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ABSTRACT

The synthesis of shape-controlled materials remains a big challenge today. 
The aim of this research is to explore the effects of magnetic field and line in the 
synthesis of shape-controlled titanium dioxide. 4-Pentyl-4-biphenylcarbonitrile 
(5CB), a liquid crystal, has been used as an alignment agent. In this research, the 
synthesis of shape-controlled titanium dioxide with liquid crystal as a structure- 
aligning agent is demonstrated using sol-gel method under a magnetic field. The 
mixture of 4-pentyl-4-biphenylcarbonitrile (5CB), tetra-^-butyl orthotitanate 
(TBOT), 2-propanol and water underwent slow hydrolysis under magnetic field (up 
to 0.3 T). The obtained titanium dioxide samples were characterized by scanning 
electron microscopy (SEM), diffuse reflectance ultraviolet-visible (DR UV-Vis) 
spectroscopy, Fourier transform infrared (FTIR) spectroscopy and 
photoluminescence spectroscopy. Interesting results were observed when an external 
magnetic field was applied in the hydrolysis of TBOT in the presence of 5CB liquid 
crystal. The titanium dioxide is 'needle' like in shape when the reaction mixture 
containing tetra-^-butyl orthotitanate (TBOT), 2-propanol and water was placed 
under external magnetic field. The titanium dioxide is spherical in shape when the 
reaction mixture was not under the influence of magnetic field. The DR UV-Vis 
spectra showed that the absorption peak of shape-controlled titanium dioxide 
synthesized under magnetic field decreased compared to the sample synthesized 
without magnetic field due to the chromophore-chromophore interaction. 
Furthermore, photoluminescence spectra showed a decreased in the intensity of 
shape-controlled titanium dioxide and an increased in the intensity of 
photoluminescence peak of liquid crystal, suggesting the occurrence of electron 
transfer from titanium dioxide to liquid crystal during ultraviolet irradiation. Based 
on these results, strong interaction has occurred between 5CB and titanium dioxide. 
This interaction was required to control the shape of titanium dioxide with liquid 
crystal under magnetic field during the hydrolysis process. Based on this synthetic 
approach, this research has generated new perspectives for the application of 
magnetic field in shape-controlled synthesis of titanium dioxide with liquid crystal as 
a structure-aligning agent.
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ABSTRAK

Sintesis bahan bentuk terkawal menjadi satu cabaran yang besar pada masa 
kini. Kajian ini bertujuan untuk mengkaji kesan medan dan garisan magnet terhadap 
penghasilan titanium dioksida bentuk terkawal. 4-Pentil-4-bifenilkarbonitril (5CB) 
adalah sejenis cecair kristal yang telah digunakan sebagai agen penjajaran. Kajian ini 
menunjukkan bahawa titanium dioksida bentuk terkawal dapat dihasilkan dengan 
menggunakan cecair kristal sebagai agen penjajaran di bawah aruhan medan magnet 
dengan menggunakan kaedah sol-gel. Campuran 4-pentil-4-bifenilkarbonitril (5CB), 
tetra-^-butil ortotitanat (TBOT), 2-propanol dan air telah melalui proses hidrolisis 
secara perlahan di bawah aruhan medan magnet (sehingga 0.3 T). Sampel titanium 
dioksida yang diperoleh dicirikan dengan menggunakan mikroskopi pengimbas 
elektron (SEM), spektroskopi pantulan serakan ultralembayung-cahaya nampak (DR 
UV-Vis), spektroskopi infra-merah transformasi Fourier (FTIR) dan spektroskopi 
fotopendarcahaya (PL). Keputusan yang menarik dapat dicerap apabila medan 
magnet digunakan dalam proses hidrolisis TBOT dalam kehadiran cecair kristal 
5CB. Titanium dioksida yang terbentuk adalah seperti jarum apabila campuran 
tindak balas yang mengandungi TBOT, cecair kristal 5CB, 2-propanol dan air 
diletakkan di bawah aruhan medan magnet. Titanium dioksida berbentuk sfera 
apabila campuran tindak balas diletakkan tanpa pengaruh medan magnet. Spektra DR 
UV-Vis menunjukkan bahawa puncak penyerapan titanium dioksida bentuk terkawal 
yang dihasilkan di bawah aruhan medan magnet menurun dibandingkan dengan 
sampel yang dihasilkan tanpa medan magnet disebabkan oleh interaksi kromofor. 
Tambahan pula, spektra fotopendarcahaya menunjukkan penurunan keamatan bagi 
titanium dioksida dan peningkatan puncak keamatan fotopendarcahaya bagi cecair 
kristal, mencadangkan bahawa pemindahan elektron terjadi daripada titanium 
dioksida ke cecair kristal semasa penyinaran ultra lembayung. Keputusan ini, 
menunjukkan bahawa berlakunya interaksi yang kuat antara cecair kristal 5CB dan 
titanium dioksida. Interaksi ini diperlukan untuk mengawal bentuk titanium dioksida 
dengan 5CB di bawah aruhan medan magnet semasa proses hidrolisis. Berdasarkan 
pendekatan sintetik ini, kajian telah menjana perspektif baharu dalam penggunaan 
aruhan medan magnet bagi sintesis titanium dioksida bentuk terkawal menggunakan 
cecair kristal sebagai agen penjajaran struktur.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

The developments of shape-controlled metal oxides have been a great interest 

in recent years due to their unique properties and technological applications. These 

metal oxides play a very important role in many scientific and technological areas. 

Their physicochemical properties and useful applications have been extensively 

studied by solid-state chemists (Seshadri, 2001; Burda e? %A, 2005). Metal oxides 

including transition metals are able to form a large diversity of oxide compounds, 

giving the inspiration for designing new materials (Antonini e? %A, 1987). In addition, 

metal oxides having multivalent oxidation states have attracted much attention 

among specialists because they often exhibit superior catalytic reaction performance.

From previous researches, many efforts have been done in order to synthesize 

shape-controlled metal oxides. For example, shape-controlled vanadium oxides have 

focused on the development of synthetic approaches towards nanotubes, nanobelts, 

nanofibers, nanowires and nanorods (Shah e? %A, 2008). Furthermore, the synthesis 

of erbium-compound materials with controllable shape such as spheres, wrinkle- 

surfaced spheres and flowers has also been reported (Nguyen e? %A, 2010). The 

synthesis of Mn3O4 with dot, rod and wire shapes has also been reported (Li e? %A, 

2010).
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Solvothermal and hydrothermal are the most common and popular techniques 

used to synthesize shape-controlled metal oxide (Shah e? %f, 2008; Tenne, 2004; 

Wang e? %A, 2005). Hydrothermal and solvothermal synthesis are refers to the 

synthesis by chemical reactions of substances in a sealed heated solution above 

ambient temperature and pressure. The only difference between these two techniques 

is the precursor solution of solvothermal technique is usually non-aqueous. There are 

some disadvantages in these techniques although they are widely used to synthesize 

shape-controlled metal oxide materials. The disadvantages are the need of expensive 

autoclaves, the safety issues during reaction process and impossibility of observing 

the reaction process since the reaction is done in a black box. Therefore, in this 

research, a new technique has been applied by using magnetic field to synthesize 

well-aligned metal oxide material.

Magnetic field is a mathematical description of the magnetic influence 

towards magnetic materials and it is produced by moving electric charges and the 

intrinsic magnetic moments of elementary particles associated with a fundamental 

quantum property, their spin. In everyday life, magnetic fields are most often 

encountered as an invisible force created by permanent magnets which pulls on iron 

objects and attracts or repels other magnets. The permanent magnets are objects that 

produce their own persistent magnetic fields. They are made of ferromagnetic 

materials, such as iron and nickel, that have been magnetized, and they have both a 

north and a south pole. Figure 1.1 shows the iron (Fe) powders line up along the 

magnetic lines of a bar magnet from north to a south pole.

Figure 1.1: Iron powders line up along the magnetic field lines of a bar magnet 

from north to a south pole (Purcell, 2011).
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Most materials respond to magnetic field by producing their own magnetism. 

The magnetism is one of the main physical properties of materials and every material 

possesses its own magnetism. It can be classified into three groups which are 

ferromagnetism, paramagnetism and diamagnetism. For example iron and nickel are 

the substances that possess ferromagnetism properties. Paramagnetic materials are 

materials that are attracted to magnetic fields, for example oxygen gas. Diamagnetic 

materials are materials that are unaffected by magnetic fields. Water is included in 

this category (Yamaguchi and Tanimoto, 2006). The magnetism properties are due to 

the magnetic susceptibility or magnetic energy density of material. Therefore, 

magnetic field is expected to give effect towards physical properties in order to 

control the chemical and physical processes (Young and Freedman, 2011).

From 1992 to 1994, magnetic field effects to control chemical and physical 

processes have been studied extensively in Japan, as the importance of high magnetic 

field has been recognized (Yamaguchi and Tanimoto, 2006). From the research 

project entitled "Innovative Utilization of High Magnetic Field", it is stated that 

many interesting phenomena which can hardly be detected in low magnetic field 

have been observed. The marvellous finding of these results is that chemical and 

physical processes can be associated even with diamagnetic materials. For example, 

magnetic orientation of organic polymers, gels and carbon nanotubes, magnetic 

levitation of diamagnetic materials, and pseudo-microgravity generated by magnetic 

force have been observed (Yamaguchi and Tanimoto, 2006). These newly found 

magnetic phenomena will be very useful for processing functional molecules with 

improved quality.

Therefore, in this research, the magnetic field technique is a potential method 

because it has an advantage that all of the materials, even diamagnetic materials, can 

be aligned by magnetic field as long as they have magnetic anisotropy. Magnetic 

anisotropy is the material's magnetic properties. The material that has been utilized in 

this research is tetra-^-butyl orthotitanate (TBOT) which is a precursor of titanium 

dioxide (TiO2). Titanium dioxide is currently the most important, most widespread 

and most investigated metal oxide due to its low toxicity, high thermal stability, and 

broad applicability (Lubis, 2013). With semiconductor properties, titanium dioxide
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has shown outstanding performance in photocatalysis, water-splitting and self­

cleaning. It is also useful in medical application due to its biocompatibility. Different 

shapes and sizes of titanium dioxide were reported to give different effects in various 

reactions such as photocatalytic reaction.

In addition, it is hypothesize that TiO2 could be synthesized under magnetic 

field. It is expected that a new phenomenon will be discovered in the synthesis of 

materials under magnetic fields. Here, 4-pentyl-4-biphenylcabonitrile (5CB), a liquid 

crystal has been used as an alignment agent since it can be aligned under magnetic 

field. In this research, the shape-controlled synthesis of TiO2 with liquid crystal as a 

structure-aligning agent is demonstrated for the first time using sol-gel method under 

a magnetic field.

This research is considered as a novel approach, due to the external magnetic 

field used to obtain shape-controlled TiO2 and to the best of our knowledge, there has 

been no publications on this yet. Figure 1.2 shows the conceptual model for the 

alignment of shape-controlled TiO2 with 5CB liquid crystal under magnetic field. 

Based on the concept, one hypothesizes that well-aligned TiO2 could be synthesized 

under the magnetic field in the presence of 5CB liquid crystal as the alignment agent.
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Liquid crystal,
Liquid crystal,

under magnetic field

\

agnetic field 
^direction

TiO2 TiO2

Shape-controlled 
TiO2 was aligned 

under magnetic field

Figure 1.2: The conceptual model for the alignment of shape-controlled TiO2 with 

liquid crystal, 5CB under magnetic field.

1.2 Problem Statement

This research is focused on investigating the effects and the influence of 

magnetic fields towards shape-controlled TiO2 synthesized under magnetic field and 

the photocatalytic activity of the synthesized TiO2 .

In previous research, it was demonstrated that TiO2 could be synthesized 

under strong magnetic field using cetyltrimethylammoniumbromide (CTAB) as the 

alignment agent (Attan, 2013). The yarn-like, well-aligned TiO2 was obtained where 

the hydrolysis of TBOT with CTAB as the alignment agent was carried out under 

magnetic field (Attan, 2013). However, the structure of well-aligned TiO2 collapsed 

when the CTAB was removed. Therefore, this problem was overcome with the 

improvement of synthesizing TiO2 under magnetic field using a different alignment 

agent which is 4-pentyl-4-biphenylcabonitrile, 5CB liquid crystal.
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The sol-gel method was employed to synthesize the shape-controlled TiO2, 

with TBOT as the titanium dioxide precursor, 5CB liquid crystal as the alignment 

agent, with slow hydrolysis rate under magnetic field. 5CB is predicted to control the 

alignment of TBOT to produce well-aligned TiO2 under magnetic field.

The effect of magnetic field towards the synthesized TiO2 was characterized 

by several analytical instruments. The morphology and physicochemical properties 

of the shape-controlled TiO2 were characterized using scanning electron microscope 

(SEM), Fourier transform infrared spectrometer (FTIR), X-ray diffraction (XRD) 

spectrometer, photoluminescence spectrometer (PL), thermal gravimetric analyser 

(TGA), nitrogen adsorption apparatus and diffuse reflectance ultraviolet visible (DR 

UV-Vis) spectrometer. Figure 1.4 shows the research questions and hypothesis in this 

research.
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Shape-Controlled Synthesis of Titania with 4-pentyl-4- 
biphenylcarbonitrile as a Structure-Aligning Agent under the Influence

of Magnetic Field

Research Questions

* Is there any difference between synthesized TiO2 under magnetic 

field and without magnetic field?

* Can the shape and alignment of TiO2 be controlled under the 

effects of magnetic field?

* What are the characteristics of the synthesized shape-controlled 

TiO2 with liquid crystal as an alignment agent under magnetic 

field?

* Does shape-controlled TiO2 with liquid crystal 5CB influence the 

photocatalytic activity?

Hypothesis

* The well-aligned TiO2 can be synthesized under magnetic field 
with liquid crystal as an alignment agent. This material is more 
active in photocatalytic oxidation of styrene with aqueous H2O2 

(30%) compared to that of the non-aligned TiO2.

Figure 1.3: Summary of the research questions and hypothesis.
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1.3 Objectives of Study

The objectives of this research are:

* to synthesize shape-controlled TiO2 using liquid crystal as an alignment agent 

under magnetic field.

* to characterize the synthesized shape-controlled TiO2 .

* to evaluate the photocatalytic activity of the shape-controlled TiO2 .

1.4 Scope of Study

In this research, magnetic field was applied to synthesize the shape-controlled 

TiO2 with liquid crystal as structure-aligning agent. The shape-controlled TiO2 was 

successfully synthesized by sol-gel method by using TBOT as TiO2 precursor in the 

presence of 5CB liquid crystal, with slow hydrolysis process. The solution was 

placed under magnetic field (up to 0.3 Tesla) and left to self-dry for 12 to 14 days.

Several techniques were used to characterize the sample, such as scanning 

electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), X-ray 

diffraction (XRD) spectroscopy, photoluminescence spectroscopy (PL), thermal 

gravimetric analyser (TGA), nitrogen adsorption apparatus and diffuse reflectance 

ultraviolet visible (DR UV-Vis) spectroscopy. These physicochemical properties 

were correlated to the photocatalytic activity in the oxidation of styrene.
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1.5 Significance of Study

In this research, the shape-controlled TiO2 with liquid crystal as a structure- 

aligning agent was synthesized under magnetic field for the first time. Magnetic field 

is one of the potential methods to align and orientate molecules, even for diamagnetic 

materials; it can be aligned by magnetic fields as long as they have the magnetic 

anisotropy.

The novelty of this research is the establishment of the synthesized shape- 

controlled TiO2 obtained under strong magnetic field. It is expected to be a potential 

photocatalyst due to its ability to reduce the recombination process of hole and 

electron during ultraviolet irradiation. Therefore, the ultimate goal of this research is 

to synthesize a new material under magnetic field by using liquid crystals as the 

alignment agent.
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