Accepted Manuscript

Electrochemical surface oxidation enhanced Raman scattering

Juan V. Perales-Rondon, Sheila Hernandez, Daniel Martin-Yerga, Pablo Fanjul- et
Bolado, Aranzazu Heras, Alvaro Colina

PII: S0013-4686(18)31367-7
DOI: 10.1016/j.electacta.2018.06.079
Reference: EA 32072

To appearin:  Electrochimica Acta

Received Date: 23 May 2018

Accepted Date: 11 June 2018

Please cite this article as: J.V. Perales-Rondon, S. Hernandez, D. Martin-Yerga, P. Fanjul-Bolado, A.
Heras, A. Colina, Electrochemical surface oxidation enhanced Raman scattering, Electrochimica Acta
(2018), doi: 10.1016/j.electacta.2018.06.079.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.electacta.2018.06.079

Oxidation



Electrochemical Surface Oxidation Enhanced Raman

Scattering

Juan V. Perales-Rondon?, Sheila HernandeZ*, Daniel Martin-Yerga®, Pablo Fanjul-
Bolado®, Aranzazu Heras?, Alvaro Colina™
®Department of Chemistry, Universidad de Burgos, Rtisael Bafiuelos s/n, E-09001
Burgos, Spain.
DropSens, Edificio CEEI, Parque Tecnoldgico de Aaty 33428 Llanera, Asturias,

Spain.

Abstract

In this work, an unexpected enhancement of the Ragigmnal for uric acid during the
electrochemical oxidation of a silver electrodepresented. This behavior cannot be
easily explained using classical models of Surtaglkanced Raman Scattering (SERS).
Time resolved Raman spectroelectrochemistry is tsedudy this interesting process
strongly dependent on the experimental conditidhg. new phenomenon was observed
in different molecules and was found to be reprddacand robust, allowing us to use
this methodology for the determination of citriddacThe enhancement of the Raman
signal only takes place when a potential is appiethe electrode and therefore, this
new phenomenon can be denoted as ElectrochemiaécB8uOxidation Enhanced
Raman Scattering (EC-SOERS). In this work, EC-SOERfresented not only as an
alternative to SERS for detection of molecules dab as a reproducible process that

can be used for quantitative analysis.
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1. I ntroduction

Silver roughened electrode [1] is one of the mastdusubstrates in Surface
Enhanced Raman Scattering (SERS), due to its plasrpooperties [2,3] and the
ease of preparation. The roughening process islyidewn in literature and
implies the surface oxidation (Ag dissolution) ahé subsequent Ageduction
on the electrode. During this process, formatioAgfanoparticles (NPs) [4-6],
responsible for the SERS electromagnetic effedtedaplace. This deposition
yields a much higher area and a nanostructured hemeyl surface, which
modifies its optical properties, and ultimately, datate the SERS behavior [7].
A number of works propose different ways to gererabughened silver
substrates, from using cyclic voltammetry (CV) tpplying a step potential
program [8,9]. Most of the cases include the preseasf chloride (C) or other
halide, which allows getting higher silver dissaat and promoting the
nanostructuration after the reduction stage [8¥jspite this process has been
widely characterized in literature [10,11], its dymic evolution in presence of a

Raman probe molecule has been scarcely studied.

SERS has been widely used for analysis, not onlydilyg Raman spectroscopic
signal but also by combining this one with electramistry to quantify different
analytes at a controlled potential [12,13]. In fhresent work, time-resolved
Raman spectroelectrochemistry [14-17] (TR-Raman)3&@sed to follow the
roughening process of silver with a Raman probeemdé in the electrolytic
solution, being possible to detect transient preegeg18-20]. Thus, SERS SEC
system allows both, the electrochemical investigaaind also the simultaneous
SERS data, and therefore presents wide applicabilitarget molecules analysis

with low detection limit. Interestingly, when usingic acid (UA) as a probe
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molecule, it was found a special and unexpectechrsgment of the Raman
signal at the electrochemical oxidation stage o$ilaer substrate. Thus, an
equivalent process to SERS is observed, that caleheted as Surface Oxidation
Enhanced Raman Scattering (SOERS). Unlike clasSIERS, this effect was
only observed during the electrochemical oxidatoin the silver electrode

surface. Therefore, it should be denoted as Elelotnmical-SOERS (EC-

SOERS). This effect was potential dependent andusixely observed for

particular experimental conditions. To the besbwf knowledge, this is the first
time that such behavior is reported in the liteatd his result, in principle, does
not match any classical SERS result reported iidgkaphy, which suggests the

loss of the Raman signal during silver oxidatioh-{23].

In order to illustrate the usefulness of EC-SOERGdnalysis, citric acid was
selected as target analyte. This compound is usee@nsvely in the
manufacturing of carbonated beverages, fruit argktable drinks, cheeses and
other dairy products. It is also a natural compomémany fruits and vegetables,
and also an important component of certain corpiiwads. [24—26]. One of the
main advantages of using TR-Raman SEC as analyéchhique is the intrinsic
trilinear character of the responses obtained b§ 8tat can be used for multi-
way data [27]. Thus, using PARAFAC as a chemometiat, Raman SEC data
could provide information about both the concetrabf a test sample and the

evolution of the spectra during a voltammetric expent.

This work is a first approach to this interestimjpancement of the Raman signal
during the oxidation of the silver electrode thas,is demonstrated, can be used

for analytical purposes.



2. Experimental

2.1. Reagentsand Materials

Perchloric acid (HCIQ 60 %, reagent, Sigma-Aldrich), uric acid (UA, 98;+
reagent, ACROS Organics), potassium chloride (K®k%, reagent, ACROS
Organics), pyridine (Py, 99.5%, analysis, Mercldnboic acid (BzA, 99.5%, PA,
Panreac) and potassium cyanide (KCN, 99%, PRS,eBanmwere used. All
solutions were prepared using ultrapure water nbthfrom a Millipore DirectQ

purification system provided by Millipore (18.2Mcm resistivity at 25 °C).
2.2. Instrumentation

Raman spectroelectrochemistry. In situ time-resolved Raman spectroelectrochegnistr
(TR-Raman-SEC) was performed by using a SPELEC RANMstrument (DropSens),
which integrates a laser source of 785 nm. LaserePm all experiments was 80 mW
(254 W-cnif). This instrument was connected to a bifurcatdtécton probe (DRP-
RAMANPROBE, Dropsens). Two Raman spectroelectrocba@neells were employed:
a commercial cell for screen-printed electrodes PEFRAMANCELL, Dropsens) [12],
and a home-made cell to carry out those experimasitey a customized silver disk
electrode. DropView SPELEC software (Dropsens) used to control the instrument,

which allows getting real-time and synchronizedcsfmelectrochemical data.

A home-made customized silver disk electrode wasl s a working electrode. This

consisted in a silver disk inserted in Teflon. histexperimental set-up, a home-made
Ag/AgCI electrode and a platinum wire were usededsrence and counter electrodes,
respectively. Screen-printed silver electrodes (BIRR 3, DropSens) were also used for

some experiments. These devices consist of a @endc card on which a three-



electrode system comprising the electrochemicdl isescreen-printed. The working
silver electrode is circular with a diameter of infn, the auxiliary electrode is made of

carbon and a silver paint acts as a pseudoreference

UV-vis spectroscopy. UV-vis absorption experiments were carried ouhgsan UV-vis
spectrophotometer Cary 50 Conc (Viarian). Solutiorese sampled using a standard

guartz cuvette 10 x10 mm.

SEM microscopy. A JEOL 6610LV scanning electron microscope (SEMswsed to
characterize the working silver electrodes at waistages of the electrochemical
activation. Images were recorded with the secon@#eygtron detector and using an

accelerated voltage of 20 kV.

Electrochemical impedance spectroscopy (EIS). An Autolab PGSTAT 302N

potentiostat equipped with a FRA module of impe@awas used to carry out the EIS
experiments. Differential capacitances were obthihg measuring the real (Z’) and
imaginary (Z") components of the impedance at 20stant frequencies ranging from
0.1 Hz to 1000 Hz, with the potential being stepped sequence of 0.025 V and 0.05

V, from +0.10 V to -0.55 V vs Ag/AgCI.

3. Results and discussion

3.1. Electrochemical Surface Oxidation Enhanced Raman Scattering (EC-

SOERS)

In an attempt to obtain suitable information abthé appearance of an EC-SOERS
signal during the electrochemical oxidation of laesi substrate, UA Raman response
was evaluated in acidic media, using TR-Raman SECachieve this, a linear sweep

voltammetry (LSV) along a proper potential windowasw applied, recording



simultaneously the Raman response with a high teselution. Fig. 1 presents the
Raman spectra for UA 0.2 mM recorded during a Lpeeiment and the evolution of
the Raman intensity at 641 €nas a function of the applied potential for twofefiént
electrolytic media (HCI®0.1 M and HCIQ 0.1 M + KCI 5-1G M), scanning the
potential from +0.1 V to +0.55 V. For simplicity the terminology, this plot will be
called voltaRamangram because it represents theat®roof the Raman intensity at a

specific Raman shift as a function of the applieteptial in a voltammetric experiment.

As can be observed in Fig. 1a, when the LSV isi@drout in HCIQ 0.1 M (HCIQ),
there is no appreciable peaks in the Raman spedourasponding to UA in the whole
potential window, fact corroborated in the voltaRamgram at 641 cthfor UA in this
media (blue curve in Fig. 1d). However, when somalsamount of Clis added (5- 10
3 M), unexpectedly, significant unusual Raman sigmaire observed (Fig. 1b)

corresponding unmistakably to uric acid spectru)29].
Fig. 1

Fig. 1b shows the Raman spectra for UA 0.2 mM +®d.1 M + KCI 5-1C M
(HCIO4/KCI) recorded at different potentials during th8\L.(Table S1 shows the band
assignment, and Fig. S1 shows a comparison of UAkdRaspectra under different
experimental conditions). Interestingly, the enlement of the Raman signal appeared
at the oxidation stage of the silver rougheningpss (red curve in Fig. 1d), which does
not match any previous SERS results during a spaetttrochemical experiment. A
closer look at Fig. 1d shows an increment of then&aintensity above +0.20 V in the
anodic direction, reaching a maximum around +0.5CFMally, red curve in Fig. 1c
reveals that the increment of Raman signal is tfosslated with the LSV which

support that oxidation products should be respdmé$as such singular effect.



More interesting results were obtained by recordihg Raman spectra during a
chronoamperometry (CA). Fig. 2 displays two SECeskpents at fixed potentials,

collecting both Raman spectra and transient cunesgonses simultaneously. In a first
experiment, the potential was kept at +0.40 V for % In a second experiment, a
potential of +0.40 V was applied for 30 s, timendtich the electrode was left at open

circuit potential (OCP) and the Raman spectra wecerded for other 30 s (Fig. 2b).
Fig. 2

The Raman intensity for UA at 641 ¢nas a function of time (chronoRamangram) for
the two experiments is represented in Fig. 2. As loa observed, the application of
+0.40 V provoked the increase of the Raman intgrdiiring the whole experiment.

These CA experiments corroborate the responsesrvalosen Fig. 1d, the anodic

polarization (oxidation) of the electrode yielde ihcrement of the UA Raman signal in
these electrolytic conditions, in contrast to thgipidcal SERS response that usually is
observed at cathodic potentials [9,28-30]. It iten@rthy that Raman signal is lost at

OCP (Fig. 2b), indicating that the phenomenon iempital dependent.

Different experiments using commercial silver sorgeinted electrodes (Ag-SPES)
were also made, demonstrating that voltammetritufea were fairly similar with those
obtained for a silver disk electrode (Fig. S2). Aiddally, comparable results were
obtained in two independent laboratories, which oestrate the robustness and

reproducibility of the phenomenon (Fig. S3).

It is noteworthy that the Raman signal is conceiutnadependent. A calibration curve
was carried out using Ag-SPEs. Fig. S4a displagss/titaRamangrams at 641 ¢rfor
different UA concentrations. The voltammetry featirare fairly similar to that

corresponding to a silver electrode, as was sta¢éore in Fig. S2. Fig. S4b shows the



fitting between the Raman intensity at 641"cand the UA concentration. A good
linear relationship (R=0.99) was obtained, which means that the phenomé&nhmot
due to a particular UA concentration. Furtherm&®;SOERS is very reproducible and

could be used for quantitative analysis.
3.2. Microscopic characterization of the Silver disk roughened electrode

To shed more light into the reason for this unussfaRS signal, SEM images were
taken at different steps of the LSV (Fig. 3), usitige same electrolytic media
(HCIO4/KCI) and a silver disk electrode. At the earlyaadion stage (Fig. 3a), it could
be distinguished the incipient formation of AgClrgpdes [31,32], which evolve in
shape and size at more positive potential valugeterate bigger cubic AgCl particles
(Fig. 3b). EDX analysis confirmed the compositidrtlee cubic particles (Fig. S5 and
Table S2) and revealed a silver enrichment of th€lAcubic particles [33,34] along the
anodic process, where the Raman signal enhancesmetfiserved. Additionally, the
voltammetric profile (Fig. S6) is in agreement witte SEM images and some earlier
studies about the electrochemistry of silver etetds [35,36] in different electrolytic
media. It is well known that AgCI does not pres8ERS effect, however an increment
of Raman response for pyridine and other molecadiserbed on AgAgCI or Ag/AgCl
complex have been reported [37—-40]. Finally, itwisrth noting that, despite SEM
images help to explain the observed enhancementkRédman increment is lost when
the electrode is left at OCP (Fig. 2). Therefonedly SEM results are not sufficient to

fully understand the phenomenon.

Fig. 3



3.3. Explanation for EC-SOERS phenomenon

Rationalizing these results in terms of a SERS-bkdavior, there are some possible
reasons for the observed phenomenon. The firstioriee formation of some silver

nanoparticles as a result of the incident lasee U$e of visible lasers to produce silver
nanoparticles due to a photoreduction of" Agywell documented [41,42]. In order to
demonstrate whether such effect is the respongdilethe observed phenomenon,
similar experiments using typical Raman probe mdeswere performed. Fig. 4 shows
the voltaRamangrams and the CVs for pyridine (PBpgtassium cyanide (KCN),

benzoic acid (BzA) and UA in the same experimeodalditions than those used for UA

(HCIO4/KCI).
Fig. 4

In order to have a proper comparison between therfeentioned molecules, the SEC
study was conducted along a complete CV to rep@dusilver oxidation-reduction
cycle (ORC). In this sense, according to the ctads$SERS effect model, Py and TN
Raman signals (Fig. 4a and 4b) increased just tiféeesecond silver reduction (for more
details about the CVs see Fig. S6). However, atakidation stage, there was no
appreciable Raman signal for these two probe mtdec®n the contrary, the increment
of SERS signal for BzA (Fig. 4c) and UA (Fig. 4d)chusively appeared during the
oxidation stage, even in the cathodic direction. fiact, the corresponding
voltaRamangrams show the same shape along the whtdatial window. Moreover,
when the experiment was started with the lasercbed off, a Raman response was
obtained at anodic potentials when the laser wasclssd on (data not shown).
Additionally, experiments at different laser powersre performed in order to discard a

possible photoreduction by the incident laser. B@a shows the evolution of the



SOERS signal for UA at 641 ¢hrat the anodic vertex potential with the laser powe
As expected, there is a decrease of the SOERSI sigtiathe laser power, falling
drastically from 0.29 to 0.13 mW. However, if SOERi§nal is compared with the
Raman signal obtained from a silicon test samplefplying the same laser power, a
linear relationship between the two signals is ok (Fig. S7b). This relationship
demonstrates that changes of SOERS intensity dyedoe to the laser power, and no
other process such as photoreduction is takingeplander these experimental
conditions. Therefore, it can be concluded thatléiser itself is not the responsible for

such Raman signal enhancement.

In the case of UA, SEM images and EDX analysis was® obtained at different
potentials during the cathodic scan (Fig. S5 anblef&2). The images confirm the
presence of cubic AgCI particles and EDX valuesatwrate the silver enrichment of

these particles which is expected at these potsitécause of the Ageduction.

Another explanation could be related with the guBsi of having a chemical and/or
electrochemical reaction produced by the presericAgd species. However, if an
oxidation and/or electrochemical reaction was awegr the spectrum in the oxidation
stage should be different from that recorded owathadic potentials, that is to say, a
shifting of the Raman peaks in the spectra reladddA should be observed during the
voltammetric experiment [28,29]. Fig. S8a showggutar Raman spectrum during the
experiment, which discards any change in the mdgecluring the whole ORC.
Moreover, UA bands do not show any shifting withigumdial, as can be observed Fig.

S8b.

A third possible explanation could be a SERS sigisaa result of a Raman resonance

effect. Nevertheless, this should be discardedtdulee lack of formation of any Ag(l)-
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UA complex absorbing in the visible region. Thetdathas been demonstrated by
collecting the UV-vis absorption spectra for a nanet of UA and AgCIQ (Fig. S9a).
Moreover, EC-SOERS behavior can be observed usifegeht laser wavelengths (Fig.
S9b). UA spectra can be observed during silver ailod in experiments performed
with three different lasers, 532 nm, 638 nm and @86 Therefore, EC-SOERS is not

wavelength dependent.

One more possibility could be the appearance of $#RS signal due to an
electrochemical adsorption of UA or BzA at these&eptals. It is well known that some
compounds could adsorb on the electrode surfadeoutitany charge transfer [43—45].
For silver, the potential of zero charge (PZC) sakalues closer to -0.70 V vs SCE
[46,47], which implies that at potentials above 280V is favored the adsorption of
species that present affinity for silver surfacébe pzc value is influenced by the
electrolytic media and the presence of adsorbedep§8,49]. EIS experiments in our
electrolytic solution (Fig. S10) could help to shetwbre light into the adsorption
behavior of the species on the silver disk ele@rdedg. S10a and S10b represent the
Z'-Z” curves at two potentials for the solution ¢aming CI, while Fig. S10c displays
the differential capacitance for a silver electrau&iCIO; 0.1 M + KCI 5-1G M + UA
0.2 mM and in HCIQO0.1 M + UA 0.2 mM. The analysis of the data (F$d.0c) reveals
that the presence of species with a specific seréasorption (such as @r UA) could
increase the differential capacitance as a conseguef the specific adsorption on the
electrode surface. On the other hand, as has lmapnrdtrated in previous works, the
presence of an adsorbing species makes impossibheetsure the pzc under these
conditions [48]. EIS analysis indicates that anoagigson process is taking place in our
electrolytic solution. Thus, at potentials above26€0V, the surface coverage of the

analyte could be increased as a result of an eldw@mical adsorption. Since SERS
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phenomenon depends on the distance between theatalend the molecule, it would
be reasonable to think that, the more favored tlodecnlar adsorption, the bigger
should be the SERS response observed, provide@ tB&RS substrate is involved in
the process. That is to say, two key processerseqgrered to register a SERS increment
at these potentials: 1) the electrochemical adsorpir electrostatic closeness of the
molecule to the surface, and 2) the existence mfoper SERS substrate that promote
the enhancement itself either, by an electromagneichanism or by a chemical

enhancement.

In order to demonstrate whether the phenomenon aigsed, mainly, by an
electrochemical adsorption effect on a typical SERBstrate, an experiment using CN
as a probe molecule was performed (Fig. 4b). Theduation of Fig. 4b reveals that
SERS effect is exclusively observed in the reducstage [50,51]Therefore, despite
this molecule is negatively charged and presenh laffinity for a silver substrate
(which should promote its adsorption), the eledtemnical adsorption itself does not
promote the appearance of any SERS signal at apadentials. This suggests that,
although the electrochemical adsorption could keyip an important role in the
appearance of a SERS signal, is not the main regienfor the observation of a

Raman enhancement for UA or BzA.

Additionally, as was aforementioned, an incremehtth®@ Raman signal for some
molecules adsorbed on A#gCl or Ag/AgCl complexes have been reported [3]-3
Thus, the interaction of the target molecule witls tomplex could be another reason
for such enhancement observed in the case of UBzé:. This interaction could be
deduced from the voltaRamangram at 243'cmhere the Ag-Cl vibration takes place
(Fig. S11a) [52,53]. As can be observed in Fig.5Mhen silver is oxidized, the

intensity of Ag-Cl band increases up to +0.40 Vorfrthis potential onwards, the
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Raman intensity for this band decreases conconvytaith the growth of the UA band.
In the backward scan, the opposite process is wbderhe Ag-Cl band increases when
the UA band decreases, demonstrating a clear atikena between AYAgCl or

Ag/AgCIl particles and UA molecules.
3.4. Quantitative deter mination using EC-SOERS

Once described this interesting phenomenon, indkdgion, EC-SOERS was used for
guantitative analysis. As a proof of concept, weehselected the determination of citric
acid to show that different molecules can be deteasing EC-SOERS. As was stated
above, spectroelectrochemistry is an intrinsiingtr technique. Therefore, PARAFAC
[27,54] is a very suitable chemometric tool notyotd assess the concentrations of
unknown samples but also to understand the evalutiothe signals related to the
individual components of the sample. Actually, tetermination of citric acid can be

performed at a fixed Raman shift as is demonstratdtlg. S12. However PARAFAC

helps to deconvolve the Raman spectra and the temolof the Raman signal with

potential, which allows separating the contributadrthe different components present

in the spectroscopic response [27,54].

A calibration curve was performed using 6 citriecdaconcentrations in the range from
25 uM to 250 uM. Two different test samples (0.18M and 0.223 mM) were
measured for studying the capability of predictainthe method. Cyclic voltammetry
was selected to carry out the calibration experisieéy scanning the potential starting
at 0.00 V in the anodic direction (CV vertex potalst -0.40 V and +0.40 V) at 0.02
V-s'. A constrained PARAFAC model assuming the non-tieiga of the
concentrations was applied. Fig. S13 shows the m@tation of the signals

(concentration, spectra and its evolution with pbo&t) of the samples. The main
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advantage of the PARAFAC model is that the scofeth® citric acid concentrations
are easily resolved because of the trilinearityhef data (orange points in Fig. 5). Two
components can be resolved by the PARAFAC modais&ltomponents are citric acid
(orange curve in Fig. S13b and S13c) and percldofiaiue curve in Fig. S13b and

S13c), that shows a typical Raman band at 950 @nal 937 cni respectively.

As can be observed, the evolution of the conceatrsispectra profiles with the
potential, resolved by the PARAFAC model, shows #mhancement of citric acid
during the oxidation processes along the voltammetrcle, orange curve in Fig. S13c,
demonstrating the EC-SOERS behavior. More intergisti the evolution of the

concentration/spectra profiles with potential foe perchlorate anion, blue curve in Fig.
S13c, indicate that a small enhancement of its Raseattering is obtained not only
during the reduction of the AgCl nanoparticles @el0.00 V) but also during the
beginning of the oxidation (around +0.20 V) whiauld explain the silver enrichment

of the AgCl NPs observed by EDX.
Fig. 5

Using the calibration curves the concentration wfo tproblem samples with
concentration 0.125 mM and 0.223 mM of citric agidre predicted (green points in
Fig. 5) by performing a linear regression with teeores of the first PARAFAC
component with the concentration of the calibrasamples. The corresponding values
of 0.127 mM and 0.233 mM (recoveries of 101.8 % 40d.6 %, respectively) for the
two test samples demonstrate that EC-SOERS carcdwgadely used for quantitative

analysis.
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4, Conclusions

From the results discussed above it can be infdhratithe chemical structure of the
target molecule and its interaction with the sudistiare dramatically important for the
EC-SOERS signal observed during the anodic proCesising into account that the
AgCl nanostructures are enriched in silver at stiége, and the Raman enhancement at
the oxidation process has been only observed isepee of C] the most probable
explanation lies in the formation of a nanostruetthrat yields a SERS behavior, just
after the first silver oxidation. Since Raman erdeament is discarded in presence of
Ag® ion, the formation of AYAgCl or Ag/AgCl surfaces [37,55,56] could be the
nanostructure responsible for such observed phemameavhose formation is mainly
favored at anodic potentials. Furthermore, this@fftogether with the electrochemical
induced surface coverage could create the perfegiromment to promote the
enhancement of the Raman signal at these poteritdaisever, more powerfuh-situ
techniques that provide complementary informatiboutd be used to support this last
hypothesis, in order to unravel this unexpectecaeobment of the Raman signal during
the silver electrochemical oxidation. Finally, assdemonstrated before, EC-SOERS is
a very interesting alternative to classic SERS determination of some particular
analytes, and should be studied in a deeper waygand the application of the present

phenomenon.
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Figures caption

Fig. 1. Raman spectra for UA 0.2 mM in (a) HGIO.1 M and (b) HCIQ0.1 M + KCI
5.10° M at different electrode potentials during the dation of the silver disk
electrode. (c) LSV and (d) voltaRamangram at 641 @® a function of the potential
applied for UA 0.2 mM in HCI®O0.1 M (blue curve) and UA 0.2 mM in HC)@.1 M

+ KCI 5-10° M (red curve). Initial potential: +0.10 V. Finabfential: +0.55 V. Scan
rate: 0.02 V-3,

Fig. 2. ChronoRamangrams at 641 ¢niblue curves) and transient current (orange
curves) for CA at (a) +0.40 V for 60 s and (b) €W for 30 s and measuring at OCP
for 30 s. Solution: UA 0.2 mM + HCI0.1 M + KCI 5-10° M.

Fig. 3. SEM images for the silver disk oxidation proces8)A 0.2 mM + HCIQ 0.1 M
+ KCI 5.10° M. Images taken at: (a) +0.36 V and (b) +0.49 bteRtials referred to the
Ag/AgCl electrode.

Fig. 4. VoltaRamangram (blue curves) for (a) Py 52, (b) KCN 1-10° M, (b) BzA
1-10° M and (d) UA 2-18¢ M in comparison with the corresponding CV (orange
curves) on a silver disk electrode. Solution: protmecule + HCIO4 0.1 M + KCI 5-10

¥ M. Scan rate 0.02 Vs

Fig. 5. Calibration curve for citric acid (orange pointsing EC-SOERS. Treatment of
the data performed using PARAFAC analysis. Solutfoiric acid X M + HCIO4 0.1

M + KCI 5-10° M. Scan rate 0.02 Vs
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