
  
 

IJSAR Journal of Engineering and Computing (IJSAR-JEC) 
ISSN: 2408-7653 

Volume 5, (March/ June 2019), 43 - 51 
http://www.mdcjournals.org/ijsar-jec...html 

 

43 | P a g e  
IJSAR Journal of Engineering and Computing (IJSAR-JEC) 

ISSN: 2408-7653 
http://www.mdcjournals.org/ijsar-jec...html 

Research Article 

  
 

Study of the Differences in Solid State Properties of Copper Antimony 
Sulphide Thin Films Grown in Two Different Media 

 
A.I. Onyia (Ph.D) 

 
Department of Industrial Physics, Enugu State University of Science and Technology, Enugu 

State, Nigeria. 
 

Corresponding Author: augustine.onyia@esut.edu.ng 
 

 

ABSTRACTS: Copper antimony sulphide thin films have been fabricated in Chemical Bath Technique 

using two different bath media: water and polyvinyl alcohol. The depositions were on plane glass 

substrates at room temperature and the precursor chemicals used were CuCl2, SbCl3 and Na2S2O3 which 

reacted for 4.5 hrs at a time in either bath. The freshly grown films were annealed each for an hour at a 

temperature of 250 . These choices of growth media enabled the study of PVA capping pores on the 

crystal growth and solid state characteristics of CuSbS2. This study shows that PVA apped film has 

better ordered crystal structure and higher absorbance from a visible (450 nm) to NIR, same absorbance 

for UV rays and same band gap (1.50 eV).  
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I. INTRODUCTION 

 

Copper antimony sulphide thin film, as a semiconductor material, has gained prominence over many other ternary 

and quaternary chalcogenides such as CuInSe, CuGeSe, CdTe and copper indium gallium selenide (CIGS) in their 

application as novel and efficient electronic and optical devices. [1]; [2]; [3]. It is a better solar absorber layer. High 

performance photo detecting devices of good sensitivity and stability have variously been fabricated using CuSbS2 

and CuInSe [4]. Any higher success in this semiconductor could replace the present usual use of CIGS nanorods as 

flexible photodetector since antimony is far cheaper and indeed more abundant than indium but yet presents similar 

chemistry [5]; [6]. CuSbS2 thin films have been successfully grown at various times using techniques like spray 

pyrolysis [7], annealing stack Sb2S3-CuS films freshly grown using chemical bath deposition technique [8] and 

direct Chemical bath deposition (CBD) synthesis [9]; [10]. Chemical bath deposition technique was conveniently 

used in this work since it is cheap, reproducible and generally accepted to be useful for large area and irregular thin 
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surface applications [11]; [12]. The method relies on the fact that, without application of external fields, thin film 

can be grown on both metallic and non metallic substrates by dipping them into a suitable reaction baths that contain 

metallic salts. 

 In CBD deposition, researchers have usually used either water or polyvinyl alcohol (PVA) as their choice growth 
medium. PVA has self organized and distinct pores which water does not have [13]. It is thought that the pores of 
PVA polymer easily present capping mechanism for the growth of crystal monomers and hence enhance early 
crystallization and size reduction. Size reduction is of interest since material properties could be easily changed by 
altering the crystallite size of films [14]. Extensive literature on size reduction effect is available [15]; [16]; [17]; 
[18]. Semiconductor fabrication carried out within the pores of PVA is an effective means of modifying the sizes of 
the crystallites. In this work, the effect of using different media: water and PVA, on the crystallite size, band gap and 
surface characteristics of CBD-grown copper antimony sulphide thin film is studied.  
 
 

II. EXPERIMENTAL DETAILS 
 

Anhydrous antimony chloride (1.2 g) was dissolved in 6 ml acetone (CH3COCH3) and poured into 50 ml chemical 
(beaker) bath onto which 7 ml of 1.1 M copper chloride (CuCl2), 12 ml of 1.5 M  sodium thiosulphate (Na2S2O3) and 
19 ml of distilled water were also measured while stirring vigorously. Not only did CH3COCH3 dissolve SbCl3, it 
complexed it to ensure slow release of Sb3+.  Copper ion was derived from CuCl2 and S2- was derived from Na2S2O3. 
A plane glass slide (labeled 33E), pre-cleaned by degreasing it in concentrated hydrochloric acid for 24 hours, 
washing it in detergent solution, rinsing it in distilled water and drip drying it in free air was used as a substrate.  
Such substrate was inserted onto the solution through synthetic foam that rested on top of the beaker to support the 
slide and also protect the solution from dusts. The bath which had a pH of 9.1 was kept uninterrupted for 4.5 hours 
at room temperature after which the slide, which was now covered with copper antimony sulphide thin film, was 
removed, rinsed in plenty of deionised water and drip dried in dust free environment.  
A similar growth exercise as above was also carried out except that, instead of distilled water, polyvinyl alcohol was 
used and the slide was labeled 33F. In both cases there was precipitation of CuSbS2 and this precipitation rate was 
slowed down by the complexant to ensure orderly growth. The CuSbS2 precipitate formed as crystallite grains on the 
glass and these grains later developed into a continuous film layer after a reasonable dip period. The complexation 
caused a slow release of Sb ions as follows: 
 

 
   CH3COCH3  +  2SbCl3  →  Sb2(CH3COCH3)

3+  +  3Cl2 
   Sb2(CH3COCH3)

3+ →  2Sb3+  +  CH3COCH3 
 
 
Sulphur ions were derived from sodium thiosulphate as follows: 
 
 
                                  Na2S2O3 →  2Na+  +  S2O3

2– 
                                  6S2O3

2– → 3S4O6
2–  +  6e– 

                                  3S2O3
2– + 3H+  →  3HSO3

–
  

 + 3S 
                                  3S + 6e–  →  3S2–    
 
 
Also copper ions were derived from copper chloride as follows: 
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CuCl2  →   Cu2+  +  2Cl– 

 
 
There was adsorption of Sb2(CH3COCH3)

3+ complex on the surface of the glass substrate where ionic exchange with 
Cu2+ and S2- resulted in a nucleation that gradually grew into the continuous CuSbS2 crystal.  
 In order to deoxygenate  and enhance crystal order of films, both 33E and 33F samples were annealed shortly after 

deposition for an hour at a temperature of 250 . They were subsequently characterized for their surface 

morphology, band gaps, structure and optical interactions. Scanning electron microscopy (SEM) of films were taken 

and so also their optical absorbance. The latter was accomplished using a Unico-UV-2102PC spectrophotometer at 

normal incident of light in the wavelength range of 200 – 1100 nm. From this absorbance, the absorption coefficient 

of the film was calculated and film band gaps deciphered using the well known Tauc’s relation [19]; [20]. The 

composition of the films was determined using Rutherford backscattering (RBS) technique and the structure of the 

film was obtained using X’Pert–Pro diffractometer which applied Cu Kα radiator of  λ = 0.15406 nm to scan films 

continuously as 2θ varied from 0 – 100  at a step size of 0.02  and at a scan step time of 0.2 s. 

 

 

III. RESULTS AND DISCUSSION 

 
 

3.1 Surface Morphology Results 

 

Scanning electron microscopy of films 33E and 33F are as shown in Fig. 1a and Fig. 1b for CuSbS2 films grown in 

water and in PVA media respectively. Clearly ordered crystal layer could be seen in the PVA-bath growth which 

could not be easily discerned in the case of water-bath film at that level of magnification. This purer PVA-aided 

crystallization clearly showed in the X-ray diffraction result (Fig. 2) where clearly peaked diffraction pattern was 

revealed.  

 

 
Fig. 1a: SEM micrograph of 33E ie film grown in water medium (1000X) 
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Fig. 1b: SEM micrograph of 33F ie film grown in PVA medium (1000X) 

 
 
3.2  XRD Results 

. 
The XRD results are as shown in Fig. 2. Barely discernible peaks and diffraction pattern could be seen for film 33E 
grown in water medium whilst clearer peaks and pattern presented for film 33F grown in polyvinyl alcohol. For film 
33F, the standard pattern corresponding to orthorhombic CuSbS2 is indicated in JCPDS card 44-1417 corresponding 
to major reflections  from the  planes (101), (200) and (410).  Ezugwu, et al [9] reported similar structural result for 

CuSbS2 thin film grown using technique similar to this but with observed slight preferred orientation at 2θ = 24.42  

corresponding to (400) plane. The diffraction result in this work also agrees with those of some other researchers 
[21]; [22]. In this work, the three given planes of major reflections had X-ray diffraction peaks which full width at 
half maximum β were used to decipher crystal grain diameter D in terms of wavelength λ of incident X-rays 
(0.15406 nm)  and Bragg’s angle θ according to Debye-Scherrer’s rule [23]; [24]: 
 

D =                                                           (1) 
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Table 1: Calculated values of grain size D for plane size d, angle θ and FWHM  
 
 (h k l) d (nm) 2  FWHM D (nm) 

 (1 0 1) 0.6471 25.56 0.4241 36.29 
 (2 0 0) 0.5003 29.27 0.4784 31.94 
( 4 1 0) 0.3008 52.24 0.5214 45.52 
                                                                                                      Average D = 37.92nm 
 

3.3 Composition 
  

Proton Induced X-ray Emission (PIXE) scans done on samples 33E and 33F from a Tandem Accelerator 
Model 55DH 1.7 Pellatron made by National Electrostatic Corporation (NEC), USA, effectively performed 
Rutherford backscattering (RBS) elemental characterizations on both deposits (CuSbS2) and substrate (Glass) that 
deciphered thicknesses of deposits (Tab. 2) and the substrates (not shown) as well as elements therein including 
element percentage abundances.  
 
 

Table 2: RBS results for elemental abundance and thickness of CuSbS2 films 
 
Thin film sample Abundance of elements in the thin film (%)  Film thickness 

(nm) 
 Cu Sb S                    O  
33E 18.6 3.0 68.3               10 322 
33F 25.4 4.2 70.5                 0 270 

 

(101) 

Fig. 2: XRD patterns of thin films grown in water (33E) and PVA (33F) media 
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It is thought that the pores of polyvinyl alcohol have enhanced early crystallization of monomers which grew rapidly 
into orderly film crystals in 33F. Hence discernible orderly growth was enabled which could be seen in the SEM 
magnification as recorded in Fig. 1b and which also manifest in XRD characteristic peaks and pattern of Fig. 2. 
Such crystal regularity was not similarly visible in the water-based film (Fig 1a) which also could not show clear 
crystal diffraction peaks in Fig. 2. For the same dip time the thickness of less crystal pure 33E sample was more 
(322 nm) than the purer 33F film (270 nm). Film 33E was clearly not well deoxygenated even after the annealing for 
an hour as the RBS result has shown. These extra oxygen molecules distorted the usual orthorhombic structure of 
chalcostibite crystal and gave the water-based film bigger thickness than the purer PVA-based films  
 

3.4. Optical Results 
 

The recorded absorbance of both films is presented in Fig. 3. and that of absorption coefficient, α is in Fig. 

4. It could be seen that the absorbance is higher for film grown in PVA medium from the near bottom  visible (450 

nm) to all UV frequencies. Absorbance is however same from this visible to near infr-red (NIR) ranges. From the 

absorption coefficient, α2 was generated for every photon energy hν and a plot of (αhν)2 against hν was made (Fig. 

5) to deduce the band gap, Eg of film.  Such deduction followed from the well known Tauc’s relation: 

                              α =                                                        (2)  

 
where A is a constant and n depends on the nature of electronic transition. For direct transitions, n = ½ or ⅔, while 
for indirect ones, n = 2 or 3, depending on whether such transitions are allowed or forbidden respectively. Since n = 
½  for CuSbS2 [25]; [26], 
 
                                          (αhν)2 = A2(hν – Eg)                                            (3) 
 
Hence a plot of (αhν)2 versus hν is linear in region of high photon energy where inter band electron transition, which 
Tauc’s relation (equ. 2) depends  on, dominate other absorption processes. The extrapolation of the linear potion of 
each graph on the photon energy axis would reveal the film band gap to be 1.50 eV for both films 
. 
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Hence band gap of 1.50 eV was evidenced for both films regardless of growth media. This is consistent with 

recorded band gap values of CuSbS2 [27]; [28]; [29].  

 

IV. CONCLUSONS 

 

CuSbS2 thin films have been fabricated in chemical baths of water and PVA that are the two usual choice 

growth media for most researches in semiconducting thin film fabrication and the differences in solid state 
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properties of films examined. The thin film sample grown in PVA- medium showed better ordered crystallinity. This 

is also evidenced in its sharper XRD peaks and pattern as well as in its clearer surface morphology. The poor crystal 

formation of water-based film is explained in the RBS evidence that it still had traces of water molecules even after 

a normal annealing process. This could further give rise to bigger film thickness (322 nm) than the more crystalline 

PVA-based growth (270 nm). This latter film has higher absorption coefficient (5.48x105 m-1) than the water-based 

film (3.38x105 m-1) in the VIS but same coefficient that increased with frequency in the UV ranges. The band gap 

was same (1.50 eV) for both films. The use of PVA as the growth medium in the chemical bath method of CuSbS2 

thin film fabrication is therefore recommended. 
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