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Abstract

Tellurium (Te) nanostructures have been successfully synthesized
via a simple hydrothermal methodfrom the reaction of a TeCl,
aqueous solution with thioglycolic acid (TGA) as a reductant. TGA
can be easily oxidized to the corresponding disulfide [SCH,CO,H],,

Keywords: which in turn can reduce TeCl, to Te. The obtained Te was

Tellurium characterized by XRD, SEM, EDS, and DRS. The effect of reducing

Nanostructure agent on morphology and size of the products were also studied.

;h:ogly‘;lolic acid Additionally, Te thin film was deposited on the FTO-TiO, by Dr-
olar ce

blading then employed to solar cell application and measured open
circuit voltage (V,c), short circuit current (ls), and fill factor (FF)
were determined as well. The studies showed that particle
morphology and sizes play crucial role on solar cell efficiencies.
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1. Introduction

Tellurium (Te) is an interesting p-type
semiconductor with direct narrow band gap energy
of 0.35 eV at room temperature [1]. It has a wealth
of useful properties including nonlinear optical
responses, photoconductivity, and thermoelectric
properties, which result in their potential
applications in electronic and optical electronic
devices, piezoelectric devices owning to its non-
centrosymmetry,  high-efficiency  conductors,
catalytic activities, carbon monoxide gas sensors
and removal of mercury ions [1-5]. Therefore
many investigations have been employed for this

substance and various Tenanostructures such as
nanotubes, nanowires and nanorods were prepared

by different chemical methods such as
hydrothermal methods, microwave-assisted
synthesis,  electrodeposition and  physical

evaporation method [1-5]. In this paper, we
synthesized Te nanostructures by employing
simple hydrothermal approach using TeCl, as a
tellurium precursor and thioglycolic acid (TGA) as
a reducing agent. TGA as a ‘soft template’ controls
the morphology and plays a significant role in
formation of nanostructures [6, 7]. It can prevent
Tenanocrystal —aggregation and, in suitable
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conditions, can form a complex with Te™ that
turns to Te clusters. Additionally, effects of
N,H4.H,O and KBH, as reducing agents on
morphology and size were studied. A preliminary
feasibility study on the developing a solar cell
having the fluorine-doped tin oxide
(FTO)/TiO,/Te/Pt-FTO
investigated.

structure was  also

2. Experimental
2.1. Materials and physical measurements

All of the chemicals used in the experiments
were of analytical grade and used as received
without further purification. TeCl;, KBHy,
N,H4.H,O, thioglycolic acid (TGA) and
cetyltrimethyl ammonium bromide (CTAB) were,
purchased from Merck Company. X-ray diffraction
(XRD) patterns were recorded by a Philips-
X’PertPro, X-ray diffractometer using Ni-filtered
Cu Ka radiation at scan range of 10<26<80.
Scanning electron microscopy (SEM) images were
obtained on LEO-1455VP equipped with an energy
dispersive  X-ray spectroscopy. The energy
dispersive spectrometry (EDS) analysis was
studied by XL30, Philips microscope. The diffused
reflectance UV-visible spectrum (DRS) of the
sample was recorded by an Ava Spec-2048TEC
spectrometer. Photocurrent density-voltage (J-V)
curve was measured by using computerized digital
multimeters (Ivium-n-Stat Multichannel
potentiostat) and a variable load. A 300 W metal
xenon lamp (Luzchem) served as assimilated sun
light source, and its light intensity (or radiant
power) was adjusted to simulated AM 1.5 radiation
at 100 mW/cm? with a filter for this purpose.

2.2. Preparation of Te nanostructures

2.2.
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In this method 0.05 g of TeCl, and 0.05 g of
CTAB was dissolved in 35 ml distilled water.
Obtained mixture was stirred at room temperature
for 5 min. Subsequently, 5 ml of thioglycolic acid
(2 M) as reducing agent was added to solution.
After 5 min stirring, reagents was loaded into an
autoclave (200 ml) and autoclave was kept at 160
°C for 10 h and then was allowed to cool down to
room temperature naturally. The products was
centrifuged and washed with absolute ethanol and
distilled water several times and was dried at 70 °C
for 5 h (sample 1). To study effects of reducing
agents, hydrazine hydrate (2 M)(sample 2) and
potassium borohydride (sample 3) was used instead
of TGA.

2.3. Fabrication of FTO/TiO,/Te/Pt-FTO cell

Electrophoresis deposition (EPD) was utilized to
the prepare TiO, films [8-10]. During EPD, the
cleaned FTO glass remained at a positive potential
(anode) while a pure steel mesh was used as the
counter (cathode) electrode. The linear distance
between the two electrodes was about 3 cm. Power
was supplied by a Megatek Programmable DC
Power Supply (MP-3005D). The applied voltage
was 10 V. The deposition cycle was repeated 4
times, each time 15s, and the temperature of the
electrolyte solution was kept constant at 25 °C. The
coated substrates were air dried. The apparent area
of the film was 0.5 x 0.5 cm?. The obtained layer
was annealed under an air flow at 500 °C for 30
min. Electrolyte solution and the amount of
additives are important for creation a surface with
high quality. Based on other experiment reported
previously [8-10] we used optimal concentrations
of additives in the electrolyte solution as follow:
120 8mg/l of I,, 48 ml/l of acetone, and 20 ml/| of
water. For deposition of Te powder on the FTO
glass substrate, a paste of Te was initially prepared.
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The slurry was produced by mixing and grinding
1.0 g of the nano-sized Te with ethanol and water
in several steps. Afterwards, the ground slurry was
sonicated with ultra-sonic horn (Sonicator 3000;
bande line, MS 72, Germany), and then mixed with
terpineol and ethyl cellulose as binders. After
removing the ethanol and water with a rotary-
evaporator, the final paste was prepared. The
prepared Te paste was coated on TiO, film by a
doctor Dblade technique [11]. After that the
electrode was gradually heated under an air flow at
450 °C for 30 min. Counter-electrode was made
from deposition of a Pt solution on FTO glass.
Subsequently, this electrode was placed over
TiO,/Te electrode. Sealing was accomplished by
pressing the two electrodes together on a double
hot-plate at a temperature of about 110 °C. The
redox electrolyte consisting of 0.05 M of Lil, 0.05
M of I, and 0.5 M of 4-tert-butylpyridine in
acetonitrile as a solvent was introduced into the
cell through one of the two small holes drilled in
the counter electrode. Finally, these two holes were
sealed by a small square of sealing sheet and
characterized by I-V test.

3. Results and discussion

The XRD pattern of the as-synthesized Te
nanostructures in the presence of TGA (sample 1)
is shown in Fig. 1. The diffraction peaks, observed
in Fig. 1, can be indexed to pure hexagonal phase
of tellurium (space group: P3121) with cell
constants a = b = 4.4579 A, ¢ = 5.9270 A and
JCPDS No. 36-1452. The sharp diffraction peaks
manifestation shows that the obtained Te
nanostructures have high crystallinity. According
to XRD data, the crystallite diameter (Dc) of Te
nanostructures was calculated to be 17 nm using
the Scherer equation (1) [7]:
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Dc=KMBcosO
1)
Where B is the breadth of the observed diffraction
line at its half intensity maximum (101), K is the
so-called shape factor, which usually takes a value
of about 0.9, and A is the wavelength of X-ray
source used in XRD.
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Fig. 1. XRD pattern of the as-synthesized Te
nanostructures in the presence of TGA.

EDS analysis was used to investigate the
chemical composition and purity of Te
nanoparticles (sample 1). The EDS spectrum
demonstrates the presence of Te in these
nanoparticles(Fig. 2). It is obvious that there is no
significant impurity but presence of C and O shows
that there may be less organic impurity capped
nanoparticles which may arise from CTAB and
TGA. Au-peaks is related to the coverage of
samples for SEM analysis with this matter. The
morphology of products was characterized by
SEM. According to SEM images, the obtained
products in our experiment are nanoparticles,
sheets, rods and microspheres that will be
discussed in detail in the following sections.
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Fig. 2. EDX spectrum of the as-synthesized product via
TGA (sample 1).

In order to investigate the reducing agent effect
on morphology and particle size, TGA, NH4.H,0
and KBH,; were used (samples 1-3).Thioglycolic
acid as complexing agent plays an important role
in the formation of nanostructures [6, 7]. TGA can
prevent accumulation of Tenanocrystals and also
forms complex with Te** and finally forms the Te
clusters. TGA has -SH and —-COOH functional
groups [1]. When TGA is used in excess, TGA is
adsorbed on the surface of Te nanoparticles and
hydrogen and S-S bonds form between them. The
S-S and hydrogen bonds of TGA are connected
together as a chain and confine the growth of
particles and finally form Te nanoparticles.
Moreover, during the experiment was found that
the under heating TGA, readily oxidized to
disulfide and is capable to reduce Te*" to Te.The
mechanism of tellurium nanostructures formation
in the presence of TGA can be as follow:
2HSCH,CO,;H — [SCH,CO,H]; + Hx(1)

TeCl, + HO — HyTeO; + 4HCI
)

2H, + H,TeO; — Te + 3H,0 (3)
Final reaction:4HSCH,CO,H + H,TeO3; —
[SCH,CO,H], + Te + 3H,0(4)

So in this experiment, TGA was used as a reducing
agent.In other word, by using TGA there is no need
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to use of secondary reducing agent for converting
Te* to Te.

Dateq

Fig. 3.SEM images of the products in the presence of

TGA (sample 1).

When N,H,.H,O was used (sample 2) the
morphology changed and sphere-like self-
assemblies Te nanostructures was obtained (Fig.
4). Furthermore, the obtained nanoparticles have
smaller size and are more homogenous.
Mechanism of tellurium nanostructures formation
in the presence of hydrazine can be as follow:

NoH,4 — N, + 4H* + 4e
()
TeCly, + 3H,0 —
(6)

HQTEO?, + 4HCI
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4e + 4H" + H,TeO; — Te + 3H)0 Using KBH, (sample 3) morphology also
(7 changed and nanoparticles mixed with nanorods
The final reaction:TeCl, + NoH; — Te + N, + and nanospheres were formed (Fig. 5).

4HCI (8)
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Fig. 4.SEM images of the products in the presence of
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NH,.H,0 (sample 2). Fig. 5.SEM images of the products in the presence o

KBH, (sample 3).
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Borohydride is stronger reducing agent than
TGA and hydrazine, so in the presence of
borohydride as a severe reducing agent that
increases extremely nucleation rate, the smaller
nanoparticles are formed that was agglomerated at
some points. The reactions in the presence of
KBH, can be described as follows:

KBH, + 3H,0 — KH,BO; + 2H, + 4H" + 4e (9)
TeCl, + 3H,0 — H,TeO; + 4HCI  (10)

4e + 4H" + H,TeO; — Te + 3H,0  (11)

Final reaction:TeCl, + KBH;, + 3H,O — Te +
KH;BO; + 2H, + 4HCI (12)

The UV-Vis absorption spectrum of the as-
synthesized Tenanocrystals (sample 1) was
recorded as shown in Fig. 6. The absorption edge
of obtained Te nanostructures is observed at 581
nm that is in good agreement with the literature
[13].
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Fig. 6. Diffuse reflectance spectrum of Te

nanostructures (sample 1).

Current-voltage characteristic of FTO/TiO,/Te/Pt-
FTO cells (Fig. 7) for all samples was studied. The
results are listed in the Table 1. As can be seen,
different efficiencies are obtained for samples with
different shapes and sizes. Stronger electric fields
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within bonds result in higher open circuit voltage.
To obtain a strong electric field, difference
between Fermi levels of two materials (p and n)
must be large. For this purpose, semiconductors
energy gap must be large. Therefore, open circuit
voltage of a solar cell will increase with its energy

gap.
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Fig. 7. J-V characterization of prepared solar cells a)
sample 1, b) sample 2, and c) sample 3.
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Although, increasing the energy gap leads to fewer
photon could generate electron-hole pairs and as a
result, less short-circuit current will be generated.
Therefore, increasing energy gap and actually
increasing particle size have different effects on
open-circuit voltage and short-circuit current. In
this respect, an optimal particle size for obtaining
high efficiency is offered. Morphology has also
effect on efficiency by exposing different surface
areas to the light.

Table 1. J-V characteristic of prepared solar cells by Te.

Sample lsc Jsc
Voo FF  1(%)
No (mA)  (mA/cm?)
1 0.103 0.206 0.39 0.5 0.04
2 0.169 0.338 0.58 0.6 0.12
3 0.124 0.228 049 0.64 0.07

4. Conclusion

Summary, Te nanostructures with various
shapes have been prepared via a facile
hydrothermal route, with thioglycolic acid (TGA)
as a new reducing agent for reducing TeCl, to Te.
In this work, the effect of reducing agent on the
morphology and particle size of the products was
investigated. To fabricate a FTO/TiO,/Te/Pt-FTO
solar cell, Te film was directly deposited on top of
the TiO,. Solar cell results indicate that there is the
possibility of developing an inexpensive solar cell
by tellurium produced by this method. The
prepared Te products were characterized
extensively by means of XRD, EDX, SEM and
DRS.
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