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Abstract: Glassy carbon electrode GCE was modified with different composites to increase the 
efficiency of analysis trace Hg2+ by cyclic voltammetry, and applied for the detection of trace Hg (II) 
by oxidation voltammetry. The structure and composition of the modified GCE processed by different 
methods for using Carbon Nanotubes CNT, Activated Carbon AC and C60 on GCE to produce three 
modified electrodes CNT-GCE, AC-GCE and C60-GCE, of detect a trace Hg2+ by cyclic voltammetry 
for different samples seawater and mouse blood with comparison the best modified electrode of 
detection the mercury ion with high sensitivity and good values of relative standard deviation (RSD) in 
calibration curve. A wide linear range and good repeatability were obtained of Hg2+ detection by 
CNT/GCE in aqueous KCl as supporting electrolyte, the relative standard deviation of three modified 
electrodes are good on CNT/GCE than  AC/GCE and C60/GCE. 
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INTRODUCTION 

 
The discovery of CNT has had a profound effect on electroanalysis, the applications of modified CNT on 

different electrodes have been studied in cyclic voltammetry of trace metals in real environments (Hwanga et 
al., 2008; Martinotti et al., 1992; Lau et al., 1998 and Guo et al., 2005).   

However, no fouling of the electrode was observed at the CNT electrode within the experimental period of 
several hours, which illustrated that the CNT electrode was much better than traditional electrodes. The 
detection of trace sulfadiazine in milk was also conducted by cyclic voltammetry with satisfactory ratio of 
recovery, indicating that the nanotube electrode can be used in routine monitoring of sulfadiazine residues in 
food (Hu et al., 2005). 

Vertically-aligned carbon nanotube (CNT) electrodes for chemical sensors were fabricated by using grid-
inserted plasma-enhanced chemical vapor deposition. A larger detection current was obtained in the CNT 
electrode than in the Pt electrode on the cyclic voltammetry (Kojima et al., 2008).  

Solution cast C60 films were studied in aqueous solutions containing a variety of doping cations Li+, Na+, 
K+, Rb+, Cs+, Ca2+, and Ba2+ were used as dopants and it was established that the reduction of the C60 films 
shifted in parallel with the hydration energy of these cations (Pai et al., 2002). 

 Simultaneous cyclic voltammetry and electrochemical studies of modified electrode by fullerene C60 have 
been widely investigated in different applications (Tan et al., 2003 and Tan et al., 2008).  

 Electroreduction of C60 dissolved in hydrophobic solvent deposited on the electrode surface was studied. 
The voltammetry shows three consecutive reduction–oxidation steps. The redox potential of first 
electroreduction step is sensitive on anion but not on cation present in the aqueous phase. This parameter also 
depends on electrolyte concentration in the aqueous and organic phase. It is proposed that electroreduction of 
C60 is preceded by anion exchange and followed by anion expulsion to the aqueous phase. Similar anion effect 
on the redox potential is also observed for unsupported deposit indicating importance of initial partitioning of 
electrolyte into the organic phase (Adamiaka et al., 2009).  

 The adsorption of fullerols C60 on gold electrode was characterized by using double-impedance system, 
i.e., electrochemical quartz crystal impedance and electrochemical impedance cyclic voltammetry. The results 
showed that the proposed method has potential applications in interfacial studies of biomaterials, since these 
combined techniques have advantages in real time providing multidimensional piezoelectric and electrochemical 
impedance information (Zhou et al., 2001). 

Cyclic voltammetry was performed on activated carbon particles in a microelectrode setup to investigate the 
behavior of an activated carbon with oxygen functionalities. 

Activated carbons with increasing porosity have been prepared by chemical and physical activation with 
electrodes, the catalytic activity and selectivity of the catalyst. Several series of catalysts, mainly carbon-
supported catalysts, are used to show the possible advantages of carbon as support (Malmberga et al., 2007 and 
Albero et al., 2009). 
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In this work, CNT, C60, and AC were modified GCE by mechanical and solution evaporation methods to 
resulting composites modified electrodes were successfully applied to detect trace Hg2+ by cyclic voltammetry 
with different applications to determine the Hg2+ ion in seawater and blood samples (Xu et al., 2008) 
 

MATERIALES AND METHODS 
 
Materials:  

C60 (Fluka, USA. 98%, 2009), CNT (Fluka, USA. 98%, 2009) and AC(Fluka, USA. 98%, 2009). Other 
chemicals and solvents used were of annular grade and used as received from the manufacturer. Distilled water 
was used for the preparation of aqueous solutions. All solutions were deairated with oxygen free nitrogen gas 
for 15 minutes prior to making the measurement. 

   
Instruments:  

Electrochemical workstations of  Bioanalytical system Inc. USA: Models BAS CV 50W with potetiostate 
driven by electroanalytical measuring softwares were connected to PC computer to perform cyclic voltammetry 
(CV), an Ag/AgCl (3M NaCl) and Platinum wire were used as a reference a counter electrode respectively. The 
working electrodes used  in this study were modified CNT, C60 and AC by doping GCE with CNT and AC by 
mechanical method, also the C60 evaporated on the GCE, a platinum wire (1mm diameter) counter electrode 
and an Ag/AgCl (3M NaCl) reference electrode. 

 
 Preparing CNT, AC And C60 Modified GC Electrode: 

A mechanical attachment technique (MA) this method includes direct use of solid CNT and AC in powder 
form then modified CNT/GCE and AC/GCE by doping GCE with CNT and AC powder, respectivily. An 
Evaporated technique, this method includes use C60 dissolved in acetonitrile solvent and modified C60/GCE by 
doping GCE with 2μL of C60 in solution and dried by hot air blower.  

 
Scanning Electron Microscopy: 

SEM the Fractured surfaces of the nanocomposites were studied using a JEOL attached with Oxford Inca 
Energy 300 EDXFEL scanning electron microscope operated at 20 to 30 kV. The scanning electron photographs 
were recorded at a magnification of 1000X to 6000X depending on the nature of the sample. SEM analysis was 
carried out to investigate microcrystals. Samples were dehydrated for 45 minutes before being coated with goal 
particle using SEM coating unit baltec SC030 sputter Coater. Scanning Electron Microscopy (SEM) was used to 
examine the morphology of CNT, C60 and AC microcrystals by mechanical attached and evaporated technique 
on a graphite electrode surface before and after electrolysis by cyclic voltammetry. Figure 1a, 2a and 3a are 
SEM of CNT, C60 and AC attached and evaporated on to 6 mm diameter basal plane graphite electrode exhibits 
an array of microcrystals with 2μm diameter. Figure 1b, 2b and 3b are SEM of CNT, C60 and AC after 
electrolysis with Hg2+ using cyclic voltammetry on to 5 mm diameter basal plane graphic electrode with 2μm 
diameter.  

 
RESULTS AND DISCUSSION 

 
Scanning Electron Microscopy 

 As are shown in Figures 1, 2 and 3 prior to the application of a reducing potential, the Hg2+ had a size 
range of the order of 0.5 to 1.3 μm. After controlled-potential electrolysis was carried out in the presence of 
CNT, AC and C60 in 0.1M KCl as a supporting electrolyte the size increased slightly to the size ranging from 2 
- 5.5 μm attributing to the hydration effect and/or incorporation of some ionic species into the crystal lattices of 
Hg2+. 

 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Scanning electron micrographs of CNT microparticles mechanically attached to a basal plane pyrolitic 

graphite electrode (a) before and (b) after electroanalysis with Hg2+. 
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Fig. 2: Scanning electron micrographs of C60 microparticles mechanically attached to a basal plane pyrolitic 

graphite electrode (a) before and (b) after electroanalysis with Hg2+. 
 
 
 
 
  
 
 
 
 
 
 
 
Fig. 3: Scanning electron micrographs of AC microparticles mechanically attached to a basal plane pyrolitic 

graphite electrode (a) before and (b) after electroanalysis with Hg2+. 
 
Effect Of Different Electrodes: 

Figure 4 shows the oxidation and reduction current peaks of Hg2+ was considerably enhanced by 3-5 times 
with about 200mV the second reduction peak shifting towards origin 0mV when CNT/GCE was used in 
comparison with both modified C60/GCE and AC/GCE. Evidently degree of sensitivity response increases in 
the order of: 
 
CNT/GCE > AC/GCE > C60/GCE. 

 
The reduction peaks of Hg2+ appears more discernable when CNT/GC electrode is used as compared with 

two others electrodes. Reduction peaks become even more pronounced and enhanced by 3-5 times at the 
electrode surface of CNT/GCE.  

 

 
Fig. 4:  Voltammogram for redox current of 1mM HgCl2 in 0.1M KCl versus Ag/AgCl, scan rate 100mv s-1 

using (a) CNT/GCE (b) AC/GCE and (c) C60/GCE.  
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Application Studies: 
 Seawater: 

The CNT/GCE, AC/GCE and C60/GCE were applied for successive determination of Hg2+ in seawater 
samples at different concentration ranges were investigated: 0.001-0.01mM of Hg(II) added to 0.1M KCl with 
scne rate 100mV/sec  as show in Figure 5A, 0.03-0.1mM in Figure 6A and 0.01-0.1mM as in Figure 7A, 
respectively. 

In Figure 5B, 6B and 7B  very good linearity of oxidation peak current versus Hg2+ concentration are 
obtained Y=12053X-13.305 with correlation coefficient of  R2=0.9807, Y=492.82X+76.562 with R2=0.9687 
and Y=385.6X-85.56 with R2=0.9690, respectively.  

The detection limit of Hg2+ was found to be 1x10-5M on CNT/GCE, 3x10-4M on AC/GCE and 1x10-4M on 
C60/GCE. Obviously, the CNT/GCE exhibited wider linear range and lower detection limit than on others 
modified electrodes AC/GCE and C60/GCE. Moreover, the relative standard deviation RSD was ±1.58% for 
1x10-5M Hg2+ at five repetitive for the CNT/GCE, while the RSD was±1.60% for 1x10-4M Hg2+ at the AC/GCE 
and ± 4.45% for 3x10-4M Hg2+ at the C60/GCE. From the above results, it means that the sensitivity of different 
electrodes in seawater detection Hg(II) have the same order as votammogram results.  

 

 
 
Fig. 5: A-Voltammogram of anodic current versus different concentration 0.001-0.01mM HgCl2 in seawater 

sample using CNT/GCE B- Calibration Plot of anodic current against different concentration 0.001-
0.01mM HgCl2 versus Ag/AgCl. 

 

 
 
Fig. 6: A-Voltammogram of anodic current at different concentration 0.1-1mM HgCl2 in seawater sample using 

AC/GCE B- Calibration Plot of anodic current against different concentration 0.01-0.1mM HgCl2 versus 
Ag/AgCl. 
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Fig. 7: A-Voltammogram of anodic current at different concentration 0.03-0.1mM HgCl2 in seawater sample 
using C60/GCE B- Calibration Plot of anodic current against different concentration 0.03-0.1mM HgCl2 

versus Ag/AgCl.   
 

Blood Sample: 
The CNT/GCE, AC/GCE and C60/GCE were applied for successive determination of Hg2+ in blood sample 

(mouse blood) at different concentration ranges were investigated: 0.3-6mM of Hg(II) added to 0.1M KCl with 
scne rate 100mV/sec  as show in Figure 8A, 0.5-6mM Hg2+ in Figure 9A and 0.6-7mM Hg2+ as in Figure 10A, 
respectively.  

In Figure 8B, 9B and 10B have very good linearity of oxidation peak current for Hg2+ ions versus the 
different concentration are obtained with correlation coefficient of  R2=0.9616 with Y=120.11X-51.046, 
R2=0.9852 with Y=20.18X+6.9894 and R2=0.9735 with Y=11.487X-5.9198, respectively.  

The detection limit of Hg2+ was found to be 3x10-3M when used CNT/GCE, 5x10-3M on AC/GCE and 
6x10-3M on C60/GCE. Obviously, the CNT/GCE exhibited wider linear range and lower detection limit than of 
AC/GCE and C60-GCE.  

 

 
 

Fig. 8: A-Voltammogram of anodic current at different concentration 0.3-6mM HgCl2 in blood sample using 
CNT/GCE B-Calibration Plot of anodic current against different concentration 0.3-6mM HgCl2 versus 
Ag/AgCl. 
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Fig. 9: (A)Voltammogram of anodic current at different concentration 0.5-6mM HgCl2 in blood sample using 
AC/GCE (B)Calibration Plot of anodic current against different concentration 0.5-6mM HgCl2 versus 
Ag/AgCl. 

 

 
 

Fig. 10: (A)Voltammogram of anodic current at different concentration 0.6-7mM HgCl2 in blood sample using 
C60/GCE (B)Calibration Plot of anodic current against different concentration 0.6-7mM HgCl2 versus 
Ag/AgCl. 

 
Conclusion: 

The CNT/GCE, AC/GCE and C60/GCE have been successfully fabricated by different methods to study 
Hg2+ detection by voltammetry analysis. The result composite modified electrodes which produced favorably 
the bulk quantities of the renewable sensors. The CNT/GCE exhibits an improved performance for Hg2+ analysis 
in comparison with AC/GCE and C60/GCE. The application studies of Hg2+ detection by CNT/GCE gives a 
very good sensitivity with high correlation coefficient with wider linear range and lower detection limit than the 
other modified electrodes when used in seawater and sample of mouse blood, this is a very good analytical 
method to determine the traces of Hg2+ in seawater and blood sample and give low values of RSD for the 
recovery of Hg2+ in application studies.  
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