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'ABSTRACT - T . "

Comparative synthetic routes to the series of halogeno—methyl—

germanium hydrides Mecenzx MeZGeHX and MeGeliX, (X = F,Cl, Br I) are )
reported. These include reactions of . germanic hydrogen in He GeH‘rP_n
species with (a) free halogen, (b) hydrogen halides, (c) boron tri-

- halides, and (d) thionyl- halides, and interhalogen- exchange reactions
‘ of HeGeH X3 _g Species with (a) hydrogen halides and (b) lead(II) fluo-.

ride. Theéir vibrational'spectra and those of the SpeCIflcally deuter-

iated. analogues HeGeDZX,CD3GeH2x M’eGer2 are presented in detail. The
'.assignments are discussed in tecms of‘isotoplc frequency shifts, Ranan

: polarisation data, and gaseous infrared band contours, and supported by

an independent norma;-noordinatéfanalysis.

Y . - » ‘
The relative effects~of suos;}tuents on the Q- and B-proton chemiZ

®

cal shifts in the' lH n.m.r: spectra of the methylgermanes are consxdered

by comparison with related carbon and silié/n species. The calculated

- -

carbon—germanlum bond shift" {s discussed and a modified form of the
usual additivity relationship for vicinal interproton.coupling is pro— -
posed. ‘ i por
The vibrational spectra of the.trihalogeuo(methyijgermaneé HeGe13
-‘and HhGeF3'are reported. éeyeral features in the solid-pnase Raman
spectrum of the latter‘are-suggestiﬁe-of association and point to tne
need for a direct structural investigation. ,

‘ A lﬂ n.m.r. spectroscopic study of the reactions of MeGeH x3_n

(n - 1,2, 3- X = C1,Bt, 1) is described in which "mixed" halide SPECIeS ¥

MeGeHXY and Hecesz are formed. The redistribution equilibria of




HeGeHXZ[HeGeHYZ species are folldwed;‘systeﬁs‘involving exehangerof

Cl and I show the most §igni§icant deviation from random'distribution.

Exchange reactions wmth (a) silver&I) pseudohalidﬁs\JﬁgPs (Ps = -

Qﬂl NCO, NCS), (b) az:Ldo(trimethyl)silane Me Si’N3, and (c) sodium

azide lead to- ‘the formation of pseudohalogen derivatives, MeGeH Ps,

-

HEZGGHPS, Hece(Ps)3, from the ¢orrespond1ng halides. Unstable giﬁ

pseudohalldes HeGeH(Ps)z, are observed in the ;H n.m.r. and mass spec— |

X J o
tra but are not isolated. The Raman spectrun of cyanogermane, GeH3CN

is reported and the v1bratlonal spectra of cyano(trimethyl)germane,

'HeBGeCN, dlscussed 1n detail. Several spectral features in these and
4

the new species are suggestive of struétural isomerlsm.

<
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~  PREFACE

The field of orgeoogermaﬁiom ched;stryAis'one that has seen a consid-
ereble upsuxge of interest since the discovery ofy the first organogermane,
tetraethylgermane by Winkler (1887) A review by Johnson (1951)
contained about 230 organogermanium compounds which had increased to

some 500 at the time of Rijkens first review (1960). By 1963 the ex-
Q

cellent jeviews of Quane and Botteiﬁ and Rijkens agains included refer-

8

A

ence to over 1000 known organogermanes, while Dub*s tabulations of
Groyp IV compounds6 (1967) included over 1500 references to compounds of

germanium. Stnndard texts which have influenced the current research-

iaclude those by Stone,7 Ebswort,h,8 Glockling,9 and Amberger and Wiberg,l0
(‘. . .

with further excelleﬂt review macerial-by,clockling and Hooton,ll and

Hooton.lz' More recently Mackay and Wat:l3‘reviewed the,chemistfy of

" chain comPounds of Si, Ge, Sn and Pb; Van Dykelé-disoUSSed the inorganlc

»

_derivativesrgf-germane and dlge;mane; Drake and Riddle15 covered the
_‘ . E‘ -

‘ cheﬁistqy of Group V and VI derivatives of silicon and germanium hydrides.

The literature more'than indicates the gcowing interest in organo-

- -

germane chemistry, and it is with some _surprise that one discovers the

-

available physical data on "organogermanium hydrides (with at least one

Ge-H bond) is still comparatively sparse, this being particularly true

-~

- of the halide derivatives. Ihe properties undoubtedly" depend on the size

,and number of organic groups. much of the earlier work as far as 1t

< \ .

exists_is therefore concerned with the-more aﬁinable per- or poly-

L

alkylgermanes of comparatively low volatility and high thermal stability

e.g.r BGeH,, R GeH,, RaG)eH (R = c

-
N

2% Caflys Cgftgs Colyys Cg 13) p

~

16-21 “o=e

r



the fully substituted halides, fe. Me_GeX
. ~y - s

Despite the ease of preparation22 surprisiugly little is known of
the 'inorganic chemistry of the simplest organogermanes, the methyl—
germanes MeGel,, Me,Gell,, He3GeE. The hydrides themselves have been the
subject-of'microuave,23 pyrol'ysis,z4 and‘vibrationalzs studies, vhglst.'

. ’ ' s
fnr X - Cl,Br,I) also‘uave _
well established synthetic routesZ® and lend themselves_ideaily-to vibra—
tional analysis.* i

The present work was carried out to synthesise and characterise
5pectroscopically the halogen and p‘§udohalogen derivatives of methyl- °

and dimethyl—german%, ie: §EGeHZX, Hezceﬁx, MeGeHX2 and H;eGeX3 X = F,Clr

] Br,I,CN,N,,NCO,NCS). As a series of cq?pounds they are particularly well

be related to changes in electronic distribution or bonding in the mole-

suited to a systematic study. : The présence of the proton in the mole~
cule presents\both an invaluable n.ﬁ,r. nucleus and anﬁideal ceutre

for isotopic substitution by ZH (deuterium), this giving rise to large

infrared (and Raman) frequency shifts which\are an obvious aid to the -

interprétation f vibrational spectra. It was of interest to determine‘

whetherftrends the spectroscopic properties of these species could

-
“ -

Cuj.es - ) . ) - . N ‘ -

% See Chapter III.

-
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CHAPTER ONE

. THE SYNTHES1S OF HAROGEN DERIVATIVES

OF THE METHYLGERMANES
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I.1 INTRODUCTION

~

-

This chapter is concerned prlmarily with the syntheses of sqme new

‘derivatives of germane containing both gernanium—halogen bonds and

germanium~carbon(methyl) bonds. Germanium—halogen bonds are partlcularly

labile and play an important role in essentlally every branch of organc-
germanium chemistry, therefore before any one clnss SE organogermanes

can be 1nvestigated (inlthis study,” the methylgermanes) it is essential
to have well establlshed synthetic routes available for the halide
derivatives. For the most part routes to the fully subsggtuted speczes
are well defined26 and 50 emphasis.here will Be given to_the hydridie
species Uhlch have received much less attention. It is worth noting that
fully substltuted alkylgermanes are "in generai stable to a wide range
cf chtmzc: ] hut thnt the hydriulc Species, e, g. the germyl narlces,
GeH3X are thermally nnstahle 91th Tespect to dlsproportionation and
polymerlsatlon. In an jnvestigation of this type we mlght therefore
expect the methylgermyl halldes to have an 1ncreased stabillty as a
result of the methyl substituents, It is 11kely that the Ge—H ‘bond may

be the controllmg factor in the choice of syntheses.

The synthesis of a halogcno—organogermane can be approached in

essentially three ways: by the 1ntroduct10n of organo—groups into germ—

.anium halldes or hydrides (Synthesis _of Ge—C bonds) ; by the direct

halogenatlon of an alkylated gerﬁane (synthesis of Ge-x bonds); or by

.

the interconversion of organogermanium der1Vatives (these 1nc1ude re— .

. actions where halogen hydrogen or oxygen etc., exchange with halogen).

ks

. A consideratlon of the sultability of these approaches with réspect to

the present work is now presented S -



—

f\‘”,'u

; ' . . »
! .

(a) The Entroductioh of organo ups into germanium halides or

h dfﬁ S: The earlier methods involved che reaction of an <7

alkyl halide with either metallic germanium?? (usually as an alloy) or

a ghrmanium(II) halide.26

! “o~ .

. \A Ge + nRX ~— R Gexa_n .[1]
\ . .

c;ex2 + RX —» RGex, . (21

Othex methods have largely involved the use of .alkali metal coupling

28
(Wurtz) reactions or organo-metal reagents reaCC1ng with and replacxng

" a halogen attached to germanium with™an organic grouping. Among the

more successful of these yave been Grignard reactions,29 and syntheses
involving alkylaluminium,Bo ?rgénolithium,zg zinc dialky1,31 and organo-
mercury32 reagents. Schmidt and Ruidisch have compared theéé methods
for.fuily‘substituted ger:;:anas.33 Mackéy et .al have successfully used
the Grignard react1on to synthesise alkylpolygermanesBF by an in situ
reaction with the highly unstable iodOpolygerm;;es
3Ge-I + MeMgl —»3Ge-Me + Mgl, ' ‘ : [3]
Othe: reactions where'the germanium-carbon bond is formed include diazo
addition*reactions,35 th; additién of a germanjum hydride to olefinic
or acetylenic syStems,36 .
2Ge-H + CHZ-CHZ —> 3Ge-C,H, S [4]
and the reaction of. a germanium anion with an organic halide (e g. germyl
potassium with methyl iodide), N .
=Ge K + R-X —» -§Ge—R~+ KX " ; - : : - [5]
As yet these reactions have not been successfully a#ﬁlied éo ﬁhe.direct
synthesis of organogermanium -halides but they are of considerable impoé;

tance in establishing the germanium-carbon skeleton which may then be

haioggyated; ﬁguéver, reactions are known uheré a germanium hydride



condenses with ‘an organic halide, e.g.

Hcecf13 + Br-CH,CH=CH,—» HBr + C1,GeCH,=CH, 502 6]
but this reactioh generally has not been found to be applicable to alkyl

and aryl halides and only occurs with allylic halides.B.7
=, .

L

It becomes clear, however, that for the synthoéis of hydridic .
species this type of approach in&olvegxche use of relatively unstablo
germyl halides GeHBX or GeH2Xé in- somewhat extreme reaction conditions.
Reactions of this type, whilst of some considerable theoretical inter-

‘est were not considered to be suited to. the synthetic problem and as
such were not porsued. o ‘

(b) Direct halogenation of an alkylated germane: Reactions which

fall into this category are those where either a germanium-hydrogen or

germanium-carbon bond is replaced oy a ge;manium—halogen bond. These
are conveniea:if discussed togethor because the reactions are very
similor, the difference being one of reactivity.

Tetraalkyl germ?nes have been cleaved'by'Brz38 and 1239 although
catalysts such as aluminium ttihalides are generally required. The

) \ COAIX, C e

3Ge—CH, + le—» 2Ge-X + CHy=X _ I7]‘
products are alkyl halides and alkylgérmadium balides. Germanium hy-

drides on the other hand react vigorously with free halogen (Clz, )

in the absence of cataIyst \bsually to replace hydrogen by halogen ‘and

to liberate hydrogen halide. .Thoserreactions have been studied for

&

2Ge-H + X, —> 3Ge-X + HX | (8]

40,34,41-44 45,46

germane digermane, 21,48

trigermane,®’ and R AGeH, species
(R= C H ) Hydrogen halides, by comparison, are much milder and-only HF

has been used to cleave tetraalkyl germanes'ag HCl, HBr and HI are

[



effieient he}egenating ageets'for germanium hydrides in the presence
- of a catalyst, typdeaily aluminium trihelidee. Reactions reported
include thoge thh germane41’45f50'51 and RhGeHA_n52’53 where thedgred-
ucts are usually the germanium halide ‘and hydrogen,

. . ~ . -

A1x3

3Ge-H + HX —> Ge-X + B, (X=C1,Br) (81 ¢

Earlier wor]cersle—l8 found that many organic halogen compounds’
(e.g. R-X, CX.COOH, Rccm,"Rocazcn were efficient halogenating agents
for the bulkier alEylgermanes, reflux conditions usually being employed.

Thus the reaction of germanium hydride witb an alkyl halide (usually a

bromide or iodide) gives,

-BGe-H 4+ RX — =Ge-X + RH . ' . [10]

Reactivity and yield were found'to,be'in the order I>Br>Cl and RGeH3>

RZGe32>RBGeH. The only analogeus reaction for unsubstituted germane
was that reported by Griffiths and Beech56 in which low yields of GeHBI

~ were obtained from the reactions of CF3I with germane in a sealed tube.

A wide range of inorganic (metal and non-metal) halides are reduced

by germanium hydrides uLth the formatien of the corresponding germanium

halide. Anderson16 21 showed that mercuric halides HgX2 (X=C1,BY,I),

30 Cr02C12, and CdCl all reected.

with peralkylgermanes to evolve hydrogen with the metal passing into a

lowet state of oxidation. Satgé and co~workersla ~20 have demonstrated

PdClz, TiClA. KAuCIQ, KiPtCIG’ vocl

the aimilar usefulness of AlCla, CCIQ’ GeCl and SO Clz for the bulkier
alkylgermanes at reflux temperatures. More recently Mackay, MacDiarmid,
and co-worker345 have used heated silver halides AgX (X=Br,Cl), £6T the
direct halogenation of mono- and. digermane; Anderson and Dralce55 ave

reported hgh yieIds of monochl&rogermane from the'reaction of germane

w



' with thionyl chloride and other-studies indieated that boron trihalides,
Bx3 (x=Br Cl) could be used- to effect direct halogenation of germane56
and digermane.s7 In addition, Ebsworth and co-worker558 reported-useful

reactions for monogermyl species using tin tetrahalides. However, there

germanes although Van Dyke 33 has used PFS to fluorinate ¢ HSGeH

Other reactions in this general category are the catalysed redis—‘_
tribution reactions of germanium alkyls with germa.uium"halides60 61 and
of alkylgermanium hydrides with alkylgermanium halides,'y’18 where Ge—C

and Ge-H 'bonds are replaced by Ge-halogen bonds.

—
GeR, + GeX, == GeR X, ._ . [11]
Alxs LR
< X X
SCe~H + 3Cely == 3Ge-X + > Seely L l12)
N .

-

These types of reactions however,are expected to haue'little
importance in view of the difficulty in separating the mixture of Com-
pounds which inevitably results from the equilibria [11] and [12].

{c)  The interconversion of organogermanium derivatives:’ Host of

LY

‘the known inorganic derivatives of the germanes have been prepared by

the appropriate reactions of halogenogermane intermediates. Intexcon—

_ version of haljides (and pseudohalides) bound to germanium has been

- are at present no direct methods of converting parent germanes to fluoro-

”

achieved by Teactions with salts of antimony 62 1ead,45 63,64 65’56.

mercury,

and silver['s’s?’s5 (often called Swarts reactions) This type of

reaction has provided :he most- convenient route to germanium fluorides;

‘thus silver (I)- or lead(II)— fluoride exchanged with bromogérmane to

w , .
give fluorogermane,63’67 although in the corresponding reaction of @

iododigermane with AgF the identification of GeszF was only tentative.és‘

In these reactions the exchanging halogen on germanium is usually iodide



usually fluoride ‘or chloride Convenient exchanges also ocecur with

6S’Si‘and silyl comn_ounds69 and these are useful for

=

hydrogen halides

converting” 'hard" halogens bound to germanium to softer halogens. - -
| 3Ge=X + MK —» 3Ge-y + MX. ‘ ,' [13)
_~ce-y+u-x—-> 3Ge-X + BY . (18]
 (or 38i-X) 0 (283-Y) S P '

. (Where X = 'electropost tive® halogén; Y = 'electronégative’ halogen;
M- Sb,Pb,Hg,Ag) R

The yields from these Teactions are high although the changes in bond
energy are usually very 1ow- for this reason. they are con51dered as
entrOpy-controllcd reactions The equilfbrium constant for the ch}oro*\~
germanehydrogen iodide reaction (2600.at 30“)69 is sufficiently high
that iodogermane was formed quantltatively,_‘ ' |

GeH ClL + HI-—* Geq I + HCl . . . {15]

-, L .
Similarly HBr reacted with GeH3C169 and RnGéC14_n68 quantitatively to

‘ replace chlorine by bromine.

-~

In view of the ease in obtaming the hydrogetg halides the exchange

-reaction with a silicon moicty69 does not Present a nsible synthetic

~

Prospect for halide derivatives. These redctions are of some consider-

able importance in the syntheses of pseudchalides and are discussed in |

a——
Chapter vI . - Similarly exchange reactions with boron trihalidcs

are discussed inaChapter V

The conversion of germoxane linkages, i.e. Ge—O—Ge, Lo germanium- .
halogen bonds has been achicved by free halogen, 21 hydrogen halide,l9
and boron trlfluoride.53 Griffiths ang Onyszchuk53 obtained good yields
of fluoro(trimethyl)germane, He3GeF by the cleavage of hexamethyl-
digermoxhne, (Me: Ce} 0 Hlth BF3 However, attempts by\the same workers

to synthesise the corresponding hydridic germoxanc, (MeGeHz)ZO, or mixed

LY

"




s

-

afA

ether, HeGeEZOHe by interaction of Me r with A,gco or NaQMe, respec—

tively, gave complex diSpfoéortionan products. Ge-~0 spec:l.es contain—
ing Ge-H bonds are notably lmstable and (Ge_E3) O bas only been prepgxed

by icdirect methods; 66,70 Massol and Sat:ge., howe.ver, have' reported

(Rca:ilzpzand cgzcen) o 3pec:£e3, (g = e:hyl,n—bu_cyl) vhich apparently
’\sam/ tabitiry,’? although the isolation of the fluorides by HF.
cleavage was unsat:!.sfa;::tory.yl In view of-these difficulties germoxane

cleavage reactions were not pursued. ' *
~ The part:bal reduction of fully substituted alkylgemanimn ha.l:ldes

of the type R 4—n is a.l,sl) at first s:lght an attractive proapect:. Hosr—

ever, the HaBHa, I.iAlH& or LiH reductions bave all given the fully

hydrogenated px:::ﬁdm:r:'72 there was evidence to suggest that in the reduc—

tion tetrachloride by LiAlg tb.e_ fomatian .of polygermane -
4 Se

was preceded by the fomation of Ge_HzC.'I2 which decomose.d into Ge.Cl2
and hydrogen 30 As indicated above, germaniom hydrides themselves are
reduc_i.n,g agents so the red:!str:[butiou reaction of E::3Ge.H with I.-‘.t:zGex2 .
to give Et: GeHX - (x - Cl Br)]J 18 may be rega:_:det_l as a partial-reductio:{

reaction. : b

Before the commencement of this study, t.he 1ii:eratu : contained

only two reports relatin,g Specif:lcally to hydridic halogeno (methyl)-—

‘ated the d:lchloride HeGeHC]z/ from a similar reaction at 100°, although

germanes: . Amberger and Boeters(lgﬁl) reported that the altminimn

_t:richloride catalysed gas phase Teaction of bydrogen chloride with

ne.l:hyl— “nd di'ﬂ:hyigem gave high y:lelds of t:he chloro(mthyl)-
germanes, MeGeH,Cl, HeGeHClz and lit:GeC].3 and ch]nro(dinethyl)gemnes,
!ﬁ:zGeHCl and Me GeC:l2 Griffiths and Onyszchuk, houever, only isol-

tbeyreca\?eredthemnobrmﬁe !bceBzBr, :!n532y:le1dfrou the. analagous -



reaction with hydrogen bromide, .

.

o The perticular use of these halides -was indicatedz3 by the facile

exchange reaction of silyl phosphine, SiE P s with chloro(methyl) ermane
8 o

to,give the mixed hydride phOSphino(methyl)germane, HeGeHzPH2 in high

yield' the analogous reaction with dichloro(methyl)germane MeceHClz,

gave. the mixed chloro-phOSphine MeGeH(Cl)PH2 More recently bromo-
(methyl)germane, HéGeHsz wns used in a reaction with lithium tetra-
arsinoalmninate to give the mixed hydride HeGeHzésHZ, in high yield. 74

During the course of this research a parallel study of HeGeHzx.and

the carbon functional species, CH.,(X)GeH,, (X = C1,Br,I) ap ared;75’76
. 2 3 pear;

“this was concerned primarily with the extent of [p+d] ﬂ—boﬁding between
‘ - . .. _

. -

germanium and the halogens and apparentiy contained no consideration of
-the fluoro- or polyhalogeno— species which appear in this work. At the

Bame time HeceﬁzF and HeZGeBF were reported ip a2 preliminary compun-
- . ] ‘ . ’/r\_:f . . 71
. ication concerning the relative stabilities of some organofluorogermanes.

In this chapter emphasis is on the initial work with. methylgermane

‘\begm.which synthetic routes were devised uhich were considered to be the
i

most suitable Tor later use on di— and trimethylgermane and in the large.

o

scale preparation of samples of the highest purity for subsequent vibra- .

tional and.la_n.m.r. analysis and vnpour pPressure studies,

I.2 EXPERIMENTAL* -

ForﬂconvenienEe, the synthesis and characterisatiqn of cﬁleridee,

bromides, iodides, and fluorides are dealt with separately. In many of

therreactions described below small quantities of fully substituted

* A description of the vacuum line, the associated apparatus (e.
reaction vessels, storage vessels, vapour pressure apparatus and low
temperature baths) and experimental techniques may be found in Appendix
-1, The preparation and purification of compounds considered as starting
materiels are given in Appendix 2.

- L
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experiments conditions similar to those used by Amberger and Boeters™<.

germanes e.g. MeGeCl3, MeZGeClz, HeBGeCI, were obtained. As these are -

now available commercially or have ﬁell defined synthetic routes it was

»

considered unnecessary to devise conditions for their.oreparation from
the parent hydrlde- where they appear they must be cousidered as by-
groducts. Unless otherwzse stated the initial identificatlon of . the new
compounds came from 1H n.m.Y., i r., and miss Spectra w1th additional
characterisation from molecular wejghts and vapour pressure determina-

tions. The lH n.m.r. and vibrational spectra of the pure compounds ‘

appear in Chapters TI, III and Iv:

1.2.1 Preparation of chloro(methyl)-, chloro(dimethyl)-, and ‘dichloro-—

(methyl)-, germanes.

(a) Reaction of methylgermane with hydrogen chloride: -In preliminary

52

were used. Various reaction teﬁperatureé,‘proportion of reactants and
reaction times for methylgermane were then investlgated. The 1:1°
aluminlum trichloride catalysed gas phase reaction between MeGeH

3
and HCl at room temperature'yielded a mixture containing HeGeHZCI
(ea. SOZ) HeGeHCl2 (ca 45%) and MeGeCl (ca. SZ) the overall yield of
the reaction varying between 602 and 80%. R ’ '

In ome experiment, MeGeH (2.0 mmol) ‘and HCl'Tl 5 mmol) were con-
densed into a reaction vessel (150 ml,type'D’) contain;;c AlCl (ca 2g)
sublimed on the inside wall, and alloued to react at -45" .- After one
hour the mixture was cooled to -196° and hydrogen (ca 1. 7 mmol) pumped

off. Fractionacion of ‘the products gave small amounts of.HeGeHCl2

'[¢2.0.2 mmol; Eound: M,158; calec~for HeGeHClZ,159.56] in a trap at

“63°.'ﬁ95232C1 feca.1.2 mmol; %bund: M,126; calc. for MeGeH,.C1 125;151.

2
beld in a trap at -95°, and unreacted. HeGeH (ca C.5 nmol) condensing%

in a -196° following trap. Enhanced yields of HeGeHGiz and HeGeCl3

b Y

S

-

o



- were obtained by nigher HC1; hydride‘ratios and by room temperaturé
reactions. Thus apparently no MeceHZCI was formed with a 3:1 ratio and
HeGeHCl (35Z).and MeGeCI (602) were recovered However, careful -

'

analysis of the products from these reactions provided strong evidence
-1
for cleavage of the C-Ge. bohd occurring to the extent of ca.l5Z since
_ Me GeHCl and- Me20e01 were identified in the 1H n.m.x., vibrational and
 ®mags spectra. In a control experiment MeGeHZCl (c2.1.0 mmol) was dis-
tilled at -196° into a 10 ml vessel (type'C’ ) containing AlCl (ca.0.5g)
- ' sublimed round the walls, After £a. 3 hours the 1H n.m.r. spectrum of -
. \

the total products after bleeding of a trace of" non~condensi®Pe gas, 4 \‘

indicated the presence of MeGeH,C1,  Me GeHCl MleGeHCl2 and Me, GeCl ine ]

2 2
the approximate ratio 4:2: 1:1. The a priori assignments being confirmed
by additional _peaks in the mass Spectra~at m/el35-142 (HnCZGeCI } and

., mfel71-181 (anzcecl2 ).

A,Cb) Reaction of mono~, di;, and tri—methylgermane with boron tri- . .

 chloride: Preliminary experiments with HeGeH3-indicated that poor con-
versions to chloro-species (less than 10Z) were cobtained in gas-phase -
rd ,

reactions and liquid—phase Yeactions run in sealed tubes or small re-

action vessels. The incomplete reactions were clarified by the appear-

ance, of bands in the 4i.r. spectra assignable to BH Cl_,'“n speczes77 in :
’addition to those attriburable to HegeH3, 2H6’ and chlorinated products.
The IH n.m.I. spectra of ieaction mixtures of this eort gave brg;d

\ 'resonancea having no apparent H-H' coupling but'with similar chemical
shifts to the pure chloro-species MeGeHzcl and’HeGeHCl Lowering the
temperature of the n.m.r. probe to -100° was ineffective in slowing the
exchange process So that interproton coupling could be observed. A

sixilar phenomenon was observed when pure MeGeH.Cl was sealed with B H

2 s °. 276
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4{1:1); in this case decomposition' was rapid at room temperature with = ™

the reaction tube showing considerable deposits of yellow material

s

] (Hecen3 and ceH4 were later identified in the 1. r.z? of the volatile

-

products vhen the tube was reopened). ‘MeGeHClZ and MeGef.Ztl3 ‘\iex"e appar-
. S

‘ently unaffected wben sealed with BZHG ) S . »

Optimum ylelds were obtainmed with the reactants in the condensed
phase at ca.-78° :in large reaction vessels {e.g. 250-500 ml type'D')
In thls way the reduction of BC].3 to B 2 6 was usually complete in 1 hour
and no ev1dence was obtained for the partially reduced species, BH Cl

3—-n' :

The reaction could be conveniently monitored by measuring the BZ 6 -

evolved which was separated from ,tﬁe starting materiald and chlorinated

s

products by fractionation at -130°

-

In a typ:_cal experiment, HeGeH (1.02 mmol) and. BCl (0.30 mmol) )

 were maintained at -78° for 1 hour. The mixture Wwas allowed to warm to

- %
room temperature (ca 10 mm) to complete the reaction when fractiona— . \3.?__\

-tion of the volatlle products gave MeGeHZCI [0.68 mmol; Found: M,125;

calc. for 'MeGeHZCI,lZS..ls] i a txg'ap at -95°, small dmounts of MeGeHC12
(0.13 m2o0l) in ope at -45° and B, H, t&a_.O.lS mmol -ideatified by its

i.r. opeetrm?a) in a -196° following trap. Traces of oily liquid re-
. mained in the reactiom vessel giving a lﬁ n.m.r. singlet resdnarnce at

1.585, indicating the presence of }1e(fec13.7g .A fu'rthenfaet'ies of )e_
actions wasf car‘ried out with increasing amou::ts of BCl3._ with 4 Tatio
of HeGeHB:BCl3 of 1 1 ‘the d1str1bution of chloro(methyl)gemanes was
necenzc1 (ca 152), MeGeHCL, (ca 40Z) and, MeGeCl, (ca. asz) In most
reactions the yields based ‘on ..eGeH3 consumed were between 702 and 95%.

and no ev:idence for any disproportionation by—p:‘oducts was obtained

Optimm yeilds of }SeGeH2C1 were obtained with a ratio of H:GeHB:BCl3



'from ‘the ~78° trap [Found: ¥, 138 8, cale, for FeZGeHCI 139.1Hj The

- spectrum showed only traces of residual M‘eGeH3 with additional broad

-

{
of 4:1 when unreacted MaGeH3 was obtained along with BZH6 in the ~196°

following trap. Separation of these components was effected by distill— ¢

ation onto a large excess of (C ) N when the B HG formed a solid

adduct leaving ﬁaGeH3 which could be separated from excess amine by

fractionation at -78°,

-

MEZGeHZ’(EE.3.0'mmb1) and'BCl3 (0.76 mol) were allowed to react

as above. After 1'hour the mixture was brOugHt Lo room temperature to

)

comp lete the reaction and fractionated through traps at -23° -78°, and

) ~196°a§ The —23 trap contained 2 trace of MEZGeClz, (identified in the

_ 1H n:m. r. and i.r.37 specrra)and MezceHCI (ca.2.1 mmol) was recovered

—196 trap was shown to contain a mixture of B H (ca. 0 35 mmol) and

-

HEZGeH (ca.0.8 mmol) which eould be separated by refractionation at
-126° when the latter was involatile.

"In the same uaé}Ma CeH (ca 2.0 mmol) and BCl (0.6 mmol) reacted -
to give Me3GeC1 (1.9 mmol) condensing at —45° (identified by its 1H
n.m.r. %t and 1. r.82 spectra); traces of‘Ma3GeH were obtained in g -95°
trap’and 2 6 (ca.0.3 mmol), condensed in a -196° following trap..

(c) Reaction of methylgermane with thionyl chloride- HaGeH

3

<

.(ca 2.5 mmol) and SOCl (ca 2.2 mmol) wére CQndensed at -l96° into a

thidh-walled tube (ca.5 mm 0.d.,80 mm long) having a tapered end and

w allowed to warm to Toom' temperature. After 16 hours the lH N.Q.T.

e

resonances at approximately 5.36° and 0.86. The tube was frozen at -196°

-~

and broken open on the vacuum line in the conventional manner and the

v

products fractionated. Traces of yellow material which was SOluble in -°

oCS (and therefore probably sulphur) remained in the;reaction tube. A



. L.2.2 Preparation of bromo(methyl)~, bromo(dimethyl)-, and dibromo(methyl}-

L]

%

. e
mixture of\HcGe.HzCI and SO2 (ca.3.0 mmol), identified spectroscopically,

O

were obtained in a trap at -95°, (These were eventually separated by

repeated distillation at A-83° when SO, passed into a -196° following

trap, HeGeHZCI (ca 2.0 mmol) conde_nsing out vi‘t no indication from its

lE n.m.r. and i.r. spactra of any further impurity.y A -196° following
C e , . e’ .

trap contained a mixture of unreacted MeGe.Ha, HC1l and traces of _S_Oz. Ko ,

}evidence was 6b:ained‘for the formation of any poly-chlorinated products.

germanes .,

(2) Reaction of methylgermane vith'hydr.‘ogen"bromide: In a typical

reacticn HeGeH (2. 95 «wmol) and HBr (2.96 rmol) were allowed to react
over a subl:uned AlBr catqflyst (ca 2g) in a reaction. -vessel (350 ml,
type 'D') at -45 [After 1 hour non-condensable gas was removed through
a .series. of liquid nitrogen traps. Repeated passage of th:e conde.ns;ab]__e"
products through a trap at -95° gave a mixture of unreacted 'MaGe.H3
and HBr (ca.l.l mol) in a -1_96“ following trap. The bromo—products
condens:.ng at -95° were then redistilled thr:ough traps held at -23°,

-4 ° and -196° Bromo(methyl)gemane., HeGe.EZBr [ca 1.0 mmol; Found‘ M, 'b'f 2
167 cale. for MeGe_HzBr 169.60] was obt:alned in the —196° trap, with

dibromo (methyl)germane, lv!e(';eHBl:2 (E.O.B mmol.) in one .at —45° and traces‘ .

of tribromo(methyl)gem;ne,' HeGeBr3,- identified from the ]F n.m.'r.ao ~

of the contents of the -23° trap. Other experi@ents with varying re-

-

actant ratios gave the .expecte& redist:ribution of p;'oducts with ephaneed
yields of poly-l:arom:.des15 being obtained with laiger amounts of HBr,
Again as with the chlorides, lH n.m.I. and mass spectral evidence id-
dicated some C-Ge bond cleavage which was more prevalent in room temp~—

erature reactions. Thus additienal peaks in the mass spectra at m/e

-

» .
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176-186 (H c GeBr ) and m/e258-266 (H C GeBr ) confirmed the a priori

a.ssignn:ent of the n.m.T. spectra.

(b) .Reaction of methylgermane with boron ‘tribromide‘:* As.with the
“

analagous reactions with BE:13 this series provided exoellent synthetic
routes ‘to both mono- and di—bromo(mcthyl)germane.' Enhanoed yields of T

the desired pmduct could be obtained by varying the amount of BBr3 used.

In one experiment HeGeH (ca 1.5 mmol) and BBr (ca.0.35 mmol) were

condensed into a reaction vessel (150 m1 typ-e. D') held at —196° The

m:l.xture was allowed to warm to —78° (ca.30 min) and then to -63° (ca. _

-

30 min) and fmally to room temperaturfaj‘(lO min) to complete the reac—
tion. Fractionatz.on of the volatile products through traps at -45°,
.—95" and -196° produced good separation. A small amount of HchHBr
(ca.0.2 mnol) condensed até—45° with pure }ieGeHZBr [ca.l.2 mmol; Found:
M,169; calc. for HeGe.HZBr 169.60] be:lng obtained in ‘the -95° trap. The
-196° following trap contained B H6 (__ci.O.Z mool -identified by its d7r-

2

spectrum) with on.ly ‘2 trace of - tmreacted I~£eCeH3 X{Lth a MeGeH3.BBr3
e

ratio. of 3:2 the product distribution was HeGeHZBr(BOZ) HeGeHBr (602)

and HcGeBr (102) m.th a corresponding intrease in the amoumt of B, H, :

formed.

, .
(c) Reaction of methylgemane t»{th bromine: "In a typical reaction .

Br (total” D 7 mpol) was added to HeGeH (ca 1.1 mol) at —196 in four
suceessive amounts ; Between each addition the régstion vessel (500 m1,

type D') was allowed to warm to room temperature :mti_l the Br, colour

..—‘

disappeared. The mixture was then cooled to -196°, and a trace of non-

condensaj:leﬂgas pumped off._ _The ]B R.M.T. Spectrum of the total sample -

was - then recorded and. J.ndicated the presence of MeGeH3, HeGeHZBr,

~ * see Appendix 2 for the reaction of GeH4 with BBr3



He'GeHBrZ, and HeGe.Br3 in the approximite.ratio 8:10:3:1. After fraction-

ation !'hGeH (E 0 42~ nmol) and theHzBr [__ 0. 50 ‘mmol; Found M,169,.
calc. for MeCeEzBr 169 60] were obtained pure, PkeGeH.‘Brz and HeGeBr3 be-
:Lng hard to separate by trap to trap dist:lllat:.on

(d) Reaction of methylgermane with thionyl bromide' '.l:ypically MeGeH3

(_12nn10‘1) andSOBr;Z (_10mmo1)were condensed intoalSOmlreac—

tion vessel held at ~196° ‘and - allowed to warn to room temperature. The

%

inltlally 'br:.ght orange colour quicldy disappeared the reactmn being

i

iquenched with a ~78° bath when effemsoence beca:me too violent After
€a.30 min a yellow depos/:.t of sulphur was evident and f‘r:at:t:t"o nation of

" the volatile products gave HeGeHzBr (0.95 mol) in"a trap at. -;78°

.

~—"

a mixture of HeGeH.3 SO2 and HBr (a]_l ident:.fled in the 1. I. spectnm)

in a -196" followa.ng trap.

-

{e) Reactlon of chloro—methvlzemanes with hvdrogen bromide' Th:.s

'prov:z.ded the most convenient route to “the 'brom.de_s if snfficient quant—
1ties of the correspondlng chlorldes were avaiJ@ble ﬁpically,
HeGe11201 (0 75 mmol) and excess HBr (ca. 2 mmol) wére condensed into'a

react::.on vessel (100 mil ,type'F') held at -196°. On warm:lng to room

’

te:mperature sz.gns of effervescence appeared, the reactlonfbe:fng quenched

if it became too violent. After 30 min, reaction t-rag. comple.te and pure
HeGeH 2Br (ca.0. 75 mmol). was isolated by repeated fractionation and

condensation at —.95°,- HCl and the exoess HfBr being ob'taij:ed in a -196°

~

2!
HaGeBr3 and, Me; GeHBr were obtained by treating the appropriate chloride

‘ following trap. In the same way quantitative yields of !ﬁ:GeEBr

‘ HeGeHClz MeGeCl 3> OF HeZGeHC1 with excess hydrogen bromide.

r e . s
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’

1.2.3 Preparation of iodo(methyl)-, iodo(dimethyl)—, and diiodo(methyl)-,

germanes.
(a) Reaction of methylgermane with hydrogen iodide: Typically,

HeGeH (1 .69 nmol) and HI (1.71 mol) were allowed to react over a sub-
limed AJ.I3 catalyst in a reaction vessel (150 ml) at room temperature.
After 15 minutes hydrogen was removed through a serjes of liquid nitro-
‘gen traps and the products fractionated at -78°. The products condens-
ing at this temperature sealed for IH n;m.r.‘anelysis were shown to be

, a mixture of mono— and diiodo(methyl)germape, HeGeHé} and HeGeHI2 in
the/ratio 10: 3. Traces of a yellcw subliming material remaining “in the
traps were soluble in CClzeand were subsequently shown from the IH n.m.r.
speetrum?g to be'triiodo(methyl)germane; HeGeI3. A mixture of HeGeH3
and HI (total ca.0.5 mmol) was cbtained in the -196° trap. The mixture
of mono- and diiodo(methyl)germanes was conveniently separated by
fractionation at -23° when pure HeGeHZI [ca 1. 1 mmol; Found.4,213 calc.,
fqr I %-16 60] was obtained in a -196° following trap. No ev:dence

for C-Ge bond: cleavage was obtaired in these experiments.

Cb) ‘Reaction of methylgermane with boron triiodide: MeGeH (0.75 mmol)

was distilled over BI, (c2.0.5 mmol) held on a glass sinter in a reac-
;tion vessel (25 ml type'H') at -196°. The mixture was then maintained.
) at -78° and allowed to warm to room teeperature after 30 minutes. Dis~
tillation of the products gave as expected B, H (ca.0.2 maol} and traces
of Hequ3 volatile at -78° with a mixture of iodides condensing. The
lH n.m.T. spectrum of this fraction indicated the presence of MeGeHzI
HeGeH12 and MeceI3 in the ratio 6:3:1. Further'E§52riments were not
attempted due to the difficulty of~hand1ing tﬁe solid BI3

(c) Reaction of mono-, di-, and tri—methylgermane w1th iodine:* A

* See Appendix 2- for reaction of GeH; with iodine

4
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: ‘slight excess of the germane and resublimed iodine were condensed into

.a reaction vessel (10 ml,type'c') which was then maintained at -78°,

" The reactions were occasionally accelerated by loeal warming with the
fingers but quenched as they became tco vigorous. After 15 minutes
brown solutions were usually obtained showing no srgns of solid I2 and
after 30 minutes reaction was compléte as showmn by the disappearance of
the 12 colpur. Fractionation of the products at -78% permitted un<
reacted germane and HI to pass into a —196° trap, the iodides being in—.
volatile at this temperature. In this,way pure MeGeHzl [Found M,215;

o

cale, for Meceﬂzl 216, 60] and He GeHI [Found:M 12263 calc.for Me GeHI

2 2 %
230. 57] were obtained in yields of 872 and 91% respectively i th germane:
- ledine ratlos of.,ca.3:2. Higher yields (based on I2 consumed) were
obtained with. -excess germane but these were uneconomical in view of the
Price of ghrmanes. Any di-icdo species were conveniently removed by
passage through a -23° trap. High yields o£ HeGeHI2 Were hard to'achieve‘
by this method. If excess 12 was. used the product‘was contaminated

with large amounts of uece13 which were hard Lo remove on the vacuum -
line. 1In one experiment HeGeH3\§l’6 mmol) and I (ca.2.3 mmol) were.
allowed to react as above. After HI and MeGeH3 had been removed at -78°
the products were shown to contain MeGel, I (0 4 mmol) ﬁeGeHI (1.1 mmol)
and traces of HeGeI _

In a control experiment, Me JGell (10.2 mmol) was distilled onto
iodine (3.3g; ca2.9.4 mmol) in a 20 ml finger attached to the vacuum ;
line. The mixture was allowed to react at‘-63°'(g§ 15 min). With the,
vessel open to a manifold the reaction Vas accelerated by local warming .
with the fingers. At £a.=-30° a violent exothermic reaction took over

Z?h that >1 atmosphera pressure was generated before quenching was

—— N oy \ .
e SN ® .



- applied. Freééing the mixture'at -I96° revealed large amounts.of ngh~
condensable éas which was bled off thronéh a series of U—traps held at
-196°, After Trepeating this procedure several times a dark brown Te-

- action mixture was obtained with no further increase in pressure. The

excess i{odine was removed by adding He3GeH in Small amounts (total ca,

6 7 mmol) and allowing further reaction to oceur. Finally Me.Gel (15 9

3
mmol) was separated from HI and unreacted Me,GeH by fractionation and

condensation at =45°,

(d) ‘Reaction of chloro- or bromo-methvlgermanes with hvdrogen iodide:

As with the bromides this provided the most convenient synthetic route
to the iocdides if sufficient quantities of the corresponding chlorides _
(or, less preferably, bromides) were available. TyPically, HeGeH2C1
(0.95 mmol) and excezs HI (ca 2 mol) were condensed into a reaction
vessel (110 ml) which was then allowed to warm to room temperature.
After 15 minutes reaction was complete and pure iodo(methyl)germane,
HeGeHZI [0 95 mmol; Found:M,218; calc. for HeceH I, 216 60] was obtained
by repested fractionation at -78°; HC1 and excess HY were obtained in

&

a -196° following trap. By an identical procedure MeGeHZBr (041 mmol)

-

was used to give MeGeHZI (0.40 mmol). ‘In the same way quantitative

- -

yields of HezceHI, HEGeH12 and HeGeI3 were obtained by treating the
corresponding chlorides HezceHC1 HeGeHCl2 or HeGeClB; reSpectively,
with excess hydrogen jodide, 1Im experiments where excess HI was not
used bn the di- and cri—halides mixed halogeno-sPecies, e.g. HeceHCII
or HeGeHBrI wvere identified The a griori assignment of tﬁe extra

peaks in the 1H n.m.T. spectra being confirmed by the mass spectra.

These reactions are discussed in Chapter V.

20
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I.2.4 Preparation of fluoro(wethyl)—, fluoro(dimethyl)-, ‘difluoro—

. - ~
(methyl)-, ‘and trifluoro(methyl)-, germanes.

(a) -Reaction of methylgermane with boron trifluoride. HeGeEQ

(1. 90 mrol) and BF (2 0 mmol) showed no sign of reaction after 2 hours~”
‘at —78° or 24 houre at room ‘temperature .in a sealed CUbe. Both™yare
recovered unchanged after passage ‘through a trap at —-95° as indicated by
the i.r. speccra,zs 78 Simi;arly Me3GeH and BF3 (1:2) did not react
after 20 co?rs in the liqcid phase.

(b) Reaction of mono-, iodo-—, bromo—;‘or chloro-methvlgermanes with

lead(IX) fluoride: In a typical experiment HhGeHZBr (0.95 mmol) was

’
" passed through a columm (type’ E } loosely packed with a mixture of glass

wool and PbF (53,203}~at room'temperature. After five double passes
spectroscopic analysis of the total products indicated that all the bro—
mide had been conSumed. The 1H n.M.Tr. snectra of the products volatile

at -126° and -78°-showed the presence of MchH (c2.0.03 mmol) and
fluoro(methyl)germane MﬁGeHzF [___0 85 mmol; Found:M,108.1; cale. for
' HeGeE%F 108.69]. The first order splitting pattern in the *H n.m.Tr. .
spectrum of the latter was only observed at low temperatures and high
dilutio%iwhen the 'collapsing' of the lgF coupling cwing-tp exchange !:
processes was avoided. In another experiment MeGeH2C1 (0.70 mmol) wae
converted to HEQeHZF (0.42 ﬁmol) after five douhle_passes,Aalthough the
amount cf dicproportionacion had-apparently inaxreased, with HeQeH3
(__ 0.3 mmol) being obtained in the -196° follo g trap. . ﬁheﬂlHeGeHZI
was used as a starting material, no MeceHB was detected in the two .
double passes needed fomn complete reaction. By an identical procedure

HEZGeHI (1.20 mmol) was converted to HezdeHF [1.15 mmo;;.Found:H;IZI;

calc. for HeZGeHF,léz.GG] after five double passes with no trace of

<

2]



’\“‘ /

mzcenz.. although again dispropertionatioﬁ ﬁas.evident t‘rom liquid sax?ples
kept at room temperature for extended periods. 4

In a control 'expe_riniant 'two éafnples o'f ‘pure’ ¥eGeH, F were sealed
up in t:h'e.liqui‘d phase, one cmple being kept at -78° and the other at
x%tempemture After one week ‘no. change was observed in the 1H n.m.Xs
spectrum of the 'cold' sample but. the 'hot® ‘sample gave additional res—
onmces of 0. 35 a@ 3. 655 (HeGeH ) 3and 0.88 and 6. SSG(HeGeHF R (specCra
aga:ln being recorded on dilute solutions) the disproportionatzon occurr— ‘

L A :
ing to the extent of ca.5Z as estimated by :integration.

.'(¢)  Reaction of dibromo(methyl)gemane with lead(II) fluoride:
Preliminary expe.rime::xts indicated that HeGeH.Iz was an unsuitable start—
ing material due to its low volatility and that very slow conversion
occurred with the a.nalagous chloride, &e(:eHC:l2 In one exper:unent -

: HeGeHBr (ca 1.2 mwol) was passed through ‘the. fluorinating column as
above., After five double passes Raman spectroscopic eminat:.on revealed
considerable amounts of residual bromide necessitat‘ng repacking of the
calumn. A further five double passes gaive pure difluoro(methyl)germane,'
HeGeHF [ca.0.9 ‘mmol; Found:M,122; calc. for MeGe 2,126.63] condensing
in a°'+78°trap but passing through one at —45°. Traces of HeGe.HzF

(<0.1 mol) but no HeGeH3 were obtained in a -196° following trap, the

L -

products being characterised in the first place by t,he ]H n.®m.T. spectra
of dilute solutions. The —I:S° trap contained traces of a crystall:.ne

materisl which did mot liquify at rocnc temperature but which could be

. readily sublimed around the vacuum line. A gas phase i.r. spectrum of

this material indicated that it was probably MeGeF, although the small

quantity did not allow a full cha:;aicterisatioq. L‘iqqid samples of - |

l'b.GeHFz sho_ued no apparent decomposition after-five days 4n sealed

»
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tubes.

. . . o -

. , .
(d) Reaction of tribromo(methyl)germane with lead(II) fluoride:

'Again preliminary experiments showed a very poor conversion using the:

" chloride MeGeCly, &s starting material, inseparable mixturds of fluoro-

chlorides, HeGeF Cl » being indicatéd by the ]TI n.m.r. spectra. Simi-

3-n
larly, the involat:.l:.ty of HeGeI3 (m.pt ca. &5‘) precluded its use in the

' gas phase fluorinat:.on. Reactions in solvents (n-butyl ether,benzene)
although promising at‘first (from the dmmediate formation of yelldw
lead iodide) gave. J.ndicat::lon of solve.nt bre.akdoun and’a mixture of

"mseparable product:s. React:.ous of MeGeBr by compar:[son were much more

‘s'uc'ce.s‘:sful. Ix:1 one experiment, HeGeI:ry '(g.l.l mmol) was passed through

-+

the fluorinating column fitted with U-traps at both ends (see appendix)
the initial runs being aided by the occasional application of high

vacuum. After ten double passes ]‘ﬁ n.m.r. examination of the products

dissolved in CClI‘ (ca.52) revealed a broadened resonance at 1.318 which -

could not be resolved satisfactorily even at lower temperatures in di~

lute <odugion in cs A further Hve double passes through a freshly

2
packed column gave a volatile material (ca.0.95 mmol) which did not

- - ” N : :1
liquify at room temperature but sublimed readily around the vacuum line.

This yas shown qualitatiﬁely from the Raman spectrum to cont‘\ain_no res~

[

idual bromide and with a gas phase molecular weight determination
¢ .

[Found :M,146; calc. for HeGeFB,‘ 144.6] was assumed to be. MeGeF 'i‘ensio—
4 5

3°
metrically pure sample.s‘had a sublimation pressure of ca.1l6 mm ﬁg at
. '*room temperature and melted sharply between 40-42° in sealed tubes,
(38 5 given in reference 26). MeGeF,, like Gel-‘484 gave no signs of
P attackimg glass and was apparently stable at room temperature although
trace.s of SiFa were ohserved in some prepa.rations where, presumably,
4

T

D
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the PbFz contained residual moisture. HeGeF had only slight solu- -
bility in CC14’ CHCl3 and CS2 and fumed in moist air. . ) .

I.2.5 Reactions of the hydrides with some metal and éon~metal halides.

(a) ‘Reaction of methylgermane with trichloro(methyl)germane: MeGeH

'3
(0.5 mmol) and HbGeCl (ca 1.5 mmol) were sealed in a semi-micro n.m.r.

tube at -196° and allowed .to warm to room temperature. After ca. 2 days
the 1H n.m.r. spectrum of ‘the contents .Showed that no reaction had occurx-

ed with peaks at 1,618 (Mecec13) 9 dnd 0.30, 3.428 (H_eGeHB) aSSignable '

- only to the'starting materials. After{gg. 30 days additional resonances

at 0.8, 5.48 (MeGeH,Cl) and 1.1S, 6. 88 (MeGeHCl,) in the app"irox:i.mate

ratio 1:1 confirmed a small degree (<SZ) of chlorination hadﬁbccurred

Control experiments in. the gas-phase (ca.S honrs} gave no indication of

reaction. Other experiments where a small amount of AlCl cstalyst was
~

introduced‘into the mixtures gave improved conversion to chlorides, ca.

13% (gas phase) and ca. 302 (liquid phase) although the latter reactions

' gave evidence for disproportionation products with additional peaks at

3.18 (Ge.E ) 5;_;65#40:5301),_ 0.78, 5.68 (HezGe.Hcl) and 1. 145

CHeZGeclz) appesring in the p.m.r. spectral

(b)‘ Reection’ét:the nydrides with methyl iodide: 1 nmoi samrles of

4, HeceH3 or HeBGeH and excess MeIl (ca.2 mmol) were sealed together
in semi~micro n.m,r. tubes witn.a trace of T.M.S. for reference. Se-
quential recording Of the lﬁ n.m.T. sPectre showed essentially no
reaction had'occurred after 1 hour at room tenpereture. After 2 months'.
no more than 1% conversion to-Me3E?I, tsinglet ;t 0.98d)81'had occurred
in the He3GeH system. Integration of the lﬂ n.m.r. spectra showed th:f

system with

—/‘

only an estimated 57 conversion had occurred in the MeGeH, ‘

the_resonances assignable to HeceﬂzI'(l.l and 4.78) and Cﬂé’ib.IBG).ss
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.In the germane system thes estimated 8% of 1gdggergane and metﬁane'prod-
uced, (resonances at 3.5663“and 0.133), was accdmpanicd by copious amounts
of "metallic' ye&iow-solids. Further monicoring of the reaccion in this
case was prevented by exploszon of the reactionﬂtube

(c). Reaction of the hydrides with carbon tetrachloride: After pro-

longed exposure to_C(-:l4 in sealed tubes samples of the hydridic halo-
‘éerﬁancsdshowec signs of both chlorination and e;change reactioﬁs. This
had also beec observed in the HeSiHZCI/CCIg system.86 To investigate
this further and to see if the reactivity was in the Ge-H bond, 1 mmol
samples of GeHa, MeGeH, or Me GeH vere sealed ;e%?.m.r. tubes with ex-

cess CCl, (c3.3 mmol) and a trace of T.M.S. After 1 hour no change was'’
_ . - » : _ :
" observed in the lH n.m.r. spectra showing the comparative wnreactivity

‘ .

of the systEﬁs. After 3 ‘months 1H n.m.r- examinatlon revealed no more
than ‘a trace of GeH,CL (singlet at 5. 15) in the GeHl, system, an estim-
ated 102 conversion to McGeHZCI (resonances at 0.8,5:33) in the MeGeH,
system, and over 4Q% formation of Me Gecl (singlet at 0. 786) in the

Me.GeH system. The formation of the chlorides was accompanied-in each

-

case by a proportional amouﬁt of CHCI3 (singlet at 7.255),87 thus in the

Me,GeH case the integrated intensities of Qggacec1:6q§p13 were ca. 9:1.

—_——

The . & u.m.r.'épectra of halide samples sealed in contact with ccl, |

for extended periods (ie.>7 days) showed a parallel reactivity in the

order I > Ex > CL > F, and Me, > Me, > Me, with both Ge-H bonds and

Ge~X bonds reacting. Thus a sample of Me,GeHBr had undergone 'complete'

3

-(7 255), MEZGeBr (1.448), HEZGeBrCI (1.338), and He GeCl (1. 146)

being observed in the lﬁ n.m.r. Thus it was necessary to record the
Fe

solution spectra of the halldes as soon as possible after sealing;'the

reactiou after 2 months with resonances on%g attributable to CHC1 <

-
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. solvent reaction was also arrested by storing the samples at‘-78°.

\ (d) Reaction of the hydrit:les with TiCl, and'PCl3: 1 mmol samples of .

. &Geﬂ3 or Ge.Hé amd a trace of T.H.S. were sealed with a slight' excess
of T:l(:l4 or PCl (ca.l. 5 mmol in eat:h case) and left at room temperature.
Sequential mcording of the lﬂ n.m.r. spectra of all four: systems re-

wealed very slow reactivity. After 2 months the T:LClA systems were

B}

notiee.ably viole.t integration of the ]H n.n.r. sPectra showed only ca. |
3 reaction in the Gthl system (GeH Cl at 5. 16). Breaking ‘the tubes
'Ope.n on the vacuum line indicated the formation of non—condensable gas
(’hO.Z mmol) . After 1 month_ ao change was observed in either of the |
I.’Cla- hydride re.act.’;.ons.. After 2 months both tubes showed yellow de—‘\r\
posits with correspondingly small amounts of chlorinate.d products evi- "
deat in the lH n.m.r. (<5Z in both cases). Traoe_s of HCl were observed
in the i.r. spectra of the species \rolétil?a at -126° wpe.n the tubes

-
were reopened on the vacuum line. . .

1.2.6 Physical properties: The halides are all stable colourless

1iquids atn room temperatur.:es except ftr'}hGeI:s (pale ye.ilow solid, m.
pt.45°)-and He.GeF3 ’(céloﬁrlesé s_olid,:n'.pt.&Z") . The .compomds are
_awmenable to storage for short ptriods in sealed glass tubes,'althéugp'
disproportionation lea&in_g to the deposition tf polygerm:;nes; e.g.
(MeGeH) n’ roccurs on prdlonged ttz;.nding. The volatility of the com~
pounds makes them ideally suited to vacuum line handling, although
prolonged exposure to manometer mercury aﬁd hydrocarbon grease is un--
desirable. ‘The _fluorides are par‘ticularly sensitive to.traces of mois- -
. ture when they 'wi.ll even attack pyrex glas§ to liberate S:LI-‘A, the
_fluatides also have a ma:tked tendt;ncy to sixbl:[me rather than distil

Al . =

around the vacwum _liper.
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fhysieai data fon the halides are given in Table 1.1, The vapour
Pressure measurements for the chlorides were obtained in diffetent tem-
perature rangee from those repor:ted.s2 For the monometh}l derivatives,
HeFeHZX (X = ¥,Br,I) signs of decomoosition were apparent éfter contact
with mercury in the vapour pressure aoparatﬁs; the dimethyl specles,
Me GeHX (x = ¥,C1,Br,I), were apparently unaffected so the data ?re be-

lieved to be more reliable. The boiling points were obtained by extra-

polation from plots of log p vs. 1/T,

I.3"PISCUSSIOH . g (/\\

\ ' -

To provide a framework on which ‘to discuss the reactivity of the

methyl—substituted germanes 1: would be useful to know the polarities

- and electron—distribution in the various bonds as these undoubtedly have

.

a strong influence on the modes of Teaction. The interpretatidn of

i physical data in terms of electfonegativity scales has caused much con-

-

~ 88 : 8¢

.troversy, particularly for the- Group IV elements. Pritchard and Skinner

have pointed out that the electronegativity of an element is influenced

by its molecular environment in such a variety of ways as to preclude - -

exact measurement, This is a rationale for the disparity of va%?es -

appearing in the literatu €. Most scalessa-g2 place carbon as the most

electronegative of the. roup IV eléments (e.g. C,2.45; $1,1.95: Ge,2.20;

Sn,Z.lO)gz whilet th halogens are usuailyﬁgiven higher values (e.g.‘

-F,3.90; C1,3.15; +2.95; 1,2.65).9; It is unwise to assign any partie-

with respect to germanium then in the system C—Ge—H germanium shoypld

be a centre for nucleophilic attack and GEﬁH should be nucleophilic.

-
'

‘ -
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This assumption is largely confirmed by an examinarion of the experi-
- mental bond moments, 93, 9? £.8. Ge~H, 1.0D; Ge—C, 0.7D; (Ge—CH

l~H—C, Q.4D; Ge-Cl, 3.1D; Ge-Br, 3.0D; Ge-I, 2.8D. (:l_;g’fpbsiciire end of
the dipole is to the left). These indicate that Ge-H and Ge~C boads
are weakly polar so that perturbations (e.g. the presenceJof electro-*
negative grcups.on}ﬁermanium) may cause a’reversal indeed evegy:indic—
ation is that in GcHCl the bond polarity is reversed, ie. ge—d+

Unlike-carbcn, siticon and’gernanium may both be considered to have

low lying d-—orbitals suitable for T-bonding :ith ligand orbitals of the
correct symmetry.8 The presence of [p*d] W—bonding in silicon chemistry

" has been invoked to describe certain structural features, e.g. the \

\
3)3 s 93 but itsPresence is considered even more con-—

planarity of (SiH
trove tsial in germaniwm chemistry.8 Another facet of the availability
'of d-orbitals is the possibility of increased coordination about ger-
manium such that concerted reaction mechanisms and low activation ener-
gies are likely 96,97

Another useful approach to assist in the understanding of the
various syntheses comes from an estimation of enthalpies of reactions

:from bond energy data (Table I.2). This approach is Subject“td'the

criticism that it excludes the entropy term which is necessary in the

29

o

=) /\_)
evaluation of the free energy change in tﬁe reaction. For reactions

involving covalent gaseous molecules at normal temperatures the. entropy

ternris usually dominated by the enthalpy tern, thls being particularly

true when equal numhcrs of bonds are involved in both reactants and pro-

ducts. Under these circumstances the estimated enthalpy (Table I 3)

-

iay give a good indicﬁ\ion of the free enmergy change for a particular -

o
reaction. . : -
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. (Table 1.2)  Selected mean thermochemical bond energies*

Electro;aositive.:i“- Epvergy .of M-X bond (Kcal mole_l)

. .atom, M . H.  ¢v¥ . ¢ B . .1 - Compound
: S L2067 135 103 875 U 7LS A
] c 125 16 —78 I
-84 77 139 83.5 74 . s6 six,
\ Ge S8y .In 82 66 51 GeX,
' B.- - f 154 106 -8 ‘&5 - BX,
F - ; . )
P 77 117 76 63 4 RX, - ¢
X 104 3 - S8 46 .36 - X,

*Taken in part' from ref. 98 and converted to Kcal mole_l; data refer
to average energy of one M-X Bonfi; T B-H is 91.5; ,BI—H-_-B is 105.

In additicd: C-c,83 (CyHg)s  S1-51,46 (SLH():. Ge-Ge,38 (Ge,B);
si-c,72 (SiMe,); Ge-C,61 (Gede ). - |

-

. (Table 1.3) Estimated eathalpies for some reactions fnvolving
- germanium-hydrogen and germanium-halogen bonds

Y

£

. . i - _1 .
, -_— Keal ¢ * .

Reaction_ AHcalc.( . ‘molg ) Rateg**

“ o a - Br I

a. GeH+ X, ~ Gex + HX 58 38.5  17.5 Fastt
b. 20eH + x2 -~ 2Gex_ + 82 72-_ 24 32 Fast
€. GeC'+ X, =+ GeX + CX 1L 27 -3 . m.o.

tj’l.. B +Xx, - CX. +H = -2 -15.5 = -38.5 n.o. |
‘e. ‘GeH + HX '+ GeX + HZ 1'{c ) 13.5 llf.S . v.slow .
£. GGeH + 2BX, + 6Gex + BB, 16 10 - 78 © Fastt-—
g: 3GeH + PX; + 3CeX + PH, 42 33 45 v.slow
B." GeH + CX + Gex + CH 60 33 56 -2 v.slow

i. GeF + HX =+ GeX + HF - 3 2.5 3.5

J. GeClL + HX- '+ GeX + HC1 =~ . =0.5 0.5} v.fast¥
k.'GeBr + HX -+ GeX + HBr . - - 1.0 -

-
-

. * calculated from ‘bond-€nergy data given in Table 1.2; = ca. roonm
" temperature; T below -45°;.T For GeHBCI +. EI = GeH,I-+ HCI, K =
2600 at +30°80 - . : , ‘

e
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For the halide exchange reaction (i—k) AR is apparently very small and

the equilibrium constant, K, is, probably controlled by the entropy term. '

Bowever, the rates of such interconversions are knoun -to be high. of

interest is that some of the systems (c,e,g,h) haye appreciable changes

in enthalpy but in fact the reactions are not observea to any extent at

'room temperature However, in the: presence of a catalyst (c,e) or, at

-

reflux temperatures (h) significant rates of reaction hiave been observed

L

" so that these appear to be kinetically gontrolled reactions which un-

doubtedly have high activation energies, Furthermore the thermodynamic

approach confirms the observed5 reactivity of germane with 3013

(AHcalc = -16 Kcal mole ) and predicts a greater change in-enthalpy

for the corresponding silane reaction (AE = =39 Kcal mole 1) the

calc.
available experimental evidence for the latter suggested that no reac—

tion occurs in the gas phase at 0°99 (see section 1.3.3); this Aagain

" may indicate an unusually high energy barrier. Further attention will

" . be given to the question of reactivity in ‘the following discussion of

the’ observed reactions of the methylgermanes. : ;'Q{f ﬁfm,

I.3.1 Reactions with free halogen. S -'.sriif;"s-ﬂﬁ"ﬁ—'

ment of hydrogen attached to germanium and 1iberation of the correspond—

&

ing hydrogen halide, reactions [16]. .
+ — + HX ) :
x2 Hbcenzx } (X = Br,I)
HeGeHzx\l- X,— MeGeHX, + Ex [16b]

The reaction with chlorine has not been reported for germane but is-

[16a]

undoubtedly very vigorous (AH c.'- 38 Kcal'mole—l). Even under the

. - . %
mildest conditions it is difficult to achieve monobromination with .

bromine although no C-Ge bond cleavage is observed as might be expected’

from the estimated enthalpies-(Table I1.3). Iodination, by comparison, is

" The methylgermanes react with bromine or iodine ‘with the replace—
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more moderate sQ. t:hat halogenation may be controlled so as to replace

only one hydrogen in methyl- or dimthyl—germe at lawer t:enperatures 2

-It—has bee.n suggestedlo that in the gas phase the reaction w:l.t:h

I
brcmine ptobably takes p]ace, as in the case of the corre.spondin,g 81—
. 10 F -
lanes, Oby mans of a substantially non—polar four—centre reaction,
) - - . & 6 7
Fig.I.1. In place of the weakly polarised Ge<E bond (Ge-K: electro—

negativities: Ge,2.02; H,2.20 Pauling r.t_n:ltsgo), a 'subst'éntially more

. ,,é!.
6+ b- '
o Ge...H .. B
" . Ge-E 4+ Br, —>» : \‘5 —» Ge-Br + HX ~
2 8 +
. : » - .
Br...Br :

EFyg.1.1l Proposed mechanism for the gas phase bromination of
germanium hydrides .

strongly polarised Ge-X' bond :Ls«’fdrmd (g:—ft? e.lect.ronegativitie.s
FGQO €1,3.15; Br,2.95; I265). h

Tn the liquid phase, as in the fodine reactions at’-63°,7‘ the re—
placement i:i‘obably takes place, as postulated for the silanes,]'Ol by a
polar reaction mechanism, H.Q:I.Z. 'In this case é_lectrOphilic attack

&+ 8- &+ 6- .
=Ge-H + I, —> [-;ce-a...:c—zn] —_—

R

- 1 .
ST E [I-I...Ge—H...I—I | R —— . —

~

“‘3&3‘-1 +HL+ I

1713 I.2 Proposéd mechanism for the liquid phases iodination
of germanium hydrides.
(n.= undetermined; n = 2 in the §ﬂ4 reaction)

of the halogen on the hydrogen a;:om is 'follmed by nucleophilic -attack
of more haloge.i: on the gexmanium atom. 'm:Ls type of mechanism is
supported by the fact that the. reaction of GeHé w:t.th iodine takes place
. in the polar GeH3I substantially faste.r than in the gas p]mse.a:Z 43

In addition the reaction of liquid gexrmane with iodine* under pressure

in Bealed tubes can also give excellent yields (ca.80Z) of GeH,I com-

. * See Appendix 2
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. Pared’ to the comparable gas phase resuits.
] .

. Some. deviation from the 'nornal' mechanism apparently occurs in

“the reaction of trimethylgermane, Me3GeH with iodine in the condensed

phase above -30°. A violent. exothermic reaction occurs, in which substan-

~

tial amounts of hydrogen are formed together with the -expected Me GeI .

3

and HI, and the yield based on fodine consumed often exceeds 1702(__ -
95Z based on He3GeH) In this case the nonnal‘ reaction may be accom—
panied by the -Spentaneous dissociation of hydrogen iodide to hydrogen

and more - iodlne reactions [17]

Me GeHl + I, — Me3GeI' + HI : : [17af"
) T WIS W, o+ 12 | Pram)
=H I ‘

.The mechanism is undoubtédly more complex’although it mny be speculatedz
that an autocatalysis is involved where hydrogen iodide acts as the.
halogenating agent.

For the reaction of iodine with the"methylgermaneS'it is now clear
that more stringent conditions are required as the methyl substitution
decreases which may tentatively be attributed to a weakening of the Ge-H
_.bond in the order GeH4 > MieGeH3 > Mezcehz > Me3GeH This will be dis-

.cussed further in connection with the vibrational spectra (Chapterlv 5.

1.3.2 Reactions with hydrogen-halide.

Hy&rogen halide-aluminium trihalide catalysed gas phase. reactions,
: \
which were useful in the preparation of halogeno«monogermanessq »41,45, 51,

- -

work efficiently with the methylgermanes, reactions [18], ‘providing

MeGeH, + HX MeGeH X + H.z {18a]"
MeGeH X + HX 3" |Mecemx, + : [18b]
2 = CI,Br, 1’ | 2 HZ

'ue.ceax2+nx - | 'MeGex, +E, L [18c]

useful routes to the mono- and di-chlorides, ~bromides, and —iodides.



- . '
o

By contrast, the Ge-Ge bond 1n,digezmane was cleaved by hydrogen
chloride—aluminium.chloride 45 " With larger amounts of HX and higher
reaction temperatures increased yields of the di- and tri-halides [18b

?

18c] are accompanied by the formation of disproportionation products

and probakly catalyst deactivation, as proposed for the analagous re-

.action with germane. 14 _ This is not surprising in view of the fact that

AlCl has been used to catalyse the redistribution of alkwl—gexmanes :

and —balidele.la where the formation of intermedia umiﬁium—alkyls
hag been sugges§ed.§8 ) )

=]

A polar reaction mechanism (Fig.I.3) has been postﬁlatedﬁlo

+ - -
SGe~-H + AlXB-———+ [EGe—H.....-AlX3]
+ _' = .
H Alxqjt;f“*{ Aligf}.ce—ﬂ...Alx3] - E+
(Hx'...uxj) S, -

. - P | '
——— - M
A1x3+9\ex4%1x3+.32

> _Fig.I.3 Proposed reaction mechanism for the aluminium trihalide
catalysed halogenation of germanes by hydrogen halide.

Confirmation of this may come from kinetic measuréments, yet to be ob-
tained, which in ‘turm could détermine whether the rate-determining step:

is the nucleophilic attack of Alx on germanium or the electrophilic
4

attack of Alx3 oz hydrogen.

-

. - \l
1.3.3 Reactionsg with boron trihalide. - : ) ,_—//

i

. Ihe reactivitj of boron trihalides towards Group IV halides .is now

well established Boron trichloride is reduced by SiZH 9‘51 H 102

38
S but not SiH 99 ‘and boron tribromide is reduced by both
4*
_SiH and SizH8 Prelimina:y studies indicated that germane could be .-

halogena;ed by boron tri—chloride and —hromidesq;althoqgh the yields

]
*

BN
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L N BN
were low. The corresponding reaction of BCL, with digermane™ " gave

3
some. GeZHSCl bat there was considerable decomposition to monogermyl

.species. By contrast there is no cleavage-df the C-Ge bond when the

methylgermanes react with boron tri—chloride, —bromide or —-iodide which

‘.are quantitatively reduced to diborane, reactions IlQ] The relative

'G)sece_11.3+23x3 HeGe}'{xz-!- HHe ~ [19a]
; X = C1,Br,I ¢

3He.GeH3 + 23x3 . > | MeGeHX, + BZHS o | [19b]

MeGel, + ZBX3 Ge.x3 + BZHG [19¢]

yields of the halogeno—derivatives can be altered by varying the reac-

tant ratfo so thaf increased amnunts of BX3 give markedly improved ylelds
I

of di- and tri-halogeno(methyl)germanes (this is idealised in reactions
[19]). By comparison boron tfiflubride does not fluorinate the methyl-

germanes; this is not surprising in vigw of its inertness to other ‘
simple or mixed Group IV hydrides.as’105 7

Using the same conditions for the*reaction of germane with

i

BBr— good yields of monobromogermane are obtained with only traces of

dibromogermane; diborane is again recovered almost quantitatively, re-
action [20]. Im a corresponding reaction of germane with BCl3 low ‘ ‘;_'

& ‘
6CeH, + 2BBx;— GGe.H3Br + B H, [20] L
yields of chlorogermane were accompanied by poly~chlorinated species

~

and disproportionation, although furtiS: work is needed to clarify the

‘ products. It does, however, ind;cate‘ reactivity which is apparently

not - shown by silane.99 ' _ \\\\ . '

- The.. reactions undoubtedly involve complex equilibria and this is

supported by the identification of partially réduced species, EH C13_ »

* in some of the incomplete reactions, such as those in the gas phase.
It is also worth exphasising that sealed tube reactions. gave poor con-
. . \ - . . [
A} . "‘

.
£



versions, suggesting that one step at least in the equilibria may be .

ptgésure dependent.

The first step ip the reduption may give rise to

. Lo ] - —
dichloroborane, reaction [21]. Further chlorinarion of The chloro-

(methyl)germane may then occur with co@léte redustiom of thke

HeGe.El3 + Bc13..—'_- HeGeK201 + BECL,:

X ‘1211

dichloroborane to diborane. The situvation is certainly not as simple

as this since BHnCl.

77

ation, this being particularly true of monochloroborane, reaction \
) - -

f22]. This is further supported by "the experimental observation that

3, SPecles are known to undergo rapid disproportion- -

1

N

- saazc1.__. B,H,CL + BACL, === B JHg + BCL, R ‘1223

diborane reacts w:l.th chloro(mthyl)ge,rmane to produce some mthylgemane.,

reaction {23] .

B,E +u»_cenzc1.-_ueceﬁ3+[BHSCH D C3 B

mastable

-~

e

*
In view of _these obsemtions, any reaction mechanism would be .- (\

highly speculative.

However the initial step presumably involves either

the electroph.ﬂ_ic attack of boron on hydrogen or the nucleophilic attack ®

of halogen og ge.rmanim.

could be involved where vacant germanium d-—orbitals overlap with filled

mcces,

h_'l"

BC1

In either case a four centre. mechanism (Fig 1. 4)

E3C~GeH2

y

+ ()

I-‘ig 1.4 Proposed mechanism for. the reactiond‘of

4

-

halogen p—érbita.ls.

ge.mane.s with boron trihalides. -

Pf)ﬁ_nctivity of the boron trihalides (le. the‘_‘nucleophilic_ity of '

the halogen or électr-taphi\licity of the BX3 mo,_ie‘ty) is complicated b} the



s

r—"

-78 Kcal mole

N

diffe.rent [p"-p]'lr-interactions betueen the boron atom and the attached
halogens. BCl1., BBr3, and BI3 21l have the same apparent reactivity and

this is large.ly supported by the enthalpy calculations (H = —16 =10 and

1, respectlve.ly). The unreactivity of B‘F3 is not surpris—

ing in view of the calculated enthalpy change (AH = +98 Kcal mole ).

It 1s interesting to note, however, the BF3 is effective in cleaving

fs:[.lt:vxane:m6 and g}e.moxa.ne linkages

S I.3.4 ?szeac:ions vith\tbionyl halide.

'.l‘he usefulness of th

£

ing with SOX, X = C1; Br)'give exclusively the monohalides according

to reaction [24] N : . - -

LI

“ZMeGeR, + 250%, X 31 2B1), > 2MeGeH X + so s+ 26X {'24] .
; :

Prelm:!.nary experiments indicate _that the corresponding rea.ction of *

germane with thionyl bromide may aJ.so be useful in the direct synthesis
of mnobrgmgermane*, reaction [25]: The volatile products from these
2Gie.'!14 + ZSOBr — ZGe.H3Br + SO + S + 2HX | [25]
:':eactions, ie. germyl halide, sulphur dioxide and hydrogen halides are
easily separated by conventional trap to trap techniqués; thionyl halides,
however, repicily attack lxydrocai-bon grease and mercury making their
handling in the vacuum line scmewhat inconvenient. -
‘ The reason for these reactions stopping at the mono-substitution _
product is not clear; the presence of a halogen attached to germanium

is expected affect the Ge-H bond polarity and’ reduce the nucleophilic

(hydridic) nature of Ge-H. This argument would be reasonable'if the
Ge-H on-sulphur were important and would explain

' 1,Fig.I.5). However, the halogen attached

37
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to germanium is also nucleophilic 'and may actually averride the weak

nuclecphilicity of the Ge-HE suchrphat it shields the rest of the molecule

. -

from further attack (case 2). An exchange reaction between chloro-

.germané and thionyl bromide may clarify this point.’

[ &+ | 8-
3Ce—H
case 1 : . 3Ge + [HSOX
. . !*\ * —_— - l [ ]
X3S -k
) ! X 0] . — HX + 1/250, + 1/25
B i
| Sge—x .
case 2 ' \\4 —> Ge + X
AN 4L
7 \0 rd %0
] X | X

) Pig.I.5 Proposed mechanism for the reéction of -
. germanes with thionyl halides.
- : :

I.3.5. Reactions with some metal and non-metal halides..

Carbén tetrachloride, titanium tetrachloride, phosporus trichloride,
and methyl iodide #11 h;vélonly slight halogenating action on germane
and the methylgermanes in sealed tubes. Even for the most rgactive
system (ie.'He3GeH + CClA) no morelthan 10£\conversion,to-chl?ride occurs -

.after ca.30 days-so that the room temperature reactions.%;; of little
synthetiE importance. The probable reactiéns are given for selected
gystems, reactions [26]: |

Me. GeH + CCl, —> Me_GeCl 4| CHCL [26a]

3 4 3 3
- ? .
MeGeH, + TiCl—> MeGeH,Cl % TiCl, + TiCl, + H, . [26b]
2 .
(beH,  + PTl,——> GeH,Cl + (PHC1) + Hgl_ _ [26c]
MeGeH, + CH,I——> MeGeH,I + CH,  [264]

Chloroform is readily identified in the carbon tetrachloride reactions

hﬁ;m\\f\
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39.

¢26a] and the lowering of the o;idetion state of titanjum [26b]‘is
igdicated by the chaiacteristic violet colour of Ti(III) and the evolu-
tion of hydrogen. The small amounts .of chlorinated germane obtained in -
the P013 reactious [26¢] are accompanied by the formation of addltional

‘products probably resulting from the decomposﬁtion of the initially formed

" PH Clj - species.107 For the reactions with methyl iodlde [264] methane :

is obtained with small amounts of iodlnated products although in the GeH,
system coplous ampunts of yelluw solids, probably polymeric®germanium
hydride (GeHz)n, were also produced. "Enthalpy calculations (Table I.2)
indicaterthat reactions [26a], [26¢c], and [26d] should all proceed so
the lack of reactivity may be due to unusuwally high actiyaeion energy
barriers. —

The reaCEion between trichlorofmethyl?gefmané and methy.germane [27]

was carried out to check the usefulness of the redistribution reactions '

'Mecec13 + MeGell; —— MeGel,C1 + MeGeHCL, [27)

previously reportedl?'18 for some higher ‘alkylgermanes. However, the

extended liquid-phase reaction times-required td qobserve any significant
product formation lead to competing redistributzon reactiqns where
dimethylgermanes are also produced, this being particularly p;onounced |
when AlCl is introduced as a catalyst.’ Cleavage of the carbon-germanium
bond probably proceeds via the fofﬁation of aluminium—alkyls as was
suggested earlier in the hydrogen halxde—alnminium trihalide reactions.68

T. 3 6 Halide exchange reactions

The results from this study confirm the usefulness of exchange re-
actions for the interconversion of halides bound to germanium with
lead(IX) fluoride or hydrogen halides. Mono- or di—chloro—,‘bromo—! or

- lodo-derivatives are converted into the correspondiué flvorides by

S



interaction with lead(IX) fluoride at room temperature, reactions

(28). ‘ | . : .
e.5. MeGeH, X ) MeGeE, F ' [28a]
MeGeRX, FbF, , | MeGemF, [28b]
X = CL,Br,T >
Me.,GeHX Me,GeEF _ ‘ [28¢]

The best yields are obtained with the 1020~derivatives where presumably
. the 'soft"iodiné, in the Pearson sense,lo8 has a greater affinity.for
the 'soft' lead than does the 'hard® fluorine:

) h s ‘s h h h 8 s : -
viz, Ge-I + Pb~F —» QGe-F <+ Pb-I '

(vhere h = 'hard®, s = 'soft")
Estimations of the enthalpies for the conversion of one halogen gives
~27,-28, and-32 Kcal mole -1 for Ge-Cl, Ge-Br, Ge~I bonds, respectlvely,

1ndicating again ‘that the entropy term may be important in the free epergy
/

change. S
It should be noted here that the fluorogermanes are particulirly
;sensitive to traces of moisture and other impurities7 which ptobably \\\

" explains the apparent lack of stability“reportedl9 for C H GeHzF. 'The

disproporticnation of GeBBF to GeHzF and GeH4 was rapid at room temper—

ature67 and evidence for similar dispr0portionations for mono- and

3.

difluoro species is obtained in this study, reatt;ons [29].

2 MeGell,F = zgcenfz + MeGeH, (liq) ' [294]

2 MeGeHF, = MeGeH,F + MeGeF,

The vibrational spectra* show a definite increase in the geér'gtretching'

(éas) [29b]

-frequency from momo- to trifluoride and with the-corresponding increase
in the Ge-F stretch force-constantélgs suggest sf%onger Ge~F bonds as

the ‘numbex of such bonds in a molecule increases,
1L

D r——]

* see Chapters III and IV.



. have any .Interaction with the proton of hydrogen iodide in the transition

Quantitative conversions to bromo~ and ifodo—derivatives were. obtained

by treating the chlorides or bromides with the appropriate hydrogen hal-

-

ide according to reactions [30]. In coatrast :bo the Theavy-metal' salt.

e.g. - MeGeH,C1 + HX —> MeGeE, X + HC1 .. [30a]
naceamz + ZHX — MeGeHX, + znc1 X = Br,I [30b]
HeGeCl +3&—- Hchxj 4. 3EC1.. . ’[30c]

conversion this type of conversion may be explaioed in terms of the -
gr_eoter afficity of the "soft' iodine (bromide) for the *soft" germanium
over the 'hard' hydrogen. 'l'ize ’estimated enthalpy changes W10 t:h‘ese Te-
actions are \ﬁry small so that they are considered entropy—con:':rolled -

s h ks s s hh .
viz - Ge—CL + B-I —» Ge-I + H-C1

reactions .

S? indication of the inechanism for the reactions is given by the

lack of hydrogen—deuterium exchange in the reaction of [-,33] chlorogemane :

with hﬁi‘ogen 1od:£d.e, reaction [31]; germa.nimn is therefore unlikely to’

6+| 6- &+ 8-7 7 .
DGeCl® + HI —» [H-I......;:e\-a. ..... B-I ]
D“D '

—_— DBGeI + HCl - [31)

v

~ state which would be achieved in the polar mechanism spggesced-ebove.

~

I.4 MASS SPECTRA RN | S .
AN ’ ' : .
The obsemtioo of 'parent' peaks in the expected m/e fanges for the

chloride bronide and iodide 5pecies confirms the molecular weight det-

erminations a.nd the a priori a.ssigmnent of the lE n.m.r. spectra (chapter

IT). However, the data are inconclusive for the fluorides as no fluorine- .

>



:containing fragments were observea under the experimental conditicns

at the ionising potential of 70eV' in these systems peaks attributable

o

'only .to molecular breakdcwn products (ie. H Ge and H CGe ) were iden—

tified. . . .
(Table ‘-I.4) Observed mass spectral parent peaks for the halides

=

Parent” c1 : ) Br . "1 ,

fragment#* . Obs.m/e M.W.t Obs.m/e M.W. Obs.m/e . M.W

HnCGeX - 119-127  125.15 166-174  169.60 "209-218 . 216.60
nnczcex_. .. 135-142  139.11 " 176~186  183.57 227-234 230.57
E_ - 156-166  159.54  2044-254  248.44  .340~346, 342.44-
HnCZGeX2 171—1@1 173.56 . 258~266 - 262.46 356T358‘ 356.47
KnGGeX3 ‘ 190-202 193.93 . 322-334  327.34 n.0.7 - 468,35

-

" * not observed for x = F; T calculated molecular weight;
1 compound involatile at room _temperature

-

&

’ d
: Problems of halogen exchange either in the inlet system or analyser

chanber of the mass spectrometer (AEI MS10c2) caused a lack of confidencea
in the quantitacive nature of much of the data., The ;:rity of the

samples was established unequivocally by the lH n.m. r: spectra allowing
the possibility of sample impurity to be rejected. Analysis of the

(H Ge ) and (E CGe } fragments in some spectra revealed ‘abnormal' splirt-
ing patterns which 'could be .rationalised by the preeence of HeGeHB,
) preeumably arislng.from disproportionation. For this reeson the inten- -
sity data in-most.cases nre’thought to have.little significance and are
Dot reported. However, it was oossible to identify characterietic fraé—
ments resulting from molecular breakdown at tﬁc ionising potenti;l of
70ev apparently arising from loss of halogen, carbon, or both. These

were consistently observed at: m/e 70—7f\(HnGe )3 mje.83-93 (HnCGe+);
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m/e 96-108 (2:C,Ge'); mfe 105-113 (8 _cec1); mfe 149-159 (B _GeBr');
w/e 197-203 (H_ Ger); m/e 140-169 G GeEl+)' m/e 228334 (8 GeBr+)'

- R
Ny =y

n/e

3-330 (H Gel ) For the parent hydride HhGeH the trihalide

L 3

HEGeC13,'anB\the monohalides MaGeH,C1, HeGeHzI the spectra are consid-
A : ?
ered to ‘be unpetturbed and ‘are reported in full (Tables I. 5-8); the

intensities are reported\rs%at::: to the most abundant fragment as 100%, ‘

and the assigoments have been neralised into 'monoisotopict jon-

groups.
Extensive discussion must await forther studies of appearante pot-

entials and metastables on higher resolution equipuent but a few points

of sPeculation arise froqs;he exlsting data. The n\l. sotopic nature of

B (rabzi{§§§93 .

r(Table I. 9) Mass and apdﬁﬂances of germaniumJisotopes*

. . . [‘ _
S r -
Isotope ~1 mass ( c) . Z,Abundance
7°ce 69.924277 . . ' 20.56
26, '71.921740 ; 27.42
73, 72.923360 " 7.79
- e 73.921150 . 36.47
j§§3 766 - (752921360 7.76
"% ref.9

. u

The abSence of hydrocarbon fragment. ions - indicates that fragéentation
'1eaves -the electron deficiency on the germanium-containing fragment, as
Jnight be expected from the relative electronegativ1ties.of carbon' and
germanium. Furthermore the analysis of complex polyisotopic fragments
_gives an indication of the percentage ion current carried by the indi—

vidual monoisotopic fragment—ions.

I
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=

To. _ for heS1H3 and MeGeH

f. In the wethylgermane spectrum (Table I.5) detailed analysis shows
Y oaq

_that the molecular ion CH3GeH3 is not present in any detectable amount

This appears to be-a cormon feature in the mass spectra of organoc—

-

germnnes,zgl Similarly the ion CH3SiH* has a very low abundance in
methyl;ilane.292 Ihe range m/e 83-93 contains ions resulting from the
stripping of hydrogen from the skeleton, je. B CGe (= 1,2,3,4,5);
the gradual fall off in intensity ulth decreasxng hydrogen ‘content

(Table I.10) may indicate a step-wise process. The range mf/e 70-79

contains the ions'H Ge+'(n = 0, 1 2,3) resulting-frou Ge—=C bond cleavage. E

The ion HBGe constltutes enly 7Z of the total 1on yleld which suggests
< .

methyl radlcal loss is not favourable. The 1ons Hzﬁe HGe » and Ge

may arise’ from simultaneous removal of moTe than one group bonded to

germanlum as proposed for the analogous methylsilane.292

(Table 1.10) Comparlson of monoisotopic mass spectra

- 3 -
Ion Rziatlve,abundance*
_ sit - Ge

Mt 8.03 18.s

. Y o '2.98 7.6

) }mz‘". 6.92 14.7
Mt U364 6.6 !
ot - 0.66 n.0.
caM' 3.87 3.2 -
cu M 5.68 5.3 -
ca " 13.96 . 11.6
CHBPi;i: 21.53 . 14.3

¢ CEM 2183 18.5
.CB3HH; 0.20 .ol

e

. . ' percentage of’ total 1onisation at YOeV,

‘i'ref292 S
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_Elinination of Cﬁz is supported by the’ observacion of metastable trans-
- ditions in several related systems 185,291,292 The relative ion—yields
obtained for methylgermane are compared to those of methylsilane in
 Table I.10. 'The greater abundance of H3Ge compared to H3Si suggests
M-C bond cleavage 1is more favourable for. gexmanium than silicon, which
is at least consistent with the accepted bond energies (5i-C,72; Ge—C,

61 Ecal mole ) Previous uorkersz92 attributed the high abundance

of the CH3SiH ion to a resonance contribution by the hypothetical struc— )
ture CHZ-SiH . By comparison the CB3GeH ion appears to be 'aormal',
the most abundant ion being CH GeH The out—of—step dﬁundances of
the Hﬂz and H ions in both cases further suggest that CH& elimination
may be important, ie.,

| [caME} ) - M, + B, : .
capm’ n*_'+ ca, |
The spectrum of rrichloro(methyl)germape (Table I.6) is complicated

by ‘the two isotopes.of chlorine (ie. 35C1,75.77; 37C1,24.232) but con-
tains features wyich are easrly recognised. The molecular ion-CH3Ge§1;
(6.6%) isfébserved and in this respect HeGeC13 is similar to tetrachloro-
germane vhere GeCI: coﬁgtituKES 16.92 of the?ion-yield.zgl The relative .
abundznces of the fragment ions are: H CGeCl (45.5) > GeCl (26.9) >
GeCI” (14.9) > H_cec1} (6.6) > ge* (2.9), & Lot 2.2), Gect} 2.1) >
H CGeCl (. 0) The high abundance of the CGeC12 ion compared to the ' e
-_GeCl3 ion implies that Ge~Cl cleavage is wmore favourable than Ge*C '
‘cleavage.’ The relative ion-yields GeCl3 (26.9) > GeH3 (6.6)_further
3
"By analogy‘withlmethjigermane,fragmentations involving elimination of

suggest that Ge—C cleavage is more favourable in MeGeH., than MeGeCl

CH301 are also likely which ‘may exylain the apperent high yield of GeC1+,




ie., c:ex3cec1+ + Geclt + CH,CL

. >
The many routes awailable for fragmentation of the wmonohalides,
HeGeH Cl and MeGeH I (Tables 1.7 and 8) give rise to complex monoisotoPic
spectra. The molecular ions [CH GeH Cl ] and [CH GeH-I ] are not observed
and the high yield of H CGe ions in both cases (Table 1.11) implies- that
Ge-X. bond cleavage is more important than Ge-H and Ge-C bond cleavage.-
Tbe observarion of HI ions is strongly suggestive of HI elimination,
this being supported by the 1on CH3GeI accounting for >85Z of the ions

H CGeI We defer further comments until more extensive data are available‘

!

(Table I.11) Monoisotopic contributions'ih the main fragments for
the halides : . -

et HCGe®  H GeX™  ucgext g x*
n n i B ¢ | n

o
MeGeH, [47.1] "' [52.9] — = —_
o= 6 § o — - . —t—
5 — 35
4 - 27
3 14 22 ¢ - )
2 31 10 - A
1 16 6 )
0 39 — :
MeGel C1 [20.6] [45.8]  [19.5] .[14.1] — )
n=35 —_— — —
4 - 17 -_— 75
3 - 25 ~-
2 <5 -9 16
I 0 S 26 . }25
0 55 - 58,
. ) . : .
-“uec;euz: | [11.5] [37.4)°  [21.0] [27.7] (2.4]
n=35 — - 45 - _—
4 - 17 - —
3 — 25 — 85
3 2 3 9 20 8 .
1 - 26 4 17 5
o 71 — 63 2

[ ] indicates percentage abundance of polylsotOpic fragment. The
- monoisotopic contrlbutlons are expressed as percentiges of the 7 .
Polyisotopic fragment., . \
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/* CHAPTER Two

THE PROTON MAGNETIC RESONANCE SPECTRA

OF THE METHYLGERMANES



L

II.1- INTRODUCTION_

‘The interpretation of nuclear magnetic resonanoe (n.m.r.) parameters
for compounds of the Group IV elements has provoked wuch discussion and

A}

oLntroversy in the literature. "Most studies have been concerned vith
« empirical correlations of such parameters as the chemical shift or coup-
ling constant with changes in physical constants produced by ‘substituent
effects. The data are undoubtedly of great empirical significances but.
it is still uncertain h;n the measurements are related to the electronic
distribution Hithin the molecule. )

A general theory of nuclear shielding has been given by Ramseyllo

and modif fcations of this have led to expressionslllfll2

dividing t?
observed screenlng constant (o) into terms arising from the shielding
due to the immediate surrounding electron cloud (c ) and that due to;
more distant eleetrons (Ud)" In certain cases correlations have been

" made betueen the chemical shift and G-electren densities in emphasising
the importance of inductive ann electromeric.effects in determining g,-
This approach is unsound when applied to compounds witn-protons bonded'_
to a heavier éroup IV element than carbon, 63,113 as-is illustrated by
the lack of understanding of the effect resPonsible for' the low-field
-Shlft of protons attached to silicon or germanium compared to those on
carbon (viz; _4,0.136 SiH »3.206; 4,3 .158). The importance of
G4 in determining the chemical shift is gri1l eontroversial116 ~17

althongh recent semi-quantitative calculations on the methyls{lanesl ™

imply that dianiagnetic anisotropy and related phenomena are unlikely to.
account for more than a swmall part of the observed shifts. This means

that at present there is atjieast one factor in the interpretation of M-H



U

¢ -

ehenical shifts thnt is not understood so that any evaluation of the way
_GCHH) changes with substitution at M must be somewhat speculative.’

The data presented here for the -methylgermanes are discussed in’

coqgerison with earlier studiesll& s 118—121 on the formally analogous

ethyl, CZHS-' disilanyl, Sizﬁ - methylsilene, MeSiH<, methylsilyl,
HeSin- and digermanyl, Ge2 5™ derivatives. The aﬁproton chemical
shifts generally follow trends which reflect the inductive effect of
the substituent and in- thls Tespect they are simllar to tbe simple
nethyl CE3-, silyl, SiH3-, or germyl, GeH3 ’ derivatives. -The B-proton
cherical shifts ars apparently not prlmarlly controlled by the inductive
effect of the substituent and it is usual to invoke second order phen-—
omena such as magnetic anisotropy, 85,117 Van der Waals or diSper51on
forces.116 or "bond-shifts n114,115, 118 120 to explain the observed -
shiftsg; agreement among' even semi~quantitative calculations of the rel-
ative importance of these effects is poor.lfg’lly
The spin-spin intereehiggi_becween vicinal protons (ie..J(HH})

HH3HHi have also been studied extensively and an empiricalladditiv—
ity nelationship'for ethyl121 and methy‘lsilyllls’ll9 compounds has
been proposed. No similar.relationship is apparent in the disilnnyl
eeries,118 this being attributed to‘thc larger distance over which the -
couplidg is transnicted. | B
_ It was thereforerof interest to study the analogous methylgermyl
cdmpoundé\qg;iff-lgfiggar the.n.n.r.-parameters iollewee those of the
related carbon and silicon species. Tﬁe ealculated "carbon—gcrmaninm

bond shift rAﬁ—Ge’ is diseussed and a modified foim of the usual

additivity relationship for vicinal interproton coupling is proposed.
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lI.Z EXPERTMENTAL |

The 1H n.m.r. spectra were recordedlon a Jeol C60HL high resolution
Spectrometer at 60 Mz, Because of their air sensitivity, the halides
were sealed Hlth the solvent and reference in pyrex glass capillaries
(c2.3 m o. .d. ) which were then placed inside standard n.m.r. tubes-
(5 om o.d.) and surrounded by CCl4 to ensure good sample spinning. The

spectrometer was calibrated with ethylbenzene in the field-field mode
aod using the standard sweep widtn?of 10 p.p.m. the chemical shifts
are belleved te be accurate to 0. 02 P-P.l.; the coupling constant data
were generally recorded at a sueep ‘width of Z‘p p-m. when the mean dev—
" iation was typically *0.05 Hz for proton coupling, IJ;;cl, and *0.1 Hz

: - o

for satellite spectra, IJCHI'

Choice oi solvent: Previous investigations"of the related silanes
and—germanes.utiliseq\cyclohexane both as g solvent and internal stan-
dard; it being nonpolar and relstively anisotropic and therefore unlikely
. to significantly atfect the chemical shifts. This was tried initially
but interference of its main resonance (oCH = 1.44 p.p.m.) with the methyl
resonances of the: samples made it unsatisfactory. Carbon disulphide'and_
benzene werehboth efficient solvents but on close examination large
dilution shifts were apparent, particularly in the latter (ca.2102).

This behaviour indicated considerable solvent—solute iuteractions122

so chemical shifts measured . in these solvents were thought to be unrel~
iable. Carbon tetrachloride* was selected when tbe'dilution shifts _

(ie. & pure compound -0 infinitely dilute componnd)'for the monohali&es
HeGeHZX (X = C1,Br,I) were found to .be insignificant and within the mean

' devxation for chemieal shift determination. The redetermined shifts for

* The .reactivity of germanium bydrides towards CCl4 is discussed in
mapter I. ' ' B . ., ‘ s
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the patent hydrides.GeE‘}_HenGeﬂanq in carbon tetrachloride (ca.5% v/v)

were in excellent agreement with literature values (iO.DZ - p.n.) s0
the data for the halides are thought to be comparable with those of the
related silanes and germanes.

The 1m B.m.r. spectra of the halogeno—methylgermanes were satis-
factorily analysed ag first order, indicating an increased effective
symmetry by rapid rotation abouﬂrgne C-Ge bond Azx (MeGeH X) AX3
(MeGeHXz) AX (Me GeHX) The magnetically active fluorine nucleus
( F 1002 abundant I= 1/2) produces additional coupling (JEF>JEH )
to give spectra of the type Azx P (MeGeH F) (HeGeHF ) and AX P
(HezceHF). The magnetically active carbon nucleus ( C 1.1% abundant,
I -'I)Z)Igives rise to satellite spectra spaced equally either side of
the methyl resonance (13 l , ég,l30 HZ): tnese uete observed only in
concentroted solutions. The more abundant isotopes of germanium
(706e 20.4%; 726e 27.4Z; Ge,36.62) have no magnetic nuclear moments;
coupling with the active736e nucleus (73¢e, 7.82 abundant; I = 9/25 is
not observed in the methylgefmanes_and has beenr reported only igp the

" highly symmctrical‘molecules GeHA63 and GeHe4;123 this may be due to

the quadrupole induced relaxation‘of 73Ge.63 .

Typical % n.m.r. spectra are dioplayed in Fig.II.1l and theBbserved

parawmeters for HeGeHzx MeZGeHX and MeGeHX2 are collected in Table II.1
.with those of the related germanes reported in the literature. The

spectra of the hydrido-fluoro species were recorded in dilute solution
1a cs, (55.12 v/v) at ~50° to prevent 'collapaing' of B-H and H-F
coupling; these ooservations are at least consistent with an exchange
process and from the disappearance of J@E'F) prior to. J(HH') in MeGeHéF
it is suggested that it is the fluorine atoms which are excnanging. |
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(Thble II.1) The 1H n.m.r. parameters* of the halogeno—
; germanes and -methylgermanes

Compound - (BMe)  (Scem’) | Vicl [ayze| logeel  lagl .
@&a,: ) T A .
MeGeH) 0.35 . 3.49 4,33 - ~ 129.0
.' uegceni: . 0.29 3.73 395 - 128.5
AHe3Ge‘I:' .21 3.92 3.40 - = C.12no
e, Ge 0.13 ~ - - - - 125.0
CeH ¥ - 5.68 - - 42.4 -
GeHzF - 7.01 -, - . 48 -
HeGeHFS*™ - 0.62 5.77 2.72 7.1 441 128.0
HeZGeH;Fc’n.l 0.59 - 5.79 " 2.200 ‘7.0 46.8  128.2
Me ,GeF 051 - o~ 6.8 . - 128.8
MeGeH'F,™ 0.88 6.68 e 5.7 59.7 e
Me,GeF,) . 0.84 S - s - 1314
MeGeF, .  1.31 - - e - 138.0f
GeH:;r.‘la' - . - 51 - - . % -
‘GcEzc:J.z - 6.47 __- - - - . -
MeGeH)C1 0.73  5.30 2.92 = - 131.5
Me GeH' CL. 0.8 5.55 2.70 - - 129.8
Me3GeCJ. 0.78 - - - - -~ - 128.3
MeGeR'CL, 1.14 6.74 1.20 - - 133.1
¥e, GeCl, L 1.2488 - - . - 132.4
MeGeCl, 1setd O - - . 136.8
GéH&B:a - 4.50 - - - - -
.GeB}Br,2 = 5.74 - - - -
\ He:e?ﬂigr 0.88 _4.88 3.21 - - 131.6
HeZGeH'gr .0.94 525 . 2,73 = - 130.1
Me GeBr" 0.88 R - - 129.2
MeGeH'Br, - 1.44 6.28 1.47° - - 133.2
" MeGeBr, 148 el . - 132.1
MeGeBr , 1,987 - - - - 135.9

Lontd!
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(Table II.1) Con'd “ N\
-5 . oA
D ’ e vic viep gem
Compound . (SMe)  (3GeH") |JHH.[ [.IHF | IJH Fl [JCH]
GeH}1® - 3.46 - - . _
1~ K ’ _ Y _ . _ - LI
Cely3,y 3.61 - T
MeGeH, T 111 . 4.12 3.27 - - . 132.3
Me,GeR'I 1.08. 4.71 - 2.91 - - 130.8
ne3ce1d - 0.98 - - - - 129.8°
MeGeH'L, 1.87 - 4.68  ~ 2.05 - - '135.0
Me_Gel. 1.51" - - - - 134.3
24 s : , p
MeGel, 2.61 - - - - 138.0

L

Y

* The Spectra were recorded. at amblent temperature in carbon tetra-

'chlorlde solutions (ca.52 v/v). Chemical shifts (8+£0.02 p.p.m.) are

in p.p.m. to low field of tetramethylsllane as 1nternal standard.
Deviations for coupllng constants are J(HH')*0.05 Hz, J( CH)iO.ZHz;

J(HF)*0.1Hz. ad CH) measurcments from neat liquid. .

a. ref.63; b. ref.83; c. in good agreement with values of C.H. ¥an
Dyke, private communlcation (1969) and ref.71; d. réf.Si‘ e. not
observed; f£. recorded at éa.+50° g- ref.124; k. compare with "

. approximate 6. values for Me chz (X = C1,Br,I) of 1.18, 1.46 and

1.905 respectively given in ref.125; i. ref. 126; j. compare with
approximate & values for MeGeX (X = C1,Br,I) of 1 7, 2.2 and 2.38
respectlvely given in ref.79; k.{ref.65; 1. J( GeH)=87.BHz;

w. récorded in C52 soln. (ca.lX v/v) at ~50°.
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In the HeGeHZX series (X = C1,Br,I) the GeH2 resonance appears as
a 1: 3 3:1 quartet, intensity two, and the CH3 resonance is a welI defined |
1:2:1 t:iplet intensity three, at higher field. Additional coupling is
observed in HeceﬁzF due to 19F such .that both resonances are duplicated.
vIn the HeCesz serles (X = C1,Br;I) theGeK resonance is a 1:3:3:1
quartet, intensity one, whiie the correSponding CH3 resonance is a l:1
doublet, intensity three; in HeGeHF both resonances are triplicated
- (1:2:1) although J(HH ) is no longer observed. In the MeZGeHX series
(X = Cl Br 1) the GeH resonance is a septet (theoretically,l 6:15:20:15:6: 1)
intensity one and the CH Tesonance appears as a doublet (1:1), inten—"
sity six; in MezceHF both resonances are duplicated. For the fully sub-
stituted species Mecekg, Me Gexz; Me GeX the methyl resonance is a sing—

let at high field. - o _ v,

II.3 RESULTS AND DISCUSSTON

(a) The a-proton chemical shift

For the series HeGeHZX' MeéeHle and ﬁe Geﬁk (X = F'Cl Br,I) thet'
GelH resonance shifts to lower field as the .halogen changes from iodine
to fluorine, a comparison of these data with those reported63 for the
parent germanes, GeH3\ and GeHzxz, shows that the effect cannot be des-
cribed by additive substituent parameters with the Jpossible exception of
the bromides; the largest deviations from additivity (Table II.Z) are
observed with the fluorides (mean dcviations:' F,0.56; C1,0.22; Bx,0.07;
I1,0.26 p.p.m). A similar low-field shift in the Cel resonange is obser—
ved with increasing oethyl substitution; in‘this casefthe additivity is

good for the monohnlidcs (Table II.2b) but is‘poorer'when extended to

the dihnlides'(mean'deviations: H,.04; F,0.12; Ci,0t03;'Br,0.ll;
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I1,0.19; CH3,-0.02 p-p-m.). These .results suggest that the more polar.or

L

bulkier substituents in polysubstituted méthyigermanes giveﬁri§e°to

irregular changes in the effective sﬁie}ding of the germanium proton,

-

(3

which further implies that thet-proton shifts dre determined only partlyj.\k.

. : -
by inductive changes in local diamagnetic shieldinmg. Similar effects . Co-
have been observed for u—substitution'in-alkyl—,127 and methylsilyl-,

115,113 derivatives.

-

(Table II.2) The effect of u-subsﬁitﬁtion-by iz) halogen and C f-
‘ (b) methyl on w-proten chemical hifts in halogen ;
derivatives of germane and ‘methylgermane* - |

(@ x o6, 0GB X OMeGely §i4eccg_2x | OmeGen,
-‘Gceg__.,’x' —dcegzik.z -~6Mece§2x -.-Gﬁzcegxz - -5}4ezceux./]' o
F  -2.53 ~1.33 -2.28 ©  -0.91 . -2.06 !
1 -1.96 -1.36 ~l.81 . 1.4 . . -1.82
. Br -1.35 - -1.26 2139 . -1.40 ~1.52
1 " -0.31 -0.15 ~0.63 -0.56 - -0.98
® x SGeH X : §GeE, X, o - SMeGREX.
-é)iecegzgc : . | .-G}IE;Ge_lixz g —‘&"Iezce_lix
B - -0.3% : -0.34 | . —0.24
P . -0.09 +0.33 - -0.0z2
cL -0.15 . -0.27 - -0.25 "
Br -0.38 T 0.54 ) . =037
I -0.66 | - -L07 X
cu,  -0.24 © . 7 0.9 : o =0.19. "

* data takea from Table .II.1; the negative signs imply a shift. °
- down-field .on substitution. - :

For the methyl and ethyl derivatfves Spiesecke "and Schneider85

showed that in plots of § (CH,X) and'G(Cﬁ3C§2X) vg. the electronegativity .
- . \ -

of X-(Ex) the points for F,0,N and H lie om a straight line; the points
s ! ' o F A

for I,Br,Ci: and F lie on a second lihe, whose gradient is less,_thé

.

failure of the two lines to coincide being explained in terms of the o

L -



” ved anomalies (e.g- §SiH F > 651H F,

‘iour may alsc be important in the germanes although it is generally

3 t
L] .

differences in the magnetic anisotropies of the carbon—halogen bonds /7

conpared to the first row elements Hhere this effect is expected to be

2

Ebsworth and 'l‘urner,113 and Van Dyke .and HacDiarmidllg showed that

for the annlogous silicon. compounds the correlation of &(SiH. x) and
G(Siﬂ SiH, x) vs. Ex is different from the carbor compounds; the points
for F,0, and K lie on a straight line which does not pass through the
point for H ;miist“a line through the points for I,Br, and C1 does ‘aot
pass through the point for F.and is much steeper than the (F,0 N§ line.

Ihough these differences between carbon and silicon derivatives may be

_partly duve to the different effects of anisotropy it has been pointed out

'-that this sort of explanation is unlikely to account for certain obser-

H, s and GSiH > 58152 in S:H SIH.ZI118

It 1s generally thougbt that the chemical shifts of protons bound to
silicon are likely to be affected by (p*d) w~bonding and by contraction
in the d—orbitals'of silicon that the substituent may cause. Hanf of

’

N } - ‘118
the observations in the disilanes are also consistent with an. extra

'interaction across the S$i-51i bond or across space. This type of behav—

v - ~

.

considered8 that germanium participates in (p=d) ﬂ—bonding to a lesser

extent than silicon.

Ebsuorth and Frankiss;IS shoued that G(SiHXYZ) increases linearly

with G(CHXYZ) for - several methyl- and silyl— derivatives, with the marked

exception of iodo— and polyfluoro— species. This linearity was- inter-'

preted as indicating»a\\ommon cause of the relative changes in GSiH and

'8CH while the slope, GSiIGC of 0.4 suggested that SiH resonances are

less semsitive to changes in the rest of the molecule than are CH



B ‘\, T

L e ; . _ -, - )

ﬂFsonancgs. This.is also apparent when it is considered that the proton
F-S

reéonances fé; monosilane (3.208) éppears to low field of that in meth-

ane (0~136) while trlchlorosilane (6.078) gives a resonance substantially

-~

to high field of chloroform (7 256) -

-

. For the germyl GcH3, compounos for which extcnSive data are now
available (Table II.3) the GeH resonance shifts to .low f1e1d with inﬂ
'cre351ng substltqgnt electronegativity (Flg Ir. 2). The points I,Br,Cl

again fall on a straight llne, whilst those for F,O0, and N form another
" . - . -y N -
, - \ . .
ine in an analogous manner to the corresponding silicon compounds. 3

. - . .

rd

e

L~ y i . data for (a) MELXS () M XY;

. “ . N 3 2
- {e) (HH3)3X and (d) u(HH322X M= ?i,Ge)

(&) X ' E_ 8GeH® g§siH® ® xt  E_ scer®?d ssu®f

B 2.20 3.5 320 @ F, 7.80  7.01 ' 4.71
- T 2.657 3.49 355 © €L, 6.30  6.47 - 5.40

F  3.90 5.68 4.76 Br, 5.90° ' 5.74 5.17
€L .3.15  5.11 4,59 I, 5.30  3.61 4.03

- Br 2.95 :4.50  4.17 ClBr 6.10  6.20 5.3
* L " 2.65 3.46  3.44 . €I 5.80 5.65  5.21
’ ' | BrI = 5.60  4.91 . 4.82

(&) X E_- 6cen® . gsiulh @ x E_ 6Celi” g5

N _3.05 4.91  4.43 : o 3.50 5.28  4.61

i : ) B o E

P 2.15 4.12  3.92 S . 2.60  4.67  -4.35
As 2.10 3.98  3.81 < Se  2.55  4.35 .4.12
b 2.05 3.61  3.72 " ° ‘e ' 2:30 359 3.7

2. § values 4in p.p.m. to low field of T.M.S. (20.2 pip.m.); b. ref.91;
c. ref.63; d. refs.41.56,65; e. ref. 113; f. ref.205; g. ref.257:

S. Cradock, E.A.V. Ebsncrth G. Lavidson, and L.A. Woogward, J.Chem.
Soc. (A), 1229(1967) E.A.V. Ebsworth, D.W.H. Rankin, ‘and G.M. Shel Sheldrick, -
J.Chem.Soc. (4),2822(1968); h. E.A. \. Ebsworth acd G.M. Sheldrick, Trans
Faraday Soc.,62, 3282(1966) i. tef.257a; J.H. Burger and U. Goetze
Inorg.Nucl.Chem.Letters,§,5499(1967)

"
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However, the significance of these relationships is less clear when the .

- . o
data for the silanes and”germanes (Fig.II.Za} are extended to include -
tee Group V and VI derivatives. It is. immediately obvious that any
number of stralght -line relacionships ‘over a limjted number of points may
be drawn, e.g. through' (Sb,As,P), (T,Se,S), and (Cl,Br,I). An alterna-
tive ingefpretation is that there is a 'regular' change in M-} shielding
throughout the Groups, the first-ro? element of the Group beﬁng offset
by-app;oximately'the same amount. It.is tempting ﬁo attribute these °

~ :

devxat;ons to the reduced effective electronegat1v1ty of the first-row

elements by (p~>d) T~bonding to silicon or germanium but there is lltcle

—-2

Justlflcatlon for this in terms of current theory.8 As a point of specu-
lation it is noted that the 'Group relatlonshlps are nearly parallel,
this also being true of the GeHZXY series, XY = C1 Brz, (not chown)
this implies that the M-H resonance ig controlled by factors (as vet
unclarified) peculiar to each Group and superimposed on these are the
eiectronegac1v1ty and/or anisotropic dependencies.* The similaricy of
the germyl and silyl compounds in this respect is further empha31sed by -
plots of GCGeE_X) vs. &(SiH 4X) which are reﬁérkably linear within the-
quoted error limits for & values (Fzg II1.3) except for fluorine (diver- ;
gence 0.3 p.p.m.). It appears that relative change in SiH.- and GeH_-

3 : 3.
resonances have a common cause while the slope of 1.4 inmplies that 6GeH
is more susceptible than 6Sifl to substituent effects. For the.polysub-
stituted germanes and 31lanes th1s relutionship is less certaln, plots

of &(GeHXYZ) vs. §(SiHXYZ) are only approximately 11near, the largest

-devzatlons belng observed for the more bulky or electronegative substit-

* A sinilar 'Group dependence is apparent in';3CfH couplings,
section II.3e. ‘ '

.
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4 . . .
vents (Fig. I1.4); the order of sensitivity apparently remains the same

since the slope, 8Ge/8S1, is 1.7. Bowever these data indicate that for
the substituted meghanes, silaneséjand germanes, the sensitivity of the
M-H resonance to a-substitution decreases in thergrder CH-> GeH e SiH.
| Since substituents do not in general have an additive effect on

the arproton chenical shift in substituted aikanes, silanes and germanes,
it is unwise to attempt to relate the observed shifts to the individual
properties (such as electronegativity) of the substituents. It is per—
haps fortu1tous that the order of sensitivity does reflect the expected .
increasing importance of (pd) nhbonding but in view of uncertainty as
to what is responsible for the low field shifts fromx CHA to Siﬂa or GeHa

this observation may have little significance.

(b) The B-proton chemical shift ~ . o

For all series HeGeH X HeGeHXz, Me GeHX Me GeX6 - the CH3 reson—

ance sh ower field as the halogen changes from fluorine to iod-
) iné?/:;;%§:::::z;d shift 1ncreases with the number of halogen substituents
' (de. Gneceazx < 6HeGeHX < SMeGeX ) but decrea;es ‘with increasing methyl
substitution (ie. GHeGeHZX > GHe GeHX > 8Me.GeX). 1In contrast to the
" a-shifts it is apparent that the B-proton shifts in the methylgermanes
are approximately additive properties of the g-substituents (Table II. 4)
the mean deviations for halogen substituents (F, .04; C1,.06; Br,.05;
I,.OZ.p.p.m.)“are close to the error limits for ¢ values, this being
even more striking for methyl substitution (iable I1.4b). These.obser-
vations suggest that the B-chemical shiftrs in the methylgermanes can
"be described in terns of contributions from.individual substituents;

in this resPect the rwethylgermanes are similar to the methylsilanes.119

It is clear from plots of S (MeGeRXY) vs. E (Fig. II. Zb) hat the B-
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(Table I1.4) The effect of a-subsﬁitution by (a) halogen

and (b) methyl on the B-proton chemical
shifts in the halogeno(methyl)germanes*.

-~

(@ x SMeGell, SHeGeH, X §Me. Gell,
~5MeGeR, X -OMeGeHX,, ~5Me, GeHX
F -6.27 " ~0.26 " -0.30
(03 ] -0.38 -0.41 -0.51 S -
Br -0.53 -0.56 -0.65 '
I -0.76 -0.76 -0.79
X . SMe, GeHX OMeGeHX, - GMe GeH
| —8Me,GeX, ~8¥eGeX ~3Me sGeX
F -0.25 -0.43 - -0.30
c1 -0.34 -0.44 -0.57
¥ Br - -0.50 ‘- -0.54 -0.67
T -0.83 -0.74 -0.77
®) X SMeGeH X SMeGekX, &e, Gelx _
~Se,GeRX . ~f¥e CeX,, ~8Me ,GeX
¥ +0.06 +0.06 +0.08
F . +0.03 +0.04 +0.08
cl -0.07 0.cO0 +0.02
Br  +0.06 S 0.00 +0.06
1 +0.03 _ -0.04 +0.10
cu, +0.08  +0.08 +0.08.
* 1data‘from Table I1.1;

the positive sig;

_ixplies a shift upfield on substitution.



shifCS are not przmarlly controlled by the inductlve effect of the halo~-

_ gen; the inductzve effect of -the halogen would be expected to produce a
deshielding from fodine to fluorinme whereas the reverse is observed
experioentally. Similar trends are obseryed i ethyl,l14 methylsilyl,
115,119 disilanyl,ll8 and‘digermanyllzo halides so this appears to be

a general phenomeaon which is not peculiar to the methylgermyl system.

. The linearity of plots of S (MeCXYZ) ¥s. 6(QMeSixyz) 1mplied119 ‘
that it is. unnecessary to invoke special bonding properties of silicon
(e.g. (p=d) T-bonding) to account for the 6¥proton shifts in the methyl—
sila;es. The corresponding plots of §(MeGeXYZ) vs. S (MeSiXYZ) are also
fapproximatcly linear (slope ca.l.l; average deviatlon 0.08 p. p.m. ), the
-largest dev1at10ns being observed for the polyfluorldes (Flg II.5). It
therefore appears that with tke possible cxceptlon of the fluorides,
similar effects determine the 8-proton resonance in the ethanes, methyl-
Silanes, and mechylgermanes; the slopes 6C/451, 1.4,119 and &Ge/45i,
1.1, imply that the seasitivity of the B-prcton shift to a-subst;tution

is in the order C > Ge > Si.

- ~

Spiesecke and Schneider85 suggested that the anomalous low—field
shzft of thc B-protons in ethyl compounds correlated with increasing
atomic volune and therefore could arise from.magnetic anisotropy assoc-
iated withaioe C-X system. This was disputed by Cavanaugh and Daily114
who pointed out that the linea}ity of S(CQ;X) vs. Ex plots was not con-
sistent with halcgen arnisotropic effects, and érom distance and angular
dependence calculations‘proposcd chat the a- and Bjshifts in the ethyl
halides‘uere‘determined prihcipally by inductive withdrawal (by the
subtituent) plus a'factor actjing eoually at the a- and B-positions;

this factor they terned the "C-C bond Shlft" vhich they considered to

arise from regular changes in the paramagnetic term (cod/IFNEd in 0 )
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110 L - : \
in the Ramsey equation due to changes in the excitation energy den-—

ominator whenm a C-C bond replaces a C~H boand. // .

. Schaefer et al1 16 developed these arguments for 1H and 13C nuclei
in aliphatic and aromatic halides and suggested that intramolecular Van
der Waals or dispersion forces ‘could contribute to the observed -low
field shifts. Although the magnitude of this effect is not k%own it is
expected to—decrease rapidly (ler) with increasing group separation (r).
A comparison ©of the shortestH...I distance in CH3CHZI (ca.2.72}) with )
SiH SiH I (ca. 68&)~uhere GHHB shows a low—field shift suggests that dis—
persron interactions are at least an order of magnitude too small to
account for the observed shifts.119 .

As_mentioned previously tne_observed screening constant (o) for a
proton may be divided into two parts,111 the shielding due to the immed-

Eiate electron cloud (o ) and that due to more distant electrons 03 ).

The contribution of long range shielding (U ) from an a—substltuent X,
having axial symmetry to the B-proton shift can be. related 119 within the
limits of the dipolar approximation to the anisotropx_of the magnetic

"susceptibility of X by the equation'112

'- &y (1- ~3cos? 8) /3R - ..[1]
where Ax is the difference betueen longitudinal and transverse magnetic
lsusceptibilities of X, R is the distance between the induced magnetic
’dipole of the substituent and the B-proton, and @ 1s the acute angle
between the radius vector and the symmetry axis of X.

Calculations of long-range shielding of the B—protons'in alkyl115
and methylsilyl halides 115,119 averaged over the apprOpriate internal

rotatiods with the dipole placed (arbitrarily) at the centre of X and

Ay taken as 102 of ‘the ionic susceptlbility of X, predicted high fieldi'



shifts which are an order of magnitude smaller than the observed low-
field shiftrs. It was, therefore stressed that either the dipolar approx-
imation was too approximate (and this seems likely) or the long—range
shielding provides only a minor contribution to the B—proton shifts in
such compounds.

A decrease in shielding, of;the B-protons coole'arise from contri-

butions of resonance structures such as B and C, which are expected to

67
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to be more irportant for compounds eontaining‘heavier elements; this
would be consistent with the observed low-field shift of the B-protons
in HeGeXYZ along the series X = F,Cl1, Br,I although the: magnitude of
this effect is not knowm. -
If {1t is reasonable to'assume that dispersion effects en& magnetic
anisotropy are minimal for ‘the meth)lgermanes then, by aralogy with the
ethanes, }@ disilanes,‘l%8 digermanes,lzo and methylsilanes,’ 115,119 there

must be an effect arising from the presence of the C-Ge bond.

(c) The carbon-permanium bond shift

The data in Table II.2 show that when a proton attached to german-—
ium is substituted 5y a methyl.group a decreased shieiding of the
remaining protons is observed; in terms of the accepted +I nature of the
methyl pgroup this is unexpected, an upfield shift would be predlcted.
~The methyl substitution may reduce the formal p051tive charge of german-
ium (in g:;gﬁ) this leading to a weakening of the.Ge-H bond (see Chapter

~ IV) and. a reduction of the formal negative charge on the protor; since

~
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the GeH shift is likely to be controlled by the Shielding produced in
: the v1cio;thpf the proton 061) a reductien in electron density could
ratgonalise the downfield shifr. .Alternatively it could be argued that
carbon being more electronegative than hydrogen (C 2.65; H,2. 20) in-
-‘Hgérxvely uathdraws electrons from the Ge—H bonds; however. although
thi's is consxstent with ‘the likely mechanlsm for halogen substitution
it is unlikely to account for the hlgh frequency shift in the GeH

stretchlng frequency and increase in f[GeH] for the 1atter both of

which lndlcate stronger Ge-H. bondS. \

Nyt

Plots of SCMbCeng) vs. G(GeEXY) are linear (Fig.II1.6) except for
- the difluoride'(divefzence 0.4 p.p.m.); this 1ndicates that the C-Ge
bond 1ntroduces 2 ‘constant increment for each halogen, the largest shift
. . 114 . 118 |, -
being apparent for the jodide. In the ethanes, disilanes, .~ diger-
2 ) )
manes,l 0 and methylsilanes,lls’l;g this effective replacement of a |
_Proton in MH.X (f ='C,Si,Ge) by ¥'H, (' = C,S5i,Ge) has been termed the
"M-M' bond shifc", ai_n.; by analogy the observations in the methyi-

germanespernit the “carbon-germanium bond shift", A?—Ge’ to be calculited:

X

AC—Ge

- G(Gegax) - G(Mecegzx) [2a]
-'5(}n_azxy') - 5(}1@21{_5&) | [2b]
the data for the methylgermanes are given in Table II.S, and compared
wita the related carbon and silicon deriratives_in Tabie II.6. For

the halides éﬁ;n (4 ='C,Si,Ce), apparently inéreases wieh decreasing
electronegativiry of the suﬁstituent. It is a general conclusion that
bond shlfts are mot the result of anisotropic effects of the attached
halogen or of the HrH' bongll4»115,118,119 although the "C—C bond shift"

was though to arise from changes in the paramagnetic shielding.lla
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(Table 1I.5) Carbon?germaniuﬁ bond shift déta? for
) (a) HhGeH?X (b) -MeGemxy and (C)_ﬂézceﬂx
(a) x §GeH X" SMeGell X .Ai:{ o OMeGeH X _GMe-ng e
: 4 "3.15 3.49 -0.34 0.35 -0.01(0.69)°¢
F 5.68 5.77 ~0.09 0.62 0.5s1 =
c1 5.11 5.30 -0.19 0.73 0.54
. Br 4.50 4.8 —0.38 0.88 0.50
T 3.46 4.12 -0.66 111 - 0.45
c, 3.49 3.73 -0.28 - 0.29 0.01(0.57)°.
®) XY, - SceR,X¥*  SMeGenxy Ag e MeGemHXy &{e-i_-AZ: e
F, 701 6168 . ‘0.32 0.88  1.20 '
c1, ;> 6.47b 6.74 -0.27 1.14 0.§7
ClBx /[ 6.20° “eeg.56 -0.36 1.28 0.92
Br ) 5.7 6.28  -0.46 1.44 0.98
cir ! s.6® 614 0.4 c o148 0.99
Brr . 4.97° 5.64 -0.73  1.64 0.91
1, - 3.61 4.68 -1.07 1.87 0.80
(&) x Gnecqux sgezcggx : A§~ce .Q§gzceax 6§e+4§_ce
_H 3.49% 3.73  -0.24 0.29 | 0.05(0.53)¢ -
F - . 5.77 5.79 -0.02 0.59 0.57 “
c1 . 5.30 5.55 ~0.25 . 0.80 0.55
Br " 4.se '5.25 -0.37 0.94 0.57
1 4,12 4.71 ° -0.59 1.08 0,49 -
c, 3.73 3.92 ~0.19 0.21 0.62(0.40)°

* Chemical shiftrs

X

AC—Ge

ref,56;

) are in p.p.m. to low field of T.M.S.,
- 8(CeH )~ §(MeGeH,X), data from Table Ir.1;

a. ref.63; b, €. values in parentheses obtainﬁd-by‘subtréction.

A detailed discussion of Ai—M' requires a knowledge of the susceptibifity

(&X) of the M-M'
1s still uncertain. A value of 7x10=30
n.m.r. studies of cyclohexane129

imply Axc_c is small and negativel30

bond, and for the alkanes (the simplest system)

BXeee

cm3 mnle-l has been deducgd from

whereas studies of long chain paraffins

and a m.o, study predicted AXC-C

69
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should be ze_ro.‘l31 ' ' S J ' -
I‘t has been noted in the etlmane.s]fla‘ and methylsilanesll_s -that the

bond eft;ect: a;;parcntly wt;rks tor deshieid the ¢~ and B—protbn_s equally
because the 2ddition of the bond shifr, A C—y° of a‘ particular éompound
HaMH X = C,Si) to G‘Ie. for that compound gives an apprommat:ely con-
‘stant value wlth:.n the series;_ the cormspond.mg data for the methyl—

germanes are collected in Table .II.S. 'I'his general feature appears t_;\ Y

hold well except for X = H or CH3 and it is also valid for substitution

-of a see:ond methyl group; it is moted that if Ac (X =8, CH3) is -

-Ge

subtracted from Me then’good agrecment is observed.

~

" Cat t hifzr
' (Tablr-'_- I1I.6) atenatior shifts, AH—"I and A¥ NET “in HHBX

. HZHSX and . }mal{‘ﬁ b.¢ cd‘*pounds ("I = C,5i,Ge;

H=S:.,Ge' X—kCl Br I)
a . b c d

X | Ag¥c o VA§751 A;{i—c Agéce 421—51 Azéfpe

F -0.23 -0.01 - -0.09  --0.54 -

CL -0.51 - -0.13 ~0.03 -0.19. -0.27 -0.28°%

Br ~0.81 -0.32  -0.01 -0.38 ~0.13 -0.18%
I -2 -0.64  +0.02 ~0.66 © +0.10,  +0.01°
cE, =046 -0.27 - ~0.24 -0.12 ~0.09 |
B -0.75 - -0.35 - =0.34 - -0.06 - -0.09

a. ref.114; b. ref.l15; c. ref.128; -d. ref.118; .e. ref.120.

These resuvlts imply that when. the B-proton sl'.ifft' is 'cofrccied;
for the presence of the C-Ge bond a constant' Shieldlng and heace elec;
tr;om.c envn_ron._enttabo;zt the -B-protons, .‘LS predicted._ It therefore seemsb‘
that it is urncecessary to invoke second-order effects. The small res—
1dual down-"icld E-proton shlft compared te the pafrent h_ydride may reflect

"the truc :Lnductxve cffect of the substltucnt. It is perhaps fortuitous

that the ‘corrected' shlf:s follow, the predicted inductive effect, .

=

L
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In the series of disilanell8 and digermanelzo derivativesg AH
‘ ™ - Si Ge) decreases with decreasing eiectronegativmty of the ligand
whzlst it was noted that subtractzon of AH o from OHB3 gives a roughly
constant value for the B—Shift' there was no explanation for this but it
- was suggestedll that there might be an electronie interaction across
e the Si-Si bond from the Sle group to the SiH3 group if by analogy wlth
~the- ethanes*and nethylsxlanes the anisotropic effects of the 51—51 bond
or substituent are unimporcant.x

,It has bcen reportedl 3 that marned deV1atlons from this rule occur
with the dlhalogeno(methyl)51lanes so the existence of a gencral pheno"—

enon is quesclonable. ' -

(d) Internal chemic3il shift
‘In the ethyl compound3132 a correlatxon was found bet\een the inter-

nal chemlcal Shlft, l.e. oCd3-6CH_, and s&bstztnent electronegatlv:tv

the magnitude of the shift decreases as t\\\electronegativity of the

attached halogen decreases. It has been calculated85’132 that the CH2

resonance will fall at a hlgher field than the CH3 resonance only when

-
E_=<1.71; thus in Etjﬁl (E = 1.5) OCH2 is observed at higher field

than GCH . However, no such simple'relationship is pparent in the anal-

egous. silicon co“pounds SiK 351K,X, and the plot (o51b3-oSAH2) vs. Er

{ ' 113 ,118-
resembles the S§(Six. X) Vvs. E plots; it would gppear that the
i’73 P

electronegatxvxty values are modlfled to varylng extents byc{n*d) -

bonding to sillcon.118

" The methylsilyl- and methylgermyl- halides are not strictly coo-
parable to ethyl-'and_disilany14 halides in this respect since there

are alrcady two dlfferent Lypes of praton in the parent hydrides MeSi g"f

and MeCeHB; it is therefore questlcnaole whether similar correlatlons

71

Q



(3]

POy

72

would have any significance. Tﬁisﬁigremphasised by plots of Gfﬁecéng)
vs. G(MchHXYT' the points for X = F, Cl Br, and I lie on a straight
‘lzne (Flg IT1.7) uhlch does not pass through the points for the dihalides.

(e) Spin- spln coupllng constants

. "Unlike carbor and silicon, germanium has no magnetic isotope suit- .

< able for ready observation of 'satellite spectra; discussion is therefore

confined to vicinal interproton coupling, ljziél

between the methyl protons and the nagnctically

» and the directly bound

-

CH[’

active carbon nucleus (13C 1.1% abundanr; I = 1/2).

13C—H coupling; IJ

The observed

A
q,."‘

[ V1C]valucs for the methxlgermanev are//ZQGn with tpose of the related

compounds (Table I1I1.7).

- ) S . . . -

. F

(Table ITr.7) Vicinal spin-spin coSBIEng constant data* = - e
(s l"|)Hz '
' MoCoBYY "-_\}:csmw Ny cca3§§f_\:\: - sim simw
= Obs. Calc..a Obs.b Calec. Obs;t Calec. Obs.d Calc.
HH  4.33 - . 4.68 - - - 4.0 -
HF  -2.72° 2.71 .7 3.27  3.28 - - 2.7 2.69
HCL  2.92 -3.06. 3.61 - 3.64 4.1 4.14 3.00  2.89
"HBr - 3.21  3.15°  “3.71 3,74, 4.2 4.23 3.0 2.92
HI  3.27  3.27 3.86  3.90 4.4 4.42 3.0 2.99
, mio.’ ca.0 1.22 *  1.37 - - 2.8 -
€1, 1.20 1.24 2.29  2.32 - - 2.1 -
Bz, 1.47 1.55° 2.52  2.57 - I -
I,+72.05 2.09. 2.94  2.94 - ~ % = -
C1Br 1.27¢ 1.37 - - - - %7 2.25 -
;c1z 1.65° 1.63 - - - - - -
© Brl 1.83%- 1.95- - = - - - -
% (Hz) 0.05 ' av.0.06 0.06 0.05

—

* no significant dependencc of ]J

a \pa1culatcd from equation no. 4= 10' b. ref.115,119;
d. tef.118; agd J. E. Drake and N. CGoddard, J.Chem.Soc.{(A) 2587(1970)
e.fEée Chapter V.

on concentration was observed.

c. ref, 120;



The aggolute values of comparable coupling cpnétants.generally'deérease .
i the order ethyl > digérmanyl > methylsilyl > methylgermyl > disilanyl.
quf,/- If-:hese have the same sigé‘(assumed positive)133 and the changes are
primarlly due to the changing H—H' distance as érev1ously suggestedll8
the high values of [J ic[ for digermanyl compounds are out of place.
For ethyl 121 and mcthy1311}lll »119 mpoundg a c¢dupling addx:1vit§
rcl;tionship has been éxp;cssed (equatioh 3):l .

. . e ACL - hE) - - [3)

- »Vhere‘A'is é ponbtant with thé“value‘approximafély that of'J(HH‘) in
the ‘parent hydride (viz. CZHG énd HeSiH3); *k'is a small ﬁrbitrary con-
stant and AE = Ex—Eh, ie. the digférence in Huggins electronegativitygl
of the substituent X, ana hydrogen.. .

- Fé; the mono- and di- substituted méthylsilanes this relationship
géyé !J;;t? values calculated to 20.3Hz and 0.7 ;z r;schlea¢x. it
“is clear from ﬁlots of IJ;;CI'Eg.“QE ;hat a better description results

from treating fhe‘mono— and ditgubstituted derivatives individuallv

(Fig.II1.8). Graphical ercrapolat101 of the strazght line plots

gives the following values for -the constants "A' and Ticts-

VlC - AT
I | Bestxd - a0 )
[075€] Deessmxy] = 3.50 [1-0.18(2E 25 )] (51
‘LJ;;C _[Qgcenqx] = 3.48 (1-0.1318) = - [6]
| mlc [MeGeHXY] + = 2:82 [1-0.30(2E +F )] (71,
[373°] oo Gemx] = 3.16 (1-0.18%) - . 18]
B it e : ST o
L - IJ;;CI [CCH3GLH9\] = 4.70 (1-0.13AE) ‘ 9]
[J\lcl - [SiHBSll‘.:\] = 3.1 (1-0.0848) ‘ [10]

. -
-

The ds.&emge"érrorsﬂ of .03, .05, .05, .08,..02, .03, and .05%Z for the

vic

values of [J | obtained from cquations. 4-10 are clese to the crror

-
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II. 8 The relationship between the vicinal proton coupling
] and electronegativity for digermanylh
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‘limits quoted for ‘experimental values (Table II.6). In the disubstituted
methylgcrmanes H-H' coupling for MchH F2 wvas not observed from express-
ion f?] [ l is calculated to be —-0.04Hz (£0.08), ie. effectively zero

within the quoted error limits.
The magnitude of ,JHH ] decreases markedly with imtreasing halogen
/"\

substitution' if the coupllng isgfetermlned principally by the Fermi conc—
’ -
act term then this 1mplies a diversxon of s-character from the H-C-Ge-K

bonds into Ge—halogen bonds. The same effect is notlced with increasing

" -

‘me thyl substitutlon, though lesgs markedly; thus in the series MEGeH3 -+
Me,Celi, + Me_GeH 192°] has the value 4.33, '3.95 and 3.40Ra.

Several workers ‘have observed" addltiv1ty relatlonshlps for dlrcctlx

.

bound lBC—H coupling (e.g. equation 11), and in man} cases the magnitude

has been attributed to the s-character in the carbon hybrid- orbltal 111,134 2

IJCHI [crxyz] = '[JCH]_‘CHQ] + Ax.+ A wt o111

vhere 4 = [J al. [CH3X] - IJCHI icu, ] -

'Similar,relationships for 2981—Hl35 and Sn-Hl36 couplings do not hold

unless interaction terms are introducedl375138 ‘the theory not bc1ng suf~-

- ficiently precise to allow satlsfactory interpretation of*che dCVI#thPb‘

fromadditivity.8 . ' i _vf$“'
Values for {JCH{ for the mcth}lqcrmanes {Table 1I. 1) lie in the

range l°7~138Hz thcn is 51gnzflcant1y larger rban in the methylsilanes

' 8
(llS-lZ?Fz) but” comparable Ll«h the date in the mLth}lqtannancs ; and
139 7
methylplumbancs. ~ This is hard to ratloqalzse in ‘terms of the relative
1nduct1ve effacts of S* »Ge,Sn,r apd Pb although it appears that the pore
elecbronegatlvo froup attached to carbon reduccs the 5= charactcr in -

the C-H orbitals. It is 1ntLre3t1ng to note that for methyl derivatives

IJCHJ is more stroﬁgly dependent on the Group of the a-substituent and

~?



particularly igsensitive.to changes in electronegativity within e#ch
Group, e.g. CHB-Cr§up v (118—133H;);_ CH3;Group V. (131-1404z); CH,~
Gr;up Vi (138-;48HZ); _CH3-Gr0up VII (149-152Hz). It is therefore
unlikely that inductive withdrawal can account for thg wide range of
]JCHI values in methylsilicon and methylgermanium compounds. With few_

exceptions it appears that [J increases with increasing halogﬁn sub—
P : cH

stitution (de. HeGeHzx - HeGeHXz - MchX3), increases with decreasing

-haibgen clectfonegativity (ie. HeGeHZF + MeCeHzI), and decreaseées with .

. increasing methyl subsfitution (ic. MeGel,X » MeGeHX Me GeX). However

it is not possible to describe these effects by simple additive substitueat

paranmeters, particularly when more than onc halogen is involved. There

vic

is also no simple correlation between ,J [ and [J ] although the for-

mer increases as the latter decreases for each series. Similar trends

-

were observed in the ﬁethylsilancs.lls’llg The wvaluc of[JX;CI show a
slight decrease with both increasing fluorine and methyl-substitucioﬁ-

so"that 31mllgr cffects whxch give rise to the [J [ are expected.

'nge I has 31m11ar values in Geh3F63fand ”eGeHZf and MeZGeHF (42.4 44 1,

and 46.8Hz respectively) a slight increase being apparent with incre351ng
* methyl SLbStltutlon. For the dlfluorldcs {J8e1] is 43.8Hz (GeH F )
and 59.7Hz (Heced: ) nh*ch shows there is som c_large effect alterlng the

-

coupling when a methyl group is present in the molecule.
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CHAPTER THREE
THE VIBRATIONAL SPECTRA OF TRIIODO (METHYL) GERMANE
AND TRIFLUORG (METHYL)CERMANE . & .
N .
-.



IITI.1 INTRODUCTION

-

- The vabratlonal spectra of the organogermanes have been 1nterpreted
by several workers. .Studies of the -hydride species, of the general type

R GeHA » Were amoag the first to appear in the 1iterature and assign—

ménts have been made for_methyl—-,25 ethyl—,141 phenyl-, 142 and-vinylrlaa

germanes. ‘For the fully substltutcd speczes,'of the type R GeXa o

1nterest has been ceatred on the chlorldes and bromldes of the methyl-,

82 144‘149 phenyl-, 150,151,142 and v1nyl—152 germanes. Reports on the

corresponding iodo- and fluoro-species are limited to an article by
Cross and Clocklin3153 in whichifive of the twélve normal modes were

observed for MeCeIB, the charactcrlsatlon of the skcletal region belng

notably absent. It was therefore of some considerable interest to study
&

in detail the vihrar10n"l spectra’ of tr::odc- and trifivoro-(methyl)-

germane with the intention ‘of confirming the assignments of previous

“authors, and to characterise the norrmal modes associated with the —Ge13
and —GeF3 grcuplngS, whxch in turn would assist in the interpretation of
the. more complex spectra of the hydrldlc mcthylgcrmihe derivatives desg-
cribed in this thesis. '

r Additional interest in the fluoroéermanes came ftom recent public-
aqion§154h156 on the related tin fluoridés which provided good eGidchce
fof polym éric fluorine- brld"Ld spec1és. Another recent study by Licht
and Koehler37 on R,GeF éompounds (R = Me,Et,n~Pr,n-Bu,Ph) indicated
large frequen;y shifts in the :egion.700-500-cmfl on passing through

solid, liquid, and gaseous phases, which could bé intcrprcted as arising

.from-séme form of intcrmol 'ular_interaction. Germanium(II) fluoridc,

=

Ger, isAa fluorine.bridgcd chain-polymer wlch parallel chaing c;7S§/J :

N
e
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- normal coordina;e : an31351s (NCA), described elsewnere 108, 164 166

Al irg deeterigted analogue, CDBGeIB, was rcported,167 the results of - [

-~

78

' lihked by weak_fluqxine bridges15 (the germanium coordination in this

~

.which were in excellent agreement with our studies.

case is considered as a discorced trigonal b1pyramidal arrangement of
four fluorine atoms and one nen-bonding electron pair). In cheF the
germanium coordination is extended to six with an octahedral f"sgge—
ment of fluorlne atoms,159 and the vibratxonal/frequencies and force
constants have Been determined 160 vadeneé/for five coordinate german- -
ium, ie. GeF5 » came from the preparation of Ph AsGer lsl_and negative
ion mass spectral6 whllst the sub- fluorlde formed by the reductioe of
GeFa with germanlum (GeF2)3GeI-‘4 was thought to' have no Ge—Ge bends.163
Germaniun fluorides therefore eﬁow 2 nmarked proeensitjftowa;ds co-"-
ordination numbers greater than the 'normal" four with intermolecular
association oceuring through bridging fluorine atoms. To investigate.'
this further the vibrational Speecre of HeGeF3 in solid, liquid, and
gaseous phaeés'are examined to show how far.the: observed fundamentals

can be correlated with those predicted by the expected C3 symmetry.

The proposed assignmen:s for MeGeF3 and MeGeI3 are facilitated by com- . LT

parison with parallel studies on the correspondlng di- and trimethyl

species, Me GeX 164 and Me3Gel16 (X'= 1 and F), and conflrwed by

P

‘Near- the cozpletion of_;h;s'work 2 vibrational analvysis of MeGeIB'

w

IIT.2 EXPERDMENTAL - - . o

. ) : ot -
(a) Preparation of triiodo(methvl)germanc: Flood et 31”6 have

reported virtuallyjquantitativerﬁields of MeCe13 by allowing'GeIO and

‘methyl fodide to rcact in a sealed tube at 110°. High yiclds of MeGel -

werce more conveniently obtained by the reaction of excess hydrogen



iodide with trichloro(methyl)germane. Typicall§,-ﬁeGeC1 -(ea 1.1 mmol)
and HI (ca. 4 mmol) were condensed into a 50 ml reaction vessel at ;l96°
and allowed LO warm to room temperature.. Reaction was complete after
o hour when 1nfrared analysis showed the only volatlles to be hydrogen

&

chloride (ca.3.3 mmol) condensing in a trap at -196° and hydrogen iodide

(ea.0.7 mmol) condensing in a trap held at =-126®. The pale yellow solid )

remaining in the reaction vessel was purified By Sublimntion and sub-
. 26
sequently shown from irs melting point. (45°)°° and the absence of proton

containing impurities in the lH n.m.r. _spectrum (singlet at 2 616)

be pure MeGel The infrared spectrum of the region 4000~200 cm -1 was

3°
‘recorded with the sample (as a CSz-smear) held between CsI plates in an

-

air-tight liquid cell. The Raman spectra were recorded with the samples

in sealed pyrex glass tubes (ca. 3 m o. d.,S preveed length) The solid-
phase Raman spectrum was recorded at room temperature. and the llquid— )
phase spectrum with the sample heated to ca.50° by a- controlled hot air

source. The experlmental 1nfrareo and Raman spectra are showm (Flgs.-II.

4—-, -

®) Trifluoro(nethvl)germane: heGeF3 was obrained by che reaction

~of MeGeBr3 with lead(1I) fluorlde &s prev1ously descrlbed (Chapter I. 2)
Samples for spectral analysis melted sharply betueen 40—42 in sealed
.tubes (38. 5° given 1n Tef.26) and had a subllmatlon pressure of £a2.16 rm
" Hg at amblent temperature. The etperzmental i.r. and Raman speetra ob~-
tainedifor gas, lzquld and solid sumples are shoun (Flg III.3 and 4)

with che observed freouenc1es and. 3551gnments listed in Table III.2.

P
+
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(Table III.1) The vibration&l.Spectfé CCm-l) of trijodo (methyl) germaneq

R
e

. Infrarcd. w Raman

(Cszwémear)f - (liq)* -(éolid)f cale. Assig?m?ﬁ;'
. 3140 ww - - . - v, + vil.= 3151
3002 . 3001 wm,dp 2997 w . *300%,0 ’—by i
2910 m 2914 ms,p 2908 m 2910.0 Vv
?845 v - . - - Vg Tyt 2853
2440 - ) —_— - 2v, = 2456
2039° - - - "V, vy = 2040
1831 m 1828 v - - v, +ovy = 1829
1394 s . 1404 v, dp 1396 o 1394.0 Vg ——n
228 m 1229 w,p 1230 w "~ 4285 v ~
1195 wy 1192 ww,sh - — = 2vy = 1202~
875 br,;h - - 7 - Vg + Vip = 877
- 81C s S 805 vw,dp - 810 vww  *© 80s.¢ g
630 w,sh - - . - Vy T vy o= 629
601 s 598 nm,p : 607 o 600.9 vy
450 w o - ."- | , o= vlo + vé = 451
- : 385 vu;p - - 2v, = 400
260 s - o - - Y, F VY, = 263
251 s . 258 m,dp _ 242 m 241.5 UIO
200 s 200 wvvs,p 1986 vs | 191.5 V4
156 n,dp - 149 148.5 Pll
98 s,p . 91 s 90.2 v5
) 72 ?sdP 62 s ' 67.3 Vg

¥ In all spectra Tables: o = medivm, s = strong, ¥ = weak, ‘v = very,
sh = shouidcr, br = broad, p = polarised, dp = depolarised; -

"
© o m

v recorded at room teZperature;  * recorded at ca.+ 50°
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(Table IIT.12)

e '

fhc vibrational spccira (cmj}) ofr;yifluoro(ﬁethyl)germane

Infrared’ ' " Raman T S

(gaS)T‘ T (soln.,CCla)? (Iiguid)* (s0lid)+ .cale. - Ass#gémedt .
£2.3040 vvw  £a.3026 vw 3035 wm,dp 3036 vw  3034.3 v, o/
£2.2950 vy 2946 w ‘2949 5,p 2952 o 2948.2 " v,
- - 2813 w,p - 2815 ww T2 x 1410 = 2820
1480w . - - To 2 x 744 = 1488
. R 1416 ' :
‘ la 1416 wm 1410 vw,dp 1417 vew - 1410.8 v,
P Y407 o ' -
- - 1349 wr,p - 730 + 630 = 1360
R 1288, ' . 4
Q 1277} m 1269 m . 1269 w,p 1270 w  ° 1269.2 v,
P 1267 ) 3 . g
o 1252 sh 1251 sh 1243 sh,p 1245 w =~ : 2 x 628 = 125
877 vw . L he S . | 744 + 136 = 880
833 s 827 st 837 ww,dp - 838 www  838.5 vy .
791 vw n.o. 796 viw,dp - 1410 - 630 = 780
7 vs - 734 ysT 740 vw,sh T3 v -
' 730 wsh n.o. 730 ms,p 721'm . 727.0 v,
- - . 690 wm <« vgeFrx
) 634m 632w . 630 ve,p 628 ve " 626.2 v,
320 wsh;p * n.o. 136 + 194 = 330 )
_ | 292 m,dp <2895 290.3 v, !
~ { ) 254 m,dp- 250 wsh  251.1 Ve .
_ ' | . 184 g,dp 196 s 192.6 Vi
. 136 wsh,p 138 wsh ’ UG?

a .. ]
T Spectra recorded at room tempcrature; ~ % Spectrum recorded at ca.+ 50°;

7 obtained from a CS2 solution; ** gee text



III.3 DISCUSSION =
e

The molecules are assumed to have C,, symmetry.

-

amental modes (Table II11.3) are divided inte S non-degener
tions; 6 doubly degenerate e-vibrations and a single a

- ;= and e-modes should all be infrared active with

Zvibration. The

e former polarised

and the latter depolarised in the Raman effect The az-mode ia inactive.

—

The eleven active fundamentals can be divided into five which are largely

associlated With motions of the CH3 group and the. six which can be consi—

dered as-CGeX3 skeletal vibrations.

The

assignments of\;hese.two groups

of fundamentals (Tables IIX.} and 2) are discussed separately below.

(Table III.3) Fundamenthl vibrations for MeGeX, species

*

" Mode 'Species Activit§

Conventional Description*

<
=
]

»

<
B

<
Lo

T

)

* IR,R pol

< < -
woe

5 ¥ inactive

< <

o o~ Oh
i

T e ) IR,R dep

< < < <
}—l
o

w

<
[N
[
L

cy.

CH3

GeC

stretch (sym)
def (sym) .,

stretoh

'GeX3 stretch (sym)

- CH

GeX3 def (sym)

CH

wwu

_Cﬂs

Gex3 stretch (asym)
Geké rock
GeX

Sy
taorsion

‘strete (asym)

def (asym) $
rock o o )

i

3 def (asym).

* C3v symetry assumed.

1

; Vibrations of the methvl croup (Ul;-u7, v ,_vs and yg): Deppiarised

bagdS‘in the Raman at 3001 cm-l (iodide) ana 3035 cm-l (fluoride) which

o

appear at 3002 and 3040 cm_l respectively in the i.r. are assigned to

the asymmetric CHa_stretching mode v

7

-The symmetric stretching mode,

t

86



V., is coufidently assigned 'to Raman polariged bands -at 2914 cm ¥
({odide) and 2949 cm-l (fluoride). Corresppndingly, nedium absorptions

at 2910 angd 2950 cm-l are observed in the infrared spectra. The CH3

deformation modes occur in the expected regions. Polarised bands at

._1229 cm (iodide) and 1269 cm (fluoride) in the Raman sPectra, which

appear at 1228 .and 1277 cﬁ-l respectively in the i.r., areCunambiguously

assigned to the symmetric CH3 deformation mode, V,+ Similarly, i.r.

. I -
bands at. 1394 cm _(iodide) and 1415 cm (fluoride) with Raman depolar—

ised counterparts at'1404 and 1416 cm 1, respectively, are excellent

candidates for the asymmetric CH3 deformation mode, V The CH, rocking

’8* 3
mode, V 9, is'sttributable to the strong bands at 810 and 833 cm-; in the-

i.r. spectra of the iodide and fluoride. JThe corresponding bands are -

extremely weak in the Raman effect and are only observed with high levels

of 1aser excitatiou using the argon ion source. Thus very weak depolar-

ised bands at 806 (iodide) and 837 em (fluoride) confirm the in-

,

frared assignment. No band is observed that can be satisfactorily
assigned to the CH, torsion, Ve A weak feature at 136 em T ip the
Raman spectrum of MeGeF, may be tentatively assigned as such, although )

the selection rules prohibit dts eppearance. This would be supported by

-1

the presence of a sum band attributable to v6 + v at ca. -330 cm .

11
In 3eneral the vibratidhs of the methyl group are relatively insen-

-

sitive to changes in substifuent and are found in the same ranges for

both uecex3 X = F Cl ,Br or I) and Me Gex (n = 1,2 3 ; X =1 or F)

series. The gradual lowering of :frequency for all the CH modes from

fluorine‘to iodine is probably largely relates‘to'a mass effect but the

HCA]'O9 indicates a slight decrease in £[C=

Vibrations of the skeleton'(v3! and Ulz):‘ The 6

& Vs Vig® V11

skeletal fundamentals are dirided

- - -

hito '3 of gpecies ays and 3 of species e.

Ty . - . ‘e, .
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'(Tahle 131.4) Fundanental frequencies‘(cnfli‘for GeX4 speciesa'

«

»

Polarised Reman bands at 598 and‘200 cm (iodide) ~and 630 and 730 cm -1
- v

(flu ide) are excellent candidates for a-fundamentals dhd are coufi-
o

'dently'assigned to the GeC‘streizzing mode, V 30 and the GeX (X = I or F)

Symmetzrie Stretching mode, V e asymmetric stretching e-fundamentaIs

4‘
are assigned for each molecule ox a comparative basis. For MeGeI3 a
strong,;.r..band‘at 251 cm ~1 having a depolariseJ Raman counterpart at,

-

258 <:m'-l is a firm cho;ce for the asymmetric GeI3 stretch, yld' The

~correspond1ng bnnds were assi%?gé'at 264 cm = in Ge14168 and 245 cm_1 '
) » 7
in MeZGelz.ls6 The asymnetfic GeF3 stretch, le’ is expected to be weak~

in the Raman effect but strong in the’ infrared and as such is tentatively
assigned to the' same band envelope as U4 in the’Raman spectrunm, there
Belng a pronounced shoulder on the higher wavenumber side., It is then

reasonable to assign vlo7to the very strong band at 744 cm - in the {.t.,

"on the assumptlon that ‘the lower wavenumber shoulder is now v The .

4",
splltthg of the symmetric and asymmetric Gex stretch1ng modes in the

cexz series (Table IIX.4) decreases from 1odine (109 em ) to. flnorine-
(62 cm ) In the MeGek3 series (Table TI1I. 5) thls splitting is consid-

erably reduced but still dccreases from iodlne (58 cm ) to chlorine.

1) 144,145

(31 e The splitﬁing of the GeF stretches in McGeF3 ig there-

o

fore expected to be swall which would be consisf with our assignments

of the bands at 744 cm (asym) and 730 cm : (sym)

-

{
Mode = . GeF, * GeCl, GeBr, _'ceI,“ . ‘
GeX, str. (sym) 738 396 234 155
GeX, def. (sym), 205 134 78 60 )
. GeX, str. (asym) 800 453 328 - 264 LT
CeX, def. (asym) . 260 172 . m - 81 '

. a. ref, 168




Some disparity in the original assignments\;:;\fﬁe skeletal defor—

mations, US and le' and rock ull' in‘MeGeC13 and MeGeBr3 is apparent..
Aronson and Durig14 Edve assigned vll to the lowest band (144 em .) in

the Raman spectrum of MeGeC13 on the assumption that vs and’ v12 were -

appnrently degenerate (179 cm ). Van de Vondel et al 144 147 howexer,

have placed the asymmetrlc deformation,' 2, at louest wavenumber in
both MeceBr (9 en ) and MeGecl (141 cm ), correspondzngly .the rock,
ll’ was assigned as the highest band in MeGeBr (162 em l) leaving v
attributable only to the Intermediate band (125 cm ) The same workeYs
_assumed vll and . vs were degenerate in HeGeCl3 (180 cm )
” The Cex3 rock involves a change in the CGeX angle (Fig. III 5) with
comparatively llttle effect on the XGeX angles- It night therefore be
expected at about the same frequency as the CGex angle defoLQEEEon in
. the MeGeHZX series: [Chapter IV.3 : F, 215 cm l -C1, 181 cm l; ﬁr, 164
-1

em T3 I, 149 em ). The Gex3 asymmetrlc deformatlon involves a motion

whére the XGeX angle changes-and the CGeX angle rezains virtually un-

affected. '
" . < ' ’ °
N . ‘ y
| % S /s
L] ‘ .
H.C—Ge._ I~ H. c-—ce’: H.C—Ge._X
3 =X 3 =X 3 ~X
f ‘ J \/
X X X . X
-}
! ( 12) ™) (vg)
T Tig I1I.5 Approxlmate motions for the skeletal
: deformations )
- “ v

This can be compared with the Gek2 seissors vibration in the MeGeHx

-1

series {[Chapter V.4 : F, 280 em 1; cl, 150 cm {, Br, 101 cm. 1' I 74 em "]

The Gek3 symmetrie deformatrqn is_ a breathing—type mode where both

. CGeX and XGeX. angles alter and -as’ such 1s expected to occur at a frequency

-



7

midway betwccn the rock and asymmetric dcformatlon. It should be remem- -

bered that the latter modes depend on the nature of ‘Xf S0 that a rever-
P

sal could occur through the homologous series. .
This type of approach confirms the ass;gnments of Van de Kelen et

“al,;a? »147 but vould disagrce with those of Aronson and Durig.145 B}

3

rock vll' is assxghed to dEpolarlscd bands =at 156 em (iodide) and

e

comparison‘u1th the analagous bands in the HcGeHZX serlcs, the GeX

194 cm (fluorlde) in the Raman - spectra. The, ch& asymmetric deform—

\

ation, Vy,, is sxmmlarly agsigned by comparxson with MeGesz series

.to Raman depolarised bands at' 72 cm- (iodide) and 2§2‘cm— (fluoride).
Thc‘remainiag $keleral mode, > Voo is Chorefore a551gned to bands at 98
cmi% (iodidc) and 254'cm (fluoride) in the Raran spectra; the depolar-
Isation factors of these a; modes are 55.0.4 and 0.82 respcctiycly.
This'again is consisteot-wlth the mixing of mode expected in the synmet-
ric deformation and - is partlcularly ma"écd in tﬂe fluoride. -The order-
“ing of-skelctal fundamentals is shpportéd by the NbAlGd'and the suggested
‘mixing of modes is. apparent in the potential energy distribptlons (PED's)
amongst the force constants ie. GeI (sym) def. - 42% f[IGeI] GcI3
rock ~ QZZ.f[FcI],‘7lZ £[CGe1}; GeI3 (asym) def. - 12Z f[GeI}, 90%
£[Ge1].

| THe assxgnmcnts for MeGeI3 are in cAcellent.agreement with those
proposed slmultaaeously by Durig et al. 167 Their studies were further
supported by an analysis of the specifically'deuteriatcd aaalogoe,

[

CD_Gel However on the basis of available experimental evidence their'

377730

assignment of the CH3 torsional mode, v6, is‘indeed tenuous. A careful .

~search was made on liouid, solid and solution:samples using the argon

ion. laser excitatiofr but no evidence for the weak ‘123 cm-1 bapd obtained

S0



. .
Q-.

A

-

with the weaker helium neon laser excztation could be found in any spectra.
Assuming this was not. an experimental artifact then it is interesting
to speculate .that a difference band (vé 12), ie. I95-67=128' might well

be expected in view of the observed 1ntensity of correSpondlng sum band

-

), fe. 195+67s262. _ . .

. Some interesting points arise fror a2 comparison of the skeletal

modes (Table II1.5) for the now -omplctc serigs, uchX (X = F,C1,Br,I).
With the proposcd assignments, the skeletal dcformatlons follow predic~

table patterns which may be considercd as being controlled by the mass

L 3

and electronegativity of the halogen. For the bromide and iodide the
¢ : .

(Table II1.5) Comparison of skeletal frequencies (cﬁdl) for

the necex3 series* ) - _
Y : ; a b .
Hcdc HeGeF3 I’?eGeCl3 MchBrB MeGeI3
GeC stretch 630 630(630) 67, S9B.
GeX, str. (asym) 744t  424(428) 312 * 258 _
. GeXy str. (sym) 730 398(397) . 264 . 200 o
~cex3 rock 194 180(144) - 162 156 .
3 def. (sym) 254 -+ 180(179) - 125 . .98
GeX, def. (asym) o282 . 7 .141(Q179) 94 72

-
A

* Raman (liq) values; T i.r. (gas)'" a. ref.l&&; b. ref.147;
() indicates values taken from ref.145.
v . *

GeX3 symetric deformation, US' lies between the GeX3 rock, Vi1
¥ .

L 4

"and the Gex3 asymmetric deformation, vlz, due to fhe‘much\greater effec—-
tive mass of the halogen compared to the methyl group. For thecﬁlosfde

a change-over point is noticed with v5 and Vi apparently degenerate at

180 em -1 and Vlz'remaining'the—lowcst mode at 141 cm_l. F&E’tﬁe fluor-

-

ide the deformations have exchanged positions and both occur above the
. _‘l' . ’ . -.‘_-. N -
rock, although the symmetric léode still lies in the intermediate pos/iticn.

[+



'Incréases in [Ge-X] and £[Ge~C] from iodine to fluorine are noted in

. (3 Te
the-calculationsl 4 50 tﬁat,other factors such as the ‘stiffenjng’ of

- .
1

bonds for the more electronegative halogens may well be contributing to

the trends in the Ge-xj and Ge-C Etretching modes. ,

_ Thus thc i T. and liquid phase Raman spectra of MchI3 and HeGeF3

may be satlsfactozlly assxgned on the ba51s of C3 symmetry, with no

-

Strong evidence for any. inCermolecular association. The solla phase
‘. Raman spectrum of.MchF3 on the other hand, shows several features ﬁhzch
. - ‘
y fxom the liquid spectrum. Accepting solid state

differ quite marRe

effects may have some beari on thc~differences, it is‘conccivablc

. -

that the appearance of a sharp extra band in the,GcF stretching region
at 690 cm -1 and the . apparent disappearance of'the GeF3 symmetric defor-

mation (ske Figs.IIX.3 and III.4) indicates a degrec of assocation,
i

“possibly by fluorine briding (Fig.IXI.6), as is proposed for MeSnFj.lss

- . N

, : Me o Me
*F"\ l ,'F"\ I ‘F‘ :
"7 T sge-”” >~ Ge- -~
™ 4" “‘\ ," . - -
F’ ] R B . .
Y : F . n

Fig III.6 Tentative structure for MeGeF3 in
the solid.state

? . . . -

Y

Excensive .discussion on this 1ntcrcsting possibility must awalt nornal

coordlnate calculatlohs assuming other symmetry groups which in turn will

dilute solutzons of . McGeF3 in CS even at low temperatures gaﬁehno indi-

; cation of the expected HE~F ( F lOOZ abundant' I =~ 1/2) coupling whlch

is observed in the hydrldic species, ie. MeGeHZF McZGeHF or MchHF

92
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- ~ . -
described in Chapter IX. Similar anomalbus spcctra were, obtalned with

SiFA-'and QeFA- amine compqueslsg which showed only a gingle }%?

resohancé, although In this cé?e,the lack of coupling was rationalised

by a rapid cis-trans isomerisation. This type of behaviour is at least

consistent with either an exceptlonally rapid equ;librium or some form

119]
of intermolecular association. F n.m.r. studlcs in the nematxc or

-

solld phases may glve some indicatien ‘of the nature of thls 1nteract10n.

il

c}
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CHAPTER FOUR

1]

THE VIBRATIONAL SPECTRA OF THE MONO- AND

* .
DI-HALOGENQ-METHYLGERMANES
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-
» ‘
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_sent investigation (Table IV.1).

IV.I INTRODUCTION

The vyibrational.analysis of the-halogeﬁqted wethylgermanes, intro—

duced for the fully substituted species, Me GeX, , in the previous
, - ' ) : e .

Chaptery is now extended. to the hydridic species, HcGeHzx, MeGeHX2
HezceHX;(X --F.Cl,Br,I),-from which several new group frequencies are

!

» and

characterised.,

v

The simpler derivatives of germane have “received much attention in

recentoyeérs and these studics proﬁide a frame of reference for the ‘pre-

b

It will be assumed that the spectral

regions for the certain vibrational wmodes are sufficiently characterised

- (Table IV.1) Vibrational studies of selected germane
{ Y, o derivac1vcs
Ccrmaﬁ-u: h)df*dg Rzfcrence
%/cena, Gel,D, GeHD, 170,171 ..
Gel X, ceDBx’- - 172-176 -
cclgxz GeDz‘{z = FCL,Er, D) 65,69,177-161
] GeHCl3, GeDCl3 182
GeH,GeH X (X = CI,Br,I,Me,Et) '34,183  ° .
MBBGeHa‘(H = C,Si,Ge) 25,184
Mo MGeH, (M = 51,Ge) 185
R GeH, (R = Me,Et,Ph,CH,=CK) 25,141-143
Me cesz—n ~ : 186
meth}lpol}ger“‘nes (kc, +2 e 187
. < B \
- as. to require mo further explanation.. These may be summarised as follows:
: L

Ge~H stretching, 2150-2050 cm_l; CH3 stretching, 3000-2900 Cm_l;
CH,"bending (2 bands), £a.1l400 cm—l andlgg,IZSO cmﬁl; Ge—-C stretching, )

-3
-1 ! -1 1 /
ca.600 &m ; Ge-X saqﬂ%ching, £3.700 cm © (F), ¢3.400 cm™~ (Cl), ca.

N
by



280 co © (Br), €2.230 e * (I); GeH bending and deformatiods, 900~

400 cmfl; skeletal deformatioc§,<300 cmfl.

L=y

Prior 'this study only‘lfmited spectroscopic data were available -
' . . -

concerning pertially—halogenated organogermanes.f Satgé and co-workers

19,20,188,189 bave reported the Ge-E stretching frequency for species of

the type, R GeH, X (R=C HS, n-C H , Ph; X = Cl1,Br,I), and Amberger40

3-n 479°
has recorded the i.r. spectra of HeGeHZCI_and HIeGeHCl2 although in borh
cases no assignment to normal modes wasrpublished. Durigg the course of
this research the i.r. pectra of HEG;§ X (X = C1,Br,I) were reported
735 76 in which the skeletal modes were unidentlfled and the_assignmcnt
of the, GeH2 modes differed.from the precent study ic several Ueys; ar
the same time Van Dyke et'al71 reported the i.r. absorption frequeccies

of HeGeHZF and HeZGeHF although no assigoment of the spectra was under-

taken.
In this Chapter the detailed analyses of .Lhe infrared and Raman
spectra recorded -for three series of halogeno—methylgermanes HeGeH3X
HeGeHXz, and Me, GeHX (X = F,Cl,Br I) and their deuteriated analogues,

1
' Mecesz 84 GeHzx and HeGeDX ’/;e presented. The proposed assignments
of the normal modes foreach molegule are supported again by normal’

coordinate analysis (NCA), the details of which ﬁay be found eiséwhere.ls4

IV.2 EXPERIMENTAL

zx . Meceng

Me,GeHX (X = F,Cl1,Br,I) from HeGeH3 or Me ,Gell, was deScribed in Chapter

I. Tensiometric samples were estlmated to contain less than 22 proton

Thé preparation of the protonated specieé MeGeH and

impurity from thelH n.m.r. spectra. The specifically deuteriated species

—

HeGebzx CD3GeHZX and M’eGeDX2 were preéared in an analagous manner by ---

halogenation of HEGeD3 or CD3GeHB.

“The chloro~ and brewmo- compounds

-

e _ | ‘A',t-ax

S
/.

-
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were obtained by the boron trihaltde. method; t,he 1odo— co-pounds cane
from.the reactions with elemntaLiodine' the fluorides were obt:a:!ned by
che exchange reaction of le.a.d(II) fluor:lqle with the comsponding brom-
ide. 1In all cages the deuteritm iBOtOpic c‘onl:ent was >952 as estinated
"from the :Lntegra:tion o: proton resonam:es (e .g. CE. ) against residual
proton :meurity resonances (e g. GeHDX) in the lﬂ n.m.x. spectra.

The 1.::. spectra were recorded at roou temperature using a gas cell
(50 c.;r Re:m pat:h length) fitted with KBr v:lndm spectra of liquids
were recorded with the sample betrween CsI pLates‘:[n an air-tight holder.
'i.‘h;: Raman spectra t;n:re recorded for peat liquid samples con&ined .in.
sealed Pyrex-glass capillaries (ca.3 m o‘.d-.) using eit!;ar helium-neon
or argon-ion laser excitatioﬁ. Strt;ng sh.;aria bands could be estimated
to *1 @ -1 in the i r.-and *4 em -1 in the Ra:aan effe.cr. calibrations
being carried out in the usual manner.

All tie molecules are agsumed to be:.ong to the c, point group 1f
they have all-tetrahedrnl angles and are in r.he staggered configuration

(e. 'g- Pig.IV. 1) - The 18 fundamentals for both X and Me

96
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series by the usual group theory considerations are ‘divided into those -
symnetrie, lla ;. OT antisymmetrlc, 7a s with respect to the molecular

plane or symmetry, similarly in the Me GeHX serlies the 27 fundamentals

are dlvlded into 15a° and 12a™. All the fundamentals involve a change

-in the molecular dipole and also, in principle the polarisability, and

~

-

- <

as such all bands should be both i.r. and Raman active, The a —vibrations

are polarised in the Raman effect whzlst a’ —vibratlons remaln depolarised

The analysis of i.r. gas-phase band contours gives nuch information C

to assist the vibrational assignments. For the HeGeHZX series the 1la'~

~ .

vibrat:ons Produce dipole moment change$ parallel to the least andfor

intermediate moments of inertia and SO are eXpected to giye rise to

Vapour phase bands of A- and/or B~type contour'-the a' -v1brations produce
dipole changes parallel to the greatest moment of inertia and so should

give. C-type-contours. . By comparison in the HeceHX series the moments

of inertia are altered such that the a -vibrations produce dipole. moment

' changes essentlally parallel to either the axls of 1ntermediate or great—
. est moment of 1nertia and so are expected to give B- or C-type band
contourS' the 3’ —vibrations may also be expected to give A—type contours..

‘With the difluoride, MeGeHFz, the moment of least 1nertia alters so that

. while its- analogues are 'pseudo-oblate' tops it is closer to being a

prolate top; as & consequence a"~vibrations might be expected to be B-

type rather.than A—type although as the two moments of inertia are very

close not too much reliance can be placed on band contours in-this in~

v -u

Stance. By the same generalisaticnsg the a *vibrations in the Me,GeHX

2
serles‘kX“ =-C1, Br,I) are expected to glve A— and C—type gas phase con- .
tours (B~ or C-type for X = F) whilst the a' —vibrations should produce.
_B-~type contours (A—type for X—-F). ;
flnitial investigations with the ﬁcGeHZX series'suggested.some

97
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ovatlap of thé fundamentals.beloﬁ 900 cm-l; the Gel, bend (scissors) was
apparently co&tained in a complex band envelope extending from 800-900°
cm-l while the GeH2 twist and wag could nof be assigned to discreet bands
other than a singie feature at ca. 720 cm 1: Deuteriation at germanium..
produced the expected low frequency shift‘in all GeH modes and allowed
the positive identification of the twist wag, and rock but the bendh

was neow ‘apparently contained in the same envelope as the GeC stretch.
Deuteriation at carbon was effective in establishing the position of the
GeH2 bend at c_a.800 cm_bat the same -Lime‘ clarifying the overiapping-
methyl rocking modes and allowing positive identification qf-17 of the
18 fundamentals. Deuteriatiqn only at germanium provided adequate con-
firmation of the CGeH deform;tions in the‘HeGesz series fac{litaring

tﬁe unarbiguous assignment of 17 of the 18 normal.modes. In the HezceHl
series the problem of’overlapping fundamentals was not apparent, so that
the a priori assignment of the vibrational spectra was possible: The
assignments were confirmed in all instances by the calculated frequencies

obtained in the NCA.164

Iv.3 MONOHALOGENO(METHYL)GERMANES, HeCeH2X (X = F,C1,Br,I)

_ The coaventional descriptions of the 18 fundamental vibrations are
given in Table IV.2 with their symmetry species and expected i. x. band
contours. The experimental gas phase i.r. and Raman spectra of the

three isotopic species, MeGeH Cl, MeGechl and CD GeH Cl are displayed

3
© (Figs.1V. 2 and IV.3) to provide reprefentative examples. The observed
frequencies and agsignment to fundamentals are listed in Tables IV.3-6

Vibrations of the methyl group (v

l, vu' vzi U&’ Ul[., \)S’ vg) 15’ i
vls): Depolariscd bands in the Raman spectra in the 3000 cm -1

region which appear as weak bands in the i.r. are assigned-tc the

hd

£



TRANSMISSION

v

3000 2000 300 X 1000 580 -

k]

wavinpmatd | Cu”!

Fig.IV.2 Gas phase infrared spectra of the nono;hla.:o(uth;fl)gemnes:
(2) MeGeH,Cl; (b) MeGeD,Cl; (c) CD3GeH,C1

.
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Tabla IV.2 .,

.Vihnt.iunstobo-upeewdol'thomolmuluof.
typo CH,GeH, X with their symmetry type aad
expeoatod i.r. band contours

Vibration®
Band contour

A'

A-B

A.
c

CH, strotch (s}
CH, strotch (s)
" GeH, strotch
CH, dof (a)
CH, deof (»)
- SoH; bend . -
GoH, wag
GeX strotch
CH, rock’
Go( strotch
. GoH, twixt
* GeH, rock

CGeX def %)

CH, torxion

¢ 1

3,

bt 1
s
7y

vy

"y
be |

'y
Tie

¢ ¢

he ]

"

T

s

"1
71y

Y1a

All bands i.r. and Raman active.

* C, symmetry sssumod.

-

asymmetric CE3 stretches, vl -and ‘312' As expected, and as is confirmed

“~

by the calcuiations thege bands are nearly accide;n'tal.ly degenérat’

sufficiently separated for the C-type structure of 'v12 to be apparent

3
weak 1.r. absorption, at ca.2935 cm

(F:!.i.IV.&_a). The gymmetric CH

shifc cénliderably to 1wer'wmnmber in the deuter':tated species,
CD3Ceﬂzx {(X'= C1,Br); the asymmetric CD3 stretch appears at ca.2250 cm

‘and the symerric at 2133 cn-l ‘although the latter overlaps with the

occur in the expected regions; the -two asymmetric CH, deformations, V

1

which has a strongly polariged

N
*

~

pfre:ching mo;le, \:2, is nssigned, to a

GeHl, stretching modes in the i,r. spectra. The C_H3 deformation modes

" Ramsn coxmterpar‘t in the game Tegion. As would be expected thege modes

4

(Fig.IV.4b) with a corresponding depolarised B.nun band supporting the

agsignment.’ On d.enterhtic.:m, the comsponding band appears at ca.

.However, in the i.r. spectra of the lighter halogen derivatives they are

1

. apd \31‘, give rise to one band envelope in the 1400 dn-l region in the i.r.

3
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F:lz‘n:ﬁ\ The 850 o region of the geesons i,

- Temaining band contours found in

CD,GaH,Br (ii) and CH,GeD,Br liii}.

spactrum of CH,GeH, e (i) inchading

o —
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1040 Cmil. The symmetric CH3 deformation mode, Vs, is readily ;ssigned

to a band in the 1250 et region which shifts to §35990 cm-l on deuter-

" iation. It is clearly polari #dr in. the Raman effect and an A-type .

5 particulqriy in the i.r. spectrum of HeceHZBr\

TFig;IV .  The unafiiguous assignment of the CH, rocking modes, ”15' q'
a Ug, comes from thé spectra of the isoéopié Species MeGeD2X in which -
) ,

.Eu no overlap with GeH2 modes can occur. The asymmetric rock, V

. contour is evide

15° iS'COn—

é’ fidently assigned to the higher wavenumber feature at ca.870 cm -1 which

- "

appears as a clear C-type band in all the i.r. spectra and is depblar— : )

ised in the Raman effect. The symmetrlc CH3 rock, Ug’ is observed at

lower wavenumber as an A—type bamd (Fig°IV 5) and where the data ‘are

clear is Raman polarised. No band is observed in any spectra that can .
- be satisfactorlly assigned to the CH3 torsion, V 18" - '._.-

In general the frequencies of" the methyl fundamentals are insensi- ‘
_tiw}‘\tﬁ'chanfge‘s in the halogen sub.st-:'i_tuc’n'c and are‘thereforc {:robably
wcllgdccoupied from,tﬁé.skeletal‘vibrations. Only a s;iéht lowcring of
frequeACy from flucrine to Ebdine 1s observed but 4t che same time it T
is interesting to note that deuteriation at the germanium atom causes
] the CH3 stretches to shift to higher wavenum&cr_fcr ény one hclcgen. o .
'13; Vgr Vg» Vg v The Ge-H
stretches appear in the expected region’ of the spectra. nge a -symmetric

) Viﬁracions of zhcxpeHz;grOUD'(v , V

GeH2 stretch,,vB, is asszgned to the low wavenumber feature at a/f/%O

—

cm - in all spectra belng polarlsed in the Raman cffect and showing a

clear B-type contour in some i.r. gas spectra. The corresponding a''-

asymmetrlc nmode, U13, appears as a weak dcpolarised band in the Raman

. - i

which shows a C-type contour in the i.r. (Flg.IV}Ga). Siuilar_features
" are noted for the GeD2 stretching modes in the deuteriated‘gbecies,'
HeGeDZX, which are.-seen in the 1500 c:zn-1 region. 'Some,difficulty was

L4 . -
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SiH2 bend in HeSiH X (X =F, Cl Br,X) specaes ab £a.955 em

W o 108

-

‘Incurred in assigning the'ceH Bending‘mode Vs (scisso:s). In the

4
HeceHZX series. Ve apparently overlaps vith the CH3 rocking mode (Fig.IV.S)

and ‘on deuteriation at germanium with the GeC stretchlng region. However .

ﬁ

in the 1sotopic species CD3GeH X (X = C1,Br), a clea; B—type band is

A

’ 164

observed at ca.875 enm -1 which is conZadently assigned to Ves this-being
supported by the NCA. By compari

’ 1S
on the GeH2 bend was “tentatively

assigned- at 934 Em—l in the GeH3GeH X {X = Cl'ér »1) SpECi25183 3nd the
-1 190

Fgg the correspondlng serles of monohalogeno(methyl)51lanes He51H X,
the Sin wagging mode, 7, was assigned cloee to the bending mode .q
(scissors) with the twistlng mode at lower wavenumber.lgo By analogy i
this would place the wagging mode in the FeGehzx serices at-ca. 820 en 1‘ |
which would be under the e thyl rocking modes and the twisting mode at
£§'70Q cm which should have a C—type contour. However, in the isotopic- .
specles, CDBGeH X Of = C1 »Br), no band is seen in the 820 o -1 region
and the band at £2.700 em -t is readily leterpreted as re5ulting from the
overlapping of A~ and C-type bands (Fig.IV.4c). Thus both the GeH,
wagggig mode,‘y7, which should be Artype and the GeH2 §wi5ting'hode“ vlﬁ'
are assigned to this featufe. These two modes were also assumed to be
accidentally degenerate in Mczccnz 25- Ihe band contour alters con31der-
ably in the HeGeDzk species as would be expected if there was a slight
k-relative change 16 the Positions of the two modes on deuteriation. The
calculations indicate that both bands are considerably aixed sﬁowing
large depcndence on both f[CGeH] and f[HGeX]. 4

The GeH2 rock was not assigned in the GeHBGeHz\ ser1e3183_and'the
Siﬁ rock has been assigned at‘gé.SOO cm = in the HcSiHZX seties.lgo

-

The corresponding band, ul?’ in the Mecehzx series apﬁears as a weak

feature in the 1.r.'sbectra at ca.460 cm_l vhich is weak and depolarised

j—
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. in the Raman effect. Deuteriarion at germanium causes it’ to shift to

£a.350 cm_l although in both isotopic species the positicn iz markedly

affccted by the nature o{lthe attached halogen. Calculations again in-

dicate a large dependence on f[HGeX].lG&

» _Vibrations of the Cceﬁ-skeleton tv e GeC stretching

- v
) . 10 Vs* V11
mode, le’ is unambiguously assigned to a sharp Ra
) A

L

polarised band at

£a.615 cm—l in-all spectra; the corresponding i.x. band shows A- or B-
- ‘'type structure (Fig+IV.4c). The analagous band was assigeed at 602 cmfl

" in MeGeH325 and at 601 em Y in MeGeI, (sce Chaptcr'III).“Tﬁe GeX stretch-

ing modes, v8' appear in the expected reglon of the spectrunm as strongly

pOl&IlSEd bands in the Raman effect, The corresponding i.r.-absorptions

for the bromide and iodide lie outsidc‘the KBr-range but a deflnite A-
type contour is dlsccrnlble for the chlorzde at ca.400 cm -1 whilst the

fluoride has more of a B—typc contour at ca. 695 cn 1. The CCeX angle
~

deformatlon, ll’ is attributed to the loWest wavcﬂumber mode in all the,
Raman spectra in the 215-150 e L region. As further confirmation of -
its desrgnatlon :as an a —v1bration it is clearly polarlsed . N

The‘CHi stretches and deformations, and Phe GeH2 stretches lie in

well defined regions of the spectra and the NCA indicates they are all

-

essentlally_pure—modes.~—Ehc same is true of the. CGeX deformation, the

GeC stretch and the GeX strctch although for MbGeHZF\cons1derable
mixlng wzth f[CGe“] f[EGeF], and f[GeC] is apparent in the GeF stretch.

v &

The GeH dcformatlons vﬁ, 79 v 16 and vl?’ are all mixed modes and as
expected they show largc dependencies on f[CGeE], f[HGeH], and f[HGeX] 164
For the related methylsilaneslgo the frequcncies of the bending and
A

wagging modes varied almost llnearly with the electronegativity of the

halogen, although no such relationship held for the twisting awd rocking )



110 .
- 7 .
frequencies. The corresponding frequencies for He GeH2 and- the MeGeHZX

and GcH‘?_x2 series are collected in Table Iv. 7‘. No s le linear relation-

*

ships are apparent for the german1um compounds although.the decrease in
o -

wavenumber does at ;east refiect the chégging_electronegetivity of‘the
halogen; ;The near degeneracy of the wag and twist in the HeGeHzx series
is strikingly different from the GeHZX2 eeries'uhere they née well de-
fined end,widely separated. Considering the narrow ranges for all the

modes and their mixed nature any further comments would be too hlghly

‘ speculative. ' , S ‘ : -ﬁ\\
: N . . J kY :

(Table IV.7) fCorrelation of GeH, deformation frequencies (cm—l)
. - '

scissors  Wag ‘Twist . Rock - v

YeGeH, F _ 900 - 721 705 472
HeGeHZCl T 875 o717 . 717 463
MeGeHBr 875" 705 705 . 456 -
MeGeH, I 873 694 694 442
Mezceﬁza 890 662 662 430
Gell, F_b . 860 813 . ‘m.e. - 594

b T ; -
ceazc12'b 854 - 779 6487 524
CeH,Br,” 848 757 640+ L 492

. . * ~

-cenzxzb* ' 821 .- 706 628% * 451

a. ref.25; b. ref.177-181

~gas 1.r. values except* mull or + Raman

. IV.4 DIHALOGENO (METHYL)GERMANES, MeGeHX, (X = F.Cl,Br.I): ©
L 3 =
The conventional descriptions of the 18 fundarcentals appear in

-Table IV.8 with their classification into symmetry species. The exper-

imental i.r. and Ranan spectra of the isotopi‘c-species,'HcGePCI2 and

MEGeDCIZ, are displayed (Figs.IV.6 and 7) with the observed frequencies

1

and assignments for all molecules listed in 1bbles IV 9-12. .As for the

\- - "‘ s

-

11}
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A

(Table IV.8) , Description of fundamental frequencies for
molecules ‘of the type CH GeHX2 ‘

Vibrationt a' o a" (
CH3 stretch (a)°* vl vlz'.'
CH3 stretch (s) v, :
GeH “stretch v3 .
CH3 def (a) va v13 ]
CH3 def  (s) vs
CH3 Tock v6 Y14
, CGel def v7 vlS
GeC stretch u8
Gex2 stretch 39 v16
GeX, wag ) V10
Gexz.def (sc.) vll

GeX, twist . v,

CH3 torsion '& v18

P

11,
Al

All bands i.r. and Raman active
T Cs symmetry assumed

)
i
- '
-

monchalogeno-series the ass;g?ments are conveniently discussed in terms
un.d)ame A
of f ntals involving the methyl group, GeH group, and heavy-atom

skele_ton.

Vibrations of the methyl group (V

1> V120 V20 Vg ?13’ Vs» Vg»

‘vlé, vla): The CH3 strefching modes, vl, VZ’ and v12’ give rise to
two bands in the 2900-3000 cmul region. The asymmetric stretches,
vl and vlé, are not resolved in an} spg&tra ;nd, re assigned to the same
band envelope in Bath the i.r. and Raman effects — ca. 3000 cm?lg the -
symmetric strctch vz, is clearly polarised in’ the Raman speatra: and
appears at ca.2920 ‘em 1.‘“Two general treuds are apparent . in thesg modes;
in all cases there is a slight shift to higher wavenumber Sn deﬁtefiatiog

and a.loweiing‘in wavenurber as the halogen changes from fluorine to

o
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" feature is dlearly depolarised (FiﬁfIV:?)'and so is assigned to v

iodire, as is obsérved in the-MbGeHzx series. The CH3 deformacions, vV,

13, and v 5, "all occur in typical positions; the asymmetrlc modes Va
and vi3 are unresolved in a. depolariscd Raman’ band in®the 1400 -1

region and the symmetric mode, vs, is unambiguously assigned to I polar-

ised band at'ca.1250 cm-l.. The 633 rocking modes, Vg and v_,, exhzbzt

14

only weak features in the Raman effect and were not clearly observed

with the 1evels of laser excitation available from the earlier He—\e

source, other than for MeGeHIz.' With the Ar-laser the lower wavenumber

b
14°
This 1s supported by the gas-phase.i.r. spectra of MeGeHCL, (Fig.Iv.6)

rd

in which the lower wavenumber band shows the A-type. structure expected
for an’a"-vibration whilst the higher wavenumber feature bas a hybrid =

. . . )
contour.: No band'assignable to the CH3 torsion, Vig» Was observed in
i * - : - )

° any spectra.

-
~

+ Vibrations of the GeE group (v3, v7, vls): The CeH stretching mode,

-

v3;‘is assigneg to tﬁe polarised band observeq in the élOO cm-l region
of the Raman spectra; the corresponding gaseous i.r. bands are str;ng.
and sﬁow mixed contours varyiné ;etween C—typé éor MééeHFz-and MeGgDClz,
and B-type in HeGeHBr ...On deuteriation the exéécted shift.to the 1500

cm  region occurs although the band contours are less well deflned The

CGeH deforwation qujs, v7 and UlS’ arise from the. jn-plane and out-sf-

. plane motions of the hydrogen with respect to the plane of symmetry

”

(Fig Iv. 8) The a ~mode, 7, involves deformation of both the CGeH

- f
H ) W H -
} H'C-——-C&f’? _ w

H,C—G¢

X 3 - ~X
X. ) . \X
(Vyg)

Fig.IV.8 Approximate motions for the CGeH deformations

(v

’
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" erate. The PED's coafirm the strong dependence on f[HGeX] for both

"-but fbr MeGeHC1, v and 916 apparently 1

-y

and HGeX bond angles, whilgt the a"-mode, v f alters only,the HGeX

15

angle; the fewer interactions of" the a'-mode suggest its aesignment to

the hlgher wavenupbder feature, thus the depolarised Raman band at ca.
A, -

700 cm -1 which shifts to £a.510 em -1 on deuteriaunon is attributed to
ulS' The a'-mode is #ssigpcd ét‘EQ.SAO cg—l altﬁough it‘is apparently
depolarised in the,Ramﬁn effect, undoubtedly due to mixing with other
modgs. This b;nd is observgd at, ca.500 <:m-1 in the isotopic species,
HeGerz, S50 tﬁat thé éeparation of the deformations noticeably decréases
with dcutefiation. The same occurs when the mass of the attached halo-

gens increases, so that in MeGeDI2 the.ﬁwo bands are accidentally Ydegen-

el

, . ' » :
modes with an additional marked dependence on £{CGeH2]for the in-plane

mode, V_; for MeGeHF, addftional mixiné with GeF strétching modes is

.7?

also apparentlsa‘as might be expected from their appearance in the same

spectrai region. ' .

i

Vlbratlons of the CGeX skeleten (v . vg. Vig> v 10° Vi1° V 7,). The

GeC. stretching rmode, 08, is confidently assigned to a sharp polar}sed

”»

band’ at ca.600 cm-—l it all the Ramah spectra. Fer HchHBrZ where the
Ge-C dipole is fairly well aligned with the intermediate axis of inertia
the B~type contour is clear in its i.r. spectrum. In the difluor;de

where the Ge-C bond is aligned with the axis of least moment the band

‘ has more of an A-type contour as is expected.- The Gc}.2 stretchxng modes,

Vg and U16’ appear as polarised and depolarised bands :espectivc;y in

the Raman effect for all the halides except the difluvoride.  The corres-

\ . :
ponding i.r. bands for MeGeHBr, and MeGe I, lie outside the KBr range

2 Vg in the same band envelope at

-1 - . ' .
53.420 cn ; in the i.r. of gaseous McGeHF2 a distinct shoulder appears

o

118§

aw
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- o

‘on the high wavenugber side of a medium band envelope at ca.725 cm_l

-~

\

which is assigned to the Ger stretches although the corresponding Raman
bands were not'observed with the helium—neon laser.
The skeletal'aeformatlon modes‘ 11° 10, and vl7,.aylse from

motions approximately described as Gex2 scisseoring, wagging, and twist-

ing :espectivelylﬁFig.IV.Q). Little change in the CGeH angle is expec-

ted for Vi1 (sc) and- this is assigned, by comparison with the GeHZX2177 181
H +~x5 H
H C-—-Ge:{t_ BC—cel | H,C— el *
3 X 3 \';‘x 3 \‘;,x
[
X~ - - X X .
. / .
(SC.‘“ ) ] {wag, Vi ) (twlst, v, )

Fig.IV,. 9 Approximate motions for the skeletal deformations

and anceleﬁs »147 series, to a polarised Raman -band at Iowest wavenurber

-~ -

. in all spectra except the difluoride;'in_this case it is assigned as

i

the highest of -the skeletal deformations at c2.280 c:m_1 by analogy with

1

Gex2 angle remains nearly comstant, with varying change in the HGeX and

the asymmetrric GeF, deformation in MeCeF, (Chapter IIT). In v, the

CGeH angles although in the twist, v17, these also remain nearl? constant.

The separatiocn between vlo and vl7 is very small, apparently decreasing’' ~
. . R -

as the halogen becomes more electronegative; the e'—species, v is

10’
assignable to the.lower wavenumber feature since it is polarised teo
some,exteht in most spectra, and the a"—spec es, 17, is assigned to

the depolarised shoulder at higher wavenumber,: this belng confirmed by

‘the NCA. In MeGeHF2 both modes are apparently contained in an unresolved

- “1 . .
envelope at 215 cm =, It is interesting to note that as the size of the

halogen increases, there is an increasing dependence on f£-{HGeX] for the

120



g S . 121
. . Cmy ..
) - ‘ ¢
‘twilst but for the wag the dependence on the particular force-coﬁﬁiants

is remarkably sxmalar for all 8 molecnles.léa

(Table 1V.13} Comparison.of skeletal frequencies (cm—l)

for the MEGeHszseries* ‘ =
Mode | MeGeliF, MeGeHCL, Meécﬂ}%rz MeGeHT,
GeC stretch 630 625 615 603
GeX, str.(mean). 799[8] 396[8] ~ 280{20] 235[26]
. \ * . 1
GeX, twist - 215, . 179 166 149
GeX,"wag 215 . 172 163 140
GeX, bend(se) 280 150 101 74

(270?,259) (163,146)  (105,97) {967,73)

% Raman (1iq) values; T calculated; ¥ Raman solid; () ind&tates

frequency of ccrre5pond1ng mode in GeHz}.z177 -181, and Me GeX2146 »147

-

respectzvely, { ] indicates separation of’iijp. andrsym. modes.
' )

The skeletal frequencies all show a clear shift to low wavenumber with

i . LR . .
decreasing halogen electreonegativity but with a corresponding intrease * f
: i - &

in the separation of the GeX, stretches, V. and Vi (Table IV.13). At

2 9
~the same time, deuteriation at gefmanium afparently has the effect of
slightly increasing ahé'yavenumber of the skeietal deformations. As
night be expected tae GeX2 sciséors'moae for tae McGeHX' series is-mid-
~ way between the analogous modes in the GeH2X2 and Hezcexz series. The
ordering of the GeX2 scissors, wag, a?d :Qist is similar to that pro-
posed for the Qex3 skeletal deformationa (see Table III.S5); the Gex2 wag
compares te the Gex3 symmetrlc defo;matlon in being a mixed mode . inter-
medlate to the purer mode involving GeX, sc1ssoring (Gex asymmetric
:deformatlon) and GeX2 twisting (Cex rock). The analogy extends tosa

reversal of the scissors and twist in the fluorlde (a reversal of the

GeX3 asymmetrtc deFormation and rock was apparent in MeGeF )

%
A



3]

122

IvV.5 HONOHAI‘.OCENO(DIMETHYL)GER}.ANES Me CeHX (X = F Cl,Br, 1)

The conventional descriptions of the 27 normal modes are given in
Table IV.14 uith their classificétion‘into symmetry species and the
expected band cont;ur;. .chfesen;ative éxperimental spectra. are dis-
piayed for the bromo-spécics, HezceHBr (Figs. IV.10 and IV. 11) with the
observed frcquencies and assignment to fundawentals listed for all mole-

cules in Tables IV. 15 and 16,

(Table IV.14) Fundamental vibrations for'(CH3)ZGcHX speciest

Conventional Description * a'’ a" g
Band Contour9 © A=C B.
CEB stretch (a) Vi v, ’ Vigr V17
CH3 stretch (s)_ Vg Vig
. Ge-H stretch _
"'Ge-X stretch o Vg ’ I
. GeC, stretck v Ve 1o

f ., def (a) ] Vyr Vg Vag® Vo
CH3 def (s) . vg vzz : .
€85 rock .- - V100 Vi Va3 Vg .
GeHX def vlz('bend_) v S(twist) T
GeC2 def i Ul3 -
CGeX def. ) . V14
('.'H3 torston v]_‘S N

.

+ A1) bands i.r. and Raman active' *(a) and (3)
refer to thc local-Cs. symmetry o a CH3 group;
1 For the fluoride a' are (B—C) and a" are A.

Vibrations of the methyl groups: /The extra methyi group inecreases

consi&erably the coaplexity o% the vl fundamentals and the almost

total lack of band contours does not pcrmlt the individual modes to be

assigned unambiguously. The asymnetric CR3 strctqhing modes,.ul, Vs

qk
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LR T '
L4 - -
({Table IV.15) Tha vnnti‘;ul spactra (c-l) of tluore~ and chloro(dtme tiryl) pe rmece
e, CallF Mo, CalC1 : ,
1.t (gas) Raman{11g) Calc, 1.r.(gas) Ramman(X q) Calc. - Ave {gammat
3770 w - ! . 2930 + 345 « 3775
1198 ve - X004 + 190 = 3194
8w - 2922 + 190 - 3112
3076 w - N w - B .
- JC.W:) - 3001 m,dp gi:;} : ]-- 01 w,dp mi:;} v \: Vo v
2993 3§ 3001.2 #71 . 3001,2 1° 3 Viee Viy
000.7 3000.7
2925.8 . 921.8
2930 wa 2924 ,p 2925.6} 299 = 2922 -.p‘” 2?21.7} Vye Vig
2825 w 281% w,p 2812 w 2804 wa,p 004 ~ 190 = 2814
-2678 ww - : 1424 + 1256 = 2680
2490 ww - i - 2485 ww - 2 x 12% = 2512
2250 v - 2256 v - BA1 + 1423 = 2264
2097 . - -
A 2085) v 2086 a,p 2006.0. € 2083 wa 2089 e.p 20890 A ’
2075 : : . .
1885 an - T 1890 we - 1256 + 622 - 1878
1860 w - . 1252 + 398 - 1830
. 1600 ww -
1505 ww -
e R 12
u . .
i 142) v dp 14199 '1u7}.h 1416 w.dp 1&1&.0} Vye Vae Vage Voo
1419.3° “ 14133 :
1324 ww - €22 + 707 - 1329
1263 . 1259 -
1251.2 ; 1252.1
Al2%}) w 1252 m,p~ In 1251 m,p } ve, v
1248 ) 1250.9 1251 s s V2
1082 we - 1077 w - 1252 - 190 - 1066
1040 ab - 3 1251 - 222w 1034
. 250 b -
£38 sh,dp . 834.5 862 b 2 w8 Ban.2 Vay "
- £s0 -
845 a,br 84S w,dp 847.7 841} ws 830 w,dp 2.3 v P
B : ars . : 10
2 7 . -
763.3 . 0.1 -
75,] - B-o Ty M= 38 v dp 735.7% Ve ip
. . - . . '
718 - .
AT m 715 m,dp n2y . 683 » €90 m dp ‘ €90.0 f v .0+, fluoride)
97 L . B
67, sb : ‘ y
us} . 645 wa dp 6373 @0 w 6l m dp 641.3 Vis
1 . s
on - ao. 1.6 ‘ o . €20 ab,dp 6199 Vi
610 oh 600 vu,p 593.3 €00 sh 59 vu,p 98,6 e
o
626.1 408 » M2 va,p 2.0 vy
. 190 ap 191.0 190 ab,dp _ 189.1 s
=1 ' - 1y.2
122 o, 118.7) . . 1 va.p 17!.7} Vagr V14

® Ia Tables W.D.I‘ml—m-‘nﬂwmt&ml—n.

125



.

() of bromo— mnd 1040 (dimatiyl) parmana

{Table IV,16) Tha wbracional apsctra
Me Cemr >, Me_Caxy
Ar.(gan)  Reman(l1q) Cale. 1.7.(ze0) , Reman(Ity) Cale. | Aeeigemma:
3780 ww - 2921 + B2 « 378)
1125 ww - 22 w -
X089 v - 088 w -
: bl 303 eb - 1998 2;;-: .
3002 w 998 wmodp | Jiesy 29924- 2937} V4P 2ee2.2) M1 Ve Ve Vny
. 2997.7 2991.7
928w 21 op fitonts] 2928 n 2916 0.p ggj} Vaesvyg

. 2006 ww 2805 w,p . 2810 ww 281 ww,p _

C 2081 a 2083 a,p 2083.0 C2077 o 2076 u,p ‘2076.0 A _
1890 b - 4 ( .
1847 wor - 182 w " - 1352 + 398 = 1850

.. e i
1422 m *e 1414 w,dp 1‘12:5]' 418 m 1‘0‘9 w, dp 1403:9} Vye Vge Vaoe Vay
41,9 < 140%.2
1287 ) 1256
In 1231 'n,p Ty, Ja o 27w g::::} Vge Vo
1248 1248 -
HO v - e 1231 — 279 - 972
890 o - 290 o -
“261 oh 862 w,dp 854.3 857 ab 854 w,dp B41.8 Vay
B4y : 3
842} v 340 w,p B4%.0 E¥) w 24 w,p 836.) Yip
a3 axs
Y ?'70 w,p ;2::) %) a 734 we,dp g;::] vs‘. vy
N 675 m.dp . €747 €53 u.dp €Sa2 Vas
\ 5 l..h! 634 &bt
\ 641 m,dp 609 ” 637 m, €4 unﬁ
1 3 “gJ . @3 a.ep 622.9 4 &35 | arep as.s vy
598 e 396 va,p 3%6.6 391 & 38% ve,p 3.9 Vg .
17 va p m.0 231 e, 2.3 vy
387 oh,dp 187.1 187 w.ap 187, iy
120 - dp 169.3 141 am . dp 160.5 Vae
154 s dp 133.0 . - 142 sh.dp 143.5 Vea
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le and Vy7» 2re assigned to the same band envelope in the 3000 cm
regioe‘which is depolarised in the Réman_effect. Sowme splitting ef this
band is,appareef pareicularly_in the i.r. spectra but the Raman polarisation
‘data do not allow the component a'- and a"-medes to be diftingu;shed. |
?he'eymmetric CH3 stretching podes,‘v3 and 68' are coefidentI} assigned.:
to a single band in the 2925 cm-l'regioe which is intense and strongly .

polarieed in the Raman. The CH3 asymmetric deformatlons, Vgs V.

7' 8. 20 '
and vy y1» are all . apparently contained in a 31ngle unresolved band envel—
ope in the 1&20 =t region whlch is depolarised in the Raman spectra

S
and therefore gives ‘no info