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4-Aminobenzoic acid covalently modified glassy carbon
electrode for sensing paracetamol at different temperatures
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Abstract 4-Aminobenzoic acid (4-ABA) was covalently
grafted on a glassy carbon electrode (GCE) during an
electrochemical oxidation process in 0.1 M KCl
aqueous solution. The modified electrode was applied
to sense paracetamol (PCT) at serials of simulated
physiologic conditions, compared to the bare electrode.
The results showed that the modified electrode pos-
sessed better stability, reusability, and longevity than the
bare GCE at room to physiologic temperatures. This
indicated that 4-ABA/GCE can be used as the electro-
chemical sensing platform of PCT at the physiologic
condition.
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Introduction

Drug determination possesses a very important position in
pharmaceutical and medical applications. Traditionally,
spectrophotometry, titrimetry, fluorimetry, capillary electro-
phoresis, high-performance liquid chromatography, etc.

were widely employed to determine drug [1–4]. These
methods need a tedious extraction process prior to
detection; therefore, they are unsuitable for routine analysis.
Recently, the use of electrochemical technique has
greatly attracted attention to sense drug molecule owing
to its direct rapid response, simple operation, and high
sensitivity [5–8].

The electrochemical determinations of drug molecule
such as nortriptyline hydrochloride, paracetamol (PCT),
amiloride, dipyrone, thalidomide, and so on were
studied on various electrodes [9–13]. A primary conclu-
sion obtained is that the bare electrodes were not a good
choice to sense drug molecule because their surfaces need
to be revitalized before each usage. Currently, chemically
modified electrodes are frequently used as an electro-
chemical sensing platform since the structures and
electrochemical functions of the electrode surfaces can
be designed and tailored according to expectations.
Organic small molecules, polymer, metal nanoparticles,
carbon nanotubes, and graphene were often used as
modifiers to fabricate the modified electrodes sensing
drug molecule [14–17]. Among them, the organic small
molecule covalently modified electrodes showed a better
effect than the others due to its excellent stability,
reusability, and longevity. For example, glassy carbon
electrode (GCE) is very easily repetitive to be covalently
modified with L-cysteine monolayer film that significantly
improved the redox peak current and consequently
remarkably improves the sensitivity of the determination
of PCT [18].

Although the drug molecule on the bare and modified
electrodes was widely determined, the measurements were
finished mainly at room temperature [14–18]. No report
focusing on temperature influence on sensing drug mole-
cule on the bare and modified electrodes was published up
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to now. In this paper, PCT was selected as a drug model, its
cyclic and linear sweep voltammetric determinations on the
bare and 4-aminobenzoic acid (4-ABA) covalently modi-
fied GCEs were carefully researched at different temper-
atures. The results showed that the electrochemical
sensitivity of PCT on 4-ABA/GCE was gradually changed
with increasing system temperature, but there is no linear
relationship between the temperature and the oxidation
peak current.

Experimental

Reagents

4-ABA and PCT were purchased from Aldrich and Johnson
Matthey Company, respectively. All the other chemicals were
of analytical grade and used as received. The buffer solution
was prepared from 0.1 M H2SO4 + K2SO4 (pH<3), 0.1 M
HAc + NaAc (pH 3–6), and 0.1 M NaH2PO4 + Na2HPO4

(pH 6–8). Water was purified using Millipore Mili-Q
purification system.

Apparatus

All electrochemical measurements were carried out with a
CS350 electrochemical workstation (Wuhan Corrtest Instru-
ment Co., Ltd., China) in a self-prepared three-electrode cell
using GCE or 4-ABA/GCE as the working electrode, the
twisted platinum wire as the counter electrode, and Ag/AgCl
(KCl saturated) as the reference electrode. The temperature of
the electrochemical cell was controlled by a super thermostat
with a temperature fluctuation of ±0.05 °C (Shanghai Cany
Precision Instrument Co., Ltd, China).

Electrode modification

GCE was polished with 1.0-, 0.3- and 0.05-μm α-
Al2O3 powders successively and sonicated in water for
2 min after each polishing step. Finally, GCE was
sonicated in water and ethanol, washed with ethanol,
and dried with high-purity nitrogen stream immediately

Fig. 1 a Cyclic voltammograms on GCE in 0.1 M KCl aqueous
solution with 1 mM 4-ABA for different cycles: (1)–(5) corresponding
to first, second, third, fourth, and fifth cycles at 10 mV s−1. b Cyclic

voltammograms on the bare (solid line) and 4-ABA monolayer
modified (dashed line) GCEs in 0.1 M KCl aqueous solution
containing 5 mM Fe(CN)6

3− at 100 mV s−1

Fig. 2 Cyclic voltammograms on 4-ABA/GCE without PCT (solid
line), on the bare (dashed line), and 4-ABA monolayer modified
(dotted line) GCEs in buffer solution of pH 1.02 with 10 mM PCT at
50 mV s−1
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before use. The electrochemical modification of a GCE is
according to our previous work [19]. It was performed in
0.1 M KCl aqueous solution containing 1 mM 4-ABA by
potential scanning between 0.5 and 1.2 V. Then, the
monolayer film was rinsed with ultrapure water and
sonicated for a while in water to remove the physically
adsorbed species. K3Fe(CN)6 (5 mM) dissolved in 0.1 M
KCl aqueous solution was used as a redox probe to
measure GCE and 4-ABA/GCE by cyclic voltammetry
between 0.1 and 0.6 V.

Procedure for the determination of PCT

The bare and 4-ABA monolayer covalently modified GCEs
were employed to sense PCT comparatively. A total of
15 mL sulphuric buffer solution (pH 1.02) containing a
specific amount of PCT was added to an electrochemical
cell. The cyclic or linear sweep voltammograms were
recorded in the potential range of −0.1–1.1 V at a scan rate
of 0.05 V/s after 4-s quiet time.

Results and discussion

Preparation of 4-ABA monolayer on GCE

Figure 1a shows the cyclic voltammograms of GCE in
0.1 M KCl aqueous solution containing 1 mM 4-ABA
with different numbers of scan cycle; the peak currents of
oxidation gradually diminish to background alongside
increasing scan cycles, indicating the formation of 4-
ABA monolayer on GCE surface [19]. The cyclic
voltammograms of Fe(CN)6

3− on the bare GCE (solid
line) and 4-ABA/GCE (dashed line) shown in Fig. 1b also
indicates the formation of 4-ABA monolayer on GCE
surface, which blocks completely the electron transfer of
the Fe(CN)6

3−.

Electrochemical behavior of PCT

Cyclic voltammetry was used to investigate the electro-
chemical behavior of PCT on GCEs before and after the
modifications in buffer solution of pH 1.02. As shown in
Fig. 2, it can be seen that there was no peak observed on the

Fig. 4 Cyclic voltammograms on 4-ABA/GCE in buffer solution
containing 10 mM PCT at different pH values: (1)–(7) corresponding
to 1.02, 2.16, 3.86, 4.75, 5.28, 6.76, and 7.23 at 36.8 °C at a scan rate
of 50 mV s−1; the inset corresponds to the relationship between the
oxidation peak current and pH
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Fig. 3 Cyclic voltammograms on the bare (a) and 4-ABA monolayer modified (b) GCEs before (solid line) and after (dashed line) measuring
PCT in a buffer solution of pH 1.02 at 50 mV s−1



bare and 4-ABA monolayer modified GCEs in empty
buffer solution of pH 1.02.

After addition of 10 mM PCT, sensitive irreversible
oxidation peaks appear on both electrodes, but the
oxidation peak potential and current of PCT on the bare
GCE are different from those on 4-ABA/GCE. The
oxidation peak potential of PCT on the bare GCE
(∼0.80 V) is lower than that on 4-ABA/GCE
(∼0.85 V), indicating that the oxidation reaction of
PCT happening on the bare GCE is easier than that on
4-ABA/GCE. The oxidation peak current of PCT on the
bare GCE is higher than that on 4-ABA/GCE, indicat-
ing that the bare GCE possesses better sensitivity to
PCT than 4-ABA/GCE. The irreversible oxidation
process of PCT on the electrodes is shown as follows
[20].

We also checked whether the PCT will remain on the
GCE surface after measuring PCT by cyclic voltammetry.
As shown in Fig. 3a, the bare GCE measured PCT still
displays the oxidation peak of PCT (∼0.80 V) in buffer
solution of pH 1.02 at 50 mV s–1; this indicated that PCT
remains on the bare GCE during measurement. The results
do not happen on 4-ABA/GCE, which points that PCT does
not remain on 4-ABA/GCE surface during measurement
(Fig. 3b). According to this case, 4-ABA/GCE is a better
electrochemical platform that can be repeatedly used in the
long period, although the bare GCE possesses good
sensitivity to PCT.

pH influence

The pH influence on the redox peak potential of PCT on the
bare and 4-ABA monolayer modified GCEs is researched.
As shown in Fig. 4, the electrochemical reaction transits
from irreversible to quasi-reversible, and the oxidation peak
potential of PCT gradually shifts to more negative with
increasing pH at 36.8 °C. A linear relationship between the
oxidation peak potential and solution pH could be
described as follows: Epa=−0.0504 pH+0.9292 (R=0.98).
Similar results were also observed at the other temperature
(figures not shown here).

Temperature influence

Figure 5 shows the influence curves of ambient temperature on
the electrochemical sensing of PCT (10 mM) on the bare (a)
and 4-ABA monolayer modified GCEs (b) in buffer solution of
pH 1.02 at different temperatures. From Fig. 5, it can be seen
that the voltammetric curves obtained from the bare GCE
almost overlap together. The oxidation peak currents of PCT on
4-ABA/GCE increase randomly with the same PCT concen-
trations, although the voltammetric curves do not overlap
together, and no linear relationship between the temperature and
the oxidation peak current was observed. This indicates that
temperature influence on electrochemical sensing PCT on both
electrodes is complex. Further results need to be gained.

The linear sweep voltammetry on the bare and 4-ABA
monolayer modified GCEs in buffer solution of pH 1.02 with
different PCT concentrations at different temperatures was
carefully investigated. The results showed that no good
relationship between the temperature and the oxidation peak
current can be obtained from the bare GCE sensing PCT

Fig. 5 Cyclic voltammograms on the bare (a) and 4-ABA monolayer modified (b) GCEs in buffer solution of pH 1.02 containing 10 mM PCT at
different temperatures: (1)–(5) corresponding to 25.5, 28.4, 31.2, 34.0, and 36.8 °C at a scan rate of 50 mV s−1

1366 J Solid State Electrochem (2012) 16:1363–1368



(figure not shown) because the surface activity of the bare GCE
is gradually changed at different temperatures. The 4-ABA
monolayer modified GCEs always exhibit very stable electro-
chemical sensing properties to PCT at different temperatures.
Here, the linear sweep voltammograms on 4-ABA/GCE in
buffer solution of pH 1.02 with different concentrations of PCT
at 36.8 °C are provided as a sample as shown in Fig. 6a (figures
taken at other temperatures are not shown here).

Figure 6b displays the calibration curves on 4-ABA/GCE
in buffer solution of pH 1.02 with different concentrations of
PCT at different temperatures. Under optimal conditions, the
calibration plots were obtained. The oxidation peak current
was linearly related to the concentration of PCT in the range
of 24 and 240 μM. The linear regression equation could be
expressed as follows: I (μA)= kc (μM) + b; the
corresponding parameters are summarized in Table 1.

From Table 1, it can be seen that the slopes of the linear
regression equations firstly decrease then increase with
increasing system temperature. As known, the resistance
of the pure electronic conductor and the activity of a
solute that is PCT in this work will increase with increase
in temperature; the resistance of the ionic conductor will
decrease with increase in temperature [21]. The 4-ABA
monolayer modified GCE reveals the negative electro-

chemical sensing property with increasing resistance. The
increase of the PCT activity and the decrease of the solute
resistance will promote the electrochemical sensing prop-
erties; among them, we think that the PCT activity plays a
dominant role. So, the electrochemical sensitivity of PCT
on the 4-ABA monolayer modified GCE is related to the
resultant of the positive and negative effects. The
temperature changes from 25.5 to 28.4 °C and the
corresponding slopes of the linear regression equations
change from 0.0174 to 0.0159, indicating that the increase
of 4-ABA/GCE resistance is in control even though the
PCT activity increases. However, the increase of the PCT
activity gradually commands the electrochemical sensitiv-
ity of PCT on 4-ABA/GCE with temperature increase from
28.4 to 36.8 °C so that the maximum value of the slope,
which is 0.0224, was obtained at 36.8 °C, indicating that
4-ABA/GCE possesses better electrochemical sensing
properties to PCT at physiological temperature.

Conclusion

The 4-ABA monolayer modified GCE was used to sense
PCT at different temperatures and compared to the bare
GCE. The results show that 4-ABA/GCE possessed better
stability, reusability, and longevity than the bare GCE at
room to physiological temperatures. The increases of the
PCT activity in the solutions gradually overcome that of
the 4-ABA/GCE resistance, resulting in the slope
increase of the linear regression equations gradually;
namely, the electrochemical sensitivity of PCT on 4-
ABA/GCE is gradually increased with temperature
increase. In short, the 4-ABA monolayer modified
GCE is fully usable at physiological conditions.

Table 1 The parameter of the linear regression equations

T (°C) k (μA/μM) b R

25.5 0.0174 0.0613 0.999

28.4 0.0159 −0.3000 0.998

31.2 0.0163 −0.0800 0.998

34.0 0.0174 −0.1425 0.998

36.8 0.0224 −0.0371 0.999

Fig. 6 a Linear sweep voltammograms on 4-ABA/GCE in buffer
solution of pH 1.02 with different concentrations of PCT: (1)–(7)
corresponding to 0, 24, 54, 91, 134, 184, and 240 μM at 36.8 °C. b

The calibration curves on 4-ABA/GCE in buffer solution of pH 1.02
with different concentrations of PCT at different temperatures
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