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Figure 1 Normal Raman spectrum of BTAH solids (A) and potential-dependent SERS of 0.75 mmol - L' BTAH + 0.1 mol-L"
H,SO, on the copper electrode (B), and variation of intensity with potential (C) for triazole ring (tz) stretching vibration (1385 cm™)

and benzene ring (bz) breathing vibration (785 cm™). (color on line)
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Figure 3 Normal Raman spectrum of MPS solids (A) and potential-dependent SERS of 2 mmol- L' MPS + 0.1 mol-L" H,SO, on
the copper electrode (B), and the intensity of Cu-S stretching vibration (260 cm™) as a function of potential (C). (color on line)
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Figure 5 Potential-dependent SERS of 0.75 mmol-L' BTAH
+2 mmol -L* MPS + 0.1 mol -L"' H,SO, on the copper elec-

trode. (color on line)
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Figure 7 (A) Deposition voltammetric curve of copper (scan rate: 1 mV -s*); (B) Electrochemical in-situ SERS spectra of copper
electrodeposition in the presence of both BTAH and MPS. Bath: 20 mmol - L' CuSO, + 0.1 mol-L" H,SO, + 0.75 mmol - L' BTAH
+ 2 mmol- L' MPS. (color on line)
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Figure 8 (A) Deposition voltammetric curve of copper (scan rate: 1 mV -s™); (B) Electrochemical in-situ SERS spectra of copper
electrodeposition in the simultaneous presence of BTAH, MPS, and CI. Bath: 20 mmol -L"' CuSO, + 0.1 mol -L" H,SO, + 0.75
mmol-L' BTAH + 2 mmol-L"' MPS + 2 mmol L CI.. (color on line)
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PC-SEM

PC-SEM 3 zla]s i PC-SEM

9 HifE A 1AL UTRURY SEM EI(V =-02 V), HEH: (A) % ; (B) 20 mmol-L" CuSO,+ 0.1 mol-L" H,SO,; (C) 20 mmol-L"
CuSO, + 0.1 mol -L* H,SO,4 + 0.75 mmol -L' BTAH + 2 mmol L' MPS; (D) 20 mmol -L"' CuSO, + 0.1 mol -L" H,SO, + 0.75
mmol-L' BTAH + 2 mmol-L"' MPS + 2 mmol-L"' Cl,

Figure 9 SEM images of electrodeposited copper on the copper foil under various conditions (V =-0.2 V). Bath: (A) the copper
foil only; (B) 20 mmol-L"' CuSO, + 0.1 mol-L" H,SO,; (C) 20 mmol -L"' CuSO, + 0.1 mol-L" H,SO, + 0.75 mmol-L"' BTAH +
2 mmol- L' MPS; (D) 20 mmol-L" CuSO, + 0.1 mol-L"' H,SO, + 0.75 mmol-L" BTAH + 2 mmol-L" MPS + 2 mmol-L" CI..

16, 8d8 18m

10 #i96 H 1 VTRV Y SEM &l (20 mmol - L' CuSO, + 0.1 mol -L" H,S8O, + 0.75 mmol-L" BTAH + 2 mmol-L"' MPS + 2
mmol-L'CI' ), HLJE:(A) -0.09 V;(B) -0.27 V;(C) -0.54 V;(D) -0.70 V;(E) -0.80 V,

Figure 10 SEM images of electrodeposited copper on the copper foil (20 mmol-L"' CuSO, + 0.1 mol-L"' H,SO, + 0.75 mmol - L
BTAH + 2 mmol- L' MPS + 2 mmol- L' CI) at different voltages: (A) -0.09 V; (B) -0.27 V; (C) -0.54 V; (D) -0.70 V; (E) -0.80 V.
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Electrochemical SERS study of Benzotriazole and 3-mercapto-1-
propanesulfonate in Acidic Solution on Copper Electrode

Yin-Fei Shen, Yan-Li Chen’, Sheng-Xu Wang, Ye Zhu, Wen-Chang Wang,
Min-Xian Wu, Zhi-Dong Chen”
(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, Jiangsu, China.)

Abstract: Since the development of acid copper plating technology, the role of additives is indispensable. In addition to the
main salt copper sulfate and supporting electrolyte sulfuric acid, suppressors, accelerators, levelers and chlorine ions (CI) are also
required to be added into the plating solution. Appropriate additive system can have a significant impact on the coating or the plat-
ing solution, which can help improve the quality of the coating and increase the brightness of the coating. Through electrochemical
measurement, vibrational spectroscopy, scanning probe microscopy, molecular dynamics simulation and other methods, researches
have a deeper understanding in the adsorption configuration of some additives on the copper electrode surface and the changes in
the electroplating process. Surface-enhanced Raman spectroscopy (SERS) is a powerful technique that yields vibrational information
with ultra-high sensitivity. Enhancements of up to 10" have been achieved in some systems, which provides sensitivity up to single
molecule level. Therefore, SERS technique is one of the main methods to study the adsorption structure and mechanism of addi-
tives. In this paper, the competitive adsorption behaviors of benzotriazole (BTAH), 3-mercapto-1-propanesulfonate (MPS) and CI
in an acidic solution on the copper electrode were investigated by in-situ electrochemical surface-enhanced Raman spectroscopy
(EC-SERS). It was found that in the positive potential range, the adsorption behavior of BTAH molecules was mainly through the
formation of [Cu(BTA)], polymer film on the copper electrode surface by the triazole ring; with the negative shift of the potential,
the polymer film was gradually transformed into the BTAH molecular. The MPS was mainly adsorbed on the copper electrode by
the sulthydryl end. Cl" mainly existed in the form of Cu-Cl, and the active sites occupying the surface of the electrode had a syner-
gistic effect with MPS. The electroplating process on the copper foil also verified the strong adsorption of BTAH, and the presence
of small copper particles on the copper foil also confirmed that MPS and CI have a synergistic effect, which promotes the local de-
position of copper. As the only technical method that can realize nano-level electronic interconnection, electronic electroplating is
the main direction of future research. Related additive basic research is also indispensable. In the process of copper electroplating,
the interfacial competitive adsorption of additives and their mechanism of action need more in-depth study. It is hoped that this
study will play an important guiding role in the development of electroplating additives and the improvement of electroplating tech-

nology in the future.

Key words: benzotriazole; 3-mercapto- 1-propane sulfonate; surface enhanced Raman spectroscopy; adsorption
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