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Abstract: The structure, corrosion inhibition and adsorption behavior of ammonium pyrrolidine dithiocarbamate
(APDTC) self-assembled monolayers (SAMs) on a copper surface were investigated by surface-enhanced Raman
scattering spectroscopy (SERS) and electrochemical methods. The results of SERS experiment show that APDTC SAMs
is adsorbed on the copper surface by its S atoms with perpendicular orientation. The AC impedance and DC polarization
results indicate that APDTC SAMs have good corrosion inhibition effects on copper in a 3% NaCl solution and its
maximum inhibition efficiency can reach 98%. Adsorption of the APDTC SAMs is found to follow the Langmuir's
adsorption isotherm and the mechanism consists of a mixed adsorption between chemisorption and physisorption.
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Fig.2 Raman spectrum for pure APDTC (a) and surface
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Table 1 SERS bands of APDTC with their assignments!'® 2"

Wavenumber/ Normal- . .
em”! Raman . Approximate assignment
spectrum/cm
271 297 Heterocycle out-of-plane
329 - Cu—S stretch
469 447 S=C—S stretch
547 560 NCS, out of plane wagging
644 700 S=C—S antisymmetric stretch
774 780 C—N—C symmetric stretch
876 875 C—C symmetric stretch
913 915 C—N stretch
985 990 C—=C antisymmetrical stretch
1039 1041 CNC ring breathing
- 1087 CH, symmetrical twist
1157 1125 CH, symmetrical twist
- 1171 CH, symmetrical perpendicular
1209 1215 CH, antisymmetrical clipping
1290 1289 CH, antisymmetrical clipping
1428 1422 Heterocycle out-of-plane
1 496 1 490 Cu—sS stretch
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Fig.3 Cyclic voltammograms of copper electrodes with

SAMs and naked electrodes in 3% NaCl solution
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Fig.4 Polarization curves of copper electrodes assembled in

0.001 mol/L APDTC solution for different time and then

immersed in 3% NacCl solution: (a) Before immersion; (b) 2 h;

(c)8h
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Table 2 Electrochemical parameters of copper electrodes

assembled for different times and then immersed in 3% NaCl

solution
¢corr(vs Jeor! B,/ B,/ 77/
SCEYmV  (pA-cm®) (mV-dec') (mV-dec) %
0 —2382 3.788 71.12 171.7 -
2 -1923 0.5350 118.2 1992  85.88
8  —1764 0.3370 182.5 2449  91.11

Xt 3% NaCl HARFAIPURMIER, A2 T 8 h G
R RCRIA 91.11%.
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Fig.5 Nyquist plots of copper electrodes assembled in
1 mmol/L APDTC solution for different time and then

immersed in 3% NaCl solution
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Table 3 Electrochemical impedance parameters for copper electrode assembled in 1 mmol/L APDTC solution for different time in

and then immersed 3%NaCl solution

th RJ(Qem?®)  Run/(kQcem?)  Copan/(WF-em?) 5y Ry/(kQem?®) Cppg/(uF-em ) n, W/(mQ:-cm) 0%
0 6.850 - - - 2.37 63.37 0.765 1.100 -
1 7.978 11.62 8.577 0.86 15.66 28.40 0.750 1.180 79.58
2 6.142 22.60 0.73 16 0.94  147.90 17.65 0.718 1.180 89.51
8 6.320 132.50 0.013 18 0.97  454.70 12.73 0.652 1.200 98.21

12 6.350 118.30 0.014 25 0.95 441.10 15.15 0.655 1.200 98.00
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Fig.8 Differential capacity curves for copper electrodes in

3%NaCl solution: (a) Blank; (b) With APDTC SAMs, =8 h
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Fig.9 Nyquist plots of copper electrodes assembled in
different concentrations of APDTC and then immersed in 3%

NaCl solution
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Table 4 Electrochemical impedance parameters and surface coverage degrees of copper electrodes assembled in different

concentrations of APDTC and then immersed in 3% NaCl

carpre/(mmol-L ™) RAQ-ecm?) Ram/(Q-cm?) Cppan/(WF-ecm ) 5y Ry/(kQem?®) Copa/(WFem ™) np  W/(mQrem?®) 6/%
0 6.850 — — — 2.373 63.37 0.765 1.100 —

0.1 5.090 23.20 7.190 0.88 26.74 36.20 0.701 1.120 91.13

0.2 6.500 80.00 3.690 0.92 41.76 19.10 0.654 1.180 94.32

0.5 6.890 118.70 0.528 0 0.95 65.21 17.23 0.661 1.200 96.37

1 6.320 454.70 0.013 20 0.97 132.50 12.73 0.652 1.200 98.21
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