
Article 

 

  

Nano-Horizons  

Volume 4 | 2025 | 15 pages https://doi.org/10.25159/3005-2602/20057 

ISSN 3005-2602 (Online) 

 © The Author(s) 2025 

 

 

Published by Unisa Press. This is an Open Access article distributed under the terms of the 

Creative Commons Attribution 4.0 International License 

(https://creativecommons.org/licenses/by/4.0/) 

Deposition of ZnO/α-F2O3 Nanocomposites on 
Screen-Printed Electrodes for Electrochemical 
Arsenic Detection 

Sreymean Ngok 1 

https://orcid.org/0009-0003-2867-1754 

sreymean.ngok@liu.se 

Magnus Willander 1 

https://orcid.org/0000-0001-6235-7038 

Omer Nur 1 

https://orcid.org/0000-0002-9566-041X 

 

Abstract 

Developing a robust screen-printed electrochemical sensor for the 

determination of As5+ in drinking water based on metal oxide nanocomposite is 

still a challenging task. In this article, the development of electrochemical 

sensors by using ZnO/α-Fe2O3 nanoparticles (NPs) deposited on a screen-

printed carbon electrode (SPCE) for As5+ detection is presented. The SPCE was 

modified by drop casting of ZnO NPs and α-Fe2O3NPs on the SPCE and used 

as a working electrode. This electrode was analysed for different concentrations 

of α-Fe2O3NPs and ZnO NPs. The samples were denoted 2.5 wt% F, 5 wt% F, 

7.5 wt% F, 2.5 wt% Z, 5 wt% Z and 7.5 wt% Z, depending on the weight 

percentage of the NPs. The properties of the nanocomposite were characterised 

by UV-vis, FESEM and XRD. Moreover, the electrochemical characteristics 

were also analysed via linear sweep voltammetry in different water solutions 

with a wide range of arsenic concentrations from 0 to 50 µg/L. The results were 

analysed for different concentrations of both of the NPs. The best performance 

sample was then identified and used for further analysis. From the 

electrochemical studies, the sensor attained a low detection limit of 2.7 ppb for 

As5+, which is below the maximum allowable limit recommended by the World 

Health Organization for standard drinking water. Consequently, the results 

confirm that the electrochemical catalytic activity of ZnO/α-Fe2O3NPs/SPCE 

with 2.5 wt% ZF can be used as an efficient electrode to further develop an As5+ 

sensor system for analysis of real samples. 
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1 Introduction 

Arsenic (As) is a highly toxic element that is found in many different mineral 

compounds [1]. Arsenic presence in drinking water is considered a serious form of 

pollution that cause health problems in humans [2], [3]. Most of the toxic arsenic is 

found in groundwater, which contaminates drinking water in many different countries 

[4]–[6]. There are many arsenic compounds such as As3+, As5+ and As0 that are present 

in the environment and biological systems. As3+ or As5+ are commonly investigated in 

the water in the form of inorganic species, which occur as arsenate (H2AsO4
− and 

HAsO4
2−) and arsenite (H3AsO3) ions as the dominant species in drinking water [7], [8]. 

The World Health Organization (WHO) has therefore recommended that the maximum 

allowed contamination level for healthy drinking water is from 50 to 10 ppb [9]. Various 

analytical techniques, such as hydride generation atomic absorption spectrometry or 

atomic fluorescence spectrometry[10], inductively coupled plasma-optical emission 

spectrometry, inductively coupled plasma-mass spectrometry and colorimetric 

approach [11], can all be used to detect low concentrations of arsenic accurately. 

Although some of the above-mentioned techniques have detected arsenic effectively, 

there are some drawbacks for using such techniques. These drawbacks include the need 

for large, expensive and sophisticated instruments, highly trained operators and 

extensive sample preparation, which can hinder field and on-site detection of arsenic 

[10], [12], [13]. 

Screen-printing techniques are popular for the realisation of electrodes [7], [14], [15]. 

The screen printing comprises automated manufacturing techniques, which allow the 

production of less expensive (low cost), small size and robust sensors with good 

reproducibility, and suitability and the possibility of implementing portable analytical 

units for on-site control [16], [17]. A route to achieve low-cost mass production of 

electrodes is through screen printing on flexible substrates. Screen-printed electrodes 

have been used for the detection of different elements in a variety of samples [18], [19]. 

However, electrochemical sensor applications of bare screen-printed electrodes have 

been challenging because of the poor electron transfer and passive charge transfer 

properties. Owing to these problems, modifications of the bare screen-printed carbon 

electrodes (SPCEs) by using nanocomposite materials will improve the available 

electroactive surface area, and increase the porosity and conductivity of the sensing 

electrodes [17], [20]. 

To date, metal oxides have been used as sensing materials, for example, cobalt oxide 

(Co3O4), copper oxide (CuO), zinc oxide (ZnO), titanium dioxide (TiO2) and iron oxide 

(α-Fe2O3) [19], [21]. ZnO/α-Fe2O3 has been used to detection various materials through 

the development of electrochemical sensors [17], [22]–[24]. The ZnO/α-Fe2O3 

nanocomposite, which was used in this study, was prepared through different techniques 

in many studies [25]–[27]. However, although ZnO/α-Fe2O3 has been extensively 

studied for various applications, there are no reports on screen-printed electrochemical 

sensors based on ZnO/α-Fe2O3 nanocomposites for As5+ detection. 
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In this study, we demonstrate the development of electrochemical sensors by using 

ZnO/α-Fe2O3NPs on SPCEs for As5+ detection in drinking water. We fabricated the 

screen-printed electrochemical sensors for As5+ detection in drinking water based on 

ZnO/α-Fe2O3NPs/SPCE (ZF). The SPCEs were modified by drop casting ZnO NPs and 

α-Fe2O3NPs. Analytical, structural and optical characterisation tools have been used to 

investigate the different properties of the drop-casting nanocomposite materials. The 

electrochemical performance of the sensor towards As5+ detection was investigated by 

using linear sweep voltammetry (LSV). The detection performance of the ZnO/α-

Fe2O3NPs/SPCE (ZF) electrode showed promising results and can further be developed 

as an excellent candidate for the detection of As5+ in drinking water. 

2 Experiments 

2.1 Materials 

The chemicals used in this experiment were purchased from Sigma Aldrich and were of 

analytical grade. The materials were ZnO powder (particles size < 100 nm), α-Fe2O3NPs 

powder (particles size < 50 nm), sodium carboxymethyl cellulose, arsenic standard 

solution, and potassium hydroxide (KOH). Potassium chloride (KCl), silver nitrate 

(AgNO3), cadmium nitrate tetrahydrate (Cd (NO3)2 4H2O), zinc nitrate hexahydrate 

(Zn (NO3)2·6H2O) and iron (III) nitrate nonahydrate (Fe (NO3)3·9H2O) were employed 

to provide K+, Ag+, Cd2+, Zn2+ and Fe3+ ions correspondingly. All solutions used in the 

experiments were prepared with deionised water. 

2.2 Preparation for ZnO NPs Ink 

The ink formula of the working electrode was made from a mixture of 3% (w/w) sodium 

carboxymethyl cellulose and ZnO powder (particles size < 100 nm) and three different 

concentrations of 2.5 wt%, 5 wt% and 7.5 wt% were prepared using 20 mL of deionised 

water. The solutions were stirred for a whole night to obtain consistent ZnO NPs ink. 

2.3 Preparation for α-Fe2O3NPs Ink 

The α-Fe2O3 ink was formulated from a mixture of 3% (w/w) sodium carboxymethyl 

cellulose and α-Fe2O3NPs powder (particles size < 50 nm) at three different 

concentrations of 2.5 wt%, 5 wt% and 7.5 wt% into 20 mL of deionised water. The 

solutions were stirred for a whole night to obtain consistent α-Fe2O3 ink. 

2.4 Fabrication of Screen-Printed Carbon Electrodes 

The SPCE was attached to the top of a polyethylene naphthalate (PEN) substrate. The 

conductive ink was applied on top of the PEN substrate by using the screen-printing 

process. First, the PEN substrate was cleaned with ethanol and put into an ultraviolet 

(UV) cleaner for 15 minutes. Carbon ink was then applied onto the PEN substrate to 

form a counter electrode (CE) and working electrode (WE) and dried for 10 minutes. 

Silver ink was then applied as a reference electrode (RE). Then α-Fe2O3 ink and ZnO 
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ink were applied to the WE by using 4 µL by drop casting and dried at 30 °C for 

10 minutes. The samples were denoted 2.5 wt% F, 5 wt% F, 7.5 wt% F, 2.5 wt% Z, 

5 wt% Z and 7.5 wt% Z. Finally, α-Fe2O3NPs ink was deposited onto the ZnO NPs to 

obtain ZnO/α-Fe2O3NPs/SPCE after analysis of all the samples. The best sample was 

identified and used further for the electrochemical sensing experiments. See the diagram 

in Figure 1. 

2.5 General Characterisation Techniques 

The morphology of all samples was characterised by a field emission scanning electron 

microscope (FESEM, Sigma 500 Gemini) with a field emission gun operating at 10 kV. 

The electrode’s structure and phase were investigated by powder X-ray diffraction 

(XRD) using a Philips’s powder diffractometer equipped with Cu kα radiation running 

at a voltage of 45 kV and a current of 40 mA. The optical properties were analysed by 

the UV-Vis spectrophotometer (PerkinElmer Lambda 900). 

2.6 Electrochemical Characterisation 

Electrochemical measurements were carried out using an Autolab potentiostat 

(Metrohm) (Autolab PGSTAT204). The electrochemical properties of the screen-

printed electrodes were investigated in a three-electrode configuration consisting of 

silver reference electrode, a carbon counter electrode, and a working electrode of 

ZnO/α-Fe2O3NPs. The supporting electrolyte was a 50 µL of 1 M KOH solution that 

contained arsenic. All measurements were performed at room temperature in a 

conventional fume hood. 

Figure 1: The process for screen printing of the ZnO/ NPs/SPCE electrode on a 

PEN substrate followed by drop casting and sensing of As5+ by LSV 
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3 Results and Discussions 

3.1 Morphological Analysis 

The morphologies of the different composite materials, including 2.5 wt% F, 5 wt% F, 

7.5 wt% F, 2.5 wt% Z, 5 wt% Z, 7.5 wt% Z and 2.5 wt% ZF, were investigated using a 

SEM (Figure 2). The surface of the 2.5 wt% F, 5 wt% F and 7.5 wt% F materials 

exhibited a spherical shape with a particle size less than 50 nm (Figures 2(a) to 2(c)). 

For the 2.5 wt% Z, 5 wt% Z and 7.5 wt% Z materials, the surface morphology also 

showed a spherical shape with a slightly larger particle size less than 100 nm 

(Figures 2(d) to 2(f)). The 2.5 wt% Z was composited with the 2.5 wt% F to form the 

2.5 wt% ZF composite. This resulted in a composite material with an approximate 

thickness of 28.38 µm for the 2.5 wt% Z and 17.56 µm for the 2.5 wt% F (Figures 2(g) 

and 2(h)). The modification of the 2.5 wt% F onto the surface of the 2.5 wt% Z is 

suitable for further electrochemical sensing of As5+ detection. 

3.2 Optical Properties 

The UV-visible absorption spectra of bare SPCE, 2.5 wt% F, 5 wt% F, 7.5 wt% F, 

2.5 wt% Z, 5 wt% Z and 7.5 wt% Z were investigated. The results showed that the 

absorption edge was observed at about 395 nm to 400 nm as shown in Figure 3(a). The 

2.5 wt% ZF shows an obvious red shift compared to 2.5 wt% Z. With increasing the α-

Fe2O3NPs layer thickness in the nanocomposite, it has been determined that the 

2.5 wt% ZF have higher absorption in the visible light compared to 2.5 wt% Z. The 

band gap energy of the sample was calculated by using Eg = 1240/λ onset (nm), where 

λ onset is the absorption onset wavelength [28]. The Eg values of 2.5 wt% Z and 

2.5 wt% ZF samples were therefore estimated to be about 3.20 eV and 3.18 eV, as 

shown in Figure 3(b). The 2.5 wt% ZF band gap energy is lower than the 2.5 wt% Z 

sample. 

3.3 XRD Analysis 

The XRD was carried out to study the crystal structure of the fabricated electrode 

materials as revealed in Figure 4. The XRD pattern of bare SPCE, 2.5 wt% F, 

2.5 wt% Z, 5 wt% F, 5 wt% Z, 7.5 wt% F and 7.5 wt% Z is shown in Figure 4(a); in 

which the 2θ diffraction peaks were well matched with the standard JCPDS card 

(JCPDS No: 00-036-1451) with 2θ diffraction peaks at 31.70°, 34.40°, 36.22° and 

47.60° corresponding to the (100), (002), (101) and (102) reflection plane of the ZnO 

NPs. The diffraction peak at 35.60° which was well matched with the standard JCPDS 

card No: 00-033-0664 and was attributed to the (110) plane of the α-Fe2O3NPs (as 

shown in Figure 4(b)). The results indicate that 2.5 wt% of ZF has been produced 

successfully as intended. 
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Figure 2: SEM images of (a) 2.5 wt% F, (b) 5 wt% F (c) 7.5 wt% F, 

(d) 2.5 wt% Z (e) 5 wt% Z, (f) 7.5 wt% Z, (g) 2.5 wt% ZF and cross section of 

(h) 2.5 wt% ZF 
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3.4 Electrochemical Characterisation 

The electrochemical performance of the 2.5 wt% F, 5 wt% F, 7.5 wt% F, 2.5 wt% Z, 

5 wt% Z and 7.5 wt% Z was studied by LSV. The measurements parameters were 

carried out ranging from 0.0 V to 0.4 V at a scan rate of 100 mV/s in 50 µL of 1 M KOH 

electrolyte. The results are shown in Figure 5. The LSV profile with 50 µL of 1 M KOH 

solution for the 2.5 wt% F, 5 wt% F, 7.5 wt% F, 2.5 wt% Z, 5 wt% Z and 7.5 wt% Z 

which use different concentration of the α-Fe2O3NPs and ZnO NPs show that the peak 

current is higher for the 2.5 wt% F and 2.5 wt% Z as shown in Figures 5(a) and 5(b). 

As shown in Figure 5(c), after deposition of the 2.5 wt% F on the 2.5 wt% Z, the 

Figure 3: UV-vis absorption spectra of (a) bare of SPCE, 2.5 wt% F, 5 wt% F, 

7.5 wt% F, 2.5 wt% Z, 5 wt% Z and 7.5 wt% Z, and (b) 2.5 wt% Z and 

2.5 wt% ZF 

Figure 4: XRD patterns of (a) bare of SPCE, 2.5 wt% F, 5 wt% F, 7.5 wt% F, 

2.5 wt% Z, 5 wt% Z and 7.5 wt% Z, and in (b) bare SPCE, 2.5 wt% Z and 

2.5 wt% ZF 
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2.5 wt% ZF was higher than both the 2.5 wt% F and 2.5 wt% Z. In addition, the LSV 

response of 2.5 wt% ZF electrode was measured in 1 M KOH solution at different scan 

rates from 20 to 100 mV.s-1, as shown in Figure 5(d). The LSV response of the 

2.5 wt% ZF electrode indicates that the stripping current increases when the value of 

the arsenic concentration is increased, as shown in Figure 6(a). The calibration plot was 

found to be linear over a concentration range of 0 to 50 µg /L of As5+ and from the 

calibration curve the regression equation extracted and was found to be 

y = 0.15237x + 0.76571 (R2 = 0.996), as shown in Figure 6(b). 

These results indicate that the detection of As5+ in an aqueous solution has efficiently 

been achieved. The lower limit of detection (LOD) was further determined by using the 

equation of LOD = 3σ/S, where σ is the standard deviation of the calibration curve that 

contains samples in the measurements range (n = 3), and S is the slope of the calibration 

curve [29]. The LOD was calculated to be 2.7 ppb, which is lower than the maximum 

allowed value of 10 ppb by the WHO [9], [30], [31]. The LOD value of the 2.5 wt% ZF 

electrode was found to be 2.7 ppb, which is also comparable to those reported previously 

and as presented in Table 1. Although some previous studies have achieved higher 

sensitivity with lower detection limits, some issues still arise, such as the costly process, 

the use of toxic materials and complicated fabrication protocols. The repeatability of 

2.5 wt% ZF electrode was checked three times by repeating the LSV test in 50 µg /L of 

As5+ solution under optimal condition and the resulting relative standard deviation 

(RSD) was found to be 14%, which confirms a reasonable stability of the proposed 

sensor. 

Figure 5: LSV response of the SPCE for different concentrations of (a) 

2.5 wt% F, 5 wt% F, 7.5 wt% F (b) 2.5 wt% Z, 5 wt% Z, 7.5 wt% Z, (c) LSV 

response to 2.5 wt% Z, 2.5 wt% F and 2.5 wt% ZF, and (d) LSV response at 

different scan rate for the 2.5 wt% ZF electrode 
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Table 1: Comparative different arsenic detections of electrochemical sensors in 

previous studies 

Electrode Technique Modification 

method 

LDR 

(µg L-1) 

LOD 

(ppb) 

Ref. 

Ag/SPCE SWASV Electrodeposition 10–80  8.4 [32] 

Fe3O4/Au NPs/GCE SWASV Drop casting 1–100  0.22 [33] 

Fe3O4/Co3S4/SPCE SWASV Drop casting 1–100  0.691 [34] 

AuNPs/SiNPs/SPCE LSASV  10–100 5.6 [35] 

ZnONRs/Ni-foam/α-

Fe2O3NPs 

CV Hydrothermal 10–50 4.12 [36] 

ZnO/α-Fe2O3NPs/SPCE 

(2.5 wt% ZF) 

LSV Drop casting 10–50 2.7 This 

study 

 

3.5 Sensing Mechanism 

The energy band structure electrochemical of As5+ detection by ZnO/α-Fe2O3NPs/SPCE 

electrode is presented in Figure 7(a). The conduction band (CB) and valence band (VB) 

of α-Fe2O3 (0.1 eV and 2.4 eV) are more negative than those of ZnO (−0.34 eV and 

2.86 eV), in which the electrons are transferred from the conduction band of the α-Fe2O3 

to ZnO. Meanwhile, the holes of the ZnO in the valence band migrate to the valence 

band of the α-Fe2O3. The electrons and holes which migration and separation are 

achieved at the heterojunction interface. When the ZnO/α-Fe2O3, which is an n-n 

heterojunction, has contact with the electrolyte, electrons at the Fermi level align to 

attain equilibrium. The Fermi level in the α-Fe2O3 is located in between its CB and VB, 

which is approximately 1.24 eV. The Fermi level of n-typical semiconductor generally 

Figure 6: (a) LSV responses of the SPCE for 2.5 wt% ZF electrode towards As5+ 

in a concentration range of 0 to 50 µg/L and (b) the corresponding linear 

calibration plots of the net current against As5+ concentrations 
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lies at the bottom of the CB by ca. 0.1–0.2 eV [37]. The Fermi level of the α-Fe2O3 is at 

1.24 eV as a typical n-type semiconductor. When the ZnO and α-Fe2O3 are attended 

together that their Fermi levels align, it will appear at 1.25 eV. 

The sensing mechanism for boosting the stripping signal for As5+ analysis is shown in 

Figure 7(b). The absorption of ZnO/α-Fe2O3 with oxygen vacancies and the freely 

diffusing As5+ in the solution were dispersed onto the ZnO/α-Fe2O3NPs/SPCE surface. 

The As5+ species can then be chemically reduced to H3AsO3 during the electrochemical 

performance of the electrode. These reactions can be coupled to an electrochemical step 

in the H3AsO3 which is reduced to zero-valent arsenic on the ZnO/α-Fe2O3NPs/SPCE 

surface. Zero-valent arsenic were adsorbed onto the electrode surface, and the stronger 

stripping peak signal was obtained later [36]. 

3.6 Selectivity and Effect of Interfering Species 

The selectivity of the proposed sensor is an important parameter for real aqueous sample 

applications. The fabricated electrodes are evaluated in the presence of potentially 

interfering elements, including Ag+, Cd2+, Fe3+, K+ and Zn2+, under similar experimental 

conditions that have been used for the determination of the As5+ in the dispersion of the 

2.5 wt% ZF NPs electrode. The interference of metal ions was investigated using 

different metal salts; KCl, AgNO3, Cd (NO3)2 4H2O, Zn (NO3)2 6H2O and Fe (NO3)3 

9H2O were used. The concentration of metal salts was maintained at 50 µg/L in 50 µL 

Figure 7: (a) Equilibrium energy band structure diagram of ZnO/α-

Fe2O3NPs/SPCE and (b) showing the sensing mechanism 
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of deionised water, with 1 M KOH solution. It was observed that, in the presence of 

interfering metal ions, the signal was 10 times smaller than that of the As5+. 

Consequently, no significant interference could be observed as shown in Figure 8. This 

2.5 wt% ZF electrode can be used successfully for detection of As5+, as Figure 8 shows 

that the sensor has low interference due to other common metal ions available in 

drinking water. The 2.5 wt% ZF electrode therefore has excellent selectivity for As5+ 

detection and is a promising structure for future demonstrations of a robust sensor. 

4 Conclusion 

In summary, screen-printed and drop-casting methods were used to demonstrate the 

ZnO/α-Fe2O3NPs/SPCE sensor for As5+ detection characterised by LSV. The 

fabrication of the ZnO/α-Fe2O3NPs/SPCE was successfully achieved via the drop-

casting method with optimisation towards the electrode performance. The ZnO/α-

Fe2O3NPs/SPCE (2.5 wt% ZF) electrode showed the best results, which demonstrated 

the highest reduction current towards As5+ detection compared to other samples. The 

electrode showed attractive sensing performed toward As5+ with regard to the good 

Figure 8: Effect of interference in the presence of different metal ions under 

similar experimental conditions (50 ppb) that have been used for detection of 

As5+ in the dispersion of 2.5 wt% ZF electrode 
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sensitivity with LOD value, which was found to be 2.7 ppb. This value is lower than the 

highest recommended allowed limit for arsenic in drinking water as suggested by the 

WHO. In addition, the demonstrated sensing electrode showed good selectivity. Our 

results indicate that the ZnO/α-Fe2O3NPs/SPCE (2.5 wt% ZF) electrode is a promising 

material to use because of its electrocatalytic activities towards As5+ detection in 

drinking water. 
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