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ABSTRACT 
 

 

This project emphasises the synthesis of the stoichiometric nickel telluride, NiTe2 thin 
films as the solar or photoelectrochemical (PEC) cells absorbent. Nickel telluride thin film 
in the form of transition metal chalcogenide, MX2 (M = transition metal, X = chalcogenide 
[S, Se, Te]) offers promising properties in such application. Electrodeposition has been 
chosen to deposit the film onto the substrate due to its advantages such as possibility of 
large scale deposition, minimum waste of components, easy monitoring of deposition 
process and large area deposition. Using this technique, nickel telluride thin films were 
cathodically deposited onto indium tin oxide (ITO) glass substrates. By changing the 
deposition parameters such as deposition potential, additive concentration and deposition 
time throughout the film synthesis, high quality films having good adhesion, smooth 
surface and uniform distribution were acquired. It was found that the optimal films 
parameters are in the presence of 0.1 M triethanolamine (TEA), 20 min deposition time 
and -1.0 V potential based on a few electrodeposition experiments. Structural 
characterisation through X-ray diffraction studies revealed the presence of hexagonal 
structure of nickel telluride, NiTe2 thin film with lattice parameters a = b = 0.3843 nm and 
c = 0.5265 nm. Scanning electron micrographs exposed that the films was pinhole-free, 
compact and smooth, showing a granular structure having almost spherical shape with 
well-defined grains. On the other hand, the film composition was confirmed to present 
both nickel and tellurium complying the correct stoichiometry by using Energy-dispersive 
X-ray (EDX). The optical absorption analysis employed by Shimadzu 1700 UV-Vis 
Spectrophotometer has confirmed that the energy bandgaps of NiTe2 thin film lie within 
the semiconductor range (1 - 1.2 eV) with indirect nature. The positive Mott-Schottky plots 
indicates that NiTe2 thin film is negatively charged (n-type conductivity), having more 
electrons (e-) than holes (h+). The derivation of semiconductor parameters like doping 
density, ND, built in voltage, Vb (band bending) and flat band potential, Vfb obtained from 
semiconductor studies play significant part in determining the conversion efficiency of 
photoelectrochemical (PEC) cell. The results attained from these characterisations have 
verified the compatibility of NiTe2 as solar cell green alternative materials. 
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ABSTRAK 

 

 

‘Elektro-sintesis dan Pencirian Filem Nipis NiTe2 untuk Sel Fotoelektrokimia’. Projek ini 
menekankan sintesis filem nipis nikel telurida, NiTe2 yang stoikiometri sebagai bahan 
penyerap sel fotoelekrokimia atau sel solar. Filem nipis nikel telurida dalam bentuk logam 
peralihan kalkogenida, MX2 (M = logam peralihan, X = kalkogenida [S, Se, Te]) 
menawarkan ciri-ciri yang meyakinkan dalam aplikasi tersebut. Elektroenapan telah 
dipilih untuk mendepositkan filem ke atas substrat kerana kelebihannya seperti 
kemungkinan pemendapan berskala besar, pembaziran komponen yang minimum, 
pemantauan proses pemendapan yang mudah dan kawasan pemendapan yang luas. 
Dengan menggunakan teknik ini, filem nipis nikel telurida telah didepositkan secara 
katodik ke atas kaca substrat yang bersalut indium timah oksida. Dengan mengubah 
parameter pemendapan seperti voltan pemendapan, konsentrasi bahan tambahan dan 
masa pemendapan di sepanjang proses sintesis filem, filem-filem yang berkualiti tinggi 
yang mempunyai kelekatan yang baik, permukaan licin dan penyebaran yang sekata telah 
diperoleh. Didapati bahawa parameter filem yang dipilih telah diperoleh melalui 
kehadiran 0.1 M Triethanolamine (TEA), masa pemendapan 20 minit dan voltan -1.0 V 
berdasarkan beberapa eksperimen elektroenapan. Kajian struktur melalui belauan sinar-X 
mendedahkan kehadiran struktur heksagon filem nipis nikel telurida, NiTe2 dengan 
parameter kekisi a = b = 0.3843 nm and c = 0.5265 nm. Mikroskop pengimbasan elektron 
(SEM) mendedahkan bahawa filem adalah bebas daripada liang halus, padat dan rata, 
menunjukkan struktur bergranul yang mempunyai bentuk hampir sfera dengan butiran 
yang jelas. Selain itu, komposisi filem disahkan bagi memaparkan kedua-dua nikel dan 
telurium yang mematuhi stoikiometri yang betul dengan menggunakan Serakan-Tenaga 
Sinar-X (EDX). Analisis penyerapan optik dijalankan menggunakan Shimadzu 1700 UV-
Vis Spektrofotometer telah mengesahkan bahawa jurang jalur tenaga filem nipis NiTe2 
terletak di dalam lingkungan semikonduktor (1 – 1.12 eV) dengan sifat tidak langsung. 
Plot Mott Schottky yang positif menunjukkan bahawa filem nipis NiTe2 bercas negatif 
(konduktiviti jenis-n), mempunyai lebih banyak elektron (e-) daripada lubang (h+). 
Pemerolehan semikonduktor parameter seperti ketumpatan pendopan, ND, voltan terbina 
dalam, Vb dan pinggir jalur valens, Vfb yang diperoleh dari kajian semikonduktor 
memainkan peranan penting dalam menentukan kecekapan penukaran sel fotoelekrokimia. 
Keputusan yang dicapai daripada pencirian ini telah mengesahkan keserasian NiTe2 
sebagai bahan alternatif hijau sel solar. 
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CHAPTER 1 
 

INTRODUCTION 

 

1.1 Research Background 

Concerning the environmental sustainability, the energy supplies from renewable 

sources such as solar, thermal, wind, hydro, biofuels and geothermal have been every 

nation’s energy strategy (Twidell and Weir, 2006). The interaction of light and 

semiconductors has been studied for a long time, including the photoelectric effect, which 

proved that light acted as a particle in many cases (Poortmans and Arkhipov, 2006). Solar 

cell is one of the semiconductor devices that can be designed and fabricated to detect and 

generate optical signals. Solar cells and photodetectors convert optical power into electrical 

power whereas light-emitting diodes (LED) and laser diodes convert electrical power into 

optical power. The characteristics of solar cells and photodetectors are a function of optical 

energy that is absorbed in the semiconductor, generating the excess electron-hole pairs, 

producing photocurrents. Solar cells have gained tremendous importance in the area of 

renewable energy sources. 

Thin film is a material created from the beginning by the random nucleation and 

growth processes of individually condensing/reacting atomic/ionic/molecular species on a 

substrate. Its structural, chemical, metallurgical and physical properties are energetically 

dependent on a large number of deposition parameters and may be thickness dependent as 

well. Thin films may encompass a considerable thickness range, differing from a few 

nanometres to tens of micrometres (Poortmans and Arkhipov, 2006). Apart from the 

widespread use of polycrystalline silicon solar cell, thin film technology has been 
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