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Abstract  
In this work, it has been investigated the electrochemical behavior of metronidazole (MTZ) on the layer double hydroxide (LDH)/ 
carbon quantum dots (CQD) @ carbon paste electrode (LDH / CQD @ CPE). The ability of the proposed electrode to detect trace 
amounts of MTZ was evaluated by differential pulse voltammetry (DPV) technique. Different methods such as X-ray diffraction 
(XRD), scanning electron microscopy (SEM), cyclic voltammetry (CV), and DPV were employed to study the performance of LDH / 
CQD @ CPE.  The effects of pH, time and accumulation potential on the voltammetric response of MTZ have studied. A liner relation 
between cathodic peak current and the concentration of MTZ has been shown in the range of 1.5 - 300.0 (μmol L-1) with the detection 
limit of 2.0×10-1 μ mol L-1 under the optimum condition. The proposed method was also successfully applied for the detection of MTZ 
concentration in human serum and urine samples. 
 

Index Terms: Differential Pulse Voltammetry, Metronidazole, LDH / CQD@ CPE, Sensor, Cyclic Voltammetry, Real Sample Analysis. 
 

——————————      —————————— 

1 INTRODUCTION                                                                     

ne of the steps in drug quality control with great influence 
on public health, is drug analysis. Therefore, it is essential 
essential to develop a facile, sensitive, and precise method 

method for detecting active ingredients in pharmaceutical 
products [1]. Metronidazole (MTZ) (2-methyl-5-
nitroimidazole-1-ethanol) is a member of nitroimidazole 
drugs  mainly prescribed for treating infections caused by 
susceptible organisms, especially protozoa (Treponema, 
Trichomonas, and Histomonas) and anaerobic bacteria 
(Campylobacterium, Fusobacterium, Bacteroides, and 
Clostridium) [2, 3]. When its concentration in serum is in 
the range of 2 to 8 mg mL-1, it can destroy or block 
majority of anaerobic bacteria [4]. MTZ is the preferred 
drug for treating prophylaxis, Crohn’s disease, and 
ulcerative colitis to prevent infectious complications, due 
to its low cost, rapid bacterial destruction, high 
antimicrobial activity, favorable tissue penetration, and 
limited adverse ejects [5, 6]. This drug had desirable 

pharmacokinetic and pharmacodynamic characteristics 
and it could be taken as topical, intravenous, oral, and 
vaginal formulations. If taken orally, MTZ is well absorbed 
and reaches its peak plasma concentration in 1-2 h [2, 5]. 

High performance liquid chromatography (HPLC) [7–9], 
titrimetry [10], and spectrophotometry [11] are commonly 
employed in the detection of MTZ in pharmaceutical 
samples. However, the majorities of these techniques are 
costly, tedious, time-consuming, and environmentally 
unfriendly and need skilled experts [12]. Accordingly, 
electroanalytical techniques seem to be promising due to 
their simplicity, rapid response, high sensitivity, ease of 
miniaturization, and low cost. They are also advantageous 
in detecting electroactive species due to due their 
abovementioned advantages [13, 14]. To the best of our 
knowledge, very few works have been published on the 
electrochemical determination of MTZ in pharmaceutical 
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and clinical samples [15-19]. Due to their extraordinary 
characteristics, nanomaterials have attracted great 
attention in this field. Nanoparticles (NPs) act as 
conduction centers and therefore facilitate the transfer of 
electrons providing high active catalytic surface area. In 
recent years, a wide variety of nanomaterials have been 
employed for modifying electrode surfaces, enhancing 
response signal, increasing sensitivity, and improving 
reproducibility [20–23]. Because organic-inorganic hybrid 
materials perform better than their counterparts, they have 
found wide applications in different technological and 
scientific areas. This is also due to the fact that their 
characteristics can be adjusted for specific application such 
as photochemical reactions, photochromic coatings, 
selective optical transmissions, etc. LDHs or hydrotalcite-
like materials have been proposed as inorganic hosts for 
the fabrication of organic-inorganic hybrid nanolayered 
composites, so-called nanocomposite materials, [24]. 

The characteristics of CQDs are determined by their 
structures and components. High number of carboxylic 
moieties on CQD surface result in their excellent water 
solubility and biocompatibility [25]. They are also prone 
to chemical modification and surface passivation using a 
wide variety of organic, inorganic, polymeric, and 
biological materials. Surface passivation can improve the 
fluorescence and physical properties of CQDs. As novel 
fluorescent NPs, CQDs have been employed in 
bioimaging and biosensing due to their excellent 
biocompatibility and environmentally friendliness [25]. 
High quantum yields are needed to outperform 
conventional semiconductor quantum dots. Having the 
advantages of low toxicity and good biocompatibility, 
CQDs are excellent candidates to be used in bioimaging, 
biosensing, and drug delivery [26]. Due to their superb 
optical and electronic properties, CQDs can also be 
employed in catalysts, sensors, and optronics.[26] 

In this work, we have reported a novel method for the 
identification of MTZ based on LDH / CQD. Once MTZ 
was accumulated on the surface of the modified CPE, 
measured using DPV and CV electrochemical techniques. 
Compared with bare CPE, LDH @ CPE and LDH / CQD @ 
CPE significantly enhanced the reduction peak of MTZ. A 
novel procedure with rapid response, low detection limit, 
low cost, and excellent reproducibility has been suggested 
for the determination of MTZ. Different electrochemical 
mechanisms of MTZ are depicted in Scheme 4. The 
proposed sensor was successfully employed for detecting 

MTZ in urine and blood serum samples. 

2 Experimental 
2.1 Materials 

All reagents and materials used in the experiments were pur-
chased from Merck (Darmstadt, Germany) and used as re-
ceived. All chemicals were of analytical grade. 1.0 × 10-3 
mol L-1 MTZ (Scheme 1) stock solutions were prepared dai-
ly and dilute solutions were prepared by serial dilution using 
doubly distilled water (DDW). A phosphate buffer solution 
(PBS) of pH 9.0 was used as supporting electrolyte solution. 

 

 

Scheme1. MTZ structure 

2.2 Instrumentation 
The measurements were performed with 757 VA Computrace 

software (Metrohm) under windows XP operating system. 
Three-electrode electrochemical system was consisted of CPE 
(modified or unmodified) as working electrode, saturated SCE 
reference electrode, and a Pt wire as counter electrode. A 40 
kHz universal ultrasonic cleaner water bath (RoHS, Korea) 
was used for cleaning. The size, morphology, and composition 
of the prepared NPs were investigated using scanning electron 
microscopy (SEM) and transmission electron microscopy 
(TEM). The crystalline structure of the proposed NPs was 
determined by an X-ray diffractometer (XRD, 38066 Riva, 
d/G. via M. Misone, 11/D (TN) Italy) at room temperature.  A 
Perkin-Elmer model Spectrum GX FT-IR spectrometer using 
KBr pellets was used for recording the mid-infrared spectra of 
the prepared NPs in the region of 4000–400 cm−1. 

2.3 Synthesis of Zn/Al-NO3 Hydrotalcite  

We synthesized Zn/Al-NO3 LDH using coprecipitation method 
with Zn2+/Al3+ molar ratio of 𝑟 = 2. Metal nitrates solutions 
of Al (NO3)3⋅9H2O and Zn (NO3)2⋅6H2O were slowly mixed 
by constant stirring. The titration performed by dropwise 
addition of aqueous NaOH (1.0 mol.L-1) solution up to pH 
10. To prevent or minimize the atmospheric contamination 
of CO2 titration with NaOH was conducted under N2 

atmosphere. Then, the prepared mixture was mixed in an oil 
bath shaker (70 rpm) for 18 h and aged at 70∘C. The 
obtained precipitate was centrifuged, washed with deionized 
water several times, and dried in oven at 70∘C for 2 days 
[27]. Then, the obtained nanocomposite was ground into a 
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fine powder and stored in sample containers. 
 
2.4. Synthesis of carbon quantum dots using red Rose  

Rose petals were used as carbon source for the fabrication of 
CQDs. To do so, red rose petals were dried in an oven at 
61ºC for one day and were then ground into powder. The 
resulted powder was solved in 11mL DDW and lasted for 
11 minutes. Then, in oven-coated mango wort, 5 g P2O2 
was mixed with 11 mg red rose petal powder and was kept 
for 11 minutes where the color of the solution was changed 
from red to brown. Then the solution was centrifuged for 5 
minutes at 5111 rpm for smoothing [28]. 

 
 2.5. Surface preparation and modification 
 
Raw and modified CPEs were fabricated using insulin syringe.      

The surface of the prepared electrode was smoothed on a 
piece of weighing paper and was regenerated after each use 
by pushing the paste out of the tube, removing the excess, 
and polishing the surface of the electrode mechanically. 

 
2.6. Preparation of real samples 
 
Human blood samples were obtained from healthy volunteer 

donors from Imam Khomeini hospital (Urmia City, Iran). 
The samples were centrifuged at 2500 rpm for 10 min and 
were kept at 4 °C until phase separation was accomplished. 
Serum samples were stored in freezer at −30 °C until meas-
urement. 300 µL aliquots of each serum sample were trans-
ferred into a 25 mL volumetric flask and were diluted to the 
final volume of 25 with DDW. 10 ml of the prepared sample 
was centrifuged at 2000 rpm for 20 min. The supernatant 
was filtered using a filter paper with pore-diameter of 0.45 
μm and then diluted five times with Birinton-Rabinson (B-
R) buffer solution at pH 9.0. The obtained solution was 
transferred into voltammetric cell for analysis without fur-
ther treatment. Standard addition method was used for 
measuring MTZ in the sample. 

2.7. Analytical procedure 
 
Unless otherwise stated, 0.1 mol. L-1 PBS at pH 8.0 was used as 

supporting electrolyte in all MTZ determination experiments. 
The solution was deaerated with N2 gas for 10 min, and ac-
cumulation step was performed under open-circuit while stir-
ring for 2 min. Then, DPVs (0.2 to -0.8V) or CVs (0.0 to - 
1.20V) of the solutions were recorded after 10 s quiet time. 
Cathodic peak currents were measured at −0.4 in DPVs or 
−0.48V in CVs.  

3 RESULT AND DISCUSSION 

 
3.1.  Characterization of LDH / CQD @ CPE  
 
TEM and TGA (thermo-gravimetry analysis) of Zn-Al (NO3) - 

LDH was recorded and is depicted in Fig. 1(A, B) which 
showed particles with the size of 84 nm and number of water 
of LDH respectively. Fig. 2 (A, B, C) shows SEM, XRD pat-
tern and FT-IR spectrum of Zn–Al (NO3) − LDH.  The charac-
teristic reflections of (0 0 3), (0 0 6), (0 0 9) planes of crystal-
line LDH can be clearly observed in the figure. The typical 
doublet of (1 1 0)–(1 1 3) planes in LDH was also observed. It 
can be seen that Zn–Al (NO3

−) LDH exhibited only the char-
acteristic reflections of hydrotalcite-like LDH with no other 
crystalline phases which complied with previously reported 
results [29]. The nature and symmetry of interlayer anions and 
the presence of impurity were investigated using infrared ab-
sorption spectroscopy. The absorption band at about 3446 
cm−1 in the FT-IR spectrum of Zn–Al (NO3

−) LDH (Fig. 2C) 
was assigned to the stretching vibration of hydroxyl groups on 
LDH layers and interlayer water molecules. The weak band at 
1631 cm−1 was due to the bending mode of water molecules. 
The band with maximum peak at 1379.01 cm−1 was attributed 
to the stretching vibration of NO3

− ions intercalated in the in-
terlayer gallery. Finally, the bands at 607, 557.39 and 428.17 
cm−1 were assigned to M–O stretching modes and M–O–H 
bending vibrations [30]. 

 

 
 
 
 

Fig.1. A) TEM image and B) (TGA) thermogravimetric 
curves of Zn-Al(NO3)-  LDH (60ºC, pH 9, mole ratio 2: 1, 
and water as solvent, 0.131 mg sample mass reduction by 
increasing temperature from room temperature up to 150 ° 
C ). 
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Fig.2. A) SEM, B) XRD and C) FTIR spectrum of Zn-Al 
(NO3) - LDH at 120 ° C, pH 9 mole ratio of 2: 1, and water 
as solvent, 1-propanol and ethylene glycol. 
 

 
Scheme 2. Structure of CQDs 

 

Scheme3. Schematic of CQDs synthesis 

 
 
 
 
 
 

 

 Fig.3. A) TEM image, B) DLS and C) XRD pattern of CQDs 
synthesized from red rose. 
 

In Fig 3 (A, B, C) it can showed the TEM image of CQDs 
(Scheme 2, 3) and DLS and XRD of these nanoparticles. 
Also in Fig 4(A, B, C) the surface morphology of LDH / 
CQD @ CPE, a scanning electron microscope was em-
ployed. SEM images of the modified electrode confirming 
the distribution of LDH and CQD on the surface of the elec-
trode without aggregation with specific three-dimensional 
structures. The distribution of NPs was also observed in the 
SEM image of LDH / CQD @ CPE providing a large sur-
face area for the electrode.  

 
Fig.4. A, B, C) SEM image of Zn-Al (NO3) – LDH/ CQDs @ 
CPE . 
3.2. Voltammetric behavior of MTZ at LDH / CQD 
@ CPE 
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To investigate the catalytic activity of LDH / CQD @ CPE in 

the determination of MTZ, DPVs of the samples were rec-
orded in the potential range of 0.2 to -0.8 vs. SCE in PBS at 
pH 8.0 as the background electrolyte. Significant increase in 
current response with decrease in peak potential indicated 
that in LDH / CQD @ CPE, NPs acted as assistant mediator 
in the electrochemical reaction, essentially accelerating the 
rate of electron transfer. The obtained voltammograms are 
shown in Fig. 5. A sharp peak was observed at about -0.4 V 
vs. SCE [31]. The DPVs recorded for MTZ (120 μmol L−1) 
on bare CPE, LDH @ CPE, and LDH / CQD @ CPE are 
shown in Fig. 5. The lowest MTZ reduction signal was ob-
tained on bare CPE. LDH / CQD @ CPE showed higher 
current density compared with CQD @ CPE due to its high-
er surface area and the catalytic effects of LDH and CQD 
NPs.  On LDH / CQD @ CPE, MTZ was irreversibly re-
duced at pH 8.0 giving a reduction peak initiating in the 
negative direction. Under similar conditions, a weak peak 
was observed on bare CPE. As can be seen, the values of the 
cathodic peak currents of MTZ on CQD @ CPE and LDH / 
CQD @ CPE were higher than that on bare CPE. LDH 
nanocomposite increased the effective surface area of the 
electrode which in turn enhanced the electrochemical prop-
erties of the modified electrode and LDH @ CPE increased 
the surface area of the electrode and also provided a good 
surface for electron transfer. 

 
Fig. 5. DPV for bare GCE, LDH @ CPE and LDH/ CQDs 
@ CPE from below in optimum condition (120 µmol. L-1 
MTZ). 

3.3. Influence of pH 
 

We also investigated the effect of pH on the cathodic peak cur-
rent and peak potential of MTZ on LDH / CQD @ CPE. PBS 
solutions with pH values of 2.0 on 12.0 were employed to in-
vestigate the effect of pH on the determination of MTZ at 

LDH / CQD @ CPE. The obtained results showed that 
voltammetric responses strongly depended on pH in the acidic 
and neutral pH media, but this was not the case in alkaline 
medium which complied with most of the electrochemical 
methods reported previously. pH-independent peak potential 
in alkaline medium could be due to the unavailability of pro-
tons required for the reduction of MTZ at pH values above its 
pka value. Fig. 6 shows the CVs obtained for 120µ mol. L-1 
MTZ where its reduction is pH dependent (pHs 2.0–8.0). A 
sharp irreversible cathodic peak was witnessed on CPE in all 
tested buffers. The effect of pH on peak current was also in-
vestigated (Fig. 6A). Cathodic peak current was sharply in-
creased from pH 2.0 to 8.0 but above that it was decreased. 
Therefore, pH 8.0 was chosen as the optimum pH for subse-
quent experiments which complied with previous works [16]. 

 
By increasing the pH of the solution up to 8.0, a shift in peak 

potential towards negative direction was witnessed indicating 
the involvement of protons in the reduction of MTZ in acidic 
and neutral media (Fig. 6). this trend was in agreement with 
previously reported works [32]. 

A linear relation between peak potential and solution pH was 
observed in the pH range of 2.0–8.0 (Fig. 6C) with linear re-
gression equation and correlation coefficient of 𝐸 𝑃𝐶 (mV) = 
−189.6− 26.5 pH and 𝑟 = 0.9903, respectively. The observed 
slope of 26.5mV/pH suggested that the number of protons in-
volving in the reaction was similar to the number of electrons 
participating in the rate determining step. Therefore, a reac-
tion mechanism involving four electrons and four protons was 
proposed (Scheme 4). 

 

Scheme 4. mechanism of MTZ reduction. 
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Fig. 6. Influence of pH on the cathodic peak current and ca-
thodic peak potential of 120 µmol.L-1 MTZ in the range of 2.0-
12.0. 

3.4. Effect of Scan Rate  
 
We evaluated the effects of scan rate on the reduction peak cur-

rent and peak potential of MTZ. Fig. 7 show the cyclic 
voltammogram of 120 µ mol. L-1 MTZ at scan rate of 10–
250 mV/s. The shift of cathodic peak potential to more neg-
ative values verified the irreversibility of the reduction of 
MTZ on LDH / CQD @ CPE [33]. In order to investigate 
whether the reduction of MTZ on LDH / CQD @ CPE was 
predominantly diffusion or adsorption controlled, correla-
tion coefficients of linear plots of reductive peak currents 
versus scan rate as well as reductive peak current versus 
square root of scan rate were compared (Fig. 7 B and C). On 
the other hand, a better correlation coefficient was obtained 
for the dependence of reductive peak current on the scan 
rate (𝑟 = 0.9927) compared to the square root of scan rate (𝑟 
= 0.95) indicating that the reduction of MTZ on LDH / CQD 
@ CPE was controlled by both surface-adsorption and dif-
fusion kinetics but surface confined kinetics was more ef-
fective [34]. 

 

 
Fig. 7. A) CV for effect of scan rate and in optimum condition 
at concentration of 120 µmol L -1 MTZ (B) effect of Ip Vs. Ʋ 
and C) Ip Vs. Ʋ1/2. 

3.5. Evaluation of method performance  

(μA) = Y = 4.9242 x+5.1844, R2 = 0.9998. Limit of detection 
was defined as LOD = 3 Sb/m where Sb and m are standard 
deviation of blank and the slope of calibration graph, respec-
tively, which was calculated to be 0.2 μmol L−1 for the modi-
fied electrode. 

 

Fig. 8. DPVs for 1.5-300 µmol L-1 MTZ at LDH/ CQDs @ 
CPE in 0.1 mol L-1 PBS (pH 8.0), B) show the plots of the peak 
current as a function of MTZ concentration in the range of 1.5-
300 µmol L-1. 

The repeatability of the electrode in the determination of MTZ 
was investigated by conducting six measurements with the 
same MTZ standard solution using the same electrode. Rela-
tive standard deviations (RSD) for 100.0, 150.0, and 200.0 
μmol L−1 solutions were obtained to be 1.08, 1.09, and 1.78%, 
respectively. The reproducibility of the electrode response 
was also investigated. Five electrodes were fabricated using 
the same batch and were evaluated by measuring 100.0 μmol 
L−1 MTZ standard solution. The RSD of the responses ob-
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tained from different electrodes was 2.28% for the LDH/CQD 
@CPE. The obtained results showed that the modified elec-
trode had acceptable repeatability and reproducibility in the 
detection of MTZ. To study the storage stability of the pro-
posed electrode, the electrode was stored at room temperature 
for 5 weeks, then the current peak of the reaction was record-
ed with the stored electrode and the obtained response was 
compared with that obtained before storing. Therefore, we 
concluded that LDH/CQD@CPE had high stability. High re-
producibility and stability of the proposed electrode showed 
that it could be applied for the analysis of real samples. 

 
3.6. Interference study 
 
To investigate the selectivity of the proposed method in the 

determination of MTZ, the effect of potentially interfering 
species on the detection of analytes was studied. Tolerance 
limit of interfering species was defined as the maximum con-
centration with relative error of less than 75.0% at MTZ con-
centration of 200 μmol L−1. As summarized in Table 1, no 
current response was observed for the studied compounds. In 
this experiment, the oxidation of biomolecules such as lysine, 
asparagine, cysteine, glutamine, tyrosine, valine, rabeprazole, 
omeprazole, and tinidazole could interfere with the oxidation 
of MTZ; however, LDH/CQD@CPE successfully solved this 
problem. Also, Ce2+, Cd2+, Zr2+, Co2+, Pb2+, Ag+, Zn2+, Na+ , 
Al3+, Mg2+, NH4 +, Hg2+, Fe3+, Ni2+, Se4+, Li+ , NO3

−, SO4 2−, 
and Cl− did not interfere with the Ip of MTZ at concentrations 
of up to 1000 times that of MTZ. This verified that common 
interfering species did not significantly affect the detection of 
MTZ in pharmaceutical and biological samples on 
LDH/CQD@CPE. 

 
 

Table  1 Effect of interfering species 

Interfering ions 

Tolerable 
concentration 

(analyte: interfering 
ion)a, b 

Rabeprazole, Omeprazole, 
Tinidazole 

 
1:100 

Lysine, cysteine, asparagine, 
glutamine, 

valine, tyrosine 
1:500 

Cd2+,Ce2+,Zr2+Ag+,Co2+,Zn2+,Pb2+, 
Na+ 

,NH4
+,Al3+, Mg2+, Fe3+,Se4+,Hg2+, 

Li+, Ni 2+, NO3
−,SO4

2−,Cl− 

1:1000 

a Concentration of analyte is 200 μmol L−1 
b At this ratio no interfering effect was observed 

 

3.7. Real sample analysis 
 
The applicability of the prepared sensor was evaluated by de-
tecting MTZ in human urine and serum samples. Once the sam-
ple was prepared and diluted to desirable concentrations as de-
scribed earlier, DPV was applied to measure MTZ in human 
serum and urine samples. MTZ was also measured after it was 
added into human urine and serum samples and corresponding 
recovery values were calculated. The obtained results were be-
tween 98.3 to 103.5% which was acceptable and are summa-
rized in Table 2. Comparison of the results obtained for the 
determination of MTZ by a variety of modified electrodes and 
analytical parameters reported in the literature [35–43] are giv-
en in Table 3. The comparative data verified the superiority of 
the proposed sensor over some previously reported methods, 
especially in terms of detection limit and sensitivity. This was 
due to the immobilization of LDH/CQD composite on CPE 
with large surface area and excellent conductivity. 
 

Table 2 .Determination of MTZ in human serum and 
urine samples 
 
Samples Added 

(μmol L−1) 
Found (μmol 
L−1) 

Recovery(℅) 

Human se-
rum 

0.0 0.0 – 

 50 49.23 98.46 
 100 98.3 98.3 
 150 148.515 99.01 
Human urine 0.0 0.0 - 
 50 50.51 101.02 
 100 101.1 101.1 
 150 153.045 102.03 
 180 186.3 103.5 

 

Table 3 Characteristic performance data obtained by elec-
trochemical method and other techniques for determination 
of MTZ 

Detection method 
Linear 
range 

(μmol L−1) 

LOD 
(μmol L−1) Reference 

Coated GCE (CV) 70-800 2.3 35 

DNA/GCE (CV) 0.1-6 0.02 36 

Gr-IL/GCE (CV) 0.1-2.5 0.01 37 
Au electrode 

(CPP) 20-800 0.15 38 

3D GNE (SWV) 0.01-2 0.001 39 

MIS-CPE (DPSV) 1-100 0.036 40 
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Cu-poly(Cys)/GCE 
(LSV/CV) 0.5-400 0.37 41 

MMIP/MGCE 
(CV/EIS) 

0.05-1 0.016 42 

Activated GCE 
(LSV) 2-600 1.1 43 

LDH/CQD@CPE 1.5-300 0.2 This work 

 
4. Conclusion 
 
LDH/CQD modified CPE showed good voltammetric response 

in the detection of MTZ in aqueous solutions. This is im-
portant since the nitro group on MTZ, which acts as an 
electroactive reducible center, has poor reproducibility and 
sensitivity on bare electrodes. CV and DPV measurements of 
MTZ on LDH/CQD@CPE showed irreversible reduction 
peaks in the studied potential range. While the shift of peak 
potential with scan rate verified that the reaction was irre-
versible, the shift of peak potential with pH revealed the in-
volvement of protons in the reduction reaction. Under the op-
timized solution pH and accumulation parameters, the modi-
fied CPE showed a wide linear range with comparable LOD, 
recovery, and selectivity to previously reported works ob-
tained with expensive electrodes. 
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