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Photoinduced charge separation and recombination processes in a tetrathigpleihgad molecule (4T-

Ceo) in various solvents were investigated by observing transient absorption spectra in the near-IR region. In
polar solvents such as tetrahydrofuran and benzonitrile, charge separation occurred at a rate on the order of
10 s71, which decreased down to the order of B0! in moderately polar solvents. In nonpolar toluene,
charge separation was not observed. The quantum yields for the charge separations were nearly unity in polar
solvents. Charge recombination occurred in 106-d0 ns; the shorter lifetimes occurred in the highly polar
solvents. After recombination, the triplet excited state gfWas generated predominantly. In polar solvents

such as benzonitrile, the charge-separated state was also observed in the microsecond time region. To explain
the unprecedented long lifetime of the second charge-separation step, an equilibrium between the charge-
separated state and the triplet excited state was taken into consideration.

Introduction

Recently, fullerene () has been adopted in several donor
acceptor-linked molecules in order to realize an efficient
photoinduced charge-separation prode$dn such dyad mol-
ecules, fullerene acts as an electron acceptor. As for the donor
of the dyad molecules, anilifecarotenoic? porphyrin2°3.4
pyrazine; and so forth have been employed. In these molecules,
the quantum yields of the charge-separation processes were close
to unity. The lifetimes of the charge-separated states were on
the order of subnanoseconds. Imahori et al. reported that the
reorganization energy of the dyad molecule including the s
fullerene acceptor is small compared with other reported electron \ s W[ s
acceptorgP This feature seems to be one of the advantages of CeH1s
the fullerene-containing dyad molecules, the use of which is
aimed at attaining a long-lived charge-separated state with high 4T NMPCqq

quanj[l_Jm yield for application to energy-storagg systems or otherFigure 1. Molecular structures of 4T+ NMPGso, and 4T.
sensitized reactions. As for the donor moiety of the dyad

molecule, several candidates are expected in addition t0 thos§y 55 introduced to realize higher solubility of the dyad molecule

listed above because many examples of photoinduced electronsyy, yarigus organic solvents. Furthermore, oligothiophenes are

transfer [(leflctior)s between fullerene and donors have beengiapie compared with other olefins such as carotenoid because
reported. 2 Studies on various donefullerene dyad molecules ¢ sapilization of ther-conjugated chain by the sulfur atom.

are expected to give important information in optimizing the By applying pico- and nanosecond laser flash photolysis
charge-separation yield and lifetime. , techniques to the present dyad molecule, absorption bands due
In the present study, we examined the photoinduced charge-g the charge-separation species were successfully observed in
separation and recombination processes in a novel tetrathiophene the near-IR region. The solvent dependence of charge-separation
Ceo linked dyad molecule (Figure 1) by time-resolved absorption ang recombination rates are disclosed. Furthermore, unprec-

and fluorescence measurements. Oligothiophenes have beegdentedly long charge separation in the microsecond time region
confirmed to donate an electron to the triplet-excited fullerenes g yeported.

in solution in previous studi€$:1* In the polythiophene film
doped with Gy, ultrafast photoinduced charge generation was Experimental Section
reportedt> The present dyad molecule has a rather strict structure
due to a stiff oligothiophene structure, although the alkyl chain

Materials. Syntheses of the dihexyltetrathiopher@s, dyad
(4T-Cs0), N-methylpyrrolidino—Cgo (NMPCgg), and dihexyl-
*To whom correspondence should be addressed. tetigthmphene (4T) were described in a previous paper (Figure
t Tohoku University. 1).1% Other chemicals were of the best commercial grade
8 Hiroshima University. available.
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Figure 2. Absorption spectra of 4T+ NMPGCso, and 4T in toluene. (b)
Superposition of NMPg and 4T is indicated by dash-dot line.

Apparatus. The time-resolved fluorescence spectra were
measured by a single-photon counting method using the second
harmonic generation (SHG, 410 nm) of a Ti:sapphire laser
(Spectra-Physics, Tsunami 3950-L2S, 1.5 ps fwhm) as an
excitation source and a streakscope (Hamamatsu Photonics, Eo
C4334-01) equipped with a polychromator (Acton Research,
SpectraPro 150) as a detector.

The picosecond laser flash photolysis was carried out using
a SHG (532 nm) of an active/passive mode-locked Nd:YAG 0.0 2 0.4 0.6 0.8 1.0
laser (Continuum, PY61C-10, fwhm 35 ps) as the excitation time / ns
light. A white continuum pulse generated by focusing the Figure 3. Fluorescence decay profiles around 710 nm of 4§i€
fundamental of the Nd:YAG laser on 0/H,O (1:1 volume) (a) toluene and (b) benzonitrile. Excitation is at 410 nm. Solid lines
cell was used as the monitoring light. The visible monitoring Show fitted curves; hatched parts indicate laser profile.
light transmitted through the sample was detected with a Dual
MOS detector (Hamamatsu Photonics, C6140) equipped with
a polychromator (Acton Research, SpectraPro 150). For detec-

tion of the near-IR light, an InGaAs linear image sensor . L : .

o i analysis: Oxidation and reduction potentials of 4gx-CL.04
(Hamamatsu Photonics, C5899 128) was employed as theand —0.63 V vs Ag/AgCI in benzonitrile, respectively) are
detector. The spectra were obtained by averaging 80 events on

a microcomputer. The time resolution of the present system Was.almOSt the same as the oxidation potential of 4T (1.07 V) and
ca. 35 ps pHier: P y the reduction potential of NMPg (—0.63 V)6 The rigid

Nanosecond transient absorption measurements were carrieée trathienyl group may exclude structural variation, which brings
. P i . _about a weak interaction in the ground state, although in a film
out using a SHG (532 nm) of a Nd:YAG laser (Spectra-Physics, - . . °
S mixture composed of £ and polythiophene or oligothiophene,
Quanta-Ray GCR-130, fwhm 6 ns) as an excitation source. For o . : .
. ) . - substantial interaction among them was confirmed in the
transient absorption spectra in the near-IR region {60800 -
N .., absorption spectri.
nm), monitoring light from a pulsed Xe lamp was detected with

a Ge-avalanche photodiode (Hamamatsu Photonics, B2834). Tlme.-ResoIved Fluorescence Measuremerin a previous
h . . - - . paper, it was reported that the fluorescence peaks of unbonded
Photoinduced events in micro- and millisecond time regions

were estimated by using a continuous Xe lamp (150 W) and an 4T at 460 and 484 nm disappeared because of the connection
INGaAs-PIN hoi/odiodge (Hamamatsu Photoﬂics G5125-10) with Cgo in toluenel® Thus, the fluorescence bands due to the
N p . N .~ Cgo moiety were observed at 712 and 790 nm, which have the
as a probe light and detector, respectively. Details of the transient lifeti hat of NM Ei 3a) Th findi
absorption measurements were described in our previous.sar!1e ffetime as that o Rie (Figure 3a). ese 1indings
apers? All the samples in a quartz cell (k 1 cm) were indicate that the fast energy transfer from the singlet excited
Papers: np q : . state of 4T to G occurs (eq 1) to generate the singlet-excited
deaerated by bubbling Ar through the solution for 15 min. . . .
. . . Cso moiety but not electron transfer in toluene:
Steady-state absorption spectra in the visible and near-IR
regions were measured on a Jasco V570 DS spectrophotometer. hw(<400 nm) energy transfer
AT-Cyy— 14T*.C,
Results and Discussion in toluene

fluores. int.

1 Il I} |

o AT

out by the 532-nm laser light, which predominantly excites the
Cso moiety of the dyad. Very weak interaction betweeg &nd
AT moieties is in accord with the results of electrochemical

4T'1C60* (1)

Steady-State Absorption Spectra.Figure 2 shows an  Furthermore, no apparent acceleration of the decay rate of
absorption spectrum of 4Tggin toluene as well as those of fluorescence from the 4 moiety excludes photoinduced
4T and NMPGo, which correspond to components of 4FoC reactions from 4T*Cgg* in toluene.

The absorption peaks and shoulders of 4p\@ere interpreted When 4T-Go was excited in more polar solvents, such as
from the superposition of the components as indicated in Figure benzonitrile, the fluorescence band due to thg r@oiety was
2. A slight broadening of the absorption band of 4§c@as guenched. The fluorescence decay profile around 710 nm in

observed in the region of 388170 nm compared with the  benzonitrile (Figure 3b) can be divided into two components;
superposition of the components, which indicates very weak from the time-resolved fluorescence spectra, fast- and slow-
interaction among the components due to a close distance. Indecaying parts can be attributed to fluorescence from the C

the present laser flash photolysis study, excitation was carried moiety and the 4T moiety, respectively. Quenching of'€C§s*
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TABLE 1: Free-Energy Changes for Charge Separation { AGcs),
Constants k%), and Quantum Yields for Charge Separation @cs)

Fujitsuka et al.

Fluorescence Lifetimes €¢), Singlet Quenching Rate
in a 4T-Cgo Dyad in Various Solvents

fullerene solverit €son’ —AGcdeVe 7els keS/s~1d D
4T-Ceo BN 25.2 0.11 5.5¢ 101! 1.7 x 10% 0.96
ANS/BN 14.8 0.08 7.8< 101 1.2x 1010 0.94
THF 7.58 —0.03 3.4x 101! 2.8x 101° 0.97
ANS 4.33 —0.19 1.9x 1010 45x 10 0.85
ANS/Tol 3.36 —0.29 4.6x 10710 1.4x 10° 0.65
Tol 2.38 —0.48 1.3x 10°° <10° <0.1
NMP Ceo' Bz 2.28 1.3x 10°°

aBN, benzonitrile; ANS/BN, anisole/benzonitrile (1:1) mixture; THF, tetrahydrofuran; ANS, anisole; ANS/Tol, anisole/toluene (1:1) mixture;
Tol, toluene; Bz, benzené& Data from ref 23° —AGcRr" = Eox — Erea + AGS, —AGcs = AEg—g — (—AGcr), AGs = &/(4neq)[(1/(2RT) + 1/(2R)
— 1/R)(Lles) — (L/(2RT) + 1/(2R7)) (1/er)] where AEy¢ is the energy of the 00 transition of Go; Eox and Eeq are the first oxidation potential
of the donor and the first reduction potential of the acceptor in benzonitrile, respectend R~ are radii of 4T (7.5 A) and & (4.2 A),
respectivelyR.. is the center-to-center distance between the two moieties (13.0 A amdle, are static dielectric constants of solvents used for

the rate measurements and the redox-potential measurerhigits: (z¢) *
eDcs = ()t — (r0) H/((zr)7Y). f Data from ref 17.

1.00

0.80

0.80 |- 2060 = 680nm
8 £040- -
S 060 | To20r o N,
£ ) T s
2 040 L 50 0 50 100150200
< time / ps
<

0.20

0.00 S

600 800 1000 1200

Wavelength / nm

Figure 4. Picosecond transient absorption spectrum of 4746
benzonitrile at 20 ps after 532-nm laser irradiation. Insert is absorption
time profile at 680 nm. Solid line shows fitted curve.

— (70)%, whererty is the fluorescence lifetime of NMREIn toluene.

absorption band of 4T in this wavelength region is larger than
that of Gso~.14 Similar charge separations were also observed
in anisole/benzonitrile mixture, tetrahydrofuran, anisole, and
anisole/toluene mixture solvents. Exciplex formation can be
excluded because the absorption bands due to themdiety

did not shift with solvent polarity.

The absorptiontime profile at 680 nm (insert of Figure 4)
can be analyzed by assuming the first-order rise and decay
functions. Since the estimated rise rate was close to the value
of the present instrumental resolution, tk¢ values from
fluorescence were adopted as reaction rate constants for the
present charge-separation reactikgs). This treatment can be
rationalized by the absence of an energy-transfer reaction from
the 1Ce* to the 4T moiety upon 532 nm-laser irradiation. As
mentioned in above section, thes value & kg% increased
with increasing solvent polarity (Table 1). The quantum yield
for the charge separationP¢s) can be calculated from the

indicates photoinduced processes including charge separatiof€/ation®cs= ked(kes + ko) = ((zr) ™ — (z0) *)/((zr) ), where

in the dyad. The possibility of energy transfer to the 4T moiety

ko is the fluorescence decay rate of NMEBCThe ®cs values

can be excluded because of a higher singlet energy of 4T (2.702"€ also increased with an increase of solvent polarity, as

eV) than of Go (1.74 eV). Actually, the fluorescence lifetime
of 4T-1Ce¢* (7¢) in nonpolar toluene was the same as that of
NMPCs (1.3 ns}’ within experimental error (Figure 3a). The
fluorescence lifetime of 4TCg* became shorter with an

increase of the solvent polarity, as listed in Table 1. The reaction

rate constantk;®) in each solvent was estimated from the
relation ks = (zg)™* — (z0)~%, wheret is the fluorescence
lifetime of NMPGCy in toluene, as summarized in Table 1.

Picosecond Laser Flash Photolysig.o obtain more detailed
information on the photoinduced processes oft@{y*, transient
absorption spectra in the picosecond regime were observe
Figure 4 shows a transient absorption spectrum of 4JHC
benzonitrile obtained with 532-nm laser light irradiation of the
Cso moiety. At 20 ps after the laser irradiation, sharp and broad
transient absorption bands were observed at 680 and 1140 n
respectively. Because of accordance with an absorption spectru
of the radical cation of 4T (4T),1418both transient absorption
bands can be attributed to the radical cation of the 4T moiety,
indicating photoinduced charge separation in the 4§ dyad
molecule (eq 2):

hw(532 nm)

. ks L
4T-Cy, AT-"Cyot — 4T "-Cy (2)
An absorption band due to the radical anion gb Goiety,

which would be anticipated to appear around 1000'hshould

m,_. : ; .
nFlgure 5. Sincekcs values show maximum values with small

summarized in Table 1. The estimat®ds value is as high as
0.97 in tetrahydrofuran. Thé@cs values close to unity indicate
efficient charge separation in the dyad molecule with short
donor-acceptor linkage in polar solvents. As for the dyad
molecule including fullerene, th@csvalues close to unity have
been reported for the zinc porphyti€s dyad and the
carotene-Cgo dyad?—* indicating a potential for application to
light-harvesting systems or solar céltd-urthermore, thebcs
and kcs values of the present dyad molecule are similar in
tetrahydrofuran, anisole/benzonitrile mixture, and benzonitrile.

d.This finding indicates that charge separation in these solvents

corresponds to those around the top region of the Marcus
parabola. Free-energy changes for the charge separAt@s)
were estimated as listed in Table 1 using the Born equation.
Thekesvalues are plotted against thécs values as shown in

AGcs values, reorganization energy for the present dyad
molecule is considered to be small, as proposed by Imahori et
al. for the Go—porphyrin dyad moleculé?

As shown in the inserted figure of Figure 4, generated radical
ions decreased after reaching a maximum at ca. 20 ps. The decay
of the absorption bands of the radical ions can be attributed to
the charge recombination in the dyad molecule. By applying
the first-order decay function, the rate for the charge recombina-
tion (kcr), in which suffix | refers to the first step of charge
recombination, was estimated to be X510 s1. The kcg

be hidden by the intense absorption band of the 4T radical cationvalues estimated for the other reaction media are listed in Table

around 1140 nm, because an extinction coefficient of the

2 as well as the free-energy changes for the charge recombina-
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TABLE 2: Free-Energy Changes (-AGcr' and —AGcR'") and Rate Constants kcg' and kcgr'') for Charge Recombination,
Quantum Yields for Triplet Formation ( ®1), and Triplet Decay Rate Constants K1) of 4T-Cg in Various Solvents

fullerene solverit —AGcr/eVP kerl/st —AGcR'/eVe ker!/s™t Ot kr/s™t

4T-Cso BN 0.13 1.5x 10 1.63 1.6x 1C° d d
ANS/BN 0.16 1.2x 10 1.66 1.2x 10° d d
THF 0.22 2.4x 1010 1.77 e e e
ANS 0.43 4.2x 10° 1.93 0.7+ 0.15 3.9x 104
ANS/Tol 0.53 8.7x 10° 2.03 1.0+£0.15 3.4x 10
Tol 0.72 f 2.22 1.0+ 0.15 3.2x 104

NMPCs? Bz 0.95 4.1x 10¢

a Abbreviations for solvents: see caption of Table AGcr = AGcr' — Er, whereEr is the energy level of 4T€s*. © See caption of Table
1. 9 A transient absorption band due to 4Cs* was not observed Estimation was difficult due to overlap with 4FCs¢'~. f Transient absorption
bands due to 4T-Css'~ were not observedData from ref 17.
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Figure 5. Relation between rate constants and free energy changes inFigure 7. Nanosecond transient absorption spectrum of 474G
various solvents. Filled circles, open circles, and triangles indicate anisole at 100 ns after 532-nm laser irradiation. Insert is absorption

ke, andker!, respectively. time profile at 720 nm.
0.80 Nanosecond Laser Flash PhotolysisFigure 7 shows a
0.30 transient absorption spectrum of 4yn anisole after nano-
0 020k At . second laser excitation. Absorption bands with a peak at 700
0.60 2 T e nm can be attributed to 43Cgs*.17 Actually, the whole
§ < 0.10F absorption band was quenched efficiently in the presence of
S o040l T oxygen, a_tnplet qu_encher. Slmllarly, FCyo* f(_)rmatlon was
s 50 0 50 100150200 observed in the anisole/toluene mixture and in toluene, that is,
2 time / ps moderately polar and nonpolar solvents. The generation of 4T-
<<(, 0.20 M 3Cgo* can be attributed to recombination of 4TCgy~ as well
\\"’mw as the intersystem crossing from 4CTsg*. Since the quantum
0.00 ‘ . x . yield for the intersystem <_:rossing process of NME_H'@ reported
600 800 1000 1200 to be 0.95 quantum yields for 4PCss* formation by the
intersystem crossing from 4%Cg¢* are 0.14, 0.33, and 0.95 in
Wavelength / nm anisole, anisole/toluene mixture, and toluene, respectively, from
Figure 6. Picosecond transient absorption spectra of 4gkCtoluene (1 — ®cg) values. From the relative actinometry method using
at 70 ps after 532-nm laser irradiation. Insert is absorpttime profile 3C;¢* as an internal standard (AT peak 980 nmg¢ = 6500
at 980 nm. Solid line shows fitted curve. M~tcm™1, and®;s. = 0.9+ 0.157° and the reported extinction
coefficient for triplet excited NMPg,'” the quantum yields for
tion process AGcRr') for generating triplet excited dg (4T- 4T-3Cgo* formation (®7), which are the total of deactivation

3Ce0%), since the charge recombination of 4TCs¢"~ generates from 4T-1Cgo* and 4T-Cgg~, Were estimated to be 0.7, 1.0,
4T-2Cgg* predominantly, as mentioned in the next section. The and 1.0 in anisole, anisole/toluene mixture, and toluene, respec-
ker' values increased with an increase in solvent polarity, that tively. These quite large quantum yields indicate that 4T~
is, the dielectric constantdy,). Fast charge recombination for ~ deactivates to generate 4Tso* predominantly in less polar
less negativ\Gcr' values indicates that the charge recombina- solvents. That is, deactivation from 4Tse* and 4T-Cgo'™
tion process is in the Marcus inverted region (Figure 5). to the ground state is a minor process in the present dyad
As for 4T-Gyo in toluene, transient absorption bands due to molecule. Charge recombination processes, to give mainly the
charge separation were not observed (Figure 6). A broad triplet excited states, are also reported for a fulleretnis(2,2-
absorption band around 900 nm can be attributed tdGg* bipyridine)ruthenium dyad molecule by Maggini etf&land
from similarity with an $—S; absorption band of £&.1° The for a caroteneporphyrin fullerene triad molecule by Liddell
absorption band decreased slowly, as indicated in the insertet al?! Charge separation and recombination processes of the
figure of Figure 6. The finding indicates that no charge present dyad molecule in polar solvents are summarized in a
separation takes place in nonpolar toluene because of an unstablschematic energy diagram (Figure 8a), in addition to energy
charge-separated state relative to the'@gy* state. The decay  transfer processes in a nonpolar solvent (Figure 8b).
of 4T-1Cg¢* can be attributed to the intersystem crossing to 4T-  In polar solvents, the formation é#T*-Cgo by the deactiva-
3Ce0*. tion from 4T*-Css~ can be excluded from the energetic
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Figure 9. Nanosecond transient absorption spectrum of 4JiC
benzonitrile at 100 ns after 532-nm laser irradiation. Insert is absorp-

4T"-Cgp” tion—time profile at 680 nm in the (a) absence and (b) presence of
% oxygen.
1.76 4T-Cg*" energy transfer 4, 400 nm)
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isc
0.06
3« O
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<
O
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o 4 0 4 8 12 16
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Figure 8. Schematic energy diagrams for charge separation and charge
recombination processes in the 4F,@yad (a) in polar (benzonitrile)
and (b) nonpolar (toluene) solvents. Numbers indicate energy levels in 0.00 : : :
600 800 1000 1200 1400

eV units relative to the ground state.

consideration: Triplet energy of 4T is as high as 1.9'&Which
is larger than 47"-Ce'~ and 4T3Ceg* (Figure 8a). Actually,
absorption bands due to tR&T* moiety, which are reported to
appear at 550 and 620 nfh,were not observed in the
nanosecond transient absorption spectrum.

The decay rate constants of 4Ts* (kt) were estimated from
the transient absorption band at 700 nm to b& 3 10*s1in
anisole, anisole/toluene mixture, and toluene, which are quite
close to values of the triplet decay rate constant of NRIC
benzene (4.% 10* s71).17 The finding indicates that generated
4T-3Cgg* deactivates to the ground state by intersystem crossing

Wavelength / nm

Figure 10. Nanosecond transient absorption spectrum of 4JH#C
anisole/benzonitrile mixture at 100 ns after 532-nm laser irradiation.
Insert is absorptiontime profile at 680 and 820 nm.

the second charge separation step are quite longer than other
reported donoracceptor dyad molecules, for which the radical
ions show lifetimes in the subnanosecond redidh.

It is worth mentioning that the absorption bands due to"4T
Cso'~, as well as that of 4PC40*, were quenched in the presence
of oxygen, as indicated in the inserted figure of Figure 9. It has
been reported that the radical anion g @ a triad molecule

without further reaction processes in these less polar solventswas not quenched by oxygen, indicating that electron transfer
and in the nonpolar solvent. The estimated decay rate constantgloes not occur to ©from the Gg¢~ moiety after complete

are summarized in Table 2.
In the case of 4T-g in benzonitrile, a transient absorption

charge transfet? Therefore, such oxygen-sensitive radical ions
in the present dyad molecule may be attributed to radical ion

spectrum observed by the nanosecond laser flash photolysispair generation from triplet excited state; a triplet exciplex, that

shows peaks at 1140 and 680 nm, which undoubtedly indicate
existence of 4T-Cgg*~ in the microsecond time region (Figure
9). An absorption band due to the radical anion of thgriety

may be hidden by the absorption band of the radical cation of
the 4T moiety, as in the case of the picosecond laser flash
photolysis. The shoulder around 840 nm is assigned teC4d*
from comparison with the transient absorption spectra of 4T-
3Ceo* (Figure 7) and 4T"-Cgo~ (Figure 4). From the absorp-
tion—time profile at 1140 nm, the decay rate constant of"4T
Cso~ (kc/"), in which suffix 1l refers to the second charge
recombination step, was estimated to be £.60° s1, which
corresponds to 6.2s of lifetime. In the tetrahydrofuran and
anisole/benzonitrile solvents the absorption bands due to-4T
Ce~ were also observed overlapping with 4Tso* in the
microsecond time region (Figure 10). Tkey' value in anisole/
benzonitrile mixture was estimated to be 2 s1, whereas

the kegr! value in tetrahydrofuran was difficult to estimate due
to spectral overlap with 4¥€¢s*. The estimated lifetimes for

is, 3(4To+-Ceo?)*; or an equilibrium between the radical ion
pair (4T -Ceo") and 4T3Ceq*. In the present case, the last
mechanism seems to be plausible, because the absorption band
due to 4T3Ceg* was observed in polar solvents as well as those
of 4T*-Ceo~ (Figures 9 and 10). A typical case is shown in
Figure 10; in the transient absorption spectrum, 820- and 720-
nm bands are due to 4Ggg*, whereas 1140- and 680-nm bands
are due to 47-Cgo"~. Furthermore, this mechanism will be
rationalized by the fact that the decay rate of 4Tqo*~ is the
same as that of 4¥cg¢* in anisole/benzonitrile mixture (insert

of Figure 10). The energy difference between4Ter'~ and
4T-3Cgo* becomes large in less polar solvents, in which 4T-
3Cso* becomes dominant in the equilibrium, as observed in the
nanosecond transient absorption spectrum (Figure 10).

For radical ion pairs, stafé4T*"-Ce"~) may be in equilibrium
with 1(4T*+-Ce¢'™) as illustrated in Figure 8a. The deactivation
of these radical ion pairs to the ground state is considered to
proceed vial(4T*"-Cgo™), of which the rate should be faster
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thankr due to the same spin multiplicity. In Table 2, free-energy
changes for the deactivation frof¥T*"-Css"") to the ground
state AGcRr') in various solvents are also listed. Smalkeg'
values tharkcgr seem to be reasonable, sinaA&cR' values
are more negative thaAG¢cg' and the charge recombination
processes are in the inverted region (Figure 5).

Conclusion

The present 4T-§ dyad produced a high yield of a charge-
separated state upon laser irradiation of ther@oiety in polar
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