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ABSTRACT 
Background 
Chloramphenicol (CAP) is a broad-spectrum antibiotic widely used to treat bacterial infections; however, its 
excessive use and persistence in environmental and biological samples necessitate the development of sensitive 
detection methods. In this study, a MXene/SWCNT/ABSA-modified glassy carbon electrode (GCE) was fabricated 
and evaluated for the electrochemical detection of chloramphenicol. 
Materials and Methods 
The composite was prepared by combining Ti₃C₂Tx MXene, single-walled carbon nanotubes (SWCNTs), and 2-
aminobenzenesulfonic acid (ABSA), followed by electropolymerisation on the electrode surface. Electrochemical 
performance was investigated using cyclic voltammetry. FESEM and UV-Vis analyses confirmed the successful 
fabrication of the nanocomposite. 
Results 
The modified electrode exhibited a significantly higher capacitive current than the bare GCE, confirming successful 
surface modification. In the presence of chloramphenicol, the MXene/SWCNT/ABSA-modified GCE demonstrated 
enhanced electrocatalytic activity with a stronger oxidation response at lower potential. The sensor showed a linear 
response over increasing chloramphenicol concentrations and maintained stable performance across scan rates 
ranging from 10 to 250 mV s⁻¹. 
Conclusion 
These results demonstrate that the MXene/SWCNT/ABSA-modified GCE is a promising platform for the sensitive 
electrochemical detection of chloramphenicol. 
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INTRODUCTION 
 

Chloramphenicol (CAP) is a broad-spectrum 
antibiotic belonging to the class of antimicrobial 
agents that inhibit bacterial protein synthesis by 
binding to the 50S ribosomal subunit . 
Structurally, chloramphenicol is the D-threo 
isomer of a small molecule comprising a 
p-nitrobenzene ring linked to a dichloroacetyl 
group through a 2-amino-1,3-propanediol moiety 
(1). It has been widely used for the treatment of 
various severe bacterial infections and exhibits 
bacteriostatic activity against a broad range of 
microorganisms. However, it acts bactericidally 

against specific pathogens such as Haemophilus 
influenzae, Streptococcus pneumoniae, and 
Neisseria meningitidis(2). Chloramphenicol can 
be administered both orally and parenterally and is 
metabolized primarily in the liver before being 
excreted through the kidneys(3). Despite its 
therapeutic efficacy, chloramphenicol is 
associated with significant adverse effects, 
including metabolic acidosis, aplastic anemia, 
thrombocytopenia, hypotension, and, in severe 
cases, coma. Therefore, sensitive and reliable 
methods for its detection are of considerable 
importance(4). 

 
Several analytical techniques have been developed 
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for the determination of chloramphenicol, 
including liquid chromatography-tandem mass 
spectrometry (LC–MS/MS)(5), gas 
chromatography–mass  spectrometry  (GC–MS),  
antibody-based  immunoassays(6), and high-
performance liquid chromatography (HPLC)(7). 
Although these methods offer excellent 
sensitivity and selectivity, their practical 
application is often limited by complex sample 
preparation procedures, expensive 
instrumentation, and time-consuming analytical 
protocols(8). In recent years, electrochemical 
sensing(9) has emerged as a promising alternative 
due to its simplicity, rapid response, cost-
effectiveness, and high sensitivity. Various 
electrochemical platforms based on graphene 
oxide(10), three-dimensional reduced graphene 
oxide architectures (11), and palladium 
nanoparticle-decorated reduced graphene 
oxide(12) have been reported for chloramphenicol 
detection. 

 
Single-walled carbon nanotubes (SWCNTs) are 
cylindrical nanostructures with diameters 
typically around 1 nm(13) and possess exceptional 
electrical, thermal, and mechanical properties(14). 
Their high electrical conductivity, large specific 
surface area, and excellent electron-transfer 
capabilities make them attractive materials for 
applications in electronics, biotechnology, and 
sensing technologies(15). Furthermore, SWCNTs 
have demonstrated considerable potential in 
biomedical and dental applications, including 
tissue engineering, restorative materials, and 
biosensing platforms(16) . 

 
Among emerging nanomaterials, MXenes have 
gained significant attention owing to their unique 
two-dimensional layered structure, excellent 
conductivity, hydrophilic surface chemistry, and 
tunable physicochemical properties(17). MXenes 
can function either as active sensing materials or 
as supports for other functional nanomaterials(18), 
making them highly suitable for electrochemical 
sensing applications(19). Previous studies have 
successfully employed MXene-based 
nanocomposites for the electrochemical detection 
of environmental pollutants, including pesticides, 
nitrites, and heavy metal ions(20). 
4-Aminobenzenesulfonic acid (ABSA), 
commonly known as sulfanilic acid, is an aromatic 
organic compound with a molecular weight of 
173.19 g mol⁻¹. Due to the presence of both amino 
and sulfonic acid functional groups, ABSA 
exhibits amphiphilic characteristics and has been 
utilized in various chemical and 

electrochemical applications. Its functional 
groups facilitate 
surface modification, improve material stability, 
and enhance electron-transfer processes(21). 
Consequently, ABSA has been widely explored in 
the fabrication of electrochemical sensing 
platforms for the detection of a variety of analytes. 

 
In the present study, an MXene/SWCNT/ABSA 
nanocomposite-modified glassy carbon electrode 
(GCE) was fabricated and employed for the 
electrochemical detection of chloramphenicol. 
The synergistic combination of MXene, 
SWCNTs, and ABSA is expected to enhance 
electron transfer, increase the electroactive 
surface area, and improve the electrocatalytic 
performance of the sensor toward 
chloramphenicol detection. 

 
MATERIALS AND METHODS 

 
 

Preparation of MXene (Ti₃C₂Tₓ) Dispersion: 
 

MXene (Ti₃C₂Tₓ) powder was 
synthesized via a self-propagating high-
temperature method under a nitrogen atmosphere. 
Titanium (Ti), aluminum (Al), and carbon (C) 
precursor powders were mixed in a mass ratio of 
3:1:2 and ball-milled for 12 h at room temperature 
to ensure homogeneous mixing. The resulting 
powder mixture was then heated to 1100 °C for 
2 h in a tubular furnace under a continuous 
nitrogen atmosphere, with a heating rate of 5 °C 
min⁻¹. After cooling to room temperature, the 
obtained black powder was collected and etched 
using 
40% hydrofluoric acid (HF) under continuous 
magnetic stirring (1000 rpm) for 24 h to remove 
the aluminum layers. 

 
The etched product was subsequently 

centrifuged and washed repeatedly with distilled 
water until a neutral pH was achieved. The 
material was then dried at 70 °C in a hot-air oven 
to obtain MXene powder. To prepare the 
MXene dispersion, 10 mg of MXene powder was 
dispersed in 10 mL of distilled water and 
sonicated for 10 min at room temperature(22). 

 
Preparation of MXene/SWCNT/ABSA 
Nanocomposite 

 
 

A dispersion of single-walled carbon 
nanotubes (SWCNTs) was prepared by dispersing 
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1 mg of SWCNTs in 2 mL of distilled water 
followed by sonication for 10 min at room 
temperature. Separately, a 0.5 mM solution of 4-
aminobenzenesulfonic acid (ABSA) was prepared 
by dissolving the required amount of ABSA in 10 
mL of distilled water. The MXene dispersion, 
SWCNT dispersion, and ABSA solution were 
then mixed in a volume ratio of 1:1:1 (0.5 mL 
each) and sonicated for 5 min at room temperature 
to obtain a homogeneous MXene/SWCNT/ABSA 
nanocomposite suspension. 

 
 

Modification of Glassy Carbon Electrode (GCE) 
 

 
Prior to modification, the glassy carbon 

electrode (GCE) was mechanically polished using 
0.05 μm alumina slurry on a polishing pad. The 
electrode was thoroughly rinsed with distilled 
water and dried using Kimwipes. Subsequently, 
10 μL of the MXene/SWCNT/ABSA 

nanocomposite suspension was drop-cast 
onto the surface of the cleaned GCE and dried at 
50 °C for 10 min in a hot-air oven. After cooling 
to room temperature, the modified electrode was 
gently rinsed with distilled water to remove any 
loosely attached particles. 

 
Electropolymerisation of the Modified Electrode 

 
 

Electropolymerisation of ABSA on the 
modified electrode surface was carried out by 
cyclic voltammetry (CV) in 0.1 M H₂SO₄ solution. 
The potential was cycled between −0.5 V and 
+1.8 V for 20 consecutive cycles at a scan rate of 
100 mV s⁻¹, resulting in the formation of a 
polymerized ABSA film on the electrode surface. 
Following electropolymerisation, CV was 
recorded in 0.1 M H₂SO₄ within a potential 
window of 0.0 to +0.8 V to confirm polymer 
formation. The appearance of the characteristic 
polymerization peak indicated the successful 

formation of the poly (ABSA) layer on the 
MXene/SWCNT-modified GCE. The resulting 
MXene/SWCNT/poly (ABSA)-modified GCE 
was subsequently used for all electrochemical 
measurements(23). 

 
RESULTS 

Electrochemical Characterization of the Modified 
Electrode in PBS 
 

The electrochemical behavior of the bare 
glassy carbon electrode (GCE) and the 
MXene/SWCNT/poly (ABSA)-modified GCE 
was investigated by cyclic voltammetry in 0.1 M 
phosphate-buffered saline (PBS, pH 7.4). CV 
measurements were performed within a potential 
window of 0 to −1.0 V at a scan rate of 50 mV s⁻¹. 
Figure 1 presents the CV responses of (i) bare 
GCE and (ii) MXene/SWCNT/poly (ABSA)-
modified GCE in PBS. The modified electrode 
exhibited a significantly higher capacitive 
current than the bare electrode, indicating 
the 
successful deposition of the MXene/SWCNT/poly 
(ABSA) nanocomposite on the electrode surface 
and its enhanced electrochemical activity. 

 
 
 

Figure 1. Cyclic voltammograms of (i) bare 
GCE and (ii) MXene/SWCNT/poly (ABSA)-
modified GCE in 0.1 M PBS. 

 
Electrochemical Detection of Chloramphenicol 

 
 

The electrocatalytic activity of the 
modified electrode toward chloramphenicol 
(CAP) was evaluated by recording CVs in 0.1 M 
PBS containing 50 μM chloramphenicol. As 
shown in Figure 2, the MXene/SWCNT/poly 
(ABSA)-modified GCE exhibited a significantly 
enhanced current response compared with the 
bare GCE. The oxidation peak observed at 
approximately 
-0.58 V for the modified electrode was 
considerably higher than that of the bare electrode, 
demonstrating improved electrocatalytic activity 
toward chloramphenicol oxidation. The bare GCE 
displayed a relatively weak current response at 
approximately -0.70 V, whereas the modified 
electrode generated a stronger current signal at 
a less negative potential (-0.57 V). 
These results indicate that the 
MXene/SWCNT/poly (ABSA) nanocomposite 
facilitates electron transfer and enhances the 



 
 
 
 
 

MXene/SWCNT/ABSA for Electrochemical Detection of Chloramphenicol 
 

 
 IJDDT, Volume 16 Issue 60s, 2026 Page: 6 6 2  
 

electrochemical oxidation of chloramphenicol, 
making it suitable for sensing applications(24). 

 

 
Figure 2. Cyclic voltammograms of (i) bare 
GCE and (ii) MXene/SWCNT/poly (ABSA)-
modified GCE in 0.1 M PBS containing 50 μM 
chloramphenicol. 
Effect of Chloramphenicol Concentration 

 
The sensing performance of the 

MXene/SWCNT/poly (ABSA)-modified GCE 
was further investigated at different 
chloramphenicol concentrations. CV 
measurements were recorded in 0.1 M PBS 
containing chloramphenicol concentrations 
ranging from 100 to 250 μM at a scan rate of 50 
mV s⁻¹. As illustrated in Figure 3, the oxidation 
peak current increased progressively with 
increasing chloramphenicol concentration. A 
linear relationship between current response and 
chloramphenicol concentration was observed, 
indicating the excellent analytical performance of 
the modified electrode for quantitative detection. 

 

 
 

Figure 3. Cyclic voltammograms obtained at 
different chloramphenicol 

concentrations (100–250 μM) 
using the 
MXene/SWCNT/poly 
(ABSA)-modified GCE. 

 
Effect of Scan Rate 

 
The influence of scan rate on the 

electrochemical response of chloramphenicol was 
evaluated using 350 μM chloramphenicol in 0.1 M 
PBS. CV measurements were performed at scan 
rates ranging from 10 to 250 mV s⁻¹. As shown in 
Figure 4, the oxidation current increased 
continuously with increasing scan rate. The linear 
increase in current response indicates efficient 
electron-transfer kinetics and good 
electrochemical stability of the modified 
electrode, demonstrating its suitability for sensing 
applications(25). 
Figure 4. Cyclic voltammograms recorded at scan 
rates ranging from 10 to 250 mV s⁻¹ in the 
presence of 350 μM chloramphenicol. 

 
 

Figure 5. FESEM image of the 
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MXene/SWCNT/poly(ABSA) nanocomposite. 
Characterization Studies: Field Emission 
Scanning Electron Microscopy (FESEM) 

 
The surface morphology of the 

MXene/SWCNT/poly (ABSA) nanocomposite 
was examined using FESEM. The FESEM 
image in Figure 5 reveals the characteristic 
layered MXene structure, decorated with 
SWCNTs and a polymerized ABSA layer. The 
uniform distribution of SWCNTs on the MXene 
surface suggests successful composite formation 
and the development of a conductive network 
favorable for electron transport. 

 
UV–Visible Spectroscopy 

 
 

The successful formation of the 
MXene/SWCNT/poly (ABSA) nanocomposite 
was further confirmed by UV–Visible 
spectroscopy. As shown in Figure 6, 
characteristic absorption peaks were observed at 
251 nm and 383 nm, corresponding to MXene and 
SWCNTs, respectively(18). These absorption 
features confirm the successful incorporation of 
both components into the nanocomposite 
structure(26). 

 
 

 
 
 

Figure 6. UV–Visible absorption spectrum of the 
MXene/SWCNT/poly (ABSA) nanocomposite. 

 
DISCUSSION 

 
In the present study, an 

MXene/SWCNT/poly (ABSA) nanocomposite 
was successfully fabricated and employed as an 
electrochemical sensing platform for 
chloramphenicol detection. The synergistic 

combination of MXene, SWCNTs, and poly 
(ABSA) provided a conductive and 
electrochemically active surface that 
significantly enhanced the sensing performance 
of the glassy carbon electrode. The cyclic 
voltammetry results demonstrated that the 
modified electrode exhibited a higher capacitive 
current than the bare GCE in phosphate-buffered 
saline, indicating successful surface modification 
and an increase in the electroactive surface area. 
The enhanced conductivity can be attributed to the 
excellent electron-transfer properties of MXene 
and SWCNTs. In the presence of 
chloramphenicol, the modified electrode 
generated a substantially higher oxidation current 
and a lower oxidation potential compared with 
the bare electrode. This 
behavior suggests improved electrocatalytic 
activity and faster electron-transfer kinetics, which 
facilitate the oxidation of chloramphenicol at the 
electrode surface. 

 
The concentration-dependent studies 

revealed a linear increase in oxidation current with 
increasing chloramphenicol concentration, 
demonstrating the capability of the sensor for 
quantitative analysis. Similarly, the scan-rate 
studies showed a proportional increase in current 
response, indicating stable electrochemical 
behavior and efficient charge-transfer processes. 

 
FESEM analysis confirmed the 

successful integration of SWCNTs and poly 
(ABSA) onto the layered MXene surface, forming 
a highly conductive interconnected network. 
Furthermore, UV–Visible spectroscopy verified 
the successful fabrication of the nanocomposite 
through the characteristic absorption peaks of 
MXene and SWCNTs. Overall, the results 
demonstrate that the MXene/SWCNT/poly 
(ABSA)-modified GCE possesses excellent 
electrocatalytic properties and can serve as an 
efficient sensing platform for chloramphenicol 
detection. 

 
CONCLUSION 

An MXene/SWCNT/poly (ABSA)-
modified glassy carbon electrode was successfully 
fabricated and utilized for the electrochemical 
detection of chloramphenicol. The modified 
electrode exhibited enhanced electrochemical 
activity, improved current response, and favorable 
electrocatalytic behavior compared with the bare 
GCE. Characterization studies confirmed the 
successful formation of the 
MXene/SWCNT/poly (ABSA) nanocomposite 
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and its uniform surface morphology. The sensor 
demonstrated a concentration-dependent linear 
response toward chloramphenicol and maintained 
stable electrochemical performance over a wide 
range of scan rates. These findings highlight the 
potential of the MXene/SWCNT/poly (ABSA)-
modified GCE 
as a simple, sensitive, and cost-effective 
platform for chloramphenicol monitoring in 
environmental and pharmaceutical applications. 
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