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It is even closer to an equilibrium curve observed by 
Browning and Emmett4 for reaction 4 when the carbon 
is presumably amorphous and is formed by the de
composition of metallic carbides at low temperature. 
This latter curve is shown as curve 3 in Figure 2. The 
difference between the curves is so small that one might 
suspect that the real equilibrium measured is that of 
reaction 4 with the carbon in a slightly more active form 
than the /3-graphite. Similar deviations are reported 
by Troesch8 on carbon supported on Ni, and by Leit-
naker9 on a U-C system. Although the formation of 

(8) A. Troesch, J. Chim. Phys., 47, 274 (1950). 
(9) J. M. Leitnaker, Symposium on Thermodynamics of Nuclear 

Material, Vienna, 1967. 

The methyl compounds of the group I, II, and III 
elements display some interesting variations in struc

ture. Some of these compounds are electron deficient in 
the sense that they form polymeric species through the 
derealization of one or more bonding pairs. Examples 
of the latter are the trimethylaluminum dimer,2 the 
dimethylberyllium polymer,3 and the methyllithium 
tetramer.4 By contrast, other methyl compounds such 
as trimethylboron6 and dimethylzinc6 are monomers 
showing little or no tendency toward association. 

In the present paper we report the results of semi-
empirical molecular orbital calculations on some of 
these molecules. Our basic objective was to under
stand the bonding fractors which are responsible for 
these variations in structure. We were also interested 
in the validity of the concept of hyperconjugation, 
particularly in the case of (CH3)3B

7 since it has been 

(1) Presented at the 3rd International Symposium on Organometallic 
Chemistry, Munich, Germany, Aug 28, 1967. 

(2) (a) P. H. Lewis and R. E. Rundle, J. Chem. Phvs., 21, 986 
(1953); (b) R. G. Vranka and E. L. Amma, / . Am. Chem. Soc, 89, 3121 
(1967). 

(3) A. I. Snow and R. E. Rundle, Acta Cryst., 4, 348 (1951). 
(4) E. Weiss and E. A. C. Lucken, / . Organometal. Chem., 2, 197 

(1964). 
(5) (a) H. A. Levy and L. O. Brockway, / . Am. Chem. Soc., 59, 2085 

(1937); (b) L. S. Bartell and B. L. Carroll, J. Chem. Phys., 42, 3076 
(1965). 

(6) K. S. Rao, B. P. Stoicheff, and R. Turner, Can. J. Phys., 38, 1616 
(1960). 

(7) R. S. Mulliken, Chem. ReD., 41, 207 (1947). 

MoC phases is reported by Tutiya,10 by Clougherty, 
et a/.,11 and established on X-rays of samples of Mo 
carbided to 7.6% C by Browning and Emmett,1 the 
true equilibrium for reaction 3 must still be in doubt 
because of the difficulty in separating it from compli
cations by reaction 4. The equilibrium for reaction 1, 
however, is, we believe, accurately defined by curve 1, 
Figure 2. 

Acknowledgment. This project was made possible 
through AEC Grant No. NYO-2008-6. 

(10) H. Tutiya, Bull. Inst. Phys. Chem. Res. (Tokyo), 11,1150(1932). 
(11) E. V. Clougherty, K. H. Lothrop, and J. A. Kafalas, Nature, 

191, 1194,4794(1961). 

argued8 that this effect should be enhanced in this 
molecule due to C - -B + polarity of the a bond. Pre
viously, Rundle9 has described a simplified MO treat
ment of (CH3)6A12 and indicated that the bridge bonding 
in this species can be described as a combination of 
tetrahedral orbitals from aluminum and carbon or 
equivalently as a "methylated double bond." 

More recently extended Hiickel calculations have 
been performed on this molecule10" and (CH3)3B.10b 

Rough estimates have been made4 for the MO energies 
of the lithium-carbon skeleton of (CH3Li)4, and the 
hypothetical methyllithium dimer has been the subject 
of an LCAO-SCF treatment.11 

Methods of Calculation 

Two types of Hiickel molecular orbital calculations 
were performed on the following molecules: CH3Li, 
(CH3Li)4, (CH3)2Be, (CH3)3B, (CH3)6B2, (CH3)3A1, and 
(CHs)6Al2. In addition CNDO self-consistent field 
calculations were performed on CH3Li and (CH3Li)4. 

(8) T. D. Coyle, S. L. Stafford, and F. G. A. Stone, J. Chem. Soc, 
3103 (1961). 

(9) R. E. Rundle in "Survey of Progress in Chemistry," Vol. 1, 
A. F. Scott, Ed., Academic Press, New York, N. Y., 1963, p 81. 

(10) (a) H. Kato, K. Yamaguchi, and T. Yonezawa, BH//. Chem. Soc. 
Japan., 39, 1377 (1966); (b) H. Kato, K. Yamaguchi, T. Yonezawa, 
and K. Fukui, ibid., 38, 2144 (1965). 

(11) I. B. Golovanov and A. K. Piskunov, Zh. Strukt. Khim., S, 933 
(1964). 
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Abstract: The methyl compounds of the group I, II, and III elements display some interesting variations in 
structure. Some of the compounds are electron deficient in the sense that they form polymeric species through the 
derealization of one or more bonding pairs. Examples of the latter are ((CH3)3AI)2, (CH3Li)4, and ((CHs)2Be)1. 
By contrast other compounds such as (CH3)3B and (CH3)2Zn are monomers showing little or no tendency toward 
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charge-iterated extended Hiickel molecular orbital calculations. CNDO-SCF calculations were also performed on 
CH3Li and (CH3Li)4. 
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(a) Extended Hiickel Calculations. One-electron 
eigenvectors and eigenvalues were computed using the 
method of Hoffmann.12 Slater atomic orbitals were 
used except for the hydrogen Is orbital where an 
exponent of 1.1 was employed. For the aluminum 3d 
orbital the exponent of 0.333 results from the valence 
electronic configuration 3s23d. The atomic coordinates 
were calculated from the pertinent bond distances and 
bond angles when available.13 The following valence-
state ionization potentials (vsip)14 were used for the 
diagonal elements of the//matrix (eV): Hit = —13.06 
(H Is), -5 .39 (Li 2s), -3 .54 (Li 2p), -9 .92 (Be 2s), 
-5 .96 (Be 2p), -14.91 (B 2s), -8 .42 (B 2p), -21.01 
(C 2s), -11.27 (C 2p), -12.27 (Al 3s), -6 .47 (Al 3p). 
We assumed a vsip of -2 .00 eV for (Al 3d). The off-
diagonal elements were evaluated by the Wolfsberg-
Helmholtz approximation15 

Hu 0.5K(HUU + Hvi)Suv 

with A:= 1.75. 
(b) Extended Hiickel Calculation with Charge Itera

tion (Self-Consistent Charge Method). This method,16 

hereinafter referred to as the SCC method, allows 
iterative adjustment of the Coulomb integrals according 
to the equation 

-*J uu ** u KQU 

Here Huu and Huu° are the Coulomb integrals for 
charged and neutral atoms, respectively, and K is a 
constant (2.0 eV). The Slater exponents were adjusted 
according to the equation 

M« = M«° + 0.35 QJn* 

where \xu and /J.U° are the exponents on the charged and 
neutral atoms, respectively, and n* is the effective 
principal quantum number. The diagonal elements of 
the H matrix were evaluated by the method of Cusachs." 
The values employed were (eV) Huu = -13.06 (H Is), 
-4 .95 (Li 2s), -3 .45 (Li 2p), -9 .55 (Be 2s), -5 .65 
(Be 2p), -14.75 (B 2s), - 8 . 1 (B 2p), -20.30 (C 2s), 
-10.60 (C 2p), -11.90 (Al 3s), -6 .26 (Al 3p), and 
—1.75 (Al 3d). The last value was assumed. 

(c) Self-Consistent Field Calculations (SCF-CNDO 
Method). These calculations were performed using 
a program written in our laboratories by one of the 
authors (W. D. W.) and M. W. Taylor. The program 
is based on the approximate LCAO-SCF theory of 
Pople, Santry, and Segal18 in which differential overlap 
is neglected. The first part of the procedure involves 

(12) R. Hoffmann, / . Chem. Phys., 39, 1397 (1963), and references 
therein. 

(13) The data for (CH3Li)4 are taken from ref 4. The data for (CH3)3B 
and (CH3)eAl2 are taken from ref 5a and 2a, respectively. For the 
idealized methyllithium and dimethylberyllium monomers the following 
bond distances were assumed: Li-C = 2.28 A and Be-C = 1.93 A. 
For the hypothetical (D21,) trimethylborane dimer it was assumed that 
B-C (bridge) = 1.70 A and B-C (terminal) = 1.56 A. For the ideal
ized (D31,) trimethylaluminum monomer the Al-C bond distance was 
assumed to be 2.00 A. In all cases, the carbon atoms were assumed to 
be tetrahedral with C-H bond distances = 1.10 A. 

(14) J. Hinze and H. H. Jaffe, J. Am. Chem. Soc., 84, 540 (1962). 
(15) M. Wolfsberg and L. Helmholtz, / . Chem. Phys., 20, 837 (1952). 
(16) The method is discussed by P. C. Van Der Voorn and R. S. Drago, 

J. Am. Chem. Soc, 88, 3255 (1966). The authors are very grateful to 
Professor Drago for a listing of this program. 

(17) (a) L. C. Cusachs and J. R. Reynolds, / . Chem. Phys., 43, S160 
(1965); (b) L. C. Cusachs, J. R. Reynolds, and D. Barnard, ibid., 44, 
835 (1966). 

(18) J. A. Pople, D. P. Santry, and G. A. Segal, ibid., 43, S129 
(1965). 

calculating an initial set of molecular orbital coefficients, 
Ciu, by an extended Hiickel procedure in which the 
diagonal elements of the H matrix are replaced by 
"average" ionization potentials, and the off-diagonal 
elements by fit?Suv. The following "average" ion
ization potentials were used (eV):19 —13.06 (H Is), 
-5 .39 (Li 2s), -3 .54 (Li 2p), -19.44 (C 2s), -10.67 
(C 2p). The bonding parameter values (eV) of /3° 
(H) = - 9 . 0 , /3° (Li) = - 9 . 0 , and /3° (C) = -21 .0 
were taken from ref 19. Here, as in the extended 
Hiickel calculation, the overlap integrals were calculated 
by Roothaan's method.20 

The next stage involves calculation of the charge-bond 
order matrix 

OCC 

i 

The Put matrix is then used to form the Hartree-Fock 
matrix, Fu„ which is solved to give a new set of eigen
vectors, Ciu. This procedure is repeated until self-
consistency is reached with a tolerance of 0.001 on all 
Ciu. Output of the program includes the eigenvectors, 
C4B, the corresponding eigenvalues, et, the charge-
density-bond order matrix, Puv, and a Mulliken overlap 
population analysis.21 

Results and Discussion 

(i) Methyllithium. The calculated atomic charges 
and overlap populations for the methyllithium mono
mer and tetramer are shown in Table I. When methyl-

Table I. Calculated Atomic Charges and Overlap Populations 
for the Methyllithium Monomer and Tetramer 

Compound 

CH3Li 

Total overlap pop./Li atom 
(CH3Li)4 

Total overlap pop./Li atom 

Bond 

Li-C 
C-H 

Li-Li 
Li-C 
Li -C 
C-H 

Atomic Charges 
Compound Atom 

CH3Li Li 
C 
H 

(CH3Li)4 Li 
C 
H 

SCC 

+0.49 
-0 .30 
-0 .06 
+0.45 
-0 .29 
-0 .05 

SCC" 

0.370 
0.830 
0.37 
0.168 
0.148 

-0.029 
0.846 
0.928 

SCF4 

0.482 
0.654 
0.482 
0.424 
0.333 
0.027 
0.629 
2.343 

SCF 

+0.53 
-0.39 
-0.05 

+0.04 
-0.26 

+0.07 

° The overlap populations between atoms A and B are calculated 
from the standard Mulliken formula (ref 21). b Calculated accord
ing to the formula 2 , 2 , 5 , A , where Puv is the bond order (eq 4) 
and Suv is the overlap integral (ref 20). 

lithium polymerizes, the overlap population of the C-H 
bond remains essentially constant and the decrease of 
Li-C overlap population is compensated for by the 
lithium-lithium bonding in the Li4 tetrahedron. The 
overlap population of any one carbon atom is the 
same to each of the three lithium atoms of the nearest 
triangular face. There is no bonding character between 
a carbon atom and the far lithium atom, i.e., the one 

(19) J. A. Pople and G. A. Segal, ibid., 43, S136 (1965). 
(20) C. C. J. Roothaan, ibid., 24, 501 (1956). 
(21) R. S. Mulliken, ibid., 23, 1833, 1841, 2338, 2343 (1955). 
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Figure 1. Twenty-two lowest lying molecular orbital for (CH^Li)4. 

below each triangular face. This suggests that each 
CLi3 unit is bonded by a delocalized four-center bond. 
The per cent 2s character in the carbon and lithium 
bonding orbitals is estimated to be 13 and 23%, respec
tively, on the basis of the equation of Van Der Voorn 
and Drago.16 A significant feature of the overlap 
population data is the increase of the total overlap 
population per lithium atom when four CH3Li units 
polymerize. Essentially this means that polymerization 
permits each lithium atom to enter into considerably 
more covalent bonding. 

From Table II it can be seen that the three methods of 
calculation predict the methyllithium tetramer to be 
more stable than four isolated molecules of CH3Li 

Table II. Total Energies for the Methyllithium Monomer 
and Tetramer (eV) 

Compound EHMO" SCC SCF' 

CH3Li 
(CH3Li)4 

-132.84 
-538.51 

-102.04 
-412.34 

-282 .32 
-1241.75 

<• Extended Hiickel molecular orbital method. b Extended 
Hiickel method with charge iteration. c Self-consistent field 
method with complete neglect of differential overlap. 

monomer. It should be emphasized, however, that this 
is not a reliable criterion of stability when one-electron 
methods are empolyed. This is due to the neglect of 
core repulsions and electron-electron interactions in the 
formulation of the Hiickel total energy; i.e., the total 

energy = 2*°°° n(et, where nt is the occupation number 
of the rth molecular orbital and et is the one-electron 
orbital energy. Consequently, the SCF data, which are 
based on a method which includes core and inter-
electronic repulsions, should be more reliable. How
ever, the stability of the methyllithium tetramer is 
probably overemphasized (28.12 eV per CH3Li unit). 
This probably results from the somewhat large bonding 
parameters (/3°) employed in the Pople, Santry, and 
Segal method.18 

Fraenkel, Adams, and Williams22 have suggested 
that alkyllithium species be regarded as lithium salts of 
carbanions. To some extent, our calculations sub
stantiate this view since the carbon atoms of both the 
tetramer and the monomer are calculated to have 
negative charges by the extended Hiickel method, the 
SCC method, and the CNDO-SCF method (Table I 
and Figure 2). However, it is important to point out 
that there is an appreciable positive overlap population 
between carbon and lithium in (CH3Li)4 (Table I) thus 
indicating covalency in this linkage. Further, from 
the SCC eigenvector and eigenvalue data, together 
with the Pople and Santry expression23 for the contact 
term, we calculate the scalar coupling between Li7 

and C13 to be 0.77 Hz. Very recently24 Jc"-w has 
been found to be 14.5 Hz. 

In Figure 1 are diagrammed the 22 lowest lying mo
lecular orbitals of (CH3Li)4, the first 16 of which are 
occupied. It should be noted that the SCF transition 
energy includes Coulombic and exchange integrals, i.e. 

'AEt-., = e, - e, - (*A-fA + 2(WJ-J^4) V \rn j \ M I 

whereas in the SCC method the transition energy is 
simply the difference of orbital energies. The difference 
in the method of calculation is reflected in the widely 
different computed values for the parity-allowed ai •*-12 

transition. Thus the SCF method probably grossly 
overestimates the transition energy (12.32 eV or 1006 
A), while the independent electron model obviously 
underestimates the transition energy (3.1 eV or 4030 A) 
since alkyllithium species do not absorb in the uv-
visible region.25 

(ii) Dimethylberyllium. The polymeric nature of 
this compound limited our calculations to the hypo
thetical (CH3)2Be monomer. Assuming a linear ge
ometry (D0511) we calculate a carbon-beryllium overlap 
population of 0.67. As discussed in the next section, 
it is found that when the metal-carbon overlap popu
lation is less than ~0.8 the monomer appears to 
undergo polymerization. The carbon-beryllium bond 
is mainly a in character since the overlap population 
for -K bonding is only 0.060 per C-Be bond. 

(Hi) The Methyl Compounds of Boron and Aluminum. 
The overlap populations for (CH3)3B, (CH3)6A12, and 
the idealized molecules (CH3)3A1 and (CHs)6B2 are 
shown in Table III. 

(22) G. Fraenkel, D. G. Adams, and J. Williams, Tetrahedron Letters, 
767 (1963). 

(23) J. A. Pople and D. P. Santry, MoI. Phys., 8, 1 (1964). 
(24) L. D. McKeever, R. Waack, M. A. Doran, and E. B. Baker, 

J. Am. Chem. Soc, 90, 3244 (1968). 
(25) For an excellent review on alkyllithium compounds, see T. L. 

Brown in "Advances in Organometallic Chemistry," F. G. A. Stone 
and R. West, Ed., Academic Press, New York, N. Y., 1965, p 365. 
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-0.06 

H 
\ -0.30 

H - C Li 

H 
+0.49 

+0.45 

Figure 2. SCC atomic charges on CH3Li and (CH3Li)4 

+0.016 

H 
\ -0.099 

H - C 
/ 

H 

CH3 

•B +0.179 

CH3 

H ( H » 4 3 ) CH3 
\ -0.146 / 

H - C Al+0-467 

/ \ (+0.459) 
H CH3 

(-0.007) 

-0.008 

Figure 3. SCC atomic charges on (CH3)3B and (CH3)3A1. Values 
in parentheses are for Al (3d) orbitals included in the basis set. 

Carbon-boron TT bonding (hyperconjugation) in 
trimethylborane was first proposed by Mulliken7 to 
account for its existence as a monomer in contrast to 
trimethylaluminum. This general idea has since been 
quite widely accepted,26 although there has been some 

Table III. Overlap Populations for Boron and Aluminum 
Methyl Compounds 

Compound Bond 

Overlap 
population 

Total 

(CH3)3B 

(CHs)6B2 

(CHa)3Al 

(CHs)6Al2 

(CH3)3A1« 

(CHs)6Al2= 

B-C 
C-H 
B-Ct" 
B - C b 
B-B 
C - H t 
C - H b 
Al-C 
C-H 
A l - C t 
A l - C b 
Al-Al 
C-H t 
C-H b 
Al-C 
C-H 
Al-C t 
Al-C b 
Al-Al 
C-H t 
C-H b 

0.786 
0.808 
0.826 

U 

0.289 
0.810 
0.810 
0.667 
0.790 
0.705 

a 

0.412 
0.800 
0.790 
0.647 
0.790 
0.720 

a 

0.359 
0.810 
0.810 

0.062 

- 0 . 0 0 0 7 
C 

0.063 

0.058 

- 0 . 0 0 5 
. . . ° 

0.056 

0.062 

0.006 
a 

- 0 . 0 1 7 

0.848 
0.808 
0.825 
0.420 
0.352 
0.810 
0.810 
0.725 
0.790 
0.704 
0.313 
0.468 
0.800 
0.790 
0.709 
0.790 
0.730 
0.280 
0.342 
0.810 
0.810 

a A formal separation into <x and x bonding is not possible for 
these bonds. b t = terminal; b = bridge. c Al(3d) orbitals 
included in basis set. 

criticism.513 In the present work it is found that, 
although there is some indication of a 7r-type interaction 
between the vacant B(2p2) orbital, and the occupied 
C(2p2) orbital, this is less than 10% of the a bonding. 
More significant is the calculation on the hypothetical 
(CHs)3Al monomer which indicates that the 7r-type 
interaction in this compound is almost the same as in 
(CHs)3B. Thus, hyperconjugation does not appear to 
account for the monomeric nature of (CHs)3B. An 
alternative explanation for the dimerization of (CH3)sAl 
relates to the overlap population of the A l - C bond in 
the monomer (Table III). Both with and without 
Al(3d) orbitals in the basis set, this overlap population 
is less than 0.8. As mentioned in the section dealing 
with (CH3)2Be, metal-carbon overlap populations less 
than ~ 0 . 8 appear to result in polymerization. The 
value of 0.8 corresponds to the overlap population 
calculated for a carbon-hydrogen bond and appears to 
be an appropriate value for a normal covalent bond in 
systems of the type considered here. Increasing the 

(26) See, for instance, F. G. A. Stone, Chem. Rev., 58, 101 (1958); 
and ref 8. 

coordination of aluminum via dimerization effects an 
increase in the total overlap population around each Al 
atom from 2.18 to 2.50 (or from 2.13 to 2.36 if Al(3d) 
orbitals are included in the basis set). This total 
overlap population comprises the sum of the nearest 
neighbor atomic populations and is thus a measure of 
the increase of both a and w bonding upon dimerization. 

It has been suggested2b that, in addition to the factors 
described by Rundle,9 the metal-metal bond may play 
an important role in regard to the question of dimeri
zation of group III alkyls. The substantial overlap 
population for the Al-Al bond of (CH3)6A12 (Table III) 
is in accord with the idea of metal-metal bonding. 
Further, it would appear that this bond is as strong as 
the A l -C bridge bonds and is mainly a in character 
since the 7r-overlap population is small (without Al(3d) 
orbitals) or slightly negative (with Al(3d) orbitals). 
However, our calculations also indicate that there is 
appreciable B-B bonding in the idealized dimer, 
(CHs)6B2, as reflected by the B-B overlap population. 

The total energies of (CH3)3B and its hypothetical 
dimer (Table IV) indicate that the dimer is considerably 
less stable than two isolated molecules of (CH3)8B. 

Table IV. Total Energies for Trimethylborane and 
Trimethylaluminum (eV) 

Compound 

(CHs)3B 
((CHs)3B)2 

(CHs)3Al 
((CH3)SAl)2 

EHMO 
Without Al With Al 

(3d) (3d) 
Orbitals Orbitals 

- 4 1 0 . 6 
- 8 0 9 . 3 
- 4 0 5 . 5 - 4 0 6 . 7 
- 8 1 0 . 0 - 8 1 7 . 7 

SCC . 
Without Al With Al 

(3d) (3d) 
Orbitals Orbitals 

- 3 8 2 . 9 
- 7 5 9 . 6 
- 3 6 5 . 7 - 3 6 6 . 7 
- 7 3 1 . 2 - 7 3 3 . 7 

However, the total energies of the trimethylaluminum 
dimer and two monomer units are very similiar by either 
type of calculation, and the dimer only becomes more 
stable when Al(3d) orbitals are included in the cal
culation. It is tempting to suggest that a contributing 
factor to the stability of the trimethylaluminum dimer 
is the availability of vacant d orbitals on aluminum. 
However, as pointed out earlier, it is not possible to 
draw such conclusions due to the neglect of core and 
interelectron repulsions in the extended Hiickel method. 
Nevertheless, the experimental value27 of 20.2 kcal/mole 
for the heat of dimerization of (CHs)3Al indicates that 
there is probably only a small energy difference between 
the monomer and the dimer. Of course, the imponder
able in calculations of this kind concerns simple steric 
effects. Vranka and Amma 2 b have shown that the 
methyl groups of (CH3)6A12 are quite tightly packed. 

(27) A. W. Laubengayer and W. F. Gilliam, J. Am. Chem. Soc, 63, 
477 (1941). 
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Figure 4. SCC atomic charges on (CH3)6B2 and (CHs)6Al2. 

The reduction of the covalent radius from 1.26 (Al) to 
0.88 A (B) could therefore cause appreciable van der 
Waals repulsion forces between the methyl groups of 
(CHs)6B2. 

The calculated atomic charges for the group III 
methyl compounds are shown in Figures 3 and 4. The 
hydrogen atom charges of+0.016, —0.017, and+0.02 
for (CH3)3B, and the terminal and bridge methyls of 
(CHs)6Al2, respectively, correlate rather well with the 
observed28-30 proton chemical shifts of r 9.21, 9.69-
9.7, and 10.59-10.8 for these positions. The calculated 
(SCC) hydrogen atomic charges of — 0.05 for the methyl-
lithium tetramer (Figure 2) also correlate well with the 
observed r value of 11.3 for this compound.22 

Another significant feature of the atomic charge 
data (Figures 3 and 4) concerns the substantially larger 

(28) C. D. Good and D. M. Ritter, J. Am. Chem. Soc, 84,1162(1962). 
(29) M. P. Groenewege, J. Smidt, and H. de Vries, ibid., 82, 4425 

(1960). 
(30) E. G. Hoffmann, Trans. Faraday Soc, 58, 642 (1962). 
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positive charge on Al in (CH3)3A1 than on B in (CH3)3B. 
It has been observed experimentally31 that (CH3)3A1 
is a stronger Lewis acid than (CH3)3B toward (CH3)3N. 
This order has been rationalized previously8 on the basis 
of strong B-CH3 hyperconjugation and steric repulsion 
arguments. In view of our overlap population results, 
which indicate that hyperconjugation is approximately 
the same in (CH3)3B as in (CH3)3A1, we suggest that 
the atomic charge of the central atom might play an 
important role in determining Lewis acidity. 

Conclusions 

An attempt has been made to understand the bonding 
factors which are responsible for the variations in 
structure of the methyl compounds of Li, Be, B, and 
Al on the basis of charge-iterated extended Hiickel 
(SCC) calculations. CNDO-SCF calculations were 
also performed on CH3Li and (CH3Li)4. 

(i) The main reason for polymerization relates to the 
tendency of central atoms to achieve the maximum 
total overlap population. If the total overlap popu
lation per central atom is less than ~0.8, the system 
will tend to polymerize. 

(ii) The 7r-type bonding (hyperconjugation) appears 
to be approximately the same for (CH3)3B and (CH3)3A1 
and less than 10% of the <r bonding. Thus, the reason 
that (CH3)3A1 dimerizes cannot be due to hypercon
jugation effects. 

(iii) Our calculations indicate that there are fairly 
strong metal-metal bonds in (CH3Li)4 and (CH3)6A12. 
The Al-Al bond is mainly a in character. 
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