line in the proton spectrum is monitored continﬁously,
and variations.are fecorded as the second r.f. field is swept
through the region of interest.sv The precise form of these
variations will depend upon the amplitude of the‘irradiating field,
the spacings in the irradiated spectrum, certain relaxation times,
and other factors. However, if it is possible to have the secénd
r.f. strong enough to give line splittings of several hertz
without seriously affecting more than one line of the irradiated
spectrum at a time, then the output of the recorder mayvresemble
the "normal" spectrum of the irradiated nucleus quite closely.
Difficulties tend fo arise when the amplitude of the irradiating
field is quite low, and the effects of spin population transfer

may then predominate. In these circumstances the recorded
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spectrum may have lines on ei?her'side of the baseline, and it

is difficult to interpret'?he relaﬁive inﬁensitiesisaﬁisfactorilyr
McFarlane et al6 showed'thesé‘experimenﬁal difficulties with :
examples of 19F INDOR spectra of difluoroacetic acid étc. The -
production of high-quality INDOR spectra places. high demands upon
the stébility of the?spectrometer, and. an inpernal field-frequency
locking system is almost essen?ial. The second frequency may be-
driven through the required range either by mechanical or electrical '
means, and if the latter method is used a direct link to the
recorder can then gi?e pre—calibrated INDOR spectra. INDOR spectra
are of greatest value when the nucleﬁs of interest has a low..
magnetbgyric ratio, for then the gain in sensitivity will be
greatest. If the observed and irradiated nucleil afe both coupled
to other nuclei fhen several INDOR spectra will be Obtained,
according to which line is monitored. The complete spectrum is

a superposition of these, although some care must be tsken in

assessing the relative intensities.
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" "CHAPTER ' NINE

Preparation and identification of some novel group IV derivatives of

mercury.

INTRODUCTION

This chapter describes a study of preparations of trimethylsilyl-
silylmercury, disilylmercury, trimethylsilylgermylmercury, digermylmercury

and trimethylsilylmethylmercury. These compounds were identified initially

199 29

by their Hg and “7Si INDOR spectra. The infrared spectra of

MeBSngSiH

Me ,51HgCH

3> Me SiHgGel

are also reported in this chapter.

and (GeH3)2Hg, and the vibrational spectra for '
3
Although bis(trimethylsilyl)mercury has been used as a precursor Iror
the synthesis of several organosilyl-compounds, a detailed n.m.r. study
of this compound has not yet been reported; some n.m.r. parameters for

(Me3Si)2Hg additional to those so far pu‘blished7 are reported here.

The preparation of trimethylsilylsilylmercury

(a) Without solvent

Silyl bromide (1.1lm moles) was condensed in a 30 ml reaction ampoule

containing the yellow crystalline solid, bis(trimethylsilyl)mercury {~

1 m mole, 0.35 gm) and allowed to warm to room temperature. Tae
yellow solid immediately changed to yellowish-green. After 45 minutes
at this temperature the reaction was stopped by removal of all the

volatile products, Me_SiBr (% 1m mole) and SiH_Br (0.lm mole), from

3
the ampoule. The yellow residue, Me

3

3SngSiH3 (v 1m mole, 0.3 gm),

remained in the ampoule.

(b) With solvent

Silyl bromide (1m mole) was condensed in the ampoule containing
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(Me3Si)2Hg (1m mole) in benzene and this yellow solution was heated to
50-60°. The yellow colowr started fading. After 48 hours at 50-60°,

all the volatile materials (Me.SiBr and benzene) were removed from the

3
ampoule by vacuum distillation. The yellow residue,‘Me3SngSiH3,

remained in the ampoule. Me_SiBr was identified by comparison of -

3
the observed and published infrared spectrum (7.2:1, ref.56) and this
new compound (Me3SngSiH3) was identified by its lH‘n.m.r..,199Hg INDOR,

and the 29si INDOR (for Me3Sng29SiH3) spectroscopy (9.5:2). The

observed infrared spectrum (table 26) was also used for the partial

" characterisation of this compound. The continual formation of a small

quantity of mercury from Me_,SiHgSiH,, and the very high reactivity of

3 3

this compound towards traces of air and moisture made the analyses §f
mercury, carbon and hydrogen in the compound extremely difficult.

The reaction between bis(trimethylsilyl)mercury and silyl br§mide in
1:1 ratio of reactants may be expressed by the.equation:

Br - Me_SiBr + Me_SiHgSiH

(Me381)2Hg + SiH 3 3

3 3

'Thegpreparation of disilylmercunx

(a) Without solvent

.Silyl bromide (1.2m moles) was condensed in a 30 ml reaction
ampoule containing the yellow solid,MeBSngSiH3 (& 1m mole, 0.3 gm)
and allowed to warm to room temperature. The yellow solid immediately
changed to yellowish—green. After one hour at this temperature the
reaction was stopped and the volatile precducts, Me3SiBr (&'lm mole)
and SiH3Br (¢ 0.2m mole), were removed from the ampoule. The pale

yellow residue, (SiH3)2Hg (v 1m mole,0.26 gm), remained in the ampoule.

(b) With solvent

Silyl bromide (1.2m moles) was condensed in the ampoule containing

Me _SiHgSiH ($ 1m mole) in benzene and this yellow solution was heated

3 3
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to 50-60°. The yellow colour started fading. After 48 hours

at 50-607, all the volatile products (Me SiBr, very small quantity of .

3

SiH3Br and benzene) were removed from the ampoule by vacuum distillation.

The pale yellow residue, (SiH3)2Hg (v 1m mole, 0.26 gm), remained in
the ampoule. This new compound was identified by its lH.n.m.r.,

199Hg INDOR, and 29

si INDOR spectroscopy (9.5:3). The attempts to
obtain the infrared spectrum, and the analyses of Hg and H in the
compound (SiHSHgSiH3) were unsuccessful due to the exceedingly reactive

nature of this compound towards traces of air and moisture. The reaction

between bis(trimethylsilyl)mercury and silyl bromide may be expressed

" by the equation:

. B . . o
(Me3SJ.)2H6 + 281H3Br > 2Me381Br + (ule)zHg
In steps: 1. (Me381)2Hg + SlH3Br > MeBSlBr + Me3S1Hg81H3
2. .Me SiHgSiH_ + Si > 1Br + SiH i
e 1HgS1 3 1H3Br Me381 r + 51 3Hg81H3

The preparation of trimethylsilylgermylmercury

(a) Without solvent

Germyl bromide (2.1m moles) was condensed in a 20 ml reaction

" ampoule containing the yellow crystalline solid, bis(trimethylsilyl)

mercury (v 1.9m moles, 0.66 gm) and aliowed to warm to room temperature.
The jellow solid immediately changed to dark-yellow. After 15 minutes
at this temperature the reaction was stopped and all the volatile

products, Me _ SiBr (v 1.9m moles) and GeH3Br (v 0.2m mole), were

3

removed from the ampoule. The yellow residue, Me SngGeH3 (v 1.9m moles,

3
0.66 gm), remained in the ampoule. .

(b) With solvent

Germyl bromide (1m mole) was condensed in the ampoule containing
(Me3Si)2Hg (1m mole,.0.35 gm) in benzene and this yellow solution was
warmed to room temperature. The yellow solution immediately changed to

dark-yellow and then the colour started fading. After 4O minutes at
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room temperature,.all the volatile products (MeSSiBr and benzene)

were removed from the ampoule by vacuum distillation. The yellow

SngGeH3 (1m mole, 0.35 gm), remained in the ampoule
199

residue, Me

3
. . . e . 1. . '
and this was identified by 12ts H n.m.r. and Hg INDOR spectroscopy
(9.5:4). The observed infrared spectrum (table 27) was also used
for the partial characterisation of this compound. The attempts to

analyse Hg, C and H in the compound (Me SngGeH3) were unsuccessful

3

due to the continual formation of a small quantity of mercury from

the above mercury compound. The reaction between bis(trimethylsilyl)

'mercury and germyl bromide in 1:1 ratio of reactants may be expressed

by the equation:

3 3 3

(Me3Si)2Hg + GeH_Br - Me_SiBr + Me SngGeH3

The preparation of digermylmercury

(a) With solvent

Geruyl bromide (4.Lm moles) was condensed in' a 20 ml reaction

ampoule containing (Me3Si)éHg(& 2m moles, 0.7 gm) in benzene and this

-yellow solution was warmed to room temperature. The colour of the

yellow solution immediately changed to dark-yellow and then started

fadiﬁg. After 3 hours at room temperature, all the volatile'products
3 3Br and benzene) were removed from the ampoule
by vacuum distillation. The pale ye}low residue;(GeH3)2Hg (v 2m moles,

(Me _SiBr, unreacted GeH

0.35 gm), remained in the ampoule.

(b) "Without solvent

This digermylmercury was prepared by the other method; reacting

Br (1:2 ratio) at

solid bis(trimethylsilyl)mercury with excess GeH3

~

. room temperature for one hour. Me_SiBr was the only voiatile product

3
and the pale yellow solid, (GeH,) Hg, remained in the ampoule.. This new
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compound ((GeH3)2Hg) vas identified by its 4 n.m.r. and 199Hg INDOR

spectroscopy (9.5:5). The‘obsérVéd'infrared'spéctrum (tablé 28) was
also used for the partial characterisation of this compound. The
attempts to analyse Hg and H in the'abové compound wéré unsuccessful
due to the continual formation of a small quantity of mercﬁry from
(GeH3)2Hg.A The reaction between bis(trimethylsilyl)mercury and germyl
bromide may be expressed by the equation:

(Me381)2Hg + .2GeH Br +2M¢ SiBr + (GeH3)2Hg.

3
In steps:
1. (Me3s§)2Hg + GeH3Br > Me3SiBr + MeBSngGeH3
2. Me_SiHgGeH_ + GeH_Br - GeH_HgGeH_, + Me_SiBr

3 3 3 3 3 3

9.2:5 The preparation of trimethyisilylmethylmercury

Methyl bromide (1m mole) was condensed in a 30 ml reaction ampoule
containing the yellow crystalline solid, bis(trimethylsilyl)mercury
(§ 1m mole, 0.35 gm) and allowed to warm to room temperature. The
_yéllow colour completely changed to colourless after a few hours. The
‘reaction was stopped after 5 hours at this temperature and all the volatile
products were removed from the ampoule by vacuum distillation.
Trap—to—trap distillation of the volatile products gave Me3SiBr
(1m mole) volatile at 0°, and the colourless liquid, Me3SngCH3 (v Im
molé, 0.29 gm) involatile at 0°. Nothing remained in the ampoule as
an involatile residue. No trace of dimethylmercury (MezHg) was detected
among the products even when the excess CH3Br vas used. The new

199

compound (Me SngCH3) was identified by its proton n.m.r., Hg n.m.r.,

3
infrared and Raman spectroscopy (9.5:6). The reaction between bis(tri-
methylsilyl)mercury and methyl Brbmide may be expressed by the equation:

(Me3si)2Hg'+ CH.Br - Me_SiBr + Me_SiHgCH

3 3 3 3
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9.3 Nuclear magnetic resonance spectra

Benzene was used as solvent and reference standard.

(Me_Si).Hg in trimethylchlorosilane was transferred to a greaseless

372

tap ampoule with an ﬁ.m.r. tube attached to its side afm (fig. 5.6),

in a dry bag, containing dry nitrogen. The selvent trimethylchloro-
silane was removed by vacuum distillation. The yellow crystals which
remained in.tﬁe ampoule were then reacted with SiH3Br or GeH3Br

(the ratio of reactants is 1:1 for the preparations of Me3SngSiH3 and -

3

" After a few hours, all the volatile products were removed from the

Me SngGeH3;l:2 for (SiH3)2Hg and (GeH3)2Hg) at room temperature.

ampoule by vacuum distillation and the remaining yellow residue was
dissolved in benzene. This yellow solution was then transferred to

the side arm n.m.r. tube and sealed. Since MeBS_i_HgCH3 is volatile at

room temperature, the above method was not used; instead Me3SngCH
199

was condensed in an n.m.r. tube with benzene and sealed. The

29

3

Hg
INDOR spectra were obtained for all these molecules but the ~8Si

_INDOR spectra were obtained for MeBSngzgsiH3 and (SiH3)2Hg. The

hetero nuclear double resonance technique was also used to obtain the

chemical shifts of other nuclei. The 199Hg, 29 13

Si and ~°C frequencies
for the above group IV mercury compounds, in the field corresponding
to a T.M.S. signal atlexactly 100 MHz are given in table 2k.

Recently Mitchell7 has published the proton n.m.r. spectrum with
H—C—Si4199Hg coupling constant, of bis(trimethylsilyl)mercury. Mercury
possesses two magnetic isotopes occurring at quite large ébundances:
l99Hg which is 16.86 per cent abundant and has a spin of 3 and 2Ong
which ié 13.24 per cent abundant and has a spin of 3/p. The large -
éuadrupole moment of the latter isotope in general precludes its |
efTect being observed in the proton spectrum. Ir this study. oniy
the 199Hg isotope was taken into consideration. The 2951 (4.7% natural
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Cc (1.1% natural abundance) isotopes also have a spin

199, °9_. 13, . : :
Hg, Si and " ~C spectra of bis(trimethylsilyl )mercury

abundance) and 13

of 3. Tne H,
and other group IV derivatives of mercury are studied here. The proton

199 29

spectra were observed directly whilst the’ Hg and ~“Si spectra were

measured indirectly by a double resonance method involving observation

29

in the proton region (INDOR); Si and 13C proton decoupled spectra
were also observed .directly (only for (Me3Si)2Hg) in an XL-100
spectrometer. The INDOR experiments were performed on a Varian HA100
spectrometer operating at a frequency 6f 100 MHz in the proton region
and equipped with an exﬁernal Schlumberger frequency supply unit for
the decoupling experiments; a secondary recorder was used to obtain
the INDOR spectra. The frequencies of the irradiating and observing
fields were not phase-locked. The sample of (Me3Si)2Hg used in this
investigation was dissolved in benzene ﬁo act as a reference standard
and the tube sealed.
Absorption lines due to the following types (I - VI) of molecules

.were observed in the lH resonance spectrum and some of them (1 - 1V)
are shown diagrammatically in the figure 6.

I (OCH3)3°Si°_Hg°si(°CH3)3

II (OCH3)3°sil99Hg°si(°CH3)3

o 29 .0 O_.. /O
11T ( CH3)3 8i Hg Si( CH3)3

o 29 ..199_ o_.,0

w CH3)3 si~”7Hg si( CH3)3
13 o 0..0._ O..,0

' ( CH3)( CH3)2 51 Heg si( CH3)3

v 13 o 0..199 o_.,0 _

vi ( cnéx CH3)2 si””“Hg si( CH3)3 '
13 o 29 .o__0_.,0

vii ( CH3)( CH3)2 Si Hg Si( CH3)3

The superscript o denotes non-magnetic isotopes or magneﬁicvisotopes

whose effect cannot be detected in the spectra.
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Line ‘5 is .due to molecules (I); 1line 2 and 8 are.due to moleciules’
(II); 1line 4 and 6 are due to molecules (III); and lines 1,3,7 and 9

" are due to molecule (IV).
199

The procedure used to locate the -

Hg, 29Si'or 13C absorption
lines was to monitor in the frequency sweep mode one of the satellite

lines in the }H spectrum and to vary the Schlumberger frequency in the

199Hg or 29Si or 130 region until a perturbation of the monitored line
indicated that a 199Hg or 2981 or 13C transition with an energy level -
in common with the monitored line had been located. Only the 199Hg

INDOR spectrum of (Me3Si)2Hg was recorded and this is shown in figure T.
Only 13 lines were observed, although a 19-line pattern is expected for

(Me Si)zHg; in view of the relatively low intensities of the three

3

outer lines on each side, it is not surprising that six lines escaped
detection.

Q
The lines 1,3,7 and 9 (fig. 6) are the 2’si satellites of the

199Hg satellites in molecule (IV).. It was found that when the irradiating

. frequency vas set in the Si region, at 19.868890 MHz lines 1 and 3 were

decoupled and at 19.867910 MHz lines T and 9 were decoupled which proves that

29 199

thesé lines are ~Si satellites to Hg satellites. When the irradiating

frequency was set in the 199Hg region at 17.918890 MHz lines 1 and T
were decoupled and at 17.919870 MHz lines 3 and 9 were decoupled.

. The first pair of frequencies correspond to the central lines of the

199 29

Hg spectrum associated with the other ““Si spin orientation, and

the second pair with the lines associated with the other 298i orientation.

199., 29

This experiment gave the magnitudes of the l99Hg—Si—C.—H, Hg-"Si

coupling constants and shows that the sign of the lg?Hg—zgsi coupling

. . 29 .. .
constant 1s opposite to the 9S1—H coupling constant.
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The direct °Si n.m.r. spectrum (fig. 8) with proton.decoupling

199

showed a singlet with Hg satellites of coupling constant

29, . . . . . s .
J(199Hg- 981) = 983 Hz which is consistent with the value obtained by

130 nom.r. spectrum (fig. 9)

199

the decoupling experiment (980 Hz).

with proton decoupling showed a singlet with Hg and 29Si satellites.

These results are consistent with the compound being (Me

3
SngSiH3 in

Si )2Hg. It is

also possible to identify the 1H n.m.r. spectrum of Me3

presence of (Me Si)2Hg and this is shown in fig 10. The n.m.r.

3
pargmeters for(MeBSi)eHg, Me3SngSiH3,-(SiH3)2Hg, Me SiHgGeH ., (GeH3)2Hg
' andee3SngCH3 are given in table 25 and the detailed study of these

n.m.r. spectra has been described in the discussion (9.5).

9.4 Infrared and Raman spectra

Since.(Sng)zHg is exceedingly reactive as a solid towards traces
of air and moisture, attempts to obtain the infrared spectrum were
unsuccessful. After several attempts the i.r. spectrum of Me3SngSiH3

was obtained (table 26). The infrared spectra of Me SngGeH3 (table 27)

3
and (GeH3)2Hg (table 28) were obtained with less difficulty because,

like other germyl compounds, these are less sensitive than silyl compounds
to air and moisture. The attempts to obtain the Raman spectra of the
above compounds #ere unsuccessful probably due to absorption of the
exciting line. Both vibrational spectra were obtained only for
Me3SngCH3 (tabhle 29). The possible assignments of these spectra have

been described in the discussion (9.5).

9.5 DISCUSSION
9.5:1 All:these mercury compounds are soluble in benzene, and more stable
in solutions than as solids, but less soluble in cyclopentane and

MeSSiBr. The Me3SngSiH3 is reactive as a solid towards traces of air
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and moisture,. whereas (SlH ). Hg is. exceedlngly reactlve as a solid
towards traces. of air and moisture.' The'germyl-mercuny compounds

(Me SiHgGeH, and (GeH_),.Hg) can be handled in a dry bag containing

3 3 3°2
dry nitrogen with less difficulty, because germyl compounds are generally
less sensitive than silyl compounds to air and moisture. The solids,
Me381Hg81H (siH )2Hg, Me3SngGeH3 and(GeH3)2Hg are fairly stable

for a few days in  vacuum at room temperature, decomposing slowly to

glve Me381 SlH Si H6, Me Sl GeH3Aand Ge H6 in addition to mercury globules.

MeBSngCHS’ a colourless liquid with a very low vapour pressure is
quite stable at room temperature in vacuum but in daylight after several
days the colcur changes to yellow, and the compound disproportionates
to give (Me3Si)2Hg and C H6. The decomposed products of the above
mercury com ounds, Si,] Me Sl GeH ? Ge H 10 and C.H 1l were
poutt 26’ 3 ° "% 26

identified by comparison of their observed and published infrared
spectra.

Thus it appears that an extensive range of silyl-mercury and
germyl-mercury compounds can be prepared, and hence it opens a new
field in silyl and germyl chemistry. All these silyl-mercury and germyl-
mercury compounds may be useful precursors for the synthesis of silyl

and germyl compounds.
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9.5:2 . The ;H.n.m.r. spectrum of Me3SngSiH3 in benzene showed peaks

near 5 T (associated with -SiH) and 10 T (associated with Me_Si-

3
199'Hg satellites, and both sets

199

protond. Each peak had associated

of satellites were collapsed by irradiation at the same Hg

frequency, showing that the two resonances were due to the same

molecular species. The relative intensities of the SiH and the

SiCH peaks were roughly 1:3. The 29

9

Si INDOR spectrum (fig.1ll)

of Me3Sng2 SiH3 showed a gquartet by coupling with the three neighbouring

protons and hence it proves the presence of one -SiH

above molecule. The 298i chemical shift of Me 29SngSiH was also

3 3
29Si satellites of the Me3Si~protons;

~the coupling constant, 2J(HC29Si), is also in the expected range

3 group in the

obtained by"tickling'6 the

published for other Me Si—species12 and helps to show the presence

3

of one Me Si—gfoup in the above mercury compound. Since the coupling

3
]
constants, 2J(HSi"99Hg) and 3J(HCSi199Hg), were measured in the

199:.;

lH n.m.r. spectrum, it was possible to predict the expected Hg

199

INDOR spectrum. The calculated Hg INDOR spectrum showed a

40-line pattern due-to coupling (2JH199Hg = 66.0 Hz) with the 3

equivalent protons of this SiH_—group and the 9 equivalent protons

3
. 3.199 - _ _ : .
of the Me381 group (“JH ““Hg = 54.0 Hz). The pattern is complicated

because the magnitudes of the two-bond and the three-bond couplings
199

are comparable, a common feature where heavy nuclei like Hg are

involved. Although resolution of the observed lQ?Hg INDOR spectrum

was not very good, the splittings of the lines and the spaces’

199

between the lines are in close agreement with the calculated Hg

99

INDOR spectrum. Both'observed:and calculated'l Hg TNDOR spectra

for Me_SiHgSiH. are shown in figure 12. Thus all these results, and

3 3
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particularly the 199Hg INDOR spectrum, establish the .identification

of the compound as Me3SngSiH3.

6.5:3 The lH n.m.r. spectrum of (SiH3)2Hg showved a resonance near 5 T

29 99 29

with 781 and 1 Hg satellites. The . Si INDOR spectrum (fig.ll).

showed the quartet expected for SiH3—groups. The T-line pattern

of the 199Hg INDOR spectrum (fig. 13) established the identity of

the compound as (SiH3)2Hg.

9.5:4 Tne 1H n.m.r. spectrum -of Me_SiHgGeH, in benzene showed

3 3
peaks near 4.5 T (associated with -GeH) and 10 T- (associated with

199

Me _Si-protons). Each peak had associated Hg satellites, and

3

both sets of satellites were collapsed by irradiation at'the’Samé
199Hg frequency, showing that the two resonances werée due to the
same molecular species. The relative intensities of the GeH and the

SiCH peaks were roughly in the ratio 1:3. Since the‘Couplihg

constants,%I(HGelggHg) and'3J(HCSilggHg), were measured in the .

lH n.m.r. spectrum, it was possible to predict the expected

199Hg INDOR spectrum assuming the presence of three protons in the
region of GeH resonance. Since germanium has no convenient isotope

with nuclear spin 1, the presence of GeH3-gioups could not be

199

proved by INDOR spéctroscopy. The calculated Hg INDOR spectrum

1
showed a 40-line pattern by the superposition of two 99Hg INDOR

199

spectra, as for Me3SngSiH3., The observed Hg INDOR spectrum showed

most of the 40 lines expected, and is in close agreement with the

calculated spectrum. Both observed and calculated'lggHg INDOR

2981 chemical -

29

spectra for Me SngGeH3 are shown in figure 15. The

3

shift of Me 29SngGeH3 was obtained by "tickling' the

3 Si satellites
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of the'Me3Si—protons in the region of 2gsi'frequency; the coupling

5 A . 4 .
constant, 2J(HC QSi), is in the expected range for other'Me3Si—

species and hence it proves the presence of one Me3Si—group in the
above mercury compound. Thus all these results are consistent with -

the compound being Me_SiHgGeH

3 3’
9.5:5 The lH n.m.r. spectrum of (GeH3)2Hg showed a resonance near

199

5.5 T (in the region of GeH resonance) with Hg satellites. The

199Hg INDOR spectrum (fig. 16) showed the T-line pattern (coupling
with six equivalent protons in the GeH region), expected for (GeHé)gHg.

9.5:6 The lH n.m.r. spectrum of Me SngCH3 in benzene showed the peaks

3

near 9.8 T (associated with -HgCH) and 10 T (associated with Me Si-
; -3

_ 199
protons). Each peak has associated Hg satellites, and both

sets of satellites were collapsed by irradiation at the same 199Hg
frequency, showing that the two resonances were due to the same
molecular species. The relative intensities of the CH and the
SiCH peaks were roughly in the ratio 1:3. As in thé previous
cases (9.5:2 and 9.5:4), the predicted 4O-line pattern of the

199Hg IVDOR spectrum of Me
199

SiHgCH., was calculated, but the observed

3 3
Hg INDOR spectrum showed a distorted 10-line pattern. This may

be due to some other factors which are mentioned earlier (chapter

199

eight). Although the observed Hg INDOR spectrum is not in complete

agreement with its calculated spectrum,the identity of the compound

Me SiHgCH
as Me SiHgCH,
spectra (table 29).

may be established by the observed infrared and Raman
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9.5:7 The infrared spectra of Me _,SiHgSiH_, Me_SiHgGeH, and (GeHS)zHé

3 3 3 3

were obtained using nujol as a mulling agent. Both infrared and

Raman spectra were obtained for Me Si_HgCH3 as. a vapour (IR) or liquid

3

(Raman).

a) Me3SngMH3(M = S5i .or Ge)ana (GeH,) Hg

The Si-H and Ge—H stretching modes, and CH
8,9,10"

3 deformations appear

The GeH3 deformations and GeH3 rock

in the observed i.r. spectrum of digermylmercury may be readily

in the expected regions.

assigned by comparison of the observed frequencies with the published
infrared spectrum for digermane.lo The bands in the region 1000-600 cm.~l

for Me3SngS:i,H3 and Me38ngGeH3 are due to SiH3 or GeH3 deformations,

CH3 rocking and Si-C stretching médes. After a few minutes of

oxidation of Me3SngSiH3

disappeared and new bands appear at 945 and 980 cm._l respectively;

, the bands at 915 and 970 cm + were -

the bands at 610 cm~1 completely disappeared and hence the bands at

1

915 and 970 may be assigned as SiHé deformations and the band at 610 cm

may be due to the SiH_ rocking modes of Me

3 3 3°
band in the spectrum of this compound at 840 cm._l may be due to the

SiHgSiH The very strong

CH3 rocking modes and the bands at 690 and 750 cm._l are probably

due to 8i-C stretching modes. Similarly in Me_SiHgGeH., the bands

3

3’

at 898 and 780 cm._l may be assigned as GeH_ deformations, and the

3
and 675 cn;l are probably due to Si-C stretching modes. In the

3
band at 550 cm,_l may be the GeH3 rock; the very strong band at 825 cm.—1
may be assigned as the CH, rock. The remaining two bands at T30

. . A -1
case of Me,SiHgSiH_,, two more bands are observed, one at L61 cm

3 3°

and the other at 263 em ¥, Since the reported; infrared active

Si-Hg stretching mode in (Me3Si)ﬁHg is at 318 cmfl,-the band at
[=4
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263 cnfl may be one of the Si-Hg stretching modes. The i.r. spectrum
of (GeHB)eHg shows one very weak band at 218'ém71. This may well

be due to the antisymmetric Ge-Hg stretching mode.’

b) Me 381HgCH3

SngCH3 show the C-H

rocking modes

The infrared and the Raman spectra of Me3

deformations, and CH

3 3
in the expected regions. The strongly polarised band in the

and Si-C stretching modes, CH

Raman spectrum at SOO cm__l may be assigned as the C-Hg stretching

modes by comparison of the observed and published C-Hg stretching

frequencies in the vibrational spectra for MeZHng. The band at

325 cnfl wvhich is polarised in the Raman spectrum may be-due to the
Si-Hg stretching mode. The bands at 232 and 175 cm._1 may be assigned
to C 51 deformations and the band at 108 cm—l may be due to SiHgC

3 .
bend. ‘ . .
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(2)

(3)

(4)
(5)
(6)

(1)
(i)

(iii)

Me_SiHgSiH
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TABLE 2k

‘Corrected Frequerncies in Mz

Me ,SiHgSiMe

3

3
Me328Sng29

Me3298ng288iH

iH_HgSiH
S1 3_g 1 3

MeSSlﬂgGeH3

GeH_HgGeH
R B!

Me3SngCH3

3

3

A 199H
17.919760

17.917000

17.91L654
- 17.913989
17.908501
i7.91297h

g5

19.868454
19.8667hL
19.868L49
19.866978
19.868000

..13C

25.145167
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The n.m.r.

TABLE 25

parameters for the group IV mercury compounds

2

to high frequency). bIn ppm relative to MehSi (+ve to high frequency).

(Me3Si) e Me3SngSiH3_ (siH3') | Me 3SngGeH (GeH3)12Hg Me 3SngCH3

T(SiHB/GeHB), ppm - L.98 5.46 L.s5h 5.16 -
T(HgCH,), ppm - - - - - 9.78
T(Me i), ppm 9.73 9.90 - 9.86 - 9.91
5 (*9%1g)2, pom +481.0 +327.1 £196.0 +159.0 ~147.45 +102.28
§(%9s1)°, ppm-te 51 +61.0 +63.7 - +41.1 - n.m.

| H,Si - -22.1 -10.3 - - -
5(:1'30)b, Ppm : +6.8h" n.m. - n.m. - n.m.
Yr(6%%s1), Hz - 178.0 185.0 - - -
25 (1c®s1), Hz 6.2 6.0 - 6.8 - n.m.
2J(H199Hg), Hz - 66.0 . 8h.0 92.0 147.0 Th.5
35 (resit%Hg), Hz 40.9 5.0 - 62.0 - 51.0
lJ'(H.l3C), Hz , 120.0 n.m. - n.m. - n.m.
lJ(298i199Hg), hz 983.0 n.m. n.m. n.m. - n.m.
le(l3C29S'i), Hz - | 39.3 n.m. - n.m. - n.m.
21(*3cs:%1g), e 92.3 n.m. - n.m. - n.m.
®1In ppm relative to Me Hg (+ve n.m. = not measured.
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- "TABLE . 26

SiHgSiH

Infrared spectrum of Me 3 3 .in nujol . (4000-200 .cm_.l)
Frequency
~ Intensity Possible Assignment
in-cm B
2960 - 2830 s CH + nujol
2130 s ,broad SiH
1455 m
‘nujol
1375 m
1315 VW .
CH
1253 s 3
1070 vw, broad Si-0-Si impurity?
. 975 A
| - Sif,
915 m
840 vs ,broad -CH3
750 w gic
690 ™ SiC
610 m,broad SiH,
hel # 1 W ?
263 W Si-Hg
where 5 = strong, m = medium, w = weak and v = very




Infrared spectrum of Me

110,

SiHgGeH

in nujol (4000-200 cm—l)

3 3
Frequency
-1 Intensity Possible Assignment

in cm
2940 - 2830 s v CH = nuyjol
2012 w v GeH
1455 . m

nyjol
1375 m
1238 n § CH,
896 m § GeH3
825 s P CH3
175 m 8 GeH3
730 m v 8icC
672 m v SiC
601 m ?
550 m- o GeH3 ?
{
450 W ?

where s = strong, m = medium and w = weak




]
}=

\{

TABLE 28

Infrared spectrum of (GeH3l_,,Hg in nujol (4000-50 cm—l)

Frequency
_ Intensity Possible Assignment
in cm
2040 W ‘ v GeH
843 m .
) GeH3
175 ' m,broad
470 A w,broad _ p GeH3
218 v : v Ge-Hg?

Where m = medium, w = weak, and v = very
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TABLE 29

Raman and Infrared spectra of Me SiHgCH
. J

3

Liquid Vapour
Raman Frequency Raman Infrared Frequency Possible Assignment
in cm—l . Polarisation in em
Ratio

2960 + 2 vw - 2950 + 5 w '}vCH
2905 + 2 ww - 2900 + 5 ww
1440 vvw - _
1420 ww - 1405 vw } 5 cH,
1250 vvw 1259 m
1160 w - - 6 CHy
850 w,broad : - 853 s }, P cH

840 sh 3
THO + 5 vvw - 760 vw v Sic
690 + 2 w - 685 wvw . v SiC
630 w - 622 ww ?
500 s P 500 m v C-Hg
325 m P - | v Si-Hg?
232 w dp? ' .- } s C3Si
175 m dp? - .
108 + 2 m dp? - SiHgC bend?

Where s = strong, m = medium, w = weak, sh = shoulder, v = very, p = polarised

and dp = depolarised.
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" APPENDIX 'ONE

Determination of chemical shifts and correction of observed freguencies

A. Correction of observed frequencies

The values given in the table 2k, relative to T.M.S. at exactly
100 MHz were obtained by using the following relationship:
1. Frequency correction for the n.m.r. spectrometer (HA100)

= (100 - observed frequency) = X in Hz.

2. Total correction
= (X - manual oscillator frequency) + chemical shift in Hz relative.
to T.M.S. of the reference éompound used to supply the locking signal

(e.g. Benzene, T.M.S. and Cyclopentane etc.)

= + Y in Hz.
3. Correction factor =
100.0 + ¥ = g
100.0
. The frequency correction for the observed l99Hg'or 29Si or 130

frequency

= observed frequency in MHz x Z = Corrected frequency in MHz

B. Determination of chemical shifts "&" in ppm relative to the standaid.

‘corrected frequency - frequency of .the standard
in MHz

Frequency of the standard

"= +"Q" in ppm relative to the standard.
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The first part of the thesis describes a study oi-reactions of silane;.
disilane, alkyl substituted monosilanes, mnohalo—subsfii;uted monosilanes,
SiHs—derivatives of different types of wmsaturated carbon compounds,
SiH3-derivatives of elements of groupsV and VI, SiH3-transitionmetal—
carbonyl compounds, and trimethylsilylsilane with stannic chloride.

The new compounds, (SiH,CLF, ClSiH,.CsCH, C18iH,.C2C-CF,, ClSiH,.CH=CH

39 2 2!
ClzﬂS:LCH=CH2,Cg_\s_):__z%g%;q@;ggé} c1sin(cyH), c;LS1H2N(S1H3)2, (ClSlH2)2N81H3
(CJ'SiH2)3N’ Me3Si.SiH201 and Me3Si.SiH012) obtained during this study

were partially characterised by n.m.r., mass, infrered and Raman
 gpectroscopy. In addition to the chlorination reactions, a new method
of preparing Messi.SiH3 is also described.

The preparation and identification of some novel group IV derivatives

of mercury (Me381HgSJ.H3, (SJ.H3)2Hg, Me SJ.HgGeH3, (GeH3)2Hg and

3
Me3SngCH3) have been studied in the second part of the thesis.
Although 199Hg and 2951 INDOR spectroscopy was the mejor tool for the

identification of these compounds, vibrational spectroscopy was used to

confirm this identification.



