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ABSTRACT 
 
Conducting poly(2-aminothiazole), PAT, was synthesized in acetonitrile with tetrabutylammonium 
tetrafluoroborate, TBAFB, as supporting electrolyte via constant potential electrolysis, CPE. Glassy carbon, 
GC, electrode was modified by immersing the electrode in a DMSO solution of PAT. Preconcentration of 
copper on polymer matrix was carried out at −0.7 V. The effects of preconcentration time and pH and Cu(II) 
concentration of the preconcentration solution on the stripping peak current of copper were studied. 
 
Keywords: Poly(2-aminothiazole), conducting polymer, modified electrode, copper determination, stripping 
voltammetry 

 
 
 
1. INTRODUCTION 
 
Copper is an essential trace element in biological 
systems. However, it has an important role in water as 
pollutant. Therefore, developing sensitive and selective 
methods for the determination of copper are required. 
Several analytical techniques have been employed in 
copper ion analysis, such as atomic absorption 
spectrometry (AAS) [1, 2], UV-spectrophotometry [3, 
4], atomic fluorescence spectrometry (AFS) [5], X-ray 
fluorescence [6] and inductively coupled plasma 
spectrometry (ICP) [7-9]. These techniques commonly 
are used for trace measurement of heavy metal ions in 
the laboratory and usually are not suitable for the task 
of in situ testing and monitoring. Expensive 
instrumentation and complicated sample preparation 
processes are also required. Electrochemical techniques 
are in the most favorable techniques for the 
determination of heavy metal ions because of their low 
cost and high sensitivity [6]. Modification of the 
working electrode surface with an appropriate reagent 
offers analytical methods with enhanced selectivity and 

sensitivity [10, 11]. Modification can be achieved by 
electrochemical, chemical, and physical methods. The 
modifiers used include organic chelating groups [12], 
polymers [13, 14], and nanoparticles [15].  
2-Aminothiazole, AT, modified silica gel has been used 
for the removal of several metal ions from aqueous 
solutions [16, 17]. Electroanalytical application of AT-
modified silica gel for the stripping analyses of several 
metal ions has also been reported [11, 18, 19]. To our 
knowledge, no electroanalytical application of PAT has 
been reported. In this work, we present results of 
measuring Cu(II) in aqueous solutions with a GC disk 
electrode modified with PAT. 
 
2. EXPERIMENTAL 
 
2.1. Materials 
The monomer AT (Aldrich Chemical Co., 90%) was 
purified by recrystallization from methanol. TBAFB 
(Aldrich Chemical Co.) was used without further 
purification as supporting electrolyte for constant 
potential electrolysis. Cu(NO3)2, Ni(NO3)2, Co(NO3)2 
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and Zn(NO3)2 (Merck A.G.) were used as received. All 
other chemicals (Merck A.G.) were analytical reagent 
grade and were used as received. The solutions buffered 
with standard aqueous buffer solutions (50%, V/V) of 
0.2 M KCl/0.2 M HCl (pH=1-2), 0.1 M potassium 
hydrogen phthalate/0.1 M HCl (pH=3-4) and 0.1 M 
potassium hydrogen phthalate/0.1 M NaOH (pH=5) 
[20]. Cu(II) solutions in 0.1 M NaCl(aq) and all other 
aqueous solutions were prepared with deionized water. 
Electrodes were cleaned with deionized water, also. 
 
2.2. Instrumentation 
Electrochemical measurements were performed with a 
potentiostat, Wenking POS 88, Bank Electronics, 
Germany, in a conventional three-electrode 
arrangement, equipped with a GC (3.0 mm diameter) 
working electrode, a platinum wire counter electrode, 
and a Ag/AgCl reference electrode. GC electrode was 
polished with 1.0 and 0.1 µm alumina powder. 
Electrochemical measurements were conducted at room 
temperature.  
 
2.3. Preparation of poly(2-aminothiazole)-modified GC 
electrode 
PAT was synthesized on a Pt electrode by constant 
potential electrolysis of 0.2 M AT in acetonitrile 
containing 0.1 M TBABF, as supporting electrolyte, at 
+2.5 V. Details of CPE of AT and characterization of 
PAT is presented elsewhere [21]. Modified GC disk 
electrode was prepared by immersing the electrode in a 
DMSO solution of PAT (0.01 g polymer/mL), followed 
by evaporation of the solvent and washing the electrode 
with deionized water. The electrode coated with a 
yellow PAT film, PAT-GC electrode, was used in 
Cu(II) measurements. 

2.4. Voltammetric measurements 
PAT-GC electrode was used as the working electrode in 
voltammetric measurements. Prior to measurements, the 
electrode was preconcentrated with copper. 
Preconcentrations were performed in 0.1 M NaCl(aq) 
solutions with definite Cu(II) concentrations. After 
washing the modified electrode enriched with copper, it 
was used in stripping voltammetric measurements. The 
measurements were carried out in 0.1 M NaCl(aq) 
solutions in the potential range of −0.7 to 0.6 V at a 
scan rate of 50 mVs−1.  
 
3. RESULTS AND DISCUSSION 
 
3.1. Cyclic voltammetry 
The efficiency of PAT-GC electrode in Cu(II) 
measurement was studied by stripping voltammetry in 
0.1 M NaCl(aq) solution. The polymer obtained from 
the electrochemical polymerization of AT, carried out 
in acetonitrile on Pt electrode was used for the 
modification of GC disk electrode. The conductivity of 
PAT was measured to be about 10−6 S cm−1 by four-
probe technique [21]. PAT-GC electrode did not 
indicate any electroactivity in the range of −0.7 to 0.6 
V. Cyclic voltammograms, CV, measurements carried 
out with GC electrode in 0.2 mmol L−1 Cu(II) showed 
the oxidation of copper at −0.030 V. Preconcentration 
of copper on PAT-GC electrode was conducted at −0.7 
V in aqueous solution of 1.0x10−3 M Cu(II) and 0.10 M 
NaCl for 5 min. CV’s recorded between −0.7 to 0.6 V 
in 0.10 M NaCl(aq) showed stripping of reduced copper 
at −0.13 V (Fig. 1). The obtained oxidation behavior of 
copper indicated that PAT-GC electrode could be used 
in Cu(II) measurements in aqueous solutions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. CV of copper on PAT-GC electrode in 0.1 M NaCl(aq) 
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3.2. EDX measurements 
Accumulation of copper on polymeric matrix was 
confirmed on an IXRF, EDS2000 microanalysis system. 

Obtained spectrum indicated the presence of copper on 
PAT film (Fig. 2).  

 
 

 
Figure 2. EDX spectrum of a) PAT, b) PAT preconcentrated with copper 
 
3.3. Influence of pH 
The influence of pH of Cu(II) solution on the 
preconcentration of copper on PAT-GC electrode was 
studied with Cu(II) solutions buffered to different pHs. 
Preconcentration of the polymeric matrix was 
performed in aqueous 0.20 mmol L−1 Cu(II) solution at 
−0.7 V for 5 min and then the electrode used in the 
stripping voltammetric measurement of Cu(II). The plot 

of maximum oxidation peak current versus pH of the 
preconcentration solution indicated the maximum 
sensitivity of PAT-GC electrode at pH=1.0. Sensitivity 
of the modified electrode decreased continuously with 
the increase in solution pH (Fig. 3). Therefore, further 
studies were conducted with Cu(II) solutions buffered 
to pH=1.0. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Variation in stripping peak current with pH. CCu(II)= 0.20 mmol L-1, Ed= −0.70 V and td= 5 min 
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3.4. Effect of time 
Variation in the stripping peak current with 
preconcentration time was studied at −0.7 V with 
aqueous solutions having 0.020 mmol L−1 Cu(II) 

concentrations in 0.10 M NaCl(aq). The solutions were 
buffered to pH=1.0. The plot of maximum oxidation 
peak current against time indicated the increase in 
stripping peak current up to 20 min (Fig. 4).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Variation in stripping peak current with time. CCu(II)= 0.020 mmol L-1, Ed= −0.70 V  
 
 
3.5. Influence of Cu(II) concentration 
Influence of the amount of Cu(II) in the 
preconcentration solution on the sensitivity of PAT-GC 
electrode in measuring Cu(II), were carried out with 
solutions buffered to pH=1.0. The electrode was 
preconcentrated in solutions with different Cu(II) 
concentrations at −0.7 V for 20 min. Results showed 
that PAT-GC electrode could not measure a Cu(II) 
concentration less than 0.020 mmol L−1. The graph of 

maximum peak current versus Cu(II) concentration 
indicated an increase in the sensitivity of the electrode 
with the increase in Cu(II) concentration. However, the 
linear correlation between stripping peak current and 
Cu(II) concentration was obtained in the concentration 
range of 0.040 – 0.10 mmol L−1 with a regression 
equation of Ι (mA)=22.6C (mmol L−1) - 0.607 and a 
correlation coefficient, R2, of 0.990 (Fig. 5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Variation in stripping peak current with Cu(II) concentration at pH=1.0. Ed= −0.70 V and td= 20 min 
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3.6. Interferences 
Effects of Ni(II), Co(II) and Zn(II) ions on the stripping 
peak current of copper were also studied. Solutions 
containing 0.2 mmol L−1 Cu(II) and 0.3 mmol L−1 
interfering metal ion were used in CV measurements in 
the range of −0.7 to 0.6 V. No effect on the stripping 
peak current and oxidation potential of copper were 
observed. Voltammograms did not indicate any 
oxidation or reduction peak due to interfering ions, also. 
Obtained results showed the insensitivity of PAT-GC 
electrode to Ni(II), Co(II) and Zn(II) ions. 
 
4. CONCLUSION  
In this study, GC electrode was modified with PAT by 
immersing the electrode into DMSO solution of the 
polymer. CV measurements indicated that the modified 
electrode could be used in the measurement of Cu(II) in 
aqueous solutions. The maximum sensitivity of PAT-
GC electrode was obtained from the preconcentrations 
conducted in solutions with pH=1.0 for 20 min. 
However, concentrations studies showed that the 
electrode is not sensitive to Cu(II) concentrations less 
than 0.020 mmol L−1 and has a linear stripping peak 
current – concentration response over ca. 0.040 mmol 
L−1 Cu(II) concentrations.  
 
REFERENCES 
 
[1] Sardans J., Montes F., Peñuelas J., 

“Determination of As, Cd, Cu, Hg and Pb in 
biological samples by modern electrothermal 
atomic absorption spectrometry”, Spectrochim. 
Acta, Part B, 65: 97-112 (2010). 

 
[2] Miranda K., Pereira-Filho E.R., “Potentialities 

of thermospary flame furnace atomic absorption 
spectrometry (TS-FF-AAS) in the fast sequential 
determination of Cd, Cu, Pb and Zn”, Anal. 
Methods, 1: 215-219 (2009) 

 
[3] O. Thomas, C. Burgess. “Techniques and 

instrumentation in analytical chemistry-volume 
27. UV-Vis spectrometry of water and 
wastewater”. Elsevier, UK, 2007. 

 
[4] Dayou F., Yuan D., “Spectrophotometric 

determination of trace copper in water samples 
with thiomichlersketone”, Spectrochim. Acta, 
Part A, 66: 434-437 (2007). 

 
[5] Cotton D.H. and Jenkins D.R., “The 

determination of very low concentrations of 
copper, iron and lead in hydrocarbon fuels by 
atomic fluorescence spectrometry”, 
Spectrochim. Acta, Part B, 25: 283-288 (1970). 

 
[6] Teixeira L.S.G., Rocha R.B.S., Sobrinho E.V., 

Guimarães P.R.B., Pontes L.A.M., Teixeira 
J.S.R., “Simultaneous determination of copper 
and iron in automotive gasoline by X-ray 
fluorescence after pre-concentration on cellulose 
paper”, Talanta, 72: 1073-1076 (2007). 

 

[7] Masson P., Esvan J.M., “Simultaneous 
determination by inductively coupled plasma 
spectrometry N, P, K, Ca, Cu, Mg, Fe, Mn and 
Zn in plant samples”, Analusis, 23: 437-440 
(1995). 

 
[8] Silva E.L., dos Santos Roldan P., Giné M.F., 

“Simultaneous preconcentration of copper, zinc, 
cadmium, and nickel in water samples by cloud 
point extraction using 4-(2-pyridylazo)-
resorcinol and their determination by inductively 
coupled optic emission spectrometry”, J. 
Hazard. Mater., 171: 1133-1138 (2009). 

 
[9] Lan C.R. and Mo-Hsiung Y., “Synthesis, 

properties and applications of silica-
immobilized 8-quinolinol: Part 2. On-line 
column preconcentration of copper, nickel and 
cadmium from sea water and determination by 
inductively-coupled plasma atomic emission 
spectrometry”, Anal. Chim. Acta., 287: 111-117 
(1994). 

 
[10] Khaloo S.S., Esnafi A.A., Khayamian T., 

“Determination of bismuth and copper using 
adsorptive stripping voltammetry couple with 
continuous wavelet transform”, Talanta, 71: 
324-332 (2007). 

 
[11] Filho N.L.D., Carmo D.R,. Rosa A.H., “An 

electroanalytical application of 2-aminothiazole-
modified silica gel after adsorption and 
separation of Hg(II) from heavy metals in 
aqueous solution”, Electrochim. Acta., 52: 965-
972 (2006). 

 
[12] Yin Q.F., Ju B.Z, Zhang S.F., Wang X.B., Yang 

J.Z., “Preparation and characteristics of novel 
dialdehyde aminothiazole starch and its 
adsorption properties for Cu (II) ions from 
aqueous solution” Carbohydr. Polym., 72: 326-
333 (2008). 

 
[13] Lin M., Cho M., Choe W.S., Son Y., Lee Y., 

“Electrochemical detection of copper ion using a 
modified copolythiophene electrode”, 
Electrochim. Acta., 54: 7012-7017 (2009). 

 
[14] Zanganeh A.R., Amini M.K., “Polypyrrole-

modified electrodes with induced recognition 
sites for potentiometric and voltammetric 
detection of copper(II) ion”, Sens. Actuators, B, 
135: 358-365 (2008). 

 
[15] Zhao H., Jiang Y., Ma Y., Wu Z., Cao Q., He 

Y., Li X., Yuan Z., “Poly(2-amino-4-
thiazoleacetic acid)/multiwalled carbon 
nanotubes modified glassy carbon electrodes for 
the electrochemical detection of copper(II)”, 
Electrochim. Acta., 55: 2518-2521 (2010). 

 
[16] Alcantara I.L., dos Santos Roldan P., Margionte 

M.A.L., Castro G.R., Padilha C.C.F., Florentino 
A.D., Padilha P.D., “Determination of Cu, Ni 



16 GU J Sci, 24(1):11-16 (2011)/ Hakan ÇİFTÇİ, H. Nur TESTERECİ, Zeki ÖKTEM  

and Pb in aqueous medium by FAAS after pre-
concentration on 2-aminothiazole modified 
silica gel”, J. Braz. Chem. Soc., 15: 366-371 
(2004) 

 
[17] Castro G.R., Cristante V.M., Padilha C.C.F., 

Jorge S.M.A., Florentino A.O., Prado A.G.S., 
Padilha P.M., “Determination of Cd(II), Cu(II) 
and Ni(II) in aqueous samples by ICP-OES after 
on-line preconcentration in column packed with 
silica modified with 2-aminothiazole”, 
Microchim. Acta, 160: 203-209 (2008). 

 
[18] Takeuchi R.M., Santos A.L., Padilha P.M., 

Stradiotto N.R., “Copper determination in 
ethanol fuel by differential pulse anodic 
stripping voltammetry at a solid paraffin-based 
carbon paste electrode modified with 2-
aminothiazole organofunctionalized silica”, 
Talanta, 71: 771-777 (2007). 

 
[19] Takeuchi R.M., Santos A.L., Padilha P.M., 

Stradiotto N.R., “A solid paraffin-based carbon 
paste electrode modified with 2-aminothiazole 
organofunctionalized silica for differential pulse 
adsorptive stripping analysis of nickel in ethanol 
fuel”, Anal. Chim. Acta, 584: 295-301 (2007). 

 
[20] CRC Handbook of Chemistry and Physics, 64th 

edition, 1983-1984, CRC Press, Inc.  
 
[21] Çiftçi H., Testereci H.N., Öktem Z., 

“Electrochemical polymerization of 2-
aminothiazole”, Polymer Bulletin, DOI: 
10.1007/s00289-010-0307-9. 


