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Abstract  A simple differential pulse voltam-

metric method based on chitosan modified glassy 

carbon was used to pre-concentrate copper ions in 

the chitosan film. After, this electrode was employed 

for the quantitative determination of cysteine. The 

modified electrode exhibits a clear improvement of 

the current response. The method allowed quantify-

ing the analyte in the range in buffer solution and a 

limit of detection range from 1.0�10-6 to 1.4�10-6 M 

was achieved. This value seems quite higher than 

those previously published by other authors. The 

results are described and discussed in the light of the 

existing literature. 
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I. INTRODUCTION 

Cysteine is a naturally occurring amino acid of great 
importance in biological and biomedical fields. It par-
ticipates in a number of biochemical processes, and is 
involved in several important cellular functions, such as 
protein synthesis, detoxification and metabolism. Cys-
teine is also important in food science, being widely 
used as antioxidant in a large variety of foods (Fried-
man, 1994; Elias et al., 2005; Koh et al., 1996).  

Several methods have been described for quantify-
ing cysteine in a variety of real matrices, including spec-
trophotometric (Zaia et al., 1999; Rozhnova et al., 
1999), fluorimetric (Wang et al., 2001; Zhu et al., 
2003), electrophoretic (Zeng et al., 2006; Jin and Wang, 
1997) mass spectroscopy (Raftery et al., 1992) and 
chromatograpic (Amarnath et al., 2003; Brückner et al., 
1995) ones.  

Electrochemical methods were also described since 
offering high sensitivity and selectivity (Jin and Wang, 
1997; Forsman, 1981 and 1983; Van den Berg et al., 
1988; Sugawara et al., 1996; Heyrowský et al., 1997; 
Kawasaky et al., 1999; Amini et al., 2003). These pa-
pers deal with the behavior of cysteine at mercury elec-
trodes (Heyrowský et al., 1997), at gold-mercury amal-
gam electrodes (Jin and Wang, 1997), at electrodes in 
the presence of Co(II) (Sugawara et al., 1996; Amini et 

al., 2003), at thin mercury film electrodes in the pres-
ence of osmium (Kamiñski and Modrzejewska, 1997), 
gold nanoparticle-modified electrodes (Agüí et al., 

2007), amperometric detection (Tseng et al., 2006) and 
at mercury electrodes in the presence of Cu(II) (Fors-
man, 1981 and 1983; Van den Berg et al., 1988). Ac-
cording to these last papers, the reactions involved, in 
particular, the reaction of cysteine with Cu(II) to give a 
cuprous cysteinate complex and cystine can be ex-
ploited for quantifying cysteine by differential pulse 
cathodic stripping voltammetry. In this respect, Forsman 
(1981) reported that the calibration curve obtained in the 
presence of 10-5 M Cu(II) was linear in the 2�10-9 – 
5�10-7 M range.   

In the course of some investigations on the electro-
chemical properties of chitosan-modified (Ct-GC) elec-
trodes, it was observed that they exhibit a high permse-
lectivity towards Cu(II) ions (Kamiñski and Modrze-
jewska, 1997; Schmuhl et al., 2001; Martinez-Huitle et 

al., 2006). This strong affinity between Cu and chitosan 
film was ascribed to the presence of two ligands around 
each metal ion (Kamiñski and Modrzejewska, 1997; 
Schmuhl et al., 2001), as described in Fig. 1. Then, it 
seemed interesting exploring the possibility of quantify-
ing cysteine at chitosan-Cu(II) modified glassy carbon 
(CtCu-GC) electrodes. This paper reports the results of 
some preliminary measurements. 

II. METHODS 

A. Chemicals 

Chemicals were of the commercially available highest 
quality and were used without further purification. Chi-
tosan was purchased from Aldrich. The other reagents 
were purchased from Fluka. Aqueous solutions were 
prepared using double-distilled deionised water and 
purged with nitrogen gas prior to each experiment. 

 

 
Fig. 1: Chemical structure of coordination between metal ion 
(Cu(II)) and Ct. 
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B. Apparatus and procedures  

A Multi-potentiostat 1030 (CH Instruments– Austin 
Texas, USA) connected to a desktop computer was used 
for differential pulse voltammetric (DPV) analysis. 
DPV parameters for Cu(II) calibration curves were the 
following: purge time: 5 min, pre-concentration time: 3 
min, equilibration time: 15 s, potential scan rate: 10 mV 
s-1, pulse amplitude: 100 mV and pulse width: 50 ms 
(phosphate buffer solution, pH 7.0). DPV parameters for 
cysteine determination were the following: purge time: 
5 min under inert atmosphere; potential scan rate: 10 
mV s-1; pulse amplitude: 100 mV and pulse width: 50 
ms (phosphate buffer solution, pH 7.0).  

The three electrode cell assembly used during ex-
periment with cysteine consisted of the CtCu-GC modi-
fied electrode, an Ag/AgCl/KCl (3.0 M) reference elec-
trode and a platinum wire counter electrode. All the 
potentials are reported versus the above specified refer-
ence electrode. The experiments were conducted at 
room temperature (22±2°C) under N2 atmosphere. Cali-
brations were analyzed by ordinary linear least-square 
regression and the relevant results (slopes and inter-
cepts) are reported with their confidence interval (P = 
95%). 

C. Solutions 

CuSO4 (1.0�10-2 mol L-1) stock solution was daily pre-
pared. Chitosan stock solutions were prepared by dis-
solving 0.0163 g chitosan in 10.0 ml of 2.0 M acetic 
acid solution. 

D. Preparation of Ct-GC and CtCu-GC electrodes 

Surface of GC electrode was polished with alumina 
slurry and sonicated with deionised water for 5 min. 
After sonication, the electrode was rinsed with deion-
ised water and allowed to dry in the air. Then, it was 
modified by depositing 6.0 �L of chitosan solution with 
a microsyringe. The Ct-GC electrode was left to dry in 
air for 30 min. Before use, it was equilibrated for about 
10 min in the supporting electrolyte (phosphate buffer) 
solution and cycled within the -0.2 — 0.8 V potential 
range. Usually, 50 cycles were sufficient for reaching a 
constant voltammetric profile. 

CtCu-GC electrodes were obtained by electrodepos-
iting Cu(II) at -0.5 V from Cu(II) solution ranging from 
3.99�10-6 to 3.91�10-5 M. The Cu(II) content was 
checked by differential pulse voltammetry. Every ex-
periment was performed by using a newly prepared 
CtCu-GC electrode. The Cu(II) containing surface film 
was removed with a wet cloth at the end of each ex-
periment and the electrode was re-polished as above 
described. 

III. RESULTS AND DISCUSSION 

At first, experiments were performed for studying the 
incorporation of Cu(II) in the chitosan film in buffer 
media (phosphate solution, pH = 7.0) (Martinez-Huitle 
et al., 2006). Figure 2 shows the differential pulse volt-
ammograms relevant to a chitosan-modified GC elec-

trode after increasing additions of Cu(II) ranging from 
3.99�10-6 to 3.91�10-5 M. At higher Cu(II) concentra-
tions, the peak current did not show any further in-
crease. Because of these results, experiments were per-
formed in order to evaluate the capabilities of the CtCu-
GC electrode as a cysteine sensor. To this aim, CtCu-
GC electrodes were equilibrated with the 3.91�10-5 M 
Cu(II) concentration (maximum loading), rinsed and 
immersed in the phosphate buffer, pH 7.  

On the other hand, CV measurements at Ct-GC elec-
trode were recorded before and after the DPV experi-
ments (Fig. 3). After deposited higher metal Cu ion 
concentrations, Ct-GC electrode presented a peak re-
sponse in the investigated potential range after the DPV 
experiments. These observations suggested that the Ct-
modified electrode has a strong affinity through surface 
coordination between metal ion and Ct film.  

The coordination is fairly strong with two ligands 
around each metal ion. These surface complex struc-
tures have been already reported by other researchers, in 
the case of Cu(II) and Pb(II) (see Fig. 1) (Kamiñski and 
Modrzejewska, 1997; Martinez-Huitle et al., 2006). 

In order to show the good linearity during the elec-
trochemical deposition of Cu on Ct film, an example 
calibration plot relevant from the DPV analysis for Cu 
deposition (Fig. 2) is shown in Fig. 4a. In this case, 
DPV measurements were obtained by using the standard 
addition as method. In addition, the window at the bot-
tom (Fig. 4b) shows that the residuals of the regression 
are randomly distributed around the zero, allowing a 
visual verification of the absence of significant non 
linearity. 

Some peak current response vs. Cu(II) concentration 
functional relationships obtained at different Ct-GC 
electrodes (by using a different number of standard so-
lutions) are reported in Table I. Figure 5 shows an ex-
ample of responses of such an electrode to increasing 

 
Fig. 2: Voltammograms at Ct-GC, recorded in the buffer solu-
tion (pH=7.0) base electrolyte and after equilibration with 
Cu(II) concentrations ranging from 3.99�10-6 to 3.91�10-5 M. 
Ct-GC modified electrode as working electrode, a 
Ag/AgCl/KCl (3.0 M) as reference electrode and a platinum 
wire as counter electrode. Temperature: 25°C. 
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Fig. 3: Cyclic voltammograms achieved before and after DPV 
experiments at Ct-GC electrodes. Electrochemical behaviour 
of (-----) modified Ct-GC and (—) CtCu-GC electrodes at 
supporting electrolyte (buffer solution). Ct-GC modified elec-
trode as working electrode, a Ag/AgCl/KCl (3.0 M) as refer-
ence electrode and a platinum wire as counter electrode. Tem-
perature: 25°C.   

 
Fig. 4: Example of calibration plot relevant to the analysis of 
Cu (standard additions). The graphic at the bottom displays 
the residuals. 

cysteine concentrations. As it can be seen, the addition 
of cysteine produces a decrease of the Cu(II) peak in-
tensity and negligible peak potential shifts. No other 
peaks were evidenced in the explored potential range, so 
that it can be argued that the peak current can be only 
attributed to the reduction of the free Cu(II) in the chito-
san film. No peak can be ascribed to any Cu(II)-
cysteinate complex. These results allowed to estimate 
few calibration diagrams of cysteine at different CtCu-
GC electrodes, obtained by considering at least thirteen 
concentrations of cysteine and evaluating the Cu(II) 
peak intensity as a function of the cysteine concentra-
tion.  

The visual analysis of the regression residuals al-
lowed to estimate a linear range spanning from 2.0�10-6 
to 5.5�10-5 mol L-1. After any Cu(II) loading the CtCu-
GC electrode, transferred to the pure supporting electro 

Table I - Response-concentration functional relationships 
obtained at different Ct-GC as a function of Cu(II) concentra-
tions. DOF=Degrees of freedom 

Regression line DOF r2

I = (0.536�0.031)·C-(2.37�0.77)·10-6  8 0.9949
I = (0.520�0.034)·C-(1.94�0.79)·10-6  9 0.9926 
I = (0.5820�0.0071)·C-(2.2�0.11)·10-7  4 0.9923 

Table II - Response-concentration functional relationships 
obtained at different CtCu-GC electrodes as a function of the 
cysteine concentration. DOF=Degrees of freedom 

Regression line DOF r2

I = -(0.0432�0.0019)·C+(2.576�0.064)·10-6  11 0.9955
I = -(0.0270�0.0012)·C+(2.176�0.042)·10-6  12 0.9953 
I = -(0.0431�0.0019)·C+(2.575�0.062)·10-6  11 0.9957 
I =-(0.0426�0.0013)C+(2.7028�0.0044)·10-6 11 0.9978 
I =-(0.0339�0.0021)C+(2.2414�0.0070)·10-6  11 0.9912 
 

 
Fig. 5: Voltammograms at CtCu-GC, recorded in a buffer 
phosphate medium (pH=7.0): Curve 1: recorded in the ab-
sence of cysteine; curves 2-8 recorded in the presence of cys-
teine concentrations ranging from 2.0� 10-6 to 5.5�10-5 mol L-

1. Ct-GC modified electrode as working electrode, a 
Ag/AgCl/KCl (3.0 M) as reference electrode and a platinum 
wire as counter electrode. Temperature: 25°C. 

 
lyte, still exhibited the same peak current, which was 
unchanged for al least few hours. Few examples of the 
relevant regression functions are reported in Table II. 
As it can be seen the determination coefficients are al-
ways larger than 0.99. 

However, the results in Table II evidence a certain 
variability of slopes and intercepts. This is not surpris-
ing since it is known (Ugo et al., 2001) that responses at 
polymer modified electrode strongly depend on the ac-
tual status of their electrode surface. 

On the other hand, a preliminary estimation of the 
Limit Of Detection, LOD, was also possible by using 
the approach base on the standard deviation of the re-
gression, sy/x, that is (see reference Miller and Miller 
(2005) for a recent review on LOD approaches): LOD = 
(3.3•Sy/x)/b. This approach allows controlling both type 
I and type II errors at 5% (Miller and Miller, 2005). 
According to these preliminary results, LOD range from 
1.0�10-6 to 1.4�10-6 M. This value seems quite higher 
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than those previously published (Forsman, 1981; Van 
den Berg et al., 1988); therefore, these results have 
demonstrated the viability of the application of this sen-
sor for determining cysteine.  

III. REMARKS 

Further experiments are in progress in order to improve 
the reproducibility of the CtCu-GC sensor and evaluate 
its analytical performances. Experiments are being 
planned to evaluate, for example, different methods for 
preparing the chitosan surface film and the effects of 
different Cu(II) loadings. Likely, it should be possible 
improving (lowering) the LOD. Moreover, experiments 
will be performed to estimate other figures of merit (e.g. 
precision, uncertainty of measurement, selectivity, ro-
bustness, etc.). The present work could be extremely 
significant in the neurochemistry field, since future ad-
vances will include even smaller microelectrodes for 
cysteine measurements in the tissues in order of causing 
less damage to the tissues when implanted.  
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