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ABSTRACT 

A colloidal suspension of Au-Pd nanocluster-dispersed laponite was synthesized by a single-step reduction of equimolar 
concentrations of HAuCl₄ and K₂PdCl₄ in the presence of laponite using ascorbic acid. UV-visible spectroscopy and SEM studies proved 
the formation of bimetallic core-shell Au-Pd on the laponite clay matrix. The metronidazole’s electrochemical behaviour was analyzed 
with bimetallic nanoparticles dispersed in a laponite composite modified glassy carbon electrode (GCE). An irreversible reduction 
peak was noted in cyclic voltammetry at +0.80 V vs. Ag/AgCl. Detection of metronidazole antibiotic drug at lower level in biological 
samples was analyzed by amperometric method and pulse voltammetry. A linear regression was achieved in the range between 0.5 
and 10 µM in both methods. The present can be extended further to use for the sensitive and selective electrochemical detection of 
metronidazole in real urine samples. 
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1. INTRODUCTION 

Laponite is a nanoscale disc-shaped platelet, which contains 
hydrous sodium lithium magnesium silicate with less than 
diameter of 25 nm and thickness of 1 nm. Because of the 
unique anisotropic interactions between the nanoplates 
caused by the positive and negative charges on the clay 
facets and nanosilicate edge, nanosilicates can interact with 
small molecules, enzymes, and anionic, cationic, and neutral 
polymers [1]. Individual platelets released sodium ions 
when laponite clay was dissolved in water, leaving each 
platelet's faces negatively charged with hydroxide ions and 
its edges slightly positively charged. Laponite colloidal 
crystals form a gel-like structure because of their charge 
distribution on laponite nanoplatelets and their capacity to 
form a stable arrangement. It can be used as solid support 
to immobilise metal nanoparticles for various catalytic 
applications because of high thermal stability and gelation 
behaviour [2–4]. Because of its chemical inertness and low 
toxicity, it can be used as nanocarrier as well as dispersing 
agent in drug-delivery and health care products [5–7]. It has 
been reported that numerous brilliant-coloured dyes can 
intercalate within laponite by intercalation to form highly 
stable pigments, called, ‘Maya Blue’, which were employed 
for painting in ancient days [8]. Colloidal dispersion of 
laponite clay can be used to stabilize enzyme substrates to 
facilitate direct electron transfer catalytic reactions, 

therefore, resulting composite can be used to fabricate 
biosensors for sensing glucose and phenol [9, 10]. 

In contrast to their monometallic counterparts, bimetallic 
core-shell nanocrystals (NCs) are a new and significant 
family of material with unique characteristics for the 
efficient control of optical and electrical properties. For 
example, core-shell NCs based on Pt, Pd, and Au that are 
sized and shaped precisely offer advantageous optical and 
catalytic qualities [11]. Recently, bimetallic nanomaterials 
have attracted growing interest because of their inherent 
advantages, like chemical reactivity, stability and 
selectivity. Among different bimetallic systems, Au–Pd 
bimetallic nanoparticles are having promising catalytic 
systems, make them significant candidates for catalytic 
degradation of chloroorganic pollutants [12], ethanol 
oxidation [13] and photochemical hydrogen generation 
[14]. Recent research has shown that combining graphene 
sheets with bimetallic nanocomposites greatly enhances the 
electron transfer and electrocatalytic properties of the 
nanocomposites. The nanocomposites of Au-Pd/rGO/GCE 
have higher conductivity with excellent catalytic properties, 
which confirms the simultaneous determination of CC, HQ, 
and RC [15]. Similarly, bimetallic nanomaterial-coated 
electrodes were utilized for the simultaneous identification 
glucose, hydrogen peroxide [16], hydrazine [17], and 
sensing biological molecules and drugs [18, 19]. Recently,  
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bimetallic nanoparticles supported by laponite clay have 
been demonstrated by utilizing the reducing agent of 
ascorbic acid. The resulting bimetallic nanoparticles 
dispersed in laponite gels have been used as catalyst for 
reduction of 4-nitrophenol with enhanced catalytic activity 
[20]. A limited application has been reported in the 
literature on the electrocatalytic behaviour of metal 
nanoparticles dispersed in laponite clay gel so far. 
Therefore, authors want to exploit the use of 
nanocomposites consisting of Au-Pd core-shell 
nanoparticles based on laponite disc-shaped clay as solid 
support, a promising candidate for electrochemical sensor 
applications. Metronidazole is a simple nitroimidazole-
functionalised antibiotic drug, and it is a routinely used 
antibacterial, antiprotozoal and anti-inflammatory drug 
[21, 22]. It can be used to cure various diseases, including 
parasitic and respiratory infectious diseases like 
coronavirus. Long-term consumption of the MTZ caused 
rigorous health hazards to human beings because of its 
genotoxicity and mutagenetic-based side effects [23]. By 
considering the toxicity and adverse effects, there is a 
demand to develop a new methodology to determine its 
concentration in biological samples accurately. Many 
techniques identified for quantitative sensing of 
metronidazole in biological samples, such as UV-visible 
spectrophotometry [24], spectrofluorimetry [25], and HPLC 
[26]. In general, all these techniques are expensive, and 
need skilled operators to perform experiments and the 
pretreatment process. To circumvent all these obstacles, 
this study uses electrochemical techniques to detect 
molecule at trace level. Electrochemical techniques like 
differential pulse voltammetry (DPV) and amperometry 
methods are prone analytical tools for the identification of 
drugs in real-life samples. 

In the present, the metronidazole antibiotic, a nitro group, 
is a functional drug molecule that was chosen, which 
undergoes a reduction reaction, and it is favourable for the 
cathodic reduction process without much interference from 
oxidation processes arising from bioactive molecules 
present in biological samples. Nevertheless, electrode 
fouling and poor electrochemical response during the 
reduction process are some of the inevitable problems. To 
overcome these issues, we preferred to modify the 
electrode surface with various polymer films and redox 
mediators to eliminate electrode fouling and enhance 
electrocatalysis, the sluggish electron transfer process [27]. 
Comprehensive reviews have been reported in the 
literature on the detection of metronidazole using 
numerous nanomaterial-modified electrodes [28–30]. 
Among all those modified electrodes, Ni-Fe LDH [31], Ni-Co 
LDH on CNF [32], 3D carbon/polythionine [33], 
Ag@PDDA/rGO [34], AgNP-Gr [35], Al₂O₃ hollow sphere 
[36], Chit-TsCuPc [37], PDA/CNT [38], and 
PtNP/polyfurfural modified electrode [39] have shown an 
outstanding electrochemical method of identification of 
metronidazole. In this current work, we are interested in 
exploiting the possibility of using Au-Pd bimetallic core-
shell nanoparticles dispersed in laponite for 
electrochemical detection of MTZ in biological samples. 

2. EXPERIMENTAL SECTION 

2.1. Chemicals 

All chemicals are bought from commercial sources. The 
metal salts like HAuCl₄·2H₂O and K₂PdCl₄ were purchased 
from Sigma-Aldrich Chemicals, Bicorporal Corporation, 
Bangalore, India. Metronidazole was purchased from TCI 
Chemicals, India. Laponite® RD clay was obtained from 
Talas, NY, USA. 

2.2. Instruments 

A Shimadzu UV-visible spectrophotometer from Japan was 
used to record the UV-visible spectrum. With the use of 
FESEM (JEOL-JSM-6360, USA), the structural characteristics 
of nanomaterials were examined. A CHI 660A 
electrochemical apparatus, manufactured in the USA, was 
utilized to conduct the cyclic voltammetry. Ag/AgCl, 
platinum wire, and a glassy carbon electrode were utilized 
as counter electrodes in a three-electrode system with a 
single-compartment quartz cell that was purchased from 
BAS. Pvt. Ltd., USA. The ideal parameters for the DPV 
experiment were a 50 mV pulse amplitude, a 0.05 s pulse 
width, and a 0.2 s of pulse period. For amperometry studies, 
the reduction potential was set at +0.7 V vs. Ag/AgCl, and 
the experiment was carried out under constant stirring of 
electrolyte solution of pH 7.0. 

2.3. Synthesis of Au-PdNC/Laponite 

We have synthesised Au-Pd NC/Laponite (Scheme 1) based 
on the previous literature's reported procedure [20]. In 
short, 1 ml of 20 mM of HAuCl₄·2H₂O (20 mM) and 1 mL of 
20 mM of K₂PdCl₄ were thoroughly combined with clay 
 

 

Scheme 1. In situ synthesis of Au-Pd nanoclusters dispersed in 
laponite using ascorbic acid as a reducing agent 
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dispersion (1 mL; 2 wt%) in a glass vial of 5 ml to create Au–
Pd core–shell NCs. After that, 0.5 ml of 0.4 M ascorbic acid 
was rapidly injected into the vial while being sonicated for 
10 minutes at room temperature. After that, the reaction 
mixture was left to remain overnight, and then the solid 
nanoparticle was isolated by centrifugation for 10 min. The 
product further underwent two DI water washes before 
being dried in a nitrogen atmosphere. 

3. RESULTS AND DISCUSSION 

It has been reported that laponite can be used as solid 
support to immobilise Au-Pd core-shell nanoparticles by 
using ascorbic acid, as reported recently. The Au-Pd core-
shell nanoparticle formation was confirmed by UV-visible 
spectroscopy and SEM studies. The occurrence of gold 
nanoparticles was seen at 520 nm, whereas the plasmon 
band became flat after the addition of palladium 
nanoparticles. Due to the emergence of Au-Pd core-shell 
nanoparticles, the plasmon band for AuNP disappeared, and 
the dampening of the SPR confirmed the existence of Au-Pd 
core-shell nanoparticles. 

3.1. SEM Studies 

SEM images of the Au-Pd nanoparticles dispersed in 
laponite gel are shown in Figure 1. The solid particles were 
seen from SEM images. The distribution of the nanoparticles 
within the laponite gel matrix can be monitored by SEM 
studies that show white spots. The loading of the core-shell 
form of Au-Pd nanoparticles was confirmed from EDX 
analysis. 

3.2. Electrochemical Oxidation of Metronidazole at  
Au-Pd/Laponite Gel 

The bimetallic Au-PdNPs have been used for the catalytic 
reduction of 4-nitrophenol recently [20]. We have used the 
bimetallic Au-PdNP core-shell nanoparticles scattered in a 
laponite gel-modified electrode for the electrochemical 
detection of metronidazole due to its large surface area and 
catalytic activity. Using cyclic voltammetry in 0.1 M PB 
solution with KCl as a supporting electrolyte, the 
electrocatalytic behaviour of MTZ at Au-Pd dispersed 
laponite-modified GCE was investigated (Figure 2). Without 
significantly changing its reduction peak potential of –0.8 V 
vs. Ag/AgCl, a higher reduction current was observed at the 
bimetallic nanoparticle-modified GCE in comparison to the 
naked GCE. The electrocatalytic reduction of metronidazole 
in phosphate buffer medium at modified GCE is shown 
schematically in the inset. 

The calibration plot for the rise in current as a function of 
metronidazole concentration using Au-PdNP/laponite-
modified GCE is displayed in Figure 3. The current rose 
linearly as the metronidazole concentration rose, and a 
repeatable current response was observed when the MTX 
concentration rose linearly. It was identified that the Au-Pd 
core-shell nanoparticles dispersed in laponite exhibit a 
significant increase in current response, indicative of the  
 

greatly improved catalytic activity (Figure 3). The influence 
of potential scan rate on electrocatalytic reduction of 
metronidazole was carried out to understand whether the 
reduction of metronidazole is diffusion controlled or 
adsorption controlled. A linear graph was created by 
plotting the square root of the scan rate against the peak 
current by the cyclic voltammetry method under optimised 
experimental conditions. Therefore, it is evidenced that the 
reduction of metronidazole at Au-Pd NPs Laponite gel-
modified GCE is a diffusion-controlled reduction process. 

 

Figure 1. SEM images of Au-Pd core-shell nanoparticles 
dispersed in Laponite. Different magnifications of Au-Pd core-

shell dispersed in Laponite (A), (B), and (C) and EDX pattern with 
chemical composition (D) 

 
 

 

Figure 2. Cyclic voltammograms of bare GCE (a), MTZ (0.1 mM) 
at GCE (b), and Pd@Au/ Laponite-modified GCE in the presence 

of MTZ (c) at a scan rate of 50 mVs–1 (A) and (B).  
Lower panel: The electrocatalytic reduction of metronidazole in 

phosphate buffer medium at modified GCE 
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Figure 3. Cyclic voltammograms of MTZ on 
Pd@Au/Laponite/GCE at different concentrations from  
11.1 × 10–3 M to 6.0 × 10–5 at a scan rate 50 mV·s–1 (A).  

Linear calibration plot of conc. vs. peak current of CV curves of 
(A) in (B). Cyclic voltammogram of MTZ (3.3 × 10–4 M) at Au-Pd 

NP Laponite/GCE at different scan rates ranging from 10 to  
300 mV·s–1 (C) and linear relationship between Ip vs.  

scan rate (D) 

3.3. Electrochemical Determination of Metronidazole 

For quantification of metronidazole, the differential pulse 
voltammetry method was utilized on the modified electrode 
to lower the detection limit. A well-defined differential 
voltammogram was seen with a peak at –0.67 V vs. Ag/AgCl. 
The DPV responses at varying concentrations of 
metronidazole in micromolar concentration ranges are 
shown in Figure 4. 

By this method we can determine the concentration of 
metronidazole in submicromolar ranges. On the other hand, 
the amperometry response on electrocatalytic reduction of 
metronidazole was investigated by measuring the rise in 
peak current while increasing the addition of metronidazole 
at a fixed potential of –0.70 V vs. Ag/AgCl under constant 
stirring (Figure 4). The linear graph was drawn by plotting 
the concentration of metronidazole with respect to the 
amperometric current response. The detection limit was 
obtained from the calibration plot. From this it is possible to 
estimate the concentration of 50 nM of metronidazole based 
on Au-Pd bimetallic nanoparticles in laponite gel modified 
GCE. 

3.4. Real Sample Analysis 

The present modified electrode of Au-Pd/Laponite-
modified GCE was employed for sensing of antibiotic drug 
presence in urine samples. Samples were collected and 
stored at 5°C until further use. Determining the 
concentrations of MTZ present in the urine sample was 
carried out under optimised experimental conditions. 
About 5 mL of urine samples was taken and then diluted 
with DI water to make up to 25 mL volume standard flasks. 
Urine samples were treated with a known quantity of MTZ,  
 

 

Figure 4. Differential pulse voltammetry response of MTZ at Au-
Pd NP Laponite/GCE (0.5 µM to 9.0 µM) (A) and its calibration 

plot is shown in B. Amperometric response for metronidazole for 
each increment and its calibration plot (C and D) 

which was sub Following appropriate dilution with buffer 
solution and in the presence of supporting electrolyte, a 
known quantity of MTZ was administered to the urine 
samples and subsequently measured. Following the 
recording of DPV, the calibration graph was used to 
calculate the unknown concentration of MTZ. Table 1 shows 
the anticipated outcomes of the sensor modified with Au-Pd 
alloy laponite gel. The stock solution, which had final 
concentrations of 85, 95, 110, and 125 μM in diluted urine 
samples, was mixed with a known quantity of MTZ to create 
the MTZ-spiked real sample solutions. MTZ recovery from 
urine samples that had been tampered with was computed 
three times, and the average results were tabulated [37]. 
Urine samples were treated with a known quantity of MTZ, 
which was sub Less than 3.5% was the relative standard 
deviation (n = 5). The suggested method can be used to 
measure the MTZ concentration level in a variety of clinical 
samples since it allows for a more precise and accurate 
inference of MTZ recovery in biological samples based on 
experimental performance. 

We have tested DPV and amperometry for determining 
sensitivity and detection limit. DPV method is more 
sensitive and eliminates all residual and charging currents. 
Using this technique we only measured the faraday 
currents, on the other hand, the amperometry technique 
can be employed for sensing real samples. This experiment 
was carried out under stirring condition, therefore, the 
 

Table 1. Determination of Metronidazole in urine samples (n = 5) 

Urine 
samples 

Spiking 
MTZ 
(µM) 

Found 
(µM) 

RSD 
(%) 

Recovery 
(%) 

1 5 4.95 3.2 99.0 
2 10 9.80 2.1 98.0 
3 15 14.90 3.7 99.0 
4 20 20.01 3.6 100.5 
5 25 24.80 4.2 99.0 
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measured current is purely due to reduction reaction i.e. 
reduction in current. Besides, electrode fouling was 
eliminated by this method. 

4. CONCLUSION 

In summary, we have developed an Au@Pd/Laponite 
nanocomposite, which we have successfully synthesised 
chemically and modified on GCE, for the sensitive 
determination of metronidazole in urine samples. The 
synthesised nanocomposite was successfully characterised 
with UV-visible, DLS and SEM studies. The electrochemical 
sensing behaviour of metronidazole with the bare GCE and 
Au@Pd/Laponite/GCE was monitored by using cyclic 
voltammetry. The nanocomposite-modified GCE can be 
used for sensing metronidazole, and it is inferred that the 
proposed method can be extended for sensing 
metronidazole with good sensitivity. 
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