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The redox behavior of the [FesS4(SCsH4Bu’(p-))4]2/3 couple was examined not only in a CHzCl; solution of
a CHzClz/H20 two phase system but also in the absence and presence of Triton X-100 in H2O to elucidate the

solvent effect of water on the redox potential of the cluster.
in those media, and protonated and unprotonated clusters exist as an equilibrium mixture.

Protonation of [FesS4(SCsH4Bu’(p-))4]3~ takes place
Although the

redox potential of the cluster is hardly affected by the pK, value, it is largely influenced by a thickness of

[FesS4(SCsH4Bu'(p-))4]>~ adsorbed on a surface of an electrode in water.

The Ej2 value of the cluster in a near

monomolecular layer on the electrode exhibits a pronounced anodic shift compared with that in CHzClz and

falls in the range of that of 4Fe- and 8Fe-ferredoxins.

On the other hand, the cluster in the multimolecular

layer does not show such an anodic shift of the E1s value in water.

A variety of FesS4 clusters have been prepared?) as a
model of the active center of iron-sulfur proteins,
which play key roles as electron-transfer catalysts in
various biological redox reactions such as photosyn-
thesis,? Ne-fixation,® NOs~ reduction.¥ The redox
potentials of synthetic FesS4 clusters in organic sol-
vents obey the Hammet ¢, and Taft ¢* values of
terminal thiolate ligands.® Water, however, gives a
serious effect on the redox potentials of the clusters,
since water soluble FesSs clusters in the presence of
excess of free thiolate ligands (due to an instability of
water soluble FesSs clusters in water) show a positive
potential shift of the redox potentials by 250—400 mV
in water compared with those in organic solvents.®)
A positive potential shift of Eiz (60—120 mV) of
Clostridium pasteurianum ferredoxin in H2O con-
taining of 0—40 vol% MezSO4, where the protein
adopts its normal tertiary structure, compared with a
synthetic FesSs cluster ligated with cysteine in the
same medium, therefore, has been ascribed to the
tertiary structure of proteins.®) We have reported that
synthetic Fe4Sy clusters are protected from hydrolysis
in aqueous lecithin vesicle” and micellar solutions,8
and the redox potentials of the clusters in those media
are essentially consistent with those of 4Fe- and 8Fe-
ferredoxins. The redox potentials of synthetic FesSs
clusters as well as ferredoxins, therefore, are consid-
ered to be largely influenced by hydrophobic spheres
in water. To elucidate the effect of hydrophobic
spheres on the redox potential of a FesSs cluster in
water, the redox behavior of (BusN)o[FesSs-
(SCeH4Bul(p-))s] was examined not only in a CHzCls
solution of a CH2Cly/H20 two phase system but also
in the absence and presence of Triton X-100 micellar
solution using a glassy carbon and an Hg electrode.

Experimental

General Procedure and Materials. All manipulations
were carried out under N2 atmosphere. Commercially
available guaranteed reagent grade of p- t-butylbenezene-

thiol was used without further purification. (BusN)z-
[FesS4(SCeHaBuX(p-))s] was prepared according to the
literature.?

Cyclic Voltammetry of the Cluster in a CH2Clo/H20 Two
Phase System. An aqueous H3POs,-NaOH buffer (0.1
moldm—3, 20 cm3) solution containing BusNBr (1.8 mmol)
was poured in a CHzCl2 solution (20 cm?®) containing
(BusN)2[FesSe(SCeH4Bu'(p-))4] (20 mg, 12 pmol) and BusNBr
(0.6 g, 1.8 mmol), and the mixture was stirred by bubbling
N for several minutes. Then, the cell was allowed to stand
until the CH2Clz and H2O phases were completely separ-
ated. The pH of the H20 phase was adjusted by addition of
a small amount of either aqueous NaOH or HsPOq solution
(0.1 moldm=3) to the H20 phase, followed by stirring the
mixture by the same method, and measured with a Toa
Electronics pH meter HM-7B. The cyclic voltammograms
of (BusN)2[FesSs(SCsHsBu'(p-))a] dissolved in the CHaCle
phase and adsorbed on a surface of Hg were obtained by
using a Yanaco glassy carbon disk electrode GC-2p and
Metrohm hanging mercury drop electrode, respectively.
When the HMDE was used as a working electrode, voltage
scan was started after the surface of a mercury drop (0.0187
cm?) had been exposed to the aqueous phase. The working
electrode, a Pt auxiliary electrode, and a luggin capillary of
a reference electrode were immersed into the same phase
either a CH2Cl2 or H20 phase.

Solubilization of the Cluster in an Aqueous Triton X-100
Micellar Solution. A DMF (1.0 cm3) solution of (BusN)z-
[FesSa(SCsHsBu'(p-))4] (12 pmol) was added to a stirred aque-
ous solution (25 cm3, pH 6—10) containing NaOH-H3PO4
(0.1 moldm=3) and Triton X-100 (0.05 mol dm~3).

Preparation of a Cluster Modified Glassy Carbon and Hg
Amalgamated Au Plate Electrode. A given amount of a
CHsCN solution of (BusN)g[FesSs(SCeHsBul(p-))s] (1.0
mmol dm=3) was dropped to the surface of a glassy carbon'®
or an Hg amalgamated Au plate (1.0 cm3) by syringe tech-
niques, and then dried under N2 atmosphere.

Results and Discussion

Redox Behavior of [FesS4(SCsHsBul(p-))4]2~ in
CH:Clz/H20 Two Phase System. The cyclic voltam-
mogram (CV) of (BuslN)g[ FesS4(SCsHaBut(p-))4] using
a glassy carbon disk electrode (GC) shows a cathodic
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and an anodic wave of the (2—/3—) redox couple at
Eo=—1.03 and E,=—0.90 V vs. SCE at a sweep rate 10
mVs-1 in dry CH2Cls. Those redox waves are also
observed at E,c=—0.97 and E,=—0.89 V in a CH2Cly
solution of a CH:Cly/H20 (pH=10.06) two phase
system (Fig. la). Thus, H2O in the CH2Cl: phase
causes a slight potential shift of the [FesSs-
(SCsHsBu!(p-))4]2-/3- redox couple. The peak cur-
rents of those redox waves in the wet CH2Clz phase
were proportional to one-half order with respect to the
sweep rate in the range of 10—300 mVs-1. In addi-
tion, the electronic absorption spectrum of (BusN)g-
[FesS4(SCeH4Bul(p-))4] in wet CH2Clz did not show an
appreciable change for 4 h. These results indicate
that [FesS4(SCsH4Bul(p-))4]?- stably exists in wet
CH3Cly; and undergoes a redox reaction in that
medium. The redox potentials of FesS4 clusters solu-
bilized in aqueous micellar solutions have been shown
to be largely controlled by proton concentrations in
bulk water.®# The proton concentration in the
CH:Cl; phase of the CH2Cl2/H20 system may also be
equilibriated with that in the H20 phase, as similar to
the equilibrium between hydrophobic spheres of
micelles and bulk water. Figure 2 shows the Eip
value (Eiye=(EpntEx)/2) of the [FesSySCeHsBu!l-
(p-))a]2’3= couple in the CH:Cly solution of the
CH2Cl2/H20O system at a sweep rate 10 mV-s—1 at
various pH of the H2O phase. The Ei; value of the
cluster in the CH2Clz solution is independent on pH

a
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Fig. 1. Cyclic voltammograms of [FesS4(SCeH4But-

(p-))4]2~ using a glassy carbon electrode in a CH2Cl2
solution (a) and an HMDE in an H:O phase (b) of
the CH2Clo/H20 (pH 10.06) system; sweep rate 10
mVsL
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of the H2O phase in the pH range higher than 7.0,
while shifted by =60 mV pH-! in the pH lower than
7.0. This result clearly indicates that one proton
participates in the [FesSi(SCsH4sBul(p-))s]2~/3~ redox
reaction”® in the CH2Clz solution when pH of the
H20 phase is lower than 7.0, and protonated and
unprotonated [FesS4(SCeHsBul(p-))4]>~ exist as an
equilibrium mixture. The break point at pH 7.0 in
the plot of E12 vs. pH (O in Fig. 2), therefore, may be
associated with an apparent proton dissociation con-
stant (pK.’) of protonated [FesS4(SCsH4Bul(p-))a]>-.
Despite a significant difference in the proton concen-
trations between the CH2Clz and H20 phases of the
CH2Clz2/H20 system, the present pK.’=7.0 still falls in
the pK, range of iron-sulfur proteins reported so far
(pK.=6.8—8.9).10

An Hg electrode has been used for the measurement
of the redox potential of iron-sulfur proteins by taking
advantage of a strong affinity of sulfur for Hg.'?
Otherwise, a direct electron transfer between the FesSy4
cores and an electrode is strongly inhibited by an
adsorption of polypeptide chains on the electrode.
The CV of [FesS«(SCeH4Bu!(p-))4]>~ in the CHaCl2
solution of the CH2Cl2/H20 system using a hanging
mercury drop electrode (HMDE) exhibited a very
strong cathodic current of the [FesSy(SCeH4Bu'-
(p-))a]>3~ redox couple maybe due to a strong
adsorption of the cluster on the surface of the HMDE,
and the anodic and cathodic peak potentials of the
redox couple were not determined correctly. To
decrease the amount of the cluster adsorbed on the Hg
surface, the HMDE was drawn up to the H2O phase

from the CH2Clz solution of (BusN)g[FesSs-
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Fig. 2. Eys values of the [FesSy(SCeHBuX(p-))4]>~/3~
redox couple in the CH3Cls solution of the CH2Clz/
H>O system using GC (O) and HMDE (@), and in
the absence (C0) and presence of Triton X-100 (A)
using HMDE.
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(SCeH4But(p-))4] after dipping the top end of the elec-
trode in the CH2Cly phase for less than one minute.
Even after this procedure, the surface of the HMDE
placed in the H2O phase was covered with a drop of
the CH2Cl; solution of (BusN)o[ FesS4(SCeHsBu(p-))4].
The CV of [FesS«(SCsHsBu!(p-))a]*~ in the CH:Cl2
drop in H20 (pH=10.06) is depicted in Fig. 1b, which
shows the (2—/3—) redox couple at E,=—0.93 and
Ep.——0.82 V at a sweep rate 10 mV s~ (Fig. 1b). The
Eqj2 value of the cluster in the CH2Cl2 drop on the
HMDE against pH are also plotted in Fig. 2 (@).
The Ey2 value of the cluster in the CH2Cl: drop on the
HMDE in the H2O phase is shifted to a positive
potential by 80 mV compared with that determined by
a GC electrode in the CH2Clz phase (O and @ in Fig.
2). The 80 mV difference in two lines may result
from an adsorption of [FesS4(SCsH4BuX(p-))4]2~ on an
Hg electrode, since an Eizz value of a synthetic Fe4Sy
cluster undergoes a positive potential shift by 80 mV
due to an adsorption on a surface of an Hg electrode.”
Taking account of the adsorption energy of
[FesS4(SCsH4Bu!(p-))4]?~ on Hg, the redox potential of
the cluster in the CH2Clz drop in the H2O phase may
be essentially unchanged that in wet CHzCle.
Furthermore, an agreement of the break points (pK.’)
of the plots of pH vs. Ei2 in the CH2Cl: drop on the
HMDE with that in the CH2Clz phase (O and @ in
Fig. 2) indicates that the proton concentration in the
bulk CH2Cls phase is maintained in the CH2Clz drop
on the HMDE in the H20 phase.

Redox Reaction in Aqueous Phases. As described
above, one proton participates in the [FesSs-
(SCeH4Bu(p-))a]2~- redox reaction in the CHzClz
solution of the CH2Cla/H20 system, and protonated
and unprotonated [FesS4(SCeHsBul(p-))4]3~ exists as
an equilibrium mixture. Comparison of the pK.
value of the protonated [FesS4(SCsHaBui(p-))4]3~ in
wet CH2Clz with that in an aqueous micellar solution
may afford an information about the solvent effect of
water on the redox potential of the cluster. As an
adsorption of the surfactant on a GC electrode!®
inhibited the electron transfer to (BusN)z[FesSs-
(SCsH4Bu!(p-))4] in an aqueous Triton X-100 micellar
solution, the CV of the aqueous micellar solution of
(BusN)z[FesS4(SCeHsBui(p-))s] was obtained by using
HMDE, as depicted in Fig. 3a. Two cathodic waves
(Epe=—0.84 and —0.69 V) and one anodic wave
(Epa—=—0.64 V) were observed at pH 10.20 in the initial
scan. The strong cathodic waves compared with the
anodic one are indicative of the stronger adsorption of
the (2—) state of the cluster on a surface of an Hg
electrode than the (3—) one.” In the following
sweep, the —0.84 V cathodic wave almost disappears,
while the —0.69 V cathodic wave remains at the same
potential with decreasing the peak current. In the
micellar solution, the coulombs consumed in the
cathodic wave are proportional to the number of the
clusters adsorbed on the Hg electrode, since only the
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Fig. 3. Multi-sweep cyclic voltammograms of
[FesS4(SCeH4Bul(p-))4]2~ in an aqueous Triton X-100
micellar solution at pH 10.20 (a), and of [4Fe4S]/
HMDE in HpO at pH 10.00 (b); sweep rate 10
mVs~L

cluster adsorbed on the Hg electrode undergoes the
one-electron redox reaction. Although the exact area
of the —0.83 V cathodic wave in the initial scan could
not be determined due to overlap with the —0.69 V
cathodic wave, the surface concentration of
[FesS4(SCsHaBu!(p-))4]>~ on the HMDE in the second
potential sweep could be evaluated from the area of
the —0.69 V cathodic wave. On the basis of the
surface area of the HMDE (0.0187 c¢m?), the surface
concentration of the cluster calculated from the wave
was 2.9X10-1° molcm-2. This value is somewhat
larger than the surface concentration of the monomo-
lecular layer of [FesS4(SCsH4CsHi17%(p-))4]?~ adsorbed
on an Hg electrode (1.6X10-1° molem-2).” The
strong —0.83 V cathodic wave observed only in the
initial scan, therefore, may be assigned to the redox
couple resulting from a multimolecular adsorption of
the cluster on the HMDE. The disappearance of the
—0.83 V cathodic wave in the second sweep, therefore,
may be caused by desorption of [FesS4(SCeHsBu‘-
(p-))4]*- due to not only a stronger coulomb repulsion
of the neighboring (3—) state of the clusters but also a
migration of the counter ion into the multimolecular
layer of the cluster formed on a fluid Hg surface to
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maintain the charge neutrality (vide infra). The Eip
value of the cluster adsorbed on the HMDE in aque-
ous Triton X-100 micellar solutions, therefore, was
employed after both E,. and Ey values become con-
stant in the multiscanning CV (usually the third or
fourth sweep). The plot of Eyz of the cluster vs. pH
of the aqueous micellar solution (A in Fig. 2) also
clearly shows the break point at pH 7.8 due to the pK,
of the protonated [FesS4(SCsHsBu!(p-))4]3-. The shift
of the pK, 7.8 in the micellar solution from 7.0 in wet
CH:Cl: suggests that protonation of the cluster in the
former takes place more easily than in the latter. Itis
also worthy to note that the Eip value in the aqueous
micellar solution is shifted to positive potentials
about by 200 mV compared with that in the CH2Cle
solution, and falls in the range of the redox potentials
of 4Fe- and 8Fe-ferredoxins (—0.52 to —0.73 V vs. SCE
around pH 7.0).9

The redox behavior of the cluster on the HMDE was
measured in the absence of Triton X-100 to elucidate
the effects of hydrophobic spheres of micelles on the
redox potential of the cluster in HoO. The present
cluster is not soluble in H20. A cluster modified
HMDE ([4Fe4S]/HMDE), therefore, was prepared by
dipping the HMDE in a dry CH2Clz solution of
(BuaN)2[FesS4(SCeH4Bul(p-))4] (0.40 mmoldm-—3) for
less than one minute, followed by drying under Ng
stream. The [4Fe4S]/HMDE displays a very strong
cathodic wave at E,c=—0.83 V and an anodic wave at
Ey=—0.64 V in the initial scan in H2O at pH 10.00
(Fig. 3b). As similar to the aqueous micellar solu-
tion, the —0.83 V cathodic wave disappears in the
second scan, and a new cathodic wave is observed at
—0.70 V with the surface concentration of 2.6X10-10
molcm~2. Thus, the very strong —0.83 V cathodic
wave in the first scan is assigned to the multimolecu-
lar adsorption of the cluster on the Hg electrode.
After the second potential sweep, the —0.70 V cathodic
wave was slightly shifted to positive potentials with
decreasing the peak current, and finally the constant
value E1p=—0.65 V (E,c=—0.66 V and E,,.=—0.63 V)
was obtained. This result also indicates that the peak
potential of the (2—/3—) redox couple is dependent on
the thickness of the cluster adsorbed on the electrode
(or the amount of the cluster adsorbed) and becomes a
constant value when the thickness of the adsorbed
cluster approaches to a monomolecular layer. The
plot of the Ei2 obtained after the constant value in
H20 against pH shows the pK. 8.9, as depicted in Fig.
2 (0). Despite the difference in the pK, of the cluster
in the absence (8.9) and presence of the surfactant (7.8)
in H20, the Eiz values at higher pH than their pK,
values are essentially consistent with each other (O
and A in Fig. 2). This result indicates that hydro-
phobic spheres of micelles hardly affect the redox
potential of the FesSs cluster on an Hg electrode in
H:0.

Redox Reaction in Multi-Adsorption Layer in H20.
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We have reported that a (BusN)s[MozFesSs(SPh)g]
modified glassy carbon plate stably undergoes a redox
reaction without desorption from the GG plate in
water.1® In accordance with this, the (BusN)e-
[FesSa(SCeHaBui(p-))a] (1X10-8mol) modified GC
plate ([4Fe4S)/GC, 1.0 cm?) also shows a cathodic and
anodic wave at E,c=—1.14 and E,,=—0.87 V in water at
pH 10.04 (Fig. 4a). A strong cathodic current at
potentials more negative than —1.2 V comes from Hy
evolution catalyzed by the reduced cluster,'%% and the
pattern was unchanged in the multi-sweep CV for 30
min.’® Although the peak separation between the
cathodic and anodic waves of the [4Fe4S]/GC is fairly
large compared with that of the [4Fe4S]/HMDE,® the
E12 value (—1.02 V vs. SCE) of the [4Fe4S]/GC at pH
10.04 is close to that in a dry CH2Cl; solution obtained
by a GC disk electrode rather than that of [4Fe4S]/
HMDE in H20. Thus, the redox potential of
(BusN)o[FesSa(SCeHaBul(p-))4] aggregated on the GC
plate!” does not undergo a positive potential shift by
water. This is quite contrast to the Ey2 value of the
monomolecular layer of the [4Fe4S]/HMDE in water
at pH 10.0 (IO in Fig. 2). To compare the redox
behavior of [FesS4(SCsHsBul(p-))s]2~ modified GC
plate with an Hg electrode in Hz0, a cluster modified
Hg amalgamated Au plate electrode ([4Fe4S]/HgAu)
was prepared by addition of CH3CN solution of
(BusN)o[ FesS4(SCeHsBu(p-))4] on the surface of an Hg
amalgamated Au plate (1X10-8 mol, 1.0 cm?),!? fol-
lowed by drying under Nz atmosphere. The [4Fe4S]/
HgAu exhibits a cathodic and an anodic waves at

-0.5

1
-1.0
E vs. SCE/V

Fig. 4. Cyclic voltammograms of [4Fe4S]/GC at 10
mV s~ (a) in H2O (pH 10.04), and [4Fe4S]/HgAu at
10 mV s~ (b) and 100 mV s-1 (¢) in H20 (pH 10.06);
a dotted line is the second potential sweep.
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Ey—=—1.16 and E;—=—0.87 V at the sweep rate 10 mV s-1
in H20 at pH 10.06 (Fig. 4b). The amounts of the
cluster calculated from the areas of the —1.16 V
cathodic and the —0.87 anodic waves were 2.9X10-9
and 5.6X10-? mol, respectively. The decrease in the
coulombs consumed in the cathodic wave compared
with that in the anodic one may be due to subsequent
Hbs evolution catalyzed by the reduced cluster. Despite
the disagreement of the peak currents of those waves,
the peak potentials are almost completely consistent
with those of the [4Fe4S]/GC at the same pH. On
the other hand, the CV of the [4Fe4S]/HgAu affords a
quite different pattern, when the sweep rate is
increased to 100 mV s-1; a strong cathodic wave and an
anodic one are observed at E,c=—1.16 and E,,=—0.70 V
in the initial potential sweep (a solid line in Fig. 4c).
In the following potential sweep, the —1.16 V cathodic
wave completely disappears, and a new cathodic wave
appears at —0.76 V (a dotted line in Fig. 4c). It
should be noticed that the redox waves at E,.=—0.76 V
and the E,,=—0.70 V, which are observed in the second
sweep, are close to those of the monomolecular layer
of [4Fe4S]/HMDE. The marked difference in the CV
of the voltage scanning at 10 and 100 mV s-! may be
explained by desorption of the cluster from the multi-
molecular layer on the surface of HgAu plate; the
charge neutrality of the multimolecular layer of the
cluster on the HgAu plate is maintained by the trans-
port of the counter ion into and out of the contacting
aqueous phase, so that a rapid transport of counter
ion into the multimolecular layer of the cluster accel-
erates the detachment of the cluster from the layer to
form a near monomolecular layer on the HgAu elec-
trode. In accordance with this assumption that the
amounts of the cluster on the HgAu plate'® were
determined as 5.6X10-? and 5.4X10-1° mol from the
areas of the —0.87 anodic wave of Fig. 4b (10 mV s-1)
and the —0.70 V one of Fig. 4c (100 mV s~1), respec-
tively.

The Ei2 value of the near monomolecular layer of
[4Fe4S]/HMDE and [4Fe4S]/HgAu is shifted to posi-
tive potentials in water, while that of the multimolec-
ular layer of [4Fe4S]/HgAu and [4Fe4S]/GC in water
is very close to the value in CH2Cl. Thus, the influ-
ence of water on the redox potential of the FesSs
cluster in the multi- and monomolecular layer is quite
different from each other. As similar to the mono-
molecular layer in H20, the redox potential of the
cluster contacting with the HzO phase (near the sur-
face of the multimolecular layer) would undergo a
pronounced solvent effect by water. On the other
hand, a hydrophobicity of the terminal ligand
SCeH4Bu!(p-) of the FesS4 cluster may depress penetra-
tion of bulk water into the multimolecular layer, so
that the redox potential of the cluster contacting elec-
trode (at the bottom of the multimolecular layer) may
be isolated from bulk water. This assumption sug-
gests that the redox potential of the cluster in the
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Fig. 5. Redox of FesSs cluster in a multimolecular
(a) and near monomolecular layer (b) on an HgAu
electrode.

multimolecular layer is largely dependent on the dis-
tance from the aqueous phase. The redox reaction of
the cluster in the multimolecular layer may be caused
by an electron self-exchange between neighboring
oxidized and reduced clusters. In addition, the elec-
tron transfer between the electrode and the cluster
takes place only in the first layer of the adsorption
layer (contacted with the electrode), and then the
electron is transferred successively to the surface of the
multimolecular layer (Fig. 5a). Accordingly, the
electrode can detect only the redox potential of the
cluster contacted with the electrode. In harmony
with this, a multisweep CV of the cluster of the
multimolecular adsorption on Hg electrodes displays
a positive potential shift of the Ei2 value with decreas-
ing the peak current by gradual desorption of the
cluster, and reaches a constant value at the near mono-
molecular layer (Fig. 5b). The fact that the E12 value
of the multimolecular layer of the [4Fe4S]/GC and
[4Fe4S]/HgAu in H2O is close to that in a CH2Cly
solution suggests that the effect of the aggregate of the
cluster on the redox potential is essentially same as
that of an organic solvent. It is, therefore, concluded
that hydrophobic spheres around the FesS4 core in
water do not cause an anodic shift of the redox poten-
tial of the cluster.

References

1) R. H. Holm, “Ton-Sulfur Proteins,” ed by T. G.
Spiro, John Wiley & Sons, New York (1982), Vol. IV, p. 1—
66.

2) D. C. Yoch, D. I. Arnon, and W. V. Sweeney, J. Biol.



April, 1991]

Chem., 250, 8330 (1975); H. Hiura, T. Kakuno, J. Yamashita,
H. Matsubara, and T. Horio, J. Biochem., 89, 1787 (1981); K.
T. S. Shanmugan, D. B. Buchanan, and D. E. Arnon,
Biochim. Biophys. Acta, 256, 477 (1972).

3) B. E. Smith, D. J. Lowe, and R. C. Bay, Biochem. ]J.,
137, 169 (1974); M. Tanaka, M. Haniu, K. T. Yasunobu, and
L. E. Mortenson, J. Biol. Chem., 252, 7093 (1977); V.
Sunderson and F. M. Ausubel, J. Biol. Chem., 256, 2808
(1981).

4) K. M. Weber and M. Mevarech, Arch. Biochem. Bio-
phys., 186, 60 (1978); S. Seki, M. Hagiwara, K. Kudo, and M.
Ishimoto, J. Biochem., 85, 833 (1979).

5) B. V. Depamphilis, B. A. Averill, T. Herskovitz, L.
Que, and R. H. Holm, J. Am. Chem. Soc., 96, 4159 (1974).

6) C. L. Hill, J. Renaud, R. H. Holm, and L. E.
Mortenson, J. Am. Chem. Soc., 99, 2549 (1977).

7) K. Tanaka, M. Masanaga, and T. Tanaka, J. Am.
Chem. Soc., 108, 5448 (1986).

8) K. Tanaka, T. Tanaka, and I. Kawafune, Inorg.
Chem., 23, 517 (1984); K. Tanaka, M. Moriya, and T.
Tanaka, ibid., 25, 835 (1986).

9) M. Nakamoto, K. Tanaka, and T. Tanaka, Bull.
Chem. Soc. Jpn., 61, 4099 (1988).

10) S. Kuwabata, K. Tanaka, and T. Tanaka, Inorg.
Chem., 25, 1691 (1986).

11) R.S. Maglizzo, B. A. McIntosh, and W. D. Sweeney, J.
Biol. Chem., 257, 3506 (1982); D. B. Knaff and R. Malkin,
Arch. Biochem. Biophys., 159, 555 (1973); R. Malkin and A.
Bearden, J. Biochim. Biophys. Acta, 505, 147 (1978).

12) T. Ikeda, K. Toriyama, and M. Senda, Bull. Chem.
Soc. Jpn., 52, 1937 (1979); R. Parsons and P. C. Symons,

Redox Potential of FesSs in Hydrophilic and Hydrophobic Spheres

1197

Trans. Faraday Soc., 64, 1077 (1968); N. Kobayashi, A.
Osawa, K. Shimizu, Y. Hayashi, H. Kimoto, and T.
Fujisawa, J. Polym. Sci., Polym. Lett. Ed., 15, 137 (1977); P.
J. Peerce and F. C. Arnon, J. Electroanal. Chem. Interfacial
Electrochem., 105, 317 (1979).

13) Z. Kozarac and B. Cosovic, Bioelectrochem. Bioenerg.,
12, 353 (1984); B. Cosovic, N. Batina, and Z. Kozarac., J.
Electroanal. Chem., 113, 239 (1980); L. Pospisil, J. Kuta, E.
Muller, and H.-D. Dorfler, J. Electroanal. Chem., 106, 359
(1980); E. Muller, H. Emons, and H.-D. Dorfler, Bioelectro-
chem. Bioenerg., 10, 279 (1983).

14) T. Yamamura, G. Christou, and R. H. Holm, Inorg.
Chem., 22, 939 (1983).

15) The fast desorption of [FesS4(SCeHsBu'(p-))4]?>~ from
the multimolecular layer on the [4Fe4S]/HMDE compared
with that from the [4Fe4S]/GC may be due to a fluidity of
the surface of an Hg. On the other hand, a strong affinity of
sulfur for Hg stabilizes the monomolecular layer on the Hg
electrode.

16) Peak separation of an adsorbed species becomes an
increase with decreasing the electron transfer of the electrode
and the adsorbed species. The configurational change
between oxidized and reduced cluster adsorbed on the GC
plate may, therefore, be slower than that on an Hg electrode.

17) When the cluster in a CH3CN solution was solidified
on the GC and HgAu plate under Ng, the cluster is not
homogeneously distributed over the surface of those
electrode.

18) The surface of the HgAu plate is not as smooth as that
of the HMDE. So, the surface area of the HgAu plate is
considered to be fairly larger than 1.0 cm?2.




