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Summary

IR spectra of the species GeHD,CH,F and GeHD,CH,Cl are reported which
show two bands each, assigned to the solitary GeH bond either gauche or
trans to the halogen atom, the sphttings being 17 em™! (F) and 25 5 cm ™!
(C1), respectively. Similar pairs of bands are 1dentified as due to GeHD,CH,Br,
S1HD,CH,Cl and S1HD,CH,Br in earher spectra

This conformational effect of halogen on »(SiH) or »(GeH) accounts for the
doublets seen earlier in the spectra of R,MHCH,Cl and R,MHCHCl, com-
pounds by Egorochkm et al and alternatively attributed by them to “free”,
and “‘intramolecularly bonded” germanium of the type Gei— — —-/—X.

Introduction. In several recent papers, Egorochkin et al. [1,2] have re-
ported doublets 1n the GeH stretching region of the IR spectra of organo-
germanes contaiming the groupings ~GeHCH,Cl and =GeHCHCIl, These
doublets they suppose to derive from germanium atoms which are either “free”,

H
or “intramolecularly-bonded” as represented by \Ge——- — —=Cl Similar
1 \CHz/
conclusions were drawn for some R,S1HCH,Cl! compounds {3].

A more plausible explanation for these doublets 1s 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 deuteration method which yields ““isolated’” CH stretching fre-
quencies, vis(CH) {4]. In particular the g effects of halogen have been studied
extensively in alkyl halides [5] and chloralkanes [6]. For example, »**(CH)
values for bonds respectively gauche and trans to Cl in EtCl are 2972 4 and
2945.0 cm—! [5].
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We have now remnvestigated the gas phase IR spectra of the molecules
GeH;CH,F, GeD;CH,F, GeH;CH,Cl and GeD;CH,Cl and found v(GeH)
goublets due to GeHD, impurity species in the GeD; compounds. Similar
doublets due to MHD, impurity species can likewise be identified 1n earher
work on SiD;CH,Cl, S:D,CH,Br [7] and GeD;CH,Br [8]. These are all mole-
cules for which selective microwave studies [9—11], and the earlier vibrational
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 Nicolet 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 LiAlH, or LiAlD, as in [7] The
corresponding fluorides were prepared by treating CH, BrF with germy!
sodium-h; or -d; as m {11].

Results. The IR spectra are shown 1n Fig. 1, the corresponding frequencies
in Table 1.
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Fig 1. IR spectra in vapour phase of GeH,CH,F, GeH,CH,Cl and GeH impunties 1n GeD;CH,F and

GeD,CH,CL. H,0 hnes are identified by * A further impunty peak at 2117 cm™* 1s present 1 the
GeD,CH,F spectrum



TABLE 1

GeH AND S1tH STRETCHING FREQUENCIES (cm™ ')
(HH. Hx sigmify hydrogens respectively trans to H X)
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X=F a Br
GeHD,CH,X v(GeHY) 21074 C° 21102C° 2108 c?
v(GeHX) 2090.1 A® 2084.74 AC 2079,B’ P
av(aH — gX) 17 38 255 29(2)
GeH,CH,X Vas(GeH, H, 2109 4,c? 211258 C< 2112 C*<
u(GeH ) 2089 8 AT 208474 A 2080 5 B¢
SIHD,CH,X v(SiHH) 2193,c? 2193,cP
vs1HX) 2166,B Y 2162 B b
Av(HY - gX) 27 31
SIH,CH,.X vao(SiH. D) 2197,C¢ 2197 ¢€ -~
v(S1HA) 2168 A/BC 2164 A/B€

@ This work. 2 Deduced from data in {7,8] assurung (A) their MH, frequencies are more accurate than

thewr MHD, 1mpunty ones, (B) a cahbration smft of 2 cm
their data for GeH,CH,Cl and (C) 2 2 cm ™ '
ties must be about £ 2 em™

€ Data in [7,8]

shift from v(MHD, ) to vas(MH,

—1 as evidenced by a companson of our and

H)_ The resulting uncertain-

Assignment. Two bands are seen 1n each case, a type C one at high fre-
quency, and an A/B one, lower down. The spectra of the GeH immpurity
specles 1n the GeD; compounds are almost 1dentical with those of the pure
GeH; species, only the higher band being displaced by about 2 cm™!* The
unpurity species 1s 1dentified as primanly GeHD, on two grounds. First exten-
sive experience with LiAlD,; reductions of MCl; groups have shown us that
the proportion of MH,D species resulting is of minor importance. Secondly, a
siumple calculation shows that a third of the molecules of such species (those
with two 1dentical MH bonds) will produce a high frequency v;5(MH, ) band
coimncident in frequency with the v,3(MH;) band. Only a trace of such absorp-
tion 1s wisible in Fig. 1 for the fluoride, perhaps more for the chlornide**.

With this interpretation of the impurity bands in GeD;CH,F, Cl we can
now identify similar bands in GeD;CH,Br {8] and S1D;CH,Cl, Br [7] as due
not to MH; species, but to MHD, and possibly MH,D ones The gas phase
contours then mimmediately identify the MH bonds concerned. The type C
band derives from the MH, bonds out of the skeletal plane, the type A one
from the single MHg bond 1n the plane. We denote these bonds by MHE and
MHE* according as they lie frans to H (gauche to X) and ¢rans to X respective-
ly. Our choices of »'(MH) for these molecules are then listed in Table 1.

*The indistinguishabibity at low resolution of the MH, and MHD, bands was clearly responsible for
the earher misassignments of the latter to MH,CH, X impunty [7,8]
**The same calculation shows that the other MH,D species (those with 2 different MH bonds) produce

frequencies coincident with those of the MHD,

ones Thus our interpretation of the spectra 1s quite

independent of the proportions of MHD, and MH,D Both yield “isolated” MH stretching fre-
quencies. This cunious result 1s hnked with the virtual identity of the MH, and MHD,/MH,D spectra
and stems from the fact that coupling between two GeH bond stretchmg motions 1n a GeH,; or GeH,
group 1s neghgible as soon as the bonds differ shghtly i1n strength The lower band 1n the GeH,
spectrum 1s about 100% u(GeH ). 1its descnption as us(GeHs) 1s wholly 1nappropnate Couplmg
between identical GeH bonds amounts to only 2 cm™
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TABLE 2
SUBSTITUENT EFFECTS OF HALOGEN ON v'S(GeH) AND v'S(CH)

X
§% =VSMIpy cp x — VS MByy ol

X X X X
Sg S Sg S;
GeH,CH,F 228 55 CH,CH.,F 235 70
Cl 25 6 o1 Cl 22 4 -50
Br 23(2) -6(2) Br 215 -136

1 186 -220

*S(MH) for reference compounds
GeH,CH, 20846 CH,CH, 2950

Discussion. The gauche and trans effects of halogen produce »(GeH) differ-
ences of 17.3 (F), 25.5 (Cl) and 29 cm~! (Br) in the GeH;CH,X compounds.
Similar differences due to conformation must also occur n R,GeHCH,X and
R,GeHCHX, compounds. Since the splitiings reporied by Egorochkin et al.
for the latter, where X = Cl, lie 1n the range 19—24 ecm™!, we conclude that 1
they originate from the two conformations of the GeH bond relative to
chlorine, rather than from ‘“free’ and “intramolecularly-bonded’ germanium
The data in their work which concem 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, »(MH) doublets does not
preclude the possibility of intramolecular M----Cl bonding in M(CH, );Cl sys-
tems as proposed in [12]. Here the problem 1s to disentangle the effects of
the pmnarcy conformational vanation in »(GeH), which arises from »(MHH)
and »(MHCH:z) and 1s expected from our work on alkylgermanium compounds
to be about 6 cm™! {13}, from those of the M----Cl bonding, which appear
to be about 3 em™! [12].

It remains to consider whether the trans and gauche effects of halogen in
GeH;CH,X compounds are 1n any way unusual, as compared for instance, to
those in ethyl halides.

Table 2 compares the substituent effects for the two series. The absolute
gauche effects SX are very similar, the proportional effect on v(GeH) being 50
greater than tha€ on v(CH). The trend in S;*, F > Cl > Br, 1s the same in bot
cases, but rather less pronounced for GeH than for CH. No dramatic conclu-
sions emerge from the comparison.
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