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ABSTRACT
The nickel selenide thin ®lms were prepared onto microscope glass slides by a chemical
bath deposition technique. The X-ray diraction, scanning electron microscopy, and
atomic force microscopy were used for their structural and morphological
characterization. The X-ray diraction results showed that the thin ®lms prepared for
longer deposition time and higher pH were polycrystalline with rhombohedral structure.
The atomic force microscopy and scanning electron microscopy results indicated that the
thin ®lms covered the glass substrate completely and consisted of irregularly shaped
grains. The optical properties of thin ®lms were determined from analysis of the
measured absorbance spectrum. The nickel selenide thin ®lms exhibited direct band-gap
transition with band gap energy of 1.8 eV.
Keywords: Chemical bath deposition; Optical properties; Photovoltaic cells;

Thin ®lms.

INTRODUCTION
In the past several years, synthesis and physical characterization of thin ®lm
semiconductors have attracted signi®cant interest. They have a wide variety of
applications such as in solar cells (Asenjo et al., 2006; Messina et al., 2007; Anuar
et al., 2008; & Cai et al., 2009) electroluminescent devices, photoconductors, and
sensor and infrared detector devices. A chemical bath deposition method has been
used for the deposition of thin ®lms of sulphides (Larramendi et al., 2001; Sahraei
et al., 2008; Lu et al., 2008) and selenides (Hankare et al., 2003; Panthan et al.,
2005; Rodriguez-Lazcano et al., 2005; & Dhanam et al., 2008).
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The basic principal involved in the chemical bath deposition technique is
the controlled precipitation of the desired compounds from a solution of its
constituents. This requires the ionic product to exceed the solubility product.
The use of a complexing agent is very common in the preparation of thin
®lms. Many researchers use various complexing agents such as sodium
citrate (Esparza-Ponze et al., 2009), ammonia (Zhang et al., 2003; Cortes et
al., 2004), triethanolamine (Gumus et al., 2007) and disodium ethylene
diamine tetra-acetate (Sonawane et al., 2004) during deposition of thin ®lms.
The literature review reveals that NiSe thin ®lms can be prepared using
complexing agent such as Na2EDTA (Anuar et al., 2004) and tartaric acid
(Hankare et al., 2010). There is no report on the deposition of NiSe ®lms
from triethanolamine solution which acts as complexing agent.
Triethanolamine is a weak base which is represented in the chemical formula
N(CH2CH2OH)3. Triethanolamine is found to be a suitable complexing
agent that forms a complex with cations, thus preventing the precipitation of
the metal hydroxides over a wide range of pH (Mitzi, 2009).
In the present investigation, thin ®lms of NiSe are prepared from aqueous
solutions using NiSO4 and Na2SeO3, acting as sources of nickel and selenide
ions, respectively. The triethanolamine is used as a complexing agent during the
deposition process. The nickel selenide thin ®lms characterization, including
structural, morphological and optical, are presented.
METHODS

All the chemicals used in the present investigation were analytical reagent grade.
All the solutions were prepared by dissolving appropriate quantities of materials
into deionized water (Alpha-Q Millipore). The microscope glass slide was used
as the substrate in this study. In order to remove the oily substance from the
surface, the glass slide was washed using ethanol for 10 min and ®nally
ultrasonically cleaned with deionized water for 15 min. Ten ml of
triethanolamine (3.75 M) and 25 ml nickel sulphate (0.3 M) were added to 25 ml
of sodium selenosulphate (0.3 M). The resultant solution was stirred to get a
homogeneous solution in the beaker. The glass slide was then placed vertically
inside this beaker, which was placed in a water bath at the desired temperature
(50o C). The deposition process was carried out at dierent pH values (pH 1, 7
and 11) and deposition periods (1, 2 and 3 h) in order to determine the optimum
conditions for the deposition of NiSe thin ®lms. After completion of ®lms
deposition, the glass slide was removed from the beaker, washed well with
deionized water, and dried in a desiccator.
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X-ray diraction of thin ®lms was recorded by using a Philips PM
11730 diractometer with CuK (   0:15418nm) radiation. Surface
morphologies of the ®lms were observed by using a Q-Scope 250 (Quesant
Instrument Corporation) atomic force microscope in a contact mode and
scanning electron microscopy (JEOL, JSM-6400). Photoelectrochemical
experiments were performed in a [Fe(CN)6]3-/[Fe(CN)6]4- redox system,
by running linear sweep voltammetry between -600 to -1000 mV versus Ag/
AgCl. The halogen lamp (100 W) was used for illuminating the electrode.
Optical characterization of the deposited thin ®lms was obtained using a
Perkin Elmer UV/Vis Lambda 20 Spectrophotometer in the wavelength
range 350 to 800 nm. An uncoated glass slide was used as reference to
standardize the results.
RESULTS AND DISCUSSION
The examination of the crystal structure of the thin ®lms was carried out
using an X-ray diraction (XRD) technique. Figure 1 shows the XRD
patterns of thin ®lms deposited under various pH values for 3 h. The ®lms
deposited at pH 1 (acidic media) show only a single peak that can be
indexed as characteristic (131) diraction of NiSe. At pH 7, two peaks occur
at 2 values of 38.8o and 46.7o corresponding to (211) and (131) planes
detected as shown in Fig. 1(b). According to XRD results, the number of
peaks increased to four peaks for the ®lms deposited at pH 11. The
additional two extra peaks corresponding to (300) and (021) planes are
observed. All these peaks corresponding to the rhombohedral structure of
NiSe (Vuorelainen et al., 1964) are well matched with the Joint Committee
on Powder Diraction Standards (JCPDS) (Reference Code: 00-018-0887)
data. This indicates that alkaline media (pH 11) proved favorable towards
the ®lms prepared using the current method. The most common Se
(selenium) precursor used nowadays is sodium selenosulphate, which can be
considered as the analogue of thiosulphate with one S (sulfur) atom
substituted by Se. It is much more stable and cheaper than thiourea, and
therefore greatly simpli®ed the deposition of selenides. The sodium
selenosulphate can only be used in alkaline solutions (Hodes, 2003).
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Fig. 1: X-ray diraction patterns of NiSe thin ®lms deposited at various pH values for 3 h

(a) pH 1 (b) pH 7 (c) pH 11

Based on the studies of the eect of pH values, pH 11 is chosen for further
investigation to determine the optimum deposition conditions for NiSe ®lms.
Figure 2 shows the XRD patterns of thin ®lms deposited under various deposition
periods ranging from 1 to 3 h. The ®lms deposited for a shorter time (1 h) show
only a single peak that can be indexed as characteristico (300) diraction
of NiSe.
The ®lms deposited for 2 h show two peaks at 2=31.1 and 39.5o, corresponding
to (300) and (211) planes, respectively. As the deposition period is further
increased to 3 h, the number of NiSe diraction peaks is increased to four. All
these peaks are in a good agreement with the JCPDS data for NiSe.

Fig. 2: X-ray diraction pattern of NiSe thin ®lms deposited at various deposition periods at pH

11. (a) 1 h (b) 2 h (c) 3 h
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The surface morphology of thin ®lms was investigated using scanning
electron microscopy (SEM). Figure 3 shows the SEM micrograph of NiSe
thin ®lms deposited on the microscope glass slide at 1000x magni®cation. The
®lms obtained under optimum deposition parameters such as bath
temperature (50o C), deposition period (3 h), electrolyte concentration (0.3 M)
and pH (pH 11). According to the SEM micrograph, the ®lms are composed
of largely irregular-shaped grains of diameter 1-10m. This is due to several
grains grouped together to form larger grains.

Fig. 3: The SEM micrograph of NiSe thin ®lms deposited under optimum deposition parameters.

[bath temperature (50oC), deposition period (3 h), electrolyte concentration
(0.3 M) and pH (pH 11)]

The atomic force microscopy (AFM) image of nickel selenide thin ®lms
prepared at an optimum deposition parameter is shown in Fig. 4 (scan area is
20m x 20m). The three-dimensional AFM image indicates that the surface
of substrate is covered completely, which is consistent with SEM results. The
thickness and grain size of NiSe thin ®lms are 704.5 nm and 1-4m,
respectively.

68

Anuar Kassim, Mohd Jelas Haron, Mohd Yazid Rosli, Tan Weetee, Abdul Halim Abdullah, Ho Soonmin and Saravanan Nagalingam

Fig. 4: The AFM image of NiSe thin ®lms deposited under optimum deposition parameters. [bath

temperature (50oC), deposition period (3 h), electrolyte concentration (0.3 M) and pH (pH 11)]

The optical properties of the thin ®lms were measured by UV-Vis Spectrophotometer
in the wavelength range 350-800 nm. Figure 5 shows the absorption spectrum of NiSe
thin ®lms prepared under optimum deposition parameters. The ®lms produce an
absorbance value in the visible region of the solar spectrum, indicating the possibility of
these materials' use in photoelectrochemical cells.

Fig. 5: Absorbance spectrum for the NiSe thin ®lms under optimum deposition parameters.

[bath temperature (50oC), deposition period (3 h), electrolyte concentration
(0.3 M) and pH (pH 11)]

Chemical bath deposition of NiSe thin ®lms from aqueous solutions

69

For the determination of the band gap of the thin ®lms, the best method is to
study the absorption of the sample through the measurement of the absorbance
spectrum. To decide the band gap energy, the following equation (Equation 1) is
calculated (Stern, 1963).
A

k hv ÿ Eg n=2 ;
hv

1

where v is the frequency, h is the Plancks constant, k equals a constant while n
carries the value of either 1 or 4. The value of n is 1 and 4 for the direct
transition and indirect transition, respectively. The band gap energy is obtained
by plotting the straight line between (Ahv)2 and hv (Fig. 6), by making use of the
extrapolation of the energy axis. Using this equation, the band gap energy of
NiSe thin ®lms deposited under optimum deposition parameters to be
approximately 1.8 eV. This value is close to the previously report 1.4 eV and
1.61 eV for Ni3Se2 ®lms (Anuar et al., 2004) and NiSe ®lms (Hankare et al.,
2010) obtained by electrodeposition and chemical bath deposition techniques,
respectively. It is considered as good material for solar cell applications due to
the band gap value closed to solar spectrum. The linear nature of the plot
through the absorption range indicates that the chemical bath deposited NiSe
thin ®lms have a direct band gap.

Fig. 6: Plot of (Ahv)2 versus hv for the NiSe thin ®lms deposited under optimum deposition

parameters. [bath temperature (50oC), deposition period (3 h), electrolyte concentration
(0.3 M) and pH (pH 11)]
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Figure 7 shows the photoresponse for the ®lms upon illumination and
constant chopping with a halogen lamp. When the electrode is illuminated, the
current increases, and as the illumination is chopped, the current ¯ow decreases.
This current change with illumination con®rms that the ®lms show good
response towards light and possess semiconducting behavior. The fact that the
photocurrent occurs on the negative potential indicates that the ®lms prepared
are p-type semiconductors. Moloto et al. (2009) and Panneerselvam et al. (2008)
also reported the p-type NiSe thin ®lms in their study.

Fig. 7: The photosensitivity of the NiSe thin ®lms deposited under optimum deposition parameters.

[bath temperature (50oC), deposition period (3 h), electrolyte concentration
(0.3 M) and pH (pH 11)]

CONCLUSION

The NiSe thin ®lms have been prepared by the chemical bath deposition
technique using triethanolamine as a complexing agent. Deposition was carried
out from aqueous solutions using nickel sulphate, and sodium selenosulphate
acted as a source of nickel and selenide ions, respectively. XRD patterns showed
that the thin ®lms prepared for longer deposition time and higher pH were
polycrystalline with rhombohedral structure. The atomic-force microscopy and
scanning electron micrograph showed that the ®lms covered the glass substrate
completely and consisted of irregularly shaped grains. The nickel selenide thin
®lms exhibited direct band gap transition with a band gap energy of 1.8 eV.
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