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Second hyperpolarizability values of benzene are cal-
culated using the “finite perturbation theory” and the
CNDO/2, MINDO/1 and MINDO/2 methods.

According to the “finite perturbation theory” 1~7
the static electric hyperpolarizabilities of a molecule
in its electronic ground state are accessible from 8

ui=pu+0;; Fi +3Biin FiFr+ % vism Fi Fp Fr+. ..,
i,i,k,l=x,y,z, (1)

where u;(u®) are its dipole moment in the presence
(in the absence) of an external uniform electric
field F;, a;; its polarizability tensor, and Sz and
vijr1 its first and second hyperpolarizability tensors.
From (1) in conjunction with the CNDQ/29,
MINDO/1 1%, and MINDO/2 1® method we have cal-
culated the non-zero y;j;; components for benzene.
They are listed in Table 1. For completeness,
the Table further includes the obtained a;; com-
ponents. All B;;;x components vanish by symmetry.
In addition, the mean values @ and 7 defined as 11

a=3% (azz+ayy +0z.) , (2)
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are given.

The comparison of the ;j;; values emerging from
the various valence electron methods shows that
values belonging together always agree in sign.
The largest values are due to MINDO/1 and the
smallest ones to CNDO/2. The same trend has been
observed for the a;; values® and for the first and
second hyperpolarizabilities of a variety of mole-
cules 2. [Experimental hyperpolarizabilities are
scarce and rather uncertain. For benzene, two ex-
perimental estimates are known (cf. the Table).
These values micely join the MINDO ones. On the
other hand, the striking discrepancy between the
viik: values of Sen and Basu1® (using a simple per-
turbational treatment in conjunction with a free-
electron method) and both our and the experimental
values must be noted. It is further worth mentioning
that the V.70 (= Pyyyy) value previously derived
by one of us!* using the “finite perturbational”
approach in the framework of a Pople si-electron
treatment reasonably agrees with the new results
arising from the valence electron procedures.
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Table 1. Polarizabilities a;; (in 10—24 cm3) and second hyperpolarizabilities y;jx; (in 1036 cm7?/esu?) of benzene 2.

y
1
\ CNDO/2 MINDO/2  MINDO/1 sr-Electron methods Experimental
| ' _ Ref. 13 Ref. 14
4
A4
arr=ayy 5.46 9.98 14.14 37b  6.84 12.3116 11129
azz 1.08 2.03 2.66 6.35 16 7.3717
a 4.00 7.33 10.31 10.32 18 9.8717
V222 ="yuyy 0.42 2.6 145 —111.89 14
Vzzzz 0.01 0.02 0.09 —40.57
Yrzaa="Yyyez 0.14 0.88 2.03 —37.25
Yrzyy 0.23 1.03 5.42 —37.30
y 0.37 22 9.6 —97.59 6+318 —3t610

a Experimental bond lengths are used in the calculations. P Taken from Ref. 15,

* Part 17 of “Properties of Molecules in Electric Fields”.
Part 16: H. Meyer, K.-W. Schulte, and A. Schweig,
Chem. Phys. Lett. 31, 187 [1975].

§ see Ref. * and the Table in this paper.

1 A. Schweig, Thesis, Marburg 1964.

2 A. Schweig, Chem. Phys. Lett. 1, 163 [1967].

3 A. Schweig, Chem. Phys. Lett. 3, 542 [1969].

4 H. Meyer and A. Schweig, Theor. Chim. Acta 29, 375
[1973].

5 H. D. Cohen and C. C. J. Roothaan, J. Chem. Phys. 43,
S 34 [1965].

6 J. A. Pople, J. W. Mclver, and N. S. Ostlund, J. Chem.
Phys. 49, 2960 [1968].

7 A. Schweig, Mol. Phys. 15, 1 [1968].

8 A. D. Buckingham, Quart. Rev. 13, 183 [1959].

9 J. A. Pople and D. L. Beveridge, Approximate Molecular
Orbital Theory, McGraw-Hill, New York 1970.

@NOIS)

ND

Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung“) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher

Nutzungsformen zu erméglichen.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland

fir Naturforschung in cooperation with the Max Planck Society for the

3.0 Germany License.

to allow reuse in the area of future scientific usage.

This work has been digitalized and published in 2013 by Verlag Zeitschrift

Advancement of Science under a Creative Commons Attribution-NoDerivs

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is



1090 Notizen

10 M. J. S. Dewar, The Molecular Orbital Theory of Organic  1® Landolt-Bornstein, Zahlenwerte und Funktionen, Vol. 1,

Chemistry, McGraw-Hill, New York 1969. Part 3, Springer-Verlag, Berlin 1951.
11 A. D. Buckingham and B. J. Orr, Quart. Rev. 21, 195 17 C. G. Le Févre and R. J. W. Le Févre, J. Chem. Soc.
[1967]. 1953, 4041.
12 H. Meyer and A. Schweig, unpublished results. 18 M. P. Bogaard, A. D. Buckingham, and G. L. D. Ritchie,
13 P, Sen and S. Basu, Int. J. Quant. Chem. 2, 687 [1968]. Mol. Phys. 18, 575 [1970].
14 A, Schweig, Chem. Phys. Lett. 1, 195 [1967]. 19 G. H. Meeten, Trans. Faraday Soc. 64, 2267 [1968].

15 P, Sen and S. Basu, J. Chim. Phys. 63, 1277 [1966].



