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Abstract. A simple and novel sensor of hydrogen peroxide (H2O2) was designed successfully. Horseradish peroxidase
(HRP) is effectively immobilized on the surface of chitosan (CHI)-stabilized zinc sulphide (ZnS)/graphene
(G) nanocomposites modified carbon paper electrode (CPE). The interaction between HRP enzyme and H2O2 was studied
from modified CPE. The catalytic performance of the biosensor was examined using cyclic voltammetry (CV) and the
obtained results indicated that the prepared ZnS/G/CHI/HRP/NA/CPE nanocomposites material holds excellent catalytic
performance for the H2O2 detection. The proposed biosensor showed good analytical performance and long-term storage
stability. The repeatability of the sensor is checked up to eight cycles.
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Introduction

The need for a fast and easy method for determination of
horseradish peroxide (HRP) is of great interest in the fields
of clinical, biochemical, food, pharmaceutical and environmental analysis [1,2]. Among various techniques, electrochemical analysis has certain advantages like high
sensitivity and quick response time for H2O2 detection [3].
Most electrochemical sensors generally use a glassy carbon
electrode as a working electrode for detection of H2O2 in a
standard three-electrode system [4,5]. Unfortunately, this
electrode is limited by some disadvantages for analysing
biological samples. The surface of electrodes can become
contaminated easily and the electrodes must be mechanically polished to obtain a clean and finest surface [6]. To
overcome these obstacles, simplified and disposable Toray
carbon paper-based analytical devices could be explored as
an alternative for H2O2 detection [7]. Horseradish peroxidase (HRP) is a commercial enzyme and has heme group
existing in a surface that improves the redox activity on
transducer [8]. Graphene (G) has inspired as a promising 2D
nanomaterial [9–12]. The inexpensive material has excellent electrocatalytic properties and outstanding conductivity, which can increase the efficiency of the electron transfer
between the enzymatic redox-active site and the electrode
surface [13–15]. Zinc sulphide (ZnS) [16–18] has a large
bandgap (Eg = 3.61 eV), II–VI semiconductor luminescent

material [19–22] that has revealed the unique electrocatalytic behaviour, oxygen storage ability for the development
of biosensor. Among various natural biopolymeric materials, chitosan (CHI) has a superior adhesion capability, good
film-forming properties, biocompatibility and non-toxicity
[23–25] that can make this biopolymer as a suitable matrix
for immobilization of the enzyme on its electrode surface
for biosensing applications. This study provides the results
for the use of ZnS/G as well as CHI-stabilized ZnS/G for
immobilizing the enzyme HRP over carbon paper working
electrode (CPE). The improvement of biosensing performance caused by combination of an enzyme-linked CHI
with electrocatalytic materials including G and ZnS has
been evaluated by analysing the stability, limits of detection
and sensitivity of biosensors in the detection of H2O2. The
electrocatalytic behaviour of the fabricated biosensor was
investigated by cyclic voltammetry (CV) and the results are
discussed.
In enzyme-based biosensors, the techniques of enzyme
immobilization are highly significant, in which the transducer surface is immobilized with enzymes that can act as a
bridge between the transducer and the analyte. On the other
hand, the immobilized enzymes can be used repetitively and
continuously to maintain their catalytic activity with more
stability. The electrochemical enzyme-based biosensors
have unique advantages, such as high sensitivity, selectivity, stability, portability, cost-effectiveness, possibilities for
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miniaturization and point-of-care diagnostic testing make
them more and more attractive for research focused on
various fields of applications, such as in biomedical applications, the detection of environmental pollutants, food
safety monitoring and industrial bioprocess monitoring
[19–21].
Toray carbon paper-based electrochemical sensors have
become attractive than glassy carbon electrode due to their
facile fabrication, simplicity of use, and the ability of paper
to easily absorb and retain liquid. Among other characteristics, carbon paper is an economical material, readily
available, and is also flexible [22–25]. Thus, the aim of this
study is to fabricate a carbon paper-based bioelectrode for
high-performance biosensor. The electrocatalytic behaviour
of the fabricated electrode ZnS/G/CHI shows good performance, fast response time, nice stability and reproducibility.

2.
2.1

Experimental
Chemicals and reagents

Flake graphite powder (99.99% SP1, Bay carbon, average
particle size 45 mm) was purchased from Sigma Aldrich.
Carbon paper (TGPH60) was obtained from Toray Ind.,
zinc chloride (ZnCl2) and sodium sulphide (Na2S) were
purchased from Sigma Aldrich. CHI (molecular weight
150 kDa, deacetylation degree 85%), concentrated sulphuric acid (H2SO4, 99%), concentrated nitric acid
(HNO3, 98%), potassium permanganate (KMnO4) were
obtained from Rankem Chemicals, India, and used without further purification. Moreover, HRP, Nafion (NA) and
potassium-sodium phosphate buffer (pH = 7.0) were also
purchased from Sigma Aldrich, and directly used without
any treatment. All other chemicals used in this study
were of analytical grade. De-ionized water was used in
all the experiments.

2.2

Synthesis of ZnS/G/CHI nanocomposite

In this study, G was prepared from graphite using a modified Hummers method [12]. ZnS/G nanocomposite was
synthesized using ZnCl2, Na2S and G in the ratio 3:7. In a
typical synthesis, functionalized graphene and 1 M ZnCl2
was prepared in 100 ml of deionized water. Na2S solution
was added drop by drop into the magnetically stirred mixture at 70°C, followed by the formation of ZnS/G
nanocolloid. The precipitate was filtered, washed several
times with DI water and residue was dried in a vacuum oven
at 60°C. Finally, CHI-stabilized ZnS/G nanocomposites was
synthesized by an in-situ aqueous chemical precipitation
method. Finally, CHI solution was prepared by dissolving
0.5 g of CHI flakes in 100 ml of 1% (v/v) glacial acetic acid
with the aid of a magnetic stirrer for 30 min. The ZnS/G

Bull. Mater. Sci. (2021)44:70
nanocomposites dispersed in the CHI solution was ultrasonicated and stirred on a magnetic stirrer at room temperature. The obtained precipitate of CHI-stabilized ZnS/G
nanocomposites was collected by filtration and dried at
60°C.

2.3

Surface characterization

X-ray diffraction (XRD) analysis was carried out by using
computer controlled X’Pert Explorer, PANalytical diffractometer (Cu-Ka radiation) at room temperature, with 2h
ranging from 10 to 90 to investigate atomic arrangements of
as-prepared nanocomposite. The morphological characterization of nanocomposites was carried out using filed
emission-scanning electron microscopy (FE-SEM, FEG
Quanta 3D) and high-resolution transmission electron
microscopy (HR-TEM, TecnaiG2F20 S-TWIN). Functional
group identification was being carried out via Perkin Elmer
(spectrum BX II) FT-IR spectrometer, ranging from 4000 to
400 cm-1. Finally, bandgap energy was calculated by
measuring UV–Vis spectrum via Perkin Elmer (LAMBDA
950).

2.4 Fabrication of modified CPE and its electrochemical
measurements
The bioelectrode was fabricated over the CPE. The electrode was modified by a simple drop casting method. First,
1 mg ml–1 G solution was prepared by ultra-sonication of
1 mg of G in 1 ml of 0.5% NA solution. NA gives better
dispersion as well as stability to the G. About 15 ll of the
solution was dropped over the surface of CPE and allowed
to dry at room temperature. HRP (10 ll) was film cast over
the dried G film. Finally, another 5 ll layer of NA was
dropped and allowed to dry and kept at 4°C to preserve the
enzyme activity. The similar procedure was used for fabricating ZnS/G electrode. The fabricated electrodes will be
termed as ZnS/G/HRP/NA/CPE and ZnS/G/CHI/HRP/NA/
CPE from here onward.
Electrochemical activity of the fabricated nanocomposites using three electrode electrochemical cell was studied
by recording cyclic voltammograms (CV). CPE was
employed as working electrode, Ag/AgCl as a reference
electrode and Pt wire as a counter electrode. Constant
voltage has been measured between working and reference
electrode and the current is measured between the working
electrode and counter electrode. The electrolyte is usually
added to the test solution in order to ensure enough conductivity. The electrochemical chemical reactions have
been studied by electrochemical cell. At a fixed scan rate
the voltage is applied and simultaneously current is measured. The schematic of the fabrication process is depicted
in figure 1a and b.
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Figure 1. Schematic representation of the (a) fabrication of working electrode and (b) fabrication of ZnS/G/CHI/
HRP/NA/CPE electrode and the electrochemical workstation assembly.

3.
3.1

Results and discussion
Characterization of modified electrode

The structural patterns of ZnS/G and ZnS/G/CHI were
examined by XRD (figure 2A). The diffraction peaks of
ZnS observed at 13.15°, 21.8°, 26.6°, 31.6°, 40.5° and
55° could be ascribed to the (111), (200), (220) and (311)
planes of the ZnS crystals. The diffraction peaks of ZnS/
G appear at 29.08, 33.58, 48.18 and 57.08 (JCPDS No.
05-0566) along with C (002) peak. These confirms the
formation of ZnS nanoparticles over graphene. Besides,
the wide diffraction peak of CHI shows at 20.5°, which
signifies the amorphous state. The Fourier transform
infrared (FTIR) spectrum (figure 2B) of ZnS/G/CHI
observed at 768 and 985 cm-1 confirmed the presence of
ZnS [19,22]. The wide bands appeared at 3489 and
2337 cm-1, which are due to the O–H stretching of G.
FTIR peaks of CHI at 2330 and 2156 cm-1 were due to
the C–H stretch and the absorption peak at 3445 cm-1

was due to the N–H stretch of CHI. The absorption bands
at 2330 and 2518 cm–1 due to the S–H stretch can be
seen in IR spectra of ZnS/G and ZnS/G/CHI [23,25]. All
the signature peaks obtained from FTIR spectra of ZnS/
G/CHI confirmed the stabilization of CHI on to the surface of ZnS/G nanocomposites. Surface morphology
(figure 2c and d) depicts the material with ZnS
nanoparticles uniformly covered over the surface of a thin
graphene nanosheet, which revealed larger and efficient
surface area [13,19].
On adding CHI membrane further to the surface of
ZnS/G nanocomposite, the surface of ZnS/G was covered
with thin layer of CHI membrane, which resulted in
texture and smooth morphology. TEM analysis revealed
the nanoscale property of the synthesized ZnS/G
nanocomposite (figure 2e and f) with uniform distribution
of ZnS nanoparticles over the surface of an exfoliated
graphene nanosheet. The TEM images of ZnS/G/CHI
shows that CHI covered the ZnS-decorated graphene
nanosheets (figure 2g and h).
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Figure 2. (A) XRD of (a) ZnS/G and (b) ZnS/G/CHI nanocomposites. (B) FTIR spectra for (a) ZnS/G and (b) ZnS/G/CHI
nanocomposites. SEM images of (c) ZnS/G and (d) ZnS/G/CHI nanocomposites and TEM images of (e, f) ZnS/G and (g, h) ZnS/G/
CHI nanocomposites.

3.2 Electrochemical response of the ZnS/G/HRP/NA/CPE
and ZnS/G/CHI/HRP/NA/CPE biosensor to H2O2
The electrochemical study was performed for both ZnS/
G/HRP/NA/CPE and ZnS/G/CHI/HRP/NA/CPE using CV
exhibited a quasi-reversible redox process at different
scan rates [26,27]. The CVs were recorded at different
modified electrodes ZnS/G/HRP/NA/CPE (figure 3a) and
ZnS/G/CHI/HRP/NA/CPE (figure 3b) with 0.01 M PBS
solution containing 0.3 mM H2O2 at pH 7.0 at scanned
rates of 25, 50, 75 and 100 mV s–1. Upon the addition of
0.3 mM H2O2 to the electrochemical cell, the reduction
peak of the immobilized HRP increased, indicating a
typical electro-catalytic behaviour to the reduction of
H2O2. The electro-catalytic process could be expressed as
follows:
H2 O2 þ HRPred ! HRPOX þ H2 O
HRPOX þ 2e ! HRPred
The cathodic current of ZnS/G/CHI/HRP/NA/CPE was
higher than that for the ZnS/G/HRP/NA/CPE, which indicates the existence of amino groups in CHI acting as a
stabilizing mediator due to its excellent biocompatibility,
film-forming ability and self-renewability. Moreover, the
combination of ZnS/G nanocomposite and CHI increased
the electro-active surface area of the electrode.

3.3

Fabricated bioelectrode response and characteristics

To enhance the active performance of the H2O2 biosensor,
numerous parameters like applied potential, pH, temperature,
substrate concentration, time, reproducibility and stability on

the constructed biosensor were studied [28]. The effect of
applied potential (0.0 to -0.8 V; figure 3c) exhibits steadystate response and current gradually increased as the applied
working potential decreased from -0.1 to -0.6 V significantly. Therefore, -0.6 V was chosen as the working applied
potential. The effect of pH (figure 3d) value of electrolytes was
evaluated from pH 4 to 9 and showed very low current response
at low pH. Moreover, the optimum pH was attained at pH 7
with maximum current response for the biosensor. This pH is
close to the result from Liana et al [27]. However, the acidic
environment aids the reaction, because H? is needed by the
HRP to reduce to H2O2 and H2O [2]. The effect of temperature
was examined in the range between 20 and 70°C and attained
with gradual increase of the current response at 50°C (figure 3e). Besides, the ZnS/G/CHI provided a suitable support
for the immobilized HRP with improved thermal stability. The
effect of substrate concentration (figure 3f) was exhibited with
the response of the working electrode towards the detection of
H2O2 and was recorded by increasing current with increase in
the concentration of H2O2 in the 0.01 M PB (pH 7) solution.
This enhanced performance can be attributed to the strong
adhesion of natural cationic polymer CHI covalently attached
with ZnS/G nanocomposites, which supports the electron
transfer between HRP enzyme and electrode. The calibration
curve for the ZnS/G/CHI is shown in figure 3c. The amperometric detection can be used as an efficient tool for studying the
sensitivity of the constructed biosensor towards varying concentration of H2O2 in the supporting electrolyte [3]. The effect
of time (figure 3g) towards the current response time was
increased from 5 to 30 s and later reached the stability.
Moreover, the amperometric response of the fabricated ZnS/G/
CHI electrode was measured from 5 to 70 s, at a concentration
of H2O2, a steady current is achieved [2]. The long-term
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Figure 3. (a) CV of ZnS/G/HRP/NA/CPE, (b) ZnS/G/CHI/HRP/NA/CPE in 0.01 M PB solution (pH 7.0) containing 0.3 mM H2O2
at a scan rate of 25, 50 and 100 mV s–1. Response of current with (c) applied potential, (d) pH, (e) incubation temperature, (f) H2O2
concentration and (g) time.

stability and reliability were studied by storing the bioelectrode
at 4°C in PB solution (pH 7.0) and exhibited to retain 95%
stability of its initial response current up to 35 days.
Nonetheless, strong binding of ZnS/G/CHI and HRP prevents
the loss of surface bound enzyme and thereby enhance performance in terms of high stability, reproducibility and reliability [28].

4.

Conclusion

The goal of this study was to fabricate a novel H2O2
biosensor based on the immobilization of HRP on the
working electrode ZnS/G/CHI. These ZnS/G nanocomposites possess high surface area and good biocompatibility giving an excellent medium for the immobilization of
CHI and HRP. The designed biosensor showed a better
performance for the detection of H2O2 and indicated good
reproducibility, high sensitivity, rapid response and longtime stability. In summary, based on the above-mentioned
results a simple electrochemical method for the H2O2
detection has been established, which is a promising candidate for H2O2 biosensing applications.
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