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Fine-tuned control over the donor strength in a series of trannulenes-based-dooeptor 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 tgdand Gy 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 allows substantial polyaddition to take place. As a consequence
The design and construction of nanoscale molecular devicesg]neoé?g;Slgﬁif?g(;?élzlg %f%@s CgolFés a%ﬁgFé’_G’?g Q/d r%gzic%?ely'
that transduce light energy into useful chemical work with high reduction potentials me’asure’d in (;Iichlorometh’ane vs SCIé).
efficiency is a major goal of the physical and chemical sciences. The recent discovery of the family of trannulenes c’:omprising
Photosynthesis achieves this goal by a complex series of EN€r9Y=an 187 annulene in the all-trans configuration (Chart 1) provided
absorbing and electron-transfer events resulting in the productiona new opportunity for the design of organic-based photovoltaic
of cellular fuel in the form of adenosine triphosphate. There is e, icesss Trannulenes have high electron affinities, enabling
now W|despre_ad Interest in m_|m_|ck|ng the basic processes Qf them to stabilize charged entities more effectively than con-
ph_otosynthe3|s by linking moieties that can, upon photoexci- ventional fullerene derivatives. Additionally trannulenes have
tatlor], transfer and store energy/electrbfs. ___rich visible absorptions attributed to the diatropictldhnulene
With the advent of fullerenes a new energy/electron-accepting g, pstructurd:8.2 Coupled with a mild preparative methodology
functionality became readily available. This three-dimensional producing radial three-dimensional architectures, these mol-
carbon allotrope exhibits many characteristiéamenable for — ojes could be a useful molecular building block for tailor-

the construction of artificial photovoltaic devices such as the made components for optoelectronics, molecular-scale logic

following: significant absorptions in the L_JI/ regiomwith gates, and sensor design. Preliminary electron-transfer investiga-
extinction coefficients exceeding 50.000 Mm™,; spin-forbid- - ons of an extended tetrathiafulvalene trannulene dyad con-
den transitions in the visible region t%/p"ialnﬁ characterized by fime the ability of these remarkable molecules to accept a
low oscillator strength (i.e.~1000 M™“cm™). charged entity and store the photoexcitation energy in a long-

These physical properties have been exploited in solar jjyeq charge-separated stéfe.

conversior_l systems when integrated _with chromophoric com-  \we now describe the electrochemical and photophysical
ponents, via covalent attachment of suitable addehtisvever, characterization of a novel family of multicomponent doror
saturation of one or more of the fullerene carbearbon double  acceptor trannulenes, incorporating a range of electro- and
bonds as a consequence of derivatization usually results in aynotoactive functionalities (Chart 2), whose preparation was
reduction in electron affinity of the carbon cagapproximately  recently described In particular, the chosen electron donors
0.1V per functionalizing adderfdf, however, a large number  are characterized by different donor ability that range from
of strongly electron-withdrawing addends are attached to the pyrene -1.41 V) to perylene+0.89 V) and finally to ferrocene
cage, then the effect of hybridization change can be outweighed. (1.0 44 V). We will demonstrate that, depending on the relative
This has in particular been achieved through the fluorination energies of the lowest excited state or of the charge-separated
of fullerenes, where the small size of the electronegative addendsstate we can fine-tune the outcome of the deactivation of the

excited-state chromophore, that is, an all-energy versus electron
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CHART 1. Schlegel Diagram of [18]Trannulenes (R=
CO,Et, X = COzR?Y, R! = Electron Donor Group, ® = F)

CHART 2: Electron-Donor Substituents (RY) of the
Trannulene. (a) Referencem-Dimethoxybenzene; (b)
Pyrene; (c) Ferrocene; (d) Perylene
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SCHEME 1: Reaction Sequence for the Formation of
the Trannulene Dyads

O O O O

EtOCOCH2COCI, )UJ\ (i) NaH Eto i
gy R o OR'
ROH pyridine, 0 0C, DCM Et0 OR' i) CIcooEL, 0 9C, DCM

(0] OEt
DBU, CTV
trannulenes, CgQF 15[R'OCOC(COOEt)2]3

hydroxymethyl aromatics RCIDH (see Chart 2 for RC}O—
groups) with ethyl chloromalonyl chloride, were reacted with
ethyl chloroformate to give tertiary methanetricarboxylate esters.
These were reacted withggF1s in the presence of DBU to
produce the desired trannulenegfsY s (Scheme 1§.In the
following discussion, the description of the trannulenes is
simplified, so that GF1s—pyrene, etc., refers to theannulene
in which the R group is pyreneGH

Electrochemistry. The electrochemical properties ofdEis—
pyrene, GoF1s—perylene, and gFs—ferrocene dyads, together
with reference compoundegF-15—m-dimethoxybenzene, were
investigated by cyclic voltammetry (CV) and spectroelectro-
chemical experiments. Suitable experimental conditions, which
include ultradry solvents, electrolytes with very high oxidation
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Figure 1. Cyclic voltammetric curves of (a) 0.5 mM g15—m-
dimethoxybenzene and (b) 0.5 mMd#Es—ferrocene, 0.1 (TBA)P#
DCM solutions. Working electrode: platinum disk (diameter, 0.125
mm). T = 298 K. Scan rate= 1 V s%

succeeded in observing the reversible generation of the di- and
trications of Go.1° 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 1la shows the CV curve okgF1s—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 observedill denoted by Roman numbers. When the
potential scan is limited so as to include only the first peak
(i.e., see inset in Figure la), the latter is reversible and
corresponds to a one-electron process, \Eth = —0.09 V.

By contrast, in the wide-scan CV curves, all reductions are
irreversible up to scan rates as high as 100V Beaks Il and

[, with E, = —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
s1), thus suggesting the occurrence of fast follow-up chemical
reactions coupled to the primary reduction processes, according
to the so-called EC mechanisthThe anodic peak A is only
observed in the reverse scan when the forward scan includes
peak Il 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 gfFés’2

and of other classes of perfluorinated fullerenes suchsgs &>

resistance and low nucleophilicity, were used so as to stabilize CeoF160, and GoFzs.”® In contrast, the multielectron irreversible
the electrochemically generated radical cations and anions ofpeak observed in the positive potential regid € 1.91 V)

the above trannulené&Under similar conditions, we recently

was assigned to the pristine trannulenic moiety in line with the
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Figure 2. Cyclic voltammetric curves of (a) 0.5 mMeg15—pyrene,
(b) 0.5 mM GgFis—perylene, and (c) 0.5 mM dgFs—ferrocene, in
either 0.1 M (TBA)Ask/DCM or 0.1 M (TBA)PR/TCE solutions.
Working electrode: platinum disk (diameter, 0.125 mi) 298 K.
Scanrate= 1V sL

TABLE 1: Electrochemical Potentials (vs SCE)

BV
| e e Dd
referencé —0.09 —-0.72 —-1.18
CeoF15—pyrend -0.10 -0.75 -1.14 1.41
CsoF15—perylené —0.08 —0.72 —1.16 0.89
CeoF15—ferrocené -0.10 —0.72sh -1.81 0.44

2 Data collected in 0.05 M (TBA)PFTCE, & 1 V s%, at 298 K.
b Data collected in 0.05 M (TBA)AS#DCM, a 1 V s, at 298 K¢ E,
for quasi-reversible or totally irreversible peaKshree-electron
process.

voltammetric behavior of other trannulene derivatives carrying
nonelectroactive substituerits.
All dyads display analogously a similar highly irreversible
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Figure 3. Room-temperature steady-state fluorescence spectra of the
pyrene reference and thes#€is—pyrene dyad in aerated DCM with
matching absorption at the 337 nm excitation wavelength (i.e P
=0.2).

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
[, and was therefore ascribed to the oxidation of the donor units.
The CV curves of pyrene, perylene-, and ferrocene CgoF1s
dyads are shown in Figure 2&, 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 ¢ = 0.4) and perylened
= 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 GoFis—m-dimethoxybenzenedf = 1.1 x 107%).
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 égF1s—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 theyis—ferrocene dyad the
quenching is only around 50%. The limited stability of the
CsoF15 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 th¢-&G—
donor dyads. For example, in air-equilibrated dichloromethane
the pyrene and perylene references exhibit fluorescence lifetimes

CV pattern, characterized by three reduction peaks in the regionof 34 + 1 and 2.1+ 0.1 ns, respectively. These values are well
of negative potentials and an oxidation peak in the positive in line with those reported in the literatu¥eln the correspond-

potentials one, as exemplified by the CV curve affzs—
ferrocene shown in Figure 1b. Peak Il is in this case only

ing dyads the fluorescened¢ime profiles are best fitted (i.e.,
with 2 values of at least 1) by a monoexponential rate law.

observed as a shoulder of the much more intense peak Ill. All The lifetimes are, however, reduced to &:2.05 ns (GoF15—
processes are located at potentials similar to that in the referencepyrene) and 0.% 0.05 ns (GgFis—perylene). Figure 4 compares

compound-see Table +-and were accordingly attributed to the

the fluorescencetime profiles for pyrene and g-1s—pyrene.
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Figure 4. Time-resolved fluorescence decay of the pyrene reference 550 600 650 700 750 800

and the GoF1s—pyrene dyad in aerated DCM following 337 nm laser

excitation of the pyrene moiety. Wavelength / nm

Figure 5. Differential absorption spectrum (visible) obtained upon
picosecond flash photolysis (532 nm)efL..0 x 10°° M solutions of

The overall observation further confirms the steady-state the GoF1is—m-dimethoxybenzene reference in nitrogen-saturated DCM

quenching. Similarly, the &F;s-centered lifetime is 0.46- 0.05 with several time delays between 50 and 4000 ps at room temperature.
ns, relative to 1.6= 0.1 ns seen in the ggF1s—m-dimethoxy- The spectrum corresponds to the changes that are associated with the
benzene reference. transformation of the gF1s—m-dimethoxybenzene singlet excited state

To conclude, the newly synthesized series gfFfgs—donor to the corresponding triplet excited state.
ensembles display efficient and rapid intramolecular deactivation

of their photoexcited chromophores in the steady-state and time- 0.02
resolved fluorescence experiments with quantum efficiencies
(®) of 99.4% (GoFis—perylene), 95.3% (F15—pyrene), and 0.01

71.5% (GoF1s—ferrocene). This trend is similar to our recent
report regarding intramolecular electron-transfer events within

a GsoF15—extTTF ensembl& Drawing assumptionswhether
electron transfer or competitively energy transfer governs the 40D
fate of the photoexcited dyadshat are based only on the fau ;o1
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
guenching, we investigated thedE;s—donor dyads by means i
of transient absorption measurements (i.e., throughout the pico- 1 I S S P

002 [

to microsecond time range). 550 600 650 700 750 800
First we tested the &Fis—m-dimethoxybenzene reference Wavelength / nm

in transient absorption measurements following short 532 nm Figure 6. Differential absorption spectrum (visible) obtained upon

laser pulses (i.e., 532 nm). Figure 5 shows the different transientpcicgsecgcgoggiz F(’j';/gg"ﬁﬁéigiﬂ“g‘gtﬁé&g ég&%ﬁﬁ'ggggfaﬂime
i i ; i i 6015~ -
absorptions after several time delays. Obviously, immediately delays between 50 and 500 ps at room temperature. The spectrum

after the laser pulse we observe bleaching in the-GTD nm corresponds to the changes that are associated with the transformation
range, which corresponds to the ground-state features of theof the GoF;s—m-dimethoxybenzene singlet excited state to the radical
CeoF15 moiety. This bleaching is flanked by new transitions in ion-pair state.

the blue (i.e., 540 nm) and red (i.e., 745 nm) that diminishes gt the end of the picosecond time scale. In the absence of oxygen
with time. We assign these features to the singlet excited \ye measured a triplet lifetime of 18 1 us.
transitions of GoF1s—mr-dimethoxybenzene. In line with fluo- Figure 6 demonstrates that the differential absorption changes
rescence experiments the singlet excited state is metastable anﬂ)llowing 532 nm photoexcitation of §gFis—ferrocene are
decays mc_moexp_onentially to yield the triplet manifold. From gjstinctly different from that summarized for thesdEis—
the analysis at different wavelengths throughout the 380 . dimethoxybenzene reference. Initially, we still see the sin-
nm region we determine a relatively short lifetime of 085  glet—singlet features of the fullerene core. However, instead
0.1 ns. At first glance SpeCtI’a| transformation between the two of Seeing the slow intersystem Crossing dynamicsy which convert
manifolds is dominated only by fading features. A closer the singlet to the triplet manifold, we see an accelerated decay
inspection of the red region, for example, discloses, however, (je. 0.46+ 0.05 ns) that also reveals characteristics, which
that the 745 nm peak red shifts to about 760 nm. We assign thegre different from the triplet spectrum seen fogdGs—
features at the end of the picosecond time scale (i.e., 4000 ps)n-dimethoxybenzene. We ascribe these new features, on the
to the GoF1s—m-dimethoxybenzene tripletanalogous to data  pasis of spectroelectrochemical investigations, to the radical ion
published for Go and most of its derivatives. pair. The differential absorption spectrum of gEis—
Independent confirmation for the triplet assignment evolved m-dimethoxybenzene after exhaustive bulk electrolysig at
from parallel nanosecond transient spectroscopy (i.e., 8 ns laser-0.2 V, corresponding to the one-electron reduction of the
pulses at 532 nm). The differential absorption spectrum shown trannulenic unit (Figure 7), shows in fact the same features.
in Figure S2 (Supporting Information) and especially the peak Notice that the corresponding spectrum of ferrocenium radical
location at 770 nm is in excellent agreement with the spectrum cation is mainly characterized by a strong positive change in
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Figure 7. Differential electronic absorption spectrum of a 0.5 mM
CeoF1s—m-dimethoxybenzene, 0.1 M (TBA)RBCM solutions after
exhaustive bulk electrolysis &= —0.2 V (corresponding to the one-
electron reduction of the trannulenic unit), recorded at 298 K.

Figure 9. Differential absorption spectrum (visible) obtained upon
picosecond flash photolysis (355 nm) ofoEis—perylene dyad~1.0

x 107% 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.

case of GoFis—pyrene, is a close match of the singtsinglet
feature of GgF1s—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 CgoF15s—mrdimethoxybenzene triplet (18 1 us).

For GsoF15—perylene, similar decay kinetics, namely, 0.14
+ 0.05 ns, were registered. However, the spectral changes at
4 4 the conclusion of the perylene singlet decay process are
L ) ) distinctly different from the singlet of §&F;s—m-dimethoxy-
600 benzene, which is formed upon photoexcitation @bFgs—
Wavelength / nm pyrene. The particularly characteristic transient bleach between
Figure 8. Differential absorption spectrum (visible) obtained upon 600 and 700 nm is absent. Moreo_ver, the maximum aroun_d .535
picosecond flash photolysis (355 nm) afEis—pyrene dyad£1.0 x nm bears close resemblance with the one-electron oxidized
10°5 M) in nitrogen-saturated DCM with several time delays between radical cation of perylen&.This leads us to the hypothesis that
50 and 200 ps at room temperature. The spectrum corresponds to theelectron transfer, rather than energy transfer, governs the fate
changes that are associated with the transformation of the pyrene singleiof the photoexcited perylene moiety indE1s—perylene. Also
excited state to the dF1s—m-dimethoxybenzene singlet excited state. i, this case, the radical ion pair is short-lived with a lifetime of

the UV region (Figure S3, Supporting Information) and, 5.3+ 0.5ns (1.9_>< 18 s71), and its decay results in the full

consequently, contributes only marginally to the transient '€COVery of the singlet ground state.

absorption spectra shown in Figure 6. Arguments concerning a possible rationale for the different
The radical ion pair features are metastable and decay withelectron- and energy-transfer behavior should be based on

lifetimes > 6 ns (1.6 x 108 s™1) back to the singlet ground  thermodynamic evaluations of the free energy gap changes.

AOD
/a.u.

N
500

A R
550

state. Complementary nanosecond experimentth a time From the fluorescence measurements we can evaluate the singlet
resolution of~25 ns—failed to show any stable radical ion pair ~ €xcited-state energies as the average difference between long-
signatures. wavelength absorption and short-wavelength fluorescence. In

For GsoF15—pyrene and GFis—perylene the situation is quite particular, we derive the following values for the photoexcited
different. Most importantly, choosing 337 nm laser excitaton =~ chromophores: pyrene, 3.3 eV; perylene, 2.6 e\¥Fe—
instead of 532 nmrresults in the predominant excitation of the Mrdimethoxybenzene, 1.8 eV. Neglecting electrostatic interac-
pyrene and perylene moieties, respectively. Consequently, wetions in the radical ion pairs, we estimate the energy of the
notice at early times in the differential absorption changes, charge-separated states by simply adding the first reduction
following picosecond excitation ofdgF1s—pyrene and GFis— potential of the electron acceptor and the first oxidation
perylene-see Figures 8 and-&he singlet-singlet features of potentials of the different electron dondpsin doing so we
both chromophores. In the case of perylene the following ©obtain values of 1.51, 0.97, and 0.54 eV fogf&s—pyrene,
appreciable singlet characteristics evolve: bleacking0 nm CeoF1s—perylene, and gsF15—ferrocene.
and a new maximum 505 nm. For pyrene, on the other hand, With these data in hand the free energy changes for
the singlet-singlet maximum is seen at 480 nm, while the intramolecular electron- and energy-transfer deactivation in
ground-state bleaching falls in a region that is outside of the CsoF15—pyrene are extrapolated as 1.79 and 1.5 eV, respectively.
accessible apparatus region (i.450 nm). Relative to the  For GoFis—perylene the corresponding values are 1.63 and 0.8
reference compounds, both singlet fingerprints decay rathereV. Evidently, all processes are thermodynamically feasible due
rapidly within 0.2 ns to yield new transients. The transient, to sufficiently large driving forces. In the case of pyrene it is
which develops with a time constant of 0.450.05 ns in the safe to assume that the electron transfer is in the inverted region
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SCHEME 2: Energy Diagrams for Trannulene-Based Donor-Acceptor Ensembles (See Text for Exact Energy Levels)

CooF15-"*pyrene

Py

CgoF15-"*perylene
60F 15" pery! CooF15-Fc

4ap —

*CgoF15-pyrene *CgoF15-perylene *CgoF15-FC

(CeoF15) ~(pyrene)™

(CeoF15)"(perylene)™

(CeoF15)~(Fc)™

5

CeoF15-pyrene CgoF1s5-perylene CeoF15-Fc

of the Marcus parabola. Thus, electron transfer is not able to despite their vastly different reduction potentials. Although the
compete with the fast and efficient energy transfer across a ratherfact that the donoracceptor arrangements (i.e., distance,
large energy gap. Interestingly, we see no electron transferorientation, and flexibility, etc.) are, in a strict sense, not
evolving from the fullerene singlet excited state. When con- comparable, an evident trend toward lower quantum efficiencies
sidering perylene, the thermodynamic considerations are alreadyis discernible for the trannulenes. An obvious reason is found
changed. While the electron transfalthough seemingly still when considering the thermodynamic energy gap dependence
located in the inverted regietis closer to the thermodynamic  of the charge separation, which in the case of the trannulenes
maximum, the energy gap for energy transfer is markedly (i.e.,—AG ~ 1.26 eV) is pushed into the inverted region (i.e.,
decreased. The synergy of these differences leads to a supprest ~ 0.6—0.7 eV). This implements a significant activation
sion of the energy-transfer deactivation. barrier for initial charge separation, while forsd8l and Go
More straightforward is the situation forsgF15—ferrocene, derivatives this proceeds essentially activation free.
where the electron-transfer driving force is exothermic (i.e.,
downhill by ~1.26 eV)* while a transduction of singlet excited- Experimental Section

state energy is largely endothermic (i.e., uphill ©9.65 eV). Materials. All materials were reagent grade chemicals.

Consequently, electron transfer evolves as the only "_"pprECiableTetrabutyIammonium hexafluorophosphate ((TBAYPBuriss
process. Please note that the only energetically feasible energyson Fiyka) was used as supporting electrolyte as received.
trani‘er reaction implies formation of the ferrc_)cene triplet (1.35 Tetrabutylammonium hexafluoroarseniate ((TBA)AsRvas
_eV). However, we found no measurable evidence for such an synthesized by metathesis reactions from tetrabutylammonium
intramolecular energy transfék. bromide with lithium hexafluoroarseniate (from Aldrich) and
twice recrystallized following the procedures reported in the
literature!® Solvents dichloromethane (DCM, purum, Fluka) and
A series of novel trannulene-based donacceptor ensembles  tetrachloroethane (TCE, purum, Fluka) were refluxed over and
were tested in a series of steady-state and time-resolvedsuccessively distilled from 3 and activatd 4 A molecular
photophysical experiments, complemented by electrochemicalsieves. They were stored in specially designed Schlenk flasks
studies. Key to the use of trannulenes is their outstanding over 3 A activated molecular sieves, protected from light, and
electron-accepting ability with first reduction potentials at around kept under vacuum prior to use. For the electrochemical
—0.1 V versus SCE in tetrachloroethane. As electron denors experiments, the solvent was distilled into the electrochemical
either in their excited state or in their ground stapgrene cell, prior to use, using a trap-to-trap procedure.
(+1.41 V), perylene £0.89 V), or ferrocene+0.44 V) was Electrochemical Instrumentation and MeasurementsThe
selected. Depending on the relative energies of the lowestone-compartment electrochemical cell was of airtight design,
excited state or of the charge-separated state, the outcome ofvith high-vacuum glass stopcocks fitted with either Teflon or
the excited-state chromophore deactivation is either an energy-Kalzed (DuPont) O-rings, to prevent contamination by grease.
(i.e., GsoFis—pyrene) or an electron-transfer (i.e.goEis— The connections to the high-vacuum line and to the Schlenck
perylene and gFis—ferrocene) scenario, which proceed with containing the solvent were obtained by spherical joints also
quantum efficiencies®) of 99.4% (GoF1s—perylene), 95.3% fitted with Kalzed O-rings. The cell, containing the supporting
(CsoF15—pyrene), and 71.5% @@Fis—ferrocene). A summary  electrolyte and the electroactive compound, was dried under
of the corresponding energy diagrams is given in Scheme 2. vacuum at 370 K for at least 48 h. Afterward the solvent was
The general photoreactivity, namely, energy-transfer versus distilled by a trap-to-trap procedure into the electrochemical cell
electron-transfer products of trannulenegMgsY s (—0.54 V just before performing the electrochemical experiment. The
versus Fc/Ft) resembles that found forsgN (—1.1 V versus pressure measured in the electrochemical cell prior to performing
Fc/Fch)1520.21and Gy derivatives £1.16 V versus Fc/Fg,2223 the trap-to-trap distillation of the solvent was typically (.0
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2.0) x 10°° mbar. The working electrode was a Pt disk (Aldrich, 99+%) (® = 1) and an average value of three
ultramicroelectrode (diameter, 128n) sealed in glass. The fluorophore concentrations with optical densities (ODs) at the
counter electrode consisted of a platinum spiral, and the quasi-excitation wavelength ranging from 0.1 to 0.5.

reference electrode was a silver spiral. The quasi-reference
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connected to an AMEL model 5§8 function geqerator. All the 23002 4146, (c) Darwish. A. D.- Kuvytchko, I. V.- Wel, X.-W.: Boltaling,
spectra were recorded by a \_/a”an CarY_ S5, ts—near-IR 0. V.; Goldt, I. V.; Street, J. M.; Taylor, R]. Chem. SogPerkin Trans.
spectrophotometer. The pristine absorption spectrum was re-2 2002 1118-1121.
covered upon reoxidation (at 0 V), showing the reversibility of ~ (4) Guldi, D. M.; Prato, M-Acc. Chem. Re<00Q 33, 695-703.

. : . (5) (a) Diederich, F.; Kessinger, Rcc. Chem. Red.999 32, 537—
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