
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2021.23403

INTRODUCTION

In the past decade, studies on particles with small size
have received attention. The thermal, optical and mechanical
properties of nanoparticles are different from those of their
bulk counterparts [1,2]. Additionally, nanosize particles exhibit
excellent electrochemical and catalytic properties [3,4]. For
stained water, dye degradation is the standard method employed
to determine the photocatalytic activity of photocatalysts,
including energy consumption and safety. Thus, nanoparticles
present potential applications in various commercial fields,
such as wastewater treatment plants, paint industry, refrigerator
coatings, electrical industry and detergents, etc. [5-7]. The
physico-chemical properties, such as small size and optical
properties, of the nanoparticles of zinc oxide render them
promising candidates for different medical applications [8-10].
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These applications include imaging and drug delivery techni-
ques. In various commercial sectors, ZnS nanoparticles most
frequently employed. The energy of a wide bandgap increases
the photocatalytic activity. The catalytic properties are used
in industries, such as waste water treatment plants, cosmetics,
paint and textile industries [11,12]. Through the exchange of
holes and electrons in particles, light absorption by ZnS nano-
particles causes reactive oxygen species formation [13,14].
Radicals can degrade or destroy the organic matter, hence,
can result in the ecological disturbance [15]. Photocatalytic
activities chiefly rely on surface properties, including particle
size, shape and morphology [16,17]. Modifying surface
properties can change the particle photocatalytic efficiency.
Different approaches involving capping with inorganic and
organic compounds and doping using transition metals are
employed to improve the photocatalytic characteristics of nano-
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particles [18,19]. Additionally, capping materials can lead to a
decrease in particle dissolution, thereby further alleviating the
toxicity risk [20].

Among the semiconductors of II-VI groups, ZnS is non-
toxic and has a wide bandgap. Thus, ZnS is an excellent host
for many rare earth and transition metal ion dopants. ZnS prod-
uces outstanding photocatalytic and optical properties. The
ZnS nanoparticle bandgap is 3.37 eV. Thus, ZnS nanoparticles
can absorb the light that exceeds or is within this bandgap
energy. Since ZnS nanosemiconductors doped with Mn2+ were
reported to provide life-time reduction and high luminescence
efficiency, the doped nanocrystals of ZnS have received consi-
derable attention [21]. The doped nano-semiconductors generate
a novel class of the luminescent material and present various
lighting, display, and sensor applications [22]. Different studies
[23-27] reported the photocatalytic and optical properties of
ZnS nanocrystals doped with various transition metal ions. ZnS
nanoparticles doped with Co are ideal for exploring electro-
chemical properties. Literature has reported the magnetic and
luminescent properties of ZnO nanoparticles doped with Co and
different results including quenching and luminescence develo-
pment. The capping agent must be bonded to nanoparticles to
enhance the surface states, which affect nanoparticle opto-
electronic properties and to minimize larger particle formation
[28]. ZnS capped with poly(vinyl pyrrolidone) nanoparticles
exhibits improved luminescence properties compared with that
capped with other agents.

ZnS nanoparticle with different structure and morphology
were studied using a variety of methods. Among all these, the
preparation of ZnS nanoparticles via chemical co-precipitation
method assisted route with poly(vinyl pyrrolidone) (PVP)
acquire a agreat attention because it provides a favourable factors
such as large scale production, high yield and this synthesis
method has a great influence on their size, shape and also
reduces the cost of production. Hence, PVP has been chosen
as a stabilizer in the present work. In this present work, the
effect of cobalt doping on the structural, optical and photo-
catalytic properties of PVP capped and uncapped nanoparticles
were studied. The synthesized ZnS doped nanoparticles used
to evaluate its electrochemical sensing property of various bio-
molecus. The synthesized nanoparticles modified glassy carbon
electrode (GCE) proved to be a very effective electrode material
to detect biomolecules electrochemically with a wider linear
detection.

EXPERIMENTAL

Nanosized particles of ZnS crystals were prepared by
chemical co-precipitation reaction using analytical reagent grade
chemicals analytical grade zinc acetate dehydrate Zn(CH3COO)2·
2H2O, cobaltaous acetate Co(CH3COO)2·2H2O, sodium sulfide
(Na2S·xH2O), poly(vinyl pyrrolidone) (PVP) and dopamine
were purchased from Loba chemie, Nice Chemicals and Merck
chemicals, respectively. Deionized water was used throughout
for the preparation process.

The synthesized naoparticles were characterized using
powder XRD Rigaku MiniFlux 650, FTIR Thermo fisher-i55,
UV-Visible spectrophotometer-119 while the morphological

studies carried out by SEM and EDX techniques. Cyclic volta-
mmetric (CV) measurements were carried out using CHI620E
with latest windows based acquisition s/w at ambient tempera-
ture. Three electrode systems was used for electrochemical study
using GCE as a working electrode (area 0.05 cm2), saturated
Ag/AgCl (saturated KCl) as a reference electrode and Pt wire
as a counter electrode.

Synthesis: Semiconducting nanoparticles of PVP capped
ZnS and cobalt doped ZnS were synthesized by chemical co-
precipitation method. Analytical grade 0.4 M of zinc acetate
was dissolved in 50 mL deionized water in a beaker and heated
on a hot plate at 60 ºC with stirring for about 0.5 h and added
PVP for controlling the nanoparticle size. After 0.5 h, an
equimolar aqueous solution of sodium sulphide (0.4 M) was
added dropwise into the above solution with vigorous stirring
when the solution become slightly colloidal. After that the
precipitated compound was removed by filtration using filter
paper. The compound washed with deionized water for several
times, dried overnight, crushed into fine powder and stored in
a deccicator. Similar method was followed for the synthesis
of cobalt doped zinc sulphide (Co:ZnS) nanoparticle by main-
taining all the prerequisits and adding cobalt acetate solution
in de-onized water along with Zn(CH3COO)2 and with PVP.
The third compound (uncapped Co:ZnS) was prepared by foll-
owing the same method but without adding PVP.

Photocatalytic activity: At different time intervals, the
photocatalytic degradation of Eriochrome black T was studied
using capped and uncapped Co:ZnS. At 34 ºC, Eriochrome
black T was degraded in sunlight. Under sonication, in 30 mL
of double distilled water, 30 mg of capped Co:ZnS nanoparticles
was dispersed. Subsequently, the resulting solution was mixed
with Eriochrome black T (0.0001 g/L). To achieve absorption/
desorption between Eriochrome black T and the catalyst and
the equilibrium, this solution was stirred at room temperature
in dark for 1 h. Then, the solution was stirred with a magnetic
stirrer in sunlight. At a time interval of each 20 min, the solution
(3 mL) was removed from the reaction mixture to obtain the
UV-visible absorption spectrum to analyze Eriochrome black T
photodegradation. This process was repeated for studying other
PVP uncapped Co:ZnS nanoparticles. The degradation effici-
ency of capped and uncapped nanoparticles was calculated as
follows [29]:

o t

o

A A
Degradation (%) 100

A

−
= × (1)

where Ao and At are the initial absorbance of the sample and at
the irradiation time of sample ‘t’ of absorbance, respectively.

RESULTS AND DISCUSSION

 XRD studies: Fig. 1 showed the typical powder XRD
pattern of prepared capped and uncapped ZnS nanoparticles.
ZnS nanoparticles showed crystalline nature with sharp peaks.
Three stronger peak obtained at 28.83º, 48.71º, 56.88º indicate
the crystalline structure (JCPDS. File No. 050566). In each of
this patterns three reflections planes (111), (220) and (311)
were observed, which indicate the cubic zinc blende structure
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Fig. 1. XRD pattern of (p) ZnS, (q) PVP capped and (f) Uncapped Co:ZnS
nanoparticles

[30]. Dopant addition causes changes in the peak intensity and
position. Peak broadening indicates nanocrystal formation in
the samples, and broadening increases with the substitution
of Zn2+ ions by Co2+ ions. The studied sample was fabricated
at room temperature (28 ºC). The broad diffraction peaks were
obtained due to the small particle effect. At a low angle, peak
broadening is critical for particle size calculation. The average
crystalline size was calculated using Debye-Scherrer formula.
The size of prepared Co-doped Zns nanoparticles substantially
increased compared with that of ZnS nanoparticles through a
change in the volume fraction, which depended on the dopant
properties. Capped cobalt doping leads to a decrease in the
average ZnS particle size.

0.94
D

cos

λ=
β θ (2)

where, D is the particle size, λ is the wavelength of X-rays
(1.5405 Å), β is the full width at half maximum after correcting
the instrument peak broadening (β expressed in radians) and
θ is the Bragg’s angle. Inter-planar spacing d (Å) and average
grain size obtained by XRD studies for ZnS:Co nanocrystallites.
The average size of nanoparticles was 2.27 (Å). With impurity
addition, the XRD peak slightly shifted. The crystalline sizes
of capped Co:ZnS nanoparticles, uncapped Co:ZnS and pure
ZnS were 2.28, 2.3, and 2.25 Å, respectively. The capping agent
leads to a decrease in nanoparticle crystallinity. Moreover,
capped Co:ZnS provides excellent photodegradation and cryst-
alline size compared with uncapped Co:ZnS nanoparticles.

FTIR studies: Absorption bands were recorded in the
rage 4500-400 cm-1 and is shown in Fig. 2.The broad band
appears at 3448 cm-1 is attributed to O-H stretching mode of
moisture absorbed on the surface of the nanoparticles. The
most striking evidence from FTIR spectrum of PVP stabilized
Co:ZnS absorption peak 1650 cm-1, which represent the
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Fig. 2. FTIR spectra of pure ZnS, capped and uncapped Co:ZnS
nanoparticles

functional group C=O present in PVP. The strong absorption
band near 656 and 1006 cm-1 are assigned to Zn-S vibrations
[31]. Capped and uncapped Co:ZnS samples show a blue shifts
in the position of the absorption bands.

UV-visible studies: For uncapped ZnS nanoparticles,
capped ZnS nanoparticles and pure ZnS, strong absorption
peaks were observed at 334, 300 and 292 nm, respectively.
The sharp decrease in absorption was caused by the narrow
size distribution of nanoparticles. After cobalt metal doping,
the absorption edge exhibited a blue shift in the nanoparticle
spectra (Fig. 3). The absorption edge slightly shifted because
of the quantum confinement effect generated by the nucleation
rate that increased with doping leading to formation of nano-
particles. Absorption spectrum of semiconductors plays an
important role to investigate their band gap energy, From the
absorption spectra, the value of the band gap obtained for ZnS
was 3.8 eV, the band gap for capped and uncapped Co:ZnS
nanoparticles were 4.1 eV and 4.2 eV, respectively. The band
gap increases with the decrease in the particles size. The increase
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Fig. 3. UV-visible absorption spectra of the pure ZnS, PVP capped and
uncapped Co:ZnS nanoparticles
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in band gap with reduced particle size, indicate the strong
quantum confinement effect, which were higher than the bulk
value.

Photoluminescence activity: Fig. 4a-b shows the  photo-
luminescence (PL) spectra of pure ZnS, capped and uncapped
Co:ZnS nanoparticles with a excitation wavelength 325 nm
and the photoluminescence emission spectra of the synthesized
nanoparticles were recorded at room temperature. In photo-
luminescence spectra, pure ZnS nanoparticles exhibited only
blue luminescence emission peaks at 410 and 438 nm related
to the point defect of ZnS nanoparticles. These peaks appeared
in the blue region due to recombination of electrons of the
valence band and sulphur vacancy related donors [32,33]. The
PL spectrum of capped and uncapped showed orange shift
compared to the peak position spectrum of Co:ZnS . The red
shift of photoluminescence emission for Co:ZnS may be due
to the emission of photon from a wide band gap of ZnS and
then recombination was observed at 649 nm. In addition, this
photoluminescence emission showed a strong blue shift when
compared with ZnS, indicate a successful formation of Co:ZnS
nanoparticles. It is noticed that the photoluminescence intensity
of ZnS nanoparticle significantly increases, as cobalt ion are
doped. This intensity of blue emission decreases and orange
emission comes up, since, the energy transferred from ZnS
host towards dopant centers is very efficient. The synthesized
Co:ZnS nanoparticles shows efficient emission of red band
with peak at 649 nm with blue emission suppressed.

After the addition of the capping agent to cobalt, the
luminescence intensity enhanced considerably. The intensity
decreased when Co:ZnS nanoparticles were uncapped in the
doped samples, which could be correlated with the XRD data.
With an increase in the dopant concentration, the full-width-
at-half-maximum intensity of XRD peaks increased (Fig. 1),
revealed that the particle size decreased with the capping agent
addition. With the particle size decrease, surface defects enha-
nced, which resulted in the increased PL intensity with capping
agent addition. Thus, Co2+ acts as the sensitizing agent and

improves radiative recombination. Therefore, the fluorescence
efficiency of the undoped samples is lower than that of the doped
samples [34].

Photocatalytic activity: The photocatalytic behaviour of
uncapped and capped Co:ZnS nanoparticles towards Eriochrome
black T degradation was studied with visible light irradiation.
Without a catalyst, no detectable Eriochrome black T degrada-
tion occurred in sunlight, indicating that degradation only
occurred because of the catalyst. PVP-capped Co:ZnS nano-
particles exhibited a higher degradation efficiency than the
uncapped Co:ZnS nanoparticles.

Fig. 5 showed the photocatalytic absorption spectra of
Erichrome Black T dye solution having, PVP uncapped and
capped Co:ZnS nanoparticles, which have been taken at different
intervals of times after exposing the solution in natural solar
light. The intensity of main absorption band decreased and the
solution become colourless due to the degradation of Erichrome
Black T dye. The colour intensity decreases as the contact time
increases. The time duration of degradation was 160 min. Fig. 6
represent the percentage Erichrome Black T dye degradation
in the presence of capped and uncapped Co:ZnS nanoparticles.
The time of degradation of dye have become more in case of
uncapped Co:ZnS when exposure to the sunlight. The PVP
capped Co:ZnS showed a higher photocatalytic activity than
the uncapped Co:ZnS nanoparticles. It is also noticed that the
broad band at 596 nm is due to Erichrome Black T dye (Fig.
5a-b), The band intensity decreases and its shifts to lower wave-
length region as the degradation confirmed. In the presence of
PVP capped Co:ZnS, the percentage degradation of Erichrome
Black T dye was 92% in 140 min while with uncapped Co:ZnS
the time taken for degradation occurs to be 70% in 140 min.

SEM-EDX studies: The SEM and EDX images are shown
in Fig. 7a-f for ZnS, capped and uncapped Co:ZnS nanoparticles.
Fig. 7a illuminate that ZnS nanoparticles are getting assembled
and showed like flakes and as micro/nanoparticle. The EDS
image represents the presence of Zn and S elements. Once the
nanoparticle doped with Co2+, a spherulitic structure has been
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observed in SEM images of Co:ZnS nanoparticles and indicated
the uniform spherical shape of the Co:ZnS nanoparticles which
were arranged in a form of a cluster and a large homogeneity
at the surface also observed. Fig. 7c- f represent the SEM and
EDAX images of capped and uncapped nanoparticles, respec-
tively and the EDAX of Co:ZnS nanoparticle indicates the
presence of Zn, S and Co elements.

Electrochemical analyses of Co:ZnS modified electrode:
By using a K4[Fe(CN)6] (0.5 mM) redox probe in a buffer
solution, the charge transfer behaviour of nanoparticle doped
GCE (Co:ZnS) was studied. Fig. 8 illustrates the cyclic voltam-
mogram (CV) for the redox couple of [Fe(CN)6]3−/4− with and
without the PVP capped Co:ZnS drop-coated electrode present
in phosphate buffer pH 7.0 comprising K4[Fe(CN)6] (0.5 mmol).
In redox probe, for the drop coated with PVP-capped Co:ZnS
electrode, a small shift in the peak current and potential
intensified compared with that for bare GCE. The CV profile
of nanoparticles with a large surface area for redox systems

suggested that the chemisorbed surface did not completely
inhibit fast electron charge transfer. This charge transfer behaves
as the electron mediator between the electrolyte species and
electrode. Few thin films of Co:ZnS worsen the ion immobility
and trapping and inhibit the facile current flow. Co:ZnS with
supported PVP-capped materials exhibits an increase in the
peak current of ferrocyanide systems, indicating that PVP-
capped Co:ZnS electrodes provide an easy pathway for the
interaction of the buffer solution with modified electrode and
promote electron transfer.

Electrochemical oxidation of dopamine (DA): To analyze
the electrochemical behaviour of dopamine at the modified
glassy carbon electrode, at a scan rate of 50 mV/s and modified
and bare GCE, CV was acquired using a buffer solution of pH 7
which comprised different dopamine concentrations [35]. The
results were recorded with the curve. The CV response of dopa-
mine was obtained on a thin film of coated GCE under the
following conditions. The applied potential was 0.35 V and
dopamine (0.02 µM) was constantly added to a buffer of pH 7
with constant stirring (500 rpm) at a time interval of 40-50 s
(Fig. 9). The thin film of GCE exhibited rapid improvement in
CV response with dopamine addition and the signal stabilized
within 3-4 s, which was important for the production of an
efficient electrode. Within 3 s after dopamine addition, 97%
steady-state current was attained, which revealed the efficiency
and rapid detection of modified GCE for dopamine. The linear
response between the dopamine concentration and CV growing
step currents was good (Fig. 9a-b). This response satisfied the
equation: y = 4.3663(DA) + 5.219. At Co:ZnS/GCE for
dopamine, the slope was 4.3663 µA µM-1. In 0.2-1.6 µM/L,
for dopamine, the concentration was observed linearly on the
electrode. GCE exhibited considerably high electrocatalytic
activity for dopamine oxidation. The Co:ZnS/GCE exhibited
an excellent LOD and sensitivity. For dopamine, the LOD of
GCE/Co:ZnS, the modified electrode, was 0.06 µM/L. LOD
was calculated using the formula: 3.3 (σ/s), where s denotes
the calibration curve slope and s represents the standard devia-
tion of the mean value of 10 dopamine additions.
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 Effect of scan rate: The CV were recorded for 10 µM
dopamine in buffer solution pH 7 at different scan rates (Fig.
10a). The value of peak current increases as the scan rate incre-

ases from 10 to 200 mV s-1. A plot of Ipa versus exhibited linear
relationship indicating the diffusion controlled mass transfer
process (Fig. 10b) [36].

Effect of different concentration of uric acid: Fig. 11a
shows the CV response of the GCE electrode in uric acid with
different concentrations. The oxidation peak currents were
linear and Fig. 11b related to the uric acid concentration in the
range of 0.5 to 01.01 µM with the correlation coefficient Ip =
2.454 (UA) + 2.206 (µM) (R2 = 0.99545). The sensitivity and
detection limit of the modified GC electrode was 2.2066 µA
µM-1 cm-2 and 0.166 µM, respectively. The reported the electro-
chemical determinations of uric acid using different electrodes
are summarized in Table-1. The results showed that the electrode
possesses a satisfactory sensitivity and low measured LOD
for the detection of uric acid. The oxide peak current of uric
acid displays a linear relationship with the concentration of
uric acid. The corresponding equations is Ip = (2.2065 ± 0.43)
+ (2.453 ± 0.01) (R2 = 0.996) [37].

Conclusion

The pure ZnS capped and uncapped Co:ZnS nanoparticles
were successfully synthesized by co-precipitation method
using poly(vinyl pyrrolidone) (PVP) as capping agent. Synth-
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esized nanoparticles were characterized by physico-chemical,
spectral, photocatalytic and optical absorption studies. FTIR
confirmed the formation of nanoparticles by comparing the
shifts in the position of peaks of capped and uncapped Co:ZnS
nanoparticles. The XRD results showed that cobalt doped ZnS
nanoparticles exhibit a zinc blende structure with uniform size.
Eriochrome black T photocatalytic degradation indicated that
prepared PVP capped Co:ZnS nanoparticles can be employed
as potential catalysts in photocatalytic degradation compared
with uncapped Co:ZnS nanoparticles. Eriochrome black T
degraded to >92% with PVP. Without PVP, 92% degradation
occurred; however, the degradation time was relatively longer.
The nanoparticle morphology indicated that the photocatalytic
activity occurred on a nanoscale in sunlight. The new Co:ZnS/
GCE modified glassy carbon electrode has been evaluated using
Co:ZnS/GCE. The drop coated electrode offers high stability,
reproducibility, high and a distinct advantage of polishing in
the event of surface fouling. The synthesized Co:ZnS/GCE
nanomaterial showed the enhanced results using cyclic voltam-
metric techniques for detection of dopamine. The Co:ZnS/GCE
modified GCE shows verygood results such as high sensitivity,
LOD (0.06 µM) and long linear range value (0.2 to 1.6 µM),
stability and antifouling properties. The intensity of photo-
luminescence emission was observed to decrease with addition
of cobalt doped in ZnS.
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