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Abstract: In this work, a sensitive anodic stripping 

voltammetric determination of Pb (II) using N, N'-

bis(salicylidene)-1,2-diaminobenzene [BSD] ligand 

immobilized on  carbon nanotubes present on paraffin 

impregnated graphite electrode is reported. The synergistic 

effect of CNT with the BSD ligand in the modified electrode 

has enchanced electrochemical response and improved the 

detection limit of Pb(II) determination. BSD ligand has been 

characterised by ultraviolet-visible (UV-Vis), fourier 

transform infrared spectroscopy (FT-IR), and nuclear 

magnetic resonance spectroscopy (NMR). The morphology 

and electrochemical properties of the modified electrode was 

characterized by scanning electron microscopy (SEM), 

energy dispersive X-ray (EDAX), square wave voltammetry 

and electrochemical impedance spectroscopy (EIS). The 

various parameters such as supporting electrolytes, 

deposition time and pH have been optimized for the 

determination of Pb(II) with this modified electrode.  Under 

optimized condition the modified electrode exhibited has 

linear range from 3.8 nM and 98 nM. The limit of detection 

(LOD) was 1.1 nM for Pb (II) (S/N = 3).The modified 

electrode exhibited has shown good sensitivity and selectivity 

for the determination of Pb (II). The modified electrode has 

been successfully applied to the analysis of Pb(II)  in sea 

water and lake water. 

 

Keywords: Chemically modified electrode, Carbon 

nanotubes, N, N'-bis(salicyclidene)-1,2-diaminobenzene, 

lead. 

 

 

 

 

GRAPHICAL ABSTRACT 

 

Mechanism of lead detection using CNT and BSD ligand. 

 
  

I. INTRODUCTION 

 

Toxic metal ions (mercury, cadmium, lead) can cause 

serious problems in the environment and human health such as 

gastrointestinal, immune, nervous system and can create brain 

disorder [1].  The application of lead is due to the result of 

industrialization in the production of pigments, anticorrosion 

coatings, lead smelter, alloys and batteries, causing significant 

disturbances in air, dust, soil, water, sediments and food [2]. 

The Environmental Protection Agency (EPA) determined that 

nearly 20% human exposure of lead occurs through 

contaminated drinking water [3].Therefore, it is critical for 

human to experience minimum level of exposure to these 

contaminants and this can be ensured through effective water 

quality monitoring. Hence, it is very important to find a very 

sensitive and selective method for the determination of trace 

metal ions present in the environment. Generally, schiff bases 

are prepared using an amine and aldehdye. The resultant 

compounds sometimes exhibit fluorescence properties with 

some biological activity [4, 5-6].  Schiff bases compounds are 
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very reactive towards metal ions and these are considered as 

excellent chelating agents. Carbon nanotubes (CNTs) have 

been discovered by Iijima in 1991[7]. The advantages of 

CNTs attention such as unique structural, electronic, good 

mechanical stability, semiconductor and high electrical 

conductivity have attracted considerable attention [8].  Carbon 

Nanotubes (CNT) modified electrode combines the ability to 

promote the electron-transfer reactions in surface of electrode 

materials.  

Numerous methods such as inductive coupled plasma 

atomic emission spectrometry (ICP-AES) [9-10], high 

performance liquid chromatography [11-12], inductively 

coupled plasma mass spectrometry (ICP-MS) [13-14], atomic 

fluorescence spectroscopy (AFS) [15] , atomic absorption 

spectroscopy (AAS) [16,17-18], coulometric [19,20,21-22] 

and electrochemical methods have been proposed for the 

determination of toxic metal ions present in environment. 

Among the various methods, electrochemical method are 

generally preferred as they are easy to perform and 

economical. Among the electrochemical methods, anodic 

stripping voltammetry is the preferred technique because of 

higher sensitivity that can be obtained with these techniques.  

Chemically modified electrodes have been developed for 

the analytical determination of heavy metals due to different 

advantages such as easy fabrication, renewable, fast response, 

high selectivity and low detection limit, stable in various 

solvents, longer life time and low cost [23].  

In the present work, we have developed carbon nanotubes 

and N, N’-bis(salicyclidene)-1,2-diaminobenzene [BSD] 

ligand modified electrode for the determination of Pb (II) by 

anodic stripping voltammetry. N, N’-Bis (salicylaldehdye)-1, 

2-diaminobenzene [BSD] was prepared from 1, 2 

diaminobenzene and salicylaldehdye. The carbon nanotube 

was coated on the paraffin wax impregnated graphite electrode 

surface and then the ligand (soluble in acetonitrile) was 

dropcasted on the surface of CNT electrode, allowed to dry 

and washed with double distilled water. The function of N, 

N’-bis(salicylaldehdye)-1,2- diaminobenzene[BSD] ligand is 

to form complex with  the metal ions present in solution which 

is considered as the deposition step, the metal ion in the 

complex was then reduced at a predetermined potential and 

then stripped anodically by scanning  the potential in the 

positive direction. The stripping current is measured and 

correlated to the amount of Pb (II) present in the solution. 

 
Structure of N, N'-bis(salicylclidene)-1,2-diaminobenzene 

[BSD] ligand 

II. EXPERIMENTAL DETAILS 

 

A. MATERIALS AND CHEMICALS 

 

Graphite rods (3 mm diameter) and carbon nanotube were 

purchased from Sigma Aldrich. Salicyclaldehdye and O-

phenyldiamine, lead acetate, acetic acid and sodium acetate 

were purchased from SRL India. All other reagents used were 

of Analytical Grade and used as received. Stock solution of 

lead acetate (0.01 M) was prepared by dissolving lead acetate 

in water. Acetate buffer solutions (0.1 M) with various pH 

values from 4.5 to 6.5 were prepared with sodium acetate and 

acetic acid. All the solutions were made with doubly distilled 

water wherever aqueous solutions were prepared.     

UV-Vis spectrometer (Diode Array 8453 Model) was 

used to record the electronic spectra of ligand. FT-IR (Agilent 

Model) was used for recording IR Spectrum of the ligand. 

NMR Spectra of the ligand was recorded using CDCl3. The 

surface morphology of the electrodes was studied using Field 

scanning electron microscopy FESEM (Hitachi Sv-6600 

microscope, Japan). The electrochemical experiments have 

been carried out with CHI 660B electrochemical workstation 

with a cell of three electrode system. The bare/modified 

electrode was used as the working electrode, platinum 

electrode as counter electrode and SCE as the reference 

electrode. pH measurements were made with a Digital pH 

meter (Digisun electronic system). All the experiments have 

been carried out at ambient temperature.  

  

B. SYNTHESIS OF N, N'-BIS(SALICYCLIDENE)-1, 2-

DIAMINOBENZENE (BSD)   

 

The ligand was prepared as reported [24] with a slight 

modification. A methanolic solution (25 mL) of 5 mmol of 1, 

2-diaminobenzene was added with 13.10 mmol of 

salicylaldehdye drop by drop with stirring. The above mixture 

was stirred for 30 mins and the yellow solid obtained was 

filtered, washed thoroughly with methanol, recrystillised from 

ethanol and dried in vacuum.  

 

C. FABRICATION OF CARBON NANO TUBE (CNT) / 

BSD LIGAND MODIFIED ELECTRODE  

 

Paraffin wax impregnated graphite electrodes (PIGE) 

have been used for electrode modification. The graphite rods 

have been impregnated with paraffin wax following the 

procedure develop by scholtz et. Soft graphite rods of 3 mm 

diameter and 5cm length were put into molten paraffin under 

vacuum until air bubble cease to evolve from the rods. After 

re-establishing the atmospheric pressure the rods were 

removed before the paraffin solidifies. The PIGEs were then 

polished to a mirror like finish by rubbing over a fine quality 

emery paper. The polished surface was then washed with 

methanol and rinsed thoroughly in distilled water. The 

electrodes were then polished with emery paper and then with 

0.5µ alumina slica washed with distilled water and dried in air. 

The 0.1 mg carbon nanotube was dispersed in 1 ml of ethanol 

and 10 μL of dispersion was dropcasted on the electrode 

surface. Then, the BSD ligand was dissolved in acetonitrile (1 
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mM) and then 10 μL of ligand was drop casted on the CNT 

modified electrode surface and dried in air. 

 

D. ELECTROCHEMICAL MEASUREMENTS 

 

For stripping analysis, a known amount of Pb (II) was 

taken in a cell containing 0.1 M Acetate buffer (pH = 5.5). The 

modified electrode was kept in the solution in stirred condition 

for 240 sec. The modified electrode was taken out and kept in 

fresh background electrolyte solution and potential of -1.2 V 

was applied for 60 sec. Then the square wave was applied 

anodically with optimized parameter from -1.2 V to -0.1 V 

(Frequency = 40Hz, amplitude = 25 mv, potential increment = 

4 mV) to get the anodic stripping current. The electrode was 

cleaned free of Pb (II) by applying a potential at 0.8 V for 60 

sec then used for subsequent experiments. 

 

 

III. RESULT AND DISCUSSION 

 

A. CHARACTERIZATION OF BSD LIGAND 

 

The N, N’-bis(salicyclidene)-1,2-diaminobenzene [BSD] 

ligand was characterized by Ultraviolet-Visible (UV-Vis), 

Fourier transform infrared spectroscopy (FT-IR) and Nuclear 

magnetic resonance spectroscopy (NMR). The carbon 

nanotubes/N, N-bis(salicylclidene)-1,2-diaminobenzene[BSD] 

modified electrode was characterized by Field scanning  

electron microscopy (FESEM),  Energy dispersive X-ray 

(EDAX),   electrochemical impedance spectroscopy (EIS) and 

Square wave anodic stripping voltammetry(SWASV) . UV-

VIS spectra of the BSD ligand (a) and (Pb-BSD) complex (b) 

are shown in Fig.S1. The N, N’-bis(salicyclidene)-1,2-

diaminobenzene [BSD] ligand shows two bands at 241, 272 

which are assigned to π- π
*
 transitions of aromatic rings. In the 

spectra of metal complex, these two bands have shown blue 

shift. It indicates the coordination of the OH group to the 

metal ion. These Pb (BSD) complex has shown two bands at 

240 and 262 nm which are assigned to π-π*transition within 

aromatic rings. The FT-IR of the BSD ligand was recorded in 

the wave number range from 600 to 4000cm
-1

 to confirm the 

presence of hydroxyl group and imino nitrogen groups in the 

synthesized molecule (Fig.S2). The strong absorption at 3414 

cm
-1 

is attributed to the presence of hydroxyl group. The 

absorption peaks at 1614cm
-1 

and 1290 cm
-1

 are assigned to 

presence of C=N and C-O group respectively. The proton 

NMR Spectra of the ligand is shown in Fig.S3. The chemical 

shift for the OH proton is observed at 13.07 ppm and aromatic 

protons appear in the range 6.89 – 7.38 and a sharp singlet 

peak for CH=N proton is seen at 8.62 ppm. All the 

spectroscopic results of ligand and metal complexes are in 

confirmity with the reported values [25].  

 
Figure S1: (a) UV-Vis spectra of (a) BSD ligand and (b) Pb- 

BSD complex 

 
Figure S2: FT-IR Spectrum of N, N'-bis(Salicylaldehdye)-1, 2 

diaminobenzene ligand 

 

 
Figure S3: NMR spectrum of N, N-bis(Salicylaldehdye)-1, 2 

diaminobenzene ligand 

      

B. FESEM STUDIES FOR MODIFIED ELECTRODES 

 

The surface morphology of the bare graphite electrode 

(A) CNT dropcasted on the bare electrode (B), BSD ligand 

dropcasted on the bare electrode (C) and CNT /BSD modified 
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electrode (D) were studied by FESEM and the images 

obtained are shown in Fig.1. A micro crystallite shaped 

structure was seen for the CNT and BSD ligand on the 

modified surface and for the comparison CNT modified 

electrode structure is also shown which shows spherical 

surface.  

 
Figure 1: FESEM for bare electrode (A), CNT modified 

electrode (B), BSD ligand modified electrode (C) and CNT 

and BSD ligand (C and D) 

 

C. ELECTROCHEMICAL IMPEDANCE 

SPECTROSCOPY STUDIES (EIS) 

 

Electrochemical impedance spectroscopy (EIS) can 

provide information on the impedance changes of the 

electrode surface during modification process. The high 

frequency region gives information concerning the kinetics of 

the faradic process, while low frequency region gives 

information about the diffusion of species to the electrode 

surface. In an attempt to study the difference in their 

electrochemical performance for the unmodified and modified 

electrodes, electrochemical impedance spectroscopy (EIS) was 

carried out and the results are shown in Fig.2. As such, nyquist 

plot for 5 mM [Fe (CN)6]
3/4-

 in 0.1 M acetate buffer showed a 

significant difference in responses for the electrodes. A 

semicircular element with a large diameter, corresponding to 

the charge transfer resistance at the electrode surface was 

observed for the bare electrode in the frequencies ranging 

from 0.1Hz to 1.0 MHz. However, the diameter of the 

semicircle diminished when modified electrode was 

employed. Further, the charge transfer resistance (Rct) for bare 

electrode was estimated to be 63.5 kΩ and CNT/BSD ligand 

coated modified electrode, the charge transfer resistance was 

53.1 kΩ. The schematic representation of the modified 

Randle’s equivalent circuit for this CNT and BSD ligand 

modified electrode is shown in the inset. The impedance 

spectroscopy for modified electrode shows a lower resistance 

to the charge transfer kinetics which confirms that this 

modified electrode is a very attractive one for the electron 

transfer reactions. 

 
Figure 2: Impedance plots of bare electrode (a) and CNT and 

BDD ligand modified electrode (b) with 5mM [Fe (CN)6]
3/4-

  

in 0.1M acetate buffer. Inset: Randles equivalent circuit 

 

D. ELECTROCHEMICAL ACTIVITY OF THE PB(II) ON 

CNT/BSD LIGAND MODIFIED ELECTRODE 

 

To study the effect of the modified electrode for the 

stripping analysis of Pb(II) ion comparing the bare electrode, 

experiments have been performed like deposition , reduction 

and stripping of 40 nM of Pb (II). The results obtained with 

the stripping analysis are shown in Fig.3.  It is clearly seen 

from figure that an enhanced anodic current for the modified 

electrode is observed   indicating that the presence of the CNT 

and BSD ligand enhances the amount of Pb (II) in the 

deposition steps, due to the complexation with the ligand than 

the unmodified electrode. Thus, it can be confidencely stated 

that the ligand present on the electrode surface complexes with 

the metal ion in the deposition step and thus enhances the 

sensitivity of the method for the determination of the Pb (II). 

The mechanism of anodic stripping voltammetry for 

determination of Pb (II) with CNT and BSD ligand modified 

electrode is explained in the following steps: 

 Deposition step (0.1 M acetate  buffer,  for 4 mins pH-

5.5): 

CNT/BSD surface+ Pb (II) aqueous   =     [CNT/ BSD-Pb (II)] 

surface (Complex formation)
                        

 Reduction step ( 0.1 M acetate buffer, pH-5.5, -1.2V) 

[CNT/ BSD - Pb (II)]surface + 2e
-     

 =    [CNT/ BSD-Pb (0)] 

surface [Reduction step] 

 Stripping step  (closed circuit, 0.1 M acetate buffer, pH-

5.5, -1.2 V) 

[CNT/BSD-Pb (0)] surface - 2e
-       

=    [CNT/ BSD –Pb (II)] 

surface [Stripping] 
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Figure 3: Stripping current of 40nM Pb (II) at bare (a), 

modified electrode (b) in 0.1M Acetate buffer. 

Preconcentration time: 240s, deposition potential: -1.2V, 

Amplitude: 50mV 

 

E. OPTIMIZATION OF EXPERIMENTAL CONDITIONS 

 

To obtain maximum sensitivity for the electrochemical 

determination of Pb (II) by CNT/BSD ligand modified 

electrode various parameters were optimized. The influence of 

supporting electrolyte on electrochemical behavior of Pb (II) 

on CNT/BSD ligand was studied using different electrolytes 

such as KNO3, NH4NO3, NaNO3 and acetate buffer. Fig.4 (A) 

shows the stripping voltammogram for Pb (II) which was 

deposited from these different electrolytes. From the figure, it 

is found that 0.1 M acetate buffer is the most suitable medium 

for deposition of Pb (II). Hence, in subsequent experiments 

0.1 M acetate buffer was used for deposition of Pb (II).  

The effect of pH on the deposition of Pb (II) on the 

modified electrode in 0.1 M acetate buffer solution was 

studied in the pH range 4.5 to 6.5 and the result obtained are 

shown in Fig.4 (B). Under lower pH condition, the protonation 

of BSD ligand occur that results show poor stability for metal 

complex, while on the other hand at high pH metal hydroxides 

form. It seen from the figure that a pH 5.5 is most suitable for 

the deposition of Pb (II) on the electrode surface. Hence, 

subsequent experiments have been carried out with 0.1M 

acetate buffer solution of pH 5.5.  

The deposition time was optimized by complexing Pb (II) 

on the electrode surface from 0.1 M acetate buffer solution of 

pH 5.5. Depositions have been carried out at different time 

intervals from 60 to 300 sec and the results obtained are 

shown in Fig.4(C). It is seen from the figure that as the 

deposition time increases the stripping current also increases 

indicating that the metal ions are complexed more with the 

ligand on the electrode surface as the time increases. The 

stripping peak current reaches a maximum value at 180 sec 

and then remains more or less same up to 300 sec. Hence an 

optimism time of 240 sec has been chosen for subsequent 

experiment. 

  

 
Figure 4: (A)The Effect of supporting electrolytes: 0.1M 

solutions of a) KNO3,b) NH4NO3,c) NaNO3 and   d) Acetate 

buffer, (B) Effect  of pH and (C) Preconcentration Time for  

Pb(II) containing 40nM at modified electrode 

 

F. ANALYTICAL PARAMETERS OF CNT/BSD 

MODIFIED ELECTRODE TOWARDS PB (II) ION. 

 

Under optimized experimental conditions, the CNT / BSD 

ligand modified electrode was used for the different 

concentration of Pb (II) ranging from 3.4 nM to 98 nM by 

SWASV. Fig.5 shows the SWASV responses of the modified 

electrode towards Pb (II) at above concentrations. From the 

figure, it is seen that there is a proportional increase in the 

anodic stripping current as the concentration of Pb (II) is 

increased. A calibration graph have been drawn by plotting the 

stripping current vs concentration of Pb (II) taken and is 

shown as inset in the figure.5. A linear range was observed 

from 3.4 nM to 98 nM with correlation coefficients of 0.995. 

The linear regression equation is expressed as i/μ A = 0.103 x 

+ 0.268 nM and the limit of detection (LOD) was 1.1 nM for 

the determination of Pb (II). Thus, a sensitive anodic stripping 

method has been proposed for the determination of Pb (II). 

Furthermore, the linear range and the detection limits obtained 

with the CNT and BSD modified electrode compares 

favorably with previously reported modified electrodes (Table 

1).  

  
Figure 5: Anodic stripping voltammogram of different 

concernation of Pb (II) in the range from 3.4 to 98nM on CNT 
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and BSD modified Electrode in 0.1 M Acetate Buffer solution 

Inset: calibration plot Table 1 

 
Table 1: Comparison of different modified electrodes or 

determination of lead 

 

G. ANTI-INTERFERENCES ABILITY, REPEATABILITY 

AND STABILITY  

 

The repeatability of the prepared electrode was 

investigated by five successive measurements in the presence 

of 20 nM Pb (II) under optimum condition. After each 

experiment, the working electrode was transferred into the 

fresh background electrolyte and kept at 0.8 V for 60 sec to 

remove any adsorbed species. A satisfied repeatability was 

obtained with RSD of 3.1% for Pb (II).
 
The stability of the 

prepared electrode was determined using the SWASV for the 

same modified electrode with an interval of 2 weeks over 3 

months, and it was found a 5% change in the current response. 

The results with the presence of 10 fold concentration of 

Cu(II), Ni(II), Co(II), Mn(II), Hg(II), Zn(II), Ni(II) and Cd(II). 

They have no influence on the signals of 20 nM Pb (II) with 

deviation below 5%. The prepared electrodes have shown 

excellent repeatability, stability and anti-interference ability. 

  

H. REAL SAMPLES DETERMINATION 

 

In order to study the utility of CNT / BSD ligand 

modified electrode for the determination of Pb(II)  in real 

samples, experiments have been carried out with sea water 

(Sample-1) and lake water (Sample-2). As the lead content in 

these real samples were below the detection limit of the 

method, recovery studies have been carried out with real 

samples to conform the use of the modified electrode for real 

samples analysis by adding a known amount of Pb (II) ion to 

the real samples, then subjecting the real sample for stripping 

analysis as described above. The results obtained are shown in 

Table.2. From the table it is clear that the recovery of the 

added metal ion is from 100 to 102% indicating a good 

recovery for the added metal by the proposed method and 

hence this method can be employed for the determination of 

Pb (II) in real samples.  

 
Table 2: Determination of lead in real samples 

 

 

IV. CONCLUSION 

 

In this report, we have successfully demonstrated the 

carbon nanotube / BSD ligand as the modifier material which 

was used to fabricate the modified electrode for the 

determination of Pb (II) using ASV. The modified electrode 

showed an excellent selectivity and sensitivity for the 

determination of Pb (II). Low limit of detection (LOD) of 1.1 

nM Pb (II) was achieved using SWASV. Finally, the proposed 

method can be applied for on-site analysis of sea water and 

lake water sample 
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