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A B S T R A C T   

Ultrasonic-enhanced surface-active bismuth trisulfide based core–shell nanomaterials were developed and used 
as an efficient modified electrode material to construct a highly sensitive antibiotic sensor. The core–shell 
Bi2S3@GCN electrode material was directly synthesized by in-situ growth of GCN on Bi2S3 to form core–shell like 
nanostar (Ti-horn, 30 kHz, and 70 W/cm2). The electrocatalyst of Bi2S3@GCN nanocomposites was efficaciously 
broadened towards electrochemical applications. As synthesized Bi2S3@GCN promoted the catalytic ability and 
electrons of GCN to transfer to Bi2S3. The single-crystalline GCN layers were uniformly grown on the surface of 
the Bi2S3 nanostars. Under the optimal conditions of electrochemical analysis, the CPL sensor exhibited responses 
directly proportional to concentrations (toxic chemical) over a range of 0.02–374.4 μM, with a nanomolar 
detection limit of 1.2 nM (signal-to-noise ratio S/N = 3). In addition, the modified sensor has exhibited 
outstanding selectivity under high concentrations of interfering chemicals and biomolecules. The satisfactory 
CPL recoveries in milk product illustrated the credible real-time application of the proposed Bi2S3@GCN sensors 
for real samples, indicating promising potential in food safety department and control. Additionally, the pro-
posed electrochemical antibiotic sensor exhibited outstanding performance of anti-interfering ability, high sta-
bility and reproducibility.   

1. Introduction 

The sonochemical technique has been demonstrated to be an envi-
ronmentally and eco-friendly method to obtain novel nanomaterials and 
composites [1]. The sonochemical and ultrasound approaches have been 
manifested as a non-toxic and green synthesis method to obtain novel 
electrocatalyst. Hence, the sonochemical effects of ultrasonic irradiation 
emerge from acoustic cavitation’s [1,2]. In particularly, the formation, 
and growth of the nanoparticles based on the implosive collapse of 
bubbles in a reaction medium, which reaction results in an instanta-
neously low temperature and pressure pulse [3]. Therefore, these sig-
nificant advantages of the sonochemical approaches lead to many 
unique nanomaterials in the irradiated solution [4]. In particular, 
bimetal sulfides with general formula A2S3 (A = Co, Fe, Ni, Mn, Bi, Al) 
have attracted considerable attention in chemical sensing and devel-
opment of electrochemical devices on account of their semiconductive 

properties [5,6]. Among the various bimetal sulfides, the n-type semi-
conductor, Bismuth sulfide (Bi2S3), with a direct band gap (Eg = 1.3 to 
1.7 eV), has gained a substantial interest in electrochemistry due to its 
high natural abundance, excellent photovoltaic properties, and favor-
able compatibility with the environment [7,8]. Generally, n-type crys-
talline semiconductor material use electron as majority carriers owing to 
the high availability of electrons than holes. Bi2S3 can be synthesized in 
various morphology and size, such as one-dimensional nanoribbons, 
nanorods, nanowires, and nanotubes using various synthesis methods 
[9,10] including hydrothermal/solvothermal decomposition [11], 
sonochemical [3], microwave irradiation [8], and vapor deposition 
which offers significant improvement in the physical properties and 
better efficiency in electrochemical field [11,12]. It is to be noted that 
Bi2S3 nanostructure is normally aggregated during growth processes, 
which not only decreases the effective surface area, but also greatly 
limits the electrochemical performance with low sensitivity, limited 
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detection limit, and wide linear range. Hence, it is significant to combine 
Bi2S3 with carbonaceous materials to develop novel nanocomposite to 
further boost the electrode efficiency. Graphitic carbon nitride (g-C3N4) 
is a unique choice amongst the available carbon-based materials due to 
its fascinating physical properties [13,14]. The carbon allotrope, g-C3N4 
with its stacked two-dimensional structure and semiconducting prop-
erties has gained a remarkable impact in development of electro-
chemical sensors. Related investigations reveal that it has been 
effectively used in gas sensors, photocatalytic degradation, and as 
electrochemical sensor owing to its excellent thermal stability, tunable 
electronic structures, high electronic conductivity, and unique elec-
tronic property with low-cost and non-toxicity [15–17]. The layered 
polymeric structure of g-C3N4 offers high surface area, electron transfer 
channels, and active site which makes it a favorable material in elec-
trochemistry. In this present study, a novel incorporation of Bi2S3 with g- 
C3N4 (GCN) through facile sonochemical method is demonstrated. The 
detection of chloramphenicol with Bi2S3@GCN as a modified screen- 
printed carbon electrode (SPCE) exhibits excellent sensitivity, speci-
ficity, and selectivity with wide linear range and lower limit of detection 
(Scheme 1). 

Chloramphenicol (CPL) is an antibiotic with broad active spectrum 
which is extensively employed in aquaculture against the gram-negative 
and gram-positive bacteria [18–20]. Scientific investigations have 
revealed its effectivity in treating life-threatening diseases such as 
typhoid fever and childhood meningitis and septicaemia. However, the 
use of CPL has been restricted owing to its toxicity and excessive usage 
which causes gray-baby syndrome, aplastic anemia, and bone-marrow 
suppression [19,21]. Although certain restrictions were imposed in the 

usage of CPL by some nations, its out-and-out eradication is difficult by 
virtue of its application in wide range of production process, low-cost, 
and high availability [22,23]. The countries like China, Canada, USA, 
European Union, and Japan have banned the usage of CPL in the pro-
duction of animal food. In 2002, the European Union proposed ban on 
CPL in shrimp products from China for the duration of 30 months 
[24–26]. The USA has also banned CPL due to the former causes; both 
cases adversely affected the economy of China-based CPL products in 
2006 [27]. The maximum permissible level of CPL in milk is set as 0.3 
ppb. Hence, the efficient detection of CPL using a rapid, cost-effective, 
and ultrasensitive method is highly significant. Different techniques 
including bioassay method, HPLC [28], immunoassay, and gas 
chromatography-tandem mass spectrometry were employed to analyze 
the CPL level in food products [28–30]. However, aforementioned 
techniques have several drawbacks such as high-cost, long-processing 
time, and need for trained professional to carry out the experiments. In 
order to overcome these drawbacks, electrochemical method is 
employed in this work as it possess various advantages such as rapid 
detection, high specificity, low-cost, compact instrumental size, and fast 
response. 

2. Experimental section 

2.1. Sonochemical synthesis of Bi2S3/GCN 

In this typical synthesis given briefly, 0.05 mol of bismuth(III) nitrate 
pentahydrate (Bi(NO3)3⋅5H2O), 0.1 mol of triethanolamine (TEA), and 
0.02 mol of sodium thiosulfate (Na2S2O3) were mixed in 50 mL 

Scheme 1. Schematic diagram of the electrochemical sensor and its applications.  
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deionised water and the solution was stirred under magnetic stirrer. 
Then, the mixture of the solution was moved to high-intensity ultra-
sound irradiation under ambient air for 2 h. This ultrasound irradiation 
was provided using a high-intensity ultrasonic probe (model name: 
Xinzhi Co.; 0.6 cm diameter; Ti-horn, 30 kHz, and 70 W/cm2) immersed 
directly in the mixture of the solution under the room temperature. We 
obtained the precipitates after 2 h of sonochemical reaction. Then, the 
resultant precipitates were washed through centrifugation method, 
using 0.1 mol HCl, deionised water, and ethanol. Afterwards, the 
product was dried in vacuum oven at 55 ◦C (Scheme 2). 

0.2 g of melamine and 0.1 g of Bi2S3 particles were added in 50 mL of 
deionized water under magnetic stirring at 80 ◦C for 15 min. Then, the 
reaction solution was transferred into a 100 mL Teflon-stainless auto-
clave and heated at 180 ◦C for 2 h in an oven. Afterwards, the obtained 
precipitates were washed with denoised water and the melamine- 
cyanuric acid complex/Bi2S3 was heated at 550 ◦C for 5 h with a heat-
ing rate of 5 ◦C/min under nitrogen atmosphere to obtain Bi2S3/GCN 
composite as the final product. 

2.2. Fabrication of Bi2S3@GCN hybrid modified electrode 

Prior to the modification of screen-printed carbon electrode (SPCE) 
with Bi2S3@GCN hybrid, we thoroughly washed the SPCE surface using 
water and ethanol to remove any impurities if present. Then, the SPCE 
was dried at room temperature. Afterwards, 8 µL of Bi2S3@GCN hybrid 
(5 mg/mL) was drop casted over the surface of SPCE. The Bi2S3@GCN 
hybrid modified SPCE was then dried at room temperature. Ultimately, 
Bi2S3@GCN hybrid/SPCE was developed and used for electrochemical 
detection of CPL. 

3. Results and discussion 

3.1. XRD and XPS analysis of Bi2S3@GCN hybrid 

The XRD patterns of the Bi2S3@GCN was displayed in Fig. 1A. The 
XRD analysis of Bi2S3@GCN shows sharp diffraction peaks correlated to 
(200), (120), (220), (101), (310), (211), (221), (410), (311), (240), 
(430), (421), (440), (501), (160), (312), (360), (640), (152), (721), 
(532), (651), (811), and (213) planes. These diffraction patterns were 
matched with the orthorhombic Bi2S3@GCN (JCPDS No. 01-084-0279) 

[31,32]. Moreover, the XRD peaks and JCPDS card indicates the suc-
cessful formation of Bi2S3 particles. In addition, the graphitic carbon 
nitride (GCN) has exhibited the diffraction peaks at 11.02◦ and 24.15◦

corresponding to the Miller indices planes (100) and (002) [33]. These 
observations from the XRD analysis of Bi2S3@GCN composite confirms 
the successful hybrid formation. Crystal structure of the Bi2S3 nano-
particles were analyzed and given in Scheme 3. The Bi2S3 particles have 
orthorhombic crystal structure and unit cell volume is 502.28 Å3. 
Further details regarding orthorhombic crystal structure is given in 
supporting information. 

Fig. 2B-F, displays XPS measurements to evaluate the chemical state 
of as-synthesized core-like Bi2S3@GCN nanostructures. The survey 
spectrum as shown in Fig. 1B, reveals that as-synthesized core-like 
Bi2S3@GCN nanostructures exhibits peaks of Bi 4f, S 2p, C 1s, and N 1s. 
Fig. 1C depicts a high resolution Bi 4f XPS of the composite, typically 
comprised of doublet binding energies at ~157.3 eV (Bi 4f5/2) and 
~163.4 eV (Bi 4f3/2), which normally ascribe to the oxidation state of 
Bi3+ [34]. Fig. 1D displays two binding energy peaks at ~157.2 eV and 
~163.1 eV corresponding to S 2p3/2 and S 2p1/2 respectively [35]. There 
are mainly GCN based carbon bonds present in the C 1s spectrum 
(Fig. 1E) and the important binding energies are obtained to be 284.8 
eV, 286.4, and 288.1 eV. It is to be noted that the low intensity peak at 
286.4 eV is assigned to the C–NH2 energy of the GCN [36,37]. The peak 
at lower binding energy (BE), centered at 284.8 eV, is attributed to C–C/ 
C=C bonds and the peak at 288.1 eV is attributed to N-C=N based sp2 

bonds of the GCN ring system. The N 1s core level spectra show a sharp 
peak centered at 399.3 eV with a shoulder at higher binding energy 
(Fig. 1F). Deconvolution of the data for the Bi2S3@GCN composite re-
veals contributions of four peaks at 398.5, 399.3, 401.0, 404.5 eV, 
respectively [37]. Therefore, the XPS analysis and its results were con-
firming the presence of Bi2S3@GCN composite. 

3.2. Morphological analysis of Bi2S3@GCN composite 

Transmission electron microscopy (TEM) technique was used to 
conduct surface analysis to elucidate the structure and morphology of 
the applied nanomaterials. As observed in Fig. 2A-C, the layered GCN 
was loaded on nanostars of Bi2S3. Moreover, energy dispersive X-ray 
analysis (EDS) of Bi2S3@GCN (Fig. 2B) revealed the existence of the 
elements including Bi, S, C and N, providing additional evidence for the 

Scheme 2. Determination of chloramphenicol (CPL) in food samples using Bi2S3@GCN hybrid modified SPCE.  
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successful synthesis of Bi2S3@GCN. Fig. 2E-H shows the elemental 
mapping in scanning transmission electron images of Bi2S3@GCN which 
shows that a large number of graphitic carbon nitrides were covered on 
the surface of Bi2S3. The successful formation of the Bi2S3@GCN com-
posite as a core–shell electrode material is evident from the obtained 
results. 

3.3. Electrochemical characterization of the core–shell Bi2S3@GCN/ 
SPCE 

The electro-conductivity and resistance measurement are often used 

to study the electron transfer ability of bare SPCE and modified SPCE. 
The EIS analysis and spectra of Bi2S3/SPCE, GCN/SPCE, Bi2S3@GCN/ 
SPCE, and unmodified SPCE in 5 mM [Fe(CN)6]3− /4− containing 0.1 M 
potassium chloride is shown in Fig. 3. The Randles equivalent circuit 
was used to fit the spectra to obtain good semicircles. The elements of 
the circuit are presented like Cd – the double-layer Capacitance, Rct – the 
charge transfer resistance, Rs – the solution resistance and ZW – the 
impedance of Warburg [22,38]. The charge transfer resistance values 
were calculated for the unmodified electrode (136.5 Ω), Bi2S3/SPCE 
(77.2 Ω), GCN/SPCE (56.2 Ω), and Bi2S3@GCN/SPCE (33.1 Ω). These 
data expressed clearly and proved that the Bi2S3@GCN/SPCE is an 

Fig. 1. XRD analysis of Bi2S3@GCN (A) and XPS survey analysis of Bi2S3@GCN (B). High resolution and conventional analysis of Bi 4f (C), S 2p (D), C 1s (E), N1s (F).  

Scheme 3. Crystal structure analysis of Bi2S3 nanoparticle (A) ball-stick model and polyhedral model.  
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electrode material with good electric based properties for the electro-
chemical sensing applications towards CPL. 

3.4. Electrochemical optimization at core–shell Bi2S3@GCN/SPCE 

The effect of catalyst concentration of the Bi2S3@GCN material was 
analyzed. The current reduction increases with the suspension concen-
tration increasing from 2 to 8 mg/mL. Nevertheless, the catalyst con-
centration of the Bi2S3@GCN composite exhibits higher performance in 
5 mg/mL. Consequently, 5 mg/mL of the Bi2S3@GCN composite was 
used as the optimal catalyst concentration. The amount of Bi2S3@GCN 
catalyst concentration on the SPCE plays a major role in the electro-
chemical reduction of CPL detection (sensor). With an increase in the 
Bi2S3@GCN catalyst volume from 5.0 to 10.0 μL, the reduction current 
for CPL increased. The further increase in the Bi2S3@GCN catalyst 
concentration to 9.0 μL resulted in a significant decrease in the CPL 
reduction performance. Therefore, 8.0 μL was selected as the optimal 

volume and was applied in all electrochemical experiments carried out 
in this work. 

The voltammetric technique was applied to analyze the effect of pH 
conditions on the electrocatalytic activity of CPL at a scan rate of 0.05 V/ 
s, as shown in Fig. 4A. It can be observed that the reduction peak current 
increases with an increase in pH from pH 3.0 to pH 7.0. Further, it can be 
noted that beyond pH 7.0, the reduction peak current decreased grad-
ually. Moreover, the peak reduction potential of CPL shifted more to-
wards negative value when the pH is increased from pH 3.0 to pH 11.0 
(Fig. 4B). Furthermore, pH 7.0 is a biological pH value and it could be 
potentially used in various biological and medical fields. Hence, pH 7.0 
was selected as the optimal pH of the supporting electrolyte in the 
electrochemical analysis of Bi2S3@GCN/SPCE toward the determination 
of CPL. 

Fig. 2. TEM analysis of Bi2S3@GCN hybrid (A-C), elemental analysis and quantitative analysis of Bi2S3@GCN (D), elemental mapping analysis of the hybrid material 
(E-H). 
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3.5. Electrochemical detection of CPL at core–shell Bi2S3@GCN/SPCE by 
CV method 

The electrochemical responses of CPL at Bi2S3@GCN/SPCE was 
estimated and compared to those obtained at bare SPCE, Bi2S3/SPCE, 
and GCN/SPCE. Therefore, voltammetric analysis was performed for 
different electrodes such as bare SPCE, Bi2S3/SPCE, GCN/SPCE, and 
Bi2S3@GCN/SPCE with CPL (100 µM) in saturated N2 containing 
phosphate buffer (pH 7) at 50 mV s− 1. The obtained voltammograms are 
given in Fig. 5A. It can be observed that the CV curve of bare SPCE 
showed a very small cathodic response (Ipc) for CPL concentration (pH 
7.0). Similarly, Bi2S3/SPCE and GCN/SPCE also exhibited a small 
cathodic peak response. Whereas, Bi2S3@GCN modified SPCE (d) 
showed a sharp and intense cathodic peak response of CPL drug at − 0.72 
(R1). This peak response of the composite modified electrode is many 
folds higher than bare SPCE, Bi2S3/SPCE, and GCN/SPCE. Therefore, the 
obtained electrochemical results are evidently confirming that the syn-
ergetic effect of the Bi2S3 nanopartices and graphitic carbon nitride is 
not only enhancing the electro-conductivity of Bi2S3@GCN nano-
composite, but also improving its electrocatalytic (chemical) ability. The 
reduction peak (R1) is fast reaction and it is ascribed as the change in 
nitrophenyl function group to hydroxylamine form based on nitro 
reduction mechanism. The electrochemical mechanism involving this 
four-electron transfer reaction is provided in Fig. 5E [23,39]. 

Fig. 5B shows the CV response of Bi2S3@GCN/SPCE for varying the 
concentration of CPL from 10 to 100 µM in nitrogen gas saturated 0.05 M 
phosphate buffer (pH 7.0) at a scan rate of 50 mV s− 1. The electro-
chemical performances and enhanced electrocatalytic properties of 
Bi2S3@GCN modified SPCE can be understood by exploring the linear 
increment in the cathodic peak current for the linear addition of CPL 
concentration. In addition, the linear calibration analysis of electro-
chemical reduction peak current vs. concentration of CPL drug is shown 
in Fig. 5B (inset) and the resultant linear regression equation of the plot 
is Ipc (μA) = 1.2 µM + 8.08 (R2 = 0.9767). This result more evidently 
confirms that Bi2S3@GCN/SPCE is a promising modified electrode ma-
terial for efficient electro-catalytic detection of CPL drug without any 
fouling effect. The electrochemical response of CPL drug Bi2S3@GCN/ 
SPCE was evaluated under different scan rates at same electrochemical 
conditions. Fig. 5C shows the voltammetric response of Bi2S3@GCN/ 
SPCE for CPL drug (50 µM) in nitrogen gas saturated 0.05 M phosphate 
buffer (pH 7.0) at various scan rates from (peaks; a-o) 20 to 300 mV s− 1. 
The corresponding calibration plot of reduction peak current vs. square 
root of the scan rate with R2 = 0.9959, was shown in Fig. 5D. These 
results indicate that the overall electrochemical reduction process of 
CPL drug at Bi2S3@GCN/SPCE is a diffusion-controlled reaction. 

3.6. Electrochemical determination of CPL at core–shell Bi2S3@GCN/ 
SPCE by differential pulse voltammetry (DPV) 

DPV technique is applied to analyze the sensitivity, linear range, and 
limit of detection (LOD) of electrochemical performance of Bi2S3@GCN 
modified SPCE towards CPL detection. DPV is considered as a highly 
sensitive and robust analytical technique to determine the important 
electrochemical parameters and electrocatalytic ability of the modified 
electrodes. Consequently, DPV method was used for CPL detection based 
on Bi2S3@GCN modified SPCE in nitrogen gas saturated 0.05 M phos-
phate buffer (pH 7.0). Fig. 6A shows the voltammetric peaks with the 
linear increment of reduction peak response over the concentration of 
CPL drug from 0.02 µM to 374.4 µM. Furthermore, the linearity-based 
equation for the obtained calibration plot is Ipc (μA) = 1.536–2.26C 
(µM) and the R2 is 0.9912 (Fig. 6B). In addition, the modified electrode 
sensitivity of the sensor was calculated and is 85.33 µA µM− 1 cm− 2 and it 
has calculated from the slope of the calibration plot/surface area (0.018 
cm2) of the electrode. Further, the LOD of CPL drug at Bi2S3@GCN/SPCE 
was calculated and is 0.0012 µM (1.2 nM) and the limit of quantification 
was calculated to be 20 nM. Moreover, the electrochemical parameters 
of LOD, sensitivity, and linear range of CPL drug at Bi2S3@GCN/SPCE 
were compared with previously reported electrochemical sensor based 
modified electrodes as given in Table 1. According to the comparison 
Table 1, Bi2S3@GCN modified SPCE has achieved very low detection 

Fig. 3. EIS (interface properties) analysis of SPCE (a), Bi2S3/SPCE (b), GCN/ 
SPCE (c), Bi2S3@GCN hybrid/SPCE (d). 

Fig. 4. (A and B) Different pH analysis of CPL (100 µM) at Bi2S3@GCN hybrid modified SPCE (50 mV/s.  
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limit and excellent sensitivity, which indeed indicates that Bi2S3@GCN 
is an effective modifier for electrochemical determination of CPL (CV 
and DPV). 

The selectivity, stability, and reproducibility of Bi2S3@GCN modified 
electrode are significant factors to be considered for real time applica-
tion and analysis. There is a high probability for the presence of inter-
fering species in real samples and therefore it is significant to evaluate 
the anti-interference ability of Bi2S3@GCN/SPCE. This electrochemical 
test was carried out using DPV method in the presence of various drugs, 
food chemicals, and biological species. In this electrochemical analysis, 
a high voltammetric peak response was obtained for the addition of 50 
μM of CPL drug at Bi2S3@GCN/SPCE. Whereas, the addition of 10-fold 
higher concentration of interfering species such as nitroquinoline 
(NQ), uric acid (UA), dopamine (DA), folic acid (FA), acetaminophen 
(AP), nitrophenol (NP), hydrogen peroxide (HP), potassium ion (K+), 
nitrobenzene (NB), sodium ion (Na+), and glucose (Glu) exhibited only 
very low and negligible responses as given in Fig. 6C. Even though, CPL 

drug exhibits similar category chemicals as that of some interfering food 
chemicals and biological compounds, the interfering compounds shows 
less than 8% interference response. 

3.7. Storage stability and repeatability analysis of the Bi2S3@GCN 
modified sensor 

Additionally, the stability of the proposed Bi2S3@GCN electrode was 
analyzed using DPV method. Fig. 6D shows the stability performance 
(relative percentage) of Bi2S3@GCN/SPCE in presence of CPL drug over 
50 days. We have observed good electrochemical performance for the 
proposed sensor towards CPL detection even after 50 days indicating 
that Bi2S3@GCN modified electrode has an excellent storage stability 
character. Moreover, the reproducibility of the Bi2S3@GCN modified 
electrode was analyzed using DPV method in presence of CPL drug (50 
μM) in nitrogen gas saturated 0.05 M phaspate buffer (pH 7.0). We have 
fabricated 5 Bi2S3@GCN modified electrodes for this reproducibility 

Fig. 5. (A) CV analysis of unmodified SPCE (a), Bi2S3 NPs/SPCE (b), GCN/SPCE (c), Bi2S3@GCN hybrid (d). (B) Anti-fouling ability of Bi2S3@GCN/SPCE and its 
corresponding calibration plot (inset). (C) Different scan rate analysis (20 mV/s to 300 mVs) of Bi2S3@GCN/SPCE and corresponding calibration plot (D). 
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analysis and the voltammetric responses of these modified electrodes 
were noted. The performance plot for reduction of CPL current vs. 
modified electrodes is given in Fig. 7A. According to the calibration plot, 
the RSD (relative standard deviation) was calculated as 3.24%. The 
repeatability of the Bi2S3@GCN/SPCE sensor was analyzed by ten 
repeated measurements with same electrode and the DPV method was 
applied in presence of CPL drug (50 μM) at a scan rate of 50 mV s− 1 

(Fig. 7B) and the RSD was calculated as 3.13%. Ultimately, the excellent 
performance of Bi2S3@GCN/SPCE sensor towards CPL drug detection 
was confirmed from the aforementioned investigations as it exhibited 
outstanding selectivity, long stability, reproducibility and repeatability. 

3.8. Electrochemical determination of CPL in food samples at core–shell 
Bi2S3@GCN/SPCE by DPV 

In order to evaluate the practicability of Bi2S3@GCN/SPCE elec-
trode, a known concentration of CPL was spiked in fresh milk sample 
and was analyzed. The concentration of CPL drug was estimated from 
this real sample and the recovery value was noted. Moreover, a milk was 
diluted in phosphate buffer (pH 7.0) and the recognized concentration of 
CPL drug was spiked into the milk. Furthermore, the DPV analysis of 
Bi2S3@GCN modified SPCE is detected for the CPL drug-spiked milk. 
Similar procedure and method were applied to analyze the applicability 
of the sensor in shrimp extract and honey samples. The recovery values 
of the real sample analysis were obtained in the range of 99.02–99.80% 
and is given in Table 2. The electrochemical response we have obtained 
for this real sample analysis using DPV method was also compared with 
the standard method, HPLC. The excellent recovery values obtained 
from this experiment using both DPV and HPLC method confirms the 
real time applicability of the proposed Bi2S3@GCN/SPCE based sensor 
for the detection of CPL drug in food products. 

4. Conclusion 

The core–shell like Bi2S3@GCN electrocatalyst consisting of 
nanostars-based metal sulfide hierarchical architecture was developed 
based on a robust and green sonochemical approach. We have success-
fully and profitable performed a highly sensitive and selective electro-
catalytic detection of antibiotic drug using a novel core–shell 
Bi2S3@GCN electrode materials modified SPCE. The Bi2S3@GCN/SPCE 

Fig. 6. (A) DPV analysis of Bi2S3@GCN/SPCE and its corresponding calibration plot (B). Anti-interference ability of Bi2S3@GCN/SPCE (C) and stability analysis of 
the modified sensor (D). 

Table 1 
Modified sensor parameters of Bi2S3@GCN modified electrode in presence of 
CPL with previously published modified electrodes.  

Electrodes Linear range (µM) LOD (µM) Methods Reference 

PANi NWs –  0.0012 DPV [40] 
Fe3O4-CMC@Au 2.5–25  0.07 SWV [20] 
Au NPs/GrO 1.5–2.95  0.25 DPV [41] 
RGO 1–113  0.15 AM (i-t) [42] 
MoS2/PANI 0.1–100  0.065 AM (i-t) [43] 
Porous carbon 1.0–4.0  0.0029 LSV [44] 
rGO-Pt-Pd NC 0.2–30  0.1 LSV [45] 
TiN-RGO 0.05–100  0.02 DPV [46] 
Bi2S3@GCN/SPCE 0.02–374.4  0.0012 DPV This work 

CMC-magnetite nanostructures stabilized with carboxymethyl cellulose, GrO- 
graphene oxide, MWCNT-multi-walled carbon nanotube, RGO-reduced gra-
phene oxide, PANI-polyaniline, DPV-differential pulse voltammetry, LSV-linear 
sweep voltammetry. 
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sensor exhibited a high sensitivity with a nanomolar detection limit of 
0.0012 μM, surpassing the sensitivity of various modified electrodes 
reported previously. The modified SPCE based sensor has performed in 
the linear range of 0.02 to 374.4 μM and it exhibited long time stability, 
good repeatability, and reproducibility. The real-time applicability of 
the proposed Bi2S3@GCN modified sensor was demonstrated with food 
and food products samples. The anti-interference ability has also been 
analyzed with many interfering chemicals and ions. Hence, we can 
conclude that the proposed Bi2S3@GCN modified SPCE is excellent for 
highly sensitive and efficient determination of antibiotic drug in milk, 
honey, and shrimp extract samples. 
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