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The natural photosynthetic reaction center utilizes sequential (a) e (b)
multistep electron transfer from the excited chromophore to the e
terminal electron acceptor via electron mediators, which are well-
organized in a protein matrix, to attain a lifetime of the final charge-
separated (CS) state as long as secérdswever, a significant
amount of energy is lost during the multistep electron-transfer
processes to reach the final CS state (0.50%eM@spite extensive
efforts to mimic the photosynthetic reaction cerftéé an artificial

Yy
system which exceeds both the lifetime and the energy of the CS

[ Y
[ e
state of the natural system has yet to be developed. We report herein L

an electron doneracceptor linked compound which affords the  Figure 1. (a) X-ray crystal structure of Acr-Mes. (b) HOMO and, (c)
electron-transfer (ET) state upon photoexcitation with not only a g%“fg*oggggliSSICUIated by a DFT method with Gaussian 98 (B3LYP/
much longer lifetime (e.g.2 h at 203 K) butalso a much higher '
energy (2.37 eV) than that of the natural sysfém. (a) —  (b) 0.03

According to the Marcus theory of electron transfer (Ethe e
ET rate is expected to decrease and thereby the lifetime of the ET %2}
state increases as the ET driving foreeAGgt°) increases in the
strongly exergonic region whereAGg° < 4; 4 is the reorganiza- @
tion energy required to structurally reorganize the donor, acceptor, § 001}/
and their solvation spheres upon ET. Such a strongly exergonic
regime is generally referred to as the Marcus inverted region, which
in principle allows an increase in the lifetime of the ET state with .
an increase in the driving force of the back electron transfer. 50 600 700 800 0 5 0 s

We have designed and synthesized an electron dermreptor Wavelength, nm Time, ys
linked molecule with a small value and a high-lying triplet excited Figdure 2 t(x’:é) l\';faélliier:t;lggs?(r?tign SEECt][ta Of| AerMes _(t5-tQX 1?:3'\3)
state. Acridinium ion is the best candidate for such a purpose, " deaeraied MeCN a aKen AsS aier laser excitation a nm
because hé value for the election self-exchange between the 1% R€Cec) and presencea) of ntracene (.0 105w 0
acridinium ion and the corresponding one-electron reduced radical

is the smallest (0.3 eV) among the redox active organic com-  Thg gne-electron oxidation and reduction potentials ofAcr
pounds'® An electron donor moiety (mesityl group) is directly a5 in benzonitrile (PhCN) were determined by the cyclic

connected at the 9-position of the acridinium ion to yield 9-mesityl- voltammetry and second harmonic AC voltammetry as 1.88 and
10-methylacridinium ion (Acr—Mes), in which the solvent reor-  _ 49 v vs SCE, respectively. It is important to note that the
ganization of ET is minimized because the overall charge remains ,yiqation potential of 1.88 V is high enough to oxidize water. The
the same in the charge-shift ET with the short linkage between the g giate energy of A¢r—Mes is determined as 2.37 eV, which is

donor and acceptor moieties. ) o much higher than the ET state energy of the natural system (0.50
The X-ray crystal structure of At—Mes is shown in Figure eV

11%The dihedral angle made by aromatic ring planes was found to Irradiation of a deaerated acetonitrile (MeCN) solution of Aer
be approximately perpendicular. This indicates that there is N0 a5 by nanosecond laser excitation at 430 nm results in formation
conjugation between the donor and acceptor moieties. Indeed, theys he ET state (Ace-Mes*) via photoinduced ET from the

absorption and fluorescence spectra of Ackes are superposi-  masitylene moiety to the singlet excited state of the acridinium ion
tions of the spectra of each component, that is, mesitylene and 10'moiety CAcrt*—Mes) at 298 K. The absorption band of the radical

methylacridinium ion. _ cation of the mesitylene moietyl{., = 480 nm}7 overlaps with
The HOMO and LUMO orbitals of Acr—Mes calculayed bya  that of the acridinyl radical moietylfax = 520 nm}5 as shown in

DFT method with Gaussian 98 (B3LYP/6-31G* basis sef) are figyre 2. The quantum yield of the ET state was determined as

localized on mesitylene and acridinium moieties, respectively. 98%18 The addition of anthracene to an MeCN solution of Aer

t Osaka University Mes and laser photoirradiation result in the formation of anthracene
* Tampere University of Technology. radical cation Amax = 720 nm}° with a concomitant decrease in
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anthracene'
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Figure 3. (a) Decay time profile of the transient absorption spectrum of
Acr'—Mes™ in PhCN solution at 383 K. (b) ESR decay time profile of the
ESR signal intensity of Ace-Mes* in frozen PhCN at 223 K. Insets: First-
order plots. (c) Plot of Ifget/T) versusT 1 for the intramolecular BET in
Acr'—Mes™ in PhCN determined by laser flash photolys®) @nd ESR
(®) measurements.

the absorption band due to the radical cation of the mesitylene
moiety (Figure 2b), whereas the absorption band due to the acridinyl
radical moiety remains virtually the same (Figure 2a).

The intramolecular back electron transfer of the ET state was
too slow to compete with the intermolecular back electron-transfer
reaction because the decay time profile of Advles™ obeyed
second-order kinetic.In contrast, the decay of the ET state obeys
first-order kinetics in PhCN at high temperatures as shown in Figure
3a (the data at 383 K). This indicates that the rate of the
intramolecular back electron transfer (BET) of the ET state becomes
much faster than the rate of the intermolecular BET at higher

temperatures because of the larger activation energy of the former

than the latter. Such a large temperature dependenégeofis
expected by the Marcus equation (eq 1) for adiabatic electron
transferi4 and the plot of InkgerT~1) versusTtin the temperature
range from 323 to 383 K gives a linear correlation as shown in
Figure 3c QO).

Ks

0 2
I T4 = m(ﬁ) (MG +4)

1
47k T (1)
The formation of the ET state is also detected by ESR under
photoirradiation of Actr—Mes in frozen PhCN. The resulting
spectrum consists of the superposition of the ESR signals of the
radical cation of the mesitylene moiety and the acridinyl radical

moiety, although the line broadening was observed because of the

spin—spin interaction. The disappearance of the ESR signal intensity

However, the doneracceptor interaction may not be so strong due
to the orthogonal geometry in that the electron transfer remains
outer-sphere rather than inner-sph¥r&rom the slope of Figure
3c, thel value was determined as 0.79 eV.

The ket value of the forward intramolecular photoinduced ET
from the mesitylene moiety to the singlet excited state of the
acridinium ion moiety is estimated as 3:6 10 s1 using eq 1,
provided that thel value is the same as that for BET. The driving
force of the photoinduced electron transfer is determined as 0.31
eV from the ET energy (2.37 eV) and the singlet excitation energy
of Acrt*—Mes (2.68 eV). The fluorescence lifetime ®crt"—

Mes was determined by an up-conversion method as 4.2 ps which
corresponds tker = 2.4 x 1011 57120 This value agrees reasonably
well with that expected from eq 1. Thus, the present system is well
analyzed by the classical form of electron transfer (eq 1) without
introducing quantum effects.

In conclusion, we have successfully achieved the ET state of
Acrt—Mes produced by a single step photoinduced ET, which has
a much longer lifetime and higher energy than the natural system,
by minimizing the reorganization energy of ET without loss of
energy due to multistep electron-transfer processes.
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