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A B S T R A C T

In the present work describes a facile synthesis of tin disulfide (SnS2) nanorods decorated graphene-β-cyclo-
dextrin (SnS2/GR-β-CD) nanocomposite for robust and novel dopamine (DA) electrochemical biosensor appli-
cations. The DA biosensor was fabricated using the glassy carbon electrode (GCE) modified with SnS2/GR-β-CD
nanocomposite. The sonochemical and hydrothermal methods have been used for the synthesis of SnS2/GR-β-
CD. Different physicochemical methods were used to confirm the formation of the GR-β-CD, SnS2, and SnS2/GR-
β-CD nanocomposite. The cyclicvoltammetric cathodic current response of DA was 5 folds higher than those
observed at bare, β-CD, SnS2-β-CD, and GR-β-CD modified GCEs. Under optimised conditions, the biosensor's
DPV response current is linear to DA from the concentration of 0.01–150.76 μM. The detection limit of the
biosensor was 4 nM. The SnS2/GR-β-CD biosensor shows an excellent selectivity towards DA in the presence of
common interfering species, including ascorbic acid and uric acid. Also, the as-prepared nanocomposite-mod-
ified electrode exhibited satisfactory long-term stability, sensitivity (2.49 μAμM−1 cm−2) along with reusability
for detection of DA. The fabricated SnS2/GR-β-CD biosensor was successfully used for the detection of DA in the
rat brain and human blood serum samples.

1. Introduction

Over the past decades, immense attention has been paid for the
fabrication of sensitive biosensors for real-time detection of dopamine
(DA) neurotransmitter since it has received a substantial interest to the
researchers working in analytical and biological fields [1]. Also, DA has
played a vital role as a local chemical messenger and is responsible for
transmitting signals to the neurons of the brain in the central nervous
system (CNS) [2,3]. The range of neurological and psychiatric disorders
(Parkinson's disease, attention deficit, schizophrenia, and hyperactivity
disorder) are associated with the dysfunctions of DA in CNS [4,5]. The
high electroactive nature of DA often can be easily detected using un-
modified electrodes, such as glassy carbon and pencil graphite [6].

However, the reduced sensitivity and selectivity of unmodified glassy
and graphite carbon electrodes are not suitable for the electroanalysis
of DA [7]. Thus, the modified electrodes such as carbon nanotubes,
graphene, polymers, and transitional metal nanoparticles/oxides have
been realised for the detection of DA [8–12].

Over the past decades, 2D materials based research has become a
hot topic and has been used for the wide range of applications such as
detection of pathogenic bacteria, gas sensors and biomedical diag-
nostics [13–17]. For instance, metal oxides, graphene (GR) and metal
dichalcogenides have been widely reported for various applications
including construction of biosensors. Previous studies on GR based re-
search revealed that the graphene based materials has offered more
advantages in the construction of different biosensors based on DNA,
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peptides, proteins, enzymes and viruses [18,19]. Also, GR has been
widely used as electrode modifier for detection of various chemicals
owing to its enhanced physicochemical properties (surface area and
conductivity) than other carbon analogues such as multiwalled nano-
tubes and C60 [20,21]. However, the direct application of pristine GR in
electroanalysis is limited due to its poor selectivity in the presence of
ascorbic acid (AA) and uric acid (UA). Hence, the synthesis of GR based
nanocomposites has received widespread attention in electrocatalytic
applications owing to their improved physiochemical properties [22].
To date, the range of functional or auxiliary materials has been used to
prepare the GR hybrid nanocomposites for electroanalytical applica-
tions [21–26]. Also, various organic and inorganic compounds, in-
cluding DA, can be easily electrochemically detected using the transi-
tion metal-based nanomaterials [27–31]. More recently, metal
dichalcogenides have shown their promising interest in a wide range of
fields due to their low cost, high surface to volume ratio and excellent
stability [32,33]. Our literature survey revealed that GR-metal dichal-
cogenide composites have high electrocatalytic activity against the
oxidation of DA at lower overpotentials than pristine GR [34–36].
Among different metal dichalcogenide, tin disulfide (SnS2) is a layered
material with CdI2-type crystallographic structure, and arranged as
S–Sn–S type structure [37]. Earlier reports suggest that the electro-
chemical conductivity and structural stability of SnS2 were enhanced
when integrating with active carbon material like GR [38–42]. To date,
different nanostructures of SnS2 with GR nanocomposite have been
synthesized using hydrothermal and solvothermal methods [38–44].
However, in the present work, we have synthesized SnS2 nanorods, and
SnS2 nanorods decorated GR nanocomposite using β-cyclodextrin (β-
CD) as a dispersing and stabilisation agent. The unique structural
characteristics of β-CD are more favourable for the formation of in-
clusion complexes with 2D inorganic crystals and carbon nanomaterials
[45] and lead to the pathway for the establishment of SnS2 nanorods on
GR surface. For the first time, the SnS2 nanorods decorated GR-β-CD
(SnS2/GR-β-CD) nanocomposite was used for the electroanalytical ap-
plications, and DA is used as a modal analyte to study the catalytic
activity of the as-synthesized SnS2 nanorods and the SnS2/GR-β-CD
nanocomposite.

Herein, sonochemical and hydrothermal methods were used for the
synthesis of SnS2/GR-β-CD nanocomposite. The β-CD or GR-β-CD so-
lution are formed the inclusion complex with Sn4+ using the ultrasonic
irradiation method. The resulting inclusion complexes with thioaceta-
mide resulted in the formation of SnS2 nanorods rather than SnS2 na-
noflakes. The selectivity and practicality of the SnS2/GR-β-CD biosensor
were accessed for the detection of DA.

2. Experimental

2.1. Synthesis of SnS2/GR-β-CD nanocomposite and DA biosensor
fabrication

The GR-β-CD composite was prepared by the following procedure.
Briefly, about 5mg of pristine GR (8 nm nanoflakes from Sigma) was
added to the 10mL of β-CD (10mgmL−1) aqueous solution. Double
distilled (DD) water was used for the preparation of all aqueous solu-
tion. The resulting mixture was bath sonicated for 45min using S-4000
microtip ultrasonicator probe from Misonix, Inc. (amplitude of 50% its
total energy with 3-sec pulse ON and OFF). The obtained material de-
noted as GR-β-CD composite. Then, about 80mg of SnCl4·5H2O was
added into the GR-β-CD composite mixture and ultrasonicated for
10min at room temperature. Then, the mixture moved to the magnetic
stirrer, and 60mg of thioacetamide was added and was stirred for an
hour. The resulting mixture solution was transferred into a Teflon-lined
stainless steel autoclave and set the temperature of 180 °C for 24 h.
Once the reaction over, the obtained SnS2/GR-β-CD nanocomposite
washed with ethanol and water and dried in an air oven. The schematic
design for the synthesis of SnS2/GR-β-CD nanocomposite is shown in

Fig. 1.
The SnS2 and SnS2-β-CD composite were also prepared by a similar

(hydrothermal) method without GR-β-CD and GR. For the electrode
modification, the as-prepared SnS2/GR-β-CD and SnS2-β-CD composite
materials (5 mgmL−1) were re-dispersed in DD water using sonication
about 15min. SnS2 dispersion was also prepared by dispersing 5mg of
SnS2 in 1mL ethanol with the aid of sonication about 15min. The SnS2/
GR-β-CD nanocomposite-modified electrode was prepared by dropping
8 μL of the as-prepared nanocomposite on pre-cleaned GCE and dried in
air oven (Fig. 1). The SnS2, SnS2-β-CD, and GR-β-CD composite mod-
ified electrodes were prepared by drop coating (8 μL) of the corre-
sponding compound on the GCE.

The 0.01M DA stock solution was prepared using DA (Sigma
Aldrich) with DD water. All electrochemical measurements (except pH
studies) were carried out in pH 7.0 (0.1 M phosphate buffer) at room
temperature (25 ± 2 °C) unless otherwise stated. The real samples
stock solution was prepared using pH 7.0 as received. The electro-
chemical active surface area of the unmodified and SnS2/GR-β-CD na-
nocomposite-modified GCEs were 0.71 and 0.102 cm−2 and was cal-
culated using Randles–Sevcik equation from the cyclic voltammetric
response of 1mM K3 [Fe(CN)6]3-/4- in 0.1 M KCl.

2.2. Characterisation methods

The CHI 1205 electrochemical workstation (CH instruments, the
Netherlands) with a standard 3 electrode configuration were used for
the cyclic voltammetry and differential pulse voltammetry (DPV)
methods. The JEOL JSM-7610F field-emission scanning electron mi-
croscope (FESEM) was used for the surface morphological character-
izations of the synthesized materials. PANanalytical X'Pert PRO in-
strument (from Almelo, the Netherlands) was used to acquire the X-Ray
diffraction (XRD) spectrum of the as-prepared composite materials.
Fourier transform infrared (FTIR) spectroscopy and was done by
PerkinElmer Frontier FTIR Spectrometer, UK. Raman spectra for the
synthesized materials were taken using Dong Woo 500i Raman spec-
trometer.

3. Results and discussion

3.1. Characterisations of as-synthesized materials

The crystalline nature and the formation of SnS2 on β-CD and GR-β-
CD composite is confirmed by XRD. Fig. 2A shows the typical XRD
spectra of GR (inset), SnS2/β-CD, SnS2/GR-β-CD nanocomposite. It can
be seen from the inset of Fig. 2A that the raw GR shows the main dif-
fraction peak (2θ) at 26.2° and is corresponding to the {002} plane of
GR [46]. On the other hand, SnS2/β-CD shows seven characteristic
diffraction peaks at 15.02°, 28.3°, 32.6°, 42.1°, 50.3°, 52.3°, and 55.6°,
which are arising from the pure hexagonal phase of SnS2 (JCPDS
75–0367) [47]. The other diffraction peaks appeared in SnS2/β-CD are
related to the β-CD, including a salient peak at 12.2°. The SnS2/GR-β-
CD nanocomposite shows the similar diffraction peaks which obtained
for SnS2/β-CD and GR. However, it is interesting to note that the
characteristic diffraction peak (12.2°) of β-CD in SnS2/GR-β-CD nano-
composite appeared less intense when compared to the SnS2/β-CD. The
result indicates that the β-CD in the nanocomposite has a cage type
assembly with SnS2 and GR. The above XRD results confirmed the
formation of SnS2/β-CD and SnS2/GR-β-CD nanocomposite.

The chemical composition of the nanocomposite was further es-
tablished using the results obtained from FTIR and Raman spectro-
scopy. Raman spectrum of the synthesized SnS2/GR-β-CD nano-
composite is shown in Fig. 2B. A typical characteristic peak for the
presence of D and G bands at 1580 and 1592 cm−1 and a distinct 2D
band was observed at 2682 cm−1 [35]. The number of defects is higher
(D band) in SnS2/GR-β-CD nanocomposite than pristine GR [46], and is
due to the presence of the oxygen functional group of β-CD on GR
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surface. The intensity ratio between 2D and G (I2D/IG) bands is 0.9,
which indicates that the utilised GR in the nanocomposite is a multi-
layer GR. Similarly, the GR-β-CD nanocomposite has more intense D
band than the GR, which confirm the presence of more surface defects
than pristine GR.

As shown in Fig. 2C, the FTIR spectra of GR is found undistinguished
in the fingerprint region. On the other hand, 5 distinct vibration bands
were observed at 3290 (–OH stretching), 2935 (–CH stretching), 1644
(–C]C stretching), 1362 (C–OH stretching) and 1023 cm−1 (C–O–C
stretching) [48]. It is worthy to note that the vibration band related to
–C]C stretching of GR red shifted to 1644 cm−1 in GR-β-CD composite,
which is resulting from the durable inclusion nature of GR with β-CD.
On the other hand, SnS2/GR-β-CD nanocomposite shows a similar
characteristic vibration band of GR-β-CD composite, which confirmed
that there are no structural changes to GR-β-CD composite by the
presence of SnS2.

The high-resolution FESEM images of the as-prepared SnS2/β-CD
(A), SnS2 (B), GR-β-CD (C), GR (inset of C) and SnS2/GR-β-CD nano-
composite (D) are shown in Fig. 3. A transparent rod-like morphology
of SnS2 appeared with an average width of 40 nm on the SEM image of
SnS2/β-CD (Fig. 3A). On the other hand, a flower-like 2D flake mor-
phology was observed for SnS2 in the absence of β-CD (Fig. 3B), as
reported early [47]. As observed from the FESEM image of SnS2 without
β-CD, the final product of SnS2 exists in the form of 2D SnS2 nanosheets
with lateral dimensions above 100 nm. As reported earlier that the SnS2
mostly forms 2D nanosheets rather than nanorods due to the strong
covalent bonding interactions within the nanosheets. However, the van
der Waals interactions between the nanosheets are much stronger after
the introduction of β-CD, which is due to the durable inclusion nature
of β-CD. Therefore, β-CD play a significant role in the structural

transformation of SnS2 nanorods from the flower-like 2D nanosheets.
The surface morphology of GR-β-CD appears as a smooth and thin flake
morphology with the association of GR nanosheets (Fig. 3C). The sur-
face morphology of pristine GR appears as a randomly arranged 2D
dense sheet like morphology (Fig. 3C inset). On the other hand, the rod-
like nanostructures of SnS2 were visible on the surface of GR-β-CD
composite (Fig. 3D), and the size of the nanorods was similar to those
observed for SnS2/β-CD. The results confirm the formation of SnS2/GR-
β-CD nanocomposite.

3.2. Electrochemical detection of DA

Cyclic voltammetry was used for the detection of DA at different
modified electrodes and is a preferable method to study the electro-
chemistry of DA. Fig. 4A shows the obtained cyclic voltammetric re-
sponse of β-CD (a), GR (b), GR-β-CD (c), SnS2 (d), SnS2/β-CD (e) and
SnS2/GR-β-CD (f) modified GCEs in N2 saturated pH 7.0 containing
0.15mM DA. The detection of DA was done in the potential scanning
between −0.2 to 0.7 V at a scan rate of 50mV/s. The β-CD modified
GCE shows a weak anodic peak (Epa) response to DA at 0.235 V, and
cathodic peak (Epc) response appeared at 0.173 V. The observed anodic
peak corresponds to the oxidation of DA to dopamine-o-quinone [48],
and the cathodic peak is related to the reduction of oxidized dopamine-
o-quinone to DA (see Fig. 6). The SnS2 modified GCE shows 2-folds
enhanced oxidation peak current (Ipa) response to DA than β-CD
modified GCE. The Epa of DA appeared at a higher potential (0.286 V)
than the β-CD modified electrode. The GR modified electrode shows a
broad oxidation peak to DA at 0.282 V, and was lower than those ob-
served at β-CD and SnS2 modified electrodes. The Epa of DA dramati-
cally reduced when the electrode modified with SnS2/β-CD and the

Fig. 1. The scheme of the detailed procedure for the synthesis of SnS2/GR-β-CD nanocomposite and electrode modification and sensing of DA.
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observed Epa of DA was 80 and 29mV lower than SnS2 and β-CD
modified GCEs. At similar conditions, GR-β-CD modified GCE shows a
similar catalytic activity towards DA and Epa was observed at 0.204 V.
However, the obtained Ipa of DA was lower than SnS2/β-CD modified
GCE. The peak-to-peak separation (ΔEp, defined as (Epa - Epc)) of SnS2,
GR, SnS2/β-CD, and GR-β-CD modified GCEs was calculated as 106, 90,
62 and 58mV, respectively. The result revealed that the electro-
chemical activity of DA was highly enhanced upon introduction of β-CD
with SnS2 and GR.

On the other hand, SnS2/GR-β-CD nanocomposite modified GCE
shows a well-defined quasi-reversible behaviour to DA, and Epa and Epc
of DA appeared at 0.206 and 0.168 V, respectively. The ΔEp of DA was
calculated as 38mV, which is lower than that of SnS2, SnS2/β-CD, and
GR-β-CD modified GCEs. Also, SnS2/GR-β-CD modified GCE shows 5
folds enhanced Ipa to DA than other modified GCEs. It is worthy to note
that SnS2/GR-β-CD modified GCE had higher catalytic activity and
enhanced redox electrochemical behaviour to DA than other in-
vestigated electrodes. It is reported that the electrocatalytic activity of
nanomaterials enhanced when they integrated with β-CD. The high
catalytic activity and enhanced redox electrochemical reaction of the
nanocomposite is due to the combined unique properties of SnS2/β-CD
with GR. For instance, the β-CD could quickly form an inclusion com-
plex with DA via hydrogen bonding, and thus provides a favourable
environment for the adsorption of more DA molecules on the electrode
surface. Also, the high conductivity and high surface area to volume
ratio of utilised SnS2 and GR on the composite and the strong inclusion

nature of β-CD with the composite and DA are resulted in the enhanced
and lower potential detection of DA. The effect of drop coated amount
of SnS2/GR-β-CD nanocomposite was optimised for analytical applica-
tions since it will significantly affect the response of the DA. Fig. 4B
shows the effect of different drop coated nanocomposite towards the
detection of 0.15mM DA in pH 7.0. The experimental conditions are
similar to Fig. 4A. It can be seen that the nanocomposite shows a
maximum response to DA at 10 μL drop coated GCE and the Ipa of DA
was identical between 10 to 14 μL drop coated composite. Hence, 10 μL
of SnS2/GR-β-CD nanocomposite drop covered GCE was used for the
analytical applications.

To further study the electrochemical behaviour of DA, the SnS2/GR-
β-CD nanocomposite-modified electrode was used for the detection of
DA at different scan rates. Fig. 5A shows the cyclic voltammetry re-
sponse for the redox electrochemical behaviour of DA (0.15 mM) at
SnS2/GR-β-CD nanocomposite-modified electrode in various scan rates
(20–180mV/s). A well-defined quasi-reversible redox couple of DA
appeared for each scan rate from 20 to 180mV/s (a-e). It is evident
from Fig. 5A that Ipa and Ipc of DA increase with increasing the scan
rates and Epa and Epc shifted towards a positive and negative direction.
The result confirmed that the electrochemical redox behaviour of DA is
mixed-kinetic process at the nanocomposite-modified electrode.39

To further verify the exact phenomenon, the calibration plot was
plotted for the scan rate vs. Ipa and Ipc of DA (Fig. 5B). The obtained
linear plot confirmed that the Ipa and Ipc of DA had a linear dependence
with the scan rate from 20 to 180mV/s. The linear regression equation

Fig. 2. A) XRD pattern of as-synthesized SnS2/β-CD, SnS2/GR-β-CD nanocomposite and GR (inset). B) Raman spectra of GR, GR-β-CD and SnS2/GR-β-CD nano-
composite. C) FTIR spectra of GR, GR-β-CD and SnS2/GR-β-CD nanocomposite.
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can written as Epa (V) = 34.56ν (mV/s) + 0.2177 (R2=0.9939) and
Epc (V) = 37.37ν (mV/s) + 2.239 (R2=0.9995). The linear propor-
tional of Ipa and Ipc with the scan rates confirmed that the redox elec-
trochemical behaviour of DA is an adsorption-controlled electro-
chemical process on the nanocomposite-modified electrode surface. The
effect of pH was studied using cyclic voltammetry, and the obtained
voltammetric profiles are shown in Fig. 5C. The SnS2/GR-β-CD nano-
composite-modified electrode shows a well-defined redox couple for DA

(0.15 mM) in each pH. The positive and negative shift of DA potential
was observed when the electrode was changed to a higher to lower pH.
The result is implying that the electrons and protons are actively
transferred in the electrochemical redox reaction of DA at the modified
electrode. Also, a maximum profile of Ipa of DA was observed in pH 7.0,
and the Ipa of DA was lowered when the electrode moves to the pH
below or above 7.0. The formal potential (defined as E0’=Epa + Epc/2)
of DA had a linear dependence with the pH from 4.0 to 8.0, as shown in

Fig. 3. High-resolution FESEM images of SnS2/β-CD (A), SnS2 (B), GR-β-CD (C), GR (inset of C), and SnS2/GR-β-CD nanocomposite (D).

Fig. 4. A) Cyclic voltammetry response of different modified electrodes (β-CD (a), GR (b), GR-β-CD (c), SnS2 (d), SnS2/β-CD (e) and SnS2/GR-β-CD (f)) in pH 7.0
solution containing 0.15mM DA (N2 saturated) at a scan rate of 50mV/s. B) The effect of the oxidation peak current response for 0.15mM DA vs SnS2/GR-β-CD
nanocomposite loading (μL) on the electrode surface. Error bar related to the 3 experiments.
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Fig. 5D. The corresponding linear equation for pH vs. E0’ is E0’

(V) = −0.0587 V/pH + 0.6061, (R2= 0.9776). The slope value of
−58.7 mV/pH is identical to the reported theoretical value
(−59.0mV/pH) for the electrochemical redox reaction. Hence, the
redox electrochemistry of DA is an equal number of electrons, and
protons transferred reaction [49]. The electrochemistry of DA has al-
ready been well discussed, and a simplified possible electrochemical
mechanism of DA at the SnS2/GR-β-CD nanocomposite-modified elec-
trode is shown in Fig. 6.

3.3. Determination of DA

The electrochemical determination of DA was done by using DPV
with 30 s as an optimum incubation time for the modified electrode.
The experiments were carried out by using an initial E=−0.2 V, final
E= 0.7 V, amplitude= 0.05 V, pulse width= 0.05 s, sampling
width=0.2 s and pulse period= 0.2 s. Fig. 7A shows a typical DPV
response of SnS2/GR-β-CD nanocomposite-modified electrode (10 μL
coated) for the absence and presence of different concentrations of DA
(0.01–180.76 μM) in pH 7.0. It can be seen that the SnS2/GR-β-CD
nanocomposite-modified electrode shows a clear DPV response at
0.182 V for the addition of 10 nM of DA (curve b) and the current

response increase with the further nM additions of DA (c-h) into the pH
7.0 (Fig. 7A inset). The result is indicating the high catalytic activity of
the nanocomposite-modified electrode towards DA even in lower con-
centrations. It is also worthy to note that the SnS2/GR-β-CD nano-
composite-modified electrode did not show (curve a of Fig. 7A inset)
any apparent response in the absence of DA. The result confirmed that
the electrochemical non-active nature of the nanocomposite electrode
in the scanned potential at pH 7.0.

As shown in Fig. 7A, the DPV current response increases with in-
creasing the concentration of DA. The calibration plot of [DA] vs DPV
current response (Fig. 7B) reveals that the response current of DA is
linearly proportional to the [DA]. The sensor had a linear dependence
with the DA from the concentrations of 0.01–150.76 μM and corre-
sponding linear equation is Ipa= 1.1376 C+0.2536 (R2=0.9905).
The sensitivity of the sensor was calculated (slope of the calibration
plot/active surface area of the nanocomposite-modified electrode) as
2.49 μAμM−1 cm−2. The limit of detection (LOD) of the sensor was
calculated to be 4 nM using S/N=3. The obtained LOD is well below
the concentration of extracellular DA levels in the CNS (10–30 nM).
Hence, the fabricated sensor can be used for the possible detection of
DA in biological fluids. Also, the analytical results of the sensor (LOD
and linear response range) is superior when compared with previously

Fig. 5. A) The cyclic voltammogram obtained for SnS2/GR-β-CD nanocomposite-modified electrode at 0.15mMDA containing pH 7.0 solution with changing the
scan rates. B) The corresponding linear plot for the scan rate vs anodic (Ipa) and cathodic (Ipc) current response of DA. C) The effect of pH on the cyclic voltammetry
response of 0.15mM DA at SnS2/GR-β-CD nanocomposite-modified electrode at a scan rate of 50mV/s. D) The fitted linear plot of pH vs formal potential of DA.
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reported GR and metal dichalcogenide based composite electrodes
[34,35,50–59] for the detection of DA, as shown in Table 1. The above
discussions confirmed that the SnS2/GR-β-CD nanocomposite-modified
electrode could be used as a sensitive electrode material for the low-
level detection of DA.

The practical feasibility of the sensor mainly relies on the selectivity
of the fabricated electrode since DA can easily co-reacts with other
potentially interfering compounds. For instance, the concentration of
AA in Plasma is 4–8.8 μg/mL when compared to the DA concentration
(0–30 pg/mL). Hence, the selectivity of the SnS2/GR-β-CD nano-
composite-modified electrode towards the detection of 500 nM DA was
examined in the presence of 50 folds (25 μM) addition of AA, UA,
epinephrine (EP), norepinephrine (NEP), hydroquinone (HQ) and ca-
techol (CC). As can be seen from the DPV profiles, the investigated
interfering compounds did not show much effect on the response cur-
rent of DA (Fig. 7C). The DA can be easily interacting with β-CD and
SnS2 through hydrogen bonding, and electrostatic interactions, which
results in the high selectivity of DA on GR-β-CD/SnS2 modified elec-
trode. Also, high surface to volume ratio of SnS2 on GR-β-CD surface
facilitate the enhanced electron-transfer towards electrode surface. It is
interesting to note that the oxidation potential of DA appeared at quite
lower potential (0.182 V) than the investigated interfering compounds
such as UA, EP, NEP, HQ and CC (Fig. 7D). However, the high con-
centration of AA showed a moderate impact on the response current of
DA, which is due to closer oxidation potential of AA where the DA
oxidized [60]. The above-discussed interfering compounds did not have
any impact on the detection potential and sensitivity of DA, which

reveals that the DA had no cross-reactivity with interfering compounds.
The above discussions confirmed that the SnS2/GR-β-CD nanocompo-
site-modified electrode could be used for selective detection of DA in
the blood serum samples as well as in pharmaceutical and biological
samples.

The practical feasibility of the SnS2/GR-β-CD nanocomposite was
further examined for detection of DA content in rat brain and blood
serum samples. The modified electrode was directly used to de-
termining the DA concentration in rat brain and human blood serum
samples, and were used without any further dilution. Also, the rat brain
and blood serum samples with a known concentration of DA-containing
pH 7.0 were tested using the nanocomposite-modified electrode.

The DPV was used for the real sample analysis and was performed
by the scanning from −0.2 V to 0.7 V with pulse width and a pulse time
of 50 and 200mS. The standard addition method was used for the
calculation of recovery of DA in the rat brain and blood serum with DA
(100 nM) samples. The DA concentration in rat brain sample was pre-
determined as 40 nM (by DPV), and was well matched with a previously
reported method [54]. A known concentration of DA (100 nM) was
added into the real samples and was tested using the prepared nano-
composite sensor. The obtained recovery of DA in rat brain and human
serum samples were listed in Table 2. The as-prepared sensors showed a
recovery of 99.2% with a relative standard deviation (RSD) of 3.2%.
The results confirmed that the SnS2/GR-β-CD nanocomposite electrode
could be used for practical applications.

The stability of the SnS2/GR-β-CD nanocomposite-modified elec-
trode towards the detection of DA was investigated using DPV. The DPV

Fig. 6. The possible interaction and the mechanism for electrochemical redox reaction of DA at SnS2/GR-β-CD nanocomposite modified electrode (the picture is not
to scale).

S. Balu, et al. Materials Science & Engineering C 108 (2020) 110367

7



response of 0.5 μM DA on SnS2/GR-β-CD nanocomposite-modified
electrode (experimental conditions are similar to Fig. 7A) was mon-
itored periodically over 2 weeks (figure not shown), and electrode was
stored in dry condition when not in use. The SnS2/GR-β-CD

nanocomposite-modified electrode retains 96.2 and 89.1% of the initial
sensitivity of DA. The result confirmed that the fabricated SnS2/GR-β-
CD nanocomposite-modified electrode has good storage stability to-
wards the detection of DA.

Fig. 7. A) Typical DPV responses of SnS2/GR-β-CD nanocomposite modified electrode for the presence of different concentrations of DA in pH 7.0. The inset shows
the DPV response of SnS2/GR-β-CD nanocomposite modified electrode for the absence (a) and presence of diffrent concentrations of DA (b–h) in pH 7.0. B) The
calibration plot for [DA] vs current response of DA. C) The DPV response of SnS2/GR-β-CD nanocomposite-modified electrode for the detection of 0.5 μM DA and
25 μM addition of interfering compounds such as hydroquinone (HQ), catechol (CC), ascorbic acid (AA), uric acid (UA), epinephrine (EP) and norepinephrine (NEP)
into the pH 7.0. D) The related oxidation potential of DA (YI) and relative error (Y2).

Table 1
Comparison of analytical performances (linear response range and LOD) of the SnS2/GR-β-CD nanocomposite-modified electrode with the previously reported
modified electrodes towards the determination of DA.

Modified electrode Detection method Linear range (μM) LOD (nM) Ref.

MoS2-RGO/GCE DPV 1.0–110.0 940.0 [34]
GR-CNT/MoS2/GCE DPV 0.1–100.0 50.0 [35]
CS-GR/GCE DPV 1.0–24.0 1000.0 [50]
GR/GCE Amperometry 4.0–100.0 2640.0 [51]
AuNPs/MoS2/GCE DPV 0.05–30.0 50.0 [52]
MWCNT/GONR/GCE Amperometry 0.15–12.15 80.0 [53]
C60-GO/GCE DPV 0.02–73.5 8.0 [54]
S-GR/GCE DPV 0.2–20.0 20.0 [55]
ERGO/GCE DPV 0.5–60.0 500.0 [56]
PPy-Ag-PVP/GCE Amperometry 0.01–0.09 12.6 [57]
β-CD/Au-GR/GCE DPV 0.5–120.0 24.0 [58]
SnS2/CNT-CS/GCE DPV 1.0–50.0 70.0 [59]
CuHCC/GCE DPV 0.1–350.0 19.0 [60]
SnS2/GR-β-CD/GCE DPV 0.01–150.76 4.0 Present work
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4. Conclusions

In conclusion, a simple and straightforward strategy has been used
for the synthesis of novel SnS2/GR-β-CD nanocomposite. The surface
morphological characterizations confirmed the formation of SnS2 na-
norods on GR-β-CD composite. The applicability of either SnS2 na-
norods or SnS2/GR-β-CD nanocomposite towards the application of the
electrochemical sensor has been studied for the first time.
Electrochemical studies revealed that the SnS2/GR-β-CD nanocompo-
site-modified electrode has better electrocatalytic activity towards DA
than other investigated electrodes, including SnS2 and GR-β-CD. The
combined synergistic effects of β-CD with SnS2/GR leads to the en-
hanced sensitivity and lower potential detection of DA. The SnS2/GR-β-
CD nanocomposite-modified electrode shows a lower LOD of 4 nM with
wider linear response ranges up to 150.76 μM. The sensor showed ex-
cellent selectivity for DA in the presence of 50 fold additions of po-
tentially active interfering compounds. This study confirmed that the
SnS2/GR-β-CD nanocomposite could be used as a promising electrode
material for sensitive and low-level detection of DA in real samples. The
sensor showed excellent recovery (99.2%) of DA in the rat brain real
samples. Also, the as-synthesized nanocomposite can be used for the
fabrication of other electrochemical sensors and energy devices shortly.
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