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Abstract Electrochemical studies were performed using Ni
electrodes in solutions of a mixture of ethylene glycol or of γ-
butyrolactone with 1-n-butyl-3-methylimidazolium tetrafluor-
oborate ionic liquid. The aim of the study was to evaluate the
use of these systems in electrochemical double-layer capaci-
tor. Cyclic voltammetry experiments showed a potential range
at which the Ni electrode behaved as a polarizable electrode.
Ni oxidizes at high anodic potentials. Inside the potential
range without electrochemical activity, the capacitance and
the solution resistance, which were evaluated by impedance
electrochemical spectroscopy, were compared for the two
solutions tested. Conductivity measurements of the electro-
lytes with different compositions were also acquired. The
results of cyclic voltammetry indicated that the Ni has a wide
electrochemical window and low current peak densities of
oxidation in the γ-butyrolactone medium than in ethylene
glycol medium. The γ-butyrolactone and 1-n-butyl-3-methyl-
imidazolium tetrafluoroborate ionic liquid solutions had the
highest conductivity values. Decreased 1-n-butyl-3-methyli-
midazolium tetrafluoroborate ionic liquid content in different
solvent mixtures resulted in an increase in the capacitance
value at the Ni/electrolyte interface. The highest capacitance

values were obtained for Ni in ethylene glycol and 1-n-butyl-
3-methylimidazolium tetrafluoroborate medium.
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Introduction

Capacitors are devices that store electric energy when sub-
jected to an applied potential. Interest in the development of
electrode and electrolyte materials for the manufacture of
supercapacitors has been increasing in recent years, mainly
due to the possibility to store large amounts of energy.

Capacitors may be classified as electrolytic or electrochem-
ical [1]. Electrolytic capacitors are composed of two conductor
electrodes separated by a dielectric. The capacitances vary
between 0.1 and 1 μF/cm2, which are typical values for non-
conducting or semiconductor oxides [2]. Electrolytic capaci-
tors present high capacitance per unit of volume but are
unstable and the capacitance gradually decreases, especially
if subjected to heat or high tension [3].

Electrochemical capacitors, also named supercapacitors
or ultracapacitors, do not have a dielectric separating the
electrodes and are a new option for energy storage. Double
electrical layer capacitors are among several kinds of elec-
trochemical capacitors [3, 4]. The capacitance results from
the charge separation at the electrode/electrolyte interface.
The capacitance for a double electrical layer capacitor varies
between 10 and 100 μF/cm2, which is much greater than the
capacitance of an electrolytic capacitor [3].
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When constructing a double-layer capacitor, the electrode
material must be stable inside the electrolytic solution; there-
fore, Faradaic processes such as oxidation, corrosion, and
oxide film formation are not desirable. For these reasons, there
are many investigations searching for electrode materials that
are not susceptible to corrosion, such as activated carbon
[5–11], which is potentially useful for applications in electro-
chemical capacitors due to low cost, high-specific area, and
high stability. A greater specific surface area of carbon leads to
a greater specific capacitance. However, only part of the
carbon surface area is electrochemically accessible when in
contact with the electrolyte in other words, the gravimetric
capacity of several carbon materials does not increase linearly
with the surface area. This behavior constitutes a technical
problem because it can cause a failure in the capacitor
specification.

This work tests Ni as the electrode material of an electro-
chemical capacitor. The use of Ni was suggested for the con-
struction of pseudocapacitive-type electrochemical capacitors,
where the pseudocapacitance arises from reversible Faradaic
redox reactions. Previous reports indicate that Ni and Ni oxide
or hydroxide show high electrochemical activity in alkali elec-
trolytes, which is the origin of pseudocapacitance [12–15]. Ni
is a component of several steel alloys because it is resistant to
air and water corrosion. Ni is also corrosion resistant in other
aggressive media and is stable at high temperatures. Due to
these properties, Ni is used as an electrically deposited protec-
tive coating because it is metallurgically compatible with a
great variety of elements. Ni electrodes are important materials
for electrochemical applications and in devices for energy
conversion. In aqueous solutions, a Ni(OH)2 film is initially
formed on a Ni surface and gradually converted to NiO or
NiOOH, which is dependent on the pH and potential applied
[16–18].

The capacitors are impregnated with electrolytic solutions
constituted by aqueous or non-aqueous solvents and dissolved
salts that improve conductivity as well as corrosion inhibitors,
dielectric oxide stabilizers, and gas absorbers. The choice of
an adequate electrolyte is very important because it is respon-
sible for the capacitor performance because charge separation
occurs at the dielectric/solution interface (electrolytic capaci-
tors) or at the electrode/solution interface (electrochemical
capacitors) [1]. Aqueous electrolytes are best to ensure the
solubility of salts and the required conductivity is achieved
due to a high relative permittivity.

The low decomposition potentials by water electrolysis, the
high vapor pressure, and the possibility of dielectric or metallic
surface damage causes the use of high amounts of water in the
electrolytic mixture to be undesirable [19]. A possible solution
to this problem is the use of polar organic solvents that have
high relative permittivity, such as ethylene glycol (EG) and γ-
butyrolactone (GBL), in the composition of capacitor impreg-
nation electrolytes [1]. A limitation for using these solvents is

their low conductivity, which often does not meet the specifi-
cations required for the production of small capacitors with low
impedance. Therefore, researchers continue to investigate new
electrolytic systems, which are non-aqueous but consist of
ionic electrolytes. High thermal stability and high boiling tem-
peratures are extremely necessary for application in small
capacitor.

Ionic liquids are molten salts at room temperature and
can be synthesized with a great diversity of cations and
anions, which are used as electrolytes in several electro-
chemical applications, such as solvents for electrodeposi-
tion, batteries, fuel cells, and others [20–25]. Ionic liquids
present many attractive properties, such as thermal stability,
inflammability, high ionic conductivity, a large electrochem-
ical window, and negligible vapor pressure, and they are not
corrosive [26–36]. Ionic liquids are also considered to be
“green solvents” because they are nontoxic [30]. The prop-
erties of ionic liquids meet the property requirements for the
electrolyte component of capacitors.

This study investigates the electrochemical behavior of
Ni in electrolytic mixtures consisting of EG or GBL with
1-n-butyl-3-methylimidazolium tetrafluoroborate ionic liq-
uid, with the target application being the production of
electrochemical capacitors. The techniques used in this
study were potentiodynamic polarization, electrochemical
impedance spectroscopy, and conductivity measurements.

Experimental

Initially, the 1-n-butyl-3-methylimidazolium tetrafluorobo-
rate ionic liquid (BMI.BF4) was prepared according to pre-
viously published procedures [37, 38]. The ionic liquid was
synthesized under an argon atmosphere and dried under
reduced pressure. The water content (200 ppm) was deter-
mined using a coulometric Karl Fischer titration (Titrino
756 KF Metrohm). The proton nuclear magnetic resonance
analysis was performed in order to verify the purity of the
BMI.BF4 using a spectrometer Varian VXR 300 (300 MHz)
in CDCl3 and at room temperature.

The electrolytic solutions were prepared in a total volume
of 5.0 mL using different mixtures of EG (Merck) or GBL
(Reagen-Quimibrás) with BMI.BF4. Volumetric percentages
of 100 % BMI.BF4, 80 % BMI.BF4, 60 % BMI.BF4, 40 %
BMI.BF4, and 20 % BMI.BF4 were used. Table 1 presents
the molar concentration of BMI.BF4/EG and BMI.BF4/GBL
mixtures as a function of the volumetric percentage.

The electrochemical experiments were performed using a
conventional three-electrode analytical cell with a platinum
network counter electrode and a platinumwire quasi-reference
electrode (QSR-Pt). As the solutions are not aqueous, the use
of a traditional reference electrode is not recommended be-
cause of the formation of a liquid junction which can cause a
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potential gradient to develop due to the diffusion of ions
across the junction. When ionic liquids are used as the elec-
trolyte in electrochemical experiments, a platinum or silver
wire is usually employed as the reference electrode [39–41].
The working electrode consisted of a pure Ni disk (99.99 %,
Goodfellow), which was inserted in a Teflon holder with an
exposed area of 0.2 cm². The disk was polished with 400, 600,
and 1,200 grit emery papers and washed with distilled water
and ethanol prior to drying.

The electrochemical measurements were performed with
an Autolab model PGSTAT 30 potentiostat coupled with a
frequency response analyzer for impedance spectroscopy
and with a GPES module for cyclic voltammetry. The
experiments were performed at room temperature and under
an argon atmosphere.

Electrochemical impedance spectroscopy analyses were
performed at the open circuit potential (OCP) over a fre-
quency range of 100 mHz to 100 kHz and at an amplitude of
10 mV. Impedance was measured after the electrodes were
immersed in the solutions for 1 h. Cyclic voltammetric
experiments were then performed. The electrode potential
scan rate was set to 0.010 V/s, and the potential was scanned
between the limits of −2.0 and +2.0 V (QSR-Pt). The first
scan is reported. The conductivity (σ) of all solutions was
measured at room temperature, using a Hach SensIon 7
conductivity meter.

Results and discussion

Figure 1 (inset) presents the cyclic voltammogram of the Ni
electrode in BMI.BF4. The initial cathodic current of the
potential scan may be related to a hydrogen evolution reac-
tion due to the reduction of residual water or to the decom-
position of the ionic liquid [39]. In the anodic potential
range, one anodic peak at +1.55 V (QSR-Pt) attributed to
the oxidation of the Ni0 to Ni(II) species is observed in the
voltammogram of Ni in BMI.BF4. The potential of the
oxidation peak is shifted to more positive values when
compared to aqueous medium [11]. In non-aqueous solution
with lower conductivity, the ohmic drop results in a lower
electrodic potential than what is actually being applied. In
the reverse scan, the cathodic peak at −1.53 V (QSR-Pt),

which corresponded to Ni(II) reduction to Ni0, shows the
presence of a Ni0/Ni(II) redox pair. There is a potential
range between the peaks without Faradaic processes, in
which Ni behaves as a polarizable electrode. In this potential
range, the increased potential results in charge storage at the
Ni/ionic liquid interface, which characterizes the system as
having a capacitive behavior.

Electrochemical impedance spectroscopy was performed
to characterize the capacitive behavior of the Ni/BMI.BF4
interface at the OCP. The OCP was within the potential
range at which the Ni electrode did not present charge-
transfer Faradaic processes (see Table 1). Figure 2a and 2b
are Nyquist and Bode diagrams, which were obtained from
the impedance experiments. An evidence for capacitive
behavior of the system was provided by inclined capacitive
line. Further evidence was provided in the Bode diagram:
the slope was nearly −1 in log |Z| versus log f in the low to
intermediate frequency range, there was an absence of a
resistance horizontal line at low frequencies and the phase
angle was nearly 90°. The capacitance at the Ni/BMI.BF4
interface was calculated by C ¼ 1 2pfmaxZð Þ= , where the fmax

is the frequency of the maximum value of phase angle in the
Bode diagram (log |Z| versus θ) and the impedance Z was

Table 1 Molar concentration
and open circuit potential (OCP)
of BMI.BF4/EG and BMI.BF4/
GBL mixtures

% (v/v)
BMI.BF4

CEG

(mol/L)
CGBL

(mol/L)
CBMI.BF4

(mol/L)
EOCP (V)
(QSR-Pt) EG

EOCP (V)
(QSR-Pt) GBL

100 0.00 0.00 5.35 −0.223 −0.223

80 3.58 2.62 4.28 −0.130 −0.262

60 7.15 5.25 3.71 −0.291 −0.297

40 10.7 7.87 2.14 −0.320 −0.200

20 14.3 10.50 1.07 −0.324 −0.296
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Fig. 1 Cyclic voltammograms of Ni in BMI.BF4/EG mixtures. The
solvent systems are 20 % (v/v) BMI.BF4 (black broken line), 40 % (v/v)
BMI.BF4 (blue broken line), 60 % (v/v) BMI.BF4 (red broken line),
80 % (v/v) BMI.BF4 (gray solid line) and 100 % (v) BMI.BF4 (black
solid line) with a magnified inset. The potential scan rate was 0.010 V/s
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obtained from this frequency (log |Z| versus log f). The
resistance in high frequency, associated with solution resis-
tance (RS), was calculated considering log Zf!1 ¼ logRs ,
where the total impedance is constant in relation to the
frequency. These treatments were applied to all impedance
experiments.

1. EG and BMI.BF4 mixtures

Figure 2a and 2b show the Nyquist and Bode diagrams,
respectively, obtained for Ni at OCP in different solutions of
BMI.BF4 and EG. Although the addition of EG into BMI.BF4
affects the capacitance properties, these solutions present an
inclined capacitive line. The Bode diagram (log |Z| versus log
f) presents a capacitive straight line with a slope of −1 at low
and intermediate frequencies and a horizontal line at high
frequencies, which is associated with RS. Both the diagrams
and a phase angle near 90° at log |Z| versus θ prove the
capacitive behavior of the Ni/electrolyte interface, which is

similar to its behavior in pure BMI.BF4. Increasing the
amount of EG results in a decrease in the total impedance
of the system at the same frequency (Fig. 2b). The phase
angle also decreases and the capacitive straight line shifts
to lower frequency values. These results point to a de-
crease in the capacitive reactance of the Ni/electrolyte
interface as the amount of EG in the mixture increase,
which leads to an increase in the capacitance and the
charge stored at the interface. The impedance associated
with RS decreases as the amount of EG in the mixture
increases until ca. 60 % (v/v) BMI.BF4, which begins to
increase upon further addition.

The cyclic voltammograms of Ni immersed in the
BMI.BF4/EG mixtures (Fig. 1) resulted in the observation
of a potential range without electrochemical activity. The
OCP values where the impedance experiments were per-
formed were included in this range (see Table 1), which
justifies the capacitive behavior of the impedance diagrams.
During direct scan potential, the voltammograms showed an
increase in the anodic current without the observation of
characteristic Ni0 to Ni (II) oxidation peak. Probably, this
peak is concealed or covered by increased anodic current
when the EG amount increases (see Electronic supple-
mentary material).

With the potential inversion, an anodic reactivation peak
appears. The reactivation peak causes high current densities
in BMI.BF4/EG mixtures with low RS, i.e., with high con-
ductivity. The current density of the anodic reactivation
peak is larger than the current density obtained from the
direct scan at the same potential values. The resulting hys-
teresis indicates that an increase of the dissolutive oxidation
rate of Ni occurred, which is most likely due to the increase
of the active electrodic area. This behavior can be attributed
to the presence of an oxide film on the surface of the
electrode, which formed during preparation and is removed
as a potential is applied (direct scan). When the potential
scan is reversed, the oxidation occurs at a high rate due to an
increase in the amount of exposed metallic Ni. The conclu-
sion is that the anodic polarization of Ni in BMI.BF4/EG
mixtures lead to the dissolution of the metallic surface. The
use of EG as a solvent for the electrolyte [42–44] and as a
co-solvent with a choline chloride based ionic liquid [45]
have been previously described in electrochemical polishing
procedures. The studies regarding the electropolishing pro-
cess with EG and BMI.BF4 mixtures showed that there is a
formation of a viscous layer at the metal surface. The
positive Faradaic current flows due to the dissolution of
the metal oxide on the surface and the dissolution of metal
through the oxide holes. The removal of the oxide is a
relatively slow process. The oxide dissolution and metallic
anodic oxidation are controlled by diffusion through the
viscous layer. Any anodic oxide formation on the metallic
surface that can interfere with the process is prevented.
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Fig. 2 Nyquist (2a) and Bode (2b) impedance diagrams of Ni in
BMI.BF4/EG mixtures at OCP (QSR-Pt): 20 % (v/v) BMI.BF4 (filled
circle), 40 % (v/v) BMI.BF4 (asterisk), 60 % (v/v) BMI.BF4 (filled
triangle), 80 % (v/v) BMI.BF4 (empty circle), and 100 % (v) BMI.BF4
(empty square)
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2. GBL and BMI.BF4 mixtures

The Nyquist and Bode diagrams obtained for Ni at OCP in
different BMI.BF4/GBL solutions are acquired after 1 h of
immersion and are presented in Fig. 2a and 2b, respectively.
Similar to the results for the BMI.BF4/EG solutions, the
spectra show an inclined capacitive line in the Nyquist dia-
gram and a phase angle near 90° and straight line with a slope
of −1 in the Bode diagram. These results indicate that capac-
itive behavior occurs at the Ni/electrolyte interface. Increased
amounts of GBL lead to a decrease in the total impedance of
the system (Fig. 3a, 3b).

The cyclic voltammograms for all solvent mixtures
(Fig. 4) show a cathodic current at the beginning of the
scan, which is associated with a hydrogen evolution reaction
or with the decomposition of ionic liquid.

In the anodic scan, a peak appears near +0.25 V (QSR-Pt)
in 20 % BMI.BF4 (v/v), which shifts to +0.50 V (QSR-Pt) in
80 % BMI.BF4 (v/v). A second anodic peak is present at

+1.5 V (QSR-Pt), which is not significantly affected by the
amount of GBL added to the mixture. This peak is not present
in 40 % BMI.BF4 (v/v) probably because it shifted to higher
values, coinciding with potential reversion. These peaks can
be attributed to the oxidation of different allotropes of Ni0 to
Ni(II) species. Near the reversal potential, the anodic current
increases. At +2.0 V (QSR-Pt), as the scan is reversed, the
anodic current is high for mixtures with low content of
BMI.BF4, which corresponds to solutions with low RS. In
the reverse scan, one cathodic peak, associated with the re-
duction of Ni (II) that was previously formed, is observed in the
voltammagrams, which indicates that the electrochemical pro-
cess is reversible. The cathodic current peak also increased and
shifts to higher values of potential for mixtures with low
content of BMI.BF4, therefore with low RS. The anodic and
cathodic current peak densities are smaller than those observed
in the system containing EG, which is most likely due to the
greater stability of the Ni electrode relative to the charge
transfer reactions in the GBL medium.

3. EG versus GBL in mixtures containing BMI.BF4

The RS is obtained through a Bode plot (log |Z| versus log f),
where the total impedance is constant in relation to the
frequency. For the application in electrochemical capacitors,
particularly low impedance capacitors, the impregnation
solutions are required to have a small series resistance,
which is responsible for fast capacitor charging and dis-
charging during cycles. The RS is an important factor for
the operation of an electrochemical system because it pro-
motes power dissipation. A reduction in RS caused by an
increase in the conductivity of the impregnation solution
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Fig. 3 Nyquist (3a) and Bode (3b) impedance diagrams of Ni in
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(filled circle), 40 % (v/v) BMI.BF4 (asterisk), 60 % (v/v) BMI.BF4
(filled triangle), 80 % (v/v) BMI.BF4 (empty circle), and 100 % (v)
BMI.BF4 (empty square)

-2.0 -1.0 0.0 1.0 2.0

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

-0.5 0.0 0.5 1.0 1.5 2.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

E (V / QSR-Pt)

i (
m

A
/c

m
2 )

E (V / QSR-Pt)

i (
m

A
/c

m
2 )

Fig. 4 Cyclic voltammograms of Ni in BMI.BF4/GBL mixtures. The
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would cause the power dissipation to decrease, which would
lead to solution heating.

Figure 5 shows the RS values obtained as a function of the
mixture BMI.BF4 and EG composition. These results indicate
that increased BMI.BF4 amounts cause a decrease in the
solution resistance until a minimum value is reached and then
increases again until 100 % BMI.BF4. In pure BMI.BF4, the
cations BMI+ and anions BF4

− are slightly dissociated and the
solution conductivity is low because there are strong Coulomb
interactions [46]. As EGwas added, the dissociation processes
of BMI.BF4 was improved, due to the decrease of Coulomb
interactions and the release of free ions from their associates
and aggregates [47]. The increase in the conductivity of a
given system must be due to the increase in ion mobility
and/or the number of charge carriers. Consequently, the con-
ductivity of the mixture increases, which decreases the RS

values. In EG-rich solutions, the low BMI.BF4 content causes
an increase in solution resistance. Therefore, solutions con-
taining 40, 60, and 80 % (v/v) of BMI.BF4 in EG have the
highest possibility to be used as electrolytes in the manufac-
ture of electrochemical double-layer capacitors with Ni
electrodes.

Figure 5 also presents the RS values obtained as a func-
tion of the BMI.BF4/GBL mixture composition. The results
show that RS increases exponentially as the BMI.BF4 con-
tent increases, which indicates that by raising the GBL
amount, the degree of dissociation is enhanced and the
solution becomes more conductive [47].

The conductivities of BMI.BF4 mixtures in EG or GBL at
room temperature were also evaluated and are presented in
Table 2. In the EG medium, the conductivity increases
concomitantly with the BMI.BF4 content until a maximum
value (80 % BMI.BF4) is reached, and then the conductivity
decreases. In the GBL medium, the conductivity decreases

In a pure BMI.BF4, the high viscosity and ion aggrega-
tion lead to low conductivity and high-solution resistance
values [46]. Initially, the solution resistance decreases with
the addition of EG to the medium. This behavior corre-
sponds to an increase in the number of charge carriers due
to the decrease of Coulomb interactions between cations and
anions of the ionic liquid [47]. In a medium with low
BMI.BF4 concentration, the enhancement in the solution
resistance can be explained by a low concentration of ionic
species (BMI+ and BF4

−), despite of a high degree of dis-
sociation and high EG amount. In BMI.BF4/GBL mixtures,
the decrease of the solution resistance values with the addi-
tion of GBL is mainly attributed to the lower viscosity of the
solvent compared to EG [47].

The capacitance values for Ni immersed in the mixtures
BMI.BF4/EG and in BMI.BF4/GBL are shown in Fig. 6. In
both electrolytic systems, the capacitance decreases as the
ionic liquid concentration increases.

According to the Stern model [50], the capacitance of
the double layer constructed between an electric interface
and an electrolytic solution is calculated by the following
equations:

1

Cd
¼ 1

CH
þ 1

CGC
ð1Þ

1

Cd
¼ xH

"R"0
þ 1

ð2"R"0z2e2ni0=KBTÞ1=2coshðzeϕΔ;0=2KBTÞ
ð2Þ

Equation 1 indicates that the total capacitance of the double
layer (Cd) has two contributing sources: the compact, or
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Fig. 5 A plot of the solution resistance (RS) for the Ni electrode as a
function of the volumetric percentage of BMI.BF4 in EG (filled square)
or GBL (empty circle) and BMI.BF4 mixtures

Table 2 Conductivity BMI.BF4/EG and BMI.BF4/GBL mixtures at
30 °C

% (v/v) BMI.BF4 20 50 80 100

σ (mS/cm) EG 4.8 9.7 11.8 5.2

GBL 19.4 16.4 12.0 5.2
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with increasing content of BMI.BF4. These results are con-
sistent with the values of RS determined by electrochemical
impedance spectroscopy.

The difference between the solution resistances of
BMI.BF4 mixtures in EG or GBL media is most likely
related to the viscosity of the organic solvent. At 25 °C,
the relative permittivity of GBL (42) is similar to that of EG
(39) [1, 48]. Therefore, both solvents are able to dissolve
true electrolytes, which increases the real number of charge
carriers. At 25 °C, the viscosity of GBL is 1.7 cP [1] and of
EG is 16.1 cP [49]. A decreased viscosity of the medium
causes an increased mobility of charge carriers (i.e.,
BMI+ and BF4

−), which leads to low-solution resistance
values [47].



Helmholtz, layer (CH) near the electrode surface and the
diffuse, or Gouy–Chapmann, layer (CGC) inside the solu-
tion, which are arranged in series. Equation 2 shows that the
first contribution is independent of the potential and that the
second is a function of the applied potential. In this equa-
tion, εR is the relative permittivity of the double layer, ε0 is
the vacuum permittivity, xH is the compact layer thickness, z
is magnitude of the charge on the ions, e is the charge on the
electron, ni

0 is the number concentration of each ion on the
bulk, ϕΔ,0 is the potential drop across the diffuse layer, KB is
the Boltzmann constant, and T is the absolute temperature.
When the applied potential value is near the potential of zero
charge (PZC), CH is much higher than CGC and Cd is
approximately equal to CGC. On the other hand, at potentials
far from the PZC, CGC is higher than CH and Cd is equal to
CH. Moreover, as the electrolyte concentration increases, the
diffuse layer contribution is negligible for the Cd computa-
tion. Table 1 shows the molar concentration of BMI.BF4/EG
and BMI.BF4/GBL mixtures as a function of volumetric
percentage. The values of molar concentration are high,
presuming that the most important contribution for the total
capacitance is the compact layer capacitance, which is inde-
pendent of the applied potential.

The Ni electrode/(BMI.BF4+EG) electrolyte interface
results in capacitance values greater than the Ni electrode/
(BMI.BF4+GBL) electrolyte interface. The capacitance was
evaluated at the OCP, while the application of the potential
pulse was 10 mV. Previous studies presented that one of the
main differences between the electropolishing mechanism in
the ionic liquid and the aqueous solution is the rate at which
the oxide is removed from the electrode surface [45]. The
authors showed that the removal of oxide is a relatively slow
process, suggesting that oxide dissolution is the indeed key in
the polishing mechanism. This could explain why dissolution

appears to occur at small potential pulse in EGmedium, which
can be sufficient to start a polishing process of the metallic
surface by dissolving previous films formed during the prep-
aration of the Ni electrode [44, 45]. However, in the GBL
medium, the previous films remain. The double-layer capac-
itance values formed between an oxide/free metal and an
adjacent viscous solution containing metal ions are higher
than the capacitance values between a metal and a solution
separated by a thin oxide film. The electrolytic capacitors
containing dielectric material (metallic oxides) have a capac-
itance of approximately 0.1μF/cm² [2]; however, the value for
the Ni electrode/(BMI.BF4+EG) electrolyte interface is
22 μF/cm² (i.e., 220 times greater) for 20 and 60 % BMI.BF4.
Likewise, the Ni electrode/(BMI.BF4+GBL) systems present
capacitance values of nearly 10 μF/cm² (i.e., 100 times great-
er) for 20 and 40 % BMI.BF4. Hence, smaller values of
specific capacitance for the Ni electrode/(BMI.BF4+GBL)
electrolyte interface are due to the presence of a thin oxide
film formed on the Ni surface during the polishing, rinsing,
and drying of the electrode, which act as a dielectric. The
variation of capacitance with the volumetric percentage
BMI.BF4 (Fig. 6) can be related to the geometric electrode
area and also with the presence of ions and dipoles adsorbed.

Conclusions

The cyclic voltammetry results show that Ni in a BMI.BF4
medium or mixed with EG or GBL (organic solvents), results
in a potential range without electrochemical activity. The high
capacitance values of the Ni/electrolyte interface observed in
these systems should enable the system to be used in electro-
chemical double-layer capacitors. The best performance is
observed for BMI.BF4/EG with 40–20 % (v/v) or BMI.BF4/
GBL with lower than 60 % (v/v).
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