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ABSTRACT

The successive ionic layer adsorption and reaction method or called SILAR method was
used to produce cobalt selenide thin films for the first time. The deposition was carried out onto the
substrate under different various pH values. The X-ray diffraction (XRD), field emission scanning
electron microscope (FESEM) and ultraviolet visible spectrophotometer were used to investigate the
structure, morphology and optical properties of thin films, respectively. The XRD patterns confirmed
that the presence of cubic phase cobalt selenide thin films. The grain size increased with increasing
the pH value from pH 2 to pH 4 based on the FESEM images. The band gap values are in the range
of2eVto25eV.
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INTRODUCTION

The metal sulfide'?, metal selenide*® and
metal telluride films™® have attracted great attention
because of cost effective materials and low toxicity.
The obtained films could be used in the solar
control device, holographic, laser device'’, sensor
devices'™, solar cell'>' and other optoelectronic
devices'. The metal chalcogenide thin films
have been produced by using different deposition
techniques' 2 such as electro deposition, spray
pyrolysis, radio frequency sputtering, chemical
vapour deposition, thermal evaporation, chemical
bath deposition, solvo-thermal method, and

successive ionic layer adsorption and reaction
(SILAR) method.

SILAR method is one of the solution
phase methods for depositing thin films on a
variety of substrates®. In this deposition method,
the substrate is immersed in turn into the solution
(containing cation and the anion precursor)?*. During
the experiment, the substrate is rinsed with distilled
water, between the cation and anion immersions.
The thin film growth takes place through the
adsorption and reaction of these ions. By repeating
these cycles, the thin films are produced successfully
onto substrate®.
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Over the past few decades, the SILAR
method has attracted considerable attention because
of its high potential for deposition of thin films with
thickness ranging from tenths of nanometers to
several micrometers?. The unique features offered by
the SILAR method are: (i) to grow the undoped doped
thin films, (ii) suitable for mass production, (iii) it does
not require vacuum systems because the deposition
can be conducted under atmospheric conditions;
hence it is relatively simple and inexpensive as
compared to physical vapour deposition (PVD)
methods, (iv) the deposition process is carried out
at low temperature (typically at room temperature),
hence temperature sensitive substrates (such as
polymer) can be used, (v) the starting materials
used are commonly available and relatively cheap,
hence, a variety of materials can be produced, (vi) the
deposition is conducted by alternating immersion of
the substrate in solutions containing the cation and
anion ions, respectively?, rinsing of the substrate with
distilled water, hence all the precursor solutions are
recyclable, (vii) the film thickness could be controlled
using deposition cycles®.

Nevertheless, the SILAR method
possesses several disadvantages® as compared
to other deposition techniques. These include (i)
slow deposition rate and the deposition cycle about
1-3 A. (ii) the deposited films have fairly high oxygen
contamination (iii) not all substrates are suitable to be
used due to instability of material (iv) hard to deposit
ternary or quaternary alloys due to the difference in
solubility products.

The main objective of this experiment is to
study the influence of pH on the properties of cobalt
selenide thin films deposited onto a microscope
glass substrate. This is the first time we report the
characterization of SILAR deposited films by using
different tools such as XRD, FESEM and ultraviolet-
visible spectrophotometer.

EXPERIMENTAL

Preparation of thin films

Cobalt (IlI) chloride hexahydrate
(CoCl,.6H,0) and sodium selenite (Na,O,Se) were
used without further purification. A microscope glass
slide was used as a substrate during the deposition
process. This substrate was cleaned by acetone, and
de-ionized water before use. During the deposition

process, the glass substrate immersed in the 0.2 M
cationic solution (Co?* ion) for 30 seconds. After rinsing
with de-ionized water for 10 seconds, it was immersed
in 0.2 M anionic solution (Se* ions) for 30 seconds.
Then, rinsing with de-ionized water for 10 sec again in
order to remove the loose material on it. The reaction
solutions were put in a beaker under various pH values
(pH 2 and pH 4). The sodium hydroxide (NaOH) and
hydrochloric acid (HCI) were used to adjust pH value.
After the deposition process (after 12 cycles), the films
were collected, rinsed by de-ionized water, and finally,
put in the oven for 24 hours.

Characterization of thin films

The X-ray diffraction analysis was carried
out to study the structure properties of the films. This
technique was done by using a Malvern Panalytical
diffractometer for the 26 ranging from 10° to 80°
with CuKa (A = 0.15418 nm) radiation. The field
emission scanning electron microscope (FEI,
Nova Nanosem 230) was employed to investigate
the surface morphology of the films. UV-Visible
spectrophotometer (Perkin Elmer UV/Vis Lambda
35) was utilized to study the optical properties of
films. The thin films were placed across the sample
radiation pathway while the cleaned microscope
glass slide was put across the reference path. The
band gap energy of the films was calculated based
on the absorption data.

RESULTS AND DISCUSSION

Binary, ternary, quaternary and penternary
metal chalcogenide thin films have been prepared
by using various deposition techniques such as the
physical and chemical deposition techniques®-22,
Researchers have concluded that the selection of
deposition method depends on production cost,
specific application, the properties of films and
available resources. Researchers have reported that
these materials have a great impact on the modern
era of technology. The obtained nanostructured films
could be used in the different fields such as solar cells,
optical switching devices, energy storage devices,
environmental applications, laser devices, photo
catalysts, optical sensors and telecommunications
devices. Abundant literature is available on the
preparation of cobalt sulphide®*3, cobalt telluride3*-+
and cobalt selenide*** thin films via various deposition
techniques. In this work, SILAR method was selected
to produce cobalt selenide films due this deposition
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technique has many advantages if compared to other
deposition techniques. We report for the first time the
synthesis of cobalt selenide using cobalt (Il) chloride
hexahydrate and sodium selenite solution.

(a) (b)
Fig. 1. FESEM images for the cobalt selenide films
prepared at (a) pH 2 (b) pH 4
The field emission scanning electron

microscope (FESEM) was used to characterize the
morphology of prepared films. The Fig. 1 showed the
FESEM images of SILAR deposited cobalt selenide
thin films under different pH values. The average
grain sizes were about 0.2-4 ym and 5 ym for the
films prepared at pH 2 and pH 4, respectively. A slight
increase of the grain size follows the pH increasing
could be observed. Concerning the nucleation stage
film growth proceeds by nucleation of crystallites, then
forming grains which coalesce to cover the substrate
surface and to show a dense structure. These results
are consistent with several other studies*®5'.

(a) (b)
Fig. 2. XRD patterns for the cobalt selenide films
prepared at (a) pH 2 (b) pH 4

Figure 2 indicated the X-ray diffraction
(XRD) patterns for the cobalt selenide thin films
produced under different pH values. Based on the
figure, the XRD patterns showed diffraction peak at
20=24°, which can be indexed as reflection from the
(022) plane of the cubic structure Co,Se, compound.
Other scientists have highlighted similar findings
(cubic cobalt selenide structure) in the literature®253,
The obtained X-ray diffraction patterns were well
matched with the standard Joint Committee on
Powder Diffraction Standards (JCPDS) (Reference
code: 98-004-4857). Based on the JCPDS data,
lattice parameter values are a=b=c=10.431 A.
The crystal system, space group and space group
number were cubic, Fm-3m and 225, respectively.

Figure 3 showed the UV-Visible absorption
spectra in the wavelength regions of 300 to 1000 nm.
Generally, we see that all the samples indicated high
absorption in the visible range, which make these
materials possible to use in the photo electrochemical
cell and solar cells. Then, the absorbance decreases
with the increasing of wavelength. A similar tendency
was also found by other researchers®%. From the
figure, we noted that the highest absorbance value
could be seen for the films produced at pH 4. Due
to increasing in the grain size with thickness. Bigger
size reduces the reflectivity of incident photon on
the surface of films as reported*®*. The band gap
was calculated based on the Stern equation. This
is a very useful method and has been reported by
many scientists®-62,

(1)

Where v is the frequency, his the Planck’s
constant, k equals a constant while n carries the
value of either 1 or 4. The nvalue is 1 for a direct gap
material and 4 for indirect gap material. The plot of
(Ahv)? against hvis indicated in Fig. 4. Extrapolation
of the linear portion of the curve to (Ahv)?=0 produce
the band gap energy. The band gap increased from
2 eV (pH 4) to 2.5 eV (pH 2) as shown in Fig. 4.
Other scientist groups have highlighted similar band
gap values in the literature (Table 1). These cobalt
selenide films have been prepared by using different
methods including chemical bath deposition, electro
deposition, magnetron sputtering method and
mechano chemical method. The obtained thin films
could be used in solar cell applications because of
direct band gap between 1 to 2 eV/6364,
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