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Coupled clusterevaluation ot thesecond and third EB

Introduction and objectives SHS and THS measurements

The interaction between an electric field (I?) and a molecular system induces a dipole I o (x?)
moment: ;
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where « is the polarizability (rank 2 tensor) and 3, v are the first and second hyperpolar- -— W Iy (W =0)  (B20) (V2
izabilities (rank 3 and 4 tensors). The experiments rely on relative rather than absolute Y SR
measurements, which requires precise knowledge of the response of these reference com- Sample

pounds. Bsys was already investigated for different systems, ! but there are only TWO

recent experimental studies for vrys by Van Steertegem et al. and Rodriguez.? For a non-polarized incident signal,*

The goals of this work? are:

(B2z2)
e The definition of reference values. 6 molecules were selected: H,O, CH;Cl, BsHs = \/(5%zz> + (B2xx) DRshs = <BZZZZ>,
CH,Cl,, CHCI;, CCl, and CH;CN ; gxx
e The definition of an appropriate level of approximation since it is the first quantum VTHS = \/<’V%ZZZ> (V) DR71s = <722222> |
chemistry investigation on y1ys; (Y Zxxx)

e To establish structure-activity relationships, the caclculation and interpretation of

the irreducible spherical components /3 and v tensors can also be decomposed into irreducible spherical components.> Assum-

ing Kleinman conditions, the 3 tensor is decomposed into dipolar (J = 1) and octupolar
(J = 3) components and the ~ tensor is decomposed into isotropic (J = 0), quadrupo-
lar (J = 2) and hexadecapolar (J = 4) components. Assuming p3/1 = |B=sl/|5,4],

pos2 = 1=ol/lv,m| and pg o = 1i=sl/15,2),

Computational details

Geometry optimized at the M06/6-311G(d) (water) and MP2/cc-pVTZ levels. Gas
phase hyperpolarizabilities computed with Dalton 2016, with a hierarchy of coupled 18 93/1 163

cluster methods (CCS, CC2, CCSD), in combination with quadratic/cubic response DRsys =
functions® and (d-)aug-cc-pVXZ basis sets to check basis set convergence.
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Results

e Impact of the basis set (d-aug-cc-pVXZ in plain, aug-cc-pVXZ in dashed) and of

the method on the static first and second hyperpolarizabilities of water: - 103 :"‘°’|°|”°pl"c
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CCl, CH5Cl, CHCl3 CH3ClI CH3CN H,O

Bsws  15.63 13.41 16.32 12.32 16.74 9.87
DRsys 150 153 157 294 587 6.01

YyrHs 12719 38474 10993 5065 4037 1801
DRrys 5744 90 169 414 70 60

002 ~oo 3.089 4280 6.823 2.677 2.437
042 ~oo 0.257 0.250 0.288 0.211 0.168

YTHs(0) (a.u.)

These analyses are confirmed for dynamic quantities (about 30 and 10 % of increase

Substantial electron correlation and basis sets effects are evidenced (especially for .
(esp Y at 1064 nm for Bsys and v7ys, respectively, and the DR are mostly unaffected).

DR rys), but the effect seems less important for the other molecules: the CCSD /d-

aug-cc-pVDZ level was selected. Note that the impact of CC3 is negligible with e Comparison with dynamic v7us calculations (at 1300 nm) and experimental liquid
respect to CCSD. phase results : CH;CN (Experimental/gas phase calculated ratio of 1.49), CH,Cl,

e Static CCSD/d-aug-cc-pVDZ results for the six reference molecules: dipolar char- (1.11), CHCI; (0.97) and CCl, (1.02). The experimental increase of yrys with the
acter of Bsys increase from CCl,; to H,O, and ~v1ys dominated by its isotropic number of chlorine is reproduced by the calculation. This also suggests that the
(J = 0) contribution, followed by its quadrupolar (J = 2) contribution. solvation effect are smaller for vrys than for Bsys.
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