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The electric dipole moments of the two series of molecules (CH3)$TX with 
M = C, Si, Ge, Sn and Pb, and X = Cl and Br have been determined. The two 
carbon compounds show behaviour different from that of the others, and this 
is interpreted as indicating that px + dM back-bonding is present for the other 
elements of the series, and it is suggested that the extent of this back-bonding 
decreases with an increase in the atomic number of M. 

Introduction 

Continuing our studies of molecules containing elements of Group IVA*, 
we report the dipole moments of the compounds (CH3)$lX with M = C, Si, Ge, 
Sn and Pb, and X = Cl and Br. The aim was to obtain information on the group 
moments and examine the relationship between these and the bonding and 
electrone@.ivity of the atoms concerned. Several of the compounds were esam- 
ined in early work on dipole moments in solution [ 21, but those studies were con- 
fined to comparisons between compounds cor,taining the same central atom M and, 
furthermore, were carried out by various authors using different extrapolation 
procedures. Since this led to inconsistent results, we have remeasured all the com- 
pounds under one set of conditions and have interpreted the data in a way very 
different from that of the previous authors. 

l We previmzsly cousidered tie electric dipole moments of the series of compounds C6H.jShl(CH3)3 
and [(CH~JM~~S. where M = C. Si. Ge. SD. Pb I1 1. 
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Results and discussion 

Table 1 lists the observed properties of the benzene solutions and Table 2 
the dipole moments deduced together with the parameters used to calculate 
them. The reproducibility of the dipole moments is + 0.02 D for M = C, Si and 
Ge, and f 0.03 D for M = Sn and Pb. (CH,),PbBr could not he studied because 
of very low solubihty in benzene. 

It has been shown, by electron diffraction studies [3], that tetramethyl- 
silicon, -germanium, -tin and -lead compounds have tetrahedral structures. It 
thus seems reasonable to assume that, if distortion or other effects are absent, 
the experimental: moment for the compounds (CH3)&lX is the vector sum of 
the moments p(M-CH3) and p(m). The fact that the experimental moments 
for triphenyl-bismuth and -antimony [4] Fd trimethylsilane [5] are small in- 
dicates that the contribution by ,u(M--CH~) is likely to be small. It may thus be 

TABLE 1 

PHYSICAL PROPERTiES OF BENZENE SOLUTIONS OF (CH3),hM COMPOUNDS 

IV2 x lo3 
2 

Cl2 vI?a "I:! w2 x10' El? VI2 
0 2 

*I2 

MWJJ $32 
069 

1.79 
290 
417 
578 
7.36 

(CH3) gSiC1 
0.71 

200 
815 

428 
942 

7.24 

(CHJ) 3GeCl 
0.73 

1.98 
316 
1011 
5.50 

7.23 

(CH$jSnCl 
215 

3.38 
194 

6.69 
835 

fCH3)flbCl 
0-M 
L-32 
205 
284 

390 
802 

22756 I.1446 22432 

22814 1.1446 22429 
22873 1.1146 2.2426 

1.14-l6 2.2422 

23026 1.1447 2.2418 
23110 1.1447 2.2413 

22758 l.lWO 2.2428 

22812 1.1441 2.2523 
2.2860 1.1440 22119 

22908 2.2415 
l.1440 2.2411 

2.3032 1.14-10 22404 

22767 1.1440 2.2429 

22840 1.1437 2.2426 
22908 1.1434 2.2424 

22959 1.1432 22422 
23044 1.1428 22420 

1.1424 2.2416 

22871 1.1437 2.2429 

22959 1.1430 22429 
23070 2.1423 2.2430 

23195 1.1414 22429 
23327 1.1405 2.2429 

22777 1.1443 2.2428 
22846 1.1437 2.2429 
22911 l.l-l32 2.2429 
22981 1.1427 2.2430 
23074 1.1420 22430 
23173 1.1412 a2431 

ICH 3) 3CBr 
1.22 
262 
4.16 
5.67 
7.60 
9.21 

KH31 jSnBr 
0.88 

!L32 

3.19 
4.19 
5.41 

7.12 

(CH3) g GeBr 
0.86 

2.31 
3.15 
4.24 
5.72 

7.09 

0ZH3)~SrzBr 
0.97 
2.38 
3.45 
5.46 
7.09 
8.10 

2.2768 1.11-12 
25829 1.1437 
2.2881 1.1433 
2.2938 1.1429 
2.3012 1.1423 
2.3073 1.1418 

2.2750 

2.2709 

2.2828 

2.2904 
22962 

2.2756 
2.2826 
2.2866 

2.2919 

2.2990 

2.3056 

2.2776 
2.2859 
2.2921 

2.3133 
2.3192 

1.1443 
l.l-c39 

1.1437 
1.1434 

1.1431 

1.1426 

1.1449 
1.1442 
1.1438 

1.1433 
1.1426 

1.1434 2.2433 
1.1426 2243-l 
1.1419 2.2435 
1.1407 22435 
1.1396 2.2436 
1.1390 2.2437 

2.2-l30 
2.2428 
2.2426 

2.2424 
22421 

2.2430 
22-t% 

2.2421 

2.2418 

22413 

2.2430 
2.2429 
2.-A28 

2.2428 

2.2427 

2.2426 

av1:! in an3 g-l. 
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ass~ed that the variation in experimental dipole moment of the compounds 
under investigation, on going through each series from the carbon to the lead 
compound, is due mainly to variation in the bond moment p(E). A plot of 
dipole moment against atomic number of Ic? is shown in Fig. 1. From this it is 
seen that the chloro and bromo derivatives show similar behaviour. There is a 
virtuaUy linear beha~o~ on going from silicon to lead whilst the moments of 
the two t-buty: derivatives are significantly above this line. These results cannot 
be explained solely in terms of differences in the e~ectr~negati~ty of the atoms 
M It is possible that in the compounds with M = Si, Ge, Sn and Pb there is 
back-donation between the full p orbitals of the halogen and empty d orbit& 
of M. Thus an increase in moment from silicon to lead wili then be due not only 
to the increase in the electron donor power, but also to the decrease in the ac- 
ceptor power of M in the same sequence. in fact, for X = Ct and Br, the degree 
of overlap between the atomic orbitals invoived in this back-bonding is more 
favourable for silicon and germanium than for tin and lead. The px + dhl bond 
must, of course, be absent in the two t-butyi compounds. This absence of a 
srcontribution would explain the fact that the experimental moments for the 
two carbon derivatives are of the same order as those for the silicon derivatives. 

The dipole moments for the bromo derivatives are always greater than 
those for the chforo analogues. The reason for this is not clear. For tetramethyf- 
&lane and the trimethylsilicon halides it has been observed that chemical shifts 
decrease, and coupling constants (J) increase, in the order CH3, F, Cl, Br, Z [S]. 
This has been explained by assuming that there is a systematic decrease iu the 
p-cd bond between silicon and halogen, and that the extent of this decrease de- 
pends on the reiative sizes of the atomic radii of the two-atoms. Further mea- 



65 

surements are in progress to clarify the nature of the bond between halogens 
and Group IV elements. 

Experimental 

Materials 
t-Butyl-chloride and -bromide, trimethylchlorosilane, trimethylchlorotin 

and trimethylbromogermane were commercial products. Tbey were purified by 
several distillations through a fractionating column packed with Fenske rings. 
The purity of the products was checked by NMR spectra or, where possible, by 
GLC on an SE 30 column at various temperatures. The remaining compounds 
were prepared as follows: 

Tr~methylbrornosilane. This compound was prepared by the reaction of 
hesarnethyldisilosane with PBr, [‘7]. 

Trimethylchlorogermane. 2 g of commercial trimethylbromogerrnane and 
1 g of dry, freshly prepared silver chloride were heated at ca. 100°C for 8 h in a 
sealed Carius tube. After this perrod the reaction mixture was washed with ether. 
Evaporation of the ether followed by distillation of the residue gave 0.7 g of 
trimethylchlorogermane [8], b-p. 114”Cj760 mmHg. 

7’rimethylbromotin. This was obtained as previously described [9] in 80% 
yield by adding to tetramethyltin the stoichiometric amount of AR (analytical 
grade) bromine, dropwise and with stirring at 0°C. After 30 mm at room tem- 
perature the reaction mixture was li-actionated on a Vigreux column and the 
fraction with b-p. 165”C/760 mmHg collected. 

Trimethyllead chloride. This was prepared by treating commercially avail- 
able tetramethyllead with dry hydrochloric acid [lo]. After recrystallization 
from ligroin, 5.2 g of trimethylchlorolead were obtained (m-p. 187-189°C) [ 111. 

Trimethylbromolead. This was prepared as described in ref. 11. 

Physical measurements 
Measurements were performed at 25.0 f O.l”C. The apparatus and method 

used in calculating the electronic and total molar polarizations have been de- 
scribed previously [ 121. Deaerated dry benzene was used. 

References 

1 S. Sorriso. A. Foffani. A. Ricci and R. Danieb. .I. Orwomctal. Chem.. 67 (1974) 369. 
2 (a) A-E. van Arkel and J.L. Snoek. Rec. Trav. Chim. Pays Bas. 52 (1933) 719: J.W. Smith and L.B. 

WIU~II. Trans. Faraday SOC.. 47 (1951) 1301: G. Klages and R. Langpape. 2. Naturforsch. A, 15 
(1960) 96-I; 

3 
4 

5 
6 
7 
8 
9 

:: 
12 

(b) A. Oar& 2. Phy’nli Chem.. 67 (1930 327: 
tc) X Schaarschmidt. 2. Anorg. Allgem. Chem.. 310 (1961) 78. 
(d) E.L. Rerllv. B.C. Curran and P.A. LclcCusher. J. Amer. Cbem. Sot.. 76 (1954) 3311: 
(e) E.G. Clarys. G.P. Van der Kelen and Z. Eeckhaut. Bull. Sot. Chum. Be&es. 70 (1961) 462; 
(0 G.L.. Lewrs. P-F. Oesperand C.P. Smvth. J. Amer. Chem. Sac.. 62 (1910) 3243. 
L-0. Brockway. Rev. hlodem Pbys_. (1936) 231. 
E. Bergmann and W. Schiitz. 2. Physik Cheer... (1932) 401; F. Hein and H. Kallmcyer. Z. Anorg AU- 
gem. Chem.. 311 (1961) 260. 
L. Pierce and D.H. Peterson. J. Cbem. Phys. 33 (1960) 907. 
H. Schmidbaur. J. Amer. Cbem. Sot.. 85 (1963) 2336. 
P.k McCusber and EL. Redly. J. Amer. Chem. Sot.. 75 (1953) 1583. 
E-W. Abel. D.A. AnzuLage and D.E. Brady. J. Organometal. Cbem.. 5 (1966) 130. 
CA. iirausand W.V. Se&on% J. Amer. Chem. Sot.. 47 (1925) 2361. 
C. Caligaert. F.J. Dykstra and H. Shapuo. .I. Amer. Chem. So& 67 (1945) 190. 
G. GrUttncr and E Kmuse. Bex. 49 (1916) 1415. 
S. So&o. G. Cardaci and S.M. Murgia. Z. Naturforsch.. B. 27 (1972) 1316 


