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BeLNzkebaYikélentredes gre widetyabed in electrochemical researches. Understanding electrochemical
precésses o i Blecttsdes throughdin it Raracterization of adsorbed species on their surfaces is
REIBN F8R% &t SHA Bt 24615 44 d pplication of Ni electrochemistry. Microelectrochemical surface-
enhanced Raman spectroscopy (LEC-SERS) combines the mass transfer feature of ultramicroelectrode
%ﬂ%k@ﬁ@gnsitivity characterizations of molecular structures, which is a powerful method for studying Ni
electrochemistry on polarization and non-equilibrium conditions. The key point of performing HEC-SERS is

klectrochemical Surfacestnhanced Raman Spectroscopic Studies

Here, we demgnstrate a method of preparing a SERS-active Ni ultramicroelectrode through
QQtMIQle(@(LI EBa{iﬂlGﬂ'Q&lQGt&QidByers of metallic Ni onto a SERS-active gold (Au)
ultramicroelectrode. Firstly, a SERS-active Au ultramicroelectrode was made through electrochemical
ho¥¥eptidfiof Au nanoparticles. A smooth polycrystalline Au ultramicroelectrode with a diameter of 10
pm was made by sealing a Au wire into a glassy tube. The Au nanoparticles of 55 nm in diameter were
YRbWaBgrom Au sol onto the Au ultramicroelectrode under an electrochemical polarization at 1.8 V. The
scannirﬁ electron microscopic (SEM) images showed that Au nanoparticles aggregated on surface.

XHERQ E&ﬂgd Au ultramicroelectrode adsorbed by Au nanoparticles, a thin and compact Ni layer was
1. School of Physical Science and Technologg/, Shang(_/]fa/Tech University, Shanghai 201210, China;,
m .

HSBH@%Q&‘@H&%H%W” method in mol-L"" Ni(NO3)2 electrolyte. The thickness of Ni layer

was controlled via the charge. The voltammograms of the prepared SERS-active Ni ultramicroelectrode in

0.1 mol-L™! NaOH showed the characters of polycrystalline Ni electrode. Since the SERS activity
decreased as a result of the increase in the thickness of Ni layer, the SERS measurements of
4-methylthiophenol in air were carried out for evaluating SERS activity. The comparisons in the intensity of

the band at 1077 cm™' from the 4-methylthiophenol adsorbed on the ultramicroelectrode made by using

10 pA~cm'2, 50 uA-cm'z, 100 uA-cm'z, 500 pA~cm'2 and 1000 pA-cm'2 indicated that the rate and charge
of deposition are key in determining the coverage status of Ni layer and the SERS activity. An optimized
SERS activity on a compact Ni was obtained by electrodepositing 5 atomic layers of Ni at a current

density of 100 uA-cm’z.

To demonstrate the application of Ni ultramicroelectrode in the in-situ UEC-SERS measurement, the
molecule of 4-methylthiophenol, employed as a probe, was adsorbed onto the prepared Ni
ultramicroelectrode through spontaneous adsorption in the methanol solution of 4-methylthiophenol. The
obtained SERS spectra showed characteristic bands of 4-methylthiophenol. In addition, stark effect of the
bands was observed, indicating the successful application of Ni ultramicroelectrode in the in-situ JEC-
SERS measurement.

The preparation methodology of SERS-active ultramicroelectrode enables the in-situ WEC-SERS
measurement on Ni under electrochemical polarization or non-equilibrium reaction conditions, which
exhibits a good potential application in studying Ni electrochemistry.
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Figure 1 SEM image of 55 nm Au nanoparticles
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Figure 2 A. Photograph of 10 um Au ultramicroelectrode;B. SEM image of 10 uwm Au ultramicroelectrode;C. Steady-state
voltammogram of the Au ultramicroelectrode in 1 mmol - L* Ru(NH;)¢Cl; + 0.1 mol-L* KCI. Scan rate: 10 mV -s*; D. Cyclic
voltammogram of the Au ultramicroelectrode in 0.1 mol-L* HCIO,. Scan rate: 500 mV-s™.
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Figure 3 A. SEM image of Au ultramicroelectrode with Au NPs;B. Cyclic voltammograms of smooth Au ultramicroelectrode (the
solid line) and with NPs (the dashed line) in 0.1 mol-L* HCIO,. Scan rate: 500 mV-s™.
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Figure 4 A. Cyclic voltammograms of Au ultramicroelectrode (the solid line) and covered by Ni (the dashed line) in 0.1 mol - L*
NaOH. Scan rate: 500 mV-s?; B. SEM image of Au ultramicroelectrode covered by Ni.
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Figure 5 A. SERS of p-methylthiophenol adsorbed on Ni ultramicroelectrode electrodeposited by different current densities: 1. 10
pA-cm? 1. 50 pA-cm?, II1. 100 pA-cm? V. 500 pA-cm? V. 1000 pA-cm?; B. Influence of electrodeposition current density

on signal intensity at 1077 cm™.
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Figure 6 A. Potential dependent SERS of p-methylthiophenol adsorbed on Ni ultramicroelectrode in 0.1 mol-L* NaOH; B. Poten-

tial dependent SERS of the peak at 1077 cm™.
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Electrochemical Surface-Enhanced Raman Spectroscopic Studies on
Nickel Ultramicroelectrode

Li-Wen Wu?, Wei Wang?, Yi-Fan Huang"
(1. School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210, China;
2. College of Chemistry and Chemical Engineering, Jinggangshan University, Ji’ an 343009, Jiangxi, China)

Abstract: Nickel (Ni) electrodes are widely used in electrochemical researches. Understanding electrochemical processes on Ni
electrodes through in-situ characterization of adsorbed species on their surfaces is helpful for rational optimization and application
of Ni electrochemistry. Microelectrochemical surface-enhanced Raman spectroscopy (wEC-SERS) combines the mass transfer feature
of ultramicroelectrode with high-sensitivity characterizations of molecular structures, which is a powerful method for studying Ni
electrochemistry on polarization and non-equilibrium conditions. The key point of performing wEC-SERS is to make a SERS-active
Ni ultramicroelectrode.

Here, we demonstrate a method of preparing a SERS-active Ni ultramicroelectrode through electrochemical deposition of sev-
eral atomic layers of metallic Ni onto a SERS-active gold (Au) ultramicroelectrode. Firstly, a SERS-active Au ultramicroelectrode was
made through electrochemical adsorption of Au nanoparticles. A smooth polycrystalline Au ultramicroelectrode with a diameter of
10 wm was made by sealing a Au wire into a glassy tube. The Au nanoparticles of 55 nm in diameter were adsorbed from Au sol
onto the Au ultramicroelectrode under an electrochemical polarization at 1.8 V. The scanning electron microscopic (SEM) images
showed that Au nanoparticles aggregated on surface.

On the prepared Au ultramicroelectrode adsorbed by Au nanoparticles, a thin and compact Ni layer was deposited by using
galvanostatic method in 5 mmol - L* Ni(NOs), electrolyte. The thickness of Ni layer was controlled via the charge. The voltammo-
grams of the prepared SERS-active Ni ultramicroelectrode in 0.1 mol-L* NaOH showed the characters of polycrystalline Ni elec-
trode. Since the SERS activity decreased as a result of the increase in the thickness of Ni layer, the SERS measurements of
4-methylthiophenol in air were carried out for evaluating SERS activity. The comparisons in the intensity of the band at 1077 cm™*
from the 4-methylthiophenol adsorbed on the ultramicroelectrode made by using 10 wA -cm?, 50 pA -cm? 100 pA -cm? 500
wA-cm?and 1000 A -cm? indicated that the rate and charge of deposition are key in determining the coverage status of Ni layer
and the SERS activity. An optimized SERS activity on a compact Ni was obtained by electrodepositing 5 atomic layers of Ni at a
current density of 100 pA-cm?

To demonstrate the application of Ni ultramicroelectrode in the in-situ WEC-SERS measurement, the molecule of 4-methylth-
iophenol, employed as a probe, was adsorbed onto the prepared Ni ultramicroelectrode through spontaneous adsorption in the
methanol solution of 4-methylthiophenol. The obtained SERS spectra showed characteristic bands of 4-methylthiophenol. In addi-
tion, stark effect of the bands was observed, indicating the successful application of Ni ultramicroelectrode in the in-situ WEC-SERS
measurement.

The preparation methodology of SERS-active ultramicroelectrode enables the in-situ WEC-SERS measurement on Ni under
electrochemical polarization or non-equilibrium reaction conditions, which exhibits a good potential application in studying Ni elec-
trochemistry.

Key words: nickel; ultramicroelectrode; surface-enhanced Raman spectroscopy; electrochemical deposition
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