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Fig.1 A schematic representation of structure of a
para-substituted benzenes with a donor (D) and
an acceptor (A) in the XY-plane

An external electric field E is applied in the positive X-direction.
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Fig.2 Hyperpolarizabilities for the para-disunstituted
benzenes as function of the on-site energy A
The solid line is the results of present DLA calculations.
The dotted line and dot-dashed line are the results of a
previous quantum calculation from Ref. [17] at single-CI,

and full-CI levels of configuration interaction, respectively.
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Second Order Optical Nonlinearity in Substituted Benzene Systems: a Dynamical Lie
Algebraic Treatment”

WU, Ai-Ling' ZHAO, Xian® GUAN, Da-Ren® Y1, Xi-Zhang®
("Department of Space Science and Applied Physics, Shandong University at Weihai, Weihai  264209; *State Key Laboratory of
Crystal Materials, Shandong University, Jinan 250100; ‘Institute of Theoretical Chemistry, Shandong University, Jinan 250100)

Abstract The dynamical Lie algebraic (DLA) formulation is used to describe the nonlinear optical process for
the model system of substituted benzenes in a Pariser-Parr-Pople(PPP) Hamiltonian. It is shown how to generate
the dynamical Lie algebra for the given Hamiltonian, and then the evolution operator for the system is expressed as
a function of group parameters in terms of the elements of the dynamical algebra. The group parameters can be
determined with a set of coupled nonlinear differential equations. The statistical average of the molecular
electronic polarization can be determined according to the density operator formalism in statistical mechanics, and
the hyperpolarizability of the molecules is thus obtained readily. An expression for the hyperpolarizabilities of the
di-substituted benzenes as a function of the on-site energy is derived. Compared with other quantum calculations,
DLA method appears to provide an effective method for the calculation of the hyperpolarizability of conjugated

organic molecules.

Keywords: Dynamical Lie algebraic method, Second-order optical nonlinearity, Statistical mechanics,

Substituted benzene system
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