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Intramolecular Electron-
Transfer Studies as a Function
of Bridge Topology:

The Importance of Solvent-
Mediated Donor-Acceptor
Electronic Coupling

Matthew B. Zimmt*

Abstract. The donor-acceptor electronic coupling matrix elements, IV1, for photoin-
duced, intramolecular electron-transfer (ET) reactions in one linear and three C-shaped
molecules have been determined from the temperature dependence of ET rate con-
stants. The coupling matrix element in the linear molecule was found to be solvent-
independent. By contrast, the coupling matrix elements in two of the three C-shaped
molecules exhibit significant solvent dependence. Donor-acceptor coupling matrix
elements were calculated for the linear and C-shaped molecules in the absence and
presence of solvent molecules using the generalized Mulliken-Hush theory. Together,
the experimental and theoretical results indicate that solvent molecules, and not the
covalent bridge, mediate the electronic coupling in the C-shaped molecules. Prelimi-
nary studies of ET rate constants as a function of solvent bulk are also described.

1. Introduction

Electron transfer (ET) reactions play
important roles in chemistry, biology, and
technology. Over the last twenty years, the
chemical community has developed an
increasingly sophisticated understanding
of the factors that control the kinetics of
these fundamental reactions. Throughout
this development, Marcus theory [1] and
its semiclassical analogs [2] provided a
framework for organization of observa-
tions and for a priori design of molecular
performance. These theories furnish de-
scriptions of the activation free energy for
ET (more generally termed a Franck-Con-
don-weighted density of states, FCWDS)
in terms of intrinsic reaction barriers, the
solvent (Ag) and vibrational (Ly) reorgan-
ization energies, and the thermodynamic
driving force for reaction (-AG®). In sys-
tems involving D(onor) and A(cceptor)
sites separated beyond van der Waals con-
tact, the ET rate constant is often ex-
pressed as kgt = (27/7%) IVEFCWDS, where
IV1is the magnitude of the electronic cou-
pling matrix element between D and A.
Many of the most interesting studies per-
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formed during the last twenty years have
corroborated predictions from Marcus the-
ory as to the effects of driving force [3],
solvent polarity [3a], polarizability [4],
and temperature [S] onthe FCWDS and on
the rate constants of ET reactions. These
studies make it possible to calculate or
experimentally derive adequate estimates
of the FCWDS for many ET systems. In
turn, this has opened the door to structural
investigations of |V, the donor-acceptor
electronic coupling matrix element.

The electronic interaction between the
D and A sites may be envisioned to arise
via numerous ‘pathways’ [6]. The sim-
plestofthese, and that which is chemically
most intuitive, arises from the direct over-
lap of the D and A wavefunctions. Net
overlap between the redox sites generates
a nonzero resonance integral and large D/
A electronic coupling [7]. The rapid decay
in wavefunction amplitude with increas-
ing distance from the nucleus limits sig-
nificant contributions of this type to D/A
pairs lying within 1 or 2 A of van der
Waals contact. Electronic interactions be-
tween D and A at larger separations are
readily understood in terms of superex-
change pathways [8][2]. In the superex-
change picture, the availability of an elec-
tron ora hole for transfer to aredox partner
is communicated by mixing of the medi-
um’s conduction and valence-band wave-
functions with those of the D and A. D/A
interactions mediated by way of the envi-
ronment’s electronic bands results in ki-
netically useful coupling and a significant
increase in the length scale over which
electron transfer can occur, compared to
directoverlap. The extended distance range
of superexchange-mediated electronic cou-
pling has been demonstrated in the elegant
studies of Closs and Miller [10], Paddon-
Row and Verhoeven [11], Stein and Lewis
[12], and others. In these systems, the
electronic coupling is attributed to media-
tion by the bonding and antibonding orbit-
als of the bridge that covalently links D
and A. This role of the bridge is strongly
supported by a host of theoretical formal-
isms and studies of ‘through bond cou-
pling’ [6][13-18].

Despite the increased range of cou-
pling arising from superexchange path-
ways, the rapid attenuation of IVl with
bridge length (ca. 40% reduction with
eachbond) [10][11]indicates that the larg-
est coupling contributions arise from the
shortest, most direct pathway between D/
A.Most studies of long-distance, intramo-
lecular ET conclude that the wavefunc-
tions of the bridge comprise the ‘most
direct path’. Contributions of the surround-
ing environment to mediation of IVl in
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CN-1

CN-2

Fig. 1. CPK model showing the cavity between the dicyanoethylene acceptor (left) and the di-
merhoxyanthracene donor (right) into which solvent may enter

intramolecular ET systems have, general-
ly, been ignored. However, it is not clear
that this assumption is valid. Miller first
demonstrated the existence of the Mar-
cus-inverted region in investigations of
ET between D and A randomly distributed
in frozen glasses [19]. These studies dem-
onstrated that, given sufficient time, sin-
gle-step ET reactions can occur across D/
A separations of 30 A [20]. The decrease
of IVl with increasing separation in glasses
is only slightly steeper than that observed
in covalently linked D-bridge-A mole-
cules. Studies of ET in proteins, which
may be simplistically viewed as reproduc-
ibly organized glasses, also demonstrate
ET across a ‘solvent’ environment [21].
Clearly, non-covalent interaction with the

surrounding medium can mediate |Vi. In-
vestigations of ET in solvent-separated
ion pairs, from the labs of Gould and Farid
[22], Matag [23], Vauthey [24], and others
have further demonstrated that IV1is medi-
ated by fluid solvent lying between or
around D and A. Thus, additional studies
of the solvent’s role in mediating IVl in
intramolecular ET systems appears war-
ranted.

Starting in 1992, we initiated a pro-
gram to investigate the potential role of
solvent mediation of IVl for ET reactionsin
structurally rigid D-(B)ridge- A molecules.
The principal advantages of using rigid
DBA molecules in these investigations
are 1) the structural information one can
obtain regarding D/A separation and ori-
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entation, 2) reduced sensitivity of ion-pair
structure to solvent characteristics (com-
pared to changes in ion-pair geometry
which may arise in bimolecular studies in
fluid media), and 3) the ability to modulate
electronic properties of the solvent (com-
pared to what may be achieved in proteins
and glasses). The challenges of this ap-
proach are the congiderable synthetic de-
mand and the complexity of separating
bond and solvent-mediated contributions
to V1.

The D/A electronic coupling matrix
element for the photoinduced, charge-sep-
aration reactions of DBA molecules CN-
1 and CN-2 prompted our interest in sol-
vent-mediated coupling. In acetonitrile
(MeCN), IVl was evaluated as 160 cm™!
and 140 cm-!, respectively [25]. The near
equality of the coupling matrix elements
for these two molecules was surprising
given that the bridge in CN-2 contains an
s-cis linkage. Experimental [26] and theo-
retical [27] studies have demonstrated that
deviations from all-trans bridge topology,
through inclusion of gauche or s-cis link-
ages, reduces D/A coupling magnitudes
significantly, e.g., by factors of three or
more. In contrast to the results in MeCN,
Vifor CN-1intetrahydrofuran (THF) was
found to be 40% larger than IVl for CN-2
in THF. The comparable IVl across linear
and bent bridges in MeCN, the apparent
solvent dependence of IVl for CN-2 and
the topology of the CN-2 bridge, which

creates a cavity directly between D and A
into which solvent can enter (Fig. I),
prompted speculation that |1V for CN-2
might be mediated by both the bridge and
molecules of the solvent. As noted above,
solvent mediation of |Vl has been demon-
strated in glasses, proteins, and for ion
pairs in fluid solvent. In addition, one
study implicated solvent mediation of |Vl
for intramolecular ET reactions [26b].

2. Molecules and Methods

In order to learn more about solvent
mediation of [Vl and to evaluate its role in
intramolecular ET reactions, we sought to
characterize ET rate constants in DBA
molecules with the following characteris-
tics:

1) arigid bridge which holds the D and
the A at a fixed separation and whose
topology is such that only solvent mol-
ecules occupy the space lying directly
between the redox partners,

2) incorporation of bridge-structural fea-
tures that eliminate or drastically re-
duce bridge-mediated coupling so that
solvent molecules comprise the domi-
nant coupling pathway,

3) simple synthetic routes that offer flex-
ibility in designing DBA structures.
In a prior study, we found that elec-

tronic symmetry strongly modulates D/A

coupling matrix elements for intramolecu-
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lar, photoinduced charge-separation reac-
tions [25][28]. IVl across the all-trans
bridge of DBA 1 is ca. 10 times smaller
than |Vl across the all-trans bridge in CN-
1. Both molecules have an all-frans bridge
comprised of seven bonds and an approx-
imate mirror-plane symmetry element bi-
secting D, B, and A. The electronic con-
figuration of the (donor) anthracene S,
state is well described by promotion of an
electron from the antisymmetric HOMO
to the symmetric LUMO [29]. In CN-1,
the acceptor LUMO is symmetric with
respect to the mirror-plane symmetry ele-
ment. Thus, photoinduced transfer of an
electron from the DLUMOtothe ALUMO
is symmetry-allowed. By contrast, the ac-
ceptor LUMO in 1 is antisymmetric with
respect to the mirror plane. Photoinduced
transfer of an electron between the D and
A LUMOs is accompanied by a change in
state symmetry and is, therefore, formally
electronically forbidden (IVl = 0). The
matrix element is nonzero, presumably
due to vibronic effects. Central to our
interests, the magnitude of through bond
contributions to IVl can be minimized by
using DBA molecules with symmetry-
forbidden topology and by incorporating
one or more s-cis linkages within long
bridges.

DBA molecules 1-4 [30] were used to
investigate the potential role solvent-me-
diated coupling. The bridges are based on
the elegant and effective norbornane/cyclo-

DBA1

DBA 4
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butane structures designed and studied by
Paddon-Row and coworkers [11]. The ri-
gidity of these polycyclic bridges pro-
vides well-defined D/A separations and
orientations. The bridges in DBA mole-
cules 2, 3, and 4 have 9, 10, and 9 bonds,
respectively. In these three molecules, the
D/A separation (10.2, 10.6, and 7.1 A,
respectively) spans a cavity which solvent
may enter [31]. DBA 1, with seven bonds
in the bridge and a D/A separation of 11.5
A, serves as a control for the method used
to extract |Vl from the kinetic data (vide
infra). The bridge in 1 occupies the space
directly between D and A. Solvent-inclu-
sive pathways are longer and consequent-
ly should contribute less to the overall
coupling than the direct, bridge-mediated
pathway. If the analysis method is appro-
priate, the extracted IV] for 1 should be
relatively independent of the solvent.
The ET rate constants in 14 were
determined from time-resolved fluores-
cence measurements as kgr = 1/Tpga —
1/7p5" Toga is the fluorescence lifetime of
the anthracene excited state determined
for the DBA molecule in the solventand at
the temperature of interest. Tpp is the
fluorescence lifetime of the anthracene,
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Table 1. Solvent Dependence of 1V1 (cm™) in DBA 1-4 [31]

Solvent DBA 1
PhCN 15+3 8+
MeCN 19+4
DMA 19+ 4 )

20+ 7

I'HF

DBA 2

DBA 4

%) ET rate constants too slow to analyze. °) E'l' rate constants not determined in this solvent.

determined for the same solvent and tem-
perature, in a DB molecule with the iden-
tical bridge, but lacking the dimethyl
maleate acceptor group. The anthracene
excited-state decay rate constants in the
DB molecules are nearly temperature-in-
dependent (activation energies < 0.5 kJ/
mol) in all the solvents investigated. The
fluorescence decay kinetics of the DBA
molecules exhibit larger activation ener-
gies (6-18 kJ/mol). Lifetimes greater than
500 ps were determined using both time-
resolved fluorescence spectrometers at

Brown [25] and at the University of Pitts-
burgh [31]. Lifetimes shorter than 500 ps
were determined in Pittsburgh.

Numerous groups have successfully
used the single quantized mode, semiclas-
sical expression [2] to interpret ET rate
constantdatain a wide variety of chemical
systems. Each term within the summation
in the Egn. represents a contribution to the
rate constant, starting from the zero-point
vibrational level of the reactant and end-
ing in one of the vibrational levels of the
product.

271 VI2

ET = — 77—
nJATkTA;

> n ~(AG® + A, +nk 2 A
Ye S(Sn—!)exp( ( ) ] S=;zé

42, kT
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The semiclassical ET rate constant is
controlled by five parameters; V], the D/A
electronic coupling matrix element; —~AG?®,
the reaction driving force; Ag, the low-
frequency (primarily solvent) reorganiza-
tion energy; Ay, the high-frequency reor-
ganization energy arising from structural
changes of the donor and the acceptor upon
ET; %@, the average energy spacing of the
quantized mode undergoing reorganiza-
tion upon ET. The latter four parameters

determine the FCWDS and must be speci-
fied in order to derive [V] from a measured
rate constant. Previously, estimates of Ay
(0.39 V) and 4w (1410 cm™!) were ob-
tained from an analysis of the CT emission
spectra produced by a three-bond bridge
analog of 1-4 and from AM1 calculations
[25]. In the present investigation, IV and
the FCWDS are separated through analy-
sis of the ET rate constant temperature
dependence. The temperature dependence

1 ) i 1 L

In (k,7 T'2) vs 1/T for DBA Molecules 1 and 4
Solvent Dependence
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Fig. 2. Modified Arrhenius plots of In kgr T2 vs. I/T for DBA molecules 1 and 4
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Fig. 3. Contour plots of IV for DBA 4 in PhCN vs. the assumed values of by and AG°(295 K), obtained

[fromnonlinear regression analysis of the temperature-dependent kg data. The constant contour lines
are in units of cm~'. The box outlines a region defined by prior estimates of Ay (0.3-0.5 eV) and
AG°(295 K) £ 0.05 eV calculated using continuum models.
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of AG® and Ag must be taken into account.
The driving force and low-frequency reor-
ganization energy at each temperature, T,
were modeled as AGYT) = AG°(295 K) +
AAGY(T) and Ag(T) = A5(295 K) + AAg(T),
where AAGY(T) and AAg(T) were calculat-
ed using continuum models [32]. An esti-
mate of AG°(295 K) was calculated using
conventional continuum models [5f](32].
In addition, AG®(295 K) values within
+0.3 eV of the continuum result were also
used (vide infra and Fig. 3) to explore the
sensitivity of the extracted |V1 to the as-
sumed value of the driving force [33]. The
remaining two parameters, |Vl and A¢(295
K) were extracted from the temperature-
dependent, ET rate constant data by non-
linear, least squares regression analysis.
Presuming that this method of analysis
provides reasonable estimates of |Vl, how
can through solvent and through bond
contributions be separated? DBA 1 with
the shortest (7 bond) and most effective
(all-trans) bridge is expected to have the
largest contribution of through bond cou-
pling to IV1. Furthermore, solvent-mediat-
ed contributions to [V should be negligi-.
ble in this compound (vide supra). The
extent to which the extracted values of IV]
for 1 vary with solvent is one measure of
the success or failure of the assumptions
used to extract IVl from the ET data. |Vifor
24 should be < 15 % [34] of IV for 1 if
through bond pathways are the dominant
source of coupling. If solvent is the major
source of D/A coupling, IV in the bent
DBA molecules should be larger than the
15% prediction. More significantly, VI
should exhibit much larger solvent de-
pendence inthe bent DBA molecules com-
pared to 1. To accentuate the solvent de-
pendence, the variable-temperature ET
studies were performed in MeCN, di-
methylacetamide (DMA), benzonitrile,
and THF (DBA 1 only). These ET reac-
tions involve transfer of an electron be-
tween D and A LUMO:s. In these solvents,
with 7-type molecular orbitals, the su-
perexchange state comprising transfer of
an electron from the D LUMO to the
solvent LUMO (electron-mediated su-
perexchange) is lower in energy than the
superexchange state representing transfer
of an electron from the solvent to the
acceptor (hole-mediated superexchange)
[20]. Decreasing the energy of the mediat-
ing, superexchange state is predicted to
increase the magnitude of the resultant
coupling [8][9][20]. The vertical electron
affinity of PRCN is ca. 3.0 eV more posi-
tive than that of MeCN [35]. Thus, sol-
vent-mediated superexchange contribu-
tions to [V] are predicted to be larger in
PhCN than in MeCN for 24 [36].



PHOTOCHEMISTRY

87

3. Experimental Results

Arrhenius plots of the ET rate con-
stants from 1 and 4 along with the calcu-
lated regression results are displayed in
Fig. 2. The ET rate constants for 4 are 10—
50 times larger than those for 1, for the
same solvent. The slopes of the plots are
similar, indicating comparable FCWDS
temperature dependence. Table I lists the
regression estimates for [V from each of
the DBA molecules in the investigated
solvents. The uncertainty quoted for each
entry was determined through variation of
AG°(295 K) and Ay across a range of
values (boxed region, Fig. 3) [33b]. The
values of IVl obtained for DBA 1 are nearly
solvent-independent. This confirms that
the methods used to calculate the temper-
ature dependence of the FCWDS are ef-
fective for a wide range of solvent dielec-
tric constants.

The ET rate constants for 2 in MeCN
were too small to measure, precluding any
comment on solvent dependence for this
DBA. However, the IVl determined in
PhCN is half as large as IVl for DBA 1in
PhCN. This IVt for2is considerably larger

than the 15% prediction based solely on
through bond coupling. IVl for DBA 2 and
3 in PhCN are comparable, despite the
additional bond in the bridge of 3. As the
cavity size and D/A through space separa-
tion in these two molecules (10.2 and 10.6
A, respectively) are similar, these results
suggest a dominant role of solvent-medi-
ated coupling. IVlfor 3 decreases ca. three-
foldupon changing the solvent from PhCN
to MeCN. This trend is consistent with the
simple arguments regarding superex-
change state energy noted above. The ab-
solute difference of 1Vl in these two sol-
vents is small, leading to nearly overlap-
ping uncertainty limits. The results from
DBA 4 do not suffer a similar problem. |V
in PhCN is three times larger than in
MeCN and four times larger than in DMA.
The difference in these values are much
larger than the uncertainty limits. In PhCN,
iV for 4 is four times larger than IV] for 1,
despite the additional two bonds and two
s-cis links in the bridge of 4. IVl for 1 and
4 are comparable in MeCN and DMA.
These results demonstrate that solvent pro-
vides the dominant pathway for mediation
of D/A coupling in DBA 4 and, at the very
least, makes significant contributions to
D/A coupling in DBA 2 and 3.

4. Theoretical Results

The procedure employed to extract |V
from the kinetic data requires the use of a
number of models and assumptions. Al-
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Table 2. Calculated Values®) of IV| (cm™!) in the Presence and Absence of a Solvent Molecule |39)

Condition DBA 1 DBA 2 DBA 3 DBA 4
Vacuum 4 <0.2 <0.2 <0.2
MeCN in cavity 6 ) - b) 7

i)

PhCN in cavity

PhCN out of cavity 11

" Root mean square of value calculated at various solvent configurations.

performed.

46
< |

b) Calculation not

Fig. 4. CPK model of 4 showing a molecule of PhCN in the cavity between D and A

though the solvent independence of 1V
determined for 1 provides a measure of
confidence in the procedure, itis desirable
to obtain independent estimates of V1.
Newton and Cave [37] developed a gener-
alization of the Mulliken-Hush model [38]
which may be used to calculate D/A cou-
pling magnitudes in the presence or ab-
sence of solvent. Their method was used
to calculate [Vl for the photoinduced,
charge-separation reaction of 1-4 in a
vacuum and for 1 and 4 with a single
solvent molecule lying adjacent to the
DBA [39]. The latter calculations were
performed with the solvent positioned ei-
ther within (Fig. 4) or outside of the cavity

of 4 (concave side of 1). The results are
presented in Table 2. The calculations
confirm that bond-mediated coupling is
negligible across the long, bent bridges in
molecules 2—4. Introduction of a solvent
molecule increases the calculated cou-
pling. The composition, placement, and
orientation of the solvent molecule has a
large impact on the calculated IV1[39]. For
4, the magnitude and solvent dependence
of the single-solvent calculations agree
remarkably well with the experimental
results. In contrast, the calculations for 1
exhibit a larger solvent dependence of 1V
than was experimentally observed. Place-
ment of the Ph(CN molecule nextto anthra-
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cene, on the convex face of 1, yields a V]
of 11 ¢cm~!, In this position, the solvent is
too far from the acceptor to effect solvent
mediation of IV, It is possible that bond-
mediated coupling in this system is en-
hanced by symmetry breaking induced by
interaction with PhCN [39]. This point is
currently under investigation. Overall, the
calculated results support the conclusion
that IV is predominantly mediated by sol-
vent in 4.

5. In the Cavity or not in the Cavity,
that is the Question

The theoretical and experimental stud-
ies demonstrate the importance of solvent
mediation of coupling in DBA 4. An ap-
parent prerequisite for solvent-mediated
coupling is the presence of a solvent mol-
ecule within the DBA cavity (Fig. 4). The
occupation of the cavity by solvent has not
been confirmed by NMR or X-ray crystal-
lographic investigations. To ascertain the
importance of solvent entry into the cavi-
ty, the fluorescence dynamics from 4 have
been measured in a family of alkylated
benzenes: benzene, cumene, 1,3- and 1,4-
di(isopropyl)benzene, 1,3,5-tri(isopropyl)-
benzene, and mesitylene. The lowest-en-
ergy conformation of the isopropyl groups
projects one methyl group above and be-
low the benzene ring. This conformation
prevents entry of the aromatic nucleus into
the cavity of 4, at least from the edge
containing the alkyl substituent. If the
aromatic nucleus of the solvent must enter
the cavity to mediate coupling, the pres-
ence of bulky alkyl groups should reduce
the solvent’s ability to mediate D/A cou-
pling.

The fluorescence decays from 4 are bi-
exponential in the alkylated benzenes,
whereas, the fluorescence decays in
MeCN, DMA, and PhCN are single expo-
nential. The more complex decay in the
weakly polar aromatics is consistent with
a higher-energy charge-transfer state,
which undergoes back ET to regenerate
the excited anthracene [40]. All four rate
constants in the kinetic scheme (Fig. 5)
may be determined from the three param-
eters obtained by fitting the fluorescence
decays and from the lifetime of the excited
donor in the absence of an acceptor [41].
The charge separation (k¢g) and back ET
(kgack) rate constants in each solvent are
characterized by the same values of IV], Ay
and Ag [42], with AG® values that are equal
in magnitude but opposite in sign. AG® in
each solvent may be calculated from the
ratio kcg/kgack- A log plot of kcg and
kpack vs. the corresponding AG° produces

a reasonable fit to the semiclassical Mar-
cus Equation [2} (Ay =0.39 eV, A5 =0.2]
eV, and Am = 1410 cm!) for the four
solvents that are not trisubstituted (Fig. 6).
Therate constants in mesityleneand 1,3,5-
tri(isopropyl)benzene (TIP) are 1.3 and 4
times smaller, respectively, than the val-
ues calculated using the semiclassical equa-
tion and the above parameters. Mesity-
lene’s cross section is only slightly larger
than benzene’s. The observed rate reduc-
tion in this solvent corresponds to a 15%
decrease in |V, although it is not obvious
that the small difference between the ob-

CHIMIA 5/ (1997) Nr. 3 (Miirz)

served and calculated rate constants is not
associated with the FCWDS. The three
isopropyl groups in TIP prevent place-
ment of the aromatic core within the cav-
ity of 4. Provided the FCWDS calculation
is correct, the steric inhibition to entry
reduces IV for TIP by a factor of 2 com-
pared to benzene or the monosubstituted
aromatics. This is comparable to the ratio
of IV found for 4 in MeCN and PhCN.
Although the extent of the FCWDS con-
tribution to the fourfold difference in cal-
culated and measured rates in TIP must be
established, this data provides at least some

S1
f CcT
Fig.5. Kinetic scheme used
to analyze the bi-exponen-
tial fluorescence decay S
from 4 in alkylated ben- 0
zene solvents (CT =charge-
transfer state)
Kinetic Analysis of Aromatic Systems
Ag =0.21 eV
3F
2 : A kCS
10° | B kgack
- B A e
m«n - —— Marcus Fit
2 s /
~ i ||
|
K3
sk
o |
10-2 : . L Il ) 1 L L L I 1 1 1 1 L
-0.15 -011 -0.07 -0.03 0.01 0.05 0.09 0.13
-AG? (eV)

Fig. 6. Plot of kg and kgscg vs. the experimentally determined reaction-driving force. The solid line
represents kgy calculated using the single quantized mode, semiclassical equation, the parameters in

the text, and IV1 = 10 cm™.
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evidence that the ET rate constants are
sensitive to steric bulk in the solvent.

6. Conclusion

Although still at an early stage, these
investigations provide considerable evi-
dence that fluid solvent is effective at
mediating donor/acceptor electronic cou-
pling. In accord with the prediction of
superexchange theory [8], the magnitude
of solvent-mediated IV for transfer from
an excited donor to an acceptor is larger in
solvents with low-energy anion states.
Solvent-mediated coupling probably con-
tributes to 1V1 in all intramolecular ET
reactions. However, for the most com-
monly investigated class of DBA mole-
cules, in which the bridge lies directly
between D and A and for which there is no
symmetry constraint on D/A mixing,
through bond contributions likely over-
whelm solvent-mediated contributions to
IVl (compare [Vl in CN-1 and 1). For the
less commonly studied, C-shaped DBA
topology, solvent-mediated coupling may
well turn out to be of general importance
[43]. We are currently expanding our in-
vestigations to evaluate the significance
of solvent-mediated coupling for ET in C-
shaped DBA molecules possessing sym-
metry-allowed topology (and rather long
bridges) and for ET reactions in which D/
A coupling is likely to arise through hole-
mediated superexchange (transfer of ahole
from an electronically excited acceptor to
a donor). Through these studies we hope
to identify the types of reactions and mol-
ecules in which solvent-mediated cou-
pling is important and to determine the
principal factors controlling solvent-me-
diated coupling magnitudes.
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