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ABSTRACT 

Electrochemical Surface Oxidation Enhancement Raman Scattering (EC-SOERS) is an 

interesting and promising phenomenon capable of amplifying the Raman signal in a similar 

way to Surface Enhanced Raman Scattering (SERS), but EC-SOERS takes place during the 

oxidation of a silver substrate. This phenomenon was originally described for specific 

electrolytic conditions in which a small amount of chloride in acidic media was mandatory to 

obtain a substantial enhancement. Herein, we demonstrate that EC-SOERS can be also observed 

in presence of KBr, showing a potential-dependent behavior. Moreover, in this work a novel 

approach to reach chemical selectivity during time resolved Raman spectroelectrochemistry 

(TR-Raman-SEC) experiments is proposed. This new approach is based on the effect of the 

electrolytic medium on the structures that are formed on the electrode surface. SEM studies 

were carried out to study the origin of this selectivity. Although SEM images reveal clear 

differences between the structures of silver halides formed on the electrode surface during the 

oxidation of the substrate, the absence of EC-SOERS effect at open circuit potential hinders the 

identification of the actual structures responsible for the phenomenon. 

Keywords: Spectroelectrochemistry; Raman; SERS; EC-SOERS; silver roughening. 
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INTRODUCTION 

Raman spectroscopy is a well-known instrumental technique that provides spectroscopic 

fingerprints of molecules [1,2]. The intrinsic lack of sensitivity of Raman spectroscopy has 

limited its use for many years in analytical applications. However, when the surface 

enhanced Raman scattering (SERS) effect was discovered [3], scientific community became 

more interested in Raman spectroscopy [4–7]. Since then, multiple ways to improve the 

performance of Raman spectroscopy have been developed [8–16]. Among them, 

spectroelectrochemical methods are particularly useful, since they allow the generation and 

the improvement of SERS substrates  [7,17–22], as well as the simultaneous measurement 

of the spectroscopic response. Recently, our research group discovered a new phenomenon 

related to SERS, but with some significant differences. We observed that, during the 

electrochemical generation of SERS substrates, the enhancement of the Raman signal can 

be also observed during the oxidation of a silver substrate. We have called this phenomenon 

electrochemical surface oxidation enhanced Raman scattering (EC-SOERS), and it has been 

described for specific electrolytic conditions [23]. 

SERS is a phenomenon related to the amplification of the Raman signal of molecules located 

at or really close to metallic nanostructures with plasmonic properties [24,25]. Such Raman 

enhancement can reach several orders of magnitude and involves two main mechanisms, 

namely, the electromagnetic [5,17] and the chemical  mechanism [4] . Theoretically, the 

chemical mechanism contributes to an enhancement up to 103 for para- and meta-substituted 

pyridine interacting with silver clusters, but in practice, these increments are usually lower 

than 103 [3,4,26]. Therefore, Raman enhancements higher than 103 have to be related to the 
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so-called electromagnetic mechanism, classically ascribed to the presence of plasmonic 

nanostructures. 

Typically, during subsequent oxidation-reduction cycles (ORC) of a metal electrode such as 

Cu, Ag or Au, plasmonic nanostructures are formed on the surface[17,27–31]. Thus, when 

performing an ORC on a metal substrate using TR-Raman-SEC, it is expected that the SERS 

effect will emerge at cathodic overpotentials, where the reduction of metal ions previously 

generated by oxidation of the electrode surface and the formation of plasmonic nanostructures 

take place. Conversely, the loss of the Raman signal due to the SERS effect is expected at 

anodic overpotentials, due to the oxidation of these nanostructures [23,32].  

As was aforementioned, EC-SOERS is an intriguing phenomenon which implies a huge 

enhancement of the Raman signal during the oxidation stage of a silver electrode [23]. This 

new phenomenon cannot be easily explained by the classical SERS theory, since the main 

structures responsible of SERS effect (roughened silver or silver nanoparticles) are superficially 

destroyed or damaged during oxidation stage, hindering the Raman response. Moreover, typical 

Raman probe molecules, such as pyridine or cyanide do not present Raman enhancement during 

this oxidation process [23]. So far, EC-SOERS has only been described in acidic media with 

specific concentrations of KCl, being the optimal medium to observe this phenomenon 0.1 M 

HClO4 + 5·10-3 M KCl, and Ag electrodes as substrates [23]. In our last study, both the 

concentration of KCl and the pH demonstrated to be fundamental to reach a good and 

reproducible EC-SOERS signal [33]. In this work, we amplify the knowledge about this 

phenomenon by using different experimental conditions. Here, the effect of the electrolytic 

medium was studied, changing KCl for KBr and modifying the solution pH. Thus, we will 

demonstrate for the first time that EC-SOERS can be also observed using bromide instead of 
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chloride. This fact surprisingly allowed us to detect certain chemical selectivity to some 

molecules, only by changing the halide solution. Therefore, the optimization of the 

experimental conditions was performed to achieve this chemical selectivity in EC-SOERS 

experiments by using different electrolytic media. As a proof of concept, this chemical 

selectivity is demonstrated with two well-known molecules, uric acid (UA) and benzoic acid 

(BzA), which exhibit good EC-SOERS responses.  

 

EXPERIMENTAL SECTION  

Reagents and solutions 

Perchloric acid (HClO4, 60%, Sigma-Aldrich), potassium chloride (KCl, 99%, ACROS 

Organics), potassium bromide (KBr, 99%, ACROS Organics), uric acid (UA, 99%, ACROS 

Organics), benzoic acid (BzA, 99.5%, Panreac), salicylic acid (>99%, Sigma-Aldrich), 

acetylsalicylic acid (AcSa, >99%, Sigma-Aldrich), caffeine (>99%, Sigma-Aldrich), citric acid 

(99,5%, Panreac), sorbic acid (pure, Probus). All solutions were prepared using ultrapure water 

obtained from a Millipore DirectQ purification system provided by Millipore (18.2 MΩ·cm 

resistivity at 25 ºC). 

Instrumentation 

Time resolved Raman spectroelectrochemistry 

In-situ time-resolved Raman spectroelectrochemistry (TR-Raman-SEC) was performed with a 

customized SPELEC-RAMAN instrument (Metrohm-DropSens), which includes a 785 nm 

laser source. The laser power in all experiments was set at 80 mW (254 W·cm-2). This 

instrument was connected to a Raman probe (DRP-RAMANPROBE, Metrohm-DropSens). A 
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homemade cell for screen-printed electrodes or disk electrodes was used during the 

experiments. DropView SPELEC software (Metrohm-DropSens) was used to control the 

instrument, which allows getting real-time and synchronized spectroelectrochemical data. An 

integration time of 1 s was used for all the TR-Raman-SEC experiments. Silver disk electrodes 

(d=3 mm) were used as working electrodes, a home-made Ag/AgCl (3 M KCl) electrode was 

used as reference and a platinum wire as auxiliary electrode in certain experiments.  Some 

experiments were carried out using silver screen-printed electrodes (Ag-SPEs, DRP-C013, 

Metrohm-DropSens) that consist of a silver disc of d=1.6 mm as working electrode, a silver 

pseudo-reference electrode and a carbon auxiliary electrode. Experiments carried out using Ag-

SPEs and bromide electrolytic media were performed using an external home-made Ag/AgCl 

(3 M KCl) reference electrode.   

Scanning electron microscope images 

FE-SEM images were obtained using a Field Emission JSM-7100 Analytical Microscope 

(JEOL Ltd.). 

TR-Raman spectroelectrochemistry measurements 

Linear sweep voltammetry (LSV) and cyclic voltammetry (CV) were used as electrochemical 

techniques to perform TR-Raman-SEC experiments. LSV was performed from 0.00 V to +0.60 

V, whereas CV were usually performed between -0.25 V and +0.55 V, starting at 0.00 V in the 

anodic direction. A scan rate of 0.02 V s-1 and a step potential of 2 mV were set for all 

electrochemical measurements. All potentials refer to the Ag/AgCl (3 M KCl) reference 

electrode. 
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In order to obtain a reproducible EC-SOERS signal, Ag-SPEs were conditioned before each 

experiment performing 2 CVs as described above, using the corresponding electrolytic medium 

without the target analyte. In the experiments carried out with Ag-SPEs using 1·10-3 M HClO4 

+ 5.4·10-2 M LiClO4 + 5·10-2 M KBr + 1·10-3 M BzA  as electrolytic medium, one different 

pretreatment that consists of two CVs at 0.02 V s-1 between -0.60 V and +0.60 V, starting from 

0.00 V in the anodic direction was performed, in order to achieve the total reduction of the large 

amount of AgBr formed during oxidation. It should be noted that these pretreatments of Ag-

SPE are performed in order to obtain reproducible results that guarantee the extraction of 

representative conclusions.  

RESULTS AND DISCUSSION 

EC-SOERS of different molecules  

As was aforementioned, EC-SOERS was first reported in acidic solutions in presence of 

specific concentrations of KCl, obtaining the best response for UA using 0.1 M HClO4 + 

5·10-3 M KCl. However, the replacement of KCl by 5·10-3 M KBr also provided good 

experimental results in an EC-SOERS experiment.  

Figure 1 shows the spectroelectrochemical responses of different molecules tested using a 

solution containing 0.1 M HClO4 + 5·10-3 M KBr. For simplicity in the terminology, the 

representation of the evolution of the intensity of a Raman band at one specific Raman shift 

as a function of the applied potential will be denoted as voltaRamangram [23]. Figures 1A, 

1B and 1C show the CV (orange curve) and the voltaRamangram (blue curve) obtained at a 

significant Raman shift of each molecule using a silver disk electrode, for BzA, sorbic acid 
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and caffeine, respectively. Whereas, Figures 1D, 1E and 1F show the CV and 

voltaRamangram obtained at a significant Raman shift of each molecule with Ag-SPEs, for 

salicylic acid, acetylsalicilic acid (AcSa) and citric acid, respectively.  

Figure 1. 

As can be observed, EC-SOERS is obtained in both Ag disk electrode and Ag-SPE for 

different molecules. All CVs (orange curves, Figure 1) have a similar behavior, displaying 

a first oxidation peak around +0.10 V that corresponds to the silver oxidation and the 

subsequent generation of AgBr. After this process, the silver electrode is massively oxidized 

to Ag+ at potentials higher than +0.40 V, as was discussed in a previous work [23] (see 

Figure S1 for more detail). At this oxidation stage, the intensity of a characteristic Raman 

band of each molecule increases due to the EC-SOERS effect, as can be seen in the 

voltaRamangrams (blue curves, Figure 1). The spectrum of each molecule at the positive 

vertex potential, +0.55 V, can be observed in Figure S2, being unequivocally ascribed to the 

corresponding studied molecule (Table S1).  

Reversing the scan, the reduction of the oxidized silver species is observed in the CVs with 

a cathodic peak centered around +0.35 V, which, in some cases, is accompanied by a mild 

increase in the Raman intensity for the molecule studied in the voltaRamangrams (Figures 

1A, 1B, 1E and 1F). Interestingly, after this electrochemical reduction process, the Raman 

intensity falls to zero in most of the studied molecules. Finally, a second reduction process 

is observed at around –0.10 V, related to the reduction of AgBr to Ag [34]. It is remarkable 

that a two-step reduction process is clearly observed in the CV recorded using the Ag disk 

electrode when the reduction of AgBr takes place (orange curves in Figures 1A, 1B and 1C). 
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Conversely, only one broad voltammetric peak evolves at Ag-SPEs. Finally, it should be 

noted that after the last reduction process, only two molecules (sorbic acid and caffeine, blue 

curves in Figures 1B and 1C) shows a very small Raman enhancement in the cathodic region 

(below 0 V) due to SERS effect. 

This behavior indicates that these two molecules are active both in EC-SERS and EC-SOERS, 

while the other molecules tested are only active in EC-SOERS under these experimental 

conditions. Thus, the differences described above between EC-SERS and EC-SOERS 

responses suggest that the two enhancements are related to different phenomena and its effect 

in the enhancement of the Raman signal is very different. 

The waveform of the voltammograms is similar in all cases, but the shape of the 

voltaRamangrams (blue curves) clearly depends on the molecule. Consequently, it is inferred 

that the chemical interaction of each molecule with the electrode surface is highly 

responsible for this enhancement. From the results shown in Figure 1, it can be inferred that 

although EC-SOERS in KBr medium is observed for very different molecules, it is 

particularly intense for compounds that contain carbonyl or carboxylic groups, aromatic 

rings and/or π–delocalized systems. 

In previous works, EC-SOERS phenomenon observed in KCl medium has been used for 

quantitative analysis [23,35]. Consequently, the relationship between the EC-SOERS signal 

observed in KBr medium for a specific molecule and its concentration has been also 

evaluated. Figure 2 shows the calibration curve of AcSa in a 0.1 M HClO4 + 5·10-3 M KBr 

solution. As can be seen, a good linear correlation is obtained (R2=0.996) with low %RSD 

values. Therefore, EC-SOERS in KBr medium can be also used for quantitative analysis. 
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Figure 2. 

Chemical selectivity of EC-SOERS 

Although EC-SOERS can be observed in both KCl and KBr medium, the spectroscopic 

responses recorded in the two electrolytic media are not similar for the same analyte. 

Surprisingly, in the case of UA, the change of the halide (using KBr instead of KCl) leads to 

a decrease of the EC-SOERS signal (Figure S3A). Conversely, in the case of BzA, the 

change of KCl for KBr enhances drastically the EC-SOERS signal (Figure S3B). Therefore, 

the interaction of the target molecule with the structures responsible of the enhancement is 

fundamental to obtain the amplification of the Raman signal. 

Previous studies related to EC-SOERS responses for UA revealed that not only KCl 

concentration, but also solution pH affects significantly to the Raman enhancement [33]. 

After an optimization process, it was stated that UA showed a poor EC-SOERS signal for 

pH values higher than 1 and KCl concentrations exceeding 1·10-2 M. Herein, we will  

demonstrate that EC-SOERS signal for BzA is more intense in KBr medium, and it benefits 

from pH higher than 1 and halide concentrations higher than 1·10-2 M.  

With the aim of maximizing the EC-SOERS signal of BzA, we studied the effect of the 

electrolytic media in the spectroelectrochemical response. A two factor at three levels central 

composite experimental design was developed to optimize the values of KBr concentration 

and pH (Table S2). Figure S4 shows the EC-SOERS responses for each experiment, 

verifying their dependence on the KBr concentration and the pH value. It is noteworthy that 

the behavior of BzA is completely different than the one reported for UA in KCl [33]. The 

maximum EC-SOERS signal for BzA was observed at 0.05 M KBr and pH=2.9 (Figure 
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S4G) while for UA was 5·10-3 M KCl and pH=1 [33]. These results demonstrate that EC-

SOERS strongly depends on the studied molecule, the halide used and the pH of the solution. 

The fact that EC-SOERS signals of UA and BzA show clear different behavior depending 

on the electrolyte (change of halide), could be used to obtain chemical selectivity by 

changing the halide used in the experiment. In this sense, Figure 3 compares the evolution 

of the voltaRamangram for UA and BzA in two different electrolytic media, 0.1 M HClO4 

+ 5·10-3 M KCl solution (pH=1, blue curve) and 1·10-3 M HClO4 + 5.4·10-2 M LiClO4 + 

5·10-2 M KBr solution (pH=2.9, orange curve), on a Ag-SPE substrate. Ag-SPEs were 

chosen instead of silver disk electrodes to ensure reproducibility of the spectroscopic 

measurements and to make easier to reproduce these SEC experiments for the scientific 

community. Nevertheless, the experiments have been also performed using silver disk 

electrodes with similar results. 

Figure 3. 

Figure 3A shows both the Raman spectra at three selective potentials (inset Figure 3A) and 

the voltaRamangram at 641 cm-1, a characteristic Raman band of UA, in the two electrolytic 

media indicated above. At potentials lower than c.a. +0.40 V, no Raman signal is observed, 

as demonstrated in the full spectra (inset Figure 3A) and the voltaRamangram (blue curve, 

Figure 3A). However, at potentials from +0.40 V onwards, where massive oxidation of silver 

takes place (see CV, blue curve in Figure S5A), the typical Raman spectra for UA are 

observed (spectrum at +0.60 V in Figure 3A and Figure S6A). It is noteworthy that the 

enhancement of the Raman signal for UA can only be observed in the electrolytic medium 

with KCl (0.1 M HClO4+ 5·10-3 M KCl, pH=1). When the electrolytic medium with KBr 
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was used (1·10-3 M HClO4 + 5.4·10-2 M LiClO4 + 5·10-2 M KBr solution, pH = 2.9), no 

enhancement of the Raman signal was observed (orange curve, Figure 3A). This fact results 

extremely useful in situations where UA acts as interferent of other analytes, since it can be 

used to avoid the interference in analytical applications. 

On the other hand, Figure 3B shows the progressive enhancement of the Raman signal for 

BzA as applied potential exceed +0.40 V (inset in Figure 3B and spectrum in Figure S6B), 

using the electrolytic medium containing KBr (1·10-3 M HClO4 + 5.4·10-2 M LiClO4 + 5·10-

2 M KBr solution). In this case, Raman intensities for BzA reach values as high as 4·104 

counts, even using 1 s of integration time. The analytical enhancement factor (AEF) [36] 

calculated with the former value of Raman intensity for BzA is approximately 2.5·104, an 

enhancement of two orders of magnitude greater than the observed using the electrolytic 

medium containing  KCl (0.1 M HClO4+ 5·10-3 M KCl solution) [23]. 

This behavior evidences two important points for EC-SOERS: (1) AEF higher than 103 can be 

obtained, suggesting that not only the chemical effect is responsible of this enhancement. This 

mean that some kind of plasmonic nanostructure should be generated at anodic potentials, and 

it should be involved in the amplification of the Raman signal [4]. (2) EC-SOERS shows a very 

interesting chemical selectivity that can be achieved by the modulation of the electrolytic 

medium. In fact, this chemical selectivity has proved to be useful to resolve mixtures of the 

studied analytes, as demonstered in Figure S7, where only the band corresponding to BzA 

increases during the oxidation of the silver electrode in a KBr medium, while no bands related 

to UA are observed. 
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SEM study of the electrode during an EC-SOERS experiments  

In an attempt to shed more light on the origin of the EC-SOERS phenomenon, the 

morphology of the electrode surface was studied by field emission scanning electronic 

microscopy (FE-SEM). Different samples were prepared during Raman-SEC experiments to 

observe the influence of the electrolytic medium on the modification of the electrode surface 

after different treatments. Figure 4 shows FE-SEM images of different Ag-SPE substrates 

after applying LSV scans from 0.00 V to +0.60 V in the two electrolytic media, 0.1 M HClO4 

+ 5·10-3 M KCl and 1·10-3 M HClO4 + 5.4·10-2 M LiClO4 + 5·10-2 M KBr.  

Figure 4A shows the FE-SEM image of the final surface for the Ag-SPE after stopping the 

potential scan at +0.60 V, conditions where the highest EC-SOERS enhancement was found 

for BzA (1·10-3 M HClO4 + 5.4·10-2 M LiClO4 + 5·10-2 M KBr solution). Under these 

conditions, rock-like structures of AgBr are formed during the silver oxidation, as evidences 

SEM image (Figure 4A) and EDX analysis (Figure S8). The formation of these structures 

leads to a noticeable increment of the surface area, in agreement with other results found in 

literature [37], due to the roughening of the electrode surface. These results contrast with the 

cubic structures observed after a similar experiment in presence of UA in 0.1 M HClO4 + 

5·10-3 M KCl solution, as is shown in Figure 4B. In this case, cubic-shaped particles of AgCl 

are formed during the oxidation of the electrode with a silver enrichment on the surface of 

such structures [23]. The differences between these two structures (cubes and rocks) formed 

during silver oxidation could be the origin of the detected chemical selectivity of the 

phenomenon. Some works have reported an increment of the Raman signal for pyridine and 

other molecules adsorbed on Ag+/AgCl or Ag/AgCl structures [38–41]. However, our 

structures do not enhance the Raman response of pyridine or cyanide. Moreover, the role of 
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the applied potential is fundamental in the generation of the Raman enhancement, as will be 

shown in the next section. Therefore, the surface structures by themselves cannot easily 

explain the origin of the enhancement. As a conclusion, these FE-SEM images evidences 

that silver halide microstructures were generated on the electrode surface during EC-

SOERS, but at this point we can not confirm if those structures are directly responsible of 

the phenomenon. 

Figure 4. 

Effect of the potential on the enhancement of Raman signals by EC-SOERS 

In previous works, we demonstrated that EC-SOERS in KCl is an intrinsically 

electrochemical process, the application of oxidation potentials is mandatory to observe the 

phenomenon [23]. This important fact has been also corroborated for BzA in KBr medium 

by using chronoamperometry (CA) to generate the Raman enhancement. Figure 5 displays 

the chronoRamangram (evolution of the Raman intensity at a specific Raman shift during a 

CA experiment) of the main band of BzA (1005 cm-1) during a multistep CA experiment, 

compared with the corresponding current intensity. CA protocol was carried out in a 1·10-3 

M HClO4 + 5.4·10-2 M LiClO4 + 5·10-2 M KBr solution. It consisted of a first anodic pulse 

at +0.60 V for 15 s, followed by a second pulse at open circuit potential (OCP) for 15 s, and 

finally, a cathodic pulse at -0.40 V for 20 s. As can be observed, the enhancement strongly 

depends on the applied potential, as it was previously demonstrated for UA in a 0.1 M HClO4 

+ 5·10-3 M KCl solution [23]. The Raman enhancement related to BzA is only observed 

during the oxidation of the Ag electrode at +0.60 V and the signal disappears when the 

system is left at OCP. It is noteworthy that no signal is observed at -0.40 V, conditions at 
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which the reduction of the oxidized silver species is favored. This fact points out that both, 

the electrochemical potential and the formation of some kind of nanostructures on the 

electrode surface during the substrate oxidation play a key role for the enhancement of the 

Raman signal. 

Figure 5. 

From the TR-Raman-SEC experiments and from the FE-SEM images we can deduce that 

silver halides nanostructures are not the main responsible structure that enhances the Raman 

signal, which is reasonable since silver halides alone are not expected to have plasmonic 

properties. It is true that Ag@AgBr structures have been used for plasmonic photocatalysis 

[42], but the necessity of having potentials higher than +0.40 V makes difficult to think that 

Ag@AgBr species are the responsible of EC-SOERS, as this potential is enough to 

massively oxidize the substrate. 

Nevertheless, electrolytic media containing halides clearly help to increase the enhancement 

of the Raman signal, playing a fundamental role in the EC-SOERS effect for specific 

molecules. Moreover, such Raman enhancement can only be observed during the application 

of a possitive potential, and it vanishes at OCP conditions. Therefore, in-situ and operando 

techniques should be used to shed more light on this intriguing phenomenon. Nevertheless, 

the possibility of using EC-SOERS phenomenon at conditions at which chemical selectivity 

could be achieved has been demonstrated. 
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CONCLUSIONS 

To summarize, EC-SOERS has been observed in KBr medium for the first time. It has been 

also proved that EC-SOERS can provide chemical selectivity by tailoring of the electrolytic 

medium, where pH and precipitant agent (KCl or KBr) and its concentration play a fundamental 

role. The different electrolytic media promote the generation of diverse silver halide structures 

on the electrode surface during silver oxidation process. In this sense, the origin of the observed 

enhancement should involve some kind of electromagnetic effect since it shows analytical 

enhancement factors higher than 104, one order of magnitude higher to the maximum 

enhancement usually attributed to the chemical mechanism [3,4,43]. EC-SOERS has been 

observed for different kind of molecules, especially those molecules containing carboxylic 

acids and aromatic rings with carbonyl groups. Interestingly, EC-SOERS has not been still 

observed in positive charged molecules, unless they contain carbonyl or carboxyl groups. The 

results obtained in KBr medium are very different compared to the ones obtained in KCl 

medium, yielding very different structures during the oxidation of the electrode surface. The 

specific interaction of these structures with the target molecule remains unknown. Therefore, 

further in-situ and operando studies must be carried out to understand this new and promising 

phenomenon that cannot be easily explained using the existing models. 
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Figure captions 

Figure 1. VoltaRamangrams (blue curves) and CVs (orange curve) from 5·10-3 M BzA (A), 

2.4·10-3 M sorbic acid (B), 5·10-3 M caffeine (C), 1.5·10-3 M salicylic acid (D), 1·10-3 M 

AcSa (E) and 5·10-3 M citric acid (F) in 0.1 M HClO4 + 5·10-3 M KBr solutions. Substrate: 

silver disk electrode (A, B and C), and Ag-SPEs (D, E and F). Laser power was set to 80 

mW. Integration time was 1 s.  

Figure 2. Linear regression curve for AcSa using EC-SOERS signal during a TR-Raman-

SEC experiment on Ag-SPEs. All measurements were carried out using freshly conditioned 

Ag-SPEs. Standard solutions: AcSa x M + 0.1 M HClO4 + 5·10-3 M KBr. Three replicates 

were measured for each sample. Laser conditions and integration times were the same used 

in Figure 1. 

Figure 3. Raman spectra (inset) at selected potentials and voltaRamangrams at the most 

significant Raman bands of 2·10-4 M UA (A) and 1·10-3 M BzA (B) during LSVs performed 

between 0.00 V and +0.60 V at 0.02 V·s-1 using a Ag-SPE. Blue curves represent recorded 

results from 0.1 M HClO4 + 5·10-3 M KCl solution, orange curves are those from 1·10-3 M 

HClO4 + 5.4·10-2 M LiClO4 + 5·10-2 M KBr. Integration time was 1 s. Laser conditions were 

the same used in Figure 1. 

Figure 4. SEM images of an Ag-SPE treated by different Raman-SEC experiments: LSV 

from 0.00 V to +0.60 V at 0.02 V·s-1, stopping at +0.60 V (A), LSV from +0.20 V to +0.60 

V stopping at +0.60 V (B). Experiment (A) was carried out in 1·10-3 M HClO4 + 5.4·10-2 M 

LiClO4 + 5·10-2 M KBr + 1·10-3 M BzA, whereas experiment (B) was carried out in 0.1 M 

HClO4 + 5·10-3 M KCl + 2·10-4 M UA. Scan rate: 0.02 V·s-1.  
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Figure 5. (a) ChronoRamangram at 1005 cm-1 (blue curve) and (b) chronoamperogram 

(orange curve) during a multistep chronoamperometric experiment of 1·10-3 M BzA in 1·10-

3 M HClO4 + 5.4·10-2 M LiClO4 + 5·10-2 M KBr solution using a Ag-SPE. Potential program: 

+0.60 V for 15 s, followed by an OCP for 15 s, finalizing with -0.40 V for 20 s. Laser 

conditions and integration times were the same used in Figure 1. 
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