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Abstract

In the first part of the work electropolymerisation of phenol was studied at glassy carbon electrode. Rapid fouling of its surface
indicated the formation of coherent poly(phenyleneoxide) layer which was demonstrated by the repeated cyclic voltammetric scans.
Effect of anodic pretreatment potential in acetonitrile solvent was also investigated and the results showed that at potentials higher
than 2 V glassy carbon electrode becomes deactivated. Preanodisation of glassy carbon electrode at 3 V in acetonitrile resulted in
diminished anodic peak currents by phenols. It was due to the partial deactivation of electrode surface and its extent increased
with the pretreatment time. The electrooxidation of para-substituted phenols (p-Cl-phenol, p-NO,-phenol, p-tertbutylphenol,
p-methoxyphenol) in acetonitrile resulted in no fouling layer on platinum electrode and the peak currents were significantly higher
than in the first scan of unsubstituted phenol in the same concentration. Glassy carbon deactivated continuously by repeating the

scans due to the solvent and bonding of products on the surface.
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1 Introduction

There are a large number of articles focusing at the pre-
treatment of glassy carbon electrode but mainly in aqueous
solutions. Preanodisation and precathodisation changes
its surface as oxygen containing functional groups will
be present on it [1-5]. These modifications enhance the
usefulness of the electrode as the detection limit can be
lowered significantly. A few reports can be found in the
literature aiming the exploration of the effects of electro-
chemical pretreatment of glassy carbon electrode in dry
nonaqueous solvents [6]. As acetonitrile is an appropriate
solvent for characterizing the electrooxidation of a vast
number of compounds due to its wide potential window,
the use of platinum electrode is suitable in these investiga-
tions due to its stability in nonaqueous media. The differ-
ent carbon based electrodes perform in many cases iden-
tical behavior so glassy carbon was investigated in this
work in acetonitrile polarized to higher anodic potentials

in case of some selected electroactive compounds, espe-
cially phenols.

It is generally observed that most of one hydroxyl group
containing phenols deactivate the surface of commonly
used electrodes in most of the solvents [7-14]. It is interest-
ing in many respects for example electrodes can be modified
according to the application like size exclusion properties
and corrosion protective layers. On the other hand, their vol-
tammetry is markedly different in the different solvents and
on electrodes made from different materials. Their electro-
chemical behavior can be significantly different depending
on the number of hydroxy groups. In case of many quinones,
only oxidative dehydrogenation reaction occurs. The steric
hindrance caused by larger substituents alters the electro-
chemical behavior of phenols with one hydroxy group due
to the prevention of the undesired coupling of radicals which
form continuously during the anodic oxidation of substrate.
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2 Experimental

All experiments were carried out at ambient conditions.
The solvent acetonitrile (water content around 10-* M) and
the other chemicals used were analytical grade. The work-
ing electrode was a 1 mm disc shaped glassy carbon and
platinum electrode sealed in polyetheretherketone (eDAQ)
whose potential was quoted to a silver wire reference elec-
trode. A platinum wire was also embedded in the solutions
serving as counter electrode. Tetrabutylammonium per-
chlorate (TBAP) served as supporting electrolyte. Before
all experiments the electrodes were polished on a polish-
ing cloth with different particle size alumina powder (1
and 0.05 pum, respectively). It was followed by thorough
washing with tap water and distilled water. The equipment
used by the electrochemical experiments was a potentio-
stat (DropSens, Spain).

3 Results and discussion

3.1 Voltammetric oxidation of phenol in acetonitrile on
glassy carbon electrode

In some earlier works phenol showed quick fouling in
acetonitrile on platinum and indium tin oxide electrodes
[15, 16]. In an earlier work electrooxidation of phenol was
investigated on platinum electrode with cyclic voltammetry
between 0 and 2 V which fouled quickly due to the forma-
tion of a coherent poly(phenyleneoxide) on its surface [12].
In order to see the electrooxidation of phenol on glassy car-
bon electrode five repetitive cyclic voltammograms were
taken in acetonitrile also with it between 0 and 2 V (Fig. 1)
and phenol concentration was 50 mM. Similarly to the
platinum electrode, glassy carbon electrode fouled quickly,
already in the first voltammogram. The shape of peak and
magnitude of the peak current in the first scan around 1.6
V is very similar to that obtained with platinum electrode
in our previous work where phenol was studied in aprotic
nonaqueous solvents and the peak potential was also some-
thing over 1.5 V in the earlier experiments.

3.2 Extension of the potential window to 3 V

In an earlier work where substituted acetophenones were
examined in acetonitrile between 0 and 4 V it was found
that the oxidation peaks of acetophenones appeared only in
the first scan due to the solvent [17]. By increasing the elec-
trode potential to extreme values might result in undesired
reactions which take place at the electrode/solution inter-
face being due to the diminished solvent and/or electrode
stability. Five cyclic voltammograms were recorded in ace-
tonitrile containing 0.1 M TBAP supporting electrolyte
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Fig. 1 Cyclic voltammetric curves of phenol in acetonitrile on glassy
carbon electrode (scan rate: 0.1 V/s, ¢=50 mM, supporting electrolyte
0.1 M TBAP)

between 0 and 3 V (Fig. 2). The curves show a remark-
able deactivation of the electrode surface extending the
potential window to 3 V. At around 2.4 V an anodic peak
appeared due to electrooxidation of solvent. The significant
difference in currents between the first and second scan
indicates that between 2 and 3 V the products of solvent
electrooxidation quickly modify the surface. This find-
ing also suggests that the behavior of glassy carbon is not
affected considerably by the solvent between 0 and 2 V.

3.3 Preanodisation of glassy carbon electrode in
acetonitrile at 3V

An important feature of glassy carbon electrode is its
behavior in study of selected electroactive compounds
after the applied pretreatment method. In order to assess
the effect of preanodisation 3 V steady potential was
imposed to the glassy carbon electrode in acetonitrile con-
taining 0.1 M TBAP supporting electrolyte. This potential
was appropriate to deactivate the glassy carbon electrode
as shown in the earlier Subsection 3.2. The surface of the
electrode was sanded off with fine emery paper and then
polished before all preanodisation to renew it completely.
The effect of preanodisation time was investigated in the
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Fig. 2 Cyclic voltammograms in acetonitrile taken with glassy carbon
electrode (scan rate 0.1 V/s, supporting electrolyte 0.1 M TBAP)



electrooxidation of phenol in 50 mM solution prepared
with acetonitrile (Fig. 3). The curves show that by increas-
ing the pretreatment time at 3 V the height of voltammet-
ric peaks diminished drastically. On the other hand, the
peak potentials shifted significantly to more positive val-
ues. Similar behavior was observed also by the selected
para-substituted phenols but the extent of current decrease
was less significant. The results suggest that during the
preanodisation a highly resistive layer forms which is
the product of acetonitrile electrooxidation. The surface
of glassy carbon is usually covered by phenolic and oxo
functional groups and they can bond substrate and product
molecules through hydrogen bounds in acetonitrile lead-
ing to diminished currents after the first scan which was
verified in the investigation of quinones [18]. At higher
potentials acetonitrile can be oxidized also on its methyl
group and the formed radicals can couple with the surface
phenolic hydroxyl groups making less accessible the elec-
trode surface for the substrate molecules. In this situation,
this is the predominant cause for the observed deactivation
process. The fouling by polyphenol is accelerated as a few
active sites are accessible on the deactivated surface.

To get more insights into the observed deactivation pro-
cess voltammograms were also taken in 5 mM aqueous
solutions of two redox probes 1,4-dihydroxybenzene and
K,[Fe(CN),] commonly used as model compounds in elec-
trochemistry containing 50 mM KCI supporting electro-
lyte. The potential of glassy carbon was kept at 3 V for 60
seconds in acetonitrile solution used previously which was
the preanodisation step. Small anodic peak current was
obtained compared with that recorded with the untreated
electrode in case of 1,4-dihydroxybenzene facilitating the
presence of low conductivity surface layer. For [Fe(CN),]*
ion, the peak was negligibly small indicating that species
with larger size are kept more effectively away from the
glassy carbon surface due to the passivating film.

The potential dependence of preanodisation in aceto-
nitrile was studied at several anodic potentials between 1
and 3 V changing it by 0.5 V steps with the redox probe
1,4-dihydroxybenzene. The anodic peak currents recorded
with the preanodised electrode were compared with that
of the bare electrode taking their ratio into consideration.
The obtained results showed that at potentials higher than
2 V the electrode deactivated significantly showing that
use of glassy carbon electrode is limited in the anodic
potential range in acetonitrile. These observations are in
accordance with the previous results.
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Fig. 3 Cyclic voltammetric curves of 50 mM phenol in acetonitrile
on glassy carbon electrode by different preanodisation times in
acetonitrile (scan rate: 0.1 V/s, supporting electrolyte 0.1 M TBAP)

3.4 Studies with the para-substituted phenols in
acetonitrile

The para-substituted phenols were investigated in aceto-
nitrile in 50 mM concentration by taking five subsequent
cyclic voltammograms between 0 and 2.5 V (v=0.1 V/s).
As the outlined para-substituted phenols have not been
investigated in 50 mM concentration their electrooxida-
tion was studied also on platinum electrode and moreover
the results can be compared with results obtained with
50 mM phenol. On the other hand, the identical behavior of
glassy carbon can be highlighted using a stable electrode
as standard and platinum was appropriate in this respect.
The reason is that contrarily to phenol the products of the
anodic oxidation of para-substituted derivatives did not
deactivate the platinum electrode (Fig. 4) showing that the
presence of substituents in the para position causes a ste-
ric hindrance for the entrapment of other phenolic units
into the electrochemically formed radicals. One of the
most stable position for the unpaired electron is the para,
oligomers formed being able to dissolve in the solvent.
The nature of substituent has an additional effect on the
results as in case of p-nitro-phenol its peak potentials are
remarkably more positive than that of the other three para
substituted derivatives. The nitro group has a very strong
electron withdrawing effect particularly if it is present in
the para position of the benzene ring. The potential win-
dow was between 0 and 2 V for p-methoxyphenol as its
oxidation peak appeared at less positive potential than 2 V.
It shows that the methoxy group significantly activates the
benzene ring. Its voltammograms were reproducible, how-
ever the height of the first one is a little smaller than that of
the other ones indicating that the surface of platinum was
cleaned electrochemically in the first scan which was also
observed by other electroactive materials in acetonitrile
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on platinum electrode [17]. As a matter of fact p-methoxy-
phenol is the monomethyl ether of 1,4-dihydroxybenzene
which can be oxidized similarly to 1,4-dihydroxybenzene
producing a protonated species similar to p-benzoqui-
none in aprotic nonaqueous solvents.
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Fig. 4 Subsequent cyclic voltammograms of p-NO,-phenol (a),

p-Cl-phenol (b), p-tert-butyl-phenol (c) and p-methoxyphenol (d) on

platinum electrode (scanrate 0.1 V/s, c=50 mM, supporting electrolyte
0.1 M TBAP)

In contrary, the peak currents decreased continu-
ously in case of glassy carbon electrode (Fig. 5) indicat-
ing remarkably the deactivation of the carbon surface
which was mainly due to the solvent as it was discussed
in Subsection 3.2. The p-methoxyphenol was an exception

300+

I(uA)
2
=Y

0 500 1000 1500 2000 2500
E (mV)

300+
250+
200+

150+ b

100+

I(nA)

50

0 500 1000 1500 2000 2500
E (mV)

3004 1st
2nd

3rd
4th

L (nA)
k.
&
()

Sth

0 500 1000 1500 2000 2500
E (mV)

1st, 2nd
3rd
4th

I (uA)

0 500 1000 1500 2000
E (mV)

Fig. 5 Subsequent cyclic voltammograms of p-NO,-phenol (a),

p-Cl-phenol (b), p-tertbutyl-phenol (c) and p-methoxyphenol

(d) on glassy carbon electrode (scan rate 0.1 V/s, ¢=50 mM,
supporting electrolyte 0.1 M TBAP)



as the heights of its peaks did not decrease but shifted a
little to more positive potentials probably due to the small
increase of surface resistance during the recording of
curves. The reason for the good reproducibility of peak
current heights is that the anodic peaks appeared below
2 V and scanning to 2.5 V was not essential for the appear-
ance of its anodic peak thus avoiding the electrode deac-
tivation due to the solvent at higher potentials than 2 V.
The oxidation peak positions in voltammograms of para
substituted phenols taken with both electrodes shifted
to significantly more positive potentials relative to that
of phenol. The other remarkable difference is the mag-
nitude of peak currents which were several times higher
in case of the phenol derivatives than that measured by
phenol at the same concentration. It also shows that phe-
nol fouls very effectively the electrode surfaces while the
other phenols do not. The other reason for the high cur-
rent differences might be that the potential window was
extended to 2.5 V while in case of phenol 2 V was enough
as upper limit to see its oxidation peaks. By comparing the
initial stages of the oxidation peaks they begin around the
same potential both in case of phenol and its derivatives.
It suggests that the very efficient fouling caused by unsub-
stituted phenol electrooxidation stops the development of
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the higher oxidation peak already below 2 V. The formed
phenoxy radicals couple on both electrodes in acetonitrile
through the benzene ring as it was shown with other sub-
stituted phenols in acetonitrile [19, 20]. These dimers then
dissolve in the bulk.

4 Conclusions

Results obtained by investigating the behavior of glassy
carbon electrode highlight the need of considering the
usefulness of acetonitrile as solvent for electrochemistry
at extremely high potentials or its contribution should be
taken into consideration during investigation of selected
compounds. Moreover, it can be solely responsible for
the observed deactivation. Our future plan is to study the
behavior of glassy carbon electrode in other commonly
used solvents keeping its potential at higher values. On
the other hand, the presence of substituents in the phe-
nolic ring highly influences the structure of the forming
oligomers and their solubility during electrooxidation of
monomers.
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