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Study of Electric Field Effects on Excimer Fluorescence
of Some Aromatic Compounds in a Polymer Film
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In this thesis, I present the electric field effects on excimer fluorescence of some aromatic
compounds in a polymer film, based on electric field modulation spectroscopy at various
temperatures in the range of 50 —295 K with different concentrations. The compounds that have
been studied are pyrene, pyrenebutyric acid (PBA), trimethylsilyl-pyrene . (TTMSPy),
trimethylsilylethynyl-pyrene (TTMSEPy) and perylene.

Excimer formation is one of the typical excited state dynamics which can be frequently
observed in aromatic molecules. A numerous studies have been done, based on the conventional
methods, but some of the intriguing aspects regarding to the excited state dynamics of excimer as
well as its formation are still unclear. Thus my aim is to find out the entire picture of the
dynamics of excimer by the application of an external electric field with the above mentioned five
compounds. ' .

In pyrene, fluorescence emitted from the locally excited state (LE fluorescence) shows only the
Stark shift resulting from the change in molecular polarizability between the ground and emitting
states in the presence of an electric field (#) at low concentrations irrespective of temperatures. As
the concentration increases at room temperature, fluorescence of the so—called sandwich type
excimer (EX(1)) becomes dominant. EX(1) as well as LE fluorescence is quenched by . Another
fluorescence assigned to a partially overlapped excimer also exists at room temperature, and this
emission is enhanced by #. Besides EX(1) and LE fluorescence, three different types of partially
overlapped excimer become clear from their different electric field effects on fluorescence from each
other as the temperature decreases, indicating that at least four excimer components exist at high
concentrations at low temperatures.

In PBA, LE fluorescence shows only the Stark shift at a low concentration in the presence of F,

like pyrene. At a medium concentration of PBA, two partially overlapped excimers which show
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diﬁ'ererit field effects from each other(are observed besides EX(1) and LE fluorescence as the

temperature decrease, indicating that at least three excimers exist at low temperatures. Ata high

concentration, two excimers which show opposite electric field effects to each other appeared '
besides LE fluorescence at room temperature. As the temperature decreases, besides EX(1) and
LE fluorescence, three different types of partially overlapped excimer become clear from their
different electric field effects from each other, indicating that at least four excimer components exist
at high concentrations at low temperatures, as in the case of pyrene.

In TTMSPy, LE fluorescence and EX(1) are quenched by F at a high concentration at room
temperature. As the temperature decreases, a partially overlapped excimer whose fluorescence is
enhanced by F appeared besides EX(1) and LE fluorescence, indicating that two excimers exist at
high concentrations at low temperature. In TTMSEPy, a blue shifted absorption band assigned to
dimer appeared besides the absorption of monomer component, as the concentration increases.
The excimer fluorescence of TTMSEPy gradually red-shifted, as the concentration increases. Both
LE fluorescence and excimer fluorescence of TTMSEPy are quenched by F at high concentration
irrespective of temperature.

In perylene, only one type of excimer is observed. Fluorescence of the excimer is enhanced by
F at room temperature, whereas the fluorescence is quenched by F at low temperature. The
field~induced enhancement of the excimer fluorescence is ascribed to the field—induced increase in
concentration of excimer, while its field-induced quenching is ascribed to the field-assisted
dissociation of excimer. The mechanism of the electric field effects on excimer fluorescence is
discussed.

The electric field effects on excimer fluorescence of the above mentioned aromatic molecules
have disclosed many intriguing characteristics of excimers which have not been studied before.
For example, up to this time only two types of excimer were known to exist in pyrene and its
derivatives. By the application of electric field, I successfully found the existence of plural
number of partially overlapping types of excimer and hence several minima in the potential

| surface of excimer. I also found that the excited—state dynamics of excimer is efficiently
influenced by an electric field, though the excimer formation does not include electron transfer
process. Further it was also found that different excimer components show different electric field
effects from each other, implying that the electronic structures of different excimers differ from
each other. I could show in the present study that the application of an external electric field is a

powerful way to investigate not only the dynamics but also the electronic structure of excimer.
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