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Abstract Coherent Anti-Stokes Raman Spectroscopy (CARS) and Coherent Anti-Stokes Hyper-Raman Spectroscopy (CAHRS)
are widely used in the study of molecular interfaces and biological membrane surfaces. However, forsuchahigher order nonlinear
optical process, the number of molecular microscopic polarization tensor elements areso larger and the relationships is so com-
plexthatthe quantitative analysis of CARS and CAHRS is more difficult. In this paper, we present the simplified scheme for mi-
croscopic hyperpolarizability tensor elements of CARS and CAHRS. First, the CARS microscopic hyperpolarizability tensor ele-
ments B are expressed as the product of the differentiation of Raman microscopic polarizability tensor o' 7y. Then the CAHRS
microscopic hyperpolarizability tensor elements S, are expressed as the product of the differentiation of Raman microscopic
polarizability tensor o', and the differentiation of hyper Raman microscopic polarizability tensor ;4. The ratios between the
Briwr and the ratios between the /4, are then obtained from the ratios of a”_,j, and the ratios of ﬁ,,’_,'k’ . Using these relationships
between the microscopic hyperpolarizability tensor elements of CARS and CAHRS obtained in this paper, the generalized orient-
ational functional and generalized orientational parameters of CARS and CAHRS are obtained and ready to be used for quantita-

tive analysis of interfacial molecular orientation information.

Keywords Coherent anti-stokes Raman spectroscopy; Coherent anti-stokes hyper-Raman spectroscopy; Microscopic hyperpolar-

izability; Molecular orientation; Quantitative analysis
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