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Abstract: Intramolecular photoinduced electron transfer (ET) with rates greater tharl® s~! has been
observed in polar solvents for the U-shapsgh,synisomer 6yn,syrd) of a giant tetrad with porphyrin and

methyl viologen termini4). In contrast, no ET is observed in a sample containing the extended isantiesgn

and anti,anti of 4. Photoexcitation of theyn,synisomer and subsequent ET leads to the formation of the
charge-separated state which has an unusually long lifetime of 420 ns in acetonitrile and 230 ns in benzonitrile.
Temperature-dependent fluorescence lifetime studieymisyr4 revealed the presence of a small (0.09 eV)
activation barrier for the ET process and they indicate the presence of two ground-state conformers, one where
the terminal porphyrin and methyl viologen chromophores are located close enough to facilitate ET and one
where they are not. The experimental data and theoretical calculations support the proposal that ET occurs by
a direct through-space process and that the observed slow charge recombination arises from an increase in the
separation of the terminal chromophores due to electrostatic repulsion between the porphyrin and methyl viologen
radical cations.

Introduction (CS) states with high efficienc)?. 15> These types of systems
are also being used to probe other aspects of ET, such as

The synthesis and study of multichromophoric structures superexchang&1® mechanisms and solvent-mediated ET
containing electron donor (D) and acceptor (A) species has processed?22

contributed much to the fundamental understanding of photo-
induced electron transfer (ET) processes. By careful design of .

such systems, key issues in ET can be singled out for stufdy. @ //WN@ [0 '”('E"”('n
For example, the covalent attachment of chromophores to rigid 1 2

bridges has provided valuable insight into the dependence of
ET dynamics on the nature of D ancPZ& and their relative
separation and orientatién!! More recently, multichro-

mophoric systems of the tyde in which more than two redox (12) Kuciauskas, D.; Liddell, P. A.; Hung, S. C.; Lin, S.; Stone, S.; Seely,

centers are connected in series by rigid bridges, are being studie(%&jl%oorev A.L.; Moore, T. A; Gust, DJ. Phys. Chem. 8997 101,

with the prime aim of generating long-lived charge-separated (13) Gust, D.; Moore, T. A.: Moore, A. L.: Macpherson, A. N.; Lopez,
A.; Degraziano, J. M.; Gouni, |.; Bittersmann, E.; Seely, G. R.; Gao, F;

Recently, our group has investigated multichromophoric
systems, of the general structure depicted2bpased on the
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norbornylogous bridgé?92324These systems offer a number Scheme 1.Giant Tetrad4 and Various Model Systents—7
of advantages, a particularly important one being the ability to for Photophysical Studies

modify dramatically the shape of the supramolecular assembly
by fixing the central methano bridges &fto be either syn or N
anti with respect to each other. Such stereochemical control
enables one to probe more intimately superexchange and
solvent-mediated ET processes. For example, the spatial rela- A
tionships between the two terminal chromophores in the syn 4 Ar=35-ditertbutyiphenyl
and anti stereoisomers @fare quite different; in the former

isomer, they are separated by a 15 A U-shaped cavity, whereas * Al OMe "
in the latter this cavity is absent. Comparison of photoinduced (T O')..')OO('O‘(.9
Ar OMe o

rates of charge separation and subsequent charge recombination

in syn3 andanti-3 is providing interesting insights into the role A

of solvent-mediated ET in the U-shapsgn isomer$:7.9:11.25 5 Ar=35-di-tertbutylphenyl
Subsequent studies on U-shaped systems possessing smaller

cavity sizes are providing more definitive information concern- Ar
ing solvent-mediated ET and how the dynamics of such /m:lzib
processes depend on solvent propeffe®’ S
Ar Ar
N 6  Ar=35-di-tertbutylphenyl
MeN— MeD N T A
" "‘-aa.-;-‘-t * BA__ é ¢ A
MeO -
syn-3 \
Ar Ar
N
Mep N — 8  Ar=235ditertbutylphenyl
h / /2OA r = 3,5-di-tertbutylphenyl
e 7 L@g.‘,\o-t g
MeO i )
anti-3 lecular ET took place to give the giant CS state;,—MV**,

but the mechanism responsible for this ET process, i.e., direct,

We have recently extended our studies of multichromophoric Solvent-mediated, or superexchange, could not be elucidated.
systems to the giant tetrad (Scheme 1), containing zinc  Inan attempt to shed more light on the fascinating photophysical
porphyrin (B,) and methyl viologen (M¥") as the terminal results for the U-shapeslynsyn4, we have now synthesized
chromophores and dimethoxynaphthalene (DMN) and naph- theanti isomers of this system (Scheme 1). Herein, we present
thaquinone (NQ) as intermediate chromophd?e§:3! This the results of photophysical studies on bsyhnandanti systems
system offers the promise of exploring the relative importance and the effect of solvent and temperature on the dynamics of
of three competing mechanisms for effecting photoinduced ET photoinduced ET in these systems.
from locally excited B, donor to M\Z™ acceptor, namely: (1)
superexchange through the bridge, (2) electron hopping throug
the bridge in which ET takes place via the intermediacy of DMN  The synthesis of the stereoisomersdadnd the model compounds
and NQ radical anions, and (3) direct ET between &nd 5—7 has been reported elsewhété®3*An isomerically pure sample
MV 2+, either through-solvent or through-space. of synsyn4 was used. Because it was difficult to separate @hé

This mechanistic multiplicity could fruitfully be explored by ~ iSOmers, a 3:1 mixture odntisyn4 andanti,anti-4 was used in the
comparing ET rates for various stereoisomerg ¢Figure 1), photophysical studies (hereafter referred taat-4). This course of

. - . action should not compromise the interpretation of the photophysical
since sgperexchange Shoulc_l be the_sole mecha_nlsm responsib ata since the porphyrirviologen (through-space) separation is very
for ET in the S-shaped anti stereoisomers, if it occurs at all large in bothanti stereoisomers: 32.2 and 34.9 A fantisyn and
over such a large distance, whereas direct, or through-solvent-;i anti isomers, respectivef}. '
mediated ET may be the dominant mechanism operating in the  pnotophysical measurements were carried out as reported previ-
U-shapedsynsynisomer. Preliminary photophysical measure- ously® Solvents were spectroscopic grade and solutions were degassed
ments carried out osynsyn4 revealed that efficient intramo- by multiple freeze-pump-thaw cycles. Methyl viologen radical cation

: . was generated by reduction dfwith N&S in the absence of OThe
3 _ggéégg‘ﬁ%ﬁ- Q*,\'ba”og:grdéhsé niiQ%%ngzlnlgzh?,eé—'\lﬂ.Zé%; Shephard, M. so|ytion was purged with Nand sealed and a deep blue color was
’(24) Lawson, 3. M.: Paddon-Row, M. M. Chem. Soc.. Chem. Commun. afforded mdlc_atmg the formation of the radical s:aﬂo_nbeteady-
1993 1641-1643. state absorption spectra were recorded on a Hitachi 150-20 spectro-

(25) Verhoeven, J. W.; Koeberg, M.; Roest, M. R.; Paddon-Row, M. photometer. Fluorescence decay profiles were obtained by the time
N.; Lawson, J. M. InBiological Electron-Transfer Chains: Genetics,  correlated single photon counting technique using a mode-locked and
Composition and Mode of OperatioBanters, G. W., Vijgenboom, E., Eds.;  cavity-dumped Spectra Physics 3500 dye laser as the excitation source.

Kluwer: Dordrecht, The Netherlands, 1998; pp-HlL. i ;
(26) Lokan, N. R.: Craig, D. C.. Paddon-Row, M. Synlett1999 397 Temperature-dependent fluorescence measurements were conducted in

hEXxperimental Section

400. an Oxford Instruments Optistat cryostat.
(27) Kumar, K.; Lin, Z.; Waldeck, D. H.; Zimmt, M. BJ. Am. Chem. ) .

S0c.1996 118 243-244. Results and Discussion
(28) Gu, Y.; Kumar, K.; Lin, Z.; Read, I.; Zimmt, M. B.; Waldeck, D. L . .

H. J. Photochem. Photobiol. A997, 105 189-196. Preliminary result® reported the observation of fast efficient
(29) Han, H.; Zimmt, M. B.J. Am. Chem. S0d.998 120, 8001-8002. ET from P, to MV2" in synsyn4 in acetonitrile. The resultant

Pa&%‘gn{ggﬁfﬁ,\ﬂ"- @Kn‘zgu’l Téh%m M-;m?hliz%g"l‘z?; gﬁg@g%ag%fgg’lf‘ J. giant CS state showed remarkable longevity and the rate for
(31) Joliiffe, K. A. Langford, S. J.; Oliver, A. M.; Shephard, M. J.; the charge recombination process~i$000 times slower than

Paddon-Row, M. NChem. Eur. J1999 5, 2518-2530. that for the forward ET process. Studies of this molecule have
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anti,syn4'

anti,anti4'

Figure 1. AM1 optimized structures for three stereoisomers of a simplified version of the tetrds-(60)-DMN-(20)-NQ-(70)-MV 2*. The
simplified molecules, designated BY; differ from the unprimed ones in that each of the former series of molecules has free base porphyrin, rather
than B, the DMN group is replaced with naphthalene, and the bicyclo[2.2.0] unit is not methylated.

Table 1. Fluorescence Lifetimes{) and Rate Constants for 02 [— T ——T
Electron Transferkgr) and Charge Recombinatiokcg) for [
Molecules Studied
7 (NS) rate constants faynsyn4
aceto- benzo- aceto- benzo-
nitrile nitrile nitrile nitrile
synsyn4  0.33 03%  ker(10°sY) 2.3 2.1
anti-42 1.28 126  ker(10Psh 23 4.2
5 1.22 1.28 ket/ker 1000 500
6 1.33 1.35
2 3:1 mixture ofanti,syn4 andanti,anti-4, respectively® Major (85% I W E
contribution) short lifetime component. - hos ; E E ]
[ [ ! mew ! i
02

now been carried out in benzonitrile, a polar aromatic solvent

that other studies suggest can play an active role in mediating avelength (nm)

ET processe® Considerable quenching of the fluorescence wavelengt

emission occurs fosynsyn4 in both acetonitrile and benzoni- ~ Figure 2. Transient absorption spectrum sffnsyn4 in benzonitrile

trile when compared to the model porphyy whereas no rgcorded 10_0 ns a_fter photoexcitation. Apsor_blng species, methyl

quenching is observed for tlamti-4 mixture. The fluorescence viologen radical cation (Mv), and porphyrin triplet state3l?)_are

lifetimes extracted from the fluorescence decay profiles of the indicated. The mset.ShOWS th? decay of the transient absprphon at .6 40

. . . m. The data were fitted to a single-exponential function with a baseline

compounds studle_d and the corresponding rates fpr pho_tc_)lnduce fiset, AA = Bel-U) + C: 7 = 233 ns,B/C = 6.83.

ET are presented in Table 1. In the caseyf,syr4, in addition

to the quenched lifetime component there is a smaller (15%)

component having the same fluorescence lifetime as that of the480-560 and 606-700 nm. The longer wavelength transient

excited state of the model porphyri. The fluorescence  absorption (606700 nm) can be attributed to MV, formed

quenching observed fosynsyn4 is accompanied by the following photoinduced ET from the photoexcited,Rchro-

formation of new transient absorptions associated with radical mophore. The identification of this species was confirmed by

ion pair formation. comparison with the absorption spectrum of authentic*MV
Figure 2 shows the transient absorption spectrusyngyn4 generated by the chemical reduction of the MVmodel

in benzonitrile and exhibits two broad transient absorptions at compound?. The transient absorption decay profile at 640 nm

500 600 700
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could be fitted with one exponential lifetime of 233 ns and a
second much longer lived component that is best representedbipy
over the time frame of the decay of the shorter component by

a small baseline offset of some 13%. This longer lifetime
component and the shorter wavelength transient band—-{480 129 A

560 nm) may be assigned to the residual porphyrin triplet state

since the triplet state of the model porphyrin compouhd p P
absorbs strongly around 500 nm and weakly throughout the red
end of the visible spectrum with a lifetime of 35800us. Table

1 summarizes the kinetic data for all compounds in both
benzonitrile and acetonitrile.

The kinetic data obtained provide insights into the nature of
the ET mechanism occurring 8ynsyn4. The observation that
no photoinduced ET takes place in either #mi-4 mixture of
stereoisomers or the model trighl, which lacks the terminal
MV 2+ acceptor moiety, is convincing evidence that the observed
photoinduced ET irsynsyn4 does not occur by way of the MV2+
intervening bridge, either by a through-bridge superexchange

syn,syn-8'-1 syn,syn-8'-2

mechanism or by a multistep process involving electron hopping P 4.1A
via the intermediate chromophores. (A stepwise mechanism
involving the transfer of an electron from photoexciteg ® syn,syn-4' syn,syn-CS-4'

the NQ chromophore is feasible as there is a small calculated

negative free energy change for this process in the solventsFigure 3. Profiles of gas-phase (U)HF/3-21G optimized structures for
studied.) synsyn8', synsyn4', and the giant triplet CS state of the lat®ynsyn

Th Its theref t | t that int | | CS+4'. The primed molecules differ from the unprimed ones in that
€ results therefore strongly suggest that Intramolecular o, ., of the former series of molecules has free base porphyrin, rather

photoinduced ET irsynsyn4 occurs directly from the locally  an p,, the DMN group is replaced with naphthalene, and the bicyclo-
excited donor (B) to the acceptor (M¥"), perhaps involving  2.2.0] unit is not methylated. Two stable conformations were located
solvent mediation. In previous work by Zimmt et?8bn a rigid for synsyn8', with synsyn8'-2 being 0.4 kcal moft more stable than
U-shaped bichromophoric molecule possessing dimethoxyan-synsyng'-1.
thracene (DMA) donor and dicyanovinyl (DCV) acceptor
groups, it was concluded that a solvent molecule occupying the ) o o o
U-shaped cavity could mediate direct electron transfer betweenthat the bipy group is lying well within the shielding zone of
the redox couple. In support of this argument, a strong Fhe porphyrin moiety and that. the blpporphyr.m sep_aratlon
correlation between the vertical electron affinity, &Af the is probably no more tha4 A'in synsyn8. This conjecture
solvent and the observed rate of ET in this system was f8und. "€Ceives support from gas-phase ab initio RHF/3-21G calcula-
In particular, benzonitrile (E&= 0.2 eV) assisted ET consider-  t10NS carried out on a slightly simplified version of this molecule,
ably, whereas acetonitrile (EA= —2.8 eV) did not promote denoted bysynsyn8'.31 Two stable conformations were located
ET (the estimated electronic coupling matrix element for ET in (Figure 3),synsyn8-1 andsynsyn8'-2. The porphyrir-bipy
the system in benzonitrile is about an order of magnitude greaterSeparation in the former conformer is about 13 A and corre-
than that in acetonitrile). sponds to relaxed geometry of the bridge framework with the
In marked contrast, we find that the photoinduced ET rate in terminal chromophores .no.t interacting Wif[h each .other. On the
synsyn4 is approximately the same in both benzonitrile and ©ther hand, the porphyrﬁﬂb)py separation in the slightly more
acetonitrile. This lack of dependence of ET ratesimsyn4 stable conformersynsyng'-2, is only 4.4 ,A' a feat that is
on solvent EA suggests that the solventii®t mediating ET achieved by out-of-plane bendl_ng of the |ntfernal naphthalene
from P to MV2*, It is tempting to explain this surprising ~&nd NQ chromophores. Attractive Coulombic forces between
finding in terms of the much lower excitation energy for the the porphyrin and bipy moieties are the driving forces for this
P2, donor than that for the dimethoxyanthracene group in the geometric distortiort:
DMA-DCYV system. This would reduce the magnitude of the Only modest upfield shifts (ca. 1 ppm) for the ¥Vprotons
electronic coupling between the locally excited reactant state were observed fosynsyn4 in the more polar acetone solvent,
of Pz, and the virtual anionic states of the solvent molecule for suggesting that the porphyrin and the #t\Vgroups are now
synsyn4, compared to that for the DMA-DCV system. How- further apart than they are synsyn8, but that they may still
ever, the problem with this explanation is that rapid, efficient, lie within 6 A separation of each other. Gas-phase HF/3-21G
photoinduced ET nevertheless takes placesyitsyn4 in both calculations orsynsyn4’, a simplified version oynsyn4, led
acetonitrile and benzonitrile solvents. to only one stable structure, in which the porphyrin and viologen
An alternative explanation that accommodates the facts is thatgroups are only 4.1 A apart (Figure 3)While the separation
ET in synsyn4 takes place by way of direct, through-space between the terminal chromophoressynsyn4 in the con-
interaction between the P and MV2™ chromophores. This  densed phase will almost certainly be greater than the calculated
would require the chromophores to be no further than about 6 gas-phase value of 4 A, the favorable near face-to-face orienta-
A apart. Intriguingly,'H NMR spectra showed strong upfield tion of Pz, and MV2' in this system, combined with the
shifts in the resonances of some bipyridyl (bipy) protons in promotion of electron density into the spatially diffuse LUMO
synsyn8, the free base bipyridyl precursor afynsyn4. of photoexcited B, should enhance direct orbital overlap
Specifically, the bipy protons shown in the structurewfisyn8 between locally excited R and MV?*. The close approach of
appear at 3.3 ppmy( CDCL), representing a 4.4 ppm upfield the donor and acceptor thus facilitates the through-space transfer
shift, relative to a model bipy systethThis observation implies  without the requirement for any solvent mediation.
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1-3838The calculated values fdrandV* using this approach
are 1.5 eV and 18 cm, respectively?® The reorganization
energy is of similar magnitude to values reported for other
intramolecular ET reactions in acetonitfewhile the electronic
coupling is much greater than would be expected if through-

24.6

24.3

= bond interaction was the mechanism operating for a donor/
Y acceptor pair separated by a norbornylogous bridge of this
el length® Zimmt and co-worker¥4have examined the factors

affecting the temperature dependence of intramolecular photo-
induced electron transfer rates in considerable detail which

indicate that the assumptions made in the above analysis may
not be rigorous. Nevertheless, the low activation barrier and
23.4 strong electronic coupling are consistent with the conclusion

0.0032 0.0035 0.0038 0.0041 . .
uUT that a direct (i.e. through-solvent or through-space rather than
Figure 4. Plot of Ink<T"?) vs 1T for the photoinduced charge through-bond) ET mechanism is operative. It has been reported

separation rate fosyn,syré in acetonitrile over the temperature range ~ Previously that electronic coupling through acetonitrile solvent

23.7

243-320 K. The data were fitted to a straight line, KaT¥) = mT+ ?n a L_J-shaped DMN-DCYV dyad possessing a 10 A wide cavity
¢; m= —1050,c = 27.8. The activation barriefGe*, for ET derived is quite small,<2 cm1.2° The much larger value of 18 crh
from the gradient is 0.09 eV. for the electronic coupling fosynsyn4 in acetonitrile found

in this work suggests that a direct, through-space mechanism
Temperature-dependent fluorescence lifetime studies werelS Operating in this system in which the cavity size is quite small

conducted over the temperature range of 2330 K for (=7 A). Model HF/6-31+G calculations on a complex compris-
synsyn4 and the porphyrin moded in acetonitrile. The short N two ethene molecules lying in parallel planes aquseparated
lifetime component of the fluorescence decay syhsyn4 by 7 A gives a through-spaces splitting of 72 cm*.*2 The

exhibited a significant temperature dependence. Whentha D coupling of 18 cm* calculated from the experimental data for
electronic coupling is weak<kT), ET may be considered to synsyn4 is therefore not inconsistent with a through-space ET

occur nonadiabaticalfy and the rateker, is well described by ~ Process.

application of Fermi’s Golden Rule: The ratio of the preexponential factors for the short lifetime
and long lifetime (unguenched) components of the fluorescence
AP decay ofsynsyn4 in acetonitrile was found to be markedly
ker = FCWDSV*| ™= = 1) temperature dependent with the relative contribution from the

long-lived component increasing from 15% at room temperature
whereV* is the electronic coupling matrix element and FCWDS to over 50% at 233 K. This behavior is consistent with a
is the Frank Condon weighted density of states. In the temperature-dependent equilibrium between two conformations
high-temperature limit the FCWDS can be represented Of synsyn4 in solution where only one conformation, character-
classically33.34 ized by the short lifetime component, is capable of undergoing

ET4344The two conformers are likely to resemble the “col-

1 —(AG° + 1)2 lapsed” conformation ofynsyn4' and the “extended” confor-
FCWDS= ex (2) mation of synsyn8' (Figure 3). The barrier between these
Tk T2 4Kk, T o
(4mAk,T) conformers must be significant to account for the apparent slow

o ) interconversion during the fluorescence lifetime and arises from
where/ = total reorganization energy (solvent plus internal), the two opposing effects of increased Coulombic stabilization
k, = Boltzmann’s constant, andG°er = free energy change  5nq out-of-plane ring bending of the DMN and NQ rings in the
for ET. Marcus theor§>*relates the activation barrieAG"r, backbone. Both HF/3-21G and AML1 calculations predict the
to the free energy: existence of the collapsed conformer fymsyn4'. As well,
AM1 calculations predict the existence of the extended con-

AGE = (AG°g + 2)? 3) former at about 12 kcal/mol higher in energy than the collapsed

ET a2 conformerd! These are gas-phase calculations and in polar

solvents it might be expected that the relative energies of the

A plot of In(k; T2 vs 17T (whereker = 1/zsyn synsa — 1/76) conformers could be quite different. The AM1 calculated center-

gave a linear relationship (Figure 4) consistent with the behavior to-center distance between the porphyrin and Vio|ogen chro-
predicted from egs 1 and 2 resulting in a gradient-df050 mophores in the extended and collapsed conformesgrsyn

and an ordinate intercept of 27.8. Assuming that the conforma- 4’ is 9.98 and 5.26 A, respectively. AM1 calculations on the
tion of the molecule and the reaction exergonicity remains ™ (3g) Harriman, A.; Hertz, V.; Sauvage, JR.Phys. Cheml1993 97,
temperature independent and that the solvent reorganizations940-5946.

energy is also insensitive to temperature, a valueANiGfzt of (3_9)AIG’;ET calculated from eq 3, \_NhlerAG"ET has been determined
0.09 eV can be derived fr"".‘ the gradi_éﬁﬂ'h?s quantity can pre(\élllg)ulitfmta?,?(?;_Kodank%\\f, Ilr.]\i?ggpa:ttgrib. N.; Waldeck, D. H.; Zimmt,
be used to calculaté and, with the ordinate intercept* for M. B. J. Phys. Chem. A998 102, 5529-5541.

the electron-transfer process by simple substitution into eqs (41) Read, I.; Napper, A.; Kaplan, R.; Zimmt, M. B.; Waldeck, D.H
Am. Chem. Socd999 121, 10976-10986.

(32) Jortner, JJ. Chem. Physl1976 64, 4860-4867. (42) Paddon-Row, M. N.; Jordan, K. D. Modern Models of Bonding
(33) Sutin, N.Acc. Chem. Red982 15, 275-282. and DelocalizationLiebman, J. F., Greenberg, A., Eds.; VCH Publishers:
(34) Marcus, R. A.; Sutin, NBiochim. Biophys. Actd985 811, 265— New York, 1988; Vol. 6, pp 115194.

322. (43) Berg-Brennan, C. A.; Yoon, D. I.; Hupp, J. J. Am. Chem. Soc.
(35) Marcus, R. AJ. Chem. Phys1965 43, 679-701. 1993 115 2048-2049.
(36) Hush, N. STrans. Faraday Socl961, 57, 557—580. (44) Berg-Brennan, C. A.; Yoon, D. |; Slone, R. V.; Kazala, A. P.; Hupp,
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collapsed conformer afynsyn4 (i.e. the complete molecule  more effective formation of photoinduced charge gradients. In
including the 3,5-diert-butylphenyl groups) show that there particular, the increased spatial separation of like charges
is no steric congestion between ttest-butyl groups and the  following electron transfer offers the prospect of dramatically
viologen group in the gas phase which would interfere with increasing the lifetime of the CS state while still maintaining a
the approach of the end groups indicated in Figure 3. high forward ET rate via direct overlap of the D and A orbitals.

UHF/3-21G calculations also indicate possible reasons why  On the other hand, the use of supposedly rigid U-shaped redox
the charge recombination (CR) rate from the giant CS state of systems for studying solvent-mediated superexchange coupling
synsyn4 is 3 orders of magnitude slower than the rate for the mechanisms should be treated circumspectly until more experi-
forward charge separation reaction (Table®lEven though mental data are amassed. For example, as discussed recently
the CR process f@aynsyn4 undoubtedly lies within the Marcus by Paddon-Row and Shepha&fdyeometry changes accompany-
inverted region, it is unusually slow, by as much as 3 orders of ing charge separation or charge recombination processes in
magnitude, compared to similar CR processes in other syétems. redox systems, on the scale similar to that predictegdyasyn
The UHF calculations revealed that in the optimized geometry 4, will markedly influence the interpretation of rate data using
of synsynCS4', the giant charge-separated state dgnsyn semiclassical ET theories.
4" differs markedly from that of the ground state in that the
+P,,—MV*t separation is about 22 A (Figure 3). Thus, the
porphyrin-viologen separation has increased by some 17 A
following charge separation (in the gas phase), a consequence
of strong Coulombic repulsion existing between the positively
charged terminal chromophorés. 9

If a similar increase in the interchromophore separation were . )
to occur in solution, then it would explain the slow rate of charge ~ R€cent experimental studies on another U-shaped system,
recombination, since direct, through-space, or through-solvent"@mely9, by Paddon-Row and Verhoevémave provided the
mediated-CR would be unfavored and, consequently, the CR most convincing conflrmatlon thqt large geometric distortions
process would now be forced to take place through the long MaY occur in rigid bichromophoric systems. The CS stat@ of
bridge. Enhancement of the CS lifetime via a conformational Was found to display charge transfer (CT) fluorescence in a wide

change due to electrostatic repulsion between the oxidized donor@19€ Of solvent polarity which enabled the dipole moment of
and the reduced acceptor has also been reported in a flexiblytn® CS state to be determined. The suprisingly small dipole
linked phenothiazineRu(bpy)?*—diquat system? 50 found for t_he CS state dd is consistent with the predl_ctérd
very small interchromophore separation (4.2 A), resulting from
Conclusion electrostatically induced attraction between the oppositely

) . . charged chromophores.
The remarkable electrostatically driven conformational changes g P
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