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. Wg wish to report the first measurement of electron transfgr .(ET.) A\','; @ = const+ 0.059 Iog[(gmim+]w (3a)
kinetics at the interface between water and a hydrophobic ionic
liquid (IL). All previous studies of charge-transfer processes at ¢
liquid interfaces were carried out at the water/organic solvent phase
boundary. Ther.efore, our objective was to uncover the Fjiﬁerences A\Ib @ = const— 0.059 log[GC,N],, (3b)
between ET kinetics at water/organic and water/IL interfaces.
Scanning electrochemical microscopy (SECM) was used to measureThe slopes of experimental dependences of the driving force for
standard bimolecular rate constant of the interfacial ET between the interfacial ET vs [gmim*],, and [GC,N~], are 58.6 mV/decade
ferrocene dissolved in IL and aqueous ferricyanide (0.4 g and 58.2 mV/decade, respectively (Figure 1b).
s71), which was found to be more than 1 order of magnitude higher
than the corresponding rate constant measured at the water/organic
solvent interface. The ButletVolmer-type driving force depen-
dence of the ET rate was measured over a wide range of the
interfacial potential drop values-R00 mV). We also probed the

ET reaction at the interface between aqueous solution and the
mixture of the IL and 1,2-dichloroethane (DCE). By varying
systematically the mole fractions in this mixture, one can investigate
the transition from the water/organic to the water/IL interface.

The active current interest in IL is due to their applications in

synthesis, separations, batteries, and fuel E€ll$he understanding
of mechanisms of heterogeneous processes occurring at the IL/ 320
water interface is essential for these applications. The major o0
differences between ILs and conventional organic solvents, i.e.,
significantly higher viscosity of and very high ionic concentrations ﬁ:
in ILs,* can be expected to influence the dynamics of interfacial 280
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SECM has previously been employed to probe ET at the water/ log[GCiN] log[C,mint]

organic solvent interfaceUsing the feedback approach (Figure Figure 1. (a) Schematic diagram of SECM measurements of the kinetics

1a), in our experiments the tip electrode was positioned in the top of ET between Fc in IL and Fe(CM) in water. (b) Dependence of the
(aqueous) layer containing ferrocyanide and approached the bottonmdriving force on concentration of the common ion in the aqueous phase.

layer, i.e., 1-octyl-3-methylimidazolium bis(trifluoromethylsulfo- The driving f_orce for reaction_ 2 was evaluated as the_difference of the half-
L . o . wave potentials of ferrocyanide and Fc measured with respect to the same
nyl)imide (GmimC,;C;N) containing ferrocene (F€)The tip was aqueous Ag/AgCl reference electroe.
biased at a potential where the oxidation of aqueous Fe{CN)
occurs at a diffusion-limited rate. The mediator was regenerated The rate constant of reaction 2 was extracted from the current
through the interfacial ET reaction 2: vs tip-interface distancei{ — d) curves® The driving force
dependence of the effective bimolecular rate constant (Figure 2)
Fe(CN)Y* —e —Fe(CN)* (tipinwater) (1) was found to be linear over a wide potential range220 mV).
One should notice that thle values obtained by varying either
- ko “ Cgmim™ (green symbols) or {C;N~ (blue symbols) concentration
Fc(IL) + Fe(CN)™ — Fc'(IL) + Fe(CN)™ (w) (2) in water lie on the same straight line. The orange point was obtained
without adding any common ion to the aqueous phase, so that equal
The nonpolarizable IL/water interface was poised by the concentra- concentrations of gnim™ and GC:N~ were generated by dissolu-

tion of the common ion in water (i.e., eitheg@im* or C,C;N"), tion of CemimC,C;iN in water. The slope of the linear Butter
providing a controllable driving force for the ET reactiérith Volmer dependence in Figure 2 yields the transfer coefficient,
the constant concentrations of@im* and GC;N~ in the IL phase, = 0.34, which is similar to the values previously measured at the
the interfacial potential drop( ¢) ista water/organic interfaceSince the organic reactant (Fc) is a neutral

species, the observed strong potential dependendesofjgests
t Queens College. that a major fraction of the interfacial voltage drops between the
*Kyoto University. electron donor and the acceptor. This could be expected because
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Figure 2. Potential dependence of the interfacial ET rate. IL contained
100 mM Fc. The aqueous solution contained 200 Fe(CN).*~ The tip
was a 5.3zm-radius Pt microdisk. The bimolecular rate constinéquals
ki/[Fc].
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Figure 3. Dependences of the diffusion coefficient (a) and interfacial ET
rate (b) on the mole fraction of DCE in its mixture with IL. The aqueous
phase contained 2QM ferrocyanide, 20 mM LiGC;N, and 230 mM KClI;
DCE/IL mixture contained 100 mM 1,1-diethylferrocene.

high ionic concentrations in IL should produce a relatively thin
diffuse double layer, in contrast to a low-polarity organic phase
(e.g., DCE)°

The standard rate constant value extracted from Figure 2 is more (1,
than 1 order of magnitude larger than that measured at the DCE/

the water/DCE to water/IL interface can be seen in Figure 3. The
diffusion coefficient of 1,tdiethylferrocene in the DCE/IL mixture
increasedmonotonically with increasing mole fraction of DCE in
the mixture (Figure 3a); thB value in DCE is~45 times that in

IL. At the same time, thek value obtained with a constant
concentration of @C;N~ in water (i.e., without major changes in
the driving force for ET)decreasedby a factor of ~50 with
increasing mole fraction of DCE (Figure 3b). This finding is in a
sharp contrast with often observed direct correlation between the
rate constant and diffusion coefficient values at the metal/liquid
interface’? The k value at the IL/water interface should be
proportional to the electrochemical rate constant measured for the
same redox species in fit.However, the electrochemical rate
constant of Fc oxidation recently measured in a 1-alkyl-3-methyl-
imidazolium-based ionic liquid was about 1 order of magnitude
lower than the corresponding values obtained in various organic
solvents!3 Therefore, one has to conclude that some interfacial
factor (e.g., the thickness or the polarity of the phase boundary)
makes the rate of the ET in the water/IL system faster than at the
water/DCE interface. The observed dependences may also have
been affected by adsorption ofg@im*™ 8 at the DCE/water
interface or by ion pairing of Fcwith C;C;N™.
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