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Figure S1A. Passivation of mild steel electrode in 0.30 M oxalic acid in the potential range of −0.50 
to 0.30 V, v = 4 mV s−1.
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Figure S1B. FTIR spectrum of the mild steel surface after being passivated in 0.3 M H2C2O4
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Optimization of potentiometric parameters in the p(APBA-co-Py) synthesis

Various potential intervals (the upper potential limits of 1.10 V, 1.20 V, 1.30 V, and the lower potential 

limits of −0.20 V, 0.20 V) were examined for the p(APBA-co-Py) synthesis on the pre-passivated MS 

surface. The Rp values obtained from their Nyquist curves (Fig. S2A) are presented in Table S1. 

Accordingly, the maximum polarization resistance is obtained from the film synthesized at the 

potential range of −0.20 V to 1.20 V. The polymer film could be incurred over-oxidation as the upper 

potential limit is a more positive potential than 1.20 V [1-3]. On the other hand, the generation of a 

sufficient amount of radical cations could not be realized at the upper potential of 1.10 V. Thus, the 

adequate amount of film could not be deposited. As the lower potential limit, -0.20 V is more 

appropriate than 0.2 V. It could be due to the fact that the passive oxide layer on the surface needs to 

be renewed at around 0.12 V (repassivation peak, see Fig.1B for details) in each reverse scan during 

the electropolymerization. 

In order to elucidate the effect of scan rate, the p(APBA-co-Py) films were obtained via 

electrosynthesis at various scan rates between 10 mV s−1and 200 mV s−1 at the potential range of −0.20 

V to 1.20 V. The Rp values obtained from their Nyquist curves (Fig.S2B) are presented in Table S1. 

The highest polarization resistance is obtained as the film is deposited at a scan rate of 20 mV s−1. The 

polymer film might be incurred over-oxidation at a scan rate of 10 mV s-1 [1-3]. At higher scan rates, 

the time for the generation of a sufficient amount of the monomer radical cations may be short.

The effect of the deposition cycle number on the polarization resistance of the p(APBA-co-Py) coating 

was investigated (Fig.S2C). As seen in Table S1, the highest polarization resistance is obtained as the 

film is deposited with 20 cycles. At 10 cycles, not enough polymer could be synthesized to cover the 

MS surface completely. On the other hand, above the 20 cycles, the polymer film close to the surface 

might be incurred over-oxidation [1-3].
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Figure S2. Nyquist plots obtained at EOCP in 0.50 M HCl for p(APBA-co-Py) coated electrode obtained 
in the polymerization solution containing 0.10 M oxalic acid, 0.10 M ABPA, and 0.075 M Py (A) with 
20 cycles at a scan rate of 20 mV s−1 in the potential region between −0.20 V and (a) 1.10 V (b) 1.20 
V (c) 1.30 V, and (d) between 0.20 V and 1.20 V, (B) with 20 cycles in the potential region between 
−0.20 V and 1.20 V at a scan rate of (a) 10 mV s−1 (b) 20 mV s−1 (c) 50 mV s−1  (d) 100 mV s−1 (e) 200 
mV s−1 (C) in the potential region between −0.20 V and 1.20 V at a scan rate of 20 mV s−1 with (a) 10 
(b) 20 (c) 30, (d) 50, (e) 70 cycles.
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Table S1. Optimization of potentiodynamic parameters from the Nyquist curves (given in Fig.S2) for 
the p(APBA-co-Py) synthesis on the pre-passivated MS electrode. 

Rp / Ω cm2

  Potential range / V
(−0.20) – (1.10) 18.9
(−0.20) – (1.20) 66.8
(−0.20) – (1.30) 27.6
  (0.20) – (1.20) 45.3

  Scan rate / mV s-1

10 23.9
20 66.8
50 40.2
100 28.3
200 15.5

  Cycle number
10 26.2
20 66.8
30 32.8
50 11.1
70 9.50

Synthesis of p(APBA) and p(Py) homopolymers

The characterization and corrosion performance of p(APBA-co-Py) coating was investigated 

comparing with its homopolymer films. The p(APBA) and p(Py) homopolymers were synthesized 

using the same procedure with p(APBA-co-Py) (in the potential range of−0.20 V to 1.20 V at a scan 

rate of 20 mV s−1). The charge density applied during the synthesis of homopolymers was maintained 

the same as that of p(APBA-co-Py) (2.27 C cm-2). According to the multi-sweep cyclic voltammogram 

recorded during the polymerization of Py (Fig. S3 (b)), the oxidation peak of Py observed above 0.60 

V gradually disappears while broad oxidation and reduction peaks of p(Py) appear at more negative 

potentials. The broad peaks increase in intensity as the film grows. After three cycles, a black film is 

observed on the electrode surface. In the case of p(APBA) (Fig.S3 (a), the electrooxidation and 

reduction characteristics are almost similar to p(APBA-co-Py) (Fig.1B), except their peak intensities. 
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Figure S3. Potentiodynamic curve recorded during electrosynthesis of (a) p(APBA) in the oxalic acid 
solution containing 0.10 M APBA (b) p(Py) in the oxalic acid solution containing 0.075 M Py on pre-
passivated MS electrode in the potential region between -0.20 V and 1.20 V with 20 cycles, v = 20 mV 
s−1 (coxalic acid = 0.10 M).

Table S2. Results of WDX analysis for the coated electrodes 

Atomic ratio / % p(Py) p(APBA) p(APBA-co-Py)
B --- 4.1 2.1           
C 95.4 82.3 88.7
N 4.6 3.8 4.0
O --- 9.9 5.1

Figure S4. XRD spectrum taken from the coating/MS interface after scraping the p(APBA-co-Py) 
coating immersed in the 0.5 M HCl solution. (Fe (JCPDS 85-1410): 44.8o , 65.0 o and FeO 

(JCPDS 85-0599): 35.2 o, 39.8 o, 42.8 o, 48.9 o)
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Table S3. Protective property of the conductive polymer-based coatings on MS in the literature.

Coating Electrolyte Rp / Ω cm2 PE / % Ref.
Drilled epoxy/PANi 0.1 M HCl
Poly(o-phenylenediamine)-H3PO4 3.5% NaCl 1761 80.52 [4]
Polypyrrole/PANi 0.1 M NaCl 55.4 [5]
PANi/Chitosan 0.5 M HCl 61.6 [6]
PPy/SnO2 0.5 M H2SO4 30 [7]
PPy/CeO2 0.5 M H2SO4 34.9 [7]
PPy/TiO2 0.5 M H2SO4 34.4 [7]
PPy/ZnO 0.5 M H2SO4 59.9 [7]
PPy/Al2O3 0.5 M H2SO4 154 [5]
PPy/dodecylbenzenesulfonate 0.5 M HCl 402 99.7 [8]
p(aniline-co-N-ethylaniline) 0.1 M HCl 281 85.1 [9]
p(aniline-co-o-anisidine) 3% NaCl 22700 92.7 [10]
p(m-phenylendiamin-co-o-
aminophenol)

0.5 M HCl 842 97.5 [11]

p(pyrrole-co-o-toluidine) 0.1 M HCl 734 97.3 [12]
p(N-methylaniline)/PPy 0.5 M HCl 26310 70.1 [13]
p(APBA-co -Py) 0.5 M HCl 66.8 80.5 This study
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