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ABSTRACT
Tellurium oxide is an interesting semiconductor metal oxide with a variety of fascinating photo-
electric properties. The method of thermal oxidation of tellurium metal in air was used to make
TeO2 nanowires and rods. This paper introduces a facile method to synthesize TeO2 nanoparti-
cles directly from tellurium powder in NH4OH solution. The TeO2 nanoparticles are monodisperse,
uniform and high density. The growth mechanism of the TeO2 nanoparticles was proposed and
debated. This material has a good ability to absorb infrared light with a wavelength of 800 nm. The
infrared photosensing properties of this nanomaterial were investigated and compared to those of
recent studies.
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INTRODUCTION
Tellurium is a rare metal that can be found in the
Earth’s crust. Tellurium monoxide (TeO), tellurium
dioxide (TeO2), and tellurium trioxide (TeO3) are the
most common oxides of this metal. TeO is gray in
color when powdered in dry air. This compound is
typically unstable, easily oxidizing to Te and TeO2 in
dry air and humidity at high temperatures, respec-
tively1. TeO2 is the most stable tellurium oxide out of
all of them. Due to its outstanding optical properties,
this p-type semiconductor (Eg of 3.3-3.8 eV) is being
researched and used in a variety of fields, including
memory switching devices2, optical storage materi-
als3, amplifiers and integrated optics4, laser devices 5,
catalysts6, and ensor7–9. With many interesting ap-
plications, TeO2 nanomaterials have been synthesized
by various physical and chemical methods10–12. Re-
cently, several research groups have successfully syn-
thesized TeO2 nanorods directly from telluriummetal
by thermal oxidation13–15. This is a simple method
that allows the synthesis of nanomaterials directly on
metal surfaces with high density and uniformity 16.
However, this method requires an elevated temper-
ature (above 300 ◦C) and cannot control the mor-
phology of the postsynthesized material 16. Recently,
metal oxidation in alkaline solution was applied by
several groups in the syntheses of metal oxide nanos-
tructures17–19. By a similar method, our research
group successfully synthesized CuO, Ni(OH)2 and
V2O5 nanoplates or nanosheets 20–22. To date, there
have been no studies on the synthesis of TeO2 nano-
materials by tellurium oxidation in alkaline solution.

In this study, we proposed a facile process based on
tellurium oxidation in NH4OH solution to synthesize
highly uniform TeO2 nanomaterials. The morphol-
ogy and structure of the synthesized nanomaterials
were characterized by scanning electron microscopy
(SEM), X-ray diffraction (XRD), ultraviolet–visible
spectroscopy (UV−Vis), and energy-dispersive X-ray
spectroscopy (EDS). For application, the optical sens-
ing properties of the as-synthesized nanomaterials
were investigated using several light sources (wave-
lengths of 450 nm, 600 nm, and 800 nm). Interest-
ingly, the TeO2 nanoparticles showed resistance fluc-
tuation under exposure to the light source. The e re-
sult were compared to those of other photosensitive
materials with similar electrode structures.

MATERIALS-METHODS
Figure 1 depicts the TeO2 nanoparticle fabrication
process, which is broken down into simple steps.
First, a heat-resistant 100mlDuran vial was filledwith
0.2 g of tellurium powder (99.99 % purity, Sanno Co.,
China) and 20 ml of NH4OH solution (25 %, w/v, Xi-
long Scientific Co., China). After that, the solution
mixture was kept in an oven for 24 h at 80 ◦C. The
vial of solution was allowed to cool naturally to room
temperature after the heat treatment was completed.
The final product was a white powder that had been
filtered and washed with deionized water three times.
The powder sample is coated on a glass substrate
after fabrication. After drying, scanning elec-
tron microscopy (SEM, Hitachi tabletop Microscopes
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Figure 1: Synthesis process of TeO2 nanoparticles from tellurium powder. The precursors of 0.2 g Te powder
and 20 ml NH4OH aqueous solution were heated at 80 ◦C for 24 h to make TeO2 nanoparticles.

TM4000Plus, Hitachi Co., Japan) and energy disper-
sive X-ray spectroscopy (EDS) were used to exam-
ine the surface morphology and elemental composi-
tion of this powder sample. X-ray diffraction (XRD,
X’Pert-Pro, Malvern Panalytical Ltd., United King-
dom) was used to investigate the crystal structures of
the postfabricated powder samples. The optical prop-
erties and chemical compositions were investigated
using an ultraviolet–visible spectrophotometer (UV–
Vis; JASCO V-750, Jasco, Japan). The Tauc method is
used to determine the width of the optical band gap
of the material 23:

ahv = B
(
hv−Eg

)n (1)

where α , hυ , B, Eg, and n are the optical absorption
coefficient, incident photon energy, constant, optical
energy gap, and exponent corresponding to the type
of optical transition (direct allowed: n = 0.5, direct
forbidden: n = 1.5, indirect allowed: n = 2, indirect
forbidden: n = 3), respectively24.
To investigate the material’s photosensitive proper-
ties, TeO2 nanoparticles were coated on a Pt inter-
digitated electrode (Figure 2a). The following are the
small steps in the coating process. First, ultrasonic
vibration was used to disperse 0.05 g of the prefabri-
cated powder sample in 5 mL of distilled water. Then,

using amicropipette, 20 L of this solutionmixture was
dripped onto the electrode surface. The electrode was
then dried at 60 ◦C for 12 h. Figure 2b depicts the
structure of our homemade photosensing measure-
ment system. After coating, the electrode was placed
on a hot plate.

S =
Iph

Idark
(2)

The light response is determined by the ratio of the
current flowing through the device under illumina-
tion (Iph) to the current flowing through the device in
the dark (Idark). The device is powered by a DC volt-
age of 1 V.The rise time is defined as 90 % of the time
the measuring circuit switches from dark to bright.
When the measuring circuit turns from light to dark,
the decay time is 90 % of the switching time.

RESULTS
The morphology and dimensions of the synthesized
sample are shown in Figure 3. This sample is made
up of monodispersed nanoparticles. The particle size
distribution graph in Figure 3b indicates that the par-
ticle sizes are distributed in the range of 15 to 250
nm. The Lorentz distribution revealed that particles
with a diameter of 85 nmmade up the majority of the
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Figure 2: Model of the electrode structure andmeasuring system. (a) Structure and SEM images of the inter-
digitated electrode and (b) our homemade photosensingmeasurement system. The interdigitated electrode was
patternedbyphotolithographywith an electrodegapof 20 µm. Themeasurement systemcontains a temperature
controller to regulate the hotplate temperature. After being fixed by two probes, the current flowing through the
electrode coatedwith TeO2 nanoparticles canbemeasuredby a Keithley 6487. An application ismadeby LabVIEW
to connect the Keithley device and a computer. The DC source DS3005 is used to power the LEDs.

Figure 3: Shape and dimensions of the synthesized nano materials. (a, c) SEM image of the as-synthesized
samples and (b, d) corresponding particle size distribution at different locations. The synthesized white powder
was distributed onto carbon tape for SEM observation. Particle analysis was carried out using the ImageJ applica-
tion.
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particles in this sample. The particle size distribution
graph (Figure 3d), which is based on an SEM image
of a different area (Figure 3c), yields similar results to
the previously analyzed data.
Because no diffraction peak is found in the XRD pat-
tern in Figure 4a, the fabricated sample may exist
in an amorphous state. As a result, it is suggested
that the synthesized nanoparticlesmay be constructed
by isotropic aggregation. Nevertheless, the chemical
composition of this sample cannot be determined or
predicted. Therefore, the UV−Vis method is used to
characterize the samples. ased on the strong upward
curvature of the UV−Vis absorption spectrum in Fig-
ure 4b, high absorption at a wavelength of nearly 800
nmof the fabricated sample is observed. TheTauc plot
in Figure 4c indicates the material’s optical bandgap
of 1.57 eV by intersecting the tangent of this curve
with the horizontal axis at y = 0. This bandgap value is
predicted to be consistent with the TeO2 material, as
previously announced by I. A. Kariper, using Temetal
powder and NH4OH solution as a precursor25. EDS
analysis of the synthesized powder sample was further
used to confirm the existence of TeO2.
Figure 5a depicts the analyzed sample area. The EDS
analysis in Figure 5b shows that the sample contains
two elements, Te and O.The Te:O atom ratio is 31:69,
which corresponds to the appearance of the TeO2

composition. Figure 5c and Figure 5d show mapping
images of the Te andO element , respectively. The dis-
tribution of the bright and dark areas on these images
is quite uniform, showing that the TeO2 nanoparticles
are well formed.
The photosensing properties of the TeO2 nanoparti-
cles tested with several LEDs are shown in Figure 6.
The sensor response toward several wavelengths of
450, 600, and 800 nm is shown in Figure 6a. In these
data, the device demonstrates the highest response to
an 800 nm LED (Iph/Idark of 17), which is 12 times
higher than that to a 450 nm LED and 15 times higher
than the response to a 600 nm LED. The rise (Fig-
ure 6b) and decay (Figure 6c) curves are magnified
along the time axis, revealing that the 800 nm device’s
rise versus decay times are 90 ms and 270 ms, respec-
tively. When compared to other sensing nanomateri-
als with similar electrode structures, these rise and de-
cay times are quite impressive (Table 1). The device’s
modulation toward seven light pulses is shown in Fig-
ure 6d. The sensor’s response versus rise/decay time
through seven signal pulses is identical. This result
demonstrates that the TeO2 nanoparticle-based sen-
sor performs quite stably under the test conditions.

DISCUSSION
The formation of the TeO2 composition after treating
Te powder in NH4OH can be understood by the oxi-
dation of metal in an alkaline medium, which is pro-
posed elsewhere30. In this experiment, the formation
process of the TeO2 nanoparticles can be described as
follows. First, metallic Te powder reacts withNH4OH
solution to form a complex [Te(NH3)6]

2+:

Te+O2 +H2O+NH3 → [Te(NH3)6]
2+ (3)

In alkaline solution, OH− ions can replace NH3 in
this complex to form a tellurium hydroxide17,31:

[Te(NH3)6]
2++OH− → Te(OH)4 (4)

Then, Te(OH)4 can be converted to TeO2 by the fol-
lowing reaction:

Te(OH)4 → TeO2 +2H2O (5)

Thus, tellurium metal powder can be completely ox-
idized to TeO2 in an NH4OH solution. The formed
TeO2 molecules can be separated from the tellurium
surface and move freely in the solution due to the
thermal energy. The series of reactions according to
equations (3), (4), and (5) continues until all the tel-
lurium is oxidized to TeO2. In addition, thermal os-
cillations of TeO2 molecules in solution can lead to
anisotropic aggregation forming spherical nanoparti-
cles. According to our predictions, the size of these
TeO2 nanoparticles could be controlled by solution
temperature, sample treatment time, or solution vol-
ume. Studying the effect of these parameters on the
size and shape of TeO2 nanoparticles should be car-
ried out in another study.
Thedevice acts as a photoconductor since its structure
is TeO2 nanoparticles coated on an interdigitated elec-
trode. The increase in Iph under illumination may be
related to the increase in the number of carriers in the
TeO2 semiconductor. Indeed, the energy of incident
lightmay excite band-to-band transitions of electrons,
forming electron-hole pairs32:

hv → h++ e− (6)

These generated electron-hole pairs can travel in re-
verse directions when an external electric field is ap-
plied to the device. As a result, the electrical cur-
rent flowing through the device increases33. Based
on the adsorption spectrum of TeO2 nanoparticles
in Figure 4b, this material best absorbs infrared light
(wavelength of 800 nm). This is quite consistent with
the photosensitive results shown in Figure 6a. Al-
though more investigations are expected to evaluate
the photosensing properties of the synthesized TeO2
nanoparticles, the fast response of this nanomaterial
to infrared light suggests potential for practical appli-
cation.
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Figure 4: Crystal structure and optical properties of the synthesized nano materials. (a) X-ray diffraction
pattern, (b) UV−Vis absorption spectrum and (c) Tauc plot of the synthesized sample.

Figure 5: Analysis of elemental composition in synthesized nanomaterials. (a) SEM image, (b) EDS spectrum,
distribution mapping image of (c) Te and (d) O atoms in the analysis area.
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Figure6: Photoresponse characteristics of theTeO2 nanoparticles. (a) Time-dependent photoresponse of the
TeO2 nanoparticles illuminated by 450, 600, and 800 nm LEDs, (b) rise and (c) decay curves of the TeO2 nanopar-
ticles under 800 nm light. (d) Modulation of the photoresponse versus measured time under 7 light pulses (800
nm).

Table 1: Comparison table of the rise and decay times of several photosensitive nanomaterials.

Nanomaterials Response time (ms) Recovery time (ms) Ref.

Graphene oxide/carbon nanoparticles thin film ~ 5000 ~2000 26

Gaphene/Ti2O3 nanoparticles ~ 3 ~ 10 27

ZnO nano film with Au nanoparticles ~300000 ~300000 28

ZnO nanoparticles ~60000 ~500000 29

TeO2 nanoparticles 90 270 This work

CONCLUSIONS
Monodispered TeO2 nanoparticles with an average
diameter of 85 nm were synthesized by oxidation of
Te powder in an NH4OH solution at 80 ◦C for 24 h.
The synthesized nanomaterial was amorphous with
an optical bandgap of 1.57 eV. The formation pro-
cess of the TeO2 nanoparticles was proposed and dis-
cussed. Since the synthesized TeO2 nanoparticles
can strongly absorb infrared light, their photosens-
ing properties were investigated using several LEDs
with wavelengths of 450, 600, and 800 nm. The TeO2

nanoparticles showed the highest response of 17. The
rise versus decay times were 90 and 270 ms, respec-
tively. With a simple synthesis process, the fast re-
sponse of the TeO2 nanoparticles to infrared radiation
has potential for practical application.
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