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A B S T R A C T

The pH dependent size control of Bovine Serum Albumin (BSA) and its biosensing potential with Tin Oxide and
Tin Sulfide Quantum Dots (SnO2/SnS2 QDs) is reported. The role of disulfide bond cleavage in BSA at acidic and
circumneutral pH conditions (3 and 7.2) with sodium borohydride as reducing agent, makes changes in its
stability, prone to aggregation and microcapsule formation respectively. Here, the structural reduction in BSA (r-
BSA2) at pH 7.2 probed more –OH groups eventually creating adhesive surfaces for SnO2/SnS2 QDs due to
electrostatic and hydrophobic forces, thus avoids the aggregation of SnO2/SnS2 QDs in composite formation. The
accumulation of more active sites in SnO2/SnS2 QDs decorated r-BSA2 (SnO2/SnS2@r-BSA2) nanobiocomposite
favored suitable orientation for Melatonin (Mel) detection. The designed SnO2/SnS2@r-BSA2 nanobiocomposite
over the screen printing electrode exhibited electrochemical detection capabilities for the selective and sensitive
recognition of Mel in the linear range of 0.2–1000 μM with a lower detection limit of 16 nM. Additionally, the
fabricated biosensor was successfully validated for the determination of Mel in real samples.

1. Introduction

Bovine Serum Albumin (BSA), a heart shaped globular protein,
composed of 583 amino acids in a single polypeptide chain with dis-
ulfide linkages as well as active functional groups such as carboxyl and
thiol groups, plays a major role because of their intensive research
activities in recent years. Since the protein model is in high similarity of
76% sequence homology with human serum albumin, widely employed
in biomedical applications [1–3]. Interestingly, the critical influencing
factors of BSA such as interaction with other biomaterials/nanomater-
ials, identification of most important residues, structural changes with
varying pH and temperature conditions developed interest to analyze
their electrochemical behavior for various applications [4,5].

Firstly, the insight study on structural changes in BSA at different
pH condition remained to be challenge and its application in biome-
dical field is on trend now owing to its various physiological functions.
At acidic pH range (< 3.5), an extended form of structure due to the
disulfide bond integrity and aggregation of BSA result to fibril forma-
tion. In contrast on increasing pH from neutral (> 7.0), exhibit normal
form and some of the disulfide bonds in protein can be cleavable by
reducing environment and found to produce micro and nanocapsule

formation, whereas all the disulfide bonds are protected between acidic
and neutral (pH 4–7) [5,6]. However, the understanding of disulfide
bond cleavage and structural deformation in BSA at acidic and neutral
pH conditions remains to be a challenge. Secondly, BSA also found to
undergo structural changes on adsorption by providing stabilized
platform due to the contribution of electrostatic and hydrophobic in-
teractions [7,8]. The reported materials that initiated the structural
changes in BSA upon adsorption are ellagitannin [9], chitosan [10],
tellurium [11], dextran [12], polypyrrole [13], etc. It is well observed
from these reports that the structural changes of protein with suitable
performances in the composite pave a novel platform to designing new
innovative hybrid biomaterials for biosensing application. The ad-
sorption and folding capacity of BSA with other biomolecule/nano-
materials depends on the charging nature which also gets varied by
increasing pH [10,14]. At pH 7, negative nature of BSA bind electro-
statically with another negatively charged metal nanoparticle due to
the presence of several positively charged lysine amino acid in that
[15,16]. In this study, we used sodium borohydride, a well-known
strong reducing agent, to investigate di-sulfide bond cleavage in protein
that leads to structural changes at pH3 and pH7.2. The change in sec-
ondary structure of BSA upon adsorption with nanomaterial and its
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enhanced steric performance is also discussed in this paper.
Quantum dots (QDs) are extensively used for biomedical application

due to its miniaturized structure, biocompatibility, narrow band emis-
sion and versatile surface modification [17]. It also reported to have
covalent bonding ability with biomolecule and also promote direct
electron transfer between biomolecule and electrode surface [18,19].
However to the best of our knowledge no significant efforts have been
made for the investigation of metal oxide/sulfide based QDs in bio-
sensor yet. In this paper, we report the Tin oxide sulfide (SnO2) and Tin
disulfide (SnS2) QDs decorated BSA and utilize in effective biomolecule
detection. In recent years, SnS2 have attracted tremendous attention
due to their layered crystal phase, narrow band gap (2.2 eV), good
stability in acid and neutral aqueous solutions, and thermal stability.
Benefitting from free of dangling bonds, low-price, less surface trap,
and lower toxicity contributed as a promising material in various fields,
including dye-sensitized solar cells [20], photocatalytic hydrogen gen-
eration [21], lithium-ion batteries [22], etc. However, the SnS2 sheet
like structure, limited its potential application in biosensor field due to
its poor electron transportation. The coupling of two different semi-
conductors reported to execute high photocatalytic performance as
compared to single semiconductors [23]. As mentioned above, a lot of
attempts have been made to improve the electro chemical behavior of
SnS2 for biosensing applications through morphology control, doping
process, using carbon based materials [24,25], etc. Herein we propose
another effective way of using SnS2 QDs with SnO2 QDs and made a
composite with protein for enhancing the electron transfer process thus
to provide a stable structure. So, the construction of heterostructure
based on SnO2/SnS QDs decorated with reduced BSA composite having
well-matched band structure which is a highly desired character for the
fabrication of novel biosensor.

Melatonin (Mel), a hormone secreted by pineal gland in mammalian
brain, possesses antioxidant property and helps to regulate sleep-wake
cycle and other hormone production. The deficiency of Mel leads to
several neurological disorders and risk of cancer. Mel also regulates
antioxidant enzymes in human body and act as a very effective free
radical scavenger that protect tissues from the reactive oxygen and
nitrogen species [26,27]. Therefore the daily intake of Mel (0.1–1 mg)
has been prescribed for the regulation of neurological stability. Usually
Mel is rich in food items such as vegetables and fruits and thus detection
of Mel content can quantify the food products [28]. And also its
quantification in human fluids can lead to early diagnosis of many
physiological and behavioral disorders. Several analytical techniques
such as HPLC [29], spectrofluorimetric [30], colorimetric [31], and
electrochemical methods [25] have been reported for the detection of
Mel. Among these, electrochemical method is reported to be simple, fast
and high selectivity towards the selective determination of Mel.

In this paper, we present the structural modification in BSA at dif-
ferent pH conditions (3 and 7.2) and its steric behavior with SnO2/SnS
QDs was utilized as biosensing platform. Importantly, the prepared
nanobiocomposite exhibit selective determination towards Mel with
very low detection limit (S/N = 3σ) and wide linear range of 16 nM
and 0.2–1000 μM respectively. The fabricated electrode also tested in
human urine samples and recovered the significant concentration of
Mel supporting the real time application of the proposed biosensor.

2. Experimental section

2.1. Materials

All chemicals were analytical grade and used without further pur-
ification. Bovine Serum Albumin, Sodium Borohydride (NaBH4),
acetone, Tin(IV) chloride (SnCl4.5H2O, 99%), thiourea (CH4N2S),
Melatonin were purchased from Himedia, Mumbai. 10 mM of Mel so-
lution was freshly prepared in prior to its use. 0.1 M Phosphate Buffer
solution (PBS) was prepared as supporting electrolyte and adjusted to
pH7 using NaOH solution. For aqueous solutions, de-ionized (DI) water

was used. Experiments were conducted at room temperature ( ̴ 25 °C).

2.2. Electrode preparation and modification

2.2.1. Preparation of BSA microcapsules at different pH conditions
The structural and disulfide bond reduction in BSA was carried out

by the addition of strong reducing agent NaBH4 at different pH (3 and
7.2) conditions. In Brief, 0.5 g of BSA was dissolved in 50 mL of DI
water by stirring and the solution mixture was maintained at pH7.2. In
that 5% NaBH4 (0.2 g in 5 mL DI water) was added for the reduction of
disulfide bonds in BSA and stirred for 3 h. Then the pH value was in-
creased from circumneutral (pH7.2) to basic (pH 8.9) and thus resulting
reduction in di-sulfide bonds eventually provide reduced BSA structure.
By mixing acetone with sample solution in the ratio of 3:1 the modified
protein was separated and dried by lyophilizer and the final product
named as r-BSA2. In same way, the pH maintained in process was ad-
justed to 3 by the addition of HCl and then reduced and the product
obtained named as r-BSA1. Thus the reduction in BSA creates more –OH
and –COOH groups in BSA enabling more electrocatalytic oxidation
with –NH group in Mel which acts as a steric platform for SnS QDs.

2.2.2. Preparation of SnO2/SnS2 Quantum Dots
SnO2/SnS2 QDs were prepared via simple hydrothermal method

using SnCl4.5H2O and thiourea as tin and sulfur sources respectively.
Briefly, 15 mM of SnCl4.5H2O (0.26 g) and 60 mM of CH4N2S (0.22 g)
were stirred and dissolved in 50 mL DI water for 30 min. The mixture
solution was then transferred to 80 mL Teflon lined autoclave and he-
ated in oven at 160 °C for 24 h and then cooled to room temperature.
The obtained black colour product was washed several times using DI
water, ethanol and then dried at 50 °C for 5 h. The possible reaction
process responsible for the pH variations of solution mixture and sub-
sequent formation of SnO2/SnS2 QDs are as follows:
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Sn 4Cl 5H 5OH (pH 1.1)4 2
2 4
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+ + + = + +

+ +

+ +
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2.2.3. Preparation of SnO2/SnS2@r-BSA2 modified SPE
For the selection of appropriate composite proportion, different

weight ratio of SnO2/SnS2 QDs and r-BSA2 was examined in selective
sensing of 200 μM of Mel using Cyclic Voltammetry (CV) technique and
it is observed that the ratio (1:1) has shown higher oxidation peak
which is optimized for the present work (Fig. S1). For electrode mod-
ification, SnO2/SnS2 QDs decorated r-BSA2 (SnO2/SnS2@r-BSA2) mix-
ture solution (5 mg of SnO2/SnS2 QDs, 5 mg of r-BSA2 in 1 mL DI
water) was prepared by stirring and kept in ultrasonication for 15 min
and 6 h respectively. Then, 10 μL of dispersed SnO2/SnS2@r-BSA2
aqueous solution was drop casted onto the SPE and allowed to dry at
room temperature for 2 h. For comparison purposes, SnO2/SnS2 QDs,
BSA, r-BSA1 and r-BSA2 were also prepared by similar method.

2.3. Characterization

The electrochemical behavior of prepared samples were analyzed at
room temperature, on an CHI6055D electrochemical workstation
(Austin, USA), by a Three-Screen Printed Electrode (SPE), which in-
tegrates a three-electrode system based on carbon as counter electrode,
working electrodes of 3 mm diameter and a silver reference electrode
(TE100, Austin, USA). The electrochemical reaction was carried out in
PBS at pH 7. The SEM images for SnO2/SnS2 QDs, r-BSA1, r-BSA2, and
SnO2/SnS2@r-BSA2 nanobiocomposite were obtained using Zeiss

D. Nathiya, et al. Talanta 210 (2020) 120671

2



operating at 21.00 kV. The energy-dispersive X-ray spectroscopy
(ULTRA 55, Zeiss, Germany) was analyzed for SnO2/SnS2 QDs and r-
BSA2 samples. The TEM images for prepared samples were obtained
using Tecnai G2 (F30) High resolution Transmission electron micro-
scope. X-ray photoelectron spectroscopic studies were performed using
an AXIS ULTRA(AXIS 165, Kratos, United Kingdom) spectrometer with
monochromatic Al Ka (1486.6 eV) radiation. The XRD patterns were
obtained using Bruker Germany D8 advance instrument (λ = 1.5418 Å)
operated at 30 mA, 40 kV and using Cu kα radiation. The Raman
spectrum was obtained using an imaging spectrograph (model STR500
mm focal length) laser Raman spectrometer (SEKI Japan). Fourier
Transform Infrared Spectroscopy (FT-IR) was carried out on a Thermo
Nicolet 200 FTIR spectrometer with a wavelength ranges from 4000 to
400 cm−1. The UV–vis absorption spectra of aqueous solutions of the
samples were recorded (ALS-SEC2000, Biologic, France) in the wave-
length 200–800 nm at room temperature. The samples were further
characterized by Vibrating sample magnetometer (VSM, cryogenic,
UK).

3. Results and discussion

3.1. Material characterization

Fig. 1 shows the XRD patterns of BSA, r-BSA1, r-BSA2, SnO2/SnS2

QDs and SnO2/SnS2@r-BSA2 samples. In that, compared to BSA, the
structurally reduced form of r-BSA1 and r-BSA2 has significant changes
in crystalline structure with high angle peaks at 2θ of 15.68, 15.65,
18.39, 20.28, 22.70, 23.81, 35.11° and increase in intensity results in
improved crystalline structure signifying the structural modification.
XRD peak of ‘d’ in Fig. 1A indexed the mixture formation of tetragonal
phase SnO2 (JCPDS card no. 41–1445), and hexagonal phase SnS2 QDs
(JCPDS card no. 89–2358). The broadened peak of SnO2 suggests that
the crystalline size of the QDs is very small [32]. In this, we speculated
that the formation of small proportion of SnS2 as compared to SnO2 and
evidenced in further characterization. In peak ‘e’ the presence of in-
dividual peaks and increase in intensity attributed to strong adsorption

of SnO2/SnS2 QDs on the surface of r-BSA2. Thus, the XRD results
suggested the successful electrosteric interaction of SnO2/SnS2@r-BSA2
responsible for the enhanced crystalline behavior.

FT-IR spectroscopy was performed over the samples to further
confirm structural modification in BSA and its strong interaction with
SnO2/SnS2. The recorded spectra for BSA, r-BSA1, r-BSA2, SnO2/SnS2

QDs and SnO2/SnS2@r-BSA2 are presented in Fig. 1B. In curve ‘d’ the
strong peaks observed at 550 cm−1 and 652 cm−1 represents the
stretching vibrations of Sn–S and Sn–O bands [33,34]. The main
characteristic peaks for BSA are observed at 1660 cm−1 (C]O
stretching) and 1524 cm−1 (N–H bending and C–N stretching) corre-
sponding to protein amide I and amide II bands respectively (curve a).
In curve ‘b’ and ‘c’ it has been observed that the increase of intensity of
these bands at r-BSA1 and r-BSA2 revealed the structural reduction in
protein and its increased content of carboxyl moieties [35,36]. The
wide band observed at 3440 cm−1 (O–H stretch) in r-BSA2 and r-BSA1
as compared to pure BSA also affirms the creation of –OH groups due to
reduction process. In SnO2/SnS2@r-BSA2 (curve e), the band became
sharper and shifted from 3420 to 3470 cm−1, decrease in intensity of
protein main characteristic peaks, confirm the strong adsorption of
SnO2/SnS2 QDs with r-BSA2. The same hypothesis was further sup-
ported and explained by Raman spectroscopy analysis (Fig. S2).

The surface morphologies of the as-synthesized r-BSA1, r-BSA2,
SnO2/SnS2 QDs and SnO2/SnS2@r-BSA2 nanobiocomposite were
characterized by FE-SEM. Fig. 2A shows the images of micro sized r-
BSA1 in crystalline with micro pores which confirms the reduced
structure. In this, we evidenced the little bit of aggregation at acidic pH
condition (pH 3) due to the influence of disulfide bond integrity. After
structural modification using reducing agent, structural change in r-
BSA2 was observed in the form of microcapsules, reveal the cleavage of
certain protein disulfide bonds in protein structure at circumneutral pH
7.2 (Fig. 2B). In Fig. 2C, found agglomerated form of SnO2/SnS2 QDs
and their presence of elemental composition such as tin, oxygen, and
sulfur was supported and tabulated in Fig. S3. Surprisingly as seen in
Fig. 2D, the SnO2/SnS2 QDs decorated onto the r-BSA2 microcapsules
shows a linear separation of QDs which is free from agglomeration in

Fig. 1. (A) XRD patterns and (B) FT-IR spectrum of (a) BSA, (b) r-BSA1, (c) r-BSA2, (d) SnO2/SnS2 QDs, (e) SnO2/SnS2@r-BSA2 samples.
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composite, due to hydrophobic force and new functional groups such as
–OH, –COOH, thiol groups developed between r-BSA2 and SnO2/SnS2

QDs. Moreover electrostatic attachment due to the interaction of sulfide
group in SnO2/SnS2 QDs and positively charged lysine amino acid
groups in protein microcapsules is also responsible to control the ag-
glomeration. Therefore the biofuntionalization of SnO2/SnS2 QDs with
r-BSA2 microcapsules results an exfoliated structure with large ad-
hesive interfaces and diminished aggregation. The dispersible property
of the prepared nanobiocomposite revealed remarkable ability of r-
BSA2 in adsorption with SnO2/SnS2 QDs due to electrostatic and hy-
drophobic interactions (Fig. S4).

The surface elemental chemistry of as-prepared r-BSA2, SnO2/SnS2

QDs and SnO2/SnS2@r-BSA2 samples was further analyzed using XPS.
From the survey XPS spectra (Fig. 3A), C1s, N1s, O1s and different
valence spectra of Sn in individual sample and nanocomposite are
evidenced. In Fig. 3B, r-BSA2 and SnO2/SnS2@r-BSA2 samples shows
several C 1s peaks at 284.6 eV (C–C/C–H), 285.9 eV (aliphatic carbons
of amino acid groups), 286.8 eV (NH-CHR-CO in protein backbone) and
288.4 eV (-CO-NH- peptidic carbons) [37]. The presence of these main
peaks for protein in SnO2/SnS2@r-BSA2 evidenced the consistency of r-
BSA2 after composite formation. The N1s peak recorded near 399.1 eV
confirmed nitrogen in protein organic matrix and the decrease in con-
centration of N1s in SnO2/SnS2@r-BSA2 speculated the interaction of
SnO2/SnS2 QDs with amino acid residues in protein (Fig. 3C). The
broadening and red-shifted peak in SnO2/SnS2@r-BSA2 as compared to
individual r-BSA2 affirmed the chemical interaction in composite for-
mation [38]. Fig. 3D shows the narrow scan XPS spectra of O 1s elec-
tron orbital of the as-prepared samples, the increase in intensity of
oxygen in SnO2/SnS2@r-BSA2 evidenced the raised oxygen groups on
surface. It can be seen that in Fig. 3E, the two symmetrical peaks at
494.9 eV and 486.5 eV attributed to Sn 3d3/2 and Sn 3d5/2 respectively,
and evidenced the presence Sn4+ which corresponds to SnS2 and SnO2

formation. The peak to peak separation of Sn 3d3/2 and Sn 3d5/2 is
8.4 eV which is in good agreement with reported SnO2 spectrum [39]
and presence of Sn4+ peaks in SnO2/SnS2@r-BSA2 attributed the che-
mical adsorption in composite. In Fig. 3F, revealed the deconvoluted
peaks at 162.6, 162.89 and 163.8, 164.2 correspond to elemental

sulfur. The increase in sulfur of SnO2/SnS2@r-BSA2 confirms the ac-
cumulation of thiol groups from r-BSA2 with SnO2/SnS2 QDs.

As can be seen from Fig. 4(A, B & D), the TEM images of r-BSA2
further supports the microcapsule morphology formation with corre-
sponding SAED pattern. In Fig. 4(D &E) indexed the aggregated form of
SnO2/SnS2 QDs with average particle size and standard deviation of
2.64 nm and 1.09 nm respectively (Fig. S5). The corresponding inter-
spacing for SnO2 and SnS2 measured as 0.311 nm and 0.314 nm which
are in agreement with the results of XRD pattern. In SAED pattern, it is
further evidenced the formation of SnO2/SnS2 QDs with six diffraction
rings, which corresponds to (001) plane of the hexagonal phase SnS2

and (110), (101), (200), (211), (112) plane of the tetragonal phase of
SnO2 (Fig. 4F). Interestingly in Fig. 4(G and H), the well distributed
form of SnO2/SnS2 QDs were observed due to the electrosteric forces
from amino acid groups of r-BSA2 and their corresponding SAED pat-
tern also further confirms the prepared nanobiocomposite (Fig. 4I).
Here the calculated average particle size and standard deviation are
1.46 nm and 0.46 nm which also affirmed the avoidance of agglom-
eration in SnO2/SnS2 QDs with r-BSA2 microcapsules (Fig. S5).

This hypothesis further gets confirmed by UV–vis absorption spectra
of BSA, r-BSA1, r-BSA2, SnO2/SnS2 QDs and SnO2/SnS2@r-BSA2 sam-
ples (Fig. 5A). The absorption peaks around 280 nm corresponds to π-
π* transition of aromatic amino acids and residues in pure BSA.
Therefore the decrease in absorbance of r-BSA1 and r-BSA2 evidenced
the cleavage of disulfide bond linkages in appropriate range, and thus
support the size modification. In SnO2/SnS2, the smaller value of ab-
sorption peak reported to have smaller size of nanoparticles [40].
Herein, the decrease in absorption peak value of SnO2/SnS2@r-BSA2
represents the avoidance of agglomeration in SnO2/SnS2 QDs due to
steric attachment of r-BSA2.

Magnetic measurements of SnO2/SnS2 QDs, r-BSA2 and SnO2/
SnS2@r-BSA2 nanobiocomposite (Fig. 5B) observed negative magnetic
moment denoted diamagnetic nature with saturation magnetization
(Ms) of 6.766 × 10−4, 4.144 × 10−4, 0.476 × 10−4 emu/g. The de-
crease in Ms value indicates the grain size reduction when compared to
bulk material [41]. Here, we found the reduction of Ms in SnO2/SnS2@
/r-BSA2 as compared to SnO2/SnS2 QDs due to the increased adhesive

Fig. 2. SEM images of (A) r-BSA1, (B) r-BSA2, (C) SnO2/SnS2 QDs, (D) SnO2/SnS2@r-BSA2 nanobiocomposite.
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surfaces in QDs.

3.2. Electrochemical behavior of the modified electrode in Mel detection

The effect of pH on the electrochemical behavior of 10 mM of Mel in
0.1 M of PBS at different pH ranges (1.0–10.0) for SnO2/SnS2@r-BSA2
nanobiocomposite was carefully studied. Fig. S6, shows the maximum
oxidation peak current of Mel obtained at pH 7.0 and shown decreased
oxidation peak current at other pH ranges. Therefore, PBS with pH 7.0
was selected as supporting electrolyte for resulting best sensitivity in all
subsequent electrochemical studies. In addition the oxidation peak
potential of Mel shifts negatively with an increase in pH due to the
effective involvement of protons in electrode reaction process. The
electrochemical behavior of 200 μM Mel for bare, BSA, r-BSA1, r-BSA2,
SnO2/SnS2 QDs, SnO2/SnS2@r-BSA2 modified Glassy caron electrode
(SnO2/SnS2@r-BSA2/GCE) were studied by Cyclic voltammetry (CV) in
0.1 M of PBS and reported in Fig. 6A. It can be observed that the oxi-
dation peak current for SnO2/SnS2@r-BSA2/GCE has increased, com-
pared to other modified electrodes in which the electrosteric stabili-
zation of SnO2/SnS2 QDs by r-BSA2 on electrode surface facilitate more
surface area eventually causing significant change in electrocatalytic
behavior towards Mel. Furthermore, the oxidation peak potential of

SnO2/SnS2 QDs, r-BSA2 and SnO2/SnS2@r-BSA2/GCE was found as
0.728 V, 0.705 V and 0.691 V respectively. It is saying that the SnO2/
SnS2@r-BSA2/GCE resulted not only the increased sensitivity but also a
low oxidation potential in Mel sensing as compared to individual ma-
terial modified electrodes, ascribed its promising electroanaytical be-
havior. To understand the better adsorption behavior of r-BSA2 with
SnO2/SnS2 QDs, the prepared nanobiocomposite of SnO2/SnS2@r-BSA2
has been compared with the SnO2 QDs decorated r-BSA2 (SnO2@r-
BSA2) and SnS2 QDs decorated r-BSA2 (SnS2@r-BSA2) samples as in
Fig. S7. In that, it was observed higher sensitivity with oxidation peak
potential of 0.68 V towards Mel for SnO2/SnS2@r-BSA2 modified SPE
(SnO2/SnS2@r-BSA2/SPE) attributed to the raised surface binding sites
in SnO2/SnS2 QDs nanocomposite with r-BSA2 as compared to SnO2@r-
BSA2/SPE and SnS2@r-BSA2/SPE. The effect of scan rate on electro-
chemical behavior of 100 μM Mel for the SnO2/SnS2@r-BSA2/SPE was
investigated in 0.1 M PBS and plotted in Fig. 6B. As increase in scan
rate, a gradual increase in oxidation peak currents of Mel is noticed and
found linear relationship between peak current and square root of scan
rate in the range of 10–100 mV s−1 with linear equation y = 14.1337x
+0.8860 and R2 = 0.9958. This study supports the diffusion controlled
phenomena of SnO2/SnS2@r-BSA2/SPE.

Fig. 3. (A) XPS survey spectra, High resolution XPS spectra of (B) Deconvoluted C1s and (C) N1s for (a) r-BSA2 and (b) SnO2/SnS2@r-BSA2, (D) O1s for (a) r-BSA2
(b) SnO2/SnS2 QDs and SnO2/SnS2@r-BSA2, (E) Sn3d and (F) Deconvoluted S2p of (a) SnO2/SnS2 QDs and (b)SnO2/SnS2@r-BSA2 samples.
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3.3. Nonenzymatic electrocatalytic detection of Mel

Under the optimized condition, the determination of Mel at SnO2/
SnS2@r-BSA2 nanobiocomposite modified electrode was carried out in
0.1 M PBS (pH 7.0) by Square Wave Voltammetry (SWV) and the results
are illustrated in Fig. 7. It can seen that the increasing concentration of
Mel results linearly increase in SWV anodic peak currents with lower
detection limit of 16 nM (S/N = 3σ) and linear range of 0.2–1000 μM.
The first linear dynamic range was from 0.2 μM to 1 μM, with a

calibration equation of Ip(μA) = 0.2178 + 0.2643C (μM) (R = 0.9996)
and the second linear dynamic range was from 2 μM to 20 μM, with a
calibration equation of Ip(μA) = 1.0323 + 0.4326C (μM)
(R = 0.9989). The raised –OH groups, –COOH and thiol groups accu-
mulated from both r-BSA2 and SnO2/SnS2 QDs responsible for elec-
trostatic/covalent interaction towards –NH groups in Mel, whereas the
positively charged residues in r-BSA2 provide strong electrostatic and
hydrophobic interaction towards SnO2/SnS2 QDs. Thus, the increased
synergistic effect in the prepared hybrid nanobiocompsite enhanced the

Fig. 4. TEM, HR-TEM images and SAED pattern of (A, B & C) r-BSA2, (D, E & F) SnO2/SnS2 QDs, (G, H & I) SnO2/SnS2@r-BSA2 samples.

Fig. 5. (A) UV–vis spectra of (a) BSA, (b) r-BSA1, (c) r-BSA2, (d) SnO2/SnS2 QDs, (e) SnO2/SnS2@r-BSA2 nanobiocomposite and (B) VSM analysis of prepared
samples.
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selective determination towards Mel with better stability. Table 1
shows comparison of prepared SnO2/SnS2@r-BSA2 with some of the
reported hybrid composite modified electrodes for Mel sensing and

found that the as-synthesized nanobiocomposite exhibits a satisfactory
performance with low detection limit and wide linear range than other
reports.

3.4. Stability, reproducibility, anti-interference property and real sample
detection of SnO2/SnS2@r-BSA2/SPE

The better selectivity of sensing of Mel among other potential in-
terfering species ensures high accuracy of measurement by the prepared
SnO2/SnS2@r-BSA2/SPE. Herein, the interference test was carried out
under optimum conditions using chronoamperometry technique by
successive addition of 20 μM of Mel and 200 μM of each potential in-
terefering species such as Ascorbic acid (AA), Uric acid (UA),
Hydroxylamine hydrochloride (HA), L-Tyrosine (Tyr), Dopamine (DA),
Riboflavin (RF), Acetylcholine (ACh), L-Arginine (L-Arg), L-Glutamic
acid (L-GA), Folic acid (FA) at the applied potential of 0.68 V (Fig. 8A).
It is observed that the addition of 20 μM Mel resulted in significant and
quick current response, while addition of interfering species caused
negligible current changes. The oxidation peak potential for individual
interfering species was studied using CV and observed feeble current
change at potential values of −0.02 V, 0.13 V, 0.74 V, 0.5 V, 0.08 V,
−0.25 V, −0.4 V, −0.22 V, 0.31 V and 0.75 V for AA, UA, HA, Tyr,
DA, RF, ACh, L-Arg, L-GA and FA respectively (Fig. S8). Thus SnO2/
SnS2@r-BSA2/SPE was highly selective towards the determination of
Mel even in the presence of interfering compounds with high con-
centration. The stability of the SnO2/SnS2@r-BSA2 nanobiocomposite

Fig. 6. (A) CVs obtained for 200 μM of Mel at the (a) bare, (b) BSA, (c) r-BSA1, (d) r-BSA2, (c) SnO2/SnS2 QDs, (d) SnO2/SnS2@r-BSA2 modified GCE in 0.1 M PBS at
a scan rate of 50 mV s−1 (pH7). (B) Effect of scan rate on the electrochemical behavior of SnO2/SnS2@r-BSA2/SPE in the presence of 100 μM of Mel in 0.1 M PBS at
pH7 and inset Fig. shows the corresponding linear fit for anodic oxidation peak current vs. square root of scan rate.

Fig. 7. SWV of Mel sensing for SnO2/SnS2@r-BSA2/SPE in 0.1 M PBS at pH7.
Inset Fig. shows the corresponding linear fit from (a) 0.2–1 μM, (b) 2–10 μM of
Mel concentration.

Table 1
Performance of different modified electrodes in sensing of Mel.

S. No Electrode Detection Method Detection Limit (μM) Linear Range (μM) Ref.

1 ZnO/3,4′AAZ/CPE SWV 0.056 0.3–100 [24]
2 AHNSA:PdNPs:ErGO/GCE SWV 0.09 5–100 [25]
3 Boron doped diamond electrode SWV 0.6 4.3–430 [42]
4 Graphene oxide/SPE DPV 1.1 5–3000 [43]
5 Graphene/SPE Amperometry 0.87 – [44]
6 RGO/RuO2/GCE DPV 0.18 2–20 [45]
7 MnHCF-PEDOT/GCE Amperometry 10 100–4600 [46]
8 Boron doped diamond electrode DPV 10.3 344.4–688.8 [47]
9 MWCNTs/DHP/GCE LSV 0.02 0.082–10 [48]
10 Activated GCE LSV 0.05 0.8–100 [49]
11 Boron doped diamond electrode DPV 0.11 0.5–4 [50]
12 SnO2/SnS2@r-BSA2/SPE SWV 0.016 0.2–1000 this work

AHNSA:PdNPs:ErGO/GCE: 4-amino-3-hdroxy-1-naphthalene sulfonic acid, PdNPs: palladium nanoparticle, ErGO: Electrochemically reduced Graphene Oxide, ZnO:
Zinc Oxide, 3,4′AAZ: 3-(4′-amino-3′-hydroxy-biphenyl-4-yl)-acrylic acid, CPE: Carbon paste electrode, SPE: Screen Printing Electrode, RGO: Reduced Graphene
Oxide, RuO2: Ruthenium Oxide, MnHCF: Manganese hexacyanoferrate, PEDOT: poly(3, 4-ethylenedioxythiophene), MWCNTs: Multiwalled Carbon Nanotubes, DHP:
dihexadecyl hydrogen phosphate.
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was studied in CV of 50 cycles with 100 μM of Mel in 0.1 M PBS and
shown in Fig. 8B.

The reproducibility of the prepared SnO2/SnS2@r-BSA2/SPE was
further evaluated by employing five nanobiocomposite modified elec-
trodes for the detection of 50 μM Mel in similar conditions such as
0.1 M PBS (pH 7.0) using SWV (Fig. 9A). The calibrated histogram is
shown in the inset Fig. 9A and their corresponding RSD 1.17% was
calculated. Additionally, the long-term stability of the prepared SnO2/
SnS2@r-BSA2/SPE was also assessed by storing modified electrode at
5 °C and employed for the detection of 60 μM by SWV (Fig. 9B) in
consecutive 10 days. The corresponding calibrated histogram was
shown in inset Fig. 9B and revealed good stability with least decrease in
current sensitivity around ~4% after 10 days of evaluation. To validate
the proposed analysis method, the detection of Mel content in urine
samples from 3 healthy volunteers were carried out. Then the collected
urine samples were diluted twice with PBS (pH 7.0) and spiked with
50 μM of Mel. The concentration of Mel in 3 different samples were
found with satisfactory recovery and listed in Table 2. Therefore, it was
evident that the proposed SnO2/SnS2@r-BSA2/SPE could be success-
fully applied for the selective determination of Mel for biomedical ap-
plication.

4. Conclusions

In summary, we have developed a novel nanobiocomposite com-
prising of SnO2/SnS2 QDs adsorbed r-BSA2 protein microcapsules as

sensing template for Mel detection. In addition, the structural amend-
ments of BSA at different pH conditions and its steric interaction with
SnO2/SnS2 QDs were extensively investigated. Interestingly, the fabri-
cated nanobiocomposite exhibited a diamagnetic behavior with in-
creased grain size and accumulated active sites upon composite for-
mation, enabled friendly interface for the efficient conjugation towards
Mel. The constructed electrocatalytic SnO2/SnS2@r-BSA2 biosensor
exhibited high sensitivity, selectivity and stability for the selective de-
termination of Mel with lowest detection limit of 16 nM. Moreover, the
proposed biosensor manifested reduced oxidation potential (0.68 V) in
Mel sensing and thus facilitates the improvised electroanalytical per-
formance. In addition, the recovery of Mel concentration in real sample
also conceptually supports the versatile performance of the fabricated
enzyme free biosensor in real-time practical application.

Notes

The authors declare no competing financial interest.

Fig. 8. (A) Amperometric study of Mel for SnO2/SnS2@r-BSA2/SPE in 0.1 M PBS (pH7) at applied potential of 0.68 V. (B) Stability study of SnO2/SnS2@r-BSA2/SPE
at 50 cylcles with 100 μM of Mel in 0.1 M PBS at scan rate of 50 mV s−1 and pH7.

Fig. 9. Reproducibility and long-term stability measurements. (A) SWV response of five SnO2/SnS2@r-BSA2/SPE prepared in similar conditions for the detection of
50 μM Mel in 0.1 M PBS solution (pH7). Inset shows the calibrated histogram; (B) the SWV response of SnO2/SnS2@r-BSA2/SPE for the detection of 60 μM Mel in
0.1 M PBS solution (pH7) for ten days. Inset shows the calibrated histogram of stability test.

Table 2
Determination of Mel in human urine samples.

Samples Added (μM/L) Total found (μM/L) % of recovery RSD%

sample 1 50 53.4 ± 0.3 106.8 1.5
sample 2 50 50.5 ± 0.2 101.0 1.9
sample 3 50 48.2 ± 0.4 96.4 1.6
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