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A B S T R A C T   

Graphene oxide (GO) has piqued the interest of both academia and industry owing to its polar and two- 
dimensional (2D) layered structure. Antibiotic concentrations can be detected with advanced GO composites 
to reduce the risk of bacterial resistance, which can be done with electrochemical sensors. Herein, we have 
developed an eco-friendly synthesis approach, one-pot strategy towards Goniothalamus wightii biomass-derived 
solution preparation of Ag nanoparticle-decorated graphene oxide (GO@AgNPs) composites. As- synthesized 
GO@AgNPs nanocomposites were analyzed using various analytical tools including Raman, X-ray diffraction 
(XRD) and field emission scanning electron microscope (FESEM). The Metronidazole (MIZ) determination was 
then investigated using cycle volumetric and amperometric (i-t) techniques by the GO@AgNPs composites. 
Prepared composites exhibit a wide-linear range of 0.09 μM to 4.594 mM, low detection limit of 69 nM and a 
limit of quantification detection of 786 nM. Furthermore, the practical applicability of the prepared GO@AgNPs 
nanocomposites were examined in pharmaceutical drug Flagyl (500 mg) with satisfactory recovery results.   

1. Introduction 

In modern materials science, the field of nanotechnology is one of the 
most prominent fields of study. Nanoparticles have enhanced properties 
based on special features, including size, distribution, and morphology 
[1]. Nanoparticles can be categorized by size, morphology, and physi-
cochemical properties into various groups. They include carbon nano-
particles, ceramic nanoparticles, metal nanoparticles, polymer 
nanoparticles, and lipid-based nanoparticles. Nanotechnology includes 
the use of materials with components with dimensions of less than 100 
nm [2]. Nanotechnology provides sustainable agricultural potential 
solutions, including improving efficiencies in nutrient usage, enhancing 
the effectiveness of pest control, mitigating the impacts of climate 
change, and reducing the negative environmental consequences of 

agricultural food production [3]. Several innovative nanotechnologies 
were being developed and implemented at different scales, but the 
introduction of technology must overcome many barriers to imple-
mentation, including efficient distribution at the field scale, regulatory 
and safety issues, and customer acceptance [4]. 

The use of science to control matter at the molecular level is 
emerging rapidly, such as nanotechnology, bio-nanotechnology. A wide 
range of silver nanoparticles is developed by a variety of methods [5]. 
Ecologically friendly procedures for the prevention of toxic chemicals in 
the synthesis frameworks need to be formulated to avoid adverse effects 
in medical applications. A daily increase in demand for green nano-
particle synthesis is caused by chemical synthesis disadvantages. The 
numerous phytochemicals in medicinal plant extracts are used to reduce 
and stabilize nanoparticles such as flavonoids, alkaloids, terpenoids, 
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amides, and aldehydes [6]. Nanoparticles green syntheses, in particular 
Fe, Pd, Ag, Au, Cu, CdS, CuO, Ru, PbS, Fe3O4, ZnO, TiO2, and CeO2, use 
biological components of medicinal plants that examine the function of 
different applications [7]. Traditional medicines are widely used in 
Southeast Asian countries due to their low toxicity, low cost, and ease of 
use when compared to synthetic drugs. Many bioactive compounds are 
found in medicinal plant-derived products, which improves therapeutic 
value and novel drug development [8]. About 160 species of the 
Annonaceae family belong to the Goniothalamus genera, which are found 
in tropical and subtropical regions [9]. Goniothalamus wightii Hook. F. & 
Thomas (Local name: pulithali, kattunarai pachallai, locally recognised 
plants) is a small pungent-odor tree whose leaves and fruits have a 
naturally bitter flavour and are normally consumed in a paste form and 
taken orally for relief from rheumatic pain and other medicinal appli-
cations [9]. Bio compounds of alkaloids, glycosides, tannins, saponins, 
and aromatic compounds have been identified in this species and are 
used in a variety of biological applications as well as for green nano-
particle synthesis [10]. 

Resistance to silver nanoparticles (Ag NPs) has now become less 
likely to bacteria than traditional antibiotics [11]. Graphene oxide (GO) 
is recently also the possible substance that is commonly used, one of 
which is antibacterial therapy [12]. The antimicrobial concept can be 
extracted from GO bacteria traps when Ag destroys bacteria. Thus the 
combination of GO and Ag NPs may indicate that biocompatibility, easy 
synthesis, and low cost make them efficient [13]. 

GO has the hydrophilic character of making it water-soluble nano-
material because of the presence of polar functional groups such as 
carbonyl, epoxy, and carboxylic acid [14]. Besides, GO’s surface func-
tionality has provided many opportunities for its use in the production of 
nanocomposite materials [15,16]. GO is highly conductive and has 
numerous applications in the area such as anti-cancer, electronics, 
antibacterial biomedicine coatings, photocatalytic action, water 
decontamination, solar desalination, drug provision, and most impor-
tantly sensors [16]. The nanocomposite, however, strengthens GO 
properties [17,18]. Silver (Ag) is the most reactive and conductive 
material of all transitional elements and has been used in the recent 
development of Ag-doped GO with low resistance, stable dispersion, and 
improved mechanical strength characteristics [17,19]. AgNPs have 
recently received considerable attention in antibacterial applications 
due to their bactericidal nature [20]. AgNPs are spread on the surface of 
GOs and interspersed among the layers of GO to research the electro-
chemical properties and the photocatalytic sample degradation rate 
[19]. 

Metronidazole, one of the best-known nitroimidazole derivatives, is 
selective against trichomonas [21]. But metronidazole overuse and long- 
term use can cause toxicity, peripheral neuropathy, and optic neurop-
athy [22]. Therefore, metronidazole concentration in antibiotic therapy 
patients must be controlled. Several analytical methods for metronida-
zole determination, including spectrophotometry and chromatography, 
have been published [23,24]. However, these approaches could not 
achieve high metronidazole selectivity, which was expensive and time- 
consuming. An alternative method for the determination of metroni-
dazole with high sensitivity and selectivity is, therefore, necessary to 
establish [25]. Electrochemical sensor determination provides the ad-
vantages of low cost, high sensitivity, and fast operation, generally 
applied in analytical chemistry, and separation steps are normally used 
to improve selectivity before identification [18]. 

In this work, we targeted AgNPs using Goniothalamus wightii leaves 
and interrelated them with GO nanocomposites to effectively detect 
metronidazole. Physicochemical properties were investigated using 
various techniques such as field emission morphology scanning electron 
microscopy (FESEM), X-ray difference (XRD), Raman spectroscopy. 
Also, AgNPs@GO composite modified electrode was used cycle vol-
tammetry (CV), and amperometric (i-t) to electrochemically evaluate 
MTZ. Then the MTZ’s piratical determination was suggested after the 
modified electrode AgNPs@GO nanocomposites. 

2. Materials and methods 

2.1. Materials 

Silver nitrate (AgNO3; ≥99.0%), glucose (C6H12O6; ≥99.5%), lactose 
(C12H22O11⋅H2O; ≥99%), sucrose (C28H38O19; ≥99.5%), potassium 
chloride (KCl; 100%), lithium chloride (LiCl; ≥99.0%), sodium chloride 
(NaCl; ≥99.0%), monosodium (NaH2PO4; ≥99.0%), disodium 
(Na2HPO4; ≥99.0%), 4-nitroaniline (4NA; ≥99.0%), and Nickel (II) 
chloride (NiCl2.6H2O; 98%) were obtained from Sigma-Aldrich. niluta-
mide (NIL; ≥98.0%), 4-nitrobenzene (4NB; ≥97.0%), flutamide (FLA; 
≥99.0%), 4-nitrophenol (4NP; ≥99.0%) were bought from Alfa Aesar. 
All chemicals were used a without any cleansing. The glassy carbon 
electrode (GCE) was obtained from Sigma Aldrich. The rotating ring disk 
electrode of glassy carbon electrode was bought from Pine Research 
Instrumentation, Inc., Durham, NC 27705 USA (Pine AFMSRX Electrode 
Rotator). For the preparation of the working electrolyte phosphate 
buffer (0.05 M PB, pH = 7.2) and monosodium (NaH2PO4) and disodium 
(Na2HPO4) were used. For the preparation of various PB (pH = 3, 5, 7, 9, 
and 11), HCl/NaOH was used. 

2.2. Collection of sample and identification 

Freshly young leaves of Goniothalamus wightii were collected in July 
2019 in Kalakad Mundanthurai Tiger Reserve Forest, Tirunelveli district 
Tamilnadu, India with help of local Kanikkars tribals. The plant was 
identification and authentication in the department of Botany, Periyar 
University, Salem, Tamilnadu, India. A voucher specimen with reference 
number (PU/BOT/HVO.177) was afterward the submitted herbarium of 
the University. 

2.2.1. Synthesis of silver nanoparticles 
Goniothalamus wightii extract preparation: The samples were thor-

oughly washed with distilled water, diced into small parts, and then 
dried in the shade. The dried Goniothalamus wightii leaves (25 g) were 
finely ground and powdered. For 24 h, 2 g of biomass (G wightii leaves) 
was kept in a 250 mL conical flask with 100 mL of distilled water. 
Finally, the extract was filtered with Whatman no. 1 filter paper and 
stored at 4 ◦C for further analysis [26]. 

A simple approach of AgNPs synthesis method: For the synthesis of 
silver nanoparticles, aqueous solution (1 mM) of silver nitrate (AgNO3) 
was usually prepared using a standard process. For reduction into Ag+

ions, 10 mL of G wightii leaf extract was added into 90 mL of aqueous 
solution (1 mM; silver nitrate). The colour of silver nitrate reduced to 
silver changed from colourless to brown (Scheme 1). The centrifuge was 
rotating at 5000 rpm for 30 min. The top layer was separated from the 
bottom layer, which was redissolved in deionized water. The particle 
was centrifuged several times to remove any contaminants that had been 
absorbed on the surface of the silver nanoparticles. 

2.3. Synthesis of GO@AgNPs 

Firstly, GO was synthesized via modified Hummer’s method [17] 
using graphite powder, NaNO3, H2SO4, and H2O2 (30%) as the starting 
materials. To disperse the GO material into individual sheets, GO was 
dissolved in a solution of distilled water and sonicated. To prepare GO- 
AgNPs nanocomposite, firstly GO sheets were exfoliated by adding 1 
mg/mL of GO in 10 mL of DI in an ultrasonic bath for 1 h. Then 10 ml of 
0.05 mg/ml AgNPs solution was slowly dropwise added to the GO sus-
pension was stirred for 60 min to allow Ag+ ions to interact with the GO 
sheets. Finally, the GO@AgNPs nanocomposite was separated into the 
different subunits at − 140 ◦C, and held for 12 h. 

2.4. Characterization of GO@AgNPs composites 

The current surface morphology was explored through micro-scopic 
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analysis with scanning electron microscopy. UV–Vis absorption spec-
trum was analyzed using Thermo Scientific Multiscan Spectrum 1500, 
USA. X-ray diffraction was examined by Bruker, D2 Phaser X-ray 
Diffraction on a desktop (Cu Kα λ = 0.154060 nm). Raman spectrum 
analysis was conducted with Micro Raman Spectra (using the 532 nm 
excitation laser). Electrochemical impedance spectroscopy (EIS) was 
used to the IM6ex ZAHNER impedance measurement unit with a fre-
quency range of 100 mHz to 100 kHz. CV and (i-t) studies were per-
formed using the CHI 620a electrochemical work station. Studies 
involving electrochemical analysis of three different three-electrode 
systems were conducted using Ag/AgCl (saturated KCl) as the working 
electrode, and platinum wire as the counter-electrode. All the electro-
chemical measurements were taken with the equipment cold. 

2.5. The preparation of GO@AgNPs composites modified electrode 

Typically, 6 mg/mL of GO@AgNPs composites was dispersed in DI 
solution at an ultra-sonication for 15 min. And 6 μL of the well-dispersed 
solution was drop casted on a clean glassy carbon electrode (GCE) 

surface at dried 30 ◦C. All electrochemical tests were conducted in the 
same manner on a varied electrode. 

3. Results and discussion 

3.1. Characterization of synthesis materials 

Scheme 1 shown the AgNPs absorption spectrum of UV–spectrum, 
and its present a broad bell-shaped spectrum curve. The plant extract 
introduced to solution make a uarious metabolites from the spectro-
photometric range at 445 nm. The AgNPs was synthesized using an eco- 
friendly approach, and it can be the spherical in nature of particle size. 
Besides, the GO was synthesized using graphite powder through a 
modified Hummer’s method [17], and the UV spectrum peaks at 233 
and 302 nm are attributable to C–C and C––O interactions of graphene 
oxide layers for (π–π *). The marginally shifted AgNPs peak at 415 nm 
and GO peak at 231 and 296 nm is observed in the GO@AgNPs com-
posite due to well-interaction. 

The surface morphology of AgNPs, GO, and GO@AGNPs composites 

Scheme 1. Synthesis procuress of Ag nanoparticles by G wightii extract solution, graphite derived graphene oxide, and Ag nanoparticle-decorated graphene oxide 
(GO@AgNPs) composites for UV-spectrum. 

Fig. 1. SEM images of AgNPs@GO nanocomposites at different magnification.  
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is shown in Fig. 1. As-synthesis of Ag NPs shown the clear nanoparticle 
morphology in Fig. 1(A,B). The graphene oxide nano-layers sheet was 
observed in Fig. 1(C,D). Then the GO interacted with Ag NPs composites 
shown in the clear image in Fig. 1(E,F). We can confirm the Ag+ ions 
intercalated with a GO nanosheet surface. Then the ImageJ software was 
used to analyse the average particle size of AgNPs, which was around 
174.26 nm as shown in Fig. S1. 

XRD spectrum and Raman spectrum were analyzed the nanoparticle 
composites formation. Fig. 2A, the crystallite of Ag NPs has confirmed 
the 2θ values of 28.13◦, 32.5◦, 38.34◦, 46.44◦, 54.98◦, and 57.69◦, due to 
the (110), (122), (123), (231), (142) and (241) lattice planes to corre-
sponding the space group of a faced center cubic (FCC) for Ag nano-
particle, respectively. That the Ag nanoparticles are confirmed the 
crystalline nature (JCPDS File No. 84–0713) [23] and the Ag NPs has 
shown the high purity nature intercalated with GO composites for 
enhancing electro-catalytic properties. 

Fig. 2B, the GO exhibit the D and G band peaks of 1353.53 and 
1593.57 cm− 1 to confirm the D band defecting of the oxidation group, 
and ID/IG ratio value was 0.76. [13] the Ag NPs exhibits 458.69, 619.92, 
964.66, 1069.36, 1113.86, and 1204.33 cm− 1 due to the formation of 
nanoparticle confirmation at the high peak intensity of 964.66 cm− 1. 
Then the Ag NPs intercalated with GO nanolayers shown the D and G 
band ratio of 0.77 due to the slight increase to confirm the composites. 

3.2. Electrochemical performance of the modified electrodes 

3.2.1. Electrochemical impedance spectroscopy studies 
The electrochemical impedance spectroscopy (EIS) studies shows the 

electron transfer rate related to resistance value in5 mM of [Fe(CN)6]-3/ 

− 4 containing 0.1 M KCl solution at the frequency range of 100 mHz to 
100 kHz and applied voltage of 5 V as shown in Fig. 3. The circuit model 
of Randles shown the Fig. 3(Inset), Charge transmission resistance, 
electrolyte resistance, Warburg impedance, and double layer capaci-
tance were represented by Rct, Rs, Zw, and Cdl, respectively. The EIS plot 
shows that both the modified and bare electrode had semicircles of 
varying diameters, which corresponded to various Rct values. The Rct 

values were 653.87 Ω, 754.69 Ω, 179.28 Ω, and 137.06 Ω from GO-GCE, 
AgNPs-GCE, GO@AgNPs-GCE, and bare GCE, respectively. Further-
more, GO@AgNPs-GCE exhibits the low resistance vs high electron 
transfer to determination of MIZ. 

3.2.2. Electrochemical behavior of different modified electrodes at MIZ 
Fig. 4A depicts the CV profiles in the absence (d) and presence of 

metronidazole (MIZ - 385 μM) at different modified electrodes ((a’) bare 
GCE, (b’) AgNPs-GCE, (c’) GO-GCE, and (d’) AgNPs@GO-GCE recorded 
in 0.05 M PB at 50 mV s− 1 of sweep rate. From Fig. 4A(a’) in presence of 
MIZ, the bare GCE delivers poor cathodic current (16.74 μA) with 
greater potential (− 0.84 V). When bare GCE was modified with AgNPs 

Fig. 2. (A) XRD pattern of GO and GO@AgNPs composites. (B) Raman spectrum of GO and GO@AgNPs composites.  

Fig. 3. EIS studies of modified electrode and without modified electrode in 5 
mM of [Fe(CN)6]-3/− 4 containing 0.1 M KCl solution at applied frequency range 
of 100 mHz to 100 kHz and voltage of 5 V. 
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Fig. 4A(b’) the cathodic peak (13.17 μA) potential proceeds with a 
positive shift (− 0.78 V) compared to bare GCE signifies the involvement 
of AgNPs towards the detection of MIZ. The enhancement in the 
cathodic current was found on modifying bare GCE with GO Fig. 4A(c’) 
this was due to the stacking arrangement of graphene oxide layers over 
the surface of GCE induces the electron transfer pathway between the 
electrode interface. The maximum current (76.88 V) was attained with 
lower cathodic potential (− 0.54 V) on AgNPs@GO composite modified 
electrode because of interaction between the AgNPs and π- π stacking 
arrangement of GO. The unification of AgNPs in carbon lattice further 
enhances the electron transfer kinetics. Hence AgNPs@GO composite is 
considered to be an efficient electrode modifier with low potential 
detection of MIZ compared to other modified electrodes. 

3.2.3. Effect of sweep rate of MIZ on AgNPs@GO-GCE 
Fig. 4B signifies the CVs for various sweep rates (10–100 mV s− 1) in 

presence of 385 μM MIZ in 0.05 M PB. The cathodic current elevated 
linearly while increasing the sweep rate from 10 to 100 mV s− 1 with a 
trivial shift in the cathodic current potential indicates the electro-
catalytic activity of AgNPs@GO-GCE sweep rate dependent. Further, the 
linear dependence plot scan rate vs peak current and square root of 
sweep rate vs current were shown in Fig. 4(C,D), and the correlation 
coefficient (R2 = 0.9851 and 0.9953) expresses the diffusion control 
reaction was followed in the detection of MIZ at AgNPs@GO-GCE rather 
than diffusion-controlled process. 

3.2.4. Effect of pH, and concentration of MIZ at AgNPs@GO-GCE 
The impact of pH determines the peak shape, cathodic current, 

cathodic potential, etc. Hence, the CV was performed with varying pH 
(3, 5, 7, 9, and 11). The CV platform of different operation potential in 
Fig. 5A portraits noticeable current changes. While increasing the pH 
from pH = 3 to 7 the cathodic current increases with a positive shift. 
Further, an increase of pH from pH 7 = 11 results in a negative shift 
along with a decrement in the cathodic current. The decrease and in-
crease of cathodic current were displayed in Fig. 5B is a plot diagram. 

And the linear calibration plot for pH vs. cathodic potential contains 
a correlation coefficient (R2 = 0.995), indicating that an equal number 
of electrons and protons are involved in the electrochemical reaction, 
with the conversion of the nitro group to nitroso derivation followed by 
the conversion of the hydroxyl group. As a result of these findings, pH, 7 
is revealed to be a more suitable electrolyte for the electrochemical 
behavior of MIZ at AgNPs@GO-GCE. Further, the higher electrocatalytic 
activity of MIZ at AgNPs@GO-GCE was scrutinized by altering the 
quantity of MIZ from 99 to 990 μM at 50 mV s− 1 in 0.05 M PB. Fig. 5C 
shows linear increases of cathodic current while altering the quantity of 
MIZ expresses the higher electrocatalytic activity. Besides, Fig. 5D dis-
plays a calibration plot between the quantity of MIZ (μM) and cathodic 
current (Ipc) composed with the correlation coefficient (R2 = 0.9973). 
Upon analyzing the effect on sweep rate, pH, and concentration of MIZ, 
AgNPs@GO composite is considered to be a prominent electrode mod-
ifier electrochemical detection MIZ sensor. 

Fig. 4. (A) CV curves of (a’) bare GCE, (b’) AgNPs-GCE, (c’) GO-GCE, (d’) AgNPs@GO-GCE, and (d) AgNPs@GO-GCE recorded in the presence and absence of MIZ 
(385 μM) in 0.05 M PBS (pH 7.2) at a scan rate of 50 mV s− 1. (B) CV profiles obtained at different scan rates: 10 to 100 mV s− 1 to corresponding the plot of reduction 
peak current vs. scan rate (C) and log(scan rate) vs. reduction peak current (D). 
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3.2.5. Amperometric performance of MIZ at AgNPs@GO-GCE 
To determine the selectivity and sensitivity nature of the AgNPs@GO 

composite, amperometric (I-t) was preferred with AgNPs@GO-GCE as a 
rotating disc electrode. The experiment was carried out in 0.05 M PBS 
(pH 7.2) with a variable amount of MIZ (0.09 to 4594 M) at − 0. 54 V 
with a rotating speed of 1500 rpm while the addition of MIZ.As, a result 
of the sequential addition of MIZ, the cathodic current was increased as 
observed in Fig. 6A. Fig. 6A(inset) demonstrates the I-t current found in 
the short period along with the lowest quantity of MIZ. Moreover, the 
linear calibration plot was plotted between the quantity of MIZ (μA) and 
current (μA) displayed in Fig. 6B exposed with linear regression (Ipc =

− 25.148 [mM of MIZ] – 0.2764) equation and calibration equation R2 =

0.9974. The found slope of the linear regression equation was 
substituted in the limit of detection and sensitivity formulation (LOD =
3σ/S and LQD: 10*σ/S; S and σ denote slope of the calibration curve and 
standard deviation of blank; S is a sensitivity = slope value/working 
electrode surface area (0.196 cm2)). The LOD and sensitivity were 
calculated to be 0.069 μM, 0.786 μM and 347.14 A mM− 1 cm2 after 
substituting. The attained analytical parameters (LOD, sensitivity, linear 
range) were compared with previously reported literature subjected in 
Table 1. From the literature survey, GO@AgNPs-GCE outcomes with 
excellent linear range, LOD, and sensitivity towards detection of MIZ. 

The selectivity capability of GO@AgNPs-GCE was further examined 
with the same parameters of Fig. 6C. The sequential addition of varied 
electroactive compounds nilutamide (NIL), 4-nitrobenzene (4NB), flu-
tamide (FLA), 4-nitroaniline (4NA), 4-nitrophenol (4NP), KCl, Li+, NaCl, 
Ni, NO2, SO4

2− , glucose, lactose, and sucrose in presence of 100 μM of 

MIZ doesn’t provide any amperometric signal suggesting excellent 
selectivity and potential towards the detection of MIZ sensor. Further-
more, GO@AgNPs-GCE exhibits long-term stability in MIZ presense at 
an applied potential range of − 0.54 V for rpms ranging from 1200 to 
2000 s in Fig. 6D. We have observed the retaining performance 
parentage of 94.8%, and it’s suitable for further application. 

3.2.6. Investigation of the real sample at AgNPs@GO modified electrode 
The real sample analysis was performed on the pharmaceutical drug 

Flagyl (500 mg) obtained from a nearby pharmacy in Taipei, Taiwan, to 
evaluate the real-time applicability of the proposed sensor. The phar-
maceutical drugs were then prepared as a real sample by ultra- 
sonicating 10 mg of 10 mL DI water dispersion for 60 min, and the 
resulting solution was centrifuged at 5000 rpm for 15 min. Furthermore, 
the drug resultant solution was combined with a lab sample of each 
sample mixed in a 1:1 solution ratio. At each 50-s interval addition of 50 
μL to 150 μL, the real sample of tablet, tablet mixed lab sample, and MIZ 
solution were added to 0.05 M PBS (pH 7.2) at applied potential − 0.54 
V; rpm: 1200. The experiment was achieved with the same parameters 
as Fig. 7. We have achieved the effect response of drug, mixed, and MIZ 
solution, and it can be suitable for further real-time applications. 

4. Conclusion 

We investigated AgNPs@GO nanocomposites, which are prepared 
via the green synthesis route. Herein, Goniothalamus wightii was used for 
the preparation of Ag nanoparticle and mixed with GO to obtain 

Fig. 5. (A) CV curves obtained different pH (3 to 11) with the presents of metronidazole (385 μM). (B) plot of peak current (Ep) vs. pH and plot of reduction peak 
current vs. pH. (C) CV curves of AgNPs@GO-GCE were obtained in the presence of different concentrations of metronidazole (385 μM) in 0.05 M PBS (pH 7.2) at a 
scan rate of 50 mV s− 1 and (D) plot of reduction peak current vs. different concentration of metronidazole. 
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Fig. 6. (A) Amperometry response of AgNPs@GO-GCE in 0.05 M PBS (pH 7.2) at containing different concentrations of metronidazole (0.09 to 4594 μM), and (B) the 
plot of reduction peak current (Ipa) vs different concentration of metronidazole. (C) Amperometry response of various interference compound studies. (D) 
Amperometry profile of the stability studies in the presence of MIZ. [Applied potential: − 0.54 V; rpm: 1200]. 

Table 1 
Comparison of GO@AgNPs-GCE based MIZ sensor with reported MIZ sensors.  

Modified electrode Methods LOD 
(μM) 

Linear range 
(μM) 

Ref. 

ZIF-67C@rGOa/GCEb DPV 0.05 0.5-1000 [27] 
Cu-poly(Cys)c/GCEb LSV 0.37 0.5–400 [28] 
AgNPs/IL/CA-SPCEd LSV 0.4 3.1–310; 

310–1300 
[29] 

AgNPs/SF-GRe/GCEb DPV 0.05 0.1–20 [30] 
Fe3O4/N/ 

C@MWCNTs-2- 
600f/GCEb 

DPV 0.19 1–725 [31] 

AP32-4g fluorescence 0.0105 0.025–0.8 [32] 
NiMnO@pr-GOh/ 

GCEb 
DPV 0.090 0.1–234 [33] 

GO@AgNPs-GCEb Amperometric 
(i-t) 

0.069 0.09–4594 This 
work  

a Reduced-Graphene Oxide. 
b Glassly carbon electrode. 
c Copper poly(cysteine) film. 
d Ag nanoparticles/ionic liquid modified screen printed electrode. 
e Silver nanoparticles/sulfonate functionalized graphene. 
f Multi-Walled Carbon Nanotubes. 
g DNA library-immobilized magnetic beads SELEX technology. 
h Parcel reduced graphene oxide. 

Fig. 7. Amperometric response of real samples studies in 0.05 M PBS (pH 7.2) 
at applied potential − 0.54 V; rpm: 1200. 
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AgNPs@GO nanocomposites. The prepared composite showed the good 
intercalation of AgNPS@GO as shown in FESEM. The AgNPs@GO 
nanocomposites were for electrochemical detection of MIZ. The 
AgNPs@GO nanocomposites showed a wide-linear range of 0.09 to 
4594 μM, LOD value of 69 nM and LQD value of 0.786 μM, respectively. 
The AgNPs@GO nanocomposites detected the MIZ in pharmaceutical 
tablets, making it more suitable for applied practice. 
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