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Organic-inorganic nanohybrids using semiconductor nanocrystals (NCs) coordinated with
aromatic organic molecules have been widely studied in the fields of optoelectronic materials,
such as solar cells, photocatalysis, and photon upconversion. Organic ligands (mostly long-
chain alkyl groups) on the surface of NCs are essential for the synthesis of highly functional
colloidal nanocrystals. However, they significantly reduce the electrical conductivity and
electron transfer efficiency of NC-integrated films. Although post-film treatments improve
the above characteristics, it is difficult to spatially selectively treat only specific areas to create
finely integrated circuits. The desorption of ligands by photoirradiation seems to be an effective
method for spatially selective treatment. However, such research and subsequent photochemical
reactions involving organic ligands are completely absent in composite nanomaterial systems.
This is largely due to the fact that coordination bonds of ligand molecules are usually assumed
to be stable during optical processes. However, this assumption is not always valid.

In this study, we demonstrate that the coordination bonds between ligand molecules and NCs
by carboxyl groups are displaced quasi-reversibly by light irradiation using zinc sulfide (ZnS)
NCs coordinated with perylenebisimide (PBI) as a model system. Time-resolved spectroscopy
over awide range of time from tens-of femtosecond to second timescales and density functional
theory calculations show that the photoinduced ligand displacement is driven by ultrafast hole
transfer from PBI to ZnS NCs, and that the dissociated radical anion of PBI survives over the
second timescale. Photoinduced ligand displacements are important to be considered in various
organic-inorganic nanohybrids and offer a possibility of NCs covered by non-photoresponsive
organic ligands for advanced photofunctional materials such as advanced photocatalysts that
possess both colloidal stability and high reactivity, as well as photopatterning capability of

conductive circuits using NC solid films.
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Figure 6 (a) Time evolutions of the absorption spectra of
PBI-ZnS (PBI/ZnS + ./ #&&& = 6.8) in chloroform
excited at 525 nm with CW light (54 mW/cm?)
for 20 s at room temperature. (b) The time profile
of the photoinduced absorbance change of PBI-
ZnS (PBI/ZnS F ./ #&& = 1.7) probed at 710 nm
in chloroform during the repeated irradiation of a
525-nm CW light (57 mW/cm?) for 20 s.
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