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One of the most fundamental steps in photosynthesis and light-
to-chemical energy conversion is photoinduced charge separation
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in the photosynthetic reaction centefoward this end, a number Ar Ar /N
of electron donotracceptor (B-A) linked systems have been Ny SN
designed and the photodynamics has been examined to mimic /
photosynthetic charge separatfofl Photoinduced electron-transfer N Ar Ar
PFg”
Ar Ar 6

reactions of D-A have been examined mostly in polar solvents to
stabilize the charge-separated (CS) staté3he longest lifetime
of the CS state of doneracceptor linked dyad systems (346 at
278 K) was reported for a zinc imidazoporphyfi@s dyad @ o004 ®) 0.004
(ZnimP—Cgp) with a short linkage in a polar solvent such as

benzonitrile2? In nonpolar solvents, the CS state of donacceptor 0003
linked systems becomes higher in energy than the triplet excited ~ °***[ /’\

Figure 1. Structure of ZNPQAUPQ'PR~ dyad (Ar= 3,5-Bu,CgH3).

state of the donor or acceptor moiety when charge recombination g 0002

results in formation of the triplet excited-state rather than the ground ~ o R, %0 5 10 5 2
state® However, the protein environment surrounding the photo- \/ \/ 0.001 |- .y Time, us

AAbs at 750 nm

synthetic reaction center is rather nonpolar with a low dielectric "z
constant ¢) of ca. 21° There have so far been no dor@cceptor
linked systems which show long-lived CS states in nonpolar w00 500 N ?60 ) 700 800 o 10 - 20 s %
SOlVentS. avelength, nm ime, us

; ; _ . .« Figure 2. () Transient absorption spectrum of ZnPAUPQ" (1.0 x 104

We report herein the photon_wduced electron tran.sfer dynamics M) in deaerated cyclohexane at 298 K taken/ds4after laser excitation at

of an electron doneracceptor linked system containing Au(lll) 440 nm. (b) The decay profile at 750 nm. Inset: First-order plot.
and Zn(ll) porphyrins (ZnPQAUPQ"PR;~ in Figure 1} which
exhibits an unprecedented long-lived CS state with the lifetime of potentials in a much more polar solvent (PhCN, see Figure S3).
10us in a nonpolar solvent such as cyclohexane=(2.02). The Such a smaller CS energy in toluene than the value in PhCN results
introduction of quinoxaline annelation to the gold porphyrin results ,om the less negativ&.q values in toluene as compared with
in a lowering of the CS state energy to less than that of the porphyrin 4t in PhCN 0.40 V) and this is due to the smaller solvation of
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triplet excited state even in nonpolar solvents. the AuPQ moieties in toluene. On the other hand, g, value
A ZnPQ refberence compound shows a fluorescence band at 623 ¢ 1o ZnPQ moiety is virtually the same in PhCN (0.81 V). Thus,
L - ;
and 678 nnt!® The fluorescence emission of ZnPQUPQ" is in contrast to the case of neutral don@cceptor dyads, the CS

quenched 20_—fold compar_ed to _emission from the ZnPQ referenceenergy of ZnPG-AUPQ" becomes smaller in a less polar solvent.
(see Supporting Ipformatlon, Figure S1). Intramolecular electron The CS energy is lower in energy than both the triplet excited states
transfer from the singlet exutgd state of ZnF’Qr(PQ) to AuF?Q’r of ZnPQ (1.32 eV) and AUPEY(1.64 eV)13 The free energy change
to produce the CS. sta_te Is the mogt I|k_e|y mechanism for of photoinduced electron transfexG%%) from the singlet excited
fluorescence quenchmg_ in ZnP@UPQ" judging f“’”? th? free state of the ZnPQ to the AuPQmoiety in toluene is determined
energy change of photomducgd electro_n transfer (vide infra). as—0.93 eV from the CS energy and the excitation enefiy<
The CS energy In toluenells determined as ]."11 ev from the ; eV}t of the ZnPQ moiety. Since the excitation energy is rather
one-electron oxidation potential of the _ZnPQ mo@f?o( =08l insensitive to solvent polarity, th&G% value also becomesore
V vs SCE) and the one-electron reduction potential of the AuPQ S
. 0 _ . negative in a less polar solvent.
moiety e = —0.30 V vs SCE) in ZnPQAUPQ" (see Support- Time-resolved transient absorption spectra of ZrRPQPQ"

. . ; 5 . .
ing Information, Figure SZ%.Thg CS energy in toluene is smaller were measured by nanosecond laser photolysis in toluene and
than the value (1.21 eV) obtained from the one-electron redox . .

cyclohexane. A transient absorption spectrum observed atsl.4

T Osaka University. after the laser pulse excitation of a cyclohexane solution of ZAPQ
;%’Q"avﬂﬁi'\%fsfit;'%?ﬁe’}bourn . AUPQ' is shown in Figure 2a. The transient absorption bands at
I The University of Sydney. 650-800 nm are assigned to the charge-separated state (ZrPQ
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the absence of an observable CS state in the polar solvent PhCN is
attributed to the much slower photoinduced electron transfer due
to the large reorganization energy as compared with that in nonpolar
solvents, allowing an efficient intersystem crossing process in the
ZnPQ-AuPQ" dyad to produce the triplet excited stdfnPQ*—
AuPQ" (Figure S5).
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Figure 3. ESR spectrum observed under photoirradiation of a toluene
solution of ZNPG-AuPQ" at 143 K.

AuPQ) by comparison with the thin-layer UWisible spectra of

Supporting Information Available: Fluorescence spectra, CV data,

ZnPQ* and AuPQ (Figure S4) produced by the electrochemical spectroelectrochemical data of ZnP@UPQ*, the transient absorption

oxidation of ZnPQ and reduction of AuPQrespectively. Thus,

spectra in PhCN, and ESR spectra of ZnP€AuUPQ" and ZnPQ-

photoinduced electron transfer from the singlet excited state of the AuPQ (PDF). This material is available free of charge via the Internet

ZnPQ {ZnPQ*) to the AUPQ@ moiety occurs to produce the CS
statel* ZnPQ™—AuPQ, in competition with the intersystem cross-
ing to3ZnPQ*. The CS state detected in Figure 2a decays via back
electron transfer (BET) to the ground-state rather than to the triplet

at http://pubs.acs.org.
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