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Electrochemistry is a very useful technique to generate surface enhanced Raman scattering (SERS) substrates.
SERS depends on two mechanisms: the electromagnetic effect, related to the plasmonic properties of the nanos-
tructures in the substrate, and the chemical mechanism, related to the interaction between the target molecule
and the substrate. Thus, Raman enhancement for a molecule strongly depends on the nature of the nanostruc-
tures that form the substrate. In this work, time-resolved Raman spectroelectrochemistry is used to generate
SERS substrates, obtaining the Raman signal during the generation of the substrate, which is very useful to
obtain valuable information on the Raman performance of the substrate. Two metals, Au and Ag, have been
used to determine folic acid in a drug. In this example, Au SERS substrates are highly influenced by interfering
compounds present in the drug tables. On the contrary, Ag SERS substrates have been demonstrated to yield
very good figures of merit in the determination of folic acid in this complex sample.
1. Introduction

Surface Enhanced Raman Scattering (SERS) is a surface process
that is widely used for analysis [1–4]. This phenomenon was discov-
ered during the electrochemical roughening of a silver electrode in
the study of pyridine [5]. Since then, a number of methods have been
developed to prepare SERS substrates [6–9]. Most sensitive substrates
are usually prepared by physical or chemical synthesis of nanostruc-
tures deposited on a surface to detect a target molecule [6–9]. How-
ever, the reproducibility of substrates for quantitative analysis
remains a challenge [4,6,10]. The high sensitivity provided by this
methods is mainly due to the generation of hot spots on the substrate
[4,6,8], which shows a low reproducibility because it is not easy to
reproduce these hot spots. Moreover, target molecules cannot be easily
removed from the SERS substrates because of the high adsorption of
the target molecule on the plasmonic nanostructures. Therefore, a dif-
ferent SERS substrate should be used for each sample. Electrochem-
istry is an alternative for preparing SERS substrates in a very simple
and fast way [7,10]. For years, different protocols have been devel-
oped for roughening electrodes [7], most of them yielding useful SERS
substrates used to study electrode processes [11]. However, this
methodology has been scarcely used for quantitative analysis because
of the difficulty in obtaining reproducible SERS substrates. Neverthe-
less, a new methodology based on the use of screen-printed electrodes
has been developed during the last years [10,12,13]. SERS substrates
based on SPEs can be prepared in a reproducible way [10,12–14],
obtaining an excellent sensitivity [15]. Moreover, the use of time
resolved Raman spectroelectrochemistry (TR-Raman-SEC) [16] helps
to follow the Raman signal during all the substrate preparation pro-
cess, obtaining continuous information on the signal enhancement
during the SERS substrate electrogeneration [17,18]. Electrochemistry
can generate in-situ SERS substrates, avoiding tedious operations to
prepare the nanostructured substrate and modify the electrode.
Raman-SEC is particularly interesting, since it allows us to take advan-
tage of electrochemical surface enhanced Raman scattering (EC-SERS)
and other phenomena like electrochemical surface oxidation enhanced
Raman scattering (EC-SOERS), which have been successfully used for
analysis [10,13,19]. It is noteworthy the capability of EC-SERS and
EC-SOERS to perform determinations of molecules in complex matri-
ces [20] thanks to the spectroscopic fingerprint provided by Raman
spectroscopy. Moreover, electrochemistry is very useful for SERS anal-
ysis because it can be used to adsorb the target molecule on the elec-
trode surface [21–24], increasing the Raman signal.

Mainly, two metals, Au and Ag, are used to prepare SERS substrates
because of the plasmonic properties of the generated nanostructures,
which help to enhance the Raman signal. The Raman response of a tar-
get molecule on nanostructures of these metals can yield different
behavior [6]. Two different mechanisms are responsible for the SERS
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effect. On the one hand, the electromagnetic effect enhances the
Raman signal because of the electromagnetic fields generated by the
excitation of localized surface plasmons of the substrate [6,25]. On
the other hand, the chemical effect enhances the Raman signal due
to the interaction of the molecule with the substrate [6,25]. This inter-
action strongly depends on the chemical structure of the molecule and
the charge transfer between the molecule and the surface of the sub-
strate. Thus, different substrates yield different enhancement factors
for the same molecule. TR-Raman-SEC allows us to obtain information
on the interaction of the target molecule with the SERS substrate in a
simple and fast way. In this work, we have selected folic acid as the
target molecule, studying the SERS response of this analyte on gold
and silver substrates.

Folic acid (FA), also known as vitamin B9 or pteroyl-L-glutamic acid
or folate in its anionic form, is a water-soluble vitamin that belongs to
the B complex family with a significant biological interest in different
metabolic pathways and processes [26]. Its chemical structure is
divided into three parts: a pterin linked by a methylene bridge to p-
aminobenzoic acid joined by a peptide linkage to a molecule of the
amino acid L-glutamic acid [26].

FA presents a low solubility in water (1.6 mg/L at 25 °C) and exhi-
bits self-aggregation in a wide pH range. The solubility in water is
slightly increased in acidic or basic medium, being more stable in alka-
line medium [26].

Folic acid plays a vital role in numerous biochemical processes,
such as the formation and maturation of blood cells and cell multipli-
cation. With vitamin B12, FA in its form 5,6,7,8-tetrahydrofolate or
5,6,7,8-tetrahydropteroylmonoglutamic acid (THF) participates in
the regulation of genetic activity, in the synthesis of purines and
pyrimidines, in the metabolism of amino acids, such as homocysteine,
and in the biosynthesis of DNA and RNA. Furthermore, FA is necessary
for the normal development of tissues, mainly in those associated with
rapid cell division (embryos) [26].

In this way, pregnant women must maintain the concentration of
FA at appropriate levels, since the deficiency of this vitamin can cause
neural tube defects in the fetus, such as spina bifida or anencephaly, in
addition to complications during pregnancy. Other harmful health
effects of FA deficiency are megaloblastic anemia, coronary heart dis-
ease, certain types of cancer, neurological disorders, fertility problems,
etc [26].

Numerous analytical methods have been proposed for the determi-
nation of FA in fortified foods as well as in natural sources or pharma-
ceutical drugs such as UV–Vis spectrophotometry [27,28], HPLC [29],
HPLC-MS [30] or chemiluminescence [31]. However, these techniques
usually require tedious sample pretreatments, which increase the anal-
ysis time.

For this reason, electrochemical techniques have gained impor-
tance, thanks to the speed of measurement and their low cost. Thus,
the most widely used electrochemical methods for the determination
of folic acid are based on the use of modified electrodes [32–35].

FA has also been determined using SERS, achieving very good lim-
its of detection. For example, wafer-scale SERS metallic nanotube
arrays have provided very sensitive Raman responses [36], polyami-
de@Ag coralloid nanoarrays with 3D high-density hot spots have been
used for ultrasensitive detection [37], large-area gold-capped silicon
nanopillars have also provided good sensitivity [38] or graphene
oxide/Ag nanoparticle hybrids have been also used [39]. All these
methods are based on the preparation of complex SERS substrates
requiring long and tedious substrate preparations.

Both electrochemistry and SERS have been used to determine FA,
but, to the best of our knowledge, TR-Raman-SEC has not ever been
used to quantify FA.

In this work, TR-Raman SEC has been used for studying the electro-
chemical generation of SERS substrates of Au and Ag, to obtain the
best conditions to determine FA in a commercial drug using a very sim-
ple protocol that can be used in any laboratory.
2

2. Experimental

2.1. Chemicals and materials

Folic acid (97%, Sigma-Aldrich), HClO4, (60%, Sigma-Aldrich),
KCl, (99+%, ACROS Organics), NaOH (ACROS Organics), LiClO4,
(99+%, ACROS Organics) were analytical grade and used as received
without further purification. Yodocefol® (ITALFARMACO), each cap-
sule contains: 400 µg of folic acid, 262 µg of potassium iodide, 2 µg de
vitamin B12, and the following excipients: 110 mesh lactose monohy-
drate, microcrystalline cellulose, sodium potato starch glycolate, cal-
cium stearate, trisodium citrate, citric acid and maltodextrins. For
safety considerations, all handling and processing were carefully per-
formed during all experiments. Aqueous solutions were freshly pre-
pared using ultrapure water (18.2 MΩ cm resistivity at 25 °C, 2 ppb
TOC, Milli-Q Direct 8, Millipore).
2.2. Instrumentation

Raman measurements were performed with a customized SPELEC
RAMAN (Metrohm-DropSens) and a customized RAMANCELL
(Metrohm-DropSens). A 785 nm laser source was used, fixing the laser
power at 102 mW (325 W cm−2) in all experiments. Silver DRP-010
and gold DPR-220BT screen-printed electrodes (SPEs) (Metrohm-
DropSens) were used for Raman SEC measurements (SPE-WE diame-
ter = 4 mm). SPELEC RAMAN instrument is controlled by DropView
SPELEC software (Metrohm-DropSens), performing simultaneous,
time-resolved SEC experiments with fully synchronized data acquisi-
tion. A different SPE has been used for each Raman-SEC experiment.
3. Results and discussion

Raman-SEC is considered a poor technique for analysis because of
the low sensitivity of Raman spectroscopy. However, the Raman signal
can be significantly enhanced using appropriate substrates. Two
different strategies are usually employed to enhance the Raman signal
during an electrochemical experiment: EC-SERS [13,14,21] and
EC-SOERS [12,19,20,40]. In the case of folic acid, EC-SERS provides
the best response. Two different substrates, gold and silver, were
investigated to obtain a sensitive, reproducible and robust response.

For the two metals, experimental conditions were optimized to
obtain a good Raman response. Raman spectra were obtained using
an integration time of 1 s with a laser power of 102 mW. This power
can be considered high with respect to values found in the literature.
However, the spot size in our experimental setup is much bigger,
200 μm, than the usual spot size used in confocal Raman microscopy,
around 2 μm. Thus, in our case the power per unit area was
325 W·cm−2.

Initially, Raman experiments were performed to obtain the Raman
spectra of a FA solid sample and a 0.05 M FA in 0.1 M NaOH. Fig. 1
shows the Raman spectra for the FA solid and FA in solution. As can
be seen, the two samples show similar and characteristic bands. It
should be noted that the spectrum in solution is multiplied 5 times
for a better comparison (blue line in Fig. 1).

Table 1 shows the assignation of the Raman bands observed in
Fig. 1 for the different vibration modes of FA [41]. FA Raman bands
in solution are slightly shifted with respect to FA solid because of
the variation of the physical–chemical environment of the molecules.
FA molecules are solvated, having different surroundings respect to
the solid sample.

SERS substrates were electrochemically generated using cyclic
voltammetry, scanning the potential to generate ions of the metal in
the solution that are complexed or precipitate on the electrode surface.
These ions were then reduced to generate plasmonic structures of
these metals that enhance the Raman signal. The electrochemical



Fig. 1. Raman spectra of FA solid (orange line) and FA in solution (blue line,
0.05 M). For a better comparison, the spectrum in solution (blue line) has been
multiplied five times.

Table 1
Raman band assignment for FA found in literature [41].

Solid Raman bands /
cm−1

0.05 M solution bands /
cm−1

Band assignment

683 683 ν(CC)PHEN
1196 1190 ν(C-NH2) + δ(NH2) + ν(CC,

CN)pt
1254 1254 ν(CC, CN, CO)pt
1358 1350 δ(OH)pt + δ(CH2)glu
1573 1575 δ(OH)pt + δ(CH2)

GLU + δ(OH)glu
1610 1610 δ(CC,CN)pt,oop

ν=stretching; δ=bending; oop=out of plane; pt=peteridine, phen=phe-
nilen, glu=glutamic acid.
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protocol depends on the metal. Three different electrolytic media were
investigated, 0.1 M KCl, 0.1 M NaOH and 0.1 M HClO4 + 5 mM KCl,
with the best results being obtained for 0.1 M KCl in the case of Au-
SPEs and 0.1 M HClO4 + 5 mM KCl for Ag-SPEs.

For Au-SPEs, the CV starts at +0.70 V in anodic direction, scanning
the potential between –0.10 V and +1.20 V at 0.02 V s−1 in a 10 µM
Fig. 2. (a) CV (orange line) and voltaRamangram at 1568 cm−1 (blue line). (b) th
asterisk in the voltaRamangram (blue line) indicates the potential at which the R
solution. The potential was scanned between −0.10 V and +1.20 V at 0.02 Vs−1
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FA, 0.1 M KCl solution. Fig. 2 shows the CV together to the
voltaRamangram (evolution of a Raman band respect to the applied
potential) at 1568 cm−1 and the Raman spectrum at −0.10 V in the
cathodic scan, see the asterisk in Fig. 2a.

The CV shows that the Au SPE is oxidized at +0.90 V, generating
Au(III) in solution, which is complexed in presence of chloride. As can
be observed, the SERS signal at 1568 cm−1 increases when the AuCl4-

is reduced to Au(0). Under similar conditions, Au nanoparticles have
been observed in previous works [14], which should be the nanostruc-
tures responsible of the Raman signal enhancement. In this case, the
Raman band is slightly shifted to a lower Raman shift. The Raman sig-
nal increases up to +0.25 V, reaching a constant value during the rest
of the cathodic scan. The Raman spectrum is well defined, Fig. 2b,
being suitable for quantification. A tentative calibration of FA was per-
formed using only three concentrations from 3 to 7.5 µM, Fig. 3.

As can be observed, a good linear response is obtained (R2=0.99).
A Yodocefol® sample was prepared, dissolving a tablet in 25 mL of
0.1 M NaOH solution, a medium in which folic acid is known to be sol-
uble as folate, but a dispersion is obtained. As has been indicated in the
experimental section the tablet contains potentially interfering com-
pounds. Some of the tablet components are not soluble in this medium,
so a simple pre-treatment of the sample prior to its quantification was
performed. The obtained dispersion was decanted in a first step. Next,
1 mL aliquots were placed in Eppendorf vials and centrifuged at
4000 rpm for 28 min. The supernatant was taken as drug sample to
be quantified. A dilution, neutralizing the basic solution and adding
the appropriate electrolytic medium, was performed. A theoretically
4.5 μM FA from the Yodocefol® sample in 0.1 M KCl was prepared.
The green point in Fig. 3 corresponds to the test sample prepared from
the Yodocefol® tablet. As can be observed, the Raman signal obtained
for this sample is much lower than the expected one from the calibra-
tion data. The concentration would be underestimated using this
method. Therefore, Au-SPEs are not useful for the quantification of
FA in this complex sample. Actually, electrochemistry provides very
valuable information on the limited performance of the Au-SPEs.
Fig. 4 shows a comparison of two cyclic voltammetry experiments per-
formed for a sample containing 5 μM FA (orange line) and a Yodocefol
sample (blue line) in 0.1 KCl. As can be observed, the pharmaceutical
sample shows a clear much lower oxidation current of the gold surface
that exhibits a great influence on the generation of nanostructures
responsible of the SERS signal. During the oxidation of the gold elec-
trode, some of the different compounds contained in the tablets inter-
act with the gold surface, being responsible of the decrease of both the
voltammetric and the Raman signal.
e Raman spectrum at −0.10 V was obtained during the backward scan. The
aman spectrum was obtained. Experimental conditions: 10 µM FA, 0.1 M KCl
, starting at +0.70 V in anodic direction using a Au-SPE.



Fig. 3. Calibration curve of FA obtained from the voltaRamangrams at the
vertex potential, −0.10 V, at 1568 cm−1. The green point in the figure
corresponds to the theoretical concentration value of a Yodocefol® sample.
Experimental conditions in the caption of Fig. 2. Each point was replicated
three times.

Fig. 4. CVs recorded for using a 5 μM FA solution (orange line) and a
Yodocefol sample (blue line) in 0.1 KCl using a Au-SPE. Experimental
conditions in the caption of Fig. 2.
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This unexpected process in the test sample shows an important
influence of the compounds accompanying FA in the tablet in the gen-
eration of the SERS substrate. The enhancement of the Raman signal
decreases, being impossible to obtain a reliable Raman spectrum to
determine FA in the drug tablet.

Results on Ag-SPEs using a 0.1 M HClO4 and 5 mM KCl medium
yielded the best SERS response. In all cases, a much better sensitivity,
but also reproducibility, of the Raman signal was achieved using Ag
SERS substrates as will be shown below.

The optimal conditions of electrosynthesis for a suitable SERS sub-
strate on the Ag-SPE were obtained using CV, starting at +0.40 V in
cathodic direction and scanning the potential between +0.40 V and
−0.40 V at 0.02 V s−1 in a 5 mM KCl and 0.1 M HClO4 solution. This
electrochemical protocol was selected because an excellent repro-
ducibility was obtained under these conditions. Fig. 5a shows the
Raman-SEC signals obtained during this experiment. CV shows a high
anodic current at the starting potential, +0.40 V, because at this
potential the oxidation of the silver surface (Ag0) is taking place, yield-
ing both silver chloride (AgCl) and silver ions Ag(I). At +0.30 V, a first
reduction peak can be observed due to the reduction of Ag(I) to Ag(0)
4

which is deposited on the surface. A second reduction at 0.00 V trans-
forms AgCl in Ag(0), which is also deposited on the surface of the
working electrode. During the backward scan two oxidation peaks
are observed. The first one at −0.10 V is not related to any process
in which silver is involved. Moreover, this peak is also observed start-
ing the CV at −0.40 V in a 5 mM KCl and 0.1 M HClO4 solution with-
out the test molecule and without oxidizing the Ag SPE (data not
shown). Therefore, this peak must be related to some compound of
the Ag-SPE ink. The second anodic peak observed at +0.10 V is
related to the Ag(0) oxidation to generate AgCl. Finally, a high anodic
current due to the oxidation of the silver electrode to generate Ag(I) is
observed from +0.30 V forwards.

The electrochemical processes taking place at the Ag electrode sur-
face can be related to the Raman signal obtained during this SEC
experiment. The Raman spectrum of FA at −0.20 V in the backward
scan is shown in Fig. 5b. Fig. 5a also shows the voltaRamangram at
1582 cm−1. A linear baseline between 1552 cm−1 and 1597 cm−1

has been used to obtain the voltaRamangram response for quantitative
purposes, removing the background. This baseline will be used to cal-
culate the Raman intensity of the different standards in the calibration
for quantitative purposes. As can be observed in the voltaRamangram
at 1582 cm−1 (blue line in Fig. 5a), Raman intensity increases during
the reduction of AgCl, from 0.00 V to −0.10 V in the forward scan.
The enhancement of the Raman signal can be ascribed to the genera-
tion of Ag nanoparticles, as has been observed under similar condi-
tions in previous works [19]. Next, Raman intensity remains
constant up to the vertex potential (−0.40 V). When the scan direction
is changed, the Raman intensity increases up to −0.20 V in the back-
ward scan, where it reaches its maximum (black asterisk in the
voltaRamangram, Fig. 5a). This increment of the Raman intensity after
changing the scan direction could be related to changes in the double
layer that favours the adsorption of FA on the Ag nanostructures. Dur-
ing the oxidation of the Ag surface in the backward scan, the Raman
signal completely decreases at the second oxidation peak
at +0.10 V, reaching a zero value because all the nanostructures
responsible of the enhancement of the Raman signal have been
oxidized.

This analytical protocol described in Fig. 5 can be used to deter-
mine FA in solution at low concentrations. Thus, a calibration set of
known FA concentration samples between 1 and 10 µM was prepared,
with standard solutions of 1, 2, 4, 6, 8, and 10 µM of FA in the elec-
trolytic medium indicated above. Fig. 6a shows the voltaRamangrams
for three concentration samples, evidencing that the higher is the con-
centration, the higher is the recorded Raman intensity. Fig. 6b shows
the calibration curves obtained for this concentration range at two
Raman bands ascribed specifically to FA: 710 and 1582 cm−1. Green
points in Fig. 6b corresponds to the prediction of a Yodocefol® test
sample.

Table 2 shows the figures of merit of the two linear regression mod-
els constructed with Raman intensity values at 710 and 1582 cm−1.
The two regression lines show very good linearity and very good
repeatability of the slope (%RSD=7.2, n=4) for EC-SERS measure-
ments. The LOD was 0.76 and 0.72 µM, for the calibration at 710
and 1582 cm−1, respectively, indicating the high sensitivity of EC-
SERS. The LOD was calculated using the standard deviation (Syx)
and the slope (k) of the calibration curve as 3Syx/k [42]. Therefore,
these good figures of merit indicate that this method can be used to
quantify test samples. The two Raman shifts provide similar analytical
methods, but 1582 cm−1 exhibits the best sensitivity. The capability to
measure at very different Raman shifts is another important advantage
of EC-SERS in analysis, because the determination of a molecule can be
performed in different zones of the spectrum if the signal of another
molecule is interfering with some peaks of our analyte.

Once demonstrated that this Raman SEC method is reliable, repeat-
able and sensitive, the determination of FA in a drug (Yodocefol®) was
performed, probing the capability of prediction of the method for real



Fig. 5. (a) CV (orange line) and voltaRamangram at 1582 cm−1 (blue line). (b) Raman spectrum at −0.20 V obtained during the backward scan. The asterisk in
the voltaRamangram indicates the potential at which Raman spectrum was obtained. Experimental conditions: 10 µM FA, 5 mM KCl in 0.1 M HClO4 solution. The
potential scan was performed from +0.40 V to −0.40 V at 0.02 V s−1 using a Ag-SPE.

Fig. 6. (a) VoltaRamangrams at 1582 cm−1 for different FA concentrations: 2 µM (yellow line), 6 µM (orange line) and 10 µM (blue line) in 5 mM KCl and 0.1 M
HClO4. (b) Calibration curves of FA obtained from the voltaRamangrams at −0.20 V in the backward scan (bs) at 1582 and 710 cm−1. Green points in the figure
corresponds to the theoretical concentration value of a Yodocefol® sample. Experimental conditions in the caption of Fig. 5. Each point was replicated four times.
We have modified y label in Fig 6.b

Table 2
Figures of merit for the linear regression models obtained from the raman intensity values at 710 and 1582 cm−1, at −0.20 V in the backward scan.

Raman shift (cm−1) Slope (μM−1) Intercept (a.u.) R2 Syx LOD (μM)

710 209.65 53.9 0.996 52.90 0.76
1582 534.42 278.11 0.996 129.51 0.73

R2: coefficient of determination; Syx: standard deviation of residuals; LOD: limit of detection.
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samples. Yodocefol® tablet contains 262 µg of KI (equivalent to 200 µg
of I2), 400 µg of FA and 2 µg of vitamin B12 and other compounds in
unknown concentration as is indicated in the experimental section.
Therefore, the analyte is accompanied by potential interfering com-
pounds as has been demonstrated for Au-SPEs. Following the simple
protocol shown above, the tablet was dissolved in 25 mL of 0.1 M
NaOH solution, obtaining a dispersion that is decanted. Next, 1 mL ali-
quots were placed in Eppendorf vials and centrifuged at 4000 rpm for
28 min. The supernatant was taken as a drug sample to be quantified.
Finally, the basic solution was neutralized with HClO4 and a theoreti-
cally 5 μM FA from the Yodocefol® sample in 0.1 M HClO4 and 5 mM
KCl was prepared. In the case of the Ag-SPEs, a robust SERS substrate
was obtained, obtaining an estimated concentration of 5.0±0.4 μM,
demonstrating that the new methodology is not affected by the inter-
fering compounds contained in the drug tablet. Therefore, the esti-
5

mated amount of FA in the Yodocefol® tablet was 401.6±3.2 μg,
which is very close to the amount of FA contained in the drug tablet.
Moreover, a remarkable low dispersion of the results was obtained.
This value demonstrates the good performance of the EC-SERS method
based on the oxidation/reduction of a silver SPE in a 5 mM KCl and
0.1 M HClO4 medium for the determination of FA.

4. Conclusions

TR-Raman-SEC has been demonstrated to be an excellent analytical
technique for the determination of FA. It is noteworthy, that electro-
chemistry is the motor of the reaction used to quantify the analyte
using spectroscopy. In TR-Raman-SEC, electrochemistry is used to gen-
erate plasmonic nanostructures that enhance the optical response of
the target molecule. Therefore, the excellent union of electrochemistry
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and optical techniques facilitates the development of analytical meth-
ods. Two different metals have been used to develop a suitable SERS
substrate for the determination of FA. SERS is highly influenced by
the interaction between the molecule and the plasmonic substrate,
obtaining very different results with different metal electrodes. Ag
SPEs have provided better results in terms of sensitivity for FA than
Au SPEs. The new TR-Raman-SEC method based on the oxidation/re-
duction of an Ag SPE has been successfully used to determine FA in
Yodocefol®, a commercial drug that contains potential interfering
compounds, demonstrating the robustness of these techniques for com-
plex samples. Particularly, Au SPEs are strongly influenced by the
interfering compounds of Yodocefol®. It is noteworthy that a very sim-
ple sample pretreatment of the sample prior to its quantification is
required. Quantification of test samples can be performed using a uni-
variate calibration, demonstrating that different spectral bands can be
used for quantification. SEC techniques can be easily implemented for
multivariate analysis, but in many cases, a simple univariate analysis is
enough to obtain high quality analytical information. Additionally,
TR-Raman-SEC provides a fingerprint of the molecule, providing
unequivocally information on the compound that is being determined.
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