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Semiempirical Hartree-Fock techniques have been applied to assess the molecular parameters governing the
efficiency of photoinduced charge generation and recombination processes in donor/acceptor complexes
involving a three-ring oligophenylenevinylene as donor and perylene bisimide as acceptor. The corresponding
rates have been estimated in the framework of the Marcus-Levich-Jortner formalism for different geometries
of the complexes. The results indicate that dissociation pathways involving the lowest two charge transfer
excited states contribute significantly to the dynamics of the whole process. The rates are found to be strongly
sensitive to the relative position of the donor and acceptor units and can be rationalized in terms of symmetry
arguments applied to relevant electronic levels.

1. Introduction

Organic-based solar cells attract considerable interest as a
new alternative source of renewable energy. The use of organic
materials offers several advantages compared to their inorganic
counterparts, in particular the modulation of their electronic
properties by molecular engineering, the ease of processing, as
well as the low manufacturing costs. Solar cells are designed
for converting the light irradiated by the sun into electrical
charges to produce a current in an external circuit. The typical
architecture of such a device consists of an organic layer
sandwiched between two electrodes of different nature; the
organic layer incorporates an electron donating material (D),
which exhibits a low ionization potential and an electron
accepting unit (A) characterized by a high electron affinity; a
great deal of interest has been for instance dedicated to devices
based on poly(p-phenylenevinylene) (PPV) chains as the donor
and fullerene (C60) as the acceptor.1

The mechanism for light conversion into charges involves
four subsequent steps (Figure 1): (i) Light is absorbed by the
donor and/or the acceptor to generate intramolecular electron-
hole pairs; in a simple one-electron picture, an electron is
promoted from the HOMO (highest occupied molecular orbital)
of the excited molecule to its LUMO (lowest unoccupied
molecular orbital) level. These excitations display a binding
energy largely exceedingkT, thereby hindering efficient charge
generation in single-component devices.2 (ii) The excitations
migrate toward the interface between the donor and the acceptor.
(iii) At the interface, when the donor [acceptor] is initially
excited, the electron [hole] lying in the LUMO of the donor
[HOMO of the acceptor] is transferred to the LUMO of the
acceptor [HOMO of the donor] following a photoinduced
electron [hole] transfer process; this ultimately yields a charge
separated state (with a positive charge on the donor and a
negative charge on the acceptor) (see Figure 1). (iv) The
generated charges that escape their mutual Coulomb attraction
propagate through the organic layer to the electrodes where they
are collected.

These four processes have to be optimized to guarantee a
high yield of light conversion. The best values reported to date

for polymer-based solar cells approach 5%3 and start competing
with devices based on amorphous silicon. However, there is
still room for improvement in view of the current limitations
of organic-based solar cells. The main drawbacks related to the
previously described steps are in the same order: (i) The poor
match between the spectral range for absorption in most organic
conjugated systems and the solar emission spectrum requires
the synthesis of low-band gap materials combining high
processability, high absorption coefficients, and good charge
transport properties.4-8 (ii) The exciton diffusion range is quite
limited, on the order of 10 nm,9 and thus a very fine dispersion
between the two components is required to promote a large
interface area. (iii) The electron and the hole can be simulta-
neously transferred from the donor to the acceptor or vice versa,
thus giving rise to an energy transfer instead of a charge
transfer.10 (iv) The charges have to escape from their mutual
Coulomb attraction, estimated to be on the order of a few tenths
of an electronvolt;11 this cannot simply occur upon thermal
activation or under the influence of the electric field generated
across the organic layer.

The generation of free charge carriers also competes with a
recombination mechanism in which the electron in the LUMO
level of the acceptor is transferred back to the HOMO level of

Figure 1. Illustration of the photoinduced electron/hole transfer and
charge recombination processes in a donor/acceptor pair (H) HOMO;
L ) LUMO; D ) donor; A ) acceptor).
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the donor; the system thus returns to the ground state without
generating any charge. It is thus highly desirable to understand
the nature of the molecular parameters controlling charge
generation versus charge recombination rates to design the best
matching partners and the best supramolecular organizations,
and the holes [electrons] have to find a continuous path within
the donor [acceptor] phase to reach the electrodes, thus pointing
once again to the key role played by the morphology of the
blends.

This paper addresses the issue of photoinduced charge
generation versus charge recombination in organic solar cells.
In this context, we have recently developed a theoretical
approach based on semiempirical Hartree-Fock techniques to
estimate the amplitude of the various parameters controlling the
transfer rates for charge generation and recombination in donor/
acceptor complexes in the framework of the Marcus-Levich-
Jortner formalism.11 This approach is applied here to model
complexes involving a three-ring phenylenevinylene oligomer
(PPV3) as donor and a bisimide molecule (PBI) as acceptor
(see chemical structures in Figure 2). This study is motivated
by the fact that several model systems based on PPV-related
segments and bisimide derivatives have been recently synthe-
sized to shed light into the dynamics of the charge generation
and recombination processes.12-14 In these studies, the donor
and acceptor units are systematically linked covalently12,14 or
through H-bonds13 to build a single entity directly amenable to
experimental characterization in solution. The model structures
considered here in a first stage do not incorporate the spacing
unit, which can sometimes play a crucial role in determining
the transfer rate, thus making the analysis more complex.

2. Theoretical Methodology

The theoretical approach used here is similar to that described
extensively in ref 11 and is summarized hereafter. The rates of
the charge generation and recombination processes have been
estimated with the Marcus-Levich-Jortner formalism as ref
15:

where∆G° represents the Gibbs free energy of the reaction,
VRP is the electronic coupling between the initial and final states,
λs is the reorganization energy of the surrounding medium. This
formalism treats at the quantum-mechanical level a single
effective mode with an energypω (set here equal to 0.2 eV,
i.e., the typical energy of a stretching mode in a conjugated
backbone) to depict its possible role in assisting the transfer by
tunneling effects across the potential energy barrier.S is the
Huang-Rhys factor associated with this mode that we directly
relate to the internal reorganization energy (S ) λi/pω). The
summation runs over the pathways starting from the vibrational
level 0 in the initial state and reaching the vibrational levelν′
in the final state.

∆G° has been estimated as the energy difference of
the complex between the final and initial states, accounting
for the Coulomb attraction between the two units in both
states. For a charge generation process initiated from the
excited donor (D* + A f D+ + A-), ∆G°dis is (when

neglecting the entropy contributions):

whereED*, ED+, EA, andEA- represent the total energies of the
isolated donor in the equilibrium geometry of the lowest excited
state and in the cationic state and those of the isolated acceptor
in the equilibrium geometry of the ground state and in the
anionic state, respectively. They have been obtained by first
optimizing the geometry of the individual molecules in their
various redox states with the Austin model 1 (AM1) method16

coupled to a full configuration interaction (FCI) scheme within
an active space built from a few frontier electronic levels.17 The
influence of the dielectric properties of the medium has also
been taken into account by coupling in a second step the AM1-
CI calculations to the COSMO model,18 without further
geometry optimizations; a static dielectric constant of 3.5, typical
of organic-based matrixes, has been used.19 ∆Ecoul is the change
in the screened Coulomb interaction between the donor and
acceptor units estimated from atomic charges derived from a
ZDO (zero differential overlap) analysis based on the AM1-
CI/COSMO results. A similar strategy is applied to estimate
∆G° for the photoinduced hole transfer and charge recombina-
tion processes.

The internal part of the reorganization energyλi is calculated
at the AM1-CI level as the average value ofλi1, corresponding
to the difference between the energy of the reactants in the
geometry characteristic of the products and that in their
equilibrium geometry, andλi2, corresponding to the difference
between the energy of the products in the geometry characteristic
of the reactants and that in their equilibrium geometry.11,20The
Huang-Rhys factorS is then obtained asS ) λi/pω.

The external part of the reorganization energyλs has been
estimated from the classical dielectric continuum model initially
developed by Marcus for electron transfer reactions between
ions in solution.21 We have modified the original expression in
ref 21 by introducing the atomic chargesqD andqA on the ions,
as estimated at the AM1/CI-COSMO level, to account for the
molecular topology of the donor and acceptor units:

Figure 2. Energy diagram of the relevant states in a cofacial dimer
built from one three-ring PPV oligomer as donor and one bisimide
molecule as acceptor, with an intermolecular distance fixed at 4 Å.
The chemical structures of the two compounds are also shown.
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whereεs is the static dielectric constant of the medium andεop

is the optical dielectric constant taken here to be 2.25.RD ()3.46
Å) and RA ()3.45 Å) are the effective radii of the PPV3 and
PBI molecules estimated from the surface accessible area of
the molecule provided by COSMO.

The electronic couplingVRP is the matrix element of the total
Hamiltonian of the system between the initial and final states
for a given process.VRP has been estimated with the two-state
generalized Mulliken-Hush (GMH) formalism:22

where∆ERP corresponds to the energy difference,∆µRP is the
change in the permanent dipole moment andµRP is the transition
dipole moment between the initial and final states of the
complex; note thatµRP has to be projected in all cases along
the∆µRP direction, which is mainly oriented along the stacking
axis.23 The use of a two-state model will be fully validated in
the next section. The parameters entering into eq 4 have been
evaluated using the semiempirical Hartree-Fock INDO (inter-
mediate neglect of differential overlap) method24 coupled to a
single configuration interaction scheme (SCI) involving the
highest 40 occupied and lowest 40 unoccupied levels in the
active space. When a photoinduced charge transfer initiated from
the donor [acceptor] is considered, the intramolecular configura-
tions originating from the HOMO level of the acceptor [donor]
are excluded to prevent any exciton delocalization across the
donor/acceptor interface because excitons are expected to be
localized over a single molecule at room temperature as a result
of lattice vibrations. If it is not done, the interaction between
the transition dipole moments associated with the lowest excited
state of the donor and acceptor leads to a partial delocalization
of the excitation over the whole complex and hence overesti-
mated electronic couplings. Another issue to deal with is the
fact that INDO/SCI calculations do not take the medium effects
into account and hence do not necessarily provide reliable
energies for the charge transfer excited states, we have therefore
calibrated their position with an electric field to match the results
provided by AM1-CI/COSMO calculations; this procedure has
been described in details in ref 11.

3. Results and Discussion

We have first considered a cofacial dimer built by superim-
posing the centers of mass of the PPV oligomer (assumed to
be fully planar) and the perylene bisimide, with their molecular
axes lying parallel to one another and the intermolecular
separation set at 4 Å (Figure 2); we stress that the picture derived
hereafter holds true for other intermolecular distances. Note that
the electronic couplings, and hence the transfer rates, are
vanishingly small when the two molecules are coplanar and are
not covalently linked, thus rationalizing the choice of a
superimposed structure. We report in Figure 2 the energy of
the relevant excited states of the dimer in their fully relaxed
geometries (DA, D*A, DA* and D+A-), as calculated at the
AM1-CI/COSMO level. The second charge transfer excited state
(CT2) shown in Figure 2 will be discussed hereafter. The lowest
excited state of the three-ring PPV oligomer is estimated to lie
at 3.84 eV above the ground state, which is 0.3-0.4 eV higher
than the experimental value in solution;25 similary, the lowest
electronic excitation of perylene bisimide is calculated at 2.8
eV to be compared to the experimental value of∼2.5 eV.26 In
both cases, the excited state is mostly described by an electronic

excitation between the HOMO and LUMO levels of the
molecule. The AM1-CI approach thus appears to overestimate
the optical transition energies; this behavior can be expected
because (i) AM1 has been primarily parametrized to reproduce
the geometric properties of molecules in their ground state and
not their spectroscopic properties. However, because the charge
transfer excited states globally originate from electronic transi-
tions from occupied levels of the donor to unoccupied levels
of the acceptor, the relative separation between the excited states,
and hence the∆G° values for charge generation, are expected
to be well reproduced by our approach. In the cofacial geometry,
the lowest charge transfer excited state is found to be almost
isoenergetic with the lowest intramolecular excited state of PBI
(assuming a dielectric constant of 3.5; see Methodology). This
results in a driving force of-1.0 and +0.03 eV for the
photoinduced electron and hole transfer, respectively. The
energy difference between the ground state and the lowest
charge transfer excited state (i.e., the driving force∆G° for the
charge recombination process) is estimated to be-2.84 eV;
this value should be seen as an upper limit in view of the
previous considerations.

Figure 3 depicts the changes in the bond lengths of the
donor: (i) when going from D* to D+ for the photoinduced
electron transfer process, and (ii) when going from D+ to D for
the charge recombination and photoinduced hole transfer
processes. Similar plots are presented for the acceptor when
going from A to A- for the charge recombination and photo-
induced electron transfer processes and from A* to A- for the
photoinduced hole transfer. The results show that the geometric
modifications are much less pronounced when going from an
excited-state geometry to a charged geometry (D*f D+ or
A* f A-) than between the ground state and a charged state.
This translates into aλi value of 0.19 eV (0 eV for PPV3 and
0.19 eV for PBI) for photoinduced electron transfer, 0.38 eV
(0.35 eV for PPV3 and 0.03 eV for PBI) for photoinduced hole
transfer, and 0.54 eV (0.35 eV for PPV3 and 0.19 eV for PBI)
for charge recombination. For all processes,λs is estimated to
be 0.32 eV, as obtained from eq 3 with a static dielectric constant
of 3.5.

The electronic coupling associated to the photoinduced
electron transfer from D*A to CT1 is vanishingly small (on
the order of 0.06 cm-1) despite the fact that there is a significant
spatial overlap between the two molecules. This can be
rationalized in terms of the symmetry of the molecular orbitals
involved in the process. Because CT1 is mostly described by
an electronic transition from the HOMO of the donor to the
LUMO of the acceptor and D*A by an electronic transition from
the HOMO to the LUMO of the donor, the photoinduced
electron transfer (D*Af CT1) can be seen globally in a one-
electron picture as the transfer of one electron from the LUMO
of the donor to the LUMO of the acceptor. The amplitude of
the calculated electronic coupling can be rationalized either by
analyzing the magnitude of the different parameters entering
into eq 4 (in particular, the transition dipole moment) or simply,
when the electron transfer mostly takes place between two
electronic levels, by considering the degree of their electronic
overlap that directly reflects the strength of the electronic
coupling. Figure 4 shows the shape of the frontier electronic
levels in PPV3 and PBI as well as their parity with respect to
the center of inversion. Because the LUMO of the donor and
acceptor units have opposite parities, there is full cancellation
of bonding and antibonding interactions contributing to the
global electronic overlap, thus rationalizing the small calculated
electronic coupling.

VRP )
µRP∆ERP

x(∆µRP)
2 + 4(µRP)

2
(4)
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Interestingly, the INDO/SCI calculations point to the existence
of a second charge transfer excited-state lying 1.15 eV above
the lowest charge transfer state. This state is described by the
mixing of the H-1(D) f L(A) excitation (64%) and H(D)f
L+1(A) excitation (36%). Note that the geometry of this excited
charge transfer state cannot be readily optimized at the AM1-
CI level; we thus assume in the following that CT2 is lying
1.15 eV above CT1 in the diagram shown in Figure 2, thus
leading to a driving force of+0.15 and+1.18 eV for the
photoinduced electron and hole transfer processes, respectively.
We also stress that there is a third charge transfer state lying
0.71 eV above CT2; it is described by a mixing of the H-1(D)
f L(A) excitation (36%) and H(D)f L+1(A) excitation (64%);
this state is, however, too high in energy to be involved in the
processes considered here. The electronic coupling between D*A

and CT2 is significant (139 cm-1) because there are no
symmetry restrictions in this case. Indeed, the interaction
between the H(D)f L(D) configuration, which mostly describes
D*A, and the H(D)f L+1(A) contribution to CT2 implies an
electron transfer from the LUMO of the donor to the LUMO+1
of the acceptor; the coupling is nonzero because these two levels
have the same parity (see Figure 4). Similarly, the interaction
between the H(D)f L(D) excitation and the H-1(D) f L(A)
contribution to CT2 relies on the simultaneous transfer of the
electron from the LUMO of the donor to the LUMO of the
acceptor and the hole from the HOMO of the donor to the
HOMO-1 of the same donor; this slightly contributes to the
electronic coupling because the transition dipole moment
between two configurations varying by more than two electrons
is zero (the actual contribution actually arises from a small
admixture of CT character in the D*A state of the complex).

Because the lowest excited state of PPV3 is lying at a higher
energy than that of PBI, an energy transfer might take place
from the donor to the acceptor prior the dissociation of the
excitation via a photoinduced hole transfer. This is supported
by experimental measurements performed in solution on su-
pramolecular architectures linking covalently the donor and
acceptor units.13,27 When considering the photoinduced hole
transfer process in our model complex, we calculate a vanish-
ingly small electronic coupling (1.8 cm-1) between the DA*
and CT1 states. This process globally corresponds to the transfer
of the hole from the HOMO of the acceptor to the HOMO of
the donor; because these two levels have different parities, a
small electronic is predicted, as is the case for the D*Af CT1
channel. When the excitation dissociation is initiated from the
acceptor, CT2 turns out be too high in energy (1.18 eV above
DA*) to yield an efficient dissociation pathway. We can thus
conclude that charge generation via a photoinduced hole transfer
is a very inefficient process in the highly symmetric arrangement
of these two molecules.

That an excited charge transfer state has to be invoked to
rationalize the full dynamics of exciton dissociation is consistent

Figure 3. AM1-CI-calculated changes in the bond lengths in PPV3 associated with the D*f D+ and D+ f D transitions and in PBI for the A
f A- and A* f A- transitions. The bond labeling is represented in the chemical structures on top of the graphs.

Figure 4. Representation of the shape of the frontier electronic levels
of PPV3 (left) and PBI (right). The size and color of the balls reflect
the amplitude and sign of the LCAO (linear combination of atomic
orbitals) coefficients associated to the pz atomic orbitals.
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with recent experimental data collected by Janssen and co-
workers for tryad systems where two four-ring PPV oligomers
are covalently attached to the terminal ends of a perylene
bisimide derivative.28 In this study, an energy transfer initially
takes place from the PPV segment to the perylene bisimide and
is followed by a photoinduced hole transfer via two dissociation
pathways. A full theoretical analysis of the systems studied in
ref 28 will be the subject of a subsequent publication. The
implication of excited charge transfer states has also been
evidenced experimentally in other donor/acceptor systems.29,30

For the charge recombination process, we can safely assume
that it originates entirely from CT1 owing to the large energy
difference between the lowest two charge transfer excited states.
The charge recombination process globally results from the
transfer of an electron from the LUMO of the acceptor to the
HOMO of the donor. Because they have the same parity, the
transfer is symmetry-allowed and characterized by a coupling
of 149 cm-1.

We are now in position to estimate the transfer rates of the
three different electronic processes in our model complex, by
injecting the different molecular parameters (∆G°, λi, λs, VRP)
in eq 1. Doing so, we obtain values of 1.31× 105 and 9.12×
109 s-1 for the photoinduced electron transfer involving CT1
and CT2 (the sameλi and λs values are assumed for the two
states), respectively, 5.91× 106 s-1 for the photoinduced hole
transfer, and 1.89× 108 s-1 for the charge recombination. The
photoinduced electron transfer via CT1 and the charge recom-
bination processes occur in the inverted Marcus region (|∆G°|
> λ) whereas the other two processes take place in the normal
region (|∆G°| < λ). The most efficient processes are the charge
recombination and the photoinduced electron transfer via CT2,
i.e., those for which the electronic coupling has a significant
value. We also emphasize that the charge recombination rate
increases up to 1.75× 109 s-1 when the driving force is

reduced by 0.3 eV to artificially correct the AM1-CI/COSMO
values.

The previous considerations hold true only for cofacial
systems. We now analyze the way the photoinduced electron
transfer and charge recombination rates are affected when
modulating the relative position of the donor and acceptor units.
In this context, we have first rotated the PPV3 oligomer on top
of the perylene bisimide molecule from 0 to 90° while keeping
their centers of mass exactly superimposed and the intermo-
lecular distance at 4 Å. This operation hardly affects the driving
force for charge recombination and photoinduced electron
transfer via CT1 whereas the value associated to the CT2
pathway evolves from 0.12 to 0.35 eV going from 0 to 90°.
This is explained by the fact that the HOMO-1 level of PPV3,
involved in the latter process, displays an electron density
localized over the external rings in contrast to the HOMO and
LUMO levels; this pattern leads to a larger fluctuation of the
Coulomb term when the rotational angle is varied, in contrast
to the other processes. We report in Figure 5 the evolution of
the electronic coupling associated to the three processes as a
function of the rotational angle and the corresponding transfer
rates in Figure 6.

Figure 5. Evolution of the electronic coupling for the D*Af CT1
(filled diamonds), D*Af CT2 (filled squares) and D+A- f DA (filled
triangles) pathways as a function of the rotational angle in the PPV3/
PBI complex, with an intermolecular distance fixed at 4 Å.

Figure 6. Evolution of the transfer rate for the D*Af CT1 (filled
diamonds), D*A f CT2 (filled squares) and D+A- f DA (filled
triangles) pathways as a function of the rotational angle in the PPV3/
PBI complex, with an intermolecular distance fixed at 4 Å.

Figure 7. Illustration of the shape of the HOMO level of PPV3 and
the LUMO level of PBI demonstrating the full antibonding interaction
between the two levels in the overlapping region when the two
molecules are rotated by 90°. The size and color of the balls reflect
the amplitude and sign of the LCAO (linear combination of atomic
orbitals) coefficients associated to the pz atomic orbitals.

Figure 8. Evolution of the electronic coupling for the D*Af CT2
pathway, as calculated with the two-state GMH model with a CI
expansion involving the 40 highest occupied levels and the 40 lowest
unoccupied levels, with all the configurations originating from HOMO
of the acceptor being eliminated (filled squares), and with only the
configurations required to describe properly D*A and CT2 (filled
diamonds).
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The electronic coupling associated to the D*Af CT1
channel remains vanishingly small whatever the rotational angle,
because the rotation does not break the symmetry constraints.
The value for the D*Af CT2 pathway stays in the 100-200
cm-1 range whereas a pronounced increase is observed for the
recombination process from∼100 cm-1 to ∼600 cm-1; the latter
evolution is counterintuitive because one would expect a
significant reduction in the electronic coupling when the spatial
overlap gets reduced. This behavior has to be related once again
to the shape of the HOMO(D) and LUMO(A) orbitals, as
illustrated in Figure 7. When the angle is set to 90°, there is a
full antibonding character between the two molecular wave
functions in the whole overlapping region that leads to a large
electronic coupling; in contrast, bonding and antibonding
interactions are much more balanced at 0°, thus rationalizing
why the electronic coupling is the largest at 90°. The evolution
of the transfer rate with the rotational angle shows that the D*A
f CT2 pathway is the fastest in the range between 0 and 40°
whereas the recombination process governs the dynamics
between 40 and 90°. We are thus led to the conclusion that
some specific configurations obtained uponrotationcould prove
highly detrimental for the efficiency of organic solar cells.

We have validated at this stage the use of the two-state GMH
formalism by plotting in Figure 8 the evolution of the rate for
the D*A f CT2 pathways as a function of the angle when (i)
using a CI expansion involving the 40 highest occupied levels
and the 40 lowest unoccupied levels, with all the configurations
originating from HOMO(A) being eliminated, and (ii) involving
only the configurations required to describe properly D*A and
CT2. The similarity between the two sets of data fully supports
the choice of a two-state model. The same conclusions are
reached for the D*Af CT1 and D+A- f DA channels. We
have further checked the stability of our calibration procedure
by tuning the location of the CT2 state over a range of 1 eV.
The electronic coupling associated to the D*Af CT2 channel
in the cofacial geometry are found to evolve from 150 to 250
cm-1; this translates into changes in the transfer rates by only
a factor of 3.

Finally, we have translated the PPV oligomer on top of the
perylene bisimide molecule along both thex and y axes, as
defined in Figure 2. The two-dimensional grids shown in Figure
9 display the transfer rates for the three processes when shifting
the PPV oligomer by up to 5 Å in the positive x and/or y
directions. The rates have been computed for 36 different

Figure 9. Evolution of the transfer rate for the D*Af CT1, D*A f CT2, and CT1f DA when translating the PPV3 molecule by up to 5 Å along
the positivex and/ory directions. The ratio between the rate calculated for charge generation (summing the two pathways) versus charge recombination
is also displayed. The values appearing in the color scale correspond to the logarithm of the transfer rate (or transfer rate ratio).
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configurations by keeping∆G° and λs equal to the values
obtained for the (x ) 0, y ) 0) dimer and by recalculatingVRP

for each configuration, with the lowest charge transfer state
(CT1) positioned at the same energy as in the cofacial dimer.
The results show that the D*Af CT1 pathway becomes more
efficient than D*Af CT2 when going away from the (x ) 0,
y ) 0) complex; the translation actually leads to a breaking of
the symmetry constraints imposed to D*Af CT1 in the highly
symmetric arrangement and promotes a large electronic coupling
for this channel. The ratio calculated for the rate of charge
generation (summing the two different pathways) versus charge
recombination is typically about 1 order of magnitude. This
indicates that smalltranslations do not promote geometric
configurations that would prevent good device performance.

4. Conclusions

We have calculated the rates for charge generation and
recombination in model complexes built from a three-ring PPV
oligomer as donor and bisimide as acceptor. This has been
achieved by calculating at the semiempirical Hartree-Fock level
the various parameters entering into the rate, as expressed within
the Marcus-Levich-Jortner formalism. The results show that
(i) a dissociation pathway involving an excited charge transfer
state has to be taken into account to fully rationalize the
dynamics of the charge generation process; the number of charge
transfer states to be considered is expected to grow with the
molecular size of the donor and/or acceptor; (ii) there is no direct
relationship between the degree of spatial overlap between the
two molecules and the amplitude of the electronic coupling;
(iii) the amplitude of the electronic coupling is governed by
symmetry considerations in highly symmetric arrangements; and
(iv) the transfer rate is found to be larger for the charge
recombination than for the charge generation process in some
specific configurations, thus proving highly detrimental for the
solar cell. These calculations provide guidelines to synthetic
chemists for the design of the best matching partners and the
best supramolecular architectures for organic solar cells.
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