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In order to  study the mechanisms  of
electropolymerization, electrochemical reactions and
degradation of conducting polymer electrodes, it is of
special importance to obtain the structural information of
conducting  polymer/metal  and polymer /solution
interfaces in which most electrochemical reactions take
place. However because the interfacial signal is generally
submerged by a stronger signal from the bulk film, it is
very difficult to extract them using either conventional
electrochemical or spectroelectrochemical techniques, see
Fig. 1 (a). Fortunately, the surface enhanced Raman
spectroscopy (SERS) can meet such special requirement
for the study of conducting polymer/metal and polymer/
solution interfaces since it can significantly enhance the
signal of the first monolayer of polymer adjacent to the
metal or to the solution. It makes possible to examine the
interfacial region between metal and the conducting
polymer films as long as the later are not so thick that
block the SERS signal from the interfaces, see Fig. 1(b).
For example, Au electrodes treated by the SERS
activation have been employed in our laboratory to in-

situ sutdy at a very early stage of electropolymerization
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of pyrrole!'land aniline?). Gui and Devine have successfully obtained SERS signals from thin passive
films (1~ 3 nm or less) of iron by the deposition of a discontinuous layer of Ag on iron electrodest®).
But to our knowledge, there is no report about the SERS study of conducting polymer/solution
interface. indicating that it is much more difficult to induce the SERS effect. In this communication,
an attempt to find a way to induce the SERS effect on the top layers of polymer films adjacent to the
solution. Fig. 1(¢) . is briefly described.

A thin PPY film (about 0. 1 um) was potentiostatically polymerized on an Au electrode in an
aqueous solution of 0. 02 mol/L pyrrole+0. 1 mol/L HNOsat 4+ 0.7 V vs. SCE. A PAN film (0. 1
~ 0.2 um) was formed on an Au eclectrode by sweeping the potential between —0.1 Vand +0.9 V
vs. SCE in aqueous solutions of 0. 2 mol/L aniline+ 0. 5 mol/L HCIO4. After the polymerization, a
deposition procedure of Ag similar to that of Gui and Devine was carried out, some microislands of Ag
were deposited on the conducting polymer films, such as polyaniline (PAN) and polypyrrole (PPY),
by holding the potential at — 0. 1 V in 1. 0 mmol/L AgNO; + 1. 0 mmol/L HNO,;. Raman
measurement of PPY and PAN were carried out respectively by Ramanor U1000(Jobin-Yvon) using
514. 5 nm radiation and by Ramascope 2000 (Renishaw) using 632. 8 nm'*Jradiation.

Comparing the spectrum of bare PPY film with that of the PPY covered by microislands of Ag,
one can see from Fig. 2 that the two Raman spectra were almost identical except that the signal
intensity became slightly weaker after the deposition of microislands of Ag. The result indicates that
the SERS effect was not induced on the top layers of PPY. The weakening of the signal is mainly due
to the discontinuous Ag laver blocked partially the incident laser beam. This was true even when many
different deposition conditions were employed, such as varying the deposition potential and charge and
varying the film thickness of PPY as well.

Fig. 3(a) was a Raman spectrum of PAN film covered by microislands of Ag in 0. 5 mol/L
HClO,. Six strong bands were appeared at 1 174 ecm™ *,1 236 cm™',1 338 cm™',1 500 em™',1 590
cm” 'and 1 622 em !respectively . which could be assigned to the in-plane bending vibration of CH
groups, the mixed mode of the stretching vibration of CC and CN groups, the stretching vibration of
-C-N7- groups, the stretching vibration of C=N groups, the stretching vibration of quinoid rings and
the stretching vibration of benzenoid ring'®l. By comparing this spectrum with a spectrum of the bare
PAN film, as <hown in Fig. 3(b), one can find that these two spectra were quite similar but the
intensity of the former(Fig. 3(a)) was much higher than that of the later. It reveals that the Raman
signal was enhanced significantly by the mieroislands of Ag deposited on the surface, which is in
contrast to the PPY system shown in Fig. 2. It is therefore reasonable to consider that the spectrum of
Fig. 3 (a) is mainly contrituted by the SERS signal from the top layers of PAN film. The slight
difference between the SERS and Raman spectra in Fig. 3 is that the ratio of the stretching vibration of
quinoid rings to that of benzenoid rings. In the former the stretching vibration intensity is higher than
that in the later. This indicates that the amount of quinoid rings in the repeat units, which contain

four rings are differentiated by the quinoid and benzenoid rings'®! in the top layers of PAN, is greater
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compared to the amount of quinoid rings in the repeat units in the bulk. The very good similarity
between the SERS and Raman spectra in Fig. 3 indicates that molecular structure and the conformation
of the top layers and the bulk of the PAN film are essentially the same. However, in our previous
SERS study of the initial stage of electropolymerization of PPY films!!], it was found that the SERS
spectrum of the first several layers formed at the substrate were considerably more different from the
Raman spectrum of the bulk film. This is because the electrpolymerization was initiated by the
formation of the oligomers that were aggregated and precipitated at the substrate!”. After that, further
polymerization occurred at the polymers to form the bulk film. Consequently, the structure of the top
layer is simiiar to that of the bulk, but it is different from that of the first layer adjacent to the
substrate. The reason for the negative result of the PPY system is not clear by now. It might relate to
the nucleation and formation of the Ag microislands at the various polymer surfaces such as compact
nodules and branching dendrites, this may result in the unsuitability of the morphology of microislands
of Ag to inducing of SERS effect. Nevertheless, our results show the complexity and difficulties that
arise to inducing SERS from conducting polymer film rather than from that of smooth passive metal
film. More systematic work is required to make a definite conclusion and to extend the SERS sutdy to

more electrode systems.
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Fig. 2 Raman spectra of polypyrrole in 0. 5 mol/L Fig. 3 Raman spectra of polyaniline in 0. 5 mol/L

NaF. (a) Covered by microislands of Ag; HClO,. (a) Covered by microislands of Ag;
(b) Bare PPY film. Excitation line. 514. 5 (b) Bare PPY film. Excitation line. 632. 8
nm; applied potential; —0.6 V vs. SCE nm; applied potential; 0.3 V vs. SCE

Key words Conducting polymer, Surface enhanced Raman effect, Polvpyrrole, Polyaniline
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