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tosecond and third harmonic scattering responses

Pierre Beaujean and Benoit Champagne
Laboratory of Theoretical Chemistry — NISM — UNamur (61, Rue de Bruxelles, B-5000 Namur)

N{ SM

Namur Institute of Structured Matter

UNIVERSITE
DE NAMUR

SHS and THS measurements

[ mw
vV

Introduction and objectives

The interaction between an electric field (F) and a molecular system induces a dipole o {x?)
moment, trough reorganization of the electron cloud (electronic contribution) and of

the nuclei (vibrational contribution): A

Geometry m=2

w (V="/2) (8%,7) (V2z27)
v (W =0)  (B2xx) (Vaxxx)

ww
Xv/\/

Y < %

1
QW

S S 1 S -
Aﬁ(F):a-F+§6:F2+ F3 4+

where « is the polarizability (rank 2 tensor) and [, v are the first and second hyper- Sample

polarizabilities (rank 3 and 4 tensors). The experiments rely on relative rather than
absolute measurements, which requires precise knowledge of the response of these ref-
erence compounds.

The goals of this work!? are:

For a non-polarized incident signal, in the laboratory frame, 3

BsHs = \/ <5%ZZ> + <5%XX ) Iy
DR = —.
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e The definition of reference values. Here, a model system, the water molecule,
will be considered;

e [he definition of an appropriate level of approximation since it is the first quantum
chemistry investigations on v1ys;

e [o assess the impact of vibrational contributions.

YTHS = \/<7%zzz> + (VZxxx)

The depolarization ratio (DR) is linked to the geometry of the NLOphore.?!

Vibrational contributions

In the frozen nuclei approximation, the vibrational
contributions are missing. They are divided in two
parts, ZPVA and pv, which requires different geomet-
rical derivatives of molecular properties w.r.t. normal
modes, up to second order:”

Computational details

Gas phase geometries and hyperpolarizabilities computed with
Dalton 2016, with a hierarchy of coupled cluster methods
(CCS, CC2, CCSD), in combination with quadratic/cubic re-
sponse functions* and the (d-)aug-cc-pVXZ (X=D, T) family
to check the impact of the basis set.
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A homemade code (NACHQOS) was develloped to perform numerical differentiation in
order to carry out vibrational contributions.

Results

e Contributions of the different parts and frequency dispersion, at the CCSD/d-aug-
cc-pVTZ level (missing contribution analysis):

e Impact of the basis set and of the method on the static first and second hyperpo-
larizabilities of water. The electronic value is marked with a cross, while the total

(electronic+vibrational) is marked with plain circles:
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Substantial electron correlation and basis sets effects are evidenced (especially for

DR 1Hs).

he CCSD/d-aug-cc-pVTZ level is mandatory to study for investigating

the impact of vibrational contribution for water. For the electronic part, it is in

Outlook

excelent agreement with calculation at the CCSD/d-aug-cc-PV5Z level.l

The amplitude of the vibrational contributions on other reference molecules still need
to be investigated. We also would like to check the impact of solvation on v7ys (which
is expected to be smaller than on [Bsys).
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Stretching (A; and B,) modes are of first importance, due to a large cubic force
constants. Bending mode (A,) only interesting for static SP".
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