


Amperometric determination of sulfide ion by glassy 
carbon electrode modified with multiwall carbon 

nanotubes and copper (II) phenanthroline complex

film modified electrode on the electrochemical 
oxidation of hydrogen sulfide in alkaline solutions 
[16], and ability of chemically modified and screen-
printed graphite electrodes with [(SbO)–O–V(CHL)(2)]
Hex for the selective electrochemical determination 
of sulfide [17] have been investigated. Furthermore, 
electrocatalysis of sulfide with a cellulose acetate 
film bearing 2,6- dichlorophenolindophenol [18], 
electrocatalytic determination of sulfide by preparation 
of a 2-(4- fluorophenyl)indole-modified xerogel 
[19], exploring alkylated ferrocene sulfonates as 
electrocatalysts for sulfide [20], indirect determination 
of sulfide by measuring As(III) on Au nanoparticles 
modified screen printed electrode [21], and some 
other similar studies [22-25] have been carried out 
for electrochemical determination of sulfide ion, 
previously. Although, compared with other conventional 
methods, these electrochemical methods possess 
some unique and distinct advantages such as rapidity, 
cheap instrumentation, high sensitivity and a simple 
operation procedure [26-28]; but, a trend in analytical 
chemistry is developing the previous reported methods 
or introducing the new technique for improvement in the 
selectivity and sensitivity of chemical analysis methods. 
Thus, the main aim of this study was modification of 
glassy carbon electrode (GCE) with multiwall carbon 
nanotubes (MWCNTs) and a new copper complex 
for selective determination of sulfide ion in aqueous 
solutions. To the best of our knowledge, up to now, 
there is no report on the sulfide ion determination 
via preparation of modified glassy carbon electrode 
(GCE) with [Cu(2,9-dimethyl-1,10-phenanthroline-N,N-
dimethyltrimethylenediamine) (EtOH)](NO2)2•2H2O] 
complex and multiwall carbon nanotubes (MWCNTs). 
In continuation of the preparation of modified copper 
complex/MWCNTs/GCE, in the present study, the 
fabrication, stability and electrochemical properties 
of GCE modified MWCNTs and copper complex 
were investigated. To evaluate the utility of modified 
electrodes for analytical application, it was used for 
voltammetric and amprometric detection of total sulfide 
ions (HS- and S2-) in phosphate buffer solution.

2. Experimental procedure

2.1. Chemical
The copper(II) complex, [Cu(2,9-dimethyl-1,10-
phenanthroline-N,N-dimethyltrimethylenedi- amine)
(EtOH)](NO2)2•2H2O], with the chemical structure shown 
in Fig. 1, was synthesized, purified and characterized as 
reported, previously [29]. All reagents, i.e., Na2S•9H2O, 
acetonitrile (ACN), tetrabutylammonium perchlorate 

(TBAP) and other reagents were of analytical grade from 
Merck, Aldrich or Fluka and used as received. MWCNTs 
were obtained from Aldrich. Aqueous solutions were 
prepared by deionized water. Buffer solutions (0.1 M) 
were prepared from phosphoric acid (H3PO4), disodium 
hydrogen phosphate (Na2HPO4), sodium dihydrogen 
phosphate (NaH2PO4) and trisodium phosphate 
(Na3PO4). All electrochemical experiments were carried 
out at room temperature 25±0.2°C.

2.2. Apparatus 
All electrochemical experiments were carried out by a 
µ-AUTOLAB type Ш and FRA2 board computer controlled 
Potentiostat/Galvanostat (ECO-Chemie, Switzerland). A 
three-electrode system was employed with an Ag/AgCl 
(saturated KCl) electrode as a reference electrode, a Pt 
wire as a counter electrode and a modified GCE with 
a tip diameter of 2-mm as a working electrode. All the 
used electrodes were from Metrohm. Cyclic voltammetry 
on GCEs coated with Cu(II) complex- MWCNTs was 
performed in buffer containing no copper complex. The 
amperometric measurements were carried out under 
stirring condition and the response current was the 
difference between the steady state and background 
currents. A Metrohm drive shaft was used for rotation of 
the modified electrode in amperometric measurement. 
A personal computer was used for data storage and 
processing.

2.3. Procedure 
To prepare the copper(II) phenanthroline complex/
MWCNTs modified electrode, a GC electrode was 
polished with emery paper followed by alumina 
(0.05 μm), and then, thoroughly washed with deionized 
water. The electrode was placed in an ethanol container 
and then an ultrasonic cleaner bath was used  to 
remove the adsorbed particles. The electrode surface 

Figure 1. Structure of the [Cu(2,9-dimethyl-1,10-phenanthroline-
N , N - d i m e t h y l t r i m e t h y l e n e - d i a m i n e ) ( E t O H ) ]
(NO2)2•2H2O], complex.
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was modified by casting with 20 μL of 0.1 mM solution of 
the Cu(II)-complex containing 0.05 mg of MWCNTs, and 
then dried in air. After rinsing with water, the modified 
electrode was used for electrochemical experiments. 
The effective surface area of the electrode modified 
with immobilization of MWCNTs was determined as 
0.12±0.03 cm2 by cyclic voltammograms obtained from 
1 mM of K3[Fe(CN)6] in phosphate buffer solution at 
pH 7.0.

3. Results and discussion 

3.1. Electrochemical properties of copper(II) 
        complex in acetonitrile solution 
Cyclic voltammetry was conducted on a GCE in ACN 
solution containing 0.10 mM of the Cu(II)-complex 
and 0.050 M TBAP as the supporting electrolyte. The 
voltammograms of the copper(II) complex obtained at 
various scan rates are shown in Fig. 2. An outstanding 
linear relationship is presented by the plot of anodic 
and cathodic peak currents against the square root 
of scan rate (10-100 mV s-1), with cathodic to anodic 
peak currents ratio of unity. This result puts forward 
the oxidation of Cu(II)-complex as a diffusion controlled 
electron transfer process. This couple can be used as an 
electron transfer mediator for electrocatalytic processes 
due to its electrochemical reversibility.

3.2. Electrochemical properties and stability of 
       Cu(II)- complex /MWCNTs/GCE 
Cyclic voltammetry was used to investigate the effect 
of potential scan rate on the electrochemical behavior 

of GCE modified with MWCNTs and copper complex in 
a 0.1 M phosphate buffer solution (pH 5.0) (Fig. 3A). 
As illustrated in Fig. 3B, with the scan rate increased 
from 10 to 800 mV s-1 (as expected for redox surface-
controlled process), the peak currents also linearly 
increased. Furthermore, the anodic peak currents were 
nearly the same as the corresponding cathodic peak 
currents; in addition, no change was observed for the 
peak potential with increasing the scan rate. The peak-
to-peak potential separation was about 60 mV that 
indicates facile charge transfer kinetics over this range 
of sweep rate.

At higher sweep rates, there is a deviation from 
linearity for the plot of peak current vs. scan rate and 
the peak current becomes proportional to the square 
root of scan rate (Fig. 3C). This trend demonstrates 
a diffusion-controlled process, which is indicating the 
comparatively slow diffusion of counter ions into the 
electrode surfaces. For the scan rates higher than 
500.0 mV s−1, the changes in the peak potentials were 
proportional to the logarithm of the scan rates (Fig. 3D) 
which in turn reflects a limitation in the charge transfer 
kinetic. Based on the Laviron theory [31], the values of 
ks and charge transfer coefficient (α) could be obtained. 
The charge transfer coefficient (α) was determined by 
measuring the variation of the peak potential vs. scan 
rate according to the Eq. 1: 

 
log ν                                      (1)

The slope of the line obtained by plotting ΔEpc vs. log 
(v) was about 109 mV and the electrons transferred for 
Cu(II)- complex was 1; thus, α was calculated as 0.54. 

Figure 2. Cyclic voltammogram of 0.10 mM Cu-complex in ACN and 0.050 M n-Bu4NClO4 as the supporting electrolyte solution at GCE and at 
different scan rate between 0.2 and 1 V, from inner to outer 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mV s-1. Inset: plot of anodic and 
cathodic peak current vs. square root of scan rates.
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Introducing α value in the Eq. 2, for ΔEp ≥ 200/n mV 
(ν=2000 mV s-1), resulted in ks value equals to 9.3 s−1.

                       

                         (2)         

The surface concentration of electroactive species, Гc, 
can be calculated from the slope of the plot of Ipa versus 
the scan rate (at ν <100 mV s-1) by the following equation 
[32]. The calculated value of Г is 9.5×10-11 mol cm-2 for 
the modified Cu(II) complex/ MWCNTs /GCE.
 

                                                  
(3)

Where, ν is the sweep rate, A is the surface area, and 
the other symbols have their usual meaning.

3.3. pH dependence and stability of modified 
       Cu(II) complex / MWCNT/ GCE
Electrochemical behavior of the proposed modified 
electrode in the solutions with various values of pH was 
investigated. Cyclic voltammograms for the modified 

electrode in these solutions were recorded as shown in 
Fig. 4. The peak potentials for the modified electrode 
hardly changed at the pH range of 4–11, which reveal the 
voltammetric behavior of the copper complex includes 
no proton transfer process and it simply follows a 
single electron transfer process under the experimental 
conditions, as previously proposed (Eq. 4) [33]. 

                                     
(4)

However, at the pH values lower than 4, a single 
anodic peak with irreversible character was observed 
at more negative potentials. This behavior is probably 
related to the reaction of -OH group of C2H5-OH with acidic 
hydrogen at the electrode surface, where the counter-ion 
influences the voltammetric behavior of the sensor.

One of the most important properties of the sensors, 
biosensors and bioreactors is their long-term stability. 
The changes in voltammetric peak current of the 
modified electrode were compared before and after 
potential cycling for 2 h at buffer solutions with pH=7 to 
determine the durability of the modified electrode.

Figure 3. (A) Cyclic voltammogram response Cu- complex/MWCNTs/GCE in buffer solution (pH=5) at scan rates ( inner to outer ) 20, 30, 40, 50, 
60, 70, 80, 90 and 100 mV s-1 Inset: plot of current vs. scan rate (B) and square root of scan rate (C). (D) variation of   peak potential 
separation vs. log ν.
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Stable potentiodynamic responses were displayed 
by the modified electrode under the employed 
conditions. The minor difference between the 2nd and 
100th voltammograms could demonstrate this stability 
and the peak potential of the immobilized complex 
remained almost changed as shown in Fig. 5. Moreover, 
after replacing the electrolyte used for 100 repetitive 
cycles with fresh solution, no significant decrease was 
observed. In addition, the chemically modified electrode 
holds excellent storage stability. The chemical and 
mechanical stability of nanotube film results in the high 
stability of adsorbed Cu(II)-complex molecules against 

desorption in aqueous solution; this characteristic of 
nanotube film led to the strong interaction between the 
Cu(II)-complex molecules and carbon nanotubes. The 
stability of attached Cu-complex on the electrode surface 
is increased by the hydrophobic interaction of carbon 
nanotubes with organic parts of heterocyclic ligand and 
n-л interaction of Cu with carbon nanotubes. Three 
identical GCEs were modified with MWCNTs and Cu(II)-
complex to study the reproducibility of the electrode 
and preparation procedure. Cyclic voltammograms for 
the prepared modified electrodes in the buffer solution 
were recorded. R.S.D. values of measured anodic peak 
currents were about 1%.

3.4. Electrocatalytic oxidation of total sulfide at 
       modified Cu(II) complex/ MWCNT/ GCE
An object of this study was to fabricate a modified 
electrode capable of electrocatalytic oxidation of total 
sulfide ions in aqueous solution (with pH=8). In order 
to test the electrocatalytic ability of modified electrode, 
cyclic voltammograms for the modified and un-modified 
electrodes were obtained in the presence and absence 
of sulfide ions in buffer solutions (pH = 8). As shown in 
Fig. 6, the anodic peak current for the modified electrode 
in the presence of total sulfide ions were dramatically 
enhanced; while, the cathodic peak current disappeared 
(voltammogram “f”). The unmodified and modified GCEs 
with MWCNTs showed no response corresponding 
to the oxidation of sulfide ion until the potential of 1 V 
(voltammograms “b and d”). A decrease in overpotential 
and an enhancement of the peak current for the 
oxidation of total sulfide indicated the strong catalytic 
activity of Cu-complex/MWCNTs modified GCE toward 
this analyte. Cyclic voltammograms of the modified 
GCE in the solutions containing different concentrations 
of total sulfide are shown in Fig. 7. As shown in this 
figure, the plot of catalytic current versus total sulfide 
concentration was linear at the concentration range of 
200.0-700.0 µM. 

Chronoamperometic results (Fig. 8) are also used 
for evaluation the catalytic rate constant (kcat) [33]. At 
intermediate time, when the oxidation current was 
dominated by the rate of electrocatalytic reaction of the 
total sulfide, the catalytic current (Icat) could be written 
as follows:

t                                                              (5)

Where, Icat and IL are the oxidation currents in the 
presence and absence of sulfide, respectively. kcat, 
C0 and t are the catalytic rate constant (M−1s−1), the 
bulk concentration (C0) of total sulfide concentration 
and time elapsed (s), respectively. From the slope 

Figure 4. Cyclic voltammograms Cu-complex/MWCNTs/GCE 
in solution for different pH values (a=3, b=4, c=5, d=6, 
e=7, f=8, g=9, h=10 and i=11) scan rate 10 mV s-1.

Figure 5. The 1st and 100th recorded cyclic voltammograms of 
modified Cu- complex/MWCNTs/GCE in 0.10 M buffer 
solution (pH 7) (scan rate 100 mV s-1).
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of Icat/IL versus t1/2 and using the following relationship 
(Icat / Il = 0.6609 t0.5/s0.5+1.2362 and R2=0.9965), kcat 
was calculated as 1.77×103 M−1 s−1 for the total sulfide 
concentration of 0.0050 mM.

3.5. Amperometric detection of sulfide at modified 
      Cu(II) complex/ MWCNT/ GCE
The modified GCE revealed excellent and strong 
electrocatalytic properties and facilities in the 
measurements of sulfide at low potential amperometry. 
The chronoamperograms were recorded for a rotating 
modified GCE (rotation speed 1000 rpm) under 

conditions where the potential was kept constant at 
0.47 V in 0.1 M buffer solution of pH 8, and shown in 
Figs. 9 and 10. As can be seen, a well-defined response 
is observed during successive addition 5.0 µM and 
100.0 µM of total sulfide concentration. A sharp rise in the 
current was observed for each addition of sulfide, within 
a response time less than one second. In the inset of 
Fig. 9, the plot of current versus total sulfide concentration 
is shown. The sensitivity of the electrode was 34 nA µM-1 
and its linear range (LR) spans the sulfide concentration 
of 5 µM to 400 μM with a correlation coefficient of 
0.997; the modified electrode has a detection limit of 

Figure 6. Cyclic voltammograms of Cu- complex/MWCNTs/GCE in buffer solution pH 8.0 at scan rate 10 mV s−1 in the absence (e) and presence 
0.70 mM total sulfide (f), and cyclic voltammograms of GCE and MWCNTs modified GCE at similar conditions in the absence (a, c) 
and presence of 0.70 mM total sulfide (b, d).

Figure 7. (A) Cyclic voltammograms of Cu-complex/MWCNTs / GCE in pH 8 at scan rate 10 mV s−1 with increasing sulfide concentration (from 
                            inner to outer) 0.0, 0.20, 0.30, 0.50 and 0.70 mM. Inset, plot of peak current vs. total sulfide concentrations.
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1.20 µM at signal-to-noise ratio of 3 at the same time. 
At higher concentrations (>400 μM) deviation from 
linearity occurred, probably, due to saturation of the 
active sites in the electrode surface (inset of Fig. 10). 

Various analytical merits such as potential of sulfide 
detection, linearity range and LOD obtained from the 
Cu-complex/ MWCNTs/ GCE were compared with other 
modified electrodes in previously published reports for 
the electrocatalytic detection of sulfide. The results are 
illustrated in Table 1. As can be seen in this table, LOD for 
the electrode modified by Cu-complex/ MWCNTs/ GCE 
was better than some of modified electrodes in previous 
reports [15-19]. However, in some investigations [10,14] 
better LODs have been reported for the modified 
electrodes in comparison with our modified Cu-complex/ 
MWCNTs/ GCE. Therefore, it could be concluded that 
the Cu-complex/ MWCNTs/ GCE presents a valuable 
LOD for the detection of total sulfide.

3.6. Interference studies
In order to investigate the selectivity of modified Cu-
complex/ MWCNTs/ GCE, several possible potentially 
interfering ions were tested during the amperometric 
determination of 5.0 µM sulfide ion. The results showed 
that the presence of 200 µM SO3

2-, 200 µM SO4
2-, 

200 µM S2O3
2-, 200 µM S4O6

2-, 400 µM cysteine and 
400 µM of cystein resulted in rather low relative errors of 
2.2, 1.9, 1.2, 1.3, 1.1 and 1.1%, respectively, indicating 
the acceptable selectivity of the modified electrode. 
Based on the response characteristics and highly 
selective behavior of the proposed sensor to total sulfide, 
it could be used as a suitable chronoamperometric 
detector for the determination of sulfide ion in the flow 
systems or in chromatographic instruments.

Figure 8. (A) Chronoamperograms of Cu-complex/MWCNTs / GCE held at 0.47 V in pH=8 solution containing (a) 0, (b) 0.005, (c) 0.010, (d) 0.015 
                           and (e) 0.020 mM total sulfide (B) Plot of Icat/IL vs. time1/2 for 0.0050 mM total sulfide.

Figure 9. Amperometric response at a rotating modified Cu-complex/ MWCNTs/ GCE (the rotation speed is 1000 rpm) held at 0.47 V in pH = 8 
solution for successive addition of 5.0 μM total sulfide. Inset: plot of chronoamperometric current response vs. total sulfide concentration.
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Figure 10. Amperometric response at a rotating modified Cu- complex/MWCNT/GCE for successive addition of 100- 900.0 μM total sulfide. Inset: 
                             plot of chronoamperometric current response vs. total sulfide concentration. Other conditions were as used in Fig. 9.

Table 1. Analytical parameters for detection sulfide at several modified electrodes.

Modified Electrode Medium Met.a DPb LRc LODd Ref.e

SPEf modifiled with Tosflex anion 
exchange polymer including 
ferrocyanide mediator

PBSg; pH 7.0 FIAhAmp. i +300 mV 0.1-1000 0.0089 [10]

GCEjmodifiled 
cobaltpentacyanonitrosylferrate film 0.5 M KNO3 CVk Anodic 

potential of CV 75-770 46 [15]

GCE modified with vanadium 
pentoxide

0.1 M PBS; pH 10.28 CV +600 mV - 1.9 [16]

SP carbon electrode modified with 
industrially waste cinder/tetracyano 
nickel

0.1 M KCl/NaOH 
solution; pH 10 FIA Amp. +700 mV 1-100 0.06 [14]

SP graphite electrode modified with 
hexadecylpyridinium-bis(chloranilato)-
antimony(V)

0.25 M PBS in 1 M KCl; 
pH 6.5 Amp. +80 mV 10-700 5 [17]

GCE modified with a cellulose acetate 
polymeric film bearing

0.25 M PBS in 0.5M KCl; 
pH 7.25 FIA Amp. +80 mV 20-1000 17 [18]

SP Pt electrode modified with 
2-(4-fluorophenyl)indol-modified 
xerogel pencil graphite electrode 
modified with hematoxylin

0.05 M PBS in 0.05 M 
KCl; pH 5.5

BRBSl in 0.1 M KCl; 
pH 8.0

FIA Amp.

Amp.

+450 mV

+200 mV

10-2000

1-200

6

0.4

[19]

[33]

This work (GCE modified with 
Cu(II)- complex /MWCNTs) 0.1 M PBS; pH 8.0 Amp. +470 mV 5-400 1.2

a Methodology.                                                                         
b Detection potential of sulfide versus Ag/ACl.
c Linearity range(µM).
d Limit of detection.(µM).
e Reference.
f Screen printed. 
g Phosphate buffer solution.
h Flow injection anlaysis.
iAmperometry.
j Glassy carbon electrode .
k Cyclic voltammetry.
l Britton Robinson buffer solution.
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4. Conclusion
The reported experimental results demonstrate the 
ability of GCE modified with MWCNTs and copper(II)-
complex to catalysis the electrooxidation of sulfide ion 
at a surface layer mediated charge-transfer. The anodic 
peak current for the modified electrode was significantly 
increased and the anodic overpotential was reduced 
at 0.47 V vs. Ag/AgCl compared to the non-modified 

electrode in a solution containing sulfide ion. This anodic 
current was proportional to the concentration of sulfide 
ion in the range of 5 to 400 µM with a detection limit 
of 1.20 µM in amperometric measurements. In view of 
the sensitivity, stability, selectivity, low working potential, 
simplicity, and low cost of construction, the proposed 
copper complex sensor possesses the promising 
characteristics for future works on the development of 
new sensors for sulfide ion analysis.

M.O. Andreae, Science 315, 50 (2007)
M. Shamsipur, S.M. Pourmortazavi, M. Roushani, 
Microchim. Acta 173, 445 (2011)
L. Ferrer, G. Armas, M. Miro, J.M. Estela, V. Cerda, 
Analyst 130, 644 (2005)
S.M. Pourmortazavi, S.S. Hajimirsadeghi, 
M. Rahimi-Nasrabadi, Mater. Manuf. Process. 24, 
524 (2009)
N.S. Lawrence, J. Davis, R.G. Compton, Talanta 
52, 771 (2000) 
A. Manova, M. Strelec, F. Cacho, J. Lehotay, 
E. Beinrohr, Anal. Chim. Acta 588, 16 (2007)
D. Giovanelli, N.S. Lawrence, L. Jiang, 
T.G.J. Jones, R.G. Compton, Sens. Actuators B 88, 
320 (2003)
A. Salimi, M. Roushani, R. Hallaj, Electrochim. Acta 
51, 1952 (2006)
A. Salimi, S. Pourbeyram, M.K. Amini, Analyst 127, 
1649 (2002) 
D.M. Tsai, A.S. Kumar, J.M. Zen, Anal. Chim. Acta 
556, 145 (2006) 
J. Lawrence, K.L. Robinson, N.S. Lawrence, Anal. 
Sci. 2, 673 (2007) 
B. Spilker, J. Randhahn, H. Grabow, H. Beikirch, 
P. Jeroschewski, J. Electroanal. Chem. 612, 121 
(2008) 
N.S. Lawrence, G.J. Tustin, M. Faulkner, 
T.G. Jones, Electrochim. Acta 52, 499 (2006)
J.M. Zen, J.L. Chang, P.Y. Chen, R. Ohara, 
K.C. Pan, Electroanalysis 17, 739 (2005)
L.L. Paim, N.R. Stradiotto, Electrochim. Acta 55, 
4144 (2010) 
E.A. Khudaish, A.T. Al-Hinai, Electroanal. Chem. 
587, 108 (2006)
M.I. Prodromidis, P.G. Veltsistas, M.I. Karayannis, 
Anal, Chem, 72, 3995 (2000)

A.B. Florou, M.I. Prodromidis, M.I. Karayannis, 
S.M. Tzouwara-Karayanni, Talanta 52, 465 (2000)
G. Roman, A.C. Pappas, D.K. Demertzi, 
M.I. Prodromidis, Anal. Chim. Acta 523, 201 (2004)
C.E. Banks, A.S. Yashina, G.J. Tustin, V.G.H. Lafitte, 
T.G.J. Jones, N.S. Lawrence, Electroanalysis 19, 
2518 (2007)
Y.S. Song, G. Muthuraman, J.M. Zen, Electrochem. 
Commun. 8, 1369 (2006)
L.J. Liu, Z.C. Chen, S.M. Yang, X. Jin, X.F. Lin, 
Sens. Actuators B 129, 218 (2008)
R.F. Huang, X.W. Zheng, Y.J. Qu, Anal. Chim. Acta 
582, 267 (2007) 
T.J. Waite, C. Kraiya, R.E. Trouwborst, S.F. Ma, 
G.W. Luther, Electroanalysis 18, 1167 (2006) 
D. Huang, B. Xu, J. Tang, J. Luo, L. Chen, L. Yang, 
Z. Yang, B. Shuping, Anal. Methods 2, 154 (2010) 
S.M. Pourmortazavi, I. Kohsari, S.S. Hajimirsadeghi, 
Cent. Eur. J. Chem. 7, 74 (2009)
M. Roushani, M. Shamsipur, S.M. Pourmortazavi, 
J. Appl. Electrochem. 42, 1005 (2012)
S.G. Hosseini, S.M. Pourmortazavi, M. Fathollahi, 
Sep. Sci. Technol. 39, 1953 (2004)
N. Shahabadi, M. Maghsudi, J. Mol. Struct. 929, 
193 (2009)
E. Laviron, J. Electroanal. Chem. 52, 355 (1974)
E. Laviron, J. Electroanal. Chem. 101, 19 (1979)
J. Wang, Analytical Electrochemistry (Wiley VCH, 
New York, 1994)
T.R.L. Dadamos, M.F.S. Teixeira, Electrochim. Acta 
54, 4552 (2009) 
Z. Galus, Fundamentals of Electrochemical 
Analysis (Horwood, New York, 1976) 
Y. Dilgin, B. Kızılkaya, B. Ertek, F. Isik, D.G. Dilgin, 
Sens. Actuators B 171, 223 (2012)

References

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]
[32]

[33]

[34]

[35]

1099
Unauthenticated

Download Date | 11/16/18 8:52 PM




