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Abstract- Here, the electrochemical carbon sensor modified with titanium oxide (TiO2) 

nanoparticles and 5-Chloro, 2, 4-dihydroxyphenyl imidazo [4,5-d] [1,3] thiazin 7(3H)-one, an 

imidazole derivative, (CHIT) was fabricated for hydroxylamine (HX) determination. After 

optimization, some kinetic parameters related to CHIT were obtained. The observations 

revealed that using CHIT with TiO2 nanoparticle affected in lowering value of oxidation 

potential and increasing of oxidation peak currents, which provides higher sensitivity. 

According to these results CHIT-TiO2-CPE sensor possess the linear range (0.5–850 μM) 

 (0.5-40 and 40-850 μM) and a low detection limit (DL) 0.08 µM according to 3sb/m. Also 

CHIT-TiO2-CPE was used for determination of phenol in the range of 90 μM to 800 μM in the 

presence of various concentration of HX. Also, the CHIT-TiO2-CPE was used in water 

samples, successfully. 

Keywords- Hydroxylamine, Phenol, Titanium oxide nanoparticles, Modifier, Electrochemical 

sensor  
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1. INTRODUCTION  

HX known as a reduce factor which apply in nitrogen cycle and producing nitrous oxide 

[1-3]. It is a mutagen agent and moderately toxic but it can be used in synthesis and production 

of intermediate in pharmaceutical [3,4]. Up to now, lots of methods based on equipment have 

been applied for HX determination like spectrophotometry [1-3], gas or liquid chromatography 

[4-6], flow-injection biamperometry [7] and electrochemical method [8-12]. The disadvantages 

like being complex, the narrow linear ranges and low precision are the limitation of most of 

these methods. Although electrochemical methods with the advantages like being simple, 

direct, rapid, inexpensive and effective detection can be considered [13]. 

Modification of the electrode with chemical approach is one of the approaches to change 

the oxidation overvoltage or the rate of electron transfer [11,14]. In this work, CHIT, 

 𝐶11𝐻6𝐶𝑙𝑁3𝑂3𝑆  was used as a modifier (Fig. 1).  

 

 

 

 

 

 

 

 

Fig. 1. The structure of CHIT 

  

CHIT due to functional groups –OH and –NH provides suitable condition for lowering 

value of oxidation and reduction potential; so provide reversible reaction with capability of 

electron transfers between the solution and the surface of the electrode [15,16]. Also, this 

material, CHIT, can be synthesized easily with low cost without dangerous effect [17-19]. In 

addition of modifier, usually, various nanoparticles is also used in the sensor and the TiO2 is 

one of them [20-26]. This is stable in chemical and photochemical condition and has some 

merits such as easy availability, inexpensive, and non-toxicity [27].  

Following our previous work [15], here, the modified carbon electrode (CPE) was 

constructed with TiO2 nanoparticle and CHIT (CHIT-TiO2-CPE).  Modification of carbon 

electrode with TiO2 leads to change in surface area and preparing suitably base for HX 

oxidation at the carbon electrode surface. After optimization of experimental situations, the 

kinetic parameters of analyte were determined. The linear ranges of 0.5-40 µM, 80-850 µM 

and DL of 0.08 µM for HX were obtained with differential pulse voltammetry (DPV) method. 

The CHIT-TiO2-CPE was used for phenol in the range of 90 μM to 800 μM. Also, CHIT-TiO2-

CPE was utilized for determination of HX in spiked water samples and the acceptable results 

displayed that the CHIT-TiO2-CPE is useful for determination of HX in real water samples. 
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2. EXPERIMENTAL 

2.1. Chemical and reagents 

CHIT was synthesized using procedure described by Matysiak et.al [28]. The chemical 

materials of HX, phenol (C6H5OH), phosphoric acid (H3PO4), sodium hydroxide (NaOH), 

potassium chloride (KCl) and others were bought from Merck. Also TiO2 a nanoparticle was 

purchased from Iranian nonmaterial pioneers company.  

 

2.2. Apparatus  

A cell with three-electrodes was applied, consisting of a carbon electrode modified with 

TiO2 nanoparticles and CHIT, a Pt electrode and an Ag/AgCl contain KCl (1.0 M) as a working, 

counter and reference electrode, respectively. Electrochemical tests were achieved by a 

potentiostat/galvanostat PGSTAT 302 N from Eco Chemic, Utrecht, Netherlands in 25±1 °C 

and NOVA 1.7 software was used. All experiments carried out in the modified condition except 

the modification process. The values of pH achieved by a 691 pH/mV meters (Metrohm). The 

scanning electron microscopy (SEM model VEGA3) was used with a TESCAN instrument. 

Transmission electron microscopy (TEM) carried out on a Zeiss-EM10C instrument. 

 

2.3. Preparation of the CHIT-TiO2-CPE  

The hand mixing CHIT-TiO2-CPE was prepared from CHIT with graphite powder and 

TiO2 in 0.015 g: 0.465 g: 0.02 g respectively with a mortar and pestle.  

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Schematic of preparation of CHIT-TiO2-CPE 

 

Nearly two drops of paraffin was dropped to them and mixed total materials to achieve 

CHIT-TiO2-graphite, wetted paste, in uniform shape. After preparation, it was introduced in 

the bottom of a tube from glass when the internal radius of it is 2 mm in 10 cm long. Also a 

copper wire was used due to provide electrical contact. The unmodified carbon electrode was 
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prepared with graphite powder and in comparison processes used. Scheme 1 reveals the 

construction of CHIT-TiO2-CPE. 

 

 

                          

                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The SEM images of A) CPE; B) TiO2-CPE; C) CHIT-TiO2-CPE and D) TEM image 

of TiO2 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of modified electrodes  

The surface morphology of bare CPE, the modified CPE with TiO2 nanoparticles and the 

modified CPE with TiO2 nanoparticles and CHIT were studied by SEM technique. Fig. 2A 

indicates flakes shape surface of bare CPE without regular direction. Fig. 2B reveals the 

spherical shape of TiO2 nanoparticles. Also Fig. 2A and Fig. 2B reveals that CPE surface is 

less rough than CPE modified with TiO2 nanoparticles which leads to increasing the electrode 

surface area. Also Fig. 2C shows the presence of CHIT in the TiO2-CPE. Due to these 
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observations, the modification of CPE with modifier and TiO2 nanoparticles is performed well. 

Fig. 2D reveals that the TEM image of TiO2 nanoparticles that performed well. 

 

3.2. Electrochemical properties of the CHIT-TiO2-CPE  

One of the properties of CHIT is insolubility in water solutions, so incorporated it with 

carbon paste can be useful to prevent from leaching CHIT from the surface of the electrode. 

Also it can be providing a reproducible electrode [15]. In the present work, the behavior of the 

CHIT-TiO2-CPE was investigated using cyclic voltammetry (CV).  

 

 

Fig. 3. CVs obtained at CHIT-TiO2-CPE at various scan rates in PB (0.1 M) and pH 7.0. Insets: 

(A) Variation of E vs. Log 𝜈; (B) Variations of Ip vs. Log 𝜈 (C) The linear segment of E vs. 

Log 𝜈 plot 

 

Fig. 3 reveals the CVs of the CHIT-TiO2-CPE at different scan rates. The good reproducible 

anodic (0.201 V) and cathodic (0.098 V) peak potentials are observed (scan rate: 30 mV s-1), 

respectively. The difference between peak potentials (ΔEp= Epa - Epc) is 0.103 V that shows 

higher value than a reversible system (ΔEp~0.059/n, n=2). The ΔEp value increases when the 
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scan rate increases. So, the redox couples related to CHIT at CHIT-TiO2-CPE have a quasi-

reversible behavior. Fig. 3 (inset A) reveals the relationship of potential vs. scan rates at CHIT-

TiO2-CPE in buffer solution. Current responses were plotted in inset B of Fig. 3 versus scan 

rate in the range of 0.03–0.85 V s-1. In this situation which modifier is in the electrode texture 

(CHIT-TiO2-CPE), modifier (CHIT) for oxidation does not diffuse from bulk of solution to the 

electrode surface. The relationship between peak current and scan rate is linear which reveals 

the process of redox at this sensor is not in a diffusion manner. The Sharp equation [29] states 

that the peak current intensity is relevant to the surface concentration of the electro active 

species (Γ) according to equation (1): 

𝐼𝑝 = 𝑛2𝐹2𝐴𝛤𝑣/4𝑅𝑇                                                                                                                (1) 

where n states the number of electrons (n=2) in the reaction, Γ (mol cm-2) states the surface 

coverage, and the others Ip, A, F, R and T have their common meanings. 

From the slope (inset B) of the anodic peak currents versus the scan rate, Γ related to CHIT 

at the surface of CHIT-TiO2-CPE is 9.18 ×10-10 mol cm-2. Also, the inset C of Fig. 3 shows in 

the higher scan rates, peak potential values with the logarithm of the scan rate are proportional. 

According to Laviron equation (Eq. 2) [30] the kinetic parameters of CHIT at the surface of 

CHIT-TiO2-CPE can be determined. 

𝑜𝑔𝑘𝑠 = 𝛼 log(1 − 𝛼) + (1 − 𝛼)𝑙𝑜𝑔𝛼 − log (
𝑅𝑇

𝑛𝛼𝐹𝑣
) − 𝛼(1 − 𝛼)𝑛𝛼𝐹∆𝐸𝑝/2.3𝑅𝑇                 (2) 

The apparent charge transfer rate constant, ks, and the charge transfer coefficient, α, are 

determined by using the slope of Ep (Epc and Epa) versus logarithm of the scan rate. The plotted 

curve of Ep versus the logarithm of scan rate (inset B of Fig. 3) states two straight lines with 

2.303RT/αcnαF and 2.303RT/(1- αa)nαF slope for the cathodic and anodic peaks, respectively. 

In the high scan rates (see Eq. 2), Ep is proportional to Log ν. Using the slope of Fig. 3 (inset 

C) and Eq. (2), the average of α and ks values were calculated to be 0.30 and 1.44 s-1, 

respectively. 

 

3.3. Investigation of electrocatalytic oxidation of HX at the surface of CHIT-TiO2-CPE 

To investigate of electrochemical properties the CHIT-TiO2-CPE, CHIT-CPE, TiO2-CPE 

and bare CPE CVs were plotted in the absence and present of 2 mM HX, respectively. Fig. 4 

reveals that there are no anodic and cathodic peak currents on bare CPE and TiO2-CPE in the 

absence of HX (curve a, curve b), in comparison of those electrodes, the current response of 

TiO2-CPE shows slightly higher value from bare CPE. HX oxidation process is kinetically slow 

in the presence of HX, at bare CPE and TiO2-CPE (curve c and curve d).  
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Fig. 4. CVs obtained at (a) CPE (b) TiO2-CPE, (e) CHIT-CPE and (g) CHIT-TiO2-CPE 

electrodes in the absence of HX in PB (0.1 M) and pH 7.0; (c) CPE, (d) TiO2-CPE, (f) CHIT-

CPE, and (h) CHIT-TiO2-CPE in PB (0.1 M) and pH 7.0 in the presence of HX (2 mM) at a 

scan rate of 30 mV s-1  

 

Also, curves c and d indicate that the oxidation peak current of HX at the CPE modified 

with TiO2 (TiO2-CPE) is greater than CPE. The obtained result exhibited that TiO2 improve 

the electrochemical response, which is probably due to the characteristics of TiO2 (electrical 

conductivity and high surface area). Also Fig .4 shows that the peak current on CHIT-TiO2-

CPE increased in comparison with CHIT-CPE in the absence and presence of HX (curve e and 

curve f compare with curve g and curve h), respectively. The comparison of these curves states 

that the presence of TiO2 and CHIT in the structure of CPE leads to increasing peak current 

and decreasing the oxidation potentials. Also in the presence of HX, Epa at bare CPE is 930 

mV, while at modified electrode is shifted to more negative potential (233 mV). Also, in the 

presence of HX the anodic peak current (Ipa) of the CHIT increases, and in the reverse scan of 

the potential the cathodic peak of the CHIT disappears. As results, an EC catalytic (EC') 

mechanism is proposed for HX oxidation at the surface of CHIT-TiO2-CPE.  

In this mechanism, at first CHIT converts to CHIT(OX) and at the second step, CHIT(OX) 

changes to CHIT in the presence of hydroxylamine. It mean while HX is oxidized in the 

presence of CHIT(Ox). The elimination of anodic peak of CHIT(Ox) as a modifier is due to doing 

the chemical reaction of CHIT(Ox) with hydroxylamine and consequently reverse peak of CHIT 

eliminates. At the results HX is oxidized in the catalytic chemical reaction by CHIT (see 

Scheme 2). 
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Scheme 2. The reaction mechanism for HX at the surface of CHIT-TiO2-CPE 

 

The effects of different scan rates on the oxidation of HX at the surface of CHIT-TiO2-CPE 

were also investigated using CV technique. Fig. 5 indicates the dependence of the CV 

responses of CHIT-TiO2-CPE at the scan rates of 30-110 mV s-1 in the presence of HX.  

 

 

  

Fig. 5. CVs obtained at CHIT-TiO2-CPE in PB (0.1 M) and pH 7.0 containing HX (2 mM) at 

various scan rates 30, 40, 50, 60, 70, 80, 90, 100 and 110 mV s-1, Insets (A) Variation of Ip vs. 

𝜈1/2; (B) The selected region for plotting Tafel diagram in scan rate of 30 mV s-1; (C) Tafel 

plot derived from the rising part of CV at inset B 
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In Fig. 5, when the scan rate changes to high value, the peak potentials change slightly 

toward positive direction. This behavior in this reaction shows the kinetic limitation. The inset 

A in Fig. 5 shows the relationship between oxidation anodic peaks current of HX and ν1/2, the 

second root of scan rate, with equation I=0.1144 ν1/2 -0.0362 which indicates that the nature of 

the redox process is controlled by HX diffusion to the CHIT-TiO2-CPE surface [12]. Also, the 

electron transfer coefficient between HX and CHIT-TiO2-CPE was calculated by a Tafel 

diagram (Fig. 5, inset B and C) from CV of HX at the scan rate of 30 mVs-1. Using the slope 

value of the rising part of CV in the Tafel plot (10.178 V decade-1), slope= nα (1-α) F/2.3RT 

and assuming nα=1 the transfer coefficient α=0.4 was calculated for catalytic oxidation of HX. 

 

3.4. Optimization of the experimental conditions  

For determination of HX by the CHIT-TiO2-CPE, some parameters (the percentages of 

CHIT in the present of TiO2, the percentage of TiO2 in CPE structure and the pH of solution) 

were optimized.  

 

Fig. 6. Optimization of (A) the percentages of CHIT in TiO2-CPE, (B) percentages of TiO2 in 

the CHIT-CPE, (C) Variation of anodic peak current of CHIT vs. pH in PB (0.1 M) and 𝜈=30 

mV s-1 
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When CHIT weight percent (% w/w) increased from 0.5 to 5 in TiO2-CPE, the peak current 

increased up to 3.0% w/w and then and higher than 3.0% w/w, the peak current was constant. 

Therefore, 3.0% w/w of CHIT selected (Fig. 6A). Also the percentage of TiO2 according to 

Fig. 6B, was optimum with the percentage of 4% w/w. So, this value was selected for 

preparation of CHIT-TiO2-CPE. The parameter of pH on the HX oxidation was modified too. 

The electrochemical behaviour of the CHIT-TiO2-CPE was tested at the different pH values 

from 3.0 to 10.0 using CV technique. According to Fig. 6C, the oxidation peak current of HX 

increased in initial value of pH because the existence of amino group in the structure of CHIT 

and protonated to –NH3
+ in the low pH values. By increasing pH from 8.0 to 10.0, the oxidation 

peak currents decreased slightly (nearly constant). So pH=7.0 selected as the optimum pH. 

 

3.5. Chronoamperometric measurements by using CHIT/TiO2/CPE 

Chronoamperometry used for diffusion coefficient of HX (Fig. 7). All experiments were 

done in various concentration of HX while the potential related to CHIT-TiO2-CPE mentioned 

to be 0.30 V. In this technique, for an electroactive material, when the current be under 

diffusion control it can be stated by Cottrell equation (Eq. 3):  

𝐼 = 𝑛𝐹𝐴𝐷1/2𝐶𝜋−1/2𝑡−1/2                                                                                                      (3) 

Where D is the diffusion coefficient (cm2 s-1) and other symbols C, A,I and n have their 

common meaning. Inset A of Fig. 7 reveals the relationship between current and t-1/2 is linear. 

Also, while the current of HX be controlled by diffusion from the bulk solution, a near- 

Cottrelian behavior can be supposed. The average of D from the slope of I versus t-1/2 was 

calculated to be 3.61×10-6 cm2 s-1 (Fig. 7, inset B). The calculated D value is comparable with 

the D values which reported in some literatures, it is lower than that reported elsewhere 

[31, 32]. Also, the catalytic rate constant, k, was stated for the reaction of HX at CHIT-TiO2-

CPE according the method of Gallus (Eq. 4) [33]. 

ICat/Il = π1/2γ1/2 = π1/2(kcbt)
1/2                                                                                                   (4)                                                                                 

Where IC, the catalytic current of CHIT-TiO2-CPE, is in the presence of HX, Il , the limited 

current, is in the absence of HX. Other symbols are k: the catalytic rate constant (M-1 s-1), Cb: 

the catalyst concentration (M) and t: the time elapsed (s). According to the slope of Ic/Il vs. c1/2 

plot, the mean value of k was 5.1×102 M-1 s-1. The calculated value for k is comparable with the 

values of k=4.18×102 M-1 s-1 reported by Shabani-Nooshabadi et al [32]. This k value states the 

sharp feature of the catalytic peak shown for the catalytic oxidation of HX at the surface of 

CHIT-TiO2-CPE.  
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Fig. 7. Plots of I vs. t-1/2 obtained from the chronoamperograms of the CHIT-TiO2-CPE in PB 

(0.1 M) and pH 7.0 at a potential step 280 mV for different concentrations of HX (0.0, 0.1, 0.2, 

0.3, 0.5, 0.8 and 0.9 mM), Insets: (A) chronoamperograms obtained at 245 mV at HX: 0.0, 0.1, 

0.2, 0.3, 0.5, 0.8 and 0.9 mM (1 to 7, respectively); (B) The plot of IC/IL obtained from 

chronoamprograms vs. C1/2 (C) plot of the slope of the straight lines vs. CHX 

 

3.6. Electrocatalytic oxidation of HX at the CHIT-TiO2-CPE and sensitivity study 

Fig. 8 shows voltammograms of the CHIT-TiO2-CPE in the absence (curve 1) and presence 

(curves 2–8) of HX, when the concentration of HX was from 0.3 M to 2 mM at scan rate of 30 

mV s−1. The voltammogram (curve 1) shows anodic and cathodic peak. When HX was added 

to the solution (see curve 2-8 and compare with curve 1) Ipa increased and Ipc decreased. This 

changes are related to the fact that when the anodic potential sweep, HX reduces CHIT(OX) to 

CHIT. In parallel reaction, regenerated CHIT was oxidized and the anodic peak current 

increased. On the other hand, CHIT(OX) during a chemical step is consumed (Scheme 2) and 

the cathodic current changed to smaller values in the presence of HX. Moreover, the onset 

potential of the CHIT oxidation changes to positive values with further increasing of HX 

concentration. 
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Fig. 8. CVs of the CHIT-TiO2-CPE in PB (0.1 M) and pH 7.0 and scan rate of 40 mV s-1 in 

the presence of HX (CHX: 0.0, 0.3, 0.5, 0.7, 1.0, 1.5 and 2.0 mM) 

 

  

Fig. 9. DPVs of CHIT-TiO2-CPE for different concentrations of HX (0.5–40, 80.0-850.0 µM 

and n =5) in PB (0.1 M) and pH 7.0, Inset A: the plot of the electrocatalytic peak current as a 

function of HX concentration for two concentration ranges of 0.5–40, 80.0-850.0 µM, 

respectively, Inset B: the first linear range of calibration curve in inset A, Inset C: the second 

linear range of calibration curve in inset A 
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Differential pulse voltammetry (DPV) technique has convenient sensitivity and suitable 

resolution, therefore was used for diagnosis of linear range and DL for HX by the CHIT-TiO2-

CPE. The calibration curve for CHIT-TiO2-CPE was shown in Fig. 9. With respect to the fact 

that the electrocatalytic peak current of HX at the surface of CHIT-TiO2-CPE was proportional 

with HX concentration. The calibration curve showed two parts (inset A). The first part is from 

0.5 to 40.0 µM (inset B) and the second part from 80 to 850.0 µM (inset C). The appropriate 

sensitivity is possibly associated to using TiO2 nanoparticle which exists in the structure of the 

CHIT-TiO2-CPE. DL (based on 3Sbk/m) and linear ranges were obtained to be 0.5-850.0 µM 

and 0.08 µM, respectively.  

 

Table 1. Comparison of the responses of some previously reported HX sensors with CHIT-

TiO2-CPE 

 
electrode Methods Linear range 

(µM) 

Detection limit  

(µM) 

Ref. 

Carbon paste SWV 0.09–350 0.04 [36] 

Glassy carbon LSV 10–800 7.2 [37] 

Glassy carbon Amperometry 1.0–81.7 1.0 [38] 

Glassy carbon DPV 1–500 

500–18,000 

0.21 [34] 

Carbon paste Amperometry 2.5–400 0.8 [39] 

Glassy carbon DPV 1.0–100 0.8 [40] 

Carbon paste SWV 0.1–400 0.07 [10] 

Glassy carbon Amperometry 0.4–190 0.12 [41] 

CHIT-TiO2-CPE DPV 0.5-850 0.08 Present 

work 

 

Table 1 revels that the comparison of the efficiency between the CHIT-TiO2-CPE with other 

reported sensors [10, 34, 36-41] for determination of HX. According to the results, the CHIT-

TiO2-CPE has a wider linear range and lower DL for HX determination compared with other 

reported works except reference [34]. 

 

3.7. Simultaneous determination of HX and phenol as pollutant agents 

To investigate the determination of HX and phenol simultaneously by using CHIT-TiO2-

CPE, at first, the measurements by designed sensor in the present of HX and phenol was done 

and two differentiates anodic peaks at potentials of 114 and 542 mV for HX and phenol 

oxidation revealed which clearly separated from each other. This result indicate that 

determination of HX and phenol is possible at the surface of CHIT-TiO2-CPE (Fig. 10). Insets 

A and B of Fig. 10 reveal the calibration curves of HX and phenol, respectively. The results 

indicate that the electrochemical response peaks for phenol oxidation in the presence of HX in 
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the range of 90 μM to 800 μM is linear. It is therefore able to be determined HX and phenol in 

sample at the surface of the CHIT-TiO2-CPE.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. DPVs for CHIT-TiO2-CPE in PB (0.1 M) and pH 7.0 containing different 

concentrations of HX and phenol mixed solutions. Inset (A) the plot of the peak current as a 

function of CHX (25, 300, 370, 500,700 and 800 μM), inset; (B) the plot of the peak current as 

a function of Cphenol (90, 340, 450, 640,750 and 800 μM) 

 

3.8. Reproducibility, stability and selectivity of CHIT-TiO2-CPE 

To perform the reproducibility test, five separately CHIT-TiO2-CPE under the best 

condition (optimum) prepared. The RSD for DPVs of each electrode in 100 μM of HX was 

5.1% which indicates the excellent reproducibility of the CHIT-TiO2-CPE. Also, the stability 

of the CHIT-TiO2-CPE studied after 3, 7, 15 and 25 days (25±1 ℃) and the currents of DPV 

for HX oxidation recorded. The obtained peak currents for HX were 96.4, 96.8, 96.0 and 

94.8%, of the initial responses, respectively. The results revealed that the CHIT-TiO2-CPE in 

this paper possess high stability. To investigate the selectivity of the CHIT-TiO2-CPE, the 

effects of some interference ions that may be accompany with HX in natural water were 

studied. The various concentrations of interference species in the presence of 1×10-4 M HX 

were investigated. The maximum concentration of the interferences that cause an error (less 

than ±5%) for determination of HX were studied. The concentration of the materials such as 

Cu2+, Pb2+, Ca2+, Na2+, K+, NO3
-, Cl-, Br- and I- were 1×10-2 M and for glucose, fructose, 

sucrose, citric acid, and malic acid were 2.5×10-3 M. The results revealed that the peak current 

of HX with CHIT-TiO2-CPE did not affect by a 100 and 25- fold increase in the concentration 

of above interferences for HX determination, respectively. 
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3.9. Real sample analysis  

To test the applicability of CHIT-TiO2-CPE, determination of HX in tap water, waste water 

and well water was done. The determination of HX with CHIT-TiO2-CPE in real sample was 

carried out by standard addition method and their concentrations estimated with proposed 

method (Table 2). The statistical calculation results revealed an agreement between them for 

the mean value in real sample. So, due to the results the CHIT-TiO2-CPE has a good capability 

for determination of HX and phenol in real samples with high selectivity, and good 

reproducibility. 

 

Table 2. The application of CHIT-TiO2-CPE for determination of various concentration of HX 

in water samples (n=5) 

 

 

4. CONCLUSION  

In the present work, a modified CPE with CHIT and TiO2 nanoparticle (CHIT-TiO2-CPE) 

was fabricated for electrochemical determination of HX. The kinetic parameters such as α, ks 

and D for HX were calculated for CHIT-TiO2-CPE. Also, two linear ranges of 0.5-40 μM, 40- 

850 μM and a low detection limit of 0.08 μM for HX determination were obtained. The CHIT-

TiO2-CPE has some benefits such as competitive price, notably stability and selectivity, good 

reproducibility and easy construction. The CHIT-TiO2-CPE was used for determination of 

phenol in the ranges of 90 μM to 800 μM in the presence of HX. Also, The CHIT-TiO2-CPE 

was used successfully in determination of HX in the real samples of tap water, waste water and 

well water samples.  
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Sample  Added concentration (µM) Found concentrations (µM) Recovery % 

Tap water 100 96 96 

200 198 99 

300 292 97.3 

400 401 100.2 

Waste water 100 103 103 

200 202 101 

300 306 102 

400 412 103 

Well water 100 95 95 

200 202 101 

300 302 100.6 

400 398 99.5 
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