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Abstract- In this work, CuO nanoparticles (NPs), ZnO NPs, and CuO-ZnO nanocomposites 

(NCs) were synthesized using Citrus sinensis fruit peel extract. Then, carbon paste electrodes 

modified with each nanomaterial (CuO-CPE, ZnO-CPE, and CuO-ZnO-CPE) was fabricated 

for the electrochemical detection of hydrogen peroxide (H2O2). The prepared metal oxide 

nanomaterials were characterized using Ultraviolet-Visible (UV-Vis) spectroscopy, Fourier 

transform infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), and scanning electron 

microscopy (SEM). The average crystallite sizes for nanomaterials composed of CuO and ZnO 

NPs and CuO-ZnO NCs were 32.2 nm, 31.7 nm, and 35.38 nm, respectively. A carbon paste 

electrode modified with CuO-ZnO NCs (CuO-ZnO-CPE) was used to detect H2O2. At CuO-

ZnO-CPE, a cathodic peak for H2O2 was seen at about 0.0 V. Under optimum experimental 

conditions, the developed electrode showed a wide linear range from 0.5 μM to 200.0 μM with 

a limit of detection (LOD) of about 0.32 μM. The synthesized electrode also showed increased 

stability, adequate selectivity, and repeatability.    

Keywords- Citrus sinensis; CuO nanoparticles; ZnO nanoparticles; CuO-ZnO nanocomposite; 

Electrochemical detection; Hydrogen peroxide  
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1. INTRODUCTION  

Hydrogen peroxide (H2O2) is a vital substance for different applications, such as in medical, 

pharmaceutical, environmental and industry [1]. In addition to its ability to be a powerful 

oxidizing agent, it is also one of the by-products of various oxidation reactions, which has the 

potential to contaminate the environment [2, 3]. Numerous studies have shown that high levels 

of H2O2 adversely affect the body's physiological processes and can lead to a number of 

illnesses in a live creature, including cancer, tumors, Alzheimer's, and Parkinson's disease [4]. 

Hence, there is a great deal of interest in creating a quick, inexpensive, accurate, and selective 

method for H2O2 detection. H2O2 has been detected using a variety of techniques, such as 

chemiluminescence [5], fluorescence [6], spectrophotometry [7], and electrochemistry [8]. Due 

to its high sensitivity, easy operation, and quick detection, electrochemistry has garnered the 

most interest among these techniques [9]. 

Electrochemical sensors based on nanomaterials usually show large specific surface areas, 

exceptional conductivities, remarkable electrocatalytic activities, thermal stability, irradiation 

resistance, and a propensity to produce diverse nanostructures [10]. When compared to 

conventional alternatives like enzymatic biosensors, these nanomaterials have proven to 

function better. In addition, compared to their precursor nanoparticles, nanocomposites (NCs) 

have favorable and distinctive traits because of their enhanced physical and chemical 

properties, large surface area, increased ability to transmit electrons, and unique optical 

qualities [11]. It is commonly recognized that the unique properties of nanomaterials are 

determined by their structure and surface morphology [10]. The nanomaterial's conductivity, 

adsorption efficiency, and electrocatalytic activity are all significantly influenced by its phase 

purity and crystallinity [12]. 

Previously, electrochemical detection of H2O2 was studied using different nanomaterials as 

electrode modifiers. Some of the nanomaterials employed in previous investigations include 

Fe3O4/Graphene/Carbon Cloth (Fe3O4/Gr/CC) nanocomposite [11], diamond nanoparticles on 

glassy carbon (GC/DNp) or gold surfaces (Au/DNp), and copper nanoparticles 

electrochemically generated directly on glassy carbon surfaces (GC/CuNp) [13], a glassy 

carbon electrode modified with palladium film and palladium nanoparticle [3], a glassy carbon 

electrode modified with ionic liquid crystal (ILC), carbon nanotubes (CNTs) and Fe-Ni alloy 

nanoparticles (GC/ILC/(CNT-Fe-Ni) [14], graphene nanoribbons/Cobalt oxide nanorods 

(GNR/Co3O4) nanocomposite [15], Prussian Blue electrodeposited at a glassy carbon (GC) 

electrode modified with titanium dioxide and zirconia-doped functionalized carbon nanotubes 

(PB/TiO2.ZrO2-fCNTs/GC) [16], and a glassy carbon electrode modified with Fe-Cu layered 

double hydroxide (LDH)/magnetic Fe3O4 nanoparticles (FeCu-LDH@Fe3O4/GCE) [17].  

Metal oxide nanomaterials, for instance, CuO and ZnO nanoparticles (NPs) [18,19] 

synthesized via the green method using plant extracts have enormous potential in the 

development of electrochemical biosensors. The demonstration of an effective green synthesis 
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method using plant extract as an easy and alternative approach for chemical and physical 

techniques to prepare metal oxide nanoparticles has become researchers' main focus [20]. 

Tannins, terpenoids, phenols, alkaloids, phenolic acids, and saponins are commonly found in 

plant extracts and are in charge of converting the metal ions into their reduced form during the 

synthesis of metal oxide nanoparticles and stabilizing them [21,22]. Researchers have been 

paying close attention to using nanomaterials derived from plants for the electrochemical 

detection of H2O2 in recent years. One study, for instance, used ZnO NPs made from Corymbia 

citriodora leaf extract to detect H2O2 electrochemically [23]. Apart from this, silver 

nanoparticles (AgNPs) synthesized from Durio zibethinus rind extract [24], silver 

nanoparticles modified carbon paste electrode (CPE) fabricated using Acacia melanoxylon 

leaves extract [25], and palladium doped reduced graphene oxide composite (Pd@rGO) 

synthesized using Onosma malatyana roots extract [26] were investigated for electrochemical 

detection of H2O2. 

The CPE has been widely used as an electrode for the determination of various electroactive 

chemicals because of its special qualities, which include low cost, outstanding electrical 

properties, large potential windows, and renewability of the electrode surface [27]. Apart from 

the intriguing characteristics already described, the capacity to alter CPE through the use of 

various modifiers has been applied widely to enhance the electron transfer process for sensitive 

electroactive species identification [28]. Modified CPEs are commonly used for sensitive 

assessments of trace levels of heavy metals [29], physiologically relevant chemicals [30], 

pharmaceuticals [31], and other substances. 

In this study, we present a novel environmentally friendly method that uses an aqueous 

extract of Citrus cinensis fruit peel to synthesize ZnO NPs, CuO NPs, and CuO-ZnO NCs. 

Utilizing UV-Vis, FT-IR, XRD, and SEM, the fabricated CuO NPs, ZnO NPs, and CuO-ZnO 

NCs have been characterized. Using the prepared CuO-ZnO NCs as carbon paste electrode 

modifiers, we investigated the electrochemical detection of H2O2. 

 

2. MATERIALS AND METHODS 

2.1. Chemicals and reagents 

Zinc nitrate hexahydrate (98% purity), copper nitrate (Laboratory reagent, 99%), sodium 

hydroxide (pure pellet, 99%), acetic acid, ethanol (Analytical reagent, 99.9%), hydrogen 

peroxide (30%, Aldrich), potassium bromide, potassium dihydrogen phosphate (99%, NICE), 

dipotassium phosphate (98%, FINKEM), hydroquinone (HQ), ascorbic acid (AA), dopamine 

(DA), uric acid (UA), distilled water, ferric chloride, ammonia, concentrated sulphuric acid, 

iodine, potassium iodide was used in this study. All chemicals and reagents used were of 

analytical grade. Analytical grade chemicals and reagents were utilized in every instance. 

 



Anal. Bioanal. Electrochem., Vol. 16, No. 5, 2024, 389-404                                                               392 

2.2. Instruments and apparatus 

UV-Vis spectrophotometer (PerkinElmer Lambda 25), FT-IR spectroscopy (PerkinElmer 

Spectrum Two), XRD (Drawell XRD 7000), SEM (SU3500N), voltammetry analyzer 

(Epsilion EC-Ver 1.40. 67) were used in this work. 

 

2.3. Preparation of Citrus sinensis fruit peel extract 

Citrus sinensis fruit was purchased from a market in Jimma town, Ethiopia. The fruit was 

rinsed with plenty of distilled water, peeled and juice removed from the peel and then the peel 

was chopped into small pieces. The peel was ground into a reasonably fine powder after being 

shade-dried. 25 mL distilled water was added to an Erlenmeyer flask containing 3 g of powder 

and heated with stirring on a hot plate for 30 min. The peel extract was filtered through 

Whatman No. 1 filter paper, and the extract solution was then refrigerated at 4°C until the 

subsequent experiment [32]. 

 

2.4. Phytochemical screening tests 

Qualitative phytochemical screening tests for phenols, tannins, flavonoids, alkaloids, and 

saponins were performed following the standard methods already reported [7-9]. 3 drops of a 

5% Ferric chloride solution were added to 1 mL of extract for testing the presence of phenols 

and tannins. The development of a bluish-black color was indicative of the presence of tannins 

and/or phenols [33]. For flavonoids, 1 mL of extract solution was mixed with 5 drops of diluted 

ammonia. 1 mL of concentrated sulfuric acid was then added to the mixture. The formation of 

a yellow color that vanished upon standing was a sign that flavonoids were present [9]. For 

alkaloids, 1 mL of the extract solution was mixed with 5 drops of Wagner's reagent (1.27 g of 

iodine and 2 g of potassium iodide in 100 mL of distilled water). The presence of alkaloids was 

detected by the development of a reddish-brown precipitate [32]. A 1 mL extract solution was 

agitated with 2 mL distilled water to extract saponins. For testing saponins, 1 mL extract 

solution was treated with 2 mL distilled water. The presence of saponins was indicated by the 

formation of bubbles (foam) [34]. 

 

2.5. Preparation of CuO NPs, ZnO NPs and CuO-ZnO NCs 

CuO NPs, ZnO NPs, and CuO-ZnO NCs were prepared using Citrus sinensis fruit peel 

extract as a reducing and capping agent and copper nitrate and zinc nitrate as precursors. ZnO 

NPs were prepared by mixing 50 mL of 0.18 M Zn(NO3)2 solution with 15 mL of Citrus 

sinensis fruit peel extract and adding 0.2 M NaOH until the pH reaches 10. A white precipitate 

appeared after 4 hours of stirring the solution at 80 °C. To get rid of contaminants, the prepared 

white precipitate was filtered through Whatman No. 1 filter paper and repeatedly rinsed with 

ethanol and distilled water. The same approach was used for the synthesis of CuO NPs except 
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using 50 mL of 0.09 M Cu(NO₃)₂ as precursor [35]. For synthesis of CuO-ZnO NCs, 50 mL of 

0.18 M Zn(NO3)2 was first added to 15 mL of fruit peel extract and then mixed with 10 mL of 

0.2 M NaOH. After 2 h of heating at 80 °C with continued stirring, 25 mL of 0.09 M Cu(NO3)2 

was poured into the solution and the mixture was heated at 80 °C for additional 4 h. After 

forming a greenish precipitate, it was filtered using Whatman filter paper, repeatedly cleaned 

with ethanol and distilled water to get rid of contaminants, and then dried for 24 hours at 80 °C 

in an oven [36]. 

 

2.6. Characterization of nanomaterials 

The prepared nanomaterials were characterized using a number of methods, including UV-

Vis, FT-IR, XRD, and SEM. These methods showed a variety of properties, including band 

gap, functional groups, size, and surface morphology, respectively. 

 

2.7. Electrode preparation and procedure for electrochemical sensing 

2.7.1. Preparation of unmodified carbon paste electrode (UCPE)  

By mixing 20% (w/w) paraffin oil and 80% (w/w) graphite powder, UCPE was prepared. 

The mixture was homogenized for 30 minutes using a mortar and pestle, and then let to rest for 

24 hours. A Teflon tube (3 mm in diameter and 7 mm depth) is used to package the 

homogenized paste. A copper wire was introduced from the reverse side of the Teflon tube to 

establish electrical contact. After that, the electrode's surface was polished until a smooth 

surface emerged against a piece of white paper that was smooth [37]. 

2.7.2. Preparation of the Modified Carbon Paste Electrodes  

CuO-ZnO NCs modified carbon paste electrode (CuO-ZnO-CPE) was prepared by mixing 

65% (w/w) graphite powder, 20% (w/w) paraffin oil, and 15% (w/w) CuO-ZnO NCs. The same 

proportion was used to prepare CuO NPs modified carbon paste electrode (CuO-CPE) and ZnO 

NPs modified carbon paste electrode (ZnO-CPE). A Teflon tube (3 mm in diameter and 7 mm 

depth) is used to package the homogenized paste. From the reverse side of the Teflon tube, a 

copper wire was introduced to establish electrical contact. Next, a smooth piece of paper was 

used to polish the electrode's surface until a smooth surface was achieved [37]. 

 

3. RESULTS AND DISCUSSION 

3.1. Qualitative Tests for Preliminary Phytochemical Screening  

Phytochemical screening tests are simply chemical tests used to identify classes of 

phytoconstituents present in plant extract. In the green synthesis of nanoparticles, the aim of 

these tests is to identify the types of phytochemicals playing the key role of reducing and 

capping agents [38]. The result of this test, as illustrated in Table 1, shows the presence of 
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phenols, tannins, flavonoids, alkaloids, and saponins in Citrus sinensis fruit peel aqueous 

extract. This result indicates that these phytochemicals are responsible for the bioreduction of 

the metal ions during the synthesis and stability of the nanoparticles. Each class of 

phytochemicals forms a characteristic color in the presence of the test reagent and if such color 

change does not occur, it indicates the absence of that phytoconstituent. In this study, the tested 

phytochemicals have been detected as indicated by the positive sign (+) in Table 1.  

 

Table 1. The qualitative analysis of phytochemicals in the Citrus sinensis fruit peel extract 

Phytochemicals Chemical test Result Colors observed 

Phenols Ferric chloride test + Blue  

Tannins Ferric chloride test + Greenish black 

Flavonoids Dilute ammonia and  

concentrated sulfuric acid 

+ Yellow 

Alkaloids Wagner’s test + Reddish brown  

Saponins Distilled water + Layer of foam 

 

3.2. Characterizations of the synthesized CuO NPs and ZnO NPs, CuO-ZnO NCs  

UV-Vis spectrophotometer is used to determine the band gap of the prepared CuO NPs, 

ZnO NPs and CuO-ZnO NCs. The UV-Vis absorbance of the synthesized CuO NPs, ZnO NPs 

and CuO-ZnO NCs were recorded in the range of 250-500 nm and displayed in Figure 1A. 

 

 

Figure 1. UV-Vis spectrum of CuO NPs, ZnO NPs, and CuO-ZnO NCs synthesized using 

Citrus sinensis fruit peel extract (A); Energy band gap of CuO NPs (B), ZnO NPs (C) and CuO-

ZnO NCs (D) 
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Different absorption maxima for CuO NPs, ZnO NPs, and CuO-ZnO NCs were found at 

306, 368, and 372 nm, respectively, as revealed in the UV-Vis spectra of the nanomaterials. 

The synthesized CuO-ZnO NCs showed a slightly red-shifted absorption edge due to the band 

gap reduction and this result is corroborated by the previous report [39]. In the UV-Vis spectra, 

CuO-ZnO also had a wider band, suggesting the production of bigger nanocomposites. This 

broader band may be due to surface imperfections caused by the bonding of two metal oxides. 

In contrast, smaller NPs production is indicated by narrower bands in the CuO and ZnO cases 

[36]. 

Figures 1B, 1C, and 1D display the optical band gaps of CuO NPs, ZnO NPs, and CuO-

ZnO NCs, respectively. Based on the optical absorption spectra, the energy band gap values 

were calculated using the Tauc relationship, as illustrated by the following equation: 

(αhν)n = B(hν – Eg)                  (1) 

where, α is the linear absorption coefficient, Eg is the energy band gap, h is Plank's constant, v 

is photon frequency, B is the proportionality constant associated to the particular material, and 

n is a constant whose value is 2 for direct transitions and 1/2 for indirect transitions. 

The direct band gap energies for CuO NPs, ZnO NPs, and CuO-ZnO NCs are 1.44, 2.71, 

and 2.63 eV, respectively, based on the Tauc plot (Figures 1B, 1C, and 1D). The outcome 

demonstrates that the CuO-ZnO NCs’ band gap is smaller than that of the ZnO NPs and larger 

than that of the CuO NPs. Most of the CuO dopants cause a small reduction in the band gap of 

ZnO NPs, which improves visible light absorption. ZnO NPs without doping exhibit the 

narrowest band gap. 

To identify the functional groups of the synthesized samples, FT-IR analysis was carried 

out in the region of 4000 - 400 cm-1. Figure 2A displays the FT-IR spectra of CuO, ZnO, and 

CuO-ZnO nanomaterials that were made using Citrus sinensis fruit peel extract. As shown in 

Figure 2A, broad bands were observed between 3519 - 3464 cm-1 for the OPE, CuO-ZnO, ZnO, 

and CuO nanomaterials, confirming the presence of hydroxyl groups. There is a slight red-shift 

in the O-H stretching wave number during the synthesis of the nanomaterials, confirming the 

formation of the nanomaterials. Due to the presence of chemisorbed water, vibrations at around 

3478 cm-1 were attributed to both symmetric and asymmetric H-O-H stretching vibrations. The 

C-H stretches in CH3 and C=O bonds, respectively, are represented by the low intensity bands 

that were seen at 2818 and 1599 cm-1, respectively. The C=O stretching-induced absorption 

bands, which arise between 1587 and 1599 cm-1, exhibit a small shift as a result of the NP and 

NC production. The most significant absorption bands in the FT-IR spectra of CuO, ZnO, and 

CuO-ZnO nanomaterials were found between 759 and 835 cm-1, which is indicative of the 

stretching vibrations of the Cu-O and Zn-O bonds. A prior report [40] supports the finding that 

the absorption bands of metal oxides were below 835 cm−1, which can be attributed to 

interatomic vibrations. 
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Figure 2. FT-IR spectra of Citrus sinensis (Orange) peel extract (OPE), CuO, ZnO, and CuO-

ZnO nanomaterials (A); XRD pattern of CuO, ZnO and CuO-ZnO nanomaterials (B) 

 

The fabricated CuO NPs, ZnO NPs, and CuO-ZnO NCs were analyzed by XRD to 

determine their phase, purity, size, and crystallinity as shown in Figure 2B. The XRD patterns 

of the ZnO NPs at the 2θ values of 32.58, 35.66, 39.01, 43.96, 58.73, 61.7, 66.4 and 68.08o 

were indexed as (110), (11-1), (111), (20-2), (020), (202), (022) and (31-1) respectively, 

corresponding to the hexagonal ZnO phase. Similarly, the diffraction peaks of  CuO NPs  

obtained at the 2θ values of 32.18, 34.45, 36.33, 47.84, 56.68, 63.09, 68.18,  and 69.11o indexed 

as (100), (002),(11-1),(101),(111) (102), (020), (210), (202), and (11-3), respectively were 

assigned to the monoclinic CuO phase. Moreover, the diffraction peaks of CuO-ZnO NCs 

observed at the 2θ values of 32.76, 34.4, 36.28, 47.58, 56.62, 62.84, 66.36, 67.98, and 69.14o 

matched with the ZnO and CuO phases, confirming the formation of CuO-ZnO NCs. However, 

some diffraction peaks were observed at 26.56 and 29.7°, confirming the presence of impurities 

of Zn(OH)2 in the synthesized nanomaterials. 

The average crystallite size has been calculated by using the Debye-Scherrer formula which 

is given as follows: 

D= Kλ / β cosϴ                   (2) 

where D is the particle size, λ is the incident x-ray beam's wavelength, ϴ is Bragg's diffraction 

angle, β is the full width at half maximum (FWHM) in radians, and K is a constant that is 

designated based on parameters linked to the crystallite's structure; usually assumed to be 0.9.   

The average crystallite size was determined using Scherrer’s formula for the first three 

intense peaks: (100), (002), and (101) for ZnO; (002), (101), and (111) for CuO NPs; and (100), 

(101), and (111) for the CuO-ZnO NCs. The average crystallite sizes of CuO NPs, ZnO NPs 

and CuO-ZnO NCs were found to be 32.2, 31.7, and 35.5 nm respectively. The low-intensity 

peaks in the XRD patterns of ZnO NPs indicate small size and low crystallinity. The crystallite 

sizes and trend patterns observed in these three nanomaterials (CuO–ZnO > CuO > ZnO) 
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appeared to be in good agreement with the result reported for nanomaterials synthesized from 

Dovyalis caffra leaf extract [41]. 

SEM was used to examine the surface morphologies of the produced CuO NPs, ZnO NPs, 

and CuO-ZnO NCs. The SEM pictures of the nanomaterials made using Citrus sinensis fruit 

peel extract are displayed in Figure 3. 

 

 

Figure 3. SEM images of the prepared CuO NPs (A), ZnO NPs (B) and CuO-ZnO NCs (C) 

 

CuO NPs and ZnO NPs were primarily found in spherical clusters with a few nano-rod-like 

structures, according to the SEM images, whereas CuO-ZnO NCs were detected in plate-like 

morphology. However, when the NPs are joined to form aggregates of various sizes and shapes 

as a result of the evolution or adsorption of significant volumes of gas, tiny SEM pictures reveal 

that the CuO-ZnO NCs appear spongy. These nanomaterials' (CuO, ZnO, and CuO-ZnO) trend 

morphologies (shape, roughness) are consistent with those from earlier research [35]. 

 

3.3. Voltammetric determination of H2O2 using the synthesized CuO-CPE, ZnO-CPE and 

CuO-ZnO-CPE 

Voltammetric behavior of H2O2 was examined at CuO-CPE, ZnO-CPE and CuO-ZnO-CPE 

in 0.3 M phosphate buffer solution (PBS) at pH 3 using linear sweep voltammetry (LSV).  

 

 

Figure 4. LSV of UCPE and modified electrodes with 5 μM H2O2 in 0.1 M pH 3.0 PBS 
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As shown in Figure 4, H2O2 exhibited different voltammetric behaviors at different 

electrodes. H2O2 showed no reduction at UCPE. Very weak reduction current response was 

observed at ZnO-CPE and CuO-CPE. However, enhanced reduction current response was 

obtained at CuO-ZnO-CPE. The higher reduction current of H2O2 at CuO-ZnO-CPE is more 

attributed to the higher active surface area of CuO-ZnO NCs present on the surface of modified 

CPE, which implies that the electron transfer rate was significantly improved. 

 

3.4. Optimization of experimental conditions 

3.4.1. Effect of pH and scan rate 

Tested in the pH range of 1.8 to 5.0, the impact of pH on the electrochemical detection of 

H2O2 at CuO-ZnO-CPE is displayed in Figure 5A. From 1.8 to 3.0, the cathodic peak current 

rises as pH rises. However, the reduction peak current of H2O2 started to drop as the pH 

increased more. Therefore, pH 3.0 was determined to be the ideal pH for H2O2 determination 

at CuO-ZnO-CPE. 

At various scan rates, the impact of scan rate on the electrochemical behavior of H2O2 was 

also examined. Using 5 μM H2O2 in 0.1 M PBS of pH 3.0 at CuO-ZnO-CPE, the LSV 

corresponding to H2O2 reduction was observed at different scan rates ranging from 20 to 140 

mVs-1. As the scan rate increases, Figure 5B illustrates that the H2O2 reduction current 

increases. As per the regression equation, I = 14.5ν1/2 + 12.1 and R2 = 0.997, the result likewise 

showed a direct association between the reduction peak currents and the square root of scan 

rates (inset of Figure 5B).  This demonstrates that the process of H2O2 reduction at CuO-ZnO-

CPE is diffusion-regulated. 

 

 

Figure 5. LSVs of CuO-ZnO-CPE containing 5 µM H2O2 at various pH values (Inset: Current 

vs pH) (A); LSV response for the CuO-ZnO-CPE of H2O2 at various scan rates in 0.1 M PBS 

of pH 3.0 (Inset: I vs v1/2 plot) (B)  
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3.4.2. Determination of H2O2 at CuO-ZnO-CPE 

The effect of varying H2O2 concentration at CuO-ZnO-CPE was studied by LSV. As the 

concentration of H2O2 increases, the cathodic peak currents also increase as shown on Figure 

6A. A linear relation was observed between concentration of H2O2 and reduction peak current 

values from a concentration range of 0.5 M to 200 M (Figure 6B). The computation of the 

limit of detection (LOD) yielded a value of 0.32 μM (3σ/m), where m represents the slope of 

the calibration curve and σ represents the standard deviation of seven blank measurements in 

0.1 M PBS. Table 2 presents a summary of the findings of a comparison between the analytical 

performance of the suggested electrode and other reported electrodes.   

 

 

Figure 6. LSV response of CuO-ZnO-CPE at different concentrations of H2O2 (0.5-200 M) 

in 0.1 M PBS of pH 3.0 at the scan rate of 100 mVs-1 (A); Plot of peak current vs. concentration 

(B) 

 

Table 2. Comparison between the developed method and other reported methods for the 

detection of H2O2 

 

Electrode Method LOD(µM) Linear 

range (µM) 

Ref.  

Type  304  stainless  

steel electrode 

ECL 0.076  0.1 - 1000 [42]  

Amperometry 20  50 - 7330 [43]  

AgNPs/ polyethylenimine/GCE CV  1.66 2 - 1000  [44]  

C doped ZnO/GCE SWV    6.25  50 - 981 [45]  

Graphene/Co3O4/GCE CV 1.27 10 - 200 [15]  

MoS2/GCE CV 1.13 10 - 100 [46]  

WS2/GCE  0.88 10 - 90 [47]  

MnO2/Zeolitic imidazolate 

framework-8/GCE 

LSV 0.157 10–100 [48]  

CuO-ZnO-CPE LSV 0.32 0.5 - 200 This work 
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3.5. Real sample analysis  

The standard addition method was used to recover H2O2 under optimal conditions from 

commercial antiseptic wound wash, which is labeled to contain 3% w/v H2O2 using reported 

method [14]. This was done in order to assess the suggested electrode for practical applications. 

The wound wash sample was purchased from pharmaceutical drug store. The sample solution 

was diluted and spiked into the PBS buffer (pH 3.0). Then, 20, 25, and 30 μM H2O2 standard 

solution was ejected to the spiked buffer separately. Finally, the concentration was determined 

by the standard addition method using the bare and modified GCEs. The measurement was 

repeated 3 times and the percentage recovery of H2O2 was calculated to evaluate the accuracy 

of the method. Table 3 displays the range of recoveries that were obtained, which falls between 

90 and 98.2%. This suggests that the assay that was designed can accurately determine H2O2 

in real samples analysis. 

 

Table 3. Amount of H2O2 detected in the wound wash hydrogen peroxide using the developed 

method 

 
Sample Spiked (μM) Found (μM) Recovery % RSD (%) 

Wound 

wash 

0 7.5 -  

20 27.7 98 4.87 

25 32.5 90 1.53 

30 37.5 90.1 1.33 

 

 

 

Figure 7. Effect of different interferences on the electrochemical determination of H2O2 

 

3.6. Effect of interfering species 

To assess the suitability of the devised technique and the specificity of CuO-ZnO-CPE in 

determining H2O2, the impact of potential interfering agents was examined under ideal 
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circumstances. Various species that cause interference were introduced into the solution that 

contains 10 μM of H2O2. The study of the effect of species that can interfere with the 

determination of H2O2 on the cathodic peak current value was conducted using the CuO-ZnO-

CPE.  Figure 7 illustrates a number of potential interfering compounds that may coexist with 

H2O2, including ascorbic acid (AA), dopamine (DA), uric acid (UA), hydroquinone (HQ), 

sulfate ion (SO4
2-), and chloride ion (Cl-) in 0.1 M PBS at pH 3.0. Under ideal circumstances, 

these compounds have very little effect on the measurement of 10 μM H2O2. The reason for 

the usage of the aforementioned interferences is that, together with H2O2, they are most 

frequently found in clinical and pharmacological applications [49]. 

 

3.7. Stability and reproducibility of CuO-ZnO CPE 

Through a series of repeated tests, the reproducibility and storage stability of CuO-ZnO 

CPE were examined. Using an optimal experimental approach, the electrode response to 5 µM 

of H2O2 was measured to determine the electrode stability after 20 days at room temperature. 

It was observed that around 95.5% of the initial value was preserved by the current response. 

Three electrodes were prepared under the same modification circumstances in order to study 

the electrode reproducibility for CuO-ZnO CPE. To assess the reproducibility, 5 µM of H2O2 

was determined three times using each electrode. After several measurements, it was 

determined that there had been no appreciable changes to the electrode characteristics and that 

the analytical signal was fairly reproducible across the three electrodes. After computation, the 

relative standard deviation (RSD%) was discovered to be 0.9%. The reproducibility of the data 

was confirmed by the fact that the sensitivities stayed constant at all three modified electrodes. 

The low standard deviation (SD) and relative standard deviation (RSD%) results show that the 

suggested approach has good accuracy and high precision. 

 

4. CONCLUSION 

The CuO-ZnO NCs were synthesized by a green approach employing an aqueous extract 

of Citrus sinensis fruit peel and characterized using UV-Vis, FT-IR, XRD, and SEM analysis. 

The synthesized CuO-ZnO NCs' UV-Vis spectra revealed a slightly red-shifted, broader 

absorption band, confirming the nanocomposite's formation. The creation of the nanomaterial 

is further supported by the slightly red-shifted absorption frequency for O-H stretching shown 

in the FT-IR spectra.  The CuO-ZnO nanocomposite was found to have larger sizes than the 

CuO and ZnO nanoparticles, according to the XRD pattern. The produced CuO-ZnO NCs were 

discovered to have a plate-like shape, according to SEM analysis, whereas the CuO and ZnO 

NPs were primarily made up of clusters with spherical morphologies. The CPEs modified with 

CuO-ZnO nanocomposite showed a higher reduction current of H2O2 in the voltammetric 

analysis of H2O2 using the LSV method than the CPEs modified with CuO and ZnO 

nanoparticles and the unaltered CPEs. Under ideal experimental conditions, CuO-ZnO-CPE 
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demonstrated a superior response for H2O2 detection. There was no cathodic peak for dissolved 

oxygen reduction at CuO-ZnO-CPE, however a cathodic peak for H2O2 reduction was seen at 

roughly 0.0 V. Using the LSV approach, the active modified electrode's sensing efficiency was 

evaluated. The sensor demonstrated improved performance in detecting H2O2 over a broad 

linear concentration range (0.5-200 μM) with a low limit of detection (0.32 μM). Additionally, 

the fabricated electrode demonstrated improved operational stability, reproducibility, and 

compatibility for analysis of real samples. The findings of this study reveal that the proposed 

technique can be used to detect H2O2 in a variety of samples from the biological, medicinal, 

and environmental domains. 
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