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Fine-tuned control over the donor strength in a series of trannulenes-based donor-acceptor ensembles is
used to alter the deactivation path of the photoexcited-state chromophore and to modulate the rates of
intramolecular electron transfer. For the first time, a detailed analysis of emission spectra, time-dependent
spectroscopic measurements, and electrochemistry prove spectroscopically and kinetically that trannulenes
can serve, in a manner similar to C60 and C60 monoadducts, as both electron and also as energy acceptor in
donor-acceptor ensembles, producing widely different electron-transfer regimes. This investigation also shows
that the integration of trannulenes, as a versatile electron-acceptor building block, consistently produces charge
recombination in the inverted Marcus region.

Introduction

The design and construction of nanoscale molecular devices
that transduce light energy into useful chemical work with high
efficiency is a major goal of the physical and chemical sciences.
Photosynthesis achieves this goal by a complex series of energy-
absorbing and electron-transfer events resulting in the production
of cellular fuel in the form of adenosine triphosphate. There is
now widespread interest in mimicking the basic processes of
photosynthesis by linking moieties that can, upon photoexci-
tation, transfer and store energy/electrons.1,2

With the advent of fullerenes a new energy/electron-accepting
functionality became readily available. This three-dimensional
carbon allotrope exhibits many characteristics1-3 amenable for
the construction of artificial photovoltaic devices such as the
following: significant absorptions in the UV regionswith
extinction coefficients exceeding 50.000 M-1cm-1; spin-forbid-
den transitions in the visible region typically characterized by
low oscillator strength (i.e.,<1000 M-1cm-1).4

These physical properties have been exploited in solar
conversion systems when integrated with chromophoric com-
ponents, via covalent attachment of suitable addends.5 However,
saturation of one or more of the fullerene carbon-carbon double
bonds as a consequence of derivatization usually results in a
reduction in electron affinity of the carbon cagesapproximately
0.1 V per functionalizing addend.6 If, however, a large number
of strongly electron-withdrawing addends are attached to the
cage, then the effect of hybridization change can be outweighed.
This has in particular been achieved through the fluorination
of fullerenes, where the small size of the electronegative addends

allows substantial polyaddition to take place. As a consequence
the reduction potentials of C60, C60F18, C60F36, and C60F48 are
anodically shifted (-0.59, 0.33, 0.10, and 0.78 V, respectively;
reduction potentials measured in dichloromethane, vs SCE).7

The recent discovery of the family of trannulenes comprising
an 18π annulene in the all-trans configuration (Chart 1) provided
a new opportunity for the design of organic-based photovoltaic
devices.3,8 Trannulenes have high electron affinities, enabling
them to stabilize charged entities more effectively than con-
ventional fullerene derivatives. Additionally trannulenes have
rich visible absorptions attributed to the diatropic 18π annulene
substructure.3,8,9Coupled with a mild preparative methodology
producing radial three-dimensional architectures, these mol-
ecules could be a useful molecular building block for tailor-
made components for optoelectronics, molecular-scale logic
gates, and sensor design. Preliminary electron-transfer investiga-
tions of an extended tetrathiafulvalene trannulene dyad con-
firmed the ability of these remarkable molecules to accept a
charged entity and store the photoexcitation energy in a long-
lived charge-separated state.8a

We now describe the electrochemical and photophysical
characterization of a novel family of multicomponent donor-
acceptor trannulenes, incorporating a range of electro- and
photoactive functionalities (Chart 2), whose preparation was
recently described.8c In particular, the chosen electron donors
are characterized by different donor ability that range from
pyrene (+1.41 V) to perylene (+0.89 V) and finally to ferrocene
(+0.44 V). We will demonstrate that, depending on the relative
energies of the lowest excited state or of the charge-separated
state, we can fine-tune the outcome of the deactivation of the
excited-state chromophore, that is, an all-energy versus electron
transfer.

Results and Discussion

Synthesis.Formation of the trannulenes (Chart 1) was as
follows: ethyl aryl malonates, formed by initial reaction of the
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hydroxymethyl aromatics RCH2OH (see Chart 2 for RCH2O-
groups) with ethyl chloromalonyl chloride, were reacted with
ethyl chloroformate to give tertiary methanetricarboxylate esters.
These were reacted with C60F18 in the presence of DBU to
produce the desired trannulenes C60F15Y3 (Scheme 1).8 In the
following discussion, the description of the trannulenes is
simplified, so that C60F15-pyrene, etc., refers to thetrannulene
in which the R group is pyreneCH2-.

Electrochemistry. The electrochemical properties of C60F15-
pyrene, C60F15-perylene, and C60F15-ferrocene dyads, together
with reference compound C60F15-m-dimethoxybenzene, were
investigated by cyclic voltammetry (CV) and spectroelectro-
chemical experiments. Suitable experimental conditions, which
include ultradry solvents, electrolytes with very high oxidation
resistance and low nucleophilicity, were used so as to stabilize
the electrochemically generated radical cations and anions of
the above trannulenes.13 Under similar conditions, we recently

succeeded in observing the reversible generation of the di- and
trications of C60.10 The results of the CV investigations are
displayed in Figures 1 and 2, and the relevant redox potential
data are collected in Table 1.

Figure 1a shows the CV curve of C60F15-m-dimethoxyben-
zene, which is used as a model for the electrochemical behavior
of the trannulenic unit in the dyads. Three irreversible reduction
peaks are observedsall denoted by Roman numbers. When the
potential scan is limited so as to include only the first peak
(i.e., see inset in Figure 1a), the latter is reversible and
corresponds to a one-electron process, withE1/2 ) -0.09 V.
By contrast, in the wide-scan CV curves, all reductions are
irreversible up to scan rates as high as 100 V s-1. Peaks II and
III, with Ep ) -0.72 and-1.18 V, are associated with two-
electron and multielectron charge-transfer processes, respec-
tively. Such peaks shift to more negative potentials by approxi-
mately 30 mV for a 10-fold increase of scan rate (up to 100 V
s-1), thus suggesting the occurrence of fast follow-up chemical
reactions coupled to the primary reduction processes, according
to the so-called EC mechanism.11 The anodic peak A is only
observed in the reverse scan when the forward scan includes
peak III and was therefore attributed to an electroactive species
emerging from the above chemical degradation of multielectron-
reduced trannulenes. Such a reaction is most likely attributed
to heterolytic C-F bond cleavage and subsequent loss of
fluoride ions, as previously proposed in the case of C60F48

7a

and of other classes of perfluorinated fullerenes such as C60F18,
C60F18O, and C60F36.7d In contrast, the multielectron irreversible
peak observed in the positive potential region (Ep ) 1.91 V)
was assigned to the pristine trannulenic moiety in line with the

CHART 1: Schlegel Diagram of [18]Trannulenes (R)
CO2Et, X ) CO2R1, R1 ) Electron Donor Group, b ) F)

CHART 2: Electron-Donor Substituents (R1) of the
Trannulene. (a) Reference,m-Dimethoxybenzene; (b)
Pyrene; (c) Ferrocene; (d) Perylene

SCHEME 1: Reaction Sequence for the Formation of
the Trannulene Dyads

Figure 1. Cyclic voltammetric curves of (a) 0.5 mM C60F15-m-
dimethoxybenzene and (b) 0.5 mM C60F15-ferrocene, 0.1 (TBA)PF6/
DCM solutions. Working electrode: platinum disk (diameter, 0.125
mm). T ) 298 K. Scan rate) 1 V s-1.
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voltammetric behavior of other trannulene derivatives carrying
nonelectroactive substituents.8

All dyads display analogously a similar highly irreversible
CV pattern, characterized by three reduction peaks in the region
of negative potentials and an oxidation peak in the positive
potentials one, as exemplified by the CV curve of C60F15-
ferrocene shown in Figure 1b. Peak II is in this case only
observed as a shoulder of the much more intense peak III. All
processes are located at potentials similar to that in the reference
compoundssee Table 1sand were accordingly attributed to the

trannulenic moiety. Not unexpectedly, however, the CV curves
of all dyads also display an additional reversible oxidation peak
(peak D in Figures 1b and 2) that is located at less positive
potentials than the oxidation peak attributed to the trannulene
moiety. Such a process corresponds in all dyads to a three-
electron oxidation peak, as estimated by comparison with peak
I, and was therefore ascribed to the oxidation of the donor units.
The CV curves of pyrene-, perylene-, and ferrocene-C60F15

dyads are shown in Figure 2a-c, where the potential scan was
limited in order to include both the reversible donor-centered
oxidation peak D and the reversible trannulene-centered reduc-
tion peak I. Interestingly, the three one-electron oxidation
processes that are comprised within peak D occur at very close
potentials, thus indicating the absence of sizable mutual interac-
tions between the units in the ground state.

Photochemistry.While pyrene (Φ ) 0.4) and perylene (Φ
) 0.4) exhibit distinct and strong fluorescence, which we
employed consequently as sensitive markers for the intramo-
lecular transfer reactions, the lack of ferrocene-centered fluo-
rescence necessitated the use of the rather weak fluorescing
features of C60F15-m-dimethoxybenzene (Φ ) 1.1 × 10-4).
Representative examples in air-equilibrated dichloromethane are
summarized in Figures 3 and S1 (Supporting Information). We
noted that for pyrene and perylene the fluorescence quenching
in the corresponding C60F15-donor dyads is close to quantita-
tive, that is, ranging between 92 and 98%. Important is the fact
that, despite the strong fluorescence quenching, all emission
features are preserved and exhibited very little perturbation in
comparison to the precursor materials that we used as reference
systems. On the other hand, in the C60F15-ferrocene dyad the
quenching is only around 50%. The limited stability of the
C60F15 derivatives in protic and/or polar media prevented us
from testing a broader spectrum of solvents.

Time-resolved fluorescence measurements complemented the
fluorescence assays. In these experiments we compared the
decay of the characteristic features of the photoexcited chro-
mophore in the reference systems with those in the C60F15-
donor dyads. For example, in air-equilibrated dichloromethane
the pyrene and perylene references exhibit fluorescence lifetimes
of 34 ( 1 and 2.1( 0.1 ns, respectively. These values are well
in line with those reported in the literature.12 In the correspond-
ing dyads the fluorescence-time profiles are best fitted (i.e.,
with ø2 values of at least 1) by a monoexponential rate law.
The lifetimes are, however, reduced to 0.2( 0.05 ns (C60F15-
pyrene) and 0.1( 0.05 ns (C60F15-perylene). Figure 4 compares
the fluorescence-time profiles for pyrene and C60F15-pyrene.

Figure 2. Cyclic voltammetric curves of (a) 0.5 mM C60F15-pyrene,
(b) 0.5 mM C60F15-perylene, and (c) 0.5 mM C60F15-ferrocene, in
either 0.1 M (TBA)AsF6/DCM or 0.1 M (TBA)PF6/TCE solutions.
Working electrode: platinum disk (diameter, 0.125 mm).T ) 298 K.
Scan rate) 1 V s-1.

TABLE 1: Electrochemical Potentials (vs SCE)

E1/2/V

I II c III c Dd

referencea -0.09 -0.72 -1.18
C60F15-pyreneb -0.10 -0.75 -1.14 1.41
C60F15-peryleneb -0.08 -0.72 -1.16 0.89
C60F15-ferrocenea -0.10 -0.72sh -1.81 0.44

a Data collected in 0.05 M (TBA)PF6/TCE, at 1 V s-1, at 298 K.
b Data collected in 0.05 M (TBA)AsF6/DCM, at 1 V s-1, at 298 K.c Ep

for quasi-reversible or totally irreversible peaks.d Three-electron
process.

Figure 3. Room-temperature steady-state fluorescence spectra of the
pyrene reference and the C60F15-pyrene dyad in aerated DCM with
matching absorption at the 337 nm excitation wavelength (i.e., OD337nm

) 0.2).
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The overall observation further confirms the steady-state
quenching. Similarly, the C60F15-centered lifetime is 0.46( 0.05
ns, relative to 1.6( 0.1 ns seen in the C60F15-m-dimethoxy-
benzene reference.

To conclude, the newly synthesized series of C60F15-donor
ensembles display efficient and rapid intramolecular deactivation
of their photoexcited chromophores in the steady-state and time-
resolved fluorescence experiments with quantum efficiencies
(Φ) of 99.4% (C60F15-perylene), 95.3% (C60F15-pyrene), and
71.5% (C60F15-ferrocene). This trend is similar to our recent
report regarding intramolecular electron-transfer events within
a C60F15-extTTF ensemble.8a Drawing assumptionsswhether
electron transfer or competitively energy transfer governs the
fate of the photoexcited dyadssthat are based only on the
fluorescing features is, nevertheless, unfeasible, especially taking
into account the different donor ability of the tested electron
donors. Thus to shed light onto the product of fluorescence
quenching, we investigated the C60F15-donor dyads by means
of transient absorption measurements (i.e., throughout the pico-
to microsecond time range).

First we tested the C60F15-m-dimethoxybenzene reference
in transient absorption measurements following short 532 nm
laser pulses (i.e., 532 nm). Figure 5 shows the different transient
absorptions after several time delays. Obviously, immediately
after the laser pulse we observe bleaching in the 600-700 nm
range, which corresponds to the ground-state features of the
C60F15 moiety. This bleaching is flanked by new transitions in
the blue (i.e., 540 nm) and red (i.e., 745 nm) that diminishes
with time. We assign these features to the singlet excited
transitions of C60F15-m-dimethoxybenzene. In line with fluo-
rescence experiments the singlet excited state is metastable and
decays monoexponentially to yield the triplet manifold. From
the analysis at different wavelengths throughout the 550-800
nm region we determine a relatively short lifetime of 0.95(
0.1 ns. At first glance spectral transformation between the two
manifolds is dominated only by fading features. A closer
inspection of the red region, for example, discloses, however,
that the 745 nm peak red shifts to about 760 nm. We assign the
features at the end of the picosecond time scale (i.e., 4000 ps)
to the C60F15-m-dimethoxybenzene tripletsanalogous to data
published for C60 and most of its derivatives.4

Independent confirmation for the triplet assignment evolved
from parallel nanosecond transient spectroscopy (i.e., 8 ns laser
pulses at 532 nm). The differential absorption spectrum shown
in Figure S2 (Supporting Information) and especially the peak
location at 770 nm is in excellent agreement with the spectrum

at the end of the picosecond time scale. In the absence of oxygen
we measured a triplet lifetime of 19( 1 µs.

Figure 6 demonstrates that the differential absorption changes
following 532 nm photoexcitation of C60F15-ferrocene are
distinctly different from that summarized for the C60F15-
m-dimethoxybenzene reference. Initially, we still see the sin-
glet-singlet features of the fullerene core. However, instead
of seeing the slow intersystem crossing dynamics, which convert
the singlet to the triplet manifold, we see an accelerated decay
(i.e., 0.46( 0.05 ns) that also reveals characteristics, which
are different from the triplet spectrum seen for C60F15-
m-dimethoxybenzene. We ascribe these new features, on the
basis of spectroelectrochemical investigations, to the radical ion
pair. The differential absorption spectrum of C60F15-
m-dimethoxybenzene after exhaustive bulk electrolysis atE )
-0.2 V, corresponding to the one-electron reduction of the
trannulenic unit (Figure 7), shows in fact the same features.
Notice that the corresponding spectrum of ferrocenium radical
cation is mainly characterized by a strong positive change in

Figure 4. Time-resolved fluorescence decay of the pyrene reference
and the C60F15-pyrene dyad in aerated DCM following 337 nm laser
excitation of the pyrene moiety.

Figure 5. Differential absorption spectrum (visible) obtained upon
picosecond flash photolysis (532 nm) of∼1.0 × 10-5 M solutions of
the C60F15-m-dimethoxybenzene reference in nitrogen-saturated DCM
with several time delays between 50 and 4000 ps at room temperature.
The spectrum corresponds to the changes that are associated with the
transformation of the C60F15-m-dimethoxybenzene singlet excited state
to the corresponding triplet excited state.

Figure 6. Differential absorption spectrum (visible) obtained upon
picosecond flash photolysis (532 nm) of∼1.0 × 10-5 M solutions of
C60F15-ferrocene dyad in nitrogen-saturated DCM with several time
delays between 50 and 500 ps at room temperature. The spectrum
corresponds to the changes that are associated with the transformation
of the C60F15-m-dimethoxybenzene singlet excited state to the radical
ion-pair state.
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the UV region (Figure S3, Supporting Information) and,
consequently, contributes only marginally to the transient
absorption spectra shown in Figure 6.

The radical ion pair features are metastable and decay with
lifetimes > 6 ns (>1.6 × 108 s-1) back to the singlet ground
state. Complementary nanosecond experimentsswith a time
resolution of∼25 nssfailed to show any stable radical ion pair
signatures.

For C60F15-pyrene and C60F15-perylene the situation is quite
different. Most importantly, choosing 337 nm laser excitations
instead of 532 nmsresults in the predominant excitation of the
pyrene and perylene moieties, respectively. Consequently, we
notice at early times in the differential absorption changes,
following picosecond excitation of C60F15-pyrene and C60F15-
perylenessee Figures 8 and 9sthe singlet-singlet features of
both chromophores. In the case of perylene the following
appreciable singlet characteristics evolve: bleaching< 490 nm
and a new maximum∼ 505 nm. For pyrene, on the other hand,
the singlet-singlet maximum is seen at 480 nm, while the
ground-state bleaching falls in a region that is outside of the
accessible apparatus region (i.e.,<450 nm). Relative to the
reference compounds, both singlet fingerprints decay rather
rapidly within 0.2 ns to yield new transients. The transient,
which develops with a time constant of 0.15( 0.05 ns in the

case of C60F15-pyrene, is a close match of the singlet-singlet
feature of C60F15-m-dimethoxybenzene, suggesting a rapid and
efficient (i.e., >95%) transduction of singlet excited-state
energy. Further evidence for this assignment was lent from
nanosecond experiments, where a spectrum evolves that is
qualitatively and quantitatively identical with that of the long-
lived C60F15-m-dimethoxybenzene triplet (18( 1 µs).

For C60F15-perylene, similar decay kinetics, namely, 0.14
( 0.05 ns, were registered. However, the spectral changes at
the conclusion of the perylene singlet decay process are
distinctly different from the singlet of C60F15-m-dimethoxy-
benzene, which is formed upon photoexcitation of C60F15-
pyrene. The particularly characteristic transient bleach between
600 and 700 nm is absent. Moreover, the maximum around 535
nm bears close resemblance with the one-electron oxidized
radical cation of perylene.15 This leads us to the hypothesis that
electron transfer, rather than energy transfer, governs the fate
of the photoexcited perylene moiety in C60F15-perylene. Also
in this case, the radical ion pair is short-lived with a lifetime of
5.3 ( 0.5 ns (1.9× 108 s-1), and its decay results in the full
recovery of the singlet ground state.

Arguments concerning a possible rationale for the different
electron- and energy-transfer behavior should be based on
thermodynamic evaluations of the free energy gap changes.
From the fluorescence measurements we can evaluate the singlet
excited-state energies as the average difference between long-
wavelength absorption and short-wavelength fluorescence. In
particular, we derive the following values for the photoexcited
chromophores: pyrene, 3.3 eV; perylene, 2.6 eV; C60F15-
m-dimethoxybenzene, 1.8 eV. Neglecting electrostatic interac-
tions in the radical ion pairs, we estimate the energy of the
charge-separated states by simply adding the first reduction
potential of the electron acceptor and the first oxidation
potentials of the different electron donors.15 In doing so we
obtain values of 1.51, 0.97, and 0.54 eV for C60F15-pyrene,
C60F15-perylene, and C60F15-ferrocene.

With these data in hand the free energy changes for
intramolecular electron- and energy-transfer deactivation in
C60F15-pyrene are extrapolated as 1.79 and 1.5 eV, respectively.
For C60F15-perylene the corresponding values are 1.63 and 0.8
eV. Evidently, all processes are thermodynamically feasible due
to sufficiently large driving forces. In the case of pyrene it is
safe to assume that the electron transfer is in the inverted region

Figure 7. Differential electronic absorption spectrum of a 0.5 mM
C60F15-m-dimethoxybenzene, 0.1 M (TBA)PF6/DCM solutions after
exhaustive bulk electrolysis atE ) -0.2 V (corresponding to the one-
electron reduction of the trannulenic unit), recorded at 298 K.

Figure 8. Differential absorption spectrum (visible) obtained upon
picosecond flash photolysis (355 nm) of C60F15-pyrene dyad (∼1.0×
10-5 M) in nitrogen-saturated DCM with several time delays between
50 and 200 ps at room temperature. The spectrum corresponds to the
changes that are associated with the transformation of the pyrene singlet
excited state to the C60F15-m-dimethoxybenzene singlet excited state.

Figure 9. Differential absorption spectrum (visible) obtained upon
picosecond flash photolysis (355 nm) of C60F15-perylene dyad (∼1.0
× 10-5 M) in nitrogen-saturated DCM with several time delays between
50 and 200 ps at room temperature. The spectrum corresponds to the
changes that are associated with the transformation of the perylene
singlet excited state to the radical ion-pair state.
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of the Marcus parabola. Thus, electron transfer is not able to
compete with the fast and efficient energy transfer across a rather
large energy gap. Interestingly, we see no electron transfer
evolving from the fullerene singlet excited state. When con-
sidering perylene, the thermodynamic considerations are already
changed. While the electron transfersalthough seemingly still
located in the inverted regionsis closer to the thermodynamic
maximum, the energy gap for energy transfer is markedly
decreased. The synergy of these differences leads to a suppres-
sion of the energy-transfer deactivation.

More straightforward is the situation for C60F15-ferrocene,
where the electron-transfer driving force is exothermic (i.e.,
downhill by∼1.26 eV),16 while a transduction of singlet excited-
state energy is largely endothermic (i.e., uphill by∼0.65 eV).
Consequently, electron transfer evolves as the only appreciable
process. Please note that the only energetically feasible energy-
transfer reaction implies formation of the ferrocene triplet (1.35
eV).17 However, we found no measurable evidence for such an
intramolecular energy transfer.18

Conclusions

A series of novel trannulene-based donor-acceptor ensembles
were tested in a series of steady-state and time-resolved
photophysical experiments, complemented by electrochemical
studies. Key to the use of trannulenes is their outstanding
electron-accepting ability with first reduction potentials at around
-0.1 V versus SCE in tetrachloroethane. As electron donorss
either in their excited state or in their ground statespyrene
(+1.41 V), perylene (+0.89 V), or ferrocene (+0.44 V) was
selected. Depending on the relative energies of the lowest
excited state or of the charge-separated state, the outcome of
the excited-state chromophore deactivation is either an energy-
(i.e., C60F15-pyrene) or an electron-transfer (i.e., C60F15-
perylene and C60F15-ferrocene) scenario, which proceed with
quantum efficiencies (Φ) of 99.4% (C60F15-perylene), 95.3%
(C60F15-pyrene), and 71.5% (C60F15-ferrocene). A summary
of the corresponding energy diagrams is given in Scheme 2.

The general photoreactivity, namely, energy-transfer versus
electron-transfer products of trannulenes C60F15Y3 (-0.54 V
versus Fc/Fc+) resembles that found for C59N (-1.1 V versus
Fc/Fc+)15,20,21and C60 derivatives (-1.16 V versus Fc/Fc+),22,23

despite their vastly different reduction potentials. Although the
fact that the donor-acceptor arrangements (i.e., distance,
orientation, and flexibility, etc.) are, in a strict sense, not
comparable, an evident trend toward lower quantum efficiencies
is discernible for the trannulenes. An obvious reason is found
when considering the thermodynamic energy gap dependence
of the charge separation, which in the case of the trannulenes
(i.e., -∆G ∼ 1.26 eV) is pushed into the inverted region (i.e.,
λ ∼ 0.6-0.7 eV). This implements a significant activation
barrier for initial charge separation, while for C59N and C60

derivatives this proceeds essentially activation free.

Experimental Section

Materials. All materials were reagent grade chemicals.
Tetrabutylammonium hexafluorophosphate ((TBA)PF6, puriss
from Fluka) was used as supporting electrolyte as received.
Tetrabutylammonium hexafluoroarseniate ((TBA)AsF6) was
synthesized by metathesis reactions from tetrabutylammonium
bromide with lithium hexafluoroarseniate (from Aldrich) and
twice recrystallized following the procedures reported in the
literature.13 Solvents dichloromethane (DCM, purum, Fluka) and
tetrachloroethane (TCE, purum, Fluka) were refluxed over and
successively distilled from B2O3 and activated 4 Å molecular
sieves. They were stored in specially designed Schlenk flasks
over 3 Å activated molecular sieves, protected from light, and
kept under vacuum prior to use. For the electrochemical
experiments, the solvent was distilled into the electrochemical
cell, prior to use, using a trap-to-trap procedure.

Electrochemical Instrumentation and Measurements.The
one-compartment electrochemical cell was of airtight design,
with high-vacuum glass stopcocks fitted with either Teflon or
Kalzed (DuPont) O-rings, to prevent contamination by grease.
The connections to the high-vacuum line and to the Schlenck
containing the solvent were obtained by spherical joints also
fitted with Kalzed O-rings. The cell, containing the supporting
electrolyte and the electroactive compound, was dried under
vacuum at 370 K for at least 48 h. Afterward the solvent was
distilled by a trap-to-trap procedure into the electrochemical cell
just before performing the electrochemical experiment. The
pressure measured in the electrochemical cell prior to performing
the trap-to-trap distillation of the solvent was typically (1.0-

SCHEME 2: Energy Diagrams for Trannulene-Based Donor-Acceptor Ensembles (See Text for Exact Energy Levels)
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2.0) × 10-5 mbar. The working electrode was a Pt disk
ultramicroelectrode (diameter, 125µm) sealed in glass. The
counter electrode consisted of a platinum spiral, and the quasi-
reference electrode was a silver spiral. The quasi-reference
electrode drift was negligible for the time required by a single
experiment. Both the counter and the reference electrodes were
separated from the working electrode by∼0.5 cm. Potentials
were measured with respect to the ferrocene standard.E1/2 values
correspond to (Epc + Epa)/2 from CV. Ferrocene was also used
as an internal standard for checking the electrochemical revers-
ibility of a redox couple.

Voltammograms were recorded with a custom-made fast
potentiostat19 controlled by an AMEL Model 568 function
generator. Data acquisition was performed by a Nicolet Model
3091 digital oscilloscope interfaced to a PC. Temperature control
was accomplished within 0.1 K with a Lauda RL6 thermostat.

Spectroelectrochemical measurements were carried out using
a quarz OTTLE (optical transparent thin layer electrode) cell
with a 0.03 cm path length and a reservoir area attached to the
top to hold reference and counter electrodes. Temperature
control was achieved by a special cell holder with quartz
windows and two nitrogen flows (one at room temperature and
the other at low temperature) independently regulated by two
needle valves attached to two flow meters (Jencons, item 3015-
045). The temperature of the cuvette was monitored with a
thermocouple connected to a CAL-9000 digital thermometer
and can be tuned between room temperature and 230 K, with
an accuracy better than(0.2 K. The working electrode was a
Pt-Rh (90:10) gauze with an optical transparency of about 40%.
The counter electrode was a thick Pt wire and a Ar/AgCl
electrode, separated by a glass-frit, was the reference one. The
potential was set using an AMEL model 552 potentiostat
connected to an AMEL model 568 function generator. All the
spectra were recorded by a Varian Cary 5, UV-vis-near-IR
spectrophotometer. The pristine absorption spectrum was re-
covered upon reoxidation (at 0 V), showing the reversibility of
the reduction process on the time scale of the electrolysis
experiment.

Photophysics. Picosecond laser flash photolysis experiments
were carried out with 532 nm laser pulses from a mode-locked,
Q-switched Quantel YG-501 DP Nd:YAG laser system (pulse
width, 18 ps; 2-3 mJ/pulse). Nanosecond laser experiments
were performed with laser pulses from a Molectron UV-400
nitrogen laser system (337.1 nm, 8 ns pulse width, 1 mJ/pulse)
or from a Qunta-Ray CDR Nd:YAG system (355 nm, 20 ns
pulse width). The photomultiplier output was digitized with a
Tektronix 7912 AD programmable digitizer. For all photophysi-
cal experiments an error of 10% must be considered.

Fluorescence lifetimes were measured with a Laser Strope
fluorescence lifetime spectrometer (Photon Technology Inter-
national) with 337 nm laser pulses from a nitrogen laser fiber
coupled to a lens-based T-formal sample compartment equipped
with a stroboscopic detector. Details of the Laser Strobe
systems are described on the manufacturer’s web site,
http://www.pti-nj.com.

Emission spectra were recorded with a SLM 8100 spectro-
fluorometer. The experiments were performed at room temper-
ature. When measuring the fullerene emission in the 700 nm
region, a 570 nm long-pass filter in the emission path was used
in order to eliminate the interference from the solvent and stray
light for recording the fullerene fluorescence. Each spectrum
was an average of at least five individual scans, and the
appropriate corrections were applied. The fluorescence quantum
yields were determined with a 9,10-diphenylanthracene reference

(Aldrich, 99+%) (Φ ) 1) and an average value of three
fluorophore concentrations with optical densities (ODs) at the
excitation wavelength ranging from 0.1 to 0.5.
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