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¢ *  ABSTRACT

THE VIBRATIONAL ANALYSIS OF HALOGEN
DERIVAI'IVES OF METHYLSILANES, ANp .

s

DgMETHYLARSINE AND DIMLTHYLPHOSPHINE

by
Allan Jorgen Frederik Clark

h

The Raman and vibrational spectra of fifteen partlall;\
subst;tuted methyl and halogen\derlvatlves of silane are
examlned along with those of dlmethylars1ne and -phosphine.

Y

Fundamental modes are determined and assigned. fThe a351gnment

. is in most cases alded by a normal coordinate analysis and

!,
other oaloulatlons using data from specifically, deuterated

f

homolocues. For the CHBSlH ij(x—‘ﬁélogen) series, these are

&

the d3~ and d - compounds; for CH331HX2 the d3— and d¥‘ABQ3;\_
noudﬁs and for (CH )231Hk the dy- homologue The fully subs-

. tltuted trlfluoro- and trllodomethy151lanes are also studled

as is methy151lane, for which both dj- homologues and the dé'

compound arpe reported Details of the preparatlve routes to
.these partlally and fully deuterated methyISLIanes,-anq the
subsequent halogenation reactions are given. The compounds
arg.characterisod, and their deuterium qontént measured by

7nuclear magnetic resonance spectroscooy. For dlmethylar51ne

and -phosphine as for the silane derlvatlves. dlfflcultles An oo

‘a531gn1ng the v1brat10ns 1nvolv1ng the hydroben atom(s )’ bond-'

ed to the central atom are approached by an examlnatlon of
A . I

the dl— compounds which provmde sufficient ev1denoe to assign

the vibrational spectra. The a531gnments of all oompounds are

dlSCucsed in relatlon to previous reports where these ‘exist.

iii .
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-The work covered by thls dlssertatlon ig presented -in
—_ three parts..The frrst part oontalns a general descrlptlon of aJ
!the procedures and methods, both theoretlcal .and practlcal,
" that are® used throughout the experlmental part. This 1ncludes
a chapter on nuclear magnetlc resonance spectroscopy whlch was
the prlncxpal tool for puraty determlnatlon. The theoretlcal
descrlptlons are not 1ntended to be all- encompa351ng or 1n
all cases complepely general; emphasis is placed on "the app— -
lication of the partieﬁlar'proceoure to this work,
Part I contains the bulk of-the preparative and spectro-f

scopic worh and dlscu551ons of the vabratldnal analyses of
flfteen derlvatlves of methyl- -and dlmethy151lane. Whlle
. the fully substxtuted methyl and/or halogen derivatives of =
. silane have been extensively s%udled the three series of :
partlally substltuted compounds (i.e: CH381H2A, CH351HX2 and
(CH )?sth; X==halogen) have recelved scant, if.any. atten-

Q
tlon Reference is made to any ehlstlng work JIlthe(ilSCUSSlon

- of the ass1gnment of_each series. The a551gnment processlls
presented‘in many cases 1in the same way as it was orlglnally.
elucidated, without the benefit of hindsight. |

Part II contains a v1bratlonal study of two alkyl
Group V hydrides, which had been elither unreported or erron-

eously assigned. This work derives from earlier directions.
in the research group "
Routine experimental details notpertalnlng directly to i

the work are collected in the Appendix. The dissertations




-
r

t as there was found to be little dupllcatlon between!the parts.f',

of previous studen%s were often consulted during the course
of this research for the many practical details necessary to
carry'ouf.the work. Thus mary %echniques-ﬁhich are'nowchn»

sidered second nature have been included for thie'reason;

References have been collected at the end of each part"

One final comment w1ll be made about the lLterature, and

«.that i the reccgnltlon of one invaluable aid in the study of

N vmbratlonal spectroscopy. I refer of course to Gerhard

>

Herzberg s book tn "The Infrared and Raman Spectra of Poly-
tomic Hclecdles"l which will probably be found tobbe Just
as\useful in another thlrty-four years. As a synthetic '
chenlst in” ;‘}s area, much use was made of the chapter on
silicon in Wiberg and’-“benger s book on the "Hydrides of the
Elements of Main Groups I-IV"? which was _valuable both fcr

the direct information it contalned and its exten51ve ot

bibliography. ' SRS B
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Nuclearimagnetic reqonaﬂce (n.m.r.)'speptroscopyvproved
to be the most convenient and informative technique for both.

qualitative and quantitative detbermination of reaction

'-produbts.- This was équally true for the-ekamination of -

resul¥s, of trap-to- trap distill jlons and the. estlmatlon of

'_‘—‘4‘1.
sample purlty, both before and aft r recording the v1brat10n-
1

al spectra. F@r routine measure ts, ~H h.m. r. spectra

could be rapldly and accurately recorded, while 19F n.m.xr.

F

took more time but was nevertheless a useful tool. Desplte

.-the fact that, apart from the rare measurement of an unrecord-

ed chemlcal shlft, no internal standard was used, and thus no

‘absolute chemical shifts evaluat&d. much 1nformat10n was still

available from these spectra. This 1nformat10n was derived
flrstiy from measurements of the dlfference ln chemical

shifts, either from two kinds of the same type of nucleus in.

. the same molecule or from signals from two dlffqrent-compounds

in the same'sample, and secondl& from the oﬁservation of |
spin-spin'coupliﬁg with'otherwmagnetic nuclei. ’

| Spln spin, coupllng transforms a single 51gnal into a
series of llnes with equal spacing called the coupllng con-
stant, J. due to modlflcatlon of the magnetlc field in the
VLclnlty of the nucleus under observation by neighbouring
nuclel w1th nuclear splns These can be aligned either with
or' agalnst the applieqd magnetlc fleld H/' elther enhanclng
or reduc1ng the local effeqtlve magnetlc field. For example,

in all ﬁhg CH381HhX (n=1-3) compounds in this 'work, -the



S . - S . - N
’SiH signals appear as quartets from coupling with- the spins

of the three hydrogens in theﬂmethyl group. If theée-spina
.are aligned Wlth H the magnetlc fleid experieneed by thet.
Sif proton(s) is enhanced -£nd the 31gnal appears to sllghtly
lower fleld than. it otherwlse would (for & local field of
-strength H ) and is correspondlngly fgynd slaghtly upfleld

. when the methyl protons are allgned against H In- other ‘
' words, with nelghbourlng splns augmentlng the local field, a.
smtler He is needed for ' a tran51tlon of 'the ;spin state to

)N

occur, . and V1ce-Versa * _ fﬁ‘\\

Slmple Statlstlcs show, however, that Eyese arrangements,
all with or all agalnst Hyo are not the most common, as the
spins have a three tlmes greater probablllty Qf being elther
twor with and one against or one with and,twp agalnsp,-aa-

shown:below:

RIr
; Hy | S .
o . _+++‘_‘+++ N
'. | YT

Thus the SJ.Hn 51gnal appears as a quartet with 1nten51t1es
' 1.3,3.1. "This simple 1nterpretat10n of the Spllttlng patterns
hdﬁFVer. is applicable .only t6 so-called flrst-order spectra

>> J° i.e. when the difference in‘the chemical

AB AB'
shlxts (6) for two nuclel is large compared to the coupling

where AS

constant (J) from spin- Spln 1nteract10n between them. This
-~ 1s the ease for all the 8ilane derivatives studled in this &

work, for which § and J values.have been well documented in
. . ‘
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the 1iterature375.' The number ef 1ines'present can be deter--

. . ~ mined by the .expression 2nT . + 1, where n is the number Of -
magnetlcally equlvalent nuclel of spln I. For 1H 19F 130
and 981 nuclel with I %, this s1mp11f1es, as in the example

‘above, to n + 1, w1th 1nten31t1es calculable from Pascal ]

e. The magnltude of the separatlon, J. 15 1nvar1ant\\:

(unllki tQE value for § ,.which is proportlonal to Hj )a
- Thus, for example, a value for JHF' (the coupling constant‘_-

for inderacting: hydrogen and fluorine nuclel. expressed in
Hz) in a particular compound will be the same measured at

ifferent lnstrument operatlng frequen01es, or 1nd€3& even 1n;:
separate H and 19F n.m.r. experiments. *

When coupllng is w1th a nucleus in 100% abundance, e.é.;

T with PF or’ (for.all p;actical purposes, in.the-déuterated‘"
'csugounds), en theuentire sigualjwiii”be gplit and the
chemical left is taken ‘as. the centfe of gravity of fhe split
signal When the interacting nucleus is less abupdant, e.g.

- 13- (11% abundant) or 2981 (4. ?%). the coupllng will appear

as safellltes, gplit either side of the main signal by J/2,

The main s1gnal ig’ not split because there is no 1nteractlon

with the non-magnetlc nuclel, 1n thls case 120 and 2881 or '

”~

30 Si. These satellffe spectra are very useful, flrstly 1n "
'.the determination of the 1dent1ty_qf a compound, 81nce.each
J value will be a characteristidaof that particular compound

(although its value may not”n%cessarily»be unique ) and second~
ly. as an approximation of the proportion of small amounts of:

i

impurities present. The latter is carried out'by a compari-
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not only effectively removes one resonance but causes the

son of the peak area of an 1mpur1ty w1th that of a satelllte
which for 130 and 2981 will be approxlmately 0.6% and 2.5%
of the total signal respectlveiy. For coupllng with H
nuclel (I l) the splitting patterns are a-1:1:1 trlplet for
coupllng with one deuteron, a 112434211 quln%et for coupling
with twg? and a 1:3:6;: ? :6:3:1 septet for coupling W1th three
deuterons. The coupling constants thOlVlng coupling with

H (or D as it will be written for convenlence), DX' where
X is any ﬁageetlc nucleus, are related to the Jy. values in ﬂ
“the correspondlng 1sotoplc molecules by the ratio of the ‘
gyromagnetlc ratlos YD/’YH which is 0. 1535. Thus under

.normal resolution, JHX would have to be 6 Hz_in order for

JDX to be observed. Since JHH in the silane derivatives

discussed in this work are ~ &4 Hz'or'less, splitting of JHD
is ‘not hormally.observed.

l.g{l lH n.m.r. of the Me%hylsilanee‘

Fog CHBSiH3 two signals.afe exPected, for the
methyl and silyl hydrogens each split into gquartets by each
other. The difference in chemical shifts of the two signals
is 3.43 ppm (205.8 Hz at 60 VMHz ) and the coupling constant

Jygy s &, 68 Hz-, Deuteratlng at elther carbon or- silicon -

rl

eplitting to collapse (see above). The spectra of the three
hydrogen.centaining methylsilanes are shown in Figure 1.1

where the satelIites due to Joype the high fieid signal, and . ‘ ,;
to JSiH are clearly observable. Tﬁe'extent ef deuteration

in CHBSiD3 and CDBSiH3 can be measured by integrating the

o we r
L

T
H
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peaks due to re51dual hydrogen nutlel. or estimated by com-
parlson with satellltes. In the %ﬁectrum of CD381H the_
SLgnal due to unreacted SlH4 from the reactlon mixture ﬁas ¢

dlstlngulshed principally by the.dlstlnctlve values for JS H

and' also by the chemical shift differences for CD381H3 w1th .
- residual ‘methyl protohs; N

1

o l.2.2 Hn.m.r., of Chloro— Bromo— and Iodo-methy151lanes

- For the" normal compounds CH SJ.I-LnX3 n (n=1,2;
X= Cl, Br, I) the extent of halogenation of CH381H3 can be , f

determlned by the relative intensities of the CH3- signals,

. which appear as 1:2:1 tr;plets for mono-substitution and )

doublets for di- substltutlon, the latter resonances also
appearlng to lower fleld.l_PreVLgpsly determined values for . |
the chemical shifts and their Qiffeﬁences_andqcoupling con-.
stants are listed in Tables 1.1 and 1.2. Both SiH reson-_

ances (n=1,2) appear as quartets'to lower fleld but the
relatLVe intensities are not proportional to the amounts.
present; being the signhals due to different numbers e?hprof' .
tons. These patterns and chemical shift differences are

| from a -

reaction between CH3:31H3 and BBr3 (mainly C%%# ) has in

time undergone dlsproportlonatlon to give the di-~, mono- and

illustrafed in Figure 1.2, where a produict m 1 ture

un-substltuteque;hy151lane derlvatlves. The inserts are the
'satellites due to coupling of the silylene protons with 278i
in CHBSLHZBr;

Where the halogen is not the same, as in a partlal

exchange reactlon for lnstance, the compounds involved-can
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H n.m.r. parameters of selected silanes

. ~ 3

8CH 8SiH . 4% sk Iy Iy
A DR
- S, - T j.20b 0 L 202.5* - - .
| CHaS1H, . 0.0 3.53 7 343 194.2 12217 4.68
‘- CH IS 1HF S X A R 4.40 <2223 120.7  3.27
CH,S1H,C1 0.54 4,73 4.19 229.0 1228 3.61
'cujsmzar____‘ 0..72 4.51 3.79 23,1 1237 an
CH, SR, 0.99 4.-]? 3.5 231.0  124.4 ., 3.86
(cnas'in)zo 0.26 4.66 4,40 (212.3) (120.0) - 3.30
CHiSTRF, 0.28 4.77 4.49 a73.1 L3 1.22
CH3SHHCT, y 0.80 5.59 4.79°  280.8  124.2 2.29
CH,SiKBr, 1.12 5.69 4.57 280.8  125.1 2.52
CHaSHHI, 1.7 5.20 3.49 N6 1268 2w
(CH4T,51H, 0.09 3.79 3.70 188.6  120.7 4.17
(1) ,STHF 0.26 4.81 4.55 215.8  120.0 . 2.69
(TH3),S1KE 0.47 4.87 4.40 222.8 121.8 3.09
(CH4),SiHBr "0.66 . 4.84 4.18 225.0  122.4 3.20
(CH,),SiHI 0.92 4.80 3.88 224.8  123.1 3.4
[(CHg)o51H1,0 0.15 4.73 4.58" . (205.2) (118.8)  2.80
GiSiF, "0.53° - - .- - -
"CH,S1CT, C 1014 3 - - - 127.2% -
m351af—3 W 1.56 S - - - - -t
’ & - - 5. -
1:1435113L . 2.40 - N 128.7
{CH. },SiF 0.3z - - - - - -
3’2" , .
(CH3),si00, . 0.807°0.76 - - - 123.2 -
(OH3),S1Br, 1.18471.07 7 - - - 4.5 .
- 5 - - - 5 -
(CHB)?§112 1.60 _ 125.8

-

2) A& = &SiH - §CHy _ .
l)ref.8; 2)ref.9; 3)ref.l0;4)ref,ll;5)this work- unpublished data;
6)ref.12; Tiref.l13. '
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Table 1.2 - | ) : _ : .3
Differences in SCHy and §SiH resonances for halogenated methylsilanes. | . }
X = Q ' Br . '.f
‘ ' *ASCHy - ASSHH ASCH,  ASSTH 85CH,  ASSHH
 CH,SiH,
0.44 1.20 0.62 0.98 0.8 0.5 )
CH,SHH, X ‘ .
A } 0.26 0.86 0.40 1.18 0.72 1.06
CH,S1HX, — g ¢
(CH3]23iH2 ' ) . |
0.38,  1.08 0.57 1.05 0.83 1.01 , }
(CHy) STHX . |
} 0.31 - 0.46 - 0.68 . - !
(CHy) 51X, = ;
i
.
rable 1.3 'H n.m.r. data for fluoromethylsilanes 1
—_— SGF+ this work
a vie gem vic gem
sy ssip et . Bt R JHF‘ e |
- .1
. i
CH,STHLF 4.77 8.3  48.8 i
¥ } 0.37 &
CH,S1D,F - 4.40 8.3  7.47°  8.3%  7.48 -
CD,STHSF - 4.77 - 4.8 ;
(CH5iH,),0 0.26  4.66  4.40 - - - - :
. I'4
CHS1H'F, A 6.63 67.5 . S~
0.28 .
CH4SHDF, ' - 4.49 6.63 10.36°  6.79  10.49
CD,SHH'F, - 4.77 - 6775 68.3
m
(CH,S1HF) 0 0.27 - 4.74  4.47 6.61 68.2 68.5
(CH ), SiHF 0.26  4.81  4.55 7.63  52.1
[(CH,),S1H1,0 0.16 473 4.58 . - - -
. v '
a) o6 = 5SIH - &CHy +yref. 5

b) Jggm calculated as 0.1535. 938"

HF
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be determined by dlfferences in chemloal shift, elther between

‘ CH3 and slgn- resonances in the same molecule.éfr between
the-a CH3 or G.SlHn positions 1n the two different’ molecules.
The latter dlfferénoe is also the most useful way of distin- -
‘qulshlng between two compounds when either the methyl or N
.sllyl.groups are deuterated In contrast o chemical shift
differences, the_JH”l;I values are of little diagnostic value,

being small and fairly similar. i
Deuteration at either'carbon or, sllicbn remoues one
resonance and splltﬁlng patterns as for the methyISLlanes.l
producing a 51ngle resonance. In’ most.cases, however, chem-
lcal shift dlfferences can still be measured as theére are
Vgsually a sufficient number of residual protons to produce

H1 observable signal, either as CHD,. or SLH(D) Use is also |
made of JCH and JS H (for dlrectly bonded pr%tons) although
JCH is not as definitive as JS due to the lower intensity

- and narrower, overlapping ranges of values. For mono-3 and

dl-substitute \ derivatives respectively these are 1205?-

124.4 and 121. 3- 6.4 Hz~for J CH (122.1 Hz for CH381H3, in

both ranges) but fall into two separate reglons for J ‘SlH'
222,3-231.1 and 271.6-280.8 Hz respecthely (194 2 Hz for :

o

CH381H ). There is also coupling between-methyl protons and
.2931 (J. HCS ) To the extent of ~ 8 Hz, but these are of little
'value since the satellites are too close to the methyl re-
sonance and lnsen31t1ve to changes in hzzogen Typlcal

s

spectra oObtained for_mono~ and dl-substltuted derivatives,

respectively the monobromides and diiodideg are shown in
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CH SiﬁzBr

CD3SiH23r,
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Figure 1.3 H n.m.r. spectra of bromomethylsilanes -
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Figures 1.3 and 1.4,

i

1.2.3 H d‘m r, of Chloro-, Bromo- and Iodo-dlmethy1311anes
- 1

_ The “H.n.m.r. spectra of the (cH )281HX compounds
(X=0C1, Br, I) exhibit the expeoted seven line SiH signal and
doublet CH3 fesonancéﬂaud are shown in Fiéure 1.5, where the
apectra have been offset relative to their chemical shlfts.
The 1nserts are the 13C satellltes and the high-field satel-
1lite from 931 coupllng. Deuteration at silicon agaln pro-
duces a 31ng1et due to § CHB' as. JHD is agaln too small to
be observed other than as llne-broadenlng. The spectra of
these (CH )281Dx compounds are shown in Flgure 1.6, Whlch
shows the SlH,reglon as woll-as the C§3 resonances which in
this case are net offset corresponding to their relative
chemical shiffs. |

Values of chemical shifts are found to vary by
~0.1 ppu dEpendiﬁg on the concentration of compound in the
sample, so some slight differences in the flgures in Tables
1.1 and 1.2 were observed. The values for J however are

essentially constant for varying concentrationsu.

l.2.4 ,'lH and 19F n.m.r. for Fluorine Containing Compounds

"Few ‘0f .the- methods described above were necessary
for the fluoro- deriyatives due to the large splitting of lH
resonances by l9F nuclei, which was observed even for vicinal
protons (HCSiF) whefe‘Jﬂ%c is 6-8 Hz. Inifluoro—meth&lsilane
and -dimethylsilane lH sighals are split into doublets, and
in difluoromethylsilane into triplets. The spectra are shown,

. (2
in Figures 1.7, 1.8 and 1¥9.
' A '.'ft
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¥ n.m.r. spectra of (top to.bottom)
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SiHC1, (0;4.3)251}.31' and (01{3)2 iHT
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Pipure 1.6 Partial 1H n.m.r. spectra of (top to Bottom)
-(CH,) ,8iDC1, .(CHB)‘281DBI' and (CH3)2S.1DI.
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In the rnfrared spectrum of CH381DF2. the SlD stretchlng

reglon was: found to contain two almost equally mtense, ‘sharp

-1 1

- lines separated by ~'30 cm ~, even though the “H n.m.r,

23

spectrum indicated no’ apparent (hydrbgen—contalnlng) 1mpundty.

‘r..

No other known'51D stretchlng frequency fltted the “extra"
frequency. S0 a 19F n.m.r. 1nvest1gatlon was undertaken to
N

see if an 1mpur1ty contalnlng fluorlne but not hydrogen was

present. As the values for the coupllng constant Jgem

'%ﬁ—Si-E} are largeu, it was expected tha coupllng Anvolving

deuterium (Jgem) would be observed which would serve as an
added means oﬁ 1dentlflcat10n. Whlle the 1nstrument ‘was in.
the l9F mode, the opportunity to record  the spectrum of
CHBSLDzF alsq,arose, and this. Wlll be dealt w1th flrst.

| The 19F n.m.r spectrum of CHjlezF should consist of a
l:2;3:2:l“Qd1ntet of 1:3:3:1 quartets from coupling with two

deuterium aﬁd three hydrogen nuclei_respectively, producing

“a twenty line spectrum: " Preliminary observations however,

1

indicated a spectrum of only eight liﬁee} although each line
had some fine structure (Figure 1.10b). Such a spectrum

g
would” only be possible if both iﬂ;c

zgem : !
and J%F. were the same,
i.e. 1f the quartets (or qulntets) are overlapped with each
other just one value of J dpart.  This-eight line spectrum:

would t%en have a theoretibal intensity of 1:5:12:18:18:12:

5:1. The observed intensity for each "packet" of lihes

(since the fine structure splitting was too small to generete
- {
separate integration signals) was found to be

1.0 : 5.2 £ 11.9 : 18.2 : 17.8 : 12.1 : 5.0 : 0.7
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Figure 1.10 gF n.m.r. spectra of (A) CH

and (B) CHBSiD F
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'where the central ﬁeeks have been normalised to 18 inteneit&
uhits. The patterns in the fine structure -could -be dupllcated
las shown in Figure 1.11 using values of JE?C"B 3k Hz and
| ‘Jgem__? 48 Hz, (both 0.06 Hz) ThlS latter value COrres=-

: ponds at a Jgem for CHBSleF of 48 ?*0 4 Hz compared to the.

© . literature value-of 48.8%0.2 Hz 3,

The spectrum cf CH381DF2 (Flgures 1.10a and 1.12) was.
found to contsin an impurity to slightly lower fleld, which
' was assumed to be (CH SlDF)zo, formed presumabl¥ from Sb,0 3'
formed in Sij from moisture prlor to packlng the exchange‘
column, as the column was heated and pumped overnight prior
'to exchange. Although reported ~heving the same chemical
shift as CHBSiDFZS it was found § be 0.75%0.03 ppm down-
field (The si-D stretchlng frequency expected from this
molecule by comparison with (CHBSJ.HF)2 12 is not expected to

produce the “"extra" band in the vibrational spectrum \
CHjsiDF2 in either position or intensity, and the observe e
doublet was subsequently explained by.Fermi resonance). The
expected 19F n.m.r.'spect:um is a l:lel triplet of 1:3:3:1
Quartets. ' eleven line spectrum ie observed in which the
highest_;igig regsonance of the 1ow fieid quartet overlaps with
the lowest field signal of the hlgh field quartet. For this
-001n01dence to be exact the coupllng constants wou{d have to
be in a 2:3 ratlc. The results, llsted in Table 1.3, along
with other fluoro- deriVatiye published data, show J§%°==

16.79%0.06 Hz and g8 =10.4910.08 Hz, a ratio of 2: 3.08.

The splitting patterns of both compounds- are shown in

- 7
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Pipure 1.11 Observed and calculated 9

spectrum of CHBSiDgE

F n.m.r.
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ﬂiFiguré 1.13. The extreme peaks in Figure 1.12, most notice-
able to low field. are thk

satellites due to coupling with [ =
the 29Si nucleﬁs. with an observed JSiF of 291.4%3.0 Hz,

compared with a literature value of' 2913 Hz5.',No signal

integration was recorded, but the (CHBSiDF)zo impurity can
be seen to be ca. 5% by eomparison with the %9si satellités.
as described above. Reinvestigating thex}H n.m.f. spectrum
(Figure 1;8).‘the triplet due to the CQB protons islseeh*tq
be unsymmetrical. Since JE%C for both CHBSiDFz,and
(CHBSiDF)ZO are virtually the same (6.63 and:6.61 Hz respec-

tively4'5) and the” methyl resonance of the siloxane is expeci-

ed to higher field (see Table 1.1), it is probable that the

expected doublet from (CHjSiDF)zo is exactly underneafh‘

the two high field signals of the CEBSiDFz triplet. (Jyp is

~ 0,2 Hz in both cases and so unobservable). This would
indicate a difference in chemifal shift of Jﬂ%c/é or 0.055
ppth for the two compounds under thesg conditions.

The fprﬁation of the fluworosiloxyne by oxide impurity

LY
- __4___‘______.,_-._.-.——— .

in SbF3 alsb?qgcurred in the preparat CDBSiHFz, but
bef9re thelaggyﬁm.r. investigétion‘described above was
carried out aﬁa so at first not im ediately suspected. The
lH n.m.r. sgi?trum of the exchaﬁg products produced what
appgared to bé a lQl:Z:l:l quintet with equidistant spacing
(Figﬁre 1.1%4a), but which' obviously could not be céused by a
lsingle,compound. This can.also be inferred from the observa-

tion that the equal peak heights in Figure 1.14b are not

’

consistent with the signal integration. The possibility of



-
—

Figure‘ 1.13 Coupling patterns in l91“ n.m.,r, specflra
' of (top) CH;SiDF, and CH,S1D,F -
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disproportion to CDBSXFS, which would”not give a signal, and
.-CDBSiH F, which has virtually the same chemical shift and
-would be present as a doublet, was ruled out by the coupllng
constant Jgem. which, as nmentioned above,'ls *‘48 Hz for
CD381H2§1 but which measured at —~68 Hi. Reaction of the
mixture with BFB’ to restore the fluoro-. compound at the
expense of the siloxanel-
produced the spectrum in Figure 1.14b) whieh led to the result
that the 1mpur1ty was (CD SlHF)ZO. In the concentratioﬁs in
whlch each was present ﬂ!fthe mlxtﬁre. the chemical shifts
were the same within measurable limits and the Jﬁgm were ‘
oBserved to be 68.3%0.6 Hz for CDBSiHFZ"and 68.5t0.6 Hz for
(CDBSiHEJZO, which togefhgyfaccount for the "uniqueness" of
the original spectrum. Paésage of the mixture through a trap
at. -112°¢ completely separated the two compounds as can be
Seén:from Figure 1.15. The small triplet ta high field in
the spec¢trum of CDBSiHF2 is due to the resonance of residual
methyl protons, presumably in the form CHDZSiHEQ, showing a
JVEC of ~6.3 Hz, but not the coupling due to Jy (~1.2,Hz)
which at this intensity is observable only as line—broaden-

ing.

1.2.5 Stability of Halogenomethylsilaﬁes

The compounds sﬁudied in fhis work were kept in sealed
capillary tubes at room temperature after their spectra had
been recorded. No.special precautions were taken to protect
them. from light. lH n.?£>?. spectra were recorded . from time

to time, but except for gmall peaks due to hydrolysis  in

» reduced the inner doublat (and | { ol

i e T ————
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Figure 1.15 lH n.n,r. spectrja of components of CDBSiHE‘
and (CDBSiHF)zo mixture
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samples used for recording infrared spectra, most were
identical w1th the orlglnal spectra. Exceptions were some

-

samples contalnlng an 1mpur1ty whlch dlsproportlonated (asl
did the sample giving the %pectrum in Figure l 2}, although
purer samples of the same ﬁompounds generally did not.
Disproportionation in pure samples was obsébwed ‘however in
the case of the monofluoromethylsllanes, whlch.after a

- period of over a year or more at room temperafure were found

-

) to have completely dlspropoﬁflonated to the dlfluoro— deriv-=

1

ative and methylsilane. Figure 1.2.16 shows ‘the “H n.m.r,

spectra of the resulting dlsgroportlonatlon of (A) CD331H F

SiD,F. . i

-

1.2.6 13¢c n.m. v, Spectra of. tﬂe Methyl—d ~-silanes

.and (B) CH3

Although the 130 n., mrfwispectra were recorded for most
- of the compounds prewered in this work as part of a more

comprehensive n.m.r. study o

' only the spectra of the CD3
methylsilanes will be dlscussed here. These were recorded
as a purity checkf-especia11¥ for CDBSiD3 which Previ:gsly .
had only been checked by mass épectrometryifThe spectrum of
CDBSiD3 is shown in Figure 1l.2.17 where only thg expected
1:3:6:?:6:3:1 sebtet resonances (or the more-intense-com-
ponents) are observed, at & -15.86 ppm (6 Jl5,59 ppmn for -
CD,SiD;), i.e. upfield from TMS. This- "deuterium shift", or
difference in chemical shifts where the carbon nucleus
becomes more shielded, has been observed for th; MeZSiH'X

(H' = H,D) seriest”

LIS

and other speciesl5, and can be explained
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in teﬂms of dlfferent v1brat10nal effects of the two iso-

t0pe316

. The coupllng constant JCD’ with a value.of 18. 91
Hz, was found to be the same for: bqth molecules. This agaln

'is in keeping with the existing data}s,-andLCOrreéfonds to

_%21;‘ . a Jcﬁ value in the.corpésponding_CHB; Epmpounds of 123;2 Hz,

compargd to a literature value for CHBSiH3 of .122.1 Hz3.
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CHAPTER 1.3

VIBRATIONAL SPECTROSCOPY . -
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| éstablished as a standard analytical tool9, especially since

]
N 1

Infrared-and -Raman spectroscoPy'have been‘used as the

standard methods for the study of molecular vibrations for

-quLte sqme time. Evén though the Raman effect was first

" demonstrated experimentally in 1928Jj’(having been theoreti-

¢ally predicted by Smekal in 192318) it has only been com-

-.paratlvely recently. with the advent of the laser to overcome

problems 'of . intensity, that it has been regarded as a routine

laboratory technlque. Infrared spectroscopy, en the other

“hand, has its origins in the last century and has long been

the Second‘World War. The difference in' the cause of the two

-effects (a change of’ polarlsablllty as: against a change in
‘the dlpole moment, respectively, caused by the vibration)
,.leads to differing act1V1t1es and relative intensities, and
| the comblned use of these two techniques 1n solv1ng V1bra-

' tLonal and structural problems has lohg been acknowledged

Sufflce lt to mentlon here the landmark works of Herzbergl
and Wllson. Deecius and Cross;ujwhlch together cover the

VLbratlonal and grooup theoretlcal aspects, as well as some

21, 22

very readable accounts by Woodward For the experl-

men%al .details pertalnlng to this work, the reader is refer-

Wy

red tO_Appendlx III. . 8

It is probably useful at this point- to discuss some of

- the common terminology used in this thesis (and in other

sources ). As in most branches of science. the spoken or
coiloquial terminology frequently differs from the technically

. -

ey




more correct’ forms because it is usually more concise. Such

! W

is the casé in viﬁrati6ha1'sbectroscopy,_Where the most.

common misnomer 1nvolves the word "frequency" (unlts: sec 1).'

which is stlll used %o refer to the pOSltlon or energy of a

spectral feature ﬁhlch was previously measured as its wave-
1

.....

- length, and' more recently in wavenumbers (em™ l), Wthh are

proportlonal o energy In Raman spectroscopy, “two spectra

are recorded to determlne polarlsatlon ratios to aid in_

"dlstlnqulshlng the totally symmetric modes. The bands which

are significantly feduced in inténeity (by more than 6/7) are

‘calléd polarised bands,laqd-the spectrum also a "polarised"

-or "perpendicular® () ECan, the latter term describing the

alignment-of the polariser-analyser in front of the collima~

fOr. . The. other spectrum is often called ther parallel" or

""normal" spectrum. Following conventional practlce, thl$/j

_shown above the perpendicular spectrum throughout this th931s.

The terms,"fundamental-modes"; "fundamentals®, "normal modes"
end "modes" will be often found freely interchanged through-
out the text..: ' |
The molecules- investigated in this thesis fall into two
point groups; the CHjsiX3 compounds (X=H, F, Cl, Br, I)*

belonging .to the C.' point group and the other halogenated

3v

-methylsilanes- “to the.CS group. TQ}S latter produces a' and

a" vibrational modes, depending on whether fhe vibratione are

symmetric or asymmetric with respect to the lone symmetry

* Throughout the rest of the text, X will denote the halogens
F, Cl, Br and I unless otherwise stated.

<
‘D
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plane in the molscule. 'All'of.the~vibrations are infrared
and Raman active. The 05; group gives rise to a, azland e
modes of which both a, and e are active in both effects with
a single a, mode, the torsional fundamental, inactive. The
totally symmetrlc specxes of each group. a' and ay, praduce
polarlsed bands in the Raman spectra. It is also possible
to draw some conclusions as to the species of the modes from
the gas lﬁhase mfrafed pands where  these can be' ;*esolved.
‘EXCept for, CHBSixj,ftae malecules are asymmetric tops, and

as such will exhibit A, B or C-type bands when the change in

"dipole moment for the vibration is parallel to the least,

intermediate or largest moment of 1nert1a23. although one
should be wary about drawing far-reaghlng conclusions from
themzu. ‘

The fact that all vibrational modes are allowed means
that all the expected 3N- 6 fundamentals (N= number of atoms)
should be present, although the torsional mode is not observed,
(These modes have been observed or calculated to be less than_
200 cm -1 for similar methysilicon compounds, and while they
may be expected to interact to a certain extent with low
frequency skeletal modes, their exclusion from the analysis
is not expected to significantly affect the analysis). The.
species and activities of . these modes can be determined from
tables 25 « The flrstdproblem is to- plck out these funda-
mentals from the spectra, since in practice the number of -

Obgserved bands is usually different from-the number of expect-

ed frequencies, taking into account degeneracies arising from



. 41
t@g%ocal symmetry considerations (és in the methyl group). Even
S ‘ :
if the numbers are the same, ?his is no guarantee that each

band is " fundamental.
The observation of too many bands is in fact quite common,

even when the sample is pure -and no decomposition is occur-
4 .

ring. THe may arise from overtones, combination or differ-

ence bands and Fermi resonance. The first three involve the

simulfaneous excitation. of mofe thénigne vibrational level,
either for the same mode (overtones ) or differént,ones.
(combination or difference bands). These are denoted as
2v |

: . . # . :
V4 vy or v VysTespectively . Higher forms and

NN i~
combinaE}Ons of them can also exist e.g. 3\)j,'2\)j + OV,
2\;j # V- v, or \)j + vli'";vk (ho? bands ), although

under the experimental conditions used he;e these latter, or

- even difference bands, which are less intense than the cor-

_ respondinchombinations; are not expected to be observed.

' Tpe binary combinat%on . however, a?e quite often observed
with low intensity.' rticularly in the infrared speétra.
Thié‘intensity'can be -and of'ten ig -— increased fhrough
lntéraction with a fundamental which has aimost exéctly‘thé

~same fnequehcy as the sum: if'the.fundamental'and'osertoné
or combination have a coﬁmon spécies (which -for the‘moigcules

in this stﬁdy is often the case). The resulting perturbation

of the two energy levels causes the higher level to be dis-

¥* . N | ‘
Because of anharmonicity effects, the observed frequency
for overtones and combinations is slightly less than 2 v

or
“j + vk} in contrast ‘the value of Uj -~ v, will be exagtly

the difference between the two observed'freqﬁéhcieszé.

0y
oo



placed upwards and the lower daﬁn.,and is called Fermi
resonance27. The two states are said to "repel" each other
to produce an observed splitting'in the frequencies greater '
than_otherwise expeéted; The overtone or combination band

. Will also "borrow" intensity from’ the fundamental{lso.that -
the two bands appréach each other in iﬂtensity. . The cloger
the two unperturbed energy levels, the greater is the repul-
sion and the more similér the intensities. Common examples
exigt in CO, and CCl, (the fifst from an overtoneZB,-the
second fro¥ a combination band29 whgre the difference band
has also been observed3C). The appearance of forbidden bands
can sometimes occhr iﬁ liguid or solid spectira, where the
intermolecular forces may result in sufficient‘distdrtion $0
lowgr the symmetry of the molecule, and hence allow the
vibration, but tﬁis is not relevant to- these molecules.

Tﬁg appearaﬁée of fewepr bands than anticipated can result
from the non-appearance ‘of gilowed bands, because of low
intensity. This problem is usually overcome by a combination
of infrared and Raman féchniqueS‘since it is unlikely that
the vibéation would have very low intensity in both effects,
As a general rule-of-thumb, asymmetric vibrations tend to be
stronger‘ih the #nfrared whereas symmetriclbands are more
intense in thy ahan; (This contrast inrintensities is also
n%ted for the total spectrum, Raman spectra becoming more

. intense as the halogen mass becomes larger, with the opposite

effect in the infrared). The other main cause is sccidental

¥

degeneracy, or the overlapping of two or more bands. If the




Py
‘bands are of different species it may be possible to detect

. from a comparison of the normal and polarised Raman spectra
although assigniﬁg frequencies to the two'modasmay be diffi-
cult. | ‘

Some or all of the above effects can pombinélto produce
misleading information pértiqularly if one compound is studied
in isolation. Many ambiguities can be resolved,.however. if -
a series of related Eompbunds'ére studied, especially for‘
detecting overlapping bands. . The normallj'observed gradual
*shift of some frequencies accompanying a change of one-'
-substituent will often reveal wheﬁ two bands in a spectrum;
are superimposed. Specific deuteration will gpoduce diffé%i*' =
ent overtone and combination bands, and often remove one
"component from Fermi resonance. A combination of these two
practices is usuaily sufficient to avercome most of these
problems. There are examples of just about all of the above
in individuai moecules discussed in this thesis and these

will be presented as they occur.

-]
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1 4 1 Norma 00-ordinaté Ana;lsis
Normal Co~ordinate Analysis (NCA) is a method for
describing the vibfations of a molecule in terms of the
(hjflnd1V1dua1 motions of each atom, which can be expressed in
convenient mathematical terms. The resulting dérivatiVes are
well developed and full deseriptions can be found in the

420 1. 21

classic texts by Wilson, Decius and Cross“" and others

and will not be repeated here. -

| A molecule may be represented as ﬁ collection of balls

" connected by. springs. and the 31mplest case. that of a
diatomic moleeule will be brleflyepresented. By Hooke-s
Law, the potentiai energy of. the sslecule is given by R

el V=i~kx2 v | oo (#.1)

where k is the ferce constant of the spring and x the
displacement of the balls frsm the equilibrium'position.
Once set in motion, tﬁe frequency of oscillation is given
oy - . |

| 1k | (4.2)

Vo=
2Ty

H
. .

where p is the reduced mass of the balls. Equation 4.1 can

be recognised as that for a parabola, but this:model does -

not hold for a real molecule. For the_modei; the potential Q;_
' energy.increases symmetnically for increasing displacements

%n both directions, whereas for a molecule the energy .

reaches a congtant value for large separations (the

dissociation energy ) ,.,annd rapidly rises to infinity as the

nuclei approach each other. This real potential function

A
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(or potentialjenergy curve) is wéll represented by a =~ -

" polynomial® expansion (a Taylor'series); ; oo
Vir) = V(re)' +(g—¥) (r -r ) + %I(z V) (r—'re)'2 +
' . . r
:\ ’ . . .
: 1 3’V 3 . o e
| — Y(x-r ), + :
' 3!(3r3) & (%.3) -

where r and rg aré the internuclear and equilibrium

sepgraticns respectively, and the differentials are

‘evaluated at rsr, .The choice of a feference potential

energy of zero at V(t ) and a minimum in the curve at r
o

elxmlnates the first two terms. The’ approxlmatlon is now

<:jmade that at small amplltudes the. motion is harmonlc, SO

&

cublc and higher terms are neglected, and Equatlan 4.3 .

simplifies to ‘ K Lo
"ﬁ o BBZV ) L‘ .. Y
V() = —( (x-x)
: - ‘2\z B o (b4 )
Comparison with Equation 1.1 shows that “
K = (_ai!) S S
& Jr=x =~ - (4.5)

. e
Thus the force constant is a measure of the change of the

slope of the potential function ‘about ~the equilibrium

| position;,In the calculation, the vibrations of the
molecule are described py a”guperposition of the simultaneous
simple harmonic motions of each atom, which are in turn

described by the force constants and the structural

pafameteré. These are known as the F and G matrices

T

‘respéctively when the simultaneous equations thus set up
g . . :

are expressed in matrix form. The size of the F matrix

A
B

-

-

46
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deﬁends on which internal cbbrdinate-system is used to*li-

define the nuclear motions and their 1nteractions wlth each

other. In general. for n 1nternal coordlnates. the F matrix

‘Wlll be a symmetrlc n x n matrlx which deflnes n(n + l)/2

force constants. A knowledge of their values allows for an

equatlon of the form. _ - - ) R o
| F - A6 =0 SRR 6)

to be solved . for the frequencies, i, of the normal

’ v1brat10ns of the mo}ecule._A knowledgg of g;l the force

constents means Ehat the "general harmonic" force field.

(GHFF) is weil defined. f s SN j S

\
However. in pract;ce 1t 1s normally the force constants

that. we w1sh to determine in order to test predlcted i
a531gnments-of the experimentally measured vibrational
frequencies. The problem'lies in the fact thétrthg |
n(n + 1)/2 force constants afe,always_laréergthén the * .’
3n' « 6 vibrational frequencigs , ‘and so a déterminatidn of
the GHFF is impossible witﬁAthis information. The solution ,
is to either increase the amount of information from otﬁerA
sources, or to reduce the numbé; of force constants, or .

" possibly both.. |

@ne of the mos; common ways of 1ncrea31ng the number

. of observables is by isotoplq substltut;on.-Because the
bonding characteristics are due to electronic factors only,
this change of hags 1daves the force field essentially

unchanged while producing a new set of frequencies )see



o

Equation 4.2)." Other additional information can be

obtained frdm Coriolis zeta constants, centrifugal

distortion cdnétantg and mean amplitudes of vibration. The
pebial O . al

first iwo are éélculatedl?gl from rotational structure in

vibrétibnal bandqgland give'informatiqn about Off;d;agonal‘

~

force constahts in the former case and bo;h diagonal and -.

interaction terms ih the latter. The extent tQ which these
' - » L . .
data are useful is obviously restﬁiftéd by the.ability to

measure the effect of rotational i te5actibns,-which in

rl

.. general becomes smaller as .the molecule becomes heavier.

Mean hmplitqdes of vibration are measured from electron

diffraction experimentsBz, ggﬁga;e straightforwardly

connected with- force constants; 2 laf%q aﬁplitude means-
B ) . AT . .

.

"that the potefitial function has a broad minimum and hence a

"‘ L]

. R L a . ;o X
small force constant. When theﬁmeasured_amplitude is between

two non-bonded atoms-.(connected to'a common atoﬁ),
information about the Stretch-bend'interaction can be

obtained. Once again, this approééh is limited by the

© availability of such data.

Even with these extra data it is the rule rather than

the exception that the GHFF cannot be uUniquely determined

except for the simpler molecules; for example -for XHB,and

XH,, (X=N,P,As;c,35',(}e )33, but not for CHgX and CD yEal

3

Thus a reduction in the number ‘of force constants is

’

¥ This will no% Gouble the number of independent observables,

gince there exist certain relationships between the two
frequency sets dependent on gtructural data only and not on
the force field. These give rise to the igotope \rules and
are discussed later. ' : '

”

Y

ST

e




-
e

T neceseitated. This can be eccomblished in\severélgweye._one

o

”

i?ogf of whieh is to "ignore the‘interaction}terms_completeiy, i.e,
. *set all off-disgonal terms.in the F matrix to zero. This
' ifresuIts in‘a simple‘velence force field (SVFF), which
although 1t can be uniquely determined (since the number of
. force‘constante 13 at most equal to the number of frequencies)
- doee n%t\ln general produce a good agreement. Another way is
| to deflne the internal coordinates -in euch & way as to ‘
reduce - the number of 1nteract10n terms preeent. This is an
1mportent advantage of ‘using the Urey-Bradley model 35
" (UBFF) in wh;ch the interactions are assumed to be caused’
.by‘repulsiOne between non-bonded atoms. There are several -
. Other fields that have been used; the orbltal valency force
fleld36 (OVFF) and hybrid orbital force fleldj? (HOEF) belng
~two of the better known. Each model has its relatlve merlts;;_
and dlsadvantagee, and correspondlngly its supporters and |

detractors. Much dep ds on, the molecules studled and

personal prefer ces as to v A8 coneldered closest to

rea;lty.

1.4.2 Calculation of Force Conetante_

The problems encountered in the execution and
application of a NCA fall into two categories; those
inherent in the method iteeif, and those involving its
application. THe most obvious-of the former difficulties;‘q
that of caleulating a large number of force conetants\from
a smaller numoer of observed frequencies, hae just been

diecuesed..Probably.the most common way of decreasing this
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dlsparlty, by 1eotop1c substitution, speolflcally of )
deuterlum for selected hydrogen etoms,-lntroducee the other : ﬂ‘;
inherent shortcomlng, in that throughout ithe demivatlon of | |
. the method a quadratlc fleld has been assumed i, e. the

vlbratlons are all 31mple harmonlc. Departure from this

'.assumptlon will be most ev1dent for 1arge amplltude CL g

"s .

v1bratlons, which are precleely those expeoted for v1bratlone . .l- P
. anOlVlng light nuclel, such as H and D. These modes w1ll
'thus be less accurately calculated, to an extent of about .
5% for the stretchlng modes. oompared to about 2%~for otheru i IR
v1brat10ns. _ - . . . "[ T . - :

In practlce, the calculatlon of the force field starts |

with a set of estlmated values for the force constants. The o

frequencxes thus calculated are‘oompared with those observed{

and force constant values changed in order to achieve a’

better agreement. The closeness. of the agreement is

determined by a least-squéree "best Fit* criterion and a -

number of successive adjustmente'are‘uadef“hopefull§ \
himproving the fit each time. If this oceurs the solution is
said to converge.-however, convergenoe and a good flt are
only mathematlcal standarde imposed upon the‘?alculatlon and N
'are not necessarily 1nd1cat1ve of a favourable solutlon by '-. e
physical standards. I; general a whoi?ﬁfamlly of solutlons,

based on ehich interaotlon terms were used, the order: fof . . !

varying force constants and even on 1n1t1al values for the

Al

SVYFF, can be obtained which produce a good flt. Thle is . o
ehowp in the next ohapter, where a.variety of solutions was _J‘ 7:}5

- T - -

/-\'\ : . . |
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obtained for MeGeClj, all of whieh reproduced.the observed -
frequenoxes perfectly but W1th dlfferent descrlptions of ' the
normal modes for some of those frequencles. '
These deacrlptlone are obtalned from the calculatlon of
‘ ‘the potentlal energy dlstrlbutlon (p e.d) among the force
kconstants. or the potentlal energy matrlx. The elements of .

this matrlx are calculated from.

[ve] = [0+ ][] (4 7) (ref.38)
and describes the contrlbutlons of each’ force constant ¢
'mto ‘the potential energy VA assoclated with each v1brat10nal
. frequency A, and hence’ the nuclear motions prlmarlly
Liresponsible for each frequenc§?are‘obtained. [Jg] ig a
matrix of derlvatlvea of the form %% , reflectlng the .
effect each force constant has on the resultlng frequency,

'[:N] is a dlagonal matrix whose elements are the inverse
‘: -

-

[+

of the frequen01es, and [¢*] s a dlagonal matrlx whose
elementa are [®]_.

- . wl
- ) [ .

The force field used in thls study was a compromlse
between the SVFF and GHFF; where some 1nteract10n terms were
used, the rest being set to zero. This is called a modlfled
valence force field (MVFF), but deciding which 1nteractlons
are' to be 1no1uded regrettably introduces a degre‘*of
arbitrariness into the problem which often prevents a
useful comparison with other MVFF calculations which often

L - . A ]

uge different terms.

The force constants for the jnitial SVFF are usually

v
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téken froh‘values.calculated for simiiar molecules, or'if.‘.?
these are not avéilablé. simply gﬁeéded After these have
been refined by the least-squares program, interaction terms.
are 1ntroduced and the calculatlon is repeated, usually many
tlmes, each tlme allowihg dlfferent force constants to

vary and pOSSlbly introducing rew 1nteract10n terms until a
final best fit is obtalned. (As mentloned above, this is not
necessarlly 1nd1cat1ve of a "best" solution; for a humber of
the palcul&tlons, conve:gence“produced poorer resulté as far

as the p.g;d's were conpérnedj: A test of the final force

field is whether the force constants can be transferred‘to

a similar molécule_or afomic group and reproduce the

freqﬁenciés for that molecule or group. Examples of this are

‘when “the molecule can be 'split into units whose vibrations

deo not.overlap. Such a case is ﬁéthylstannaneBg, CHBSnHB;

'ﬁhére the force constants from CHj and SnH;, were used to

reproduce the frequencies due to the CH3- and -SnH3 groups,

the calculatlon thus only being requlred to evaluate f (SnC)

This concept of group force constants has been used

!
extensively for the methyl group“o -h2

and carried to its
ultimate conclusion in two monumental papers by
Schachtschneider and Snyder, who using no more than. 36

force constants, reproduced all the observed frequencies

" (and calculated the forbidden ones) for stréight-chain

43 Ll

alkanes from C, to Cyy " and a variety of branched alkames
to better than 1%. This is reélly not so unexpected when one

‘thinks of the success that the "group frequency  concept has

AN

T4

o




Foshs, -

#

'hquinforganio chemistry. However.‘theae exaﬁﬁies GOrk only =

t

‘because in the cage of CHBSnH3 the'fraquonoieo ofhthe two

' grouﬁs are well separatedr‘and-for'the alkanes beécause there

are only C-H ané—e-e—bonds present, and the molecular -
env1ronment 13 falrly 31m11ar for each group. The approach
was tried, for: thls work, by calculatlng force constant
values for 51H3x. 31H2x2 and Slﬂx3 compounds, but a useful
oomparison was precluded for the methylated derivatives by

oonsiderablo mixing of the'methyl group vibrations with

Si-H bending motions. Usoélly these -motions, which.showed | ()

-large contributions from more than one diagonal force

consfant,'were proneg to‘poor_ag:eement or to ﬁeing

incorrectly ordered. They were also particularly dependent

on the effect of interaction terms. This latter property
oould be used as a method of ohbosihg felevant interaction
terms. There are Seyeral other methods for deciding which
interactions to use and which to keep at zero; for example,
terms uniquely determined for simpler, related molecules
can be introduced but held fixed at their chafaotofistic
value, or interactions involving vibrations whose

frequencies are well separated can be kept at zerg. The

major criterion used in the calculations presented later is

‘that terms not including a common bond were set fto zero and

of the remainder, only those included which had a -

significant and beneficial effect on both the frequency fit

C andAthe p.e.d.‘Oniy when agreement was still poor, or if the

D.e.d. indicated that the calculations were in the wrong

]

.9t
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order were terms not 1nvplving a common bond introduced. and'

even then a common atom wag requlred.
From the foreg01ng dlSCUSSlon it would appear that NCA,

is a numbers game with llmlted practical use, . except for

those few molecules whose GHFF can be determined. However,

- for the majority of the users of thls me thod thls is not the

ultimate aim. What is sought is some 1n31ght 1nto the nature

of the vibrations so that assignment of the observed bands

© will be more plausible in oases where there is some doubt.

Thus calculatlons for a slngle molecule are not very
1nformat1ve. or even necessarlly a sppport of the 7
assignment, unless calculated from simpler molecules, or for
such cages as CHBSnH3 mentioned above, where . the group
frequencies are well separated. (CH Sl.I3 loflts this
condition even better) S0 one 1s gerierally more Anterested

in the observatlon of trends. both in force constants and

p.e.d.'s, obtained from an internally conslstent set of

calcula'tions applled to a chemically (and better still,
structurally) related series of compounds. Then some
useful ihformationwmay be extracted without harfnngo
discuss absolute values, althouéh these should be in
reasonable agreement with other publlshed values,

7 A short ‘example illustrates these p01nts._In the
published asgignmerits for the SiH3x series, the a; and e
SiH, Qeformationjfrequencies in SiHBF‘q’5 sre in reverse

order compared to the rest of the series. The corregponding

tSiD3 vibrations offergd no help because, except in SiDBBr.'

Rl
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the e mode was not observed A NCA was oarried out, and

upheld this ‘'ordering, with the force constants and p.e. d. s

' showing no irregularities. The relsvant data are gathered in

Table 1.4, l. The frequen01es from the two deformatlons and
the e 51H3 rock eseentially fixed the f HSlH and by HSlX
values, enabling the unobserved band to be calculated The
value of.f HSlx is seen to increase fairly regularly with
rllghter halogen » while f HSiH remains relatlvely constant
which is reasonable since there is no X atom 1nvq&ved {The
slight increase in £ HSlH for SlHBBr arises from the _
lncluSLOn of the e deformatlon frequency for SlDBBr in the
reflnement‘procednre. In attempting to repllcate this
observed frequencj, T HsiH hag to increase sl&ghtlx; notioe
here tne calculated frequency is lower, but higher for the
H compound ). f;encontrlbutlons from the force constants in.
_the p.e. d. also change in a regular manner, suggestlng an

internal con51stency in the calculations,

€. ’ -

1.4.3 -Force Constants and Bond Strength

Since the force constant only provides information
in the region about the mlnlmum in the potent1al curve, any
_discussion about bond strength (which is concerned with the.
i depth of the \ell) cannot proceed w1thout.knowledge of the
rest of the po tial;function for the bonds involved.,
However, quite often the asgumption is made for a given
seriegs of related compounds that these potential functions

are similar in form, or change only slightly and then in a

:.*

.

\
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regular manner whlch allowe for some comparieon between
.force oonetants and bond strengths.

The series Me GeFa -n (n = l 3) was’ prepared and the
v1brat10nal spectra recorded in thie laboratory5‘. Force
constant calculations lwere performed for the series (n =0-4),
and the .results show that all -the .8tretching force constants
1ncrease as fluorlne is substituted for methyl groups. Thus
dlon the above aseumptlone, stronger bonds might be expected
for the compounds with more fluorine atoms.

One dlrectly measurable consequence of an increase in
bond strength is a corresponding shortenlng of the bond in
questlon. Data are avallable for the fluoromethylgermanee5l 52
from electron dlffractlon studies which confirm thle decrease
" in bond length. These data are collected in Table‘i 4,2,

This correlation is not too surprising since both
meaeurements involve conditions about the/Equilibrium
distance. It was also suggested that there is an increase in
the polarity of the bond as it becomes shorterSl, This is
supported by the calculatlon of the formal charges on the
-methyl group(e) and germanium and fluorine atoms. These
charges are calculated by Huheey's method”> and are based

on a reiationehip between the orbital electronegativity for
the element M and the charge 8y on that element, 1nvolv1ng
valence shell 1on13atlon potentials and electron afflnlt-
1es56 -58 . The calculated charges are listed in the firet

three columns of Table” 1.4.3. It is noticeable that the

methyl group is always positive and the fluorine atoms

57
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always»degative, wiih‘tgépe “to gefmanium. Assﬁming one__i
electfdn in each Ge sp3 orbital, the numﬁers of eleﬁtfdhé .
occupylng these orbitals in bonding to the methyl group and
fluorlne atoms wxll be_greater to. and 1ess thaﬁhgne respect-
1vely, and these numbers 9;8 in columns 4 and 5 Adding up
_the total number of eleczrons in the Ge orbltals. accordlng
to the number of Ge C and Ge-F bonds present. produces
_column 6, which not surprlslngly reproduces column. 1 in a

|

;d;fferent form. Corgelatlon of IGGe- GMeI and |6Gé- GF
the separation of charge in the bonds, or bond polarity,
W1th the Ge-C and Ge-F bond lengths produces a stralght
llne5l. as does s plot of columns 4 and 5 agalnst the bond
lengths, within the estimated error limits. Turning attent-
ion to.the bond angles, columns 7, 9 and 11 list the nﬁﬁber‘
of electrons in the two Ge orbitals defined by;thé bond
angle,-i;e. twice the number in a Ge-CAbopd for a CGeC )
angle, one™Ge-C plus one Ge~F bond for a CGeF angle and so
on, and are followed in- columns 8, 10 and 12 by the experl-
mentally determlned values of these angles. Correlation

\ between numbers of electrons at Ge and bond angles is also
linear within the quoted uncertainties. The. main observation
from these calculatiéns ig that. the largest angles (CGeC)
contain most electrons in‘theif component bonds at Ge,. and
the .samallest angles (FQeF) involve ‘the fewest.:Also;'all fhe

CGeC angles are greater than tetrahedral, and the FGeF angles

1633 than tetrahedral in the mixed compounds.

Having arrived at values of relative charges on™each

60




type of nucleus, and'quantitaiirely correlated these with

”ferce conetanta, 1t is possible to speculate on %he gffect

'_that the change in nuclear charge has on the immedlately

surroundlng electrone. The technique known" as ESCA (Electron'

}Spectrosbopy for Chemical Analyels) measures the energy of
‘core electrone for an_atom under lnvestlgatlon. and thls
bzndlng energy is obviously’ dependent on the 4$om1c enviren-
ment. The fluoromeﬁhyiéermanes have been the eubject of'one
such study59 where the binding energles df the electrons in

'the germanlum 3d, and the carbon and. fluorlne ls orbltals

‘e

. were measured. The results, shown in Table 1l.4.4 along w1th'.

P -

the‘releVant'forcF-constant and structural data .from Table

1.4.2, show that all three binding'energies increased as

. - . .. | P-
~ fluorine was substituted for methyl groups, rpflectlng the

increasingly positive-(or for fluerine the-de1reasingiy
negatLVe) charges on each nucleus. If 1t is agsumed that the
1ncreased blndlng in the core levels must be. reflected in
increAsed binding in the valence levele, then %SEPR theory

would require an increased repu1510n'between adgacent bonds,

" look gt Table 1.4.4cdénfirme-that the argument has come

full circle._ S

<61
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and a consequent opening of angles between these bonds. Ay~
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"~ CHAPTER 1.5
THE - ASSIGNMENT OF
IBRATIO SPECTRA
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The ass1gnment of the observed bands to spec1flc

- fundamentals whlch can only begln after the 1dent1tes and

purltles of .the compounds have been conflrmed 1s accompllsh-."

ed in several steps. the first of whlch 1s "by inspection".
i )

o

”The spectra arehdlvlded,lnto regions in whlph soecific vib-

‘rations are known to occur. These bands are eliminated from
the list of expected fundamehtals. thus narrowing the choice

. - . - N . ° b . . - ‘ .‘:
for the modes whlch are less certain. _

- l 5.1 *Prellmxnary Ass1gnment by Inspeotlon

The flrst reglon usually- examined is ih ‘the range

. 3000;1060 gm ,ﬁwhere.tye V1brat10ns due to C-H, C-D, Si-H

and Si-D stretching appear at:«ca. 2900, 2200, 2100 and 1600
- 21

cm reSpecxlvely. Fundamentals due to symmetrlc and asym-

oo‘p_ \.
metrlc stretchlng motlons are most readlly dlstlngulshed in

the Raman spectra. The methyl group deformatlons occur from
about 1450 em~1 ifor CH ) to about 1000 cm'; (for CD ), and

are usually seen more clearly if* the infrared spectra, where

, band, contours can often be used as an ‘aid to a331gnment. The

next is the skeletal deformation'region. below 350 cm"l

where the identification is dependent mainly on the Raman

, Spectra. For the compounds studied here, these deformations

o

-

are those bendiné‘vibrations not inwelving hydrogen or deut-
erlum; This leaves the region from lpOO-35O cm"l in which,

for the halogenated speoles studledﬁhere, the symmetrlc Si-X°

Lstretch (X Cl, Br‘{) is clearly observed as a strong. polar-

.lsed band in the Raman spectra at about 500, 400 and 350 cm -1

respectlvely. (Slllcon-fluorlne stretches are very weak in

..1 B

i

i s
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the Raman effectand are usually found et about 900 em™L in.

the vieinity of the mathyl rocks).This leaves motione due to

Si C stretchlng. Sl-H(D) bending and methyl rocking to be

o
a831gned, and hereln 11e most of the problems. Some general

methods used to help assign the bands in thls reglon are;

a) Comparieon‘with octher molecules

The unassigned fundamentals are compared with Vlb-

retlonal modes which have been confldently 3331gned ln a

structurally related, usually 81mpler molecule. The most

- common pltfall is the ch01ce of a molecule whlch, alﬁhough,

apparently sultable. is not sufficiently 91m11ar to offer a
meanlngful comparlson. Further problemé;arlse if twd freq- .
uences are compared which result from motlons 1nvolv1ng
dissimilar atoms. Examples of these are described in ceﬁail
in Chapter II, 3.' ' |

b) Isotoplc substltutlon o o . : *

‘In this study deuteratlon was carrled out at select—

ed hydrogen 81tes. ‘The large shlft of frequency due’ to doubl-

' ing .the mass of one atom (see equatlon k.2) 1n a v1bratlon

immediately dlstlngulshes motlons 1nvolv;ng thls atom,

Sometimes a sllght shlft in the frequenc1os of motlons not

'involv1ng that atom can occur. and where em}en31ve cqupllng

of v1bratlons has occurred, the removal of a component of that

couplmng.through deuteration can change - the resulting

frequency of a vibratioﬁ'by a considerable degree.

L
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_ 1;5;2 Supportiﬁg calculations
e o 1) The Product Rule

-t

The concept of isotoplc substltution is based on
the assumptlon t at the substltutlon does not change the

potentlal functlon of the molecule. If. the force constants

are_the same. then th hangg,ln the fpequenCLes_of the
" vibrations involving motion of the substituted atom(s)
should involve 3ﬁLy sfructural fgaﬂﬁré. This ﬁas deVGloped“
lnto the so-called Teller- Redlich product rule 60,61
whereby the ratlos of the- products of tﬁg)frequencies for .
each symmetry Spec1es can be calculated accordlng to the
genergl equation - _ S L=
| L ¢ (5.1
. where v ' ard w are the zero-order vibrational frequencies for
the isotopicglly substituted and'normal coﬁﬁound resPectiveiy .
and k is‘a‘terﬁ involving only ratios of massgs’and some-
c;mes_mdments of.inertia.(depending on the symmetry species) N
for tﬁe_two molecules . —This calculation can be performed
- ' fairiy éasily;for smélr molecules (triatomics,'for insfance).
but for 1arger molecules becomes very tedlous. In practice
the calculated ratio can be obtained from the products‘of the

1

olecules.calculated

- . two sets of frequen01eslfor the two
using the same forc§'constant set. These force, constants
need not necessaril& be representatije of the ”rgal" force

field as long as the same valu e used., The symmetry

S
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.-compoﬁhdé of C symmetr§ discussed in this thésié there are

e '
i ‘

| difrerant ratios for a' and a” modes. The ratios ‘are calcul-

ated on the assumption. of quadratic forces, and as Buch the

'frequenclas involved are the zeronorder or harmonie frequenc-

ies w, rather than the observed anharmonic freqqenciea A,

with which tﬁgy are campared. If the isétopichlly sﬁbstitﬁt—
ed molecule is the heavier of the two (as -is the case with
deuteration) then the anharmonicity constants THEE vy aii;j(/
smaller than w, - V; and so the.obéerved‘rgtio should be
8lightly larger than the calculated ratia. |

ii) Use of Force Constants

. S : :
Although force constant values can be an invaluable

tool in the assignment of vibrational spgctray efroneous

conclusions are often drawn as' a result of carelessness or

inexperience. éqch was the caﬁe for the fluordmethylgermanes
already mentioned, and this example will be-foliowed_through
step by step ‘from the origlnal. incorrect a381gnment to what
is now considered the correct one.

Thetdescriptlons of the fundamentals and the observed

'frequencles are given in Tables A2~A? The modes involving

.the methyl group(s) and the Ge-C and Ge-F stretches were

stra1éht£g§wardly a391gned leaving only Ehe skeletal bendlng

" region. The assignment of these frequen01eS)wés first

attempted by comparison with related compounds. The vibrat-

: 1ona1‘spectrum of MeBGeF had previously been publmhed6

and comparlson w1th other trimethylgermyl compounds, notably

63

the chloro- derivative -, conflymed the assignment. The three

A

67'
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skeletal modes in MeGeF, ("5"’il and v 1,) Wwere all appar-

enfly depolarised which neqeaéitatei'the use of other methods. /ﬁdf

- o~

They were eventug}}y'assigné& on the basis of the energy K {
associated with fhe prédominant angle change prodﬁéing fhe"
motion., Thus the mode depending on the CGeF angle deformation
( vyye the GeF3 rock) was compared to the singlégskeletal

mode in CHBGeHzF64 at 215 em -1

' and,%he fundemental depenh- 3
ent on a change in the FGeF angle (\;12, the GeF3 a ymmetr1C‘
deformatlon) to the lowest wavenumber v1bratlon in HoGeF, 65.
and t6 the hlghest skeletal mode in MeGeHF 6?, both at 280
cm (The other two modes in the latter compound, dependent
on the'CGeF angle deformation, occurred at 215 cm 1). The
remaiﬁing skeletal fuﬁdamental.‘vs, the'GeF3 symmefric
deformatlon. involves changes in both CGeF and FGePF angles
| and so0 was assgigned to the lntermediate frequency, Just as.
the symmetric methyl deformatlon (ca. 1250 cm 1) oceurs
betﬁéen'the asymmetric deformation (ca. 1400 em™1) and the
methyl rock (ca. 80Q cm'l) in the analogous methyl group
| vibrations.- - ‘ ‘
‘ For the MezGer compound, fitﬂ_skeletal modes were
expecfed, but‘only.tWB-Ehvelopes Qere observed in thé Raman

% was polarised

gpectrum of this region. The higher at 259 cm”
and asgigned asg vg; the GeF, scissors mode, again by com-
parison with HzGerés:gnd MeGeHFzéé. The remaining four
fundamentéls had to be assigned tentatively to the other

. envelope which showed two' maxlma separated by oﬁ&y 15 cm 1.'

Thus the normal coordlnate analy31s was performed on the.

-
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three compounds, " ‘ _ o ' S :“ .
| In- the course of this analysis. only oorresponding force
constants were allowed to vary in. each step of the calculation
and 1ntsractlon terms were introduced and varied at the same
-8t of the calculation. A scheme showing the forte constants
usZZfES?\the order of refinement is shown in Figure 1 5. 1.
Thus in step 1l,only force oonstants 1nVOIV1ng the methyl and
GeF "ends" were allowed to change, whereas in step 2, those
involving the GeC bond(a) were unconstralnsd. and so on.
Because the ordering of the skeletal fundamentals of
Me,GeF, was not known (i.e. it was not known which frequenc~
Jies to attempt to match) the oalculatlons of the monofluoro- -

and trlfluoro-_compoundswerecompleted flrét. The vealue for

f CGeF in Me,GeF, was then fixed\at the average vaiue from
MeGeF3 and MeBGeF and the calculatlon for M’estF2 resumed.
When f CGeF was finally ‘allowed to vary in stages ‘4 and 6,
the four frequencies picked out from the Ramen spectrum were
well reproduced and the values of the forgg_constants involv-
ed, £ CGeC,.f CGeF apd f FGeF appeared to be in line with
expected values, i.e; f CGeC not significantly different,

I CGeF in betweeén tW® values for the other two compounds and
£ PGeF a little I\wer than its value in MeGbFBZ The values
are listed in Table 1. 5.1 and the p.e d.’ 8 among them in
Tables A3, A6 and A7. ,

For a better ovorall comparlson the calculatlons were

extended to include GeFu and MeuGe using published spectro-

3

67,68,
Bcoplc data » While the resultant stretching force

-



CH,GeF (CHy)pGeF,

F F \c.—-"'w--._ -
Stage 1 . ke ‘t
. f CH ' £ CH
£ CH/CH .. "f CH/CH .
. £ HeH 77 £ HeH ‘
£ HCH/HCH | £ HCH/HCH
f GeF . - £ GeF
- £ GeF/GeF f GeF/GeF .
T FGeF o T FGeF
f FGeF/FGeF
Stage 2
- £ HCGe T f Hege™*
f HCGe/HCGe £ HcGe'™/HCGeLl+t
‘£ CGeF £ CGeF '
| o £ CGeC . \_
Stage 3 ' ) -t
| L GeC " .f GeC
f GeC/GeC
£ GeF f GeF
f GeC/GeF f GeC/GeF
Stagehh -

All main (diagonal) force constants

Stage

All interaction (off-diagonal) force

Stage 6 ' ) .
All .chogen force,constants

Figure 1.5.1
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mable 1.5.1 Foree Constant values for the fluoromethyl-

germanes

Force ° - values™ in; ) &

cbnstai}"t_ ) No. GoF,, MeGeFs Mezger' | Me3fi§F -Méucé'. '
Ton L= gk 58 580 W77
£.6eC \"{ 2. -7 33w 325 208 268
foer | 3 sk 475 w7 382 -
f HCH .. | l\\‘ 4 - 49 49 b9 48
f HCGe® - 5 - : 42 43
£ HCGE 6 - ve . 45 b2 v,
£ Cael™ 7. - - 68 68 51
';h CGeF 8 - 46 Ll 39 -
£ FGeF 9. 71 92 77 - -
£ CH/CH 10, - b oy 5 5
£ GeC/GeC 11 - - -1 10
f GeF/GeF 12 22 18 7 - -

- £ HCH/HCH 13 - -2 -3 -2 Ty
£ HoGe:/HCGE: W - _'2 2 " R
£ HCGe*/HCGe!! 15 - -2 -3
f GeC/GeF 16] - -2 3 6 -

" £ XCeX/XGeX” 13 6

) _*) units Nm‘l for stretching; Nm.rad'z for bending

force constants

#) X =F or C; see text
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" constants fitted nicéiy iﬁto?expecfgd trends, the. bending’
iQ'force constants, f FGeF and Q‘CGec respacfively}lware found
not to fit at‘;11 well (Table'i 5.1). In retroapect thie is
. ngt.surprising because the force conatants £ FGeF/FGeF and

£ CGec/b&eC were not ‘ugsed since only interaction terms common '

to all three molecules were utilised. (This also helped to

minlmlse the number. of force constants). In the tetrasubstlt-

uted compounds, hoquer. their\lncluslon 1s‘esgent1al Tor the -

golution of the problem, whereas they are not needed in the
other_three because the interaétion"they_describe is .
"abgorbed” by a change in the CGeF .angle, which is reflected
in the value of f CGeF, rather than a f FGeF/TGeF‘term. This
motion is.depicted in Figure 1;5.2: '

Fy - : F

b
. /’+ . ‘ /f?/// .
\__7\“ - \a"--\_‘
r 9’ . ' rF I'-‘/"
Gqu' : o MGGGF3

Figure 1.5.2

A comparison witﬁ the spectrum of MeSiFB, however, . ,
suggests that the 3331gnment of MeGeF3 outlined above is b
error, if the two are comparable. NCA calculatlons on all
MeSLx3 molecules (see Chapter I.2) point to an agsgignment
which places Vg the symmetplc deformat%}n, at the highest
skeletal frequency (which band also appears the most polar-
iged of the three bands in thaF'region if the Raman gpectrum)
followed by Vq,, the gsymmetric deformation andafinally Vi1e

the SiF, rock at the lowest frequency. A similar ordeting

’ 1

72,
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for MeGeF, cannot be reproduced under ‘the cpnditibns out-
lined ®bove, but is possible when the interaction terms

£ CGeF/cGeF or f FGQF/FGqF.or-both?éré included in the calc~
ulation, Furthermore. the values of £ CgeF and £ FGeF vary
ﬁidely'depending on'which of the interactions arelused. When
both are usez, a variety of results ate épta;ned_depending |

" on which othdr interactions are used and initial starting
values, s}nce four variébles are ‘bheing used to éalculate only .
threg frequencies. (Howevqr{ when the calculation was attempt-
ed with £ CGeP/FGeF as the only interaction term fér the
entire MeGeX series, the solution would not converge,
-although it did for the MeSix3 series). Some representative
values for the different conditidns are shown in Table 1.5.2.
Thus the inclusion of only one extra interaction term can
calcuiafe a different assighment based on the same observed
spectra. Indeed, choosing tﬁéq?aiueg from the first dolumn

" in Table 1.5.2 would indicate a smooth, consistent trend for
both f CGeF and &specially £ FGeF if they were used in

Table 1.5.1. Thus for a series such as the.fluoromethyl-

germanes, where the molecules are not similar in structure

. Table 1.5.2 Force constant values (Nm.rad'z) for bending
. force congtants in MeGeF3 ‘

4 / 3 f.c. 3 f.c. . - q’ f'c'

£ CGeF  6L.7  45.3  50.3
¢ f FGeF 76,1  89.1 85.1

f CGeF/CGeF  '16.4 o* 5.0
_f_"FGGF/FGG.F % e 12.9 ' 8.9
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(in terms of symmetry and number of kae atome) the use of
normal coordinate analyeie to’ compare bending modee is

tenuous, although. as has already been dlecueeed abcve,

" the comparison of stretching force conetante*can haVe some..

physical meaning. . )
The.abiiity to reproduce just about any aseignment
removes some of the credibility from NCA in a case such a8

the ohe abOVe, but it can also prove very useful in others.

" This is illustrated by the‘aselgnment of the fundamentals of

MeSiF,, as is discussed in cﬁﬁ?ter I.2, and the reassignment

of MeGeF3 and eubeequently of MeGeClB, as presented heye.

In the geries MeGex3, there zi llttle doubt regardlng
the assignments of M’eGeI3 69and M’eGeBr3 70, but there haoe
been three different aeelgnmente for the skeletal modes of
MeGe01363 171 ?2. Aeeumlng that nature requires a emooth trend
of force constants on paeelng from 1od1&e'u)fluor1de. then
each dlfferent assignment can ‘be calculated. and those '
verelons dlscarded which glve force conetant values that do. =
not fit acceptable trends. In this case, the force constants,

Including the interaction terms, are describing the same

motion in each molecule, since they eachwhave the same geo-

‘metry (and hence:symmetry) and so whether one particular

_1nteractlon term is used or not should have llttle affect on.

the final result, as long as each molecule 1e treated

elmllarly. The ekeletal deformation fr&guafblee and p0551b1e A
%

agsignments are shown lqiTable 1.5.3. Assgipghments (a) and

(b) are thé“two passible’ assignments assuming that Vg is the

=
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R eble 1.5.3 Oceerved deformation frequencies (cm l) and
) possible aeeignmente for MeGex3

X F Y 3 I ' . Br ‘ I-. R . S
o (a) . (b) (c)  (d) (e) (£) - . - . v :
V¥ G°x3 rock’ 194', 254 194. 180 144 143 - 162 156 R e

ve GeXydef.(s) ' 292 292 254 180 179 136 125 ~ 98
vyp GeXg def.(a) 254 194 292 141 179 177 S+ . 72

"aesigqpent (e) ref.so\(d) ref. 63‘(9) ref, 72 (r) ref. 73 :u ; .._*f
. . \ . o A o .
X hlgheet of the three bands as is probab&y the’ caee in MeSiF3
» (if the polarisation data is correct). and {c) is the aesign-
ment already publlehed50. For MeGeClB, columne (d), (e) and o
Y. {f) are the three publlehed aselgnmenxs. Force conatant calc-
ulatlons were performed for all the aeelgnmente in Table 1. 5 3
.usxng LARMOL -(see Appendix 4) and ‘the values of thoee force
constants responsible for the skeletal deformations are-llet—
ed in Tablé 1.5.4 (abstracted from Table A8). Looking g%ret .1
at MeGeI3 and‘MeGeBra, since theee aesignments are not in° '
doubt, it is seen that as X becomee llghter, the values for:
' XGeX and fCGeX decrease sllghtly, whlle the 1nteract10n‘i o
terms are small. positi and 1ncreaee. For. MeGeClB, aselgc— - .
ments (e) and (f) produce a large 1ncrease in £ XGeX and a

- © : ) &

e

_ . -

Table 1.5.4 Bending force constants (Nm.rad'z) for MeGeXB.
s F . =Cl Br .- - T «

‘ (a) (b)) (e) d) te) (f). :

T CGeX 59.5 95.8 45.2 60.7 36.0 34.0 60,6 Ok,

8 -
£ XGeX 79.9 45.8 9.2 71,7 106.5 85.2 68,2 75.6 '
f0GeX/CGeX 4.4 17,9+ 0¥ 6.2 0.7 -1.3 3.8 0.9
fXGeX/XGeX 9.1 4.5 0% 8.9 9.4 -12.0 4.4 3.6 )
o e *fixed; initial values <0.1 . v
.
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”311ane series, using a different type of force field, is T

large decreasé.in f CGeX. while (f) also'gives negativé\ -

interactlon terms. By contraat, the.. values whloh reproduce

h a8signment (d) are falrly conslatent thh those from MeGeI3

; and MeGeBr3 and on this account would seem the most probable.,'

The near coincidence of_v5 and vy, 18 g%so observed in the

:silidoh analogue. If (d) is then the faﬁqured aagignmant for

MeGeClj; and the trend ‘of approximately constant (possibly

'slrghtly 1ncreasing) f XSeX and f CGeX values and positive.'

increasing interaction terms is to be malntalned then

'3381gnment {a) is the flogical -choice for MeGeFj, and in fact .

this does parallel the most favoured assignment for MeSiF3.'

111) Other' Calculatlons '

L

. Unfortunately, the NCA.was not 80 deflnltlve for

'"the a381gnment of Melea, 820 alternatlve methods were sought

that mlght elucidate the problem. One ‘that was used Tor the

repeated here. asziconfirmatidn of the assignmen% for the

me thy lgermane analogues. In the chapter on "Vlbratlons in

"Herzberg 8 bookl. the author developes expressions for the

potentlal energy of a molecule in terms of a f“ntral force

74

fleldgk.flrg$ described by Dennigon’ . Thls assumes that the

'fOBCE acting on a given atom is the resultant of the attract-

ions (and repu131ons) of all the other atoms, bonded and non-
bonded, and as such these forcea lie along the lnteratomlc
axes. The result is an expreSSLOn.relatlng normal vibrations,

the force cofistants and the geometry of the molecule as

variables, along with the masses of the 'atoms. Thus for a

.4
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pyramidal XY3 molecule (euoh as NH ) the potentlal energy ie

f
expressed in the form of two- force conetante (one reflecting :

.the rorce between x and ¥, the ‘other between Y and Y) and -
the - changee in the dletances between them. These changee are:

" then expressed "in tury, in terms of the dieplacement co=

ordlnatee for each atom and the angle By the angle between
the three-fold eymmetry axis and each x-r bpnd, and the :
symmetry - coordlnatee. The reeult of theee manlpulatlone in

this case" is a eltuatlon where . the force cogstants cancel

.out of the resultant expreeelon, which- then consists of one

geometrlc parameter (B) and the four fundamental frequenclee-

ae the only varlablee. Thls expreeelon (ref l. ‘Do 163) ie

given as; I : T . : :m_ )

.4-

‘where the v. are the observed fundamental frequencles and

- m and my are the maeeee of X and Y. The beauty of . this

~

method - is that belng'lndependent of the force conetant .
valuee, the calculation avozde many of the uncertalntlee
and - aesumptlone inherent in NCA. When thig method 1e applled

to the second and thlrd row trlhalldes. however. 1t becomee

”clear that the calculated value of ¢ is about 10 less than .

- the experimentally determlned Value (Table 1. 5 5).

In teetlng the simple’ applicablllty of this, approach to
the MoMX3 soriees (M=51 Ge) it has.to be agsumed that the

methyl group hae little influence on the skeletal v1bratione

. of theee molecules, elther by 1gnor1ng dt altogether or by

. \4

e

- -1 i -
3my 3mx | _‘
3m¥+3m o L (5-2)
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Table 1.5.5 Comparison of B values for aeleoted_k!a'-‘

§ molecules | : : -
Bobs o Beale Bobs*Beale

. Pc% 610 .- .'510 130 R
i ‘\"‘L " PBr- ) ,650 550 . S loo -
-q, 3 ‘ '
o o =0 ) » 0
o - ASFB 600 | 450 . -150 "\

. ascly 59 . 50 7

ooding'its mass to the M atom creating'a "MeM" atom of-maso
'&g‘and o4 (for silicon\gpd germanium respective;y) at the

apex of the pyramid. As a rcsdit‘of this_simplification3 one

of the three skeletal modes present in MeMX3 "di%appears".
~Inan XYB;qo%ecule there -are only two deformations,analogous Q}
to the symmetric~and asymmetric MXj deformations; Vi and Via

« The MX

in MeMX rock, vll' 1nvolves the. deformation. of  the

CMX angie and haz the MX3 unit rocklng v1r¢ually unchanged.
In terms of the XYB molecule, this simply corresponds to a
rotation, and thus does not appear in the calculation. This
turns out q‘to be extremely useful, since now the one al mode . -
Land two e modes for MeMX3 become one al and one - for the
XYB‘analogue. Thus if the a, mode can:be ?etermined un-
ambiguously from the polarised Raman spectrum, which is
usually the cgase as most of the compounds are liquids at -
‘room;temoorature, then only two asoignments'éfe possible,
and this method will, if the assunptions are valid, .disting-
uigh between them;/:zf:;alues used in oaloulating'S‘for the

varioud MeGeK3 molecxiles, and the approximate description of P!

L

the fundamentals used appear in Table 1.5.6. In accordopce

L] v . -
-

-
e e B
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Table 1.5.6 frequéncies and descriptions of fundamental
i vibrations used in ‘8 calculations for MeGeX 4

‘ . PO «  CY CBr I y
MeMXs XYq (h)#(b) (c) (d) (e) (£) -

~

XY sym.str.  vy=v; | 730 730 730 398 398 398 264 - 195

XY. sym.def. SV, -292.292 25% 180 179 136 - 125 92
3 572 £ : .

XY asym.str. leEvB 742 742 P42 424 K24 424 312 . 251

XY, asym.def. vy,=v, - 254 194 292 141 179 177 94 67 -

*for ‘assignments and references, see Table 1.5.3.

with the evidence from Table 1.5.5, the calculation of o,

the XGeX angle (related to B by sin a/2 = /3/2 sin .8) was. .

performed with B and (§+ld).The results.are displajéh in

Table 1.5.7 where i) and ii) refer to the two approximations
Al . ;

as to the. mass.of M described above (i.e. Gerand'"MeGe").

' TwoJ‘alculgtions were performed for MeGeI3 using frequencies -

| froh"the 1iduid‘(+50°c)_spectra6? used -in Tabie.l;5.6.land

*

Table lﬁS,Z Cﬁlculated values for B and o for MeGeX

3

. ) B v g+10 - " a °
HeGeF, (a) i) 54,8  90.1.  64.8 °  103.2
: i) 5,2 89.2 64.2 2024
. (). i) 39. 0. 66.1 49.0 81.6
CEE) L 38D 65— ABIL - 80,2

(e} 1) 644 - 102.7 L 113,0

Lii) 64.1 102.4 74.1 112.8

MeGeCly (d) 1) 54.6 89.8 6.6 102.9
. ii) 53.9 88.8 63.9 102.1
(e) i) 62.6  100.5 . 72.6 1i1.5

i) 62.3  100.2 72.3. 111.2

(£) i) 69.1  108.0 79.1N  116.5

i) 69.0 ° 107.9 79.0 116.%

MeGeBr, 58-§ 95.4  79.1 107.5 -

MeGel, 59.9  97.6  69.9 .  108.9°

79
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also from the. solld.awhere W to \ﬁ are 196 91, 242 and 6?l
cm'; respectlvely ‘These latter values glve rlse to angles ‘of
a=98, 6° and «'=110.0°, not’ apprec1ably dlfferent from the
results in the Table. Also for X=Br and l, the'masswof!the
methyl group was igaoredi due te.the decreasing difference
in the £w6 appreximations as X becomes heavier.

Any discussion'involving a coﬁparieon of‘a"With

experlmentally determlned values of XGeX must be approached

< with cautlon because of the many assumptlons made in the’

‘method. Such a eomparlson, if one is to be'attempted, should

start w1th the trlbromlde. since it is the only molecule

which is unamblguously assignéd that has had its structure

‘ determlned?s. The agreement mable '1,5.8) is almost

embarra381ngly close. but it is not suggested that this is

- - g . v
L]

Table 1.5.8 Calculated o values ‘and observed XGeX angles
' for MeGeX3 molecules

o« XGeX | difference
leGeFy  (a) 102.8 2.7
' (b) 80.9 105.5%* 24,6
3 112.9 , I
MeGeCly . () 102.5 . 3.9
(e) 111.35 106.4° k.95
- (£) "116.45 10.05
MeGeBr, 107.5 C107.1° 0.4
' HeGel, 108.9 - -

a) ref, 51 D) ref., 76 ¢) ref. 75
#) Durig et al. (ref. 73) obtained ClGeCl 112.9°, but used
an incorrect assumed GeC bond length

- 3 \' " 80.

[ ' 4
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a vin¢ica£ion of the method and its applicability. However;
from tﬁe force constant a;gumenfs alread& presented. the ‘
preferred assignment ap‘this point'is {d), which ig the |
closest, albeit marginally, tp'the experimental result. For -
MeGeF3 the favoured‘assignment {a) is againﬂfhe closeéf.
However, more important is the tqendln angles. getting wider

as the halogen becomes larger, as observed experlmentally

It is this observatlon which is considered the crux of the

-
L}

argument. _
: Despite_soﬁe of the foregoihg discuésion on the validity
of usingqfrequenciesialone. considering-the change in freq-
uencies in =a ser%gé can be 1nformat1ve 1if used with care. A"
~ survey of the percentage 1ncreaées in frequency on g01ng to’
a llghter halogen is presentedn\L Table 1.5.9. ThlS reveals
a

. that ,the assignments propesed ove ‘for MeGeF3 and MeGeCl

3

AU

Table 1.5.9 Change-in wavenumber for skeletal bendlng modes
in MeGeX3 molecules (%) )

. F(a) cl(d) Br - I
8 . 11 B o b ’

Y1 GeX3 rock 194 «—— l?O:TT_____ 162 156
v5 GeXy def.(s) 292 «—52— (180 «——— 125 ~—22— g8

W, Gex3 def. (a) . 254 0 Ny 50 gy <= 72

LT

F {from ¢1(d)!} 61 {from Br}
; | () (c) '~ (e) {£)
GeXy rock ' - 254t 19k 14y HE a3t
GeXy def.(s)  292<%& 254 <L 179 % 136 «—-
aeXy def.(a) 14—t 202 c1pg A 177 AL

\.
\



/Y /

]

,
ol

* ’

the only ones which produce a consistently increasing

pr ortionel'chaﬁgein‘wevenﬁﬁﬁer:'except for:the Gex3 rock,

ere'the actual increase is shell. and thusthegpr0portionai.-
increases‘more/pEone to error. If in fact it is the mass of
halogen whlch is the mgjor factor ;; determlnlng the energies -
of the skeletal v1brat10ns. then one would expect the changes
to be as shown using #he (a) and (@) 3331gnments‘for MeGeF

3
and. MeGeClB. with Y 1ncrea51ng more rapidly than \Jl._as it

1
is more sensitive to a chenge in halogen (51nce it depends on
XGeX, as opposed to CGeX). Reflecting a change in both XGeX
and CGeX, \3 increases at.a rate 1ntermedlate between the

other two. Note that once, agaln. ass:.gnments (e) and (f) for

' MeGeCl3 could be reaected on thls count, as both of these

versions call for a lowering of the wavenumber for the Gex3

rock.compared to thq bromlne derivative and 1ndeed even below

.. the .value in MeGeI3

This new assignment for MeGeF3 is not totally inconsist-

-ent_with the frequency comparisons presehted at the beginning
of this ejapter for the original assignment. The skeletal o
deformation ﬁS?e in % 6J!"'at 215 cm”

1 arising from the.

to a531gn the GeF3 rocklng mode

1, which 1s.107
-1

in M‘eGeF3 $o the lowest fré¢quency at 194 cm

‘lower. The highest frequen y'ln M’eGeF3 at 292 cn. was

originally é331gned as the asymmetrlc GeF3 deformatlon by

comparlson W1th the FGeF deformatlons in H2GeF2‘ﬁsand

jMeGeHF266; both at 280 cm 1. It is probably most fortultous,,

-1

but nevertheless 1nterest1ng to note that 280 em ‘1ess 10% -
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is 252 I may be more reassufing to observe the Sym-..

métric deformat;on between the asymmetrlc deformatlon and the= N

rock. seelng as it is the result of a combination of the angle

. changes caus;ng the other two vibrations but thls ishot a

: concrete argument agalnst its. occurrence at the hlghes-l:f""'""“"'I
frequency. Indeed, it is found between the other two modes -
“hen the halogen is much heaV1er than silicon in the Me81x3

analogues, and it is approx1matehy coincident w1th the higher
y .of.tne other twa in MeSxClB.‘However, as is mentloned'ln

. Chapter I.2 the chioride seens to-oe the crossover, pointl,

The Raman spectrum’of ‘that region recorded in tms laboratory '
(see Figure I,2.7) indigates that the symmetrlc deformatlon

:lS 1flanyth1ng probably tne higher of the two "coincident”

frequencies. and that the crossover has already taken rlace. -

- ' The foreg01ng discussion has attempted to p01nt out some
*;:D of the dangers 1n draw1ng conclusions solely from either

| frequenc1es or force constants alone. This is especially
true for bending:modes,-whe‘ :for approxlmately tetrahedral

| groups there are several ways to define the 1nteract10n terms
espec1ally where the atoms or groups bonded to the central
atom,are dissimilar. Stretching force constants. on the other-

~ hang, are.usually fairly well defined and therefore their
‘values are more felieble._Also.jbecause of the rule of thumb
relationshif.with bond sfrengths within a relate&_series,'the
direction of %he trend can often be‘predicteo. Unless the
problen is well definedjltherefore, addioional data.and calcr
ulations should be used'in'conjunction with 'a NCA.
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VIBRATICNAL SPECTRA CF
THE METHYLSILANES . .
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:

frecorded the infrared spectra of CH381H3 ' along wrth

. and CHBSleu Several normal co- ordlnate analyses of varying.

tives of the mono-~ and dlhalogenomethy131lanes would be’

PR

I.1.1 Introduction - . - LT . o

The V1brat10naI spectrum of. methy151lane was first v

publlshed in an 1nfrared study about 25 years agol in ah:. v

organic chemlstry Journal This glves a hlnt'as to the P ?
lmpetus behind advances in organ0511;fon ohemlstry, as a °
_ oomparlson with organ:c chemgstry. ubsequently. others haveg -

. L] -~ 3
R .
T e

CH351D33 and Raman and’ 1nfrared spectra of CHBSlHj. CH381HD2

h
0"

sophlstlcatlon have been performed, on CH331H3 alone"s -7 7;2 o
and with CH 51338 2, Two of the more 1nterest1ng analyses

used a force field calculated from data .on CH381H3 and =~ " °
CHBS:LD3 to predlct the fundamentals for the perdeuteromethyl -

10

derlvatlves; CD351H3 only in one™~, and both 1n the otherll

- It was realized early in thls work that the methyl d3 derlva-

needed to ass1st in the V1brat10nal a351gnments. and although

only the CD Slan3 - (n 1, 2) were eventually used, CDBSlD

,Was also prepared to test the :accuracy of Clark and Weber* g1l

predictions A fq\ce fleld was. calculated ugsing the data’

from the four 1sotoplc variations,. but comparlson of force

.constants other than those for stretching is. not really use-

ful, due to the differing'variety of'interaction terms used
in‘the‘two-studiesi",p e .- .



-

1{1.2 Preparation ' ',’{‘:_

i) CH., SlH

3 and GHq 1D3

H
- ]

These compounds were- pre ared by the reduction by
\

exoess LlAlHa and LiAlD, of CH}‘
“Iyiéllj. A three-necked, rouné-bottomed flask containing a
Teflon ooated megnetio stdrring bar was fi%ted‘with a right-
angled tiboing tube; and’conneoted to the vacuum line mapifold
by ‘a ‘condenser (Figure A.1K) designed to contain a dry ioe/ '
methanol slush bath. The tipping was filled with the lithium
salt (1 - 5 g), and the apparatus.was evacuéte% -Dry dibutyl
ether, followed by the chloromethy181lane, was dlstllled into
the flask and the condenser then Tilled with ‘the dry 1ce‘$
slush The whole apparatus was closed to the manifold and

some of the llthlum salt (approx 1/5) was tlpped into the

stirred, llqulds. After anprox1mately/20-30 seconds the appar-

" atus was opened to allow any. gases :to expand into the. manlfold

which was then closed to the ‘apparatus, and these gases passed
into a train of U-traps containing liquid nitrogen. The cen-

denser effectively preyenfed the ether or unreacted chloro-

) . Wy .
- gilane from leaving the reabtion vessel. This procedure was

repeated until all of the 1;thium,selt was used, or until
thére was no further evolution of gases from the reaction
,miktdre. ‘Phe products from the U-traps were collected and
passed throegﬁ traps.held ap--78°c which trapped any ether
which escaped the oondenserg -160002 which held the methyl-
siiene, end -19600. ghe purity of the products was checked

1

ﬁrincipally oy ‘H n.m.r. and vapour pressure measurements.

oL

81H012 and CHBblcl3 respeotlve-

.:}'r!' I



and CD.S

i1y CD331H3 3 3

- The 31lanes SlH4 and SlDu were requlred as starting

materials for the preparatlon of these compounds. Silane

was obtalﬂed commerczally. ahd sllane-du.was prepared‘byﬂthet

LlAlDu reductlon of SlClu in a manner analogous to the
preparatlons ebOVe, except that ﬁhe products were passed
through a trap at —16000 prior to collectlon in a trap at
—19600. ?urity was checked by 1H_n.m.r. fqr,S;HQ‘end by
Raman spectroscopy for SiDa,.fo detect any unreduced Si-Cl
'bonds.r ) ~. |

Dry hexamethylphosphoramide (HMPA; epprox. 50 ml)
"was poured under positive dry nitrogen pressure (applied

through the manefold)lnto a three-necked flask (150 ml)

contalnlng a Teflon coated stirring bar, and fltted with a

tipping tube Ao that the stem of the tube hung vertlcally
The 301ven? (vapour pressure at.22\C 0.2 mm_Hg) was pumped
‘on for about 5;10.minutes. “Again under & positive’ pressure
oftdry nitrogen, small pieces of potassium (approx. Oizlg);.
which had 5een rinsed in low boiling point petroleum ether,
were placed in the neck of the reaction vessel and held
.%here until the‘nitrogen flow had evaporated tbe ether.

The potassium was then added to the‘solutﬁonﬁnhich turned a

<

dakk blue colour as the pota531um dissolved. The stopper to‘
‘the neck of the reaction vessel was peplaced and the solutlon

_pumped on for approx. 0.5 h until the vapour preesure of the’

neat solvent had been attained. The tipping tube was then

immersed in liquid nitrogen and an excess (with respect to

potassium) of ‘the silane'Wasﬂcondensed into it. The stopcock

¥

.+
v . : (-]
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‘nltrogen and CD3I condensed into it. The CDBI was- allowed

to the manlfold was closed and the 31lane allcwed to warm

p At flrst. bubbles on the surface of the solution took

on a yellow sheen. As the 51lane became abso:bed-lnto the

solutlon and reactloh (equation 1) took place, the solutions

8 1 . . e

HNMPA

R ZSth + 2x DEA, 281H3 K* + Hy Y (1) .

- '

became clear and turned to a bright, yellow colour. THe

reaction vessel was opened to the pump through a train of
B-traps at -19600. to retaln excess silane, until the vapour
bpressure returned again to approximately that of the neat

solvent. The tlpplng tube was again lmmersed in llquld

to warm and as reactlon (equatlon 2) took place s0 the solu-

_tion became clou&" and turned white in colour. (Care had to

SlH3K + . CD3I ——p CD381H3 + KI (2)

be taken at this point to keep the ‘reaction vessel from °

' becoming too warm, by occasional immersion‘in an ice bath,

bjherwise the solutien took on a reddish tini and the yield
became low to Abn-existent)‘ The resulting gases were passed
through a trap at -78°C to retaln.lodomethane, -160° C to )
retain the methylsilane and -196°C to retain. any excess 31lane.
A p0551ble contaminant, dlmethy151lane, whlch arises from the

removal of +two hydrogens from silane in the first stage
(cf. equation ( is almost imposSible to geparate complete-
ly from methylsilane (the melting points differ by 6°¢%5),

3 ”ﬂ Purity was checked by Raman spectroscopy, which

would detect CD4T from the strong C-T ‘stretch at 501 em~1 16

4\\l_4:

a
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by -H'n.m.r. spectroscoﬁﬁ'for CD3SiH3. which Aindicated -

: greater than 97.5 mol % D for the CD3 group, - and 13C n.m.r.

LY

spectroscopy, whlch showedconly the expected sSeptet’ reeonances

‘for both compounds._ S '. S o
‘ | The mass spec¢trum of both CD331D and CD SlH;‘tas
‘also recorded with that of CD4SiD, 1nd1cat1ng less than .
1.5% of dlmethylated spec1es, by comparlson of base peak.

' " intensities for CH381H3 and (CH 2SJ.HZJ‘?. The molecular ion
and csi* 1nten31t1es were both very low, 1ess than 0. 5% of'“

. the base peak, which corresponded to (M—ZD)+ The CS:LDn
pattern was almost identical to that for CSth observed for
CHBSiHB, with decreasing intensities from the base peak to
CSi*. The ,products of Si-C fission,. predominantly $iD,*

- and Sl »y Were also 51m11ar. ThlS previous workl7 suggested,
albeit on llttle ev1dence, that the hydrogens, whh_h_are of

. course 1ndlst1ngulshable. were strlpped from silicon first
and then carbon. presumebly due to the lower bond energy

18

(by ¢ca. 10 kcal.mol;l) for Si=-H™" than for_C—H;9.. However,

the mass spectrum for CDBSiH3 and later CHBSiDj could not be

*

as straightforward as this, due Mo the. dlfferent masses of
the hydrogens on carbon and silicomn, and the small but N .

‘definite dlfference in bond energies betweﬁn H and D bound
td the same atom (cf. D(H-H) = 104.21, D(H—D) 105.03 and
D(D-D) = 106.01 kcal. mol~t 20). Computer reduction of -the
data to give moneisot:pic e%undancies revealed that for
CX331X3 (X=H or D) the 1nten51ty of the CX281X peak should

be at least as great as, and probably greater -than that of

’



[

CXBSif; The stability of this former iow could be accounted

for by a double-bonded resonance structure CX2==SiX. or by '

: . . ~z . .
. the/ ability of silicon,to form quasistable divalent compounds

{e.g. SiF,?Y, SiCl,, SiH,, HSiCl, HSiF22). However, without

a metastable siudy the origin of these ions is'sﬁéculation.
Two previous studies observed metastable transitions involving
L . . ..+ 23 ., + 17,23

loss of D, froxp CH381D3 __ and H, from CHBSJ.HZ‘ A N \but

there was no trarsition Qbserved,that‘involved loss of'a

Hiﬁydrogen molecule other than from silicon. If this observa-

tion is assumed to hold rigourdusiy then formation of szsix+

. . i+ .
from the energetically unfavourable ion CXZSiXB* is unlikely
oS ST )

“and itican be postulated that loss of X from carbon in et

CXBSiXT is an important.piocess.'

1.1.3 Calculations

27

The moléﬁular geometr& was taken from microwavé data™",
which gave the following péfaﬁiig}éjf G-H 110, Si-C 186.7
and Si-H 148.4 pm, / HCH 107.7°, and / HSiH 108.3%, The
calculated frequencies were fitted to'the'l%quid Raman data..
bgspite iﬁcdrporating any effgcts arising from intermolecular
attraction, this allows for much better distinction than do
the gaseous infrared'spectré between nearlyfﬁegenérate nodes
and in.the'éﬁerlapping_CDB and StH, (and residual SiH)

stretching regions. . The Raman spectra of CH SiHé and
b ! \

o W, .

* Although thermochemically unfavourable from data on neutral
.species, the sign of the dipole moment of methylsilane indi-
cates that silicon is the more negative site (ref. 24), con-
trary to simple electronegativity ideas (ref. 25) and bond
moment calculations (ref. 26), and thus favours fission of

the Si-H bond relative to C-H after the removal of an eleciron.

-
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CH381D3 were also recorded in this work, malnly because the
only preV1ously recorded spectra were obtained u31ng photo-~
- N graphlc platesu. and also to provide some 1nternal con31stency.

» Thus at hlgh lager power (ca. 1.5 W) and narrow slltwldths :
(2 cm l). the symmetrlc and esymmetrlc S:LH3 deforSSflons
_whlch had been. 3331gned to an envelope centred at 94? cn -1

have been resolved into maxima at 962. and 944 cm 3% Other

count.

slight differences have also beex,taken lnro‘
[ . —

I.1.4 Vlorgplonal Speetra ._qS . , .
.~ The molecules have C3v symmetry? 27, and as such all
~ fungamentals exgept* the a, torsional mode should be observed.
% - Xé well és/béigi polarised in the Raman effect, the a; modes
are expected to exhibit A-type bands in the infrared spectra;
‘The numbering, activity and aoprox1mate descrlptlon of the
medes is set cuy in Iable I.1. l. %

The seuothwéﬁt. CH SJ.H3 and CH331D3 do not differ mark-

edly from these already publlshedl -4 except, as noted above,

for some anreased resolutlon in parts of the Raman spectra,

k

and so are not shown. The 1nfrared spectra of CDBSlH3 and

CDBSiD3 are.shown in Figures I:1.1 and I.1.2 and the,Raman

spectra in Figures I.l.3-I.1,5. The observed frequencies

for these two molecules are listed in.Tables I.1.2 and I.1.3.
Ae might be expecteé, interpretation of the spectra for

these moleculés is more complicated than that of the CH3_
L _ ) ’
‘ deriw@tives because of the "piling-up" of fundamentals. as

et

they decrease in wavenumber on deuteration, and becdause of

| interference from vibragions due to residual hydrogen atoms,

-
L]
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w fTable I.l.1 Numbering, epproximate description, and activity
%, : _ of the vibrational modes of. CI-_IB'SJ'.HB' (H'' = H,D)
, Appfoximate L - Gléés of vibration
-Description - .
CH, stretch . N s EN
SJ.H;3 stretch 9'2 ) Vg
- \ . ] X . v W
o C_H3 def. V5 ‘ 9
CSi stretchx . \35 -
C}\{3 rock ¢ . _ I - o .vll
- Si]_-Ij rock‘ _ ‘ - . V12
torsion : - \’6
Activity: \‘ i.r.,R(pol.) inactive i.r.,R(dep.)
V1 '
e
‘u' L -

a

Table I.1l.2 Vibrational spectra (em™') of CD,SiHy dnd CDySiD,

. >

CD,SiH, y CDSIDy
IR (gas) Raman (liq) IR (gas) Raman (liq} Assignment
~ 3235 sh 2231 wsh, dp 223 wbr- | 2230 mw, dp ¥r
R 2181 . 1577 | 1580 w,dp vz
Q 2170 }wvs 264 vs, p Q 1562 }wvs 1559  wvs, p vs
P 2157 - P 1850
209 5 p ~ 2133 wwsh 2131 s p vi
2068 vw " 2062 ww Iw .
1982 vw ' 18972 vw 2wy
1044 vw, dp 1036+ : R
IS ). . R 1013
Q 1001 s 1000 m, p Q 1001 }m B8 m, p va
Pouag P 990
- R a5 ~ 957 wsh, dp 693 B, vs 682w, dp v10
? 2§(1) VS M5 m, p 77 vs 710w, p v
S N
. T3 om 7T whr, dp H . 380w, dp . vig!
I 857 l R 633 ) .
006 L a8 ms, p Q 617} vvw 8l ms p e
a3l ' : P05 .
- 457 w, dp Bo8  vw B w.p vii

Abbrevintions are s - strong, m - medium, w - weak, br - broad, sh - shoulder, v - very, p - polarised, dp - depolarised.
The numbering of modés is kept constant for a particular mode regurdless of a change of order to facilitate '
comparisons, * See text, :

-
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_such as the SiH strefch.‘or'CH'benda in the infrared, that

)

are usually fairly 1ntense."This interferencéris especially

notlceable in the- former case where the SiH stretch and CD3

stretches-are in the same reglon.' Because of this near . .

. (' coLnC1dence and the weakness of CH bends in the Raman effect,

.\ N
more rellance is placed on ‘the Raman data than on the J.nrf‘ra-3

0,

: ~
- ped. The Raman . effec¢ also produces 31gn1flcantly narrower'
: //p:ndWTdths, which reduces the chances of overlap, ‘as 1s

\:;;fﬂ_//_;/j ‘exemplified by the full width at half max1mum of ca. 15 cm -1
- N 1

_ln the infra-.

— . . for the SiH
» . . ’ 3

Y. red. This is. best seen in the 2200 cm

stretohes oompared to ca. 90 cn

~ region of CDSiH,"

- A-type band, at 21?0 cm"lﬁ with. sllght broadening to hlgh
e wavenumber at the base. This actually con51sts of four

fundamenfals, v and v the cD stretches and v and ‘o '
1l 7', 3 2 8

the SlH3 stretches. In the Raman Spectrum there are three -

distinct bands, twmsharpT polarlsed bands at 2129 ( vl) and

2164 cm™t ( Vv ) and in the polarlsed scan, a broad band at *

2231 cn - ( v?) The asymmetrlc SJ.H3 stretch,; vgr is

-%l? assmgned at the s&ame wavenumber as the symmetrlc stretch, as
a . is the case in CH331H3 In the 1nfrared epectrum of this )
\\ixijr i _ same region in CD351D3 the residual.slestretch overlaps
l with the weak CD3 stgstohee. but in the Raman spectrum these
* stretches are'clearly seen at 2230 (dep., v ?) and'zljl cm—l;
(pol.,. vy). The peak arising from SiH presen%‘is small and

islseen at 2164 cm'l% o . B

The symmetric CD3 deformations, v3, appear as medium

A

W where the 1nfrared spectrumashows an apparently symmetrlcal -



B

*that the hlgh wavenumber band is 2 v9 rather than v3 + v

‘are not unreasonable ( Vg is at 977.5 and v
RS ”

No

- peak with™m maximum at 945 cm

- ‘ A

. to strong A-type'bandS‘énd medium, polarised-bands at ~ 1000

cm l. but there is 1ess confldence about the asymmetrlc defor-

-matlons, ‘qg whlch are. overlapped by \)3d§£ the 1nfrared and

virtually absent in the Raman spébtra. HGWever, “the fact

that two. bands are observed in the deformatlon overtone region

(cf. the ~ 2800 cm -1 reglon in CH3 compounds ) of the Raman

spectra at 1982 and 2068 cm™* for oD,
em™L 1n CD331D3 allows for an indirect. estlmate of the

SiH, and 1972 and 2052

frequency.- It is most probable that the more intense low
wavenumber‘band is the overtone of V3 (2x1000 for CDBS:'L'H3
and 2?996 em™ ¥ for CD381D l, and if the assumptlon is made.
9
(11e.=has the representgtlon a; *+ e rather than e and hence
is probably more intenﬁe), this puts a lower limit on vg of
1034 and 1026 cm™% for CDSil, and CD,SiD, respectively.
Assuming that the effects of anharmonicity and Fermi reson-
ance with v328~are similar to those for 2 Vg tﬁis places
Vg at 19%3510 and 10361}0 em™1 respectively. Comparison

29

with similar modes in CD3G9H3 indicates that these numbers

g 2t 1032 cm™t).

‘The SiH3 defo:mations.'rvu and vy, appear jn the same
envelope in the infrared'spectrum of CDBSiH3 and broduce a
-1 in the Raman spectrum which
shifts slightlx in the perpendicular écan, indicating differ-
ent frequen01es for vy and vy 4. Thése_are estimated at

ca. 9577( vy,) and 945 omL ( vy). " The SiC stretch, v g is

‘then assigned‘to the remaining strong polarised feature in

-

105
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_}g;ﬁf. .~ the Raman and medium weak A-type band- in the infrared spect-
S rum,gg.'ﬁbh~om‘l\ The remalnlng two e fundamentals at ??3 N
) _ anddﬂéo.cm;l are des;gnated the SlH3 rock and” CD3 rock : 3_"5ﬂ

respect1Ve1y from the potentlal energy dlstrlbutlon of the
_snormal co-ordlnate analy31s. However, due to exten31ve

m1x1ng, this convantxonal descrlptloﬂrds only approxlmate,

o

and w1ll be more fully dlscussed 1n the following section..
Apart from the SlD3 rock, V2 at 390 cm -1 (and .again
the p. e a. shows thls mode to be heav11y mlxed with" %he
_methyl rock), the remaining four- fundamentals of CD351D3
are found .between 720 and 600 cm 1. The 1nfrared spectrum
f) of this region (Flgurel.l.&hhows one intense envelope with'
two maxima at'?1?~and 704 em™ L. The SiC stretch, Vg is
‘only observed at high pressures (160 mm Hg) using the absorpml;
tion expans1on facility as an A-type feature in.the low wave~
- number tail of th&s envelope. The weanness of this band was -
also noted in the infrared spectrum"of (CH )2SiD230. where'
in fact 1t was unobserved 1n the gas phase and was only
weakly present in the SOlld state spectrum. The Raman
spectrum~show?;fhree distinctbands (Flgure]ﬁL?) the strong,
polarxs%d peadat 619 cm™ T, presumably Vs the SiC stretch,
the others belng at 646 and 710 cm “1 with the polarlzer
perpendlcular, however, only two bands are seen;_the polar-

- 1

ised portion of the 619 cm band and'a new maximun at 682

cm l, which is thus assigned as an e mode. It is difficult
to determkne the d&Rolarisation ratio of the band at 646 ém~*

. +as it is overlapped by\both the 619 and 682 cm™% bands, but

&
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Figure I.l.6 Infrared spectrum (750-650 cm !) ©of CD



Figure I.1.7 Raman spectrum (770-550 cm ') of liquid CD:,)SiD3
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the peak at 716 cm completely dlsappears into the tal of

- the 682 cm ~1 band and is therefore assigned: as the al ode.,

" This arrangamenﬁ appears to be borne out by the NCA. The two'.
weak bands at 763 and 583 em™L in Flgureitl.?(both polarlsed)
are most probably 2\;12 (2x389 cm l) and the usually intense
symmetric Si-0 stretch; the latter arising from the‘sllght
hydrolysis that is inevitable whén making repeated manibula-
tlons on the vacuum llne. There was no evidence of ipe hydro-

1

lysis product in the “H n.m.r. spéctrum of the original

sample.

I.l.5' -Calculations and Discussioﬁ \

Despite the large number of force constantibalculations
for methylsilane referred to in' the Introduction, only the
results of Lannon et allo and Clark and Weber™! will be 7
dlscussedln relation to the findings for this work as they.
were the only ones to calculate values for the ;s then
unreported deuteromethyl compounds.

' In ‘the calculation of the force field the usual dilemma
concerning the number of interaction force constants to use

was encountered. In this case the course’ of includjing those
interactions which can reasonably be expected to occur was

" followed rafher than one which would be more mathematically
elegant. Theﬂfiﬁﬁixgpoice consisted of 19 force constants

(seven diagonal and 12 interactions) compared to Clark and

Weber's 15 and the 14 of Lannon et al. Inglusion ipf most of -

—

those extra terms was necessary to account for dlfferences

introduced by the CD3 group relative -to the CH3 group.

\

.
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Using more interaction terms should mean a more adcurate
. F P .

reproduction of the observed frequencies, and this|is indeed
the case. The other studies, haVihg only the CH3-;compdundsf‘
as their data base, should be expeeted to show a relat1va1y
large error in their predictions for the CD3 derlvatlves.

£

while using frequencies from all’ four molecules the results

of this work should be more of a compromlse,eehow1n§ a rele-'

.work are listed'in Table L.1.5 and the diagonal terms compared

&

C

tlvely larger error in the CHB- cohpounds“w However‘thls
expected increase in error in the CH3- derivatifes>is more
than made wmp for by the extra 1nteractlon force constan;s, as
Table ‘I.1.4 shows, The force constants values used in thls
with other values in Table L1.6.. Some differences will be
acceunted for by the differentlinteraction terms used, as in
the case of my values for f HCH. The values of Duncan8 are
also inéluded. as an inspection of his a' values (he used
symmetry co-ordinate force constants 'i.e. separate foree
constants for‘symmetric and asymmetric modes) shows the set
to have greater internal ce;sistency than that of Lannon et
al.who used the same method. . (It should also be noted,
especially with respect to Table 1.1.4 that Lannon et al used
one more sign}ficent figure in the force constants for cal-
culation of the frequencieg).

Although the force constants used in this study reproduce:
the frequencies to 6.5 em™t, or less than 6%, anharmonicity

corrections are probably of this order, again reflectiﬁg the

approximate nature of the force field. The most noticeable

-
R
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Table Id.4 Average frequency error for force constant

‘. caleulations _ - : E
Lannon® Clark and® * this
et al Weber work
381H3 6.7 - 12.0 - 6.3
CH331D3 7.3 ~15.0 6.0
CD4SiH, 22.6 - 24.3 6.7
' -- 27.0 e 7.
CD331D3 | i 7 . 7.0
no. of force .
constants used. < . _ 15 .19
~a) ref. 10; b)) ref. 11 - . N :
.~ Table Ihﬂs Force constant values for the methylsilanes .
— ” ¥
~ No. , _ Description o Value
1 £ cH _ 481,
2 - I siH . 270.
3 /* 'f Csi 295.5 -
I £ HCH . 61. _—
5 f HeCsi ] L5,
6 £ HSiH w, O 50.
7 f CSiH . ' 59.
8 £ CH/CH ' RN
9 £ SiH/SiH 3.5
10 £ HCH/HCH 5.7
11 £ HCH/HCSi : o 8&5
12 T WCSi/HCSi '
13 . £ HSiH/HSiH 4.7
14 £ HSiH/CSiH “h.1
15 £ CSiH/CsSiH = - 3.5 5
16 £ . t-HCSi/CSiH ] 12.2 N
17 . £ ¢-HCSi/CSiH -3.2
18 f CSi/HCSi 16.0
19 £ C8i/CSiH 12.3

D - - . Al - .
Units are N.m L for stretching and N.m rad 2 for bending
force constants. : '

)
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Table I.1.6 Comparison of diagonal force constant values

-

I It I I+ [ |

LW & N Duncan® - C & W° this work
CH . 483.6  189.5 w7, 481,
SiH | 271.7 . 273.5 271. 270, |
Sic 319.4 _297.0 322. 295.5
HCH 51.9 5.1 53. 6L,
HCSi 41.9 .. h0.9 58.7 45,
HSiH i 6.2 41,2 50.
CSiH ] 49,8 - 55.8 53.4 . 59,
a) ref..10; b) ref. 8;° ¢) ref. 11 |

stretching constants N.m~L; bending N.m rad'_2

features of Table I.1.5 are the relatively large values for
interaction terms involving the C-Si bond. Force constants
16 and 17 affect the e modes, and 18 and 19 the a, modes,
Force constant 18 is necessary to keep the CDq deformations
Yy andvy in the correct order, a problem which the other
workers did not have to resolve. Force constant 16, which.
‘descibes the "whiplash" motion of hydrogen atoms trans to

'and v the CH

11 12
and SiH3 rocks. As mentioned above, the 774 and 457 em™t

“each other, is especially prominent in v

bands in CDBSiH3 were assigng@ as the SiH3 and CDj'rocks
respectively based on the major contributor to the p.e.d.;
in this case f CSiH and f HCSi respectively, although this
is possibly contrary to intuition. However, if only the'

contributions from force coﬁstant 16 are considered, it

’

would appeér that these assignments should be reveféed,

because in the other three molecules force constant 16

112
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contributes an average of -37(3)% for the silyl‘rock and

; +13(x3)% for the methyl rock whereas it is the opp031te in

CD SlH (+l?p for silyl and 39% for methyl rock). A lesser
but 31m11ar effect is also noticed for force constant l?
The ordering of Vi1 and vlz‘ln CD381H3 based on contributions

of the diagonal force constants appeared surprising at the

ocutset, but is the éssiﬂnment proposed by Clark and Weber,

although not by Zannon et al It would have been interesting

to see their p.e.d.'s which unfortunately did not appear in L
elther paper. Based on related molecules 31, the frequencies
774 énd45? em™1 appear both too high and too low for eifher
node, a}though 1t should be expected that the CD3 fock would
be the higher of the two (cf.___S_iH3 rock vs. CDy rock in
SiHBX and CD3K 30), it is interesting howevgr} to note the
trends in the analogous CDBCH3 and SiDBSiH3 molecules compar-
ed to MHBLLH3 and I:IDBI-.‘ID3 ( M==031;Si13). In these cases the ‘
MHB aﬁﬁ MDB rocks in the mixed compognd %i?,higher andﬂiewer
respectively than in the symmetric compounds (when the sym-
metric (e/) and asymmetric (e, ) rocks in the latter have been
averaged ). This is’'most dramatically seen in SiDBSiH3 where
the SiH3 rock increases from 502_to 936 em~t (over 85%),
while the SiD, rock falls fromx 376 to 311 cm'l. The assign-

ment proposed by the force constant calculation in this work

- fTollows sthis same trend, as can be seen in Table [.1.3.

s
(These trends are not followed in the heavier analogues

2 . 0
CllyGeH, ? ana sillGelly *7, however).

!

Apart from this point, the only other deviations are
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Table T.l.7 Comparlson of calculated and.observed. frequencles

for CD381H3 and CD381D3
. .
CD.SiH . - CD,SiD. :
calc® obs® ’ caggb cale® calc? olaasa'3 calcb
v,. 21141 2129 2155.5 2113.0 2114.2 2131 2153.3
vy 2173.1 , 2166 52148.8 2172.2 1548.3 1559 1533.6
vy 997.3 1000 1038.0. 1045.8 992.1 996 1022.0
Vi 94k0.4 945 921.0  931.5 ?711.2 710 723.3
Vg 641.6 645  617.1 .607.3 : 617.3 619 577,0
Vo 2224,9 2231 2191.7 2213.1 - 222k.7 2230 '2179.7
Vg 2169.6 2164 2170.7 2171.0 1571.7 1580 1574.8
Vo 1040.1 1043 1029.9 1013.9 ©1039.2 1036 1029.0,
Y1 954.6 957 955.8 956.4 = ' 688.6 682 647.3
'“11 481.0, 457 487.9 720.8 661.6 646 705.8
Vi, ~ 758.3 774 729.8  477.2 383.9 389 400.1

a) this work; b) ref. 1l; c¢) ref. 10

_relatively minor, as can be seen from Table I.1l.7. Both the

other calculatibns have fﬁé CD3 deformations, “3 and vg

reversedin CDBSiH3 (but not in CDBS'iD3 by Clark and Weber);
the latter also getdthe SiH3 and CD3 stretches mixed up,

(and the SiH, stretches in the reverse ovder ) and more

3
unﬁerstan@ably, in the "congested" region of CDBSiD3 where

-1

the assignments of\the 682 and 646 cm — bands are reversed.
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I.2.1 Introduction

3

o Reports of the vibrational. spectra of CH S:LX3 compounds

tarted to appear in the llterature around 1950 (X "F32

133 35. BI‘36),

in contrast to the oorresPondlng germanium

compounds CHBGGXB’ whloh were first reported 1n the mid-

- 1960's (X = 0137 38) ﬁhe report of the spectra of CHBGeF

described in Chapter 1.5 completed the germanium series

(X = Br39. 4o, 41' 42)'

3.

-

whereas -at ‘that time the only ment-

ion of CH33113 had been in a boiling point determlnatlon

1n 1951 » and then later in an n.n.r. study .in 19?3 « The
value of the chemical shift from the latter report iz in™

diSagreement with those recorded in this study,

“however,

The méthylsilane derlvatlves were useful to %he work pres—

ented in the follOW1ng chapters as a guide to the frequen-

cies that might be expected to appear in the skeletal

deformation region, and so CHBSiI3 was prepared and the

vibrational spectra recorded™>, Initial NCA calculations

on various silane and methylsilane derivatives produced a

]

range of values'that- might reasonably be expected for any

partlcular foroe oonstant. The report on CHBSlF 32

3

» Which

distinguished the modes only as far as a' or e w1thout

specifically a351gn1ng them, also included an NCA the.

force constant values from which (there was no p.e.d.

reporped) were grossly different fromhthose encountered

here. It was also obv1ous from the observatlon of 1nfrared

bands at 1032 em” (weak) and 1148 em” (strong) that the

sample, for which no 1nformatlon as to its purlflcatlon

116 .
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" was given, contained some.SiFu_(\b at 1931.8 cmjémg6) and a

significanr amount of a siloxane, respectively (cf. asymmetric

Si-o-s‘i'stretch in (SIf,F),0 at 113 en™  and in (oK JS1HF),0 -

at 1115 om 1'4?] It is to be expected from the 51milarity T

L of S:LF3 stretching and CH3 rocking frequencies. and the
probability of mechanical coupling between the former and
the SiC stretching mode that conSiderable mixing might be
present To partlally reduce this, . the CD';SiF3 derivative
. was. prepared and its vibratlonal spectrum and that of
CH381F3 recorded in this laboratory u51ng the laser Raman

1nstrument rather than rely on the incomplete spectrum from

the original photographically produced spectrumBz. At the o

"
»
P

ime of wqixing, the purity of the CD351F3 samples was notaf
o kno\n hOWe + the frequenCies in its spectra could be ded-

uced from bands common to both samples, Whlch were prepared:

by different methods. 4n NCA was then performed for CH,SiF

3

along with the other CHq81X4 compounds, and in conjunction

3!

with the estimated frequencies of CDasiFB,?with tﬁe aim of

117

by

correctly describing the- vibrational modes. T «

/

'I.2.2 Preparation”

1) CH,SiF. and CD,SiF 4
- J .} .

Trifluoromethylsilane was prepared b& the'trans-

halogenation of CH,SiCl., by passage through a column
3 37,

(Figure A3.¢) packed w1th antimony trifluoride and glass

wooluS. Exchange tended to be minimal unless the chloride

was expdsed to the column under forcing conditlono. This was

a
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T accomplished elther by rapld warmlng of the frozen chlorlde

in the bulb of the column w1th a- hot water bath, or by

Nallowing the CH381013 to exPand into the. column from the

‘ b'lb for 4- 5 minutes at. room temperature; 1y nem. . showed

c mplete reactlon after 4-6 pdssesd, the Raman spectrum

howed no bands correspondlng to the usually strong Si-Cl

stretchlng modes. and the 1nfrared spectrum only a trace of

: SlFu, from the appearance of a band at 1032 cm l. The pres-
ence of a.small amount of SiF,, seeme? to be unavoidable, as
it was present in each ofdthe several timeo the prepégation'
was attempted. The similar voletilities-of CﬁBSiFj and SiF)
ruled:out any complete separation by.simple fractionation.

Samples of CDBSiF3 were prepared (1) from CD SlBrB,

formed by the reaction of' CD381H3 with BBr3 at room temper- - -

ature, and (ii) from the products of a reactlon betWeen
OD4SiHy and IC1 49, Both these products were fluorinated by
SbF3 as for CHBS'EF3 The latter reactlon produced 1od1ne

and no hydrogen and a sharp 51nglet in the lH nJm. r. spectrum
at about’ 6 2,95 ppm, along with 51gnals due, to partially
fluorinated produgts. The sharpness of the sinb t suggested
that it was not due to SiH bonded to a CD3 group (1t is also
too far upfleld) and is sthought to be due .to HCl (cf chem-
ical shifts. (6) of neat HI aﬁd HBr at ca.: -ll ppm and ~4 ppm

respectlvely5 )y formed presumably accordlng to the equatdons

S4+6- &+ §-

CD381H3 + I-Cl~ ‘———-—> ~CD SlH Cl + HI

=2
HI + Icl, —_— 12 + HC1 eto.

for -ai overoll reactlon for complete halogeﬁﬁiionn

.z’:
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~the NCA calculations for the two trifluorides indicate that

‘CH381H12, which was collected in a trap at -45°% along.with

o 195

CD381H3 + 6ICl —> CD331013 + 3HC1‘+J312

- Neither sample was considered to be satisfactorily

' ‘pure, however. .The reaction in (i) produced what was thougﬁt

tg‘be_smail amounts of (dDj)ESiBrZ, and while the 'H n.m.r.

-from reaction (ii) showed only the sharp'éinglet described

above, there was at the time no other means of testing its

purity. By compariﬁg tﬁe spe;fij}of the two samples, however,
Q0

it was possible to obtain a approxlmatlon as to the

.

.appearance of the spectrum 6f the pure compouqd. Resalts of "+

X

—

* the proposed vibrational frequencies'from_the above method:

were reasonable. BT
38113
Trllodomethy151lane was prepared from CH381H3 by

-i ii) cH

. the actlon of excéss HI in the presence of A11351 in a type :
E reactlon vessel. Even after reactlon at room temperature

“for several hours, however, there remalned traces of

>

'bHBSlIB when the reactlon products were fractionated. Excess

HI and hydrogen were pumped off through a trap at —k96°C
which refained the HI.‘The two iodo-,compounds were separated
by raising the-trap temperature‘ro 0% and pumping off the
CH,SIiHI;. As expected, CHBSiig Had lew volatility (melting
point was determined. as 9.8, £ 0. 2%; b. pt. 229 +l 043) and

was almost impossible to move around the vacuum line. So a

U~-trap -was specidlly made (Appendix AL.F) so that the tri-

iodide could- be condensed into a cqpillary tube and sealed



with a minimum of ﬁaﬁipulation.‘Thé 1H_n.m.f.-spectrum

showed only a singlet, with a chemical shift of & 2,40 + 0,02

ppm for the "neat". llquld (contalnlng 5% 1nterna1 TMS ) and
§ 2,32(5)
producing a chemlcal shlft-at infinite dllutlon of § 2, 32
{

H

0.03 ppm. ThlS large dilution shlft of -0.08 ppm is typical

of other lodomethy131lanes. viz. -0.06 for‘bHBSlH 152 -0.08"
for CH,SiHI, and -0.09 ppm for (9H3)231HI53. Coupling conste -

ants had the values J

fThese values,qﬁﬁtinue a trend of an almost monotdénic linear
increase in shlft and JCH as lodine atoms are substituted
for hydrogen in the 1odomethy151lanes. as shown in Table
I.2.1. Thls value for CH38113 dlffers from that of another
stucIy.L.’J'L wl 1ch produced chemical shift values for Me331I,
Me28112 apd Me8113 of 0. 53, 1. 09 and 0.91 pPm respectlvely
-Note that this requires a decrease in 6(1 e. an, increase
to MeSiI

in shle%dlng)_on going from.MeZSLI 39 in ‘contrast

2
- to the $pproximately additive properties noted for halggen

Table Iiz.l lH_n.m.r. data for iodomethylsilanes

Il
P

. os a - . b . .
CH,Si;  CHoSiH,I CH,SIHI, CH;S1I,
(cHy)° 0.10 0.99 1.71 2,40
Joy (Hz)  122.1 1201 126.4 128.7

g) ref. 52 'b) ref. 53 - c¢) neat liquid

0,02 ppm for a dllute 'sample (BA in cyclohexane).

: -~ em .
oy 128.7 * 0.2 Hz and JE5H 8.1 & 0.2 Ha.

120
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_qubstitution 52:33, Indeed,:values for this latter series,

. taken from the literature and this work produce an almost

exactly'additive trend, with observed shifts for-Me4Si,
Me,Si15%, de,SiT, and-mes‘ix3 of 0.00, 0.81, 1.60 and 2.40
Ppn réSpective;y.'Similar trends are also noted for the
analdgous‘germanes;‘where the values correspoﬁding to
Table 1.2.1 are 0.35 (CHyGeH;)%*, 1.1155, 1.8755 and 2.61
ppm (CHjGeI3)56 and to the fully substituted series above

0.13 (iig,Ge )?¥, 0.9857, 1.9155, and 2.61 ppm (CH GeI,).
I.2.3, Vibratibnal §bectra '

1) 25381F3 L |
The CHBSiX3 molecules belong to the C3v point

&

ggbup, and as such give rise‘to twelve normal modes,_5a1+ -

a, + 6e. The a; and e modes are active in both the Raman and
-

infrared effects,with_the-al modes being polarised in the

Raman spectra, and showing A-type contours in.the infrared

effect. The az‘mode; the torsion, is inactive, The numbering

of the modes and their approximate descfﬁption is shown in
Table I.2.2.
The infrared spectrum is similar tp!that reportéd‘

previously 32, except for the absencé’ofvabsorptions in' the

1200-1050 cm™! region. Small bands at 1032 and 389 .cm~L

indicated the presence of small amounts of SiF4, although
this Iitter band is in the position as the highest skeletal
diformation. Avart from tﬁe intense SiF3 stretching modes,
‘and the medium A~type band of the symmetric methyl deform-

ation, Vo the other bands are noticeably weak, particularly

121 °
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Table 1.2.2 Numberihg, approximate aeshription and activity
of fundamental modes for CHjsiXB-

Description &, . 8 e
CH3 asym. stretch , : . v7
CH3 sym. stretch vy i
CH_.3 asym. def. : " vg
CH3 gym. def. T Vo
CH3 rock | Vg
$iC stretch : . Vg '
Sixa_asym. stretch Y10
Six3 sym. stretch vy, .
S%x3-rOCk . _ Vi1
S:.LX3 sym. def.. J§5 ~ |
Slx3 asym. def. B Vi
torsion ‘ Vg

Activity : ' i.r., Ra(pol) inactive i.r.,Ra(dép).

Hl

the CH3 stretching. modes. |

The Raman spectrum, the major pgrtion of,whieh is
shown in Figure I.2.1, 1is also very simple, the bands other
than that at 704 cmfl, assumed to be Vg the SiC streteh,
and the almost equally intense symmetric CH3 stretching
band being very weak. In the asymmetric CHﬁ stretching
region, o features aré observed; the usual depolarised
band expected for Vo and a weaker, polarised band 20 cm"l
to lower wavenumber, at which posipion it ;s unlikely to be
an impurity. A lowering of the symmetry by association in )

the liquid phase could result in a removal of the degeneracy

" of Vo but the splitting is larger than might be expected ¢

-~
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..CHgsnF353, and is thought to occur in CHBGeF 55. this is

TN 124
for such an effect. Although fluorlne brldglng is present in
4 .

3
only a solid state effect and is not congidered- to be a

- Tactor in Cl4SiF,. Apart from the methyl deformation modes,

.the only other regions that contain any fundamentals are o

1900-?00 em™t and below 400 cm™l..The first of these regions
" , ‘ ﬂ.

is shown in Figure I.2.2, where ' the two highest bands at

972 (dep.) and 893 cm"; (pol.)Qare assigned as the SiF3

stretching modes, vig and v, respectively. The remaining

: fundamental expected in this region is vz, the methyl rock,

which should be depolarlsed and thus is assigned 0’ the'
weak band at 786.cm L. The weak, polarised band at BOl‘cm 1,
ma¥ked by an asterisk, is due to SiFu. The three expected

.fundamentals in the skeletal deformation region aryshown in

Flgure I.2.3, where, in contrast to the spectrum of CHBQ§F

. the perpendlcular scan identifies the single ay. mode. The*

orderlng of the other two modes was onl@adetermlned after
calculations 31m{%an'to those performed for CH-BGeF3 (chaptef
1.5), and will beipresénted later. .

ii) @3@3 e | E

The spectra attributable to CDBSiF3 were deduced Y

from comparison of the spectra from the two samples of
unknown purity. Slnce thegywéfb prepared by different proc~
ecdures, it is hoped thaﬁ the impurities present Wlll not be
the same. If this is the case, then bands present in the
spectrum of only one of the samples éan be neglected, and

those that appear with the same relative intensity in both
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| | | |
11000 900 800 700

Figure I.2.2 ' Raman spectrulﬁ (650—1050',cm—l) of CH35>5.F'3

&
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) 400 300 200 ., 100
. - cm

Figure I.2.3 Raman spectrum of the skeletal deformation
region in QHBSiF3
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assumed to be due to6 CD381F3' Appllcatlon of the results '
from CH381F3 in the NCA calculatio¢ns on the CH Slx3 series
to the "heavy" molecule produced approximate frequencies for
CDBSiFé, which, were then used as a basis for selecting the
real freﬁuencies from the two sets of spectra. Bands from
CDj group vibrations were picked out féirly readily, the
only slightly surprising observation (at first) being that
of the:two bands in the CD3 deformation region (1050-1000
cm"l). the higher was clearly polarised and the lower depol-
arised. Thistis‘a reversal of the order of the defbrmations
‘compared to the methylsilanes, and the other CD3 compounds
studied in this work. However, it shéuld be noted that in ™
CpgsiHZF the asymmetric deformafion &as the higher of the-
twé. and in CDBSiHF2 they were found to be coincident, so
perhaps the reversal in CD4SiF4 is ndt_so urtusual after all.
The most intense absorptions in the infrared spectrum, '
together with the CD3 deformation envelope, are two bands

at ca. 960 and 868 cm™T (A-type ), which have weak Raman j
counterparts, respectively broad and depolayised, and rela-
tively sharp énd virtually totally polarised, and are assumed
to b? the SiF, stretching modes. A strong, polarised band at
652 c:ln"l is assumed to be U3, thefsic strgﬁch, and three
bands at 380 (pol.), 323 (dep.) and 214 cm™1 (dep.) the.
skeletal deformations. The remaining fundamentaa! the CD4
rock, should be depolarised, and _probably quite weak. The

only features in the perpendicular scan between 380 and 956

em™ L are the polarised portion of Va5 and .a shoulder to low
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wavenumber of this band. In the parallel.scan this is seen
‘ as a‘broadening at the base of the ﬁeak. and.}s estimated at
630 em™ 1L, The transference of* force constant:values from
CHBSiFBIto CDBSiF3 gave a value fo; this mode of 596 ém“l,'
in fair'agreement taking into account anharmonicity effects.
A& corresponding medium/weak featu;e is observed in the infra-
red spectrum centred at 642 em L. |
The spectra for the two homologﬁes are presented in
Table 1.2.3. The assignmenfs will be discussed later. .
ML) G815 - F
In contrast to the Raman spectra of the trifluoro-
methylsilanes, that of CHBSiI3 is extremely intense. Minimum
laser power and low sensitivity settings still provided a’
strong speétrum.;Thé intensity of the vibrations which invol-
ved iodine atoms can be seen from Figure I.2.4, whgge the
sensitivity has been adjusted so that all bands can be shown.
The low volatility of the compound necessitated a liqﬁid
infrared spectrum, as a gas spectrum showed only a few weak
features. The liquid spectrum @ shown ;n Figure I.2.5, and
shows the expected good frequency correlation with the Raman
spectrum, except for the bands at 1274 and 615 cm'l. for
which the only explanation is that they are due to hydrolysis
'products. The reie_vant region 1is not.shoim, but there are two
bands at ca. 1030 and 1125 of approximately the same intens-
ity, indicating the presence of some siloxane from hydrolysis

in the cell,

There 1s no doubt,as to the assigument of the triiodide,

128
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the spectra of which are dlsplayed in Table I.2, h anﬁnso

will be presented here. The large mass difference between |
the CHy- and SiIB- groups‘is'fesponsible for the separation. |
of therr frequen01es, and means that there is negllglble
m1x1ng of the modes. except w1th1n the ‘groups. themselves.;

o

The CH3 v1brat10ns are in typlcal reglons. and. all vibrations-

-1

of the SlI3 group oceur below 400 cm™". -The only posslble

query of the a531gnment»wpuld be about the,ordéfing_of:fhg S
skeletal modes,. shown in Figure I.2.6. The'polariéed Pand.ét
116 cm'l must be W fhe symhétric~deformétioﬁ. The lowésx--
frequency band is a831gned as Vyo th as&mﬁétrib déformation.
Whlch results from deformatlon of ISiI angles. as opposed b
Vig the S;I3 rock, resultlng from CSiIl angle deformatlon. -
This asdignment can be confldently made on mass and 1nten51ﬁy
gfbun@s as well as comparisomwith défdrmations in'8114 59
(9% and 63 em™) and -Me,SiT 60 (198 and 164 cm™1) which

involve only ISiI and CSiI angle deformations respectively.;

I\}4 Normal Co-ordinate Analysis and Discussion

As was seen in Chapter 1.5 in the reassignment of
CHBGeFB,'an NCA involving all ;embers of the CHBSiX3 series
should provide additional evi@ence”to help in the éssignment
of CHBSiFB' where frequency cbmﬁarisops are not conclusive.
Structures of thé compounds, where avéilablg, were taken
from the literature of from simiiar compouﬁds. The valpes
are listed in Table I.2.5. Vibrqtional frgquencies used were
frbm'liquid Raman data, as found' in the litenatufé; and are

used with one change. In CHBSiClB, where Vg the'symmetric -

L4

1)

-



TableJI.2.4. The vibrational ‘spectra of CH3SiI3
{ . - . ) e .
i.r.(liq) - _Ra (liq) . cale.’ . Assignment
. 3765 w RV P
" . viwd
3690 wbr v3+v7.‘\ .
R 109
3620 vw . . Vitvg
3228 vw . Vgtvg _
3145 ywbr ‘ | 31134‘ N
. 1 “ ' : 7 11 4
2975 mw -~ 2976 w dp 2976.0 u7
2896 mw 2898 m p 2898.0 Vi
. 2805 vw . o Vo=vlg
2765 vw S 2765-ww.p - . . 2vg
2168 w o7 Vgtvg
2038 w VotV *
1966 mw . v2+v3
. 1436 mw "’ - 2vy
1390 s ° 1392 w dp 1392.0 Wy
1274 mw = - ' . *?
.1247 s 1248.w p 1248.0 Vo
V1125 mw - ‘ *
“1030 mw * /
864 vw ’ . : Vgtvq,
790 vs. 794 vw dp "794.0 : W :
L 769 vwsh dp ‘ 2\@\0\ '
\ 721 vs . 72l wp 721.0 v -
640 wbr o v+
615 vw _ e A1l
554 vw : Vo atV
490 vw p , e
458 w 464 vw p VigtVia
v420 vwsh - - %4+vll
388 wvs 388 mw dp 388.0 . V1o
334 w 328 w.p 273,
| " ‘ VetV o
252 m 253.-vs p '253.0 fv4-
228 wsh p . 2v5
171 m dp 171.0 Vi1
116 vs p 116.0 vy
76 s dp 76.0 V1o

|

Tforce constants and p.e.d. in following section

* ) -
hydolysis products

3
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Figure I.2.6 Raman speclsum (30-300_5&1)'0‘1“ CH,SiT,
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Table 1.2.5 Etructural parameters. used in NCA of MeSiX3

x - F c1 - Br I
r CH 110.0 110.0  110.0 110.0
r sic 188.0 188.0 190, 0 193.0
r SiX 156.0 202,1  217.0 . 243.0

n) ' - . : /‘.‘-
fOSET o 100.45° (assumed) ——

*ref. 61 a) ref. 62

\

SJ.Cl3 deformatlon and Ull' the 31013 rock were reported as
accidently degenerate 33 34 from photographic data. that
portion of the _spectrum was rerun on our apparatus, and with
‘. a narrow sllt w1dth (4 cm l) and relatively high laser power
(~ 500 my )} the tracing shown in Flgure I.2.7 was obtained.
Although this scan does not completely resolve -‘the two modes,
" it can be seen that the hlgh wavenumber side has relatlvely
less 1nten51ty in the perpendlcular scan, compared with the
‘low wavenumber side. This suggests that vs is at higher
wavenumber than vll,-and that the.crossover R\lnt in the
orderlng of these fundamentals as the halogen changes from
Lodlne.ﬁo fluorine has already occured at chlorine, as was

observed for the MeGeX3 series. e

At first, the ba;culatlons were performed as for the

" -~ methylgermane series as described in Qngpter 1.5, but
neither of the alternate assignments.for the fluoride (with
"the two-possible orderings for vll'anq\vlz, taking'v5 as
the polarised band at 390 cm'l) produoeo force constant
values for y Q§1F and £ FSiF which contlnued the trend from

the other three molecules at least fairly smoothly. Moreover

-
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Figure 1.2.7 Partizl Raman spectrum of skeletal deformation
' ‘region in CHq81014
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it was agsin found that a varietv of.values'for the.four
constants describing the skeletal deformations (f Ccsix, £
XSiX; f Csix/csix and b XSl&/XSlx) could be obtalned depend-
1ng on the starting values, or byaglxlng one and allow1ng

the other threé to change. Thls is really not too surprising,-
Since these four force constants are used to calculate three
frequenCLes. So a different approach .was attempted, in whlch
the two 1nteractlon terms were 'set to zero, and ona constant,
T CsiXx/XsiXx (where there is a common SiX bend), 1ntroduoeq;
thus reducing the number of force constants to calculate the
three skeletal deformations.to three. The force constants‘
from both approaches for the series are shown in Table I, 2 6,
and some sample results for the_two‘asslgnments in MeSiF3 in
Table I.2.7. It can_be'seen from the latter data how the
values varied w1de1y whén the two 1nteractlon terms were )
used‘ but refined to almost constant values when only one
.Such term was used. It is evident from these results, however.
~ that there 1s~§1tt£z to suggest whlch of (a) or (b) 1s the
correct assignment based on force constant trends. In these
calculatlons. as for MeGeX3 the frequencies were reproduced
exactiy, and the resultant p.e.d.'s are listed. in Tables

I.2.8 and I.2.9. There is little help from these data as
well. From Table I1.2.8 it can be seen that‘the proportion
of the potential energy of Vi and “12 contrlbuted to by
T CulX and f XSiX respectively increases from the triiodide
to the:trichloride (vresumably as the Si-X stretching

frequency becomes further from this.region). But in both
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‘Table I.2.6 Force constant listlngs for MeSiX

IS
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18.04

17.59 .

3
Force . - F —
constant (a) (b) cl Br ,I.
1 .cH 484.41 484.26 478.44 475.65 475,47
2 sic 367.33 378.66 . 325,52 327.80 302.21
3 SiX 540.02 533.90. 269.47 . 192.71 134,22
4 HCH 51.64 51.79 . 50.54 49.11  49.09
5 HCsi 42.10 * 41.63 41.50 41.72 41.50
6 CSiX 76.90 125.17 87.73 80.32" 82.40
7 XSix 98.93 58.89 - 70.91 60.70 75.46
8 CH/CH L. 5.17 5.23 5.02 - 4.07 4.20
- 9 8iXx/SiXx 27.72 24.14 34.99 28.87 21.27
10 HCH/HCH -0.90 ~0.71 -0.85 -1.59 -1.33
1l HCSi/HCSi -0.97 -1.24 -1.53 ~1.44 -1.25
12 CSiX/CSiX 21.50 8.36 - 4.75 5.48 4.36
13 XSiX/XsiX '5.26 13.94 4.21 2.35 4.37
14 CSiXx/XsiXx - Co- - - Poo-
15 sicd/six- " 18.46 17.88 5.59 5,52 ~-1.36
Force Fro-
- constaﬁt {a) (b) Cl Br 1
1 CH . 483.87 483.74 478.45 475.65 475.47
2 sic 368.64 375.95 320,49 ~328.75 303.71
3 Six 548.38. 543.36 1273.72 195.75 138.94
4 HCH 51.13 51.04 50.54 49.27 ° 49.07
5 HCSi 42.33  42.19 41.63 41.57: 41.57
6 csix 60.68 113.24 81.76 73.55 73.82
7 XSix ©89.51- 47.70 65.96 58.06 _ 70.68
~ 8 CH/CH 5.28 5.33 5.02 4.07 £.19
9 SiX/SiX | }23.85 22.06 34.58 26.84 17.47
10 HCH/HCH -1.08 -1.15 -0.83 -1.43 -1.34
11 HCSi/HCSi -1.10 -1.05 -1.53 -1.63 -1.25
12 CSiX/CsiX - - - - -
13 XSiX/XSiX Co— - - ="' -
14 CSiX/XSiX -19.74 -16.96 -9.34 -6.3 -8.21
15 Sic/six 3.03 6.47 0.30

L

9

f .
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Table I.2.7

_/

Some force'constant values from NCA

‘¢alculations for MeSiF. .

3
* - . . '
Force I _ II . III
constant (a) {bh .{a) (b) (a) . (b)Y~
B 1 cH 484.41 . 484.26 484,41 484.27  483.87 483,74
2 8ic 367.33 378.66" 375.56 373.61 "377.22 374.42
~ 3 SiF 540.42 533.90 536.78 535.84 539.24 538.59
4 HCH 51.64 51.79 51.58 51.80 50.97 51.13
5 HCSi 42.10 41.63 42.06 41.69 42.52 42.19 -
6 CSiF . 76.90 125.17 59.45 138.34 69.21 132.33
7 FSiF + 98,93 '58.89 116.25 45,77 105.62 50.76
8 CH/CH 5.17 5.23 5.16 5.24 5.26 5.33
8 SiF/SiF 27.72  24.14 - 24.48 26.08 23.38 25,16
10 HCH/HCH - =0.90 -0.71 -0.96 -0.70 -1.26 -1.04
11 HCSiYHCSi -0.97 -1.24 -=1.03. -1.18 -1.10 -1.18
12 ¢CsiF/CSiF 21.50 8.36° 4.03 21.53 13.84 16,98
13 FSiF/FSiF 5.26 13.94 22.58 0.85 13,12 5.77
14 CSiF/FSiF - ~- * - - -
© 15 siCc/siF 18.46 17.88 17.97 18.05_ 17.54 17.67
Force v* ' VI
constant (a) (b} (a}) . {b) (a) (b)
1l cCH 483.86 483.74 483,86 1 483.73 483.87 _483.74
2 8sic 381.28 381.65 379.93 385.65 368.64. 375.95
3 SiF 543.44 541.17 543.96 539.68 548.38" 543.36
‘4 HCH 50.99 51.04 51507 50.98 51113 51.04
5 HCsi 42.31 42.10 42,25 42,10 42.33 42.19
6 CSsir 60.68 113,26 " 60.68 113.29 60.80 113.24
7 EB&EF 89.61 47.67 89.61 47.65 B9.51 47.70
8 CH/CH 5.26 5.33 ., 5.27 5.32 5.28 5.33
9 SiF/SiF 18.98 19.91 19,49 18.44 23.85 22.06
10 HCH/HCH -1.22 -1.15 -1.15 -1.22 -1.08 -1.15
11 HCSi/HCSi "-1.14 -=1.14 ~1.18 -1.12 -l.10 -1,0%
12 CSiF/CSiF - - - - ' - -
.13 PSiF/FSiF - -~ - : - - -
14 CSiF/FSiF -19.56 -16.88 -15.58 -=16.83 -19.74 -=16.96
15 Ssic/siF 17.43 17.43 17.46 17.40 18.04 17.59

caleulations I,II,ITI:

IV,V,VI arg sample results from

NCA calculations -using various starting values for main
force constants. They differ in.the use of s eletal inter--

action terms (force constants 12, 13, 14).
(a) and (b) are descriped in the text,

The assignments
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Tgble.x,z,é Potential eneigy distribution among the force

constants for MeSiX, compounds (X=Cl,B¥,I)

" -

MeSiCL, . obs!,calc. p.e.d.*
CH3 str. ‘ v7 2983 101(1)
CH3 str. vy 2912 ' 98 (1)
. - CHJ def. vg 1405 95Y14)
, . CHy def. v, 1265, 51(4)+42(5)+11(2)
| CH> rock Vg 805 88(5)+4(3)
Sif str. v, 761 - 73 (2)+9(3)+5(4,5)
SiX3 str. UlO 576 97({3)~12(9)+6(86) :
SiXy stx. v, 450 65(3)+17(9)+12(2) -
Six3 rock Vit C 227 92 (6)+7(3)
SiX3 def. ‘v 2323 - 40(6)+32(7)+18(14)
SiX, def. Vyg 164 96 (7)+6(3)
torgion v -
6
MesiBrf‘ obs?,calc. p.e.d.* ,
. CHy str” v, 2977 100(1) S
CHy str.® v, . 2898 98 (1)
CHy def. -~ vg 1396 - 94 (4)
CHJ def. v, 1249 51(4)+43(5)+12(2)
CHy rock % vy 800° 90(5) .
. sid str. Vs 746 81 (2)+7 (4)+6 (5)
SiX, str. Vig - 453 90(3)+14(6)~12(9)
SiX3y str. v, 314 57(3)+16(9)+9(6)+7(7)
8iX3 rock vip - 186 85(6)+15(3) .
SiX3 def. v, 153 36(6)+28(7)+18(3)+12 (14)
SiX; def. Vio 98 92(7)+10(3)
torgion Ve : - :
MeSiI3 _ obsf,calc. p.e.d.*
i CH, str. Vg . 2976 100(1)
CHI str. v . 2898 98 (1)
CHJ def, Vg 1392 94(4) .
CHy def. v, - 1248 51(4)+43(5)+11(2)
CHI rock Vg 794 92 (5)
5il str. v, 721 83(2)+6 (4)+51(3) .
SiX, str. Vig 388. 80(3)+21(6)+11(7)-10(9)
sixXy str. v, 253 45(3)+15(6,7)+11(9)+7 (14)
SiXj rock Vip 171 78(6)+19 (3)+3 (13)
SiX3 def. vy - 116 © 25(6)+24 (ZP+32(3)+11(14)
six; def. V1o 76 88(7)+15(3)

torsion Ve

. .
contributions of at least 10%

1} ref., 34 2)ref. 35 3)this work;see text 4) ref. 36
5) ecalc., ref. 63 6)this work; ref. 45



. Table I.2.9 Potential energy distribut&onhamong the fopce

constants for MeSiF

3

Assignment (é)* .. obs.,calc. p.e.d.;

CH, str.- v, 2999 loi(k)

CHy str. v, 2930, 98 (1)

CH, def. Vg 1416 95(4)

CHy def. v, 1287 49 (4)+41(5)+14(2)

CHy rock Vg 786 88 (5)+6(3)

Sic str. v, ° 704 43(2)+40(3)+6 (12)

SiFy str. Vg 972 94 (3)+5 (5) =4 (9)

SiFy str. v, 893 49(3)+33(2)-6(12)+4(4,5,7,
SiFy rock vy, 235 101(6)-23(14)+19(7) O34
SiF, def. v, 390 34(7)+23(6)+30 (14)+10 (2) -

SiFy def. vy, 336 85 (7)+9 (14)+4 (6),

torgion v, 1407 -

o -
,‘ ‘ ' | m

Assignment (b)* obs.,calc. p.e.d. p. k
CH, str. v, 2995 101Q1)

CHy str. Yy | ! % 2930 97(1)

CH3 def. 08 l41se 94 (4)

CH3 def. U2 1287 -49(4)+40(5)+15(2)

CH, rock Vg 786 86 (5)+8(3)

SiC str. v3 704 40(2)+43(3)+6(12)

SiF3 str. UlO 972 92(3)+5(5,6)=-4(9)

SiF, str. v, 893 47(3)+35(2)-5(12)

SiF, rock Vi, 336 87(6)+6 (14

SiF3 def. Vg 3940 k\\i3(6)+26(l4)+18(7)+10(2)
SiFB def. Vio 235 102(7)-16(14)+12(6)
torsion’. ve - 140t - :

lfrom microwave study

*

frém caléulation VI in Table I.2:7.

Te

141
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.approach was used for the methylsilane analogues. The data

. where again the arbitrary correction of

- this .series for a direct- comparison,
. [

_ calculated for assignment (b) isabit

0 : I - . 142
assignments fol the fluorides (Table I.2.9) one of these
contributions increases and one decreases, again favourihg -
neither assignmen%t |

Following the apparent success of the central force '

field. calculations for the MeGeX3 series in Chapter 1.5, this

used for these calculations (see equation 5.2) are given in
Table I.2.10, and ‘the results presented in Table I1.2.11,

was'made to the

calculated 8. There is not sufficieh structural data for
but.if the same trend
is expecteéd as for the MeGé}{3 series) i.e. decreasing'a'
(XSiX) angle with lightefchalogen. then the results point to
assignment (a) as the most likely version, as the deéreése
pgg;istic. if fhe
assumptions inherent in this approach are valid.

As far_gs the NCA involving jusf the two trifluorides
is concerned, the agreement in both the frequency matching
and the forcg constgnt values (with respect to the MeSiX3

calculations ).indicates that the frequencies deduced for t

CDBSiF3 are probably quite close to the real oneS; The

"calculated frequencies are listed in Table I.2.3 with the

obseérved spectra. The force Constants are listed in Table
I.2.12, where tﬁe firgt column for the triflﬁor}de ig from
the MeSiX3 calcylation, and the second from the two homo-
logues. They present evidence as to why comparison of force

constants from different sources is usually unreliable

-
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Table I.2.10 Frequencies €mm ) used in the central force
field calculations for MeSiX

* S
X = F c1 BY I
(a) - (b} T
4 ‘ ' el :
vy = SiX, sym. str. - 901 901 450 77314  “253
Vy £ SiX, sym. def. 390 390 232, . 153 116
V3 = SiX, asym. str. 985 985 576 ‘453 ' 388
V4 I SiX; asym. def. 336 235 164 98 76

<

Table I.2.11 Calculated values Gf central force field

-

calculations for MeSiX .
- - - ) ‘ 3. N, J\‘\l :’
ES : . 4 'J .
B “ e L B+l a'
MeSiF; .  (a)  i)g  59.6.  96.7 ' 69.¢  108.5.
. ii) 58.7 95.5 68.7 107.6 ‘
- i) 46:2  77.3  56.2 92.0
' ii) 43.2 72:8  53.2 87.9
‘MeSicl, i) 59.4 ,96.4  69.4 108.3
ii) ~ 58.7  “9%.4, 68.7 = 107.5
MeSiBr, i) 60.8 . .98.2  70.8  109.8
ii) 60.5 97.8 70.5 109.4
MeSil, i), 63.2 101.2 73.2 112,0

ii)  63.0  101.0° 73.0 = 111.8

-1 i) and ii) refer to the calculations assuming the mass
“of the apical "atom" as 28 and 43 (Si+Me), respectively
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Table I.2,12 Forge.cpnstant valézgﬁﬁféi?é;3siF3 and -CH;SiI,
CHySiF, Not Foree 0335113 |
. : ) constant S
483.87 488.38 1 fcH 475.47
368.64 347.14 2 £ sic 303.71
548.38 - 519. 90 3 £ six 138.94
51.13 _- ' 55.77 4 £ Hew 49.07
42.33 46.45 5 fHesi ) 41.57
60.68 - 57.07 6 £Cs 73.82
.89.51 8754 7 £ Xsix 70.68
5.28 7.78 8 £ cu/cH 4.19
23.85 ° 28.41 " 9. £ six/six 17.47
-1.08 7/ 2.87 10 £ HCH/%&H r1.34
~1.10 ~1.23 11 ﬁ HCSiHCS1 “ ) 25
~19.74 -13.;%:77 14 £ csiX/xsix'"ét -8.21
18,04 ©8.12 15 £ Six/sic 0.30
: - 22.35 * 16 £ sic/HCSi -
- 11.84- 17 £ c-SiX/HCSi -
"units: N.m~t

constants

for stretching, N‘.m.re‘td_2 for bending force

&£

Tﬁumbering,consisteﬁt with Tables I.2.6 and I.2.7

¥

Ul
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(unless they are uniquely determlneq) 1n 'all but the most.

approximate manner. "The most noticable d1fferences in the

main (dlagonal) force constants are for £ Si¢, f SiX and .

y HCSl ‘out these also. represent the motlons 1nvolved in. the

extra interaction terms used; in the case of f SlC/HCSl to

keep the methyl deformations in the correct order. The other

additional interaction term was introduced to indicate the

. : . e A -
mixing between the S-iF:,‘stretching and methyl rocking modes.

—a . ’ .
Other-differences in the force constant values refléct .the

dif{grehce in anharmonicities as can be seen for £ CH and.

. I CH/CH which- represent "pure modes. The p.e.d.'s fdr the

trlfluorldes, shown in Table 1,2.13 1nd1cate expected v

varidtions as various. modés.change frequenc1es through

el

-deuteration, Thus'v2 becomes more mixed with f Si§.on .dropp-

ing to.ca. 1000 cm*l, and the Sle'stretches becoming.less‘
mixed ‘with both f SlC and f HCSi as v3 and Vg decrease in

wavenumber.

145
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Table I.2, 13 Potentlal energy dlstribution among the force
S ' constants for- CH,SiF and CH3SiI '

3
> lrm Mode | CHySiFy ' CD381F3 oL
V). CHy str. 9741 . 96() | -
. V,«.CHy def.  55(4)+46(5)-10 (16) 40(4)+33(5)+32(2)420(16)
e V37 5IC str. 46(20%47(3) 48(2)+36(3) .
Vg SiXy str. T41(3)45(9)+42(2) - * 47(3)+15(4)+12(5)+11(2)
V5 SiXy def. 35(7)+23(6)+30(i§%(2) 33(7)+22(6)+29,(14) +12 (2) |
vs,atorsion ‘ - L . o ' -
v, CHy str. 101(1) - 100(1)
Vg CHy def. 102(4) S 102 (4) |
Vg CHy rock  71(5)+30(3) - 87(5)+9 (3) e
Yy SiX, str. 72(3)+19(5)-4(9) 92(3)=5(9) |
vy SiX; rock 102(6)-23(14)+18(7)  102(6)-21(14)+15(7)
v,, SiX, def. 86 (1)+9(14) . . 88 (7)+7 (14)

12 3

” . r . )
. 5 ' . _
o -

-
* T . .

contributions at';egst 103

-

-Mode ' CHBSiIB

<

1 ~98(1) '
) +43(5)+11(2)
7 N2)+6(4)+5(5)
4 SiXy str. - 45/3)+15(16,17)+11(9)
Vg SiXy def.  25(6)+24(7)+32(3)+11(14)
. :
:
8
9

<

SiC str.

v torsion -

v, CHy str. 100(1)

Y CH3 def. .94 (4)

v CH3 rock "92(5) , ‘ o ,
. Vip SiX3 SFr, 89(3)+2l(6)+ll(7)—10(9}
. Vi1 six3 rock - 78(6)+19(3)

Vo SiX3 def.- B8 (7)+15(3)

. * . .
e contributions at least >10%
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- I. 3 1 Introduction . . - T

~ .Ina dissertation which ‘is supposed to cover original
. i work, it. may "be surprlelng to note that of tﬁe twelve parent
silane derivatives descrlbed in these next three chapters,
“only one had not beeﬁ'fhe'subjeot of aolleast'a partial
" vibrational study (not 1nolud1ng numerous studies on’
corrglations of Si-H stretchlng frequeno1e363) However,

many of th.se studies Were not complete, dld not a331gn all

the modeg only used one technique. Only one included data

;‘-' _ for isotopicglly sw stltuted.moleculesss. Previous studies of

the halogen erivatives of the mono- and dl-methylSLIanes are

: llsted in Table I. 3.1. y
Table I. 3 1 Survey of v1bratlonal studies for halogen
-derivatives of the methylsilanes

L
NPT

Compound‘ Infrared Raman
_ CHBSinF fairly comﬂlete (64)
CHBSiHZCl‘ o " "ésu) "
complete, (655¥66) complete (65,66)
CHBQ}H Br fairly complete (64) - f\\.
CHBS;HZI partial (67) _ .
5 fairly complete (64) ’
‘ \ CH,SiHF, o~
o CH351H012 fairly comélete (68, 69)
_ ® conmplelte (66)
CHBSiHBr2 o . ’
CH,SINI, partial (67) ~

(CH,),SiHI

3’2

(CHB)zsiHF .
QCHB)ZSiHCl
" (CH )zsiHBr

complete (70) complete (70)
o Y (71) . complete (71)
o, (70) complete (70)
wo -(70) complete (70)

3t R L
includes deuterated homologues



e . " o “149-

As.can be seen. data for the chloro- derivatives are

falrly complete. whlle except for the dimethylellane

compounds the data are Sparse. The first study of a_coﬁplete
series (of all four halo- derivatives) rae in_the;infrared |
onlyéu, and contained some.queries'and blanks. With the
‘benefit of hindsight this is understandable, as a comparison
} with'the-corresponding Ramen epectra reveal a band in the
latter which 13 unobserved in the infrared, precluding a
-correct assignment. ‘The only other such systematlc«etudy is
on the dimethyl derlvatlves?o. but the proposed assignments
are not consistent with. the data obtained from this work i
for the deuterated compounds. Even so, some of these
assignments are considered dubfoos based on the evidence
. from the "normal” co;pounds alone, -The only study of a
\ deuterated eeriee is for chloromethylsilane65, which includes
all four possible homolo ues_(consideringfdeuteration of all
“the methyl and silylene jgo;rs only) and a normal co-ordin-
ate.analysis. However, there is one frequency in each of .
the’ three compounds in common with thls study whlch is not
observed here, and at least one frequency which is observed
here, but not in the other study, including the same Raman
line that was missed 1n the earlier 1nfrared 1nvest1gatlon64
The NCA affords llttle chance of dlscu331ng differences in
force constant values as the p.e.d.'s are not glven.
For the discussion and pregsentation of'the'vibrafional
-Spectra which folllew, only those overtones and combinations

which are relatively intense ‘or which appear in all -three
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, molecﬁ}es. or are used as an aid 'te-assignment are reported.
' Bands due to residual hydrogen in the deuterated -species
are omltted although for residunl Si-H stretch, for

example, the band may be relatively: strong. In most of the

1nfrared spectra an absorption at 1080-1100 cm -1 is observed.

due to the: asymmetrlc Si-0-8i stretchlng mode from hydrolysis

of e sample. While not usually detectable in the lH n.m.r,

spectra (recorded on the fresh product), this trace of
s1loxane is probably .the.. result of repeated manipulations
on and off the vacuum llne. These bands, however, do not -
affect the assignment of the speetrs.

. | Assignments which are considered to be unambiguous
are made‘in the description of the vibrational gpectra,
white those that are open to guestioniare discussed in the »

section on fhe Nchq

I.3.2 Preparation of MeSiH,X and MeSiHX,

AXthough the vibrational spectra of both series of
compounds will be discussed separately, the preperative
routes were generally chosen so that a variation of the
reaction conditions could enable both mono- and di- subst-'
ituted derivatives to be produced in the same reaction, so

. they‘will be discussed together. It“happened that in most
cases the compounds were prepared more,fhan once, and often
different synthetic routes were taken gépending on available
materials and exﬁerience. In every case the starting point’
in aﬂ&-scheme was the parent methylsilane, the preparation

of which is deseribed in Chapter I.l.

C . TR
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i) Jodomethylsilanes

e These were the most 1mportant derlvatlves from a
preparative point of view, as they could be used 1n heavy
salt exchange reactlons to produce the lighter halogen . {\\

derlvetLVes. The . 51mplest procedure was the iodination of

\\nethy181lane by hydrogen 1od1de7?as descnlbed in the pnev1ous
Cnepter for CH38113. Since less substltutlon was requlred,
thé\aatlo of reactants was reduced to approxlmately equimolar,
the temperature reduced by 1mmer51ng the reaotlon vessel in -

_an ice bath and the reaction terminated after 1-1%4 hours.
These conditions were found to produce approximately equal
amounts of %he mono- and di- substituted compounds according

T the idealised equation .

- ALI . - N
20H,Sifly + JHI '-———3» CHBSn{zI * CH3SIHI, + 3H, (1)

The products could be separated by passing through traps at
-450, -95° into one at -196°C. which respectively condensed
CH331HI2' CgBSiHZI and excess CHBSlHB.vAe a deficit of \HI
was used (with respect to equation I) excess HI was not
found in the reactlon mixture., A polar mechanism.has been

‘prOposed?3 1nvolv1ng the nucleophlllc attack of Alxu ionsg

+~3ilicon, which does not require the hydrogen from HX to
< participate directly in the reaction. This is supported by
.. the observation that in the reaction between CHBSiD3 and HI

there is no evidence of deuterium-hydrogen exchange.

Tii) Bromomethylsilanee : . ' -

- The most widely used method for these compounds

v
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was the reaction between CHySiH, and marj?"” » in a reaction
vessel similar to that used for the HI reaction above, The
reactanta Were distllled 1nto the vessel with a4l molar
excess of CH381H3 and were allowed to warm to 0% fop about
.2h, when a mixture of products was formed accon@&ﬂé to the .
‘idealised equatlon '

2CH381H3 +-BBr3 —_ chsleBr 1-CH351HBr2 : "BHB"

_Pure CHBSiHBr could be trapped at -63°¢, g small portion
passing through thls trap with a mixture bf CHjSleBr,
CH SJ.H3 and BZHG' The GH331H3 and B2H6 were separated from
the brominated ‘Species by pa331ng the mlxture through a
trap at -1264° c, whlcn retained the halogenated compounds,
Pure CHBSIH Br' could be. obtalned by holdlngvjzgé resultant
mixture at -78° C and pumping out into g trap at -1960
which then cﬁﬁtalned the mono- bromlnated compound, By .
reduclng the reaction temperature to -78° C, a reactlon '
"mlxture oon31st1ng of approxlmately 85% CHjsleBr could be;
Produced, . - T

Salt exchange reactions using H’gBr2 and AgBr?5_und the
respectlve 1odomethy151lane were attempted but not used. in
the former because of no reaction ' and in the latter for
reasons of expense.

A reaction analogous to that of HI for the 1odomethyl-
sSilanes was attempted with Hpp and AlBrB, and with suitable
experlmentatlon to determlne reactant ratios, reactlon time

and temperature could have been a useful route. The same

could be said of the reaction of CDBSiH3 and bromine,'which
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was attemp?ed but left too long‘fo reacf, and produced
ma,inlﬂc%siar;, although some evidence of the dimethyl .
derivative was found from Raman spectra. The reaction of

SiH@ with Br, "is very vigorous - it has bseén reported to

| expiode at 20°c7éand did so. in one of the reactions in this

laboratory, although the'other tlme careful monltorlng and
low reactlon temperatures (= ?8 C) produced SlHBBr only, wnth
no ev1dence of SleBr2 - but becomes more moderate with a

decreasxng number of Si-H bonds.

111) Chloromethylsilanes

Dichloromethylsilane was used as received from

commercial sources after distillation to remove possible

CH,5iC1,. Preparation of CH;SiH,Cl was attempted first by react-
ion wifh BG1, using & 4l molar excess of Cl,Sili; as for ‘the *
bromide reaction, at -?8° for approx. 2h. However, it was

difficult to separate diborane from-CHBSiH Cl and after

_ standlng for a few days a sealaisample of the chloro compound

b

with a trace- of diborane was found to have dlsproportlonated
to the extent that after four days, such a tube contained
I Ogf CHBS;HCIéQ Far more satiéfactory was the salt exchange
reaction of CHBSiﬂél and- other déuterated iodo compounds with
Hg01é75vnﬂch produced the chloro compouﬂd_after 2-4 double
pasges. In the case of the almost involatile'diiddo‘compounds
dome local heating was nmecessary to increase itg 1ogal.v;53ur
pfessure.
2CH,;S1H,T + HeECl, —— 20H58 11,01 + HgL,
0 white ' orange

-

Y




the colunin. Thls was not a serious problem as the fluoride
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-Complete exchange was checked by the absence of the strong )
81 I stretchlng bands in the Raman effect. )
iv) Fluoromethylailanes ';w -

The" rluoromethy131lanes were madelexclu31ve1y by
the "exchange reaction between SbF3 ‘and the correspondlng
iodo, bromo or chloro compound*a, although in the 1atter, _
case, some hesgting, using a ho{ air guh, was necessary. The
cokumn, paeked alternately with Sij‘and glass wool, was
heated 1ocall§ under vacuum to dry the SbF3 before exchange.

However, siloxane compounds were found in most cases to

varying degrees, probably due to Sb 3 formed before packing

could be recovered by treatment with BF377 accordlng to the
approxlmate equation B }g
3(CHBSiH2)20 + 3BF3 —_— 30H3St#20BF2 4-30H381H2F

. BCHSSIHZF + BFy +3,0,

The fluoride could then be distilled from the solid boron

compound. In the preparation of the difluoro compound,

':however, the BF3 was found not to convert all the .

(CH SlHF)ZO formed back to CH381HP2, but fortunately they
could be separated using a -112° ¢ trap, which retained the

Siloxane {see Chapter 1l.2.4).

I.3.3 Vibrational Spectra

These molecules are agsigned agssuming C8 symmetry,
which results in 18 vibrations, eleven of which are a' and

seven a". All fundamentals are active in both effects. The - .



e
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approximate description and numbering of the modes are

' shown in Table I.3.2. The infrared spectra and representative

Raman specira are displayed in Figures 123:1-5. -

All the molecules.haﬁe the largest @bmenﬁ‘of inertia
perpendicular to the plang of symmetry -and ﬁhus all the
C-type bahdé will belong to the a* species: The intermediate
moment of inertia is only a little smaller, so gsome hybrid

v

B/C bands may be expected. All bands Witth, Bora hybrid‘

.of these will be a' modes. Because of the uncertainties in

applying thé band contour principie to'asymmétric top mple;
cules, a more empirical method in general is to nqté the
band shape for unambiguously symmetric'modes - the symmetric
methyl deformation usually had structure - and use that as a
gulde. This was done for each series of compounds. In the
preserit case of monohaloﬁethylsilanes. the SiH,.scissoring

1 was also used, as the ma jor com-

vibration at ca. 950 cm-
pénent of this motion is perpendicular toﬁtﬁe CSi bond, and
together Qifh the symmetric methyl defatmation gave thg
probable limits of the baﬂd shapes.'ln this serigs, the
latter bands were A-type for the fluoride and A/B for the
others.\while Sin scissors had a B-type éonﬁogr throughout
the series.

1) 3000-1000 cm~t

The CHB streut.ching mOdGS, \)l' \J2 and \)12' are very
weak in the infrared spectra, with the asymmetric stretch:
“2; appearing as an A-type band in all cases, at ca. 2920

em™l, ¢f the two asymmetricvstretches at ca. 2980 em~l, Vio
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Figure I.3.1 Infrared spectra of the fluoromethylsilanes
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TabI% I.3.2.. Fundamental modes and approxinate )
o descrlptions for ¢ H3SiH2x nolecules.

b

. I - . -
Jﬂéscription;"y'f';. car. "~ oan ‘
CH3 str.{asym) v . '“12, )
. , SHB str.(sym) \ ?2_ { .
| 1H2 str. vy Vi3t : ~
_ CH3 def. (asym) . v4 u14
GH3 def. (syma i Y Vg .
CH3 rock=_fﬁﬁ I - Ve .. Vis
3iC str. . . “F‘ ‘ .
§1H, daf. '-}"1 T %. (scissor) o
o1H2 def. 3 . ‘: V. {wag) . 'lr""vl6 (twist). ~
R . Siga def. . | - | ‘; _ o Y17 (rocx)~
- 8SiX° str. “IO| “ _ :
i - _' \JslA{ def. * ) , ' . u]_l ‘ -u‘l " .‘-‘ N
o} . CH3~ tOI‘SlO? - . ' - ’ . \JJ‘8 "
s \' '_ . . A o \ n ‘h :
appears as a C- type band to the high wavenumber Slde of Ul SR
' Whlch ig a hybrld band (B~ type in the fluorlde) In.the Raman
‘ spectra, the symmetrlc stretch is strong and hlghly polarlsed,
but no dlstlnctlon between vy and “12 can be made. The CD3 ”;
'stretches are overlapped by the strong SlH stretchlng " .{:
',absorptlon in the 1nfrared, vy and Viz appearlng ‘as notlceably
7 weak shoulders on the high wavenuabers1de. In the Raman
. spectra. howsve;b they are both well-deflned (Figure I.3. 6). ’

The two 51H2 stretching V1bratLons, V3 and vlj' are at

' almost 1denthal frequen01es, as was observed for the
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methylsilanegzlt appearing as B and C type bands respect-

' (and CDBSiHZBr) the proximity of the. ‘two produces aa-apparent

a

.' 31ngle A- type band but for the heavier halides V13 shifts
to sllghtly higher wavenumber. Needless to say, the ‘Raman

* envelope appears almost eymmetrical. As is observed for the

o methyl group stretches, the splitting 1n the deuterated

group!ls much_greater. and “ipgreases with increasing mass of

[ 3 @ » . : :
+shalide (11 em*t for F; 22 cm'} for I). Thus the two band
o cohmourS'ovteap "in fhe-fluoridg but ‘become separate in the
1od1de‘ Q. . v . ®

" The CH3 deformatlons appear at ca. 1420 and 1260 cm'l,
W1th the former b ds dlffuse and relatlvely weéh in both

effects. The only dlstlnctlve feature, if resolved is a
e ° o
“harrow "splke" in the 1nfrared enyelope assumed to be the-

expected 8- type bang - of vlw_eThe symmetrlc mode appears as

g medlum 1nten81ﬁy band’ in the infrared spectra w1th an A-

type contouyr for the fluorlde. gradually acqulrlng more B

character with 1ncrea51ng mase of halide.

The symgetrlc CD3 deformatrons Vs ‘appear aﬁ ca. 1000

cm“l and- have the same-dppearance as The CHB‘bands, (with

“ &

more intensity in the Ramah'effect)-but the asymmetrie

deformatlone are not observed in the lnfrared gpectra, and

. ..r

1 only w;th any confldence in the Raman spectrum of the iodide.

They are estlmated howcver, from the pes ition’ of their over-

28

tones, observed in thc Ramaﬁ o ectrum and cnhanced by Perml
e Thc_data are shown in

resonance with the CD3 stretche:

< . ’ > .

'

iVelv in the infrared spectra. For the fluoride and chioride o

163 -
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" Table I. 3.3 Observed and calculated frequencies rrom
| - methyl derormation overtones. \ :

: y a b C ) a b (o] " "
obs.av5 _2.obs.v5 A obs.2v, 2.ohs.v4‘,A obs., V-

CD4SiH,I 1975 2000 25 2080 2066 - 16 1033

CDySiBr 1983 200 19 - 2052-  (2068)% (16) (103)

CDgSIHZCL 1991 2016 25 2056 . (2072 )d (16) (1036)
- ODgSiHF 2011 2036 25 2060 (2076)d (16) (1?8)‘

8) obs. overtone’ b) twice obs. fundamental ) differe
between (a) and (b) d) estlmated from assumed A (from 1od1de)

-Table I.3.3. The following assumptlons are made; the anharm-
onicity and repulslon effects are .the same for each molecule,
and are as observed in the 1odide; and the two combination
'bands are 2v5 and 2u4 14 (Although Vi vs also has char=
acter a’ and thus can be expected to~ be relatively strong’
for an overtone, this combination is not large enough for
the)hlgh wavenumber band,.and is assumed to be weaker than
2&5 and so the more unllnely candldate for the lower, nore
intense combination).

5 -

ii) Below 350 cm -1

' The loWést-frequenoy in each Ramanespectrum is-
assjgned as fhe CS8iX deformation, which although an a* moée,.
appgéfs\only sllghtly polarised. The ﬁreq cy'is about 20
em™t lower in the 3~ compounds than in“%he CHB- homologues.
In the.fluorlde spNgira,  additional weak bands are obeerved,
at ca. 225 ‘and 183 cm -1 for the CH3- and CD3— compounds
‘respect1Vely. If they. are not 1mpur1tles, Wthh ig thought
unllkely. they may. be the torslonal modes, in whlch case the

4
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"decrease in frequency. upon deuteration of the methyl group
is in line with expeotations.' Howevsr, theifreQuencies are
hlgher than for both CH331H3 and CHBSlbj, where it has been
varlously egtimated from micﬁowave and overtones (the torsion
is lnacjlve in CBV molecules) at 19?2? 2? and 20?4 cm l.for  .'
the hydride and 14077 and 15652 en~l for CHBS§F3.
iii) 1000-350 cm'l o J ‘ b

The Raman spectra for the reglon belod&looo cm 1 
. are shown in I'igures I 3 7-10. The most promlnent_featupe
in the spectra of the iodide, bromide and chloride is the
strong, pola}ised band gf.tha 8i-X stretch, at about 330,
#Odqand 500 cm"l respectively.. The Si-F stretch is a weak
broad band at about'900 en™! with a oorrespondlng lntenu
absorption of approximately A-type contour in tht infrared
sgggﬁrqéflThis is considered to be the Si-F méde rather1than
;%he ﬁéthyl rocking mode(s) by the position of a similar
absorption in CDBSiHZF, where ithannot be dus to a rock.

In CHBSiHZF ana CDBSiHZF, this overlaps with the distinctive
B-type contour of Vg, the Si}{2 scilasoring mode at ca. 975
cm asalgned by comparxson wlth the HS1H deformatlon in
SiHu?B, whlch lg also overlapped to the high wavenumber gide
by’the\CD3 deformation bands. This latter mode appears to
‘be depglarised in all the Raman specfra, deuplite being an

a' mode. The othen bmnds éro moro -casily described inltorma.
of the tgotopically similar speclies sincq several bandg weroh
Tound ot to be-obnerqu'thfogéh accidental o{srlaﬁpiﬁg with

stronger bande., This is particularly truo for the chloyidos,
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and is provably one of the reasons for the diaagreement in
assfgnment with the only other report on deuterated deriva-
tlvesés. These - bands are only discovered through comparison

-

., of the wholé series. .
-Starting at’ the low wavenumber reglon of the\Cﬂjslﬂ X

~ 8eries, there appears a weak, depol&r;pgd band at about
500 em™L, which in the chlorlide should be located under the
Si-Cl band. Thig %ust bé the lowest frequency SiI{2 mode,
Atharound 700 cm"l in the iodide is a group of three mediunm
intensity bands, with the separatlon between the lowest
(depolarised ) and middle one (polarlsed) decreaSLng with
lighter halogen substitution. These two merge in the c¢hlor-
ide, where they can only be dlstlngulshed by the dlfferent
pOSLtlon of the envelope maxima in the normal and polarlsed

R
scans. In the fluoride there are three bands in the game

&7

region, but in this case lt ig the higher two that are almost
001n01dent and hence the depolarlsed band is now the middle
band ‘ingtead of @he lowegt, It is thig polarised band in the
dedla of the three (lowest in the fluorlde) which 13 not
L//obaerved in the infrared gpectrum of thege compoundg, and by
lts abqenco prevented the authors of the original Lnfrared
’ gtudy of the uerwﬂé'r Trom making a correct asaignment. The
other two béndﬁ arc gseon quite clearly, the higher of the two

dioplaying progresaively more A character from its A/D hybrld

shape in the lodrde, and legg intensity ag the halogen becomes

Llightor, Tho former effoct appears to be a typical transfur-'

matlon in thig SOTIOu- ,The lower band ig weal and'featurelodd'

L4
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except %E;fhe fluoride where the sharp G-tyﬁgféqntohr is
-clearly visible to, low wave;uﬁber in the same envelope. In
the three heéviﬁr halides.-Qhe strbngest infrared absorption
is an A/B typé band with a low wavenumber shoulder, and with
corresponding Qéak*bands in the Raman effect is expected to
contain the two methyl rocking modes. In the fluoride the .
remalnlng bands’ anpear as a C and A-type band almost c01nci-
dent at ca. 865 e wlth a 51ngle weak band as thelr Raman
cbunterpart. _ _ _ ‘

_ Deﬁteration of the megzyl-gréup leaves the B-type  “8
and a strong A/B band at only slightly lower wavenumber, but
whereas the Jlmllar band was te:%atlvely agsagumed to. be,jhe
methyl rock in the-CHBr series, it 1is highly improbable that
it can be the CD3 rock in this case. Moreover, .from the
Raman sgpectra it WOuld appehr that'there le 6nly'one band
present since there are no other fundamentals unaccounted for.
A band similar to that at ca. 500 cm -1 in the CH3- géries is
found about 70 em~L lower, this time managing to avqid beipg
overlapped by elther the Si-Br or. Si-Cl modeg. A /similar
pattern is again obserfed for the remaining bandsllocated

-1

about the strong polarised band at ca. 660 ecm™—, which is

asoumed to be’ 7; the Si-C stretching mode. Starting with
the iodide, a palr of weak bandg is observed to sl¢ght1y

'lower wavenumbcr of v?, the higher of em appearing depolar~

'J

~«

laed, and anoﬁher paii on the hlgh'ﬁnvenumber sxde. the Higher-
With lighter halpgen aubstltuonb all

ofi-which ig polarised

four incrgase in wavenumber with the higher band in both pairs



]

R

~doing so more rapidly than the others. The highest of the

- four, which is the Raman band corresponding to the 1ntense

t‘J

intrared absorption mentioned already. also appears more-
depolarised although presumably an. a' mode from the A/B
contour of the infrared band. The fluoride contlnues the
general trend as far as relatlve position 1s concerned
although not the trend of increasing wavenumber.

This 1is also the case for- the CH351D2X series, where the
four band pattern in the iodide, appghrlng below the stronger'
polarlsed band at_about 740 em” l (agaln assumed to be ?),

at 388 (dep. ). 4?72 (dep. ), 562 (pol ) .and. 668 cm” (pol.)'

_ is maintained throughout the -four compounds. ‘The lowest band

in the bromide, and the next lowest in the chloride are ever-

'lapped by the strcng Si-X band. This time not'only afe the

A

17

relative pogitions malntalned in ‘the fluorido, but the wave- j‘

numbers all contlnue the gradual increase as well. *T%epe
appears to bc only one band. abovc Vor 8 weak polarised band
at about 800 cm 1, where two methy;‘rocks'are expected..
Floser examination a{ high s¢naltivity reveals extremely;neak
bands which may be congidered for the other (av) rock

There is some confidence about 3381gn1ng thls band aa a

fundamental in the fluorlde as thexe iz an 1nfrarcd counter-

part at almost the same pooltlon.' Woak shoulders’ arc obocrvod -

to the high frequcncy side of the intense absorptlono ln tho.a

other three compounds, with that in the iodide being at‘almocfl{

the same wavenumber ag a very weak Raman feature. These bandg

in the bromide and chloride were tested by application of the

L
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. product ru}e, but produced unacoeptably high ratios, and are

thus consmdered -‘dublous- candidates as fundamentals.

" I.3.% Assignment and Normal Coordinate Analysis

i

Before an attempt at an asalgnment is made, it 13

_ obviously essentlal to conflrm that the frequencie\nunder
consxderatlon are in fact all fundamentals. While for most

' observed features thdg is a simple process based on intens-
.|tLeq and e?pected band posgitions, there are some fundament—-
als that are of very low 1nten5lty, unub erved, or overlapped
by a stronger feature. anmples in the compounds studied here

arc mostly in the CD3~ derlvatlveu; and in the case of the

monohalome.hy131lqnes are the a' CD3 stretches 1n-the_1nfra—
a. and the asymmetric deformations in both effects.
In the former case the frequency hag been estlmated at 100
| cm"l Lower than the asymmetrlc stretohlng v1brat10n, by
comparlson w1th the Raman.spectra, and-ln the  latter from
.the methyl deformation overtone reglon, as desceribed above
(see Tablé I1.3.3). There 8till remain several unobserved:
fundamentala, and these are estlmated and rﬁe reﬁalnlng
ohqgrved frequencies teeted,‘by applicatlon of the product.
‘ ruie. The results of these calculationﬂ using the:Besf cat-
tmates for theaml sing frequcn01os are shown‘Jn Table I.73.%.
The agreement, while noV nverwhelmJnL, 13 gufficieng to lnd—
- |cqte that the Froqunnc w3 qnoeen Jn each clﬂﬂd are probably
‘funddmoetalq, ngegrthe sensitivity of thn ca]erlatiunq jp
thr input daLa Although separate calculations arc'rhown for:

’

¢n{rared and Raman.frequencics, some values -have been. trans-

® .

‘mf‘ F-
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Table 1.3.4 calculated: and obsefvedfprodhct rule-ratios
for the ‘monohalomethylsilanes ,

'R
. -

ratio - $pecies' cale.  obs. i.r. obs. Ra
'CHySiD,F  ‘a'  0.372 °  0.387 "0.383"
CHJSIH,F - a" '0.416° - ' 0.422 *° 0.419
cp3SiH2F' a' 0,198 - . 0.215 0.212
'CH,BIH,F “a" 0.400 0.409. =, 0.414
CD,SiH,F a' 0.533 . 0.555 0.552,,
CH,SID,F a" 0.962 0.968 ) 0.989"
A, : * ’ .
' CH4SiD,CL a' 0.369  0.379 0.374 -
CH,SIH,CT an 0.405 0.405 0.411,°
< N ., ) ) ) - - 1
CD,SiH,Cl  a! 0.194 0.210 . 0.207 .
CH,SIH,CL - a 0.400 0.396 0.404
CD,5iH,CL a'  0.526 0.553 " 0.552 (
CH,SiD,CI . a"  0:987 0.978 0.982
. CHSiD,Bxr . a'  0.366 °  0.375 0.372
',V CH,8il,Br - a" - 0.460 0.419 . .0.402
 CD,SiH,Br - a'  0.191 0.204:  0.199
- CI-13siH213r a' 0.400 ° 0.412 0.399
| CD,SiH,Br  a 0.522 0.545 °  0.534
CH,SID,Br a"  0.997  "0.980 . 0.994"
CH,SiD, T, a'  0.366 0.376.  0.368
© CHLSiH,T -a" ' 0.400 °  0.431 0.413
CD3811,T a'.  0.190 . 0.200 0.194 '
CH;510,T a"  0.400 0,420 . 0.416
A9 : -
CD3Siu2x 0.519 0.528 -  0.527
CI,51D,T 1.001 0.975  1.007
\ LY .

13
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férfeafffdﬁ‘bng_effedt to the other where they have not beén

observed. For example in the infrared frequencies the skel-

~

“ . etal deformation frequencies were necessarily- taken from the

Raﬁan spéctra Because of this and other adestmentsfjpst’—h\

ncommented upon, the 1nfrared ratlos for the a class'in -

"N

"lCDBSLH?K contaln three values not dlrectly observed out of

the “eleven frequenc1es, and so must be. con31dered less
accunaté-than‘the others. The effect of leav1ng_$he:torsional
mode out’ of the calculation of the a” ratios is.qot khbwn.
but . if significanf should affeqt the ratios involving
CD381H2X most. | L
All three ratlos were calculated because, since they-are .
not independent of each other, any product contalnlng '‘an in-

correct frequency wlll affect both of the ratios it is 1nvolv-

—

ed 1n, and thus should be more ea31ly 51ngled out. Thus if’

-~

there are, say, two possible frequencies under con51deratlon

as fundamentals. in one- compound all the ratlos can be calec-

ulated and the -assignments for those which are\elther signif-
L

lcantly_too high or too low can be regected. In casEs where .

——

there are two possible frequencies for each of itwo of the

’

homologues,- the ratio involving those two would have four

‘possible values; Cfnsideration'of these, together with the

two other pgirs5of pbssible values from thg other two ratios

was in rall cases sufficient to select the better fitting

frequencies. It was reassuring to note that whichever. ratio,

was used as the staftlng-

% .
freguenéies ended u

oint in this comparison, the same

2ing the best candidates from the list
F / ' ’

-

b

XS
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of p0551ble frequencles. The observed frequen01es used 1n
“—h-J\ '
the calculatlon of the ratlos are llsted 1n Tables i 3 5 8,

together with the preferred as31gnment.. = ﬁz V.d* :_‘ 3‘1‘
The ass1gnment was approached ;n two Ways,'as for the l:r B

methy151lanes (chapter I. l) and the tn halomethy131ianes ﬂ

(chapter 1.2); emplrlcally. and W1th help from the NCA. The
light compound was first ass1gned by 1nspect10n, wlth the
SlH2 wag ?nd tw1st the only two modes whose frequenoles ;f

could not be eaSlly predloted beforehand ass;gned to.

\ »

features in the Raman spectra at about 700 cm l, approx1mate—'- ‘

A}

ly halfway'between the SiH scissors and rock.‘The'deuterated

-

compounds were then a551gned falrly stralghtforwardly onoe

3; the asszgnmeqj of the light compound was assumed, although .
'/f.), "dt first fhe jnerease in the-SiH wag and twist in the CDB-

compo{%ds compared to the CHB- ‘homologues was a 11ttle sur- . -
N . ! . .

q&& ' prising. Even more surprlslng ‘was that.once the NCA was under-

4

. way, it was found to be very difficult to reproduce the
N

a351gnment of the llght compounds, Wh118uln genersal the

deuterated oompounds whose ass1gnment was based on the llght

oompound, produced a good match. .
. . B B . o . .
Cne of the major problems.in gn NCA of these compounds,
s+ 'is the number of force constants necessary to describe all '

the motions, especially the number of interaction terms.

- Compared to the C molecules reported in the previous two

3v
chapters, the descent in symmetry to CS intreases the number
of diagonal terms from seven to eleven, but more Significant-

ly doubles the number of diagonal and interaction terms -
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afound the silicon atom, to four and eight résbéctiﬁely;
Bearing in mlnd the 1nab11;%y Of the NCA.@or MeSlx3 to pro~
duce a set of useful force: constants when only two of the

four lnteractlon terms about the. SLllcon-atcm were used

some Droblems might be exnected because cf this 'inctrease 1ﬁ
the number of terms that may be 1ntroqubed This is especial-
ly true for the molecules discussed in- %ils chapter where

they Wwill be accentuaﬁed by t@e increased anharmonlclty T
effects %ntxggrced by the_fwo hydrogen“atoms present in the-

\7compouﬁd£.studiéd here. ' '

| In the mefhylsilane anaiyéig.it was shown thaf there is -
considerable ipteracticn between-the deformat;ons‘of HCSi

and CSiH angles irans to each other, but by introdﬁcipgf
substituents onto eilicoﬁ the HCS1i ‘angles are!no longer'
equivalent. So for the followirg three series, the HCSi

eggies have been separated into those whose deformation is
approximately. in the plane of the molecule (HCSi”) and thcee
that are apﬁfcximately.perpendicular to the symmetry plane
(HCSil). This makes for two .HCSi inferaction terms, of which |
both were used in the dimethyl silane series'(where there are ,
:four'rocks) and oﬁly one fﬁ.theﬁmonomethyl- series.

Although initially the eig-was tc produce a gomsistént

set of calculations &Icﬂgwﬁhe lines of those for the MeMi(3

(M =Si, Ge) componnds already described, this: was socn

abandoned,és the complexity of the'analysis becqmefapﬁaren%,

“and the calculations were performed independently for each
[

molecule. The resulting force constants are listed in Table



1. 3.9, where the absence of a smooth trend 1s apparent.
" The monohalomethylsllane serles turned out to be the :

IEast sucoessful s) the three serles reported 1n this and;‘

the followlng two chapters, as far as the NCA was concerned;'

The poor agreement was mainly 1n the CHBSlHZX compounds, and
this can be attributed to the 1nabrllty of the quadratlc

»

fleld to account for the 1noreased anharmonlclty effects

noted above, and probably more 1mportant1y, the 1nteractlons
1ntroduced by the close prox1m1ty‘of‘a number of the frequen—
‘q1es. an effect espec1ally ev1dent in the fluoride. This _is

'not such a problem ih the other. homologues. Where ln both
cases deuteratlon produces a grbater separatlon of theufreq-
" \\?uenCIES. However, as can be seen from the D. e d.'s in Tables_
I.3.10-13, satlsfactory results ars obtalned for, the heavler
halogen derlvatlves, and for the two deuterated compounds
throughout the series. While the’ overall frequency matching
1s not outstandlng Bthe fit is close enough to suggest that
the proposed a531gnments are reasonable, at least as far as
these.latter°compounds are concerned. A noticeable feature

in the heavier halides (Br,I) is the considerable mixing in

CDjSiHZX, where the p.e.d. placesthe SiHZ rock above the CD3

rock (a2") in @ sipilar ay to the ordering-of the methyl and

s$ilyl rocks in.CD3SiH3-

- I.3.5 Discussion ‘
Desplte the lack of full support from “the NCA for

the CHBSlHEX compounds, the a531gnments as given in Tables
<

I.3.5-8 are still preferred, on the basis of band 1nten51ties

4

-
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Table I.3.9 .Force constant values for MeSiHéX

.

. »
»
L]

N©. Description. = F cl - Br | I

1 - -CcH . 480.83  480.15,  479.40 477.65
2 siH 276.47 - 276.77 . 276.12 275.58
3.  sic . . 333. 305 . . 304 310
4 six 550 266.54 212.25 . 170:43
5 - HCH . 53.40 .  52.65 54.35 % 52.75
6 HCSE © 44.93 39.49 45.22 43.07°
7. HCsi* . .46.55 . 52.84 42.02 47.27
.8 °  HSiH . 42,42 42.84  43.37 43.81
9  CSiH 56.86. - 51.52 58.37  _58.88
10 ®SiX - .  57.46 , 57.32 56.80 - 43.50
11 csix . 59.18 60.43 66.51 - 64.93
12 CH/CH W 6.70 . 7.00 6.55 6.51
/13 SiH/SiH -3.06 2.81 . 2.85 . 2,33
14 Hesityuesit o -3.20 S1.44 ~1.74 - 3.19
15 CSiH/CSiH 7.35 5.56 . , 0.62 11.88
16 HSiX/HSiX 6.00 ~2.11  2.40 ° - -6.45
17 sicy/ucsi ‘ 17.07 17.30 19,06 21.74
18 Sic/CSiH 16.47 21.95 °  :13.55"  “fi.g2
19 gicyﬂsixh | - . -5,56 ' L.81 3.38
20 t-HCSiACSiH . 3.40 =6u%2 . ' 12.33 7.14
21 ¢-HCSi/CSiH -5.46 5.55 -2.66  -6.56
23 CSiH/HSiX 5.07 .  4.69 - 9.61 = 6.26
23 t-HCSi/HSiX’ -§.45 © © 0.10 -1.74 7 0.66
24 HSiH/CSiH ° ~2.43 . 0.25 " 3.26 2.79
25 *HCH/HCH -. - 1.57 . . -
26 SiX/HSiX 15.31 | 6.34 - .
2% sic/six . 20* T |
v . D ‘ = \ = .
* fixed ‘ \
Units: N.m™ ! for stretching constants:‘\;‘.I\T.m'.rac'l_-2 for
bending force constants / ’
1§
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"o ’ The Dotentlal energy dlstr;butlon 1s expressed as.

fhe peﬁ%enthge.of the pétentlar'energywcontrlbuted by any

force constant (ln parentheses) *5ee Table I.3.9% for. the

B
numberlng of the\force constants. All coniributions in ex-

{hcess of. lO” are llsted The compounds a?e listed 1n the order

OW SlH X, CH SlD

2Xs, Cily 2" CDBSJ.HzX. M _

S mhe major problemfln the’ assmgnment as dlscussed in the

-;text, is the m1x1ng between the metnyl and -Sle— groups..

To 1ndlcate the extent of this in the Tables,  the total
contributions of the force constants describing the -rocking.

motions (6 and 7) and those of tHe SiHé defo?metions (9 and

. 10) are given for the relevant modes, in {parentheses}:RWhen

no separate total appears, the contribution.is the same as

that shown Tor. the single force constant ié'the'lieta Where

the total is different frdn the contribution of the single’

force eonstant,.the contribgtiOﬁ-of the other constant was

-

' _less than 10%"mhe amohnt of mixing is always indieated,“eyen

when the 1nd1v1dual amounts are ‘less than 10% 1n which case
the total 1s denoted by R’ (for rock) and D (for deformatlon)
The modes markes by an asterisk in Cqulex are those where
the emplrLcal assignment and that based on the p.e.d. are
different. o .

. : N

f ¢



-Table I.3.10,

calculated frequencieé 2né p.e.d. for MéSinF

2

475

55(9)+27{10) {82}+41(7)

188

) mode obs. calc. p.e.d.
1 CH3 str{a) 2980 2985 101(l)
2 CHI str(s) 2917 2929 97(1)
3 Siﬁi str 2188 2173 101(2) .
4 CHy“def(a) 1421 1431 97(5) -
5. CHS def(s) 1265 1272 55 (5)+31(7)+1&(6)
6 siH, sc 978 993 65(8)+20(9)
7 CH,“rock ~ 859 771 33(6)+2L1(7) {54}+32(3)+15(10)+10(9) {25}
8 sil str 760- 739 69(3)+18(6) -
9 SiH, wag = 744 855 22(10)+12(9) {34}+45(4)+R{7}
10 SiX“str 950 953 52(4)+20¢10)+13(9)
11 CSiX def 263 262 81(Il)
12 CH. str(a) 2980 2986 101(1)
13 Siﬁz str 2192 2222 99(2)
14 CH “def (a) 1421 1433 96(5)
15 CH- rock 872. 897 72(7)+11(9) .
16 SiR. twist 691 735 76 (10)+45(9) {121}-10(22)+R {4}
17 SiH, rock 530 513 63(9)+38(10) {101}+18(7)
1 CH3 str(a}) 2983 2985 101(lL)
2 CHZ str(s) 2916 2929 97(1)
3 Siﬂ2 str 1590 1559 100(2) .
4 qH,“def(a) 1422 1431 97(5) . »
5 CHS def(s) 1263 1270 56(5)+31{(7)+17(6)
6 . SiP, sc 687 702 57(8)+10(9,10) .-
©7 % CH, rock 786 805 +45(6)+27(7) 172}+19(4)+p {21
-8 Sil str 750 755 82(3)+10(8) ,
9 8iD, wag 620 607 51(10)+36¢9) {87}#R {11}
10 SiX“str 895 929 78(4) a
11 CSiX def ‘260 261 81(11)
12 CH. str(a) 2983 2986 101(1)
13 siB2 str 1601 1610 98(2) . ,
14 CH; def(a) 1422 1433 96(5)
15 CHI rock 817 882 80(7)+D {4} R _
16 SiB, twist 555 535 80(10)+45(9) {125}-11(22)+R{1}
17 SiD; rock 430 412 70(9)+34(1Q%j104}+13(7)
1 CDb, stri(a) 2230 2227 100(1) As
2 CD2 str(s) 21302108 96(1) 4
3 siﬁé str 2187 2173 101(2) '
4 CDy"def(a) 1043 1039 78(5). . o S
5 CD> def(s) 1018 1026 47(5)+16(8)+10(3,6)
6 SiH, sc 974 972 44 (8)+20(5)+15(3)+12(7)
7 CD.“rock 583 590 63(6)+29(7) {92}+D{7}
'8 8iC str 666 €81 68(3)411(17)+10(7)
9 SiH, wag 857 846 37(10)+23(9) {60}+28(4)
10 SiX“str- 934 935 69(4)+17(10)+16(9)
11 CSiX def 241 247 79(11)
12 CD, str(a) -2230 2227 86 (1)+&4(2)
13 siﬁ2 str 2190 2221 85(2)+14(1)
14 CD,“def(a) 1043 1035 - 97(5) ‘ |
15 CD> rock ° 735 698. 38(7)+56(10)+10(23)
16 Sifl, twist 784 759 63(9)+31(10) (94)+17(7)
17 SiHS rock 448




g 3

189 .-

i

Table I 3.11 Calculated frequenc1es and P. €.d. for Me51H2Cl

v mode - ob&. calcw - p.e.d.

1T CH, str(a) 2977 2361 10I()

2 strﬂg) 2915 2927 97(1)

3 slﬁ 'str 2188 2197 9d(2)

4 cH %def(d) 1420 1424 95(5) . o
5 CH; def(s) 1260 1299 53(5)+38(7)+1L(6) B o
6 SiR, sc 958 960 73(8)+11(9,10) e
7 CH,°rock_ = 906 787 45(6)+20(7){65}+19(9)+10(10){29} '

8 8iC str 753 714 92(3)

9 SiH, wag 702 813 40(10)+26(9) {66}+19(6) {25}

10 six®str 512 517 87(4)

14 CSix def = 213 210 80(11) . -
I2 CH, str(a) 2977 2981 101(1)

13 51§ str Q2192 2199 101(2) ‘ x
14 cH, def(:?ﬁtgeo 1428 95(5)

15 CH3I rock 75 866 8l(7)+D{10} . .

16 SiB, twist 677 732 65(10)+38(9) [103}421 (7)

17 SiH; rock 523 522 80(9)+25(10) {105}+R{4}

I CH, str(a) 2978 2961 10I(1)

2 str(s) 2914 2927 97(1) .

3 slﬁ str 1586 1875 98(2) . .

4 CH def(a) 1421 1424 95(5) a

5 CHj"def(s) 1262 1299 53(5)+38(7)+11(6)

6 SiD, sc 681 684 70(8)+16(10)

7 CH,°rock 807 802 “62(6)+26(7){88}+D{0} .

8 Sil str 745 717 95(3) '

.9 SiD, wag 593 613 48(9)+35(10){83}+24(4)+R{0}

10 six’str 506 486 65(4)+20(10) . .

Ll CSix def_ 212 209 80(11)— - |

12 str(8) 2978 2981 101(1)

13 Sla str 1604 1592 101(2)

14 CHis “def(a) 1421 1428 95 (5) .

15 rock 824 .850 98(7)+D{1} =

16 SlB twist 510 534 74(10)+38(9) (192}+814)

17 SiD5 rock 413 408 82(9)+23(10){105}+R{3}

I Cby str(a) 2227 2222 T007I)

2" CD] str(s) 2128 2106 -96(1) i

3 SiH, str 2190 2197 99¢2) T e

¢ o def(a) 1036 1035 84(5)+1r(y) - .

5 def(s) 1008 1012 ‘5915)+2§;§)+17( 3)-12(17) +10(6)

6 slﬁ 960 957 73(8)+1 10)+10(9) :

7 2p00k © . 602 613 56 (6)+21 (7 {77}+18(4)+D{l}

8 Slé str . 662 667  78(3) -

9 SiH, wag 883 798 - 55(10)+50(9) {105}+R{1} : ("\\\\_ _
(10 SiX“str . 497 500 72(4)+13(6) = . ) '
11 CSix def = 103 195 79(11) - : , o /
12 str(a) 2227 2221 100(1) .

13 31§ str 2191 2220 101(2) .

14 CD,%def(a) 1036 1033 95(5)

15 CD; rock 662 621 99(7)+D{16} - ,

16 siff, twist 781 762 64(10)+33(9)'{97}+R{5}

17 SiH; rock ° 444 520 80(9)+24(10) {104}+R {4)

)

ry



Table I.3.12 Caiculated frequencies and p.e.df,for MeSiH

Br

16 Slé twist

2
v mode obs., calc. p.e.d.

1 CH, str(a) 2977 2981 101{1)

.2 CHI str(s) 2911 2923 97(1)

3 SiHe str 2191 2194 997(2)

4 ca def (a) 1421 1423 99(5)

5 def(s)-1260 1277 56{5)-+28(7)+17(6). ' T d
6 slﬁ 952 959 73(8)+21(10)

71_cH rock 892 887 31(6)+13(7){44}+29(9§+17(10){46}

Bil dtr 745 733 69(3)+12(9)+11(6) +10(20)

9 SiH, wag .- 701 699 32(9)+2l(10){53}+21(6)+13(7){34} .
10 "SiX“str 402 405 88(4) +27¢3)=10(20)
11 CSiX*¥ef" 192 192 -~ 75(11)

12 CH, str(a) 2977 2982 101(1) .

1351 5 Str 2200 2197 101(2)
14 “CH.“def(a) 1421 1422 100(5)

15 CH. rock 877 906 49(7)+26(9){30}+18(20)

wo-dounds

17 SlH2 rock*

, 667 %680 * 80°(10)+28(9) {108}+23 (7)-16 (22) =13 (20)
17 SiH rock 503 517 60(9)+25(10){85}+31(7)-21(20)+13(22)
I Str(a) 2977 2981 10I(I)
2 G ste (o) 2011 2923 97(1)
3 siD, str 1585 15727 99(2)
1 cH,’def(a) 1420 1423 99(5) \
5. CHY Qef(s) 1261 1277« 56(5)+28(7)+17(6) - .
6 5ib, sc 6777 693  71(8)+20,(10) oo
7 rock 806 836 52(6)+27(7) {79}+D{9} .
5 Sid ses 738 729 89 (3)
-9 SiD, wag. 579 557 63(9)+31(10) {94}- 15(22) 4R {161-11(20)
10 SixX’str 395 384 81(4)+11(10)
11 CSiX def 191 191 75(11) -
12 CH, str(a) 2977 2982 101(1)
13 SiB, str 1604 1592 101(2) | .
14 CH.,’def(a) 1420 1432 100(5) -
15 .CH, rock 837 856 72(7)+12(20)+b{8}
16 SiB, twist 490 502 74(10)+50(9) {124}-20(22)-12(20)+R {11} .
17 SiDs rock ° 395 410 56(9)+33(10) {89}+19(7)- 16(20)ﬁ14(22)
D, ste(a) 2229 2222 100(D)
str(s) 2124 2103 96 (1)
slﬁ str 2184 2194 - 99(2)
cp,’def (a) 1033 1029 100(5) R
CD3 def () 1002 1000 S0(5)+26(7)+23(3)-17(17)+14(6)
Sif, so 954 959 °73(8)+21(10),
rock 588 582 '55(6)+32(7) {87}+12(9, 10){24} ~10(20). -
5:d st 659 666 77(3)+10(17)
SiH, wag 858 822 59(9)+34(10) {93}- 15(22)+R{10}
10 SiX’str 393 397 88(4)
11 CSiX def 170 176 75(11)
12 CD; str.(a) 2229 2223 -99(1)
13 SiR, str 2184 2197 100(2)
14 CD,%def(a) 1033 1028 10L(5) -
15 CD3 rock* 638 639 23(7)+81(10) (82) - .
16 SiB, twist 775 803 59(9)+17(10) {76}+17(7)+16(20)-11(22)
438 460

54(9) {63}+64(7)-29(20)
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Table T:3.13 Calculated frequencies ané,p.e.d.'for MeSiHZI.-

'SlDz rock*

434

437

v mode obs. calt. p.e.d. o , T

T CH str(a) 2972 297§ LOL(I) :

2 str(s) 2906 2918 97(1)
.3 slﬁ ‘str - 2180 2190 101(2)

4 CH, 23ef(a) 1414 1422 96 (5) g . :

5 CHI def(s) 1256 1278 54(5)+33(7)+14(6)_ ' . ' m

6 Sif., sc 948 963, 59(8)+29(9) . o
7 CH,“rock’ 856 859 30(6)+15ﬂ7){45}+22(10){28}+20(8)

8 s5il str 735 7 64 (3)+17 (6)+13 (10)+12 (9) ,

0 Sil, wag 696 700 24(9)+23(10) {47}+33(3)+16(6)" | e °

10 SiX“str 344 347 85(4)+10(11) -

11 CSiX def 176 175 74 (113+12(4) .

12 CH, str(a) 2972 2976 101(1) T

13 SiH, str =~ 2188 2197 101(2)- = - .

.14 CH3 def(a) 1414 1419 97(5)

15 rock 884 889 52(7)+23(9){25}+10(2o;

16 slﬁ twist 640 .649 67(10)+32(9) {39}+26 (7)~11(22)+10 (16) S

17 SiH rock 490 478 86(9)+18(10) {104}+27(7)-17(15)%10(22) . o
1 CH str(a) 2971 2976 1T0I() -12(20,21)

2 str(s) 2908 2918 97(1) N

3 513 str 1581 1569 99(2) |
. 4 CH, ‘def (a) 1415 1422 96 (5) ' -

5 CHy def(s) 1256 1276 55(5)+34(7)+14(6) .\\4

6 sSiD. sc 668 674 74(8)+12(9) - N\
.7 CH, rock 804 843 52(6)+25(7){77}+D{8} -

8 *Sid str 731 740 A91(3) . .

9 sip, wag 562 558 MR6(9)+41(10) {87}-11(22)+R{11} s
10 six®str 335 328 %9 (4)+11(10)

11 cstx def 176 175 &74(11y+12-(4)
12 str(a) 2971 2976 .101(1) . . - .
13 SlB str 1602 1591 100 (2) - o e

14 cH, 2def (a) -1415 1419 97(5),
. 15 CH, rock 827 849 84(7)+D{7} /=10(¢15)+10(16)
_16~515 twist 472 476. 67(10)+49(9) {116}-14(22)+13(7)

17 §iDj rock 388 575, 83(9)+22(10) {105}+18(7)~17 (15)+11(22)

1 CD, str(a) 2223 2218 100(I) -10(20,21)

2 CDI str(s). 2121 2099 96(1) S

3 Sif str 2184 2190 99(2) o

4 CDy def(a) '1033 1029 94(5)

5 CDy def(s) 1000 1000 :44(5)+22(7)+13(3,6)-14(17)

6 Si sc 947 947 60(8)+21(9) -

7 “rock, 581 587 60(6)+19(7){79*‘12(10)+ll(9){23} -

8 Slé str 655. 675 72(3) L

9 SiH, wag 827 805 46(10)+32(9) {78}-10(22)+R{7} S .

10 SiX‘str 336 341 B6(4) :

11 csix def 156 160 75(11)+10(4).

12 str(a) 2223 2219 99(1) .

13 slﬁ str 2189 2197 100w(2) -

14 cn3 2def(a) 1033 1026 98(5)

15 rock* 607 606 64(10)+35(7)

16.5132 twist 776 771 58(9)+17(10) {75}+23(7)—12(15)+10(20)

17 81(9) {89}458(7)~18(20,21)-16(15)
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and comparlson with other. non-hydrldlc. compounds,:for
'methyl rocking frequenoles. This 0p1nlon 1s shared by the
. uthors of the only other normal coordlnste treaﬁment ot pny
' <z$/fﬁe monohalo- derlvatlves. that for the cnlorido65, and
‘also by Durig and H‘awley66 for'the same oompouﬁd._Toe assign-

ments in this work and the latter report are very similar,

the only difference being in the ordering of the tﬂo methyl
focking modes. From the ooserved.rrequenoies reported tor the
former study it seeme likely that the workers relied more on
1nfrared than Raman data, whlch would explaln why the ;Bz-cd 1 E
- band observed in the Raman Spectrum in this work and oy

Durig ani\ﬁsyleyéé was not reported. The SiH, wag, w:;jg/}g _‘

assigned to this band, was assigned to the lower of e two -

methyl rocking absorptions, at 8577 cm"l‘$their quer pre-

sumably influenced by the tendency of the NCA to calpulate

the SiH bends to- high waﬁenumber. .
The non—appearance ot the ‘702 og:} bahd in the 1nfrared ® q

spectrum is obvxously a handlcap for an 1nfrared study, but '

the choice’ ot frequenc1es for therblﬁz modes in the first

study of thls whole ser1e564 is anofher example of a dubidus

oh010e oI comparatlve molecules, although admlttedly there .

' o “was not mucn ot an alternative. In this case- the SlH2X2

\\\ compounds ‘were used, and apart from the blﬂz 301ssor1ng mode,

(the ‘result in both compounds of an HSiH angle deformatlon)

t%e comparison for tHe- t?fee lowest SlH2 modes is of an HSiX

deformatron (in Slexz) with one involving varylng.contrlout-

ions of HSiX and CSiH deformations. With the substantiai _
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.dégréé of miiing'wiﬁh the HCSi moticns In the methyl derivat-
ives, it would be fortuitous to observe these vibrations at -

the similar wavenumber. ' ;
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"I"E“If‘vibratienal_Spentra

Preparatlve details are given in Chapter I. 3 2, The W T

1nfrared and representatlva Raman spectra - show1ng the. : - 1
dlchlorldes - .are shown in Figures.I. 4 1-5. For those Egnds/: L
in the infrared spectra w1th dlstlnctlve contours, th;se with

B, C or hybrid B/C shapes? in the CH381}D(2 (X =C1, Br. I)
compounds.will.be a' modes, and those with A-type contours

a" mpdes. For the fluoro--deriﬁatives these are expecfed to
‘chégge to A, C or A/C, and B- type contoﬁgs respectively, as

the 'moment of inetrtia along the ax1s apprbxlmately in the
direction ofcthe Si-C bond changes from the 1ntermed1ate

value to the 1oﬂest The approxlmate descrlptlon and number-

1ng of the .modes is shown in Table I. .1, With the lack of

[y

Table I.4.1 'Description and numbering of fundamental modes .

in CH381HX2
Description a Mo@e a”
QHB str. (asym) ¢ vy | B Vyp >
CHq str. (sym} Y
SiH stretch vy
‘CH3 def. (asym) vy, V13
CH3 def. ( ) Vg | : .
CH3 rock - Vg Vil
~ 81iC stretch Vo .
SiH bend S vg V15
SiX2 stretch vg V16
CSiX def, ) V17
Sin def. Vi1
torsion . V18
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’ Figute I.4.1 Infrared spectra' of the difluoromethylsilanes
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Figure I.4.2 Infrared spectra of the dichloromethylsilanes
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Figure I.4.4 Infrared spectra of the diiodomethylsilanes
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'two modes are directly superlmposed The asymmetrlc CDh

3.

volatlllty of. the dllOdlde (saturated vapour pressure ~5 mm -

Hg) 1t was not p0331b1e to obtain all the bands at full

Scale in’ the gas phase for nore accurate measurement Use

was made ‘of the absorptlon expans1on fa0111ty, but while thls

. allowed for a better estimate of band _position, the extra.

N
background noise effedtlvely wiped out any contours presi/ﬁ._

l) BGUU ~ 1000 cm, -1

W . .‘
- The CH, stretchlng modes appear as weak bands in
the 1nfrared spectra, with only the fluoride showmng

dlstlnctlve contours, for the envelope contalnlng Ul and le'

stretchlng modes can be seen as a spike.on the hlgh wavefb
number gide of v3, the SiH stretchlng mode, while the Symm—
etrlc CD3 stretch is barely observable 1n\the low wavenumber
tall of Ve The correspondlng Raman features are falrly
strong, with the CD3 stretchlng modes belng better defined

than for the monohalo- derivatives as there is now only’ one

' SlH stretch, which appears 4s a strong, broadg .and. polarlsed

e

band, as do° the SiD stretches.. In all 1nfrared SP%Ftra v3

has a“prominent @ branch eXcept for CHBSLDF2 where a doublet

 of almost equally 1ntense bands appears, at 1634 1 and

1619 3 0.5 cm l; The correspondlng Raman band, centred at

1633 cm l, has a moderately strong shoulder to low wavenumber,
3

estimated by approximate curve fitting plots to be at 1612

em™ . Both are polarised. The iwo features are shown ‘in

Figure I.4.6. No hydrogen or fluorine containing impurities

y

&

. .
3 e 7
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.These appear as, an A—type band, which suggests ‘thdt these T

R S
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Figure I,4.6 Raman {A) and ipfréfed (B) spectra of Si-b

. stretehing region in'CHBSiDF2
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& - ' g = R . S :

' were detected in 1H or 19F n.m.r. spectra except for ~5%
(CH SlDF)ZO, whlch could not produce the band w1th such ]
a1nten31ty. mhe mass spectrum (at ?Oev) showed no s;gnlflcant
peaks greater than the parent ion, and the other maJor peaks'
could be attrlbuted tb CHjSlDF 1tself;JThe only plag31ble
alternative was Fermlrrégonanee, since no other §iD stretchL
ing vibration is expeEted to be of such high frequency79f
The fact that it appears only 1n the dlfluorlde suggests
that a vibration 1nvolv1ng a fluorlne atom is 1nvolved amf

‘v?_+ Vg the 'Sic and symme tric SJ.F2 stretching mode respect-
ively, is found to be the combination band involved. The SiC
mede‘appears~as a distorted A-type band at 733 cin™L, while
vg gives rieeﬂto aﬁcomﬁlicated contour, the strongest feat-

" ure of whieh is at-897 cm"l, for a sum of 1630 em™L. The

'1,ufrom the value of T~

corresponding Raman sum is 1619'.cm
733 cm'l for Vo an@7884-cm'l for vg,'although the latter is
less accurate due to its being weak and broad. The greater

. difference -in intensities in the Réfan spectrum is presum-

.ably because of a.. lesser coince dence, and 50 allows for
the stronger bang at 16 3 cg,}/;i be designated as the SiD
lstretch R whereas the similarity of the 1n¢ens1t1es in the
infrared spegc trum make euch a uous distinction even mqre

S0,

The aeymmetr;e CHj deformations v, and vi3 are.genereily
weak and featureless in both effec 8. :The symmetric deform-
atioﬁs, v5, appear as medium bards in the infrared-sﬁectra
with A-type contours for the ifluorides and B-types for the

[y
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other compounds. and as weak, polarleed bands 1n the Raman

spectra.. Jn the CD = counterparts, the barid shape changes
'.to C and B/C-types respecplvely. Wher®s Vy and v13 were ﬁf
. mainly overlapped by v in the: monohalo- derivatives, the

dlstlnctlon can be made for these molecules in a1l but the

dlfluorlde, but a compsrlson of the observed decreasing
separations between Vg and (Vv s 14) as the halogen becomes - -
-hlgher suggests that»the two modes should be almost coincid- |
ent 1n,$he~éefluor1de. This is supported by the detectlon of ]
only one band in the deformatlon-overtone region around.

2000 Qm_l instead of the two.due to 2v5 and 2v4 14 @s obs- | ' |
erved in the monohalo- derivatives and the other three |

dihalo- analogues. .

11) Below 350 cm_ -1 E ¢

Three bands are expected 1n this region; “10 anﬁg__m$- ' o
vl?f-?he symnetrlc and asymmetric CSiX deformatlonsl and Ve

the Siléseissoring mode. Since Vi1 is the only vdbration

having an angle change involving both hadogen atoms, it is |

expected to.be the most sensitive change in mass of

halogen. Polarisation data fixes the assignment of'vl?, and o

Vi1 1s assigned to the lowest frequency in theﬁifiodide on

the basis of mass and intensity. However, this lowest band

increases 1n wavenumber more than either le and “17.?nd is

'-'

almost comn01dent with Ul? in the dichloride (andi?s\in fact

so .for CDBSiHCl ). The pbiarisation data for the difluor-
(
ides are 1nconclus1Ve, but continuing with the trend of

larger increase in wavenumber, and also decrease in intensity -

3 »



relative to the CSiX ddformations, V7 is assigned to the

highest band at ca. 340 dm'l in these molecules., The assign-

ment of thls band to an a' mode is supported by the infrared
sPectru; of CDBSlHF2 recorded 1n the-CsI reglon (> 200 em l),
‘which shows an A-type band at 333 cm -1 -and an apparent B-type
:‘band a%'Z?u cm'l. (An absorptlon maxlmum was also observed
at 203 cm $~ but as this is at the 1limit of the instrument's
range, it 1s not a rellable flgure) If the band at 274 cm™1
is really an agymmetric Jnode, thls confllcts with another
trend in relative intensities, which has le decreasing in
intensity relative_to vl? as the halogen becomes lighter,

the changeover from stronger to weaker coming at the dichlor-
ide. This assignment will be discussed later.

As with the monofluoro- conpounds, additional weakﬂ
bands are observed in the difluorides at about 200 em™L, on
the low wavenumber side of the'deformetion enve%ope. The only
explanation that can be offered is that they are the torsions.
If the frequencies are expected to be intermediate between
CHBSiH3 and‘CHBSiFé, then it_appears that they are too high,
in spite of displaying a reasonably consistent set, as shown

in Table I.4.2.

Table I.4.2 Comparison of possible torsional modes (cm"l)
for fluoromethylsilanes

N CHBS:'LHZF 225 01{3311~IF2 208
i 190 s 25 ; 2 140¢
CH351H3 258D CHBSlDzF i CH381DF2 06 CH le3 156‘1

CD381H2F 133 CDBSlHFQ' 183

a) ref. 29 b) ref. 4 c¢) ref. 32 d) ref. 62

. e
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131) 1000-350 em™*

o

The Raman spectra of This region are shown in
..Figu;es I.4,7 - 16. The symmetfic‘Sin gtretch, U9, is
immediately apparent as a strong, polarised band at its
characteristic position of about 310 em™t for $i-I, 375 for
_Si-Br and 500 cm'l for Si-Cl.'The asymmetric stretqh abpears

as a médium/heak deﬁolarisedlsand about 65 ch"l.higher than

.V9. Tﬁis difference is almost identical (3 cm—l) for each .
of the diiodides and dibromides and CH;SiHCl,, but drops by

1

up to 20 c¢m™ ~ in the other two dichlorides, presumably as

the Si-Cl mode mixes with vibrations of deuterated groups
the same frequency range.-.The SiF2 stretches are typically

weak bands, with corresponding intense absorptions of mixed

-

2
There remain five fundamentals to be determined; v?,

contours in the infrared spectra. overlapping in CH3SiHF .

the Si-C stretching vibration. and two each of me%hyl rocik-
ing and SiH(D) deformation modes. The patterns for each of
the i;otopic derivatives are qdite similar on geoing from
iodide to chloride, showing a gradual increaese in wave-
number for all baﬁds._In the Raman spectra; the middlg band

of the five is the strongest and polarised. This might 4here-
fore be expected to be v?, since in the main stretching modes
arg more inteng?/fﬁﬁn\@ending modes. The band contours, where
thej can be made out, are of the appropriater type. For the
CH3- compou?dST it seems reasonable that the two ban@g higher

than v7 aré the methyl'rocks. and the two lower bands the

SiH' bends, especially since these latter two decrease in

’
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Figure I.4.7 Partial Raman spectra of the
difluoromethylsilarnes
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Figure I.%4.8 Partial Raman spectra of the
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h wavenumberlnrabout 150 cm lon deuteration at 51llcon. In the

¥

.°D331HX2 molecules, thls order is probably reversed since

keeping the methyl rocks higher implies almost no change in *
frequency for the four bending vibrations compared to the
L3

dHBSiDX species; The symmetric and asymmetric modes in each

pair’ also change order. This argument applied to the difluor-

. ide is not so conv1n€1ng, however, as the spectra are quite

unllke those of the heav1er hallde derivatives.

+

I.4,2 Assignment and NCA

Cf all the compo&nds reported in this study, the
dlfluoromethylsllanes were the most difficult to assign.
The problem was not only in matchlng the frequenc1es to funda-
mental modes but determining the frequen01esqthemselves
because oﬁzthe‘iack of sufficient bands. Even allowing one's
imagination a free rein could not produce the requiredﬁﬁumber
whereas in all put CDBSiHCl2 the eeven fundameﬁtals erpected
in the 1000-350 em™ L region (Figures I.4,.7-10) are observed
as ihdividual bands. Comparison of the two kinds pf specta
was helpful although the prediction of actual wavenumbers
was not possible, as-a continuation of tremds present in the
other three derivatives was not followed. Ho"er:, some
relatlve trends were‘found to be useful For example, the
observed splitting of the a' and a" methyl rocks in the
CHBSiH}C2 compounds decreases from the diiodide, where ;t'is

74 cm'l, to 49 em™t in.the dibromide and 35 em™t in the
dichloride. Thus /t was thought not too unreasoriable to

assign both rocks to the same feature in the dgfluoride.
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Eventually a list of possible candidates was drawn up from

both spectra, which included at most two uncertain frequencies,

L

and jheselvalues tested by appllcatlzﬁlof the product rule..

By again €alculating all the possible ratios for the three
. e -~ .
compounds _it wds hoped to be able to determiné in which

compound the product was either too high or too low, Thus

after a series of comparative calculations, a set of frequen-.

cies which‘produced the best fit to all three ratios, and was
compatible“with the ebserved_spec%ra. was obtained. The most
commoﬁ decision thus ‘arrived gt,involved aseigning an uncer--
tain mode ae coincidenf with another band, or tpla weaker
feature nearby. The celculated and observed product rule
ratios are listed in Table I.4.3, where again separate ratios
have been calculated for'infraredlan& Raman frequencies.

. Most of the a" rafiqs;involving”CDBSiHXZ make use of
two or even three- estimated frequencies.out of the six, and
so not too much emphasis should be placed en these resulté.

This series can be considered simpler than the previous

one by virtue of hav1ng only two SlH bendlng modes, and the;
NCA reflects thls with slightly better agreement, although
by no means totally conv1301ng for. all the light. compounds

- —-d"—w -
-,‘ =, s

The obseﬁved frequen01e§ alqng W1th the preferred’ a531gnment,
) are listed in Table I.4.4-7. It appeared at first that these
calculations would converge relatiVely easily, and in fact
those for the diiodide and dibromide were found to do so.

As is usuglwwhen a close agreement has been attained, all of

‘the force constants were allowed to vary at the same time in

o ‘%%j
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Table I.4.3 Calculated and observed product rule ratlos .
for the dlhalomethyl§11anes

'

5

ratio species

Obs. Ra

calc. obs. i.r.

CH3SiDF2 . 0.517 0.532 0.527%7
CH,SIHF, " 0.728 0.733 *0.737
CD;SiHF, a', . 04200  0.217 0.210 v '+
CH,SiHF, am 0.380 0.38% 0.390
CD,S1iHF, a'  0.387 0.408 0.399

fc@sim‘ﬂz a" 0.522 0.526 0.529

A remgsinel, a' 0.514 0.528. 0.527
CH381HC12 a" 0.717 ’ 01130- 0. 723*
CD;SiHC1, at 0.197 0.209 0.210
CH siHc12 a" 0.371 " 0.401 0.402
CD381HC1 t 0.383 0.395/ .  0.399
\. . 1

CH,SiDCIL, a" 0.517 0.549 0.556%.,
CH;SiDBr, ' 0.511 0.535 0.531
.CH,SIHBz, " 0.712 0.713 0.717 ’
CD SiHBr,  a' = 0.194 0.208 0.199
CH,SIHBT, a" 0.364 0.369 0.365
CD,SiHBr, a' 0.380 0.390 0.374
CH,SiDBr, " 0.510 0.518 0.509
CH,SiDI, a' 0.510 . 0.521 0.528
CH,SIHI, a” 0.711 ° 0.694 0.721
CD,SiHI, ' 0.193 0.196 0.198
CH,SIHI, " 0.360 0.366 0.361
CD4SiHI, at 0.379 0.376 0.374
CH,SIDT, a" 0.507 0.526 0.500

half of the f}equencies_qstimatéd

4



214,

+

7 . . v I
la ) 2LS © aflyLL usm gLy : Lv8
9 d s 8gs s 685 [t v8L ¢d M ggg mu ggghev
a 865 . dnoo08 . u mmnmm 0L8
. ! -.h‘.om N )
w3 ’ . Ss68 ‘ L .
o d s 168 . SA WOQMU\m d »'¢ggg. SA T06 d.ma 1¢6 SA ZE6
£16).. )
ta ¢dp #a 076 sa Mmmv g 7 ¢dp ma 1g6 SA 6%6 - SA 096
1 Y . - . .
c . . . L9ZT _ “ £92T
o dw o¢07 SA ZEOTD/¥ . d mogLgT S pLZI} ¥ d'u £92ZT w mhmamm
. - . . &8¢t . 78ZI
m.H » ¢ ' y .
a ‘ . vawﬁvm L6ET
. MA - d
v A 9£0T . dp m §TyT » 6TrTfD d ua gorT 4 8 Tha
.Sa+da : ysm pgTz A4 gele
Coatba nAA QOLT
. 6122 . , .
6,.L . . _ LT2T
a+oa 0, oczel,, ¢ d gsw ¢19T S 6191 D q :
d s SA ! _ d
e stee o sczz{®Y .. d s fgor S $E9T D Shoeter S Trrg
. R47444 . ,
oK : . o 1 d ma ogse )
d sa . . !
¥e ‘ .mmom d m pygz d » zogz
Ca .ﬁ SA 9€TZ #Man ggTz . d sA 0zeg MA EZT6T d sa zzeg MAT6T6Z
——— A ~ t e P 6L6Z 7 . £862 7
i S\ d s gege - dp #w 8867 M D L867 € dp mu 6867 M O .86z g
. : £667 4 - L66z J
. I\jr.. ,
Juaw’ A.wﬁﬂv,mm (seb) *x-7 . A°PTT) By  (seb) rx-T (-bT1) g (seb)-i-T
~ubTssy > Camrstas -~ Caarstup Cantstun
- - — —— LN ] z

..mmcmﬂmmﬂm:meOHQrHMHm mzw Jo ea3pads Hmnompmnnw> UL ¥ v:I 219ed

1

b



'\.\.

A -
a | ,
. - ) 1%93 .mmm.. .ﬁmusmmowmu. TULXD .
¢Bla usMa pgT ¢dp #A 907 ¢dp usa 80z
Ela o edp 154 o edp'a gy - ¢dp A £z )
0T - zdp mu grg mmwv.m cdp mur £gg ¢dp mogez -
s 082} . - .,m 1 .
B S P . L eey - . \ .
Tl ‘edp mwogee | w mmmum ¢dp mu gpe N ¢dp ma 0GE
LT, C rre : . v
oT"C e . éd ma gLY , "
- 0T,z . d A pyg : - - "
LT, TS .
Elattea o . d mnogLg ¥
-8 : | B : i - ’ 899
R d w £y8 078 4 d w o96g Do d-# €89 8 GL9 Y
v e . - ysu . : S°Z09 L89
T Ta aldpTyusmM p9g.. zG8. LUs & ZT9n L L 24P MA pEL  USM YEL
.. lag L : dm 6L o .
o - 699 o . €L . - 99
N ds 189 - 6L9¢D/Y d sa ygL - 5§ £EL}Y d mu grf s mﬁh*«
D 069 R SyL) 581
..“EmE (*bTT) ey w(seb) rx-T (“bT1) ®¥ (seb) *x-1 (*bT1) =W {seb)-a-T
w@ -~ubzssy - - % Caurstao . Caarstuo - o Canrstuo

(penurjuod) pTy I SIdRL

i



s n

- L . ... \
....u s . : . ‘ . ‘
) &1 . g ) . C 3 VES . s » “ ‘
o . P M 818 SA £78 cap ﬁm? g84qn, SA d AP UsM [f§¢fn USH “Foin
3 A - - . . mmm . //
L g “ mhmv d. u mqﬁv d u s fcr
L w 189 SU o gofE | £GL S cc/ (8 1w o6sL mmn,/
.. . a \,
. - , | . ‘ SeL . ar8) .
. a dp » T¢9g .S pE9 - B opgLn SA 008(V ¢dp M gy8 ., SA £58:V N\
’ : ' ’ 808 098 B
. - . \
.. %0 "du geg Sw ggg - n 9T§,  uss 0zg ¢dp # 188 sA wmmvm
Sa s d u . " o707 d S qmmﬂv 3 momﬂv
. e . 0T0T . Suw 97T0T . A G9ZT . u su 2172112 . dmos9eT su cr711 8
. . s . I
et . : . - L6€ET
o Pt dp usm LZOT . ‘- . dp # 9T¥T MG, dp # p0¥T M movﬂmm
S S : L _ T B 0ZHT- A TIFPTO

S e TRaeno s gzt B LEIT - . -

v, 4 . ot B pLTT .. MA LLLT
‘mmm R a . , " M.889T . - MA LTO0T MA 9702
e Ea . . d s.zz22 s glzz O . d s gT9T" s GI9T 0 _d sa ¢ozze sA 9Tge |
k - .w?m. -0 d aoggeT . . . ;

e g - ms ppoT - - P d © 0gse . d ma 18LT
M¢ [ ds ogTz . ar gETZ | - d s gT6¢ MA 0262 - d s 9762 MA E£Z6T
2T ST - L m 1867
PRS- dp ysw gezzn s gz~ dp w $867 » M £86Z° dp mw 9867 # 9862}V
L N . _ B - "M 0662 # Z662)0
R cquem L PTIT) ®y (seb) *x-1 “. (*bTT) ®9  (seb)-x°T . {°PbTT) w34 (seb)-a-T
~ubssy ¢tomtstao . - Zarstwo . L " Crourstuo
> 4 ‘. L . . s o ] w . :
o . ..m.mcm.mﬁ.‘mﬂwﬂumﬁouoazvﬂw 8y} JO eajoeds TRUOTIIRIQIA 9YL G p I oTdel
: f [} ’ 3 * “U. . .
| .ﬁ ) “» 1 f B -
AT I s . . . N . .
M“_ g. : * & te \\V . <
? . . w -




-~ 217

~ P
. ‘ .
vIT : . su ' :d sw
Sp su cg1 su 98T ¢ L8T |
\ Lo o Sir 66T yssw 667 .
0t d w gee d w 95¢ " duau /sg :
TTa, 0Ty & n 00p -d MA 97F N d ma Qfd )
LT4,0T, . d ma zgyp . o
m * i T
a d sa 18y sw /gy d sa zeyp u 10§ d sa g6 suw y0g
3T dp m°ggg S ¥¥S | 6€6 dp mu 9gg sA 696
g . : dp w Lygn Ww gys o v :
a ¢dp M yp8  SA 5p8 - 095 ) . dp mu 889 MA €89
quom (-BTT) ey (seb) -x-T ("btT) =Y . (seb)rx-T (*bT1) ey (seb)a- 1
-~ubtssy Croutstan Croarstun . - Cromtstuo -
q ’ 2
w 2 (PONUTIUCD) G §"I ITqel



L
8« | & s ogze s mvam ¢d W LES  YSW QS ¢d mu gL9 B pLY
ST T6L . i
0 d SA . -
| P& E8L ﬁmhvm ¢dp ysw 09Gu  SA £9G dp us# geLn
- La dugzrg — w Ohmvm du gL mhmmwvm . d w9yl S mmmvm
5 , 9L9 ZhL - _
¥I, S 6L 528
a dp # 019 - w GgT9 dp ma ggL SA 96LY - dp »a gz8 sA vm
| : | 8€8
. | 008 .
STasTTo mA €06 - d n»op8y na 789
% . d mugg nggs . . dmnypIg .8 mwmvm d na pL8 s 088
S, .4 wooav 4 . g Y N@NHV
| a . +duw 00T u g lorf8 d m oegzT w 5971 A 0921 w 3¢ e
y ‘ A
ST a ’ | . dp ma geET  mu TOPT
€T, dp ysm €701 - . dp # 60FT AW PTFT Gp o copt  mw ZZBT
. Mpmm B MA 69V T - . nA 8yl
Jarda na GLOT . mAD00T AL TTOZ
. PlasTa ma_ 609T  mA STIT o BA 780C
€a , d.s gozz s 012z d s 1191 s 6091 d s 1122 s z12¢ D
oz dneLeT oo : . . d ma 67T -
. 6Z . d as Ty0T R . d s oLeLe ma 18T d mn p8LT
. Ca d s gzTz - AnA TETE, d s 0T6z * A 6162 d s 0T6T  MA 0T6C
. ¢TatTa  dp usu gggz uSMA 6ECT- dp #w z86z MW 86T dp mu 7867 AW 5867
& o . {*bTT) ®BY (seb)-a"<T “(«brT) ey (5eb)-a°T (*bt1) =Y (seb)*x T
Sjuaul’, : - _ . ; o . € oo~ ) [4 £
~ubTsey . Cagntstao P Cagatstud -, Czantstuo
) . m.mQMHﬂmHmzumEOEOMﬂH@ ay3 Jo muwommm, TeUOT3IRIQIA SYL 9'p-I oT1del

- » - . -

it



b

\

uoTdIosqge Igy Ut

¥

L ds 121, cdp s €71 cd s zzT

LT dp sw gsT dp w zgT g dp w 18T

0T, . d su ggg d su zzz d sw zzz
NH>+HH> __" d ma gog d ma gogn

6a d sA 0Lg  sMuw 0gf d sA 9/g  sMuw g£gg ~d sA 08f MU /g¢f

0Taz  d usma gec . d na 91y d ysma [z

OTa, o “dp mw per. - s cpy dp w geyp SA by dp mu 9yy  sA LG
IT 46 d » 68v e d na gey | d ma g6y mA 967
£Ta464 . BA €25 - B 0%S

wow CBT0 W (seB)Ey CBID) ew _ (seh)-x'T.  ~N{'Bri) e0  (seB) i}
-ubtssy  Caghrstan ¢xaatstuo ¢xantstho

¥

(panuTlUuoD)

9°y T o19eL



220

4

PO

uotzdIosqe IdM UT .
. X

._....H> ’ mmmm nwmmm Qmmm
Lo dp w6yt . dpw oLt dp w 0LT .
0Tq . d sw 08T : d su 96F d sm 96T
LT LT d ma vzz d ma 967 d ma ‘85z :
(T1a40T4 d ma TISZ d ma g8z B d ma £82 .
T d sa g0f £80E™ d sa zig & «5TEn - d sa 91g £0ZEN
me dp w 1L MU €8¢ dp w 9rg W £8¢€ dp w Z8¢ Su y6E
LAWY d ma g6t d ma g6 7 : | d ma £0F. na 80%
o Ba "dmegog . su Wwwvm d mu gzg ¢ usew gggn P & 099 nA 899
sT, cdp m pyL . m».wwwvm dp usm gesn sa gfg . dp usm LTL s 0ZLn
£a d u zg9 © W o699 d mu gzl suI Mmmvn - dwezL S TELn
A dp » z09 wogo9 - dp mm L sa £, ~ dp ma go8 © SA 0T8
9a dw 196 L d m p18 sur NMMVm d »a zL8 s 788
S0 d w z66 w WNMﬁwm d n sseT w79zt d an €571 w z9gT
V.o , . . nzovy mn g8¢1
£T, dp ma 0ZOT mA $Z0T dp as Z0YT mor dp mA 00FT 4 ;05T
o d su 88T¢ su 9612 d sw 96ST SW 86GT d sw 0612 s 96T¢
LAY d ma ££02 . d ma L8LZ d ma £LL2
Ca d sw STz nAA 9TTT d su €062 BA 0T6T d sw z06z  MA ST6E
eIy . dp w gzze . - - dp MWl GL62 M 6LET dp MW LL6T M £867
—_— (brryes  (seh) T Chifyes  (seh) it (brijed (seh) 31
_ubyssy - Crurstao Crarstuo Cryrstuo

soueTTSTAUISWOPOTIP @Yyl 3O e13oads TeRUOIZRIGTA SUL [ y I o1ded

-



221

. order to achieve the best p0331b1e flt. In the cage of the
diiodide, some of the f- c S. varied markedly. then eventually
* settled down and converged to a final result. While the.
frequency agreement was found to be as good as with the
previous refinement, the force constant values were in'some
cases quite different, as can be seen from Table I1.4.8,

where the values from the other compounds: are included.

Such behaviour lessens the benefits of oonparisbn with other
members of the series if the analyses are‘not‘performed in

a completely 31m11ar manner. The p.e. d 's produced by these
force constant values are listed in Tables I.4.9-13. It can
be seen that, compared to the monohalo- derivatives, the

B frequencies in the "heavy" compounds are well reproduced with
an acceptable confirmation of ‘the approximate déscription of-3“
all the modes. For the light homologues, however, the mlxlngﬁ_
between the methyl rocking and SiH bending force constants isy
extensmve, the a° CH3 rock designated S0 onl?‘because of all

the modes with contributions from these force constants, that
frequency has the highest'proﬁortion of methyl rocking con-
tribution, even though it is only about 404, and less than
the total of fCSiH and fHSiX, which together define the ‘a*~
SiH bend. 1In CHBSiHFg the agreement 1s even poorer, even .
though in the deuterated mdiecﬁiﬁécthéuségeement is not only
good for the ordering of the freduencies, but the numerical

-1, While this may be

agreement averages less the 8 cm
thought to be indicative of a "true® assignment for CHBSLHPZ.

the assignments thus proposed are difficult to reconcile with
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Table I.4.8 Force constant values for MeSiHX

2

No. Description F cl Br . I(1) T(2)
1 CH  480.71  481.38  479.30 - 478.13 478.09
2 - 8iH . 289.87 285.42  283.45 276.60 276.58
3 sic 325.00 310.73 -297.51  290.24 291.59
4 SiX 527.51 283.30  197.85 170.49 142.29
5 HCH  51.18  51.73  46.80  46.90  47.17
6 HCSi '35.97 ' 32.03  41.10  34.67 34.81
7 HCSi 50.66  56.57  53.22  54.25 53.72
.8 CSiH ~ 69.72  69.08  54.56  41.10  42.06
9 HSiX 65.74  53.30  50.94  70.67 63.17
10 ¢Six 60.18  75.39  79.17  62.04
11 XSiX 89.19  73.56  80.20 {383.25
12 CH/CH 5.54 6.78 6.58 5.90
13 SiX/siX 33.58  25.30  11.88 . ~4.62
14 HCH/HCH - ~1.39 . -0.21 " -4.74  -4.24 -3.99
15 HCSi /HCSi 6.62 9.26 - 10.51° 11.18 11.24
16 HSiX/HSiX 6.61  -0.51 0.66  24.87 18.38
17 CSiX/CSiX 2.19  13.63  10.11 2.79  2.79
18 SiC/HCSi ' 24.65 - 14.97 © 13.93 25.50  2§.79
19 SiC/CSiH 9.88  22.79 2.94 6.10 ~'4.83
20 SiX/HSiX . 10.72 16473 14.10  13.86  7.71
21 SiX/CSiX - - -1.30  25.77  5.39
22 t-HCSi/CSiH 3.59  7.17 ,-17.05 7.19  6.41 77
23 c-HCSi/CSiH 8.62 -8730 2487 -13.91 -13.84
24 CSiH/HSiIX ~ ° 6.51 1,01 2.43 0.65
25 HCSi /HSiX 5.38 ~7.32 6 2.50 2.26
26 t-HCSi/SiX - 4.06 - o=
27 Sic/six 20.00% - . - -

*fixed

Units: N.m * for stretéhing constants, N.m.rad % for

bending force constants
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Table I.4.9 Caléulated frequencies and p.e.d. for MeSiHF, ' ;

mode obs. calc. p.e.d.
cHB‘str(a) 2989 2089 101(l)
CH> str(s) 2922 2921 98 (1) ° o ' i
SiH str 2236 2251 100(2) ‘ ‘ . . -
‘CHq def{a) 1422 1421 93(5) , ‘ ' :
CHy def (s) 1267 1280 50(5)+39(7) L
CH, rock 853-., 703 29(6)+15(7){44}+34(3)+l7(8){25} o -
1 Bil str 775 757 '49(3)+19(6)+11(7){30}+12(9){19l \
SiH def 683 940 . 39(8)+13(9){52}+23(4)+18(6)+10(3)
SiX, str 932 852 58 (4)+12(8) {20}
SiX, wag 293 296 52(10)+24(1l)
Six2 sc 350 344 58{(11)+18(9)+10(8)
CH, str{a) 2989 2988 101(1) . <
CH® def(a) 1422 1421 94(5)} .

WO O ~]On U W BN HI—‘I—‘!—‘I—‘HI—‘I—'\DOD‘-JO\W-D-L\JNHd
o WO :

on3 rock 853 768 91(7)+29(8)-12(15) A
SiR def 734 B6L 54(9)+38(4)+R17}] T
aixX. str. 963 971 65(4)+29(9)+13(7), :
Six2 twist 243 242 101(10) | \
Cif; SEr(a) 2988 €989 101(1) ‘ \ .
cHS str(s) 2920 2921 98(1) o !
oiB str 1635 1624 99(2) .
CH, def(a) 1413 1421 93(5) L =
cul def(s) 1273 1271 52(5)+40(7) : .
o3 vock | 800 800 47(6)+13(7) {60}+13(4)+DBY LT
Sit str 734 737 74(3)+14(4) S
SiL Sef 596 586 61(8)+35(9) {96)-13(24)+11(6,7) {22} .
six, st~ 897 898 63(4)+16(3)+11(6) RS ETE :
10 six2 wag 287 295 52(10)+23(11) -
11 SiX; sc 345 343 60(11)+18(9)+10(8) .
12 ci,’str(a) 2988 2988 101(1) | - |
13 CH) def(a) 1419 1421 94(5) |
1a ond rock 774 790 90(7)-12(15)+18(4)+D{l}
15 SibD déf 612 608 106(9)-11(16)+R {8}
16 Six, str 949 951 B86(4)+13(7)
17 SiX2 twist 242 242 101(10)
Tcp, str(a) 2235 2228 99(1)
5 op] str(s) 2136 2101 97(1)
3 SiH str 2735 2251 99(3)
4 CD, def(a) 1030 1028 90(5)
5 CDJ def(s) 1030 1020 36(5)+25(7)+17(8)
6 CPb3 rock 588 ‘570 56(6)+27(7) 83}+11(9) {16}
7 8il str 683 684 60(3)+12(18)
8 SiH def 843 - 832 30(8)+21(9) {51}+40 (4)+R {6} *
9 Six, str 904 905 43 (4)+29 (3)+20 (8) +13(5) ~13(18)
10 six? wag 275 283 52(10)+15(11)+I0(9)
11 SixX; sc 335 338 67(11)+14(9) o
12 Cp,2str(a) 2235 2227 100(1) -
13 Cp def(a) 1030 1028 94(5) ‘
12 op3 rook 600 592 108(7)-14(15)+D {8}
15 sif def 864 835 77(9)+26(4)+R {0}

16 six, str 955 958 76(4)+30(9)
17 Six5 twist 218 226 99(10)

=Y

LM
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\ 2
v mode: obs. calc. p.e.d.
I CH, str(a) 2986 2957 TOTI)
2 CHj str(s) 2916 2931 97 (1)
3 sif str 2220 2233 100(2)
4 CHy def(a) 1404 1421 *88(5)+10(7)
5 CHj def(s) 1265 1348 54(5)+33(7)
6 CHy rock 888 890 36(6){43}+36(8) {45}+10(22)
7 il str 746 752 83(3) - -
8 SiH def 688 703 58(8)+28(9) {86}+32(6)+12(7) {44)
9 SiX, str 504 516 73(4) ~18(24)-12(22)-10(23)
10 SiX; wag 257 256 51(10)+22(9)
1l 8iX. sc 187 186 78(11) :
12 CH, str(a) 2986 2987 101 (1)
13 CH} def(a) 1404 1414 96 (5)
14 CHy rock 853 864 67(7)+28(9)+12(21)~11(15)
15 Sifi def 759 766 75(9)+48 (7)—16 (21) -
16 SiX, str 569 576 102(4)
17 siX; twist 199 201 114(10)-21(17)
1" CH, Str(a) 2984 2987 TOT(T)
2 ' CH3 str(s) 2915 2931 97(1)
3 siB str 1618 1610 99(2)
4 CHy def(a) 1416 1420 88(5)+10(7) - —
5 CHy def(s) 1265 1347 54(5)+33(7)
6 CHS rock 818 842 57(6)+15(7) {72}+Dp {9}
7 $i8 str 752 748 86(3) .
8 SiD def 547 552  75(8)+21(9) {96}-18 (24)+11(6) {17}
9 SiX, str 501 502 58(4)+16(9)+1378) +16 (4)
10 SiX; wag 256 255 52(10)+22(9)
11 Six? sc 186 185 78(11)
12 CH,“str(a) 2984 2987 101(1)
13 CH} def(a) 1416 1414 95 (5)
14 CH3 rock 800 835 110(7)-18(15)+D {1}
15 SiB def 596 609 55(9)+63(4)-16(20)+R {1}
16 SiX, str 547 538 42(4)+47(9)+12(20) |
17 SiX5 twist 199 201 114(10)-21(17) | d
CD3 str(a) 2235 2227. 92(1)
CD; str(s) 2130 2110 96(1) >
Sif str 2235 2233 92(2)
CD, def(a) 1027 1020 96(5)
CD3 def(s) 1010 1071 40(5)+38(7)+18(3)-11(18)
CDy rock 594 588. 52(6)+14(7) {66)+17(9)+15(8) {32)
Sid str 678 697 64(3)+11(4)  ~ .
SiH def 845 815 76(8)+23(9) (99} +R{9}
SiX, str 487 501 66 (4)
10 SiX5 wag 238 240 48(10)+21(9) .
11 8ix? sc 185 185 78(11)
12 CD,“str(a) 2222 2226 100(1)
13 CDy def(a) 1027 1022 97 (5)
14 CD3 rock 634 640 B84(7)+32(4h-14(15)+D {7}
15 Sif def 823 807 . 95(9)+R {2}
16 SiX, str 544 554  74(4)+31(7)
17 SiX5 twist 185 184 112(10)-20(17)

224



. e . 225

Table T.4.11. Calculated\frequenCLes and p.e.d. - for MeslﬁBr

-
WoO~JRHUd W <

\.Dm--.]ml.]labwl\)l—‘

2
. Mode obs. calc,  p.edr
CH, SET(a) 2587 7980 101(1) \
str(s) 2910 2923 97(1)
slﬁ str 2211 2225 100(2)
CH, def(a) 1411 1416 85(5)
CE def(s) 1260 1262 49(5)+42(7)
rock = 880 882 26(6)+10(7) {36}+24(8)+14(9) {38} °
515 str 746 751 62(3)+24(6)-13(22)+14 (8).\+18 (22)
SiH def 678 . 680 41(3)+13¢9){54}+31(6){34}+27(3)
SiX, str 380 380 66(4)+11(11) ~26 (22)
10 SiXs wag 222 220 60(10)+16 (9)%410 (4) :
11 SiX2 sc 122 122 74(11)+16(4)
12 CH.%str(a). 2982 2981 101 (1)
13 CH) def(a) 1411 1407 88(5) -
14 CHI rock ' 831 828 _67(7Y+37(9)-13(15)
15 Siff def 738 743 ;2 67(3)+51(7)-10(15)
16°SiX, str 446 448" 91(4)+14(10)
17 SiX; twist 181 180 '98(10)+15(4)-13(17)
Ci; stz (a)- 2987 2980 T01(1)
str(s) 2910 2923 .97(1)
slB str 1611 1603 100(2)
CH; def(a) 1409 1415. 85(5) - I
CH3 def(s) 1259 1260 49(5)+43 (7)
rock ~ Bl6 820 63(6)+17(7) {80}+D(3) |
~slé str . .739 741 87(3) - -
SiD def 537 540 75(8)+26(9) {101}~ 24(22)+15(6){16}
SiX, str  -376 373 65(3)+11(11) |
©10 SiX? wag 222 2213 60(10)+16(9)+10(4) o

11 six5 sc 123 122 74(11)+16(4)

12 CH,str(a) 2982 2981 101(1)

13 CH) def(a) 1409 1407 . 88(5) -

14 CHJ .rock 796 802 112(7)- 22(15)+D{2}
15 SiD def 563 560 98(9)+R{7}

16 Six, str 439 437 83(4)+13(l0) .~ .
17 SiX; twist 182 180 98(10)+15(4)~13(17)

T Cb, str(a) 2208 2220 96(1) T

2 DY str(s) 2123 2103 96(1)

3 SiH str 2228 2225 96(2)

4 CD, def(a) 1023 1025 83(5) _, 3

5 CD def(s) 1000 998 44(5)+3%(7)+21(3)-12(18)

6 572 567 76(6)+10(7){86}-31(22)+24(8) {28}
7 518 672 665 60(3)+15(7)

8 SiH.gdf 825 818 53(8Y+27(9) {80}+10(3)+R{2}

9 SiX, str 370 374 65(4)+11(11)

10 SiX; wag 203 207 58(10)+16 (9)+10 (4)

11 siX; sc 121 122 74(11)+16(4)

12 CD,y"str(a) 2228 2221 100(1)

13 CD def (a) 1023 1018 88(5) .

14 rock 610 604 103(7)-20(15)+D{6}
15 slﬁ def 783 785 97(9)+R{4}

16 SiX, str 434 433 87(4)+14(7)

17 siX; twist 159 162,°99(10)+13(4)-13(17)

.
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Table I.4.12 qucﬁlated freqﬁencies and p.e.d. for MeSiHIZ(iﬁ

mode ohs, calc, p.e.d. .
CH, Str(al 2977 2379 I0TT(L]
CHI str(s) 2902 2915 97(1)
Sif str = 2190 2197 100 (2) |
. CH, @ef(a) 1400 1406. 86(5) - :
CH3 def(s) 1253 1260 46 (5)+42(7)
CHy rock ' 884 881 37(6){37}+24(8)+13(9) {37}416(5)
sif str 731 731 76(3) | +10(23)
Sik def 660 659 26(8)+24(9) {50}+29 (6)+14(7) {43}
SiX, str 316 318 77(4)+24(10) +16(3)-16 (23)
SiX; wag 196 195 59(10)+16(4)+15(8) -
SiX> sc 89 89 69(11)+18(4) -
CH,“str(a) 2977 2979 101(1)
CH; def(a) 1400 1402 89 (5)
CHy rock 810 808 96(7)-20(15)+22(9)
Sifi def 720 720 120(9)=35(16)+24 (7)
SiX,-str 382 385 77(4)+24(L0)
SiX; twist 170 168 77(10)+33(4)
CH; str(a) 2975 2980 T0I(L)
CHY str(s) 2903 2915 97(1)
SiB str 1596 1583 100(2)
CH, def(a) 1402 1405 86 (5)
CH3 def(s) 1255 1248 49(5)+45(7)
CH, rock 817 819 62(6){68}+14(5)+D{8}

" gid str 725 724 96 (3) :
SiD def 521 521 48(8)+40(9) {88}-20(23)+12(6,7) {24}
SiX, str  312. 314 57(4)+13(11) +12(16)

10 SiX; wag 196 184 59(10)+16 (8)+15 (4) .
11 six? sc 89 89 69(11)+18(4)
12 CH, str(a) 2975 2979 101(1)
13 CH; def(a) 1402 1402 89 (5)
14 CH] rock - 793 797 116(7)-24(15)+D{2}
15 SiB def 534° 535 134(9)-38(16)+R{4}
16 SiX, str 376 373 71(4)+23(10)
17 SiX5 twist 170 168 77(10)+34(4)
1 CD3 str(a) 2225 2221 99(1)
2 CD3 str(s) 2115 2096 97(1)
3 sif str 2188 2197 100 (2)
4 CD, def(a) 1020 1014 90(5)
5 CDy def(s) 992 992 45(5)+26(7)+12(23)
6.CD; rock 561 561 56(6)+21(7) {76}+17(9) (26}-11(23)
7 $il str 662 662 63(3)+15(18)
8 SiH def 803 805 32(8)+23(9) {55}+32(3)+20(5)=20(18) -
9 SiX,) str 308 308 58(4)+13(11)+10(8)\e12(6) (20}-13 (23)
10 sixy wag ° 180 181 59(10)+16(8)+13(4) -
11 SiX? sc 88 - 89 69(11)+18(4) ‘
12 CD,“str(a) 2225 2220 100(1) '
13 CD2 def(a) 1020 1018 -76(5)+12 (7)
14 CD3 rock 602 600 108(7)-23(18)+10(9)
15 SiR def 744 743 132(9)-38 (16) +R{5}
16 SiX, str 374 371 79 (4)+18(10) '
17 SiX5 twist 149 152, 80(10)+29(4)
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Table I.4. 13- Calculate& frequenca.es and p.e.d. for MeSlHIZ(2)
mode‘ obs. calc. P.€. G

cu3 str(a) 2977 2979 101 (D) — \ o
str(s) 2902 2915 97(1) -

sifh str . 2190 2197 100(2) , : n |

CH, def(a) 1400 14063 85.45) | Lo h ~
_CHj def(s) 1253 1260746 (5)+4347) |

CH> rock = 884 881 ‘37(6)+23(8)+15(9){38}+16(5)+11(22)

Sil str 731 730 79(3)

SiH def 660 660 28(9)+25(8) {53}+31(6)+16(7) {48}+18 (3)
SiX, str 316 316 74(4)+16(11)+10(8)  \-17(23)-11(22)
SiX; wag 196 196 51(10)+27(8) A

SiX5 sc 89  89. 70(11)+28{4)+10(10)
CHy“str(a) 2977 2979 101(1) .
 CHJ def(a) 1400 1402 88 (5) s
CHZ rock 810 808 97(7)+23(9)-20(15)

SiR def 720 724 134(9)-47(16)+23(7)
SiX, str 382 382 105(4)-18(21)+13(10)
SiX3 def 170 169 98(10)

CH, str(a) 2975 2979 Tol(I] -
str(s) 2903 2915 97(l) ..

- 8iD str 1596 1583 100(2) .-

CH, def(a) 1402 1405 86(5)

WO UI B WNI 00~ 00 W N
! S~ U WO .

CHg def(s) 1255 1248 49(5)+46(7) -
rock = 817 .BI9 62(6) {68}+¥4(5)+D (8}
.Slé Str 725 725 “95(3)
SiD def 521..521 47(9)+45(8) {92}+12(68,7) {24}-19 (23)
SiX, str 312 313 100(4)-17(21)412(10) T +16 (16)
10 SiX5 wag 196 195 S51(10)+29(8)-10(23)

11 SJ.X2 scC 89 89 70(ll)+27(4)+10(10)
12 CH., str(a) 2975 29%8 101(1)
13 CH def (a) 1402 1402 88(5)

14.CHI rock -~ 793 798 117(7)-24(15)+D{2}

15 5i3 det 534 531-156(9)-55(16)+R{3} \

16 SiX, str 376 374 100(4)-17(21)+12(10) : j

17 SiX; def 170 169 98(10) : -
CD3 str(a) 2225 2221 99(1) ' “’////
cD3 str(s) 2115 2096 97(1) | |

1
2
3 SiR str  .2188 2197 100(2)
4 CD, def(a) 1020 1014 89(5)
5 co def(s) 992 992 48(5)+25(7)+11(23)
6 rock ~ 561 561 57(6)+21(7) {781+19(9).{27}=11(23)
7 sid o 662 663 62(3)+14(18)
§ SiH def 803 805 31(8)+26(9) {57}+32(3)+12(6) £19}
9 SiX, str 308 308 73(4)+16(11)+10(8) \-18(18)-13(23) .
10 SiX5 wag 180 181 49(10)+29(8)-10(23) | -
11 Six? sc 88 89 70(11)+27(4)+11(10)
12 cp,°str(a) 2225 2220 100 (1)
13 ;3 def(a) 1020 1019 72(5)+13(7)
rock 602 598 113(7)-23(15)+D{8}-
15 slﬁ def 744 745 150(9)-53(16)+R{4}
16 SiX, str 374 376 103(4)-16(21)+10(10)

17 sixg def 149 151 98(10)..

-
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-the analogous germanium compounds

trends in the other analogues and the deuterated homologues.. - -

~
(Also one asymmetrlc mode is matched to an\e frequency and

;'v1ce—versa)

!

I,& 3 Dlscu551on ‘ _
The only complete study reported for any of these -
compounds is for the dlchlorlde, by Durig and Hawley66 An -

early repor; on the dllodlde6? listed flverlnfrared frequen~

ciés and assigned the "Siﬁ bend" to0 an absorption at 83? cm“l
_ fhere have been no previous reports for the difluoride and‘.
‘ dibromide,:;The spectra reported for the dichloride66 are in
excellent agreement with those recorded in thls work, and the

. ass1gnments 31m11ar The differences are in’ the ordering of

the two SiH bends, and the skeletal deformatlon modes.,

Polarisation data for the former two bands are not conclu31Ve,

a point noted in the other study, where it Was even suggested.

that the order may in fact be reversed. The -fact that it is

in the a331gnment proposed here is from iore definite polar-.

228

isation data collected from the other analogues. and from the: :

—
NCA, where, agaln. polarlsatlon and band contiour data are s
more dlstlnctlve. This ordering is also thai\observed in
. !
80, where once more polar-

isationt data supports this ordering more convincingly.

. \ -
‘Because of the lower range of frequencies for these modes in

fhe germanium compounds, the GeH bends were not found to be
mixed with the methyl rocking modes and 50 'a comparison of
frequencies is not too‘meaningful. .Suffice it to note that

they are 50-70 cm_; lower in "these compounds except for the

RN



. : o S . 229

ediflhoride. where extensive mixing with the GeF force constant
was observéd}
A less satisfactory comparison was used by Durig and Haw-

ley66,for the ordering of the deformation modescf,Aqelogy with

CHBCHCl 81 led to placing the SlCl sc1ssor1né mode at the
highest wavenumber and the a’ CSlCl bend to the lowegt - (the
mlddle band is the most depolarlsed and is assignefl as %he

a" CSiCl mode) The benefit of having the whole eri to
compare again is éeen,ﬂas\the lowest Band can be seen to ’
-cofrespoﬁd to the lowest band ih the dibromide ano‘aiiodide;
.-which in these heavier'compounds ié.wit#é;t doubt the XSiX-

mode. “

Such compariéons are not 59#9%§ér in the difluoride, -

&

where the polarisation data is of'iitﬁie diagnostic use.
. The best use tﬁat can be made of the frequency data is to note
that in the other three analogues, the Sixz deformation is
the one least‘affected by deuteration, whereas the two CSiX-
modes understandably decrease smgnlflcantly with deuteratlon

-1 might be expected.

at carbon. Thus the bands at ca. 340 cm
to.be the Sle scissors mode. This is supported by the
spectrum of the fluoromethylsllanes from the previous chapter,
where the single CSiF mode appears at ca. 260 for the CH4-
derivatives and at 241 om T for the CDS- compounds ; almost
exaotly mldwgy hetween the two remalnlng frequen01es. The
choice as shown in Table I.4.4 is arrived at from the
observation from the other three analogues that the separa-

tion between the two CSiX modes 1ncreases (both in absolute



. " .
(e .

" and ne¥etive terms ) withnlightef-halogen, and thus the ordef}
is likely to be‘meintained }ather than reversed "in the -'f.
‘difluOride. This. 1s supporﬁed by -the force constant values.

.where fCSiF/CSiF has =a p091t1ve value. as does the 31m11ar

lnteractlon in ‘the other oompounds, and “in CH SlF3

: agreement with the ~meonofluoroc- compound for fCSiF (60, 2 versus
59. 2 N.m. rad "2 for CH381H F) andzn1amaz1ng agreement for th

. fCSiF and fFSlP with" CHBSlF (60.2 and 89.2 as agalnst-éo.?.
and 89.6 N.m.rad"‘2 respectively )! Thie is of course highly
fortuitous, since the agreement between Tables»l.zlé angd

I.4.8 for the other halogen derivatives is not nearly as good.

v~

. &
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I.5.1 Preparation

In general, the methods used for the halogenatlon of
d1methy131lane were the same as described previously for the
monome thylsilanes. The protonated species were also prepared
by a facilé synthetic route starting with‘tetramethyldiéil-
azane. o | , | ' |

i) Dimethylsilanes

The dimethylsilanes Me,SiH, and Me,SiD, were
prepared by the reduction of %EZSiHCl and Me,SiCl, by the
lithium tetrahydroalumlnates L1A1H4 and LlAlDu, respectlvely,
in dibutyl ether in a similar manner to that descrlbed for
the methylsilanes (Chapter I.1). They were'separated‘from

\
unreactéd and. partially reduced starting material by passage

~of tﬁé volatile products through a trap at -9500 which -
retained any chloromethylsilanes and allowed fgr_colledtion
of dimethylsilane in a 119600 following trap. Purity was

lH n.m.,r., infraredjo and Raman spectroscopy, .

checked by
for the detection of unreacted '$i-Cl. -

ii) Halogenation reactions

For the halogenation of Me,SiD,, the more efficiéht
reactions ﬁsed for the monomethyl derivatives were applied.
For the iodo~ and bromo—‘ species, this was the reaction of
the parent silane with HX (X = I, Er) in the:presence of
AlX3 catalyst under fairly severe reaction conditions (vigz.
'OOC for 1 hour, and -7Bdc for 1 hour, respectively) in order

to reduce the proportion of dlhalogen substltutlon The

volatile products from the HI(HBr) reaction were passed
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through trap; at -45(:63)00, ~?8(-95)°C‘ihto'a traﬁ‘at ;196°Qi
the first traﬁped any dihalogen species,-the secoﬁd the
desired product. excess HX passing 1nto the followmng trap.
Salt exchange reaction of the iodo~ or bromo- spec1es so
formed with Hg012 and SbF3 afforded the chloro- and fluoro-
derivatives. ‘

The fully protonatéd homologues MeZSiEX X =1, ﬁr)
: yéfe aiso méde 5y the cleavage of (MezsiHizNH with excess
' Hﬁ,.in a clean and facile reaction’” which has the'édvante
i age of producing only the monohalogenated'species and an

involatile co=-product. . o me
i

R,

(MGZSJ.H)2 H + 3l ———> zwezsle + NHQX ”

' Excess HI(HBr) was recove;ed by passing the.volatlle products
through & trap at -78(-95)°C which retained the silane -~

compound.

I.5.2 ‘Vibrational Spectra

'The numbering and description of the modes are shown in
Table I.5.1, and the:Raman and infrared spectra shown in
Figu?bs I.5.1 - 11, These iqcldde some liquid infrared .
spectra of the less volatile compounds which were recorded”
with the hope of resolving the envelope containing the
methyl rocking.bands. For the chloride, bromide and iodide,
the expected band contours are A-and/or C for the a' modes,

and B for the a” modes. Me SlHF is almost a symmetrie top

and although A type bands are predicted for a' modes, the

band -shapes will probablylﬁe hybrids .
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\\'““"’Tahle I.5.1. ?undamenta modes and approwlmate '

descrlptions for (CH3)281HX molecules.

-

Descri§§ion - Tav - a"

T

3 str.{asym) oy Vo " vig V17
CH3rstr.(s ) vy V18
: str. v ‘ .
CH3 def,(asy ‘ Vg ,4 Vg V13 Vog

‘ OH3 def.(syn) Vg  voy .

CH3 rock vg Vg Voo . V23
5102 str. ' V10 Vog
'SiH def. Vg Vo5
SiX str. ) V1o
5102 def.. , ‘ ’v13
CSiX def. - vy Y og
torsion | V15 - Vo7

The liquig spectra are useful where the infrared spectra of

the gas produce weak or overlapplng bands, and the corres-
pond ing Raman bands are weak., While the gas-épectra pfovide
information through band contours, the corresponding
absorptions in the liquid speotra are H&?rower and héve only
onéumaximum. This allows for some weaker bands that may
otherwige have been. obscured in the tail of an absorpt;on

:'tp be observed, and prbvides the possibility of resolv1ng
pﬁrtiéily overlapping'bahds. Not too much attention should:

be paid to extra weak bands, however, because of the falrly

rapid hydrolysis occuring in the cell.

it



i) 3000-1000 om™?

_ . The CH3 stretchlng regions in both spectra are
almost identical for both homologues. The only dlfference
between these compounds‘and the monomethyl derlvatlves is
that the asymmet_ric'-'CH3 etretchee can be resolved“into two
bands in the_Raman_spectfa. They appear as-feetureless weak
to medium intensity bands in the }hfrared spectra. |

The Si-H and Si-D stretches are strong bands in both
effects, those in the fluoride having the expected Aftype
contours, the others a @ branch which could be from an A, C
or hybrld band. A weak shoul4e% is observed to the high
wavenumber side of the Si-D band in both Spectra, but not for
the Si-H band. It is thus probably an overtone or'comblnatlon
band enhanced by Fermi resonance with vj, Siﬁce it_is‘ppeseht
in all four compounds, it does not invclve a vibration invol-
ving the halogen. If it is a binary combination, as is most
probable, it is almost bound to involve the'rocking mcees
(as combinations including the methyl deformations can be

ruled out for lack of a consistent low-lying frequency to
.glve the correct sum) The favoured candldate is 2v9. the

-1

hlghest rock at ca. 820 cm~". This is moderately strong (for

a rock) in the Raman apectra and the most indense absorptlon
in the.infrared spectra—%except in the fluoride, where the
Si-T stretch is the strongest).

' The agymmetric deformations appear as two depolarised.

bands in the Raman spectra, and have what appear to be a

~C-tyﬁe "spike” to the high frequéncy side of the infrared

a
-
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| , e o -~
-envelope. The a' and a" symmetric deformetions are both = -
:observed in the Raman spectra, where they are clearly dist-
~ inguished in.the polarised scan. ' ‘
. 1i) Below 350 cm™1 - : 1 R ‘ p.._ AN |

-

Each compound has three bands in $his: reglon. the
8102 deformatlon and the a' and a" ¢SiX deformatlons. These'l
are more olearly seen in Flgures 1.5, 12 15.. The two of
lOWeet frequency are of medlum 1nten31ty in the Raman

spectra and appear in the same erivelope for the iodide, ‘
‘bromide and chloride. The spllttlng between them decreasegs

" as the halogen becomes lighter until they are approximately
001nc1dent in the chloride. Thekhlghest wavenumber feature -
is a weaker, polarlsed band at ca. 250 cm -1 in these same
three compounds. Polarmsatlon data are 1nconc1u31ve for ;he
fluorlde, and the 1nfrared spectrum in the CsI reglon
prov1ded no band contours, so an assignment cannot satis-
factorily be made by .frequency conmparison alone. -

iii) 1000-350 cm~t

This region is interpreted malnly from the Raman
spectra (Flgures I.512-15) and the llqtld infrared spectra oo
(Figures z. 5.9-11). The Si-X strejpheé (X=ors T, 1) are
I'ntense, polarised bands at their charaCteristicvfrequenciee.
The rest of the Raman spectrum is typical of the MeZSiH-
group, and is almost identical fb the pattern observed in
the (MeESiH)zE series (E =S, Se, Te)82 when the spectra of

the two compounds containing "neighbouring” halogen and
- ‘ = '

chalcogen are compared. The bands between 500-600 em L in
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Tigure I.5.15 Partial Raman spectra of the
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the Raman spectrum of the “"heavy™ molecule are w1thout doubt

the two 3i-D bends, with an increasing separatlon as the

halogen becomes llghter, the two appearlng exactly overlapped

.1n the 10d1de. The strongest remaining Raman band in both

-1

M spectra at about 665 cm™ [ is expected to be .the symmetric

sinc stretch,lbut the reg:\ef the assignment is not immed-
\

iately clear, although it is expected that the intense °

-1

absorption at ca. 350 cm in'the infrared spectra .contains

some, if not all, the methyl rocking modes.

I.5.3 . Assignment of Fundamentals

This series of compounds was the only one for which
66

a recent, complete study had been performed This howevér,

was thought to be in error in several respects. A discussion

of the differences”in assignment will be given‘léter. By

" having the spectra of the d,- derivatives at hand it was. . S

hoped that there would Ye suff1c1ent ev1dence for a clear-cut'. L

assignment to be méde, but the a551gnment process was not as
simple as had been anticipated. L~

Three different assignments were originally pfOp sed,
and these érg discussed with respect to the NCA and produc:—ﬁ\\~

rule calculations. The first assignment considered both

series of light and heavy moleculeéfindependently. It was

assumed that the polarised and depolarised bands appearing - -
© s
on each side of what was assumed to be the S1-C stretch in

the light compound were the a' and a” Si-H bends, and so

' _vzu,:the asymmetric $i-C stretch, was assigned to the

depolarised band at 775 cm'l..ghich was a medium B-type band

-
h
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(except for the fluorlde) in the 1nfrared effect In the

v )

deutérated compound, four bands (five for the fluorlde) can .,

-1

bé picked out above 750 cm™ -, the top three of which were ]

-agsumed to be the methyl rocks. This left in each spectfum
i weak, depelafised band at about the same position as Voo

for the light compound, and a similar feature at ca. ?05'em'l.

The preferfed assignment was tha%lthis latter band be assigned

. as v 2¢~Lsince it could not be satisfactorily explained as an

\ overtone or combination) and the band at ca. 765 cgi} then be

the remaining reckinngode, although all four bands—needﬁnot
necessarily be ebserved (It was orlglnally thought that the
three maxima in the llquld spectra may represent all four

rocks) The result of thls 3551gnment was that the range of

frequen01es for the rocking modes was 60 and 80 cm l, but that

the. SlC stretches were split by 100 and 30 en™t for the -

light and heavy'compound respectlvely This large dlfference -
in the SiC2 stretchlng modes, however, could not bhe reproduced

in the NCA by any means, and produced a poor egreement with

the calculated product rule ratios. For example. for the

bromide,  the calculated a" ratio is 0.726 and this assignment

~produced a" ratios for the Raman data in the range of 0.562

~to 0.656, depending on the choice of which band contained ’7

“.the fourth methyl focking mode. It was therefore re jected

as a possible assignment.
The product rule indicates that either one of the a“'

C

frequen01es in the nornal ‘molecule is too high or one in the

heavy molecule, too 1ow  In order to achieve an acceptable

C
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‘match, an assignment where the Sic2 stfetches are'at aoout
the same wavenumber in each compound (or for the NCA, tﬁe

ame splitting) is required._ Thls leaves two alternatlves.
with v, either at ca., 770-cm -1 or at ca..?OS cm‘i neither
of .which could be dismissed on the grounds of the produot -

.rule. There are objections to both of these. If the former

Cl

a531gnment is accepted, then the bands at ca. 705 cm L‘in the

'deuterated compound and he, SlHF must be explained. This is

a

not possible as a binary overtone or comblnatlon for the”

66

whole series, even considering the torsional modes: ,fand i
assigning it as the fourth methyl rock is improbable (approx.

100 cm -1 pelow the other three, which are separated by about
40 om"l; 60 cm.;.ln the fluorlde) and not p0551ble by NCA
criteria, although #his. is not sufflclent in itself to pre-
clude this asSignmeap. An objection to the second alternative

is that while the 705 cm = pand is present in the spectrym of

" be SlHF, and possibly In MezslHCl, it does ‘not- appear .as a

distinct band in the bromlde or. lOdlde It should be noted,

.n.
"“ d

'ihowever, that this band is clear%y seen in (Me,SiH),E where
E =25, TeEB. {In thlS series 1t appears to low wavenumber
of the symmetrlc SlH deformation in the sulphlde and to hlgh
‘wavenumnber in the telluride, and so is probably 001n01dent

‘with this band in the selenide). The methyl‘rQCKS.would then

¢

oceur within a range of about 135 em™ ¥ for fie light molecule

and 80 cm -1 for the deuterated compound. s

For a comparison with other moleoules, there are several

features that they should have in order toprovide some help.

254
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In addltlon to the (Me SlH)zE compounds. these oould 1nclude

1) Me381x for the effect of pne halogen atom on the

methyl ‘rocks plus the po531b111ty of Some 1nformatlon on

L L

SL-C stretches. '

ii)- Me281\ ; for 3102 stretoh@s and methyl rocks '
'(effectlvely llmltlng the compounds to Me,SiX, ).

Both of - these have the advantage of no SiH deformatlons
to confuse with the rocks. § _ .

iii) M951HX2, a compound with oné'SiH deforma%ion; &hich' o

does not'however escape the problems of m:.xlnb with the |
_methyl rocks.

Exten51Ve data has ‘been collected fof‘trimethylsilyl -

60, 83,84 84

compounds ', much of it acoompanled by NCA83’ - and the

| consensus points to bands observed at ca.;?60 and 690J710

cm"l in these compounds-to a581gned as a methyl rock and’ the ’ A

asymmetric 5i-C stretch respectively. The symmetric Si-C

N ’ ' & . ' . -.-
stretch occurs at ca. 630 cm";, a 1ittle lower than fOr‘the o

dimethyl compounds studied here. The report on chlorotrl-

84

_‘metthsilane whlch 1nc1uded data on (CD3)331Cl. studied all

. 3
likely ‘assignments and concluded that the asymmetric SicC
- stretches were at 695 and 705 em™ L

3
respectively.

The only complete spectrum reported recently for Mezs;xz
has been for the diiodide by Durig and Hawloysé,:where wealc,
depolarised bands are again' observed at 790,750 and 705 Cm"l;
good candidates for two rocking modes énd‘the osymmetric
Si-C stretch, in agreement with frequenc%es for botﬁ MeBSi-
and the (MezsileE cohpounds (although the authors' chose a

»



o

256

.dlfferent a351gnment) Much of the remalnlng data Ead 36 85

for Me Slx2 compounds are not considered to be very rellable._

as the Raman spectra were recorded photographlcally and _some

weaker bands were consequently not observed. “Thus in early o

reports on the Me SlXu -n series (n= O-4; X= Br36.013“) the

2
3351gned at high wavenumber (ca. 800 and ?60 cm -1 respect-

asymmetrlc Si-C stretches for Me. S:LX2 and Mejblx Wwere both'

1vely) but the large spllttlng thus invoked was not reproduc-
1ble :in the calculaﬁlons included in the reports (for whlch

no force constant or pee d. data werse 1ncluded) which could

) only account for 1/3 to 1/2 of the observed spllttlng. More-

over, the results for Me331X do not agree W1th the later -
(considered more re}rable) studies on MeBSl— compounds60 83

Slnce only the ekeletal stretchlng and bending frequencies

were reported, it is not-p0531ble to cdonsider alternative

assignments for the observed bands. The ‘other report on

MGZSlXZ {X= H,F,C1,Br) 85 also preferred the high frequency

"bands, for the asymmetrlc S;Qe stretch but is somewhat con-

fusing in the case of Me,SiF, in which the 695 em™t band is

observed, but assigned together with three other frequencies

to the two’'SiC, stretches.

Ueing the IﬁeSiHX2 compounds discussed in the previgus

chapter o compare the 35iH bendlng modes, it is seen that

-1 G

thegfgsggr in- the 650~ ?50 cm T range for SiH bends in
CH381HX and?between 520 and 630 em~t for SiD deformations

in CH351DX2. (Notlce, however, that in CDBSiHXZ,‘the range

for the SiH modes increases by about 100 cm'l, indicating th

effect of the mixing with the methyl rocking motions).




i«"" After trylng the NCA with both alternatlves. it was ,
dec1ded to use the latter assignment, the OLJeCtJOH of -
a531gn1ng the ?05 cm l band - for the fonmer alternatlve.'
along‘;IQH\;ts obsegvatlon in the chalcogenlde serles. plus
Fthe support for thls frequency as UZL from other related :
compounds and the lnablllty of the NCA to account for the '
frequlred spllttlng of the methyl rocks all_be1ng_dec1d1ng '
factors. The product pule ‘ratios for this assignment are ’
‘_éhoﬁn in TaﬁiéJI.S:z, and on the whole the agreement Eg
_reaéongblet'Therg‘are one or two étfiking énomalies; for
exampie the_difference.in tﬁe a’ values bétween the infrared
and Raman resuits, especially'fbrlthe'chloridq, even -though

“r

corresponding frequencies Werg ﬁsed for each ratio, Apart ey
*from copfigéing the possibility of-this assignment, they - -
helped sort out the methyl rocks in MeZSiDF,.where polaris-
 attion data and band contours did ﬂpt'offer conclusive evi-

dence, after‘values of 0.55 (afJ;and 0.67 (a") were célculated

Table I.5.2 Product rule ratios for MeZSiHX“
calc. obs. ‘Ra ~‘obs. i.r.
Me,SiDF a' C0.517 ° 0.521 0.519
le ,SIHF . a" 0.725 0.721 0.705
e, S1DCL al 0.512 0.501  0.502
e ,STHCT ‘g 0.726 0.727 . 0.752
_ Me,SiDBr a’ 0.509 0.508 0.492
+  Me SiHBr, a 0.726  0.723 0,709
Me,SiDI a’ - 0.508 0.509 0.511

MezsiHI a" 0.726 0.741 © 0,742
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'I.S.h Normal Coordinate Aﬁalyais

were assumed ;C-H 110, si-C 185. Sl H 148 and u1~X 160" (P),.

'a from t?g initial a351gnment A closer relnvestlgatlon pro- : %"_

duceﬁ frequenclee compatlble w1th the ratlo and both*observed

spectra.

The observed frequencles w1th the pEETé;red a381gnment,

" along W1th ‘the frequen01es calculated by the NCA are llated

in. Tables,l 5.3 - 6.

The following dimensions., taken from related moleculesﬁaa‘
203 (Cl), 224 (Br) and 245 pm (1). AlL.angleS'were aseumed to'
be tetrahedral The methyl groups were’ deflned .such that all
bondo were staggered whert elghted along each C 31 bond, asi

;Qahown Ln FJgure I 5 16 "The . HCSl bends were agaln separated

xnto thOQB approx1mate&y perpendlcular and parallel to the
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 symmetry plane.® Note that in this case the two parallel

bends are not equivalent with resﬁe}t to the interaction

term with the CSiH bending motion, one being cig and the

‘other irans. |
The force constants are'listed'inﬁTable I.éa?.land the

'p.e.d.'s in Tables I.5.8-11. Note that.again the practice
of bracketlng the total contributions from the HCSi force
constanis (nos 6 and ?) and the force constants deflnlng the
hydrogen deformation (nos. 8 and 9) is repeated&p Generally,
thefgg;eement is quite good, except for the methyl rocks,
where even with two 1nteract10n terms 1nvolv1ng the rocklng
motions, it was not possible to reproduce the observed
ordering of the a' and a" rocks. However, so much mixing is‘
'taking place (the perpendicular HCSi motion contributes more
than 20% of the pstential energy in eight or nine normal
modes) that thissis not too serious a drawback in the context
of the overall’\\sagnment. : _ B o

. As with the two previous calculations and that for the
methylsllanes themselves, there was exten31ve mixing of |
bﬂ&H and HCSi motlons, which produces an approximately equal
mixture of both for the highest a' rocking mode and the
symmetric SiH;bend In fact, if the reflnement was allowed -
to continue to the mathematical "best fit", these assignments
reversed, albeit Tizginally.m The large value of the inter-
action term between C3iH and the .HCSi anglé c¢is to it was - -
necsssary to‘keep thess assignments in the correct order.
The fSlX/CSlX interaction term was used only for the heav1er ‘

¥
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salides, where the Se-x stretch was heaV11y mlxed with the -
skeletal,deformatlons. This phenomenon is- common-for jodo- &1
derivatives of the mé‘thylsn.lanes50. but is thOugh‘t: not to be .=
S1gn1flcant for the chloride and fluorlde. The value for

fSlC/HCSl was chosen from the value calculated for the

’ -

methylsllanes.

1.5.5 - Discussion .

The assignment derived sbove from‘the.conparison
with other molecules and. the NCA is in disagreement with' the
work of Durig and Hawley66, and Kriegsmann and Eng,elh:ar':lt?l
With respect to the former s tudy, the‘differences is assign-=
ment are considerable; apart from “the CH3‘stretch1ng and
deformation modes, two of the CH3 rocklng modes and the a
S‘H bend call other modes are in dlsagreement. The other
report on'MezslHCl?l agrees a 1ittle better in that the a'

SlC stretch is assighed to the strong“ polarlsed band at
l

-

6?0 cm l, but the a” SiC, is agdin assigned, to ths 776 cm

band, and the.a' SiH ‘bend, is in this case assigned to the |

hlghest frequency band at 901 cm l. . The polarised band at
?22 cm l; £0 whlch thls latter/mode 1s%a551gned here, is

L

reportec w1thout comment This assignment will not be .
‘ v .

discussed further. ~ The most immediately obvious disparity »

'between thls work and Durig's report is in the ass1gnment of

-1

the strong, nolarlsed bands at about 560 .em”~ in all compounds

as methyl rocking modes.. As can be seen from MeﬁSiXu_n o

(n=1-4) compounds, methyl rocks are notoriously weak in the

Raman effect. Indeed, the'strongesr rock in the MeéSiI2

i



e

l _ ‘ . ’ A '- . . ) 2?4
spectrum.in the same repqrt is=onlj'abeut 2% of 'the intensiq['

of the symmetrlc CH3 stretchlng band. Yet in ﬂe281HI the:
strongest band in the reglon (16% relatlve 1nten31ty) is w !

a551gned as a.rock This is taken to an extreme in the fluor-

. 1de. where the second most 1ntense band 86% of the intensity

of the symmetrlc CH3 stretchlng band is a551gned as the rock.

‘ whlle the two Si-C stretches are assigned to equally intense

wéak bands- (4% relatlve 1nten51ty) This chosen value for a

-

) methyl ‘rock is, also extremely low, belng little Higher than

fact becbmes less than 100 cm

the CD3 rocks observed in the_deuteromethyl derivatives

studied'here, and, in (CDB)BSiClsa. This assignment calls for

a splitting of the rocks of over 240 cm“l, compared to.the
j ) A ‘ -

reported splitting for.Me28i12 of 140 cm 1

-1

, although this in

if the assignment of the 705
-1

'c band 1s accepted as the asymmetrlc stretch, The angument

glven for' this increased spllttlng is that it is con81stent

with the rocking frequencies observed Aor propaneBl; This ‘
t L : .

seems a dubious choicé indeed for a comparative molecule.

Intuitively it also seems improbable that the reﬁiacement of .

“of an iodine atoﬁ?by hydrogen would cause the-lowest’frequency

methy)l rock to decrease in wavenumber by over 100 pm"l.

=1 is not too un-

While the placement of v, at ca. 775 cm
reasonable csnsidering there was no isotopic data<available,
and in fact was even con31dered in thls study, the assignment
of " the symmetrlc SiH bend to a very weak Raman band (which is
not reported in the’Raman spectrum of Me281HBr) and a strong

infrared feature ds Perhaps a surprising choice on the grounds



of expected 1ntenslty. Thls band at 829 cm’ l'ln the 1od1de,
was also not observed in elther the 1nfrared or Raman 8spectra
recorded in this work; - | ,f_ L

region to a methylk rock means that the a SiC stretch must -
" be a531gned elsewhere " The polarlsed band assigned in this

work as the a SiH bend is chosén, and the SiH bend asslgned

. . to one of the weaker features abeve 800 cm l; although not to

\-\m

a cons1stent frequency throughout the series (v1z. 829 cm -1

(1),-'840 (Br), 82 (C1).and 815 on™l (F) ). |
\ There 1s d}sagreement $00, in the orderlng of the

syédetal bendlng fundamentals, in whith the two a modes are

B

‘reversed, 1n Durig's report, the CSiC deformatipn, le, is

plabed oetwéen the two CSiX deformations (althongh there is -
_some confn51on over the orderlng for the bros#tie where the
text and the table are not consistent). The CSiC deformation
in meZS;HZ‘has.a value of 223 em™ T 39, and the CSiX deforma-
tion in MeSiHZX;;where these: are the only.skeletal deforma-< .
tions possible, occur at frequencies of 176 (I),‘l92 (Br),
213 (C1) and 263 om™L (F). This, together-with the observa-
tion that the lowest two bands 1ncrease in wavenumber more
““raoldly than does “the hlghest /polnts to them probably .

" involving the halogen atom, whereas v13 is expected to be co
. less sensitive to a change in substltuent and is thus as81gn—
ed, to the band at ca. 250 ecm™T in the iodide, bromide and .
chloride’. (n the basis of mass, it seems unlikely that in

the lOdlde and bromide the two CSiX deformatlons should be zt

*

The a351gnment of the strongest band in %the 1000-500 cm™L
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_higher-wavenumber than the CSlC deformation. Moreover, from

the p01nt of wiew of intensity, the a’ CSlX deformatlon mlght

+also be expected to give rise to a stronger band than _the

CsiC band in the-Raman effect. In -the fluorlde, the polar- '
isation data give no firm clues, and the frequency agreement
is not convincing for any assignmént,ueXCEpt to note that

with the more rapid increase in wavenumber of the a" CSixX’

AR

deformation with lighter halogen substituent, compared to its

a' mode, and their near coincidence in the chloride, these
two modes may be exﬁected‘to be reverseo,ln the fluoride.’
Here -the assignment'is made on the basis of the NCA, where
Tor the preferred assignment, ‘i.e. with the CSiC deformation
at highest frequency,'the force'constants fCSiC,ﬂfCSiF and |
fCSlF/bSlF all continue general trends from the other com-
pounds (Table I.3. %) Although a warning has been given
concernlng the camparlson of bendlng force constants of

chemically related though structurally Q1fferent molecules

276 -

(Chapter 1.5), thé value of fCSiF is found “to be only a little

lower than that in CH,SiH,F and CH381F3 and llke the value of

2
fCSlF/CSlF in the latier compound& the 1nteractlon term is
large (approximately 1/3 of f£CSiF) and negative. If "th
observatlon of an A—type band in the infrared sPectrum of
Ne SlHF in the CsI reglon is taken as proof that the ‘highest
y

frequency in thls region is an a' mode, then pla01ng the two“

CSiF deformatlons above the C3iC meode, as Durig and Hawley?o,

:dig calls for a reversal of the exoected ordering, of the two

CSiF nodes, and changes 1n the force constant values which

Y |
/ '. . - . ..

'
o
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%hen dev1ate slgnlflcantly “from thOSe m 'l'.he other compounds.
" In- Drder to match this orderlng, fCSlC requlres a value of" |
46 1 .(ef. 69.4 (C1l), 61.6. (Br) and 5? 8 (@fcsn{ becomes ’
?O 4 (cf 58.0 (Cl), 64.7 (Br) and 72. b (I)), and fCSlX/CSlX

;o ta}ces on a pOSl‘tlve value of 8.5 (ef7~3.8 (c1), 2’.9‘ (Br):

and 1.7 (I)). ., = ¢
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. compounds

IT.1 INTRODUCTI%N

'¢
Intergst 1n the second and- thlrd row elements of Group V

R}

comeés 'as a natural progr9351on from the study of nltrogen
compounds 1n‘many dlfferent arsas~o? chem}stry. Ammonla;
and arsinez’ in‘fact_we;s.the'first hydride compounds known,
‘over {hree hundred yesfs ago.' As#far:as orgahO- and hydrido-
derivatives of phosphorus and arsenlc are ooncerned 1nterest
is focussed in thrge main areas: their ablllty as Lewls bases
to form addition compounds._pr1n01pally with Group‘III_
:compoundSBa'ab; the spectroscopic'determination of barriers-
to pyramldal 1nVer51on4a'4b. and their use as complexing ‘
agents, malnly as bridging groups, in tran51tlon metal
5'5af6b, Methylated derivatives of Group V have .
‘been extensiusly used in these, and many,otper; areas of“
‘-Ainvestigatioﬁ. Indéed, recent studies haué even found |
bacteria which produce dlmethylar51ne (anaeroblcally) and

7

trlmethylar51ne (aeroblcally) from arsenlc (V) compounds .

. Prior to the beglnnlng of this wark, almost all of” the

Y
-

methyl derlvatlves of the first three TOWS had been studled
spectrosoOplcally.. In 'the case of the amlnes. several
reports have appéared for monomethyl- 8,9 and trlmethyl- _
amiues'lo’ll, but mostly on.dimethylamineB'lz'lg. and it is
clear that there was. some confu31on in assigning the modes |
1nvolv1ng the defvrmatlons of the hydrogen atom(s) attached
to nitrogen. In .contrast, for the corresponding puosphlne
and ars;ne compounds it was the mothylphosphinslé"l8 and !

’
3 ow



-arsinelg, and particularly the trlmethylphosphlnell 120~ 25
l and Tar51nell »20, 22, 26,27 derivatives whlc recelved most
attentlon. The only v1bratlonal study on §ne dimethyl
derlvatlves was a relatlvely edrly report on dlmethylohos-'

.28

ohlne » With an 1ncomplete Raman spectrum, and with what

now appears to have been an 1mpure sample, due’ to the
‘number of unexpla1ned bands. In view of the fairly W1de'-"d
spread use of dlmethylars1ne as startlng material .in the

formatlon of complexeszg. it was 1ndeed surprlslng that no

vibrational study had appeared in the llteraturen‘ Because.

of-this, and since there was little correlatlon between the -

,’t

| report on dlmethylphosphlne w1th spectra obtalned here of '
'udlmethylar51ne. it was de01ded to study the v1bratlonal
spectra of both dimethyl derlvatlves to complete_the serles.
In o;def to properly assign the nydrﬁéen deforhatlon modes,_
which as in the-case of dimethylahine were the least pre-

‘dictable, and probably the most 1mportant vibrations if

studles of possible hydrogen bonding were to be carrled out,'

1t was thoughp necessary to include the deuterated forms

({:H )2ASD and (CH;),PD. The information derived from the
frequency shifts in th% -dl analogues enables a complete
a531gnment to be made for both molecules thus compl\tlng
the series of methylated amines} vhosphines and arsines
which have had their V1bratlonal spectra satlsfactorlly
descrlbed. (Towards the end of thls work, a report of the
v1bratlonal spectra of (CH3)2PH and (CDBJEPH appeared30,Abut

on close examination thls is also thought to be incorrect,

&,“-.

'
o
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1I.2. DIMETHYLARSINE =~ - B B ‘ a

.. II.2.1° Preparation
' N

Dlmethylar51ne was- most convenlently prepared by. the

in 51tu reductlon31 of sodlum dlmethylarsonqte (sodlum

dacodylate ) (equation l) A three-necked ound-bottomed‘
“Me,As (0)0Na + 4H ~— MeBAsH + NaOH + HyQ

flesk was charged w1th‘an_aqueeus solution of tfhe cacedylate,

stirring bar. A droppmb funnel containing concentrated

‘hydrochloric acid was added to the flask.and the apparatus

attached to the vaeuum line., After the solution had been

. ,degassed the_nuxture was stirred and a small quantity

(ca \%)ml) of 'acid added The gases produced were allowed

1nto the manlfold and the tap to the reaction flask was d?

closed. The gases were then passed through a train of

U-traps held at -45°c, -78%°¢ and 196° : Any hydrogen :

~

- Formed was pumned out through the U-traps before the process

was repeated, Water was found in the -45°C trap anii
dimethylarsine in the trap at -78°C. “The trap at -196°C

was to prevent any dimethylarsine'from:being carried into
the pump by entrainment‘with tne.hydrogen as it was being
pumped away. Any. water appearing in the -?SOC‘fraction
—water and ﬁimethylarsine are immiscible-— again by
entfainment was removed by further fractional dlstlllatlon.'

1

The *H n.m.r. spectrum (Figure II.1A) shows the .

expected doublet and septet, at 6§0.9820,01 and 52.40%0.01
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ppm respectlvely, w1th observed coupling coné;Qij JHH ' ot
6. 95+ '02 Hz and Joy 131 3*0 2 Hz (hlgh field 51gnal only;

the low fleld smgnal is under the AsH signal).

The dl analogue was prepared by two general methods- F
the cleavage of MeBSlASMe 32 {from another experlment) by
D,0 or DClBB, and the eXchange equilibrium between dlmethyi-_
arsine and KOD in b2034. In fact both were used, the latter
to increase.thé‘d'@tefium content of products from tQE,§6fmef
reaction to mofe théh 98.5 moi:% béfore.recbrdihg spectya.. R
Although the more convenient method was the first reaction

with' D,0 (equd@&onfz), the similar volatllltles of the

' 2Me.SiAsMe, + D,0 ——— 2Me ASD + {(Me Sl) C(2)
3 2 2 2 2 .
producf"made ;*Engn.separatlon by trap-to—trap dlstillation

v1rtually 1mn0551ple. Thls was OVercbme by u31ng DC1 (equa~
tion 3). Deuterium chlorlde was condensed'Qﬁﬁo a st01ch10-
MeBSJ.;C‘asI‘ule2 + DCL - —» MezAsD +, I-Ie381C1 ('3)

metric excess of trimethylSilyldiméfhylarsine and the f

mixture allowed to warm. The products.ahd excess starting

material_were then separated fy trdp-to-trap distillgtion{’\x
, The exchange eqpilibrium was set up by pour;ng about

1 ml (ca. SOmeol) of deuterium oxide inéi;g/lbo ml two-

necked, round bottomed reaction vessel. “The liquid was

degassed and the flask filled with a positive pressure of

| dry nitrogen through the manifold. The stopper in the

/

'second neck was removed and a small piece of potassium,

washed in low boiling poin} petroleum ether, was held in the

opening until dried by the nitrogen stream,'and then dropped

"
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“into the water. Theastopper was replaced, the resulting.
gases pumped off, and a sample of dimethplarsine (1-2 mmol)
was condensed into the vessel; After shaking for a Tew
mlnutes the flask was cooled 1n an- 1ce/salt bath (to reduce
the\vapour pressure of the water). opened and the resuitln;

Aivanours separated by trap-to—trap dlstlllatlon. ?hls process

~was repeated .as necessary untll a suff1c1ent igh denterium

o ' content (minimum . 98 mol. ”) was. obtalned. L S
- _The- 4 nomer.. spectrum of dlmet“”lar51ne—di shoWed i
. - —
expected\f :1:1 triplet (Flgure II 1B} expanded x20 in (1) at
-+ 5 0.9820.01 pom with a Iyp equal to 1.09:0. g5 e The insert
,‘ S (ii) in Fsgure II.1B shows the resonance due to re31dual asH
| along with the low: field le satelllte. )
Mass spectra were recorded for both compounds at an
'idnlSLng potential of 70 eV. fhs\pomnuter trac1ngs are . shown
1n Flgures II.2 and II.3. Both showed a base peak at m/e
90 (MeAs } and falrly intense molecular 1ons, 5050 of the .
base peak for MeZAsﬁ (m/e 106) ang 3445 for e ,ASD (m/e 107).
There was virtually no sign of an M-H(D)} peak in elther
-,spectrum ‘

IT. 2 2 Vlbraulonal Spectra

Infrared spectra were recorded at pressures
-_rang;pg from lO to 92 mm Hg, and Raman spectra on the ‘neat
o liquid. The spectra are.shown in Figures I1.'4 and II.5, and
are a881gned on the basis of C symmetry, giving rise to 24
fundamentals, 13 of which are a' and eleven a" modes, All

, .
" modes are poth infrared wnd Raman active, with the a' modes

-
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- deiormation,

B 2§qu‘

"expected to glve rise to B or C type bands in. the ‘gas lnfra-

red spectra and to be polarlsed in the Raman spectra,.and the -‘f.

a", modes to glve A type 1nfrared bands and depolgrlsed Raman

llnes. The numbering of these modes, for “both dlmethyl—

ar31ne and -phosphine, and “their approxlmate descriptions

are gLrgﬂ-ln Table II.1 and the observed frequen01es 1n

Table II.2. ] | .
- L . :
The methyl.group vibra%&ops abpear‘in the expected ‘regions,
and are stralghtfoEWardly ass1gned except for the rocks

whlch appear in one enVelope in the 1nfrared spectra and as

weak, broad and generally featureless bands in the Ranfn -

. spectra. The R_m.n_snectra however allow for separatlon of p

the a' and a" symmetrlc deformatlons. Vo and Vig becdyse
'“19’ which appdars a; a weak shoulder in the parallel'scan,
becomes more evident in the,poiarised_spectrum.

The modes i;EB?EBrating‘the isotopic substitution can

be seen to decrease in wavenumber as expected, the AsH
1

.streteh, v, falling from 2080 to 1500 em ~. The in- and

out-of~plané AsH deformations appear to higher wavenumber

of the C?As stretches and the AsD deformations fo lower

wavenumber. The C,As stretches, v,; and v23,‘appegr‘in the
same envelope in tﬁe infrared spectra and are orily sep®rated
‘in the polariged scah of the Raman spectrum. The GZAS

shifted at 229 em™t for both molecuies;

Tnere are

latter bands. The first is that the AsH bands are in the

everal {interesting observations _abocut these

same envelope, again only distinguishable in the two Raman

~

&,
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¥ Table II.1 Numbering and approximate description of’ -
funﬂagsntals for molecules (CHBJZMH}‘jm$As.P)
- Description L . a’ av
A CH, stretch (asym) v, V5 v, .
3 _ 1s
CH3 tretch (sym) v V3 Vig
. ¥ "
MH stretch : ‘ . Vy
] .
. o CHy def.  (asym) e Vs Vv Vi
CH3 def, (sym)- . W, Vi
. CH3 rock» |, : V eV v
. B 9 21
MH def, v .
' o 10 22 '
7 CsM stretch v .
11 ‘ 213
CMC &ef. Y A
e . 12
CH, torsion
3 v v
\ . 13 24
3 . o= o
» - -°_
: i i =1y of th A
Table II.2 The v1brat10nal*spectra (cm o} e
dimethylarsines
A} .‘ - ’
f (CH,),AsH (CH,),AsD .
i LT (gas) Raman (liq.) calc, i.r. (gas) Raman (fiq.) cale Assignment
) 340 w 341w ] _ vy vy
012 s 2994 mdp 2993 . 3006 s 992 mdp 2993 VioVya
1994 s 2994 s Yiovyp
-5 + 3920 sp 230 2933 s 920 sp 920 Vi Vs
& 2830 mw - 2825 wp- . 2847 mw 2838, wp T §
. B0 w 2 2508 w : = x dMe
2080 vs 2073 sp - 2086 1501 vs 1494 sp {1486 ug -
- 1826 wbr 1843, wbr ) ) ‘
1577 wh . 1381w
- - wor ] . 136'}’ 3 },(JMc + dAsX
1434 *m 1423 whrdp 1428 1440 m 1430 wbrdp 1427 Ve ¥pe
1415 m 419 1429 m - Ymlig
126 w 1361 mp 1365 1266 w 1260 mp 124t vy
: 1246 wdp 1253 1245 wdp C 1239 ey,
J93 s gy 930 wp 932 875 s 872 ¥ig
922 s 922 wp 919 862 5 ~871 wp /oS vy
1 4 wp 591 91 s ~0212 vw 203 VYo
893 5 884 589 s ~895  vw 903 vay -
796 w 79w \ CAs + v,
. 672 w 677 wshdp © 682 S m 526 ;wdp R Viz
65w 663 mp 658 196 msh S0 w 5040, via L
P ‘ SHO 5 579 mshdp 578 548 ms 58S mshdp 586 Vay
oo . 565 wvsp 570 519 vsp 574 i,
- 29 mdp 229 229 mdp 2 v R

v = very, s = strong. m = medium, w & weak, sh = shoulder, br

deformation, p = rock.

*ret, 51

= broad. p = polarized, dp = depolarized,

)
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: spectra, the seoaratlon, ‘as seen in the two Raman speotra

“maintdined on deuteratlon. ‘The second is the change in

As-H 152 pm; /CAsC, /CAsH 100° and /HCH 109.5)

-

, - - ' : .- {. . TN
.spectra, wherev appears as.a depo 1sedﬂh;gh wavenumber 3
22 - v

tall on le' whereas on deuteratebn the separatlon increases -

| , and they appear as two separate bands. The order is kept the *

same (\,22 hlgher than,ﬂfib) although the Qonlarlsatlon . :,

ratlos are 1nconclu31ve. However, the hl

N c
+

er wavenumber " -

N
band aopearstsllghtly less polarlsed 1s exoected to be more '"\\
1ntense in the Ainfrared soegtﬁhm ( Whlch 1t is ) and compares

favourably with the (CF )zAsH analogue535, where the order l&

[y

,relatlve 1nten31t1ea on deuteratlon., The AsH bends are

falrly strong in the - Raman but quité weak in the’ 1nfrared
spectrum, whereas the AsD bends exhibit the oppbsite intensity
relationship, being‘weakertin the Raman and of medium |
LntenSLty in the. 1nfrared spectrum, as can be seen in B

rlgure II 6 (in whlch the Wavenumber scales are not the same
for 1nfrared and Raman scans) Whlle the C,4s stretches,

vll and Voq appear: in one envelope in both the infrared

-~

\.

(agaln in Flgure II. 6), decreases on deuteratlon the %%
9051t10n of the enVelope and the average stretchlng frequéency

-~ . . . -
from the Raman spectra are seen to increase. These observa-

. ti0As will be referred to again later.

X r—
“1X.2.3 Normal Co-ordinate Analysis

T ' The molecular geometry was assumed from comparlson

with related molecules3 to be C H 110 pm, C-As 195 pm,
0
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for the meth'l'rocks for Whlch 1nfrared data were uéed ‘The:

results of product rule calculatlon are shown in Table II. 3:

-’
T

Table II.3 Product que Ratios

cale. obs. i.r, | obs. Ra. ;,
‘ a 6.525 o052 . o.sy
~ ?" _ ld§g724!l__ '! _0.?3 . 0.75 t;
o . These results are approxlmate due to unoer%alnties in resol-

v1ng the rocking modes. but assumlng that they

s 7 order in bothﬂmolecules. no deviation, than that
~ order’ in bogil | ‘

P o implied by %he‘signifioant figures #s. dbserved. Apart from

the 1nfrared a' result they are.all a little larger than

- -
calculdted values- as expectedB? n

" . '

N

Inltlally a separate NCA -was performe on each molecule,

us1ng SOTONVIB whi®h produced, not surpr 51ngly, very good .
agreement for each ' Cons1der1ng the diff enoe in anharmon-
icity the force constants were adequately ansferable, except
for £ CAsH(D) which describes both in~- a;d out-of-plane defor-
) matlons, W1th values of 61 and 68 N.m’ -1 respect1Vely. .
Presumably because of the different v1brat10nal amplltudes.
Q,ﬂ"' L of the hydrogen and deuterium atoms, there is g dlfference

"~ 1n the 1nteraotlon with the lone pair on arsenic in these

z
motions, which these calculatlons do not ref t. - For examble,

a UBFF calculatlon for ammonia was only able tbo fif\the fre-

quencies when a fifth "atom" of zero nass was included to
{

represent the lone pa1r38, whereas without it the fit was

, i poorjg. Subsequently a2 calculation was performed. uslng“

. 4



LARMOL for both molecules together;'which produced the.force

constants llsted in Table IT.4, and the frequenc1es they

~ calculate in Table 1T, 2 Thé’p e.d. is reproduced in Table

v o ' I1.5, where the maln feature is the large 1nteract10n between
H the CAsH{D) amd HCAS bends cis to each other. However. thls Sl
may on- may net be feal because of ‘the assumed geome try of the
_ malecule. Jfor the -sake of 51mpllc1ty, the three-fold’ axis
""aof the methyl group was defined- as c01n01dent with the CAs

bond although 1t is well known that for molecules 1nvolv1nb

"lone pairs the axas of the methyl group is tilted towards

the lone naLr by an angle e¢= 1 - 50 4Or

ThlS is apparently

) .due to, an attraction between the lone pair and the methyl
group, since methylamlne has a larger tilt than_trlmethyl-
anlneAl In the latter case, and trlmethylphosphlneaz. thls
effect also produces SLgnlflcantly dlfferent C-H bond lengths
and HCH (and so presumably HCM (M = N,P)) bond angles. That o

thls effect has a 51cn1flcant influence on force constant

-.'”.

" calculations. can be seen from such work as that on methyl-

phosphlne}a, where* the assumed value of e= 2° from the

-

‘microwave study43 produced a poor fiit and a reversal of two
) ) P

expected assignments. based on the p.e.d. Increasing e to

‘2030' however, resulted in much improved agreement and a
,correct order of assignment, = Since no such refinement was

‘included in the oalculations for dimethylarsine, very 1little \—
can be galned from comoarlson of "force’ constants, for example |
WLth (CFB)ZASHBS where the CFB_ lone palr 1nteractlon should

be entirely dlSSlmllar. even though here the dlaoonal force

constants still agree-W1th1n five peroent
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Figure IT.6 Raman and infrared spectra of C,As stretching
' region in dimethylarsine :
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; Table II.4..Force éonstant values for diﬁethjlarsine-r

-

e e e g

T —

- No. ) Descrip‘t&oﬁ Value"
1 L CH 4815
2 £ AsH 255,
3 £ cas 259,
N £ HCH" ‘45,
5 £ HCAs | 62.
6 " £ HCAs I TR
7 ) £.CASH 85. .
o 8 v £ CAsC o
.9 £ cH/CH 4.9
10 f CAs/CAs - S —
- 11 - £ HCH/HCH -7
12 £ CAsH/CAsH 1051 ~
13 £ cis-HCAs/CAsH -18.3
14 £ CaAs/CasH | 9.3

*Units are N.m™ 1 for stretching-and E}m.rad"z for bending

force constants.

Table II.5

kY

‘Description of vibrational modes and the7potentia1
energy distribution '

-

\

Rotentidl energy distribution®

Mode description Class (CHy),AsH {CH,);AsD
v, CH, asym. str. 3 101(1) L1
vy CH, asym, str. 101(1) 101(1)
* vy CH,y sym. ste. 98(1}) 98(1)
" vy AsH(D)str. A 100(2) . JOO(2) ] ¢
vy CH, asym. def. 80(4)+13(I1) B0(d)+ 13(5)
ve CH, asym. def. B24)+ 14(11) [4{5)
vy CH, sym. def, - a 42(4)4- 25(5)+ 25(6) = 13(L 1)+ 1 1{13) 4704) 4+ 29(6)+ 28(5) = 15{1 1)+ &(3)
vy CH, rock (in) SB(6)+ 1 5(7) + 10(5) + B(d4)+ 7(13} THE)+ 6(5)+ 6(13)
vy CH, rock (out) 46(6)+ 41(5)+ 6T} 455)+ 44(6)+ 7{4)
vio AsH{D)ef. (in) T6(T}+ 39(6) — 36(13) + 9{12)+ 6(5) 00T}~ 34(13)+ 196} + 11 (12)+ T S)+ &)
¥y CAs sym, str. 88(3) 91(3)
v, 3 CAsC def. 98(8) G8(8)
vis CH, torsion ¢ . | — - : j
vie CHy asym. str. 101(1) 101{1)
vis CH, asym. str. 101(1} 101{1)
vis CH,y sym. str. 98(1) 95(1)
v,1 CH, asym. def. B4+ 13(L 1Y+ 6(5) BOM)+ 131N
vya CH, asym. def. B+ 141D B8+ 141 1)
vio CH,ysym. def. r a® Ad{dy+ 27(5)+ 27(6) — [4(11)+ T(13) ANA)+ 29(5) 4 29(6)=15(11)+ 6(3) *
v¥20 CH,; rock (in) SY6)+ 21N+ 1N+ 1N T56)+ 10(5}+ &)+ 6{1 3
vy CHj rock (out) 45 +4€6)+§T) - 45(5)+ 42(6)+ 7(4)

- ¥3; AsH(D)Xef. (out)
“vyy CiAsasym. sir.
v14 CH, torsion

90(7)+ 49(6) — 4413} — 1 1{12)+ 10(5)
8%3)

109(7) = 41{13)+ 21(6) = 1 3(1 2)+ H{5}+ 8(4)
8B(3)+ 12(7)+ 6{6) '

—

* Contributions greater than 5%, (in) = in plane; {out) = out-of-plane,

ref. 51
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II.3 DIMETHYLPHOSPHINE

[

I1.3.1 Preparatlon . ‘ - ﬂ‘

The sample of dlmethylphosphlne used in this study
had been nreoared by Bré. B. ﬁapp in this laboratory for the
preparatlon of phosphine-borane adducts. It was prepared
starting® from phosphineu& by successive deprotonétion and

methylation45

Phosphine was 1ntroduced into a round-_
bottomed flask 11tted.w1th a dropping funnel. contalnlng a
slurry of potassium hydroxlde in dlmethylsulphoxlde., {n
stirring, the mixture turnSd yellow 1nélcat1ng the formation
(equation 4) of-fﬁe'PHz" ion. Enoﬁgh iqdomefhane was gdded

to decolourise the mixture (equation 5} and the. nrocess

repeated (equations 6 and 7). The Iy n.m.r. spectrum
| Pi, + Kon'léymigv K*PH,” + H20 - Y
K+PH2_ + CHgI  ———> CHBPHZ « KI . o (3)
CHyPH, + KON =2B2%a CHPHK" + H0 (6)
CHgPH K™ + CHyT ——— (CHj),PH + kI . (7)

indicated z compound of sufficient purity for spectroscopic

work,

The dl comﬁound-was prepared in > 98 @gl.% by
exchange of (CH )2PH with KUD as for the arsine compound
(see Chapter II.2.1). The lH n.m.r. spectrum gave only the

expected six lihe methyl resonance {a doublet of 1:1:1

. triplets), with couﬁiing constants Jygp = 3.40%0,02 and

JHL== 1.16%0.02 Hz. These values compfire with literature

K 36:1 s

-r .



a

-

values*® of '3.7710.05 and 1.17:0.01 ‘Mz (calculated from Jug)

.

respectively. R

Ir.3.2 Vlbrational Spectra

P The gas 1hfrared and 11quid;Raman‘spectra of the
dy compound are shown in Figures II.7 and II.8. The molecule
is assigned on the basis‘ofhds symmetry, and the numbering
and activity. of the modes, similar to dimethylarsine, are
shown in Table II.l. The observed frequencies of both - _ i
_"light" and "heavy" compounds are listed in Table II.6.
The CH3 stretéhing and deformation modes, and P (D)

stretching modes wWgre straightforﬁardly assiéned. The ‘temain-

ing features in fite Raman spectra of MezPH(D) were weak bands

Table I1.6 The V1brat10na1 spectra (cm” l) of dlmethyl— Ee
Phosphlne _///,—;> ‘o
(CH ) PH® . {CH,),PD"*

br. (gas) Raman{lig.} i.r. (pas) Raman (iq.) % Assignment
A4 . ) 3253vw
. 3158 . N68 vw -
2985 ° 2975 9885 2978 m.dp SR U
v 2975 (2969)* 9745 2974 m, dp Yo ¥rs
24923 29268 . TS
5918 2908 3305 29N vsp { va ',
462 RS0 2853 m 2870 wsh
o 2843 { I x dMe | .
RERT I a8 T AR5 m, p S
2288 2282 ’ 2290 w 2Kwep vy (LD
010 2000 v _ w + 2
b 1954 1951 vw ’ Vo + Yy
: . 1667 C. s 1661 s, p v PD)
1434 1434 ms - Ve Vg7
1423 1425 1424 ms 1428 whr.dp { Vo Vi
1247 1301 Bow 1294 mw, p vs
. p2od o
1284 1IN w ’ 1285 wsh, dp Yy
11 2/_\ IR Yl 20 vw iy
~40 s VRS 930w, p vy
047 50 G40 B . : ra
IR st o LOSleALW Sl vw : vaa
iQ T s F09 A m, T8 madp Vay
[ae - 657 - 6bTOBw 0y s p vy,
719 584 m 90w, dp Vag
B T4 R iR S47 B mw 561w, p v
26l 1267 ‘ 269 m, dp Yi2

*Ref. 30 ** this study; .
+ gas Raman spectrum:  erystd Raman spectrum,
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\

at 0“1000(~4930)‘cm-l,.some bands in the region of a strong,

- 2
1

-\\\polarised band at.~;650 cm” T, assgmed‘to'béfv 11 the sym-

metric PC, stretcﬁ. and anmédium intensity pand at ~ 268 cm'l. ‘
lassigned as fhe PC, defqrmation mode Vv y5.°

The first obvious diﬁférgnce in the parison of-%he
Raman spectra of the two'compounds‘was the d@ppearance of two
bands to low wavenumber of the PC, symmetrié stretch in ;
MeZPD, as‘shown-in FigurelII.Q.(NQB.-— intensities are not
the same). These bands, at 590 (dep.) and 561 em™t (pol.)
were assumed to be' v, and PPy thé symmetric and asym-
metric PD bends, as these should be the only modes (other
than v, the FD stretch) most dramatically affected by
deutera?ion. This left the band at 708 em™T (dep.) as’ Vo3
the PC2 asymmetric Stretch. Application of the rul: of ﬁhumb"‘
isotope fule for deuteration (multiplying by J2) indicated
that the chrespondipg modes in MééPH should be found below

~*8§5 em™L. Close examination of the parallel and perpendi- )
cular scans of the middle envelope in Figure II1.J0 revealed .

l, and two

“three maxima; one in the parallel scan at 714 cm™
- in the perpendicular scap at 704 ahd 729 em™t (shoulder).
Thus'thelfundamentals in this region (two PH bends and two

PC, stretches) were all ‘accounted for. As for which band

was which, the observations from dimethyiars;ne for the
corresponding modes were fﬁund to be useful for initial
assignment, £or if the assumption that the bends in both

. arsine ané]phosphine analogues were similarly affected by

deuteration, which is not tbb unreasonable, then it should



[ 1
AT I L LI e A e T S 4 4 A

&

f.

sutydsoydTAyseurp Jo suofFea @mp‘om.ﬁmm Jo BI3oeds uswey

- 004

6°II- 8ansTd

Q06 -

008 - .
I

| . I | | |

I 1

kY



CRéci Le

v . .
follow (from Figure 1I1.5) ﬁhat (1) both absolute values for
the PC, stretches in the "light™ molecule were lower than -

-

for the deuterated molecule, and with increased separation,

(ii) the PH(D) bends should maintain the same order (asym-

metric above symmetric)-iﬂ both molecules, and be found in
the same enyelope for Me,PH and separate for MezPﬁ in the
Raman spectra, and?(iii) the observed Raman and infrared
infénsity'relationships. again as ﬁeen in Fiéure iI.6.
should hold: These conditibns are in fact thought to hoid
true, and so the ﬁH bendd, Vg and v,, were then assigned
at 714 (pol.) and '729'0.111_l (dep. ) respectively and the
asymmetric sz stretch Vg at 704 cm™ T (dep. ). |

1

The bands at ~ 1000 and ~930 cm™~ in.the light and

. 307

" heavy molecule fepectiVely were assigned as two methyl_rocks,'<

‘each envelope ﬁaving a polarised and a depolarised-qqgnter—

part. The other two methyl rocks were'assigneg to features
in the infrared spgctra, ét almost the same wavenumber in
both molecules, This could imply that they afelthe a' and
a" ﬁut-of-plane rogks; which might be expected to be the

\
least affected by the motions of the (PJd atom. (This effect

-

. | ’ ‘
.may be present in the dimethylarsine case where iwo values

for the methyl rodk are almost the same, BUt here the rocks
are all in the same envelcpe and 1t is difficult tc determine

each mode senarately).



II.4 DISCUSSION . </ g

As mentioned in the Introductioo. a report on the‘vibra—//

tional spectra\of (CHQ)BPH and (Cb, )ZPd by Durlg and
Saunder530 appeared towards the conclusion, of this work, but
thelr assignments do not compare at gll well w1th-this study
and are believed to be in'error as this discussion atteﬁﬁts'
to show, The assxvnment of dlmethylarSLne was falrly routlne,
as the: AsH bends were found in abreglon not expected to be
_occupLed by othep fpndamentale. which clearly shifted on
deuteration, and so is nct diecussed further.'eXCept with -
reference to dimethylphosphine, ' ,

The‘principal difference in the'soectre of e, PH from

this work and the other two report528 39 is the absenee of -

any bands in the 1250-1050 cm™ L

range found by both other
studies, and in which assignments Of fundamentalé were made.
It may be noteworfhy that it 1§f1n this regicn that the P= O
stretch is found; for eyample at 1146 cm™t in Me3P047
These P(V) comoounds are the products from ox1datlon by
exposure to air of P(III/)'com}_:>our1cis}""8 ~ Purity checks fora
the other studies con51;ted of a Vapour pressure'oeasurement
for thé earlier workéa and a trap to trap dlstlllatlon.

" followed by the oroductlon of the compeund on a fractionation
column for the/lgter study3Y, although should oxidation
pfoduots be ofesent. these would probably ooour during the
wanlpﬁlatioh of the vproduct after initial prepération. S0

many infrared lines were observed in the earlier work that

-



the presence p§ impurities ig almost certéin..and.;t'is not-
disp&ésed further, | ,:‘ £ R

Apart from aésigning:fuﬁdameﬁtals tb.featurés.pbt oEsef-_ .
‘ved in our spectra, the results of Durig and‘Saundérs3?

. dgiffermfrom this work in few reSpects. Une of thg major

1

differences is in the ~ 730 cm™ ' envelope' in the Raman

spectrum of'(CHB)zPH (Figure II.9) wherd in their assignment

-

the-depolariséd band at ?Oh‘cm'l,is.unassignéd (it appears

_in the crystal Raman spectrum but is not reported in the
liquid speétrum). The reason for the“asymmetrip (shéped)
polarised" band they report at ?l#'cm'l; to which they ‘

~ assigned V23 the asymmetric EC, sifetch. is of course‘that,
it is in.fact two bands. The symmetric Pquend, Vo0 is -

1. ) .
then assigned by Durig to the polarised band at 1003 em™t

- _and the asymmetric bend, v ,,, %o a line at 1124 cm™ ! which
is not absefved in their Raman spectra, and is very weak in
the in@rared. "It was these contrad%stions of %he information
from the parallel and perpendicular scans, by assigning anz
a" mode to an apparently polarised band and a' mode to a
depolarised band that was seen as the first eyidence of én
incorrect assignment. ‘The remainjng hands, spread over
260 cm_lare assigned as the ﬁéuf ﬁethyl'rocks.

In the épectfum of (CD3)éPH most modes not involving thé
isotopically substituted‘atoms decrease somewhat in Wavehumber,
which is to be expected.  Thus the PC, stretches are reported

1 to 662 and 612 cm™1,

Ntion from 267 to 230 em™Ll. However, the

by Durig to drop \from "714" and 657 cm

and the PC.
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v

~

, spectra; and the asymmetrlc PC, strefch ;s a 662 em.

of the CD3 deformatlons, which lncorporate 51x fundamen als'
and at least two bands, and again in the lﬁ%ggcm -1 _region,

. ‘s
HoweVer. if the a531gnments as proposed in this work for

(CH )ZPH and (CH3 2PD are correct, they shQuld also “be able;'

,'to explain the spectrum ofeicD )ZPH' Assumlng that the PH

bénds Have been correctly ass1gned. and th&t, for lack of

4

other comparxson, the 1sotoplc shlft factor for them is the

‘Same as for the PC,. 'stretches (taking symmetric and asym-

metrlc modes . separatelY). then on g01ng from (CH )2PH t

(CD3)2PH’ \)Zz.and v yg Shou be. found at=686 and 665 cm'l

respectlﬁe%y. The/}e |
unasﬁigned features at ~ 690 cm” .
which
would overlap any weak feature in that reglon. ﬂowevef, a
comparison of the shapes of the 662 cm -1 envelope from the
infrared spectrum of (CD )ZPH (Figure I1I.10 (111), from a
spectrum recorded by Bro. B Rapp in this laboratory) and the
703/and 709 cm! bands from (CH 5)pPH and (CH;),PD, (Figure
II.%O (i) and (ii) fespectlvely) which contain principally

the asymmetric PC., stretcé, points to the possioility of there
being a feature (orzfeatures)_in the high wavenumber portion
of the envelope at‘thoseﬁcalculated positions, if, as is
assumed the'chahg in moments of inertia for all three
molecules is suffliigntly-small so as not 'to significantly
affect the band contours, and thus enable a valid comparlson._

-1

(It should be noted that the 705 cm™" envelope for (CHB)ZPH

Y



(Figure IL.20-(1)) also contains the two PH bends, but by
| comparlson W1th dlmethylar31né (Flgure II 3, upper trac1ng)
these are expectad to: be very weak in the infrared effect _ A

&

t flcantly to the shape of the compar-

and not contrl

d due

atively intense - v23) , o ’

These arguments. however, really only represent one
personal lnterpretatlon. and perhaps more hard statlstlcal ‘
'ev1dence should be presented. Comparlson with other relateé*”//if_/
.compounds shows the unllkelhooduof the PH bends being found m,/,_’/,

I'.ln the reglon proposed by Durlg and Saunders (above lOOO cm 1).

.For ‘other compounds w1th As (D) or PH(D) deformatlons. it can ¢

T
be seen (Table II 7). that for the arsine derlvatlves. the

. . K '/ N
able II.Z Summary of*MH" deformatlons‘(cm ll. in. selected
secondary phoSphines and arsines
’ Al

— ) b ' c a ¢
L (CP3) MK PhyMH]  (CHg) MH®  (CF,),MD  (GHg) MD

an 855 (729) 643 590 T
Poar 8o . 8O0 v muyy ~ a3 561 .

a" 753 . 67? 575 526
A5 av . 6w 710 663 486 501

All Raman frequen01es :
a) ref. 35; b) ref. 49, o) this work, M= P ref, 50; M= 4s
ref. 51- ’ . - -

trehd. is (CF5), ~ Ph, = (o}{;\)z for asH and (CFy), > (CHy),

for. AsD deformations. This indicates that if the‘same is
true for the phosﬁhines, the upper limits for PH and PD
deformations are ~'800 and ~ 640 cm"l respectlvely.

It 1s also 1nstruct1ve to look at which angle changes

’

are involved in these deformations. To take the series of

[
-
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ar31ne der1Vat1ves, the deformatlons in ars1ne 1tself result

_ from a change of the,HAsd angles. the average of the symmetrlc
S . and asymmetrle modes being 971 cm L In Cli;AsHy there are
2 S ihree.Ast Qeformatlon modes ; AsH, 301ssors (HAsH angle_ )

_chanée), wag (a') and twist (a") (both CAsH angle_changes).

-1

, - 'The eClssorlng v1brat10n occurs ‘at 973 om™t, almost exactly

" the value 1n:A§H3. the others at 674 and 654 .cm -1 respectivély.

v T

- N
»  .an average of 664 tm Trhe_2/" and a" AsH deformations in

(CH,),AsH, which can only be CAsH angle chahges, cccur at

- S : - ~ .
1 respectively for an average of 666 cm l,'

‘672 and 659 CmT
o ,-‘l‘j "'ualmost exactly the value from CH3A3H2 (Note also that the
. ‘symmetrlc mode is stlll above' the asymmetrlc mode) These
olmllarltles also exlsf for the molecules deuterated at 3 ﬁ;

arsenic. These values are gathered -in Table II. 8 along with ¥

Table' IT.8 Comparison of average vibrational frequenc1es
: resulting from deformation of "HMH and CMH angles

| . for some phosphines and ‘arsines
s L ‘ P _ CoAs
"/ change - HPH = CPH . HAsH  CAsH
;MHB . Coro792® - - 971 S
I  semH, 1092 713 - g73° 664
e - 7228 - 6665
Dy 7682 .. . e8p® -
liei,, 2909 563 - 6978 500
ey e 575° - 548

a) ref. 52; b) ref. 53;.¢) ref 54; d) ref, 18; e) ref. 19;
.f) this work ref. 50 g) this work, ref 51.

-
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7 da%a from the‘pheSphinelane}egues..i;t is-immedietely apparent
that if these comparisons are valid, - the values‘prepoeedeby
'?Durig and Saunders (and Beachell and Katlefskyzs} are far
too high. (N.B, These{pqmbarisons-held strictly only if, the |
contribution of .the angle change to the total potential .
;nergy of the vibration is 100%. or at least the same in each
case; they range from 65 116% for CH3A8H219, CH3 H218 and
CHB)ZASH averaging 88p, so the comparlson is air).
Beachell and Katlafsky compared the. PH bending fupdamentals.
to thoee of Pﬁj, which the foregoing has ught to prove
rnvalid and Durig and Saunders appeared to have not considered
any other region, pOSSlbly 1nfluenced by the former study.
ThlS dlscu531on has attempted to substantla%g\the
' assignments for dimethylarsine and dlmethylphosphlne. and
sﬁow that these assignments are coneietent with and related
. - to eiﬁilar,vibrations in related arsenic and phosphorus
\\\ - hydridee for which data has appeared in the literature. Tt
+is also hoped that this has demonstrated the usefulness of

. the judicious use of comparisons of various kinds to the

assigning of molecular vibrations.

i)
\.-uﬁ_
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APPENDIX T

THE VACUUM LINE o S

The general pr1nc1ples involved in vacuum line techniques
have been fully described in some excellent book& and will
only be br eflylmentloq?d_here as they pertain to the methods
most widely used during the preparations described hereinT;V

The general design of the Vacuum line used in the course
of this work and the pumping system are shown in Flgures A1
and A. 2. The main manifold M was connected to the pumping
system at stobcock P11, and contained outlets to fou} smaller
manlfolds, of which two are shown in the flgure, and the'head
of a Pirani gauge (PG) to monltor the vacuum in the - System.

Manlfolds A and B were connected to the main manifold by ball

JOlnts with Viton O-rings and stopcocks Al and Bl and were

: equlpped with greaseless stopcocks, either Teflon or glass

barrelled, with Viton A O-rings. (The other two manifolds,
on the other gide of the rack, were fltted with ground glass
stopcocks and used only for "dlrty" preparations ). Each
manifold was equipped with simple mercury manometers. The
manifolds A and B are also cohnected by a train of four
removable U-traps, interconnected by greaseless stopcocks
and ball joints with Viton A 0O- rlngs. Although some vaquum
loss was inevitable with the extra joints (compared to a
continuous train), this was not considered to be serioud,
and this disédvantage was more than offset by the ease of

¢leaning and extra versatility offered, for example by the

ot
..
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use of speciai ffaps (see Figure A.3F), as in the.frepgration

.0f CHBSlI3'(

f% ' . The pumping system consisted of a mechanlcal rotary pump

s

chapter I.2).

'(Edwards High Vacuum, Crawley, U.K.) and a glass mercury
diffusion pump, whlch by manlpulatlbn of stopcocks P2 and P3
could be used in series with the rotary pump or by:passed.
Shut-down of . the pump was effected by 01051ng P3, and bpening.
the air bleed stopcock PB1 before sw1tch1ng off so that the
pump would be full of air befpre stopping. This prevéqted . .
.seizure of the mo§ing parts by the vacuum in the systiem
(especially from a still-hot diffusion pump) sucking the cil
out of the pump. -

Removal of the coid traps was effected by first isolating
them by closing Pl, P2 and P3. The air bleed stopcock PB2
could then be connected to a nitrogen supply, and the traps

~filled with the gas. (From the nature of chemicals used in
this work, it was inadvisable to fill with éir). They could
then be removed to & fume hood, where the frozen contents )
were allowed to warm.up and dissipate. This was usually

performed once a week.

A.I.1 Trap-to-trap Distillation

) Separation of mixtures using low temperature slush
baths (Table A.1l) depends -on many variables, such'as quantity
of sample, surface area of the trap, time 'spent by the sample
passing through the trap and the contents of the mixture.

For most separétions, A6 or B6 would bg'closed and the

distillation would take place in a closed system. If non- “
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i Table A.1 - Low temperature baths”

*Material . Temp(°c) Material
ice Mwater T 0 ethyl acetate ‘
ice/water/saltt -12-0  "toluene !
carbon tetrachloride © =23  bromobutane .
chlorobepzene 45 . methylcyclohexane -126
chloroform | , -63 iso-pentane ’ -160
S~ dry ice/methanoit . =78 liquid nitrqgen -196

- .
all prepared as slushes with liquid nitrogen except
as marked?. '

o

condensible gases or low volatility liquids wereﬂpresent,
the system could be opened 1o “tha pump. Generally, best
results are obtained when there is a large difference in
boiling points of the constituents (more than 70° C)
A.1.2 Caplllary Tubes

These were hand drawft from falrly thick walled
(ca. 2 mm) Pyrex tublng, so that the length and wall thickness
‘could be varied to suit the quantity and volatility of the j
sample, and fitted w1th a ball JOlnt. After evacuation of
the tube on the manlfold the tip was immersed in llqu1d-////
nitrogen and the sample.allowed to condense into the finger,
With some manipulation of the liquid nifrogen Dewar end with
local warmlng of the tube either with the fingers or an air
gun, the sample could be coaxed 1nto the tlp of the tube.
When the manometer indicated that there was no more sample
in the manifold the Dewar was adjusted so that all of the

sample was frozen and the tube and manifold were opened to

the pump. The tube was sealed using a small blue flame to

- wia
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._Qoften”the glass at three or four p01nts and allowing the S

vacuun. to draw the glass 1n to effect the seal. The-eaplllary

Was then meersed totally in the liquid nltrogen and event-

uallj‘ieff to warm in a fume nood. Care had to be taken to

leave sufflclent room for expansmon of the frozen sample;
some compounds almost doubled their volume when they melted.

Returning a sample held in a capillary tube to the

vacuum line was accomplished by means of a tube-breaker

(Figure A.3J) with = soiiﬁ élass barrel which was inserted

in the‘open posi@ioﬁ. The caﬁillary was placed in the tube- '
bregker so that it passéd fhrough the barrel andithe,éppara—'
tus éttached to the vacuum line with a plug of glass ﬁool
inserted just inside the joint. When evacuated, turning:the
stopcock broke the tube, the glass wool Preventing glass from
the broken tube entéring the manifold stopcocks or the mani-
£41d itself. . If* the sample was fairly volatile, it was
advéntageous to cool the lower portion of the breaker with
liquid nitrogent/yhicﬁiimmediately condensed some of tpe'

sample on breaking, thus reducing the sudden inerease in -

" pressure. For very. volatile compounds (for example SiﬁZﬁor

Bzﬁ6), the breaker was filled with dry nitrogen to provide

a heat conducting qedium while the lower portion was cooled,

-

so that the sample itself could be frozen or at lgast

cooled prier to breaking.
£

\
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t' . _APPENDIX II_
o ' - STARTING MATERTALS )
.« a ) The compounds llsted below were used as reagents for
k preparatlons descrlbed ‘in thls work. er as solvents or
ISpectroscoplc standards.n They were elther commer01a11y
§§¢\ ' - T avallable or had known preparative routes. Purity was ) . W
! checked by lH n.m.r,, infrared (i.r.}, Raman fRa) sﬁectro;
scopy and/or vapdur pressure (ﬁ}p.) megsuremenfsa Commerclial
suppliers are listed at the end., For storage of yeaction :
vessel tyﬁq refer to Figu;e'A;j. Compounds were stqg?d at

Y

room temperature unless otherwise stated.

| Aluminium trihalides: ALCL., AlBrj, Aleb'e; sublimed and
* dried in vacuo. Cos

Antimony trifluoride: Sijj;'héated under vacuum, or pre-

:_,_;-”*’b—_#\$rﬁa*€g by passing BF3 through the exchange éblumn (type C)

on the vacuun line.

~ Boron tribromide: BBer; stored in an A-type vessel;

A,
A

degassed at -78% prior to use. i.r., Ra.

Boron trichloride: BClBh; sthedAin an ‘A-type vessel;

degassed at -112°C prior to use. i.r ¥

Boron trifluoride : ggah’n; stored in a dry B-~type vessel with

Teflon stopcock (avoidihg all greaée) at less th;n_one
@ : atmosphere pressure. i.r. . Ra>'%; v, p.é

Butyl lithium: BuLlﬁ_\}n various solvents. Urlglnal contalner

fitted with rubber septum, stored in refrlgerator. Wlthdrawn

326



" using _8yringe. o - ' ' e
’ Chlorodlmet53131lanea M9281H01b ok 1 stored in an A-type vessel;

tge portion pa531ng from a trap at -4590 lnto one at -?8°
was used.’ q.;}r=;~—/rlgm : . B

'f Colorotrimethylsilane: mgéSiClb’k; stored in an A-tyﬁe vessel;

the portion passing from a trap at -45° into one at -?800

rwas‘used n.m. r.?; i r;s; V. P-?

Cyclohexane: ; n.mjr. grade solvent, stored in an A—type
—6—12

vessel. Used as recelved

Deuterium chlorlde- DCIl - 9o, 8% D",‘used from lecture

‘bottle without further treatmenf% f

',Deuterlum oxlde- D 0l m "99 8% D"; bottle fitted wlth rubber
2=

-

=789 trap was used. n.m. r.?; V. p.9

7

septum under nltrogen in a glove bag, removed by syrlnge as

requlred

Dl—n-bd%yl ether: (n-C " 9)2 stored in a D~ type vessel over
LiAlH, ; degassed at -78% prior to use. - : _f
chhlorodrmethy151lane: Mezlelzb v Ky l: stored in an A—type

vessel; the portlon/pass1ng through a’-63% trap into a trap

at -78% was used. n.m. r.lO; v p.?
' D1chloromethyls1lane:NJ§1HCI b k l, stored in an A-type vessel;

the ‘portion passing through a -63 C trap and conden31ng in a

»

Hexamethylphosphoramlde. (Mgzg)jgga'd; stored in original

 bottle over 43 molecular seive; degassed at 0°C before use.

Hydrogen bromide : HBrh, stored in a B- type contalner,

degassed at 196°C before use. i,r.tl - : o

\ -

; as above.,

Hydrogen chloride: HC1



ﬂxdrogen 1od1de: HI; prepared, by the dropwzse addltion of

- hydr01odlc acid on P50 Jge- Passed through a -?8 C trap to

remove water vapour, Stored in ‘an A-type vessel: kept cool
when possmble; degassed at -?8°C prior to use. i. r.ll

Hydr01od1c acid s HIb 48%. aqueous ‘solution. Used as\supplled

Iodomethane -d3: CD3I ; stored in llght-protected (matt black)
A-type vessel. Used as supplled. . '

Lithium tetrahydroalumlnate LlAlﬁqb

; Stored in tightly sealed

'plastlc bag in metal contagner.: Transferred to tipping tube

or solvent vessel in glove bag.

Lithium tetrah&droaluminate-dh: LiAlQ4b; stored in 1 gm vials

\
as received; see above.

Mercury (IT) chloride: HgC ag- dried in column type C under

. vacuum .

Phosphorus pentoxide : gzgsf; stored and used as received.

Potassium metal: gc; stored under mineral oil as received.

Cut under oil, and whshed in 30°-60° petroleum ether and

dried in dry nitrogen.immediatelylbefofe use,

Silane: SiHhh; supplied in gas cylinder, transferred to and

stbred‘;n B-type vessel; passed through f126°C trap prior

to use. n.m.r.lz; i.r.13

Silane-d, : SiD,; prepared by the LiAlD, reduction of SiCly,

in di-n-butyl'éther, stored in a B-type vessel. Passed

through a trap at -126°¢c prior to use. i.r,t3

Silver bromide : AgBrd; dried in column C prior to use.

Sodium dlmethylarsonate: MezAs(O)ONa 3H Oe'f; stored and

used as supplled

Y
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Tetrachlofesilane: SiClqb: stored in an A-type vessel;

passed through a trap at -45°C into one at -78°C prior to

Te tramethyldisilazane: (M9081H)2Nﬂk; stored in an A-type.'

14 ‘9

. use. 1 T} Ve p.p S

vessel as supplled.

Tetramethy1311ane (TMS) s Eg481b; n.m.x. grade solvent;

stored in an A-type vessel.

Er;chloromethyISLIane: M931013

b,k, 1

vessel; purified as for Me SiCl . n.m. T

10

‘I’r:.me thyls ilyldimethylarsine: Me QS 1AsMe o3 prepared 15 ’ by the |

reaction between Me381Cl and MeZAsLl (from a reactlon betWeen

BuLi and MezAsH). n.m.r.

A II.1 Commerclal Suppliers

2)
b)
c)
d)
e)

-f)

g)
h)

i)

Aldrlch Chemical Co., Mllwaukee, W1sc.

Alfa Divsion, Ventron Corp., Beverley. Mass.

Anachemia Chemicals Ltd., Toronto, Ont.

J.T. Baker Chemical Co., Phillipsburg, N.J.

; l.x

8

SVP0‘|

v

1t N
=

British Drug Houses Ltd., Poole, Dorgset, U.K.

Fisher Scientific Co., Fair.Lawn, N.J.

Mallinkrodt, St. Louis, Mo.

Matheson Gas Products, East Rutherford, N.J.
Mefck, Sharpe‘and Dohme Ltd., Montreal, P.Q.

Ozark-Mahoning, Tulsa, Okla.

Petrarch Systems, Ievittown. Penn.

Research Organic/Inorganic Chemical Corp., Hillside, N.J.

Stohler Isotbpe Chemicals, Montreal, P.Q..

Unlon Carbide Corp., Speclalty Gas Products, Linde

D1v181on, New York, N.Y.

e

} stored in an A-type

9

o4
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APPENDIX IIT e

INSTRUMENTAL'TECHNIQUES :
All measurements of vibrational Spectra were made using
both infrared and Raman methods. Most of the infrared spectra

were run in the gas phase, while the remalnder and all of the

‘Raman spectra were recorded on neat. f&quld samples. Purity

mchecks were made mostly by n.m.r. spectrOSCOPVr-but also

usxng Raman and, a few Elmes. mass spectrometry. The follow-
ing 1s a descrlptlon of the 1nstrumentatlon and technlques

used in tthgsmudy.

(—‘\\\Q,III;I N.m.r.—SpectrOSCOpy

‘Two different instruments were used for H n.m.r.

measurements, depending on the accuracy required. Most

".opurity checstsndvall chemical shift measurements were made

L

on a JEOL model C60-HL spectrometer operating at 60 MHz
For quick, routlne checks, a Varian EM-360 permanent magnet
1nstrument was also used, also @wperating at 60 MHz. Although

posse331ng 1ower resolutlon than the JEOL, it was found to

~ be quite satlsfactory for the purposes of identification.

The 19F n.m.r. spectra were recorded on the JECL lnstrument
operatlng for fluorlne nuclei at 56.4 MHz. The 130 spectra
were recorded on a Bruker CPX 100 multlnuclear pulsed

Fourier transform spectrometer Operetlng at 22.64 MHz, all

lH noise-decoupling.conditions;

spectra'being recorded under
- The probes in all three 1nstruments accepted

standard 5 mm o.d. sample tubes. Samples were sealed dlrjftly

330
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, from the vacuum line, usually 1nto hand-drawn caplllary tubes,b

or occa31onally into 5 mm glass tublng acceptable to the
probes. The capillaries were placed in standard n m.r. tubes,

lH and l9F n. m.T. meaeurements were then partlally

which for
filled with carbon tetrachloride to damp the motlon of the
caplllary during Splnnlpg of the‘n.m.r. tube. For chemical
shift measurements an internal standard (usually TMS, some-
ftlmes cyclohexane-} was dis$illed 1nto the capillary along
W1th the sample. Integratlon of the 31gnals gave a measure-
ment of the concentratlon of the various components in the
sample For 130 spectra deuterochloroform, CDClB. was used
1nstead of carbon tetrachlorlde; as well as damplng the .
splnnlng of the caplllary it was used as a deuterlum lock
signal and external standard. The Bruker's data processing'
system converted all shifts to a TMS Scale. - Although inte-
gration 31gnals were recorded by the instrument they could

not be used as a measure of concentratlon due to the large

glfference in relaxation times of L3¢ nuclei compared -to

' bR
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protons. i,/)f o . S

A.III.2 Infrared Spectroscopy

Although two different instruments were used, almost .

all infrared spectra (apd all those which are reported in
this thesis) were recofded on a Beckman IR-12 spectrometer

operating from 200 to 4000 em™ Y. This is 2 high resolution

*

instrument with expansion facilities in both wavenumber and

absorption scales. Some quick, routine scans were made on a

Beckman IR-20 instrument when convenient, recording from

Cw -
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400-4000 Cm-lr- Wavenumber reproduclblllty was checked perlod-
ically egalnet polystyrene fllm. .and was generally 1l cm l.

During the éourse of thls work several infrared cells

\
were used. Gas cells were custom made, either 60 or 90 mm

long and 50 mm (for KBr WlndOWS) or 25 mm (for CsI) in
diameter. A typlcal gas cell is shown 1n Figure A. 3G
Nearly all spectra were recorded using KBr windows, and
although the trensparent range\is less than for CsI, very

.. Tew bands were misgsed because of their use. The windows
were ground first on fine‘(jzo‘gréde) Wet-or-Dry paper with
methanol and then on silk stretched over a sheet of glass
usi?g cesiuh oxide powder and methanol as the polishing
compound, hen the w1ndows were clear and gave a flat,
transp ent response on the spectrometer, they were atggghed
to the body of the gas cell” The ends of  the gas cell were.
covered with a thin (ca. 0.5 mm), even 1ayer of Apiezon AHO

tWax and attached to the vacuum line. The wax was softened
with a hot air gun. and the w1ndows pulled into place by
0pen1ng the stOpcock to the evacuated manifold. The stop-

ﬁcock was either ground glass or (1ater) Teflon-ln-glass with
fVlton 0- rlngs. -The cold flnger was used to condense material
into the’cell wheﬁ the compound Was of low volatility, or

~ when there was too little eemple-ﬁo generate sufficient
vapour pressure in the system. Typically, several spectra

”ﬁhere run at gas pressures ranging from just under 10 mm Hg

to over 100 mm Hg, so that almost all absorption bands would

appear approximately full.scele on at least. one schn., Where

)
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the signal was weak due to low volatility or quantity of
sample available, the scale expansion facility was used.
Each band was scanned at fourfold wavenumber scale exXpansion

(12.5 cm™t per inch) ‘at slow scen rates (8 em™1 min'l),

- the wavenumbers being recorded directly onto the chart. It

was from these scans that the frequencies reported in this
work were takenn‘ ‘ -

- ‘Where sample pressure was a problem for Low volatility
compounds, spectra were sometimes ?ecorded in the lidhid ‘
phase. For this purpose a liquid cell as shown inlfiggre“
A.3H was used., The sample was introduced between the two
CsI plates in arglove_bag or dry box and the top screwed

down. This arrangement was relatively air-tight over a

short period;'but-a band could -be seen to grow at ca. 1030

" em™! due to the strong asymmetric Si-0-Si stretch of the

hydrolysis product. . The first specirum was run"with as much
1iquid as possible between the plates, and the film thickness
subsequently reduced-by screwing the top of the holder down.
In some experiments, the cell was opened in the air ﬁfter the
épectra had Eiii/gpcorded. and another scan made so that as
many absorptiong due fo hydrolysis product(s) could be
identified in‘the original spectra.

RE 5
A.ITIT.3 Raman Spectroscopy- ,

A Spectra-Physics 700 instrumént equipped wi
argon ion laser and model 265 exciter was used for fecording
Raman spectra.  The strongest exciting line at 488.0 nm

(20,492 cm'l) was used in conjunction with a-cooled ﬁhoto—

-333
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‘multiplie ‘with 520 characteristic#.' Since all thé'samples

were essentially colourless, rio absorption or fluorescence
problems were encountered with the blue-green.liqé. even at

fairly high lager power. This was available up to just over

1 W, with spectra routlnely run at 300-600 mW. The.spectral

-1

slit width could be varied from 8 cm ~ for routine scans, to

b or 2 cm'l for higher resolution work. Howeve®, the 2 cm

slit was only used for fairly strong bands, as the compensa-

ting increase in either laser power or photomulfiplier

sensitivityk}ncr ased the background noise, and although'this

could be reduced by an increase in the period (response of
the pen). a point- was reached where it was counterproductlve
to use-a very small slit width. Wavenumber checks were
performe& periodically using liqfiid carbon tetrachloride and
benzene. The largest deviation found was = 1;5 cm"l.
The‘sampléé}”as neat liquids and usually in the same
capillarieé used for recording n.m,r. spectra, were at first
aligned by eye in the sample compartment. A‘strong peak was
then found and the recorder stopped at the maximum. The
signal was then optimised by use of the Tine contgg;s“that

-

ad just the sample holder in essentially all threpfﬁirections

-as well as moving the collimator of the photomultiplier tube.

After the base” line and background compensation were set, the

-1
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spectrum was run, first with the polariser-analyser (positioned |,

in front of the collimator) in the parallel position (for the

"normal" or "depolarised™ spectrum) and then on thé same

chart, without adjustment of laser power or sensitivity, in



,,,,,,,,,,

the perpendlcular positlon (for the »polarised™ scan).

_ Again, as with the measurement of band position in the 1nfreﬂ

red, each eak was recorded at almost maxlmum 1nten31ty, and

| rlf necessary with an expanded wavenumber scale to better

determine the peak maxlmum or "centre of grav1ty“ 1f this was

unclear. RS oo
The compounds_ studied.in this work were all found to be
stable under the condltlons used, - even after several urs

in the laser beam.‘ For some fluoro- der1vat1Ves, however

" (notably trlfluoromethy151lane). even relatlvely 1ow powers

(ca. 300 mw) produced vapour bubbles in the samples, which

~of course disrupted therspectra._ Unfqrtunately it is

precisely for these compounds that higher laser power is

‘ desirable to make up for the relatively low intensity of

their Raman bands.

¥

A.TII.% Mass Spectrometry

The instrument used was a Varian GMAT CH5 spectro-

meter, operating in the electron 1npact mode at 70 eV. A
Pyrex inlet system terminated 2 mm fronafhe electron source,
and was fitted by means of Viton'oarings and adshort length )
of flexible wvacuum tubing "to a portsble vacuum manifold, with
three‘takeoffspoints_and a Pirani vacuum gauge. Two cold
traps and a. two stage rotary pump completed the pumping _
system. A cold finger between the manifold and the inlet
system could be isolated by greaseless stopcocks each side

of it. A capillary tube containing the sample was broken

open, al;gyéd to expand into the manifold and was condensed

4
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into the cold finger, which was then isolated from the ﬁani-

fold. The:stopcock between the finger and inlet system was
’ | | v o

. opened as the sample melted, and adjusted to maintain a

steady vapour pressure, monitored by the instrument, into .

“the elgctf%n source., Sévqral spectra wete recorded and the.

most consistently réproduciblq spectra retained for final

meésuremehts or.for a computer priht-out of the dhta. ' »

——

o~

Ve




T T I A

-

|

" nal co- ordlnates can be ascribed the desired ‘bond . leng

APPENDIX IV
COMPUTER PROGRAMMES

_ The two computer ‘programs used in thls work were
SOTONVIB16 and LARMOLl? .Although both are ba81cally variaT
tions on Schachtschnelder s original programsl8 théy diffeg/
in several respects, malnly in format. The follow1ng is a
descrlptlon of the input and output of each program.

A. IY 1 Input

.

The basic input for both programs is ‘the spatial .

‘ )
arrangement of the atoms. In SOTONVIB this is in Cartesian -

co-ordlnates and . mass for each atom. follo ed by the 1nternal
co-ordlnates which describe which atoms arZ bonded to each ‘
other, and thus defines the bond lengths and angles' For
large molecui where calculatlon of the Cart951an corordin-.

ates by simple trlgonometry 1s tedlous. any number of i

and angles and a preliminary set of Cartesians can be refined
to these values.. This is not necessary for ;ARMOL, whe{e
instead of using Cartesian co-ordinates, the atoms and

their connections to the other atoms are defined in a frame-
work of dummy atoms in a manner described by Halderbrandt-7,
Once the spatial relationships are described, the bond
lenéghs apd angles are defined to complete the "sffucture"
and the Cartesian co-ordinates calculated. This approach"

has an advantage over SOTCGNVIB where a series of related

molecules is being studied, as is ‘the‘case for most of this
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c work. where the "spatlal relatlonshlps"'of the atoms are the -

-

same. Thus each member of. the serles is deflned in the same

S

‘ qii:fnd the- dimenslons merely changed. It also permits )

cRanging the values of the*bond lengths and angles, or rota-

-tlon of part of a molecule with respect to the rest w1thout :

ha11ng to calculate a:new set of Cartesian oo-ordlnates eVery
time. As in SOTONVEB,-the internal co—ordinates are'intrO—
duced at this stage. ThlS %s followed in both by the remaln—
ing 1nforMatlon whlch con31sts of the observed frequen01es.

the 2 matrlx,,or force constant definitions in terms of the-

. internal co—ordlnates,'and'the values and constraints for the - -

1force constants to be used in the calculation. The order of

lnput dlffers slightly for the two programs. as they do in-.

other detalls. For example, all calculated frequencles are

’ _llsted in decrea51ng magnitude, as are the, 1nput observed 2

et

_.frequen01es. ‘but should .they not correspond (for example

should and e and an a; mode be interchanged in order in the

calculated frequencies) then SOTONVIB allows for the reorder-

'1ng of the observed frequen01es. ingtead of having to retype

" <he card contalnlng the observed frequen01es in the des1red

order. On the other hand, a number must be entered for every
fundamental in SOTONVIB. Should there be an unobserved or
inactive fundamental however, then'an_estlmated freﬁuency
must be inserted, and if‘thls is inaccurate then its inclu-
sion in the least squares refinement will restrict the use-
fulness of .any resultant convergence. By contrast, LARMOL

allows for such a fundamental to be left out of the refine-
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almost exactly,-with a much larger error for the other.

"to) it could produce results in the hydrogen bending and

339

ment wlthout dlsturblng the order of the observed frequencles.

Up to thls p01nt both programs are qulte 31m11ar in
approach. but it is in the treatment of 1sotop1c molecules }
that & 51gn1flcant difference exlsts. Here LARMOL uses data
from all frequency sets in.the force constaﬁt refinement,

whereas SOTONVIB refines the forée constants to the data for

. one isotopic moleculé,.then uses an "overlay" technique,

calcudatiﬁg the frequericies for the other isotopic species
from this refined , force constant set. -This difference is

quite noticeable in molecules where there are large ‘anharmon-

icity effects, as LARMQL'will produce a set of force constants

which iEfrages the effect, whereas SOTONVIB wili refine to

one'f:equency set as closely as possible. which lanes.thé

molecule in the "overlay" calculation with a much poorer,fif.

-

-For_example, in the study on the variously déﬁtérated met .l—

311anes (chapter I.1) the CH3 and CD3 stretches were
approxlmately the same for both pairs qf CH3 and CD3
derivatives, at 2975 and 2918 cm™*, ‘and 2230 and 2130 em™!,  —

for the asyxmetric and symmetric stretches, respectively.

For these pure modes, LARMOL calcu{axed values of 2982 and

2939 em™t

, and 2225 and 2114 cm™* respectivély; the Tormer
pair too high and the latter pair .too low, but in propor-

tionate amounts. If SOTONVIB had been used with the overlay

“caleculation, one of the pairs would have been reproduced

While this would not be very signifieant in this region

(there is nothing else the frequencies could be attributed .

»



skeletal stretching region (ca. 350-1000 cm™t) which would

limit the usefulness of this application. However the main

/advantage of .the 31multaneous calculation of. protonated and
deuterated molecules has already been p01nted out, 1n that
it introduces more, observables. ideally approaching a point
“where a unlque set of force constants can be obtalned |
ATV Outgut

The Cartesian co-ordlnates are #the first output
Ifor both\Programs, calculated in: LARMOL (along with the
1nteratomlc dlstances) and 1nput in SOTONVIB. If the. Car-
tesians are being Salculated *in SOTONVIB. there fOllOWS a

comparlson of the observed and calculated values for the .

internal co-ordlnates (bond lengths and angles) and the trlal

Carte31an co- ordlnates for each reflnement untll the struc-r

tural data is matched as closely as pOSSlble. Utherw1se,

the 1nput 1nternal coqordlnates are followed. by the "B matrix",

relatlng the Cartesian to the 1nternal co-ordinates and a
calculatlon of ‘the moments of 1nert1a (from whlch 1nfrared

. band contours can' be predlcted) Both now follow with the

input force constant values,,those which will be allowed to

vary and the "Z matrix", with rQTONVIB addlng the reorderlng
- information. LARMOI, now rints out two matrlces, the "D

1 . & . B
matrix", corresponding to SOTONVIB's B matrix, and the "Y

! - . . v, ok L . . -
matrix", describing the relative motion of each.atom in’ terms

of the Cartesian cc-ordinates'for each calculated vibratrpnal

frequency in the preliminar;/;ex. (These are useful for

determining whether the caldulated frequencyfis symmeitric or

- . . : : a
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asymmetric). They are called the "IX vectors" in SOTONVIB,

but are calculated in thls program from the flnal set of

calculated frequenc1es, and S0 appear at the end of the :

’program. Both sets of observed and calculated frequenc1es

are now output in both programs. SOTONVIB 1nclud1ng a differ-

'ence,column, but LARMOL calculatlng the potential energy

distributjon for each refinement, which can be very useful.
The correstions to the force constants and hence the new set
of values folllow, with a correlation matrix in LARMOL which

»

degree to which each force constant can be.

refined-lndepeﬁdently of the others. Affer the preset
number of iterations LARMOﬁqis finished. but SOTONVIB_prints
out the_"LX'vectors# (deseribed above); the "LR vectors",
-which"are similar, except express the calculated frequencies

in terms of the internal co-ordinates, and the "JZ matrix®.

(See equation 1.8)., This is. a most useful set of imformation

as it describes(the effect that a change in a force constant
will have on each frequency even if the force constant has
no value. ‘Thus it can help reduce the number of interaction

terms by allowing for only those whyph w1ll have a crltlcal

" effect on the frequencies’ to be selected.’ Flnally, the

 p.e.d. for the final set qf calculated frequencies is listed.

>
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APPENDIX V

This appendlx contalns ‘the full data for the NCA.calc-

ulatlons on the fluoromethylgermane serles, from which the

pertlnent data has been drawn and appears. in Chapter 1.5.
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. a) ref, 21; liquid Raman frequencies, except gas i.r.

b)contrlbutlons greater than 2%_\\\

N

Table A2, Description and class of. fundamentals for |
CHBGeFB-
Description ‘g a, e
CH; str.(asym) o N ' Vg
933‘§tr.(syp) “ vy )
CEB_aef.(asyy) ‘ vy .
(CHy def.(sym) - Vo E \
CHB rock . Vg 8
GeC stre#éh; vy
GeF3 str.(asym), ' " “iO
GeF3 §tr.(sym) Wa
:GeFB rock‘ \ 1
GePy def.(asym) _ Yo
: GeF3 def.(sym) ' Vg
. torsion - , Vg
— — - -
Table A3. Observed and calculated_frgquencies (cm'l), and
——— pqﬁential egergy destribution for‘CH3G9F3 ,
" Mode obs.? cale. p.e:d.b
vy 2949 2952.6 98(1)
v 1269 1268.6 51(4)+48(5)+10(2) -4(13,14)
vy 630 629.9 67(2)+24(3)+4(4,5)
vy 730 729.9 6803)+22(2) +5(12)
Vs BS54 253.3 \e5(9)+33(8)
Vg, - e , no culated
Uy 3035 3034.8 100(1J _
g 1410 1413.1 92(4)+4(5,13)
Vg 837*' 837.2 88(5)+4(3,4,14)°
Y0 744 - T43.9 98(3)+4(5)-4(12)
Vi1 194 - 193.9 99(8)
Vo . 292 292.4 99(9)
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{;?ﬁf%flib ':Téble'A4; Desq;lptlon and class;of-fuddémenta;s:ﬁprt X
. . , (CH3)2GeF o ‘ .
. Dgscripti& ; ) o ay 8y . \ blf b2 '
. Sy stm lasym) - S "o Yus T Vg
| | _CH3 str. ‘(sym) vy . . ?22'
K‘ S CH3 def.,(asym) | | vy Ul_._]." Vg _ v23.
L (',‘H3 def_. (sym) ! v L . .\{-24
GeC, str.. o - - Vg Vo
G8F2 Stro . _ \’7 \)18
Ge02 bend o : Vg .
©  Ged, b’encli‘? - - vg(s c) 13(1: w)v 9(1‘) 7(wag)
(.‘.'I-I3 torsion g \J.14 v-20
Table AS Descrlptlon and class of funda'nentals for
) (cu ) GePF h
- ) ) 373 )
I?escriptlon 2, 2, ) e ~
CHB. str. (asym) vy vg V13 Vg
C!H3 str. (sym) v2 \{15
CH, def. (asy:n) ) V10 V16 V17
'CH% def. (sym) Vs Vg
. CH3 rock V5 Y11 Y19 Voo ,
Lr603 stretch \J6 A U2l
-ﬁeF stretch U7 .
Ty
| Gec3 def. Vg | U23"
. .ure(..3 I‘OC:I{ - - _.‘\)23'
- \CHB Torsion I , Vio \)24
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- TaElé'AG. Observed and calculatqg frequercies (cm™ l) and

potentlal energy dlstrlbutmon for (CH ) GeF2

Mode - obs.® cale. . p.e.d.
1 3015 3016.8 - -100(1)
5 2935  2934.7 .98(1)
3 1417 - 1426.5 30(4)+6(13) | .
4 L 1259; 1249.9 p 52(4)+30(5)+16(6)+9(2) 6(13) -
5 836 835.0 58(6)+29(5)+5(15)
6 . 599 599.2 - 67(2) +24(3)24\4)
Vo 685 688.3 - T2(3)+22(2)
vy 219 ;’) 218.6 82(7)+15(8)
'ug - 259 258.2 - 87(9)+8(8)+4(7)
Vig 3015 °3016.1 - 100(1) . N
Viq 1417 1424.0 ~ 91(4y+6(13) " S
~ . i
Vio 765 ~ 761.4 101(5)-=5(14) ’
V13 -f 192 °  194.5 99(8)
\J14‘- . n.o. - ! )
Vi5 3015 - 3016.1 100(1)
Vig 1417 " - 14219 91(4)+6(13)
“17— 765* C ??4.6 91(5)+10(3)-4(l4)
Vig . . 698 . '697.4  91(3)+11(5)°
Vg 185 185.0 98(8)
‘ \)20 Nn.0. .. - 3 .
Vo . 3015 3015.9 100(1)"
O 2935 et 2934, 9 . 98(1)
vy, 1417 1424.0 - 90(4)+6(13) o
Vou 1259* 11252.4 52k4T+30(5Jf15(6)+10(2)-6(13)
Voo 826 826.6 - 63(6) +26(5)+5(15)+4(4)
Vog 663 ¥y 661.7 -88(2)+6(4)+5(5) ’
Voe 199 L 99(8) )
a) see footnote to Table A3, ~

b) contributions greater than 4%
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Table A7. Observed and calculatéd'ffequencias (cm-l);and

<

<

<

n
o

P

- potential energy distribution for (CHB)SGeF

Mode obs. :}calc. - P.e.d.
vy 2990~ 2989.9 | 100(1)
v, 2917 - . 2913.5 98(1)
vy 1416 1419.6 . 9314)+4(13)
vy 1255 1255.8 51(4)+33(5)+13(6)+8(2)
Vg 836 833.4 62(6)+21(5)+7(15)+44 )
Ve 578 577.6 T942)+10(3)+4(4)

T 662 662.7 88(3)+11(2)
Vg 195. 198.4 62(7)+36(8)
Vg i8¢ 2989.9. 101(1) -
Yo i.a. 1420.6 92(4)+4(13) ...
Viy i.a. . 765.8 _107(5)-10(;4)
\J12 i.a4 - - '
Viq 2990 2939.9 101(1} -
V14 2990 2989.9 _-101(1)

15 2917 2913.5: 98(1) :
Vig 1416 - 1419.6, 92(4)+4(13)

17 - 1416 "1419.6 93(4)+4(13)
Vg 1255 1255.8 51(4)+33(5)+13(6)+8(2)
Vig .835: 833.4 ' 6L(6)+24(5)+8(15)+4(4)
Voo 760 765.8 103(5)~10(14)
Vol 629 629.4 90(2)+5(4)+4(5) -
Voo .- 230  228.3. S7(7) A
Yoy 185 | 185.1 g9(83)
v n.o. - -

‘a) see footnote to Table A3.

b)
c)

contributions greater than 3%
* infrared frequleies

inactive
).
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Tables All and Al2. Calculated frequencles(cm l) énd

p.e.d.'s for MeGeBr3 and MeGeI

3

a
:Mode- .calo:)- p.e.d.‘
| MeGeBrg - . . :
.}\~2/40H3 str, \17“ 3002.,0 -100(1)..
. 1 CHy str. vy 2918.0 .- 98(1)
e CHy def, Vg 1401.0 88(4)+8(10)+4(5)
' 8y CHy def. v, 1245.0 50(4)+51(5)-9(10)+8(2)
e CHy rock vg  822.0 196(5) ' o
a8y GeC str. v 3 617.0 90(2)+4(%,5) :
e GeBrBStr. V10 '312.0 98(3)-13(9)+10(6)
8y GeBrystr. v, 264.0 72(3)}+19(9)
g GeBr3rock vy - 162.0 96(6)+11(3)-6(12)
al'GeBr3def Vg 125.0 43(7)+38(6)+6(3,13)+5(12)
e GeBradef.  v,,  94.0 102(7)=7(13)+6(3)
a2 tors;on “6; .
3
MeGeI3 : ‘
e 3 str. v7‘ 3001.0 100(1) - ' S
a;' CHy str. v . . 2914.0 9811) |
e CHjy def. vg - 1404.0 86(4)+10(20)+4(5)
ey CH3 def. v, . 1229.0 50(4)+51(5)-12(1o)+8(12)
e CHy rock 7 vg 806.Q 98(5)
a, GeC str. vy 598.0 91(2)+4(4,5) .
e Gelystr, Y10 258.0 - T9(3)+24(6)-12(9)
ay GeIBStr. vy 200,0 63(3)+19(9)+8(7)+7(86)
e Gel,rock Vi 156.0 76(6)+27(3)~4(9)
a) GeIdef. g N 98.0 42(T)+36(6)+13(3)+4(9,13) -
e GeIBdef. V90 72-Q 95(7)+11(3)-5(13)
a, torsion \)6

a) contributions greater ‘than 3%

¢
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