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Introduction

In recent years photoinduced energy and electron transfer
(ET) have been extensively studied, with the potential de-
velopment of molecular electronics,[1–4] solar cells,[5–9] and ar-
tificial photosynthesis[10–16] as long-term goals. This has led
to the design of many donor-bridge-acceptor (D-B-A) sys-
tems, which enable systematic investigations of how the
transfer processes are mediated by the bridging chromo-
phore. Triplet excitation energy transfer, TEET, and ET

processes are closely related, since they both involve elec-
tron exchange interactions, and much of what governs
TEET also concerns ET processes.[17–20] Thus, investigating
TEET processes is expected to give valuable information
about properties that also govern ET processes. ET is, in
general, much more challenging to study experimentally,
and the distance dependence of the electronic coupling is
often obscured by the distance dependencies of the solvent
reorganization energy and the driving force. TEET can be
more convenient to study, since it often occurs on the nano-
second to millisecond timescale and the distance depend-
ence of the reorganization energy is much weaker. It has
previously been confirmed that various bridging units can
mediate TEET and that varying the energy difference be-
tween the donor and bridge chromophores has a substantial
effect on the mediation in accordance with the McConnell
model ([Eq. (1)]).[21–25] The donor–acceptor separation often
has a large impact on the rates of electron exchange pro-
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cesses and this has motivated several studies of the distance
dependence of TEET.[26–28]

The distance dependence of the rate of bridge-mediated
electron exchange processes are mainly governed by the
electronic coupling, VDA, between the states localized on the
donor and acceptor, respectively. Many studies have there-
fore focused on developing theoretical methods for calculat-
ing the electronic coupling in D-B-A systems.[17,29–37] The
model most frequently used to evaluate the distance de-
pendence of the electronic coupling found in experiments is
the superexchange model developed by McConnell
([Eq. (1)]).[30]

VDA ¼
VDBVBA

D
� P

i

�
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D

�
ð1Þ

Here VDB and VBA are the donor–bridge and bridge–accept-
or electronic coupling, respectively, D is the energy differ-
ence between states localized on the donor and bridge units,
and ni is the electronic coupling between neighboring units
within the bridge structure. If the bridge consists of a series
of identical units this model predicts that the electronic cou-
pling will decay exponentially with distance according to
Equation (2).

VDA / exp
�
� b

2
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�
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Here RDA is the donor–acceptor edge-to-edge distance, and
b is the attenuation factor. The magnitude of b depends on
the electronic structure of the bridge (n), the length of a re-
peating unit of the bridge (R0), and on the energy difference
between the donor and bridge unit localized states (D) ac-
cording to Equation (3).

b ¼ 2
R0

lnjD
n
j ð3Þ

The parameters in Equation (3) are, in general, not acces-
sible, but D is closely related to the donor–bridge energy
gap, DEDB, that has been shown to influence b in analogy
with D, both experimentally[38] and theoretically.[39]

The dividing of the bridge into weakly coupled subunits
in the McConnell model, which gives the exponential dis-
tance dependence, is expected to be less valid for conjugat-
ed bridges. For systems with highly conjugated p bridges,
the coupling element between the bridge units is very large
and as the bridge is extended its energy can rapidly ap-
proach that of the donor. In such cases the distance depend-
ence might become non-exponential and the electronic cou-
pling may even increase with distance.[39–41] However, in this
study we utilize the McConnell model as it has been shown
that the distance dependence for the studied series of OPE
systems is exponential,[38,39] and the b value is a convenient
single-parameter description of the distance dependence.

In D-B-A systems where the donor, acceptor, and individ-
ual sub-units of the bridge can be divided into a series of

well-defined molecular planes it has been shown that the
major conformational parameters that influence the elec-
tronic coupling are the dihedral angles between these neigh-
boring planes.[25,42–46] Since the average conformation of the
system is expected to vary with temperature, the electronic
coupling and, thus, the TEET rate is also expected to be
temperature dependent. This work is a combined experi-
mental and theoretical study of how the temperature influ-
ences the rate and distance dependence of TEET in a series
of D-B-A systems where the donor–acceptor separation,
RDA, is varied, ZnP-xB-H2P (x=2, 3, 4, and 5). Here a
zinc(II) 5,15-diaryl-2,8,12,18-tetraethyl-3,7,13,17-tetrame-
thylporphyrin (ZnP) acts as the donor, and the correspond-
ing free-base porphyrin (H2P) acts as the acceptor of the
triplet excitation energy. The donor and acceptor chromo-
phores are separated by oligo-p-phenyleneethynylene, OPE,
bridge units (B) where the number (x) of phenylene groups
varies between two and five, as shown in Figure 1.

To investigate the impact of temperature on the rates and

the distance dependence of TEET in the ZnP-xB-H2P sys-
tems, transient absorption measurements were performed in
2-methyl tetrahydrofuran (2-MTHF) between 298 and 80 K.
The experimentally determined dependence of b on the
temperature was evaluated using a previously developed
theoretical expression that models the electronic coupling in
relation to the temperature dependent conformation of the
bridge structure.[38]

Calculations : All quantum-chemical calculations were per-
formed with the Gaussian 03 program suite[47] at the
B3LYP/6–31G(d) level and have been thoroughly described
previously.[38] In short, the calculations include the evalua-
tion of the potential energy as a function of rotation around
several dihedral angles between the planes of individual sub-
units, which have been identified as being the major param-

Figure 1. The donor ACHTUNGTRENNUNG(ZnP)-bridge(xB)-acceptor ACHTUNGTRENNUNG(H2P) systems (1), refer-
ence compounds ZnP-xB (2), and H2P-xB (3).
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eters modulating the electronic coupling in this type of
system.[25,42–46] The relevant dihedral angles are the ones be-
tween the porphyrin plane and the plane of the first phenyl
unit of the bridge (w), and a series of dihedral angles be-
tween planes defined by neighboring phenyl units of the
bridge (f). The potential energy as a function of dihedral
angle was calculated by changing the angle in 58 increments,
followed by geometry optimization with respect to all other
parameters at each point. To save calculation time the calcu-
lations were performed on the building blocks (compounds
5 and 6 in Figure 2) instead of the whole systems.

For the calculations of the electronic coupling, each sym-
metrical model system Zn-xB-Zn, x=2, 3, 4 and 5 (com-
pound 4 in Figure 2) was stripped of saturated groups
judged to have a minor impact on the electronic properties,
and geometry optimized with D2h symmetry constraints. This
forced the porphyrin and bridge planes to be orthogonal
(w=908) and the optimizations resulted in structures very
similar to the ones obtained for optimizations of systems
with the full substitution pattern used in the experimental
study (see Figure 1). The resulting optimized geometries
were used as starting points for the series of time-dependent
density functional theory (TD-DFT) calculations of the ver-
tical T1

!S0 excitations. To investigate the conformational
dependence of the electronic coupling, the angles between
the various units were varied (cf. Figure 2) and the electron-
ic couplings were calculated for each conformation. The
electronic coupling was estimated as half the excitation
energy difference between the two lowest excited triplet
states of the porphyrin moieties. Importantly, for this proce-
dure to be valid the system has to be at the avoided crossing
geometry. Avoided crossing geometries were achieved by as-
suring that the system had a mirror plane or a C2-rotation
axis, thus forcing the wave function to be equally distributed
on the two porphyrins. The rotations described above were
always done in such a way that the symmetries were pre-
served.

Results

The photophysics of the ZnP-xB-H2P systems are well
known through extensive studies.[24, 25,38, 48,49] It has been es-
tablished that the ground state absorption spectra of the D-
B-A systems are described well by a sum of the spectra of
the individual components. This shows that ground state or
first excited singlet state interactions between the individual
building blocks are small and that the electronic coupling is
in the very weak region. This is ensured by the porphyrin
substitution pattern, that is, the b-methyl groups, which
keeps the bridge plane out of conjugation with the porphy-
rin planes.

The ZnP-xB and H2P-3B reference compounds were ex-
cited at 544 and 505 nm, respectively, and decay traces were
recorded at 470 nm. It was previously concluded that, at
150 K, there was no difference in lifetimes between the dif-
ferent ZnP-xB reference compounds,[38] and this observation
was confirmed in this study for all temperatures between
300 and 80 K. Transient absorption decays of the ZnP-xB-
H2P systems were recorded at 470 nm following excitation
by a laser pulse with a wavelength of 544 nm. At this excita-
tion wavelength, the ZnP moiety is excited with 90% selec-
tivity. A representative decay trace is shown in Figure 3 and

shows a fast initial decay, ascribed to the quenched ZnP
triplet state, followed by a slower decay of lower amplitude,
matching the lifetime of the H2P-3B reference compound.

The decay traces of the ZnP-xB-H2P systems were evalu-
ated using Equation (4), in which the H2P lifetime(s) (1 or
2) were fixed to the one(s) of the H2P-3B reference at the
same temperature.

DAðTÞ ¼
X1 or 2

i¼1
aZnP
i expð�t=tZnP

i Þ þ
X1 or 2

j¼1
a

H2P

j expð�t=t
H2P

j Þ ð4Þ

Figure 2. The symmetrical D-B-D compounds, Zn-xB-Zn, used for calcu-
lating the electronic coupling (4), the model compound used for calculat-
ing the donor-bridge rotation energy (5), and the structures used to calcu-
late the rotation energy of the dihedral angle between phenyl planes
within the bridge (6).

Figure 3. A representative decay trace showing the decay of the transient
absorption signal recorded at 470 nm for the ZnP-4B-H2P system at
130 K. The initial decay is due to the quenched ZnP moiety and the
decay on a longer timescale matches the one for the H2P-3B reference.
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As previously reported, above 150 K the donor and acceptor
reference compounds show biexponential decay kinetics,
due to the transformation between two distinct conforma-
tions (T1A!T1B) on the triplet surface.[50–52] Below 150 K the
transformation process is too slow to compete with the
T1A!S0 intersystem crossing process. In this study we are
only interested in TEET from T1A of the ZnP donor since
this conformation is present at all temperatures. Above
200 K the T1A!T1B process of ZnP is fast, making TEET
from the T1A state very inefficient; instead TEET from T1B

could be seen.[25] Between 200 and 130 K the main deactiva-
tion of the T1A state in the ZnP-xB-H2P systems is TEET,
except for a few cases (for x=4 and 5 at temperatures
above 175 and 150 K, respectively) where the transforma-
tions occur on the same (or faster) timescale impeding the
determination of the TEET rate. In this temperature interval
the decay traces (see Figure 3) could be well described by a
single exponential contribution from the ZnP decay (a2

ZnP=

0 in [Eq. (4)]) and a subsequent biexponential decay on
longer timescales, corresponding to the decay of the two
H2P triplet states. Below 130 K the decay of the quenched
ZnP state in the D-B-A systems showed complex decay ki-
netics which required two exponentials to describe. Howev-
er, in this temperature regime the intrinsic deactivation of
the reference compounds is described well by single expo-
nentials, indicating that complex TEET dynamics are re-
sponsible for the biphasic quenching (see the Discussion sec-
tion). The subsequent H2P decay is described well by a
single exponential at these temperatures, so that no more
than three exponentials in Equation (4) were required to fit
the data at any temperature. The extracted, quenched, ZnP
lifetimes from the fitting of Equation (4) to the experimen-
tal data are shown in Table 1.

For the temperature interval 200–130 K, the TEET rate
was determined by comparing the reciprocal lifetime of ZnP
in the D-B-A systems to that of the reference chromophore
according to Equation (5).

kTEET ¼ t�1�t�1ref ð5Þ

For temperatures below 130 K, where the decay of the
quenched ZnP triplet was complex and the fit required a
biexponential expression, the average ZnP lifetime in the

D-B-A systems, hti, was instead used to calculate the rate,
as shown in Equation (6).

hti ¼ ða1
ZnPt1

ZnP þ a2
ZnPt2

ZnPÞ=ða1
ZnP þ a2

ZnPÞ ð6Þ

The extracted TEET rates are compiled in Table 2 and
shown in Figure 4. From Figure 4 it can be seen that the
TEET process in these D-B-A systems has quite a complex
temperature dependence, showing negative activation ener-
gies (increasing rate with decreasing temperature) in some

Table 1. The experimentally determined lifetimes of the ZnP moiety (cf. [Eq. (4)]).

ZnP-2B-H2P ZnP-3B-H2P ZnP-4B-H2P ZnP-5B-H2P
T
[K]

t1
[ns]

t2

[ms]
A1/A2

[a] t1

[ms]
t2

[ms]
A1/A2

[a] t1

[ms]
t2

[ms]
A1/A2

[a] t1

[ms]
t2

[ms]
A1/A2

[a]

200 38 – – 0.87 – – – – – – – –
175 48 – – 1.2 – – 36 – – – – –
150 61 – – 1.5 – – 41 – – 0.82 – –
140 75 – – 1.8 – – 43 – – 1.3 – –
130 110 – – 2.1 – – 47 – – 1.4 – –
120 150 0.52 68/32 2.5 6.7 83/17 35 6.7M10�2 40/60 0.20 1.6 5/95
110 550 2.7 72/28 5.1 14 49/51 80 – – 1.0 1.9 12/88
95 1.2M103 14 74/26 26 190 61/39 220 1.3 37/63 1.1 35 8/92
80 2.0M103 19 78/22 46 370 63/37 340 1.9 44/56 1.2 52 12/88

[a] In the bi-exponential fits the normalized pre-exponential factors are given.

Table 2. The calculated TEET rates.

ZnP-2B-H2P ZnP-3B-H2P ZnP-4B-H2P ZnP-5B-H2P
T [K] kTEET [s�1]

200 2.62M107 1.08M106 – –
175 2.08M107 8.40M105 2.01M104 –
150 1.64M107 5.27M105 2.55M104 875
140 1.33M107 5.53M105 2.57M104 566
130 9.86M106 4.71M105 2.28M104 629
120 3.74M106 3.11M105 1.84M104 616
110 8.71M105 1.03M105 1.26M104 520
95 2.18M105 1.13M104 1.06M104 10.8
80 1.74M105 6.02M103 8.13M102 9.50

Figure 4. The logarithmic triplet state decay rate of the ZnP-xB (T1A

state) references (*) and the TEET rates of the ZnP-xB-H2P systems
with x=2 (*), 3 (&), 4 (&), and 5 (~). The lines between the data points
are only guides to the eye.
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cases. This can be explained by two opposing effects when
the temperature is lowered causing low energy conforma-
tions to be more and more populated (see Discussion). Such
complex temperature dependences have previously been ob-
served for ET in similar D-B-A systems.[44]

Figure 5 shows the logarithmic TEET rates plotted versus
RDA at four representative temperatures. At each tempera-
ture a different b value can be extracted. It can be seen that
the b values (the slope of the fitted lines) decrease continu-
ously with decreasing temperature.

The experimentally determined b values are plotted
versus temperature in Figure 6 (solid circles) together with
the best fits of the theoretical model for a Boltzmann distri-
bution (dashed line) and a distribution distorted by viscosity
effects (solid line). The modeling of this temperature de-
pendence will be discussed in the following section.

Discussion

The motivation of this study was to investigate how the tem-
perature dependent average conformations of dihedral
angles between sub-units of D-B-A systems influence the
electronic coupling. This study is a continuation of previous
work in which we determined the distance dependence at
150 K and derived a theoretical model that could describe
the data.[38] The model led to a factorized expression of the
Boltzmann averaged total electronic coupling, given in
Equation (7),

hVDAðw,f1, f2, . . . , fx�1Þix ¼ Vx � hVðwÞi � P
x�1

m¼1
hVðfmÞi

¼ Vx � hVðwÞi � hVðfÞix�1
ð7Þ

where h···i indicates an averaged property (please see
ref. [38] for details). The magnitude of the total electronic
coupling is given by the first term, Vx, whereas the other
two terms, hV(w)i and hV(f)i, give the normalized depend-
ence of the electronic coupling on the conformational pa-
rameters. From the McConnell model it follows that b can
be extracted from the derivative of the logarithmic coupling
(cf. [Eq. (2)]) as shown in Equation (8).

b ¼ �2 dlnVDA

dRDA
ð8Þ

Thus, the temperature dependence of b derived from the
model can more easily be visualized from the logarithmic
averaged electronic coupling, given in Equation (9).

lnhVDAi ¼ lnVx þ lnhVðwÞi þ ðx�1ÞlnhVðfÞi ð9Þ

The first term is a temperature independent constant that is
unique for each bridge length. This series of temperature in-
dependent constants will give b for a planar bridge structure,
which was found from TD-DFT calculations[38] to be bplanar=

0.19 5�1 for this particular OPE series.[53] The second term
is temperature dependent but independent of bridge length,
and will thus not affect b. It will, on the other hand, be a
major contribution to the total electronic coupling and, thus,
to a large extent govern the temperature dependence of the
TEET rates. The last term in Equation (9) is also tempera-
ture dependent and, since x varies, will, according to the
model, be the sole factor governing the temperature de-
pendence of b. The distance dependence inherent in this
factor originates from the (x�1) factor and the temperature
dependence originates from hV(f)i. Thus, b can be split into
a temperature independent constant that will give the
lowest obtainable b value, and a temperature dependent var-
iable that will reflect the average conformation of the
bridge, as described in Equation (10).

btot ¼ b0 þ bðTÞ ð10Þ

The factor that governs the temperature dependence of b is

Figure 5. Representative “beta plots” and the respective linear fits (lines)
at 175 K (&), 150 K (&), 120 K (*), and 110 K (*).

Figure 6. Experimentally determined b versus temperature (*) and fits of
the theoretical model to the experimental data using a pure Boltzmann
averaging (dashed line) and using viscous activation energy (solid line),
see Discussion for details.
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the integrated Boltzmann weighted electronic coupling due
to conformational disorder in the bridge structure. In this
factor the conformational dependence of the electronic cou-
pling is weighted according to the corresponding potential
energy. Approximate analytical expressions for both the
conformational dependence of the electronic coupling and
the potential energy for OPE bridges have been derived
from TD-DFT calculations.[38]

The division of b into a constant and a temperature de-
pendent part should be quite general for any series of D-B-
A systems with repeating bridge units. We derived a very
specific expression for the conformational dependence of
the electronic coupling for OPE bridges.[38] This expression
is nearly the same as the one expected from consideration
of overlap between two mutually rotating p-orbitals, which
has previously been reported for TEET,[43,45] and is given in
Equation (11).

VðfÞ ¼ cos2f ð11Þ

If the more general relation is used instead of the very spe-
cific one, analytical solutions of the Boltzmann integrals are
possible. The normalized conformational dependence for
any repeating bridge structure, with its minimal energy asso-
ciated with a planar conformation, can with this assumption
be approximated by Equation (12),

hVðfÞi ¼
R
e �Efsin

2f

RT � cos2f � dfR
e �Efsin2f

RT � df
¼ 1

2

�
1�

I1

�
�Ef

2RT

�

I0

�
�Ef

2RT

�
�

ð12Þ

where In(z) is the modified Bessel function of the first kind
of order n and Ef is the barrier to rotation of two bridge
units in relation to each other. Evaluation of this expression
reveals that hV(f)i varies from 1 to 0.5 for a planar and
randomized bridge structure, respectively, so that (cf.
[Eq. (8)]) 0�b(T)�2 ln2/R0. Thus, using this relation, one
can easily estimate the maximum effect of rotational disor-
der, or lack thereof, on the attenuation in any D-B-A
system based on repeating bridge units. Different shapes
and heights of the energy barrier to rotation of neighboring
units of the bridge will give different intermediate tempera-
ture behavior, but the limits will be the same. For the OPE
bridges a planar conformation is the most energetically fa-
vorable. Thus, as the temperature is increased, b will also in-
crease in accordance with, on average, a less planar bridge
structure. Oligo ACHTUNGTRENNUNG(phenyl), OP, bridges, on the other hand,
have an angle close to 45 degrees between neighboring units
in the bridge associated with the lowest energy conforma-
tion. Increasing the temperature will, thus, simultaneously
populate conformations associated with higher and lower
electronic coupling. Attenuation in systems based on this
type of bridge is thus expected to be less sensitive to tem-
perature.

To model the experimentally determined temperature de-
pendence of b (Figure 6) the energy barrier to rotation of
the dihedral angle between the planes of two phenyl units in
the bridge, Ei, and the constant part of the attenuation
factor, b0, was varied so that the temperature dependence of
b derived from the model was fitted to the experimental re-
sults. The extracted rotational barrier from this procedure
was, Ei=1.1 kJmol�1, and the limiting b value, b0=0.29 5�1.
This rotational barrier height is in line with experimental
and theoretical studies, which have shown that the rotational
barriers in OPE structures are between 0–3.8 kJmol�1.[54–59]

Moreover, only the experimental data from the interval
200–130 K could be included, as the model did not describe
the data at the lower temperatures. Figure 6 shows the result
from the fitting procedure (dashed line). The model de-
scribes the experimental data down to 130 K, whereas at
temperatures below 130 K the experimental b values de-
crease much faster than predicted by the Boltzmann distri-
bution for this model.

This suggests that the temperature dependence of b can
be divided into two regimes. At high temperatures (room
temperature to 130 K) the Boltzmann distribution is main-
tained due to the fact that the internal rotational dynamics
are much faster than the TEET rates. In contrast, at low
temperatures (120–80 K) the interconversion between con-
formers is slow and occurs on the same timescale as TEET.
Therefore, a distribution of TEET rates is expected in the
low temperature regime, resulting in more complex decay
kinetics of the ZnP quenching. This will cause a distortion
of the Boltzmann distribution over time as the conforma-
tions associated with a high electronic coupling will transfer
their energy quickly, depleting their population. Conforma-
tions with lower electronic coupling will be “left behind”
and govern the decay kinetics at longer times. This will lead
to a time-averaged distribution of conformations that is per-
turbed from the Boltzmann distribution so that conforma-
tions representing a higher electronic coupling will have a
larger contribution.

A way to compensate for viscous friction is to correct the
internal rotation energy with a temperature-dependent
factor, resulting in a temperature dependent apparent acti-
vation energy, Eapp

[60] , as shown in Equation (13), where Ei

is the intrinsic energy barrier to rotation, Eh =

1.3469 kJmol�1 and T0=81 K for 2-MTHF, and typical a

values are around 0.1 (depending on the sharpness of the
barrier).

EappðTÞ ¼ Ei þ aEh

T2

ðT�T0Þ2
ð13Þ

The result of using the fitted apparent activation energy is
shown in Figure 6 (solid line) and the fitted parameters are:
Ei=0.015 kJmol�1, a =0.13, and b0=0.30 5�1. Although
Equation (13) has not previously been used in the context of
acquiring the effects of a perturbed Boltzmann distribution
it has the necessary characteristics to do so for the distance
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dependence of TEET mediated by OPE bridges. This is be-
cause the OPE bridge in a low energy conformation is asso-
ciated with a higher electronic coupling. It will thus distort
the Boltzmann population according to the discussion
above. As an alternative, the Marcus equation[61,62] in combi-
nation with the temperature dependence of the total elec-
tronic coupling could in principle be used to calculate direct-
ly the temperature dependence of the TEET rate. This pro-
cedure would, however, also require knowledge about the
rotational barrier for the phenylporphyrin dihedral angles
(w) as well as the temperature dependence of the driving
force and reorganization energy for the transfer reaction.
Thus, the fitting procedure would involve a large number of
unknown parameters. In contrast, fitting of an analytical ex-
pression for the temperature dependence of the distance de-
pendence (i.e. b) to experimental data reduces the number
of fitting parameters dramatically. Moreover, many of the
unknown parameters are very nearly independent of dis-
tance and thus will not contribute to b. Studying the temper-
ature dependence of b might, therefore, prove to be an al-
ternative way of determining rotational barriers in bridge
structures. However, this would benefit from as large a tem-
perature interval as possible, and unfortunately the available
temperature range is quite small for the systems studied
here. This is due to the increased viscosity at low tempera-
tures and the limited triplet lifetimes, caused by the transi-
tion between the two conformations (T1A!T1B) of the ZnP
donor at high temperatures. A donor chromophore with
longer triplet lifetimes (e.g. a differently substituted zinc(II)
porphyrin) might increase the available temperature range
and improve the value of the determined rotational barrier.

In discussions of the temperature dependence of ET pro-
cesses it has been suggested that a temperature dependent
reorganization energy may serve as a simplification of fuller
dynamic models.[63] This is due to the fact that the slowing
down of solvent relaxation will result in an apparently
higher activation energy for reaching the avoided crossing
geometry. The temperature dependent apparent activation
energy used in this work will serve a similar purpose for
TEET, where the limiting rate is not expected to be the ac-
quiring of avoided crossing geometry, but rather the geome-
try of optimal electronic coupling. Further, we are studying
the distance dependence, which removes the impact on acti-
vation energy for achieving the avoided crossing geometry,
since it is the same for all systems, irrespective of donor-ac-
ceptor separation. In conclusion the derived theoretical
model ([Eq. (7)]) was found to describe accurately the dis-
tance dependence of TEET mediated by OPE bridges at
temperatures where the viscosity is not very high and the re-
sulting rotational barrier is in line with previous studies. In
regions where the viscosity is higher the model could de-
scribe b with the use of a temperature dependent apparent
activation energy ([Eq. (13)]).

Experimental Section

The synthesis of the D-B-A systems used in the experimental study has
been described elsewhere.[64]

The solvent 2-methyl tetrahydrofuran (2-MTHF) (Merck) was distilled,
to remove stabilizers and impurities, prior to use. The low temperature
measurements were performed using a temperature-controlled liquid ni-
trogen cryostat (Oxford LN2). Oxygen was removed in the samples by
four to six freeze-pump-thaw cycles, effectively reducing the oxygen pres-
sure to below 10�4 mbar.

Absorption spectra were recorded at room temperature using normal
1 cm quartz sample cells in a Cary 4B UV/Vis Spectrophotometer. A
baseline of the pure solvent was also recorded for every spectrum.

The nanosecond to microsecond transient absorption measurements were
performed on an experimental setup described previously[65] where the
excitation light is provided by a pulsed Nd:YAG laser (Continuum Sure-
lite II-10, pulse width < 7 ns). The Nd:YAG laser pumps an OPO that
gives a tunable excitation light source in the wavelength region between
400–700 nm. The probe light (a Xenon arc lamp), after passing the
sample, is then passed through a monochromator (symmetrical Czerny-
Turner arrangement) and detected by a five-stage Hamamatsu R928 pho-
tomultiplier tube. For each sample, 64 transient signals were collected
and averaged on a 200 MHz digital Oscilloscope (Tektronix TDS2200
2Gs/s) and stored by a homemade LabView program controlling the
whole system. To reduce the photochemical stress on the sample during
measurements the probe light was filtered using a 460 nm interference
filter and the power of the excitation pulses were kept below 10 mJ.
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