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1. Introduction

The thiourea is valuable organosulfur compound and has
numerous application in science and technology. For elec-
trodeposition of metals, rubber vulcanization, cleaning, agro-
chemicals, medicine, veterinary medicine and food industries,
thiourea (TU) has been found to usage extensively (De
Oliveira et al., 2004; Moragues et al., 2012; Lin et al., 2011).
To inhabit browning of horticultural products, TU is an useful
substance (Siddiq et al., 1994; Gilly et al., 2001). In agricultural
sector, TU is an effective agrochemical used to protect early
ripening of various fruits and breaking seeds and tubers dor-
mancy (Sohan et al., 1991; Ezekiel et al., 2000; Gholap et al.,
2000; Karam and Al-Salem, 2001; Khan and Ungar, 2001).
Besides this, TU is used as fungicide in cold storages for pre-
serving citrus fruits (WHO, 2000). According to Unite State
Department of Health and Human Services, TU has been cat-
egorized as carcinogenic chemical (US Department of Health
and Human Services, 1985). Therefore, it should be avoided
to exposure or contamination of environment from thiourea.
Due to exposure of thiourea, it is responsible for Hypothy-
roidism syndrome in human (Sokkar et al., 2000; Bhide
et al., 2001). So, TU is well known as antithyroid drug and
it has been used to manage hyperthyroidism in human since
last decade (Cooper, 1984; Heidari et al., 2015). Considering
the coincidence of TU, it is necessary to analysis food, portable
water and environment for ensuring optimum level of TU. The
existing methods for determination of TU are FTIR
(Kargosha et al., 2001), titration with mercury (II) chloride
(Kies, 1978) and HPLC (Rethmeier et al., 2001) are famous.
A number of disadvantages are associated with these existing
methods such as expensive and heavy instrumentation (HPLC,
FT-IR), costly reagent needed (HPLC), time consuming
(HPLC, titrations) and lower sensitivity (FTIR, titrations).
Recently, the electrochemical technique is prevalent due to
its attractive advantages such as inexpensive and simple instru-
mentation, short analysis time with high sensitivity and in-situ
determination. As a result, a number researches have been
reported using metal oxides as sensing element to determina-
tion of various environmental toxic chemical reliably
(Rahman et al., 2018a; Alam et al., 2018a; Awual et al.,
2019a; Hussain et al., 2016).

To determination of toxic chemicals in electrochemical
approach, the electrochemical properties of sensing transition
and semi-conductive metal oxides are main objectives. SnO,
is well known n-type semi-conductor having wider band-gap
energy (3.64 eV). With the attractive physical, chemical and
electronic properties of SnO,_ it has been found to apply in
various application such as catalysts (You et al., 2009), lithium
batteries (Bose et al., 2002), gas sensor (Kennedy et al., 2003)
and fuel cell (Guo, 2010). Besides this, SnO, has been reported
as chemical sensor for determination of acetone (Rahman
et al., 2017a), benzaldehyde (Subhan et al., 2018a), creatine
(Rahman et al., 2017b) and hydrazine (Rahman et al.,
2016a) in buffer phase applying electrochemical approach.
The V,0s5 is n-type semi-conducting metal oxide and it has
appealed great attraction due to its outstanding properties
including optical band gap (2.3 eV) energy, potential thermo-
electric properties, good thermal and chemical stability
(Wruck et al., 1989; Kosacki et al., 1992; Schneider et al.,
2016). Thus, it is found to apply in various technological appli-

cation such as lithium ion battery (Wang et al., 2006; Pyun and
Bae, 1996), super-capacitors and energy storage gadgets
(Portion et al., 1999; Le Van et al., 2006; Ramana et al.,
2005) and gas sensors of hydrogen (Baik et al., 2009; Byon
et al., 2012). It has been reported that the binary composite
of nano-hetero-structured metal oxides are very effective in
gas sensing applications (Zhang et al., 2019; Zhang et al.,
2020; Rahman et al., 2015). The goal of this present study
was to investigate the binary combination of n-type semi-
conductive SnO, and V,0s as electrochemical sensor to detect
toxic chemical in buffer phase.

To conduct this investigation, the NMs of SnO,/V,05 were
produced by means of the wet-chemical (co-precipitation)
technique in alkaline phase and the proposed sensor was
made-up by coating of a GCE as thin uniform layer with slurry
of Sn0,/V,05 NMs. The suggested sensor was found to selec-
tive toward the thiourea. The details investigation for TU sen-
sor was executed in-term of detection limit, sensitivity,
reproducibility, linear dynamic range, long-term stability and
response time and all the resulted analytical performances of
TU sensor were exhibited satisfactory and reliability. Besides
this, it was validated in detection of TU in real bio-samples.
Considering the advances of TU sensor instead of tradition
detection method of TU, this methodology will be unique
and pioneer in the field of sensor development.

2. Experimental

2.1. Chemical reagents and methods

To prepare SnO,/V,05 NMs, the Tin (II) chloride (SnCl,-2H,-
0) and Vanadyl sulfate (VOSO,45H,0) in analytical grade
were procured from Sigma-Andrich Company. The concen-
trated ammonium, mono- & disodium phosphate and nafion
(5% in ethanol) were also bought from the same Sigma-
Andrich company. As a part of this study, thiourea (TU), 4-
nitrophenylhydrazine (4-NPHyd), 3-methoxyphenylhydrazine
hydrochloride (3-MPhydHCI), chloroform, 1,2-
diaminobenzene (1,2-DAB), 1,4-dioxane, 3-chlorophenol (3-
CP), acetylpyridine (APy) and 3-methoxyphenol (3-MP) were
applied as analytes to execute this study. For the detail charac-
terization of Sn0O,/V,0s5 NMs, XPS (Thermo Scientific), Pow-
der X-ray Diffraction (XRD), FESEM (Field-emission
Scanning Electron Microscope) attached with EDS facility
were applied. The electrochemical behavior of synthesized nano-
materials were evaluated using Keithley Electrometer (USA).

2.2. Synthesized of SnO,/V,0s NMs applying wet-chemical
process

The wet-chemical (co-precipitation) is the simplest and oldest
method to preparation of metal oxide or mixture of metal oxi-
des in nanoscale. This method was implemented to prepare
Sn0,/V,0s NMs. Following this technique, 0.1 M VOSO,-
-5H>0, 0.1 M SnCl,-2H50O and 0.1 M NH,OH were formed
in demineralized water into three individual 150.0 mL beaker.
Then, 50.0 mL of each mixture was taken in a 200.0 mL bea-
ker. Afterward, it was kept at 90C on an electrical heater with
magnetic string followed by the dropwise addition of 0.1 M
NH,OH to rise the pH of mixture up-to 10.5. At high
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alkalinity, the metal ions were co-precipitated quantitatively in
the form of Sn(OH),.V(OH)4nH,O Finally, the precipitated
mass was filtered to separate from aqueous medium and
cleaned by the washing with deionized water and acetone suc-
cessively. Subsequently, the moisture of the prepared sample
was removed by keeping in an oven at 120C for overnight.
The proposed reactions are supposed as

NH4OH(1) I\H‘l4Jr (aq) + OH (aq) (1)
SnClz(s) — Sn“(uq) + 2C1_(aq) (11)
VOSO4(S) — V4+(aq) + SO427(aq) (111)

SH2+(M) + V4+(uq) + OH (aq) + nHZOSn(OH)z V(OH)41’1H20 l
(i)
At the end, the dry Sn(OH),.V(OH), was subjected to the
calcination at 500C around 5 h in the presence of oxygen flow
by keeping inside an muffle furnace. The metal hydroxides
were transformed to its oxides form (Sn0O,.V,0s) with higher
oxidation number due the oxidation in presence of oxygen.
The corresponding reaction involves in muffle furnace as

Sn(OH)zV(OH)4 + 02 — Sl’lOz.VzOs + nHZO v) (V)

2.3. Fabrication of GCE with binary SnO,/V,0s5 NMs

The deposition of SnO,/V,05 NMs on GCE is the most sensi-
tive task of this study. For this, SnO,/V,05 NMs was mixed in
ethanol to result slurry and then, the gotten slurry was layered
as thin film on the cross-section of GCE very carefully. It was
dried by keeping at laboratory ambient condition. To establish
the optimum binding strength of thin film of SnO,/V,05 NMs
on GCE, the drop of nafion (5% in ethanol) was applied on it
and followed by the drying again keeping inside an oven at
35.0°C for an hour. To amass the proposed sensor, the Keith-
ley electrometer was used for the constant source of volts sup-
ply and modified GCE with SnO,/V,05s NMs and Pt-wire were
connected with it in series manner to the performing as work-
ing and counter electrode separately. Thiourea was thinned
using demineralized water to result a range of solution as
0.1 mM ~ 0.1 nM and used as target analyte. The analytical
performances such as sensitivity, linear dynamic range and
detection limit were estimated from the calibration curve plot-
ted as current vs. log (concentration of TU). The mono- & dis-
odium phosphate were used to prepare the require buffer
phase. During electrochemical investigation, the buffer solu-
tion was taken in electrochemical analyzing beaker as
10.0 mL as constant throughout the study.

Real samples (Human, Mouse, and Rabbit serum) were col-
lected from the local medical center. All experiments were per-
formed in compliance with relevant laws or institutional
guidelines (CEAMR, King Abdulaziz University). After dilu-
tion of collected serum samples in PBS buffer, they were ana-
lyzed with the fabricated SnO,/V,0s NMssensor by
electrochemical method at room conditions. All experiments
were performed in compliance with the relevant laws and insti-
tutional guidelines (Center of Excellence for Advanced Mate-
rial Research at King Abdulaziz University, Jeddah, Saudi
Arabia). Here we stated that All animal procedures were per-
formed in accordance with the Guidelines for Care and Use

of Laboratory Animals of “Center of Excellence for Advanced
Materials Research (CEAMR)” and approved by the Animal
Ethics Committee of “King Abdul Aziz University”.

3. Results and discussions

3.1. XPS analysis

To investigation of binding energy and corresponding oxida-
tion state of atom existing in synthesized NPs, X-ray Photo-
electron Spectrometer (XPS) was implemented on SnO,/
V,05 NMs and the resultant spectrum was illustrated in
Fig. 1. Based on Fig. 1, the synthesized NPs is consist of Sn,
V and O only. The core level high resolute spin orbitals of
Sn3d are presented in Fig. 1(a) with binding energies of
486.5 and 495.0 eV corresponding Sn3ds, and Sn3dsp,. The
energy different between two asymmetric spin orbitals of
Sn3d is 8.5 eV, which is the characteristic value for oxidation
state of Sn** as reported previously (Su et al., 2014; Pan
et al., 2012; Zhu et al., 2016). As it is demonstrated in Fig. |
(b), the V2p is spited into two peaks located at 516.9 and
524.2 eV respectively to V2ps3,, and V2p,» and consistent with
the typical values of V>* oxidation state (Wei ct al., 2015;
Biesinger et al., 2010; Silversmit et al., 2004). Moreover, Ols
shows an intense peak at 530.4 eV, which presents O* state
in SnO,/V,0s NMs and can be ascribed as lattice oxygen
(Mendialdua et al., 1995; Rahman et al., 2017c; Rahman
et al., 2018c).

3.2. Structural morphology of SnO,/V,05 NMs

The structural morphology of Sn0O,/V,0Os NMs was investi-
gated by Field-emission Scanning Electron Microscopy
(FESEM) equipped with EDS and the analysis records were
presented in Fig. 2. As it is perceived from Fig. 2(a-b), the pre-
pared SnO,/V,05s NMs are consist of various structural mor-
phology of elements with diversified shape and size. From
Fig. 2(a-b), it can be concluded that the synthesized SnO,/
V,0s is aggregated nanoparticles in shape. The similar obser-
vation is represented in EDS image as in Fig. 2(c). According
to EDS elemental analysis report, the prepared NMs contain
41.49% O, 32.94% V and 25.57% Sn only. Any other peaks
are not identified associated with impurity. Therefore, the syn-
thesized NMs are consisted of Sn, O and V only.

3.3. Structural analysis of synthesized NMs

The powder X-ray diffraction of the as-prepared mixture metal
oxides (SnO,/V,05) was obtained on Cu-Ka (A = 1.5406°A) in
range of 20 (0 ~ 80) shown in Fig. 3 and observed the mixt
phases of SnO, and V,0s only. The X-ray pattern of SnO,/
V,05 NMs is consist of a number of SnO, plans and catego-
rizedas(101),(111),(110),(301),(2012), and (32 1), which
are recognized by JCPDS card no. 0041-1445 and preceding
reports (Patil et al., 2012; ). Except this, the high crystalline
phases of V,Os are perceived in the resulted XRD pattern
accredited as (0 4 0), (1 4 0), and (2 4 0) plans and conformed
by JCPDS no. 0060-0767 and prior authors (Chan et al.,
2014). The crystal size of the as-prepared NPs is considered
by applying Scherrer Equation D= (0.941)/(BCos0) and the
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Fig. 1

Fig. 2
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g I the addition a drop of nafion (as 5% suspension in ethanol).

o < = - Since, the nafion is co-polymer having conductivity, it
:i 3 & g enhances the electron transfer rate as well as conductivity of
S T & S the sensor probe during sensor application. The similar meth-
Q . = = — o~ ods are already reported elsewhere, where detecting of various
é S gﬂ :°-_ § g S‘\?‘ toxic chemicals and biochemical (Rahman et al., 2019a; Alam
- & <, & o > Q et al., 2019a; Abu-Zied et al., 2019; Rahman et al., 2019b) by
— & = &S & & ® electrochemical methods. At the starting, the sensor probe
' Aad A.\ —— e LJ\__..M with SnO,/V,05s NMs/binder/GCE was tested in 0.1 pM of

30 40 50 60 70 various bio-chemicals and the outcomes are presented in

20(degree) Fig. 4(a). These performances were investigated at. pH 7.0 i.n

the potential ranges as 0~+1.5 V. From the pictographic
demonstration in Fig. 4(a), thiourea (TU) is exhibited the high-
est electrochemical response with SnO,/V,0s NMs/GCE.
Based on the highest electrochemical response, TU is consid-
. . . ered as the selective biochemical for the sensor assembly
probable crysta.l size using the peak of V,0s5 (0 4 0) is equal to among the other biochemical. To optimize the pH of buffer
21.68 nm. Herein A (wavelength of X-ray radiation) and B (the to achieve the good electrochemical response of the sensor, it

Fig. 3  Crystallinity analysis of the as-prepared NMs of SnO,/
V,05 by powder XRD at room conditions.

width at half of peak) was performed in the different buffer phases of pH ranges as

. ) 5.7 ~ 8.0 by using 0.1 uM TU, which is presented in Fig. 4
34. Analytical performance of Sn0»V>05 NMs|binder|GCE (b). Obviously, TU is showed the highest electrochemical
sensor response at pH 7.0. Fig. 4(c) demonstrates the electrochemical

responses of TU in a wider range of concentration from
The anticipated sensor was made-up as SnO,/V,0s5 NMs/bin- 0.1 nM to 0.1 mM (lower to higher) at pH 7.0 and in 0~
der/GCE sensor assembly for the detection of target biochem- +1.5 V. From the observation of Fig. 4(c), electrochemical
ical. The binding strength of NMs onto GCE was coated by responses are varied from low to high concentration of TU.

25 25
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Fig.4  Electrochemical analysis for sensor analytical performances by electrochemical method. (a) Selectivity study, (b) pH variation, (c)
Sensor responses based concentration variation from lower to higher and (d) Calibration of TU sensor based on SnO,/V,05s NMs/binder/
GCE [in-set current vs. log (conc.)].
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The different tendencies in electrochemical responses have
already described elsewhere in the detection of various toxins
by applying the similar electrochemical approach (Subhan
et al., 2018b; Alam et al., 2018b; Rahman et al., 2016b;
Rahman et al., 2016c). Thus, it indicates that the electrochem-
ical responses changes with the corresponding concentration of
TU in a linear manner. The calibration of TU sensor is docu-
mented by plotting current verses conc. of TU as presented in
Fig. 4(d). For this representation, the current data are col-
lected from Fig. 4(c) at + 1.5 V. From the Fig. 4(d), the cur-
rent are continuously increased in a linear approach
correspondingly from low to high concentration of target ana-
lyte (0.1 nM ~ 0.01 mM). This range is referred as dynamic
range (LDR) for the detection of TU, which is an obvious a
wider range of concentration.

For the exemplification of linearity of LDR, the current
data between LDR is coordinated as y = 0.5401x + 19.689
and regression co-efficient (R> = 0.9914). The TU sensor ser-
sitivity is calculated by applying LDR slope by considering the
surface area of GCE (0.0316 cm?). The sensitivity is obtained
from the calculation as 17.092 pApM'em™2, which is evidently
a higher sensitivity compared to general sensors. Applying sig-
nal-noise ratio 3, the low limit (95.40 + 4.77 pM) of detection
is also calculated. The result is significantly found very low,
which is very useful for trace detection of target bio-chemicals.

To exemplify the comparison between the coated and bare
GCEE, the electrochemical analysis were significantly effected in

buffer phase in 0~+1.5 V and 0.1 pM TU. The obtained
results are presented in Fig. 5(a). It is evidently confirmed that
the coated GCE by SnO,/V,0s NMs shows good electro-
chemical response compared to previously reported results
(Khan et al., 2015; Rahman et al., 2017d; Subhan et al.,
2018c). The response time of a sensor is an important param-
eter for sensor development. Thus, the response time of TU
sensor with SnO,/V,05 NMs/binder/ GCE was implemented
using 0.1 pM TU in buffer phase of pH 7.0 and the corre-
sponding obtained data are shown in Fig. 5(b). As evidenced
in Fig. 5(b), the counted response time is roundly as 20.0
sec. Therefore, it is conformed that the probable TU sensor
is used to the completion of electrochemical analysis within
20.0 sec. The reproducibility is a reliability indicating parame-
ter, which defined as the capability to generate the similar elec-
trochemical responses in the indentical conditions. Thus, this
reliability parameters were examined by using 0.1 pM of TU
and 0~+1.5 V in identical buffer phase. The achieved data
are optimized and given in Fig. 5(c). From the outcome in
Fig. 5(c), the seven electrochemical responses are almost same
and not altered by the washing of working electrode after each
trial. From the evidence of this performance, the TU sensor
has capability to the detection of TU in the real bio-samples
significantly. To having the exactness of the reproducibility
performances of TU sensor, the RSD (relative standard devia-
tion) of current data at applied volts + 1.5 V is considered and
gained to 1.47% (RSD). It is confirmed the high precision of

25 8
—+— Coated GCE with NMs b
0] a —— Bared GCE p
~ -~
é 15 é 4
= = —+— 20.0 sec.
< &
E 10 £,
= 3
o o
S 0
0t 00 . . . —_—
00 02 04 06 08 10 12 14 0 20 40 60 80 100 120 140 160 180
Potential (V) Time (sec.)
25 25
~o— Run 1 d —o— l1stday
C —<o— Run 2 ~o— 2nd day
20 1 —+— Run3 20 1 —— 3rd day
s —+— Run 4 2 —+— 4thday
é 15 - —>— Run § é 15 4 —<— Sthday
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3 —+— Run7 S —e— 7thday
£ 10 E 10 -
= =
v v
5 5
0 9 0 1
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Fig. 5 Optimization of TU sensor. (a) Comparison of electrochemical response with modified GCE and bared GCE, (b) response time,
(c) reproducibility and (d) Stability of TU sensor based on SnO,/V,0s5 NMs/binder/GCE.
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Table 1 Comparative study for the detection of TU based on various materials by electrochemical methods.

Sensitivity Ref.

Modified GCE DL LDR
Sn-MnO,/CNT/GCE 0.68 pM -

CMO NPs/GCE 12.00 pM 0.1 nM ~ 1.0 mM
Sn0,/V,05 NMs/GCE 95.40 pM 0.1 nM ~ 0.01 mM

6.220 pApM 'em 2 Saharan et al. 2019
3.380 pA pM ! cm 2 Rahman et al. 2018b
17.091 pA pM~" cm 2 This study

*DL (detection limit), LDR (linear dynamic range), pM(picomole), mM(millimole).

reproducibility of TU sensor. The long-term performing capa-
bility of TU sensor is essential to work in identical buffer
phase. This test for TU sensor was verified by the performing
of the similar tests as in the reproducibility in similar condi-
tions around seven days. The experimented outcomes are illus-
trated in Fig. 5(d). The similar observation to reproducibility is
apparent in this approach. Since, the deviation of electrochem-
ical data are not perceived, it can be decided that TU sensor
based on Sn0O,/V,05 NMs/binder/GCE is efficient enough to
work with high accuracy through long period of time.

For the validation of this study, the judgement between
comparable studies are very important. Therefore, the perfor-
mance is presented in Table 1(Saharan et al., 2019; Rahman
et al., 2018b) in term of sensitivity, LDR and DL. From the
observation of Table 1, the selective TU sensor based on
Sn0,/V,0s NMs/binder/GCE has displayed better results
compared to previously published reports.

In this approach, finally transition metal oxide co-doped
nanostructure materials have employed a great deal of con-
sideration due to their chemical, structural, physical, and
optical properties in terms of large-active surface area,
high-stability, high porosity, and permeability (Alam et al.,
2019b; Rahman et al., 2018d; Awual et al., 2019b), which
directly dependent on the structural as well as morphology
prepared by reactant precursors. Here, the SnO,/V,0s nano-
materials were synthesized by a facile wet-chemical method

using NH4OH as reducing agents at ambient conditions. This
technique has several advantages including facile preparation,
accurate control of the reactant temperature, easy to handle,
and one-step reaction. Optical, morphological, electrical, and
chemical properties of SnO,/V,0s nanomaterials are of huge
significance from the scientific aspect, which compared to
other undoped materials (Hasnat et al., 2015; Rahman
et al., 2018e; Khan et al., 2016; Rahman et al., 2018f;
Sheikh et al., 2017). Non-stoichiometry, mostly oxygen
vacancies, makes it conducting nature in the co-doped nanos-
tructure materials. The formation energy of oxygen vacancies
and metal interstitials in semiconductor is very low and thus
these defects form eagerly, resulting in the experimentally ele-
vated conductivity of SnO,/V,0Os nanomaterials compared to
other un-doped. SnO,/V,0s5 nanomaterials have also
attracted considerable interest due to their potential applica-
tions in fabricating opto-electronics, electro-analytical, selec-
tive detection of assays, sensor devices, hybrid-composites,
electron-field emission sources for emission exhibits, biochem-
ical detections, and surface-enhanced Raman properties etc
(Hussain et al., 2018; Khan et al., 2001). Therefore, SnO,/
V,05 nanomaterial offers improved performances due to
the large-active surface area (Rahman et al., 2017d;
Rahman et al., 2017¢; Rahman et al., 2017f), which increased
of conductivity and current responses of SnO,/V,0s NMs/
Nafion/GCE assembly during electrochemical investigation.

(a) Electrochemical method

P (b)
7 $n0,/V,0, NMs
\ (NH,),CS + 2¢- Sz + CN-+ NH,*

Current (MA)
~
=3

0
00 02 04 06 08 10 12 14

Potential (V)

/

Fig. 6 Schematic representation of (a) SnO,/V,05 NMs coated rod-shaped round-GCE electrode with conducting nafion (5% ethanol)
coating binders, (b) expected I-V response by the SnO,/V,05 NMs/Nafion/GCE, (c) observed I-V response by the SnO,/V,05 NMs/
Nafion/GCE, and (d) proposed detection mechanism of TU, while TU is changed by removing conducting electrons from the SnO,/V,0s5

NMs/Nafion/GCE electrodes.
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Table 2 The testing of bio-samples using SnO,/V,0s NMs/GCE sensor applying recovery system by electrochemical approach.

Sample Added TU conc. (uM) Measured TU conc.” by SnO,/V,05 NMs/binder/GCE (uM) Average recovery”® (%) RSDC (%)
R1 R2 R3 =3
Human Serum 0.0100 0.00985 0.00974 0.00989 98.27 0.79
Mouse Serum  0.0100 0.00974 0.00966 0.00963 96.77 0.59
Rabbit Serum  0.0100 0.00993 0.00994 0.00998 99.50 0.27

% Mean of three repeated determination (signal to noise ratio 3) SnO,/V,0s NMs/GCE.

® Concentration of TU determined/Concentration taken (Unit: pM).

¢ Relative standard deviation value indicates precision among three repeated measurements (R1,R2,R3).

Here, the selective thiourea in aqueous solution was
detected and measured by using the SnO,/V,0s NMs fabri-
cated GCE as an enzyme-less chemical sensor. Non-toxic nat-
ure, chemical stability, and electro-chemical activity make the
Sn0,/V,0s NMs as one of the best sensing material matrixes
for the TU by electrochemical approach. Thiourea gives a
remarkable response upon contact with the SnO,/V,05 NMs
in the electrochemical measurement at room conditions.
Fig. 6a shows the SnO,/V,05 NMs/Nafion/GCE electrode sur-
face prepared in 5% ethanolic nafion solution. Fig. 6b repre-
sents the theoretical electrochemical I-V response. Practical
1-V response with the TU in various concentration onto the
Sn0,/V,05s NMs/Nafion/GCE working electrode is given in
Fig. 6¢c at a delay time of 1.0 s in the electrometer; where the
higher current response to the increasing current is clearly
demonstrated.  Possible  electrochemical  changes in
Scheme (Fig. 6d) onto the SnO,/V,0s NMs/Nafion/GCE is
generalized in Fig. 6d; where, TU gets changed by the gaining
of two electrons from the conduction band of the sensor sur-
face during the electrochemical measurements, hence TU
becomes S> ions, which ultimately increases the resultant cur-
rent intensity with the increasing concentration at room condi-
tions as in equation (i).

(NH,),CS + 2¢~ —8> + CN~ + NH,* (i)

The interior resistance of the fabricated SnO,/V,05s NMs/
Nafion/GCE sensor decreases with the decreasing electronic
communication, which is an important characteristic feature
of the co-doped nanomaterials at room conditions and vice
versa (Wang et al., 2015; Rahman, 2020a; Rice et al., 1992).
During the reaction of TU, the number of electrons in the con-
duction band increases and hence decreases the resistance of
the SnO,/V,0s NMs. Reactions of the TU on the SnO,/
V,05 NMs surface is the main phenomenon involved in this
proposed TU sensor. Due to the aggregated nanostructures,
Sn0,/V,05 NMs have a large surface area that may be respon-
sible for such a sensitive reduction at room temperature. The
rate of the TU reaction in SnO,/V,05 NMs was higher than
other nanomaterials, even under identical conditions
(Rahman, 2019¢c; Rahman, 2018g; Rahman, 2017g). Current
responses in electrochemical technique during TU detection
largely depends on the dimensions, morphology, and nano-
porosity of the SnO,/V,05 NMs. When SnO,/V,05 NMs sur-
face is exposed to the oxidizing TU, surface-mediated reduc-
tion reactions take place as in equation (ii) as well as (iii)
(Mozaffari et al., 2015; Rahman et al., 2019d).

(NH,),CS + 2e~ (Sn0,/V,05 NMs) — S~ + CN- + NH,*
(i)
2(NH,),CS + O, + 4e (SnO,/V,05 NMs) — 2(NH,),CO + 28>
(iii)
Removal of the conducting electrons from the SnO,/V,05
NMs/Nafion/GCE, it increases the surface conductance of
the fabricated electrode. This removal of electrons from the
conduction band increases the conductance of the SnO,/
V,05 NMs coating quickly. Aggregated SnO,/V,05 NMs will
increase the reaction ability of the SnO,/V,Os NMs. The
Sn0O,/V,0s NMs/Nafion/GCE sensor requires approximately
10.0 s to achieve a constant current in the electrochemical mea-
surements. This excellent sensitivity and high electrochemical

performance of the SnO,/V,05 NMs is due to the aggregated
NDMs that enhances the reduction of TU.

3.5. Validation of real bio-samples

The purposes of this study is to develop of a stable and repro-
ducible enzyme-free sensor for the efficient detection of TU in
various bio-samples by electrochemical method with co-doped
materials, which are collected from different living objects.
Thus, the TU sensor with SnO,/V,05 NMs/binder/ GCE was
utilized to analysis the real biochemical samples by applying
recovery method. The bio-samples were collected as human,
mouse and rabbit serum. As shown in Table 2, the obtained
outcomes of the recovery results are quite acceptable and
satisfactory.

4. Conclusion

In this approach, the SnO,/V,05 nanomaterials by applying
conventional co-precipitation technique in alkaline phase was
synthesized at low temperature in alkaline basic medium.
The details characterization for morphological, crystalline, ele-
mental were investigated by the using of FESEM, EDS, XRD,
and XPS. The characterized SnO,/V,0s NMs were deposited
by using nafion onto GCE to result the TU sensor probe fab-
rication. By the details experimental analyses, the TU sensor
based on SnO,/V,05 NMs/nafion/GCE was exhibited a broad
LDR, good sensitivity, significate low detection limit, good
reproducibility, short response time and long-term stability.
It was also validated wtih real bio-samples by electrochemical
method at room condition by recovery method. This approach
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is introduced an efficient method for introducing of new and
selective enzyme-less chemical sensor probe for the detection
of biochemical by electrochemical method for safety of
biomedical and healthcare fields in broad scales.
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