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In the previous paper of the authors [I] the energy matrices for the n 
systems of trimethyl-vinyl-silane (I), trimethyl-phenyl-silane (II) p-bis-tri
methyl-silyI-benzene (Ill) and trimethyl-benzyl-silane (IV) have been given 
along with the block diagram of a computer program. In Tables I to 4 most 
important data obtained by computation using different values of (I) are sum
marized. In the tables E means the energy of molecular orbitals, (which can 
be given in the form E = x + k (3; the tables only contain the value of k), 
..1 m is the energy corresponding to the transfer of an electron from the highest 
filled molecular orbital to the lowest vacant molecular orbital in (3 units, 
!: e denotes the sum of the energy of electrons situated on the filled orbitals, 
and q the partial charges on the atoms (for the numbering of atoms see Fig. I 
in [I]). To the value w = 0 belong the data of the oth approximation. 

For any value of (I) the calculations result in the molecular orbitals of 
minimum energy belonging to the given (I), owing to the application of the 
principle of energy minimum. In the oth approximation, however, the inter
actions of electrons are not taken into consideration. The application of 

Table 1 

Data calculated for trimethyl.vinyl-silane 

co 

0.0 0.:1 0.5 0.7 1.0 
.. -----~- ... 
{\' 
(~." 

El 1.052459 1.0544·20 1.055i4) 1.05i057 1.058809 

E2 -0.967461 -0.965548 -0.96434·8 -0.963182 -0.961684 

Ea -1.900238 -1.904116 -1.90663.3 -1.909115 -1.91278 

..'1 m -2.019920 f3 -2.019968 f3 -2.020089 {J . -2.02039 fJ -2.020493 fJ 
£e 2a+2.104913 fJ , ~a+2.108340 f3 2a+2.111482 f3 2a+1.l4114 f3 2a+2.118618 f3 

ql -0.014010 -0.013892 -0.013827 -0.013768 -0.013695 

'i2 -0.012082 -0.007829 -0.005950 -0.004499 -0.002335 

q3 -'-0.026092 -'-0.021721 -'-0.0197ii -;-0.018268 +0.016530 



w 

"'" Iv 

Taille 2 

Do' a calculated for trimethyl-phenyl-silane 

w 

---------1-
00 0.5 07 0,9 1_0 1.2 

El 2.082172 2.0784,56 2.077597 2.076958 2.076704 2.07634,5 

E 2 1.138127 1.126145 1.122720 1.11l982 1.118527 1.116298 

Ea 1.000000 1.012894, 1.()16955 1.020555 1.022208 1.02534,1 

E4 -0.84,384,0 -0.850970 -0.8534,37 -0.855763 -0.85/1491 -0,!I58658 

Eo -1.000000 -0.987219 -0.983204 -0.97964,1 -0,977004, --0,975064 ~ 
~ 

Eu -1.789707 -1.789635 -1.789782 -1.790005 --1.790Jt1.3 -1.7904,82 ;,.: 

" E7 -2.028825 --2.03174,2 -2.032921 -2.034093 -- 2.03/J.676 -2.055808 ><: 
:? 

Llm -1.84,3840 p -1.863864. {J -1.870392 {J -1.8762111 {J -1.8781199 {J -1.883999 {J p 
:-

Ee 6C(+B.440600 {J 6C(-I-BA34990 {J 6C( + 11. /1,34,54,1, {J 6C( -1- 8A:H660 {J 6C(-i-IIA34,B711 {J 6C(-i-HA359611 {J 

ql 0.012315 -0.012102 -0.012037 --().01l979 ---0.011952 -O.O1l900 

q2 -0.153500 -O.1217HO -0.112664. -0.104.11116 -0.101373 -0.090005 

qa +0.065116 +0.046936 -1-0.04,2239 -1-0.03B399 -1-0.036730 -1-0.033757 

q4 -0.003726 -I 0.00/J.4.12 -10.004,976 -10.007059 -I 0.007475 -I 0.010B31 

q5 ·1-0.04,3034, ·1-0.0311 86 -1-0.028273 -1-0.025927 -1-0.024920 -1-0.023111 

qu ---0.003726 +0.004,4,12 1 0.005976 -1-0.007059 +0.OOH75 -1-0.010831 

q7 -1-0.065116 -1-0.04,6936 -1-0.04,2239 -1-0.039399 +0.036830 -1-0.033757 



Table 3 

Data calculatcd for bis-trimcthyl-silyl-heuzcne 

ID 

0.0 0.1 0.5 0.8 1.0 1.'1-

El 2.14.6437 2.14-5782 2.144205 2.14·3756 2.143682 2.14'J,l 
rh 

E2 1.285115 1.27904·7 1.259612 1.248752 1.24.2783 1.2331 ;j 

1.025722 1.04·4.163 1.0560 
c: 

E~ 1.000000 1.00594·2 1.0374-39 C"l .., 
Ed -0.700689 -0.704·94 -0.717084 -0.724403 -0.728518 -·0.07354 

c: 
::>0 
t>1 

Es -1.000000 -0.994057 -0.97434.4 -0.962562 -0.955837 -0.94·40 0 
"l 

Eo -1.683950 -1.683353 -1.681729 -1.681065 -1.680825 -1.6807 0 
::>0 

E -1.887822 --1.889297 -1.89'1908 -1.898865 -1.901398 -1.9060 
<;) 
;,.. 

7 
~ 

E -2.043235 -2.04·3714- -2.04.5692 -2.047194 -2.0'1.8193 -2.0'198 0 
(J) B .... 

Llm -1.700689 {J -1.710436{J -1. 74-2806 {J -1.76184.2 {J -1.7726Bl {J -1.7914 {J r-
e=; 

1:6 6a-l- 8.863104. {J 6a+8.B61542 {J 6a-I-8.859078 {J 6a-I-8.859894. {J 6a+8.861256 fJ 6a+8.8664. {J 
0 
~ 
r: 

gl - 0.0011358 -0.011340 -0.011270 -0.011220 -0.01l189 --0.01l0 0 

""' ..... 
g2 -0.1123'10 --0.1074.98 -0.091562 -0.082301 -0.077067 -0.0(;8) '1l 

0 
c: 

g3 +0.06184.9 +0.059419 +0.051416 +0.M6761 -1-0.M4128 +0.039B ~ 
I;:) 

g4 +0.061849 ~1-0.059419 +0.051416 +0.046761 +0.044128 -1-0.0398 .~ 
.... 

g5 -0.11234.0 -0.1074·98 -0.091562 -0.082301 -0.077067 -0.0680 
.... 

go -0.011358 -0.01131·0 -0.01l270 -0.011220 -0.011189 -0.0110 

g7 -1-0.061849 -1-0.059'1.1 9 -1-0.05l1.16 -1-0.046761 -1-0.04.4128 +0.0398 

q" ·1 0.061849 -1-0.0594.19 -1-0.051H6 -1-0.04.6761 -1-0.04.1.128 -1-0.0398 

* Calculations were only made to four places of decimals 

w 
""" w 
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cv·technique consists in the empirical consideration for electronic interactions, 
in this case the energy of electrons has to increase owing to mutual repulsion. 
The sum of the energy of electrons occurring on the filled orbitals of compound 
Il, III and IV were plotted as function of cv (Fig. 1). The electron energy 

Table 4 

Data calculated for trimethyl-benzyl-silane 

w 

0.0 0.3 0.5 1.0 1.4 

El 2.996888 2.995827 2.995378 2.994895 2.9947i8 

E~ 1.951346 1.951440 1.951505 1.951658 1.951790 

E3 1.GOOOOO 0.9995'H fl.999297 0.998810 0.998'136 

El 0.961837 0.962409 0.962723 0.962723 0.963758 

E5 -0.980336 -0.979708 -0.979378 -0.978733 --0.978306 

E 6 -1.000000 -1.000,161 -1.000702 -1.001195 ~1.001515 

E7 -1.787994 -1.789373 -1.790316 -1.792730 -1.794670 

Es -2.003400 2.003688 -2.003885 -2.004389 -2.004806 

E -3.453541 -3.451191 -3.449821 -3.446852 -3.444713 9 

-1.942117/31 -1.942101/3: .Jm 1.942173 (3 -1.942069 (3 [ -1.942064 (3 

L:e (3 8cr.+13.818440 (3 i8cr.+13.817806 (3 8cr.+13.81639B (3 'Scr.+13.817624. (3 

-0.006995 I -0.006976 
i 

ql -0.007027 -0.006933 -0.006900 

q~ -0.078526 -0.071320 -0.067181 -0.058567 -0.052217 

q3 +0.090663 +0.083099 +0.078754 +0.069703 +0.063041 

q4 +0.004388 +0.003345 +0.002847 -;-0.001967 -;-0.001506 

q. -0.003637 -0.002881 -0.002542 -0.001915 -0.001645 

qG +0.000187 -0.000151 -0.000269 -0.000468 - 0.000460 

q7 -0.002595 --0.002063 -0.001823 -0.001409 -0.001220 

qs +0.000187 -0.000151 -0.000269 -0.000468 -0.000460 
i: 

g9 -0.003637 -0.002881 -0.002535 -0.001915 -0.00164:; 
I 

increases with (J), reaches a maximum at a singular value (coma:.:), and there
after decreases. It Heems probable that the optimum value of.(J) lies near comax. 
The electron energy is in fact twice the sum of the energies of the filled orbitals, 
so the shape of the curve is determined by the change of the energies of the 
orbitals with (I). In Fig. 2 the energies of the four molecular orbitals of com
pound Il are plotted against (I). As sho"wn by the curves, the energy of some 
orbitals increases, that of others decreases with increasing (I). The same is 
shown by Fig. 3 in connection with the five molecular orbitals of 60mpound IV. 
Thus the sum of the energies of filled molecular orbitals can he descrihed by 
a curve passing through a maximum with the exception of compound I con
taining a single filled molecular orhital, thus the energy increases monoto-
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l~e(3) 
~'-'-"" l-13,8172 

8,433078,860 '" .:"';----__ 
i ,/ " ---, 3 113,6176 

0,4340 ':'8,8111 \. ......... 
I ! ~13,8180 

8,4350 -'-I' ~:~52 I 
. I I~ 13,8184 

8,4360-:/8,863/ 
I / r13,8185 

8,4370 T 8,86,4 

i " ~13,8192 
8,4380 -I: ,/ I r13,8196 
8,439°1/ \ I 

\' \ 2 r 13,8200 
8,4400: I 

i r13,6204 
8,4410 -:-' --,-, --;----,---.-----,----.,--------,-----' 

o 0,2 0:4 0:6 0,8 1,0 1,2 1,4 w 
Fig. 1. Variation of total electron energy as function of w. 1. trimethyl-phenyl-silane; 2. p-bis

trimethyl-silyl-benzene; 3. trimethyl-benzyl-silane 
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~ . .,.,/' 
- 0,855 I /,'''''' 
-0,8501 /' 

-0845 1/ 
, . +T ______ _ 

1020 J ____ .-,......-.-
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Fig. 2. Variation of the energies of the molecular orbitals of trimethyl-phenyl-silane as fUllr
tion of w 
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k 
0,9804, 

0,97961 ~ 
0,9790 '~. 
09782 ----... , I 

1,9634~ ~<----.- £4 

1.9626i ~ 
1/< 

~'~~68°1K 
0,9992 .--~ 
0,9984 '----.-

1,
9518 1 ,---,---

1,9S14 t---
::::::L' '"------.x ___ _ 
29945 " , 
, 0 0,3 0,5 1,0 

, 
1,4 w 

Fig. 3. Variation of the energies of the molecular orbitals of trimethyl-benzyl-silane as function 
of w 

w 

CJ..l'q. 

0,07 
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0,05 

0,04 
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Fig. 4. Variation of the partial charges of pobis-trimethyl-silyl-benzene as function of w 
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nously with w. With the three other compounds W max ranges from 0.6 to 0.9, 
the average being 0.8. 

Curves similar to the former are obtained when partial charges are 
plotted against w (Figs. 4, 5). The partial charges belonging to the silicon 
atom (ql) decrease slowly with increasing w. 

The change of the linear coefficients (Cl) is presented for three different 
values of w, on the example of trimethyl phenyl silane (Table 5). The bond 
orders (Pij) calculated on the basis of the linear coefficients are summarized 
in Table 6 for a single w. The change of these data is similar in the case of the 
other compounds studied. 

The data in the table show that the bond orders, eigenvalues change 
slightly with co. The electron transfer energies L1 m and the linear coefficients 

Table 5 
Linear coefficients of trimethyI-phenyI-silane 

w=0.5 c, C3 c, c, c, c, 

El 0.041594 0.4807641' 0.417536 I 0.377275 I 0.3657741 0.377275 I 0.417536 

E2 0.065734 0.574244 0.222586 0.328798 '1-0.592129 1-0.321798 -0.222586 

E2 0.000000 0.000000 I 0.5021i44 0.497342 0.000000 1-0.497342 -0.502644 

El 0.189691 0.545535 1-0.349306 : -0.240096 i

l
· 0.554155 1-0.240096 -0.3493afJ 

E5 0.000000 0.000000 0.497339 -0.502646 O.OOOOOO! 0.502646 1-0.497339 

E6 0.769613 0.082152 -0.214813 0.309772 1-0.341673 i 0.3097721-0.214813 

E, 0.60430 -0.372685 0.329053 -0.307986 I 0.299401 i -0.307986 I 0.329053 

w._=_0_.7_: ____ ,,_ ----- -_ -__ -_ -_ -_ j--_-_-_-_I-__ -_-_-.~_--_I ___ _ 
El 0.()41179 0.476047 0.417508 0.379044 I 0.368387 I 0.379044! 0.41508 

E2 0.065753 0.574205 0.226733 -0.326339 1-0.591738 -0.326339 0.226733 

E3 O.OOOO( 0, 0.000000 0.503150 0.496830: 0.000000 -0.496830 -0.50315u 

E4 0.190464 1 0.547706 -0.346456 -0.241802! 0.553843 -0.241802 i --0.346456 

E5 0.0)0000 0.000000 0.496830 -0.503150 I ('.')00000 0.503150 i -0.496830 

Es 0.779760 0.073160 -0.208432 0.304746 -0.337630 0.3047461-0.208432 

E7 0.591557 -0.368984 0.332662 -0.314700 i 0.307427 1-0.314700 1 0.332662 

0_J_=0_._9.
1 
____ I, __ ·-___ - I===--_-[-._-=! __ --

El 0.040797 0.4719400 0.417415 0.380619 0.370668 I 0.3806191' 0.417415 

E2 0.065765 0.574200 0.230341 -0.324203 --0.591305 1-0.324203 0.230341 

E3 0.000000 0.000000 0.503496 0.496479 O.UOOOOO 1-0.496479 1-0.503496 

E4 0.191055 0.549477 -0.343923 -0.243334 0.553700 -0.243334! -0.343924 

E5 0.000000 0.000000 0.496482 -0.503494 U.UOOOOO 0.5034941-0.496482 

E6 0.774528 0.077783 -0.211716 0.307391 -0.339749 0.307391 -0.211715 

E, 0.598176 -0.370993 0.330790 -0.311241 u.3U3256 I -0.311241 I 0.330790 
1 I 
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show a greater change, while partial charges change remarkably with w. 
In consequence of the last-mentioned fact the calculated values of dipole 
moments highly depend on 0). Bis-trimethyl-silyl-benzene has no resultant 
dipole moment. For the other three compounds a dipole moments have 
been calculated by the modified method of DEL RE [2], the dipole moment 

Table 6 

Bond orders of trimethyl-phenyl-silane 

(1J = 0.5 w = 0.7 w = 0.9 

Pl~ 0.1l5488 0.114718 0.114032 

P~3 0.657110 0.657888 0.658514 

P34 0.668652 0.668484 0.668384 

P45 0.665376 0.66548~ 0.665572 

Table 7 

Calculated and experimental dipole moments 

Compound 
w=O 0.3 0.5 0.; 

.uca'.ctll:lted (D) I 
'-i-- flexperimental (D) 

0.9 l.0 i 1.2 , lA j --_._-_._-

I 0.129 0.106 0.097 0.090 

II 0.741 0.622 0.583 

III 0.495 0.487 0.452 

~.54~-1-~:-~:391-0A9~1-~080 '--0.-2~-')9--
, v I I 0.250 

0.411 0.396 0.550 
i I 

- 0,000 

-0,001 

0,002 

- 0,003 

- 0.004 

-0,005 

0,006 

- 0,007 

i - 0,006 

Fig . . 5. Variation of the partial charges of trimethyl-benzyl-silane as fnnction of 0) 
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of the n-system on the basis of the results of computations with different (j) 

values, and the resultant dipole moment by the vectorial addition of the two 
yectors (Table 7). In Fig. 6 the change of dipole moments with (j) is presented. 
The dipole moments of all the compounds studied decrease as (I) increases. 
From the plots in Fig. 6 the dipole moments helonging to any value of (j) can 

W 

(3) 
'1',U.[Dl 

L07 I ' 
t 

! r
rD,o 

i 
: 

Fi![. 6. Variation of dipole moments as function of w. 1. trimethyl-vinyl-silane: 2. trimethyl-
~ - benzyl-;oilane; 3. trimethyl-phenyl-silane 

':",u. + 
I 

30

1 

n ooJ 
.~ I 

J 
, \ 

I 

I 800-'- -, ---.'-.----,---:""'"';:--,r--.,--
, 0,2 0,4 0,6 0,5 1,0 1,2 1,4 w 

Fig. 7. Average deviation of calculated and experimental dipole moments as funetion of Ij) 
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be read. By taking the average of the differences between experimental and 
calculated dipole moments at different values of w for the three compounds 
(Table 8) and plotting the averages against (JJ (Fig. 7), a curve having a mini-

Table 8 

Differences between experimental and calculated dipole moments in (D) units 

w=o 0.3 0.5 0.; 1.0 1.4 

I -0.100 -0.123 -0.132 -0.139 -0.146 -0.149 

Il +0.391 +0.441 * +0.372 +0.333 +0279 +0.214* 

III -0.055 -0.08't* -0.098 -0.1l4* -0.139 -0.154 

* Data obtained by interpolation from Fig. 6. 

mum at w = 0.9, i.e. near wmax was obtained. This indicates that best results 
are obtained in the case of organosilicon compounds when calculating with 
et) = 0.8 - 0.9. 

Summary 

Computations have been made using the w-technique LCAO-MO method for trim ethyl
vinyl-siIane, ,rimethyl.phenyl-liIane, p-bis-trimethyJ-silyl-benzene and trimethyl-benzyl silane. 
Calculated :-r-bond orders and Llm electron transitions are the least sensitive, while partial 
charges the most sensitive to the changes in w. The total energy of the electrons on the filled 
orbitals has its maximum in the range = 0.6 to 0.9 attribntable to the empirical consideration 
for electronic interactions. 
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