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Abstract- A new electrochemical probe for detecting Isoniazid is proposed based on 

nanocomposite electrode modified with nanoceria particles (CeO2 NPs) as a catalytic amplifier. 

The main reason for the catalytic activity of CeO2 NPs attributed to their reversible dual 

oxidation states Ce(III)/Ce(IV) in that CeO2 NPs. Nanoceria nanoparticles have the ability to 

change redox states and surface properties when being in contact with electroactive 

compounds. Therefore, valence and defect structure of CeO2 NPs play a mainly role in this 

electrocatalytic reaction. Electrode surface area (A), electron transfer coefficient (α), and 

heterogeneous catalytic rate constant (Kh) were estimated by electrochemical techniques. The 

peak current is found to depend linearly on isoniazid concentration within the ranges of  

5.0-140.0 μmol L–1. The limit of detection (LOD) for isoniazid is found to be 0.51 μmol L–1.  

Finally, the modified electrode receives many advantages such as notable catalytic activity, 

and acceptable reproducibility, the proposed method was used for determining isoniazid in 

urine and tablet samples successfully. 

Keywords- Electrochemical sensor, Isoniazid, Antituberculosis tablet, Electrocatalytic 

sensing, Nanoceria particles  
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1. INTRODUCTION  

In the last decades, there is a noticeable growing request for fast, simple, and reliable 

sensors for determining different kinds of analytes in different samples. Many methods such 

as optical, electrochemical sensors have been developed for this purpose [1]. Among different 

sensors, electrochemical methods using modified electrodes have been shown to be a simple 

and effective way for analysis.  Generally, use of bare electrodes in electrochemical analysis 

shows low sensitivity. But, the modification of bare electrodes improves the electrode 

performance in electroanalysis [1-3]. One way to increase electrode performance is electrode 

modification with different (bio)material such as nanomaterials that shows the catalytic 

properties [4,5]. In addition, numerous advantages have been obtained by the combined 

electrochemical characteristics of conventional electroanalytical methods such as high 

sensitivity, rapid detection and increase active surface area and improvement of mass transport 

process. In general, metallic nanoparticles, especially metal oxides nanoparticles (such as 

Fe3O4, CuO, and ZnO), have been the center of numerous electrochemical investigations  

[4-6]. 

Among the different types of nanoparticles, cerium oxide or ceria nanoparticles (CeO2 NPs) 

have attained significant attention and have been widely used as a catalyst to catalyze various 

chemical and electrochemical reactions [7].   

In CeO2 structure, each cerium cation is coordinated by 8 oxygen ions and each oxygen ion 

is coordinated by 4 cerium cations [7]. Ceria nanoparticles in the structure shows some defects, 

which can be due to the formation of oxygen vacancy resulted from decreased oxygen content 

in the ceria structure; this feature is the intrinsic property for its potentials in catalysis and other 

applications. To maintain electro neutrality and since oxygen (O2-) in the stoichiometric CeO2, 

Also ceria with the high density of oxygen vacancy defects is expected to increase the number 

of Ce3+ fraction in the Ceria structure. This boosted activity is often due to the oxygen storage 

capacity of ceria, which is narrowly linked to how the cerium can change oxidation states.  It 

has been demonstrated that ceria not only works as a support for catalytic reactions, but also it 

can enhance the electron-transfer process [7-11]. To the best knowledge of the present authors, 

in spite of the catalytic properties, CeO2 NPs modified electrode is rarely reported. 

Carbon paste electrode (CPE) is a classic type of composite carbon electrode that 

constitutes a mixture of carbon powder and other carbonaceous materials and an oily binder. 

The use of CPE was firstly reported by Adamsin 1958 [6,12-14]. CPEs are broadly applicable 

in electrochemical science due to their benefits such as a simple surface renewal, a low 

background current, simple fabrication and incorporate different substances during the 

electrode preparation, a big potential window, and low price [6]. 

Isoniazid (IZO) is widely used first-line clinical drugs for the treatment of tuberculosis. 

Several mechanisms for IZO have been suggested in which IZO may have bactericidal actions 

to restrict the metabolism of bacterial proteins, lipids, and nucleic acids, depending on the 
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concentration of the drug [15,16]. But, the poisoning or death, have occurred irregularly owing 

to overdosage in IZO. Normal adult dose for tuberculosis disease is 5 mg/kg (up to 300 mg) 

orally per one day. Therefore, a simple and economical method has to be made to detect the 

concentration of IZO in pharmaceutical, or in biological fluid samples [17]. To date, many 

analytical methods have been established for the detection of IZO. These methods include 

classic method such as titrimetric [18], spectrophotometry [19-21], high performance liquid 

chromatography (HPLC) [22-24], gas chromatography [25], and electrochemical methods  

[15,16, 26-32]. Though each technique has some advantages, but some weaknesses still exist. 

The operation of some of these methods such as chromatography is complex and requires 

expensive apparatus and old methods such as titrimetry method is only appropriate for macro 

analysis. 

The main problem in the determination of IZO by using an electroanalytical method is the 

large over potential required for detection and the oxidation of IZO at bare electrode. Therefore, 

many modified electrodes have been established to decrease the over potential of IZO oxidation 

with some modification of electrodes such as using a suitable mediator, polymer, or 

nanomaterial to catalyze the oxidation reaction of IZO. In this way, many types of sensors have 

been developed to determine IZO [30,33]. 

Herein, we fabricate a modified electrochemical sensor with CeO2 NPs for determining 

IZO in real samples. High catalytic activity of CeO2 nanoparticles is suitable for the 

determination of IZO. The electrode exhibits catalytic effect on the electrochemical oxidation 

reaction of IZO, decreases the peak potential, and also increases the peak current intensity. The 

practical applicability of this electrode is successfully demonstrated in the real samples 

analysis. Also, the performance of fabricated electrode is better than or equal with some other 

modified electrodes reported in the literature. 

 

2. EXPERIMENTAL 

2.1. Chemicals and apparatus  

All the electrochemical tests were done with an Autolab system (TYPE III, Netherlands) 

with three-electrode system, consisting of a bare or modified carbon paste electrodes (CPE, 3 

mm diameter) as a working electrode, a platinum wire as an auxiliary electrode, and an SCE 

as a reference electrodes. Cerium oxide nanoparticles (CeO2 NPs) with the diameter of 10±5 

nm were obtained from Neutrino Co. (Tehran, Iran). Sodium dodecyl sulfate (SDS), 

hexadecyltrimethylammonium bromide (CTAB), graphite powder (particle size <1 mm), and 

spectroscopic mineral oil (Nujol) which were supplied for the preparations of conventional 

carbon paste electrode were purchased from Merck (Darmstadt, Germany). The size of the 

nanoparticles was investigated by a Philips CM10 TEM instrument. Also, the electrode surface 

morphology was analyzed by scanning electron microscopy (SEM) (Philips, model XL30, the 
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accelerating voltage, 25 kV). Paraffin oil was supplied by Fluka. Graphite powder, 

cetyltrimethyl ammonium bromide (CTAB), sodium hydroxide, phosphoric acid, sodium 

chloride, sodium nitrate, K3Fe(CN)6 powder, isoniazid (98%), ascorbic acid, and glucose were 

obtained from Merck (Darmstadt, Germany).  

 

2.2. Preparing real samples 

At first, ten tablets (labeled with 300 mg per each tablet, Darou Pakhsh Pharmaceutical 

Co.) of IZO were weighed and then ground. An Isoniazid stock (0.1 mM) solution was prepared 

and different tablet samples were prepared by serial dilution technique and analyzed by the 

modified electrode. In addition, a human urine sample (drug-free) was collected from a healthy 

volunteer. 

 

2.3. Characterizing the nanocomposite and structural characterization of CeO2 NPs 

Fig. 1 shows the scanning electron microscopy (SEM) images of the modified and bare 

electrode. As shown in Fig. 1A-B the modified or nanocomposite has been distributed 

uniformly and all over the electrode and XRD analysis reveals that the Fine CeO2 NPs are well 

dispersed on the electrode surface, which could promote a facile electron transfer. Fig.1C 

Shows the XRD pattern. In the 2θ range of 10–70 º, the five typical peaks (111), (200), (220), 

(311), and (112) can be indexed as the face center cube phase of CeO2.  

 

 

Fig. 1. SEM images of the nanocomposite electrode (A) and graphite electrode; (B) XRD 

patter; (C) of the nanocomposite electrode and effect of modifier; (D) percentage on the peak 

current blank (Black) graphite (violet), graphite+1.0 g CeO2 NPs (blue), graphite+0.2 g CeO2 

(green), graphite+3.0 g CeO2 (red) (Condition: IZO: 2 mM, NaOH: 10.0 mM) 
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2.4. Preparing nanocomposite electrode 

The modified electrode was fabricated by mixing of 0.20 g of CeO2 NPs with 0.80 g 

graphite powder by a mortar and pestle. Then, 3 drops of paraffin oil were added and mixed 

for 20 min until a homogeneously paste was obtained. The paste was then filled into a plastic 

tube (inner diameter: 2.0 mm.) and a copper wire as an electrical contact was inserted into the 

carbon paste. The unmodified electrode was prepared with the same materials except CeO2 

NPs. To obtain maximum performance of the proposed electrode for IZO detection, the amount 

of CeO2 NPs was optimized. Oxidation peaks currents of IZO (IZO: 2 mM, NaOH 10 mM) at 

three electrodes with different percentages of CeO2 NPs are shown in Fig.1D. Clearly, the 

maximum current intensity can be achieved at the electrode containing 0.20 g of CeO2 NPs. 

 

2.5. Square-wave voltammetry parameters 

Square-wave voltammetric technique as a sensitive electroanalytical technique is widely 

used to for the direct trace analysis. [34]. In this study, in the optimum conditions the Square-

wave voltammetry (SWV) measurements were carried out when the initial potential: -0.2 V, 

end potential:0.35 V, step potential: 0.006 V, modulation time: 0.05 sec, and fsw: 8.0 Hz.  

 

3. RESULTS AND DISCUSSION 

3.1. Analytical procedure 

Prior and after the use, the electrode tip was rubbed on a piece of paper to produce a clean, 

fresh and smooth surface. Under optimal conditions, standard solutions of the analyte were 

prepared by the serial dilution of the stock solution using PBS.  

 

 

Fig. 2. Proposed response mechanism of the sensor, for the catalytic electro-oxidation of IZO 

 

The sample solution contained 10.0 mM NaOH and 0.015% W/V CTAB surfactant was 

transferred in the electrochemical cell. SW voltammograms were recorded from -0.2 to 0.40 

mV after applying -0.1 V potential for 60 sec as the conditional potential. After applying the 
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potential, the peak current at 0.15 V was measured. The blank solution was prepared the same 

as the sample solution without IZO. The proposed mechanism for IZO oxidation at composite 

electrode is summarized in Fig. 2. 

Based on the previous research [7,9,26], upon exposure to the increasing concentrations of 

IZO, at first, IZO molecules diffuse on the surface of electrode and can reduce Ce4+ to Ce3+ at 

the composite electrode. As we know the hydrazine group in the IZO structure has a strong 

reducing ability. By electron acceptance from hydrazine group, CeO2 NPs becomes reduced 

and then re-oxidation during SWV scan results in the peak at 0.15 V with amplified current. 

 

3.2. Comparing surface area of modified and unmodified electrodes 

To study the effect of modifiers at nanocomposite electrode, both modified and unmodified 

electrodes (Fig. 3A) were tested in potassium ferricyanide solution (2 mM) by CV and the 

different responses can be seen clearly.  

 

 

 

Fig. 3. (A) Cyclic voltammetric responses of unmodified electrode (red), modified electrode 

with CeO2 NPs (blue); (B) Repeated cyclic voltammograms of a modified electrode 

nanoparticles at different scan rates (0.03-0.04-0.05-0.06-0.07-0.08-0.09)V.s−1.[Conditions: 2 

mM K3Fe[CN]6 solution, 100 mM KCl] 

 

To determine the active surface of electrodes, cyclic voltammetry of potassium ferricyanide 

solution (2 mM) was carried out at different scan rates (Fig. 3B). The obtained peak currents 

were plotted against the square root of scan rates in both cases. By the Randles-Sevcik equation 

(1) surface active area can be estimated [34, 35]:  

𝐼𝑃𝑎 = 2.69 × 105𝑛3/2𝐴𝐷1/2𝜐1/2𝐶0                                                                                        (1) 

where ip is peak current, n is the number of electrons transferred, υ is scan rate, D is diffusion 

coefficient, A is the surface area of the electrode, and c is the concentration of potassium 
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ferricyanide solution. Effective surface area of bare unmodified and unmodified electrodes was 

calculated. if n=1 and D equals 7.6×10−6 cm .s−1, the effective surface area of modified and 

unmodified electrodes was calculated as 0.147 cm2 and 0.086 cm2, respectively. So, the large 

surface area of the nanocomposite electrode compared with the unmodified electrode is clear. 

 

3.3. pH optimization 

The pH dependence of the reaction was studied in the range of 4.0–12.0 maximum catalytic 

response was observed at pH 12 (10 mM NaOH).  Since H+ was produced from the oxidation 

of IZO, the consumption of H+ could increase the oxidation rate of IZO and so acidic pH media 

was not appropriate. The influence of pH on the electrochemical behavior of IZO at the 

modified electrode was investigated at different pH containing 2.0 mM IZO by SWV. For pH 

12, stock solution of NaOH was prepared and then different NaOH concentrations were tested 

(Fig. 4-A). The highest catalytic current was obtained using NaOH (10 mM) solution. So this 

concentration was used to adjust the solution pH. 

 

3.4. Effect of surfactant types 

In this part, voltammetric behavior of IZO in the presence and absence of two common 

surfactants: sodium dodecyl sulfate (SDS) and hexadecyltrimethylammonium bromide 

(CTAB), were studied.  

 

 

Fig. 4. (A) Ip vs. scan rate of IZO (0.1 mM) at various sodium hydroxide concentrations; (B) 

Effect of the concentration of CTAB on the current peak, [Condition: IZO: 0.1 mM, NaOH: 10 

mM]; (C) The effect of accumulation time on peak current. [Condition: IZO: 4 μM, NaOH: 10 

mM] 
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The response of electrode could be greatly enhanced in the presence of cationic surfactant 

CTAB. It is known that CTAB or (C16H33)N(CH3)3Br is a well-known amine-based cationic 

quaternary surfactant. The cationic surfactant CTAB enhances the anodic peak current of IZO, 

which is attributed to the adsorption of the cationic surfactant CTAB onto electrode surface, 

forming a positively charged hydrophilic film with the polar head group pointing to the bulk 

of the solution. This positively charged hydrophilic layer facilitates getting of IZO to the 

electrode surface [36, 37]. 

The effect of CTAB concentration on the current intensity of was examined (Fig. 4B). The 

results revealed that, by adding different amounts of 0.1% W/V CTAB solution, the anodic 

current increased up until the 0.015-0.020% W/V of CTAB and then decreased and the peaks 

were broadened, which might be due to the barrier formation by CTAB molecule at the 

electrode surface [37]. Thus, 1.5 mL of 0.1% W/V (0.015% W/V) was selected for next tests 

as an optimum value. 

 

3.5. Effect of condition potential  

Also, in this part, the effect of condition potential from -0.1 V to +0.1 V (vs. SCE) on the 

peak current intensity for 4 μM IZO at 0-150 sec was evaluated. At the potential -0.1 V the 

considerably enhancement peak current of IZO was achieved with 60 sec (by stirring). 

Therefore, before each measurement, -0.1 V in 60 sec was selected for further experiments. 

 

3.6. Electrochemical study of isoniazid using cyclic voltammetry 

Electrochemical behavior of IZO at the purposed electrode was examined by SWV 

voltammetry. From Fig.1-D, we can see that the intensity of the oxidation current intensity at 

the modified electrode was obviously increased in contrast to the response at the unmodified 

electrode (Fig.1-D). The oxidation peaks current amplified in the presence of CeO2 NPs, and 

the electrochemical properties of the nano composite electrode were improved. 

For more evaluation, cyclic voltammograms obtained (Fig. 5) for the oxidation of IZO at 

the scan rates 10 to 190 mV s-1 at the modified electrode. IZO exhibited irreversible CV with 

an anodic peak at the modified electrode and no peaks were observed in the reverse scan. Fig. 

5A shows the cyclic voltammograms of IZO (2 mM) at the modified electrode at different scan 

rates. The oxidation peak current (ipa) of anodic peak increased linearly with the square root of 

the scan rates (v1/2) (Fig. 5B). The oxidation peak potential of IZO moved positively with the 

increase in the scan rate (Fig. 5B), which confirmed the kinetic limitation in the IZO oxidation 

reaction. The calibration equation was I(A)=4.0×10−5v1/2 (V .s−1)–3.0×10-6 (R2=0.99), 

suggesting that diffusion-controlled oxidation process occurred at the modified electrode. The 

peak potential moved to the positive values with increasing the scan rates (R2=0.99) (Fig. 5C).  
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For more evaluation, Fig. 6 displays a Tafel plot [38-39] drawn from the data of the rising part 

of the current-voltage curve recorded at the scan rate of 30 mV s-1.  Generally, the Tafel region 

was affected by the kinetics of electron transfer from IZO to the electrode.  

 

 

 

 

 

Fig. 5. Cyclic voltammograms of 2.0 mM IZO on CeO2 NPs/CPE in 10 mM NaOH and CTAB 

0.015% W/V at various scan rates (0.01, 0.03, 0.05, 0.07, 0.09, 0.11, 0.13, 0.15, 0.17, and 0.19 

V .s-1). (B) the relationship of the anodic current; (A) against the square root of the potential 

sweep rate (V .s-1); (C) Dependency of the anodic peak potentials against the peak potential 

 

 

Fig. 6. The Tafel plot that is plotted from rising part of cyclic voltammogram of 2 mM IZO at 

scan rate of 30 mV .s-1. Inset shows the cyclic voltammogram of 2.0 mM of IZO solution in 10 

mM NaOH and 0.01% W/V CTAB 

 

From the slope of the Tafel plot, n, number of electrons and α the transfer coefficient could be 

calculated from Tafel equation (2): 
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𝐸 = 𝑎 + 𝑏𝑙𝑜𝑔 𝑖                                

𝑏 = 𝑠𝑙𝑜𝑝 =
(1−𝛼)𝑛𝐹

2.303𝑅𝑇
                                                                                                                 (2) 

where E, peak potential, T, temperature (K), R, the gas constant (8.314 J K−1 mol−1), α, the 

charge transfer coefficient, n, the number of electrons involved in the rate determining step, 

and F (96.485 C mol−1) is the Faraday constant. Based on the linear equation (E=9.36(±0.02) 

logi+5.09(±0.03), R2=0.99), the Tafel slope (b) was 9.36 V-1. nα=0.45, if number of electrons 

equals 2, α=~0.23, and the value of the transfer coefficient showed that the activation free 

energy curve was unsymmetrical for irreversible IZO oxidation reaction. 

 

3.7. Chronoamperometry studies 

In this part chronoamperometry method was used for determination of diffusion coefficient. 

[38]. The chronoamperograms obtained for a series of IZO solutions with various 

concentrations are shown in Fig. 7A. As it can be seen, an increase in the concentration of IZO 

was accompanied by an increase in the anodic currents obtained for the potential step of +400 

mV/SCE at 40 sec.  

 

 

 

Fig. 7. (A) Chronoamprometric response of nanocomposite electrode in 10 mM NaOH and 

0.01% W/V CTAB containing different concentrations of IZO for a potential step of 400 mV 

vs SCE. For different concentrations of IZO: 20, 40, 75, 93,109 and 125 μM, respectively. 

Insets: (B) Plot of i vs. t-1/2 obtained from chronoamprometric experiments for the modified 

electrode (C), Chronoamperometric currents at t=40 s for blank and INZ (93 μM) solutions. C) 

The plot of Icat/IL vs. t1/2 for 93 μM IZO at optimum condition to evaluate kh. 
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The experimental plots of current (i) versus t-1/2 with the best fits for different 

concentrations of IZO are shown in Fig. 7B. The slopes of the resulting straight lines were then 

plotted versus the IZO concentration (Fig. 7B). Using the Cottrell equation (Eq. 3), diffusion 

coefficient we calculated and it equals 2×10-8 cm2 .s-1 for IZO. 

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

The rate constant (Kh) of electrochemical reaction could be obtained by 

chronoamprerometry and Galus equation (Eq. 4) [39, 40]: 

𝐼𝐶

𝐼𝐿
= 𝜋

1

2𝛾
1

2 = 𝜋
1

2(𝐾 𝐶 𝑡)1/2                                                                                                      (4) 

Where IC is the current in the presence of IZO, IL is the limited current in the absence of IZO, 

respectively, t is the time elapsed (s), and kh is the electrochemical rate constant                          

(cm3 mol–1 s–1). By using Galus equation the rate constant of the catalytic process kh can be 

calculated. Based on the slope of the IC/IL versus t1/2 plot (Fig. 7C,7D), kh can be calculated for 

a given IZO concentration. From the values of the slope lines, the value of kh is found to be 

kh=156.5×103 cm3 mol-1 sec-1. 

 

3.8. Analytical figures of merit 

In the optimized conditions, the fabricated sensor presented linearity from 5.0-140 μM for 

IZO with the linear regression equations y=0.009X-2×10-8 (x: concentration/mM, y: 

current/mA cm-2) and the correlation coefficient of R2 =0.9992. Also, the limit of detection was 

calculated to be 0.51 μM (S/N=3) and the repeatability [41] for the determinations of 80 μM 

of IZO (n=6) was 0.02%.  Table 1 lists the linear range and detection limit of some other IZO 

determination methods against the proposed modified electrode. These results indicated limit 

of detection and linear dynamic range of the fabricated sensor to be comparable or better than 

the values reported in 1the literature. 

Also, the effects of some common interference species on the sensing of IZO (36.0 μM) 

were evaluated (Table 2). The tolerance limit was taken as the maximum concentration of the 

interference substances which caused approximate ±5% in the determination of IZO (signal 

change below 5%). The results revealed that no serious interference. In addition, interference 

of some cations such as copper ions can be easily eliminated with addition suitable volume of 

EDTA or ethylenediaminetetraacetic acid (1 mM) solution as complexing agent. 

 

 

 

 



Anal. Bioanal. Electrochem., Vol. 11, No. 6, 2019, 727-741                                                 738 

 

Table 1. Comparison of the proposed method with some other reported methods in the 

literature for IZO determination 
 

a Linear dynamic range (LDR) 

b Limit of detection (LOD) 

c Data not available 

d Glassy carbon modified electrode(GCE), gold electrode (GE), screen-printed carbon electrode (SPE) and 

platinum electrode (PE) 

 

Table 2. Determination of IZO in the presence of various species [condition of 10 mL solution: 

36 μM IZO; CTAB: 0.015 (w/v) solution; NaOH: 10 mM; Condition potential: -0.1 V for 50 

sec 

 

Interfering speciesa Tolerated ratio [species]/[IZO] 

SO4
2-, NO3

- 100 

Glucose , Sucrose 70 

Mg2+ 50 

K+, Cl-, Br- , Ca2+, CO3
2- 10 

Cu2+ 1 
                                                 a All cations were prepared from nitrate and chloride salts and anions  

                                  were prepared from sodium and/or potassium salts 

 

3.9. Electrocatalytic determination of Izoniazid 

To investigate the possibility of applying voltammetric sensing of IZO in real samples. For 

real sample analysis, human urine and tablet samples (see Section 2.2) were chosen and 

analyzed. Both the prepared urine sample (see Section 2.6) was spiked by the known 

Analytical technique 
 

Samples 
LDR a 

(µM ) 

LOD b 

(µM ) 

Ref. 

 

Modified electrode/ GCEd Tablet 70–1300 13.0 [16] 

Modified electrode/ GCEd Tablet 3.99-1990 3.15 [26] 

Electrochemistry /SPEd Simulated  human urine 5.0-500.0 2.6 [27] 

Electrochemistry/GCEd 
Tablet 

10-10000 0.8 [28] 

Electrochemistry/GCEd Tablet and human urine 0.1 - 200 0.03 [29] 

Modified electrode/ GCEd Tablet and human urine 0.1-10 0.055 [30] 

Modified electrode/ GEd Tablet 2.0-230 0.096 [31] 

Modified electrode/ GCEd Tablet 0.05-10 0.01 [32] 

Modified electrode/ PEd 
Injection and tablet samples 

50-600 D.Ac [33] 

Modified electrode/ CPEd 
Tablet and human urine 

5-140 0.51 
This 

work 
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concentrations and tablet samples (300 mg-Darou Pakhsh Pharmaceutical Co. IRAN) was 

analyzed with standard addition method.  

 

3.9.1. Drug analysis (tablet sample) 

The sample preparation procedure was described in section 2.2. Three tablets (300 mg- 

Darou Pakhsh Pharmaceutical Co.) were weighed and ground to a fine powder. An adequate 

amount of this powder was weighed and transferred to a beaker. The mixture was shaken for 

30 min and filtered into a 100 mL volumetric flask. After the analysis, the concentration of IZO 

in the tablet samples was determined (Table 3).   

 

3.9.2. Urine analysis 

The developed method was also applied for the determination of IZO (Table 3) in the urine 

sample. Drug-free human urine was gained from a healthy person. To determine IZO in the 

urine sample, 1 mL sample was collected and diluted to 100 mL with distilled water. Then, 1 

mL of the resulting solution was transferred to the electrochemical cell. After that the diluted 

urine sample was spiked with different standard amounts of IZO, the mixture was diluted to 10 

mL and then analyzed (Table 3). 

  

Table 3. Determination results of IZO in real samples by standard addition method 

 

Samples Found 

(mg per tablet)  

(n=3) 

Added 

(μmol/L) 

Measured 

(μmol/L)  

(n=3) 

Recovery 

(%) 

 

Tablet sample 

(300 mg /tablet) 

 

300.4 

- 79.9±0.2 - 

20 98.1±0.1 91 

60 135.1±0.1 92 

 

Urine sample 

- - - - 

- 80 85.8±0.2 107.2 

- 120 115.3±0.1 96.1 

  

4. CONCLUSION 

This work demonstrated the fabrication of a carbon paste electrode modified by nanoceria 

particles. The modification of the electrode by CeO2 NPs improved the electrochemical 

catalytic activities toward the oxidation of IZO. The electrochemical behavior of IZO was 

studied by different electrochemical methods. The electrochemical study showed that IZO can 

be determined with suitable linear dynamic range, and low limit of detection. Finally, the 
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developed sensor was successfully applied for the analysis of IZO in the tablet and urine 

samples. 
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