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Abstract: The influences of the electrode/ionic liquids interfaces on
the charge transfer kinetics are addressed with the example of the
oxidation of chromocene at a single crystal Ag(111) electrode. We
considered three different imidazolium-based room temperature ionic
liquids (RTILs) with alkyl chains of different lengths but with a common
anion. The standard charge transfer rate constants k° are extracted
from cyclic voltammograms (CVs) by analyzing the peak potential
variations with the scan rate and/or performing semi-integral
electroanalysis with a careful treatment of the ohmic drop. Linear
variations between the logarithms of k° and the longitudinal relaxation
times τL or the dynamic viscosity  of the ionic liquids are obtained.
However, the amplitude of the decrease is much larger than it could
be expected from the sole bulk properties of the ionic liquid indicating
a strong effect of the interface on the kinetics. These observations
agree with a well-organized electrode/RTIL interface that behaves as
a sort of self-assembled monolayer that controls the charge transfer
kinetics with an exponential tunneling coefficient β of 5.51 nm-1.

Introduction 

Room-temperature ionic liquids (RTILs) are a class of solvent
consisting entirely of ionic species and being fluid at or around
room temperature. In the last two decades, they have attracted
extensive interests due to their wide electrochemical windows,
low vapor pressure and good ionic conductivity.[1] RTILs are
considered as designer solvents since their properties could be

modulated through possible combinations of numerous cations 
and anions. However, unlike the extensive applications of RTILs 
in electrochemistry, studies on both the structure of electric 
double layer (EDL) and charge transfer kinetics at electrode/ionic 
liquid interfaces are still the subject of numerous questions.[1d, 1f, 

1g] In contrast to conventional electrolytes, the concentration of 
ions near the electrode surface in ionic liquids remains to be high 
as in bulk resulting in special effects regarding the electrode/RTIL 
interface organization.[1d, 1f, 1g] For example, it has been shown that 
ions of RTIL such as imidazolium-based cations can strongly 
adsorb at Au single crystalline electrode surfaces forming worm-
like[2] and micelle-like[2d, 3] structures on the (111) and (100) planes, 
respectively, while they form layered structures near the surface, 
[2b, 4] which were also predicted by theoretical simulations. [5] 
Furthermore, Kornyshev et al. developed a simple continuum 
theory to describe the EDL structure of electrode/RTIL interface. 
[6] An “overscreening” structure is suggested to form at moderate 

potential with respect to the potential of zero charge (PZC), while
the structure transforms to “crowding” as the potential shifts to 

rather high values. In the overscreening regime, the first layer
near the electrode provides more counter-charges than are
present on the surface resulting in oscillations in the potential
profile that are gradually overcome at higher potential leading to
an exponential profile of the potential.[1d, 1h, 5b, 7] The lateral and
vertical structures and resultant potential distributions in the ionic
liquid side of the EDL of interfaces are indeed distinctive from
those in classical electrolyte systems.
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Heterogeneous charge transfer reactions are important
processes in fundamental and applied electrochemistry,[8] the
kinetics of which, such as the electron transfer across an
electrode/electrolyte interface, is strongly dependent upon the
solvent nature and the interfacial structures. Consequently,
numerous studies have been dedicated to the investigations of
electron transfer kinetics in RTILs in the past two decades. [9] As
a general tendency, charge transfer processes were found to be
slower in ionic liquids than in classical molecular solvents.[1c, 1e, 1l, 

1m, 1n] This was mainly ascribed to larger solvent reorganization
energies in the solvents with high ion concentrations or lower
relaxation time in RTILs. However, while theoretical models of
interfacial charge transfer kinetics in RTILs are scarce,
experimental works were mainly performed using polycrystalline
electrodes at which the EDL structures are not well-defined,
making more difficult characterizing the effects of the interface on
the charge transfer kinetics.[9] Therefore, a basic understanding of
the correlation between the charge transfer kinetics and the
structure at electrode/RTIL interfaces is still lacking and for this it
is essential to utilize single crystalline electrodes as substrates for
further investigations of both EDL and its influence on interfacial
charge transfer kinetics. [10]

In this study, we use an Ag(111) single crystal electrode to study
the charge transfer kinetics and its correlation with the EDL
structure of electrode/RTIL interfaces. We focus on the standard
charge transfer kinetics in three RTILs composed of the same
bis(trifluoromethanesulfonyl)imide (TFSI) anions associated to
imidazolium cations with different lengths of their alkyl side chains.
Ag(111) was chosen as the working electrode, because it
undergoes no surface reconstruction, cation etching or specific
adsorption in all the three RTILs as we reported before[4d]. In

addition, the Ag single crystal surface can be made sufficiently
small to facilitate fast voltammetry measurements. Noteworthy is
that chemical polishing is adequate for obtaining well-defined
surfaces of Ag electrodes, without flame annealing procedure and
hanging meniscus strategy like for Au single crystal electrodes
which prevent the use of small electrodes. We choose
chromocene (Cc), a metallocene that is analogue of ferrocene, as
a probe in this study since its formal potential locates in the
potential range where Ag remains unoxidized in a range of
potential more negative than the PZC. The chemically reversible
one-electron oxidation of -Cc Cc e   can be regarded as a fast 
outer-sphere process as in conventional electrolytes.[11]

Results and Discussion 

1. Charge transfer rate constant k° - Variation of ΔEp with
the scan rate.  

Cyclic voltammetry (CV) is a widely employed electrochemical 
technique for investigating the charge transfer kinetics and was 
used with success for evaluating electron transfer rate constants 
in RTILs.[1c, 9d, 9e, 12] Voltammograms of the Cc oxidation in the 
different RTILs are provided on Figure 1 displaying well-resolved 
CVs in the range of investigated scan rates.  Peak-to-peak 
potential separation ΔEp increases with scan rate v within the high 
scan rate range in all the three RTILs and this increase is larger 
for experiments in the RTILs with the longer alkyl chains cations 
at a given scan rate.

Figure 1. Cyclic voltammograms of Cc oxidation on an Ag(111) electrode in (a, d) EMITFSI, (b, e) BMITFSI and (c, f) OMITFSI at various scan rates ranging from
0.01 to 100 V s-1. Ohmic drop and capacitive current were corrected after measurements (see Supporting Information for details).

Assuming that Butler-Volmer law prevails, k° values could be
derived from the relationship between the peak-to-peak potential
separation between the anodic and cathodic processes, ΔEp, and
scan rate v. Figure 2 depicts the variations of ΔEp with log(v) in
the three systems. There are several advantages of considering
ΔEp for such determination, notably the quantity is insensitive to
the reference electrode potential shift that may occur during the
set of experiments. [8a, 12]

The electrochemical behavior and the variation of ΔEp shown in
Figure 2 depend on a single dimensionless parameter

ok RT

FvD 
  that combines the standard rate constant k° with the

transfer coefficient , diffusion coefficient D of chromocene.[8a] 
Here, Λ can be used to estimate the transition between reversible
and irreversible electrochemical reactions. At low scan rates
typically for Λ>>0.1, the electrochemical reaction appears
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reversible and ΔEp remains unchanged; while at high scan rates,
quasi-reversible and even irreversible characters for the highest
scan rates appear (typically for Λ<<0.1), and ΔEp increases with
v. In the quasi-reversible region, the shape of the variation of ΔEp

is almost insensitive to the transfer coefficient and permits an
easy determination of k° since the variation depends only on one
parameter Λ. Interestingly, it can be seen on Figure 2 that the
longer the cation alkyl side chain is, the lower is the scan rate at
which the reaction enters irreversible regime, indicating a lower
charge transfer rate constant of Cc in the ionic liquid with a longer
cation alkyl chain.

Figure 2. Anodic and cathodic peak potential separations ΔEp in V, taking into
account the ohmic drop, as function of logarithmic scan rate v in V s-1 for the
oxidation of Cc in (a) EMITFSI, (b) BMITFSI and (c) OMITFSI. Lines are the 
theoretical behaviors for k°= 4.0 x 10-2, 1.0 x 10-2, 2.7 x 10-4 cm s-1. (log is the
decimal logarithm). Errors on the determined k° are around ± 20%.

Simulation of the voltammograms without removal of ohmic
drop and capacitive current was performed to determine the

values of k°. However, the solution resistance Rs and double layer
capacitance Cd could make severe distortions to the
voltammograms at high scan rates. [8a, 12] Especially,
uncompensated Rs affects the variation between ΔEp and v and
renders difficult an accurate determination of k°. We choose a
post-treatment procedure that was introduced by Savéant et al. in
the 70’s in which the simulated variations of ΔEp are calculated
taking into account the ohmic drop (See the Supporting
Information Part for details)[13]. The fitting of the experimental

points with theoretical curves provides the parameter
ok

D
and

then the values of k°. Here the diffusion coefficients D of Cc were
determined by recording cyclic voltammograms in steady state
regime on a microelectrode and in the transient state regime on a
millimeter diameter disk electrode in the same solution[14a, 14b] 
(See the Supporting Information Section for details).[14c] The 
derived diffusion coefficients of Cc in EMITFSI, BMITFSI and 
OMITFSI were found to be 5.7 × 10-7, 3.2 × 10-7 and 9.5 × 10-9 
cm2 s-1, respectively, in agreement with literature for similar 
metallocene analogues in RTILs.[15] We mention that it is more 
appropriate to consider the measured D as apparent diffusion 
coefficients since the nature of the diffusion process in RTILs is 
still the subject of controversy. It is noticeable that good 
agreements are obtained between the experimental data and the 
theoretical curves (lines on Figure 2) when using the values of Rs 
and Cd that were independently measured by EIS. From the fits, 
we measured the k° values of Cc in the three different ionic liquids 
(see Table 1). Given a k° value equal to 0.04 cm s-1 in EMITFSI, 
the increase of side-chain length leads to reduced values of k° by 
around 4 times in BMITFSI and around 150 times in OMITFSI, 
showing a significant impact of the cation alkyl chain length on the 
electron transfer kinetics.

2. Evaluation of the transfer coefficients  and standard rate 
constants k° by semi-integral (convolution) analysis. 

The semi-integral analysis provides a direct view of the 
relationship between current and potential including charge 
transfer kinetic parameter without the pre-assumption of a model 
and complements the previous approach.[8a, 16] The method was 
notably used to demonstrate that the transfer coefficient varies 
with the potential and the occurrence of an i-E quadratic law 
(Marcus Model). The main aspect of semi-integral analysis, also 
referred as convolutive voltammetry, is the calculation of the semi-
integral current I(t), as follows:[16b]

1/2 1/20

1 ( )
( )

( )

t i u
I t du

t u



(1) 

Briefly, semi-integral converts a CV to an S-shaped semi-integral 
voltammogram of I(t) versus E relationship. In the case of an 
irreversible CV (typically when Λ<<0.1), for a mono-electron 
process, the charge transfer rate constant k0 can be determined 
from the following equation:[16b]

 

 

0
0

1/2
ln ( ) ln

l

R

I I t F k
E E

i t RT D

 
     

 

(2) 

E0 is the formal potential which is taken as the midpoint of the
anodic and cathodic peak potentials of the CV at the lowest
possible scan rate. Notice that the validity of such analysis by
equation (2) requires that the charge transfer should be the
limiting step. Considering the highest available scan rate in our
study (around 100 V s-1), we evaluate the reversibility character
by examining the parameter Λ in the three ionic liquids. The scan
rates available for experiments in the three RTILs are mainly
within the quasi-reversible regime and experiments are not
adapted for a determination of the transfer coefficient .
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Considering the previously determined k° and taking  values
around 0.5, at v = 100 V s-1, we obtained Λ = 0.84, 0.28, and 0.043
for EMITFSI, BMITFSI, and OMITFSI, respectively, confirming
that  could only be determined at the highest scan rate in
OMITFSI, just estimated for BMITFSI and unfortunately not
reachable for EMITFSI simply because the irreversible regime is
outside our experimental window.

Figure 3 shows the semi-integral voltammograms translated
from the CV of Figure 1 recorded at a scan rate of 100 V s-1 for

BMI and OMI-based ionic liquids. The plateau of the S-type is not
flat but slightly tilted. Therefore, a Boltzmann growth fitting was
applied in the determination of Il. The charge transfer rate
constant k° and  of Cc are then analyzed based on equation (2).
From the plots of the logarithmic function of current versus
potential (3b and 3c), the values of k° and  are calculated using
the diffusion coefficient D obtained in the earlier part of the section.

Figure 3 (a) The procedure for determining Il of a semi-integral voltammogram from an irreversible process. The black solid line is the semi-integral voltammogram 
and the red dashed line is its Boltzmann growth fitting. (b-c) Logarithmic analysis of semi-integral current to potential in BMITFSI and OMITFSI respectively. The 
fitted lines (red) are obtained in the linear regions. The whole plots are presented in the insets.

As seen in Table 1, a reasonable agreement is obtained for the k° 
values considering the uncertainties for the two methods. Notably,
contrary to the simulation method based on ΔEp measurement,
the logarithm analysis of equation 2 is sensitive to a possible shift
of the reference potential, as it requires an independent
measurement of the standard potential E°. Nevertheless, both
values follow the same trend of strong length dependency of
cation alkyl side chain with that obtained by simulation.
Additionally, transfer coefficient  decreases with the cation side
chain lengths when passing from BMITFSI to OMITFSI. However,
it must be pointed out that semi-integral electroanalysis is best
relevant under the conditions that background current remains
constant and solution resistance influence is fully corrected within
the potential range of interest. In practice, even if a working
electrode with small diameter is used, high solution resistance
and variation of the double layer capacitance (even slightly) with
the potential in our RTILs[4d] make difficult to completely mitigate
artifact effects especially when faster scan rates are used.
However, the k° values obtained by semi-integral electroanalysis
are in reasonable agreement with those derived from ΔEp/log(v)
analysis, which supports the validity of the analyses.

Table 1. Kinetic parameters of Cc oxidation in RTILs obtained by ΔEp and semi-
integration analyses.

D 

(10-7 

cm2 s-1) 

k° 

(10-3 cm s-1, 
ΔEp analysis)

k° 

(10-3 cm s-1, 
Semi-integration)

α 

(Semi-
integration)

EMITFSI 5.7 40 - - 

BMITFSI 3.2 10 7.8* 0.58*

OMITFSI 0.095 0.27 0.59 0.39

*Estimated (See text)

3. The dependency of k0 on cation alkyl side chain lengths.

As seen in Table 1, the increase of the cation alkyl chain length
of the RTILs results in a considerable decrease of the rate

constant k°. In the framework of the Marcus theory, the standard 
rate constant corrected by the effect of the double layer and for 
an adiabatic electron transfer is given by: [8b, 9b] 

1/2
# # #

exp
4 R R

p Os Os is

L

k
K G G G

T T 

     
     

   

(3) 

where Kp is the equilibrium constant for a precursor complex and 
L is the longitudinal relaxation time that is the relaxation time of 
the solvent normalized by the ratio of the static εs and high 
frequency εop relative permittivities, #

OsG , #

isG  are the standard 
Gibbs activation energies of the outer sphere and inner sphere 
contributions, respectively. For large redox molecules in polar 
solvents, the different terms of the relation are similar and only L 
significantly varies between solvents. Within these simplifications, 
it is commonly observed that k° and 1/L follow a similar trend for 
a given redox molecule. [8b, 9a, 9b] Furthermore, using data from 
literature,[9b] L are estimated to be 6.8, 9.0, 14.9 ps for EMITFSI, 
BMITFSI and OMITFSI respectively. A direct correlation between 
the measured k° and L is presented in Figure 4. The black lines 
on Figures 4 illustrate the theoretical behaviors expected for a 
linear variation considering that such lines pass through the origin. 
It is noticeable that k° decreases more rapidly than expected for 
a linear variation with 1/L.
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Figure 4. Variations of k° in cm s-1 with 1/L in ps-1. Lines are the variations
expected from a linear variation between k° and 1/L. Blue arrows show
the estimations of kt considering EMITFSI as reference (see text).

Another way of illustrating such a dependency is to consider a
plot of ln(k°) versus ln(L) that is expected to present a slope of -
1 for an adiabatic process if the relationship between k° and 1/L

was followed. L was estimated from dielectric spectroscopy
measurements[17] and according to the proposed method of
calculating a harmonic average relaxation time.[9b, 17] As seen on
Figure 5, a linear plot is indeed obtained but with a slope of -6.45
that is obviously more intense than the expected -1 value.

Figure 5. Variations of ln(k°) in cm s-1 with the longitudinal relaxation time L  in 
ps. Line is the fit for the linear variation (slope: -6.45). Error on ln(k°) is estimated 
as lower than ± 0.2.

Additionally, according to the Stokes-Einstein-Debye equation,
because L correlates with the dynamic viscosity η, in many
publications, correlations between k° and η were often reported
especially when measurements of L were not available.[8b, 9a] For
example in relation with the current work, Bentley et al. reported
a variation showing that the logarithmic k0 for ferrocene oxidation
in a series of RTILs is proportional to the logarithmic viscosity η
with a slope close to the expected -1.[9a] The logarithmic variations
of k° with η for our experiments are shown on Figure 6. A linear
variation is undeniably obtained but with a slope of -5.07
confirming a much faster decrease of k° than the expected -1
slope for a change of viscosity or L of the RTILs.

Figure 6. Variation of ln(ko) in cm s-1 with the viscosity of the ionic liquid in Pas.
Line is the fit for the linear variation (slope: -5.07). Error on ln(ko) is estimated 
as lower than ± 0.2. Viscosity values of the three ionic liquids are taken from ref.
[17].

Notice that the quoted experiments were performed with RTILs
with cations having similar sizes and on a polycrystalline Pt
electrode[9a] contrary to our experiments performed with a single
crystal electrode. This probably accounts for the difference of
observed behaviors. As explained in the introduction, it is very
likely that the EDL structure, which is not considered in the above
equations, plays an important role in the reaction kinetics in RTILs
and could explain the amplitude of the variations.

Based on the information gained from in-situ STM and AFM
force curve measurements, strong adsorption of RTILs is not
observed on a negatively charged Ag(111) electrode surface,
while a layered structure is formed at Ag(111)/EMITFSI
interface[4d] and the EMI+ cations are located closer to the
electrode surface in a vertical configuration. Similar organizations 
were also observed for BMI+ or HMI+ (1-hexyl-3-methyl-
imidazolium) on Ag electrode by surface-enhanced Raman 
spectroscopy. [18]

Scheme 1. Schematic illustration of the proposed structure and reaction sites 
at Ag(111)/RTIL interface. Dashed lines indicate the locations of transition state 
and OHP.

The ion arrangement of the first layer at Ag(111)/RTIL interface 
is proposed as illustrated in Scheme 1. The imidazolium rings 
vertically adsorb at Ag(111) with the alkyl side chains extending 
towards the bulk solution and the anions located next to them. 
Assuming the location where Cc oxidation occurs (i.e. OHP) is at 
the plane between alkyl side chains and anions, and the transition 
state of the reactant is located at the junction of imidazolium ring 
and alkyl side chain (marked as x = T), d is the distance from the 
OHP to the position of the reactive site. In this scheme, the 
oxidation of Cc could be seen as similar to an electron tunneling 
process between an electrode and an electroactive species held 
at a fixed distance from the electrode surface by an alkyl spacer. 
An electron tunneling process presents a logarithmic k° 
relationship with tunneling distance d and it is reasonable to 
suggest that d is the length of cation chain of the studied RTILs:[19]

exp( )tk dk      (4) 

where   is denoted as tunneling coefficient and kt hypothetical
rate constant that would be the expected k° for a “pure” linear 

variation with 1/L i.e. without the interface screening. To check
the validity of this scheme, we could evaluate the attenuation on
k° normalized by kt. Using EMITFSI as the reference RTIL, the
analysis consists in plotting the attenuation ln(k°/kt) versus the
variation of the cation length d-dEMI where kt is the value of k° 
extrapolated on the straight line of EMITFSI for the corresponding
1/L (see the blue arrows on Figure 4), and d-dEMI the tunneling
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distances calculated from DFT calculations of the cation size.
Table 1 summarizes the lengths of the imidazolium rings and
whole cations, values of k° and kt for the oxidation of Cc in the
three RTILs and the estimated attenuation on k° due to the
tunneling effect that are plotted on Figure 7.

Table 2. Estimation of the tunneling parameters based on the sizes of the RTIL 
cations.

Imidazoliu
m ringa 
(nm)

Cation 
(nm)a

d-dEMI 

(nm)

kt (10-3 cm
s-1) 

k°/kt 

EMITFSI 0.556 0.751 0 40 1 

BMITFSI 0.555 0.996 0.245 30.5 0.327

OMITFSI 0.556 1.503 0.752 18.4 0.015

a The lengths of imidazolium rings and whole cations are calculated based 
on the density functional theories by using B3LYP with the 6-311+G(2d, p)
basis set.

Figure 7. Variation of ln(k°/kt) for the oxidation of Cc with the change of length 
of the cation d-dEMI in nm considering the data in EMITFSI as a reference. Line 
is the linear fit with a slope equal to -5.51 nm-1. 

As seen on Figure 7, a linear variation is obtained with a slope
corresponding to an apparent tunneling coefficient β of 5.51 nm-1.
The tendency of the variation is fully consistent with the structure
proposed in Scheme 1 but the value of β is notably smaller than
the data reported for a compact self-assembled alkyl monolayer
(in the range of 8.7 - 9.0 nm-1).[19a] If the layer is well ordered, it is
probably less compact than a strongly attached alkyl layer and Cc
could enter inside the layer and approach closer to the electrode
surface. Another explanation is that the position of the alkyl chains
is not perpendicular to the surface leading to an overestimation of
the layer thickness by simply considering d-dEMI. In addition, it is
unlikely that the cation could totally lay on the surface, but there
is probably an angle between the electrode plane and the
imidazolium cation. In such a case, the titled orientation of the
cation could also contribute to the observation of reduced β value.
Furthermore, the exponential relationship of the Figure 7 could be
discussed in view of the theoretical works related to EDL in RTILs
(see the references quoted in 1d-h) notably about the effects of
the “overscreening” and the oscillations of the potential profile on 

the driving force of the electron transfer. The regular decrease
observed on Figure 7 with the size of the cation supports the
hypothesis that overscreening does not considerably affect the
electrode kinetics. However, the semi-integral analysis indicates
that the transfer coefficient α is considerably smaller than 0.5 for
OMITFSI and appears decreasing between BMITFSI and
OMITFSI. This observation is not elucidated as it clearly differs
from the case of an electron transfer through an alkyl self-
monolayer where α is found close to 0.5 and with little variation
with the chain length of the cation.

[19a]
 Impedance spectroscopy 

have revealed subtle changes in the structure of the Ag(111)/RTIL
interface with the potential notably in the not very negative
potential region where Cc oxidation occurs but no clear correlation
with the present results could be done.[4d] We expect that in the 
future experiments can be combined with simulations to elucidate 
the variation of α with the electrode/RTIL interfacial structure in 
detail.

Conclusions 

The results presented in this study demonstrate the considerable 
influence of the electrode/RTIL interface on the charge transfer 
kinetics at an electrode that could be reduced by several orders 
of magnitude. We observe that this decrease due to the interface 
varies exponentially with the size of the cation of the RTILs. 
Considering that the oxidation of chromocene on Ag(111) occurs 
in the negative branch of potentials versus the point of zero 
charge, this observation falls in line with an interface structure 
where the cations are located close to the electrode surface in a 
vertical configuration as previously proposed from AFM 
measurements.

Experimental Section 

1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide 
(EMITFSI), 1-butyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide (BMITFSI) and 1-octyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide (OMITFSI) 
were purchased from IoLiTec in the highest available quality 
(99%), and were vacuum-dried for several hours at 353 K to 
remove the absorbed water and oxygen prior to the use. Solutions 
of Cc were then prepared by direct addition of Cc powder (95% 
purity from Aldrich) to ionic liquids. The nominal concentration of 
Cc in EMITFSI or BMITFSI is around 15 mM, and that in OMITFSI 
is around 100 mM. The structures of the RTILs and Cc are 
illustrated in Scheme 2. All the preparations as well as the 
electrochemical studies were carried out in a glovebox filled with 
99.999% Ar (H2O and O2 levels were less than 1 ppm), which 
limited the degradation of Cc and solutions were found to be
stable during the time of the experiments.
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Scheme 2. Structures of the constituent cations and anion of RTILs and Cc 
used in this study.

A Ag(111) single crystal rod with diameter of 1 mm (MaTecK,
Germany) was selected as a working electrode for cyclic
voltammetry and electrochemical impedance spectroscopy (EIS)
experiments. A Ag wire and a Pt wire were used as reference and
auxiliary electrodes, respectively. The electrochemical cell and
pretreatments of the electrodes are the same as our previous
work[4d].

All the electrochemical studies were performed with an Autolab
potentiostat (Eco-Chemie, Netherlands) controlled by the Nova
2.0 software package. Cyclic voltammetry measurements were
carried out by scanning from a low potential limit where no faradic
reaction occurs. The impedance measurements in each ionic
liquid were performed at the formal potential calculated from the
CV at the lowest scan rate. Each impedance spectrum was
recorded from 105 to 0.1 Hz, and all the spectra were analyzed by
fitting the parameters of the Randles equivalent circuit to the
measured spectra.

Because of difficulty to achieve an exact concentration of Cc,
for the determination of the diffusion coefficient, we use a
combined measurement based on steady state and transient CV
as explained in the text allowing a simultaneous determinations of
the diffusion coefficient D and initial concentration of C°. For the
experiment as function of the scan rate, the initial concentration
was recalculated from the value of D and peak current Ip at low
scan rates.

For experiments concerning the determination of the diffusion
coefficient, C° and D were determined simultaneously because of
the difficulties of solubilizing Cc in the short chain RTILs. For
example in typical experiments, in EMITFSI, the derived
concentration is 3.5 x 10-3 mol L-1, nearly one quarter of the
nominal value (around 15 x 10-3 mol L-1), while in BMIFTSI the
concentration is 7.7 x 10-3 mol L-1. For OMITFSI, because of the
low value of D in this RTIL, it was necessary to increase the initial
concentration in OMITFSI to around 100 mM in order to determine
the diffusion coefficient accurately. The calculated concentration
is 102.3 mM in OMITFSI.
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The effect of electrode/ionic liquid interfaces on the charge transfer kinetics of the oxidation of chromocene at a single crystal Ag(111) 
electrode was studied. The variations of standard charge transfer rate constants with cation alkyl chain lengths demonstrate that well-
organized electrode/RTIL interfaces behave as a sort of self-assembled monolayer that controls the charge transfer kinetics with an
exponential tunneling coefficient of 5.51 nm-1.

Miangang Li, Shuai Liu, Liqiang Xie, Jiawei Yan*, Corinne Lagrost, Shuai Wang, Guang Feng, Philippe Hapiot*, Bingwei Mao*

10.1002/celc.202100094

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemElectroChem


