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Abstract

Electron Transfer and Proton Transfer in Supramolecular Systems

Abstract

This dissertation consists of five chapters.

In Chapter One, highlights of new findings in electron transfer studies, in which
elegant synthetic model systems were used to address important fundamental
questions, were briefly described. The main examples include: (1) efficient long
distance electron transfer mediated by hydrogen bonds; (2) the influence of internal
electric fields on the rate of electron transfer in a-helical peptides; (3) construction
of a biomimetic proton pump driven by photoinduced electron transfer; (4) the
experimental and theoretical development of proton coupled electron transfer

(PCET). The research proposal for this dissertation was also presented.

In Chapter Two, proton coupled electron transfer from diphenylguanidine to the
dual fluorescent p-dialkylaminobenzoic acids was studied. This chapter was
divided in two sections.

Proton-coupled electron transfer (PCET) has deserved attention since the first
proposal of the proton translocation driven by electron transfer by Mitchell. Much
work in experimental and theoretical has been done in the field owing to the
importance of PCET on prediction of energy-storing processes of photosynthesis and
respiration. Most of the reported work on PCET, however, has been focused on

inorganic fields such as oxoruthenium polypyridyl and iron bi-imidazoline
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Abstract

complexes donors and acceptor. PCET usually occur in molecules with functional
groups linked by a hydrogen bond that serves as interface mediating electron
transfer: the charge redistribution connected to electronic excitation alters the
acid-base properties of these groups, leading to proton transfer along the hydrogen
bond in a tautomerization process. We designed, based on the important
recognition reaction between guanidium and carboxylate, p-dimethylaminobenzoic
acids (DMABOA) that bear carboxylic group of hydrogen bonding capacity and
emit interesting intramolecular charge transfer (ICT) dual fluorescence. The ICT
typical dual fluorescence of DMABOA in aprotic polar solvent such as chloroform
was monitored in the presence DPG. A Stern-Volmer quenching behavior was
found and the quenching rate constant was 10> L mol™ s

In Section One, PCET was proposed as the mechanism for the quenching
behavior of DPG to 4-(dimethylamino)benzoic acid (DMABOA) based on the
following experimental results: (1) the dependence of quenching constants on
solvent polarity; (2) the intermolecular hydrogen bond between DPG and DMABOA

-1 .
which were much

and the quenching rate constants were above 10" L mol” s
higher than the rate of diffusion-controlled intermolecular quenching rate constant
(10" L mol ™ s™); (3) kinetic isotope effect was 1.2.

In Section Two, proton coupled electron transfer in hydrogen bonded
donor-acceptor system and the electron transfer driving force Gibbs free energy
were studies. In order to find out the electron transfer orientation, we synthesized
on the one hand, a group of DMABOA derivatives (DAABOA),
p-diethylaminobenzoic acid (DEABOA), p-dibutylaminobenzoic acid (DBABOA),
p-(N-methyl, N-hexyl)benzoic acid (HMABOA), p-(N-methyl, N-hexyl)benzoic

acid (HMABOA) and p-diphenylbenzoic acid (DPABOA). On the other hand,
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Abstract

diphenylthiourea (DPS) and diphenylurea (DPO) were synthesized as the derivatives
(DPX) of DPG. The solvent polarity dependence of the fluorescence quenching
rate constants of DPX to DAABOA and the direct NMR titration, together with the
obvious isotope effect established that the quenching occurred within 1:1 hydrogen
bonded mediated PCET. The most interesting result was that the quenching rate
constants decreased with increasing size of alkyl substitution at the amino moiety of
the acid (DAABOA). For the DPG quencher, the order of the quenching constants
was DMABOA>HMABOA>DEABOA>DBABOA HEABOA. The direction of
the motion of transferred electron was then suggested to be from DPG to DAABOA.
In addition, that a dramatic decreased quenching constant was found with the
quenching behavior of DPS and DPO also testified the orientation. For the same
DAABOA, the quencher action order was DPG>DPS>DPO. The similarity of the
interaction between DPG and DMABOA or its tetrabutylammonium salts
DMABOTB showed that the hydrogen of carboxyl was not involved in the hydrogen.
We therefore, considered that the quenching behavior was originated from PCET
with DPG as the electron and proton donor and DAABOA as the electron and proton
acceptor. Indeed, we measured the driving force between DPX and DAABOA in
acetonitrile and found AG® was in good agreement with the kinetic results. The
driving force difference also gave a sound evidence of the reason that the quenching
by DPS and DPO far less than that of DPG. A proton transfer coupled electron
transfer mechanism was hence assumed for the fluorescence quenching and the
electron transfer was discussed within the framework of Marcus theory. A clue for
designing chemical sensing system based on PCET mechanism was proposed. It
should be noted that there was something unusual with the photophysical character

of DPABOA, one of the derivatives of DAABOA, which would be discussed in
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