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The redox potential of [Fe4S4(S—g-C6H4C8H173)4]2‘ in an
aqueous poly-da-dimethylamino-e-capramide solution is shifted by
-55 mV/pH in the pH range 6.0 to 8.5 at 4 °C, suggesting that not
only the oxidized but also reduced forms of the cluster undergo
protonation/deprotonation equilibria. The spread of the redox
potential of the cluster in the present study covers most of the

redox potentials of 4-Fe ferredoxins reported so far.

Iron-sulfur proteins are known to function as an electron transfer catalyst
in various biological redox reactions such as nitrate reduction, CO,- and N,-
fixation, Hj-evolution, and so on.1) Of various Fe-S proteins, low potential
4-Fe ferredoxins exhibit the redox potentials in a relatively limited range
(-0.52 - -0.73 V vs. SCE) around pH 7.0.2) Proton concentrations, however, give
complicated effects on the redox potentials of those proteins; some of which
display a shift -60 mV/pH at ambient temperature,3) while others exhibit slight
dependence of the redox potentials on pH (0 - -24 mV/pHL4) This letter
reports the pH dependence of the redox potential of a synthetic Fe,S, cluster,
[Fe4s4(S—E—C6H4C8H179)4]2' ([4—Fe]2’), which may be interpreted in terms of
protonation/deprotonation equilibria not only of the oxidized but also of the
reduced clusters solubilized in an aqueous poly-a-dimethylamino-e-capramide
(PDACA) solution.
12-

The tetrabutylammonium salt of [4-Fe was prepared according to the
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5) PDACA supplied by Toray

literature.
Co. Ltd. was purified by dialysis. An

aqueous PDACA solution of [4-Fe]2' was IO.Z}JA
prepared by adding a DMF (0.7 cm3) solu-

tion of (Bu"4N),[4-Fe] (17 mg, 10 umol)

to an H3PO4-NaOH buffer solution (0.1

mol/dm3, 30 cm3d) containing PDACA (0.1

g)e. The cyclic voltammograms were

obtained by the use of a hanging mercury

drop electrode (HMDE) (Metrohm E-410) in

10 -08 -06 -04 -02

water (pH 4.5 - 10.5) at 4 °C after a

fresh mercury drop had been maintained V vs. SCE
at -0.30 V vs. SCE for 2 min. Fig. 1. Cyclic voltammogram of
2- 3, .
The cyclic voltammogram of [4-Fe]?" [4-Fe] (0.32 mmol/dm™) in an aqueous

PDACA solution at pH 6.3; HMDE

lubilized i PDACA soluti
solubilized in an aqueous solution (0.018 cmz) at 200 mv/s.

at pH 6.3 shows a pair of cathodic and
anodic waves of the [4-Fe]2“/3" couple at
-0.56 and -0.52 V vs. SCE, respectively,
as shown in Fig. 1. A large cathodic
peak current compared with an anodic one
may result from a stronger adsorption of
[4-Fel?~ to the surface of an HMDE than

13- associated

6)

the adsorption of [4-Fe

Eay / Vvs. SCE

with the anodic peak current,
5)

as

reported previously. The peak poten-

tials of the cathodic and anodic waves

are both shifted negatively with -07r

increasing the pH value in the range 6.0

40 50 60 70 80 90 100 110

to 8.5. The E,,, values calculated from pH
the average of the cathodic and anodic Fig. 2. The Eav value of the
2-/3- .
peak potentials of the redox couple’) at [4-Fe] redox couple at various
pH and a simulation curve under the

various pH are depicted in Fig. 2, which 5

assumption that Kox = 4,0 x 107 and

shows a slope -55 mV/pH in the pH range K ed = 7.9 x 108_
r

6.0 to 8.5, whereas E_,, is almost
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Scheme 1.

independent of the pH values not only lower than 5.0 but also higher than 9.5.
Such a characteristic pH dependence of the E,,, value may be explained in terms
of protonation/deprotonation equilibria of the oxidized and reduced clusters,
[4-Fe]2’ and [4-Fe]3', solubilized in aqueous PDACA solutions, as represented in
Scheme 1, where Kox and Kreg are the equilibrium constants for the protonation
reactions to [4-Fe]2' and [4-Fe]3‘, respectively, and E11/2 and E21/2 are the
half-wave potentials of the redox reactions of completely deprotonated and
protonated species, respectively. The half-wave potential E1/2 for the overall

electrode reaction, [4—Fe]2' p— [4—Fe]3', can be expressed by Eq. 1 or 2,8)

+
1 + Kred[H ]

1 RT
E = E + == 1n (1)
1/2 1/2 F 1 + XK__[H']
ox
2 RT Kred1 + Kox[H+]
Bij2 = Eqyp2 - Fln (2)

+
Kox T+ Kred[H ]

where R, T, and F are the gas constant, temperature, the Fraday constant, respec-
tively. In view of the result that Ejv is shifted anodically with increasing the
proton concentration (Fig. 2), K,.,q should be larger than Kox in Eq. 1.
Therefore, E1/2 approaches to the E11/2 value in Eq. 1 or the E21/2 value in Edqg.
2 under the proton concentrations being Kred[H*] << 1 or Kox[H+] > 1. Thus,

the E11/2 and E21/2 values correspond to E ¢y of the [4—Fe]2'/3‘ couple at higher
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than 9.5 and lower pH than 5.0 (Fig. 2), respectively, where Ejv is independent
of pH. The E4 /2 values at various proton concentrations calculated from Eq. 1
or 2 under the assumption that Kox and K. q are 4,0 x 10° and 7.9 x 108 mo1-1
dm3, respectively,g) gave an excellent fit to the E,,, values of [4—Fe]2' at
various pH, as shown in a solid line in Fig. 2, which clearly shows that the
slope of the line continuously changes from 0 to -55 mV/pH in the pH range 4.5 to
10.5. Thus, the protonation/deprotonation equilibria of the oxidized and
reduced forms of the cluster adsorbed on an HMDE in an aqueous PDACA solution may
well explain the pH dependence of the redox potentials of 4-Fe ferredoxins as
well. In addition, the variation of Ejv with pH in the present study covers

most of the redox potentials of 4-Fe ferredoxins reported so far.
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