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Herein, a facile hydrothermal method was used for the preparation of nanostructured TeO,. Different
techniques (X-ray diffraction, transmission electron microscope, and scanning electron microscope)
were used for morphology, size, and crystalline structure identification of synthesized TeO:
nanoparticles. Fourier transform infrared and ultraviolet-visible spectroscopies were used for optical
properties characterization of nanoparticles. Nanostructured TeO> having a spherical and uniform
shape and particle size ~12 nm that approved via transmission electron microscope. TeO2/ITO glass
electrode was fabricated in order to study the electrochemical properties by using cyclic voltammetry
and electrochemical impedance spectroscopy. Electrochemical measurements of the fabricated
TeO2/indium tin oxide electrode showed that the electrode having excellent sensitivity. Thus, the TeO>
nanoparticles can further used for biosensors applications.
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1. INTRODUCTION

We have done this research as an extension of our work previously published in other journals
[1-11]. Many new applications in different areas have been opened in recent years due to the
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preparation of nanostructured materials. Materials show unique properties when their size reduces to
nanoscale that couldn't show by their bulk and these properties are known to be rich for new scientific
developments. Semimetal oxide nanoparticles are a class of nanostructured materials with novel
properties that allow its use in many applications like catalysis [12], fuel cell [13], gas sensing [14],
and the medical field [15]. At room temperature, tellurium is a semimetal of p-type with 0.35 eV
narrow bandgap [16]. As important semimetal materials, Te based compounds have exceptional
properties like thermoelectric properties, non-linear optical response, and photoconductivity that make
Te an important substance for manufacturing optical-electronic devices [17-19]. Te is also used as a
useful material for heavy metals removal [20], gas sensors for NO2, and CO [21, 22] and
manufacturing of photoconductors [23]. Te nanoparticles are prepared by different techniques like
microwave [24], electrochemical deposition [25], and hydrothermal methods [26]. Te nanoparticles are
prepared in different shapes as nanorods [27], and nanotubes [28]. Also, wet chemistry is recently used
for the preparation of Te nanoparticles [29, 30]. Chemical routes of TeO2 nanoparticles preparation are
involved thermal oxidation of Te micro-tubes [31], sol-gel, [32] and thermal evaporation of Te
microstructures [33]. So, the preparation of these nanomaterials required more trials for investigations.
Here, nanostructured TeO, was synthesized by using TeCls as a precursor of tellurium. The method
used is the facile hydrothermal route in which TeO- is produced and characterized by using a scanning
electron microscope (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR),
and UV-visible spectroscopy. The electrochemical performance of the prepared nanostructured TeO is
investigated. It is observed that the synthesized TeO2 nanostructures have a wide application in the
biomedical fields.

2. EXPERIMENTAL SECTION

2.1. Materials

Ethanol (EtOH), polyethylene glycol (PEG-6000), TeCls, and sodium dodecyl sulfate (SDS)
were purchased from India (Oxford Co.). All used chemicals were analytical grade and used as
received without further purification. Glass sheets of resistance 16Q/cm (Balzers) coated with
hydrolyzed indium tin oxide (ITO) was used for the loading of TeO> film and tested as a working
electrode.

2.2. Synthesis of TeO2 nanoparticles

The perfect synthesis of TeO. nanoparticles is beginning by dissolving 0.1 g TeCls with 0.007
g SDS or PEG as a surfactant in 40 ml of distilled water at room temperature with continuous stirring
for 7 min. Then, at 200 °C all reagents were kept in the autoclave for 8 h and after that permitted to
cool down at room temperature. With absolute ethanol and distilled water, the isolated precipitate by
centrifuging was washed several times and then dried at 70 °C for 5h. Then the sample was annealed
for one hour at 400 °C.
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2.3. TeO,/ITO electrode fabrication

For the preparation of the TeO/ITO electrode, the prepared TeO> was dissolved in de-ionized
water. TeO2 solution was sonicated for a half-hour to completely disperse of nanostructured TeO>
before the electrophoretic deposition process as shown in Scheme 1. The fabricated electrode surface
area is 0.26 cm? obtained by optimizing the time and potential of electrophoretic deposition at 45 s and

40 V respectively.

TeO, Solution «—

Electophoretic deposition

Electrochemical analyzer

Scheme 1. Schematic representation for the fabrication of TeO2/ITO electrode for electrochemical
studies.

3. RESULTS AND DISCUSSION

3.1. X-ray diffraction of nanostructured TeO-
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Figure 1. XRD of the nanostructured TeO. synthesized by hydrothermal method
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Fig. 1 shows the X-ray diffraction pattern of nanostructured TeO.. The diffraction peaks
parallel to the tetragonal phase of TeO. (JCPDS 76-0679). No peaks parallel to any impurities are
identified in the obtained X-ray peaks that indicate the presence of the single-crystalline phase of
TeO,. The excellent crystallinity of synthesized nanostructured TeO; is also indicated by sharp and
strong peaks.

The average crystal size (d) can be calculated by using the Debye Scherrer equation as shown

in Eq.1. The average size of nanostructured TeO- is found to be ~ 12 nm.
094

~ BCose )
Each symbol of the equation has its well-known meaning. As described elsewhere, 0 is the

glancing angle, B is calculated from diffraction peaks as the width of half maxima and A is the
wavelength of X-ray that equal 1.5 A.

3.2. Transmission Electron Microscope (TEM) and Scanning Electron Microscope (SEM)

Figure 2. SEM images of nanostructured TeO- in case of using (a) SDS and (b) PEG surfactants

Fig. 2 shows the scanning electron microscope image of the prepared nanostructured TeO, by
using SDS and PEG as a surfactant. SEM image illustrates a spherical shape of the prepared
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nanoparticles. Also, the SEM image shows uniformly distributed morphology of the nanostructured
TeO>. The morphology of the particles is not affected by changing the used surfactant from SDS to
PEG.

The size of particles is affected by changing the surfactant. In the case of using neutral PEG,
the size of particles is appeared to be larger compared to using SDS. The transmission electron
microscope image is shown in Fig. 3. The TEM image of prepared TeO> nanoparticles approves the
spherical morphology of prepared particles as appeared in the SEM results. As shown in the TEM
image the particle size appeared to be 10-20 nm which approves the results of XRD.

Figure 3. TEM images of nanostructured TeO>

3.3. Fourier transform infrared and ultraviolet-visible studies
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Figure 4. FT-IR spectra (a) and UV-visible spectra (b) of prepared TeO2 nanoparticles.

As it is considered a powerful tool for the characterization of material structure, the Fourier
transform infrared and ultraviolet-visible spectroscopy are used for the characterization of prepared
nanostructured TeO,. The Fourier transform infrared and ultraviolet-visible spectroscopy of prepared
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TeO> is shown in Fig. 4. FT-IR of nanostructured TeO> shows two absorption bands at 774 and 663
cm™L. The two bands are considered to be the vibrations of Te-O bonds.

The appeared two bands are similar to the a-TeOz [34] which approves the preparation of -
TeO; crystalline structure. The absence of impurities is observed by the absence of any other peaks in
FT-IR spectra. UV-Vis absorption spectroscopy is a powerful tool for optical properties
characterization. UV-Vis absorption spectroscopy of prepared nanostructured TeO> is shown in Fig.4.
When conjugated with a proper n-type semiconductor, TeO, can be used for solar cell construction as
it is a p-type semiconductor. UV-Vis absorption spectroscopy of nanostructured TeO; is determined in
the range of 200-800 nm. From Fig. 4, TeO: exhibits one absorption peak at 300 nm due to the
transition from the valence band to the conduction band [30]. According to the UV-Vis absorption
spectrum of TeO, nanoparticles, TeO. nanoparticles can be used for the fabrication of optoelectronic
devices. Also, TeO: is a p-type semiconductor and can be conjugated with an n-type semiconductor
and used for the fabrication of optical devices as photovoltaic devices and p—n junction photodiode
[35-37].

3.4. Electrochemical studies

3.4.1. Scan rate effect

The effect of varying scan rate on the fabricated TeO2/ITO electrode at the range of 10 - 100
mVst was performed by using the cyclic voltammetry technique as shown in Fig. 5. The used
electrolytic solution consisted of phosphate buffer, saline 50 mM, and 5mM ferricyanide [Fe(CN)g] /4.
As shown in Fig.5, the anodic and cathodic peak currents (Epa, Epc) and potential peak separation (AEp)
are increased linearly with the square root of the scan rate v¥? suggesting that the electrochemical
process is diffusion-controlled electron transfer process [38-41] as electrons are migrated from
TeO2/ITO electrode redox centers. The excellent electro-catalytic performance of the fabricated
TeO2/ITO is indicated by the linear dependence of peak current with the scan rate in which the linear
correlation R?=0.998 and standard deviation of 2.6 X10* [42-46]. A well-defined oxidation peak is
observed in Fig. 5 due to the electron transfer between TeO,/ITO electrode surface and electrolyte.
Both anodic (Epa) and cathodic (Epc) peak potential shift linearly towards the higher side with the
increase in scan rate. This relationship confirms the irreversible or slow electron transfer kinetics
between the TeO/ITO electrode and electrolyte [47]. The advantage of maximum redox current of
TeO,/ITO film is to enhance the sensitivity of electronic devices like biosensor for biomedical
applications [48-54].
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Figure 5. Cyclic voltammogram of TeO2/ITO electrode at scan rate 10-100mVs™ in phosphate buffer
saline (PBS) and (50 mM 0.9% NaCl) containing [Fe(CN)s]** 5 mM as the mediator (a) and
cathodic and anodic current vs \v (scan rate square root) at scan rate 10-100 mVs™ (b)

The formation of water-soluble tellurium species leads to the leaching out of more than 80% of
the electrode surface after ten cycles making the redox peaks of tellurium unstable.

3.4.2. Electrochemical impedance spectroscopy

The resistance of the fabricated TeO>/ITO electrode can be more understood by performing the
electrochemical impedance spectroscopy in the same electrolytic solution of cyclic voltammetry
(phosphate buffer, saline 50 mM, and 5 mM ferricyanide [Fe(CN)e] 3 7#") at a time of 5-25 s, scan rate
0.25-2.5 mV, and frequency 0-1.2X10° Hz. The Nyquist plots are shown in Fig.6a that consists of two
parts, a semicircle part followed by a straight part. Fig. 6 shows the electron transfer process at the
semicircle part (high frequency). The diameter of the semicircle part is corresponding to the charge
transfer resistance (Rct) that decreases linearly with time as shown in Fig. 6 from 5 to 25 s (Rct5s =
5.20 kQ > Rctl0s = 4.95 kQ > Rctl5s = 4.53 kQ > Ret20s = 4.26 kQ > Ret25s = 4.14 kQ) for the
fabricated electrode as a result of the diffusion limiting step of the electrochemical reaction. Thus, the
fabricated electrode provides a long time for the electron transfer process between electrode and
solution as well as providing an easier electron transfer process due to the presence of a small and
hydrophilic surface layer. The results are approved by the decrease of charge transfer resistance by
increasing the scan rate as shown in Fig. 6.
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Figure 6. Nyquist plot as a function of scan rate at different times in phosphate buffer (50 mM, pH 7.0,
0.9% NaCl) containing 5 mM [Fe(CN)s]** (a), and with a function of voltage scan rate (b)

Long term pathway among electrolyte and electrode is the main reason for the decrease. Fig. 6b
shows the Nyquist plots measured at different voltage scan rate in the range of (0.25-2.5 mV).
According to the figure, the wvalue of charge transfer resistance decreases with
increasing the voltage scan rate due to the high electron pathways between the electrode and
electrolyte, resulting an improved diffusion of  ferricyanide  towards  the
surface of TeO2/ITO electrode [55, 56]. So, the presence of TeO2 nanoparticles causes a limitation in
the charge transfer process that affects the electrochemical behavior of the prepared electrode [37].

4. CONCLUSION

In summary, TeCls was used as a tellurium source for the preparation of nanostructured TeO>
by a facile hydrothermal method. The synthesized nanoparticles were characterized using XRD, TEM,
and SEM. The optical properties were determined using FT-IR spectra and UV-visible spectroscopy.
In addition, TeO. nanoparticles were precipitated on the ITO glass electrode for electrochemical
properties determination. Moreover, the cyclic voltammetry study reveals that TeO> nanoparticles
exhibit excellent charge transferability due to its nature that helps the electron transfer during the
electrochemical process. So, specific optical and electrochemical properties are approved for TeO>
nanoparticles. Thus, nanostructured TeO> reveals specific properties that enhance its use in multi
applications like bioelectronics devices, biosensors, and semiconducting devices.
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