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Detailed abstract : Asoneof theimportant mechanismsof SERS, the charge trans
fer (CT) enhancement requires the strong interaction of the adsorbed pecies with the substratein
order to permit the trandtion of charge between the meta Fermi level (energy state) and the
molecular orbital!*!. The high enhancement needs the match of the energy gap between the Fermi
level (or surface state) and the orhita energy level of the adsorbed molecules with the energy of
theincident light. The electrode Fermi level is usually adjusted by the gpplied potentid to satidy
the CT renance. For the éectrochemica reaction process, thefrontier orbital energy level of the
reacting surface gecies should be greatly different from that of the adsorbed molecules. Thus, it
isinteresting to test the additional SERS enhancement induced by the electrochemica reaction.

In the present study, the influence of the eectrochemica reaction on SERS intendty of
thiourea (TU) and water adsorbed on slver electrode surfaces were investigated , regectively.
The Raman experiments were performed on a confoca microprobe Raman system (LabRam 1) .
The detailsof the Raman system and pretreatment of the Ag eectrode can be found dsewhere'?!

The SERS spectraof TU inpH 1 and 7 are showed in the Fig. 1 (a) and (b) , respectively.
The major bandsof TU locateat 710cm *and 1091 cm *. The strong 933 cm™ ! band is as
sgned to the symmetric stretching vibration of CIO, " as dectrolyte anion, which coadsorbed on
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the surface. The electrochemica measurements indicate that TU can adrb strongly at Ag elec-
trode in a wide potentia region from - 0.2V to - 1.5V (vs SCE). It isof interest that the
SERS intensty reaches the maximum at different potentia in acidic and neutra slutions. In the
low pH solution, one can find that when the electrode potential shifted to - 0.8 V , al the band
intendties increase remarkably. Inthe high pH solution (Fig. 1 (b)) , at potentialsposdtiveof -

1.0 V only lution sgna can be discerned. The intensty of the surface sgnals underwent a
sharp increase at - 1.2 V. Interestingly , we found the maximum intenstiesin the two pH solu
tions have a certain relation with the occurrence of the electrochemical hydrogen evolution reaction
(HER).
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Fig.1 SERSfrom the Ag dectrode surfaces at different potentiasin olutionof 0.1 mol. L™ * TU
+0.1 mol.L ' NadO, withpH=1 (a) andpH=7 (b) respectively.

A systematic SERS experiments were performed in solutionswithpHof 2.0,2.5,3..0, 3.
5,4.0and 7.0 repectively. The profiles of the integrated band intensties (710 cm™ ') and
the potentias are shown in Fig. 2. It can befound that the maximaof the intendties are located
a -0.8V, -1.1VforpH1.0and?2.0 repectivdyand - 1..2V forpH 2.5 7.0. Corre
soondingly , the current dendtiesfor each potentid in different pH solution were presented in Fig.
3. From the two figures, it can be found that the potentias of the maximum intensty of SERS
are right at the initia potentiasof HER. It impliesthat there must have some relation between
the HER and the additional enhancement of the SERS. A study on the SERS of water will be
helpful for further understanding of this relation.

Fig. 4 shows the SERSof water from an Ag dectrodein 1.0 mol-L ~* Na;SO, at different
potentials. The broad band at 1 610 cm™ ! is assigned to the bending mode of water. It can be
found that the band intendty increases with the negative movement of the potential. Thiscan not
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Fig.4 SERS of water from Agin 1.0 mol- L° ' Fg.5 Integrated SERSintensty (1) of 1 610 cm™*
N& SO, at different potentids band versus the current dendty of HER(i)

be explained in termsof the orientation change of the adsorbed water® . For SERSof water on
Ag, the EM enhancement is about 2 to 4 orderd™!. While, the total enhancement can reach 4 to
7 orders in the present case, and thus, the CT effect may be involved®). However, water
molecules can not effectively bond to the electrode due to a larger difference of these two ener-
gies[s] , which does not fulfill the conditionsfor the clasic CT enhancement.

The Raman intensty of the 1 610 cm™ * band and the correponding current denstiesof HER
are depicted in Fig. 5. The intendty amost increases linearly with the HER current. Hereby ,
one ocould assume that the additional enhancement ispossbly related to the HER, during which
the reaction intermediate with a matching energy level with the incident light was generated , thus
the effective CT process could occur.



1 : SERS - 77 -

It may be reasonable to assume that the intermediate state generated during the HER could
have the energy levels in reoonance with the incident light to give the additiona enhancement.
Congdering the extremey difficulty to in stu investigate surface reaction states, SERS may pro-
vide a new way to explore the intermediate energy level s during electrochemical reaction if we use
the tunable laser to tune the incident photon energy to match the CT renance. This study in
turn will be helpful for further elucidating the SERS mechanism.
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