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SUhlhtARY 

The dipole moments of propylchlorogermanes, methylethoxygermanes, 
propylethoxygermanes and propylethoxysilanes in benzene have been determined 
at 29. The experimental values are used for calculating the moments of the GeCl, 
groups ‘and the moment of the Ge-0 bond and their magnitude is compared with 
that of the SiCl, groups and of the Si-0 bond. The polarizabilities of methyl and 
propyl groups attached to germanium and silicon are considered_ The factors in- 
fluencing the value of the dipole moments of alkylethoxysilanes and alkylethoxy- 
germanes are discussed. 

INTRODUCTION 

As part of an extensive investigation of the character of the bonds of germanium 
and silicon in their organic compounds the present work was devoted mainly to the 
polarizability of germanium atoms with alkyl groups and further to the possible role 
of p,+& dative character of Ge-Cl and Ge-0 bonds. In comparison with analogous’ 
compounds of silicon one can expect in the germanium compounds a greater polariz- 
ability with a less pronounced pn -& character of some of the bonds, but the avail- 
able experimental material is rather poor. Of the compounds in which the above 
types of bond occur, the dipole moments of methylgermanes2-s and of some methyl- 
halogermanes2p6 and ethylhalogermanes’ have been investigated_ The moments of 
germanium bonds with other atoms are not yet known, but Kartsev’ has attempted 
an assessment of the moments of Ge-Cl(3.0 D), Ge-H (1.0 D) and Ge-C (0.65 D). 

As to the oxygen compounds of germanium, the dipole moments of methyl- 
methoxygermanes ‘*’ have been published. From a comparison of experimental and 
theoretical values the authors envisaged the role of free rotation of the terminal 
methyl groups about the Ge-0 bonds in such compounds_ The dipole moment of the 
(CH,),GeO group calculated from the dipole moment of trimethylmethoxygermane 
is l-77 D. 

* For Part III see ref. 1 
*Arbeitsbereich Kir physikaIische Methoden der analytischen Chemie am Institut Wr physikalische 
Chemie der Deutschen Akademie de! Wissenschaften zu Berlin, Berlin-Adlershof (Germany). 
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The dipole moments of methylchlorosilanes’0-13 and methylethoxy- 
silanes g~t4-16 have been measured previously (see Table 2) and the moments of the 
SiCl, and (CH,),SiO groups were calculated therefrom_ For the moment of the 
methyl group attached to silicon, the value of 0.2 D is commonly employed, this 
being practically constant iu differently substituted methylsilanes. The moment of 
the Si-C,H, has not yet been determined_ 

EXPERiMENTAL. 

The preparation of propylchlorogermanes, tetrapropylgermane, propyl- 
ethoxygermanes, tetraethoxygermane, methylethoxygermanes and of propylethoxy- 
silanes has been described in the first paper of this seriesr’ together with the results of 
analyses and physical constants. 

The purity of all the compounds was checked chromatographically. All the 
manipulations with germanium derivatives were carried out in a dry box. 

As solvent we used analytical-grade benzene (Lachema). dried and purified 
by a previously described procedure”. 

The dipole moments were determined on the basis of dielectric constants and 
specific volumes of solution of the compounds studied in benzene, over a concentra- 
tion range from 10m2 to 10m3 M. The dielectric constants were determined by the 
resonance method at a frequency of 0.5 MHz with an accuracy of As/s= 1 - 10-4 
Density was determined pycnometrically. A11 the measurements were carried out at 
25.00 +0.05”. 

The dipole moments were calculated from the experimental data according to 
the procedure of Halverstadt and Kumler”_ 

RESULTS AND DISCUSSION 

The experimental results and the dipole moments of all the compounds 
described here were summarized in Table 1. 

Using the value of 1.0 ‘D for the bond moment of Ge-H’ and the dipole 
moments of methylgermanes shown in Table 2, the group moments of Ge-CH3 were 
calculated : 

CH,GeH, : m(Gxs) = 0.36 D 

(CH3)2GeHt I = 0.34 D 

(CH-J3GeH : = 0.33 D 

With the aid of the moments of the Ge-CH, groups found here the bond 
moments of the Ge-Cl bond were calculated for methylchloiogermanes (on the basis 
of the average values of the dipole moments ofmethylchlorogermanes determined by 
different authors and shown in Table 2) : 

CH,GeCls : m(a) = 3.03 D 

(CH,),GeCl, : = 3.07 D 

(CH3)3GeCl f = 3.17 D 
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TABLE 1 

MOLAR POLARIZATION, REFRACTIOS ASD DIPOLE hlO>IEh’IS OF COJIPOLJNDS DESCRlBEC IN THE TFXT 

Compound 

n-CaH,GeCI, 4.52 -0SI3 44.66 231.317 3.01 
(n-C,H,),GeCl, 6.34 -0.364 57.00 299.099 3.42 
(n-C3H,),GeCl 3.83 -0.235 69.34 236.034 2.82 
(n-C,H r),Gc -0.09 -0.055 81.68 75.884 0 

Ge(GCaH& 1.29 - 0.285 61.12 126.761 1.75 
n-CaHyGe(OCaHS), 1.38 -0248 66.26 132.844 l-76 
(n-C,H&Ge(GCsH& 1.11 -0206 71.40 122.246 1.52 
(n-C,H,),GeOC,H5 1.03 -0.129 76.54 123222 1.45 

CH,Ge(OC,H& 1.45 -0.259 53.94 120.152 1.76 
(CHs)aGe(GC&% 121 -0.251 46.76 95.719 1.51 
(CHa)&eOC& 1.55 -0.192 39.54 94.099 1.60 

n-C,H,Si(OC,H,), 1.43 -0.017 55.71 125.41 1.80 
(n-C,H,)2Si(OC2H,)2 0.61 f0.010 59.38 93.17 1.22 
(n-C,H,),SiOC,H, 0.36 +0.082 63.45 88.18 1.03 
n-C,H,St(CH,), -0.31 +0.308 39.42 43.86 0.34 

u Slope of the concentration dependences of dielectric constants. b Slope of the concentration dependencea 
of specific volumes. c Molar refraction. d Molar polarization of the compound studied extrapoiated to 
infinite dilution 

TABLE 2 

DIPOLE MOMEXTS OF MErHYLGERSI.ANES, blETHYLCHLOROGER~IASF_S, JlETHYLCHLOROSlLANES AND hIETHYL- 

tTHOSYSILAXES 

Compound W) 

CH,GeH, 
(CH3),GeH2 

(CHs),GeH 

CH,GeCl, 
(CHa),GeC12 
(CH,),GeCl 

CH3SiCl, 
(CH&SiCla 
(CH&SiCl 

CHSSi(OCaH& 
(CH&WOCIH& 
(CH,)$iOC,H, 

O&l2 
0.76? 
0.67’ 

2.70’ ; 2.63’ 
3.142; 3.117 
2.89’ ; 2.7S6 

l.93r”- 187= 
2.28’0: &gl= 9 . 
2.09’“-2.021’-208’3 9 9 - 

1_7O’5; 1.72p ; 1.678t6 
1.36’j; 1_3gp ; 1_35816 
1.18’*; 1.17’; 1.14616 

These bond moments were used for calculating the group moment of the propyl 
group attached to the germanium atom in propylchlorogermanes, under the assump- 
tion that the replacement of the methyl groups with propyl groups has no apparent 
effect on the magnitude of m(GeC1): 

n-C,H,GeCl 3 : m(GeC,H,) = 0.02 D 

(n-C3H7)2GeC12 : = 0.09 D 

(n-C&t,),GeCl : = 0.36 D 
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It is understood that the moments calculated here represent only approximate 
values since a tetrahedric arrangement about the germanium atom is assumed and 
oniy negligible changes of the bond moment of Ge-H in the methylgermane series are 
postulated. Moreover, it must be assumed that the moment of the Ge-CH3 group 
remains constant upon transition from methylgermanes to methylchlorogermanes 
just as do the moments of Ge-Cl upon transition from methylchlorogermanes to 
propylchlorogermanes. 

The calculated values still show quite clearly that the moment of the Ge-C,H, 
group, in contrast with the Ge-CH3 group decreases pronouncedly with an increasing 
number of chlorine atoms in the molecule. This points to a greater polarizability of 
the propyl group attached to germanium as compared with the methyl group. In view 
of this fact one must exercise caution in applying the moment of the Ge-C,H, group 
calculated from propylchlorogermanes to propylethoxygermanes whereas the error 
incurred on applying the Ge-CH, group moment in methylethoxygermanes should 
bc negligible. For the sake of comparison we have determined the moments of Ge- 
C3H, also in propylethoxygermanes by establishing first the contribution of the 
ethoxy groups to the overall dipole moment of methylethoxygermanes : 

CH,Ge(OC,H,), : m[Ge(OC,H&] = 2.12 D 

(CH,),Ge(OC,H,),: m[Ge(OC,EI&J = 1.90 D 

(CH3),GeOC,H5: m(GeOC,HS) = 1.89 D 

These values and the experimental dipole moments of propylethoxygermanes were 
then used for calculating the values of the group moment of Ge-C&I, in dependence 
on the number of ethoxy groups in the molecule : 

n-C3H,Ge(OCtH,), : m(Ged,H,) = 0.36 D 

&C3H7),Ge(OCJ% : =0.33 D 

(n-C?IH,)3GeOC2H5 : = 0.56 D 

It is assumed in this connection that the contributions of the ethoxy groups in methyl- 
and propylethoxygermanes are the same, the dipole moments of methyl- and propyl- 
ethoxygermanes are the same and hence the group moments of the methyl and 
propyl groups are identical. An exception is formed here by tripropylethoxygermane, 
the dipole moment of which is slightly lower than that of the corresponding trimethyl 
derivative. This corresponds to a smaller contribution of the (C3H7)3Ge0 group as 
compared with the (CH&GeO group, apparently due to mutual steric repulsion 
of the propyl groups. Contributions of these groups to the overall dipole moments 
have been estimated. 

To calculate the moments of the (CH&GeO group in trimethylethoxy- 
germane the following values were used : m(OC,H,) = 1.10 D, for the angfe of GeOC 
I I3O, the other angles being of a tetrahedron. By a vector sum the value of 1.67 D was 
found. Cumper, Memikoff and Vogel8 published for &is group in trkiethylmetlroxy- 
germane the value of 1.77 D. If the inaccuracy of such results is taken into account the 
agreement is fair. An analogous calculation for tripropylethoxygermane yields the 
group moment for (n-C3H,),Ge0 equal to 1.47 D. 

Since m[(CH&GeO] =m(GeO)-m[(CHs),Ge], one should be able to use 
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the moment of the trimethylgerrnyl group (0.33 D) for calculating directly the moment 
of the Ge-0 bond : m(Ge0)=2.00 D. 

If this type of calculation is applied to tripropylethoxygerrnane, using for the 
(n-C3H&Ge group moment the value obtained from tripropylchlorogermane 
(0.35 D) one obtains the value of 1.82 D for the moment of the Ge-0 bond. In view 
of the more pronounced +I effect of the propyl group as compared with that of the 
methyl group one might rather expect a greater bond moment m(Ge0) in tripropyl- 
ethoxygermane. It thus appears that due to the inconstancy of the moment of the 
Ge-C,H, group one cannot use the value obtained from one compound for obtaining 
the value in a compound of another type. 

In addition to the values of group moments the overall dipole moments of 
alkylethoxygermanes are affected by the possibility of rotation of the terminal alkyl 
groups. For this reason the theoretical dipole moments of methylethoxygermanes and 
propylethoxygermanes were calculated using Eyring’s formulaZO which is valid on 
the assumption that only free rotation takes place in the molecule. The values ob- 
tained (Table 3) are in all cases higher than the experimentally found ones which 

TABLE 3 

-CUE THEORETtCAL DIPOLE MOMENXS OF ALKYLI3HOXYSILAEiES AhI ALRYLFTHOXYGERMAhZS 

Compound hhhcor Pexp 

CH,ii(OCzH,), 1.85 1.70 
(C~&SWC&)2 1.59 1.36 

CHO4OC&& tt.09 1.76 
(C~We(OC~~J~ 2.00 1.51 

n-C,H,SI(OCaH& 1.88 1.80 
(n-C$-I%NOWb)~ 1.53 1.22 

n-W-bGe(OC,H5)9 2.11 1.76 
(n-C,H,)&(QC&% 2.03 1.52 

points to the fact that free rotation in these compounds &n be very probably excluded 
and that the existence-of certain conformations or mixtures of various conformations 
must be assumed. 

In order to compare the polarity of the bonds of the propyl groups attached to 
germanium and to silicon the moments of the n-C,H,Si group were calculated by a 
procedure analogous to thar described for germanium derivatives. For the cal- 
culation we used the following values: n;(C&O)= I.10 D, m(SiCH,)=O.2 D, the 
angle of SiOC being 113O, the other angles being of a tetrahedron. The contributions of 
the SiOC2Hs, Si(OC2H& and Si(OC,Hs)s groups to the overall moments of methyl- 
ethoxysilanes are 1.29 D, 1.59 D and 1.90 D, respectively. If it is assumed that these 
contributions change only negligibly on replacing methyl by propyl groups, one can 
calculate the moment of the propyl group attached to silicon : 

n-C,H,Si(OC2H&: m(ssH7) =O.OS D 

(@X-&WOW&h : = 0.32 D 

(n-C,H7)$iOC,H5 : = 0.58 D 
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The moment of the propyl group calculated from trimethylpropylsilane is 0.54 D. 
In trimethylethoxysilanes we found the value of 1.03 D for the moment of 

(CH,),SiO group which is in agreement with the value published for this moment in 
triruet.bylmetboxysilae*. Hence the moment of the Si-0 bond is equal to 1.23 D. 
III comparison with the GeO bond the Si-0 one is thus much less polarized. 

Similarly to alkylethoxygermanes, the moment of the‘(n-C,H,),SiO group in 
alkylethoxysilanes (0.65 D) is much lower than (CH&SiO (1.03 D). An explanation 
may be sought in the steric effect of voluminous propyl groups which is even more 
marked in silicon derivatives in comparison with germanium derivatives in view of 
the smaher volume of the central atom. 

As to the possibility of rotation of the ethyl groups in alkylethoxysilanes one 
can assume, on the basis of temperature dependences found by Ferenczi-GresP, 
free rotation to occur only in trimetbyletboxysilane. In the other methylethoxy- 
silanes, and even more so in propylethoxysilanes, the possibility of free rotation of the 
ethyl groups is nil. This is indicated also by a comparison of the experimental dipole 
moments with the theoretical ones. The dipole moments calculated are shown in 
Table 3. 

The lower polarity of silicon bonds as compared with germanium is evident in 
the moments of the Si-Cl bonds in methylchlorosilanes. These bond moments were 
computed from a vectorial calculation from the dipole moments of the methyl- 
chlorosilanes : 

CH,SiCl, : IPI = 2-13 D 

(CH&SiCl, : = 2.21 D 

(CH&SiCl : = 2.29 D 

The bond moments of the Ge-Cl and Si-Cl bonds in the analogous methyl- 
chloro derivatives correspond to the ratio 1.38-1.42. Since the moments of the Ge-0 
and Si-0 bonds cannot be calculated for the di- and triethoxy derivatives they were 
expressed by the quotients of dipole moments of methyl- and propylethoxygermanes 
and the corresponding methyl- and propylethoxysiIanes. Their values (from themono- 
to the triethoxy derivatives) are the following: 1.36, 1.11 and 1.04 for the methyl 
derivatives, and 1.41, 1.21 and 0.98 for the propyl derivatives. In view of the fact that 
both the covalent radii and the electronegativities of silicon and germanium atoms 
are very similar’ one can account for the high quotients by assuming that the p=+d, 
interaction plays a much greater role in the Si-Cl and Si-0 bonds than in the corre- 
sponding germanium ones. A decrease of the quotients with increasing number of the 
ethoxy groups in the molecule indicates that the role of the p,~& interaction is 
greatest in monoethoxysilanes and then gradually decreases. 
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