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The electrocataylic oxidation of lead(II) was investigated on a novel carbon paste microelectrode 

modified with a thione-containing ligand namely, N(2-isopropylphenyl)-2-thioimidazole (Hmim). The 

carbon paste electrode modified with N(2-isopropylphenyl)-2-thioimidazole (CPME-Hmim) was 

characterized using scanning electron microscope (SEM) and cyclic voltammetry (CV). The 

electrochemical behavior of lead(II) ions at the modified electrode surface showed one anodic peak at - 

0.43 V and one cathodic peak at -0.55 V with a separation peak potential of 120 mV. The anodic and 

cathodic peak current heights of lead(II) ions in the case of CPME-Hmim was much higher than that in 

the case of the unmodified one, CPE. This is due to the accumulation of lead(II) ions at the surface of 

CPME-Hmim, forming the monomeric lead(II) complex [(Hmim)2Pb(NO3)2]. Square wave 

voltammetry was used for the electrochemical determination of lead(II) ions at CPME-Hmim with 

optimum conditions and calibration curve (analytical equation: y = -2.129×10
-5

 + 1.847x). The 

obtained results showed a recovery ranged between 98.67-106.11%. The lead(II) ions was determined 

in different water samples and the obtained results were compared with the data obtained from the 

ICP-AES instrument. 

 

 

Keywords: Lead, N(2-isopropylphenyl)-2-thioimidazole, Carbon paste microelectrode, Cyclic 

voltammetry 

 

 

1. INTRODUCTION 

Environmental pollution is one of the most serious problems facing our recent world. Trace 

elements, especially heavy metals, are considered to be one of the main sources of pollution in the 
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environment. Lead is one of the most dangerous environmental pollutants where it has a strong 

chemical toxicity effect even in the presence of low concentrations. Lead is highly toxic to human and 

animal organs such nervous, immune, reproductive and gastrointestinal systems. The main source of 

lead in the environment is due to the old housing especially houses painted with products containing 

lead as pigment and soil contaminated by lead residues from gasoline and industrial processes. Human 

activities such as mining, smelting, refining, manufacturing, and recycling, lead finds its way into the 

air, water, and the surface soil. Lead –containing manufactured products such as gasoline, paint, 

painting inks, lead water pipes, lead –glazed pottery, lead –soldered cans and battery casings also 

contribute to the lead burden. Lead in contaminated soil and dust can find its way into food and water 

supply.  

So it is very important to find a very sensitive and selective method for the determination of 

trace levels of lead in the environment. Different techniques were used for trace lead analysis such as 

spectroscopic methods especially graphite furnace atomic adsorption spectroscopy (GF-AAS), and 

inductively coupled plasma mass spectroscopy (ICP-MS)[1-6]. These methods have excellent 

sensitivity and good selectivity, but have different drawbacks such as time consuming used for analysis 

and very expensive instruments are required. Electrochemical methods including stripping 

voltammetric techniques such as anodic stripping voltammetry, cathodic stripping voltammetry, square 

wave voltammetry and differential pulse voltammetry have recognized powerful tools for measuring 

trace analysis. It have shown different advantages such as speed of analysis, higher selectivity and 

sensitivity, low coast, easy operation and the ability of analyzing element speciation. Different 

working electrodes were used for the voltammetric determination of lead such as hanging mercury 

drop electrode (HMDE) [7-12], mercury film electrode [13], gold electrode [14] gold screen printed 

electrode [15], Bismuth oxide screen printed electrode [16], and renovated silver ring electrode [17]. 

Chemically modified electrodes have been develop the recent years for the electrochemical 

determination of heavy metals due to different advantages such as easy manufacture, no poison, 

renewable, fast response, high selectivity, low detection limit, stable in various solvent, longer life time 

and low cost.  

A number of chemically modified electrodes were developed for the electrochemical; 

determination of lead such as bismuth glassy carbon composite electrode [18], hydroxylapatite 

modified carbon ionic liquid electrode [19], cyclodextrin modified gold electrode [20], kaolin modified 

platinum electrode [21], cyclam-modified graphite felt electrodes [22], hydroxylapatite modified 

platinum electrode [23], 1-(2-pyridylazo)-2-naphthol modified screen printed carbon electrode [24], 

calixarene modified screen printed carbon electrode [25], anthraquinone improved Na-montmorillonite 

nanoparticles glassy carbon electrode [26], Langmuir – Blodgett film of p-tert-butylthiacalix[4]arene 

modified glassy carbon electrode [27], screen printed carbon electrode modified with bismuth oxide 

electrode [28], glassy carbon electrode modified with mercury [29] and chemically carbon paste 

electrodes. Carbon paste electrode (CPE) is one of the most popular chemically modified electrodes 

used with voltammetric techniques. This electrode prepared by mixing a graphite powder with a 

suitable binder and a material known as a modifier that improves the selectivity of the prepared 

electrode. In the literature survey some modifiers were used with carbon paste electrode for the 

electrochemical determination of lead, such as zeolite [30], hydroxyapatite [31], modified with SBA-
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15 nanostructured silica organofunctionalised with 2-benzothiazolethiol [32], carbamoylphosphonic 

acid [33], diacetyldioxime [34], 1,4-bis(prop-2′-enyloxy)-9,10-anthraquinone [35] and Chitosan [36]. 

Lead (II) complexes with sulfur donor atom ligands have been studied actively during the last few 

decades due to their significant structural diversity and multiple applications for these compounds [37]. 

In order to increase both the selectivity and sensitivity for the electrochemical determination of lead(II) 

ions, a thione-containing ligand, namely, N(2-isopropylphenyl)-2-thioimidazole was selected for the 

modification of carbon paste microelectrode. The present work aimed to the determination of lead(II) 

ions in different water samples and the obtained results were compared with the data obtained from the 

ICP-AES instrument. 

 

 

 

2. EXPERIMENTAL 

2.1. Chemicals 

All reagents were of commercial grade materials and were used without further purification. 

Graphite powder, paraffin wax and lead (II) nitrate were obtained from Sigma-Aldrich. H3BO3, H3PO4, 

NaH2PO4, Na2HPO4 CH3COOH, HCl, and NaOH were obtained from Merck. Double distilled water 

was used for the preparation of solutions. 

 

2.2. Synthesis of N(2-isopropylphenyl)-2-thioimidazole (Hmim) 

A solution of 2-isopropyl-butylaniline (27.0 g, 0.2 mol) in dry diethyl ether (40 mL) was 

slowly added to a solution containing a mixture of NaNH2 (7.8 g, 0.12 mol) and bromoacetal (39.4 g,  

0.1 mol) in 60 mL dry diethyl ether. The resulting solution was stirred for 2h under stream of nitrogen. 

Then, the solvent was removed in vacuo, and the residue was heated to 120 °C overnight for 

completion the reaction. Ethanol (30 mL) was carefully added, followed by water (20 mL). The 

resulting solution was stirred for one 1h. The remained solid material was extracted from n-hexane and 

dried with magnesium sulfate, giving N-(2,2-diethoxyethyl)-isopropylaniline, which was mixed with 

potassium thiocyanate (14.9 g, 0.153 mol) in ethanol (130 mL). Then add 75 mL (HCl, 2N). The 

reaction mixture was refluxed for 24 hrs. The solvent was removed by rotatory evaporator. A hot water 

(500 ml) was added to the residue with stirring. Cool down and a raw product was obtained as pale 

yellow solid, filtered, dried, and crystallized from ethanol by using activated charcoal. N(2-

isopropylphenyl)-2-thioimidazole was obtained as white crystals. Yield: 59.3%. M. p. 246 °C (dec). 

Anal. Calcd. for C12H14N2S (218.32): C, 66.02; H, 6.46; N, 12.83; S, 14.69. Found: C, 65.22; H, 6.67; 

N, 12.45; S, 14.81.  
1
H-NMR (CDCl3, 298 K, TMS):  1.12 [d, J = 6.9 Hz, 6H, CH3], 2.61(m, J = 6.7 

Hz, 2H, CH], 6.64 [d, J =  2.2 Hz, 1H, H
3
-thioimidazole], 6.85 [d J =  2.2 Hz, 1H, H

2
-thioimidazole], 

7.29-7.42 [m, 4H, C6H5], 12.20 ppm [s, 1H, NH]. 
13

C NMR (CDCl3, 298 K, TMS):  = 22.6 (CH3 

(ipr)), 24.4 (CH3 (ipr)), 28.4 (CH ((ipr))), 119.5 (C
3
-thioimidazole), 119.8 (C

2
-thioimidazole), 124.1, 

129.7 (C6H5 (1,4)), 134.4 (C6H5 (3,5)), 146.7 (C6H5 (2,6)), and 165.9 ppm (C
1
-thioimidazole). IR 

http://en.wikipedia.org/wiki/Phosphoric_acid
http://en.wikipedia.org/wiki/Phosphoric_acid
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(KBr), ν(cm
-1

): 3097 (s, br, NH), 1573 (s, -C=C- + C=N), 1474 (s, Thioamide I), 1295 (vs, Thioamide 

II), 1137 (m, thioamide III), 775 & 725 (s, Thioamide IV), 683 [m, δ (C-S)], and 533 [s, π (C=S)]. 

 

2.3. Synthesis of Bis(N-isopropyl-2-thioimidazolyl)bis(nitrato)lead(II) 

A warm solution of Pb(NO3)2 (132 mg, 0.4 mmol) in 10 mL of methanol was added to a warm 

solution of the ligand Hmim (175 mg, 0.8 mmol) in 10 mL methanol. The resulting mixed solution was 

stirred for 6 h at room temperature. The volume of the solution was reduced to 10 mL in vacuo. 

Colorless crystals were obtained by slow evaporation of methanolic solution of the complex. Anal. 

Calcd. For C24H28N6S2O6Pb (767.84): C, 37.54; H, 3.68; N, 10.94; S, 8.35. Found: C, 36.67; H, 3.77; 

N, 10.44; S, 8.56. IR (KBr), ν(cm
-1

): 3116 (s, br, NH), 1585 (s, -C=C- + C=N), 1488 (s, Thioamide I), 

1299 (vs, Thioamide II), 1145 (m, thioamide III), 761 & 688 (s, Thioamide IV), 687 [m, δ (C-S)], and 

522 [s, π (C=S)]. 

 

2.4. Preparation of Unmodified Carbon Paste Electrode (CPE) and Carbon Paste  

Modified by N(2-isopropylphenyl)-2-thioimidazole  (CPME-Hmim) 

Unmodified carbon paste electrode was prepared as mentioned before [38] by mixing 65% 

graphite powder and 35% paraffin wax. Paraffin wax was heated till melting and then, mixed very well 

with graphite powder to produce a homogeneous paste. The resulted paste was then packed into the 

end of an insulin syringe (i.d.: 2mm). External electrical contact was established by forcing a copper 

wire down the syringe. CPE modified with Hmim was prepared by mixing 60% graphite powder and 

30% paraffin wax with 1, 3, 5, 10% Hmim. The surface of the electrode was polished with a piece of 

weighting paper and then rinsed with distilled water thoroughly. 

 

2.5. Physical measurements 

Infrared spectral measurements for the free ligand and its lead(II) complex [(Hmim)2Pb(NO3)2] 

were recorded in KBR pellets using FT-IR Prestige-21 Shimadzu, in the range of 400-4000 cm
-1

. 

Raman spectra were obtained as powder in glass capillaries on a Nicolet FT Raman 950 

spectrophotometer. The spectra were recorded at room temperature with a germanium detector, 

maintained at liquid nitrogen temperature and using 1064.0 nm radiation, generated by a Nd-YAG 

laser with a resolution of 2 cm
-1

. 
1
H-

13
C NMR spectra were taken for the ligand and its complexes 

using Varian 400-NMR spectrophotometer. The 
1
H-NMR spectra were recorded employing TMS as a 

reference and CDCl3 as a solvent at ambient temperature. Thermal analyses of the complexes were 

recorded on Netzsch STA 449F3 with system interface device in the atmosphere of nitrogen. The 

temperature scale of the instrument was calibrated with high purity calcium oxalate. Accurately 5 mg 

of pure sample was subjected for dynamic TG scans at heating rate of 10 °C min
-1

. Scanning electron 

microscopy (SEM; JEOL JSM-6700F), was used to characterize the morphology of the bare carbon 

paste (CPE) and the modified carbon paste electrode (CPME-Hmim). 
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2.6. Electrochemical Measurements 

Cyclic voltammetry (CV) and square wave voltammetry were preformed using an Autolab 

potentiostat PGSTAT 302 (Eco Chemie, Utrecht, The Netherlands) driven by the General purpose 

Electrochemical systems data processing software (GPES, software version 4.9, Eco Chemie). 

Electrochemical cell with three electrodes was used; unmodified carbon paste electrode or carbon paste 

electrode modified with N(2-isopropylphenyl)-2-thioimidazole was used as a working electrode, 

Ag/AgCl was used as a reference electrode while platinum wire was used as a counter electrode. The 

pH values were measured using a Metrohom pH-meter with a combined glass electrode. pH values 

were adjusted using 1.0 M NaOH solution. 

 

 

 

3. RESULTS AND DISCUSSIONS 

3.1. Characterization of the ligand N(2-isopropylphenyl)-2-thioimidazole  

(Hmim) and [(Hmim)2Pb(NO3)2] 

The reaction of the ligand Hmim with Pb(NO3)2 in 2:1 molar ratio in hot methanol, readily 

produced the crystalline complex [Pb(Hmim)2(NO3)2] in a good yield. The elemental analysis of this 

complex confirmed its stoichiometry and its physical properties are in accordance with the proposed 

structure. In order to establish the mode of its coordination, we have examined its IR, Raman, and 
1
H 

NMR spectra as well as thermal analysis. The IR spectrum of [(Hmim)2Pb(NO3)2 shows the absence of 

ν(SH) band at ~2500 cm
−1

 and the presence of ν(NH) band in the range of 3097–3116 cm
−1

, as well as 

shifts to lower frequency in the ν(C=S) absorption to 522 cm
−1

. This clearly indicates that the ligand is 

coordinated via the thione sulfur atom [39]. These shifts may result from (i) changes in the electronic 

state where the C=S bond loses some of its double bond character when the ligand coordinates via the 

thione sulfur and (ii) hydrogen bond effects, where it is a common feature of 1-methylimidazoline-

2(3H)-thione complexes in which the thioamide proton (N-H) of the molecule acts as an effective H-

bond donor atom [40]. All of the thioamide bands are shifted to some degree, but the most significant 

change is that observed in the thioamide IV bands, which have the largest shift to lower frequency [41-

42]. The thioamide IV band is affected with the bands in the free ligand (775 and 725 cm
-1

), which are 

replaced by a sharp band at 761 and 688 cm
−1

 for [(Hmim)2Pb(NO3)2]. The IR spectra also showed the 

NO3
-
 absorption at 1384 cm

-1
, which is not found in the ligand itself. The bands below 500 cm

-1
, to 

angular deformation and Pb–S stretching modes. These shifts may result from changes in the electronic 

state where the C=S bond loses some of its double bond character when the ligand coordinates via the 

thione sulfur. The shifts in the bands between the free ligand and the complex result from electronic 

shifts within the ligand. Information about the low frequency Pb(NO3)2 and Pb(II)–S(thionate) 

vibrations can be obtained by using Raman spectroscopy. From Raman spectra, the bands of most 

interest are the ones formed upon complexation, which must therefore be the result of lead(II)–N/S 

bonding. The absence of the weak SH signals of the thiol form of the ligand and the complex confirms 

that the coordination of the ligand in the solid state takes place only through the sulfur atom. This 

observation has been further confirmed [43]
 
for the complexation of thiourea (TU) with HgCl2, 
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forming a complex of the formula [Hg(TU)2Cl2]. The thermal analysis of the ligand Hmim indicates 

that its decomposition proceeds in one step. The TG-DTG thermogram of the ligand exhibits an 

endothermic event at around 290
o 
C accompanied by a mass loss of 95.9 % (Calc. 96.72 %), assignable 

for the removal the whole molecule Hmim, forming carbon as a residual product. 

 

3.2. Characterization of CPE and CPME-Hmim 

 

Figure 1.  SEM for (a) CPE and (b) CPME-Hmim 

 

Scanning electron microscopy (SEM) was used to characterize the morphology of the bare CPE 

and CPME-Hmim. Fig. 1 presents the SEM for the prepared electrodes. The SEM images of the bare 

CPE (Fig.1a) showed a microstructure with a discontinuous grain growth with a large unclear crystal 

structure. Also the surface structure of the bare CPE showed that the graphite particles are covered by 

a very thin film of paraffin wax. The elemental analysis by EDEX was carried out to evaluate material 

composition of the prepared electrodes. The EDEX analysis showed that the bare CPE consisted of 

100% of carbon and no other elements were appeared. Fig. 1b shows that the surface of CPME-Hmim 

is relatively homogeneous and more smother than the bare CPE. The EDEX analysis for a CPME-

Hmim showed that the electrode contains carbon by about 79.75%, S by 11.4% and traces from Si 

(0.38%). 

 

3.3. Cyclic voltammetric measurements  

Cyclic voltammetry was used to study the electrochemical behavior of Pb(II) at a CPME-Hmim 

in the absence and presence of Pb(II) ions. The electrochemical behavior of the prepared electrodes 

was examined in a potential range from - 1.4 to + 1.5 V (vs. Ag/AgCl) for a bare CPE and from -1.5 to 

0.0 V (vs. Ag/AgCl) for a CPME-Hmim using a potential scan rate of 100 mV s
-1

. The cyclic 

voltammogram for a bare CPE in the absence of Pb(II) did not show any signals even in the forward or 
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in the reverse scan. Fig. 2 showed the cyclic voltammogram for a CPE and CPME-Hmim in the 

presence of 5x10
-4

 M Pb(II) using 0.1 M HCl as a supporting electrolyte.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cyclic voltammograms for 5x10
-4

 M Pb(II) ions at (a) CPE and (b) CPME-Hmim. 

 

At a bare CPE, Pb(II) showed one quasi reversible reaction, one oxidation peak was appeared 

at - 0.43 V in the forward scan and another reduction peak was appeared at - 0.64 V at the reverse 

scan, with a 190 mV separation peak potential (∆Ep) was obtained. The quasi reversible reaction is 

attributed to the oxidation of Pb to Pb(II) ions. For a CPME-Hmim also showed anodic peak at - 0.43 

V in the forward scan and a small cathodic peak was observed at - 0.55V in the reverse scan with a 120 

mV ∆Ep. As ∆Ep is a function of the rate of electron transfer, the lower ∆Ep, the higher electron 

transfer rate. The results obtained greatly improved the voltammetric response of Pb(II) at CPME-

Hmim reflected by the enlargement of peak current and the decrease of peak potential (∆Ep = 120 

mV). This indicates that the surface property of the modified electrode has been significantly changed. 

From Fig. 2B it is clear that the anodic peak current for Pb(II) in the presence of a CPME-Hmim is 

much higher than the peak current of Pb(II)
 
in case of a bare CPE. This enhancement in the peak 

current due to the increscent of Pb(II) in the electrode surface by the complex formation between 

Pb(II) and the ligend Hmim according to the following Scheme 1. The effect of ligend Hmim 

concentration was examined using a concentration range from 1 to 10% in the carbon paste used for 

the preparation of modified electrode. By increasing the amount of Hmim concentration from 1 to 10 

%, the oxidation peak current increased. So carbon paste modified by 10 % Hmim was used for further 

studies. The effect of accumulation time on the peak current of Pb(II) on the modified electrode was 

examined using different times ranged from 0 to 30s. By increasing the accumulation time, the peak 

current increased till reach a maximum value at 5s and after that the peak current showed a small 

decrease till 10s and after that the peak current become stable. The incensement  in the peak current 

from 0s to 5s due the adsorption of Pb(II) on the electrode surface with time and more complex formed 
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between Pb(II) and Hmim till reach a maximum value and after that some of the outer adsorbed ions 

with a week adsorption to the electrode leave the surface till a an equilibrium occurs.  

The effect of potential scan rate on the electrochemistry of carbon CPME-Hmim was studied 

using 5x10
-4

 M Pb(II) in HCl 0.1 M.  By increasing the scan rate values from 10 to 250 mV/s, the 

oxidation peak currents increased (Fig. 3a). Fig. 3b showed the relation between the anodic and 

cathodic peak current as a function in scan rate values. By increasing the scan rate values the anodic 

and cathodic peak current increased. Fig. 3c showed the effect of scan rate on the position of peak 

potential, where the anodic peak potential shifted to more positive values and the cathodic peak shifted 

to more negative values. 
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Figure 3. (a) The cyclic voltammograms for 5x10
-4

 M Pb(II) at different scan rate from 10 to 250 

mV/s, using CPME-Hmim in 0.1 HCl M solution. (b) Plot Ip against scan rate for 5x10
-4

 M 

Pb(II). (c) Plot Ep against scan rate for 5x10
-4

 M Pb(II). (d) Plot of anodic peak current Ip for 

5x10
-4

 M Pb(II) vs. 


. 

 

The oxidation peak currents for 5x10
-4

 M Pb(II) were proportional to the square root of the 

scan rate (
1/2

) (Fig. 3d) using scan rate values from 10 to 100 mV/s, which, indicates that the electron 

transfer reaction is diffusion controlled [44]. The linear regression equation was Ip (A) = 7.689 x 10
-5

 + 

6.246 x10
-5

 V with a 0.99 correlation coefficient and 1.9 x 10
-5

 standard deviation (SD). 

Plotting the relation between the obtained peak potentials and log  for 5x10
-4

 M Pb(II), a 

linear relation was obtained using potential scan rate from 10 to 100 mV s
-1

. Such behavior reveals the 

irreversible nature of the electrochemical process for lead. 

 

3.4. Effect of initial potential on the peak current height 
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Figure 4. (a) Cyclic voltammograms for 5x10
-4

 M Pb(II) at different initial potentials, (b) The effect of 

initial potential on the anodic and cathodic peak current height of 5x10
-4

 M Pb(II) and (c) The 

effect of initial potential on the anodic and cathodic peak position of 5x10
-4

 M Pb(II). 

 

The effect of initial potential on the anodic and cathodic peak current height of 5x10
-4

 M Pb(II) 

was investigated using a wide range of potential from - 1.8.0 V to - 0.9 V using cyclic voltammetry 

(Fig. 4a). For anodic peak current, by increasing the initial potential to more positive value the peak 

current increased to reach a maximum current value at - 1.3 V, while for cathodic peak current, the 

peak height increased by increasing the initial potential to more positive value (Fig. 4b). The effect of 

initial potential on the peak position was also examined (Fig. 4c). For anodic and cathodic peak 

potentials, by increasing the initial potential to more positive value the anodic and cathodic peak 

potentials were shifted to more negative values. 

 

3.5. Squar wave voltammetric studies 

3.5.1. Effect of supporting electrolyte and pH 

The effect of pH on the electrochemical behavior of Pb(II) using CPME-Hmim was studied 

using square wave voltammetric techniques in the pH range of 2.0 to 11.7 using 0.1 M BR buffer.  

The oxidation peak of Pb(II) showed the highest peak current and best peak shape at pH 1.0. 

The effect of supporting electrolytes was also investigated to study the electrochemical oxidation of 

Pb(II). 0.1 M of different supporting electrolytes were examined such as CH3COOH, H3PO4, H3BO3, 

H2SO4, HClO4, HNO3 and HCl. CPME-Hmim showed a best oxidation peak in the presence of HClO4, 

HNO3 and HCl solutions. The highest peak current and the best peak shape for the oxidation of Pb(II) 

were observed using 0.1 M HCl solution. So for further work a 0.1 M HCl buffer was selected for 

further studies. 
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Figure 5. The square wave voltammograms for Pb(II) using a bare carbon paste electrode (CPE) (a) 

and carbon paste electrode modified with N-isopropyl-2-thioimidazole (CPME-Hmim) 

 

Fig. 5 showed the square wave voltammograms for Pb(II) using a bare CPE (a) and CPME-

Hmim (b). It is clear that the anodic peak current for Pb(II) in the presence of a CPME-Hmim is much 

higher than the peak current of Pb(II)
 
 in case of a bare CPE. This enhancement in the oxidation peak 

current due to the increscent of Pb(II) concentration in the electrode surface by the complex formation 

between Pb(II) and Hmim as mentioned before. 

 

3.5.2. Effect of square wave voltammetric parameters 

The effect of different square wave voltammetric parameters was examined on the peak height 

of 5x10
-4 

M Pb(II). Fig. 6a shows the influence of square wave frequency on the peak current of 5x10
-4

 

M Pb(II) using different values from 8 to 15 Hz. By increasing the square wave frequency, the peak 

current increased. A linear part was observed from 8 to 11 Hz square wave frequency. Thus for further 

study, the 11Hz square wave frequency was selected for further investigations.  

The effect of square wave pulse amplitude on the peak current of 5x10
-4

 M Pb(II)
 
  using 11 Hz 

square wave frequency is shown in Fig. 6b. The pulse amplitude ranged from 1.0 to 50 mV. The peak 

current increased linearly from 1.0 to 20 mV. Therefore, a 20 mV will be the optimum square wave 

pulse amplitude height and will be used in the next work.  

The last square wave parameter examined was the step potential. The effect of step potential 

(0.5 - 5 mV) on the peak height of 5x10
-4

 M Pb(II)
 
  is depicted using 11 Hz square wave frequency 
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and 20 mV square wave pulse amplitude and the other experimental parameters as shown in Fig 2b. As 

the step potential increases, the peak height increases linearly up to 3 mV, after that the increasing in 

the peak height is not pronounced (Fig. 6c). So step potential with 3 mV was selected for further 

studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. (a) The influence of square wave frequency on the peak current of 5x10
-4

 M Pb(II)
 
using 

different values from 8 to 15 Hz. (b) The effect of square wave pulse amplitude on the peak 

current of 5x10
-4

 M Pb(II)
 
using 11 Hz square wave frequency. (c) The effect of step potential 

(0.5 - 5 mV) on the peak height of 5x10
-4

 M Pb(II) using 11 Hz square wave frequency and 20 

mV square wave pulse amplitude and the other experimental parameters as mentioned in the 

text. 
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3.5.3. Effect of Initial potential 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The effect of initial potential on the peak current height of 5x10
-4

 M Pb(II). 

 

The effect of initial potential on the peak current height of 5x10
-4

 M Pb(II)
 
  was investigated 

using a wide range of potential from -2.0 V to -0.9 V using 11 Hz square wave frequency, 20 mV 

square wave pulse amplitude and 3 mV step potential. As shown from Fig. 7 by increasing the initial 

potential to more positive values, the peak current for 5x10
-4

 M Pb(II)
 
increased to reach a maximum 

value at -1.1 V after that the peak current decreased. So, -1.1 V was selected as an initial potential for 

further studies. 

 

3.6. Calibration curve and Detection limit 

Table 1. Detection limits (LOD) of Pb(II) using the proposed method and the methods from literature.  

 

Technique LOD Reference 

Square wave voltammetry 3.18 ×10
-8 

M The present work 

Differential pulse stripping voltammetry 8x10
-9

 M 27 

Square wave voltammetry 7.68x10
-10

 M 31 

Differential pulse stripping voltammetry 4.0x10
-8

 M 32 

Differential pulse stripping voltammetry 0.8 ug/L 37 
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To examine the readability of the prepared electrode under investigation, the  following 

optimum conditions were used for the square wave determination of Pb(II): 0.1 M HCl buffer, 11 Hz 

square wave frequency, 50 mV square wave pulse amplitude and 3 mV step potential.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Calibration plots for different Pb(II) concentration from 1x10
-6 

M to 1x10
-3 

M using the 

optimum conditions mentioned in text. 

 

The effect of concentration on the peak current of Pb was examined from 1x10
-6 

M to 1x10
-3 

M, 

the resulted calibration curve showed a linear range from 1×10
-6

 to 5×10
-4

 M with a correlation 

coefficient of 0.9991 and a relative standard deviation (RSD) of 1.831×10
-5

 (Fig. 8). The lower 

detection limit for Pb(II) was calculated based on three signal to noise ration and it was found to be 

3.18 ×10
-8 

M. The obtained value for lower detection limit in this method was compared with the 

values from the different electrochemical methods sited in literature and the data was given in Table 1. 

 

3.7. Reproducibility 

To examine the readability of the prepared electrode under investigation, the produced peak 

current of 5x10
-4

 M Pb(II)
 
using the optimum conditions mentioned above was examined by successive 

ten measurements. The RSD was calculated and it was found to be 3.65%, and this value indicates that 

this method gives a good reproducibility for the obtained results. 

 

3.8. Effect of Interferences 

The effect of some metal ions such as Cu
++

, Cd
++

 and Zn
++

 as the most interfering ions in the 

electrochemical determination Pb(II) was examined. Different Cu
++

 concentrations ranged from 1x10
-5

 

to 1x10
-3 

M was added to 5x10
-4 

M Pb(II). From 1x10
-5

 to 1x10
-4

 M Cu
++

 no effect on 5x10
-4 

M  Pb
++

 

and no signals for Cu
++

 was observed, while addition of 1x10
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++
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-0.15 V and has no effect of the peak current of Pb(II). Addition of a different concentrations ranged 

from 1x10
-5

 to 1x10
-4 

M Cd
++

 showed no effect on the peak current of on 5x10
-4 

M Pb(II), while 5x10
-4 

M of Cd
++

 decreased the peak current of 5x10
-4 

M  Pb(II) by about 0.62 %. Addition a concentration 

range from 1x10
-5

 to 1x10
-3 

M Zn
++

 showed no effect on the peak current of on 5x10
-4 

M Pb(II). 

 

3.9. Analytical Applications 

Table 2. Determination of Pb(II) in water samples by the proposed method (n=5) and from a standard 

method (ICP-AES) 

 

No. of  sample Pb(II) added[M] Pb(II) found[M] Recovery(%) Pb(II) from ICP-AES  

[M] 

1 1x10
-6 

1.028x10
-6

 102.8 1.1x10
-6

 

2 3x10
-6 

2.96x10
-6

 98.67 2.75x10
-6

 

3 5x10
-6 

5.19x10
-6

 103.8 5.02x10
-6

 

4 7x10
-6 

7.19x10
-6

 102.74 7.24x10
-6

 

5 9x10
-6 

9.55x10
-6

 106.11 9.06x10
-6

 

6 1x10
-5 

1.058x10
-5

 105.8 1.014x10
-5

 

7 5x10
-5 

5.22x10
-5

 10.4.4 5.024x10
-5

 

 

In order to test the validity of the prepared CPME-Hmim the proposed method was applied for 

the electrochemical determination of Pb(II) in different water samples. The samples were prepared by 

addition different concentrations from a standard Pb(II) to drinking water samples. Using the optimum 

conditions and calibration curve (analytical equation: y = -2.129×10
-5

 + 1.847x) the obtained results 

are represented in Table 2. The recovery ranges between 98.67-106.11%. The obtained results were 

compared with the data obtained from the ICP-AES instrument (Table 2).  From Table 2 the obtained 

results from the prepared modified electrode were well agreed with those obtained from ICP-AES 

method. 

 

 

4. CONCLUSIONS    

 A thione-containing ligand N(2-isopropylphenyl)-2-thioimidazole (Hmim) and its 

Pb(II) complex was prepared and  characterized.  

 A carbon paste electrode modified by the ligand Hmim was constructed and 

characterized by SEM-EDEX and cyclic voltammetry. 

 The electrochemical behavior of Pb(II) ions was studied at the surface of both bare 

carbon paste electrode CPE and its modified  one CPME-Hmim. 

 Optimization the experimental conditions for the determination of Pb(II) ions using 

square wave voltammetry at the surface of the constructed CPME-Hmim.  
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 Application of this method for the electrochemical determination of Pb(II) ions in 

different water samples and compared the obtained data with a standard ICP-AES method. 
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