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Tellurium nanoparticles (Te Nps) were synthesized by wet chemical method and characterized by XRD, Raman,
FESEM, TEM,XPS, UV–Vis and FL. TheNpswere coated on graphite foil andGlassy carbon electrode to prepare the
electrodes for supercapacitor and biosensor applications. The supercapacitor performance is evaluated in 2 M
KOH electrolyte by both Cyclic Voltammetry (CV) and galvanostatic charge-dischargemethod. From charge-dis-
chargemethod, TeNps show a specific capacitance of 586 F/g at 2mA/cm2 and 100 F/g at 30mA/cm2 aswell as an
excellent cycle life (100% after 1000 cycles). In addition, the H2O2 sensor performance of Te Nps modified glassy
carbon electrode is checked by CV and Chronoamperometry (CA) inphosphate buffer solution (PBS). In the linear
range of 0.67 to 8.04 μM of hydrogen peroxide (H2O2), Te NPs show a high sensitivity of 0.83 mA mM−1 cm−2

with a correlation coefficient of 0.995. The detection limit is 0.3 μM with a response time less than 5 s.
© 2017 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Recently, tellurium (Te) and Te based compounds have attracted
great interest due to their outstanding physical and chemical properties.
Elemental Te has been widely studied owing to its thermoelectric, non-
linear optical, gas sensing and electrochemical properties. Trigonal Te is
a p-type semiconductor of bandgap 0.35 eV with a unique helical-chain
conformation in its crystal structure. Thermoelectric properties of Te
nanowires hybridized with carbon nanotubes show excellent mechani-
cal stability and an electrical conductivity of 50 Sm−1 [1]. Nonlinear op-
tical transmission of Te nanowires at 532 nm exhibits excited state
absorption (β 3.8 × 10−11 m/W) [2]. NH3 sensing of Te nanowires by
hydrazine hydrate assisted hydrothermal route displays high sensitivi-
ty, excellent selectivity, short response (5 s) and recovery (720 s)
times at room temperature [3]. Similarly, electrochemistry of Te has
been investigated both in acidic and alkalinemedia. The electrochemical
behavior of Te on stainless steel substrate in alkaline solution exhibits
two cathodic and an anodic peak assigned to the four electron reduction
process of Te (IV) to Te (0), Te (0) to (Te-II) and the oxidation of bulk Te
[4]. In the cyclic voltammetric (CV) study in HNO3 solution (pH 2.0 and
2.5), an oxidation potential of 0.48 V is found in the forward scan. Also,
di).
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with normal hydrogen electrode (NHE), the reduction potential is
−0.8 V [5]. The systematic study of current-voltage measurements
leads to the fabrication of electrochemical capacitors, also referred to
as supercapacitors. Due to its higher charge storage and charge delivery
response in comparison with other energy storage devices,
supercapacitors achieved importance in modern science and
technology.

The electrochemical capacitors have a large specific capacitance as-
sociatedwith fast charge-discharge characteristics, capable of delivering
high power and exhibit a longer life cycle compared to batteries. They
are mainly used in mobile phone, computer, digital camera and solar
cell. In general, supercapacitor electrode materials are divided into car-
bon based materials, metal oxides/hydroxides and conducting poly-
mers. Among these, carbon based materials such as activated carbon
and carbon nanotubes have been used as an electrode in electric double
layer capacitor (EDLC). Transition metal oxides exhibit pseudo capaci-
tance behavior and RuO2 has the most promising performance
(953 F/g) [6]. However, the high cost, rareness and toxicity of RuO2

have limited its commercial attractiveness.Metal tellurides alsofind ap-
plications in energy conversion and thermoelectric materials. Liu et al.
[7] have synthesized Te/C nanocomposite in lithium–telluriumbatteries
with 87% storage capacity. Te/Au/MnO2 core shell on carbon fiber as
super capacitor electrode is reported with maximum specific capaci-
tance of 930 F/g with an excellent rate capability and long cycle life
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. (a) Powder XRD pattern of Te Nps, (b) micro-Raman spectrum of Te Nps.
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(97%) [8]. Electrochemical synthesis of tellurium nanowires with a spe-
cific capacitance of 25 F/g with 46% of retention has been investigated
by Tsai et al. [9].

Hydrogen peroxide (H2O2) finds various industrial applications such
as pharmaceutical, clinical and environmental. It is a byproduct of al-
most all oxidases in mitochondria and separates out freely through
membranes and reaches various cellular compartments. It takes part
in biological functions as it is a highly reactive ion and reacts with
other molecules to achieve stability. The deficiency of H2O2 leads to
the diseases like Alzheimer's and Atherosclerosis diseases [10,11].
Many analytical tools such as spectrophotometric, fluorometric, chemi-
luminescent electrochemical and volumetric have been employed for
the detection of H2O2. It is reported that the electrochemical method
owing to a low cost, highly selective, sensitive with limit of detection,
wide linear range, fast response and repetitive ability plays a crucial
role in the amperometric determination [12,13]. In the last decade, the
response to H2O2 by electrochemical biosensor modified with several
metal nanomaterials has been studied [14]. Detection of H2O2 has
Fig. 2. (a) FESEM (b) TEM (c) lattice-resolved TEM (d) SAE
been reported for Pt-TeO2 nanowires and Pt-Te microtubes with a sen-
sitivity of 130.6 μA mM−1 cm−2 and 2 mA mM−1 cm−2 [15,16]. Pt-Te
microtubes have also been tested against glucose and the proposed
electrode shows very strong and sensitive amperometric response
[17]. An electrochemical detection system based on tellurium nanowire
coated glassy carbon electrodes (GCE) has been proposed by Tsai et al.
to sense dopamine at nanomolar concentrations [18]. Pt nanowires
core with carbon shell using Te nanowires as template has prepared
by Fang et al. shows a high sensitive, wide linear range and low detec-
tion limit [10].

Tellurium nanostructures have been synthesized by different
methods like hydrothermal [19], microwave assisted [20], chemical
vapor deposition [8] and biomolecule assisted method [21]. Additional-
ly, Te can react with other transition elements to generate many func-
tional compounds such as CdTe, ZnTe, Sb2Te3, and PbTe. Single
crystalline ZnTe nanorods have been fabricated by Hou et al. with a
high blue fluorescence [22]. The effect of size and doping concentration
on the power factor of n-PbTe nanocrystal for thermoelectric energy
D pattern of TEM image (e) EDX spectrum for Te Nps.



Fig. 4. UV–Vis spectrum of Te Nps (fluorescence spectrum of Te Nps with Gaussian fit in
the inset).

Fig. 3. (a) XPS spectrum for Te Nps, (b) survey of the Te 3d region.
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conversion has been investigated by Fang et al. [23]. In this paper, elec-
trochemical properties of pure Te nanoparticles for supercapacitor and
biosensor applications have been accounted.

2. Methods

2.1. Synthesis procedure

Tellurium dioxide powder (TeO2, 99%), hydrazine monohydrate
(N2H4·H2O, 80%) and sodium dodecyl sulfate (SDS, C12H25O4SNa, 99%)
were purchased from Sigma Aldrich. Deionized water from aMilli-Q ul-
trapure (18.2 MΩ cm−1) was used. The details of the synthesis proce-
dure are described elsewhere [24]. TeO2 powder was dissolved in
10 mL of N2H4·H2O under magnetic stirring at 303 K. The colour of
the solution continuously changed from amber to purple and then to
blue. The blue indicates the formation of t-Te Nps. The solution was di-
luted with SDS (10mM) to stabilize the prepared t-Te Nps. The final so-
lution was centrifuged several times with double distilled water to
remove the impurity of the matrices such as SDS and hydrazine
monohydrate and the obtained t-Te powder was dried at 303 K.

2.2. Material characterization

XRD pattern was recorded (PANalytical X-pert pro) with CuKα
(1.5406 Å) in the 2θ range from 20 to 80° and micro-raman spectrum
(Witec Confocal CDM 200) was recorded with 488 nm laser excitation.
FESEM image (Hitachi High Tech SU 6600) and TEM image (FEI-Tecnai
microscope equipped with a LaB6 filament at an operating voltage of
200 kV) were taken. XPS was recorded on (SPECS PHOIBES100 MCD
ANALYSER ELECTRODE ALUMINIUM K ALPHA (1486.6 eV at 40 eV
pass energy)). Optical properties like absorption and emission were
studied using UV–Visible (Shimadzu 1800) and fluorescence
(Floromax) spectrophotometers. Cyclic voltammetry (CV) and ampero-
metric analyses were performed using (BioLogic SP-150) electrochemi-
cal workstation.

2.3. Electrochemical measurement

2.3.1. Fabrication of electrode for energy storage device
The activematerial Te, activated carbon and polytetrafluro-ethylene

weremixed (80:15:5)with the addition of ethanol. The slurrywas coat-
ed on to a graphite sheet of area 1 cm2. The electrochemical experiment
(CHI 660D electrochemical workstation) was carried out using a single
compartment three–electrode system with Te as a working electrode,
platinum as a counter electrode and Ag/AgCl as the reference electrode
with 2MKOHas electrolyte. The charge and discharge characterizations
were performed at current densities from 2 to 30 mA/cm2 within a po-
tential window of−1.0 to 0.2 V.
2.3.2. Fabrication of electrode for biosensor
All themeasurementswere recorded using three electrodes set up at

303 K. In the three electrode system, glassy carbon electrode (GCE) as a
working electrode, Ag/AgCl as a reference electrode and Pt wire as a
counter electrode were used. Phosphate buffer solution (PBS) was pre-
pared as an electrolyte. For preparing Te Nps modified GCE (TNPCGEs)
electrode, 1mg of Te powderwas first dispersed in 50 μL of Nafion solu-
tion and then in 0.5 mL of ethanol and sonicated for 30 min. 5 μL of the
dispersed solution was dropped on GCE electrode, dried in atmospheric
air and themodified electrodewas used for H2O2 sensing. The following
equations describe the mechanism of sensing. Oxidation involves the
reaction of Te with H2O with the release of electrons. Correspondingly
in the reduction process, TeO2 reduces H2O2 to water [16]

Teþ 2H2O→TeO2 þ 4Hþ þ 4e− Oxidationð Þ ð1Þ

TeO2 þ 2H2O2→Teþ 2H2Oþ 2O2 Reductionð Þ ð2Þ

Before the electrochemical measurements, TNPCGEs were electro-
chemically treated by 10 cycles of CV in PBS (10 mM, pH 7.0) over the
potential range of −1.5 to 1.5 V at scan rates such as 20, 40, 60, 80
and 100 mV s−1 to remove the unwanted materials from the TNPCGEs.
The selectivity and sensitivity towards H2O2 were verified by
conducting CV over the same potential range at a scan rate of
40 mV s−1. The interference test and the detection of H2O2 were per-
formed under the same range in the presence of oxalic acid (OA) and
ascorbic acid (AA) obtained by CA at an applied potential of −0.4 V.
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The surface of GCEwas polished, washed and electrochemically pre-
treated by CV between −1.5 to 1.5 V in PBS. The area of the effective
surface is determined by the Randles-Sevcik equation.

Ip ¼ 2:69� 105
� �

n3=2 � A� D1=2 � C� υ1=2 ð3Þ

where Ip is the peak current of the redox couple (A), n is the number of
electrons, A is the area of the electrode (cm2), the diffusion coefficient D
of themolecule in solution (cm2 s−1), C is the concentration of the bulk
solution inmol (cm−3) and υ is the scan rate in (V s−1), using the above
equation in which Ip is proportional to υ1/2, an approximate value of A is
obtained [25].
Fig. 5. (a) CV for different scan rates (b) specific capacitance Vs scan rate plot, (c) charge/discha
density, (e) Ragone plot, (f) cyclic stability of at 30 mA/cm2 of Te Nps.
3. Results and discussion

3.1. Structural and morphological

XRD pattern corresponds to the hexagonal phase of Te with space
group P3121 (JCPDS, 36-1452) (Fig. 1a) and the lattice constants are
a = 0.4459 and c = 0.5902 nm [26]. A strong peak at 2θ = 27° is due
to the reflection from (101) plane and is the characteristic peak of t-
Te. No impurity diffraction peaks are detected indicating the high purity
of the product with a preferential growth along [001]. The crystallite
size (34 nm) is estimated using Debye Scherrer's equation

D ¼ 0:9λ
β cosθ

ð4Þ
rge curves for different current densities, (d) variation of specific capacitancewith current



Table 1
Supercapacitance and cyclic stability of various telluride electrodes.

S. no Materials Electrolyte Specific capacitance (F/g) Cyclic stability (%) Ref.

1 Te/Au/MnO2 0.1 M Na2SO4 930 97 [8]
2 Te NWs 0.5 M Na2SO4 23 46 [9]
3 La2Te3 1 M KOH 63 71 [48]
4 TaTe2 0.5 M KOH 4 95 [49]
5 Te Nps 2 M KOH 100 100 Present work
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The two strongpeaks at 123 and 148 cm−1 in themicro Raman spec-
trum given in Fig. 1b are attributed to the A1 and E phononmodes of vi-
bration. Similar peaks (122.5 and 140.2 cm−1) were reported by Liu et
al. [20] for Te nanowires. But, in the case of hydrothermally synthesized
Te nanotubes in a tungstosilicate acid solution, the same band assign-
ment is reported for 119.7 and 135.4 cm−1 [27]. FESEM micrograph
shows the nanoparticles of spherical shape (Fig. 2a). Following the
same synthesis route, Sandeep et al. [2] have discussed Te nanowires
with a length andwidth of 600 and20nmrespectively. The average par-
ticle size of Te NPs from TEM image (Fig. 2b) is found to be 307 nm. But
for the same synthesis procedure and conditions, nanowires of length
≈456 nm, increasingwith the stirring time is accounted [24]. Fig. 2c de-
picts the lattice resolved TEM image of Te NPs. The interplanar spacing
corresponding to (101) plane of Te is found to be 0.323 nm. The crystal-
linity and orientation of the NPs are confirmed from SAED pattern
which are consistent with the hexagonal structure of Te (Fig. 2d). As
the EDX spectrum (Fig. 2e) shows only the presence of Te, the formation
of elemental Te is verified. Fig. 3a presents the survey of XPS for Te and
the binding energy of Te 4d, 4p, 4s, 3d5/2, 3d3/2, 3p3/2 and 3p1/2 states are
43, 112, 172, 575.9, 586.3, 822 and 873 eV respectively. The presence of
other elements like C1s, O1s and MNN Auger lines are found at 282,
531and 1008 eV respectively. The binding energy 3d5/2 and 3d3/2 states
of pure Te are reported as 572.7 and 583.1 eV [28,29]. In thepresent case
as Te is easily oxidized in air, there is a possibility for the formation of Te
(IV) and a corresponding shift in the peak positions at 575.9 and
586.3 eV is observed. The enlarged view of 3d region is shown in Fig. 3b.
3.2. Optical properties

Absorption spectrum of Te contains two characteristics peaks, one in
the range of 250–350 nmand another in 600–850 nm. The former one is
due to the p-bonding valence band to the p-antibonding conduction
band transition and latter is due to the p-lone pair valence band to the
p-antibonding conduction band [30]. In the present case (Fig. 4), the
peak positions are 340 nm (3.6 eV) and 670 nm (1.85 eV). For Ag2Te
nanowires [2], a single absorption peak at 480 nm (2.58 eV) is reported
which is favorable in the construction of broadband optical limiters. For
Fig. 6. (a) Impedance plot of Te Nps, (b) frequen
an excitation wavelength of 290 nm, the fluorescence emission spec-
trum is given in the inset of Fig. 4. The deconvolution of the broad emis-
sion peak produces three Gaussian peaks centered at 396, 437 and
467 nm in the blue-violet region with an excitation wavelength of
363 nm. Similar emissions are noticed for Te nanowires for an excitation
of 265 nm. t-Te nanotubes show an intensive peak at 458 nm [26]
whereas Gautam et al. [31] have reported a broad emission band at
700 nm for Te nanorods.

3.3. Electrochemical studies

3.3.1. Cyclic voltammetry
Fig. 5a shows the CV of Te electrode for different scan rates 5, 10, 25,

50 and 100 mV s−1 in the potential range of −1.0 to 0.2 V using 2 M
KOH as the electrolyte. The oxidation process of the Te electrode was
detected through the ion intercalation and de-intercalation of K+ in
the Te active material.

CV curves exhibit well defined oxidation peak and confirm the Fa-
radic nature of the material alternative to pseudocapacitive behavior.
The oxidation peak current increases linearly with the scan rate indicat-
ing the supercapacitance behavior of Te Nps. The inset shows the linear
relationship between anodic peak current and square root of the scan
rate, due to the redox reaction through adsorption of hydroxyl ions in
alkaline electrolyte at the electrode interface [32]. It is seen that there
is a little change in the oxidation potential of the electrodematerial dur-
ing K+ insertion and extraction for different scan rates. The specific ca-
pacitance (Cs) is calculated

Cs ¼ Q
mΔV

F=g ð5Þ

where Q is the average charge during anodic and cathodic scan,m is the
mass of active material and ΔV is the applied voltage window [33]. The
specific capacitance for scan rates 5, 10, 25, 50 and 100 mV s−1 are
125.8, 93.2, 63.9, 48.6 and 35.3 F/g respectively. At lower scan rates,
the higher surface area of the electrode improves the utilization rate
during the electrochemical redox process and therefore a higher capac-
itance is found (Fig. 5b). The specific capacitance decreases as the scan
cy dependent specific capacitance of Te Nps.
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rate increases, indicating a good rate capability of Te electrode. For a
scan rate of 20mV s−1, a high specific capacitance of 930 F/g is attribut-
ed to the hybrid core shell structure [8]. But Te nanowires reduced from
bulk Bi2Te3 through electrolysis show a supercapacitance of 24 F/g for a
scan rate of 25 mV s−1 lower than the present study (64 F/g) [9].
3.3.2. Chronopotentiometry
The galvanostatic charge-discharge measurement was carried out

between −1.0 and 0.2 V at current densities from 2 to 30 mA/cm2.
The observed charging curve is almost similar to discharging curve but
slightly differ from the charging time (Fig. 5c). The shape of the curves
shows an ideal pseudocapacitive behavior with sharp response and
small internal resistance (IR) drop. The specific capacitance (Cs) is
Fig. 7. (a) CV for bare GCE, GCE/Te and GCE/Te/Nafion, (b) CV of GCE/Te/Nf at different scan rate
anodic peak current against log (v), (e) CV for GCE/Te/Nf and GCE/Te/Nf, (f) CV for GCE/Te/Nf
evaluated

Cs ¼ IΔt
mΔV

F=g ð6Þ

where I is the discharging current, Δt is the discharge time, m is the
mass of active material and ΔV is the applied potential window [34].
Fig. 5d shows a visible decrease of the capacitance from 586 to 100 F/g
with an increase in the current density from2 to 30mA/cm2. A high spe-
cific capacitance for a low current density is due to the fast charge trans-
fer at the interface of the electrode and the electrolyte. At higher current
density, the hydrate ions block the dynamic accommodation of the elec-
trode surface, resulting in lower capacitance confinement. Due to the
limited movement of K+ ions in the electrode, the charging process is
s, (c) plot for cathodic and anodic peak current against scan rate, (d) plot for cathodic and
with different concentrations of H2O2.



Fig. 8. (a) Chronoamperometric analysis for different concentrations of H2O2, (b) linear relation between current and H2O2 concentrations, (c) chronoamperometric analysis with the
addition of H2O2, OA and AA.
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difficult as the charging current density increases. The specific capaci-
tance (Cs) values obtained from both the techniques (charge/discharge
and cyclic voltammetry) are comparable. Energy (E) and power (P)
densities are calculated and the Ragone plot is drawn (Fig. 5e).

E ¼ 1
2
Cs � ΔVð Þ2 ð7Þ

P ¼ E
t

ð8Þ

where Cs is the specific capacitance, ΔV is the potential window and t is
the discharging time. As E decreases from 116 to 19 Wh kg−1, P in-
creases from 1186 to 17,100Wkg−1 with an increase of current density
from 2 to 30 mA/cm2. This is much similar to the conventional
supercapacitors in Ragone plots. The electrochemical utilization of Te
electrode (Z) is evaluated

Z ¼ Cs � ΔV �M
F

ð9Þ

where Cs is the specific capacitance (F/g), ΔV is the potential window
(1.2 V), M is the atomic weight of Te (127.60 g) and F is the Faradic con-
stant (96,485) [35]. Z value is 1 for all the electroactive materials in-
volved in the Faradic reaction. The equation gives 0.9299 to 0.1586 of
Z values for current density of 2, 5, 10, 20, 30 mA/cm2 for Te Nps. This
means that at a current density of 2 mA/cm2, 92.99% of electroactive
sites are involved in the redox process. The specific capacitance value
is enhanced to 586 F/g at a current density of 2 mA/cm2 while the
same for a current density of 30mA/cm2 is 100 F/g. At low current den-
sity, as the ions access the outer surface as well as the inner pores, the
specific capacitance became high. But at high values, the ions did not
get enough time to intercalate and deintercalate, consequently the spe-
cific capacitance decreases. The cyclic stability (η) is given by

η ¼ tc
td

� 100 ð10Þ

where tc and td are the charge and discharge intervals and it is found to
be 100% (Fig. 5f) for 1000 cycleswith current density of 30mA/cm2 [36].
Even after the 1000th cycle, the specific capacitance is remained as
Table 2
Comparison of various chalcogenides based non-enzymatic amperometric H2O2 sensor.

S.
no Sensor

Sensitivity
(cm−2) LOD

Applied
potential (V) Ref.

1 PtPNW@C 0.35 μA μM−1 0.1 μM 0.2 [10]
2 Co3O4 100.3 μA mM−1 2.8 μM 0.8 [12]
3 Pd Sps embedded

in PVP
331 μA mM−1 4.3 μM −0.02 [50]

4 Nano MnO2/DHP 84.4 μA mM−1 0.12–2.16 −0.25 [51]
5 GCE/Te/Nafion

Nps
0.83 mA μM−1 0.3 μM −0.4 Present

work
100 F/g. Electrochemical capacitor behavior of CuS nanoplates is report-
ed with a specific capacitance, energy density, power density and cyclic
stability of 72 F/g, 6.226Whkg−1, 1750Wkg−1 and 36.29% respectively
[37]. A cyclic stability of 98.6% is obtained for a current density of
5 mA/cm2 whereas the specific capacitance varies from 555 to 464 F/g
for a current density from 5 to 100 mA/cm2 in the case of cobalt sulfide
hierarchitectures [38]. The obtained values of supercapacitance and cy-
clic stability in the present study are found to be comparable with the
reported work as listed in Table 1.

3.3.3. Electrochemical impedance spectroscopy
Fig. 6a shows the Nyquist plot in a three electrode mode at the fre-

quency range of 0.01–100 kHz with amplitude (5 mV) and bias poten-
tial (0.7 V). The frequency dependent specific capacitance [39] is given
by

Cs ¼ 1
2πf z″

ð11Þ

The calculated value from the impedance data for the Te electrode is
presented in Fig. 6b. The impedance spectrum of the supercapacitor
shows solution resistance Rs is 6.043 Ω and in the mid-high frequency
region and the charge transfer resistance Rct is 0.001 Ω. An incident
line in the low frequency range is considered as the Warburg constant
(W) which is found to be 0.0891, associated with the diffusion of K+

ions into Te electrode and the calculated CS value is 610 F/g (at
0.01 Hz for 0.7 V). For Co3O4 Nps, the Rs, Rct and Cs values are 1.09 Ω,
0.5 Ω and 532 F/g respectively [39]. Also Rs, Rct and W of 0.09 Ω, 0.3 Ω
and 0.4 respectively are reported for La2Te3 film from electrochemical
impedance spectroscopy [40].

3.3.4. Biosensor
The electrochemical characteristics of Te NPswere analyzed through

CV using Nafion as a binder in deoxygenates PBS. Fig. 7a gives the volt-
ammograms recorded on GCE bare (curve a), Te/GCE (curve b) and Te/
GCE/Nafion (curve c) at a sweep rate of 40 mV s−1 between −1.5 to
1.5 V range. GCE bare electrode shows Epa at 0.29 V and 0.44 V in the
presence of Te and it shows 0.44 V (oxidation),−0.87 and−1.04 V (re-
duction) in presence of Te/GCE/Nafion.

“The oxidation and reduction processes observed in the CV are ex-
plained as follows:

Teþ 2H2O↔TeO2 þ 4Hþ þ 4e− Epa ¼ 0:44 V in oxidation
� �

ð12Þ

TeO2 þ 4Hþ þ 4e−→Teþ 2H2O Epc ¼ −0:8 V in reduction
� �

”

ð13Þ

The observed oxidation and reduction peaks (Te) in the CV matches
well with the previously reported oxidation and reduction potential for
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Te thin films [41,42]. Therefore we observed that redox potential values
are comparable with previous report.

Fig. 7b illustrates the CV for Te/GCE/Nafion in deoxygenated PBS at
scan rate from 20 to 100 mV s−1 in the same potential range. Both the
redox peak current and peak-to-peak separation increase with the
scan rate [43]. With the increase of scan rate, a shift in both anodic
and cathodic peak current is observed (Fig. 7c). In order to confirm
the electrode process, a graph is drawn between peak current (Ip) ver-
sus scan rate (υ), and the obtained graph is a straight line in the range
of −1.5 to 1.5 V with correlation coefficient (r2) 0.9723 and 0.7552.
The Ip versus square root of scan rate (υ1/2) were plotted as shown in
Fig. 7dwith correlation coefficient (r2) 0.8859 and 0.9025. This suggests
an adsorption-controlled electrode process [44]. The variation of Epa and
Epc as a function of log (v) for Te peak pairs. A linear dependence is vis-
ible for both the peaks as expected for a totally irreversible surface
process.

In relation to this model, a graph of Epa = f(log v) yields a straight
line with a slope equal to 2.3RT / αnF and the intercept (2.3RT /
αnF)log(αnF / RTks)+ Esurf for the cathodic peak (Eq. (14)). For the an-
odic peak, the slope is 2.3RT / (1 − α)nF with the intercept [2.3RT /
(1− α)nF]log[(1− α)nF / RTks] + Esurf (Eq. (15)) [15].

Epc−Esurf ¼
−2:3RT
αnF

� �
logv−

2:3RT
αnF

� �
log

αnF
RTks

� �
ð14Þ

Epa−Esurf ¼
2:3RT
1−αð ÞnF

� �
logv−

2:3RT
1−αð ÞnF

� �
log

1−αð ÞnF
RTks

� �
ð15Þ

The electrode transfer rate constant (ks) for Te/GCE/Nafion was cal-
culated using Laviron's eq. (16) [45].

logks ¼ α log 1−αð Þ þ 1−αð Þ logα− log
RT
nFv

� �
−

nFΔEpa 1−αð Þ
2:3RT

ð16Þ

where α value is assumed as 0.5, R is the gas constant, T is the room
temperature, ΔEpa is the peak separation of redox potential and the
number of electrons transferred n is 1. The ks value at Te/GCE/Nafion
is calculated to be 1.0237 s−1 and it is higher than the values of the in-
terface behavior of hemoglobin at carbon nanotubes (0.062 s−1) [46]
and silica gold nanorods (0.83 s−1) [47]. These results indicate the Te
gives fast electron transfer rate from the electrode surface of for H2O2.
Fig. 7e reveals the CV of the Te/GCE/Nafion in the presence and absence
of 1mMH2O2 at 40mV s−1 in PBS. It is observed that the reduction peak
current value was increased in the presence of H2O2. Fig. 7f shows the
CV sensing of H2O2 by successive addition of 0.67 μM. It is observed
that on increasing the concentration of HP reduction peak current
values are decreased linearly at a potential value of ~−0.8 V.

3.3.5. Amperometry sensing
CA response to H2O2 is depicted in Fig. 8a. While maintaining PBS in

a stirring condition, different concentrations of H2O2 are added at regu-
lar intervals. The CA analysis was studied on the chemically modified
electrode by applying constant potential of −0.4 V. The Te/GCE/Nafion
exhibit a wide linear range of 0.67–8.04 μMwith the correlation coeffi-
cient 0.9956 with the addition of H2O2 into the electrolyte solution and
the catalytic current increases and reaches its steady state within 5 s
(Fig. 8b). The Te sensor displays a sensitivity of 0.83 mA mM−1 cm−2

with a limit of detection 0.3 μM and the observed value are enhanced
as compared with previous report for nonenzymatic hydrogen perox-
ide. Reported values are tabulated in Table 2. The selectivity has been
determined by monitoring the amperometric response after consecu-
tive injection of 0.67 μM H2O2, AA and OA at an applied potential of
−0.4 V. However, a rapid increase in the current is observed by the ad-
dition of H2O2. It is evident that the sensor does not exhibit a significant
response to both AA and OA than H2O2 (Fig. 8c). It indicates the high se-
lectivity of the proposed sensor.
4. Conclusion

Te Nps synthesized by wet chemical method are found to be in hex-
agonal phase with spherical morphology (307 nm). Due to unique fluo-
rescence properties, the prepared Te NPs facilitates the fabrication of
optoelectronics devices. When applied as an electrode for super capac-
itor, Te Nps exhibit better electrochemical performances with specific
capacitance of 100 F/g at a current density of 30mA/cm−2 and 100% cy-
clic stability after 1000th cycle. In addition, the amperometric response
indicates that the as-prepared Te/GCE/Nafion nanoparticle is able to en-
hance the electocatalytic properties of the electrode for H2O2 in CV ex-
periment. Te NPs exhibit high sensitivity, short response time with a
wide linear range of H2O2 in PBS for chronoamperometric experiments.
These results are promising for the next generation energy storage de-
vices and biosensors.
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