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Abstract

Two recent investigations into electron trans.er reactions are described. The first study probes solvent effects on intramolecular electron
transfer of donor-bridge—acceptor systems. The study compares a molecule which possesses a molecular cleft between the donor and acceptor
moiety to one without such a cleft. The influence on the electronic coupling of a solvent molecule between the donor and acceptor is discussed.
The second study concerns heterogeneous electron transfer through self-assembled monolayer films on InP electrodes. The data show that the
film inhibits oxidation of the semiconductor. Electron tunneling through the film is explored, and the chemical functionalization of the film
is shown to modify the charge recombination processes in the electrode. © 1997 Elsevier Science S.A.
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1. Introduction

Electron transfer sroce:5¢s are ubiquitous in nature. Many
of the fundamental steps in chemical transformations involve
electron transfer processes, or at least significant charge rear-
rangements. The understanding of intramolecular electron
transfer processes has evolved to a high degree and studies
of such systems are largely responsible for the verification of
the Marcus mode! and its antecedents. In addition, it is pos-
sible to design intramolecular electron transfer systems which
have desired properties and kinetics. By way of contrast,
heterogeneous electron transfer processes are understcod pri-
marily at a phenomenological level. Nevertheless, progress
is being made and Marcus type models are being successfully
applied to these systems as well.

The simple picture of the electron transfer process assumes
different timescales for the nuclear and electron motions [ 1].
In this scheme, the nuclear degrees of freedom of the reac-
tant(s) fluctuate in the medium. When the nuclei reach a
configuration where the electronic energies of the reactant
and product states are the same, the electron can tunnel from
the donor to the acceptor. This nuclear configuration is the
*‘transition state’’ and (in a nonadiabatic picture) corre-
sponds to the crossing of the potential energy curves of the
reactant and product. The probability of electron tunneling is
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determined by the strength of the electronic interaction
between the donor and acceptor moieties, i.e. the electronic
coupling |V|. When the electronic coupling is weak, the
reactant configuration fluctuates through the transition state
region many times before tunneling occurs and the product
is formed. By contrast, when the electronic coupling is strong,
tunneling occurs for nearly every crossing of the transition
state. In this latter limit, the reaction rate is controlled by the
nuclear motion. This view of the primary electron transfer
event is quite successful.

The studies discussed here are well described by the weak
coupling regime. In this limit, an expression is found for the
electron transfer rate constant kgy:

2 ”
kET=—f:-rIVI“FCWDS (1)

where FCWDS is the Franck—Condon weighted density of
states [2]. For intramolecular electron transfer, it is common
to use a semiclassical approximation, where solvent degrees
of freedom are treated classically and the vibrational degrees
of freedom are quantized but treated as a single effective
mode. In this case, it is found that
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where A, is the solvent reorganization energy, AG’ is the
Gibbs free energy change of the reaction, S is A,/fiw, wis the
frequency of the effective intramolecular mode and A, is the
internal reorganization energy. When the reactant and prod-
uct states have the same free energy, the total reorganization
energy A, +J, is the free energy change required for the
system to proceed from reactant to product at the equilibrium
configuration of the reactant [ 1-3]. This expressicn for the
rate constant has five parameters: AG®, V, A, A, and @. In
order to test the model, it is important either to characterize
these parameters fully or to constrain a subset of them as
constant while the other parameters are systematically varied.

The studies described here focus on systems in the nona-
diabatic regime and aim to investigate the properties of the
electronic coupling, i.e. the | V| parameter. We begin with a
review of recent progress n this area, and then we describe
two recent investigations into the nature of |V|. First, an
investigation of the electronic coupling in donor-bridge-
acceptor (DBA) molecules is presented. This study com-
pares the electron transfer for two molecules with a similar
number of bonds between the donor and acceptor moieties,
but with one of the molecules extended and the other having
a cleft which is large enough to accommodate small solvent
molecules. The influence of solvent in the cleft on the mag-
nitude of | V| is probed by this study. Second, an investigation
of heterogeneous electron transfer at the semiconductor/ elec-
trolyte interface is explored. This study uses self-assembled
monolayer (SAM) films to control the distance between the
electrode and the solution redox couple. The film acts as a
tunneling barrier whose thickness can be controlled chemi-
cally. Comparison of similar systems, in which only the bar-
rier thickness changes, can be used to probe | V|.

2. Nature of the electronic coupling

Research efforts during the past two decades have mainly
focussed on developing a better understanding of the elec-
tronic coupling | V| which is a parameter in the nonadiabatic
rate expression. Much of the progress in this area has resulted
from the synergy of experiment and theory. Below, we briefly
review part of this progress, both experimental and theoreti-
cal, and identify some major issues which remain
outstanding.

The primary focus of the research in this area has been to
identify how structural parameters of the system influence
the value of the electronic coupling. These studies have pro-
ceeded through the use of model systems, such as DBA com-
pounds [4-8], chemically modified proteins [9-11] and
chemically modified electrodes [12-16]. For example,
numerous studies have characterized the distance dependence
of the electronic coupling in DBA compounds and found it
to be reasonably described as an exponential dependence (i.e.
|Vl atexp( —Bn/2), where B is a parameter and n is the
number of bonds between the donor and acceptor units) on
the shortest ‘‘through bond’’ distance between the donor and

acceptor. In contrast, the distance dependence does not
always correlate well with the physical distance between the
donor and acceptor units [9-11]. Theoretical studies are in
agreement with this finding, although they indicate that the
exponential dependence is not rigorous. Generally speaking,
the distance dependence of the electronic coupling is found
to be ‘‘softer’’ than that expected for tunneling through a
vacuum. It is typically found to have a decay parameter 8 of
1 per bond for a carbon—carbon bond (or 1.2 A1), although
arange of values ({rom about 0.4 to 1.3) are predicted [17].
A simple model used to estimate tunneling through a vacuum
leads to a sharper distance dependence, =3.4 A [11],
where the distance is measured through space.

This behavior mav be explained using a superexchange, or
*‘through bond’’, mechanism for the coupling [ 17-23]. This
description, in chemistry, has its origin in the single electron,
perturbative treatments of McConnell [ 18] and Halpern and
Orgel [19]. Although modern approaches are considerably
more sophisticated and realistic, they maintain much of the
character of this early model. The models view the coupling
between the donor and acceptor orbitals as being mediated
by the orbitals of the intervening atoms which lie between
the donor and acceptor. Usually, the models focus on the
filled and empty orbitals of the bridge (more strictly, on the
orbitals of its cation and anion states). This mechanism
results in a softer distance dependence for the electronic cou-
pling between the donor and acceptor when covalent linkages
are present than for the case when there is a vacuum between
the donor and acceptor. More recently [9e,11,24-28], effort
has focussed on determining the influence of couplings medi-
ated across noncovalent struciures, e.g. hydrogen bonds, salt
bridges and solvent molecules. The theoretical approaches
range from simple Hiickel models to ab initio based models
which incorporate electron correlation effects. Despite
important differences between these approaches, they all indi-
cate that *‘through bond’’ coupling dominates over *‘through
space’’ coupling.

Studies in biological systems have focussed largely on the
influence of the structural motif of the biological system on
the electronic coupling. Empirical models which include the
structure of the biomolecule in a realistic manner, known as
pathway models, are quite successful when compared with
experiments [9-11]. Recent studies in biological systems
have focussed on the relative importance of different types
of structures, e.g. covalent versus hydrogen bonds, and hydro-
gen bonded motifs, e.g. a-helix versus B-sheet, for mediating
the coupling. Such studies should contribute new general
design criteria for electron transfer systems.

Studies on model organic systems have investigated how
the structure and symmetry of the molecular orbitals can
influence the electronic coupling. Some work [6,29] has
found the orbital and state symmetry of the donor and accep-
tor to effect the coupling 10-fold or more [6]. Much work
has focussed on the influence of the bridge configuration on
the electronic coupling, e.g. the ‘‘all-trans’’ effect
[12,21,30]. These studies reveal the sensitivity of the cou-



Y. Gu et al. / Journal of Photochemistry und Photobiology A: Chemistry 105 (1997) 189-196 191

pling to the overlap of the bridge orbitals with one another.
More recent studies [ 17] of bridge effects have focussed on
the interference of different coupling pathways, and indicate
that the interference effects can lead to a softer (harder)
distance dependence when the interference is constructive
(destructive). These studies are theoretical and await detailed
testing, although the predictions are consistent with extensive
studies of norbornane bridged molecules.

Studies of intermolecular electron transfer show that the
solvent can mediate the electronic coupling. Early studies by
Miller [31] in glasses indicated the distance dependence of
the electronic coupling to be well described as exponential
with B values of 1.1-1.4 A~'. More recent work by Gould
and co-workers [25] indicates that solvent molecules lying
between the donor and acceptor can mediate the electronic
coupling.

Electron transfer studies on electrode systems have pro-
duced similar results. Studies which use thioalkane layers
[13-15] as an insulating barrier have probed the distance
dependence of the electron transfer. Recent studies on gold
electrodes give a distance dependence for the electron transfer
which is similar to that found for intramolecular systems and
glasses, i.e. 0.9-1.2 A~1. A study on Si electrodes [ 12] has
shown that ordered monolayer films provide more efficient
electron transfer than disordered films. This finding is quali-
tatively in accordance with the all-trans rule.

Despite the successes of the past two decades, fundamental
questions remain in this area. First, the relative importance
of electron mediated coupling (via empty orbitals of the
bridging unit) as compared to hole mediated coupling (via
filled orbitals of the bridging unit) has not been addressed by
experiment [ 11.22]. Second, criteria must be found for deter-
mining how the nature of the interaction between orbitals
effects the coupling. Although extensive work has been done
on systems with covalent linkages, work on hydrogen bonded
linkages [28] and solvent mediated coupling [24-27,31] is
in its nascent stages. Third, the effect of symmetry constraints
and vibronic coupling in augmenting symmetry forbidden
electronic coupling needs to be more widely addressed
16,29]. Fourth, the effect of the energy gap between the donor
and acceptor orbitals and the bridge orbitals should be inves-
tigated in a systematic manner [22,31,32]. Lastly, all of the
issues described and outlined treat the electronic coupling as
a static property of the system; however, in a solvent or a
protein the electronic coupling could vary with fluctuations
in the environment. Although some theoretical work [33]
has addressed this issue, it has not been explored
experimentally.

The work described below begins to address some of these
important issues. The studies on intramolecular electron
transfer are designed to investigate the relative importance of
“*through bond’’ pathways for the coupling as compared to
*‘through solvent’” pathways. The studies of heterogeneous
electron transfer are aimed at understanding how the ener-
getics of the acceptor (the semiconductor valence band)
effects the electronic coupling.

3. Intramolecular electron transfer

A large number of workers have investigated electron
transfer in unimolecular systems. These studies have clearly
delineated the importance of molecular properties and pro-
vided direct tests for the adequacy of Eq. (1) in describing
the kinetics. Prominent studies are those of Miller and co-
workers [7,20], who demonstrated the presence of the
inverted regime in electron transfer and have more recently
investigated the important role of nuclear tunneling. The stud-
ies of Paddon-Row and co-workers [4] and others [5,7] on
DBA systems with rigid bridges provide a clear test of the
distance dependence of the electron transfer. The studies of
Zimmt and co-workers {6] have investigated the influence
of donor and acceptor state symmetry on the electronic cou-
pling. In cooperation with these and other experimental stud-
ies, theoretical progress has focussed on the calculation of
electronic couplings for DBA systems [ 17-23] and the use
of semiempirical models to describe electronic couplings in
complex systems [10,11]. Although this and other work
demonstrates important progress in this area, much remains
to be understood.

For the most part, the solvent has been found to influence
the reaction through its impact on the energetics, i.e. solvation
of the reactant and product states, and reorganization energy.
This role is quitc important as readily seen from Eq. (2),
where the free energy change and the reorganization energy
appear in the argument of the exponential term. Although
these solvent effects are well understand on a conceptual
level, accurate theoretical modeling of the energetics and the
reorganization energies is lacking. The role of solvent in the
dynamics of electron transfer reactions is of more recent
interest. For reactions which occur in the adiabatic limit,
considerable work on the role of solvent dynamics has been
performed [34]. This regime is not discussed here. Rather,
the focus of this work is on systems in the nonadiabatic, or
weakly coupled, regime. Recent work in our laboratories
[24] and others [25] has explored the ability of solvent to
mediate the electronic coupling between donor and acceptor
moieties.

Fig. 1 shows two molecules which have been investigated
in our studies. Species 1 has an extended structure with seven

Tig. 1. Molecular structures for the **linear’” system 1 and the *C-clamp”’
system 2.
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bonds between the donor and acceptor. Species 2 has the
same donor and acceptor, but with nine bonds between them.
If the electronic coupling is dominated by through bond inter-
actions, then the degree of electronic coupling in 2 would be
expected to be lower than in 1, because fewer bonds separate
the donor and acceptor groups in the latter. In addition, 2 has
more gauche linkages in its bridge, which should decrease
the magnitude of the coupling relative to 1. However, the
through space distance between donor and acceptor is shorter
for species 2 ( =7.1 A) than for species 1 (=11.5 ;\). Our
work characterizes the competition between these two alter-
native ‘‘pathways’’ for the electronic coupling and the way
in which they are influenced by the nature of the solvent.

Recently, we investigated the nature of the coupling
between the donor and acceptor in three solve:ts: acetonitrile,
dimethylacetamide and benzonitrile [24]. The value of the
electronic coupling was obtained by measuring the temper-
ature dependence of the electron transfer rate and analyzing
the data according to Eq. (1), in which the reorganization
energies and free energies were modeled. This procedure is
nontrivial because of the number of parameters and their
interdependence; however, the focus of these studies is the
comparison of the electronic coupling of the two species
rather than its absolute value. Although the absolute value of
the electronic coupling can vary by a factor of two, or cven
three, with changes in the parameters of the model, the ratio
of the couplings obtained for 2 with those for 1 do not change
significantly [26]. The best fit values for the electronic cou-
plings in species 1 were found to be 15 cm ™! in acetonitrile,
14 cm ™' in dimethylacetamide, and 13 cm ~ ! in benzonitrile,
whereas those in species 2 were found to be 21 cm ™! in
acetonitrile, 15 cm ™' in dimethylacetamide and 64 cm ! in
benzonitrile. The eiectronic coupling for species 2 in benzon-
itrile is anomalously high by a factor of three to four.

The model proposed to account for this increased coupling
has the benzonitrile moiety located in or near the molecular
cleft (jaws of the C-clamp) where its 7 system can mediate
the electronic coupling. Fig. 2 illustrates the type of interac-
tion envisioned. Although the experiments provide no direct
evidence about the placement or distribution of the solvent,
some circumstantial evidence is available. The energy of the
donor emission band red shifts with increasing polarity and

Fig. 2. Space filling model of species 2 with a benzonitrile molecule located
in the cleft.

polarizability of the solvent. The red shift is the same for both
compounds, 1 and 2, which indicates that there is little dif-
ference in the solvation of the anthracene moiety between the
extended and cleft structures. NMR studies of 1 and 2 in
MCH-D14/C.D, detected aromatic solvent within the cleft
of 2. However, the observed shifts could not be interpreted
as arising from a single well-defined solvent geometry.
Because of the nonspecific nature of the interaction, i.e. no
directed hydrogen bonds, such behavior is not surprising.
Lastly, the hypothesis is supported by theoretical calculations
of the electronic coupling for these systems [27], with and
without a solvent molecule in the cleft. These theoretical
studies find the electronic coupling to depend strongly on
whether a benzonitrile molecule is located within the molec-
ular cleft and how it is positioned relative to the donor and
acceptor moieties, as opposed to outside the cleft. In contrast,
theoretical studies on the linear compound 1 find no depend-
ence of the electronic coupling on the location of solvent
molecules. These observations suggest that the cleft is acces-
sible to the solvent and that the aromatic system of benzoni-
trile is important in determining the electronic coupling.

Recently, we have begun to investigate a series of alkyl-
benzene solvents and benzene/methylcyclohexane mixtures
to ascertain the role of the aromatic system in the electron
transfer. These studies monitor the kinetics by fluorescence
decay of the locally excited state using the time-correlated
single photon counting method [35]. In all of these solvents,
we observe biexponential relaxation of the locally excited
state for 2. Fig. 3 shows a flucrescence decay curve for 2 in
cumene on the left and a kinetic model for the process on the
right. The fluorescence decay curve represents the population
decay of the locally excited state (LE). For the case when
back electron transfer ki, from the charge transfer state CT
to the LE state is slow, the fluorescence decay should be
single exponential, as observed in the more polar solvents
acetonitrile, benzonitrile and dimethylacetamide [24]. The
observation of biexponential kinetics, however, is consistent
with relaxation involving charge transfer from the LE state
to the CT state k., and back electron transfer to regenerate
the LE state species, i.e. equilibration in the excited state.
Such relaxation kinetics has been observed in other intra-
molecular electron transfer systems [36], and assigned to
this type of kinetic scheme. Using this kinetic model and
knowledge of the decay rate for the locally excited state
(k;=0.51X10%s™ "), itis possibie to obtain both the forward
ky.r and back ki, electron transfer rates, and hence AG for
the electron transfer.

The electron transfer rate constants were determined for 2
in a series of solvent systems at 298 K. These data are plotted
versus AG for the reaction in Fig. 4. The open symbols cor-
respond to mixtures of benzene and methylcyclohexane
(MCH) which range from 20% benzene/80%MCH to neat
benzene. The filled symbols are data for benzene, cumene,
1,3-diisopropylbenzene, 1,4-diisopropylbenzene, mesity-
tene, znd 1,3.5-triisopropylbenzene. Most of these data Jie on
a smooth curve. The line is a simple fit to the semiclassical
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Fig. 3. Fluorescence decay curve for 2 in cumene at 298 K on the left and the scheme used to interpret the fluorescence kinetics on the right.
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Fig. 4. Forward {(@,0) and backward (@,0J) electron transfer rates as a
function of the Gibbs free energy change for compound 2 in a series of
alkylbenzenes and benzene/methylcyclohexane mixtures.

model given in Eq. (1). The fit assumes that the reorgani-
zation energies and electronic coupling do not change through
this series of similar solvents. The data which lie below the
curve correspond to the triply substituted benzenes: mesity-
lene and 1,3,5-triisopropylbenzene. The lower rate constants
observed for these two solvents can be rationalized as arising
from their distribution of bulky alkyl groups, which inhibits
the approach of the aromatic nucleus to the cleft in 2. This
explanation is consistent with the expectation that the aro-
matic system can enhance the electronic coupling wheniit lies
between the donor and acceptor moieties. i.e. in or along the
cleft. For 1,3,5-triisopropylbenzene the steric bulk around the
benzene ring prohibits its access to the cleft, and decreases
the electronic coupling and hence the rate constant. This
effect is also observed for mesitylene, but here it is much
smaller in magnitude, presumably related to the difference
between the size of the methyl and propy! zroups. An alter-
native explanation for the discrepancies obscrved can be
given by a change in the reorganization energy through the
solvent series. Studies of the rate constants as a function of
temperature should help to clarify which of these two expla-
nations is most appropriate.

The studies discussed here probe the influence of solvent
on nonadiabatic intramolecular electron transfer processes.
In addition to its important influence on the free energy and
the reorganization energy of the electron transfer, the solvent

may also play a role in mediating the electronic coupling
between the donor and acceptor moieties.

4. Heterogeneous electron transfer

Compared to intramolecular electron transfer, the under-
standing of heterogenecus electron transfer processes is
crude, despite its enormous technological importance.
Although the transport of redox species to an electrode inter-
face is relatively well understood, the nature of the electron
transfer event and its dependence on electrode properties,
interfacial properties and molecular properties is poorly
understood [37]. Recent work in this laboratory has
exploited the ability to create ordered monomolecular films
through self-assembly to prepare well-defined interfaces for
study of electron transfer. The ability to control the chemistry
and structure of the interface is essential to understanding
interfacial processes, because only with a high level of control
can the properties of the system be varied in a systematic
manner.

Although work on SAMs has focussed largely on the prep-
aration of films on metal surfaces and insulators [38], some
work has been performed on semiconductor substrates, in
particular GaAs [39] and Si [12,40]. Recent work [41] by
our group has demonstrated the formation of alkanethiol films
on InP (both n-doped and p-doped). InP is a direct band gap
(1.35 eV) semiconductor which has found broad use in
optoelectronics. The structure of the films have been char-
acterized through a variety of surface spectroscopies. To sum-
marize these findings, the films are observed to form with the
thiol near the interface and the alkanes further away (Fig. 5).
The nature of the bonding has not been identified, although
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Fig. 6. XPS data for the 2p core level of phosphorous. A is an InP electrode which has been oxidized by exposure to electrolyte solution and B is an InP

electrode coated with a SAM which protects it from oxidation.

no shift in the 2p core level of phosphorous is observed. The
films appear to be quite compact (as judged from contact
angle measurements) and the film thickness is consistent with
that expected from consideration of the chain length (as
judged from ellipsometry). Present characterization efforts
are on infrared studies which should probe the tilt of the
alkane chains with respect to the surface normal and the
degree of order in the films, and the use of fluorescence
quenching experiments to investigate the defects in the film.

The studies described below explore redox chemistry at
electrode interfaces which have been coated with thiol based
monomolecular films. Work in this area has focussed largely
on SAM modified gold electrodes [13-15]. These studies
found that the current through such structures occurs by elec-
tron tunneling through the film, resulting in relatively slow
kinetics [ 14]. The distance dependence observed for the elec-
tron transfer is exponential with a decay parameter of about
1 per CH,. Miller and co-workers [ 15] have used the gold
systems to explore detailed features of the electron transfer
and its modeling. These studies represent the first stages of
the ability to investigate electron transfer at interfaces in a
controlled manner.

Recently, we have explored the electron transfer between
the Fe(CN)¢ ™ /Fe(CN)Z ™ redox couple and InP electrodes.
The use of this redox couple in conjunction with bare InP
electrode surfaces results in the formation of an oxide layer
[42] on the surface of the electrode which can inhib:t charge
transfer. The presence of a SAM acts to stabilize the interface
and inhibit the formation of an oxide. Fig. 6 demonstrates
this effect for p-InP electrodes by analyzing the XPS data for
the 2p core level of phosphorous. For both spectra, 0.008
coulombs of charge was transferred between the electrode
and a 0.08 M Fe(CN)¢~ /Fe(CN)2 " solution at a voltage of
0.35 V versus SCE. For Fig. 6A, the InP surface did not
contain a monolayer film. The formation of an oxide peak is
observed at 4 eV higher binding energy. For Fig. 6B, a SAM
overlayer with 16 methylene units was present on the elec-
trode surface and only the 2p core level of phosphorous is
observed. This stabilization of the interface allows electron
transfer studies, which are not complicated by oxidation proc-
esses, to be performed in this system.

The electron transfer between n-InP (dopant density of
10'® cm~?) and Fe(CN)¢~/Fe(CN)2~ was explored by
measuring the photocurrent as a function of the thickness of

the insulating film [ 16]. The thickness of the film was varied
by changing the number of methylene units in the alkane
chain, i.e. layers ranging from octanethiol to hexadecanethiol.
The distance dependence for the electron transfer is exponen-
tial, but is observed to be scfter than that observed on gold
electrodes {a decay parameter of 0.52 per CH, rather than
1.0 per CH,). Much effort has been made to ensure that the
softer distance dependence is not caused by poor film quality
and other cxperimental conditions; however, these cannot yet
be unequivocally ruled out. In principle, the phoiocurrent
depends on the concentration of the photogenerated holes and
the reductant—the latter is present in large excess and should
be constant. The material has a high surface recombination
velocity which should act to stabilize the hole concentration
at the surface as the level of the photocurrent changes; how-
ever, this remains to be verified experimentally. See Ref. [ 16]
for further discussion of these issues.

Varying the thickness of the monolayer film changes the
average distance between solution species and the electrode,
but does not significantly modify the free energy of the reac-
tion or the reorganization energies (see Refs. [16] and
[43]). Given that the concentrations of the redox species and
the photogenerated holes are fixed, the softer distance
dependence would result from a change in the electronic
coupling for these systems as compared to the gold systems.
Beratan et al. { 10a] have shown that the electronic coupling
should depend on the relative energy of the donor state to the
mediating orbitals of the bridge (for this system the alkane
chains), and this phenomenon is consistent with the obser-
vations. The valence band of the InP, from which the pho-
tocurrent is generated, lies further from the vacuum level than
does the Fermi level of gold. Consequently, the valence band
lies closer in energy to the HOMO orbitals of the bridge.
Further studies are being performed to better characterize the
hole concentration at the interface and explore the physical
reason for the softer distance dependence.

By tethering a redox active species to the end of the alkane
chain, its location can be controlled and issues related to
defects in the film become less important. To this end, we
have begun to prepare films which are functionalized. Fig. 7
shows band gap emission decays for InP treated with different
thiol derivatives. The top curve C8 corresponds to octane-
thiol, Am corresponds to N-acetyl-4-aminophenoxyl, Me cor-
responds to 4-methylphenoxyl and Me3 corresponds to
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Fig. 7. Fluorescence decay curves of the InP bandgap emission for different surface treatments.

2,4,6-trimethylphenoxyl. The different functionalities are
seen to effect the fluorescence decay characteristics of the
electrode. The quenching of the fluorescence correlates well
with the expected change in redox potential of the phenoxyl
moiety [44]. This quenching may result from two different
effects. First, the substitutent may effect the energetics of InP
surface electronic states and hence the recombination of elec-
tron-hole pairs at the interface. Second, the substituent effect
could result from the phenoxy group acting as a recombina-
tion center for electron-hole pairs, i.e. the phenoxy moiety is
first oxidized by photogenerated holes and then recombines
with an electron from the solid. This latter process would
involve electron tunneling through the layer to the electrode.
Studies are presently underway to distinguish between these
two possible mechanisms. These investigations show thai
chemical control of interfacial electrode properties allows the
electrochemical behavior to be explored in a systematic
manner.

5. Conclusions

Progress in our understanding and the ability to model and
design electron transfer systems has exploded over the past
decade. Nevertheless, a detailed understanding of electronic
coupling and molecular design features for its optimization
remains an important avenue of study. The work described
above is two-fold. First, a new mechanism is probed for
donor/acceptor coupling that is mediated by the solvent. Sec-
ond, electron transfer is probed in heterogeneous systems
with the aim of elucidating the distance dependence of the
electron transfer.
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