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A complete theoretical computation has been made on benzene molecule
according to MO method by Mayer and Sklar (1938). The only empirical value
used by them was 1-40 & for the C-C bond length. In the present paper a semi-
empirical method has been used, i.e. the theoretical calculation has been combined
with spectroscopic data in evaluating the resonance integral for C-N bond in S-
triazine (Fig. 1). The method is essentially the same as the one used by Mulliken
(1948) for barozol. Calculations on benzene are given here side by side in order to
show the correspondence hetween the two molecules and the applicability of
similarity transformation,

F1a. 1. Benzene and S-triazine

Neglecting non-neighbouring atom interactions we may write the secular
determinants for the six approximate MOs as

41 0 0 01 A1 0 0 0 1
1 410 00 1 4”1 0 0 0
01 A100 01 4’1 0 0
0 01 4 1 0]=0 (benzene) 0 0 1 A70 0 =0 (S-triazine)-
0 0 01 41 0 0 01 4’0
1 0 0 01 4 1 0 0 01 4"
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a—FE , a—F ,__ W1—FE
vhere d = —pg U= pope U= g

« = fsvgﬂqudf, ol = quﬁﬂ*wf,dT
- v= fwjﬂqffdr, v* = J VI dr

S = flpjlpfdf and S* = [ Y Ldr.

The ¥’s are atomic 2p, orbitals, the subscripts refer to the kind of atom and the

superseripts to the location in the ring. H and H* are the one electron Hartree
field Hamiltonian operator for benzene and S-triazine respectively.

Substituting
o—FE = —X
Y—alS =R
Y*— 8% = B*
and al—g =3
we get as a first approximation
A =,§t———6)’%(’ A’ =,8_*-%US* and 4”7 =ﬁ12;—{35,—*~

where a, ¥ and 8 are known to be negative quantities. (The a’s are electronegativity
parameter.) By a suitable similarity transformation the secular determinants can
be reduced to the forms:

1A2()000 A2 0 0 0 0!

|
400 0 0] 12 470 0 0 0]
00 41 0 0] lunA']n 0
i() 0 1 40 ()|=U {benzene) ‘U 0 1 470 0= 0(S-triazine)
00 00 4 1] ‘ 000 41|
{(nnolAl L0 0 0 0 14"
The molecular orbitals corresponding to the roots 4 = —2 and 4 = —1 (twice)

in benzene and the corresponding orbitals in S-triazine are each occupied in the
ground state by two electrons. The average height above the ground state of the
first excited state, corresponding in benzene to the excitation of one electron from
one of the 4 = —1 orbitals to one of the 4 = +1 orbitals is given by the difference
(Xg~—X,4), of the two roots of

42=1 =0, ie. of X2—(8—S8X)2 =0
namely, X,—X, = —28/(1 —982) for benzene,
and for S-triazine, of

7oA - _X 8 X
A1 =0, i s ) =

or X2(1 —8*%)+ X (28%* —8) —f*2 = 0
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B*(4+d2—4dS*)}
=R

namely X, —-X
ely, gy

where d = B;
The overlap integral S and S* can easily be evaluated if we use Slater’s (1930)
2p_ orbitals. The results are

= (l+z+§x2+%5x3)e‘x

for like atoms, and

. | (@)} % 1y 1. (131 —x
S* = e d) {7 | cosh 1’7+551nh =43 (1—17—2)

+

z 1 )
(cosh xr]—-g sinh zn ) }

i

for unlike atoms, where

X = Z'R n*, for like atoms,
Ha+b) R. for unlike atoms,
a=2Z'n* b= 7Z"in*

Z' = effective nuclear charge on carbon = 3-25,
Z " = effective nuclear charge on nitrogen = 3-90,
n* = effective quantum number,

= 2 for 2p_ orbitals,

il

a—0h)
n = — (nuclear asymmetry)
(a+ h)
and R = internuclear distance in atomic unit. (Atomic unit of distance

is 0-528 &.)
The a(tu&l internuclear distance was taken as 1-41 & for both C-C' and C-N.

With these values we get S = 0-25 and S* = 0-235 and the mean energies from the
ground state to the first excited state

benzene: E,—~E;= —2-318,

S-triazine: Ky ~E; = 1-318*% (44d2 —-96d)}.

The first excited state in benzene is 49 ev above the ground state: with this

value we get B (spec.), the spectroscopically determined 8 as
Bepec. = —49/213 = —2:30 ev.
spec.

For S-triazine, first excited state is 5:29 ev above ground state (Halverson and Hirst,

1951). So
5-29 76
ﬂspcc. = i—?\*—- = —2-01 ev

it d=1. This gives 8 = —2-01 ev about 0-3 ev lower than that calculated by
Muiliken for nitrogen in borazol.

It may be observed that the values of resonance integral and overlap integral
for C-N bond is slightly less than those for C-C bond.

Caleulation was not extended to other excited states of S-triazine, since only
one absorption band has been experimentally detected for this eompound.
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SUMMARY

Theoretical MO calculation has been combined with the spectroscopic data in calculating the
overlap integral and resonance integral for C-N bond in S-triazine. The results are 0-235 and
—2:01 ev, respectively and slightly lower than C-C bond.
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