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Abstract: A Cu/TiO2 nanocomposite modified glassy carbon electrode (Cu/  
/TiO2/GCE) was fabricated to detect methyldopa by cyclic voltammetry (CV) 
and different pulse voltammetry (DPV) methods. Compared with bare GCE, 
the Cu/TiO2/GCE exhibited excellent electrochemical activity for the oxidation 
of methyldopa. Using DPV technique, the calibration curves for methyldopa 
were found linear in the concentration range of 0.5–800.0 μM and the detection 
limit (S/N = 3) was calculated to be 0.23 μM. Additionally, the prepared elec-
trochemical sensor of Cu/TiO2/GCE demonstrated a practical feasibility in 
methyldopa tablets and in urine samples analysis. 

Keywords: methyldopa; Cu/TiO2 nanocomposite; graphite screen printed elec-
trode; voltammetry. 

INTRODUCTION 
Methyldopa, a catechol derivative, is an old antihypertensive agent that has 

been used to treat high blood pressure since the 1960s.1,2 It is a structural ana-
logue of dopa (dihydroxyphenyl alanine), an anti-Parkinsonism medication; in 
fact it has an amino acid skeleton with a catechol group and a methyl group on 
the α-carbon of the side chain.3–6  

Methyldopa operates through the biotransformation to methyl norepine-
phrine in the adrenergic nerve terminals.7 Inhibition of the aromatic amino acid 
decarboxylase (DOPA decarboxylase) may be one of its functions, this enzyme 
acts in the biosynthetic pathway of catecholamine’s,8 and converts l-DOPA to the 
dopamine precursor of epinephrine and norepinephrine.6–9 

The determination of methyldopa for both pharmaceutical and clinical 
reasons10,11 can be performed with various analytical techniques like spectro-
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photometry,12,13 gas chromatography,14 high performance liquid chromatography 
(HPLC),15 chemiluminescence,16 kinetic methods,17 1H-NMR18 and voltammetric 
determination,19 that have been explained for the quantification of catecholamine 
drugs in dosage forms and biological fluids in the literature. Nonetheless, each 
mentioned method has disadvantages such as selectivity, the use of organic sol-
vents, long analysis time, complex sample preparation procedures, and costs. In 
between them, the electrochemical methods are simple, rapid and high sensitive, 
with no need for sample pretreatment.20 

Several electrochemical techniques in the field of pharmaceutical analysis 
have been used for the determination of biological compounds21 and drug com-
pounds22 including voltammetry, potentiometry, etc. Some advantages like 
simplicity, sensitivity, reasonable accuracy and precision, high dynamic range, 
less sensitivity to the matrix effects, lower cost, and rapidity have aroused great 
interests for the application of these methods.23 Furthermore, the selectivity and 
sensitivity of ordinary electrochemical methods can improve for analysis of drugs 
in complex matrix such as pharmaceutical and biological samples by the modific-
ation of the electrode surface. Application of these sensors can be useful for the 
trace analyzing of the electroactive species and to eliminate overlapping of the 
signals in simultaneous analysis.24 Many kinds of surface structures are being 
prepared and this technique remains a field of high activity.25-27 

In recent years, the nanostructured materials including metal nanoparticles, 
metal oxides and carbon nanotubes have been used for the designing of the modi-
fied electrodes for the biological, pharmaceutical and environmental pur-
poses.28,29 Some features like finite small size, high porosity, high specific sur-
face area, and special physical or chemical properties make these material great 

modifiers in the field of electroanalysis and electrocatalysis.31 They have similar 
properties to other kinds of bulk materials, but they offer additional advantages 
including enhanced electron transfer, fast kinetics of the electrode processes, and 
large edge plane/basal plane ratios.32 The shape and the size of the nanostructures 
determine the conductivity changes of the materials.  

Among them, transition metals oxides often have semiconductor properties, 
such properties can improve by decreasing the size of the crystals. So it is clear 
that nanoparticles of these oxides exhibit better function. They are used for the 
construction of the electrodes for biocells, photogalvanic cells, fuel cells and 
supercapacitors.33,34 Nano metal hydroxides/oxides have outstanding properties 
such as high surface area and enhanced chemical/electrochemical activities.35 In 
between them, TiO2 has exceptional properties, such as high conductivity, high 
inertness, stability, non-toxicity, bio-compatibility, low cost, etc.36,37 TiO2 may be 
used with different shapes such as nanoparticles, nanotubes, and nanoneedles in 
the electrochemical sensors and biosensors.38 Unusual properties of nanosized 
TiO2 such as large surface area, special electronic properties, and strong absorpt-
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ive and catalytic ability make it a benchmark over the other nano oxides.39 On the 
other hand, modified electrodes with copper and copper oxide can catalyze the 
oxidation reaction of biosubstances.40 Copper nanoparticles are important 
because of cost-effectiveness and high electrical conductivity.41 

The present work reports the synthesis and characterization of Cu/TiO2 
nanocomposite, followed by its immobilization on the surface of a glassy carbon 
electrode to develop a voltammetric sensor reported for the electrocatalytic deter-
mination of the methyldopa. To the best of our knowledge, no study has been 
reported for this sensor before. Eventually, we evaluate the analytical perform-
ance of the suggestion sensor for methyldopa determination in real samples. 

EXPERIMENTAL 
Apparatus and chemicals  

The electrochemical measurements were performed with an Autolab potentiostat/galva-
nostat (PGSTAT 302N, Eco Chemie, the Netherlands). The experimental conditions were 
controlled with general purpose electrochemical system (GPES) software. A conventional 
three electrodes cell was used at 25±1 °C. An Ag/AgCl/KCl (3.0 M) electrode, a platinum 
wire, and the Cu/TiO2/GCE were used as the reference, auxiliary and working electrodes, res-
pectively. A Metrohm 710 pH meter was employed for pH measurements.  

All solutions were freshly prepared with double distilled water. Methyldopa and all other 
reagents were of analytical grade and were obtained from Merck chemical company (Darm-
stadt, Germany). The buffer solutions were prepared from orthophosphoric acid and its salts in 
the pH range of 2.0–9.0.  
Synthesis of Cu–TiO2 nanocomposite 

TiO2 and Cu doped TiO2 nanopowder was prepared by the controlled sol-gel method 
with titanium(IV) n-butoxide Ti(OCH2CH2CH2CH3)4 as raw materials. All the chemicals were 
purchased from Merck (Darmstadt, Germany) and were used without any further purification. 
Deionized water obtained with a Milli-Q purification system (Millipore, Bedford, MA, USA), 
and filtered through 0.45 µm Millipore solvent filter, was used throughout. The dopant start-
ing material was metallic copper sulphate. In a typical process, 5 ml of Ti(OBu)4 was dis-
solved in 15 ml of absolute ethanol in a dry atmosphere and ultrasonically dispersed to pro-
duce a mixture (solution A). Meanwhile, 5mL of water and 1mL of HNO3 (65%) were added 
to another 20 mL of absolute ethanol in turn, to form an alchol/acid/water solution (solution 
B). After the two resulting solutions were stirred, respectively, the solution A was slowly 
added dropwise to the solution B under vigorously stirring to carry out a hydrolysis. Sub-
sequently, the roughly stirring was conducted so that the temperature was raised from room 
temperature to 80 °C at the end of the reaction. The gel was dried in the air for about 24 h at 
85 °C and subsequently the resulting material was powdered and then calcined in an electric 
muffle furnace at 450 °C for 2 h to obtain crystalline powders of TiO2. Cu doped TiO2 nano-
particles were synthesized using almost the same method. The molar amount of transition 
metal ion dopant (Cu2+) was calculated in order to substitute 1 % of titanium ions in TiO2 and 
was solubilized in an appropriate amount of ethanol/nitric acid/water solution prior to the hyd-
rolysis. The remaining procedures were the same as described above. After hydrolysis, the 
greenish transparent sol was obtained. A typical SEM image of the synthesized Cu–TiO2 
nanocomposite is shown in Fig. 1. 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS. 



866 TAJIK, BEITOLLAHI and BIPARVA 

Fig. 1. SEM image of synthesized Cu–TiO2 
nanocomposite. 

Preparation of modified electrode  
The bare screen-printed electrode was coated with Cu/TiO2 nanocomposite as follows. A 

stock solution of Cu/TiO2 in 1 mL aqueous solution was prepared by dispersing 1 mg Cu/TiO2 
with ultrasonication for 1 h, and a 5 µl aliquot of the Cu/TiO2/H2O suspension solution was 
cast on the carbon working electrodes, and waiting until the solvent was evaporated in room 
temperature.  
Preparation of real samples  

Five methyldopa tablets (labelled 250 mg per tablet) were ground. Then, the tablet sol-
ution was prepared by dissolving 250 mg of the powder in 25 mL water by ultrasonication. 
Then, different volumes of the diluted solution were transferred into a 25 mL volumetric 
flasks and diluted to the mark with phosphate buffer solution (PBS, pH 7.0). The methyldopa 
content was analyzed by the proposed method using the standard addition method. 

Urine samples were stored in a refrigerator immediately after collection. Ten milliliters 
of the sample was centrifuged for 15 min at 2000 rpm. The supernatant was filtered out using 
a 0.45 µm filter. Then, different volumes of the solution were transferred into a 25 mL volu-
metric flasks and diluted to the mark with PBS (pH 7.0).Then the diluted urine samples were 
spiked with different amounts of methyldopa. 

RESULTS AND DISCUSSION 

Electrocatalytic oxidation of methyldopa at a Cu/TiO2/GCE 
The electrochemical behaviour of methyldopa is dependent on the pH value 

of the aqueous solution. Therefore, the pH optimization of the solution seems to 
be necessary in order to obtain the electrocatalytic oxidation of methyldopa. Thus 
the electrochemical behaviour of methyldopa was studied in 0.1 M PBS in dif-
ferent pH values (2.0 < pH < 9.0) at the surface of Cu/TiO2/GCE by cyclic 
voltammetry (CV). It was found that the electrocatalytic oxidation of methyldopa 
at the surface of Cu/TiO2/GCE was more favoured under neutral conditions, than 
in acidic or basic medium. Thus, the pH 7.0 was chosen as the optimum pH for 
electrocatalysis of methyldopa oxidation at the surface of Cu/TiO2/GCE. 

Fig. 2 depict the CV responses for the electrochemical oxidation of 400.0 
μM methyldopa at Cu/TiO2/GCE (curve a) and bare GCE (curve b). The anodic 
peak potential for the oxidation of methyldopa at Cu/TiO2/GCE (curve a) is about 
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430 mV compared with 540 mV, for that on the bare GCE (curve b). Similarly, 
when the oxidation of methyldopa at the Cu/TiO2/GCE (curve a) and bare GCE 
(curve b) are compared, an extensive enhancement of the anodic peak current at 
Cu/TiO2/GCE, relative to the value obtained at the bare GCE (curve b), is obs-
erved. In other words, the results clearly indicate that the Cu/TiO2 nanocompo-
sites improve the methyldopa oxidation signal. 

Fig. 2. Cyclic voltammograms of: a) 
Cu/TiO2/GCE and b) bare GCE in 0.1 
M PBS (pH 7.0) in the presence of 
400.0 μM methyldopa at the scan rate 
50 mV s-1. 

The effect of potential scan rates on the oxidation current of methyldopa has 
been studied (Fig. 3). The results showed that increasing in the potential scan rate 
induced a rise of the peak current. In addition, the oxidation process is diffusion 
controlled, as deduced from the linear dependence of the anodic peak current (Ip) 
on the square root of the potential scan rate (ν1/2), over a wide range from 10 to 
400 mV s−1. 

Fig. 4 shows a Tafel plot that was drawn from points of the Tafel region of 
the LSV (Linear sweep voltammetry). The Tafel slope of 0.171 V, obtained in 
this case, agrees well with the involvement of one electron in the rate determining 
step of the electrode process, assuming a charge transfer coefficient of α = 0.65.42 

Chronoamperometric measurements  
Chronoamperometric measurements of methyldopa at Cu/TiO2/GCE were 

carried out by setting the working electrode potential at 0.48 VAg/AgCl/KCl for the 
various concentration of methyldopa in PBS, pH 7.0 (Fig. 5). For an electroactive 
material (methyldopa in this case) with a diffusion coefficient of D, the current obs- 
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Fig. 3. Cyclic voltammograms of Cu/TiO2/GCE in 0.1 M PBS (pH 7.0) containing 200.0 μM 
methyldopa at various scan rates (10, 25, 50, 100, 200 and 400 mV s-1, respectively). Inset: 

variation of cathodic peak current vs. ν1/2. 

 
Fig. 4. LSV (at 10 mV s-1) of electrode in 0.1 M PBS (pH 7.0) containing 200.0 µM 

methyldopa. The points are the data used in the Tafel plot. The inset shows the Tafel plot 
derived from the LSV. 
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erved for the electrochemical reaction, at the mass transport limited condition, is 
described by the Cottrell equation:42  
 I = nFAD1/2cbπ-1/2t–1/2 (1) 
where D and cb are the diffusion coefficient (cm2 s–1) and the bulk concentration 
(mol cm−3), respectively. Experimental plots of I vs. t−1/2 were employed, with the 
best fits for different concentrations of methyldopa (Fig. 5A). The slopes of the 
resulting straight lines were then plotted vs. methyldopa concentration (Fig. 5B). 
From the resulting slope and Cottrell equation, the mean value of the D was 
found to be 4.92×10−5 cm2/s. 

 
Fig. 5. Chronoamperograms obtained at Cu/TiO2/GCE in 0.1 M PBS (pH 7.0) for different 
concentration of methyldopa. The numbers 1–4 correspond to 0.1, 0.5, 1.0 and 2.0 mM of 

methyldopa. Insets: A) Plots of I vs. t-1/2 obtained from chronoamperograms 1–4; B) plot of 
the slope of the straight lines against methyldopa concentration. 

Calibration plot and limit of detection  
The peak current of methyldopa oxidation at the surface of the modified 

electrode can be used for the determination of methyldopa in solution. Therefore, 
the differential pulse voltammetry (DPV) experiments were done for different 
concentrations of methyldopa (Fig. 6). The oxidation peak currents of methyl-
dopa, at the surface of a modified electrode, were proportional to the concentra-
tion of the methyldopa within the ranges 0.5 to 800.0 μM. The detection limit 
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(3σ) of methyldopa was found to be 2.3×10–7 M. Table I shows a comparison of 
the analytical figures of merit, of the proposed method, with the different rep-
orted techniques for the determination of methyldopa. 

 
Fig. 6. DPVs of Cu/TiO2/GCE in 0.1 M PBS (pH 7.0) containing different concentrations of 
methyldopa (0.5, 2.0, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0, 100.0, 200.0, 400.0, 600.0 and 800.0 

µM of methyldopa). Inset: a plot of the electrocatalytic peak current as a function of 
methyldopa concentration in the range of 0.5–800.0 µM. 

Interference studies  
The influence of various substances as compounds potentially interfering 

with the determination of methyldopa was studied under optimum conditions. 
The potentially interfering substances were chosen from the group of substances 
commonly found with methyldopa in pharmaceuticals and/or in biological fluids. 
The tolerance limit was defined as the maximum concentration of the interfering 
substance that caused an error of less than ±5 % in the determination of methyl-
dopa. According to the results, L-lysine, glucose, NADH, acetaminophen, uric 
acid, L-asparagine, L-serine, L-threonine, L-proline, L-histidine, L-glycine, 
L-tryptophan, L-phenylalanine, lactose, tyrosine, saccarose, fructose, benzoic 
acid, methanol, ethanol, urea, caffeine, Mg2+, Al3+, NH4

+, F-, SO4
2- and S2- did not 

show interference in the determination of methyldopa. 
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TABLE I. Comparison of the efficiency of some methods used in detection of methyldopa 
Method Modifier LOD LDR Ref. 
Gas chromatography-
electron capture negative 
ion mass spectrometry 

– 99.1 
nM/L 

– 43 

High-performance liquid 
chromatographic 

– 0.014 
μg/L 

200.0–10000.0 
ng/ml 

44 

High-performance liquid 
chromatographic 

– - 50.0–6000.0 
ng/ml 

45 

Voltammetry CdSe@Ag2Se core–shell 
fluorescent quantum dots 

0.04 μM 0.09–60.0 μM 46 

Voltammetry Fluorine doped SnO2 
substrates 

2.9 μM 0.2–60.0 μM 47 

Voltammetry Multi-walled carbon 
nanotubes 

1.0 nM 0.005–0.388 μM 48 

Voltammetry TiO2 nanoparticles and 
ferrocene monocarboxylic 

acid 

0.08 μM 0.02–100.0 μM 49 

Voltammetry 5-Amino-2′-ethyl-biphenyl-
-2-ol and carbon nanotubes

48.0 nM 0.1–210.0 μM 50 

Voltammetry Ionic liquid 5.5 μM 34.8–370.3 μM 51 
Voltammetry Cu/TiO2 nanocomposite 0.23 μM 0.5–800.0 μM This 

work 

Real sample analysis  
In order to evaluate the analytical applicability of the proposed method, it 

was also applied to the determination of methyldopa in methyldopa tablets and 
urine samples. The results for determination of the methyldopa in real samples 
are given in Table II. The satisfactory recovery of the experimental results was 
found for methyldopa. The reproducibility of the method was demonstrated by 
the mean relative standard deviation (RSD). 

TABLE II. The application of Cu/TiO2/GCE for determination of methyldopa in methyldopa 
tablet and urine samples (n = 5). All concentrations are in µM 
Sample Spiked Found Recovery, % RSD / % 
Methyldopa tablet 0 – – – 

5.0 4.9 98.0 2.7 
10.0 10.3 103.0 3.4 
15.0 15.2 101.3 1.9 
20.0 19.8 99.0 2.4 

Urine 0 – – – 
7.5 7.4 98.7 3.2 
12.5 12.6 100.8 2.4 
17.5 17.7 101.1 1.8 
22.5 22.3 99.1 2.8 
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CONCLUSIONS 

Cu/TiO2-modified GCE shows an excellent synergic behaviour towards the 
methyldopa oxidation in an aqueous phosphate buffer (pH 7.0) solution. Our 
study showed that in the case of the unmodified GCE, the voltammogram of 
methyldopa exhibit just a small hump peak, but after modification of the elec-
trode with Cu/TiO2 nanocomposite, the oxidation peak current of methyldopa is 
significantly enhanced. This technique offers a number of advantages, compared 
to the other published electrochemical methods, such as simplicity in the prepar-
ation of the modified electrode and its high selectivity. The modified electrode 
represents appropriate performance in detecting methyldopa and exhibits excel-
lent stability and reproducibility. In the differential pulse voltammetric determin-
ation, the detection limit of methyldopa was estimated at 0.23 µM. Based on the 
electrochemical oxidation, the quantitative determination of methyldopa in phar-
maceutical dosage and biological fluids samples was developed by a simple, 
rapid, selective and sensitive DPV technique. These properties indicate that the 
Cu/TiO2-modified electrode is a good electrochemical sensor for the determin-
ation of methyldopa. According to the available data, this method has appropriate 
properties compared to the previous studies such as high selectivity, sensitivity, 
low detection limit and wide linear dynamic range. 

И З В О Д  
ЕЛЕКТРОХЕМИЈСКИ СЕНЗОР ЗА МЕТИЛДОПУ НА БАЗИ ЕЛЕКТРОДЕ ОД 
СТАКЛАСТОГ УГЉЕНИКА МОДИФИКОВАНЕ НАНОКОМПОЗИТОМ Cu/TiO2 

SOMAYEH TAJIK1, HADI BEITOLLAHI2 и POURYA BIPARVA3 

1
Bam University of Medical Sciences, Bam, Iran, 

2
Environment Department, Institute of Science and High 

Technology and Environmental Sciences, Graduate University of Advanced Technology, Kerman, Iran и 
3
Department of Basic Sciences, Sari Agricultural Sciences and Natural Resources University, Sari, Iran 

Електрода од стакластог угљеника је модификована нанокомпозитом Cu/TiO2 (Cu/ 
/TiO2/GCE) у циљу детекције метилдопе, методама цикличне волтаметрије и диферен-
цијалне пулсне волтаметрије. У поређењу са немодификованим стакластим угљеником, 
електрода Cu/TiO2/GCE је показала одличну електрохемијску активност за оксидацију 
метилдопе. Калибрациони дијаграм одређен диференцијалном пулсном волтаметријом 
показао је линеарност у опсегу концентрација од 0,5 до 800,0 μM и границу детекције 
(S/N = 3) од 0,23 μM. Поред тога, електрохемијски сензор Cu/TiO2/GCE се показао погод-
ним за одређивање метилдопе у таблетама и узорцима урина. 

(Примљено 30. септембра 2017, ревидирано 17. јануара, прихваћено 29. јануара 2018) 

REFERENCES 
1. G. T. Mah, A. M. Tejani, V. M. Musini, Cochrane Library 4 (2009) 1 
2. A. Kutluay, M. Aslanoglu, Chinese Chem. Lett. 27 (2016) 91 
3. R. Graig, R. E. Stitzel, Modern Pharmacology with Clinical Application, sixth ed., Lip-

pincott Williams and Wilkins, Philadelphia, PA, 2003 
4. Nippon Universal Pharmaceutical Co, 2008. Aldomet Tablets-125/250. Ethical Drug 

Package Insert 4, 1 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS. 



 FABRICATION OF METHYLDOPA ELECTROCHEMICAL SENSOR 873 

5. Y. Uesawa, K. Mohri , Pharmaceuticals 3 (2010) 441 
6. B. Perez-Mella, A. Alvarez-Lueje, Electroanalysis 25 (2013) 2193 
7. G. Bahrami, A. Kiani, S. Mirzaeei, J. Chromatogr., B 832 (2006) 197 
8. E. Molaakbari, A. Mostafavi, H. Beitollahi, Mat. Sci. Eng., C 36 (2014) 168 
9. Basic and Clinical Pharmacology, ninth ed., N. L. Benowitz, B.G. Katzung (Eds.), The 

McGraw-Hill Companies, New York, 2004 
10. P. R. S. Ribeiro, J. A. Gomes Neto, L. Pezza, H. R. Pezza, Talanta 67 (2005) 240 
11. M. Tubino, D. C. D. V. Batista, J. A. R. Rodrigues, Anal. Lett. 39 (2006) 327 
12. K. Rona, B. Gachalyi, L. Vereczkey, B. Nadas, A. Kaldor, Int. J. Clin. Pharmacol. Ther. 

Toxicol. 25 (1987) 515 
13. A. E. Poliakov, A. V. Dumshakova, S. V. Muginova, T. N. Shekhovtsova, Talanta 84 

(2011) 710 
14. F. Bugamelli, C. Marcheselli, E. Barba, M. Raggi, J. Pharmaceut. Biomed. 54 (2011) 562 
15. L. H. Parsons, T. M. Kerr,  F. Weiss, J. Chromatogr. 709 (1998) 35 
16. K. Murayama, T. Santa, K. Imai, Chromatography 19 (1998) 207 
17. M. Tubino, D. C. D. V. Batista, J. A.R. Rodrigues, Anal. Lett. 39 (2006) 327 
18. Z. Talebpour, S. Haghgoo, M. Shamsipur, Anal. Chim. Acta 506 (2004) 97 
19. S. Shahrokhian ,R. Saberi, Z. Kamalzadeh, Electroanalysis 23 (2011) 2248 
20.  Z. Taleat, M. M. Ardakani, H. Naeimi, H. Beitollahi, M. Nejati, H. R. Zare, Anal. Sci. 24 

(2008) 1039 
21. M. Mazloum-Ardakani, B. Ganjipour, H. Beitollahi, M. K. Amini, F. Mirkhalaf, H. 

Naeimi, M. Nejati-Barzoki, Electrochim. Acta 56 (2011) 9113 
22. H. Beitollahi, S. Tajik, P. Biparva, Measurement 56 (2014) 170 
23. M. Elysi, M. A. Khalilzadeh, Food Chem. 141 (2013) 4311 
24. M. R. Akhgar, H. Beitollahi, M. Salari, H. Karimi-Maleh, H. Zamani, Anal. Methods-UK 

4 (2012) 259  
25. H. Karimi-Maleh, A. A. Ensafi, H. Beitollahi, V. Nasiri, M. A. Khalilzadeh, P. Biparva, 

Ionics 18 (2012) 687 
26. H. J. Jeon, S. C. Yi, S. G. Oh, Biomaterials 24 (2003) 4921 
27. H. Beitollahi, A. Gholami, M. R. Ganjali, Mat. Sci. Eng., C 57 (2015) 107 
28. B. N. Olana, S. A. Kitte, T. R. Soreta, J. Serb. Chem. Soc. 80 (2015) 1161 
29. H. Beitollahi, M. A. Taher, M. Ahmadipour, R. Hosseinzadeh, Measurement 47 (2014) 

770 
30. Y. Yardim, J. Serb. Chem. Soc. 82 (2017) 175 
31. S. Mohammadi, H. Beitollahi, A. Mohadesi, Sensor Lett. 11 (2013) 388 
32. A. Ahmadalinezhad, S. Chatterjee, A. Chen, Electrochim. Acta 112 (2013) 927 
33. H. Beitollahi, H. Karimi-Maleh, H. Khabazzadeh, Anal. Chem. 80 (2008) 9848 
34. A. Salimi, E. Sharifi, A. Noorbakhsh, S. Soltanian, Biosens. Bioelectron. 22 (2007) 3146 
35. S. Chen, J. Zhu, X. Wu, Q. Han, X. Wang, ACS Nano 4 (2010) 2822 
36. A. Babaei and A. R. Taheri, Sens. Actuators, B Chem. 176 (2013) 543 
37. T. J. Ha, M. H. Hong, C. S. Park, H. H. Park, Sens. Actuators, B Chem. 181 (2013) 874 
38. K. Ahmad, A. Mohammad, R. Rajak, S. M. Mobin, Mater. Res. Express 3 (2016) 074005 
39. I.-D. Kim, A. Rothschild, D. J. Yang, H. L. Tuller, Sens. Actuators, B Chem. 130 (2008) 9 
40. J. M. Zen, C. T. Hsu, A. S. Kumar, H. J. Lyuu, K. Y. lin, Analyst 129 (2004) 841 
41. F. R. Xiu, F. S. Zhang, J. Hazard. Mater. 233 (2012) 200 
42. A. J. Bard, L. R. Faulkner, Electrochemical Methods Fundamentals and Applications, 

second ed., Wiley, New York, 2001 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS. 



874 TAJIK, BEITOLLAHI and BIPARVA 

43. A. P. J. M. de Jong, R. M. Kok, C. A. Cramers, S. K. Wadman, E. Haan, Clin. Chim. Acta 
171 (1988) 49 

44. F. Bugamelli, C. Marcheselli, E. Barba, M.A. Raggi, J. Pharmaceut. Biomed. 54 (2011) 
562 

45. I. da Costa Cesar, R. M. Duarte Byrro, F. F. de Santana e Silva Cardoso, I. M. Mundim, 
L. de Souza Teixeira, E. P. da Silva, S. A. Gomes, R. R. Bonfim, G. A. Pianetti, J. 
Pharmaceut. Biomed.  56 (2011) 1094 

46. K. Asadpour, Z. F. Mollarasouli, Sens. Actuators, B 237 (2016) 38 
47. C. Ramirez, M. A. del Valle, M. Isaacs, F. Armijo, Electrochim. Acta 199 (2016) 227  
48. A. Kutluay, M. Aslanoglu, Chin. Chem. Lett. 27 (2016) 91  
49. E. Molaakbari, A. Mostafavi, H. Beitollahi, Mater. Sci. Eng., C 36 (2014) 168 
50. S. Tajik, M. A. Taher, H. Beitollahi, J. Electroanal. Chem. 704 (2013) 137 
51. S. K. Moccelini, A. C. Franzoi, I. C. Vieira, J. Dupont, C. W. Scheeren, Biosens. 

Bioelectron. 26 (2011) 3549. 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




