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Proton-mediated organic ferroelectrics composed of proton donors and acceptors which have been newly
synthesized in the past decade exhibit excellent ferroelectricity such as high transition temperature, large
spontaneous polarization, etc. In this thesis, I describe some results concerning the time-resolved second
harmonic generation (SHG) spectroscopy using various femtosecond laser pulses and discuss the nature of
the photo-excited state of the ferroelectric state as well as a possibility of the photo-control of the
proton-mediated ferroelectrics.

The target materials are supramolecular ferroelectric cocrystals, 2,3-di(2-pyridinyl)pyrazinium chloranilate
(Hdppz-Hca) and 6,6™-dimethyl-2,2-bipyridium chloranilate (H66dmbp-Hca). In those cocrystals, protons are
localized between the donor (Hca) and acceptor (Hdppz or H66dmbp) molecules and when the protons show
long range ordering, the inversion symmetry of the crystals is broken and the resultant ferroelectric state
appears. Irradiation of a visible pulse causing an intramolecular transition (z-n*) of the Hca molecule
suppressed the SH intensity in Hdppz-Hca, while how the SH intensity changes depends on the positon of the
illuminated spot on the sample surface in H66dmbp-Hca. Compared with the theoretical work based on DFT
calculation, these results indicate that the observed SH change occurs because the n-n" excitation causes
ultrafast ferroelectric domain reversal, which can be viewed as a novel technique of controlling domain
structures in ferroelectrics.

Next, I irradiated Hdppz-Hca with a mid-infrared pulse peaking at about 40 THz having stable
carrier-envelope phase. This pulse can excite the molecular vibration (C-O" stretching mode) accompanied
with a conspicuous proton displacement. With the pulse, the SH intensity was nonlinearly enhanced by about
18%, and a semi-classical analysis of the proton dynamics revealed that the equilibrium point of the proton
shifted from an original position to a new metastable position during the mid-infrared pulse, which brings
about the averaged enhancement in SH intensity.

In summary, I investigated ultrafast nonlinear responses of the proton-mediated organic cocrystals using
various femtosecond laser pulses which can excite the intramolecular transition and the molecular vibration,
and could not only reveal the microscopic origin but also demonstrate several examples of controlling the

ferroelectric properties by light.
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