
Journal of molecular Catalyst, 50 (1989) 119 - 122 119 

PHOTOI~UCED ELECTRON TRANSFER WITH 
CFe&@CdF&12- 

SUM10 NODA, SHIGETSOHI AONO and ICHIRO OKURA* 

Department of Bioengineering, Tokyo Institute of Technology, 
Ookayama, Meguro-ku, Tokyo 152 (Japan) 

(Received March 30,1988; accepted April 15,19&B) 

summary 

The [Fe&&X6F,),]2- cluster with the electron-~th~a~g terminal 
&and, ~n~fluorobenzene~ola~, was synthesized and applied to the 
photoinduced electron transfer between Ru( bpy)32+ and [ Fe&(SC$&,] 2-. 
From the luminescence intensity of Ru(bpy),l* in the presence of [Fe&&- 
(SC!gFs),]2-, static quenching was observed, and complex formation between 
Ru(bpy)a2” and W.&d~GF5h12- was proposed. The lifetime of Ru(bpy)32” 
in the presence of [Fe$,(SC$5),]2- was measured by laser flash photolysis, 
and the quenching rate constant obtained was 1.2 X 1O’O mol-’ dm3 s-i. 

Fe.@, clusters have been widely found in a variety of functional pro- 
teins, including physiolo~c~y important electron carriers, ferredoxins and 
several enzymes. The redox property of the Fe.& cluster plays a key role in 
the functions of these proteins. The synthetic clusters, [Fe&@R)~]2-, have 
served as accurate models of these sites, and their physicochemical properties 
have been extensively characterized [ 1, 23. The electron transfer reactions, 
however, have been seldom attempted thus far, except for the self-exchange 
reactions [ 31. 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&(SC6F,),]2- 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&- 
( SC6Fs)4] 2- was prepared by ligand substitution from ]Etfi] 2 [Fe&( SBut)J 
and pentafluorobenzenethiol*. [Fe&14{SC,F5),J2- exhibited the character- 
istic weak shoulder bands at cu. 410 nm (ascribed to S-Fe charge transfer) 
and at co. 340 nm. 

*Author to whom correspondence should be addressed. 
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Fig. 1. Relation between luminescence intensity vs. Fe&&X$s),2- concentration; 
Ru(bpy)s2+: 5.90 X low5 mol dmV3, solvent: DMF. 

The cyclic voltammogram [4] of [Fe&?&IC6F~)~J2- (using tetraethyl- 
ammonium perchlorate as supporting electrolyte, in acetonitrile) consisted 
of the reversible couple at I&s, -0.75 V us. SCE which is ascribed to the 
2- to 3- redox process. The reduction potential of [Fe$S,(SC$&J2- was 
thus considerably higher than the values of the conventionally known syn- 
thetic Fe&& clusters. 

In the luminescence measurements, the sample solution containing 
Ru(bpy),2* and [Fe&(SC6Fs)4]2- (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)s” was quenched by fFe4S4(SC6Fs)4] 2-. The Stem- 
Volmer plot (&,/I- 1 vs. ~Fe~S~(SC~F~~~J2- concentration) is shown in Fig. 
1. The luminescence intensity ratio strongly depended on [Fe~S~(S~~Fs)~]*- 
concentration and increased sharply with that concentration. No linear rela- 
tion was obtained on the Stern-Volmer plot, showing that the hxminescence 
was quenched statically. As Ru(bpy)s2+ is positively charged, it may easily be 
complexed with negatively charged [Fe&4(SC,Fs)4]2-. Since the photoex- 
cited complex does not irradiate, static quenching may be observed. 

The luminescence lifetime in the presence of [Fe&,(SC6F5)4]2- 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 cc. 10 ns) was used, and the 
detection wavelength was 620 nm. Photoexcited Ru(bpy)s2+ was quenched 
by [Fe,&4(SC&‘s)4]2- (Fig. 2) and the Stem-Volmer plot of the lifetime is 
shown in Fig. 3. A good linear relation between the lifetime and [Fe$,(SC, 

*Satisfactory efemental analysis was obtained; ‘% NMR (6, d,MeCN, CFJCOOH), 
-33.7 (s, ZF, o-Ph), -81.4 (s, lF, p_Ph), -86.6 ppm (8, ZF, m-Ph); eIectronic spectrum 
in DMF, 410 nm (e, 8700 mol-’ dm3 cm-‘), 340 nm (18000). 
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Fig. 2. Time dependence of luminescence intensity of Ru(bpy)s2+ (5.90 X lo-5 mol 
dmW3) in the absence (a) and presence (b) of Fe$JA( SC$&a-. 
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Fig. 3. Stern-Volmer plot of quenching of Ru(bpy)a2+ luminescence by Fe&@&F&2~. 

F,),]*- concentration was observed, showing that the luminescence was 
quenched dynamically, as shown in the following reaction: 

Ru(bpy)s2”* + IhtWGPdd2- + RWm9~3+ + DW%(SC~F,)~13- 
From the Stem-Volmer plot, the quenching rate constant was obtained as 
1 2 X lOlo mol-’ din3 s-l which was close to that found in the diffusion- . 
controlled process. 
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