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In the past two decades, only a few metals, mainly roughened Ag, Au
and Cu, providing great enhancement (106) have been applied to study struc—
ture and dynamics of molecules adsorbed on surfaces. Due to this serious re—
striction, Raman spectroscopy has not been used as widely as IR spectrosco py
in surface science and electrochemistry. However, people have never given up
their efforts to extend Raman spectroscopy to the study of other metallic and
non-metallic surfaces. With the aid of the long—range effect of the electromag—
netic (EM ) enhancement created by the SERS active substrate underneath,
weak SERS spectra of adsorbates on transition metal films have been obtained
121 But the strong electromagnetic field generated on the SERS active sub—
strate is damped significantly by the coated film so that an ultrathin film has to
be deposited with a thickness of only a few atomic monolayers. In conse—
quence, a small portion of residual substrate sites are usually exposed and it is
difficult to eliminate entirely the possibility that the adsorbate is bounded to
the exposed substrate rather than to the overlayer exclusively. The difficulty
in the film preparation and the instability of the film during prolonged mea—
surements also restrict the widespread use of such ultrathin film electrodes.
The most fundamental and most difficult approach is to observe surface Raman
Scattering directly from bare transition metal surfaces. Some normal or reso—

nance Raman signals from organic molecules on Pt electrodes have been report—
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ed. Although adsorbates with large Raman cross sections were chosen in
these studies, the surface Raman signal was barely detectable and it was im—
possible to investigate the spectra as a function of electrode potential, which is
essential for Raman spectroscopy as a general tool in practical applications.

Very recently, the severe limitation encountered in surface Raman investi—
gations appears to be overcome partially by the latest advances in Raman in—
strumentation with the advent of the CCD camera, the confocal microscope and
the holographic notch filter. Our goal is to take advantage of these develop—
ments together with different surface roughening procedures to produce high-
quality spectra at submonolayer coverage on a variety of metal substrates.
Good—quality surface Raman spectra of pyridine adsorbed at Pt, Ni, Ru, Rh,
Pd, Co, Fe, Pt/Ir and Si electrodes over a very wide electrode potential region
(e.g.— 1. OViot L 4V) have been obtained for the first timein our laborato—
ry. The electrodes were either pure metal, alloy and semiconductor materials
or thick metal films (with thickness of more than 100 m) electrodeposited on
inert glassy carbon( GC) substrates. The SERS spectra are distinctively depen—
dent on nature of the substrate. It is now possible to carry out detailed molecu—
lardevel investigation on diverse adsorbates ( e. g. pyridine, pyrazine,
methanol, ethanol, CO, SCN , Br , Cl , H) at various substrates by Raman
spectroscopy[3]-

We have examined various surface roughening procedures including chemi-
cal etching, ex-situ and /or in-situ ORC for different transition metals to obtain
surface spectra with better S/N. In order to establish and appropriate surface
roughening procedure, various roughening conditions are assessed in terms of
the corresponding surface Raman intensity, surface enhancement factor (G)
and surface homogeneity. For example, for adsorbed pyridine on roughened Pt
surfaces, the G is calculated based on the confocal microscopic feature, show-—
ing one to two orders of amplification of Raman signal. With a highly sensitive
Raman instrument it seems to be possible to study the diverse metals having
very weak enhancement, helping us to judge the contribution of different
mechanisms to G

So far most in situ vibrational spectroscopic studies have been focused on
vibrational frequency shifts of adsorbate internal modes rather than adsor-
batemetal surface modes due to the experimental difficulty of studying low fre—
quency modes, particularly below 400 cm™ ', for IR spectroscopy and sum fre—
quency generation ( SFG). It is of importance to pay special attention to the vi—
brational bands in the low frequency region in order to gain insight into the na—
ture of the metal-adsorbate bonding. We have studied a methanol/Pt system in
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perchloric acid medium and obtained clear evidence that CO, as the
poisoning intermediate of the dissociative adsorption product of methanol, is
adsorbed at Pt in a negative potential region. The preliminary results demon—
strate the virtues of surface Raman spectroscopy for yielding information on
surface bonding related to the surface coverage, coadsorbate, and electrode po—
tential

Due to low Raman cross section of St H, especially in conducting Raman
experimentin-situ , to our knowledge, there was only oneex -sifu Raman study
on detecting the S—H. here we report the first insitu Raman study to obtain
the surface bonding information during S etching processes. The result shows
Raman spectroscopy can be also used toin situ characterize semiconductor sur—
faces without aid of SERS effect.

In situ Raman sepctroscopy exhibits several other advantages over IR
spectroscopy and SFG for studying soliddiquid interfaces (i) easy use of near—
UV, visible, or neardR light sources for the excitation of the Raman proscess,
(ii) transparency of the electrolyte for the light beam, (iii) application of stan—
dard electrochemical cells without the need of using thin liquid cells, and
hence, (iv) easy combination with electrochemical transient measurement in
faradaic and nonfaradaic regions. However, as mentioned above, the severe
obstacle of thelack of detection sensitivity had impeded the wide application of
Raman spectroscopy in surface science and electrochemistry. The progress re—
ported in this article provides a good reason to be optimistic that surface Ra-
man spectroscopy will be used as a general technique widely used in surface sci—

ence and electrochemistry.
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Fig. 1 Surface Raman spectra for pyridine adsorbed on different transition metal, alloy and semicon-
ductor surfaces at the optimized potential.
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