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ABSTRACT
Thinfilm of Copper Nickel Selenide (CuNiSe) was deposited on glass substrate at 303K using
Chemical Bath Deposition (CBD) technique. The films were deposited from aqueous solution
containing Cu2+, Ni2+ and refluxed sodium seleno sulphate (Na2SeSO4) at varying pH, volume of
concentration of solutions with constant time. The optical absorption data reveal that films of
CuNiSe absorb strongly at the ultraviolet range of 0.35µm and has above 93% transmittance in
the VIS –NIR regions. The results show that the film has energy gap (ε g) of 1.50eV – 3.20eV,
thicknesses ranges from 0.90-0.01µm, the film is found suitable as anti- reflection coatings.
Keywords: Copper Nickel Selenide, Chemical bath deposition, pH, thinfilms.

INTRODUCTION
In order to avert the impending energy crisis
and further meet up with energy needs of
nations, renewable energy technological
revolution is the answer. Renewable energy has
several sources it can be developed from, some
continuous natural energy flows such as
sunlight, ocean currents, waves, falling water,
wind or natural energy stocks whose
replenishment is far greater than projected
human use. Of this wide range of energy choice,
sunlight or solar energy is certainly one of the
most attractive and also much abundant. Most
of the optimally designed devices are made of
thinfilms where the bandgap energy is very
small for greater carrier generation and
consequently higher photocurrent (Dhanam,
2008).
Thinfilms play vital role in nearly all electronic
and optical devices. It has been used as
electroplated films for decoration and
protection. For this purpose, we must confess it
is old established. They have long been used as
anti-reflection coatings on window glass, video
screens, camera lenses and other optical
devices. These films are less than l00nm thick
and are made from dielectric transparent
materials (Okereke, 2012). Copper Nickel
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Selenide (CuNiSe) is one of the ternary
compounds as important materials because of
its containing active regions which can be used
to produce light emissions.
MATERIALS AND METHODS
The Chemicals/Reagents Used
The reagents used are Copper, Nickel,
Selenium, and ammonia NH4(OH ) solution
which helps in adjusting the alkalinity of the
solution. Used Ethylene Diamine-Tetra Acetate
(EDTA) serves as a complexing agent for the
deposition of Copper Nickel Selenide film.
Mean while sodium sulphite in aqueous solution
was used to reflux Selenium powder. Copper
Nickel Selenide (CuNiSe) was deposited by the
reaction of solution containing copper chloride
dehydrate
(Copper
Chloride
Dehydrate
(CuCl2.2H2O)), [Nickel Chloride Dehydrate
(NiCl2.6H2O)).
1.0ml of 0.1M of disodium Ethylene diamine
Tetra-Acetate (EDTA) (Na4 (C10H16N2O8))
was added to 3.0ml of 1.0M of CuCl2.2H2O and
NiCl2.6H2O alike in a 100ml beaker. 2.0ml of
0.5M of freshly refluxed Na2SeSO4 was added
and the volume was made up to 45ml with
water in all the bath, then the pH of each
reaction bath was adjusted by varying the
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volume of ammonia solution been added to
24hrs before taken out of the bath and rinsed
reaction bath. The substrates were dipped for
with distilled water, after it was dried in air.
Table 1: Optimization of Copper Nickel Selenide (CuNiSe) with pH at room temperature
Reaction
bath

Dip
time
(hr)

Temp.
(K)

CuCl.2H2O

NiCl2.6H2O

EDTA

Mol.
(m)

Vol.
(ml)

Mol.
(m)

Vol.
(ml)

Mol.
(m)

Vol.
(ml)

pH

H 2O
Vol.
(ml)

Na2SeSO4

NH4OH

Mol.
(m)

Vol.
(ml)

Mol.
(m)

Vol.
(ml)

pH=5.8

24

303

5.8

1.0

3.0

1.0

3.0

0.1

1.0

45.0

0.5

2.0

14.0

1.0

pH=7.5

24

303

7.5

1.0

3.0

1.0

3.0

0.1

1.0

45.0

0.5

2.0

14.0

2.0

pH=8.6

24

303

8.6

1.0

3.0

1.0

3.0

0.1

1.0

45.0

0.5

2.0

14.0

3.0

pH=9.4

24

303

9.4

1.0

3.0

1.0

3.0

0.1

1.0

45.0

0.5

2.0

14.0

5.0

Reaction bath

pH

Vol.
NH4(OH)
(ml)

of

Thickness
(μm)

pH = 5.80

5.80

1.00

0.90

pH = 7.50

7.50

2.00

0.15

pH = 8.60

8.60

3.00

-0.01

pH = 9.4

9.40

5.00

0.04

%Transmittance T

Table 2: Optimization of pH for Copper
Nickel Selenide Thinfilms
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Fig. 2: Graph of percentage transmittance (T) versus
wavelength (µm) for pH=5.8, pH=7.5, pH=8.6, pH=9.1,
pH=9.4
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Fig. 1: Graph of absorbance (abr. Unit) versus
wavelength (µm) for pH=5.8, pH=7.5, pH=8.6, pH=9.1,
pH=9.4
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Fig. 3: Graph of percentage reflectance (%R) versus
wavelength (µm) for pH=5.8, pH=7.5, pH=8.6, pH=9.1,
& pH=9.4
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Fig. 6: The graph of optical conductivity of films
pH=5.8, pH=7.5, pH=8.6, & pH=9.4 against photon
energy
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Fig. 4: Refractive index of the films were plotted
against photon energy for pH=5.8, pH=7.5, pH=8.6, &
pH=9.4
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Fig. 7: The graph of real dielectric constant of films
pH=5.8, pH=7.5, pH=8.6, & pH=9.4 against photon
energy
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Fig. 5: Extinction coefficient of films pH=5.8, pH=7.5,
pH=8.6, and pH=9.4 were plotted against photon
energy
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Fig. 8: Shows the graph of imaginary dielectric
constant of films pH=5.8, pH=7.5, pH=8.6, & pH=9.4
against photon energy
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Fig. 9: Graph of (αhυ)2 versus photon energy (eV) for
films pH=5.8, & pH=7.5
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Fig. 10: Graph of (αhυ)2 versus photon energy (eV)
for film pH= 8.6, & pH=9.4
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Fig. 11: Thickness of the films pH=5.8, pH=7.5,
pH=8.6, and pH=9.4 at 0.35µm were plotted against
pH of solution bath
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Fig. 1: Absorbance of as–grown film with
pH=8.6, pH=9.4 and pH=7.5 has similar
absorbance values throughout the regions.
Absorbance decreases as pH of the solution bath
increases. It also indicates that the absorbance
decreases as the wavelength increases. In the
UV region, pH=5.8 has absorbance value of
1.123 at 0.35µm and decreases to 1.08 at 0.4µm.
In the VIS region, absorbance decreases from
1.08 to 0.711, while in NIR-IR regions,
increased slightly to 0.779 at 1.1µm. pH=8.6,
pH=7.5 and pH=9.4, has similar absorbance
values throughout the regions of UV –VIS –
NIR – IR, with values ranging from 0.19 to
0.031 between 0.35µm – 1.1µm.
Fig. 2: Percentage transmittance of the films
increases as the wavelength increases. pH=5.8
has transmittance values of 7% at 0.35µm and
increases to 8% at 0.4µm. in VIS region, it
increases to19% at 0.8µm, before getting to
decrease a bit to 16% at 1.1µm. pH=7.5,
pH=8.6, and pH=9.4 have similar transmittance
all through from 63% - 93% at UV-VIS - NIR –
IR region.
Fig. 3: Percentage reflectance of as-grown films
of slides pH=5.8, pH=7.5, pH=8.6, and pH =9.4
against wavelength f decreases slightly as
wavelength increases. pH=7.5 has reflectance of
16% at UV region of 0.35µm – 0.40µm. It
decreases to 9% in VIS region, it then remains
stable in the NIR-IR region. pH=8.6 film has
percentage reflectance at 8% at 0.35µm, and
then from 8% to 5% in the VIS region, it further
decreased to 3% in the NIR – IR region. pH=9.4
has percentage reflectance value of 10% at
0.35µm in UV region, it further decreased to 6%
at 0.4µm. In VIS region, the percentage
reflectance value is 5%. It decreased to 3% at
NIR-IR region. pH=5.8 has a negligible
percentage reflectance at UV region. In the VIS
region, the value increases from 1% to 7% at
0.8µm. it further increased from 9% to 14% in
NIR region before it quickly decreased to 6% in
IR regions of 1.1µm.
Fig. 4: From the graph, refractive indices of the
films increase slightly as photon energy
increases except for pH=5.8 which its refractive
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index value decreases with increasing photon
energy. The refractive indices value for pH=7.5,
pH=8.6, and pH=9.4 ranges from 1.5 to 2.4. The
CuNiSe film can be used as anti-reflection
coatings because it has high refractive index.
Fig. 5: Generally, the extinction coefficient of
as-grown films increases as photon energy
increases. pH=7.5, pH=8.6, and pH=9.4 have
the same graph pattern and similar extinction
coefficient values ranging from 0.05 to 0.02.
pH=5.8 has different graph pattern and it
ranges from 0.06 to 0.08.
Fig. 6: From the graph, pH=7.5, pH=8.6 and
pH=9.4 have the same pattern with likely values
ranging from 0.1 to 3E+13 for pH=9.4. For
pH=5.8, the graph also has similar pattern
having values of 2.6E+13 to 4.2E+13. It then
decreases sharply as the photon energy
increases. For pH=9.1, the optical conductivity
values is from 1.6E+13 to 5.1E+13. It then
decreases sharply to 0 as the photon energy
increases.
Fig. 7: Real dielectric constant of the films
studied was plotted against photon energy. Real
dielectric constant increases slowly as the
photon energy increases except for films
pH=5.8 and pH=9.4 that decrease with increase
in photon energy. pH=5.8 has peak value of 4.7
at 1.1eV and pH=9.4 has peak values of 7.1 at
1.1eV. pH= 7.5 has peak value of 5.8 at 3.2eV
and pH=8.6 has peak value of 3.9 at 3.55eV.
Fig. 8: Similarly, the Imaginary dielectric
constant of the films pH=5.8, pH=7.5, pH=8.6,
and pH=9.4 was plotted against wavelength as
shown in fig. 8. Imaginary dielectric constant of
these films increases slowly as the photon
energy increases except for pH=5.8, and pH=9.4
which decrease as photon energy increases and
they have their peak values of 0.22 and 0.21
respectively.
Figs. 9 & 10 show the plotted graphs of
absorption coefficient squared (αhv)2 against
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photon energy (eV) for pH=5.8, pH=7.5, and
pH=8.6, pH=9.4 respectively.
The direct bandgap energy was extrapolated at
the photon energy (eV) where (αhv)=0. pH=5.8
has bandgap of 1.5eV, pH=8.6 has bandgap of
1.85eV and pH=9.4 has bandgap of 3.2eV. Due
to the wide bandgap of the as-grown films, they
could be considered as material for absorber
layer of solar cell and as effective coating
material for poultry houses (Ezema and
Nnabuchi, 2005).
Fig. 11: reveals that the film thickness is
dependent on growth parameters. As the pH
increases between 5.8 to 9.4, the thickness
reaches peak at 0.87µm at pH=5.8 and
decreases thereafter due to the formation of an
outer porous layer of CuNiSe that peels off the
outer portion of the film.
SUMMARY AND CONCLUSION
In this work, the techniques for the deposition
and characterization of thinfilms, and various
measurement techniques were reviewed.
The completed deposition of Copper Nickel
Selenide (CuNiSe) thinfilm using cheap and
simple solution growth technique, and
characterization of the deposited films using the
spectrophotometer to obtain the optical
properties of the films were achieved.
The characterization of the films has revealed
that Copper Nickel Selenide grown under
varying pH has high absorbance value in the
UV region, and low in VIS-NIR region, while
the transmittances in UV region and high in
VIS-NIR-IR regions.
The direct bandgap was ranged from 1.7 to
3.2eV. The prepared film has refractive indices
in the range of 1.5 to 2.4. Due to the high
refractive indices, it is very useful in antireflection coatings (Ezema, 2000). Extinction
coefficient of the films is in the range of 0.02 to
0.16. Real dielectric constants ranging from 7.0
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to 0.0 , Optical conductivity values from 0.1 to
5E+13 and imaginary dielectric constant has
values ranging from 0.1 to 0.22. Due to the wide
bandgap of the films, they could be considered
as material for absorber layer of solar cell and as
effective coating material for poultry houses
(Lokhande, 1998).
REFERENCES
Dhanam, M., Prabhu, R.R. and Manoj, P.K.
(2008). “Investigations on Chemical Bath
Deposited Cadmium Selenide Thinfilms”.
Materials Chemistry and Physics. 107:
289-296
Ezema, F.I. (2000). “Solution Growth and
Characterization of Binary and Ternary
Halide and
Chalcogenide Thinfilms
for Industrial and Solar Energy
Applications”, University
of Nigeria
Nsukka, Research Publication.
Ezenwa, I.A.; Okereke, N.A. and Okoli, L. N.
(2013). “Optical Properties of Copper
Selenide Thinfilm”.
International
Research Journal of Engineering Science,

Umeokwonna, N.S., Ezenwaka, Laz., Nwori, Augustine,
Ezenwa, A.I.,

COOU Interdisciplinary Research Journal

Technology and Innovation, Vol. 2(5), pp.
82-87.
Okereke, N. A.; Ezenwa, I. A.; Ekpunobi, A .J.
(2012). “Effect of Complexing Agent
(Tea) on Chemically Deposited Silver
Selenide
Thinfilms”,
International
Journal of Science and Technology,
Volume 2, No.4, p. 155-158.
Ottih I. E.; Ekpunobi, A. J. and Ekwo, P.I.
(2011), “Solid State and Optical Properties
of Chemical
Bath Deposited Copper
Nickel Sulphide (CuNiS) Thinfilms”. The
Pacific Journal
of
Science
and
Technology, Volume 12, No. 2, pp. 342 –
347.
Lokhande, C., P.; Patit, A. Enniwi and P.
Tributch, (1998). Chemical Bath ZnSe
thinfilms:
Deposition
and
Characterization, Appl. Surface Sci., 294297.
Lu, Y.J., Liang, S., Chen, M. and Jia, J.H.
(2008). “Preparation of Nano-crystal Cu2S
Films by Chemical Bath Deposition and
its Optical Properties”. Journal of
Functional Materials. 39, 1894-1899.

Optical Properties of Magnesium Oxide Thinfilm Grown by
Solution Growth Technique

