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Cadmium is a well-known toxic and carcinogenic substance.  
The impact of cadmium on the environment should not be 
underestimated, because long-term exposure to low levels of 
Cd(II) can cause vomiting, diarrhea and other gastrointestinal 
diseases, whilst acute Cd(II) poisoning can cause kidney disease, 
and even death.1  Therefore the detection of cadmium and other 
heavy metals has always been one of the major concerns 
underpinning environmental health and safety issues.  Electrode 
anodic stripping voltammetry is an effective and convenient 
method to detect Cd(II).2,3

As an alternative carbon material, carbon spheres possess 
many features that are beneficial to electrochemical properties, 
such as large surface areas, good electric conductivity, excellent 
chemical stability and, importantly, a low price.  Carbon spheres 
have thus attracted much research as additives,4,5 and are 
expected to exhibit good performance regarding electrodes.  
To  the best knowledge of the authors, carbon sphere-modified 
electrodes used to detect heavy-metal ions have never been 
reported.  In this communication, a new modified electrode for 
the detection of Cd(II) is described, which may open a route to 
research on carbon sphere-modified electrodes.

Figure 1 shows SEM images of carbon spheres on glass 
carbon electrode (GCE) disks dispersed by ethanol (a) and 
cyclohexanol (b).  In Fig. 1a, uniform diameters of 1 μm of the 
carbon spheres were observed, with some areas being blank, an 
indication of agglomeration.  In Fig. 1b, the carbon spheres are 
equally distributed.  A comparison of these two images shows 
that GCE can be successfully modified by carbon spheres on the 
effect of cyclohexanol.

The cyclic voltammetric responses were measured in both a 
PBS of pH 6.0 without (a) and with (b) a 1 × 10–8 mol/L 
solution of Cd(II) as shown in Fig. 2A.  Oxidation peaks can be 
seen at –0.6 (±0.01) V in Figs. 2Aa and 2Ab, which were the 
characteristic peak of CS-GCE in PBS.  Compared with the 
cyclic voltammogram in the solution without Cd(II), a sharp 
reduction peak was observed in CS-GCE as soon as a solution 

of Cd2+ was added into the PBS, suggesting that the carbon 
spheres were electro-catalytic and sensitive to Cd(II).

Figure 2B shows cyclic voltammograms of CS-GCE in 
0.1 mol L–1 PBS of pH 6.0 with different concentrations of 
Cd(II), and the inset is a linear fitting of the oxidation peak 
currents with the concentrations of Cd2+.  The peak current 
corresponding to the reduction of Cd(II) was positively linear 
with a Cd(II) concentration in the regions of 5 × 10–9 – 
1.34 × 10–7 mol/L and 1.34 × 10–7 – 1 × 10–6 mol/L, with 
correlation coefficients of 0.9989 and 0.9998, respectively.  The 
detection limit was 5 × 10–10 mol/L with an accumulation time 
of 200 s.  Multiple determinations (n = 18) revealed a relative 
standard deviation of 3% for 1 × 10–8 mol/L Cd(II), confirming 
the significant reproducibility of the modified electrode.  The 
detection limit of the CS-GCE is one order of magnitude lower 
than those reported using other electrodes.6,7  Such a lower 
detection limit and wide detection range would be beneficial to 
applications of the electrode.
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A carbon sphere-modified glass carbon electrode was prepared by employing cyclohexanol as a solvent to disperse the 
carbon spheres efficiently.  The resulting electrode exhibits excellent sensitivity to cadmium(II), and a detection limit of 
10–10 mol/L has been obtained, which is one order of magnitude lower than those obtained by other electrodes.  Along 
with immunity from interference of other metal ions, the wide determination range and good linear correlation coefficient 
would be beneficial to applications of the electrode.
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Fig. 1　SEM images of carbon spheres dispersed in (a) ethanol and 
(b) cyclohexanol on a glass carbon electrode.
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Fig. 2　(A) Cyclic voltammograms of the CS-GCE in 0.1 mol L–1 PBS at pH 6.0 without (a) and with 
(b) a 1 × 10–8 mol/L solution of Cd(II), 0.1 V s–1 scan rate between –1.2 V and 1.2 V.  (B) Cyclic 
voltammograms of the CS-GCE in 0.1 mol L–1 PBS of pH 6.0 with different concentrations of Cd(II).  
Insert: linear fitting of the oxidation peak currents with the concentrations of Cd(II).


