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Abstract 

In this work, a new and easy methodology to determine uric acid in relevant samples 

using Raman spectroelectrochemistry is presented. The spectroelectrochemistry 

experiment is based on the in-situ formation of a suitable substrate that enables the 

enhancement of the Raman signal of an analyte during the oxidation stage of a silver 

electrode. This phenomenon is known as electrochemical surface oxidation enhanced 

Raman scattering (EC-SOERS) and has proved to be useful in quantitative analysis 

using disposable screen printed electrodes. The successful combination of EC-SOERS 

with PARAFAC analysis allows the determination of uric acid in a relevant complex 

sample avoiding the use of standard addition method and without using a baseline 

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

Raman spectroscopy is a powerful technique because it provides specific structural 

information that can be used for qualitative and quantitative analysis in very different 

research fields [1,2]. However, despite the important information provided by Raman 

spectroscopy, its development is limited because of the weakness of the intensity of the 

Raman signal. To overcome this limitation, surface enhanced Raman scattering (SERS) 

emerged more than 40 years ago [3] and, since then, numerous scientists of all 

disciplines have used it for diverse purposes [4–6]. SERS is associated with the 

amplification, by several orders of magnitude, of Raman signals of analytes located at 

or very close to metallic nanostructures, which should have plasmonic properties. SERS 

phenomenon can be explained by the contribution of two mechanisms: the 

electromagnetic enhancement [7] which is largely due to the amplification of the local 

electromagnetic (EM) fields owing to the excitation of surface-plasmon resonance [8]; 

and the chemical enhancement [9,10], which involves charge transfer mechanisms, 

where a resonance between the excitation wavelength with the metal-molecule charge 

transfer electronic states is taking place [1]. The appropriate combination of them will 

determine the total Raman enhancement achieved in a SERS experiment [2]. 

To obtain a good SERS signal, the preparation of a suitable metal substrate is a 

mandatory step [11]. One of the most popular and easy methods to achieve this goal 

consists of the electrochemical roughening of a metal electrode until obtaining a 

reproducible plasmonic surface. In this sense, the combination of electrochemical 

methods with spectroscopic techniques, so-called spectroelectrochemistry (SEC), allows 

taking advantage of the potentialities of these two techniques, promoting a synergistic 

effect. In particular, electrochemistry allows controlling the electrode potential as well 
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as the roughness of the metal substrate, while obtaining simultaneously a huge amount 

of structural information provided by the enhanced Raman signal measured during the 

time-resolved Raman-SEC (TR-Raman-SEC) experiment. Therefore, the combination 

of TR-Raman-SEC with the higher sensitivity achieved with SERS, in the technique so-

called electrochemical-SERS (EC-SERS) [12], has emerged as a very powerful SEC 

technique with wide applications in interfacial electrochemistry [13,14], materials 

characterization [1,4,15], and quantitative analysis [16–19], among others. In fact, in the 

last years EC-SERS has been deeply developed for routine analysis [18,20,21].  

One of the limitations of EC-SERS in quantitative analysis is the lack of reproducibility 

in the preparation of the SERS substrate, which results in a huge dispersion of the 

Raman signal [22–25]. Recently a new and unexpected phenomenon parallel to EC-

SERS has been discovered. This implies the enhancement of the Raman signal during 

the electrochemical oxidation of a silver electrode [26]. The phenomenon has been 

called electrochemical surface oxidation enhanced Raman scattering (EC-SOERS) and 

has proven to be a reproducible and reliable method to carry out quantitative analysis. 

The reason behind these special analytical features lies in: (1) the preparation of 

substrates by oxidation of the silver electrode, which is carried out simultaneously with 

the measurement of the Raman signal, obtaining a high reproducibility and (2) as a 

result of this in-situ preparation, Raman signal is obtained with low dispersion 

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

Hence, in the present work it is proposed the use of EC-SOERS to determine uric acid 

(UA) in relevant samples (synthetic urine). Although there are numerous techniques to 

determine uric acid, such as colorimetric enzymatic assays [27–30], liquid 

chromatography [30–32] or even SERS [21] or EC-SERS [19]. These techniques 
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present some disadvantages, such as a high cost of materials, an outstanding expertise of 

the operator as well as long experimental sessions required in the determination. 

Therefore, EC-SOERS emerges as a fast, easy-to-use, cheap and feasible alternative 

method to determine UA in relevant samples with high accuracy and reproducibility 

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

Recently, some works assess the UA determination using EC-SERS with very 

promising results [19]. However, we propose to determine UA in synthetic urine 

samples using a simpler and easier methodology. EC-SOERS is an alternative to EC-

SERS. Nevertheless, EC-SOERS presents some clear advantages over EC-SERS that 

can be described as follow:  

(1) The typical process used in EC-SERS involves the preparation of the substrate 

(usually, metal nanoparticles with plasmonic properties) which should be synthesized 

and cleaned in advance. After that, a drop-casting (or another deposition method) should 

be applied in order to deposit the nanoparticles in the surface of the substrate. All these 

steps are avoided in an EC-SOERS experiment.  

(2) Compared with a typical EC-SERS experiment found in literature, in our approach 

time-resolved experiments are performed. Therefore, different physical-chemical 

processes that affect the measurement could be avoided with EC-SOERS. 

Preparation of the SERS substrate can be not only time consuming, but also the 

expertise of the operator  must be high enough to carry out all the measurement process 

at a whole. Compared with EC-SERS, the whole methodology of EC-SOERS is easier, 

faster and with good analytical figures of merit to be used with analytical purposes.    

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

nM to 3.6 mM, using very different analytical techniques [32–35]. Particularly, using 
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EC-SERS, UA has been determined in a range from 0.1 mM to 1 mM [19]. 

Concentration of UA in human urine depends on the sex and age of the individual, 

being in the range from 0.12 mM to 0.5 mM [34]. For the application of this technique 

in relevant samples is mandatory to minimize the matrix effect. Although different 

approaches have been used to solve this problem, the most conventional way has 

consisted of the separation of the components of the sample in advance, which allows 

measuring the analyte without interferences. Nonetheless, these methodologies involve 

using complex and often expensive instrumentation, in addition to the time consumed in 

the preparation of the sample and the separation step. Among them, it can be 

highlighted the chromatographic [36–38] and microfluidic methods [39–41], with wide 

application in the clinical, pharmaceutical and quality control standard methods. 

Another possibility implies using the method of standard addition, which allows the 

minimization of the matrix influence by adding to each calibration sample a constant 

amount of the sample. In this way, the effect of the different components and its 

interaction with the analyte remains constant, and the quantification could be carried out 

with high accuracy [24,42,43]. In this work, EC-SOERS is used to avoid the use of a 

standard addition calibration, minimizing the experimental time respect to other 

analytical techniques, as well as diminishing the sources of error because of the 

simplification in the steps (avoiding separation procedures) employed in the whole 

analysis protocol.  

Finally, and no less important, because of the trilinearity of the data obtained by EC-

SOERS, a chemometric method such as parallel factor analysis (PARAFAC) can be 

used [44–47]. PARAFAC is a useful mathematical tool that allows the separation of 

different contributions present in the sample [48] such as response of the analyte and 

matrix effect.  Particularly, SEC signals have been successfully used with PARAFAC 
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because of the trilinear character of the spectroscopic signal [26,45,46].  Moreover, in 

this work we demonstrate that PARAFAC can be used to avoid baseline corrections, 

which is a great advantage because it reduces the sources of error that depends on the 

mathematical method used for fitting the baseline. Hence, in this work, EC-SOERS 

combined with PARAFAC analysis is presented as an outstanding technique for 

determination of analytes in complex relevant samples, with high accuracy and good 

reproducibility.  
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2. Experimental section 

2.1 Reagents and Materials 

Uric acid (UA, 99+%, reagent, ACROS Organics), perchloric acid (HClO4, 60 %, 

reagent, Sigma-Aldrich), potassium chloride (KCl, 99+%, reagent, ACROS Organics) 

and surine™ (synthetic urine, Sigma-Aldrich), were used. All solutions were prepared 

using ultrapure water obtained from a Millipore DirectQ purification system provided 

by Millipore (18.2 MΩ cm resistivity at 25 °C). 

2.2 Instrumentation 

Raman spectroelectrochemistry. In situ time-resolved Raman spectroelectrochemistry 

(TR-Raman-SEC) was performed by using a customized SPELEC RAMAN instrument 

(Metrohm-DropSens), which integrates a laser source of 785 nm. Laser power in all 

experiments was 80 mW (254 W·cm-2). This instrument was connected to a bifurcated 

reflection probe (DRP-RAMANPROBE, Metrohm-DropSens). A Raman 

spectroelectrochemical cell especially designed for screen-printed electrodes was 

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

instrument, which allows us to acquire real-time and synchronized 

spectroelectrochemical data in a simple way. 

Silver screen-printed electrodes (Ag-SPE, DRP-C013, DropSens) were used for all the 

experiments. These electrodes consist of a flat ceramic card on which a three-electrode 

system comprising the electrochemical cell is screen-printed. The working silver 

electrode is circular with a diameter of 1.6 mm, the auxiliary electrode is made of 

carbon and a silver paint acts as a pseudoreference. 

2.3 Time-resolved Raman spectroelectrochemistry experiments 
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EC-SOERS is obtained during the time-resolved spectroelectrohemical experiment by 

performing an oxidation-reduction cycle (ORC). Raman spectra were collected with an 

integration time of 1 s, simultaneously with the electrochemical data, during an ORC. In 

all the experiments, cyclic voltammetry was carried out between the vertex potentials -

0.40 V and +0.40 V, starting at -0.025 V in the anodic direction. The scan rate was 0.02 

V·s-1. All the spectroelectrochemistry experiments, including synthetic urine samples, 

were carried out using the same electrolytic medium, containing 0.1 M HClO4 + 5·10-3 

M KCl. Before the analytical measurement, a pretreatment to the electrode is performed 

by cycling twice the potential under the above conditions, but in absence of UA, to 

improve the reproducibility of the method. Therefore, the time employed for the 

analysis of each sample is 240 s, approximately, including the change of sample. Each 

sample was measured in a different silver-SPE. This fact together with the results 

presented below demonstrates the good reproducibility achieved in EC-SOERS for 

detection of UA. 

2.4 PARAFAC analysis 

Matlab R2016b was used to carry out the PARAFAC analysis, using the N-way 

toolbox, version 3.0, developed by Rasmus Bro  [49].  
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3. Results and discussion 

3.1 Spectroscopic and spectroelectrochemistry characterization of uric acid 

Before performing the spectroelectrochemical (SEC) experiment, the first step was to 

evaluate the Raman spectrum of UA in a solid sample and during the EC-SOERS 

experiment in solution, in order to demonstrate that the signal registered in such 

experiment belonged unequivocally to the UA molecule. The spectrum for the solid 

sample was registered and compared with the 150 µM UA spectrum during the EC-

SOERS in 0.1 M HClO4 + 5·10-3 M KCl electrolytic medium (HClO4/KCl). 

 

Figure 1. UA Raman spectrum for the solid (blue curve) and 150 µM UA Raman 

spectrum in HClO4/KCl electrolytic medium at a specific potential during an EC-

SOERS experiment (red curve). For a better comparison between the two spectra the 

intensity of UA Raman spectrum during EC-SOERS experiment (red curve) was 

amplified 5 times.  

As can be observed in Figure 1, there are some differences between the two spectra. 

Some of the Raman signals found in the solid sample disappeared in the EC-SOERS 

spectrum. This could be associated with the molecule orientation [50,51] and with the 

interaction with the EC-SOERS substrate. It is possible that in the SEC experiment, UA 
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is taking a specific orientation depending on the polarization of the electrode [12]. On 

the other hand, in the SEC experiment, some of the Raman signals tend to become 

wider, and also suffer a Raman shift displacement, mainly due to the interaction of the 

molecule with substrate and electrolytic solution as is well-known from earlier studies 

[50,51]. Based on the comparison between the spectra in Figure 1, it can be concluded 

that the spectrum taken in the EC-SOERS experiment corresponds to UA. Bands 

assignments are shown in Table S1, which are in good agreement with those previously 

reported in literature [19,21]. 

3.2 EC-SOERS experiment of uric acid 

During the EC-SOERS experiment, Raman spectra of UA were registered with an 

integration time of 1 s and the potential window was fixed between -0.40 V to +0.40 V.  

Figure 2 displays the evolution of the Raman intensity of one of the main peak of UA 

(641 cm-1, which correspond to the ring breathing [19,21], Table S1), respect to the 

applied potential. This type of representation has been denoted as voltaRamangram in 

previous works [26,52] for simplification of the terminology. In Figure 2, the Raman 

signal only appears at anodic potentials, when the silver electrode is being oxidized, but 

not the studied molecule. This behavior has been previously reported as a new 

unexpected phenomenon so-called EC-SOERS, as was aforementioned in the 

introduction section. In this process, the enhancement of Raman signal is occurring 

probably due to the formation of Ag+/AgCl or Ag/AgCl nanostructures on the electrode 

surface that interact with the molecule, which is combined with the electrochemical 

adsorption of the molecule because of the electrode polarization [26,52]. This effect 

depends strongly on the potential and on the electrolytic conditions, but it provides a 

good and reproducible enhancement of the Raman signal, being especially useful for 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

analytical applications. Additionally, in Figure 2 (blue line) can be distinguished that 

the Raman signal exhibits a maximum at +0.225 V in the cathodic direction (cd), inset 

in Figure 2, which displays the Raman spectrum (between 550 and 700 cm-1) measured 

at different potentials until reaching the maximum at +0.225 V in the cathodic direction.   

 

Figure 2. CV (red) of 150 µM UA in HClO4/KCl between the vertex potential of + 0.40 

V and - 0.40 V, CV starts at -0.025 V in anodic direction (ad). In blue is shown the 

VoltaRamangram of UA at 641 cm-1. The inset shows the evolution of Raman spectra 

(between 550 and 700 cm-1) at different anodic potentials in increasing order, each 

spectrum correspond to A-E point in the VoltaRamangram. 

 

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

There are a number of works that study the influence of the electrolytic medium and the 

experimental conditions employed during the surface roughening of a silver electrode 

for EC-SERS and EC-SOERS. Particularly, a very recent publication has demonstrated 

the influence of the chloride concentration and pH in the modulation of the EC-SOERS 

signal [52], with these two parameters being fundamental to obtain a good enhancement 
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of the signal. In this work, the specific conditions in which the experiments were 

conducted (HClO4/KCl), allowed us to have a reproducible EC-SOERS signal for UA 

determination. 

Raman response was used, in a first step, to perform a univariate calibration with 

different concentration of UA in a 0.1 M HClO4 and 5·10-3 M KCl. To carry out the 

calibration curve, the intensity of the peak at 641 cm-1, at +0.225 V in the cathodic 

direction was plotted with the UA concentration in a range between 40 and 170 µM. A 

good linear correlation is obtained evidenced in the R2 value of 0.99 and the low data 

dispersion can be observed in Figure 3. With this calibration curve, a test sample was 

determined with relative error of 4.2 %, which represents a good accuracy. It is 

noteworthy, the good reproducibility of the employed method (4.4 %RSD), which is not 

easy to obtain in quantitative Raman. The limit of detection for the univariate 

calibration was 12.4 µM. The results presented here clearly demonstrate the usefulness 

of EC-SOERS as a suitable technique for quantitative analysis with high 

reproducibility. Additionally, if this technique is combined with the use of disposable 

SPE, the methodology emerges as a good alternative to regular EC-SERS experiments 

[18,19] to carry out quantitative analysis. Moreover, it is possible to achieve a better 

reproducibility and less time-consuming experiments, because the nanoparticles 

preparation and electrode modification steps are avoided. This result evidences the 

suitability of EC-SOERS for quantitative analysis, as an alternative to EC-SERS. 
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Figure 3. Univariate calibration curve of UA in 0.1 M HClO4 + 5·10-3 M KCl. Raman 

intensity corresponds to the intensity of the peak at 641 cm-1, at +0.225 V (cd). Red 

points correspond to the calibration samples, whereas the green point represents the test 

sample, which has a nominal concentration of 105 µM of UA. 

 

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

Analysis of complex samples represents a big challenge, because matrix effect can be 

important, provoking for example unexpected baseline modifications in Raman or 

interferences from compounds present in solution. After demonstrating the usefulness of 

EC-SOERS for quantitative determination of UA with high reproducibility, the 

quantification of UA content in a relevant sample was carried out. A sample of synthetic 

urine containing a nominal concentration of UA was prepared and measured in the same 

conditions as in the case of the previous section. EC-SOERS depends on Cl- 

concentration. Since both, real and synthetic urine have specific Cl- content, the 

determination of such content is mandatory in order to adjust the Cl- concentration 

needed for the typical EC-SOERS experiment. The adjustment of Cl- concentration in 

the sample is simple. To achieve that, a previous calibration curve at different Cl- 
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concentration was carried out, by measuring the current intensity in the maximum of the 

first anodic peak of the cyclic voltammogram. Figure S1 in the supporting information 

shows the calibration curve for chloride using Ag-SPE electrodes in a solution 

containing 0.1 M HClO4 and different concentrations of KCl. In this way, the Cl- 

content for a sample of synthetic urine was determined. 

Usually Cl- concentration is much higher than 5·10-3 M, and a dilution of the sample is 

needed to remove the excess of Cl- and to achieve the desired concentration of Cl-. For 

the studied sample, the Cl- concentration in synthetic urine was determined to be 0.176 

M. In consequence, the sample was dilute to obtain 5·10-3 M of Cl-. Since the test 

sample is in a relevant and complex matrix, there are some additional problems to 

determine the UA concentration. In this sense, a first approach was to determine the UA 

content using a univariate calibration as that previously shown in Figure 2 (see Figure 

S2 in the supporting information). However, the prediction of the sample yields 

concentrations of 50.8 and 79.2 µM (with 10.1 % and 44.2 % of error respectively) of 

UA for two synthetic samples with a nominal UA concentration of 57 and 91 µM 

respectively.  

Traditionally this problem has been solved by using the method of standard addition, as 

has been demonstrated in previous works [21,53], which can minimize or, in some 

cases, eliminates completely the matrix effect. This has proven to be an effective 

method widely used in the literature. However, it presents some disadvantages, for 

instance: the measurement of each sample requires the preparation of a complete 

calibration curve, and consequently it is a time-consuming method, requiring long 

laboratory sessions. 
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In this work, a much easier and faster way to determine UA concentration in such 

complex samples is proposed. This method involves the use of PARAFAC [47,48,54] 

combined with EC-SOERS data to resolve the matrix effect without using the standard 

addition calibration. An EC-SOERS experiment contains a large number of spectra 

during a number of potentials, providing a cube of analytical data. A constrained 

PARAFAC model using the raw data, without any scaling and assuming the non-

negativity of the concentrations was constructed. Three components were selected 

related to the analyte, the baseline and other compounds in solution that can affect to the 

EC-SOERS process, as will be later explained. To perform the PARAFAC model, a 

Raman shift range was selected, taking into account the signal coming from the main 

Raman peaks of the spectra. On the other hand, anodic potentials, where EC-SOERS 

process is taking place were chosen. Therefore, using all these data should be suitable 

for extracting the chemical information contained by this cube of data. PARAFAC 

allows us to separate, from this multivariate spectroscopic response, the UA Raman 

contribution and, eventually, to obtain the UA concentration with high accuracy. 

Additionally, the determination of the other components could be possible, as long as 

the Raman identity of such components were available. On the other hand, PARAFAC 

could also help to understand the processes taking place along the SEC experiment, as 

well as the possible interaction between the different components of the sample. 

A constrained PARAFAC model assuming the non-negativity of the three factors was 

applied, which is reasonable because Raman intensities and concentration have to be 

positive or zero for the applied potentials. As was mentioned above, the main advantage 

of the PARAFAC model is that the loadings of the UA concentrations can be easily 

resolved because of the trilinearity of the data. Moreover, the mathematical model is 

constructed without providing any information about the chemical system, that is to say, 
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without knowing the nature of the interfering compounds. This model is then compared 

with the calibration concentrations to assess the UA content of the test sample. It should 

be highlighted that, if the PARAFAC algorithm converges to the global minimum, 

which is usual for well-behaved problems, the least-squares solution to the model is 

found. Three factors were used to resolve the PARAFAC model, which can be further 

chemically rationalized to the components of the sample. Figure 4A shows the plot of 

the spectral loadings obtained by PARAFAC as a function of the Raman shift for the 

three components extracted in the PARAFAC analysis. The three contributions are 

related with the main components of the sample, namely, UA (orange curve), synthetic 

urine (yellow curve) and the baseline contribution (blue curve). This is one of the main 

advantages of using PARAFAC to resolve this system, because avoiding the baseline 

subtraction not only provides a less time-consuming data treatment but also prevent the 

addition of variability because of the intrinsic subjective election of the baseline by the 

operator. In this sense, the separation of the baseline contribution by PARAFAC 

represents an advantage since provides the possibility of analyzing directly the raw data, 

without additional tedious pretreatments.   

As can be observed, the UA contribution (orange line, Figure 4A) has an identical shape 

than that for pure UA solution (red line, Figure 1), whereas the baseline contribution 

follows the behavior of a fluorescence signal in the EC-SOERS measurements when 

they are carried out with a silver substrate. On the other hand, the yellow curve was 

ascribed to other components in the synthetic urine since this contribution is potential 

dependent, and is clearly not present in the pure UA solutions (red line, Figure 1). It is 

worth noting that, although the identity of all components of synthetic urine is 

unknown, there is a single clear contribution which can be separated by PARAFAC, 

probably related to a specific compound present in the matrix that we have not been 
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able to identify, but that competes with UA to yield an EC-SOERS response (see orange 

and yellow lines in Figure 4B).      

 

Figure 4. Plot of the loadings, obtained from PARAFAC analysis, as a function of the 

Raman shift (A) and potential applied (B). The three main components as obtained by 

PARAFAC analysis correspond to UA (orange line), synthetic urine (yellow line) and 

the baseline contribution (blue line). Solid lines indicate the zones which are employed 

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

potentials applied. 
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Interesting information can be extracted when plotting the loadings obtained by 

PARAFAC as a function of the applied potential, Figure 4B. In this case, the 

components related to UA and synthetic urine show a similar enhancement during the 

electrochemical oxidation of silver (orange and yellow lines, Figure 4B). However, the 

baseline component has a different behavior, reaching a maximum around a potential of 

0.0 V (blue line, Figure 4B). These different behaviors allow PARAFAC to resolve the 

weight of the contributions as a function of the concentrations, so it can be obtained a 

calibration curve, similar to that achieved with the univariate data treatment. To build a 

model that enables the quantification of the UA concentration, only the range of data 

with a solid line in Figure 4 are introduced in the model in order to remove data that do 

not contain information about the sample and only introduce noise in the mathematical 

model. The election of the conditions can be drawn as follow: 1) the inclusion of the 

main peaks for UA and synthetic urine, corresponded to the regions from 400 to 700 

cm-1 from 1100 to 1200 cm-1 and finally from 1230 to 1670 cm-1; and 2) the potential 

regions where the changes in the evolution of the loadings vs potential are more 

remarkable, namely, between +0.20 V in the anodic direction and +0.20 V in the 

cathodic direction.  

The model obtained by PARAFAC was robust and allows quantifying UA in relevant 

samples of synthetic urine. Figure 5 shows the calibration curve plotting the loadings 

obtained with the PARAFAC model with the UA concentration. As can be observed, 

the data demonstrate a good linear correlation (R2=0.99), and acceptable dispersion of 

the measurements. Using PARAFAC, a concentration of 96 µM was assessed for the 

test sample with nominal concentration of 91 µM (relative error, 5.5%). The %RSD for 

this sample was 6.3 %, demonstrating the good reproducibility of the Raman 

measurements. A limit of detection of 20 µM was obtained. The test sample selected in 
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the lower limit of the calibration, real concentration 57 µM, was determined with a 

relative error of 0.2 %, demonstrating that PARAFAC model, in combination with EC-

SOERS, provides a fast and easy way to resolve test samples in real complex matrices, 

using raw data, synthetic calibration samples and avoiding a more complicated method 

such as standard addition method. 

 

Figure 5. Representation of loadings, obtained from the PARAFAC model, versus 

concentration of UA. Calibration samples (red) are in a range of concentration of 50 to 

150 µM. The test samples (green) have a nominal concentration of 57 and 91 µM. 

 

4. Conclusions 

In this work, a new methodology to determine UA in relevant samples is proposed. 

Such methodology can be used for routine EC-SOERS analysis because of its simplicity 

and low cost. The use of EC-SOERS has demonstrated to be a good and simple method 

to generate SOERS substrates that allows the determination of uric acid in synthetic 

urine with high accuracy and reproducibility. The combination of EC-SOERS with 

PARAFAC analysis avoids the use of the method of standard addition, which allows the 
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determination of UA in a complex and relevant matrix with a typical calibration 

protocol. Additionally, the separation of baseline by PARAFAC eases the use of this 

technique, eluding previous exhaustive processing of the raw data before the 

conventional data treatment. Finally, further work need to be done to know if this 

promising methodology can be used for more real problems 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 signal 

• Raman spectroelectrochemical trinilinear data facilitate the quantification 
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