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Abstract. In this study, cupric oxide–polyaniline (CuO–PANI) composite was prepared by two-step methodology. First
step was involved in the synthesis of PANI by the chemical oxidative polymerization of aniline in the presence of
(NH4)2S2O8 as an oxidizing agent. In the second step, 25 mg of PANI was used as template for making a composite with
CuO by hydrothermal method. The crystalline phase, morphology and composition of composite material were investigated by the powder X-ray diffraction and scanning electron microscopy techniques. The composite material contained
the monoclinic phase of CuO and some poor diffraction patterns of PANI. The composite material exhibits a flower-like
morphology. The CuO–PANI composite was deposited on the glassy carbon electrode and used for the electrochemical
determination of hydrochlorothiazide (HCT) in Britton–Robinson (B–R) buffer pH 4.0 by the cyclic voltammetry. The
HCT has shown a well resolved anodic peak at 1.20 V against Ag/AgCl reference electrode. The electrode kinetics was
diffusion controlled and irreversible in nature. The CuO–PANI composite possessed a linear from 8 to 52 lM HCT
concentration with a regression coefficient of 0.99. The limit of detection of the CuO–PANI composite was obtained as
0.8 lM for the HCT. The CuO–PANI composite is highly selective, stable and sensitive for the HCT. Therefore, we
believe that the newly prepared CuO–PANI composite material can be useful for the different electrochemical
applications.
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Introduction

Hydrochlorothiazide (HCT) is among the thiazide group
and it is prescribed by physicians for the treatment of
hypertension and to decrease the chances of heart attack.
HCT has the ability to decrease diuretic of calcium, to
inhibit kidney failure and to lower the nephrogenic diabetes
insipidus and renal tubular acidosis. HCT attaches to the Cl–
centres of the distal tubular Na?/Cl- transport mechanism,
preventing its function and producing natriuresis and consequently urine carries the sodium and chloride ions. Also,
HCT creates a contraction in the blood volume and it

stimulates renin secretion, and further causes the formation
of angiotension and aldosterone. This process restricts the
influence of diuretic on the blood pressure and produces the
vivo hypotensive response [1]. The HCT is used as an antihypertensive drug due to its role in decreasing the sodium
and plasma volume and peripheral resistivity [2]. All these
aspects encourage to investigate the electrochemical features of HCT on the novel materials, and it has been studied
with an increasing trend in the recent research activities
around the world. Therefore, several analytical techniques
have been used to measure the trace levels of numerous
pharmaceutical drugs like HCT in biological fluids [3–10].
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Different instrumental methods of chemical science have
also been applied to measure HCT, such as spectrophotometry [11–13], chromatography [14,15], liquid chromatography-UV
[16],
high-performance
liquid
chromatography [17–20] and electrochemical techniques
[21–23]. In the electrochemical methods, the modified
glassy carbon electrode (GCE) is a popular approach to
determine different analytes [24–28]. For a redox reaction
on the GCE, the surface-modifying material should be
highly active to oxidize/reduce the analytes with well-resolved peak. For this purpose, several nanostructured
materials, including metal nanoparticles, metal oxide
nanoparticles, inorganic/organic hybrid composite materials, metal hydroxides and metal/metal oxide nanostructures,
are used for the modification of GCE [29–33]. Among them,
inorganic and organic composite materials have unique and
attractive features, such as excellent interfacial chemistry,
good stability, flexibility and tunable processing properties.
Cupric oxide (CuO) is one of the well-known inorganic
material with a narrow bandgap of 1.2 eV, and it has been
studied as a special metal oxide because of unique properties [34]. The preparation methodology of CuO nanomaterial is very critical for diverse fields [35,36]. The change in
pH of growth solution could result into different morphologies [37]. The CuO nanostructure are accompanied by
the large surface area, good chemical inertness, significant
electrochemical response and fast electron communication
[38]. Hence, CuO is widely used for the development of
enzyme-free sensors [39,40]. Irrespective of these useful
electrochemical properties, CuO still lacks electrochemical
activity, stability and has low electrical conductivity. The
most applied strategy to overcome these shortcomings of
pristine CuO is the formation of composite structure with
polymers, as they are considered as a special class of
nanomaterials in the development of nanotechnology [41].
This inorganic–organic materials combination comes up
with excellent features contributed from two different types
of chemical components. The inorganic material offers
good thermal stability and mechanical strength, whereas the
organic materials like polymers offer flexibility, high
processing capability and ductility [42]. The conducting
polymers have been studied for the extended range of
applications. The conductive polymer-based electrodes are
generally synthesized by electropolymerization. These
modified electrodes have been used in electrocatalysis and
detection of small biomolecules because of their uniform
films, good contact with electrode surface and chemical
stability [43]. Polyaniline (PANI) has high preference over
other conductive polymers due to its high yield, conductivity and redox reversibility; therefore, it has been widely
used in the development of electrochemical devices [44].
The composite materials exhibit high specific surface area,
good conductivity and noticeable permeability in different
applications [45,46]. The functionality of nanocomposites is
mainly governed by their size, shape, chemical composition, structure, crystal facets and crystal phases [47]. From
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this survey it is obvious, that the controlled preparation of
nanocomposite in terms of dimension, morphology and
structure is highly important for a specific application.
There is no report about the synthesis of flower-like composite of CuO–PANI and its application for the determination of HCT.
Herein, we have developed a simple two-step
methodology for the synthesis of CuO–PANI flower-like
composite and used it for the electrochemical determination of HCT. First, PANI was obtained by the chemical oxidative polymerization technique using aniline
as monomeric source with successive addition of
(NH4)2S2O8 as an oxidizing agent. In second step, PANI
was used for the deposition of flower-like morphology of
CuO by hydrothermal method. The morphology, composition and crystalline features were investigated by scanning electron microscopy (SEM) and X-ray diffraction
(XRD) techniques. Then composite material was used for
the modification of GCE for electrochemical determination of HCT, and the obtained linear range for the sensor
was found from 8 to 52 lM HCT.

2.
2.1

Experimental
Used chemicals

Aniline, copper acetate dihydrate, 25% ammonia, HCT,
starch, sucrose, glucose, amlodipine besylate (ADB),
valinine (Val), furosemide, acetic acid, acetone and phosphoric acid were received from Sigma Aldrich, Karachi,
Pakistan. They were used without pretreatment. Britton–
Robinson (B–R) buffer (BRB) of pH 4.0 was prepared in
deionized water. The pH of buffer solution was adjusted
with addition of concentrate solution of HCl and NaOH. All
the solutions of electrochemical measurements were prepared in BRB.

2.2 Synthesis of PANI through chemical oxidation
polymerization
In a typical synthesis process, 0.5 M aniline was used as a
monomeric source and dissolved in 0.5 M HCl aqueous
solution. A 0.5 M ammonium sulphate was prepared in 0.5
M HCl and used as an oxidizing agent. A slow addition of
oxidizing agent was performed in aniline solution under
constant stirring. After 1 min, the colourless solution tuned
into dark green and the reaction was remained untouched
for 3 h in order to have complete settling of dark green
product in the bottom of beaker. Then, a dark green paste
was collected and washed several times with acetone in
order to remove the short chains of monomeric aniline.
Then, the paste was dried for overnight at room temperature. A complete dried stuff was achieved in an oven at
60°C for 3 h and PANI as conducting polymer was
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obtained. Later, the product of PANI was ground with
the help of pestle mortar and kept into an airtight glass
bottle.

2.3

Synthesis of CuO–PANI composite

A 0.1 M copper acetate dihydrate was prepared in 100 ml of
deionized water and a light green solution was achieved.
Then, 5 ml of 25% of aqueous ammonia was added in the
copper precursor solution and a blue reaction mixture was
produced, indicating a successful formation of copper and
ammonia complex. Afterwards, 25 mg of PANI was added
as conducting template for the growth of CuO and growth
was carried out at 95°C for 5 h. The black product of
composite material was collected on the filter paper and
dried at room temperature. The structural characterization
of composite material was carried out on field emission
scanning electron microscope (Quattro S from Thermo
Fisher) at 20 kV. The phase and purity of composite
material was explored by powder XRD using CuKa radiation (k = 1.5418 Å), 45 kV and 45 mA.

2.4

Electrochemical determination of HCT

The CuO–PANI composite was characterized for the electrochemical determination of HCT using three-electrode
configuration for cyclic voltammetry (CV) technique. A 5.0
mg of CuO–PANI composite was dispersed in the deionized
water and 50 ll of 5% Nafion was added in the solution as a
binder to the surface of GCE. A drop-casting method was
used to modify the surface of GCE with CuO–PANI composite using 10 ll of catalyst ink. The BRB solution of pH
4.0 was used as an electrolyte for the electrochemical
determination of HCT. The silver–silver chloride (Ag/
AgCl) was used as a reference electrode and platinum wire
as a counter electrode. The modified GCE with CuO–PANI
composite was used as a working electrode. The CV was
used at a scan rate of 60 mV s–1 except the scan rate study.
Different HCT concentrations were prepared in the BRB
solution of pH 4.0.

3.

Results and discussion

Figure 1a shows the typical SEM image of pristine CuO,
which reveals a flower-like morphology. For better understanding, the low-magnification images of composite
material are shown, which confirm the aggregated flowerlike morphology of CuO and they are homogenous in
distribution as shown in figure 1b. The inset shows the
high-resolution SEM image of CuO–PANI composite. An
addition of PANI in CuO precursors did not alter the
morphology and well-shaped nanoflowers resulted with a
size of 500 nm.
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Figure 1c shows the distinctive XRD patterns of pristine
CuO and CuO–PANI composite. The pristine CuO is well
defined by the sharp reflection peaks and exhibited an
intrinsic monoclinic phase features, which are strongly
supported by the reference (card no: 01-080-1916). For the
CuO–PANI composite sample, the broad diffraction patterns are noticed between 10° and 30° because of the
perpendicular and parallel structure of the PANI chains.
The diffraction patterns of PANI are located close to 2h of
10°, 20° and 25° angle. The low-quality and poor crystalline features of PANI are attributed to the repetition of
benzenoid and quinoid rings within PANI chains [23]. The
patterns of CuO are obvious and they are mainly associated to the monoclinic phase, as confirmed by the reference (card no: 01-080-1916). No other phase or impurity
was observed in the composite sample during XRD
analysis.

3.1

Electrochemical determination of HCT

Electrochemical determination of HCT was evaluated by
CV technique in 30.0 lM HCT, prepared in BRB of pH 4
using CuO–PANI-modified GCE. For the comparison, CV
curves were measured for the pure GCE, and pristine CuO
in the electrolytic solution of BRB as shown in figure 2. The
pure GCE electrode and pristine CuO have not shown in
redox activity indicating no contribution from the electrolyte in the electrochemical signal. However, CuO–PANImodified GCE has shown some effect of oxidation peak in
the buffer solution, as show in figure 2, and a well-resolved
anodic peak was found at 1.20 V in 30.0 lM HCT. These
findings indicate the significant role of PANI in improving
the electrical conductivity and electrocatalytic properties of
CuO for the determination of HCT. The enhanced anodic
peak current with the use of 30.0 lM HCT suggests an
excellent electrocatalytic effect of the prepared composite
material [48]. The electroactive properties of HCT are
highly dependent on the pH value of electrolytic solution
[49–52]. Hence, it is very important to optimize the pH of
electrolytic solution to obtain a well-defined anodic peak of
HCT using an electrocatalytic material. Therefore, electrochemical response of HCT was measured in different pH
values ranging from 2 to 6 using CV at a scan rate of 50 mV
s–1 in 30.0 lM HCT, as shown in figure 3a. It was observed
that the electrochemical oxidation of HCT at the CuO–
PANI-modified GCE was pronounced at pH 4.0. The most
highlighted CV curve in terms of peak shape, anodic current
and the smartness of baseline was seen at pH 4.0. The CV
curve was found with a significant anodic peak current and
it is obvious from figure 3b, that pH 3.0 is giving out high
anodic peak current. Hence, pH 4.0 of electrolytic solution
was maintained for all other experiments.
The electrode kinetics is generally described by the scan
rate in which the anodic peak current is related to the
sweeping potential. Hence, a scan rate study was conducted
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Figure 1. (a and b) Low- and high-magnification SEM images of CuO–PANI composite, (c) XRD patterns of
pristine CuO and CuO–PANI composite.

Figure 2. CV curves of pristine CuO and CuO–PANI composite
at a sweeping rate of 60 mV s–1 in BRB solution of pH 4.0 and CV
curve of CuO–PANI composite at a scan rate of 60 mV s–1 in 30
lM HCT concentration.

in 30.0 lM HCT using CuO–PANI composite modified
GCE, as shown in figure 4a. The scan rate from 10 to 100
mV s–1 was used for the study of electrode kinetics, and it
was found that anodic peak current was increased linearly
with successive increase of scan rate. The CuO–PANI

composite modified GCE ash showed irreversible oxidation
response when an anodic peak current was plotted against
square root of scan rate, as shown in figure 4b. It is obvious
from this experiment that electrode kinetics is diffusion
controlled [53].
The working linear range of CuO–PANI composite
modified GCE for HCT was also explored via measuring the
CV curves at 50 mV s–1 for different concentrations of
HCT, as shown in figure 5a. It can been observed that the
anodic peak current was enhanced with successive addition
of 8–52 lM HCT concentration in BRB solution. A linear
plot was obtained between anodic peak current vs. different
concentrations of HCT, as shown in figure 5b. The fitting of
data indicates excellent analytical features of CuO–PANI
composite modified GCE with a regression coefficient of
0.99. The limit of detection of CuO–PANI composite
modified GCE was calculated according to our previous
work [54]. The limit of detection of modified electrode was
found to be 0.8 lM. The low limit of detection suggests a
significant progress in the field of electrochemical determination of pharmaceutical products. The effect of some
possible interfering species usually exists as components in
pharmaceutical products, including starch, sucrose, glucose,
furosemide, ADB and Val, on the anodic peak current for
HCT were studied. These interfering species were evaluated
by mixing a measurable quantity at different concentrations
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Figure 3. (a) CV curves of CuO–PANI composite in different pH values at a scan rate of 60 mV s–1 in 30 lM HCT
concentration and (b) linear plot of peak current vs. pH value.

Figure 4. (a) CV curves of CuO–PANI composite at different sweeping potentials from 10 to 100 mV s–1 in 30 lM
HCT concentration, (b) linear plot of anodic peak current vs. square root of scan rates.

(1:10) higher than a concentration of HCT 30.0 lM in the
BRB solution, as shown in figure 6a. These interfering
substances did not show any obvious effect on the anodic
peak current, and it revealed an excellent selectivity of
CuO–PANI composite modified GCE towards HCT. The
measured change in anodic peak current with addition of
these interfering species is given in table 1.
The stability of CuO–PANI composite modified GCE in
30.0 lM HCT was also investigated, using different CV
curves at a scan rate of 50 mV s–1 as shown in figure 6b. It is
quite clear that different CV cycles could not change the
anodic peak position and peak current, which testified high

stability of modified electrode. This study describes the
stability of CuO–PANI composite modified GCE for the
monitoring of HCT under the optimum measurable conditions. The analytical application of CuO–PANI composite
modified GCE was also monitored during the determination
of HCT from real sample by standard addition method, as
given in table 2. Three aliquots of the dissolved real sample
were diluted at a measurable concentration followed by the
standard addition method. This analysis show a recovery
greater than 95% for each sample with a relative standard
deviation of 5%, indicating an improved practicality of
modified electrode.
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Figure 5. (a) CV curves of CuO–PANI composite in various concentrations of HCT at a scan rate of 60 mV s–1,
(b) linear plot of anodic peak current vs. different HCT concentrations.

Figure 6. (a) CV curves of CuO–PANI composite at a scan rate of 60 mV s–1 in 30 lM HCT concentration for
measuring the selectivity results, (b) CV curves of CuO–PANI composite at a scan rate of 60 mV s–1 in 30 lM HCT
concentration for measuring the stability.

Table 1. Selectivity study of CuO–PANI composite modified
GCE.
Interfering species
ADB
Val
Furosemide
Sucrose
Glucose
Starch

Drug ratio

% Increment in current

1:10
1:10
1:10
1:10
1:10
1:10

1.0145
3.206
3.9801
1.105
0.98234
0.9654

Table 2. Real sample analysis of CuO–PANI composite
modified GCE.
Sample
1

2

Added
(lM)

Found
(lM)

Percentage
recovery

RSD

—
10
15
—
10
15

0.034
10.04
14.53
0.0576
10.00667
14.3913

—
99.6015
96.9081
—
99.9334
95.94

—
2.90
5.08
—
3.1
4.43
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Conclusions

In summary, we have prepared a CuO–PANI composite
material by two-step methodology. The composite material
was physically characterized by different analytical techniques, including XRD and SEM techniques. The CuO–
PANI composite exhibits crystalline features for both CuO
and PANI. The flower-like morphology is possessed by the
CuO–PANI composite. The composite material was used
for the modification of GCE, and employed for the electrochemical determination of HCT in BRB solution of pH
4.0. Different parameters like selectivity, stability and effect
of pH on the anodic peak were studied. The CuO–PANI
composite has a linear range from 8 to 52 lM HCT and low
limit of detection of 0.8 lM. The electrochemical determination of HCT by CuO–PANI composite allows it to act
as a potential candidate for the wide range of electrochemical applications.
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