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symmetric molecular group
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A Simplified Method of Microscopic Hyperpolarizability of Coherent
Anti-Stokes Raman Spectroscopy and Coherent Anti-Stokes
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Abstract Coherent Anti-Stokes Raman Spectroscopy (CARS) and Coherent Anti-Stokes Hyper-Raman Spectroscopy (CAHRS)
recently have been widely used in the study of the spectral properties of molecules, the structure of tumor cells and the dynamics
of molecular reactions. However, the main difficulty in quantitative analysis CARS and CAHRS is that the number of molecular,
microscopic hyperpolarizability tensors in the high order nonlinear optical process are large and the relationships are complex.
Our previous work has reported the simplification schemefor CARS and CAHRS microscopic hyperpolarizability tensor elements-
based on the C.., molecular symmetry. In this paper, we present the simplified scheme for microscopic hyperpolarizability tensor
elements of CARS and CAHRS belonging to the C;, symmetry. First, the tensor elements g/, of the CARS microscopic hyper-
polarizability are expressed as the product of the differentiation of Raman microscopic polarizability tensor o’ ;. The CAHRS mi-
croscopic hyperpolarizability tensor elements B4, are expressed as the product of the differentiation of Raman microscopic po-
larizability tensor «’;; and the differentiation of hyper Raman microscopic polarizability tensor ‘8'(',',1’ . The ratio between g4/ and
Briwrw can be simplified by using the ratio between a/,(,f and ﬁ/,(,y. For the symmetric vibrational mode Al of C;, symmetric type
molecular groups, 9 non-zero and 3 independent CARS microscopic hyperpolarizability tensors can be described by a ratio be-
tween RY and ¢’/ » and 21 non-zero and 6 independent CAHRS microscopic hyperpolarizability tensors can be described by three
ratios of R% , RER | and REX , between a/,',' and ‘8/,'1',,f . Then, the Bond Additivity Model method is used to calculate the coupling
between every single bond in the C;, symmetric molecular group, from which the ratio of hyper Raman microscopic polarizability
tensor differential /'y, for the symmetric vibrational mode Al of Cj, symmetric type molecular groups is obtained. Combined
with the ratio of the Raman microscopic polarizability tensor differential a’;; component given in the literature, the relationship
between the CARS and CAHRS microscopic hyperpolarizability tensors of C;, symmetry molecular group is further simplified.
These relationships between the microscopic hyperpolarizability tensor elements of CARS and CAHRS obtained in this paper are
ready to be used for simplifying the expression of CARS and CAHRS signals and generalized oriented functional Rk (8), which-

can obtain the variation of Rk () with the orientation angle 0 of the interface molecule group. Furthermore, the expressions of
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intensity factor djx » generalized oriented functional Rjx (§) and generalized orientation parameters ¢, and ¢, are obtained. This

work provides a theoretical basis for quantitative analysis of interface molecular orientation information.

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

izability; Bond additivity model; Molecular orientation; Quantitative analysis; Cs, symmetry
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their anion. And when 7n==5, the CrSi; and CrSis of neutral CrSi, are more stable than their neighboring clusters; the CrSi, and
CrSi; of anionic CrSi, are less stable than their neighboring clusters. The VDEs of CrSi, are predicted to be 2. 26 eV for CrSi; ,
3.21 eV for CrSiy, 2.72 eV for CrSi;, 3.54 eV for CrSiy, 2.45 eV for CrSi;, 2. 71 eV for CrSig and 2. 95 eV for CrSiy. They
are in excellent agreement with experimental data except for CrSi,, the average absolute deviations from experimental data are
only 0. 073 eV. The AEAs of CrSi, are evaluated to be 2. 07 eV for CrSi;, 1.95 eV for CrSi,, 2.4 eV for CrSi;, 2.32 eV for
CrSi; , 2.38 eV for CrSi;, 2. 67 eV for CrSig, and 2. 63 eV for CrSi;. Except for CrSi; , they are in excellent agreement with ex-
perimental data. The average absolute deviations from experimental data are only 0. 09 eV. Besides, the photoelectron spectra
(PES) of ground-state structures of anionic CrSi, (n=3~9) are simulated at the PBEIPBE/6-31G(2df, p) level, and compared

to the corresponding experiment data, it is concluded that the ground-state structures obtained in this paper are reliable.

Keywords Chromium doped silicon clusters; Ground-state structure; Stability; Photoelectron spectra
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