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Theoretical Studies on the Mechanism of Excited-State
Proton Transfer in Hydrogen-Bonded Dimers and Complex
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Excited-state proton transfer plays significant roles in physics, chemistry, and biology [1]. In this
thesis, I focus on mechanism of excited-state proton transfer in hydrogen-bonded dimers and complexes
by applying modern quantum chemical approaches. In Chapter 1, the current status of experimental
and theoretical studies for excited-state proton transfer is presented as general introduction. Through the
present work, I choose 7-azaindole (7AI) as a target molecule, which contains both proton donor and
proton acceptor parts, so that excited-state proton transfer can take place via self-associated
hydrogen-bonded dimers and via solvent bridge relay. Excited-state double proton transfer (ESDPT) in
7AI dimer has received particular attentions, because this process can be taken as a model of the
photoinduced mutation in DNA base pairs [2-4]. For 7AI dimer, one major question has been put
forward through the intensive studies: Does the ESDPT follow a concerted mechanism or a stepwise
mechanism? Figure 1 shows schematic pictures of the mechanisms of the ESDPT in 7AI dimer from the
normal dimer (ND) to the tautomer dimer (TD). In the concerted mechanism, two protons are
simultaneously transferred through a single transition state, without forming any intermediate for
single-proton-transferred (SPT) component, while, in the stepwise mechanism, an intermediate is
formed by the first SPT from ND, followed by the second SPT to TD. This intermediate can have either
a zwitterionic character or a neutral character. As to mechanism of the ESDPT in 7AI dimer, there is still
controversy in both experiments and theoretical calculations. In Chapter 2, my theoretical calculations
on the ESDPT in 7AI dimer (homodimer) and (3-methyl-7AI)-7AI complex (heterodimer) are reported
and the mechanism is discussed. In this study I employ the better methodology in both ab initio and
density functional theory (DFT) calculations than the previous ones; the long-range corrected
time-dependent DFT (LC-TDDFT) and ab initio multireference 2nd-order perturbation theory
(CASPT2) methods are used to get the reliable energy profiles of the ESDPT process along the reaction
pathways for the respective dimers. The calculated potential energy profiles clearly indicate that the
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Fig. 1. Concerted mechanism vs. stepwise mechanism for ESDPT in 7AI dimer.
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ESDPT reactions in both dimers take place in the locally excited state following the concerted
mechanism, in which each proton-transfer process occurs simultaneously without forming any stable
zwitterionic intermediate. The concerted ESDPT reactions are found to proceed asynchronously in C,
symmetry.

In Chapter 3, my theoretical calculations on the excited-state multiple-proton transfer (ESMPT) in
7AI(H;0); cluster are reported and the mechanism is discussed. Recently, Pino et al. [5] reported
experimental studies on ESMPT through the hydrogen bond networks in 7AI(H,O); cluster by
resonance enhanced multi-photon ionization (REMPI) and fluorescence excitation (FE) spectra. With a
help of theoretical calculations, they proposed that isomerization of hydrogen bond network in
TAI(H,0); occurs after photoexcitaion, followed by ESMPT. Figure 2 shows typical equilibrium
structures of two isomers, referred to as the bridged-planar and cyclic-nonplanar isomers. The potential
energy profiles for 7AI(H;O); cluster in the first excited state show that the reaction path of triple
proton transfer after the rearrangement of hydrogen bond structure of water molecules from a
bridged-planar isomer to a cyclic-nonplanar isomer is more favorable than the reaction path of
quadruple proton transfer without hydrogen bond rearrangement. The calculated results show good
consistency with the experimental observations such as the electronic spectra and excited-state lifetime
of 7AI(H,0); cluster [5].

(a) bridged-planar isomer (b) cyclic-nonplanar isomer
Fig. 2. Equilibrium structures of 7AI(H,O); in the excited

In Chapter 4, a general conclusion of the present work is presented. My theoretical calculations on
7AT1 homodimer, heterodimer, and complexes with waters have provided consistent results in both ab
initio and DFT calculations, as well as with available experimental data. It is concluded that reliable
theoretical calculations can provide a strong support to understand the mechanism of ESMPT for
hydrogen-bonded complexes.
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