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ABSTRACT

Thin films of CuNiS were growm on glass substrdtgssolution growth deposition(SGT) technique. Coppe
chloride, Nickel chloride and thiourea were usedsasrces for Copper, Nickel and Sulphur ions retpely. The
effects of nickel ion concentration on optical ammnpositional properties were determined. The aptnd solid
state properties of the deposited films were ingagtd by measuring the optical absorbance of ilmesfat the
normal incident of light in the range of 200 — 18@@ This was done with the aid of a Janway 6405 \US—
spectrophotometer. From the absorbance valuesr @toperties such as transmittance, reflectancekitmess and
energy gap were calculated. The high transmittaaree high absorbance of the film at various valukethe growth
parameter make the film good materials for coafimgold and temperate regions respectively. Thepmsitional
analysis was dome by Energy dispersive x-ray femrrce (EDXRF) technique.
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INTRODUCTION

The energy needs of most countries have been metoif-renewable energy resources such as petroRerently,
there is an increase in cost of these non-renewabérgy resources. As a result, emphasis is shtfiethe
renewable energy. The major problem with the retdsvanergy is that the conversion efficiency hasnbso low.
Scientists are growing thin films to find which amgothem can help increase this conversion effigienc

CuNiS thin film is one of the tenary chalcogenidm$. These films have been investigated for speaipplications
in super ionic conducting materials [Ezugwtial 2009]. Interests on ternary alloy compounds apeeasingly
being studied for efficient solar energy conversibrough photo — electrochemical solar cell andehbecome
potential candidates for such applications [ Okold]. A number of thin film deposition techniques afivanced
technologies have been employed in the preparafiternary thin films. However, a low cost and lesghisticated
solution growth technique seems to be much be@#il et al 2010]. The SGT technique produces good quality
films . This method has been applied in producinmgerging materials for solar cells, protective cogdi, and solar
thermal control in buildings and is being adoptgdsbme industries . SGT technique is convenienpfoducing
large area device and there is possibility to adrilim thickness by adjusting the growth paramet@olycrystalline
grown CuNiS thin films are semiconducting materiaish direct band gap transition. This researchorepthe
effects of varied volumes of the complexing agenttbe optical properties of the grown films. Thesgible
applications of the films were discovered from thproperties. The optical properties investigatedlude
absorbance (A), transmittance (T) reflectance (Rigkness (T) and the band gap energy of the filfitsese
properties were determined based on the equatiumslfin the literature.
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MATERIALSAND METHODS

The preparation of CuNiS thin films on glass sli#&se carried out using chemical bath depositichri@ue. The
glass slides were previously degreased in hydroichéeid for 24 hours, washed with detergent, rihgedistilled
water and dried in air. The acid treatment caubBedxkidation of halide ions in glass slides usedudostrate thereby
introducing functional groups called nucleation aitaxial centers on which the thin films werefggd. The
degreased cleaned surfaces have the advantagevidipg nucleation centers for the growth of filrrte yielding
highly adhesive and uniformly deposited films.

The reaction bath for the deposition of CuNiS comd 10mis of 1.0M of Cugl 10mlis of 1.0M of SC(NH),,
10mls of 1.0M of NiCJ and 10mls of 14.0M of ammonia.50mls of distilledter was added to make up 90mis in a
100ml beaker. Ammonia solution was used for duappses as a complexing agent as well as providiatkaline
medium for the growth. The function of the complexiagent is to slow down the reaction in order limiaate
spontaneous precipitation. The equations for thetien and deposition of CuNiS are as follows:

CuCly + 3NH; *— [Cu (NH: )~ +2CT

[Cu (NH: ) 4—»Cul*+ 3NH,

NiClh+ 3INH; «— [Ni (NH:z) "+ 2C1

-

[Ni (NH: )" <« NiZ*+ 3NH,

SC(NH:); +OH=<—»CH;N; +H,O0 + HS
HS +OH < H,0+5S°
Cu~"+Ni-=+ 8> —» CuNiS +

The sulphide ions are released by the hydrolysishidurea but Cti and Nf* ions are from complexes which the
solution of CuCl and NiC} formed with NH. The Cd*, Ni** and $ present in the solution combined to form
MgNiS molecules which were adsorbed on the glads The heterogeneous nucleation and growth tedkeepby
ionic exchange of reactive*$ons. This process is referred to as ion by iorcess and in this way, CuNiS films
were deposited on glass slides as uniform and edhénin films. Five depositions were made withefidifferent
values of NiC}ion concentration as shown in the table 1 belowlabdled as i — F;s. For each deposition, the
glass slide which was mounted on the beaker wighsimthetic material was taken out of the bealmsed with
distilled water and allowed to dry in air. The féngrown were characterized for optical absorbarstegulanway
6405 UV — VIS spectrophotometer. From the valuesab$orbance obtained, other properties such as film
transmittance, reflectance, thickness and bandegepgy were determined through theoretical calmuriat These
optical properties were obtained in the wavelemgtige of 280nm — 1000nm.

Table1: Preparation of CuNiSthin filmswith varied NiCl ion concentration

Conc. . Conc. | Vol. of NH; Conc. I Dip.

Slide No | VO" (?; IS‘;“CL CucCh VO('}n'fS';:'Z NiCl, | Solution | YO OI rfl(s:)(Nw)z SC(NH), | VO of '(Drﬁts")'ed MO | Time

M) M) (mls) M) (Hrs)
Fu 10.0 1.0 100 | 010 10.00 10.0 10 50.0 120
Fu 10.0 1.0 100 | 025 10.00 10.0 1.0 50.0 12.0
Fio 10.0 1.0 100 | 050 10.00 10.0 10 50.0 12.0
Fil 10.0 1.0 100 | 075 10.00 10.0 10 50.0 12.0
Fie 10.0 1.0 10.0 1.00 10.00 10.0 1.0 50.0 12.0
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RESULTSAND DISCUSSION
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Analysis of Optical Propertiesof CuNiS Thin Films

The transmittance spectra of copper nickel sulpthdefiims grown in this work at a room tempera&tus shown in
figure 1. A close observation of the plots revehks the transmittance of CuNiS is high acrossuig VIS and

NIR regions. Thin films of high transmittance vauare used for photosynthetic coatings. This isabse such
films exhibit selective transmittance of photoswtit active radiation which is useful in the procesf

photosynthesis.

Figure 2 shows the absorbance spectra of CuNiSapedpn this work. A close look at the plot revahist the films
have low absorbance values in visible and neaegions. This is in agreement with what Wagtgal (1998) and
Chopraet al (1995) who reported on the optical properties ofldbped CuS. Thin films of high absorbance in UV
region are used as solar or thermal heat conthit¢hwabsorbs the greater part of the harmful UMatimh and
keeps the inside surface cool . This thin film aassthe convectional air- conditioners which aredus the hot
regions of the world like Nigeria.

The reflectance spectral of CuNiS thin films isplisyed in figure 3 . A close look at the plot relgethat the
reflectance of the film is generally low across tegion of the UV, VIS and NIR regions of electramatic

spectrum. This is in agreement with what Ottih &hgunobi (2011) reported on CuNiS thin films. Thigplies

that the growth parameter does not change thectafiee pathern of CuNiS. Films of low reflectance ased as
anti-reflection thin films which are used to cda flat plates of solar cell collectors in solaergy production. This
film is very important because it prevents refleatof the incident solar radiation in solar coltegblates.

The optical band gap of CuNiS thin films is dismédyin figure 4. The band gap value was determineautih the
plots of absorption coefficient squareti versus the photon energy.hA band gap value of 2.0eV was obtained
from the graph. This is done by extrapolating thaight portion of the graphs to a valueodf= 0. The value of the
photon energy becomes the energy gap. It is nbtdhe band gap of CuNiS thin film obtained abisv2.0eVand

is less than the band gap of CuS ( 2.9eV) as regpdoy Ottih and Ekpunobi (2003) . This is in agreatrwith what
Subramanian (1997) reported on the effect of tti@nsmetal doping on 1I-VI semiconductors. The dajap of the
film is high and can be used in the absorber layersolar cell.

Figures 5 is plot of thickness versus varied vahfeNiCl, ion concentration. The figure shows that thiclenfast
decreases as the ion increases. But when 0.5Miseas thickness suddenly increases until a tetrthickness of
0.72um was obtained when 1.0M was used .
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Compositional Characterization
The compositional analysis was dome by Energy disye x-ray fluorescence (EDXRF) technique. Thiswane
for a period of 3000 seconds after which the spettwvas saved for quantitative analysis. In thiskweamples f,
F1s and ks were selected for this analysis.*®source was used to analyze the quantity of Cuewtie was used
for the determination of the quantity of sulphid&e contents of Cii, Ni** and $ for various films are shown in
table 2 below.

Table 2 Compositional analysisof Cuy.x NixSthin films

Composition | Cu content | Ni content | Scontent

SlideNo ) Wit% Wit% Wit% ImpurityCl, Wt%
Fia 0.100 52.17 1.81 45.00 1.00
Fis 0.150 51.19 3.98 44.83 -
Fis 0.300 50.77 4.14 44.09 1.00

From the composition studies, the grown films dighdy rich in C/#* whereas Sis practically constant. The above
table shows that the content of‘Cdecreases with increasing nickel content.

CONCLUSION

CuNiS thin films have been successfully depositedyiass slides using chemical bath deposition igcies. The
optical studies showed that the films have lowerfince values in the UV, VIS — NIR regions. Thakes the film
suitable for coating in solar collector plates asi aeflection films. With these thin films,the ®of incident
radiation due to reflection on the solar collegpbaites is reduced. Also, CuNiS films were foundhtve high
absorbance in the UV region. This property makesdfitm a good material for solar control coatingibe thickness
of the film was found to be of the range {h2— 7.5Qm. The film band gap energy was determined to Be\2.
From this large band gap value, the film is goodemial to be used in the absorber layer of soddir
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