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Proton gradients are formed efficiently, coupled with
electron transport from iodide ion to electron acceptors
(quinone, nitrite, and dioxygen) between two acetonitrile
phases, which are separated by a proton-insulating CSo
phase, by using ferrocenium ion as an electron carrier.

Artificial electron transport systems between two aqueous phases have
been studied extensively by using liquid membranesl) or bilayer 1lipid
membranes.z’a) Electron transport across the membrane can be coupled with
the generation of proton gradients which are a central inter-convertible
currency of free energy in biological systems.4) On the other hand, the
activity of proton is much higher in an aprotic polar solvent such as
acetonitrile (MeCN) than in Ho,0 because of the large difference in the
solvation.s's) Thus, electron transport to generate proton gradients would
be much more efficient in an aprotic polar solvent than in H50. However,
no electron transport systems using an aprotic solvent have so far been
reported. The most difficult problem in constructing such an aprotic
membrane system is to find an appropriate membrane being a proton insulator
that can separate two aprotic polar phases. We report herein that C82 is
successfully used as a proton-insulating liquid membrane that can separate
two MeCN phases and that proton gradients are formed efficiently, coupled
with electron transport between two MeCN phases across the C82 phase.

Mixing of CSo with MeCN results in formation of two phases.7) Then,
two MeCN phases can be separated by the C82 phase. It was confirmed that
no appreciable permeation of proton from the MeCN phases (I and III) to the
CSo phase I1I takes place. Thus, the C82 phase can act as a proton
insulator between the two proton-conducting MeCN phases. By using the
liquid membrane is constructed an electron transport system from I~ being

an electron donor in phase I to an electron acceptor, 2,8-dichloro-p-



1836 Chemistry Letters, 1991

benzoquinone (C12Q) in phase III across the CSZ phase II. The liquid
membrane system consists of two MeCN phases, I (8 cm3) and III (8 cm3)
together with a CSZ phase II (186 cm3), which is inserted between the two
MeCN phases by using a H type cell. Equilibrations were conducted at 298 K
and the CSo solution at the bottom of each side of the H type cell was
stirred magnetically. Ferrocenium ion (Fe(C5H5)2+) is used as an electron

carrier as shown in Scheme 1, where Fe(CSHS)z formed by the reduction of

31~ 2Fe(CgHg) g* «|---=-=-~=~~ =~ 1-2Fe(CgHg) 2* Cl,QH, (H,0)
MeCN CSo MeCN (CoTPP*)
I3~ > 2Fe (CgHg) o ClyQ (1/20,) + 2H*
phase I phase I1 phase III
Scheme 1.

Fe(C5H5)2+ by I~ in phase I is more soluble in phase II (CSZ) than in phase
I. The Fe(CsHs)z is thereby transported across phase II to phase III,
where it is oxidized by Cle, accompanied by the consumption of protons to
regenerate Fe(C5H5)2+. The extent of electron transport from I~ in phase I
to Cl,5Q in phase III, together with the concomitant change of [H*] in
phase I and phase III 1is shown in Fig. 1 (part a), where [Fe(CSH5)2+] in
phase III increases with time, accompanied by the corresponding decrease in
[H*] in phase III. The change in the proton concentration in the two MeCN
phases was determined by monitoring the pH of the diluted aqueous solution
(x50) of the two MeCN phases. The extent of electron transport was
determined spectrophotometrically by monitoring the increase in the
absorbance due to Fe(CgHz)," at A = 618 nm,8) or that due to CoTPP* at 434
nms) in the diluted MeCN solution (x50) of the phase III MeCN solution. In
Fig. 1 no change in [H*] is observed with time in phase I, where no proton
is consumed in the reduction of Fe(CsH5)2+ by I in phase I (Scheme 1).
Thus, proton gradients are formed efficiently, coupled with the electron
transport form I~ in phase I to Cle in phase III. Essentially the same
result was obtained when Cl,Q was replaced by nitrite (NOZ"). The
Fe(CgHg) o transported to phase IIT is oxidized by NO,  in the presence of
HClO4,9) accompanied by the decrease in [H'] to yield Fe(CgHg)," and NO.
Ferrocene is stable toward dioxygen in MeCN. We have recently
reported, however, that the four-electron reduction of dioxygen by

Fe(CgHg) o9 proceeds efficiently in the presence of HC104 in MeCN containing
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a catalytic amount of CoTPP* (Eq.
1).10) The CoTPP*-catalyzed

4Fe(C5H5)2 + 02 + 4H+

———> 4Fe(CgHg) 5" + 2H,0 (1)
CoTPP*

reduction of 0,9 by Fe(CsHs)z in
the presence of HClO4 can be
applied to the present MeCN/082
liquid membrane system in order
to achieve the formation of
proton gradients, coupled with
electron transport from I~ to 0q.
In fact, efficient formation of
proton gradients takes place,
accompanied by electron transport
from I in phase I to O, in phase
III where a catalytic amount of
CoTPP* is initially dissolved, as
shown in Fig. 1 (part b). The
Fe(CgHg) o formed by the reduction
of Fe(CgHg)o"
transported across phase II to

by I~ in phase I is

phase III, where the efficient
CoTPP*-catalyzed reduction of 0O,
by Fe(CsHs)z occurs to generate
proton gradients between the two
MeCN phases as also shown in
Scheme 1 (parentheses).

In each case, however, the
flow of electron of the electron
carrier 1is one-direction, 1i.e.,
from phase I to phase III, since
Fe(CsHg) o™ 1s sparingly soluble
in phase 1II. Nonetheless this
study has demonstrated for the
first time the
formation of proton gradients in

It should be

efficient

an aprotic medium.
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Fig. 1. (a) Formation of proton

gradients between phase I, [H+]I
(0), and phase III, [H'ly;7; (O) in
MeCN, coupled with electron

transport from I~ (PryN'I": 8.0 x
102 mol dm™3) in phase I to Cl,Q
(1.0 x 10”2 mo1l dm‘3) in phase III by
using Fe(C5H5)2+ as an electron
carrier, which is transported from
phase I to phase III, [Fe(CgHg)o 171y
(A ), across the CSo phase II. (b)
Formation of proton gradients between
phase I, [H']y ( O ), and phase III,
[H*]1177 ( @ ) in MeCN, coupled with
electron transport from I~ (4.0 x

1072 mol dm_3) in phase I to 0,
(2.6 x 1073 mol dm™3) in phase III by
using Fe(CgHg)o® as an electron
carrier, which is transported from
phase I to phase III, [Fe(CgHg)glyyy
(A) in MeCN containing CoTPP* (1.0 x
10”4 mol dm"3), across the CSo phase
IT.
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emphasized that no appreciable electron transport has occurred when a

normal liquid membrane system consisting of two aqueous solutions separated

by CH2012 was applied to the present electron transport systems.
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