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In this study, monolayer poly (N, N’ dimethylaniline) (PNDMA), polyaniline (PANI), and 
bilayer PNDMA/PANI, PANI/PNDMA coatings have been electropolymerization on copper 
by potentiodynamic and galvanostatic synthesis techniques from aqueous solutions 0.1 M 
N,N’ dimethylaniline, 0.1M aniline, 0.05 M sodium dodecyl sulphate (SDS) and 0.3 M oxalic 
acid. In order to include dodecylsulphate ions as dopant in the N, N’ dimethylaniline, SDS was 
also added to the polymerization solution of N, N’ dimethylaniline. Characterization of 
monolayer and bilayer polymer coatings was carried out by cyclic voltammetry, Fourier 
transform infrared (FT-IR) spectroscopy and scanning electron microscopy (SEM) techniques. 
Corrosion behaviour of PNDMA-SDS/PANI coated copper was investigated by 
potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) techniques in 
0.5M H2SO4 solutions. The results of the corrosion tests showed that PNDMA-SDS/PANI 
coatings ensure good corrosion protection of copper in aggressive media. Bilayer coatings 
revealed better corrosion inhibition efficiencies than monolayer coatings. 
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INTRODUCTION* 

 Conducting polymers have attracted 
considerable attention in the scientific and 
technological fields in recent years due to their 
electrical, thermal, environmental, optical, 
chemical, and biological properties, the ease of 
their preparation and their broad applicability.1-6 
Conducting polymer coatings as polyaniline 
(PANI) and polypyrrole (PPY) on copper electrode 
can be obtained electrochemically and these 
coatings provide important protective properties 
against corrosion.7-16 Recently, conducting 
polymers have received considerable interest as 
corrosion protective coatings for oxidizable metals. 
The electrochemical polymerization is a simple, 
relatively inexpensive and most convenient route 
for synthesizing of novel conducting polymers on 
metallic surfaces. Several studies have been carried 
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out and reported on the protective behaviour of 
conducting and insulating forms of polymers on 
different metallic surfaces.8-9, 17-21 Copper is widely 
used as reactive metal in electrical and electronic 
devices. Aluminum is quickly replaced by copper 
as interconnect material and is the best choice for 
integrates circuits, particularly microprocessors, 
because of its low resistivity and its improved 
electromigration performance.21-26 In this study, 
two different conducting polymers were 
investigated, primarily as coatings on copper 
surface using monolayers of Poly N, N’ 
dimethylaniline (PNDMA) and polyaniline (PANI) 
and then bilayer coatings of type PNDMA/PANI 
and PANI/PNDMA which were electrodeposited 
on copper surface by potentiodynamic and 
galvanostatic techniques from aqueous synthesis 
solutions of 0.1M N, N’ dimethylaniline, 0.1M 
aniline, 0.05 M sodium dodecyl sulphate and  
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0.3 M oxalic acid. Characterization of monolayer 
and bilayer polymer coatings was carried out by 
cyclic voltammetry, Fourier transform infrared 
(FT-IR) spectroscopy and scanning electron 
microscopy (SEM) techniques. Corrosion 
behaviour of PANI/PNDMA-SDS coated copper 
was investigated by potentiodynamic polarization 
and electrochemical impedance spectroscopy (EIS) 
techniques in 0.5 M H2SO4 solutions.  

EXPERIMENTAL 

 PNDMA and PANI were supplied from Fluka, acid oxalic 
dehydrate (H2C2O4) was received from Merk. In all 
electrosynthesis experiments, an aqueous solution of the 
NNDMA (0.1M), SDS (0.05M), PANI (0.1M) and oxalic acid 
(0.3 M) was prepared by using doubly distilled water. 
Electrochemical measurements were carried out in an 
electrolytic cell with a single compartment and three 
electrodes. As working electrode it was used a copper 
cylindrical with surface area of 0.5 cm2, platinum plate as 
counter electrode and saturated calomel electrode (SCE) as 
reference electrode. Before each experiment, the working 
electrode was polished with a series of emery papers of 
different grit sizes (320 to 2400). After polishing, the Cu 
electrode was washed with acetone and doubly distilled water 
and dried at room temperature. All electrochemical studies 
were carried out with an automated model VoltaLab  
40 potentiostat/galvanostat and Autolab 302N with EIS 
dynamic controlled by a personal computer. The PNDMA-
SDS and PANI coatings were synthesized by the 
electrochemical polymerization of N, N’ dimethylaniline on 
copper substrates from aqueous oxalic acid solution using 
cyclic voltammetry. The aqueous solution contains 0.3 M 
oxalic acid, 0.1M N, N’ dimethylaniline, 0.05M sodium 
dodecyl sulfate (SDS) and 0.1M aniline. Electrosynthesis was 
performed by scanning the potential between -0.4 and 1.2V at 
a scan rate of 20mV/s by potentiodynamic technique and 
galvanostatic methods (monolayer at current densities 
5mA/cm2 and bilayer at 3mA/cm2, the deposition of each layer 
was allowed for 15 min). After deposition the working 
electrode was removed from the electrolyte and rinsed with 
double distilled water and dried in air. The electroactivity of 
coatings was tested in a monomer-free solution of 0.3 M acid 
oxalic. The polymer structure was determined using Bruker 
optics FT-IR spectrometer with ATR in the spectral range 
4000-650cm-1. SEM was employed to characterize the surface 
morphology with JEOL JSM-5500LV SEM. Anti-corrosion 
control of the coated electrodes was investigated by 
potentiodynamic polarization and electrochemical impedance 
spectroscopy (EIS) techniques in 0.5M H2SO4 solutions. Tafel 
tests were performed by scanning the potential from cathodic 
to anodic potentials with respect to open circuit potential at a 
scan rate of 2mV/s. Electrochemical impedance measurements 
were carried out in the frequency range of 100 kHz to 10 mHz 
with amplitudine 5mV at the open circuit potential of 
PNDMA-SDS/PANI coated and uncoated electrodes. 

RESULTS AND DISUSSION 

Before electropolymerization of PNDMA-SDS, 
the copper working electrodes was first polarized 

in 0.3M aqueous oxalic acid solution by cycling 
the potential electrode on the range potential of -
400mV up to 1200 mV versus SCE at a potential 
scan rate 20mV/s. Voltammograms recorded at the 
passivation of copper electrode in oxalic acid 
medium is shown in Fig. 1. This procedure of 
copper electrode passivation before 
electropolymerization process it was reported also, 
in speciality literature.27-28 The recorded 
voltammograms in aqueous oxalic acid solution 
during passivation procedure are same as those 
obtained by other researchers. This passivation 
mechanism is based on the formation of the 
insoluble compounds on the surface. These 
insoluble species consist of copper oxides, 
insoluble copper oxalates such as Cu(Ox) and 
Cu(Ox)2

2-. These conditions lead to passivation of 
the electrode by formation of a thin insoluble 
copper oxalate layer which inhibits metal 
dissolution without preventing the 
electropolymerization process. Optimization of the 
electropolymerization conditions lead to deposition 
of PNDMA or PANI films that have the best 
anticorrosion performance. 

Analyzing Fig. 1, it can be observed that at the 
first cycle on the anodic branch appears a high and 
sharp oxidation peak at the potential 170mV (on 
the potential range of -50mV up to + 250mV) and 
with a peak current density of 10.2 mA/cm2 which 
points out that dissolution of Cu began and that the 
dissolution process is very strong now and also that 
this process produces Cu2+ ions in its vicinity.27-30 
These ions interact with the oxalate electrolyte to 
form insoluble copper oxalate. 

Fig. 2A shows cyclic voltammogram recorded 
during synthesis of PNDMA doped with SDS on 
passive copper electrode between -500 mV and 
1200mV with a scan rate of 20mV/s. The first 
oxidation peak during the first cycle of potential 
scan is observed starting at around 57-175mV 
which is associated with the electrodissolution of 
copper while the second oxidation peak can be 
attributed to the oxidation of the monomer 
(NDMA) at about 420mV. The intensity of the 
oxidation wave of NDMA gradually decreases and 
oxidation potential shifts to higher potentials with 
the increase of the cycles number. The appearance 
of a broad oxidation peak at 592 mV and reduction 
peak at 128mV occurs at the second reverse 
potential sweep.31-33 The values of each oxidation 
and reduction peak increase with scan number. 
This indicates building up an electroactive 
PNDMA-SDS on the copper electrode, this film 
can be considered that a first layer on the copper 
surface first layer. 
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Fig. 1 – Cyclic voltammogram recorded during the polarization of Cu electrode  

in 0.3M oxalic acid solution at scan rate 30mV/s and on the potential range of -400 to 1200mV. 
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Fig. 2 – Cyclic voltammograms obtained during deposition PNDMA-SDS/PANI on Cu electrode in 0.3 M oxalic acid solution 
containing 0.1M NDMA + 0.05M SDS- at the potential range between -0.5 and 1.2V vs.SCE at a scan rate of 20 mV/s. A-monolayer 
                                              PNDMA-SDS/Cu and B –bilayer PANI/PNDMA-SDS/Cu. Inset: first cycle. 

 
  

Fig. 2B shows cyclic voltammogram recorded 
during synthesis of PANI on modified electrode 
type PNDMA-SDS/Cu in 0.3M oxalic acid 

solutions, between -500 mV and +1200mV with a 
scan rate of 20mV/s. In this way on the copper 
electrode surface was obtained a bilayer which was 
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noted thus: PANI/PNDMA-SDS/Cu. The positive 
cycle of these voltammograms is characterized by: 
an anodic peak at the 512mV which has been 
attributed to the transformation of PANI from 
reduced leucoemeraldine (LE) state to the partially 
oxidized emeraldine (EM) and the conversion of 
emeraldine to fully oxidized pernigraniline (PF) 
form. This behaviour can be explained in the 
following mode: it is well known that polyaniline 
can exist in three different oxidation states such as 
leucoemeraldine (fully reduced form), emeraldine 
(partially oxidized form) and pernigraniline (fully 
oxidized form). These forms of polyaniline are 
dependent on the applied potential. The reduction 
peak at 128 mV is due to the transformation of 
polyaniline from emeraldine to leucoemeraldine 
state.34-35 Increases in the current of peak shows 
that the deposition thickness increases with cycles. 
There are few studies related to the inhibitory 
effect of bilayer coatings of conductive polymers 
on copper corrosion in acidic medium.36-37 Bilayer 
coatings were successfully deposited onto the 
copper coated first with monolayer PNDMA-SDS 
in this study, in order to study their efficiency as 
corrosion inhibitors. The visualization of Cu 
electrode after 17th scan reveals the formation of a 
green-dark colored coating. The coating is uniform 
and strongly adherent to the Cu surface. 

The coatings were undertaken under 
galvanostatic conditions as well. Fig. 3 shows the 

E-t curves obtained during the formation of 
PANI/PNDMA-SDS coatings on copper for 
3mA/cm2 applied constant current densities. As 
can be seen from Fig. 3, deposition of PANI on the 
PNDMA-SDS (monolayer) is characterized by a 
sharp rise up to a maximum positive value, after 
which the potential remains to a constant value. 
Regarding the galvanostatic electropolymerization 
of PANI layer at 3mA/cm2 onto the PNDMA-SDS 
modified electrode, potential immediately reached 
the value corresponding to the polymerization 
process.   

The current–potential behaviour of PNDMA-
SDS/PANI coated copper electrode in 0.3M oxalic 
acid without monomer is depicted in Fig. 4 on the 
potential range of -0.2 and +1.2 V vs. SCE at scan 
rate of 20mV/s. The stability of any conducting 
polymer in reduced and oxidized states is an 
important parameter for different applications. The 
main reason that determines the lifetime of a 
conducting polymer is a chemical stability of the 
matrix itself. The stability of PNDMA-SDS/PANI 
bilayer coating was measured by cyclic 
voltammetry (over 15 cycles) in electrolytes 
without monomers (see Fig. 4). The appearance of 
oxidation and reduction wave after many cycles 
(up 20) shows the stability of these electroactive 
films.38-40 When cycling occurs the current density 
decreases with each cycle and finally reaches to 
stable value. 

 
 

 
Fig. 3 – Galvanostatic deposition of PANI on the PNDMA-SDS (monolayer) with formation of a bilayer coating at 3mA on the 

electrode surface where previously was deposited monolayer PNDMA-SDS at 5mA. Inset: monolayer PNDMA-SDS. 
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Fig. 4 – Cyclic voltammograms of copper electrode coated with PANI/PNDMA-SDS bilayer  

in 0.3M oxalic acid solution without monomer in potential range between -0.2 and 1.2 V vs. SCE and scan rate of  20mV/s. 
 

   
                              a)                                                                            b) 

Fig. 5 – FT-IR Spectrum of PNDMA–SDS and PNDMA-SDS/PANI deposited  
on Cu electrode under cyclic voltammetric conditions in a potential region between -0.5 and 1.2V vs SCE.  

 
 
The FT-IR spectrums of PNDMA–SDS/Cu and 
PANI/PNDMA-SDS/Cu coatings are shown in Fig. 
5. The characteristic bands in the FT-IR spectrum 
of PNDMA-SDS (Fig. 5a) coating synthesized on 
Cu from aqueous oxalic acid medium are assigned 
as follows: a small band at 3424cm-1 due to the 
characteristic N-H stretching vibration suggests the 
presence of NH groups in N, N dimethylaniline 
units, the band at 1652 cm-1 and 1508 cm-1 is an 
indicative of stretching vibration in quinoid rings 
and benzoid rings. The bands at about 1363 cm-1 is 
assigned to the C-H stretching of CH3 group, the 
band appearing near 1316 cm-1 represents C-N 
stretching vibration in aromatic amines. The 

presence of substituted aromatic rings indicating 
polymer formation is demonstrated by the band at 
about 823 cm-1. The bands at 900 and 700 cm-1are 
assigned to the in-plane and out-plane C-H of the 
aromatic rings. The band appearing at 2024- 
2365 cm-1 indicates that the DS- anion is present 
with the oxalate anion as dopant in the PNDMA–
SDS layer films. The FT-IR spectrums of 
PANI/PNDMA-SDS (bilayer film) coating 
synthesized on Cu from aqueous oxalic acid 
medium is show in Fig. 5b. The main characteristic 
bands of PANI/PNDMA-SDS are assigned: the 
peak at 1435 cm-1 and 1389cm-1 is due to the 
quinoid rings and benzenoid ring. The observation 
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of the band at 1203 cm-1 suggests the presence of the 
carboxyl groups of the dopants in the polymer film. 
The bands at 1146 cm-1 and 836 cm-1 are assigned to 
the in-plane and out-plane C-H of the aromatic rings. 
The presence of the N-H stretching band at 3226 cm-

1, a band located at 3800 cm-1 corresponds to the 
CuC2O4. The bands at 2351, 2037, 928, 836 and 736 
were most probably related to the screening of 
dopants ions in the polymer matrix. 

The SEM images of PANI/PNDMA-SDS 
coatings deposited on copper are shown in Fig. 6. 
It clearly reveals that the PANI/PNDMA-SDS 
coating is a homogeneous and a uniform film. The 
coating is strongly, adherent to the copper surface. 
The quality of the coating is so excellent that no 
crack on the coating is observed. It can be 
observed from Fig. 6 that the PNDMA-SDS/PANI 
coating is uniform, on the Cu surface and the 
quality of the coating is so excellent. No apparent 
change in the surface morphology of the coating 
was occurred after the potentiodynamic 
polarization measurements. 

Polarization curves of uncoated and 
PANI/PNDMA-SDS coated copper in 0.5 M 

H2SO4 medium are shown in Figs. 7-8. Polymers 
coated surfaces exhibited significant decrease in 
anodic and cathodic currents which indicated 
suppression of the cathodic and anodic reactions. 
Corrosion potentials (Ecorr) and corrosion density 
(icorr) determined by extrapolation of linear 
portions of the anodic and cathodic Tafel curves of 
copper electrode coated with polymers at different 
immersion times and uncoated cooper are shown in 
Table 1. 

Further, polarization studies were performed in 
0.5M H2SO4 environment in order to evaluate the 
protection abilities of the composite coatings 
against corrosion. Therefore, polarization behavior 
of copper electrode was compared to those 
obtained for PANI/PNDMA-SDS coated copper 
obtained by electropolymerization and 
galvanostatic methods. Tafel plots obtained from 
the polarization tests are shown in Figs. 7-8 and the 
corresponding kinetic parameters: corrosion 
current density (icorr), corrosion potential (Ecorr), 
Tafel constants, polarization resistance (Rp) and 
corrosion rates are given in Table 1. 

 
 

  
 

a)  
 

  
b) 

Fig. 6 – SEM images of copper electrode coated with PANI/PNDMA-SDS a) before and b) after immersion in H2SO4. 
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Fig. 7 – Tafel curves recorded in 0.5M H2SO4 solution for uncoated  

and PANI/PNDMA-SDS coated copper electrodes at different immersion times. 
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Fig. 8 – Tafel curves recorded in 0.5M H2SO4 solution for uncoated  

and PANI/PNDMA-SDS coated –galvanostatic deposition copper electrodes at different immersion times. 
 

 Analysis of the polarization curves from Figs. 
7-8 indicates that the kinetic corrosion parameters 
of uncoated surface of copper electrode and their 
comparison with the kinetic parameters from 
coated surface of cooper electrode at different 
immersion times in 0.5M H2SO4 solutions. The 

corrosion current densities for the PANI/PNDMA-
SDS coated copper as a function of immersion 
time were lower than those for bare copper. 
Corrosion behavior of PANI/PNDMA-SDS coated 
copper electrode revealed that the polymer coated 
electrode had considerably higher corrosion 
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resistance and slower corrosion rate compared to 
uncoated copper electrode (uncoated copper). The 
corrosion rate of PNDMA-SDS/PANI coated 
copper was found to be ~40 times lower than 
which was observed for uncoated copper. It was 
clear that the polymer coatings hindered the attack 
of the corrosive agent (H2SO4) on cooper surface. 
 The corrosion of copper in 0.5 M H2SO4 in the 
absence and presence of composite coatings 
(PANI/PNDMA-SDS) were investigated by EIS at 
the open circuit potential condition on the 

frequency range between 100 kHz and 40 mHz 
with an AC wave of ± 10 mV (peak-to-peak) and 
the impedance data were obtained at a rate of 10 
points per decade change in frequency. The 
Nyquist diagrams (Fig. 9a) show only one 
semicircle and the diameter of the semicircle 
decreases once with increasing of immersion time, 
suggesting that the formed protective film was 
strengthened by the addition of coatings. 

 
Table 1 

Tafel parameters of coated and uncoated surface of copper electrode in 0.5M H2SO4 solutions at different immersion times and at 25ºC 

 Immersion time  
(h) 

Ecorr  
(mV) 

Rp  
(Ωcm) 

icorr 
(mA/cm2) 

ba 
(mV) 

bc 
(mV) 

E  
(%) 

Pmm/year 

Cu + 0.5 M H2SO4 0 -3.1 39 0.54 69 11.6 - 6.36 

0 -39 949 0.014 60 123 97 0.16 

1 -10.5 566.4 0.020 60 116 96 0.23 

24 7.4 270 0.043 61 116 93 0.50 

120 - 17 254 0.050 45 150 91 0.58 

Galvan 0h -29 240 0.063 41 125 89 0.74 

Galvan 1h -28 148 0.08 52 111 85 0.94 

Galvan 24h 36 106 0.11 65 98 79 1.29 

Cu coated PNMDA-
SDS/PANI + 0.5 M H2SO4 

Galvan 120h 15 82 0.13 68 135 76 1.53 
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                             a)                                                                      b) 

Fig. 9 – EIS spectra a) Nyquist plots and b) Bode plots for uncoated  
and PANI/PNDMA-SDS-coated copper electrode at different time immersion. 
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Fig. 9a also indicates that the diameters of the 
capacitance loops in the presence of coatings 
(PANI/PNDMA-SDS) are bigger than those in the 
absence of coatings, suggesting that these coatings 
has good anticorrosion performance on the copper 
in 0.5 M H2SO4. 

The Bode plots are shown in Fig. 9b are in 
accordance with Nyquist diagrams. It can be 
observed that in absence of coatings the electrode 
presents one time constant corresponding to a 
phase angle of about 25º at medium and low 
frequencies, this fact indicates an inductive 
behaviour with low diffusive tendency.41-44 On the 
contrary, in the presence of the coatings, on the 
curve-phase angle versus log frequency appears a 
maximum very well defined corresponding to a 
phase angle of about 65º which means that in this 
case the electrode has a strong capacitive 
behaviour, according with the results obtained by 
electrochemical polarization and in concordance 
with the Nyquist diagrams. Analyzing the Nyquist 
diagrams it can be observed that at low and 
medium frequencies on the diagrams appears short 
diffusive branch with the very wide capacitive 
loops from high frequencies range. This fact 
confirms once again that these polymer coatings 
assure very good anticorrosion protection.  

CONCLUSIONS 

 We have successfully synthesized uniform and 
strongly adherent PNDMA-SDS/PANI coatings on 
Cu by electrochemical polymerization (layer by 
layer) and galvanostatic deposition of N, N’ 
dimethylaniline, SDS and aniline from oxalic acid 
solution. 
 The FT-IR spectroscopic study indicates that 
the electrochemical polymerization of PNDMA-
SDS/PANI has occurred and results into the 
formation of oxidized form of N, N’ 
dimethylaniline and aniline on the Cu electrode 
surface. 
 The SEM image of the PNDMA-SDS/PANI 
coating deposited on Cu is shown in Fig. 6. It can 
be observed that the PNDMA-SDS/PANI coating 
is uniform, is strongly adherent on the Cu surface 
and the quality of the coating is so excellent. 
 The corrosion rate of PNDMA-SDS/PANI 
coated copper is found to be ~40 times lower than 
that which can be observed for uncoated copper. 

The potentiodynamic polarization and EIS studies 
reveal that the PNDMA-SDS/PANI acts as 
corrosion protective layer on Cu in 0.5M H2SO4 

solution.  
 Bilayer coatings displayed better corrosion 
inhibition efficiencies than monolayer coatings. 
 The new complex nanostructured composite 
obtained from this process is promising and might 
lead to industrial applications in the protection of 
the copper substrates against corrosion. 

REFERENCES 

1. B. Malhotra and R. Singhal, Pramana, 2003, 61, 331. 
2. J.-C. Vidal, E. Garcia –Ruiz and J.-R. Castillo, 

Microchimia Acta, 2003, 143, 93. 
3. M.-R. Huang, X.-G. Li and W. Duan, Polymer 

International, 2005, 54, 70. 
4. J. L.Camalet, J. C. Lacroix, S. Aeiyach, K. Chane-Ching 

and P. C. Lacaze, J. of Electroanalytical Chem., 1996, 
416, 179. 

5. D. Sazou and C. Georgolios, J. of Electroanalytical 
Chem., 1997, 429, 81. 

6. T. Zhang and C.L. Zeng, Electrochim. Acta, 2005, 50, 
4721. 

7. B. Duran, M. C. Turhan, G. Bereket and A.S. Sarac, 
Electrochim Acta, 2009, 55, 104. 

8. R. Santos Jr., L. H. C. Mattoso and A. J. Motheo, 
Electrochim. Acta, 1998, 43, 309. 

9. D. W. DeBerry, Electrochem. Soc., 1985, 132, 1022. 
10. B. Wessling, Adv. Mater., 1994, 6, 226. 
11. P. A. Kilmartin, L. Trier and G.A Wright, Synth. Met., 

2002, 131, 99. 
12. S. R. Moraes, D. Huerta-Vilca and A. J. Motheo, Prog. 

Org. Coat., 2003, 48, 28. 
13. A. A. Hermas, M. Nakayama and K. Ogura, Electrochim. 

Acta, 2005, 50, 2001. 
14. D. Sazou, M. Kourouzidou and E. Pavlidou, Electrochim. 

Acta, 2007, 52, 4385. 
15. P. Herrasti and P. Ocon, Appl. Surf. Sci., 2001, 172, 276. 
16. M. A. Malik, R. Wlodarczyk, P. J. Kulesza, H. Bala and 

K. Miecznikowski, Corros.Sci., 2005, 47, 771. 
17.  A. Yagan, N. Ozcicek, Pekmez and A. Yildiz, 

Electrochim. Acta, 2008, 53, 2474. 
18. A. Yagan, N. O. Pekmez and A. Yildiz, Electrochim. 

Acta, 2006, 51, 2949. 
19. N. K. Guimard, N. Gomez and C. E. Schmidt, Prog. 

Polym. Sci., 2007, 32, 876. 
20. T. Tuken, B. Yazici and M. Erbil, Surf. Coat. Technol., 

2006, 200, 4802. 
21. D. A. Wrobleski, B. C. Benicewicz, K. G. Thompson and 

B. J. Coleman, Polym. Prep., 1994, 35, 265. 
22. K. Iguchi and A.Tachibana, Appl.Surf.Sci., 2000, 159, 

167. 
23. J. J.Stepan, J. A. Roth, L. C. Hall and S. P. Carbone, 

Electrochem. Soc., 2003, 48, 28. 
24. A. M. Fenelon and C. B. Breslin, Electrochim. Acta, 

2002, 47, 4467. 
25. A. C.Cascalheira, S. Aeiyah, P. C. Lacaze and L. M. 

Abrantes, Electrochim.Acta, 2003, 48, 2523. 



58 Florina Brânzoi et al. 

26. V. Brusic, M. Angelopoulas and T. Graham, J. 
Electrochem.Soc., 1997, 144, 436. 

27.  L. M. Martines dos Santos, J. C. Lacroix, K. I. Chane-
Ching, A. Adenier, L. M.Abrantes and P. C. Lacaze, J. 
Electroanal.Chem., 2006, 587, 67. 

28. J. L. Camalet, J. C. Lacroix, S. Aeiyach, K. I. Chane-
Ching and P. C. Lacaze, Synthetic Met., 1998, 93, 133. 

29. A. M. Fenelon and C. B. Breslin, Corros.Sci., 2003, 45, 
2837. 

30. P  Herrasti, A. I. del Rio and J. Recio, Electrochim.Acta, 
2007, 52, 6496. 

31. A. Yagan, N. O. Pekmez and A. Yildiz, Prog. Org. Coat., 
2006, 57, 314. 

32. A. Yagan, N. O. Pekmez and A. Yildiz, Electrochim. 
Acta, 2008, 53, 2474. 

33. K. Shah and J. Iroh, Synthetic Met., 2002, 132, 35. 
34. M. Kraljic, Z. Mandic and L. J. Duic, Corros. Sci., 2003, 

45, 181. 

35. G. de T. Andrade, M. J. Aguirre and S. R. Biaggio, 
Electrochim. Acta, 1998, 44, 633. 

36.  R. Hasanov and S. Bilgic, Progress in Organic Coatings, 
2009, 64, 435. 

37. B. Zeybek, N. O. Pekmez and E. Kilic, Electrochim. 
Acta, 2011, 56, 9277. 

38. A. S. Sarac, E. Dogru, M. Ates and E. A. Parlak, Turk. J. 
Chem., 2006, 30, 401. 

39. J. F. Rusling and S. L. Suib, Adv. Mater., 1994, 6, 922. 
40. A. Pruna, V. Branzoi and F. Branzoi, J. Appl. 

Electrochem., 2011, 41, 77. 
41. F. Branzoi V. Branzoi and A. Prună, Rev. Roum. Chim., 

2012, 57, 49. 
42. V. Branzoi, F. Branzoi and L. Pilan, Materials Chem. and 

Phys., 2009, 118, 197. 
43. F. Branzoi, V. Branzoi and A. Musina, Surface and 

Interface Analysis, 2012, 44, 1076. 
44. F. Branzoi, V. Branzoi and L. Pilan, Surface and 

Interface Analysis, 2010, 42, 1266. 
 
 
 


