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ABSTRACT 

Metal oxide semiconductors have been widely studied due to its wide 

properties and applications. Among them, nickel oxide (NiO) is an important metal 

oxide which contributes to a wide range of applications in gas sensors, fuel cell 

electrodes, catalysis and optoelectronic devices.  In the present study, the critical 

micelle concentration (CMC) of CTAB surfatctant obtained was equal to  9×10
-4

 M. 

Nickel oxide nanoparticles was successfully prepared without and with CTAB 

surfactant by sol-gel method. Based on characterization techniques, the effect of 

different concentrations of cationic surfactant (cetyltrimethylammonium bromide, 

CTAB) on NiO nanoparticle properties were studied. Fourier transforms infrared 

spectroscopy (FTIR) showed a wide band at  430-530 cm
-1 

corresponding to the Ni-O 

assymmetric vibration. The resulting nickel oxide particles were highly crystalline 

within the range of 19.3–23.0 nm as calculated using Scherrer equation. Below 

(CMC) gave the smallest particle size. Moreover, X-ray diffraction (XRD) pattern 

showed a face centered cubic (FCC) structure. The optical properties were studied 

using UV-Vis-NIR scanning spectrophotometer, which shows the band gap energy 

of  prepared NiO samples decreased with increasing CTAB concentration, indicating 

the increase in the conductivity. The result showed that at lower (CMC), the NiO 

sample displayed uniform morphology and smaller particle size as shown by the 

FESEM analysis. 
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ABSTRAK 

Semikonduktor oksida logam telah dikaji secara meluas oleh para penyelidik 

disebabkan oleh kepelbagaian sifat dan aplikasinya. Antaranya, nikel oksida (NiO) 

yang merupakan oksida logam penting yang menyumbang kepada pelbagai aplikasi 

dalam sensor gas, sel solar, pemangkin dan peranti optoelektronik. Dalam kajian ini, 

kesan kepekatan surfaktan (setiltrimetilammonium bromida, CTAB) atas sifat 

nanopartikel NiO telah dikaji. Kepekatan kritikal misel (CMC) bagi CTAB yang 

diperolehi dalam kajian ini adalah 9×10
-4

 M. FTIR menunjukkan jalur yang sepadan 

dengan getaran tak simetri Ni-O. Zarah nikel oksida yang terhasil adalah berhablur 

tinggi iaitu dalam julat 19.3-23.0 nm yang dikira daripada persamaan Scherrer. 

Kepekatan di bawah CMC telah memberikan saiz zarah yang paling kecil. Tambahan 

pula, XRD menunjukkan corak struktur kiub berpusat muka. Sifat optik telah dikaji 

dengan teknik spektrofotometer pengimbasan UV-Vis-NIR, menunjukkan bahawa 

tenaga jurang jalur sampel NiO yang disediakan mengalami penurunan dengan 

peningkatan kepekatan CTAB, serta menunjukkan peningkatan kekonduksian. 

Keputusan yang diperolehi menunjukkan bahawa pada kepekatan CMC yang lebih 

rendah, sampel NiO mempunyai morfologi seragam dan saiz zarah yang lebih kecil 

seperti yang ditunjukkan oleh analisis FESEM. 
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CHAPTER 1 

INTRODUCTION 

1.1  Introduction 

Nickel oxide (NiO) is a green and well characterized oxide that crystallises with 

the cubic structure and has a p-type wide band gap (3.6-4.0 eV) semiconductor [1]. 

Figure 1.1 shows the six coordination number both for nickel and oxygen atoms and 

NiO belongs to NaCl structure, so-called rock salt structure [2]. Nickel oxide is an 

important antiferomagnetic semiconductor with excellent properties such as gas-

sensing, catalytic and electrochemical properties. NiO nanoparticles are widely used 

in different fields such as catalysis, electrochromic films and fuel cell electrodes due 

to ther mechanical, electronic, magnetic and optical properties [3]. 

 

Figure 1.1:   Crystal structure of cubic NiO. 
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Bulk NiO showed antiferromagnetic character below the neel temperature of 523 

K and the magnetic properties can be modified with reduction of particle size. The 

antiferromagnetic character of NiO is super paramagnetic (300 K) when the particle 

size reaches approximately 100 nm [4]. 

Various techniques can be used to synthesize NiO nanoparticle some of which 

including: sol–gel, laser ablation, hydrothermal, solvothermal, chemical vapor 

deposition, anodic plasma, precipitation, microemulsions technique, sonochemical 

and thermal decomposition [5, 6]. Among all the above mention techniques the sol 

gel method is most suitable for the synthesis of nickel oxide nanoparticle because it 

offers several advantages over other methods. Some of the advantages of sol-gel 

method posses over other methods including: low processing temperature, better 

homogeneity, controlled stoichiometry, low processing cost, better control over the 

particle size of the crystallite, flexibility of forming dense monoliths and thin films, 

or nanoparticles. 

Surfactants are used in the preparation of crystalline metal oxide in the nanoscale to 

control crystal growth and to provide solubility. Surfactants help to organize the 

small oxide crystallites into a sufficiently ordered structure to generate regular pores 

and low angle of Bragg reflection [7]. The use of surfactants, generally consisting of 

a coordinating head group and a long alkyl chain, offers several advantages. The 

coating of the nanoparticles prevents agglomeration during synthesis and results in 

good colloidal stability of the final product in organic solvents. Dynamic adsorption 

and desorption of surfactant molecules onto particle surfaces during particle growth, 

sometimes combined with selectivity toward specific crystal faces, enables control 

over particle size, size distribution and morphology [8]. Moreover, the surfactants 

can be exchanged against other ones in a post synthetic step, allowing the chemical 

modification of the surface properties of the nanoparticles [9]. Although the organic 

species strongly influence the structural, compositional and morphological 

characteristics of the inorganic product and thus offer a versatile tool for tailoring 

particle size, shape, composition and surface properties, this is only possible on an 

empirical basis as long as the organic-inorganic interface is not completely 
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understood on a molecular level and as long as there is no detailed information 

available about how organic molecules bind and pack on nanocrystal surfaces [10]. 

The surfactants have to be removed firstly by washing the product with distilled 

water and then completely removed by burning the samples at higher temperature to 

improve thermal stability and the purity of the nickel oxide nanoparticle [11]. The 

main purpose of the present research is to study the influence of cationic surfactant 

(CTAB) on the nickel oxide nanoparticle properties such as particle size and 

morphology. 

1.2 Problem statement 

 Semiconductor nanocrystals have unique properties of controlling size and 

shapes which contain thousands of atoms with the periodicity of bulk semiconductors 

among the other known molecular and solid-state regime materials. However, the 

structure of electronic levels and the resulting electrical and optical properties can be 

strongly modified as the physical dimensions of the nanocrystals confine the wave 

functions of electrons and gaps. Reduction of the nanocrystals size causes a 

characteristic blue shift of the band gap [12]. 

Nanoparticles are thermodynamically unstable because of large surface free 

energy. In order to obtain stable nanoparticles, they have to be stabilized kinetically 

during the reaction by adding stabilizing agents such as organic/inorganic ligands or 

capping agents. Nanocrystals dispersed in liquids are either charge-stabilized or 

sterically stabilized [13]. In the case of sterically stabilized nanoparticles, capping 

agent is adsorbed on the surface of the particles either by forming chemical bonds or 

by weak interactions. These capping agents act as stabilizers due to repulsion 

between their tail groups as shown in Figure 1.2a.  
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In the case of charge stabilized nanoparticles, an electric double layer is formed 

on the surface of the particle. This double layer acts as stabiliser due to electrostatic 

repulsion between layers of different particles as shown in Figure 1.2b [13]. 

 

(a)                                                              (b) 

Figure 1.2: Schematic representation of nanoparticles stabilization by: (a) Steric 

repulsion/interaction. (b) Electrostatic repulsion. 

The wide band gap makes NiO an attractive matrix for electrically activated 

emission, since wide band gap semiconductors have higher excitation ionization 

energy [14]. Recently, it was found that small NiO nanoparticle has many defects 

such as oxygen vacancies because of a large area. This will lead to an increase in the 

trap of emission in the visible region [15]. These ideal surfaces do not exist in the 

case of nanoparticles, thereby increasing the number of unreconstructed surfaces, 

dangling bonds, and surface vacancies that induce acceptor or donor levels at the 

grain surface [16]. 

However, it was still difficult to control the size of nanoparticles. Recently, it has 

been noted that anionic, cationic and nonionic surfactants can be used to assist the 

formation of nanoscaled materials [17]. Hence, this study focuses on the study of 

nickel oxide nanoparticles properties with an organic compound, specifically the 

CTAB surfactant, because CTAB is a cationic surfactant and ionizes completely in 

aqueous solution. The resulted cations were a tetrahedron with a long hydrophobic 

tail. Therefore, ion-pairs between [Ni(OH)4]
2–

 and CTA
+
 could form due to 

electrostatic interaction [18].  
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In the crystallization process, surfactant molecules adsorbed on the crystal nuclei 

not only serve as a growth director but also as a protector to prevent from 

aggregation of the product. As a result, NiO nanoparticles were produced. According 

to above results, the smallest sized and well-dispersed NiO nanoparticles were 

obtained successfully with cationic surfactant CTAB [19]. 

1.3 Objectives of study 

The objectives of this study are: 

1. To determine the critical micelle concentration (CMC) of cationic 

surfactant used. 

2. To synthesize nickel oxide nanoparticle without and with CTAB 

surfactant. 

3. To characterize the product using TGA, XRD, FTIR, FESEM and UV- 

visible spectroscopy.  

4. To study the effect of CTAB concentration (below, at and after CMC) 

on the nickel oxide properties.  

1.4 Scope of the Study 

 In this study, the type of surfactant used is cationic surfactant 

(cetyltrimethylammonium bromide (CTAB)). This research focuses more on the 

effect of surfactant concentration on the nickel oxide properties. Initial part of the 

study to determine the critical micelle concentration (CMC) of CTAB surfactant, 

followed by preparation of nickel oxide nanoparticle using sol-gel method without 

surfactant (CTAB). Furthermore preparing nickel oxide nanoparticle using CTAB as 

surfactant by adding different concentration (below, at and after CMC) of the 

surfactant to the reaction mixture. Characterizations include X-ray diffraction (XRD) 
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to study the structure and the size of crystals via Debye-Scherrer's equation, field 

emission scanning electron microscope (FESEM) for imaging the morphology of the 

surface, fourier transformed infrared (FTIR) spectroscopy were employed to shows 

the type of chemical bonds are present in the sample and UV-Vis-NIR scanning 

spectrophotometer for studying optical properties. 

1.5 Significance of Research 

 The importance of this study is to provide an alternative method of sol-gel 

preparation to produce nickel oxide nanoparticle, which have nanostructure grain in 

order to extend its application, furthermore to improve the properties of nickel oxide 

nanoparticle by the addition of surfactant at different concentration depending on the 

critical micelle formation. Micellization is observed in surfactant solution when 

concentration exceeds the critical micelle concentration (CMC), whereas the 

physicochemical properties of the aqueous solution change abruptly, different 

physical and chemical properties such as electrical conductivity, interfacial tension 

and detergency dramatically change. The solubility of hydrocarbons is greatly 

increased if the concentration of surfactant is above the CMC. At this concentration, 

the polar and nonpolar groups become oriented and organized to form clusters in the 

solution which referred as micelles. The hydrophilic groups point outwards from 

within the micelles and the hydrophobic groups point inwards within the micelles 

and often have hydrocarbon character [20]. Therefore practical applications of 

surfactants depend on accurate knowledge of CMC [21]. So in the present study, the 

properties of nickel oxide nanoparticle had studied by varying the concentration of 

surfactant above the CMC value, equal to CMC and also below CMC. 
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