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Abstract: The 6-mercapto-1, 3, 5-triazine-2, 4-dithiol monosodium (TTN) compound was used to fabricate an organic film on pure 
copper. The polymer plating process of TTN on pure copper in Na2CO3 aqueous solution and the growth mechanism of 
poly(6-mercapto-1, 3, 5-triazine-2, 4-dithiol) (PTT) film were studied by means of cyclic voltammetry. The polymer plating under 
galvanostatic mode at 0.05 mA/cm2 was conducted to generate PTT film on pure copper in the same electrolyte with different 
polymer-plating time. The film mass was determined by electronic balance and the insoluble fraction in tetrahydrofuran (THF) Is 
tested. The performance of organic film formed on copper surface was investigated preliminarily by potentiodynamic polarization 
and electrochemical impedance spectroscopy (EIS). It is found that a slight peak measured at 0 V vs SCE attributes to the oxidation 
of copper and generated Cu+ or/and Cu2+ to produce Cu-TTN complex, then a strong oxide peak is observed at 0.311 V vs SCE due 
to the polymerization of TTN for the increase of the film thickness. Electrochemical measurement results reveal that 10 min is an 
optimum polymer-plated time to obtain high quality film. The results of potentiodynamic polarization show that current density 
decreases from 1.85 µA/cm2 for bare copper to 0.168 µA/cm2 for polymer-plated copper while polymer-plated time is 10 min. The 
charge transfer resistances of bare copper and polymer-plated copper are 937 Ω·cm2 and 11.12 kΩ·cm2, respectively. The film 
capacitor for polymer-plated copper is as low as 1.82 µF·cm2. The EIS results confirm the results of potentiodynamic polarization and 
reveal that a homogenous and compact film is obtained by polymer plating technique. 
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1 Introduction 
 

In the microelectronics industry, there is a need for 
high dielectric materials in semiconductor, integrated 
circuit, telecommunication and many other important 
applications. However, traditional ceramic-based 
materials, such as piezoceramics, have suffered from 
both poor stability and flexibility despite their high 
dielectric constant[1]. Recently, polymeric materials 
have attracted much attention due to many desirable 
properties, such as flexibility, low density, low cost, good 
stability under stress, ease of processability in large area 
films, and ability to be molded into a desirable 
configuration[2]. As a simple, relatively inexpensive and 
convenient route for synthesizing polymers film, 
electrochemical polymerization has been applied in 
various research and application fields[3−6]. It is known 
that 6-substituted 1, 3, 5-triazine-2, 4(1H, 3H)-dithiones 

tautomerize to be 6-substituted 1, 3, 5-triazine-2, 
4-dithiol, which has a thermally stable-triazine ring and 
two highly reactive thiol groups[7]. Author and 
co-workers has utilized electrochemical polymerization 
of this type triazine thiols compounds, referred to as 
polymer plating to prepare homogeneous, oriented and 
packed polymer films on metals such as magnesium 
alloys, iron, copper for directly adhering of metals to 
rubbers, inhibiting metallic corrosion and fabricating 
hydrophilic/ hydrophobic surfaces[8−12], especially, a 
perfluorinated-group-containing triazinethiols compound 
were used to get a very high dielectric constant (＞200) 
film on aluminum, which can be a potential organic 
dielectric material in the future electronics industry[13]. 

Copper is a metal playing an important role in the 
microelectronics industries due to its high thermal and 
electrical conductivities, low cost, low resistivity and 
good electromigration performance[14]. In this work, a 
triazine thiols compound was used to prepare a organic 
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film on the copper surface by polymer plating and its 
performance was evaluated preliminarily by 
electrochemical test. 
 
2 Experimental 
 
2.1 Materials 

TTN monomer with thiol radicals (-SH) that have a 
strong affinity to bivalent metals was prepared by the 
method described in Ref.[15]. Na2CO3, NaCl, acetone 
and ethanol were used without any further treatment. 
Distilled water was employed as a solvent. Analytical 
reagents (AR) grade chemicals were utilized throughout 
the present study. The aqueous Na2CO3 solution was 
used as the supporting electrolyte. The concentrations of 
TTN and Na2CO3 were kept constant at 5 mmol/L and 
0.15 mol/L, respectively. 

The copper (purity 99.9%) substrates (30 mm×50 
mm×0.5 mm) were cut from a piece of copper plate. 
The substrates were polished with a series of emery 
papers, followed by thorough ultrasonic degrease in 
acetone and distilled water, then dried in air. Prior to any 
experiment, the substrates were treated as described and 
freshly used with no further storage. 
 
2.2 Polymer plating 

The polymer plating of TTN was performed using 
an IM6ex electrochemical workstation. The electrolytic 
cell was equipped with a working electrode (copper 
plate), two counter electrodes (stainless steel plates) and 
a reference electrode (saturated calomel electrode, SCE). 
All potentials given were referenced to SCE. Cyclic 
voltammetry was conducted from rest potential to 1.1 V 
at 0.02 V/s in Na2CO3 aqueous solution with or without 
TTN monomer, and the number of cycles was 5. Polymer 
plating was conducted with 0.05 mA/cm2 of current 
density at 25℃ in 0.15 mol/L Na2CO3 aqueous solution 
of TTN (5 mmol/L) without agitation. After polymer 
plating, the working electrode was removed from the 
electrolyte and rinsed with distilled water and ethanol, 
and dried in air. 
 
2.3 Measurements 

The organic film mass was determined by the 
difference in plate mass before and after polymer plating, 
using a Sartorius CP225D electronic balance (measuring 
accuracy was 0.01 mg), and was normalized in µg/cm2. 
Film performances measured by corrosion tests were 
carried out in a three-electrode type cell using the 
reference electrode (SCE) in a luggin capillary and the 
counter electrode (large area graphite plate). 
Electrochemical measurements were carried out using 
potentiodynamic polarization technique and EIS in 3.5% 
NaCl aqueous solution at 25℃ and in open air with an 

IM6ex electrochemical workstation. Potentiodynamic 
polarization tests were always conducted between −0.4 V 
and 0 V at the scan rate of 0.5 mV/s. Electrochemical 
impedance measurement was recorded at the corrosion 
potential following 1 h of immersion time under 
open-circuit condition. An excitation voltage of 5 mV 
was used in all tests. The frequency of the potential 
perturbation varied from 50 kHz to 10 mHz. All 
impedance data were fitted to appropriate equivalent 
circuits using Zsimpwin software. 
 
3 Results and discussion 
 
3.1 Polymer plating process on copper surface 

The copper electrode was first polarized in 0.15 
mol/L aqueous Na2CO3 solution (without TTN monomer) 
by continuously cycling the electrode potential between 
rest potential and 1.1 V versus SCE at a potential scan 
rate of 0.02 V/s, in order to understand the different 
processes occurred at the copper electrode surface. The 
cyclic voltammograms of the first to the fifth scan 
recorded during the polarization of the copper electrode 
in 0.15 mol/L Na2CO3 aqueous solution is shown in 
Fig.1(a). It is found that there is no obvious oxide peak 
before 0.8 V, and a sharp increase in current is observed 
due to oxygen evolution and/or oxidation of the metal 
substrate after 0.8 V. However, a very slight oxide peak 
measured at −0.006 V is seen while the curve is 
magnified in the 1st cycle as presented in Fig.1(b). This 
can be explained by the production of Cu2O or/and CuO 
attributed to the oxidation of copper surface. After 
polarized in blank Na2CO3 solution, the color of copper 
surface is almost the same to the surface prior to 
treatment. 

Two anodic peaks were observed when the copper 
electrode was polarized in the aqueous Na2CO3 solution 
 

 

Fig.1 Cyclic voltammograms of copper plate in 0.15 mol/L 
Na2CO3 solution: (a) CV curves of 1−5 cycle between open 
circuit potential φocp and 1.1 V; (b) Magnified curves of 1st 
cycle between φocp and 0.1 V 
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with TTN monomer (Fig.2). The peak A measured at 0 V 
is similar to the feature in the case of blank Na2CO3 

solution, and the copper surface is covered with a slight 
yellow film after potential scan from φocp to 0 V. It is 
supposed that the film is produced by the reaction of Cu+ 
or/and Cu2+ with TTN and peak A marked as results from 
the oxidation of copper to generate Cu-TTN complexes. 
Besides this, the peak B measured at 0.311 V, which does 
not exist in blank solution, reveals that the oxidation and 
the polymerization of TTN takes place[10]. The anodic 
current increases after 0.8 V, which is attributed to the 
dissolution of copper and the generation of oxygen. The 
visual inspection of the copper surface after the 5th scan 
reveals the formation of a deep yellow colored PTT film. 
 

 
Fig.2 Cyclic voltammograms of copper plate in 0.15 mol/L 
Na2CO3 solution containing 5 mmol/L TTN 
 

Fig.3 shows the relationship between film mass and 
polymer-plated time after galvanostatic polymer plating 
is conducted at 0.05 mA/cm2. The film mass reaches 
peak at 10 min and a slight decrease is observed. It is 
supposed that the organic film is destroyed after 10 min 
due to a long time exposure to high potential of film. In 
Fig.4, it can be observed that the THF-insoluble fraction 
 

 
Fig.3 Effect of polymer-plating time on film mass in 
galvanostatic polymer plating 

 

 
Fig.4 Effect of polymer-plating time on THF-insoluble fraction 
in polymer plating of TTN on copper plates 
 
is much higher after 10 min than before, suggesting that 
the outer polymerized surface layer of the organic film 
has a higher THF-insoluble fraction than the inner layer 
near the interface between the formed film and the 
copper substrates. However, it can not be close to 100 % 
due to the absorption of TTN monomer on top film 
surface, which is not easily removed by rinsing but 
soluble in THF. 
 
3.2 Electrochemical performance of organic films on 

copper surface 
Corrosion of metals involves the transfer of 

electrical charges in aqueous solution at the metal 
electrolyte interface. Corrosion protection is often 
afforded isolating the metal from the corrosive 
environment using polymer films[16]. Potentiodynamic 
polarization technique and Tafel extrapolation, and EIS 
were used to assess the protective properties of film in 
3.5% NaCl solution. 

The potentiodynamic polarization curves for bare 
copper and PTT plated copper (10 min) is shown in Fig.5. 
 

 

Fig.5 Polarization curves for copper plates in 3.5% NaCl 
solution: (a) Bare copper; (b) Polymer-plated copper (10 min) 
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It is clearly observed that the corrosion current density 
(Jcorr) decreases from 1.85 µA/cm2 for bare copper to 
0.168 µA/cm2 for polymer-plated copper. The protection 
efficiency (Ep) was calculated by using the expression: 

 
Ep=100×(1−J／J0)                             (1) 

 
where  J and J0 denote the corrosion current density of 
PTT film-plated copper and bare copper, respectively. 
The protection efficiency calculated from 
potentiodynamic polarization data is 90.9%. Table 1 
presents the potentiodynamic polarization measurement 
results with different polymer-plated time. It can be seen 
that the organic film reduces the corrosion rate of copper 
and 10 min is an optimum time for polymer plating to 
obtain high quality film. These results reveal that the 
PTT film acts as a protective layer on copper and 
improves the overall corrosion performance. The 
corrosion protection offered by PTT film to copper may 
be due to the fact that the plated polymer is strongly 
adherent and uniformly covers the entire copper surface. 
 
Table 1 Potentiodynamic polarization measurement results 

Sample 
φcorr/ 
mV 

Jcorr/ 
(µA·cm−2) 

Bare copper −170.9 1.850 
PTT plated copper (5 min) −188.3 0.402 
PTT plated copper (10 min) −163.6 0.168 
PTT plated copper (15 min) −173.5 0.232 
PTT plated copper (20 min) −179.2 0.527 
PTT plated copper (30 min) −177.3 0.655 

 
To better evaluate film quality, electrochemical 

impedance measurements were performed at the open 
circuit potential. In Fig.6 electrochemical impedance 
data in 3.5% NaCl solution were presented for the bare 
and PTT plated copper plates (10 min). The equivalent 
circuits presented in Fig.7 were used to simulate the 
impedance R, constant phase Q and Warburg impedance 
W, which may result from diffusion. Rs is solution 
resistance, while Rct is resistance to charge transfer 
process. In a chloridze-containing medium, the anodic 
dissolution of copper proceeds via a two-step metal 
oxidation at potentials close to the open circuit potential 
as follows: 

 
Cu+Cl−→CuCl+e−                              (2) 

 
CuCl+Cl−→ −

2CuCl                            (3) 
 

The dissolution process is controlled by the diffusion of 
−
2CuCl  through the solution, so Warburg impedance is 

observed in Nyquist plots of bare copper[17−19]. 
From Fig.6, it can be seen that there is very good 

agreement between the experimental and simulated data 
generated using the circuits. The adopting values in the 
two cases of Rct are 937 Ω·cm2 and 11.12 kΩ·cm2,  

 

 

Fig.6 Nyquist plots for copper plates in 3.5% NaCl solution: (a) 
Bare copper; (b) Polymer-plated copper (10 min) 
 

 

Fig.7 Equivalent circuits used for fitting impedance data: (a) 
Bare copper; (b) Polymer-plated copper 

 

respectively. The impedance of the constant-phase Q, is 
defined as ZCPE=A(jω)−α, where ω is frequency of 
impedance, A is magnitude and α is exponential term(0≤
α≤1), while Q1 describes a capacitance at double layer 
and Q2 represents the film capacitance[20]. In the case of 
PTT-plated copper, the capacitance of Q2 is as low as 
1.82 µF·cm2 while α is 0.985 7, very close to 1, 
indicating that a homogeneous, compact film is formed 
on copper surface and no significant corrosion reaction 
on the copper substrate. The relationship between Rct  
and polymer-plated time is presented in Fig.8, and the 
trend coincides and confirms the results of 
potentiodynamic polarization. 
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Fig.8 Relationship between polymer-plating time and charge 
transfer resistance (Rct) 
 
4 Conclusions 
 

1) The polymer plating process of an organic 
compound of 6-mercapto-1, 3, 5-triazine-2, 4-dithiol 
monosodium (TTN) analyzed by using cyclic 
voltammetry reveals that there exists two oxide peaks 
corresponding to the oxidation of copper and TTN. The 
generation of poly(6-mercapto-1, 3, 5-triazine-2, 4- 
dithiol) film (PTT) is divided into two steps. The first 
step is the reaction between Cu+ or/and Cu2+ and TTN 
monomer to produce Cu-TTN complexes, and the 
polymerization between TTN monomers is the second 
step for the increase of film thickness. 

2) Potentiodynamic polarization and EIS are 
employed to evaluate the performance of organic film. 
Potentiodynamic polarization results show that the 
organic film can reduce the corrosion rate from 1.85 
µA/cm2 for bare copper to 0.168 µA/cm2 for 
polymer-plated copper while polymer-plated time is 10 
min. The simulation results of EIS show that charge 
transfer resistances of bare copper and polymer-plated 
copper are 937 Ω·cm2 and 11.12 kΩ·cm2, respectively. 
EIS results reveal that the film on copper surface is 
homogeneous and compacted, therefore polymer plating 
can be an effective way to fabricate high quality organic 
film on copper surface. This organic film may have good 
dielectric property. 
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