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The electronic spectrum of nitrobenzene is investigated by means of the modified CNDO method
of Del Bene and Jaffé.

A number of semi-empirical methods for approximation to full LCAO-SCF
calculations have been developed in recent years. Of these, the CNDO method of
Pople and coworkers limited to valence-shell electrons is of particular interest
since it takes proper account of electronic repulsion and introduces the simplifying
ZDO approximation into the Roothaan equations [20, 21, 22, 23, 25, 26].

Several attempts to apply the original CNDO parametrization to the calcula-
tion of electronic spectra have failed recently and have shown the intermingling
of ¢ and = states [4, 5, 10]. A modification of the CNDO/2 method was therefore
finally suggested by Del Bene and Jaffé [6] who introduced the following modi-
fications in the parametrization:

a) the one-center Coulomb integrals y, , were approximated as in the Pariser-
Parr-Pople method [17, 18, 24] by the difference between the ionization potential
and the electron affinity of valence orbitals. The two-center integrals y, were
computed by means of Pariser’s interpolation formula [17];

b) the resonance integrals were evaluated as

Byv = 2k(B3+ B3) S,

where ff; and k are purely empirical parameters, with k = 1 for g-type overlap and
k=0.585 for n-type overlap. The parameters were calibrated to reproduce the
spectra of benzene and a few related molecules. They are summarized in Table 1.

It must be noticed that the introduction of the additional parameter k violates
the invariance conditions. This new parametrization is therefore only applicable
to planar molecules. '

Other Pariser-Parr-Pople-like parametrizations of the CNDO equations
have been attempted, such as those of Sichel and Whitehead [28, 297 and of
Clark [2, 3] but these theories were not suitable for the calculation of spectra.

Table 1. Parameter values (eV)

H C N o)
B —~12. —17. —26. —45.
Van 12.85 1.1 12.01 130
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The electronic structure and spectrum of nitrobenzene have been the subject
of a number of experimental and theoretical studies [1, 7, 8,9, 11,13, 14, 15, 16, 19,
27, 30, 32, 33, 34, 35, 37]. We applied the modified CNDO method of Del Bene
and Jaffé to this molecule and refined the computed spectrum by means of a con-

Fig. 1. Numbering scheme and coordinates axes

figuration interaction calculation limited to the 30 lowest singly excited transitions.

The geometry used is indicated in Table 2.

The observed and computed singlet transition energies are summarized in
Table 3 together with some other results from various authors for comparison. It

Table 2. Atomic coordinates (A)

Atom X y

0, —0.62320 0.

N 0. 1.03718
C, 0. 2.52718
C, —1.22068 3.14914
Cy -1.19573 4.57893
Cy 0. 5.24862
H, —2.14643 0.66444
H, —2.12629 5.12707
H, 0. 6.32862

Table 3. Singlet transition energies (eV ), oscillator strengths and polarizations

Experimental data  this work [1] [13] [16]
[11, 36]
y  3.86(0.03) y 3.60(0.05) =m—n*, o—0* 3.94 (0.23)
~3.91 (sh) 393(0. ) o—m* 3.92 (0.02)
~4.15 (sh.)
x ~4.32(sh) x 4.60(0.39) o—n*
y  4.93(0.23) y 4.93(0.45) m-7*, goo* 5.34(0.16) 4.95 (0.28) 4.57 (0.02)
5.34(0.34) 5.17 (0.20) 5.14 (0.48)
x 534(0.04) mo=n*
5.83 (0.07) x 577(022) o—n* 5.66 (0.26) 5.87 (0.08)
5.95 (0.08) y 593(0.36) o—n*
6.47 (0.08)
6.49 (0.30)
6.30 (0.42) x 6.02(1.09) n—oa* 0¥ 6.66 (0.27) 6.63 (0.70) 6.63 (0.60)

6.77 (0.31)
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may be seen that our values are in satisfactory agreement with the experimental
ones and that the polarization directions are correct. The assignment of the bands
is not obvious because the configuration interaction has the effect that the resulting
transitions have not in general pure n—7* or 6 —>0¢* or o —n* character. It is
however clear that the main bands located at 4.93 eV and 6.30 eV gave a marked

n—n* character, which is satisfactory.

The experimental molecular ionization potential is 10.15 eV while the com-

puted value is 8.25 eV by applying Koopman’s theorem.

We obtained for the dipole moment the value 3.25 debyes which agrees with

the experimental one: 2.51d. < p,, < 4.32d. [12].
The electron populations are finally given in Table 4.

Table 4. Valence electrons populations

0O, N (oN C, C, C, H, H, H,
1s 1.11 0.99 0.99
2s 1.62 1.22 1.08 1.41 1.03 1.06
2, 1.09 1.10 1.18 1.26 0.95 1.07
2p, 1.26 0.99 0.72 1.08 1.00 1.01
2p. 1.94 1.38 0.68 0.56 1.14 0.64
Total 591 4.68 3.66 4.31 4.12 3.78 1.11 0.99 0.99
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