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ABSTRACT 
The growth of double layer NiO/PbS thinfilms by chemical bath deposition on to glass substrate is presented in this 

work. We report on the modification of the structural and optical properties of the films by thermal annealing. XRD 

spectra showed the existence of multiplepeaks indicating the polycrystalline nature of the films. The absorbance, 

transmittance, extinction coefficient and energy band gap were greatly modified by heat treatment while the 

refractive index, real and imaginary parts of dielectric constant showed no modification with parametric variation of 

annealing temperature. The absorbance of the films is generally high above the limit stipulated by the lambert-

Beer’s equation while the transmittance varied inversely to the thickness of the films. The optical band gap 

increased with annealing temperature from 1.38eV to 2.38eV. The optical band gap energy, calculated from the 

absorption spectra, was found to be in the desired interval to be applied as solar absorber, material for photovoltaic 

architecture and optoelectronics. 
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I. INTRODUCTION 
 

There is considerable interest in the deposition of core-shell thin film material, due to the potential of tailoring both 

the lattice parameters and the band gap by controlling depositions parameters [1, 2]. The shell can alter the charge, 

functionality, and reactivity of surface, or improve the stability and dispersive ability. Furthermore, catalytic, 

optical, or magnetic functions can be imparted to the core particles by the shell material. In general, the synthesis of 

core/shell structured material has the goal of obtaining a new composite material having synergetic or 

complementary behaviours between the core and shell materials [3]. 

 

Transition metal oxides like, SnO2, ZnO, CdO, NiO etc have wide band gap of around 3 to 4 eV. Among these oxide 

thin films, nickel oxide (NiO) is an attractive material because of its chemical stability as well as structural, optical, 

electrical and magnetic properties. NiO thin films have useful applications as optically active counter electrodes for 

window materials and the optical quality of NiO thin films is improved by annealing [4]. 

 

Chalcogenides like PbS is a promising semiconductor material for fabricating low-cost solar cells. This 

semiconductor has been obtained as polycrystalline thin films by several deposition techniques, one of the simplest 

being the chemical bath deposition [5]. The chemical bath deposition (CBD) has been traditionally used to prepare 

thin films of chalcogenide semiconductors [6–13],PbS in particular. PbS is a direct narrow gap semiconductor very 

suitable for infrared detection applications. At room temperature, its energy band gap is approximately 0.37–0.4eV 

.This material has also been used as photo resistance, diode lasers, humidity and temperature sensors, decorative 

coatings and solar control coatings, among others applications. 

 

The chemical bath deposition method was extended to the deposition of core-shell thin films with many research 

outputs available in the literature. In our precious researches, we adopted this technique to deposit PbS/NiO, 

CuO/PbS, Mn3O4/PbS, PbS/CdO and PbS/NiO/CdO core-shell thin films [14-18]. In this report, chemical bath 

deposition was used to depositNiO/PbS double layer thin films, with emphasis on the influence of post deposition 

temperature on the structural, morphological, optical and solid state properties of the films. The heterostructured 

architecture NiO/PbS can make use of the advantages of both components and offer special properties through a 

reinforcement or modification of each other.  
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II. MATERIALS AND METHOD  
 

NiO/PbS thin films were grown on ordinary glass slide substrates by CBD technique. First, NiO was deposited in a 

chemical bath which contained10mls of 0.2M NiSO4, 5mls of 100% NH3 and 27mls of distilled water into 50ml 

beaker. To have good quality thin films, cleaning of the substrate surface is very important. So the substrates were 

previously degreased in hydrochloric acid and then cleaned with distilled water. The cleaned substrates were 

vertically dipped into a 50ml beaker, containing the mixed solutions, for 60 minutes at constant temperature of 

353K. To obtain the NiO/PbS core-shell, the NiO  deposit already formed (core) was inserted in a mixture 

containing aqueous solutions of  5ml of 0.3M Pb(NO3)2], 5ml of 1M  SC(NH2)2, 5ml of 1M NaOH and 30ml of 

distilled water put in that order into 50ml beaker. Two of the deposited films were annealed in an oven at 473K and 

673K respectively for 1hr. One of the samples was left un-annealed to serve as the control. 

 

Rutherford backscattering (RBS) was used to determine the elemental composition, depth profile and thickness of 

the films by Proton Induced X-ray Emission (PIXE) scans on the samples from a Tandem Accelerator Model 55DH 

1.7MV Pellaton. Thermo scientific GENESYS 10S model UV-VIS spectrophotometer on the 300-1000 nm range of 

light at normal incidence to samples was used to obtain the absorbance data from which transmittance, absorption 

coefficient, band gap and other optical parameters were calculated. Structural studies were done with Rigaku Ultima 

IV X-ray diffractometer equipped with a graphite-monochromated CuKα radiation source (40KV, 30mA).  

 

III. RESULTS AND DISCUSSION 
 

The chemical status and elemental composition of NiO/PbS thin films for as-deposited comprises 22.44% lead (Pb), 

28.76% nickel (Ni), 12.25% sulphur (S) and 71.24% oxygen. NiO/PbS thin films for annealed at 473K  comprises 

Ni; (50.78%), O; (49.22%), Pb; (61.53%), S; (38.47%) while the films for annealed at 673K is composed of Ni; 

(10.78%), O; (89.22%), Pb; (18.50%), S; (18.47%).Figs. 1, 2 and 3 depict the RBS micrographs of the films 

indicating the constituent elements for as-deposited, annealed at 473K and 673K samples respectively. The RBS 

analysis also deciphered the thicknesses of the films as 492nm, 482nm and 412 nm for as-deposited, annealed at 

473K and 673K respectively. 

 

 
Fig. 1: RBS of NiO/PbS core-shell thin film for as-deposited 

 

 

X1.dat

Simulated

O 

Na

Al

Si

S 

K 

Ca

Fe

Ni

Pb

Channel

1,8001,7501,7001,6501,6001,5501,5001,4501,4001,3501,3001,2501,2001,1501,1001,0501,000950900850800750700650600550500450400

Co
un

ts

600

580

560

540

520

500

480

460

440

420

400

380

360

340

320

300

280

260

240

220

200

180

160

140

120

100

80

60

40

20

0

600 800 1000 1200 1400 1600 1800 2000 2200

 Energy [keV]  

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867066

Volume 26, Issue 4, 2023                                          https://kyupeerref.link                                           Page  66



 
Fig. 2: RBS of NiO/PbS core-shell thin film for annealed at 473K 

 

 
Fig. 3: RBS of NiO/PbS core-shell thin film for annealed at 673K 

 

The XRD patterns of NiO/PbS double layer structures for as-deposited and annealed layers are shown in fig.4.The 

measurements showed that the double layer components were polycrystalline. The main reflection of PbS (JCPDS 

00-005-0592) on the double layer structure was (200) but also (111) and (220) plane reflections were observed. The 

CBD grown lead sulphide films on glass have been strongly oriented and the main orientation has been cubic (200) 

[19]. The main reflection of NiOwas (111) which is specific to cubic NiO(JCPDS 00–047-1049) at 2θ = 37.249o. 

Cubic (220) was the second highest reflection of NiO at 2θ = 62.879o.The existence of multiple peaks corresponding 

to different miller indices indicates that the films are polycrystalline. 
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Fig.4: XRD patterns of NiO-PbS thin films for as-deposited and annealed samples 

 

Fig. 5shows the absorbance spectra of the films at different post deposition temperatures. The absorbance is 

generally high above the limit stipulated by Lambert-Beer’s law. The high absorbance is not unconnected with the 

concentration of the reacting species. It has been reported that at high concentration, particle attractive interactions 

increases resulting to the absorption of more photons. Enhanced absorptions were observed in the neighbourhood of 

300-350 nm, 300-450 nm and 300-550 nm for as-deposited, annealed at 473K and 673K respectively. Maximum 

absorbance was observed in the VU region for as-deposited sample while that of the heated layers extended to the 

visible region. All the film samples recorded minimum absorption in the infrared region. A sharp decrease in 

absorbance with wavelength occurred at 350 nm, 450 nm and 550 nm for as-deposited, annealed at 473K and 673 K 

respectively. Our absorbance values are in the same order of magnitude with the report of other authors [14-18, 19, 

20]. Solar collectors for heating fluids require increasing the reception area of the solar radiation, and/or to increase 

the absorbance of the surface coating in order to improve the thermal efficiency [21]. Thus the high absorbance 

exhibited by NiO-PbS thin films fit this application. The optical absorption spectrum indicated that thermal 

annealing has profound effect on the absorbance. This is attributed to the re-organization of the grains at various 

annealing temperatures. Studies have shown that the schottky barrier can be removed by annealing and the 

improvement in material quality and the increase of the effective surface area due to the porous nature introduced by 

heat treatment [22]. Fig. 6 shows the plots of transmittance against wavelength at different annealing temperatures. 

The spectral distribution shows that transmittance increases with both wavelength and annealing temperatures. The 

transmittance generally varies from 0.2-0.5%, 0.2-1.0% and 0.2-11% for as-deposited, annealed at 473K and 673K 

respectively. Clearly, the transmittance of the films was significantly enhanced by thermal annealing.  

 

The transmittance enhancement  could be attributed to the reduction in the thickness of the films as annealing 

temperature increases. The relationship between the optical transmission and thickness is given by the Beer-Lambert 

equation as follows [23]: 

( )t

o

e 
  


        (1) 

Where    is the transmitted intensity at a particular wavelength, o is the incident light intensity, α is the absorption 

coefficient, and t is the film thickness. The equation shows that the optical transmission of the films will increase 

inversely proportional to the film thickness. The optical transmission is inversely proportional to the thickness of the 

films. These findings are in agreement with that of Agbo et al (2011) for TiO2-Fe2O3 core-shell thin films [24].On 

the average the transmittance of NiO-PbS thin films deposited in this work is below 50% in the visible region. 

Human eye is sensitive only to the range 400-700 nm and is peaked at 500 nm [25]. This is an important factor in 

window coatings but is not met in these films. NiO-PbS thin films deposited in the work is therefore not suitable for 

window coating. However, the relatively high transmittance of the film sample annealed at 673K compared to other 
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layers in the infrared region is an indication that the films could be used as coating materials in the construction of 

poultry industries for warming purposes. This has the potential to reduce the cost of energy consumption associated 

with the use of electric bulbs, stoves and other conventional energy sources while at the same time protect the chicks 

from harmful effect of ultraviolet radiation. The transmittance of thin films are greatly modified by deposition 

parameters. In the literature, the influence of growth parameters such as concentration [22, 25-30], annealing 

temperature [14-16, 26, 31, 32], deposition time [33-37] and PH[38] on the transmittance of thin films have been 

reported. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Plots of absorbance against wavelength at different annealing temperatures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Plots of transmittance against wavelength at different annealing temperatures 

The absorption coefficient, α of thin films can be expressed in terms of absorbance, A and thickness, t using the 

formula [39] 

2.3026

t



 (2) 

  was calculated for each thin film sample and shown in figure 7.The samples showed maximum coefficient of 

absorption (α=0.022x106m-1 for λ=550 nm), (0.018 x106m-1 for λ=495nm) and (0.013 x106m-1 for λ=354nm) for as-

deposited, thermally annealed at 473K and 673K respectively. It is clear that the value of α increases with increasing 
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photon energy and decreases with annealing temperature. Absorption coefficient is related to photon energy by the 

following equation [40]. 

( )n

ghv hv    (3) 

where A is constant depending on transition probability, Egis the band gap of the material and n has different values 

depending on the absorption process. It was found that n=1/2 is the best fit for our result. The plot of (αhν)2 versus 

hν was made to determine the optical gap. This is shown in Fig. 8for representative samples.The direct bandgap of 

1.38eV, 1.63eV and 2.38eV were computed for as-deposited, thermally annealed at 473K and 673K respectively. 

The fundamental optical transitions of NiO (3.6-4.0eV)  [41, 42] is not observed in these films, presumably because 

of complete alloying of NiO with PbS forming a uniphase ternary inter-metallic compound of the type Pb2NiO3.The 

adjustment of the band gap from the fundamental absorption edge of the core binary component suggest the band 

gap can be tailored to suit desired application by controlling the growth parameters of the shell binary component. In 

the literature, it has been reported that the ideal band gaprequired for achieving an efficient solar cell is  

approximately 1.5 eV [43]. In our view, the band gap of 1.38 eV and 1.63 eV recorded for as-deposited and 

annealed at 473K samples of NiO-PbS thin films respectively fit into this application while the wide band gap of 

2.38 eV observed for annealed at 673K sample can be used in a heterojunction solar cell as window layers to permit 

entrance of light into the absorption layer. The changes in energy band gap with annealing temperature have been 

attributed to the crystallite size-dependent properties of the energy band gap. Thermal annealing effectively 

moderates the particle size in a way that the band gap energy increases linearly with the annealing temperatures. The 

increase in energy band gap induced by post deposition temperature is in agreement with the report of other authors 

[24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7: Plots of absorption coefficient against photon energy at different annealing temperatures 
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Fig. 8: Plots of (αhν)2 against hν at different annealing temperatures 

 

The annealing process has been noted to be helpful in improving the elect-optical properties of films. These 

enhancements have been attributed to a better crystalline quality and oxygen deficiency after the annealing [44]. 

Fig.9 shows the plot of extinction coefficient versus photon energy at different annealing temperatures. Accordingly, 

the extinction coefficient decreased with annealing temperature validating the absorption coefficient spectra. 

Extinction coefficient is generally defined as the sum of the absorption coefficient and scattering coefficient of light 

as it passes through a material. The correlation between the absorption and extinction coefficients as observed in this 

work is not unconnected with the mathematical relations existing between the two optical parameters. These 

findings are in agreement with the report of other authors [45-47]. The refractive index, real and imaginary parts of 

dielectric constant were calculated using equations (4), (5) and (6) respectively [48, 49]. The plots of refractive 

index, real and imaginary dielectric constants versus photon energy are shown in figures 10, 11 and 12 respectively. 

 
2

2

1 4

1 1

R R
n k

R R


  

 
     (4)   

2 2

r n k           (5) 

2i ink          (6) 

where r  and i  are the real and imaginary parts respectively of dielectric constant, n and k are refractive index 

and extinction coefficient respectively while R is reflectance. The refractive index, real and imaginary parts of 

dielectric constant exhibited similar trend with parametric variation involving annealing temperature. Clearly, 

annealing temperature has no effect on the index of refraction and dielectric constant of the films. 
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Fig.9: Plot of extinction coefficient versus photon energy at different annealing temperature 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
Fig.10: Plot of refractive index versus photon energy at different annealing temperature 
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Fig.11: Plot of real dielectric constant versus photon energy at different annealing temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.12: Plot of imaginary dielectric constant versus photon energy at different annealing temperature 

 

IV. CONCLUSION 
 

NiO/PbS core-shell thin films were successfully deposited on microscopic glass slide using chemical bath deposition 

technique. As revealed by XRD measurement, NiO/PbS films are polycrystalline materials as depicted by the 

multiple peaks. Optical absorption measurements indicated high absorbance for all film samples suggesting the 

usage of the films for enhanced solar energy collection for solar thermal applications. The enhanced transmission of 

the films in the infrared region placed them as suitable materials for coating the roofs and walls of poultry houses for 

warming young chicks. The direct band gaps of 1.38 eV, 1.63eV and 2.38eV were estimated for as-deposited, 

annealed at 473K and 673K respectively. The band gap energy values are in the range suitable for applications in 

solar cell fabrication, optoelectronics etc. 

 

REFERENCES 

#NUM!

0.0

0.5

1.0

1.5

2.0

Im
ag

in
ar

y 
di

el
ec

tri
c,

 
i

Photon energy, hv (eV)

 NiO/PbS, As-deposited

 NiO/PbS, 473K

 NiO/PbS, 673K

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867073

Volume 26, Issue 4, 2023                                          https://kyupeerref.link                                           Page  73



1. B. R. Sankagal, C. D. Lokhande, Materials Chemistry and Physics, 14, 126 (2002). 

2. R. K. Doshi, S. Mohan, S. K. Agarwal, H. K. Sehgal, Thin Solid Films, 447-448 (2002). 

3. P. E. Agbo, M. N. Nnabuchi, Core-Shell TiO2/ZnO Thin Film: Preparation, characterization and effect of 

temperature on some selected properties. Chalcogenide Letters, 8(4): 273-278 (2011). 

4. P. Vikas, P. Shailesh, C. Manik, G. Prasad, S. Ratnakar,  S. Shashwat, J. Pradeep, Effects of Annealing on 

Structural, Morphological, Electrical and Optical Studies of Nickel Oxide Thin Films. Journal of Surface 

Engineered Materials and Advanced Technology, 1, 35- 40 (2011).  

5. M.O. Ortuno-Lopez, J.J. Valenzuela-Jauregui, R.Ramirez-Bon, E. Prokhorov, J. Gonzale-Hernandez", 

Impedance Spectroscopy Studies on Chemically Deposited CdS and PbS Polycrystalline Films", Journal of 

Physics and Chemistry of Solid 63, 665-668 (2002). 

6. J.J. Valenzula-Jauregui, R. Ramı´rez-Bon, A. Mendoza-Galvan, M. Sotelo-Lerma, Optical properties of 

PbS thin films chemically deposited at different temperatures, Thin Solid Films, 441, 104–110 (2003). 

7. M.O. Ortuno-Lopez, J.J. Valenzuela-Jauregui, R.Ramirez-Bon, E. Prokhorov and J.Gonzale-Hernandez", 

Impedance Spectroscopy Studies on Chemically Deposited CdS and PbS Polycrystalline Films", Journal of 

Physics and Chemistry of Solid 63, 665-668 (2002). 

8. S. Seghaier, N. Kamoun, R. Brini, A. B. Amara, Structural and optical properties of PbS thin films 

deposited by chemical bath deposition, Materials Chemistry and Physics, 97, 71-80 (2006). 

9. S. Sakthivel, V. Baskaran, S. Anjali, Synthesis and characterization of lead sulphide (PbS) thin films by 

chemical bath deposition (CBD) method, International Research Journal of Nano Science and Technology, 

5(7-9), 248-252 (2015). 

10. S. Manouchehri, Refractive index, optical band gap and oscillator parameters of PbS thin films deposited 

by CBD technique, International Journal of Science and Technology, 26(3), 1816-1823 (2014). 

11. S. O. Ahmed, M. A. Mahdi, Z. Hassan, M. Bououdina, Preparation of chemically deposited thin films of 

CdS/PbS solar cell, Supperlattices and Microstructures, 52, 816-823 (2012). 

12. A. I. Onyia, M. N. Nnabuchi, Study of optical properties of CdS/PbS heterojunction thin films deposited 

using solution growth technique, proceedings of the 1st African International Conference/workshop on 

applications of nanotechnology to energy, health and environment, UNN, March 23-29 (2014). 

13. C. Augustine, M. N. Nnabuchi, F.N.C. Anyaegbunam, A.N. Nwachukwu, Study of the effects of thermal 

annealing on some selected properties of Heterojunction PbS-NiO core-shell thin film, Digest Journal of 

Nanomaterials and Biostructures, 12(2), 523-531 (2017). 

14. C. Augustine, M.N. Nnabuchi, Optical and solid state characterization of chemically deposited CuO/PbS 

double layer thin film, Materials Research Express, 5(2), 1-11. 

15. M.N. Nnabuchi, C. Augustine, Mn3O4/PbS thin film: Preparation and effect of annealing temperature on 

some selected properties, Materials Research Express, (2018). https://doi.org/10.1088/2053-1591/aab589. 

16. C. Augustine, M.N. Nnabuchi, F.N.C. Anyaegbunam, C.U. Uwa, Annealing treatments and characterization 

of PbS-CdO core-shell thin film for solar energy applications, Chalcogenide Letters, 14(8), 321-329 

(2017). 

17. C. Augustine, M.N. Nnabuchi, Band gap Determination of Novel PbS-NiO-CdO Heterojunction thin film 

for possible Solar Energy Applications, Journal of Ovonic Research, 13(4), 233-240 (2017). 

18. C. Augustine, M.N. Nnabuchi, R.A. Chikwenze, F.N.C. Anyaegbunam, C. Nwosu, C.O. Dike, C.V. Ezeh, 

B.J. Robert, E.M. Yohanna, E.N. Taddy, Comparative study of PbS-NiO and NiO-PbS heterojunction thin 

films deposited by chemical bath deposition technique, Chalcogenide Letters, 15(12), 591-598. 
19. C. Augustine, M. N. Nnabuchi, P. E. Agbo, F. N. C. Anyaegbunam, R. A. Chikwenze, C. N. Nwosu, P. N. Kalu, U. Uba, 

R. O. Okoro, S. O. Onyishi, Investigation of the effect of Lead ion (Pb2+) concentration on the optical and solid state 

properties of chemically deposited Mn3O4/Pb1-xS heterojunction thin films, Journal of Ovonic Research, 14, 339-350, 

2018.  

20. B. Ismail, S. Mushtaq, A. Khan, An enhanced grain growth in the Sn doped Sb2S3 thin film absorber 

materials for solar cell applications. Chalcogenide Letters. 11(1), 37-45 (2014).  

21. J. D. Dipalae, S. Shaikh, F. Siddiqui, R. Ghosh, R. Birajdar, A. Ghule, R. Sharma, Effect of annealing on 

the structural and optoelectric properties of CDS thin film, Advance in Applied Science Research, 2(4), 

417-425 (2011). 

22. V.S. Reddy, K. Das, A. Dhar, and S.K. Ray, the Preparation Characterization and Photo effect of substrate 

temperature on the properties of catalytic property, Applied Surface Science, ITO thin films for OLED 

applications, Semiconductor 257: 393-397. 

23. P.E. Agbo, M.N. Nnabuchi, and D.U. Onah, TiO2 /Fe2O3 core-shell thin film for  photovoltaic applications, 

Journal of Ovonic Research, 7(2), 29-35 (2011). 

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867074

Volume 26, Issue 4, 2023                                          https://kyupeerref.link                                           Page  74

https://doi.org/10.1088/2053-1591/aab589


24. M.N. Nnabuchi, Bandgap and optical properties of chemical bath deposited  magnesium sulphide (MgS) 

thin films, Pacific Journal of Science and Technology, 6(2), 105-110 (2005). 

25. R.A. Chikwenze, and M.N. Nnabuchi, Properties of lead selenide films deposited by chemical bath method, 

Chalcogenide Letters, 7(5), 401-408 (2010). 

26. P.E. Agbo, P.A. Nwofe, and L.O. Odo,  Analysis on Energy Band gap of zinc sulphide (ZnS) thin films 

grown by solution growth technique, Chalcogenide Letters, 14(8), 357-368 (2017). 

27. A.E. Igweoko, C. Augustine, N.E. Idenyi, B.A. Okorie, and F.N.C. Anyaegbunam, Influence of processing 

conditions on the optical properties of chemically deposited zinc sulphide thin film, Materials Research 

Express, 5, 036413 (2018). 

28. P.N. Kalu, D.U. Onah, P.E. Agbo, C. Augustine, R.A. Chikwenze, and F.N.C. Anyaegbunam, and C.O. 

Dike, The influence of deposition time and annealing temperature on the optical properties of chemically 

deposited cerium oxide thin films, Journal of Ovonic Research, 14, 293-305 (2018). 

29. S.O. Onyishi, M. N. Nnabuchi1 and C. Augustine,Effect of concentration on the morphological and optical 

properties ofdye-sensitized antimony sulphide (Sb2S3) thin film, Global Journal of Engineering Science and 

Researches, 5(10), 112-119 (2018). 

30. P.E. Agbo, and M.N. Nnabuchi,  Core-Shell TiO2/ZnO Thin Film: Preparation, characterization and effect 

of temperature on some selected properties, Chalcogenide Letters, 8(4), 273-278 (2011). 

31. PA. Nwofe, and P.E. Agbo, Annealing Treatments and Characterization of Nickel-Doped Antimony 

sulphide thin films, Journal of Non-Oxide Glasses, 9 (1), 9-17  (2017). 

32. M.N. Nnabuchi, Optical and solid state characterization of optimized manganese sulphide thin films and 

their possible applications in solar energy, Pacific Journal of Science and Technology, 7(1), 69-76 (2006). 

33. C.E. Ekuma, M.N.  Nnabuchi, E. Osarolube, E.O. Chukwuocha, and M.C. Onyeaju, Opticalelectronic 

characterization of chemical bath deposited CdxCo1-xS thin films, Journal of Modern Physics, 2, 992-996 

(2011). 

34. K.A. Nnaemeka, E. Laz, and N.S. Umeokwonna,  Effects of deposition time on the optical properties of 

copper sulphide thin films fabricated by chemical bath deposition method, Proceedings of the 1st African 

International Conference/Workshop on Applications of Nanotechnolgy to Energy, Health and Environment, 

March 23-29, 2014. 

35. U. Chizomam, O. Charity, and O. Israel, Effect of dip-time on the optical and solid state properties of CdSe 

thin films deposited by chemical bath deposition technique, Proceedings of the 1st African International 

Conference/Workshop on Applications of Nanotechnolgy to Energy, Health and Environment, March 23-

29, (2014) 

36. A.I. Onyia, and M. N. Nnabuchi, Study of Optical properties of CdS/PbS and PbS/CdS Heterojunction Thin 

Films Deposited using Solution Growth Technique, Proceedings of the 1st African International 

Conferences/Workshop on Applications of Nanotechnology to Energy, Health and Environment, UNN, 

March 23-29, (2014). 

37. O. Odezue, N. A. Okereke, and K.L. Ezenwa, Effect of pH on chemical bath deposited nickel selenide (NiSe) 

thin films, Proceedings of the 1st African International Conference/Workshop on Applications of 

Nanotechnolgy to Energy, Health and Environment, March 23-29, (2014).. 

38. M. R. Islam, J. Podder, “Optical Properties of ZnO Nano Fibre Thin Films Grown by Spray Pyrophysis of 

Zinc Acetate Precursor”, Cryst. Res. Technol, 44,286 – 292 (2009). 

39. F. Abeles, Optical Properties of Metals, North- Holland Pub. Co. Amsterdam, 97 (1972).  

40. D. Adler, J.J. Feinleib, “Elecrical and Optical Properties of Narrow-Band Materials” Phys. Rev. B, 2, 

3112 (1970).  

41. M. Zollner, S. Kipp, K.D. Becker, “Reactive processes of nickel oxide on oxidic substrates as observed by 

scanning force microscopy”, Cryst. Res. Technol.35 (3), 299 (2000).  

42. B.B. Nayak,  H.N. Acharya, Journal of Materials .Science letters, 4, 651 (1985). 

43. P. E. Agbo, G. F. Ibeh, S. O. Okeke, J. E.  Epke, Chemically deposited cuprousoxide thin film on titanium 

oxide for solar applications, Communications in Applied Sciences, 1 (1), 38-46 (2013). 

44. P.A. Nwofe, P.E. Agbo, Annealing Treatments and Characterization of  Nickel-Doped Antimony sulphide 

thin films, Journal of Non-Oxide Glasses, 9 (1), 9-17 (2017). 

45. B. Ismail, S. Mushtaq, A. Khan, Enhanced grain growth in the Sn doped Sb2S3 thin film absorber materials 

for solar cell applications, Chalcogenide Letters, 11 (1), 37-45 (2014). 

46. P.E. Agbo, P.A.  Nwofe, L.O. Odo, Analysis on Energy Band gap of zinc sulphide (ZnS) thin films grown by 

solution growth technique, Chalcogenide Letters, 14(8), 357-368 (2017). 

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867075

Volume 26, Issue 4, 2023                                          https://kyupeerref.link                                           Page  75



47. J.S. Cruz, D.S. Cruz, M.C. Arenas-Arrocena, F.D.M. Flores, S.A.M. Hernandez, Green synthesis of ZnS 

thin films by chemical bath deposition, Chalcogenide Letters, 12 (5), 277-285 (2015). 

48. R.A. Chikwenze, M.N. Nnabuchi, Properties of lead selenide films deposited by chemical bath method, 

Chalcogenide Letters, 7, 401-408 (2010). 

 
 

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867076

Volume 26, Issue 4, 2023                                          https://kyupeerref.link                                           Page  76


