
[VOLUME 5  I  ISSUE 3  I  JULY – SEPT 2018]                                                         e ISSN 2348 –1269, Print ISSN 2349-5138 

http://ijrar.com/                                                                                                                                          Cosmos Impact Factor 4.236 

Research Paper                                              IJRAR- International Journal of Research and Analytical Reviews 787 

Synthesis, structural characterization and electrochemical studies of  
MWCNT/(H2bpabza) tetradentate ligand complexes with Hg(II) ion on 

PIGE by using SWASV 
 

Kumar. Sangeetha Selvan &  Sangilimuthu. Sriman Narayanan* 
Department of Analytical Chemistry, School of Chemical Sciences, 

University of Madras, Guindy Campus, Chennai - 600 025, Tamil Nadu, India. 
 

Received:  May 22, 2018                                                                Accepted: June 27, 2018 

     
 ABSTRACT  A novel sensor of  an square wave anodic stripping voltammetric (SWASV) determination of  Hg(II) 
ion with a Multiwall carbon nanotubes MWCNTs/(H2bpabza) novel tetradentate carboxamide ligand  modified 
electrode is reported. The ligand was synthesized and prepared by the condensation of 2-pyridinecarboxylicacid and 2-
aminobenzylamine, with triphenylphosphite as the activator and tetrabutylammonium bromide as the reaction 
medium. The modified electrode has provided an electrochemical sensing platform for  determination of Hg(II) ion in 
0.1M NaNO3 solution of (pH 4.5) have been evaluated. The detection limit of MWCNT/(H2bpabza) modified electrode 
toward Hg(II) is 6.6 µg/L, (S/N=3) respectively. The electrochemical parameters that exert influence on deposition and 
stripping of metal ions, such as supporting electrolytes, pH value  and deposition time, were carefully studied.  Linear 
response from 20 to 160 µg/L for  Hg(II) metal ion was achieved with the modified electrode. 
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INTRODUCTION 
Heavy metal ions (HMIs) such as lead and mercury are severe hazardous environmental pollutants with 
toxic effects on living organisms [1-3]. Among these, the accumulation of Hg (II) in the human body exhibits 
serious problems to the central nervous system, kidney, liver and some important cell functions are 
inactivated which lead to a wide variety of disease [4]. Although mercury is not an abundant chemical 
element in nature, it has become widespread as a result of many industrial and agricultural application [5]. 
Moreover, mercurialism can result in several diseases, including acrodynia, and minamata disease, since 
mercury is highly reactive with selenium, as essential dietary element required by about 25 genetically 
distinct selenoenzymes [6]. Consequently, the development of new methods for the detection of mercury at 
innocuous levels has become one of the most attractive topics because of the practical applications. 
The advantage of carbon nanotubes (CNTs) has attracted represents an increasing attention due to their 
high electrical conductivity, high surface area, significant mechanical strength and good chemical stability, 
chemical properties and wide potential range [7–10]. Moreover, in electroanalytical methods, the use of 
CNTs as the electrode material could greatly enhance the voltammetric response for determination of 
organic [11,12] and inorganic analytes [12–14]. 
Carboxamide ligands play  key roles as  chelating agents  in main group and transition metal coordination 
chemistry, due to ease of synthesis, its role in biological systems and diverse therapeutic activities.[15-19] 
Numerous research groups have devoted their efforts to the synthesis and characterization of tetradentate 
unsymmetrical carboxamide ligands and their complexes with different metal ions like cobalt, zinc, copper, 
etc.,. Zhao et.al  [20] have reported that square wave anodic stripping voltammetry (SWASV) promotes  an 
improvement in low detection limit (LOD) resulting in high sensitivity and allowing the determination of  
trace metals  at ppb level. 
In this work, the carboxamide ligand has been  synthesized as reported by Soraia Meghdadi, et.al., [21] by 
the reaction of 2-pyridinecarboxyliacid and 2-Aminobenzylamine, in tetrabutylammonium bromide medium 
with triphenyl phosphite as the activator. The  MWCNT/(H2bpabza) has been coated on the electrode by 
drop casting method to fabricate a mercury free electrode for the anodic stripping voltammetric 
determination of Hg(II). The ligand is used for the first time as sensing material on the surface of an 
electrode. This modified electrode was applied for the determination of  Hg(II) in solution by SWASV. The 
modified electrode displayed higher peak current responses for mercury comparing the bare electrode. The 
modified platform exhibits good electrochemical stability and reusability.  
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EXPERIMENTAL  
Chemicals and Reagents 
Acetate buffer 0.1 M (pH=4.5) solution was prepared by mixing stock solutions of acetic acid and sodium 
acetate. Double-distilled water (DDW) was used throughout the study. All reagents, 2-pyridinecarboxyliacid, 
2-Aminobenzylamine, Tetrabutylammonium bromide (TBAB), and Triphenyl phosphite (TPP) were 
purchased from sigma Aldrich and used without further purification.  
Apparatus 
All electrochemical measurements were performed using a CHI 660B  potentiostat, (CH Instruments, USA). 
A conventional three-electrode system was used that consists of  the bare or MWCNT/(H2bpabza) modified 
electrode as the working electrode(3 mm dia), a platinum electrode was used as auxiliary electrode and 
(Ag/AgCl) saturated KCl electrode was an reference electrode. Solutions were stirred during the purging 
with high-purity nitrogen and preconcentration with a rotating PTFE pellet.  
Synthesis of (H2bpabza) ligand   
A mixture of 3.1g (10mmol) triphenyl phosphite (TPP), 1.61g (5mmol) tetrabutylammonium bromide 
(TBAB), 1.231g (10mmol) 2-pyridinecarboxylic acid and 0.611g (5mmol) 2-aminobenzylamine in a 25ml 
round bottom flask was placed in an oil bath. The reaction mixture was heated until a homogenous solution 
was formed. The solution was stirred for 20min at 120°C. The resulting viscous solution was cooled to room 
temperature and 10ml methanol was added and stirred to give a clear solution. The final solution was kept 
in a refrigerator (3°C) for 24h to get white crystals of the ligand.[21] 

 
Modification of PIGE with MWCNT/(H2bpabza) modified electrode  
     The 0.1 mg of MWCNTs which are dispersion in 1 mL of ethanol and 5 µL of MWCNT was coated on the 
polished PIGE surface and allowed to dry, then (H2bpabza) ligand which was dissolved in acetonitrile and 5 
µL of 0.001 mm of ligand was dropcasted on the MWCNT electrode surface and allowed to dry and washed 
with distilled water. The resulting modified electrode was henceforth called as MWCNT/ (H2bpabza) 
modified electrode and was used for further studies. The schematic representation for the preparation of 
MWCNT/(H2bpabza) modified electrode was shown in Scheme. 1.1. 

 
1.1 Schematic representation for the MWCNT/(H2bpabza) ligand modified electrode 

Anodic stripping voltammetric studies 
      The  determination of Hg(II) ions was carried out by SWASV. The known amount of sample solution 
containing Hg(II) ions was pipette out into the electrochemical cell which was having 60 mL of 0.1M NaNO3 
of pH 4.5 . The ligand modified electrode was put on the sample solution and stirred for 240s 
preconcentration of the metal ion on the electrode surface. Then the modified electrode was taken out 
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washed and kept in fresh background electrolyte NaNO3 and reduced at the potential of -0.2 to 0.6V . A 
SWASV was recorded with the frequency of 25 Hz by scanning the potential from -0.2V to 0.6V. The 
amplitude and the potential step were 25 mV and 4 mV respectively. 
 

RESULT AND DISCUSSION  
Bare and modified 
In SWASV, preconcentration was performed by immersing the electrode in 0.1 M NaNO3 solution containing 
60 µg/L of Hg(II) ion under stirred conditions. The electrode was transferred into fresh electrolyte and 
reduced to − 0.1 V for 60 s. The anodic stripping voltammetry was carried out from −0.2 to 0.6 V. The result 
obtained with the stripping analysis is shown in Fig.3.1. From the figure, it can be observed that the 
modified electrode shows a high current enhancement compared to the bare electrode. The nature of ligand 
containing amine and carboxylic acid groups is in coordinate with Hg(II) in solution. Therefore, the 
MWCNT/H2bpabza modified electrode has high sensitivity current for determination of Hg(II) using anodic 
stripping voltammetry (ASV).  

 
Fig.3.1. SWASV for 60 µg/L of Hg(II)  on  the bare /MWCNT and MWCNT/(H2bpabza) ligand  modified 

electrode in 0.1MNaNO3 pH-4.5. Scan rate: 50 mV/s. 

 
Figure.3.2.Optimum experimental conditions Influence  of (A) supporting electrolytes; (B) pH (C) 
deposition time on the Voltammetric response of  the MWCNT/ carboxamide ligand  modified electrode for 
60 µg/L of Hg(II) ,deposition potential:-1.2V,frequency 25Hz; amplitude,25 mV; increment potential 4 mV 
 

Medium of preconcentration 
In electrochemical determination, the choice suitable for different supporting electrolytes of a stripping 
medium on the current response was investigated using KNO3, NH4NO3, acetate buffer and NaNO3. 
Fig.3.2(A) shows the stripping Voltammogram for Hg(II) ion which was preconcentrated from these 
different media. The maximum current response was found in 0.1M NaNO3 solution as the most suitable 
medium for preconcentration of Hg(II) ion. Hence, in subsequent experiments, the 0.1M NaNO3 solution was 
used for preconcentration of Hg(II) ion. 
Effect of pH 
The effect of pH that was evaluated for Hg(II) in the pH range of 3.0 – 6.0 in the 0.1M NaNO3 medium was 
studied and the results obtained are given in Fig.3.2(B). The preconcentration of Hg(II) increases from pH 
3.0–4.5 and then decreases from 4.5 to 6.0, showing a maximum pH 4.5 in 0.1 M NaNO3 solution. Metal 
hydroxide forms at higher pH, reducing the amount of Hg(II) present in the solution leading to lower 
amount of Hg(II) preconcentration. A pH 4.5 is most suitable for the preconcentration of Hg(II) of the 
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electrode surface. Hence, subsequent experiments have been carried out at pH 4.5 in 0.1 M of NaNO 3 
medium. 
Effect of preconcentration time 
The influence of preconcentration on the stripping peak current at different time intervals from 60 to 360 s 
was studied in Fig.3.2(C). The amount of Hg(II) preconcentrated at the MWCNT/H2bpabza modified 
electrode surface was found to increase with the increase in the preconcentration time. Therefore, the 
stripping peak current of Hg(II) also increased. Thus, preconcentration time of 240 s was fixed in order to 
shorten the analysis time. 

 
Fig.3.3.(A)&(B). SWASV response modified MWCNT/(H2bpabza) ligand electrode from 20 to 160 µg/L for  
Hg(II)  Electrolyte: 0.1M NaNO3, pH-4.5. Scan rate: 50mV/s. Calibration plot of current vs concentration of 

Hg(II)  at  MWCNT/(H2bpabza) modified electrode 
 

Calibration data 
      In SWASV, the MWCNT/H2bpabza modified electrode was the response between the stripping peak (Ip) 
and concentration (C) of Hg(II) that were investigated. In Fig.3.3 (A), after the accumulation of Hg(II) for 
240 s, the Ip that is proportional to the C ranging from 20 to 160 µg/L was observed; the regression 
equation is expressed as Ip (μA) = 0.133 X + 0.0014 µg/L [Hg(II)] with a correlation coefficient of R2 = 0.989, 
and the lowest detectable concentration of Hg(II) is achieved at 6.6 µg/L after 240 s accumulation. A 
calibration graph has been drawn by plotting the Ip vs. C of Hg(II) taken and is shown in Fig.3.3(B). Further, 
linear range and the detection limits obtained with the MWCNT/H2bpabza modified electrode have shown 
better sensitivity and linear range. 
 

CONCLUSION 
The MWCNT/(H2bpabza) modified  electrode can be successfully used for the quantification   determination 
of Hg(II)  at trace level concentration. Square wave anodic stripping voltammetry reveals a wide linear 
working concentration range, low limit of detection, good reproducibility and high stability. The electrode 
has a fast kinetics. The electrode not interfered except by Hg(II) ions. 
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