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CALCULATION OF SOME CHARACTERISTICS OF SUBSTITUTED BENZENES

II. A Study of Nitrobenzene-Type Molecules by the MO LCAO Method

O. A, Ponomarev and A, G. Turovets
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Compounds of the C¢HsXY Y, type have been examined, and the de-
pendence of energy and wave functions on ay, 8yy, and Bcy has

been studied. Numerical calculations have been carried out and tables

compiled.

We shall examine compounds of the type

N o
N Ny,

Y,
where the X< group has an even number of 7~

electrons distributed among three atoms. NO,, COOH,
etc., are included here.

The object of this paper is to clarify the behavior
of the energy spectrum and the wave functions in re-
lation to the types of atoms S, Y, and Y, which we
characterize by Coulomb and exchange integrals.

CALCULATION OF SUBSTITUTED BENZENES OF
THE C¢H;XY,Y, TYPE

As indicated in [1], the MO LCAO parametric
method can be used ror calculating many effects which
play an important part in quantum chemistry, includ-
ing the nonorthogonality of the atomic functions, ex-
change integrals with nonadjacent atoms, etc. The
calculations given here therefore are of considerable
importance for speeding up and simplifying the use of
quantum-chemical methods. In our case the equation
which describes the behavior of the system assumes
the form

9
ZHQ‘I'C‘I' = &Ly, 1)

g'=1
The energy is determined by solving the equations
[Hoq — €dg9] =0, (2)
where
Hy=Hy=Hy=Hy=H;,=Hy=a,
Hy=Hy=Hy=Hy =H,=H, =8,

Hyx = ay, HY.r. = H)’, y, == 4y,

Hex = Bex, Hxy, = Hyy, = Bxr.

Introducing the values x = @ — ¢, 6gx = @x — @ and
oy = ay ~ @ and expanding determinant (2), we get

{8 4 (Ax 4 o) X0 4 (Bx 8y — 2B% — By — 53 2 —
— o Bix 5 (Bx 4 o) FI A L (108 Bhy - Bayv oy 82
F 33 BEy + 48] 2T -F [3R%BANDy 4 4B Oy By ¢

Al B8 B} (BB (= 2) = 0. ()

The following parameters were used for calcula-
ting (3): 6x = 1.48, while 'BCX"BXY and 6y were
varied respectively within the limits 0.48 to 1.58,
0.78 to 28, and -1 to 15. After solving the equa-
tion we obtained the parametric family of energies
€; (Bcxs Oys Byy)and the wave functions Cqi (Brx,

occ

dy, Bxy). Values of ¢; and EAlcq,F are given in
Tables 1 and 2.

DISCUSSION OF RESULTS AND THEIR UTILIZATION

The behavior of the levels for this class of mole-
cules is more complicated than that for the molecules
considered in [1]; nevertheless since the general re-
gularities noted there are also observed here, we
shall not give a more detailed description here. As
an example of the use of the tables for calculating
the molecular characteristics, we give the relevant
calculations for nitrobenzene.

According to Peacock [2], the values for 6y, 6¢),
By and Byo are respectively 1.48, 0.88, 0.58, 0.548,
Interpolating the values from the tables we get, dis-
regarding self-consistency, the following energy
values:

202652, % 1.968, 1-5 1003, a4-0.89% « @ 0.508:

-2.023,

73— 0493, a--1.003, 2~1.103, =

The energy values obtained by Peacock, after car-
rying out the self~consistency procedure, are respect-
ively: o + 2.68, o +1.913, o +1.3483, o + 1.278, o +
+0,838, 0 —0.738, ¢ — 1.028, a — 1,208, ¢ — 1,728,

The energy differences, although they are not too
large, are a result of changes in 6y, 60, Sy and
BNO on carrying out a self-consistent solution, which
we did not do, and of the effect of distant neighbors.
Agreement with Peacock's results will be complete if
these effects are taken into account. We shall devote
a special paper to this problem, and hence will not
deal with it in more detail here. The coefficients of the
atomic functions obtained by both methods of calcula-
tion are also close to each other. We think that this
approach is a promising one, since it allows accurate
calculation of the spectra and wave functions of various
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Table 2
Electron-Density Distribution of Nitrobenzene-Type Substituted
Benzenes
By 3. ; No. of atom
exo Ry L2 s s s 6] 7] 8] 9
—1 l 0.4 0.7 l 1.0010.9910.97]0.96]0.970.99;1.82}1.12] 1,12
—1 1.5 0.7 10.9010.79[0.99 ] 1.08]0,99]{0.79| 1.60|1.43] 1,43
—1 0.4 2.0 {0.8210,98|1.0211.08{1.0210,98{1.37]1.30]1.30
~—1 1.5 2,0 109211.02[1.0011.0211.06011,021.37]1.29|1.29
4] 1.5 0.7 10.93{1.03|1.001.001{1.00{1,03]1.43(1.28} .28
0 0.4 2.0 {0.991099{1.02{1.02(1.02{0.99]1.21}1.37{1.37
0 1.5 2.0 10:97 | 1.00]1.00} 1,01 |[1.00]1.00]1.19|1.43]1.43
i 0.4 0.7 10.66]0.9211.00]|0.98] 1.00|0.92]1.24]1.45]1.45
1 1.5 0.7 10.910.87]0.99]|0.85]0.99|0.87!1.17]1.67 | 1.67
1 0.4 2,0 109910991 1.(0[1.00]1.00]0.99:1.07]1.461.45
] 1.5 2.0 11.0010.9711.0010.9711.00(0.97]1.06[1.501{1.50
molecules with a certain structure: the only time REFERENCES

taken up in calculation is that spent on choosing the
parameters, whereas several days were previously
required for manual calculation. We consider it es—
sential to compile similar tables for all classes of
molecules.

In conclusion the authors would like to thank N. A.
Prilezhaev and V. 1. Danilov, who helped us daily in
carrying out this work.
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