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ABSTRACT: The superoxide ion-radical was generated and analysed electrochemically
using cyclic voltammetry (CV) technique from oxygen dissolved in a room-temperature
ionic liquid, 1-hexyl-1-methyl-pyrrolidinium bis (trifluoromethylsulfonyl) imide, at
atmospheric pressure. It was found that the generated superoxide ion was stable which
indicates its possible use for further useful applications.

ABSTRAK: Ion radikal superoksida dihasil dan dianalisa secara elektrokimia
menggunakan teknik voltammetri berkitar (cyclic voltammetry (CV)) daripada oksigen
yang dilarutkan dalam larutan ionik pada suhu bilik, /-hexyl-1-methyl-pyrrolidinium bis
(trifluoromethylsulfonyl) imida, pada tekanan atmosfera. Didapati bahawa ion
superoksida yang terhasil adalah stabil. Ini menunjukkan ia berkemungkinan berguna
dalam aplikasi lain.
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1. INTRODUCTION

Ionic liquids are finding widespread use as alternative for conventional solvents in a
variety of applications, including liquid-liquid extraction, fuel and solar -cells,
organometallic synthesis, electrochemical devices, capacitors, lubricants, stationary phases
for chromatography; matrices for mass spectrometry, supports for the immobilization of
enzymes, in separation technologies, as liquid crystals, templates for synthesis nano-
materials and materials for tissue preservation, in preparation of polymer—gel catalytic
membranes, biphasic catalysis, and in generation of high conductivity materials. They
have unique properties such as high electrical conductivity, wide temperature range of the
liquid state, thermal stability, and low volatility. Moreover, because of their intrinsic
conductivity and wide electrochemical windows, they have been utilized in a wide range
of electrochemical applications [1-8]. One of these important applications is utilizing ILs
as alternative media for the reduction of O, into superoxide ion-radical (0,") [9-14].

AlNashef et al. is the first team who has reported the evidence of the electrochemical
generation of stable O," in the ionic liquid, [BMIM][PFg] [10-11]. Subsequently, other ILs
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have been investigated comprising different structures of cations and anions such as
trifluoromethylsulfonyl imide, tetrafluoroborate, hexafluorophosphate and
chloroaluminate, combining with imidazolium, phsphnium or ammonium cations [9-17].

2. EXPERIMENTAL AND MATERIALS

Scheme 1 shows the structures of the cation and anion that make up the IL 1-hexyl-1-
methyl-pyrrolidinium bis (trifluoromethylsulfonyl) imide, [HMPyrr][N(Tf),], (for
synthesis, MERCK) which selected for this study. The molecular weight is 452.44 g/mol,
and the formula is (C;3H24FsN>04S5).
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Scheme 1: The structure of [HMPyrr][N(Tf),].

Cyclic voltammetry (CV) tests were performed in [HMPyrr][N(Tf),]. The IL was
dried overnight in a vacuum oven at 50 C. The electrochemistry was performed using
potentiostat/galvanostat controlled by computer and data acquisition software. CVs can
be conducted in a one compartment cell since the time of the experiment is relatively
small to affect the ILs.

Glassy carbon electrode (3 mm diameter) was used as working electrode, and
platinum electrode was used as a counter electrode, while Ag/AgCl electrode was used as
a reference electrode. All experiments were performed in a dry glove box under either an
argon or helium atmosphere. Prior to superoxide ion-radical generation, a nitrogen sparge
was used while obtaining a background voltammogram. Oxygen was then bubbled
through the system for at least 30 minutes to allow sufficient solubilization. Between
consecutive CV runs, oxygen was bubbled briefly to refresh the system with oxygen and
to remove any concentration gradients. Nitrogen or oxygen sparging must be discontinued
during the CV data acquisition.

3. RESULTS AND DISCUSSION

The electrochemical window (Fig. 1), shows a wide potential range which indicates
the feasibility of use this IL for many electrochemical applications, one of them is
electrochemical generation of O,", due to its stability at + (-1) V the generation of O,"
occurs by reduction of O,. Figure 1 illustrates that the potential range is about 5.67 V, this
is can be attributed to the existence of pyrrolidinium cation and trifluoromethylsulfonyl
anion, since this type of IL proves its wide electrochemical window [18].

Figure 2 shows the cyclic voltammograms for the one-electron reduction of O, to O,
. The reduction peak was found to be within (-1 to -1.4 V), Table 1, from 9 mV/s till 144
mV/s. The presence of the backward peak (oxidation peak) confirms that the generated
superoxide is stable. The negligible background CV in the presence of nitrogen indicates
that the IL is electrochemically stable in this range of potential (0 to -1.5 V). It can be
stated in Fig 2 the difference between the reduction and oxidation peaks changed with
scan rate. This indicates that the electrochemical generation of the superoxide ion in the
studied ILs is not reversible. This is consistent with the electrochemistry of a kinetically
irreversible soluble redox couple [19].
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Fig. 1: Electrochemical window of [HMPyrr][N(Tf),].
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Fig. 2: CVs for various scan rates (mV/s) with oxygen and nitrogen (background) in
[HMPyrr][N(Tf),].

Table 1: The current and Potential of reduction peak in CVs.

Scan Rate ~ Current Peak Potential
(mV/s) (A) x10° Peak (V)
9 1.02 -1.019
36 2.60 -1.207
64 3.06 -1.254
81 3.40 -1.308
100 3.65 -1.342
144 4.38 -1.426

4. CONCLUSION

Stable superoxide ion-radical was generated in [HMPyrr][N(Tf),]. Cyclic
voltammetry technique was used to investigate the stability of O,", the combined of
pyrrolidinium cation with trifluoromethylsulfonyl anion were confirmed their capacity to
be a good medium as ionic liquid for the electrochemical generation of O,".
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