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Abstract- The fabrication of advanced electrodes has garnered significant attention due to their 

exceptional sensitivity and selectivity for detecting catechol samples. Titanium dioxide 

nanoparticles (TiO₂ NPs) have emerged as highly effective modifiers for carbon paste 

electrodes (CPEs), attributed to their unique electrochemical characteristics and enhanced 

conductivity. In this study, TiO₂ NPs are prepared via the combustion method (CM), offering 

a reliable strategy for boosting electrode performance. This work aims to synthesize the TiO2 

NPs by using Titanium (III) sulfate as precursor materials, and citric acid as fuel to get the 

desired TiO2 NPs. The confirmation of NPs is done through various techniques such as field 

emission scanning microscopy (FESEM), microstructure analysis by XRD, elemental 

composition by EDS, and absorption vibration levels by Raman spectroscopy. TiO2 NPs are 

used for the development of electrode applications to determine catechol (CC) using carbon 

paste electrodes (CPE). The electrode surface is modified into a TiO2 composite carbon paste 

electrode (TiCCPE). The electrochemical techniques are performed using a phosphate buffer 

solution (BS) of 0.1 M at a pH range of 7.0 of a two-electron transfer system with scan rates 

variation from 0.50-0.400 V/s signifies reaction of absorption-controlled process, and 

concentration studies from 0.2 µM to 1.6 µM with detection and quantification limit of 0.21 

µM and 0.71 µM and was found using Linear sweep voltammetry technique (LSV). The 

electrode modification associated with synthesized TiO2 NPs assists in an outstanding way to 

sense the CC, as good sensitivity, stability, selectivity, and reproducibility of catechol detection 

were assessed using electrochemical techniques throughout the studies. 
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1. INTRODUCTION  

The trend of chemistry today refers to nanotechnology, as it contains vast applications and 

particles that can be prepared through various methods like processes under top-down and 

bottom-up approaches. The prepared nanoparticles are further used to detect the sensitivity and 

selectivity of biomolecules [1]. Titanium is a good semiconductor with significant interest and 

applications in the field of electrochemistry. Its properties like morphology, physical and 

chemical, stability, non-toxicity that help in the ease of further study [2]. Material with 

applications in a wide range of various fields in pigments, stability of electrode dimension, 

photocatalysts, optical applications, solar cells, coating, biomedical, sensors, etc. [3]. 

Pyrocatechol is also popularly known as catechol of phenolic compounds as it is present in 

plants like tea and vegetables. It shows antioxidation and antiviral effects affecting some 

enzymes [4]. Even low concentrations are dangerous to humans and animals to degrade and 

cause environmental pollution [5]. Toxicity leads to central nervous system damage, kidney 

damage, and also cancerous alterations [6]. They are present in streams in the dye, plastic, 

resin, plasticizers, paper, cosmetics, etc. Many nations communities suggested and proved that 

phenols are the number 1 pollutant to the European and Environmental Protection Agency and 

committee [7]. Widely used in industry as we can observe there are only a few methods to 

determine catechol by some different modified electrode processing methods such as clay 

modified, multiwalled, iodine coated, bare indium tin oxide, glassy carbon, 

electrochemiluminescence, fluorescence, chromatography, pH-related flow injection analysis, 

spectrometry etc. [8]. The combustion method is considered as the best method for the 

synthesis of metal oxide NPs, which undergoes combustion of chemicals phase takes place 

followed by vaporization for the formation of novel properties involved in good compound 

formation [9]. The carbon material containing products like pores, nanotubes, nanoparticles, 

graphite as well as graphene serve as a promising, outstanding output for electrochemical 

analysis as they offer less background current and rapid output, promising redox behaviour, 

and are cost-effective with easy handling [10]. 

Linear Sweep Voltammetry is a strong analytical technique that gives evidence for the 

process of electrochemical output of an analyte. CPE plays an important character due to its 

low background current is low, cost efficiency, and a well-known method for low concentration 

findings [11]. The LSV techniques depend on the morphology of the surface and catalytic 

behaviour of BCPE (Bare carbon paste electrode) and MCPE (modified carbon paste electrode) 

[12]. 

This work includes the preparation of TiO2 NPs through the combustion method and 

confirmation through FESEM, EDX, XRD, and Raman spectroscopy. Additionally, these TiO2 

NPs further used in the modification of electrodes as TiCCPE. This modification towards 

electrochemical techniques of LSV, CV, and EIS studies in the pH range, variation of scan rate 



Anal. Bioanal. Electrochem., Vol. 17, No. 3, 2025, 204-216                                                               206 

and concentration variation with cost-effective, excellent stability, selectivity, sensitivity, and 

reproducibility in the analysis of CC. 

 

2. EXPERIMENTAL SECTION 

2.1. Apparatus and chemicals 

Titanium (III) sulphate and citric acid (Sigma Aldrich, India). Electrochemical techniques 

measurements were performed with the help of a CH instrument linked with a three-electrode 

system arrangement. Catechol (CC) (moly chem, India), graphite powder, silicon oil, 

monosodium hydrogen phosphate, and disodium hydrogen phosphate (Hi-media Chemicals), 

All the chemicals utilized are of investigative standard grade and worked on them without 

refinement. Phosphate buffer solution (BS) was prepared by intermixing monosodium 

hydrogen phosphate and disodium hydrogen phosphate in a proper volume and carried out at 

room temperature. All the FESEM, XRD, EDX, and Raman spectroscopy were analysed and 

reported from the Central Research Facility, NITK, Mangalore. SEM from Vijnana bhavan 

Mysore University Mysore. 

 

2.2. Titanium oxide nanoparticles preparation: 

Calculated proportional of Titanium (III) sulphate precursor material and citric acid as fuel 

are thoroughly mixed until a homogenous mixture is formed. The obtained liquid material was 

poured into a porcelain crucible and heated in a muffle furnace for an hour at 500 ℃ for the 

output of powder material. The product was washed in a container several times for the removal 

of impurities with ethanol and deionised water and dried in a hot air oven for one hour. Through 

this process sample of titanium oxide nanoparticles was prepared [13]. 

 

2.3. Development of fabricated electrode: 

The mixture of powder of graphite and silicon oil in a 70:30 proportion and gentle mixing 

in a mortar leads to the formation of carbon paste. Later, the addition of titanium oxide 

nanopowder to carbon paste as a composite material.  Further, carried out as the Teflon tube 

cavity material with tightly packed in the analysis of biomolecule sensing throughout the study. 

 

3. RESULTS AND DISCUSSION 

3.1. Morphological confirmation of titanium oxide nanoparticles 

The morphology of the prepared TiO2 NPs was analysed by FESEM and was shown in 

Figure 1. The image shows remarkable changes under the observations through the microscope 

concerning microstructure, regular arrangement, porosity, particle distribution nature, grain 

size, and agglomeration of nanoparticles are distinct and well-separated. The absence of 
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ununiform size clusters suggests reaction involves nucleation and effective production of 

homogenous NPs. The smooth surface and irregularities indicate the purity along with the 

quantity of prepared particles. The voids and porous are mainly due to large amounts of gas 

during combustion. The well clarity in borders of NPs indicates the reproducibility of NPs with 

having shapes of rhombohedral and smooth surfaces, indicates the purity of NPs with high 

activity for applications. As the image is of 65000 magnification and in the nano range of 

500nm [14]. 

 

Figure 1. Surface image of the synthesized titanium oxide NPs 

 

The elemental composition of prepared NPs of TiO2 existence studied with weight % of 

oxygen (20.4%) and titanium (79.6%) respectively. No other additional peaks present indicate 

the purity of synthesized NPs was noticed in Figure 2. 

 

Figure 2. EDX image of synthesized titanium oxide nanoparticles 
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3.2. Surface analysis by SEM 

The surface nature of TiCCPE and BCPE surfaces is displayed in Figure 3(a and b) and 

analyzed through SEM. Figure 3b reveals a uniform surface with a layer formed by the presence 

of nanoparticles (NPs), filling voids and creating a smooth texture. This suggests that the 

electrode surface has been modified and coated with titanium oxide nanoparticles, resulting in 

a clear and uniform appearance. In contrast, Figure 3a shows a rough, irregular texture with 

visible surface gaps, indicating higher porosity and less stable electrochemical behavior [15]. 

 

 

                                       Figure 3. Images of SEM for CPE (a) and TiO2 CCPE(b) 

3.3. XRD analysis  

Figure 4 implies the XRD pattern of the synthesized titanium oxide nanoparticles (TiO2 

NPs), with diffraction peaks at 2θ values of 27.72º, 36.35º, 39.5º, 41.45º, 44.3º, 54.54º, 56.95º, 

62.89º, and 70.12º, corresponding to the crystallographic planes (110), (103), (200), (112), 

(210), (105), (221), (204), and (220). These diffraction angles align well with standard values, 

indicating high crystallinity and purity, as confirmed by JCPDS card number 1-1272. The 

diffraction patterns confirm the formation of a tetragonal body-centered structure for the TiO2 

NPs. The particle size, calculated using Debye-Scherrer’s formula, is approximately 45 nm 

[16]. 

 

3.4. Raman spectrum of prepared TiO2 NPs 

The prepared NPs Raman spectrum is represented in Figure 5. The vibration mode of Eg 

appears at 144.5 cm-1. Whereas, (A1g + B1g), at 397.7 cm-1, 518 cm-1 confirms B1g and Eg 

modes, and 641 cm-1 respectively. The stretching modes of the Ti-O peak are associated with 

Eg at a peak range of 518 cm-1 and 397.7 cm-1. The anatase stretching modes phase of Ti–O 

and the bending mode of O–Ti–O are respectively. The high crystallinity is identified by its 

sharp and intense peak nature. The rutile phase absence confirms the synthesized nanoparticles 

purity. 
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Figure 4. XRD pattern of TiO2 NPs 

                        

 

Figure 5. Raman spectroscopy of TiO2 NPs 

 

3.5. Electrochemical impedance spectroscopy of TiCCPE and CPE surface 

EIS signifies the study of the transfer of charge resistance (Rct) and the conductivity of 

electrode. BS of known concentrations of potassium chloride and potassium ferrocyanide 

solutions are used for the study. Nyquist plot of both electrodes is shown in Figure 6. The CPE 

exhibits a larger semicircle (curve a) indicating a lower Rct value. The semicircle size helps 

identify electron transfer resistance with high conductivity and vice versa. Rct value also 

corresponds to the diffusion process related to the linear area. By consideration of conductivity 

and charge transfer resistance of TiCCPE (curve b) is inferior compared to CPE (curve a). 
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             Figure 6. EIS study for CPE (curve a- Bare) and TiCCPE (curve b-Modified) 

 

3.6. Electrochemical redox action on CC at TiCCPE 

The LSV of CPE and TiCCPE in BS of 0.2M at pH 7.0 in a 0.6 to -0.4V/s range of potential 

at a scan rate of 0.1V/s. At the TiCCPE surface. The CC redox peak current increases with a 

decrease in Epa due to the high active surface area in TiCCPE. This leads to high electron charge 

transfer between analyte CC and the electrode material. Broad redox peak due to less current 

intensity in Figure 7a. There was a vigorous reaction of electron transfer taking place in 

TiCCPE (Figure 7). The electron transfer is due to the conductivity of electrons in the CP of 

graphite material and an effective surface area region with stability can be absorbed. Indicates 

current flow and electron transfer easily and quickly in the modified surface of Figure 7b 

compared to Figure 7a. 

 

 

Figure 7. Cyclic voltammogram of BCPE (coloured black) (a) and TiCCPE (coloured red) (b) 

in   0.2M BS at a pH of 7.0 
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3.7. Response of CC at various pH 

The major response of electrochemical response of bioactive biomolecules is pH. This is 

the important factor influencing the electrode surface process along with the mechanism, this 

factor helps in the electrochemical detection of 0.1mM CC in TiCCPE. To analyse the LSV 

response of analyte compound in different pH ranges of 6.0, 7.0 to 8.0 at TiCCPE (Figure 8). 

At 0.1M BS, a scan rate of 0.1V/s with a potential range of -0.2V to 1.2V. The noticeable 

change as an increase in pH, signifies a higher current noticed at 7.0 pH. Where peaks shifted 

towards the negative pathway indicates higher electrochemical activity towards electrode 

material. Also, due to the deprotonation of all protons high intense peak current is observed. 

By the process easily at pH of 6.0 less proton transfer occurs and at pH 7.0 moderate 

deprotonation occurrence is noticed, which signifies peak current increment also. So, it is 

considered a suitable pH for sensitivity and selectivity. The Linear regression concentration of 

Epa and pH is given by equation (1). 

                          𝐸𝑝𝑎 (𝑉) = −0.1047(−0.0582)(𝑉)(𝑅2 = 0.9795)         (1)         

The oxidation of CC is pH-dependent on Epa, with slope values equal to 0.059 V/pH of equation 

(1) is equal to the Nernstian value of theoretical value. The electrochemical oxidation of two 

numbers of electron and protons transfer system in biosensing of CC using TiCCPE surface of 

the mechanism shown in Scheme 1. The total protons participated in redox behaviour is 

calculated using the pH slope value by equation (2). 

𝐵 =  
2.303𝑚𝑅𝑇

𝑛𝐹
                                                                  (2) 

Here B signifies the slope value, n is the protons number participating in the redox process of 

the CC is 2, T remains temperature, R stands for the universal gas constant, and F represents 

the Faraday law constant.  

 

Figure 8. LSV of the TiCCPE in 0.2M BS containing CC with different pH at a scan rate of 

0.01V/s. (b) The linearity plot of Epa versus varied pH values 
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Scheme 1. Redox action of catechol 

 

3.8. Impact on potential sweep rate 

The impact on the variation of scan rate (SR) of peak current Ipa in 0.1mM CC was studied.  

Figure 9 at the surface of TiCCPE, LSV of CC at scan rate variations from 0.025V/s to 0.400 

V/s for 0.2M BS at a pH range of 7.0 with -0.2V to 1.2 V range of potential at a scan rate of 

0.1V/s. Potential versus current in (Figure 9a) and log I versus log (SR) show a linear 

relationship reported in (Figure 9b). The linear regression equation for current in sweep rate is 

given by equation 3. 

𝐸𝑝𝑎 = −5.2922 + 0.388(𝑅2 = 0.9917)                          (3) 

 

 

Figure 9.  a) Linear sweep voltammetry of CC in 0.2 M BS of 7.0 pH in TiCCPE with SR 

variation; (b) Graph of the anodic peak of log current vs. log SR; (c) Graph of anodic peak 

potential voltage vs. log SR 

 

This implies that CC oxidation is at the surface of TiCCPE. The oxidation of the peak 

moves in the positive direction of potential with an increased SR as the peak current also 

increases. The linearity of the SR variation demonstrates good selectivity and sensitivity of the 

detection of CC on the electrode surface. By the observation of the above (equation 3), as the 
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slope value of log (scan rate) vs. log(current), the slope is anywhere near 0.5 and can be easily 

noticed as diffusion-controlled. Potential versus log (SR) is noted in (Figure 9c). The slope 

specifies (Figure 9c) the electrons present in the reaction were found to be 2. The B is the slope 

value of log (SR) vs. Epa, T is of absolute temperature, R will be the gas constant, F indicates 

the Faraday law constant, and N belongs to the number of electrons involved in the reaction 4. 

𝐵 =
2.303𝑅𝑇

(1 − 𝑎)𝑛𝐹
                                                                     (4) 

 

3.9. Concentration Variation of CC 

The CC electrochemical oxidation was inspected by changing the concentration of analyte 

0.1mM CC from 20 µM to 160 µM in 0.2M BS of 7.0 pH with -0.2V to 1.2V potential range 

at a scan rate of 0.1V/s at TiCCPE as displayed in Figure 10. The plot of current vs. CC 

concentration describes a fine linear association as concentration increases current also 

increases with linear regression as in equation 5. 

                       𝐼𝑝𝑎 = 1.722𝐸 − 7 + 4.096(𝑅2 = 0.9859)                            (5) 

The DL and DQ were found to be 0.21µM and 0.71µM using DL=3S/BS and QL=10S/BS 

where DL refers to the detection limit, QL is the quantification limit, S represents the standard 

deviation of blank and BS indicates the current versus concentration of CC slope. The 

calculated value displays the electrochemical sensitivity of CC at the micromolar level using 

the LSV technique. Outcomes explain good selectivity and sensitivity toward CC using the 

fabricated electrode. Comparison study with another fabricated electrode is listed below in 

Table 1. 

 

Figure 10. (a) Linear sweep voltammetry of CC with variation in concentrations varying from 

0.2 µM to 1.6 µM in BS of 7.0 pH at the TiCCPE surface with 0.1 V/s sweep rate; (b) graph of 

current (I) vs. concentration (M) 
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Table1. Comparison study with other fabricated electrodes 

Electrode Linear range Detection limit Reference 

A-GCE 0.5-200 0.31 [17] 

GGR-GCE 0.5-300 0.23 [18] 

RGO-NT-GCE 5.5-540 1.8 [19] 

Ti-CNT-GCE 1.5-300 0.8 [20] 

TiCCPE 0.2-1.6 0.21 Present Work 

 

3.10. Repeatability, stability, and reproducibility of TiCCPE 

The reproducibility, stability, and repeatability of the TiCCPE were evaluated by 

electrochemical analysis of CC in BS 0.2 M of 7.0 pH with 0.1 V/s scan rate using the LSV 

technique. The TiCCPE reproducibility was examined by fabricating five modified electrodes 

individually with a constant sample and repeatability was estimated by preparing five different 

BS samples with a fixed electrode were found of standard deviations of 3.027% and 1.58%, 

respectively. This analysis suggests that the electrode fabricated is repeatable and reproducible 

for the analysis of CC. The TiCCPE stability of the fabricated electrode surface was tested by 

confirming the LSV technique for CC. The stability value was determined by using the noted 

initial reading before some time and the same detection using the same electrode after some 

time, the reading of peak current specifies the stability. Here, the calculated value of stability 

is found to be 96.54%, which offers worthy stability for long-term TiCCPE for the CC analysis. 

 

4. CONCLUSION 

In the present work, an eco-friendly, cost-effective, simple, non-risky electrochemical 

electrode is developed through TiO2 NPs were synthesized through combustion method using 

titanium (III) sulfate and citric acid, at 500 °C, their morphological and structural conformation 

through FESEM as rhombohedral in shape, EDS of oxygen (20.4%) and titanium (79.6%), 

XRD with crystal size 45 nm and Raman spectroscopy. These NPs were then combined with 

CP to develop TiCCPE to improve the surface area of MCPE, which shows excellent 

performance for electrochemical analysis of catechol by enhancing the electron transfer system 

using Linear sweep voltammetry and electrochemical impedance study. The pH 7.0 is 

considered optimal pH by variation of pH, and the scan rate variation gives the conclusion of 

diffusion-controlled reaction with 2 2-electron transfer process. The concentration study gives 

information about DL and DQ were found to be 0.21 µM and 0.71 µM, with the reproducibility 

and repeatability of 3.027% and 1.58%, and stability of the modified electrode of 96.54%. The 

fabricated modified electrode exhibits improved electrochemical behaviour towards the 

detection of catechol and shows greater sensitivity, selectivity, and reproducibility in the study. 
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