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Independently measured were the rates of electron acceptance and 

release of typical viologens (vl and v2 for n = 1,4 and 8) in aqueous 

solutions (see Table 2), and the equilibrium constants in the present 

series of viologen radical cations (n = 1,2,3,4,5,6 and 8) between two phases 

(Kl or K2 ; for CH2C12/H20 and lecithin-liposome/H20, see Table 1). The equi- 

librium measurements clearly indicate that moderately hydrophobic viologens 

(hexyl-decyl) are efficiently phase-transferred on one electron acceptance 

(see Table 1). Interestingly, this "phase-transfer region" is remarkably 

shifted to shorter chains (C,- C6) in the binding by lecithin-liposome (see 

Table 1). These results combined with kinetic measurements indicate that with 

increasing hydrophobicity the observed initial increase in the overall rates 

Figure 1. Electron flux across the membrane mediated by alkylviologens, 
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Table 2. Rates of electron acceptance and release for alkylviologens 

vl(relative), Na2S204 Cl 3.6 CS 1.0 

v2(M -l,s-1) FMN , Cl 5.9 x lo4 c4 0.9 x lo4 CS 6.9 x lo3 
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(Cl - C,) is mainly due to the enhancement in the phase-transfer (water to 

membrane) of the viologen cation radical, at the outer surface on electron 

acceptance. While the observed decrease in the rates (C, - C18) is mainly due 

to the less favorable phase-transfer of the cation radical from the membrane to 

the interior aqueous phase. Obviously, the two different mechanisms "coalesce" 

at C4 (see Fig l), where both phase-transfers are well balanced, and therefore, 

provide the maximum electron flow. Since the homogeneous oxidation-reduction 

rates (vl and v2) were rather insensitive to the length of the alkyl chain, the 

structure-dependent reactivity change did not markedly affect the overall 

electron flow. Therefore, the observed structure dependence of the rates is 

mainly determined by the phase-transfer. The rates of phase-transfers in the 

micellar systems reported were within a range of 10 7 - 109M-ls-l for association 

and 10 3 - logs-1 for dissociation 8) . 

Based on these data, a mechanism is proposed, whereby influx and efflux of 

the viologen cation radical mainly determine the overall electron flow (see 

Scheme 1). Detailed kinetic analysis of ten competitive and consecutive steps 

involved in the present system is now under way. 
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