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AbstractArticle Info

Importance of the work: This study is essential for food safety. Detecting nitrite with 
electrochemical sensing prevents bacterial growth and mitigates health risks. 
Objectives: To synthesize titanium dioxide (TiO2)/copper (Cu)-doped TiO2 through 
solution combustion and explore their nitrite detection via electrochemical sensors.
Materials and Methods: TiO2 and Cu-doped TiO2 fine particles were synthesized via 
a solution combustion process, followed by calcination and hydrothermal treatments 
with multi-walled carbon nanotubes (MWCNTs). The resulting composite was drop-cast 
onto glassy carbon electrodes and its sensing performance was assessed using cyclic 
voltammetry.
Results: The solution combustion method reduced the Cu-doped and undoped TiO2 
particles from 500 nm to less than 280 nm. Combined with MWCNTs, these particles 
were applied as sensing materials in electrodes. Electrochemical tests showed oxidation 
at 0.55 V and reduction near -0.85 V in a nitrite solution. The Cu-doped TiO2/MWCNTs 
had stronger oxidation and reduction peaks compared to the TiO2/MWCNTs. Sensitivity 
analyses indicated heightened peak intensity with rising nitrite levels and excellent 
linearity, suggesting their high potential for nitrite detection.
Main finding: The effectiveness of solution combustion in refining TiO2 and Cu-doped  
TiO2 particles, combined with MWCNTs, enhanced electrode electrocatalysis.  
This process produced superior materials for effective nitrite detection in environmental 
and food safety monitoring.
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Introduction

	 Additives are commonly included in products to satisfy 
consumer demand and gain a competitive edge in the market, 
with such items often necessitating the use of chemical additives  
for various purposes such as enhancing flavor, adding color,  
preserving freshness or facilitating transportation by Karwowska  
and Kononiuk (2020). A wide range of additives are utilized 
in food production, including nitrites, which, when consumed 
in large quantities, can lead to symptoms including headaches, 
nausea, bloody stools and even the formation of carcinogenic 
compounds called nitrosamines within the body (Karwowska 
and Kononiuk, 2020).
	 Food additives can be identified using various methods, 
one of which is high-performance liquid chromatography 
(HPLC). HPLC separates substances based on their unique 
properties and is widely used for qualitative and quantitative 
analyses in fields such as food testing, pharmaceuticals, herbal 
medicine, and environmental samples. However, HPLC is  
not suitable for sensor applications due to its limitations in 
real-time monitoring, portability, cost-effectiveness, simplicity 
and ease of use according to Meesombad et al. (2021). In contrast, 
electrochemical sensors are designed for on-site monitoring, 
with modern sensor technologies being smaller, faster and more 
precise, often using a potentiostat, an electronic device that 
controls voltage differences between working and reference 
electrodes in an electrochemical cell (Meesombad et al., 2021).
	 The selection of materials for the working electrode in 
electrochemical sensors is crucial and is contingent on the 
specific substance being targeted for detection. Commonly used 
materials for enhancing these electrodes include zinc oxide,  
nickel oxide, cobalt oxide, iron oxide, silicon, aluminum and brass  
(Govindhan et al., 2014). Titanium dioxide (TiO2) is also utilized 
in electrochemical sensors due to its stability, biocompatibility, 
high surface area, excellent electron transfer properties and 
adaptability for specific applications reported by Bagheri et Al. 
(2014). Furthermore, TiO2 is cost-effective, making it valuable 
for a variety of sensor applications (Bagheri et al., 2014).
	 Doping is a robust method for improving the electrochemical 
performance of materials in electrochemical sensors. It offers 
several advantages, including enhanced electrical conductivity, 
modified band structures for efficient charge transfer, improved 
charge separation in photoelectrochemical sensors, increased 
surface area for better sensitivity, enhanced stability and durability,  
tunable selectivity, expanded material choices and cost-effectiveness  
(Vazhayil et al., 2022). By selecting appropriate dopants and 

concentrations, researchers can customize material properties 
to optimize sensor performance and enhance the efficiency of 
working electrodes in electrochemical sensors.
	 Copper (Cu) was selected as a dopant in TiO2 electrocatalysts 
in the current study due to its ability to enhance catalytic 
activity during electrochemical reactions. This improvement is 
associated with the variable oxidation states of copper, which 
facilitate charge transfer processes on the surface of TiO2, 
with the resulting Cu-doped TiO2 nanocomposite attracting 
considerable attention due to its elevated specific surface area, 
enhanced transfer of charge carriers, numerous active sites and 
robust chemical and mechanical stability by Zhou et al. (2020), 
Song et al. (2022) and Nassef et al. (2023). As a result, it has 
been applied in diverse fields, as indicated by various research 
studies (Zhou et al., 2020; Song et al., 2022; Nassef et al., 2023).
	 Electrocatalytic activity was further enhanced by using 
a combination of Cu-doped TiO2 and nanocarbon materials, 
specifically multi-walled carbon nanotubes (MWCNTs).  
The Cu-doped TiO2-MWCNTs combination resulted in 
improved surface area and enhanced electrical conductivity 
and stability, with the enhancement of sensor electrochemical 
performance attributable to this combination having been 
documented by Rao et al. (2017).
	 The current research focused on preparing TiO2/MWCNTs 
and Cu-doped TiO2/MWCNTs composites for use as sensing 
materials in electrochemical sensors and explored their 
potential application for nitrite detection. The importance 
of this study primarily lies in the utilization of the solution 
combustion method for refining TiO2 and Cu-doped TiO2 
particles, which were used as sensing materials that showcased 
improved electrochemical performance and enhanced nitrite 
detection capabilities when tested on pond water and sausage 
samples. The research results should contribute insights into 
the synthesis, material characterization, and electrochemical 
testing of sensors, providing valuable knowledge in the areas 
of electrocatalysis and chemical detection. Additionally, 
the results should contribute to enhancing food safety and 
mitigating health risks related to the consumption of nitrites.

Materials and Methods

Synthesis and characterization of Cu-doped titanium dioxide powder

	 TiO2 and Cu-doped TiO2 were prepared using the combustion 
method. Submicron-sized TiO2 powder with an average  
particle size close to 500 nm (99% purity; Sigma Aldrich®)  



569T.L. Htet et al. / Agr. Nat. Resour. 58 (2024) 567–574

was dissolved in sulfuric acid (H2SO4, 95–97% purity; 
Emsure®) and then diluted with deionized water (DI) to 
achieve a 6 M concentration. Copper (II) nitrate Cu (NO3)2 
(Daejung) was added to the mixture in a copper-to-titanium 
mole ratio of 3:100. Subsequently, glycine (NH2CH2COOH, 
99% purity; Fluka Analytical®), serving as the fuel for the 
combustion process, was introduced to the mixture in a 1:1 
ratio with TiO2. The mixture underwent combustion by heating 
at close to 400°C. The powder obtained from the combustion 
was collected and underwent calcination in an MFL1200 
muffle furnace (Nano Generation Co., Ltd) (maker) at 500°C.
	 The synthesized TiO2 and Cu-doped TiO2 powders were 
examined for their phase using X-ray diffraction analysis with 
an X’Pert X-ray diffractometer (Philips) in the range 20–80°, 
with a step size of 0.02°. Additionally, surface area analysis was 
performed using the Brumaire-Emmett-Teller (BET) method 
with a 3Flex surface area analyzer (Micromeritics). The particle  
size and morphology of the powders were examined using 
scanning electron microscopy (SEM; Quanta 450; FEI).

Preparation of sensing materials for working electrodes 

	 The synthesized Cu-doped TiO2 powder was mixed 
with MWCNTs using DI (1:1 volume ratio). The mixture 

underwent 30 min of sonication at high-frequency vibration 
to ensure uniformity. The solution was subjected to the 
hydrothermal method by placing it in an autoclave at 120°C for 
5 hr. Following the hydrothermal treatment, the solution was  
filtered to remove excess water and then dried at 80°C for  
24 hr. The Cu-doped TiO2/MWCNTs composite was mixed 
in ethanol, along with a Nafion (Sigma-Aldrich), binding 
agent, in a 1:0.95:0.05 volume ratio. The mixture was 
sonicated for 30 min to ensure homogeneity and subsequently  
drop-cast onto working electrodes made of glassy carbon.  
Prior to drop-casting, the glassy carbon electrodes were 
polished with diamond paste (particle size: 15 µm) and rinsed 
with aluminum powder and DI water. After this preparation,  
the electrodes were allowed to dry overnight.

Electrochemical testing

	 The electrodes prepared in the previous step were  
utilized for testing the detection of nitrite compounds using 
cyclic voltammetry (CV). The concentration of nitrite 
compounds in the solution was in the range 100–1,000 µM. 
The process of preparing Cu-doped TiO2/MWCNTs composite 
working electrodes and nitrite detection is illustrated in  
Fig. 1.

Fig. 1	 Schematic representation of the preparation of Cu-doped TiO2/MWCNTs composite working electrodes and the detection of nitrite using cyclic 
voltammetry method: (A) synthesis of Cu-doped TiO2 using the solution combustion technique; (B) preparation of Cu-doped TiO2/MWCNTs composite 
using the hydrothermal method; (C) preparation of a glassy carbon electrode containing the Cu-doped TiO2/MWCNTs composite; (D) electrocatalytic 
measurement of the electrode
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Preparation of real samples for electrochemical measurement

	 The water from the pond and sausages were used as 
the actual samples to examine the nitrite content. For the 
sausage analysis, 30 g of sausages bought at the local market 
in Bangkok, Thailand, were processed, homogenized, and 
extracted using a 0.1 M phosphate buffer solution at pH 7. 
Then, the extracted sample was cooked in a water bath at  
75 °C for 30 min and subsequently filtered. The prepared  
extract served as the analyte for determining the nitrite 
concentration, following the procedure outlined Guo and  
Fan (2023).

Results and Discussion

Phase identification

	 The TiO2 and Cu-doped TiO2 produced through the 
combustion technique were examined and determined to 
predominantly consist of the anatase phase (JCPDS 96-901-
5930), exhibiting 2θ values at approximately 25.26°, 37° and 
48° with a very low-intensity rutile peak at a 2θ value of 27.42° 
(JCPDS 96-900-1682), as depicted in Fig. 2.  
	 Anatase generally has a larger surface area and enhanced 
catalytic capabilities (Fröschl et al., 2012), while rutile offers 
increased stability and improved mobility of charge carriers 
(Miyoshi et al., 2018). The combination of these phases  
results in a synergistic relationship, leveraging the strengths 
of each (Zheng et al., 2011). This synergy enhances overall 
catalytic performance by effectively separating charge carriers. 
The resulting reduction in charge recombination enhances 
the efficiency of catalytic reactions. Consequently, the  
mixed phase of anatase and rutile in TiO2 achieves a balance 

between surface area, stability and charge carrier mobility, 
conveying superior catalytic activity compared to pure anatase 
in various catalytic applications (Luttrell et al., 2014; Bagheri 
and Julkapli, 2017).
	 From the experimental results, it was concluded that the 
combustion technique was a suitable method for synthesis that 
met the chemical composition requirements.

Particle size, morphology and specific surface area of Cu-doped 
TiO2

	 The TiO2 and Cu-doped TiO2 powders had a spherical 
morphology, as depicted in Fig. 3. Through image analysis 
using Image J, the average particle sizes were determined to 
fall within the range 250–280 nm, indicating that the solution 
combustion technique effectively refined the particle size, 
reducing it from the initial size of approximately 500 nm to 
one-half its original size.
	 In addition, the scanning electron micrographs revealed 
the particle sizes of both powders were in comparable ranges. 
Despite their fine size, these particles tended to aggregate into 
clusters, which led to a reduction in the specific surface area, 
which, in turn, would influence the electrochemical properties. 
This observation was supported by the analysis of the relatively 
low specific surface area using the BET technique, yielding 
results of less than 10 m2/g.
	 Typically, when the BET surface area is lower in a catalytic 
reaction, it implies that the available surface for the reaction is 
limited. This reduced surface area might hinder the catalyst’s 
ability to interact effectively with the reactants. As a result, 
the catalyst might exhibit lower activity and efficiency in 
promoting the desired chemical transformation (Sun et al., 
2018).

Fig. 2	 X-ray diffraction patterns of undoped TiO2 and Cu-doped TiO2 Fig. 3	 Scanning electron micrographs: (A) undoped TiO2; (B) Cu-doped TiO2
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Electrochemical activities

	 Electrochemical impedance spectroscopy (EIS) investigations 
offer valuable insights into the kinetics of electron transfer 
processes occurring at the interface between the electrode 
and electrolyte on a working electrode (Wang et al., 2014; 
Terbouche et al., 2016). In this particular investigation, EIS 
measurements were carried out on glassy carbon electrodes 
(GCE) containing Cu-doped TiO2/MWCNTs and undoped TiO2/
MWCNTs composites. These measurements were conducted in 
a solution containing 5 mM standard potassium ferrocyanide 
(K4[Fe(CN)6], 99% purity; Daejung) in 0.1 M of potassium 
chloride (KCl, 99–100% purity; Kemaus). The assessments 
encompassed a frequency range of 100–10 mHz at an applied 
voltage of 0.2 V. The obtained results manifested as a Nyquist 
plot, illustrating the values of charge transfer resistance (Rct) 
for Cu-doped TiO2/MWCNTs and undoped TiO2/MWCNTs, 
of 11 kΩ and 30 kΩ, respectively. This outcome is depicted in  
Fig. 4, highlighting an amplified electrical conductivity in the 
Cu-doped TiO2/MWCNTs composite electrode. The mechanism  
by which Cu-doped TiO2/MWCNTs facilitated electron transfer 
could be explained as follows.

performance due to several factors. First, Cu doping reduced 
the bandgap energy of TiO2, facilitating easier electron 
excitation and enhancing the material’s conductivity. Second, 
metals, particularly transition and noble metals like Cu, serve 
as traps for charge carriers, thereby reducing the recombination 
of electron-hole pairs. This prolongs the lifetime of the charge 
carriers and increases the probability of electron transfer to the 
electrode surface (Ola and Maroto-Valer, 2015; Tahir et al., 
2017). Finally, Cu doping increases the number of active sites 
on the TiO2 surface, which facilitates more efficient electron 
transfer and improves the overall electrocatalytic activity as 
stated by Ola and Maroto-Valer (2015) and Tahir et al. (2017).
	 Furthermore, integrating MWCNTs into the composite 
electrode enhanced the electron transfer rates and electrocatalytic 
performance. The MWCNTs had several advantageous properties 
as they have a high specific surface area, providing more active sites 
for electrochemical reactions and increasing the efficiency of 
the electrode. They also have outstanding electron conductivity, 
facilitating rapid electron transfer between the electrode and  
the electrolyte. Additionally, their chemical stability ensures that 
the electrode maintains its performance over prolonged use and 
under various conditions (Yang et al., 2017; Hussain et al., 2020).
	 The low charge transfer resistance observed in the EIS 
results indicated that integrating Cu-doped TiO2/MWCNTs 
into sensing materials substantially improved the electron 
transfer efficiency between the electrode and electrolyte, 
thereby enhancing electrocatalytic activity. This enhancement 
was consistent with findings in the existing literature on metal-
doped oxides (Manibalan et al., 2022).
	 Since there was superior charge transfer and amplified 
electrical conductivity in the Cu-doped TiO2/MWCNTs, this was 
chosen for further testing of electrocatalytic activity. CV was 
used to measure the electrochemical reactions of the composite 
containing multi-walled carbon nanotube and Cu-doped TiO2/
MWCNTs in a nitrate solution with concentrations in the range 
100–1,000 µM. The scanning rate was set at 100 mV/s. It was 
observed that the oxidation and reduction reactions occurred  
at potential differences close to 0.55 and -0.85 V, respectively.
	 The mechanism of nitrite sensing could be explained 
through the electrochemical reactions involved during the 
oxidation and reduction processes. The oxidation peak at 
0.55 V corresponded to the oxidation of nitrite (NO2-) to 
nitrate (NO3-) on the surface of the Cu-doped TiO2/MWCNTs 
electrode. This process could be represented by the following 
reaction (Rashed et al., 2020):

	 NO2
- + 2H+ + O2

-  NO3
- + H2O +2e-		

	                                      

Fig. 4	 Nyquist plots of composite electrode Cu-doped TiO2/MWCNTs 
and TiO2/MWCNTs electrodes in 5 mM solution of K4[Fe (CN)6] in 0.1 M 
KCl with frequency range of 10–100 kHz and 0.2 V applied voltage

	 Doping, the introduction of impurities into a semiconductor 
to modify its band structure, is a well-established and cost-
effective method for enhancing catalyst performance (Berger, 
2020). Dopants can reduce the bandgap energy, making it 
easier for electrons to be excited from the valence band to 
the conduction band; in addition, the dopants can inhibit the 
transition from anatase to rutile by infiltrating the anatase 
lattice and altering oxygen vacancy levels, which affects the 
material’s electronic properties (Hanaor and Sorrell, 2011).
	 In the context of Cu-doped TiO2, the Cu acted as a dopant 
that enhanced electron transfer rates and electrocatalytic 
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	 The reduction peak at -0.85 V might be attributed to the 
reduction of nitrite (NO2-) to ammonia (NH3), which could be 
described by the following reaction (Dreyse et al., 2011):

	 NO2
- + H+ + e- → NH3 + H2O				  

	
Sensitivity 

	 The sensitivity of the working electrodes was calculated 
based on the slope of the linear relationship between the 
concentration of the analyte and the current density. Fig. 5 
shows that a higher concentration of nitrite solution resulted 
in more pronounced oxidation and reduction peaks. For the 
oxidation reaction, measured at the applied voltage of 0.55 V, 
the sensitivity value was 1.5×10-3 µA/µMmm2, as depicted in 
Fig. 5. A similar trend was observed for the reduction reaction, 
which, at the applied voltage of -0.85 V, had a sensitivity value 
of 1.4×10-3 µA/µMmm2.
	 Calibration curves were constructed for the electrode using 
nitrite solutions across a concentration spectrum range of 
100−1,000 µM. As illustrated in Fig. 6, these calibration curves 

Table 1	 Concentration range and sensitivity of electrodes for detection of nitrite
Type of electrode Concentration range 

(µM)
Sensitivity 

(µA/µM mm2)
Reference

Pt/Ni(OH)2/MWCNTs modified GCE electrode 100–5,000 1.45×10-3 (Sheng et al., 2017)
 Carboxyl functionalized MWCNTs/Co-MOFs/Gr electrode 80–1,160 1×10-4 (Salagare et al., 2022)
Ag-doped zeolite graphite-epoxy electrode 100–1,000 7×10-3 (Manea et al., 2010)
Cu-doped TiO2/MWCNTs composite GCE electrode 100–1,000 1.4×10-3

1.5×10-3

This work

Pt/Ni(OH)2/MWCNTs modified GCE electrode = platinum nanoparticles loaded on the surface of nickel hydroxide multi-walled carbon nanotubes 
nanocomposites modified glassy carbon electrode; Carboxyl functionalized MWCNTs/Co-MOFs/Gr electrode = carboxyl functionalized multi-walled 
carbon nanotubes and cobalt-based metal-organic framework-modified graphite electrode; Cu-doped TiO2/MWCNTs composite GCE electrode = copper-
doped titanium dioxide/multi-walled carbon nanotubes composite glassy carbon electrode

exhibited a linear correlation between the nitrite concentration 
and the current density, with an coefficient of determination 
value exceeding 0.97. The sensitivity values of the working 
electrode, determined from the slopes of these calibration 
curves, fell within the range 1–1.5×10-3 µA/µMmm2, showing 
that the sensitivity was in a comparable range to those of the 
other research studies listed in Table 1.

Fig. 5	 Cyclic voltammetry curve of Cu-doped TiO2/MWCNTs at 
different concentrations of nitrite in range 100–1,000 µM with scan rate of 
100 mV/s

Fig. 6	 Calibration curve of Cu-doped TiO2/MWCNTs electrode in nitrite solution with concentration range of 100–1,000 µM, at applied voltages of (A) 
0.55 V for oxidation and (B) -0.85 V for reduction and scan rate of 100 mV/s, where R2 = coefficient of determination
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Analysis of nitrite concentration in real samples

	 The chronoamperometry method was utilized to evaluate 
nitrite levels in various real samples across a range of nitrite 
concentrations (100–10,000 μM), as shown in Fig. 7 according to 
Guo and Fan (2023). With a measured current of 50 μA, the nitrite  
concentration in the sausages was approximately 8,000 μM, 
equivalent to 27.6 mg of nitrite per 30 g. This concentration 
exceeded the allowable nitrite content set by National and EU 
regulations, which should not surpass 150 mg/kg (Djordjevic  
et al., 2019). Additionally, the nitrite levels in the pond water  
from Kasetsart University, Bangkok, Thailand were analyzed, 
revealing a concentration of 4,000 μM, or 184 mg of nitrite/L,  
which is above the U.S. Environmental Protection Agency’s 
guideline of 5 mg/L for warm water (United State Environmental 
Protection Agency, 1986). Notably, nitrite concentrations in water  
can vary significantly, reaching up to 180 mg/L due to seasonal 
changes and contamination (Eddy and Williams, 1987).

Conclusion 

	 The solution combustion technique was applied to generate 
nanoparticles of Cu-doped and undoped TiO2 powders, leading 
to a refinement in particle size. The average particle sizes fell 
below 280 nm, highlighting the effectiveness of this method 
in reducing the particle size by approximately 50%, compared 
to the initial size of approximately 500 nm. The synthesized 
powder, combined with MWCNTs, functioned as the 
sensing material for the working electrodes. Electrochemical 
investigations of these electrodes in a nitrate solution 
revealed oxidation and reduction reactions at applied voltages  
near 0.55 and -0.85 V, respectively. Notably, the Cu-doped 

TiO2/MWCNTs exhibited more pronounced oxidation and 
reduction peaks compared to TiO2/MWCNTs.
	 Further sensitivity analysis of the Cu-doped TiO2/MWCNTs 
working electrodes, demonstrated increased peaks with 
higher nitrite concentrations. For the oxidation reaction, 
the sensitivity value was 1.5×10-3 µA/µMmm2. Similarly, 
the reduction reaction had a sensitivity value of 1.4×10-3 

µA/µMmm2. As shown in Table 1, the sensitivity values 
obtained in this study were in a comparable range with findings 
from other studies. These results underscored the efficacy 
of the synthesized Cu-doped TiO2/MWCNTs as a promising 
material for electrochemical applications, particularly in nitrite 
detection.
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574 T.L. Htet et al. / Agr. Nat. Resour. 58 (2024) 567–574

References

Ashok, S., Vazhayil, A., Thomas, J., Thomas, N. 2022. Enhanced 
electrochemical performance of facilely synthesized cobalt doped 
cubic NiO nanoflakes for supercapacitor application. J. Energy Storage 
55: 105498. doi.org/10.1016/j.est.2022.105498

Bagheri, S., Julkapli, N.M. 2017. Mixed-phase TiO2 photocatalysis: 
Correlation between phase composition and photodecomposition  
of water pollutants. Rev. Inorgan. Chem. 37: 11–28. doi.org/10.1515/
revic-2016-0001

Bagheri, S., Julkapli, N.M., Bee Abd Hamid, S. 2014. Titanium dioxide as 
a catalyst support in heterogeneous catalysis. Scientific World Journal 
2014: 727496. doi.org/10.1155/2014/727496

Berger, L.I. 2020. Semiconductor Material. CRC Press. London, UK. 
Djordjevic, V., Baltic, T., Parunovic, N., Simunovic, S., Tomasevic, I., 

Velebit, B., Ciric, J. 2019. The nitrite content in domestic and foreign 
cooked sausages from the Serbian market. IOP Conf. Ser. Earth 
Environ. Sci. 333: 012058. doi: 10.1088/1755-1315/333/1/012058

Dreyse, P., Isaacs, M., Calfumán, K., Cáceres, C., Aliaga, A., Aguirre, 
M.J., Villagra, D. 2011. Electrochemical reduction of nitrite at poly-
[Ru (5-NO2-phen)2Cl] tetrapyridylporphyrin glassy carbon modified 
electrode. Electrochim. Acta 56: 5230–5237. doi.org/10.1016/j.
electacta.2011.03.028

Eddy, F.B., Williams, E.M. 1987. Nitrite and freshwater fish. Chem. Ecol. 
3: 1–38. doi.org/10.1080/02757548708070832

Fröschl, T., Hörmann, U., Kubiak, P., et al. 2012. High surface area 
crystalline titanium dioxide: Potential and limits in electrochemical 
energy storage and catalysis. Chem. Soc. Rev. 41: 5313–5360.

Govindhan, M., Adhikari, B.-R., Chen, A. 2014. Nanomaterials-based 
electrochemical detection of chemical contaminants. RSC Adv. 4: 
63741–63760. doi.org/10.1039/C4RA10399H

Guo, X., Fan, Y. 2023. Determination of nitrite in food specimens using 
electrochemical sensor based on polyneutral red modified reduced 
graphene oxide paste electrode. Int. J. Electrochem. Sci. 18: 100290. 
doi.org/10.1016/j.ijoes.2023.100290

Hanaor, D.A.H., Sorrell, C.C. 2011. Review of the anatase to rutile phase 
transformation. J. Mater. Sci. 46: 855–874. doi.org/10.1007/s10853-
010-5113-0

Hussain, M.M., Asiri, A.M., Rahman, M.M. 2020. A non-enzymatic 
electrochemical approach for l-lactic acid sensor development based 
on CuO·MWCNT nanocomposites modified with a Nafion matrix. 
New J. Chem. 44: 9775–9787. doi.org/10.1039/D0NJ01715A

Karwowska, M., Kononiuk, A. 2020. Nitrates/Nitrites in food-risk for 
nitrosative stress and benefits. Antioxidants 9: 241. doi.org/10.3390/
antiox9030241

Luttrell, T., Halpegamage, S., Tao, J., Kramer, A., Sutter, E., Batzill, M. 
2014. Why is anatase a better photocatalyst than rutile? -Model studies 
on epitaxial TiO2 films. Sci. Rep. 4: 4043. doi.org/10.1038/srep04043

Manea, F., Remes, A., Radovan, C., Pode, R., Picken, S., Schoonman, J. 
2010. Simultaneous electrochemical determination of nitrate and nitrite 
in aqueous solution using Ag-doped zeolite-expanded graphite-epoxy 
electrode. Talanta 83: 66–71. doi.org/10.1016/j.talanta.2010.08.042

Manibalan, G., Murugadoss, G., Hazra, S., Marimuthu, R., Manikandan, 
C., Ramalingam, R. J., Kumar, M.R. 2022. A facile synthesis of 
Sn-doped CeO2 nanoparticles: High performance electrochemical 
nitrite sensing application. Inorg. Chem. Commun. 135: 109096. doi.
org/10.1016/j.inoche.2021.109096

Meesombad, K., Sato, N., Pitiphattharabun, S., et al. 2021. Zn-doped TiO2 
nanoparticles for glutamate sensors. Ceram. Int. 47: 21099–21107. doi.
org/10.1016/j.ceramint.2021.04.113

Miyoshi, A., Nishioka, S., Maeda, K. 2018. Water splitting on rutile TiO2-
based photocatalysts. Chemistry 24: 18204–18219. doi.org/10.1002/
chem.201800799

Nassef, H.M., Bashal, A.H., Othman, A.M. 2023. Electrochemical 
determination of formic acid using Cu-TiO2-NAF nanocomposite 
grafted onto Pt electrode. Microchem. J. 184: 108140. doi.
org/10.1016/j.microc.2022.108140

Ola, O., Maroto-Valer, M.M. 2015. Transition metal oxide based TiO2 
nanoparticles for visible light induced CO2 photoreduction. Appl. 
Catal. A Gen. 502: 114–121. doi.org/10.1016/j.apcata.2015.06.007

Rao, H., Liu, Y., Zhong, J., et al. 2017. Gold nanoparticle/chitosan@ 
N, S co-doped multiwalled carbon nanotubes sensor: Fabrication, 
characterization, and electrochemical detection of catechol and nitrite. 
ACS Sustainable Chem. Eng. 5: 10926–10939. doi.org/10.1021/
acssuschemeng.7b02840

Rashed, M.A., Faisal, M., Harraz, F.A., Jalalah, M., Alsaiari, M.,  
Al-assiri, M. 2020. rGO/ZnO/Nafion nanocomposite as highly sensitive  
and selective amperometric sensor for detecting nitrite ions (NO2

−).  
J. Taiwan Inst. Chem. Eng. 112: 345–356. doi.org/10.1016/j.jtice.2020.05.015

Salagare, S., Adarakatti, P.S., Venkataramanappa, Y. 2022. Designing and 
construction of carboxyl functionalised MWCNTs/Co-MOFs-based 
electrochemical sensor for the sensitive detection of nitrite. Int. J. 
Environ. Anal. Chem. 102: 5301–5320. doi.org/10.1080/03067319.2
020.1796989

Sheng, Q., Liu, D., Zheng, J. 2017. A nonenzymatic electrochemical nitrite 
sensor based on Pt nanoparticles loaded Ni(OH)2/multi-walled carbon 
nanotubes nanocomposites. J. Electroanal. Chem. 796: 9–16. doi.
org/10.1016/j.jelechem.2017.04.050

Song, Q., Zhang, S., Hou, X., Li, J., Yang, L., Liu, X., Li, M. 2022. Efficient 
electrocatalytic nitrate reduction via boosting oxygen vacancies of 
TiO2 nanotube array by highly dispersed trace Cu doping. J. Hazard. 
Mater. 438: 129455. doi.org/10.1016/j.jhazmat.2022.129455

Sun, S., Li, H., Xu, Z.J. 2018. Impact of surface area in evaluation of catalyst 
activity. Joule 2: 1024–1027. doi.org/10.1016/j.joule.2018.05.003

Tahir, M., Tahir, B., Amin, N.A.S. 2017. Synergistic effect in plasmonic 
Au/Ag alloy NPs co-coated TiO2 NWs toward visible-light enhanced 
CO2 photoreduction to fuels. Appl. Catal. B: Environ. 204: 548–560. 
doi.org/10.1016/j.apcatb.2016.11.062

Terbouche, A., Lameche, S., Ait-Ramdane-Terbouche, C., Guerniche, D., 
Lerari, D., Bachari, K., Hauchard, D. 2016. A new electrochemical sensor 
based on carbon paste electrode/Ru (III) complex for determination of  
nitrite: Electrochemical impedance and cyclic voltammetry measurements.  
Measurement 92: 524–533. doi.org/10.1016/j.measurement.2016.06.034

United State Environmental Protection Agency. 1986. Quality Criteria for 
Water 1986. EPA 440/5-86-001, US Environmental Protection Agency, 
Washington, DC, USA.

Wang, Z., Liu, X., Yang, M., et al. 2014. Electrochemical detection 
of nitrite based on difference of surface charge of self-assembled 
monolayers. Int. J. Electrochem. Sci. 9: 1139–1145. doi.org/10.1016/
S1452-3981(23)07784-2

Yang, C., Devasenathipathy, R., Kohila Rani, K., Wang, S.-F. 2017. 
Synthesis of multi walled carbon nanotubes covered copper 
oxide nanoberries for the sensitive and selective electrochemical 
determination of hydrogen peroxide. Int. J. Electrochem. Sci. 12: 
5910–5920. doi.org/10.20964/2017.07.87

Zheng, Z., Huang, B., Lu, J., Qin, X., Zhang, X., Dai, Y. 2011. Hierarchical 
TiO2 microspheres: Synergetic effect of {001} and {101} facets for 
enhanced photocatalytic activity. Chem. A Eur. J. 17: 15032–15038. 
doi.org/10.1002/chem.201101466

Zhou, Z., Zhu, Z., Cui, F., Shao, J., Zhou, H. S. 2020. CuO/Cu composite 
nanospheres on a TiO2 nanotube array for amperometric sensing of glucose. 
Mikrochimica Acta 187: 123. doi.org/10.1007/s00604-019-4099-9


