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Two groups of organic compounds are commonly considered A, F--g--F-—B--B-—-B-—8--8--8-—19 |
as useful for second harmonic generation; one is given by one- &30 /%

. . . h . /
dimensional charge-transfer organic molecules, such as disubsti- . 320 4 @ OO OO0 - 00 -- 0 -

tuted benzenes and puspull polyenes, and the other is given T ol
by so-called octupolar molecules. Significant solvent effects on )

the one-dimensional charge-transfer organic molecules have been 0% —————————————————————
verified both experimentall? and theoretically-7 It has been 80 L - ’ ) ]
shown for this group of molecules, having large permanent dipole )
moments, that the solvent effects can be well explained by the *560 r /,’i,;az/

Onsager reaction field modél? ST 1
Since the proposal by Zy8snany octupolar molecules have LB Y g OO0 08 000
been studied-1* Due to the lack of a permanent dipole moment, =20 -/f// ]
one has commonly assumed that these molecules are only a little e
solvent dependent and that the Onsager reaction field model does o 2 3 4 5 6 1 8 9 10

not apply. Contrasting this common notion, we show in this paper Multipole |

that a solvent indeed can have significant effects on the nonlineargig,re 1. The dependence on multipole expansibhfor AP = PP

optical properties of octupolar molecules and that, while the _7 for TATB in three different dielectric media;= 2.28 (circle, empty

dipolar contributions certainly vanish for the total energy, they {or SCRF, filled for SC)¢ = 6.02 (square, empty for SCRF, filled for

can be significant for thenolecular properties This means that  sc),e = 37.5 (diamond, empty for SCRF, filled for S®).is (a)ayy, (b)

the Onsager model is adequate for describing thesnt effects Ozz (C) Byyy.

on optical properties of octupolar molecule§his observation

can be explained by means of a simple semiclassical model. Figure 1 shows the nonzero components of the polarizability,
1,3,5-Tr|am|no-2,4,6-tr|nltro_benzene, TATB, is chosen as a a,y (= 0x) anda,, and of the first hyperpolarizabilitg,y, (=

prototype octupolar molecule in the present study. The geometry —Byx = —Bxyx = —Pu) Of TATB in three different solutions

of TATB was optimized at the Hartred-ock level with a double  characterized by the static dielectric constants 2.28, 6.02,

¢ valence (DZV) basis s€tand found to be planar witiDs, and 37.5, respectively. All properties are given as cumulative

symmetry. The solvent is simulated by a dielectric continuum  ynctions of the multipolar expansion of the solute charge field

in a multipolar expansion self-consistent reaction field (SCRF) ang are found to be well-converged already at the multipste

model. The cavity radius is chosen to be 9.82 au in accordanceg, |t is predicted that the solvents have profound effects on the

with previous work orp-nitroaniline® The polarizabilitiesx and optical properties of TATB. For instance, at= 37.5, corre-

p in solutions are calculated using quadratic response theory atsponding to acetonitrile, the first hyperpolarizabiliy has

the random phase approximation le¥elAll calculations were increased by 90% with respect to the free, gas-phase value. A

performed with the DALTON program package. most striking fact is that the solvent effects are dominated by the
(1) Staelin, M.; Burland, D. M.; Rice, J. EChem. Phys. Lett.992 191, dipolar term (= 1). S _

245, Usually, the dipolar reaction field is viewed as a classical
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(3) Mikkeisen, K. V.. Luo, Y.: Agren, H.; Jargensen, B. Chem. Phys.  the molecule. This view can easily lead to the erroneous idea
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Within the Onsager model, the total energy of the solvated For a system without permanent dipole moment one has

moleculeEg, is given by ol o
_ oy = Oyt f Z(ajiaik) (20)
Esol - EO + Wsol (1) [
W, = —1/2fRz/4iui (2) ﬁjmso' =Pt fRZ(ﬁjnaik + 0485 + 4B (11)
1 I

sol

i.e., the Onsager reaction field model predicts the changes of
optical properties for molecules without permanent dipole moment
upon solvation. The semiclassical approximation provides the
connection between properties in gas phase and in solution and
12— 1) can be used to pinpoint the origin of the solvent effects on the
A S () optical properties of nonpolar molecules. The SC formula
a®(2¢ + 1) presented here can be only used for the static case; the extension
to the dynamic case, which is possible, will not be discussed.
a the radius of the spherical cavity, andhe dielectric constant ~ We have calculated the solvent-induced changes on the polariz-
of the surrounding medium. The molecular properties can be ability and hyperpolarizability of TATB from the gas phase
defined as derivatives of the total energy with respect to the results. One can see from Figure 1 that the results for the
external perturbing field polarizability obtained from the semiclassical approximation are
in excellent agreement with the ones obtained from self-consistent
o ( ESO,) reaction field calculations for solvents corresponding to all three
i =0
F

whereE, is the energy of the isolated molecule ang, is the
solvation energy.u; is the dipolar operatofR the reaction field
factor

e (4) dielectric constants chosen. For the hyperpolarizability, a devia-
oF; L ; .
] tion is observed for the large dielectric constant, whereas
sol agreement remains good for the smaller dielectric constants,
) :O
F

(5) indicating that the model is useful for the hyperpolarizability of
molecules in organic, nonpolar solvents. This can be understood
by considering the fact that in the SC model the relaxation of the

| 3ajk5°' solute charge distribution, or to say, the feedback of the induced

B> = E | =0 (6) moment on the reaction field, is not included. Such a relaxation

I /F effect increases for larger dielectric constants.
We have shown that solvent effects on the linear and nonlinear

It follows that optical properties for octupolar molecules are significant and that

most of the contributions are derived from the dipolar interactions.

yjso' =u; + fRZyiaij @) This phenomenon was explained and also quantified by a

T proposed semiclassical approximation, in which the molecular

ol R dipole _is t_reatgd quantum mechanically._ The_ semiclassical
oy = oyt f Z(ajiaik + uiBiy) (8) approximation is an efficient method for simulating molecular

[ properties in solution, since it relies only on gas phase calculations.

ou;
sol _ ]
%= ( oF,

ﬂjleOI = ﬂjkl + fRZ(ﬁjliaik + ajiﬂikl + aliﬂijk + /’tiyijkl) 9
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