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To estimate the applicability of 1-butyl-3-methylimidazolium (bmim+) cation as an electrolyte for electrochemistry, the rate
constant of the 1,3-dinitrobenzene dianion protonation with bmim+ in DMF has been measured by cyclic voltammetry and
chronoamperometry as 100±30 and 82±6 dm3 mol–1 s–1 and compared with the values for phenol.

The advantages and disadvantages of room temperature ionic
liquids (RTILs), in particular, the most popular 1,3-dialkyl-
imidazolium salts, usage for researches in electroorganic
chemistry were the subject of the numerous discussions in last
decade.1–3 In evaluation of applicability of the RTIL special
attention should be paid to their ability to react with the primary
products of the electrode reactions. Taking into account that
radical anions (RA) and dianions (DA) are electrogenerated bases
(EGB), the knowledge of RTIL kinetic acidity is important for
their usage in electroreduction processes. However, as far as we
know, the only paper on the kinetics of EGB protonation with
imidazolium cations was published,4 where the rate constant
for benzophenone RA protonation has been measured. It is
obvious that the evaluation of general applicability of 1-butyl-3-
methylimidazolium cations (bmim+) as an electrolyte requires
kinetic data on proton transfer reaction between bmim+ and
EGB of the various natures, in particular, DA. In this work, the
reaction of 1,3-dinitrobenzene (1,3-DNB) DA with bmim+

has been investigated in DMF containing 0.1 M Bu4NClO4 by
cyclic voltammetry (CV) and chronoamperometry (CA) at the
carbositall electrode† to reveal the effect of bmim+ concentration.

Figure 1 (dashed line) shows a CV curve of 6 mM 1,3-DNB
obtained at 0.1 V s–1. The empty circles are the results of digital
simulation.‡ Both peaks at potentials –0.88 and –1.33 V are
accounted for chemically reversible process of RA and DA
formation. Figure 2 shows voltammograms of 6 mM 1,3-DNB

obtained by plotting the current values measured by CA at 2 s
for various potentials. Curve 1 corresponding the reduction of
1,3-DNB in the solution free of bmim+BF4

– demonstrates two
waves of equal height. The current–time curves at the potentials
of the limiting current of the first (i1) and second (i2) waves
(curves 1 and 2, Figure 3) follow the Cottrell equation with
indexes of 0.500±0.007 and 0.502±0.002, which indicate that
the processes are controlled by diffusion. Therefore, it may be
stated that reduction of 1,3-DNB under the conditions of the
experiment does not complicated by the bulk reactions of RA or
DA forming at the electrode.

The addition of bmim+BF4
– to the solution has virtually no

effect on the shape of the first cathodic peak (ip,1) but increases
the height of the second cathodic peak (ip,2) and decreases the
height of second anodic peak (Figure 4, curve 2). Simultaneously,
a new anodic peak at potentials about –0.58 V appears. At the
bmim+BF4

– concentration over 16 mM, the second anodic peak

† Electrochemical properties of carbositall are similar to glassy carbon.5
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Figure 1 Cyclic voltammetry of 1,3-DNB (6 mM) in DMF (0.1 M Bu4NClO4)
at the carbositall electrode and a potential sweep of 0.1 V s–1 (dashed line)
and under the same conditions upon the addition of 6 mM bmim+BF4

–

(solid line). Empty and filled circles shows corresponding simulated curves
for k = 100 dm3 mol–1 s–1.

‡ Digital simulations were conducted using DigiElch Professional from
ElchSoft, v. 3 (Build 3.600).6 The standard scheme of reduction of the
nitro group7 was used in the simulation of electroreduction of 1,3-DNB
with protonation of its DA as a limiting stage. The intermediate products
have been synthesized and formal potentials of first and second electron
transfer were measured for 3-nitrosonitrobenzene as –0.61, –1.36 and
formal potential of first electron transfer for 3-nitrophenylhydroxylamine
as –1.18 V. It was found, that protonation of 3-nitrosonitrobenzene DA
was faster than that of DA 1,3-DNB. It was shown by CV that 3-nitro-
phenylhydroxylamine RA was stable at all bmim+ concentrations used.
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Figure 2 Voltammograms of 6 mM 1,3-DNB solutions in DMF (0.1 M
Bu4NClO4) at the carbositall electrode containing various concentrations of
bmim+BF4

– : (1) 0, (2) 3, (3) 6, (4) 9, (5) 18 and (6) 52 mM, (7) the curve
for background electrolyte. The curves obtained by plotting the current
values measured at various potentials by chronoamperometry at 2 s.
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disappears completely and another new broad anodic peak at a
potential of about –1.14 V may be observed (Figure 4, curve 2).

Similar changes in the shape of the CV curve of 1,3-DNB are
observed when phenol is added to the solution (Figure 4, curve 3).
The addition of ethanol and tert-butanol affects the shape of the
curve similarly but this change appears only at alcohol concen-
trations 25 to 30-fold higher than that of bmim+. Similarity of the
effects demonstrates that the bmim+ react with DA 1,3-DNB by
the same way as such OH proton donors do. The formation of
3-nitrophenylhydroxylamine RA was observed earlier in electro-
reduction of 1,3-DNB in DMF solution containing phenol.8

The dependence of ip,2 on the logarithm of concentration
ratio of bmim+BF4

– to 1,3-DNB has S-like pattern and reaches
the limit at ratio values about 18 (Figure 5). The limiting value
of ip,2 corresponds the theoretical value for a five-electron
process described by Scheme 1.

A plot of ip,2 vs. square root of sweep rate (v1/2) demonstrates
leanearity in the absence of bmim+BF4

–, but splits in two linear
parts in the presence of bmim+ (Figure 6, curve 2). At low
sweep rates, the slope of curve 2 is remarkably larger than that
in the absence of bmim+BF4

– (curve 1). At high sweep rates,
slopes of both curves at Figure 6 become practically equal. This
may be treated as an indication of transition from kinetic multi-
electron current to diffusion two-electron process. The value
of v1/2 corresponding to the slope change point increases with
increasing of bmim+ concentration. Figure 6 shows that experi-
mental values of ip,2 lay at the theoretical curves obtained by
simulation.

Using the experimental values of ip,2 at various concentration
ratios of bmim+BF4

– to 1,3-DNB (Figure 5), the rate constant of
dianion protonation may be estimated as 100±30 dm3 mol–1 s–1.§

However, it should be taken into account that peak currents
are affected not only by kinetics of the bulk reactions but also
by heterogeneous kinetics. Moreover, the potential scanning
results in complicate evolution of the intermediate species con-
centration profiles and may require to complicate seriously the
kinetic scheme used. Therefore, we use CA as a main method
for the kinetic investigations of the dianion 1,3-DNB protona-
tion by bmim+.
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Figure 3 Simulated for k = 82 dm3 mol–1 s–1 (circles) and experimental
current–time curves at the potentials of the limiting current of (1) the first
and (2)–(7) second waves of 5 mM 1,3-DNB in DMF containing 0.1 M
Bu4NClO4. Concentrations of bmim+BF4

–: (1), (2) 0, (3) 2.4, (4) 8, (5) 16,
(6) 27 and (7) 68 mM.

–0.3

–0.2

–0.1

0.0

0.1
–1800–1400–1000–600–200

I/
m

A

E /mV vs. SCE

1

2

3

4

Figure 4 Cyclic voltammograms of 6 mM 1,3-DNB in DMF (0.1 M
Bu4NClO4) at the carbositall electrode and a potential sweep of 0.1 V s–1:
(1) no addition; addition of (2) 18 mM bmim+BF4

– and (3) 18 mM phenol.
(4) Cyclic voltammogram of 5 mM 3-nitrosonitrobenzene.
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Figure 5 Dependences of the first (empty circles) and second (filled
circles) cathodic peaks currents at voltammograms of 1,3-DNB on the
concentration ratio of bmim+BF4

– to 1,3-DNB. Solid and dash-dotted lines
show corresponding theoretical dependences for k = 100 dm3 mol–1 s–1.

§ The values of rate constant of DA protonation (k) were calculated
from the experimental values of ip,2 and i2 measured for various concen-
tration ratios of bmim+BF4

– to 1,3-DNB (Rc), according to simulated
reference dependences ip,2 = f(k, Rc) and i2 = f(k, Rc).
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Figure 6 (1) A plot of ip,2 versus square root of sweep rate (v1/2) for 5 mM
solutions of 1,3-DNB in DMF (0.1 M Bu4NClO4). (2) The same solution
containing 15 mM bmim+BF4

–. Dashed line show theoretical curve at
k = 100 dm3 mol–1 s–1.
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Figures 2 and 7 give an example of i1 and i2 dependence on
bmim+BF4

– concentration.¶ Similar to described above dependence
(Figure 5) i1 value keeps constant when i2 increases with
increasing of concentration ratio of bmim+BF4

– to 1,3-DNB
(Figure 7) and reaches limiting value at 40–50 mM. Figure 7
shows that apparent number of electrons†† (n) at the limit is also
close to 5 as it was in case of ip,2. The rate constant of DA

protonation estimated with the data obtained by CA (Figure 7)
equals 82±6 dm3 mol–1 s–1. This value is about 20% lower than
that obtained by CV, but the last should be treated as less
reliable and less precise by the reasons discussed above. The
obtained values of k are rather close to that of phenol.9

Unlike bmim+BF4
–, the introduction of 1-butyl-2,3-dimethyl-

imidazolium tetrafluoroborate into the solution exerts virtually
no effect on the height of the cathodic peaks, inducing only its
shift toward positive potentials. This allows one to suggest that
protonation of dianion 1,3-DNB by bmim+ involves the proton
located at the 2-position of imidazole ring. In turn, this means
that the protonation should be accompanied by carbene formation.10
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Figure 7 Dependence of the apparent number of electrons involved in the
electroreduction at the first (empty circles) and second (filled circles) steps
of reduction, measured by chronoamperometry at t = 1 s, on the ratio of
concentrations of bmim+BF4

– and 1,3-DNB. Solid and dash-dotted lines
show corresponding theoretical dependences for k = 82 dm3 mol–1 s–1.
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