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ABSTRACT: Electrochemical sensors play an essential role in the
medical arena through assessing the drug quality and diagnosing
diseases. The design of sensors relies on the electroactive
properties of the material meticulously chosen to modify the
electrode. Here in this work, a facile ternary SnSe/TiO2@GO
electroactive nanocomposite was prepared using tin selenide
(SnSe) in combination with titanium dioxide (TiO2) embedded
on graphene oxide (GO). The ternary nanocomposite was
characterized by X-ray diffraction, Raman, FT-IR, and X-ray
photoelectron spectroscopy, energy dispersive analysis, and
scanning electron microscopy. The ternary nanocomposite was
then drop-coated on the GC electrode to form the SnSe/TiO2@
GO-GC electrode. Its electrochemical activity was demonstrated for simultaneous determination of paracetamol, tryptophan, and
caffeine. The synergetic interaction of the components and their innate virtue showed enriched electrocatalytic activity such as a
decrease in overpotential, enhancement in electron transfer, greater sensing ability and selectivity, wide linear range, and low
detection limit toward the chosen analytes. Broad linear ranges of concentrations, 0.0089−410, 0.0136−87.66, and 0.0160−355 μM,
with detection limits of 0.0030, 0.0053, and 0.0065 μM for paracetamol, tryptophan, and caffeine, respectively, were noticed. The
electrode also displayed high selectivity, stability, repeatability, and reproducibility. Importantly, the study was successful for
detection and quantification of the above components in real samples of blood serum, pharmaceutical formulations, and beverages.

■ INTRODUCTION
There has been a huge demand for sensitive electrodes/
electrochemical sensors in the medical arena for the rapid
analysis of complex lifesaving drugs and real blood samples.
Graphene oxide (GO) is a derivative of graphene and
possesses all the properties of graphene as well as some
exceptional properties such as multiple oxygen groups,
hydrophilicity, and controllable electronic properties. These
functional groups make it advantageous for fabricating several
functional devices, like photovoltaics, fuel cells, sensors, and
photodetectors.1−3 Fabrication of such two-dimensional (2D)
devices has accelerated interest in other 2D materials such as
metal chalcogenides with some unusual properties. Indeed,
metal chalcogenides have been utilized in catalysis, solar cell
applications, and lithium-ion batteries due to their exclusive
properties such as greater specific surface area and exotic
electronic properties, which play a vital role in energy storage,
sensing, and field-emitting applications.4,5 Particularly, tin-
based chalcogenides such as SnS, SnSe, and SnTe have a wide
range of applications owing to their low band gap and active
adsorbing sites. Among the tin chalcogenides, p-type tin
selenide (SnSe) is nontoxic and cheap and its constituent
elements are abundant in nature, which helps significantly

improve their worth in sustainable energy-related applications.6

Similarly, metal oxides such as iron oxide7 and TiO2 have also
been employed for various applications particularly as
electrocatalytic material for sensing of various pollutants,
drugs, dyes, and metals discharged from organic/pharmaceut-
ical industries.8,9 The integration of these materials into GO
can improve the conductivity and electrochemical stability.
This enhanced behavior cannot be achieved in a single
component, and therefore, the resulting ternary nanocompo-
site will be a promising candidate for electrochemical
application. Murugan et al. reported a glucose sensor using a
modified GC electrode with MWCNT and Au nanoparticles10

and also reported a SnS/TiO2@GO ternary nanocomposite for
electrochemical sensing of drugs present together in
biosamples.11 To analyze the tin chalcogenides, it was decided
to synthesize a ternary nanocomposite using SnSe in
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combination with GO and TiO2 where GO acts as a matrix for
anchoring active materials to maintain electrical contact
throughout the composite. There is no study reporting the
synergistic effect of SnSe with GO and TiO2 especially for
electrocatalytic sensing applications. Hence, to examine the
electrochemical property of the prepared ternary nano-
composite, a new electrode, SnSe/TiO2@GO-GC, was
fabricated. In the medical field, paracetamol (Para) and
caffeine (Caf) are prominent life-saving drugs and they are
often used in combination.
To mention briefly, Para is a phenolic compound that

becomes one of the main drugs in day-to-day human’s life
owing to its antipyretic and analgesic activities.12,13 In addition,
Para has effective therapeutic capacity in neurodegenerative
conditions such as Parkinson’s and Alzheimer’s diseases.14

Nevertheless, if more than the usual therapeutic dose is used,
such as more than 20 μg/mL, Para can accumulate in the body
and kill the liver, skin, and pancreas.15 Moreover, after
administration of this drug, a major portion is used to treat
diseases but little amount is excreted in urine,16 and thus, it
becomes a pollutant to soils and waters.17 Caf is an active
alkaloid stimulant to the central nervous and cardiovascular
systems. It is a major ingredient for pharmaceutical and food
industries such as coffee, Coca-Cola, cola nuts, and tea.11 In
addition, intake of Caf gives more benefits such as neuro-
protective and metabolic functions and it promotes diuresis
and gastric acid secretion.18 Caf is used to treat nasal
congestion, asthma, and headache, facilitate weight loss, and
improve athletic endurance.19 However, when excessively
consumed, for instance, 180 mg/day, it can cause adverse
mutation effects, inhibition of DNA repair, heart diseases, and
cancer. Similarly, tryptophan (Trp) exists in human nutrition
and herbivores due to its essential amino acid character. It acts
as a vital element to balance the nitrogen level for
indispensable growth of humans.20 The human body is not
synthesizing Trp, which is present at a scarce level in
vegetables. Hence, it must be taken from food and
pharmaceutical formulations.21 The excess intake such as
7.47 nmol/mL or improper metabolism of this amino acid may
result in schizophrenia, hallucinations, and delusions, and its
oxidation products can induce certain cancers.22,23 It is in this
circumstance that it is necessary to sense and quantify all of
them, particularly in pharmaceutical formulations. When these
components are higher or lower than the required limit in the
drug formulations, obviously, they severely affect the patients.
Therefore, effective sensing and accurate quantification of
these components in real blood samples could lead to solving
the above said problems. More specifically, in the previous
study, we have reported a smart electrode, viz., SnS/TiO2@
GO, a ternary nanocomposite-coated GCE, and demonstrated
it to be successful for simultaneous detection and quantifica-
tion of medically valuable drugs including Para, Caf, and Trp
through a single experiment.11 In continuation to that, in this
work, a novel SnSe/TiO2@GO ternary nanocomposite was
synthesized via a superficial technique and an electrochemical
sensing platform was constructed for sensitive determination of
Para, Caf, and Trp. The resulting electrochemical sensor
showed a low-slung detection limit, extensive linear range, and
the practical applicability in human serum with satisfactory
results.

■ EXPERIMENTAL SECTION
Reagents. All substances were obtained from Sigma-

Aldrich (India) and used: graphite powder, titanium
isopropoxide, tryptophan, caffeine, paracetamol, hydrazine
hydrate, selenium powder, tin(II) chloride dihydrate, HPLC
water, ethylenediamine, sodium dihydrogen phosphate, and
disodium hydrogen phosphate. Red Bull, Dolopar, L-
tryptophan, and tea pack were obtained from a local market
and used.
Synthesis of Tin Selenide. Based on a previous report,24

tin selenide was prepared through a solvothermal method.
Initially, 0.45 g of SnCl2·2H2O was dissolved in 15 mL of
ethylenediamine. Then, 0.15 g of selenium powder was added
to the resulting solution and stirred for 25 min. The suspension
became dark brown and then was alienated to the Teflon-lined
autoclave (100 mL). Then, ethylenediamine was added to it
until the volume of the autoclave reached 75 mL. The
autoclave was closed, heated at 190 °C for 8 h in an oven, and
then allowed to cool down to room temperature. The resulting
product was filtered under suction and washed with DD water
followed by absolute ethanol for three times each. The residue
was then dried at 80 °C and calcined at 450 °C for 6 h to get
tin selenide nanoparticles.
Synthesis of SnSe/TiO2@GO. To oxidize graphite into

graphene oxide (GO), a modified Hummer’s method25 was
applied. GO (0.05 g) was ultrasonicated in 25 mL of DD water
and then SnSe (0.0015 g) and titanium isopropoxide (0.2 mL)
were added to it under stirring. After half an hour, the resulting
solution was poured into a 100 mL autoclave, the reaction was
carried out for 9 h at 120 °C, and the thus-obtained black
product was filtered under suction and washed with DD water.
The observed residue was dried at 85 °C and calcined at 530
°C for 4 h to obtain the SnSe/TiO2@GO ternary nano-
composite.
Modification of GC Electrodes Using the SnSe/TiO2@

GO Ternary Nanocomposite. Before modification of the
GC electrode, it was polished with alumina powders with grain
sizes of 0.05 μm and then 0.3 μm. The GC electrode was then
washed with water and ethanol and dried at ambient
temperature. Then, the SnSe/TiO2@GO ternary nanocompo-
site (10 mg) was dispersed in 10 mL of water to obtain a stock
solution. The stock solution was sonicated and 5 μL of it was
pipetted out, drop-coated on the pretreated GC electrode, and
dried at room temperature to get the SnSe/TiO2@GO-GC
electrode. In the same way, the control electrodes such as GO-
GC, SnSe-GC, and TiO2-GC were also fabricated following the
same procedure.
Preparation of Real Samples and Their Measurement

Procedures. To obtain the serum sample, human blood was
coagulated (4 °C) and centrifuged. Further, the obtained
serum (1 mL) was then added to 20 mL of 0.1 M phosphate
buffer solution (PBS) in a volumetric cell and labeled as
sample 1. Sample 2 was prepared by mixing the serum with 5
μM Panadol extra (Para & Caf source) and L-tryptophan (500
mg) tablet and subsequent simultaneous determination was
carried out. In the same way, sample 3 was also prepared by
dissolving 5 μM Paracip-650 capsule (paracetamol source), a 5
μM L-tryptophan (500 mg) tablet (tryptophan source), and a 5
wt % 3 roses tea solution (Caf source) and a similar
experiment was carried out. The HPLC analysis was also
carried out for sample 2 with a C18 column in which a mixture
of acetonitrile and phosphate buffer (60:40 (v/v)) solution

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c07306
ACS Omega 2022, 7, 35486−35495

35487

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c07306?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


acts as a mobile phase, and the subsequent elution was
observed using a 254 nm UV detector.

■ RESULTS AND DISCUSSION
SEM and EDX Analysis. To study the morphology of the

SnSe/TiO2@GO ternary nanocomposite, GO, SnSe, and TiO2
were examined using SEM (Figure 1a−d), respectively. The

surface morphology of GO showed the absence of aggregates
due to its hydrophilic nature (Figure 1a). The SEM image
(Figure 1b) of SnSe nanoparticles showed aggregates of
spheres. These results are in good agreement with a previous
report.26 The SEM image (Figure 1c,d) of the SnSe/TiO2@
GO ternary nanocomposite depicted spheres of different sizes
distinctly entrapped in the stacked layer structure with the
average size range from 40 to 60 nm, which is due to the
distinct sizes of SnSe and TiO2.
The EDX results of the SnSe/TiO2@GO ternary nano-

composite also confirm the presence of Sn, Se, O, Ti, and C
and their distribution is verified through elemental mapping
(Figure S1a). Similarly, the EDX spectrum of SnSe (Figure
S1b) also reveals that the average Se:Sn atomic percentage
ratio is 50.33:45.07, indicating the correct stoichiometry of
SnSe. This is in consensus with the XRD results.
XRD Analysis. Figure 2a−c presents the XRD results of

GO, SnSe, and the SnSe/TiO2@GO ternary nanocomposite.
Figure 2a shows a diffraction peak of GO at 2θ = 11.14°.27
SnSe (Figure 3b) showed peaks at 2θ = 30.25°, 42.61°, 52.23°,
and 67.34°, which correspond to the orthorhombic phase of
SnSe (JCPDS no. 89-0236).28 In addition, the high intensity
confirms the high crystalline nature of the spheres. Similarly,
the SnSe/TiO2@GO ternary nanocomposite also showed
diffraction peaks corresponding to GO at 10.2°, SnSe at 30.24°
and 67.19°, and TiO2 at 25.17°, 38.39°, and 48.26°.29 The
observed peak positions of the ternary nanocomposite were
shifted to a lower angle due to the content of SnSe/TiO2
(Figure 2c). The mean sizes of SnSe and TiO2 crystal were
observed as 27 and 17.35 nm, respectively.

FT-IR Analysis. The FT-IR spectra of GO, SnSe, and the
SnSe/TiO2@GO ternary nanocomposite are shown in Figure
3a−c. The broad peak at 3427 cm−1 is assigned to O−Hstr of
GO (Figure 3a). Another set of peaks observed at 1042 and
1630 cm−1 were due to C−O and C�C groups, respectively,
of GO. Corresponding to that, the SnSe/TiO2@GO ternary
nanocomposite (Figure 3c) showed OH vibration at 3407
cm−1 and C−O and C�C vibrations at 1030 and 1631 cm−1,
respectively. In addition, SnSe showed its Sn−Se stretching
vibration at 645 cm−1 (Figure 3b), indicating the formation of
an orthogonal structure.30 Similarly, the SnSe/TiO2@GO
ternary nanocomposite also gives good agreement with SnSe
by the appearance of a peak at 670 cm−1. In addition, the
SnSe/TiO2@GO ternary nanocomposite also showed a broad
band at 542 cm−1 corresponding to Ti−O−Ti bond
vibration31 (Figure 3c). Similarly, other two peaks at 1633
and 3424 cm−1 are ascribed to Ti3+−O−Ti4+ bond bending
and stretching vibration modes of the OH group, respectively.
In the composite, there is broadening below 600 cm−1, which
may be due to the formation of Ti−O−C bonds,32,33 and these
Ti−O−C bonds strongly suggest the formation of chemical
bonds between TiO2 and GO nanoparticles.
Raman Spectral Analysis. The Raman spectra of the

SnSe/TiO2@GO ternary nanocomposite, GO, and SnSe are
depicted in Figure 4a−c. The spectrum of the SnSe/TiO2@
GO ternary nanocomposite (Figure 4a) showed a pair of peaks
at 1350 and 1579 cm−1 corresponding to D and G bands of
GO. In addition, another set of peaks occurred at 108 and 129
cm−1 due to B3g and Ag modes,

34 respectively, of the
orthorhombic structure of SnSe (Figure 4b). The peak at
395 cm−1 confirms TiO2 availability

35 in the SnSe/TiO2@GO
ternary nanocomposite. All these results confirm the

Figure 1. SEM images of (a) GO, (b) SnSe nanoparticles, and (c, d)
the SnSe/TiO2@GO ternary nanocomposite.

Figure 2. XRD pattern of (a) GO, (b) SnSe, and (c) the SnSe/
TiO2@GO ternary nanocomposite.

Figure 3. FT-IR spectra of (a) GO, (b) SnSe, and (c) the SnSe/
TiO2@GO ternary composite.
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coexistence of the aforementioned compounds in the
composite.
XPS Analysis. The element electronic states and surface

composition of the SnSe/TiO2@GO ternary nanocomposite
are studied by XPS and shown in Figure 5. Deconvolution of
the C 1s spectrum in the SnSe/TiO2@GO ternary nano-
composite (Figure 5b) showed peaks at 282.21, 284.4, 285.2,
285.8, 287.2, and 289.4 eV ascribed to the C−Sn, C−Ti, C−C,
C�C, C−O, and C�O bonds, respectively.36,37 The presence
of C−Ti bonds strongly confirms the deposition of TiO2
nanoparticles on GO via interfacial bonding. The deconvoluted
Se 3d spectrum (Figure 5c) showed two major bands at 54.2
and 55 eV corresponding to the Se−Sn bonds of the spheres.38
In addition, Figure 5e shows that two bands centered at 495.7
and 486.6 eV correspond to Sn 3d3/2 and Sn 3d5/2,
respectively. Similarly, the availability of 3d electronic states
of Sn and Se confirms the SnSe stoichiometry. Also, two major
peaks for Ti4+ in TiO2 (Figure 5d) were observed at 459.4 and
465.7 eV, and they were shifted to higher energy than pristine
TiO2.

39 It confirms the electron transfer from TiO2 to SnSe.
Similarly, two minor bands at 460.2 and 466.5 eV represent the
formation of Ti−C bonds,37 which give good agreement with

the C 1s result. Particularly, the presence of C−Ti bonding
between GO and TiO2 interface and C−Sn bonding between
GO and SnSe interface confirms the formation of the
composite. In addition, these interactions can induce the
electron transport in the composite.
Electrochemical Performance of the SnSe/TiO2@GO

Ternary Nanocomposite. To verify the electrocatalytic
activity of the synthesized SnSe/TiO2@GO ternary nano-
composite, cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) studies were carried out in the presence of
Para in 0.1 M phosphate buffer solution (pH 7.2). Further, the
efficiency of the SnSe/TiO2@GO-GC ternary electrode was
compared with control electrodes such as bare GC, GO-GC,
SnSe-GC, and TiO2-GC, and the observed results are shown in
Figure 6. From the results, it is observed that there is no peak

potential in the absence of Para, whereas in the presence of 17
μM Para control electrodes, bare GC and GC-GO exhibited
high overpotential, but in the case of SnSe-GC (0.41 and 0.32
V) and TiO2-GC (0.49 and 0.37 V), relatively low over
potentials were observed. Such a performance of SnSe-GC and
TiO2-GC electrodes may be due to the high surface-to-volume

Figure 4. Raman spectra of (a) the SnSe/TiO2@GO ternary
nanocomposite, (b) SnSe, and (c) GO.

Figure 5. XPS analysis of (a) the SnSe/TiO2@GO ternary nanocomposite and (b) deconvoluted C 1s, (c) Se 3d (d) Ti 2p, (e) Sn 3d, and (f) O
1s.

Figure 6. CV curves of oxidation of Para (17 μM) at (a) bare GC, (b)
GO-GC, (c) SnSe-GC, (d) TiO2-GC, and (e) SnSe/TiO2@GO-GC
electrodes in 0.1 M PBS (pH 7.2) (scan rate of 50 mV s−1).
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ratio. In contrast to it, the SnSe/TiO2@GO-GC electrode
showed peaks with redox behavior at 0.38 and 0.34 V with
improved peak currents and thus showed 20 mV lesser
oxidation potential than the previous work,11 and this
distinction is due to the synergetic effects of the constituents
that led to the high electrical conductivity and relatively small
band gap of SnSe40 and the potent interface of TiO2.

11 In
addition, a Lewis acid−base interaction is expected between
SnSe and TiO2, thus leading to a surface assimilation of the
electrode, which results in dwindling of bonds and lower
oxidation potential.11 In view of the observations, the SnSe/
TiO2@GO-GC electrode has enriched electrocatalytic activity
toward Para oxidation, and the mechanism is shown in Scheme
S1. On increasing the concentration of Para from 9.1 nM to
296.5 μM (Figure 7), the peak currents were also increasing.

Effect of pH. The electrochemical behavior of the
fabricated electrode and analyte peak current can be influenced
by the pH of the electrolyte. Due to the involvement of
protons in the oxidation of paracetamol reaction, the effect of
pH on the peak potential, voltammetric behavior, and peak
currents was investigated at the SnSe/TiO2@GO-GC elec-
trode with a pH range from 5 to 9 (scan rate of 50 mV s−1),
and the result is shown in Figure 8a. From the observed CV
response, it is observed that there is a shift in Para oxidation
potential toward the negative side while increasing the pH,
which confirms the direct participation of protons. There exists
a linearity between the peak potential and pH (Figure 8b),
which is the nearest to the Nernst equation, and the observed
equation is Epano/V = −0.0502(pH) + 0.8290 (R = 0.9957).
The results depict that the oxidation reaction involves an
equivalent of protons and electrons such as 2 (calculated using

eq 1).11 From the results, it is observed that the maximum
oxidation current was observed at pH 7; therefore, it was
chosen for further study.

=E E n0.0591pH/0 (1)

Effect of Scan Rate. The influence of the scan rate on the
SnSe/TiO2@GO-GC electrode was studied by varying the
scan rate from 10 to 100 mV s−1 at 25 μM Para (Figure 9a).
The results showed that the anodic current upgrades linearly
toward a more positive direction on increasing scan rate.41 As
seen in Figure 9b, the plot of log Ipa vs log scan rate showed a
linear dependence with the linear regression equation of log
Ipa (μA) = 0.8448 log υ + 1.6158 (R2 = 0.9994). Plots of log
Ipa vs log υ showed a slope value of 0.84, indicating that the
oxidation reaction that occurs at the SnSe/TiO2@GO-GC
electrode is controlled by the adsorption process.42

The surface coverage concentration of the ternary composite
on the GC electrode as well as Para adsorbed on the surface of
the SnSe/TiO2@GO-GC electrode is calculated using
Laviron’s model (eq 2) since it has an effect on fouling,
potential, and interference of other electroactive species. The
observed values for SnSe/TiO2@GO-GC and Para-adsorbed
SnSe/TiO2@GO-GC electrodes are 3.2 and 3.04 nM cm−2,
respectively,43 and thus endorse the better conductivity of the
fabricated electrode.

= n F A RTIp /42 2 (2)

Ip is the peak current, n is the number of electrons involved, F
is the Faraday constant, Γ is the surface coverage
concentration, A is the surface area, υ is the scan rate, R is
the gas constant, and T is the temperature (K).
The electroactive surface area (Areal) and % Areal of the

SnSe/TiO2@GO-GC electrode were evaluated through the
Randles−Sevcik equation (equation 1)44 and they were equal
to 0.076 cm−2 and 92.9%, respectively.
Voltammetric Determination of Paracetamol. DPV

was employed to study the effect of concentration of Para on
the SnSe/TiO2@GO-GC electrode due to its high sensitivity
and acute resolution in quantitative determination, and the
results are shown in Figure 10. The results illustrate that the
anodic peak currents of Para gradually increased from 0.0089
to 381 μM with the increase in concentration of Para with the
linearity of Ip (10−6 A) = 0.0993[Para/μM] + 0.0796 (R2 =
0.9995) (Figure 10, inset). The detection limit is calculated
using 3σ/S and it is equal to 0.003 μM.
As discussed earlier, if there is an electrode that can separate

the peak potentials of Para, Trp, and Caf simultaneously with

Figure 7. CV curves of different concentrations of Para at the SnSe/
TiO2@GO-GC electrode in 0.1 M PBS (scan rate of 50 mV s−1).

Figure 8. CV curves of (a) pH values from 5 to 9 in 0.1 M PBS at the SnSe/TiO2@GO-GC electrode and (b) its calibration plot (scan rate of 50
mV s−1).
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lower potential, it will be a great contribution for the
biomedical arena.45−47 The main objective of the present
study is to evaluate the electrochemical applicability of the
electrode in both separate and simultaneous analyses of drugs.

To bring out the selectivity of the electrode, DPV measure-
ments were carried out using the SnSe/TiO2@GO-GC
electrode by changing the concentration of one analyte and
keeping the concentration of the others as constant under
optimum conditions (Figure 11a−d). In Figure 11a, it is
observed that the peak current of Para increases on increasing
the Para concentration from 0.0089 to 410 μM, whereas the
concentrations of Trp and Caf are 0.0136 and 0.0160 μM,
respectively. Similarly, on increasing the concentration of Trp
from 0.0136 to 190 μM at a steady concentration of Para and
Caf (Figure 11b), a new peak was observed at 1.0 V as
discussed earlier.11 Finally, the concentration of Caf varied
from 0.0160 to 355 μM at a steady concentration of Para and
Trp (Figure 11c). The observed linear equation is as follows.

= [ ] +
=

R

M

Ipa (10 ) 0.1001 Para/ M 0.0155,

0.9993 (detection limit: 0.0029 )

6 2

Figure 9. CV curves of (a) various scan rates and (b) calibration plot of log Ipa vs log υ at the SnSe/TiO2@GO-GC electrode.

Figure 10. DPV curves of concentration variation of Para in 0.1 M
PBS at the SnSe/TiO2@GO-GC electrode and its calibration plot
(inset).

Figure 11. DPV curves of (a) the effect of [Para] with fixed Trp and Caf concentrations and its calibration plot (inset), (b) the effect of [Trp] with
fixed Para and Caf concentrations and its calibration plot (inset), (c) the effect of [Caf] with fixed Para and Trp concentrations and its calibration
plot (inset), and (d) concomitant determination of Para, Trp, and Caf at various concentrations at the SnSe/ TiO2@GO-GC electrode and their
calibration plot (inset).
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= [ ] +
=

M R

M

Ipa (10 ) 0.1054 Trp/ 1.2749,

0.9992 (detection limit: 0.0053 )

6 2

= [ ] +
=

M R

M

Ipa (10 ) 0.0919 Caf/ 10.8980,

0.9995 (detection limit: 0.0065 )

6 2

The observed DPV curves of concomitant determination of
Para, Trp, and Caf exhibited three distinct peak potentials at
0.34, 0.62, and 1.29 V, respectively (Figure 11d). On
increasing the concentration of the analytes from 15 nM to
165 μM, the peak currents also increased linearly and the
observed linear results were as follows,

= [ ] + =M RIpa (10 ) 0.0886 Para/ 2.0316 ( 0.9993)6 2

= [ ] + =M RIpa (10 ) 0.0667 Trp/ 2.3517 ( 0.9966)6 2

= [ ] + =M RIpa (10 ) 0.1646 Caf/ 6.7121 ( 0.9947)6 2

It is important to mention here that the sensitivity of the
SnSe/TiO2@GO-GC electrode toward the oxidation of
paracetamol, tryptophan, and caffeine both in the absence
and presence of other compounds was nearly the same, which
confirms that oxidation processes are independent. Therefore,
it is concluded that the proposed electrode is feasible to
determine these analytes simultaneously without any interfer-
ence.
In addition, the order of ability to undergo oxidation, which

was evaluated using the peak currents and reaction mechanism,
is Para > Caf > Trp. On comparing the oxidation results of
Para, Trp, and Caf at the SnSe/TiO2@GO-GC electrode, the
oxidation of Para exhibits a low detection limit and wide linear
range. It is due to the easily oxidizable group of phenolic OH.
This oxidation is augmented by the N-acyl group at the Para
position; although the “NH” lone pair can be shifted and
delocalized over the adjacent C�O group before oxidation, it
can also be delocalized over the aromatic ring during oxidation.
Similarly, Caf oxidation also showed a wide linear range and
lowering of potential because it is a simple and compact
molecule compared to the flexible Trp, so it can have a strong
interaction with the electrode surface and make the
concentration range high. In contrast, the indole ring “N” of
Trp is expected to have an interaction with the electrode
surface. But this interaction is retorted by the amino acid
substituent. Hence, the range of concentrations detected was
low. The observed results were compared with reported
electrodes (Table 1), but the present electrode showed
enhanced behavior in terms of a significant increase in peak
current and less positive oxidation peak potential value. On the
whole, this work forecasts paths for fabrication of numerous
composite electrodes with a specific reference to drug
determinations in real samples at low overpotentials.
Interference Studies. To demonstrate the selectivity and

anti-interference ability of the SnSe/TiO2@GO-GC electrode,
the interference study was carried out for the oxidation of Para,
Trp, and Caf with inorganic salts (NaCl, KCl, and
CH3COONa) and organic substances (folic acid, uric acid,
dopamine, ascorbic acid, and cysteine). There is no remarkable
change in the potential regardless of the organic substances
and inorganic salts (Figure S2). This proves the selectivity of
the electrode toward the Para, Trp, and Caf oxidations.
Stability, Reproducibility, and Repeatability. The

extensive steadiness of the SnSe/TiO2@GO-GC electrode

was investigated by storing the modified electrode in
phosphate buffer solution (0.1 M), and even after 10 days of
storage, there is no significant decrease in the initial current
signal for 50 μL of 10 μM Para, thus endorsing the long-term
stability of the modified electrode. In addition, the
reproducibility study was carried out for five mutual
independent SnSe/TiO2@GO-GC electrodes and the results
showed 1.7% RSD, indicating good reproducibility. Mean-
while, the repeatability studies for the modified electrode were
also carried out in the same way for 10 repeated experiments,
which result in the RSD of 3.51%, signifying good repeatability
(Figure S3). On the whole, these results indicate that the
SnSe/TiO2@GO-GC electrode can be utilized for real
applications owing to its outstanding stability, reproducibility,
and repeatability.
Real Sample Analysis. An attempt was made to verify the

real-time applicability of the SnSe/TiO2@GO-GC electrode
for the detection of paracetamol, tryptophan, and caffeine in
human blood serum and pharmaceutical formulations; the
samples were collected as mentioned in Experimental Section.
The separate electrochemical analysis of samples I, II, and III
was carried out in the potential window of 0.2 to 1.5 V with the
scan rate of 50 mV s−1, and three consecutive values were
recorded with the same procedure (Figure S4). The observed
oxidation potentials matched with respective potentials of
paracetamol, tryptophan, and caffeine, and Table 2 presents
the calculated volumes of the corresponding components.
These results are in good agreement with HPLC results (Table
2). The results of both the analytical techniques are
commensurable, which prove the real-time application of the
SnSe/TiO2@GO-GC electrode particularly at concomitant
determination of paracetamol, tryptophan, and caffeine in
serum without any interference.

■ CONCLUSIONS
In this study, a novel SnSe/TiO2@GO ternary nanocomposite
was prepared through a simplified procedure. The interfacial
interaction between the components was confirmed through
XRD and XPS spectroscopy. The electrocatalytic activity of the

Table 1. Representative Electrodes for the Oxidation of
Para, Trp, and Caf

modified electrode analyte
LOD
(μM)

linear range
(μM) ref.

activated graphene-
Nafion

Para 0.03 0.05−20 48

MWCNT/PSVM/Au/
GCE

Para 0.027 0.1−200 49

egg plant Para 5 20−200 50
CNF-CPE Trp 1.3 0.1−119 51
Nafion/TiO2-graphene/
GCE

Trp 0.7 5−140 52

butyrylcholine/GCE Trp 0.6 2−60 53
MIS/MWCNTs−
VTMS/GCE

Caf 0.22 0.75−40 54

Nafion/GO-GCE Caf 0.2 0.4−80 55
flavonoid
nanostructured GCE

Caf 3.54 10−110 56

GC-SnS/TiO2@GO
electrode

Para 0.0075 0.0098−280 previous
work11Trp 0.0078 0.013−157

Caf 0.0044 0.016−333
SnSe/TiO2@GO-GC
electrode

Para 0.0030 0.0089−410 this work
Trp 0.0053 0.0136−190
Caf 0.0065 0.0160−355
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ternary nanocomposite was demonstrated for simultaneous
and separate determination of Para, Trp, and Caf drugs. The
comparative results of the SnSe/TiO2@GO-GC electrode with
GO-GC, SnSe-GC, and TiO2-GC control electrodes showed a
significant increase in oxidation peak current and lower
overpotential. The enhanced electrocatalytic activity toward
the oxidation of analytes may be due to the synergetic effect of
the components present in the ternary nanocomposite. The
defective nature of GO sheets, the small band gap of SnSe, the
high interfacial area of TiO2, and the attainment of a steady
value are collectively responsible for enriched electroactive
properties of the SnSe/TiO2@GO-GC electrode, by which the
overpotential decreased with the favorable enhancement in the
electron transfer, sensing ability, and selectivity. In addition,
wide linear ranges of 0.0089−410, 0.0136−87.66, and 0.0160−
355 μM with detection limits of 0.0030, 0.0053, and 0.0065
μM for paracetamol, tryptophan, and caffeine, respectively,
were encountered as significant features. This work establishes
the real-time application of the SnSe/TiO2@GO-GC electrode
for the simultaneous sensing and determination of para-
cetamol, tryptophan, and caffeine in pharmaceutical formula-
tions and human blood serum without any interference.
Hence, this study can promote interest for the fabrication of
high-performance electrochemical sensors for real-time appli-
cations in the medical field.
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