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Abstract

In this work, a new and easy methodology to deteemiric acid in relevant samples
using Raman spectroelectrochemistry is presentedde Epectroelectrochemistry
experiment is based on the in-situ formation ofudable substrate that enables the
enhancement of the Raman signal of an analyte gltine oxidation stage of a silver
electrode. This phenomenon is known as electroatamnsurface oxidation enhanced
Raman scattering (EC-SOERS) and has proved to eRilus quantitative analysis

using disposable screen printed electrodes. Theessful combination of EC-SOERS
with PARAFAC analysis allows the determination eicuacid in a relevant complex

sample avoiding the use of standard addition metodl without using a baseline

correction, which simplifies the application of bumethodology in routine analysis.
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1. Introduction

Raman spectroscopy is a powerful technique becaugsvides specific structural
information that can be used for qualitative andrqitative analysis in very different
research fields [1,2]. However, despite the impuriaformation provided by Raman
spectroscopy, its development is limited becaugbeiveakness of the intensity of the
Raman signal. To overcome this limitation, surfanbanced Raman scattering (SERS)
emerged more than 40 years ago [3] and, since themerous scientists of all
disciplines have used it for diverse purposes [4-SHRS is associated with the
amplification, by several orders of magnitude, @nin signals of analytes located at
or very close to metallic nanostructures, whichutidvave plasmonic properties. SERS
phenomenon can be explained by the contribution twbd mechanisms: the
electromagnetic enhancement [7] which is largelg tuthe amplification of the local
electromagnetic (EM) fields owing to the excitatiohsurface-plasmon resonance [8];
and the chemical enhancement [9,10], which involgkarge transfer mechanisms,
where a resonance between the excitation wavelemigththe metal-molecule charge
transfer electronic states is taking place [1]. @peropriate combination of them will

determine the total Raman enhancement achieve®ERS experiment [2].

To obtain a good SERS signal, the preparation &uidable metal substrate is a
mandatory step [11]. One of the most popular arsy @aethods to achieve this goal
consists of the electrochemical roughening of aametectrode until obtaining a
reproducible plasmonic surface. In this sense, dbmbination of electrochemical
methods with spectroscopic techniques, so-calledtspelectrochemistry (SEC), allows
taking advantage of the potentialities of these taahniques, promoting a synergistic

effect. In particular, electrochemistry allows awotling the electrode potential as well
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as the roughness of the metal substrate, whilarebgasimultaneously a huge amount
of structural information provided by the enhané&iman signal measured during the
time-resolved Raman-SEC (TR-Raman-SEC) experimBmtrefore, the combination
of TR-Raman-SEC with the higher sensitivity achtbweth SERS, in the technique so-
called electrochemical-SERS (EC-SERS) [12], hasrgetkas a very powerful SEC
technique with wide applications in interfacial atechemistry [13,14], materials
characterization [1,4,15], and quantitative analy$6—19], among others. In fact, in the

last years EC-SERS has been deeply developedutnecanalysis [18,20,21].

One of the limitations of EC-SERS in quantitativeysis is the lack of reproducibility
in the preparation of the SERS substrate, whichilt®sn a huge dispersion of the
Raman signal [22—-25]. Recently a new and unexpegteshomenon parallel to EC-
SERS has been discovered. This implies the enhanteofi the Raman signal during
the electrochemical oxidation of a silver electrdd6]. The phenomenon has been
called electrochemical surface oxidation enhancach&h scattering (EC-SOERS) and
has proven to be a reproducible and reliable metbachrry out quantitative analysis.
The reason behind these special analytical featliessin: (1) the preparation of
substrates by oxidation of the silver electrodeictvlis carried out simultaneously with
the measurement of the Raman signal, obtaininggh feproducibility and (2) as a
result of thisin-situ preparation, Raman signal is obtained with lowpéision

(variability in the Raman band) at the oxidatioagst of the silver electrode.

Hence, in the present work it is proposed the ligE®SOERS to determine uric acid
(UA) in relevant samples (synthetic urine). Althbuidpere are numerous techniques to
determine uric acid, such as colorimetric enzymaéissays [27-30], liquid

chromatography [30-32] or even SERS [21] or EC-SHRY. These techniques



present some disadvantages, such as a high aosttefials, an outstanding expertise of
the operator as well as long experimental sessieqsired in the determination.
Therefore, EC-SOERS emerges as a fast, easy-tccheap and feasible alternative
method to determine UA in relevant samples withhhagcuracy and reproducibility

[17,26], using for that purpose disposable screenqu electrodes (SPE).

Recently, some works assess the UA determinatianguEC-SERS with very
promising results [19]. However, we propose to ueiee UA in synthetic urine
samples using a simpler and easier methodologySBERS is an alternative to EC-
SERS. Nevertheless, EC-SOERS presents some cleantages over EC-SERS that

can be described as follow:

(1) The typical process used in EC-SERS involves gheparation of the substrate
(usually, metal nanoparticles with plasmonic praipsj which should be synthesized
and cleaned in advance. After that, a drop-cagtongnother deposition method) should
be applied in order to deposit the nanoparticlethénsurface of the substrate. All these

steps are avoided in an EC-SOERS experiment.

(2) Compared with a typical EC-SERS experiment tbimliterature, in our approach
time-resolved experiments are performed. Therefa#ferent physical-chemical

processes that affect the measurement could bdevaiith EC-SOERS.

Preparation of the SERS substrate can be not amlg tonsuming, but also the
expertise of the operator must be high enouglato/out all the measurement process
at a whole. Compared with EC-SERS, the whole metlogy of EC-SOERS is easier,

faster and with good analytical figures of merib®used with analytical purposes.

Uric acid has been determined in urine in very wialeges of concentration, from 50

nM to 3.6 mM, using very different analytical teaunes [32—35]. Particularly, using
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EC-SERS, UA has been determined in a range fromndM to 1 mM [19].
Concentration of UA in human urine depends on te and age of the individual,
being in the range from 0.12 mM to 0.5 mM [34]. Foee application of this technique
in relevant samples is mandatory to minimize thdrimaeffect. Although different
approaches have been used to solve this probleenmibst conventional way has
consisted of the separation of the components eks#mple in advance, which allows
measuring the analyte without interferences. Nagleis, these methodologies involve
using complex and often expensive instrumentatroaddition to the time consumed in
the preparation of the sample and the separatiep. sAmong them, it can be
highlighted the chromatographic [36—38] and miarafic methods [39-41], with wide
application in the clinical, pharmaceutical and lguyacontrol standard methods.
Another possibility implies using the method ofngtard addition, which allows the
minimization of the matrix influence by adding tacé calibration sample a constant
amount of the sample. In this way, the effect c¢ thfferent components and its
interaction with the analyte remains constant, tiedquantification could be carried out
with high accuracy [24,42,43]. In this work, EC-SR& is used to avoid the use of a
standard addition calibration, minimizing the expantal time respect to other
analytical techniques, as well as diminishing tloeirees of error because of the
simplification in the steps (avoiding separatiorogadures) employed in the whole

analysis protocol.

Finally, and no less important, because of then&drity of the data obtained by EC-
SOERS, a chemometric method such as parallel factalysis (PARAFAC) can be
used [44-47]. PARAFAC is a useful mathematical tihalt allows the separation of
different contributions present in the sample [48th as response of the analyte and

matrix effect. Particularly, SEC signals have beancessfully used with PARAFAC
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because of the trilinear character of the speabquscsignal [26,45,46]. Moreover, in
this work we demonstrate that PARAFAC can be ugedvbid baseline corrections,
which is a great advantage because it reducesotitees of error that depends on the
mathematical method used for fitting the baselidence, in this work, EC-SOERS
combined with PARAFAC analysis is presented as atstanding technique for
determination of analytes in complex relevant sasplvith high accuracy and good

reproducibility.



2. Experimental section

2.1 Reagentsand Materials

Uric acid (UA, 99+%, reagent, ACROS Organics), paac acid (HCIQ, 60 %,

reagent, Sigma-Aldrich), potassium chloride (KC+%, reagent, ACROS Organics)
and surineé (synthetic urine, Sigma-Aldrich), were used. Adligions were prepared
using ultrapure water obtained from a Millipore &tQ purification system provided

by Millipore (18.2 M2 cm resistivity at 25 °C).
2.2 Instrumentation

Raman spectroelectrochemistriyn situ time-resolved Raman spectroelectrocheynist
(TR-Raman-SEC) was performed by using a custon&fifl EC RAMAN instrument
(Metrohm-DropSens), which integrates a laser soofcé85 nm. Laser power in all
experiments was 80 mW (254 W-énThis instrument was connected to a bifurcated
reflection probe (DRP-RAMANPROBE, Metrohm-DropSens)A Raman
spectroelectrochemical cell especially designed doreen-printed electrodes was
employed. DropView SPELEC software (Metrohm-Drop§enas used to control the
instrument, which allows us to acquire real-time dansynchronized

spectroelectrochemical data in a simple way.

Silver screen-printed electrodes (Ag-SPE, DRP-C@8pSens) were used for all the
experiments. These electrodes consist of a flaneer card on which a three-electrode
system comprising the electrochemical cell is stménted. The working silver

electrode is circular with a diameter of 1.6 mme #@xiliary electrode is made of

carbon and a silver paint acts as a pseudoreference

2.3 Time-resolved Raman spectroelectrochemistry experiments



EC-SOERS is obtained during the time-resolved spelectrohemical experiment by
performing an oxidation-reduction cycle (ORC). Ranspectra were collected with an
integration time of 1 s, simultaneously with theattochemical data, during an ORC. In
all the experiments, cyclic voltammetry was carroed between the vertex potentials -
0.40 V and +0.40 V, starting at -0.025 V in the dinalirection. The scan rate was 0.02
V-st. All the spectroelectrochemistry experiments, udahg synthetic urine samples,

were carried out using the same electrolytic medicomtaining 0.1 M HCIQ+ 5-10°

M KCI. Before the analytical measurement, a prétneat to the electrode is performed
by cycling twice the potential under the above c¢omas, but in absence of UA, to

improve the reproducibility of the method. Therefothe time employed for the

analysis of each sample is 240 s, approximatebtluding the change of sample. Each
sample was measured in a different silver-SPE. Téu$ together with the results

presented below demonstrates the good reprodugilathieved in EC-SOERS for

detection of UA.
2.4 PARAFAC analysis

Matlab R2016b was used to carry out the PARAFACIam using the N-way

toolbox, version 3.0, developed by Rasmus Bro .[49]



3. Results and discussion

3.1 Spectroscopic and spectroelectrochemistry characterization of uric acid

Before performing the spectroelectrochemical (SEXperiment, the first step was to
evaluate the Raman spectrum of UA in a solid sanaplé during the EC-SOERS
experiment in solution, in order to demonstratet ttiee signal registered in such
experiment belonged unequivocally to the UA moleculhe spectrum for the solid
sample was registered and compared with the 150U#MVspectrum during the EC-

SOERS in 0.1 M HCI®+ 5-10° M KClI electrolytic medium (HCIQKCI).

1 1-10*
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Figure 1. UA Raman spectrum for the solid (blueveljirand 150 uM UA Raman
spectrum in HCIQKCI electrolytic medium at a specific potential rohg an EC-
SOERS experiment (red curve). For a better comparisetween the two spectra the
intensity of UA Raman spectrum during EC-SOERS erpent (red curve) was

amplified 5 times.

As can be observed in Figure 1, there are somerdiftes between the two spectra.
Some of the Raman signals found in the solid sardigappeared in the EC-SOERS
spectrum. This could be associated with the moéeoukentation [50,51] and with the

interaction with the EC-SOERS substrate. It is fimhsghat in the SEC experiment, UA
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Is taking a specific orientation depending on tbhépzation of the electrode [12]. On
the other hand, in the SEC experiment, some ofRaman signals tend to become
wider, and also suffer a Raman shift displacemmainly due to the interaction of the
molecule with substrate and electrolytic solutieni@well-known from earlier studies
[50,51]. Based on the comparison between the spettFigure 1, it can be concluded
that the spectrum taken in the EC-SOERS experingermtesponds to UA. Bands
assignments are shown in Table S1, which are i ggoeement with those previously

reported in literature [19,21].
3.2 EC-SOERSexperiment of uric acid

During the EC-SOERS experiment, Raman spectra of ibke registered with an
integration time of 1 s and the potential windowsviiaed between -0.40 V to +0.40 V.
Figure 2 displays the evolution of the Raman intgnsf one of the main peak of UA
(641 cm, which correspond to the ring breathing [19,213blE S1), respect to the
applied potential. This type of representation hasn denoted as voltaRamangram in
previous works [26,52] for simplification of therteinology. In Figure 2, the Raman
signal only appears at anodic potentials, whersillver electrode is being oxidized, but
not the studied molecule. This behavior has beevigusly reported as a new
unexpected phenomenon so-called EC-SOERS, as warenantioned in the
introduction section. In this process, the enhamsgnof Raman signal is occurring
probably due to the formation of AggCl or Ag/AgCl nanostructures on the electrode
surface that interact with the molecule, which @nbined with the electrochemical
adsorption of the molecule because of the electpadarization [26,52]. This effect
depends strongly on the potential and on the @lgtic conditions, but it provides a

good and reproducible enhancement of the Ramaralsigaing especially useful for
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analytical applications. Additionally, in Figure (Blue line) can be distinguished that
the Raman signal exhibits a maximum at +0.225 Yhencathodic direction (cd), inset
in Figure 2, which displays the Raman spectrumween 550 and 700 ¢h measured

at different potentials until reaching the maximat0.225 V in the cathodic direction.
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Figure 2. CV (red) of 150 uM UA in HCKIKCI between the vertex potential of + 0.40
V and - 0.40 V, CV starts at -0.025 V in anodicedtion (ad). In blue is shown the
VoltaRamangram of UA at 641 ¢émThe inset shows the evolution of Raman spectra
(between 550 and 700 €hat different anodic potentials in increasing ordeach

spectrum correspond to A-E point in the VoltaRannang

3.3 Quantitative determination of uric acid in aqueous solution using EC-SOERS

There are a number of works that study the infleevfcthe electrolytic medium and the
experimental conditions employed during the surfaeghening of a silver electrode
for EC-SERS and EC-SOERS. Particularly, a verynepeblication has demonstrated
the influence of the chloride concentration andipkthe modulation of the EC-SOERS

signal [52], with these two parameters being funelatal to obtain a good enhancement
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of the signal. In this work, the specific condittom which the experiments were
conducted (HCIQKCI), allowed us to have a reproducible EC-SOERf@a for UA

determination.

Raman response was used, in a first step, to perBorunivariate calibration with
different concentration of UA in a 0.1 M HCl@nd 5-18 M KCI. To carry out the
calibration curve, the intensity of the peak at &', at +0.225 V in the cathodic
direction was plotted with the UA concentrationaimange between 40 and 170 pM. A
good linear correlation is obtained evidenced i E value of 0.99 and the low data
dispersion can be observed in Figure 3. With thigration curve, a test sample was
determined with relative error of 4.2 %, which megents a good accuracy. It is
noteworthy, the good reproducibility of the empldyaethod (4.4 %RSD), which is not
easy to obtain in quantitative Raman. The limit dgtection for the univariate
calibration was 12.4 uM. The results presented blexarly demonstrate the usefulness
of EC-SOERS as a suitable technique for quantagatianalysis with high
reproducibility. Additionally, if this technique isombined with the use of disposable
SPE, the methodology emerges as a good alternatikegular EC-SERS experiments
[18,19] to carry out quantitative analysis. Moregwe is possible to achieve a better
reproducibility and less time-consuming experimgniiecause the nanoparticles
preparation and electrode modification steps amidad. This result evidences the

suitability of EC-SOERS for quantitative analysis,an alternative to EC-SERS.

13



x103

5 8

g leaman = ~1639 +47.8 [UA]

' L 2.

E 6 R°=0.99

g 4

c

3

£

s 2]

©

£

©

¥ ot . . . d
50 100 150 200

[UA]/ M

Figure 3. Univariate calibration curve of UA in (M HCIO, + 5-10° M KCI. Raman
intensity corresponds to the intensity of the patl641 crt, at +0.225 V (cd). Red
points correspond to the calibration samples, wagetikee green point represents the test

sample, which has a nominal concentration of 105giMA.

3.4 Quantitative determination of uric acid in synthetic urine using EC-SOERS

Analysis of complex samples represents a big amgdiebecause matrix effect can be
important, provoking for example unexpected baselmodifications in Raman or
interferences from compounds present in solutidterAlemonstrating the usefulness of
EC-SOERS for quantitative determination of UA withigh reproducibility, the
quantification of UA content in a relevant samplasvearried out. A sample of synthetic
urine containing a nominal concentration of UA waspared and measured in the same
conditions as in the case of the previous sectie@-SOERS depends on "Cl
concentration. Since both, real and synthetic utiawe specific Clcontent, the
determination of such content is mandatory in orgerdjust the Clconcentration
needed for the typical EC-SOERS experiment. Thasagjent of Clconcentration in

the sample is simple. To achieve that, a previalbration curve at different ClI
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concentration was carried out, by measuring theeatiintensity in the maximum of the
first anodic peak of the cyclic voltammogram. Fg81 in the supporting information
shows the calibration curve for chloride using ABES electrodes in a solution
containing 0.1 M HCIQ@ and different concentrations of KCI. In this wake CI

content for a sample of synthetic urine was deteechi

Usually CI concentration is much higher than 531@, and a dilution of the sample is
needed to remove the excess ofdld to achieve the desired concentration afFair
the studied sample, the @bncentration in synthetic urine was determineddd.176
M. In consequence, the sample was dilute to obfalk0®* M of CI. Since the test
sample is in a relevant and complex matrix, theree some additional problems to
determine the UA concentration. In this sensersa éipproach was to determine the UA
content using a univariate calibration as that joesly shown in Figure 2 (see Figure
S2 in the supporting information). However, the dicgon of the sample yields
concentrations of 50.8 and 79.2 uM (with 10.1 % 44® % of error respectively) of
UA for two synthetic samples with a nominal UA centration of 57 and 91 uM

respectively.

Traditionally this problem has been solved by ushmgymethod of standard addition, as
has been demonstrated in previous works [21,53]ctwban minimize or, in some
cases, eliminates completely the matrix effect.sThas proven to be an effective
method widely used in the literature. However, riegents some disadvantages, for
instance: the measurement of each sample requiesreparation of a complete
calibration curve, and consequently it is a timastoming method, requiring long

laboratory sessions.
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In this work, a much easier and faster way to deteg UA concentration in such
complex samples is proposed. This method involiiesuse of PARAFAC [47,48,54]
combined with EC-SOERS data to resolve the maffecewithout using the standard
addition calibration. An EC-SOERS experiment cardaa large number of spectra
during a number of potentials, providing a cubeaoflytical data. A constrained
PARAFAC model using the raw data, without any swpland assuming the non-
negativity of the concentrations was constructedre& components were selected
related to the analyte, the baseline and other oomgts in solution that can affect to the
EC-SOERS process, as will be later explained. Tilopa the PARAFAC model, a
Raman shift range was selected, taking into accthensignal coming from the main
Raman peaks of the spectra. On the other hand,japotkentials, where EC-SOERS
process is taking place were chosen. Thereforaguai these data should be suitable
for extracting the chemical information containey this cube of data. PARAFAC
allows us to separate, from this multivariate spsciopic response, the UA Raman
contribution and, eventually, to obtain the UA cenitation with high accuracy.
Additionally, the determination of the other compats could be possible, as long as
the Raman identity of such components were availabh the other hand, PARAFAC
could also help to understand the processes tatatwge along the SEC experiment, as

well as the possible interaction between the dffiecomponents of the sample.

A constrained PARAFAC model assuming the non-nemgtof the three factors was

applied, which is reasonable because Raman inensihd concentration have to be
positive or zero for the applied potentials. As wantioned above, the main advantage
of the PARAFAC model is that the loadings of the dé&ncentrations can be easily
resolved because of the trilinearity of the datarddver, the mathematical model is

constructed without providing any information abthé chemical system, that is to say,
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without knowing the nature of the interfering corapds. This model is then compared
with the calibration concentrations to assess tAecthtent of the test sample. It should
be highlighted that, if the PARAFAC algorithm conges to the global minimum,
which is usual for well-behaved problems, the lsagtares solution to the model is
found. Three factors were used to resolve the PARAIModel, which can be further
chemically rationalized to the components of thega. Figure 4A shows the plot of
the spectral loadings obtained by PARAFAC as atfancof the Raman shift for the
three components extracted in the PARAFAC analyBie three contributions are
related with the main components of the sample,elanA (orange curve), synthetic
urine (yellow curve) and the baseline contributfblue curve). This is one of the main
advantages of using PARAFAC to resolve this systeecause avoiding the baseline
subtraction not only provides a less time-consundat treatment but also prevent the
addition of variability because of the intrinsidogective election of the baseline by the
operator. In this sense, the separation of thelibaseontribution by PARAFAC
represents an advantage since provides the paysifibnalyzing directly the raw data,

without additional tedious pretreatments.

As can be observed, the UA contribution (orange, IFigure 4A) has an identical shape
than that for pure UA solution (red line, Figure thereas the baseline contribution
follows the behavior of a fluorescence signal i BBC-SOERS measurements when
they are carried out with a silver substrate. Om d@kther hand, the yellow curve was
ascribed to other components in the synthetic usinee this contribution is potential
dependent, and is clearly not present in the puxestlutions (red line, Figure 1). It is
worth noting that, although the identity of all cpoments of synthetic urine is
unknown, there is a single clear contribution whéam be separated by PARAFAC,

probably related to a specific compound preserthenmatrix that we have not been
17



able to identify, but that competes with UA to dieln EC-SOERS response (see orange

and yellow lines in Figure 4B).

600 800 1000 1200 1400 1600
1

Loadings
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Figure 4. Plot of the loadings, obtained from PAR&Fanalysis, as a function of the
Raman shift (A) and potential applied (B). The ghreain components as obtained by
PARAFAC analysis correspond to UA (orange linentegtic urine (yellow line) and
the baseline contribution (blue line). Solid linedicate the zones which are employed

to use the PARAFAC model for the prediction of Hanples, both in Raman shifts and

potentials applied.

18



Interesting information can be extracted when pigttthe loadings obtained by
PARAFAC as a function of the applied potential, g 4B. In this case, the
components related to UA and synthetic urine shasamalar enhancement during the
electrochemical oxidation of silver (orange andowllines, Figure 4B). However, the
baseline component has a different behavior, regchimaximum around a potential of
0.0 V (blue line, Figure 4B). These different bebeaw allow PARAFAC to resolve the
weight of the contributions as a function of then@entrations, so it can be obtained a
calibration curve, similar to that achieved witle tinivariate data treatment. To build a
model that enables the quantification of the UAamoriration, only the range of data
with a solid line in Figure 4 are introduced in tihedel in order to remove data that do
not contain information about the sample and ontsoduce noise in the mathematical
model. The election of the conditions can be drasrfollow: 1) the inclusion of the
main peaks for UA and synthetic urine, corresponidethe regions from 400 to 700
cm’ from 1100 to 1200 cthand finally from 1230 to 1670 ¢cmand 2) the potential
regions where the changes in the evolution of thedihgsvs potential are more
remarkable, namely, between +0.20 V in the anodiection and +0.20 V in the

cathodic direction.

The model obtained by PARAFAC was robust and allgwantifying UA in relevant
samples of synthetic urine. Figure 5 shows thebraion curve plotting the loadings
obtained with the PARAFAC model with the UA conaatibn. As can be observed,
the data demonstrate a good linear correlatid®@®9), and acceptable dispersion of
the measurements. Using PARAFAC, a concentratioB6oftM was assessed for the
test sample with nominal concentration of 91 uMafree error, 5.5%). The %RSD for
this sample was 6.3 %, demonstrating the good degibility of the Raman

measurements. A limit of detection of 20 uM wasaoi®d. The test sample selected in
19



the lower limit of the calibration, real concenioat 57 UM, was determined with a
relative error of 0.2 %, demonstrating that PARAFAGdel, in combination with EC-

SOERS, provides a fast and easy way to resolvesé@sples in real complex matrices,
using raw data, synthetic calibration samples ammidang a more complicated method

such as standard addition method.
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Figure 5. Representation of loadings, obtained friinem PARAFAC model, versus
concentration of UA. Calibration samples (red) iara range of concentration of 50 to

150 puM. The test samples (green) have a nominalecdration of 57 and 91 uM.

4. Conclusions

In this work, a new methodology to determine UAralevant samples is proposed.
Such methodology can be used for routine EC-SOERS/sis because of its simplicity
and low cost. The use of EC-SOERS has demonstratee a good and simple method
to generate SOERS substrates that allows the deggion of uric acid in synthetic
urine with high accuracy and reproducibility. Themtbination of EC-SOERS with

PARAFAC analysis avoids the use of the method arfic#ird addition, which allows the

20



determination of UA in a complex and relevant mxatwith a typical calibration

protocol. Additionally, the separation of baseling PARAFAC eases the use of this
technique, eluding previous exhaustive processifigthe raw data before the
conventional data treatment. Finally, further worked to be done to know if this
promising methodology can be used for more reablpros both in EC-SOERS and

EC-SERS.
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EC-SOERS has been used in a complex medium

Uric acid has been determined in synthetic urine using simple calibration

standards

No baseline correction has been used to quantify uric acid with the evolution of

the Raman signa

Raman spectroel ectrochemical trinilinear data facilitate the quantification
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