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Using one- and two-photon absorption effects for molecular
first-order hyperpolarizability dispersion measurements in
organic molecules

SCIUTI, Lucas; ABEGAO, Luis; COCCA, Leandro Zucolotto; SANTOS, Carlos Henrique D. dos; COSTA,
Rafaela da; LIMBERGER, Jones; MISOGUTI, Lino; MENDONÇA, Cleber

lfsciuti@gmail.com

The first-order hyperpolarizability (β) is a microscopic optical parameter associated with a hyper-Rayleigh
scattering with the second-order electrical susceptibility (χ2) as the macroscopic counterpart. The
knowledge of both parameters is important for certain optical applications of organic molecules. For
instance, the electro-optical coefficient (EO) is related with β and it is the quantity that characterizes the
molecule as suitable for molecular EO modulators. (1) Further, the second harmonic generation (SHG) is
connected to χ2. (2) However, the direct experimental measurement of β for a particular wavelength and,
in particular, its dispersion β(λ) is a complex and expansive task still nowadays. Therefore, we investigate
the application of a complete phenomenological model for calculate β(λ) (3) for arylated chalcone
derivatives dissolved in dichloromethane (DCM). The central frequencies, linewidth and the transition
electric dipole moment of the molecule’s electronic excited states were measured through one-photon
absorption spectra. Permanent electric dipole moment differences between the excited states and the
ground one were obtained by fitting the Sum-over-States (SOS) model for the two-photon absorption
spectrum measured with the absorptive Z-Scan technique. The molecules showed three experimental
decomposed electronic excited states which leads to a four-level phenomenological model. The results of
the phenomenologically calculated β(λ) were compared to the vastly used quantum chemical calculations
(QCC) for β. The values obtained from both models were equivalent for the static hyperpolarizability
(β0) and for the dynamic one in the spectral range considered. The application of the non-simplified
phenomenological model revealed two-photon resonances and tend to be a fast tool to achieve the
dispersion of β through easily obtained experimental parameters.

Palavras-chave: First hyperpolarizability. Chalcone molecules. Two-photon absorption.
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