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Study of Excited State Dynamics and Electronic Structure
with Electric Field Modulation Spectroscopy in
Some Photoinduced Electron Transfer Systems
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In this thesis, I present excited state dynamics and electronic structure of some electron
transfer systems by wusing electric field modulation spectroscopy. Two types of
electron-donor—acceptor systems were used; the first of which contains electron—donor and
—acceptor as the separate constituents, while the second one does electron—donor and —acceptor in a
single molecular chain having alternative unsaturated double bonds. In the first system, different
tetraphenylporphyrin (TPP) and fullerene (Ceo) are used, respectively, as the electron—donor and
—acceptor, whereas in the second system, different derivatives of diphenylpolyenes (both
substituted and unsubstituted) are used. In the case of first system, measurements (electric field
effects on absorption and emission) were carried out on the mixtures of TPP and Ceo, which were
prepared by mixing a monomer concentration of MTPP (M=H>, Zn, Ni, and Cu) with increasing
concentrations of Ceo in a poly(methyl methacrylate) (PMMA) film, with an objective to obtain the
electronic structure and dynamics of a complex formed between TPP and Ceo as well as to examine
the overall excitation dynamics of the mixture. In the case of the second system, measurements
were carried out on the monomer concentration of different substituted— and
unsubstituted—diphenylpolyenes doped in a PMMA film with an aim to reveal their electronic
structures and dynamics in the excited state.

In a mixture of TPP and Ceo, both H:TPP and ZnTPP form a single complex with Ceo. E-A
measurements reveal that the resulting complex shows the change in dipole moment (Az) following
photoexcitation. This indicates that the complex exhibits a charge separation following excitation to
the lowest optically allowed state. Besides, both NiTPP and CuTPP forms two types of complex with
‘Ceo; one of which shows both Au and the change in molecular polarizability (Aa), while the other
shows only Aa following the optical transition.

In a mixture of TPP and Ceo, fluorescence of TPP is enhanced and de—enhanced by an electric
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field in zinc and free—base compounds, respectively, indicating that the electron transfer from the
excited state of TPP to Ceo is decelerated in zinc compound and accelerated in free-base compound
by an electric field. Besides, the emission of complex (formed between TPP and Ceo) is-quenched by
an external electric field in both zinc and free—base compounds, suggesting that the non—radiative
decay of the excited complex is accelerated by an external electric field.

ZnTPP forms a single complex following mixing with a derivative of Ceo, Ceo(C18)2. E-A
measurements show that the complex shows Au following absorption. In the mixture, fluorescence
of ZnTPP is enhanced, whereas fluorescence both of the complex and of Ceo(C18): are de—enhanced
with an electric field. The field—induced enhancement of ZnTPP fluorescence is attributed to the
field-induced deceleration of electron transfer from the excited ZnTPP to Ceo(C18)2, while the
field—induced de—enhancement both of the complex and of Ceo(C18)2 fluorescence is attributed to the
acceleration of nonradiative processes by an electric field. It is also found that elgctron transfer
efficiency is largely hindered in the ZnTPP+Ceso(C18)2 system.

E-A spectrum of unsubstituted—diphenylpolyenes is essentially similar in shape as the first
derivative of the absorption spectrum, suggesting that the field-induced change in the absorption
intensity mainly comes from Aa following photoexcitation. The fluorescence of unsubstituted
diphenylpolyenes was found to be quenched with an electric field, the consequence of which is
attributed to the acceleration of nonradiative transition. Since trans to cis isomerization is the
significant nonradiative channel of diphenylpolyenes, the observed field—induced quenching is
attributed to the acceleration of trans to cis isomerization of diphenylpolyenes. The present results
support the zwitter ionic model for the photoisomerization of unsubstituted—diphenylpolyenes.

The E-A spectra of the substituted—diphenylpolyenes are essentially the same in shape as the
second derivative of the absorption spectrum, indicating that the field—induced change in
absorption intensity mainly ariseé from the change in electric dipole moment following absorption.
Fluorescence yields of 4-dimethylamino—4’~nitrostilbene (DNS) and 4- dimethylamino —4’~ nitro—
diphenylbutadiene (DNB) are markedly reduced with an e_lectric field, indicating that the
intramolecular charge transfer (ICT) process from the fluorescent state to the non-radiative CT
state for both DNS and DNB is accelerated by an electric field. The ICT processes of DNS and DNB

are shown to be controlled by an electric field.
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