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IR spectra of the specres GeHD,CH,F and GeHD,CH,Cl are reported which 
show two bands each, assigned to the sohtary GeH bond erther gauche or 
tians to the halogen atom, the sphttmgs being 17 cm-’ (F) and 25 5 cm-’ 
(Cl), respectively. Srmllar pans of bands are identified as due to GeHD,CH*Br, 
WHD,CH,Cl and SrHD&H,Br m earher spectra 

This conformational effect of halogen on Y(SLH) or v(GeH) accounts for the 
doublets seen earher m the spectra of R2MHCH2C1 and RIMHCHCll com- 
pounds by Egorochkm et al and alternatively attrrbuted by them to “free”, 
and “mtramolecularly bonded” germamum of the type Ge- - - - -X. 

‘CH( 

Introduction. In several recent papers, Egorochkm et al. [1,2] have re- 
ported doublets m the GeH stretchmg regron of the IR spectra of organo- 
germanes contammg the groupmgs >GeHCH,CI and --\GeHCHCl, These 
doublets they suppose to derive from germanmm atoms whrch are either “free”, 

H 
or “intramolecularly-bonded” as represented by ‘Ge-- - -Cl Srmilar 

” ‘CH,/ 
conclusions were drawn for some R$WICH&l compounds 133 _ 

A more plausrble explanatron for these doublets is that they derive from 
the rotational conformers that must be present The effects of rotational con- 
formation on CH bond strengths have been demonstrated in many molecules 
by the partial deuteratron method which yields “isolated” CH stretching fre- 
quencies, @(CH) Cd]_ In particular the /3 effects of halogen have been studied 
extensively in alkyl halides [5] and chloralkanes [S]. For example, v’~(CH) 
values for bonds respectively gauche and Pans to Cl in EtCl are 2972 d and 
2945.0 cm-i [5]. 
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We have now reinvestigated the gas phase IR spectra of the molecules 
GeH3CH2F, GeD3CH2F, GeH&H&l and GeD3CH2C1 and found v(GeH) 
doublets due to GeHD2 impurity species in the GeD3 compounds. Similar 
doublets due to MHD, impurity species can hkewse he ldentiled m earher 
work on SiD3CH2Cl, S!D,CH,Br [ 71 and GeD&H,Br [S]. These are all mole- 
cules for which selective microwave studies [S-11], and the earlier vlbratlonal 
spectra elsewhere than in the v(MH) region [7,8], leave no doubt that only 
one structure for the MH,CH,X species is present in the gas phase. 

Experimental. IR spectra were recorded on a Nxolet 7199 ‘FTIR spectrom- 
eter with a resolution of 0 25 cm-’ and a frequency accuracy of 0.01 cm-’ 
GeCl,CH,Cl was prepared and reduced by LA& or LiAlD, as m [7] The 
corresponding fluorides were prepared by treating CH,BrF with germyl 
sodium-h3 or -d3 as m 1111. 

Results. The IR spectra are shown m Fig. 1, the correspondmg frequencies 
m Table l_ 

FCH,GeH, 

I 9 t 9 I , 1 I I I 

2150 2140 2130 2120 2110 2100 2090 2080 2070 2060 2050 2040 

WAVENUMBER 

Fxg I. IR spectra m vapour phase of GeH,CR,F. GeH,CH,Cl and GeH mPunt= 111 GeD,CH=F and 
GeD,CH$L. -0 lmes are Identified hy l A further mu.mntY Peak at 2117 cm-’ = Present m the 

GeD,CE&F spectrum 
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TABLE 1 

GeH AND SIH STRETCHING FREQUENCIES (cm-I) 

(HH. Hx slenxfy hydrogens respectwely trans to H X) 

X=F Cl Br 

GeHD,CH,X v(GeHH) 2107 4 co 21102c” 2108 c h 
v(GeHX) 2090.1 Aa 2084.74 A = 
Ap(HH - Hx) 

2079.<B’ ’ 
17 3 255 

GeH,CH,X ?&GeHz H) 
29(2) 

2109 4,co 2112 58 C = 2112 cc 
v(GeHX) 2089 8 A” 2084 74 A a 2080 5 B= 

SIHD$H,X Y(SIHH) 
WilHX) 

2193.c b 2193.c b 
2166.B 5 2162 B h 

A”(HH - Hx) 27 31 
SIH,CH,X &SIH~~) 2197-c = 2197cc - 

“(.SIHX) 2168 A/B c 2164 A/B c 

o W work. b Deduced from data m C7.81 assummg (A) tbelr MH, frequencies are more accurate than 
therr MHD, nnpunty ones, (B) a cahbratxon shift of 2 cm-’ as evidenced by a comparison of our and 
their data for GeH,CH,Cl and (C) a 2 cm-’ sJuft from v(MHD,) to oas(MHzH)- The resuW.mg uncertam- 
ties must be about + 2 cm-’ c Data m C7.81 

Assignment. Two bands are seen m each case, a type C one at high fre- 
quency, and an A/B one, lower down. The spectra of the GeH Impurity 
species m the GeD3 compounds are almost Identical mth those of the pure 
GeH3 species, only the higher band being displaced by about 2 cm-’ * The 
Impurity species 1s identified as primtiy GeHD2 on two grounds. First exten- 
swe experience mth LlAlD4 reductions of MCI3 groups have shown us that 
the proportlon of MH2D species resulting is of minor importance. Secondly, a 
simple calculation shows that a third of the molecules of such species (those 
with two ldentlcal MH bonds) will produce a high frequency vas(MH, ) band 
comcldent in frequency with the vas(MH3) band. Only a trace of such absorp- 
tion 1s visible m Fig. 1 for the fluoride, perhaps more for the chlonde**. 

With this mterpretatlon of the irnpurlty bands m GeD,CH,F, Cl we can 
now identify similar bands m GeD,CH,Br [S J and S1D3CH,Cl, Br 173 as due 
not to MH, species, but to MHDz and possibly MHzD ones The gas phase 
contours then Immediately identify the MH bonds concerned. The type C 
band derives from the MHa bonds out of the skeletal plane, the type A one 
from the single MHs bond m the plane. We denote these bonds by MHH and 
MHx according as they lie tram to H (gauche to X) and tram to X respectlve- 
ly. Our choices of viS(MH) for these molecules are then hsted in Table 1. 

*The mtitmgmsbabtity at low resolution of the MH, and MHD, bands was clearly responsible for 
the earber mgnments of the latter to MH,CH,X mxpunty C7.81 

**The same calculation shows that the other MH,D species (those with 2 different MH bonds) produce 
frequencies comcxdent wxth those of the MHD, ones Thus our mterpretation of the spectra 1s qmte 
mdependeat of the propotions of MHD, and M&D Both yield “Elated” MH stretchmg fre- 
quenczes- ‘l&s curious result IS bnked wxth the vxtual IdentIty of the MH, and MHD,/MH,D spectra 
end stems from the fact that coupling between two GeH bond stretcbmg motions m a GeH, or GeH, 
group s neghgible as soon as the bonds &ffer sbghtly m strength The lower band In the GeH, 
spectrum IS about 100% v(GeHX). its descnption as vs(GeH,) 1s wholly mappropnate Coupbng 
between Identical GeH bonds amounts to only 2 cm-‘- 
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TABLE 2 

SUBSTITUENT EFFECTS OF HALOGEN 

sx = P(MH> MH,CH,X - V=S<MH)MH,CH, 

ON v=S<GeH) AND v=$CH) 

.sx 
R stx X X sg St 

GeH$H$F 22 8 55 CH,CHZF 23-5 70 

Cl 25 6 01 C1 22 4 -50 

Br 23~2) -6(2) Br 21 5 -136 

I 18 6 -22 0 

p(MH) for reference compounds 

GeH,CH, LO84 6 CH,CH, 2950 

Discussion. The gauche and tram effects of halogen produce v(GeH) differ- 
ences of 17.3 (F), 25.5 (Cl) and 29 cm-’ (Br) m the GeH&H*X compounds_ , 

Srmilar differences due to conformation must also occur m R,GeHCH,X and 1 

&GeHCHX, compounds. Since the splittings reported by Egorochkm et al. 
for the latter, where X = Cl, he m the range 19-24 cm-‘, we conclude that 
they originate from the two conformations of the GeH bond relative to 

I 

chlorine, rather than from “free” and “intramolecularly-bonded” germanium 
The data in their work which concern the effects of temperature and substi- 
tuents on the relative intensities of the two bands, then bear on the relative - 

stabilities of the two conformers, in which either a GeH or a GeR bond is , 

trans to halogen- 
Our reassignment of the MHCH,X and MHCHX, Y(MH) doublets does not ’ 

preclude the posslbllity of mtramolecular M----Cl bonding m M(CH,),Cl sys- 
tems as proposed in [12]. Here the problem IS to disentangle the effects of 

i 

conformational vanation in v(GeH), which arises from v(MHH) 
?’ 

the prun 
% and v(MH 2) and 1s expected from our work on alkylgermanmm compounds - 

to be about 6 cm-’ [ 131, from those of the M----Cl bonding, which appear p 
to be about 3 cm-’ [ 121. 

It remains to consider whether the tram and gauche effects of halogen in 
GeH,CH,X compounds are m any way unusual, as compared for instance, to 

r 
’ 

those in ethyl halides. 
; W 

Table 2 compares the substituent effects for the two series- The absolute ; 
gauche effects Sx are very shmlar, the pro 
greater than tha f R 

ortional effect on u(GeH) being 50 
on v(CH). The trend m S, , F > Cl > Br, 1s the same in bo 

cases, but rather less pronounced for GeH than for CH_ No dramatic conclu- 
sions emerge from the comparison. 
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