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PHOTOINDUCED ELECTRON TRANSFER WITH
[FesS4(SCeF5)a)*"
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Summary

The [FesS4(SCeFs5)s]> cluster with the electron-withdrawing terminal
ligand, pentafluorobenzenethiolate, was synthesized and applied to the
photoinduced electron transfer between Ru(bpy)s2* and [Fe S4(SCeFs)a]>.
From the luminescence intensity of Ru(bpy)s** in the presence of [Fe,Ss
(SCeFs)a]?", static quenching was observed, and complex formation between
Ru(bpy),?* and [Fe;S4(SCeFs)4]* was proposed. The lifetime of Ru(bpy),**
in the presence of [Fe;S4(SC¢Fs)s]>” was measured by laser flash photolysis,
and the quenching rate constant obtained was 1.2 X 10 mol™! dm3s™.

FeyS4 clusters have been widely found in a variety of functional pro-
teins, including physiologically important electron carriers, ferredoxins and
several enzymes. The redox property of the Fe S8, cluster plays a key role in
the functions of these proteins. The synthetic clusters, [Fe S4(SR)4]%", have
served as accurate models of these sites, and their physicochemiecal properties
have been extensively characterized [1, 2]. The electron transfer reactions,
however, have been seldom attempted thus far, except for the self-exchange
reactions [3]. This is mainly because of the low reduction potentials of these
synthetic clusters (<—1.0 V). In this letter we would like to describe the
photo-induced electron transfer reaction using [Fe,S4(SC¢Fs)s1?~ with a
relatively high reduction potential,

All procedures were performed under an argon atmosphere. The sol-
vents were carefully purified before use by conventional methods. [Fe,Ss-
(SC4Fs5)4)* was prepared by ligand substitution from [Et,N],[Fe,S4(SBu‘),]
and pentafluorobenzenethiol*. [Fe,S4(SC¢Fs)s]?> exhibited the character-
istic weak shoulder bands at ca. 410 nm (ascribed to S—Fe charge transfer)
and at ca. 340 nm.
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Fig. 1. Relation between luminescence intensity vs. FesS4(SC¢Fs)s2 concentration;
Ru(bpy}s?*: 5.90 X 1075 mol dm 3, solvent: DMF.,

The cyclic voltammogram [4] of [Fe S4(SCeFs)s]?™ (using tetraethyl-
ammonium perchlorate as supporting electrolyte, in acetonitrile) consisted
of the reversible couple at E;;5, —0.756 V vs. SCE which is ascribed to the
2— to 3~ redox process. The reduction potential of [Fe;S4(SCsFs)s]? was
thus considerably higher than the values of the conventionally known syn-
thetic Fe,8, clusters.

In the luminescence measurements, the sample solution containing
Ru(bpy);*>* and [Fe,S4(SCeFs)s]l> (if included) was deaerated by repeated
freeze—pump-thaw cycles. The luminescence intensity (an integration along
the luminescence spectrum between 570 nm and 750 nm) was measured by a
Hitachi-850 spectrometer. The excitation wavelength was 550 nm. The lumi-
nescence of Ru(bpy);** was quenched by [Fe;SiSCe¢Fs)s]®>". The Stern-
Volmer plot (Iy/I — 1 vs. [Fe S4(SC¢Fs)4]> concentration) is shown in Fig.
1. The luminescence intensity ratio strongly depended on [Fe S4(SC4F5)s]?~
concentration and increased sharply with that concentration. No linear rela-
tion was obtained on the Stern-Volmer plot, showing that the luminescence
was quenched statically. As Ru(bpy),?* is positively charged, it may easily be
complexed with negatively charged [Fe,S4(SC¢Fs)4]% . Since the photoex-
cited complex does not irradiate, static quenching may be observed.

The luminescence lifetime in the presence of [FesS4(SCe¢Fs)s]?~ was
also measured. The experimental procedure for the conventional laser flash
photolysis is described elsewhere [5]. As the light source, a Nd-YAG laser
(excitation wavelength 532 nm, pulse duration ca. 10 ns) was used, and the
detection wavelength was 620 nm. Photoexcited Ru(bpy);*>* was quenched
by [Fe S4(SCsFs)a]®™ (Fig. 2) and the Stern~Volmer plot of the lifetime is
shown in Fig. 3. A good linear relation between the lifetime and [Fe S4(SCs

*Satisfactory elemental analysis was obtained; !°F NMR (5, d¢MeCN, CF;COCH),
—33.7 (s, 2F, o-Ph), —81.4 (s, 1F, p-Ph), —86.6 ppm (s, 2F, m-Ph}; electronic spectrum
in DMF, 410 nm (€, 8700 mol~! dm?3 em™1), 340 nm (18000).
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Ru(bpy)?’ Ru(bpy)j + [Fe,S,(5CR, )1~
/;o—ps_‘ 0.2 ps
—_— —
Kexcﬂ 532 om xexca 532 nm
xobs‘ 620 nm lobs‘ €20 nm
(a) (b)

Fig. 2. Time dependence of luminescence intensity of Ru(bpy)i?* (5.90 X 10~% mol
dm™3) in the absence (a) and presence (b) of FesS4(SCeFs)s? .
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Fig. 3. Stern—Volmer plot of quenching of Ru{bpy)s?* luminescence by Fe 84(SCFs)s? .

Fs)4]%~ concentration was observed, showing that the luminescence was
quenched dynamically, as shown in the following reaction:

Ru(bpy)s**" + [FesSo(SCeFs)al>” — Ru(bpy);®* + [FesSa(SCeFs)al*~

From the Stern—Volmer plot, the quenching rate constant was obtained as
1.2 X 10! mol™ dm? 57! which was close to that found in the diffusion-
controlled process.
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