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ABSTRACT 

The objective is to synthesize and prepare three Liquid Crystal (LC) compounds with 

nitro group as tenninal of differs only by their length of alkyl chains. The preparation 

started with synthesizing 4-(4-nitrophenylazo)phenol. Initially, it starts with the 

diazotization of p-nitroaniline to prepare the diazonium salt. The diazonium salt 

obtained then undergoes a coupling reaction with phenol , which produces 4-(4-

nitrophenylazo)phenol in an ice bath to keep the whole reaction under 5 dc. The 

compound is then left crystallized. Later, three final products were obtained vIa 

Williamson Synthesis by reacting the 4-(4-nitropheny\azo)phenol with 1-

bromohexane, I-bromodecane, and I-bromohexadecane - producing the three 4-(4-

n i tropheny lazophenoxy )hexane, 4-( 4-nitropheny lazophenoxy )decane, and 4-(4-

nitrophenylazophenoxy)hexadecane respectfully. They are then purified and 

recrystallized. A structure molecule and phase analysis are done via FTJR, 'H-NMR 

spectroscopy and DSC. The functional groups found are identical with the correspond 

compounds, and so does it's molecular structure. Enthalpies were also obtained but not 

the mesophase for all LCs. 



PENYEDlAAN HABLUR CECAIR MENGGUNAKAN PELBAGAI RANTA I 

ALKIL DENGAN KUMPULAN NITRO SEBA GAl TERMINAL. 

ABSTRAK 

VI 

O~jektif disertasi ini adalah untuk mengsintesis dan menyediakan tiga bahan hablur 

cecair dengan kumpulan nitro sebagai terminal dan hanya berbeza pada panjang 

ran/ai alkif. Penyediaan bermula dengan mengsinlesis 4-(4-nitrofenilazo)fenol. fa 

dimufakan dengan proses diazotization p-nitroaniline untuk menyediakan garam 

diazonium.Garam diazonium yang diperolehi kemudianya dilindakbalas coupling 

dengan fenol, yang menghasilkan 4-(4-nitroJenilazo)fenol dalam mandian ais un/uk 

mengekalkan tindakbalas dibawah suhu 5 dc. Bahan terhasil kemudiannya dibiarkan 

menghablur. Kemudian, tiga produk akhir diperolehi melalui sintesis Williamson 

dengan mengtindakbalaskan 4-(4-nitrofenilazo)Jenol dengan f-bromoheksana. f

bromodekana, dan f -bromoheksadekana menghasilkan keliga-tiga 4-(4-

nilroJenilazoJenoksi)heksana, 4-(4-nilrojemilazojemoksi)dekana, 4-(1-

nitroJenifazofenoksi)heksadekana. Mereka kemudiannya ditulenkan dan dihablurkan 

sekali lagi. Struktur molekul dan Jasa dianalisis menggunakan spekstroskopi FTIR, 

I H-NMR dan DSC. Kumpulan belfungsi yang ditemui adalah berpadanan dengan 

bahan-bahan terse but, begitu juga sfruktur molekul mereka. Entalpi-enfalpi juga 

diperolehi tetapi tiada Jasameso bagi kesemua hablur cecair. 
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CHAPTERl 

INTRODUCTION 

1.1 Liquid Crystal 

According to Daintith (2004), liquid crystal (LC) is a state of mater which is more 

ordered, meaning to say that it is arranged or organized, than a liquid but less ordered 

than a solid. Its state was first discovered in 1888, and since the early 19th century that 

such crystals have been developed for use in our everyday appliances such as digital 

watches, calculators and portable computer screens. Liquid crystal materials are 

unique in their characteristics, properties and uses. Every now and then, new 

applications are developed thus, LC play an important role in the modern technology. 

Generally, LC materials have several common characteristics. Among these are rod-

like molecular structures, rigidness (stiff and difficult to move or bend) of the long 

axis, and strong dipoles and easily polarisable substituents. 

Nematic crystals, for example, have long molecules all aligned in the same 

direction, but otherwise randomly arranged. Cholesteric and smectic liquid crystals, 

however, also have aligned molecules that are arranged in cle rlY,: differ s 
UNIVERSITI MALAYSIA SABAH 
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cholesteric crystals, the axes of the molecules are parallel to the plane of the layers 

(Daintith, 2004). 

According to Collyer (1992), there are few types of classification of liquid 

crystals. The distinguishing characteristic of the liquid crystalline state is the tendency 

of the molecules (mesogens) to point along a common axis, called the director. This is 

in vice versa to molecules in the liquid phase, which have no intrinsic order. In the 

solid state, molecules are highly ordered and have little translational (to move from 

one place to another) freedom. The characteristic orientational order of the LC state is 

between the traditional solid and liquid phases and this is the origin of the term 

mesogenic state, and it is used synonymously with LC state. Liquid crystal teclmology 

has had a major effect in many areas of science and engineering, as well as device 

technology. Applications for this material are still being discovered and continue to 

provide effective solutions to many different problems from out typical everyday 

needs to our latest laptop CrystaIBrite© LCDs. Liquid crystal displays are the most 

common application of LC technology these days. An LCD consists of an array of tiny 

segments (pixels) that can be manipulated to present information. This basic idea is 

common to all displays, ranging from simple calculators to full interactive plasma 

screen televisions. 

Chiral nematic (cholesteric) liquid crystals reflect light with a wavelength 

equal to the pitch. Because the pitch is dependent upon temperature, the colour 

reflected also is dependent upon temperature. LC makes it possible to accurately gauge 

temperature just by looking at the colour of the thermometer. By mixing different 

compounds, a device for practically any temperature range can b-e s 
UNIVERSITI MALAYSIA SABAH 
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important and practical applications have been developed in such diverse areas as 

medicine and electronics. Special LC devices can be attached to the skin to show a 

"map" of temperatures. LC temperature sensors can also be used to find bad 

connections on a circuit board by detecting the characteristic higher temperature 

(http://www.sharp.com). 

An application of liquid crystals that is only now being explored is optical 

imaging and recording. In this technology, an LC cell is placed between two layers of 

photoconductor. Light is applied to the photoconductor, which increases the material's 

conductivity. This causes an electric field to develop in the liquid crystal 

corresponding to the intensity of the light. The electric pattern can be transmitted by an 

electrode, which enables the image to be recorded. This technology is still being 

developed and is one of the most promising areas of LC research. LCs have a 

multitude of other uses. They are used for non-destructive mechanical testing of 

materials under stress. This teclmique is also used for the visualization of radio 

frequency waves in waveguides. They are used in medical applications where, for 

example, transient pressure transmitted by a walking foot on the ground is measured. 

Low molar mass LCs have applications including erasable optical disks, full colour 

"electronic slides" for computer-aided drawing, and light modulators for colour 

electronic imaging (http://en.wikipedia.org). 

1.2 Objectives 

I. To prepare liquid crystals US1l1g varIous alkyl chains with nitro group as 

terminal. 
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II. To determine the structure of liquid crystal using Fourier Transform Infra Red 

Spectroscope (FTIR) and Nuclear Magnetic Resonance Spectroscopy (NMR). 

III. To detennine the phase condition by Differential Scanning Calorimeter (DSC). 

1.3 Scope 

This project focused on some of the vanous ways of preparing liquid crystals, 

depending on the end product wanted. Organic synthesises are the maIn steps In 

achieving the types of liquid crystal wanted. There are three types of liquid crystals 

wanted, differ in length of the alkyl groups: 

a. 4-( 4-Nitrophenylazophenoxy)hexane 

b. 4-(4-Nitrophenylazophenoxy)decane 

c. 4-( 4-Nitrophenylazophenoxy)hexadecane 

The procedures involved are such as refiuxes, crystallization and etherification 

using ordered chemicals from manufactures selected and basic chemicals available 

from the laboratory like acetone, dichloromethane, methanol and chloroform. 

Instrument used are that of available in the laboratory and for molecular determination, 

a permeation to used the FTIR and NMR available at Institute of Tropical Borneo 

Research, and phase transition using the available DSC at the Industrial Chemistry 

laboratory. 

UMS 
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CHAPTER 2 

LITERA TURE REVIEW 

2.1 Liquid Crystal 

Liquid crystal is a state of matter which is more ordered than a liquid but less ordered 

than a solid. Although the liquid crystal state was first noticed as long ago in 1888, it is 

only since the early 1970s that such crystals have been developed for use in digital , 

calculators, computer screens, and cell-phones. A mesomorphic state having long-

range orientational order and either partial positional order or complete positional 

disorder. In the LC state, a substance combines the properties of a liquid and a 

crystalline solid. The LC state occurs between the crystalline solid and the isotropic 

liquid states on varying, for example, the temperature (Hunt, 2003). 
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Figure 2.1 The isotropic liquid, the nematic liquid crystal, and the solid crystal 

phase with director of the liquid crystal , indicating the average direction 

of the particles, are vertical (Source: Bar6n & Stepto, 2002). 

A liquid crystal is a phase (Figure 2.1) occurring over a definite temperature 

range within the LC state, a substance in the LC state, and a pronounced anisotropy in 

the shapes and interactions of molecules, molecular moieties, or molecular aggregates 

are necessary for the formation of liquid crystals (Bar6n & Stepto, 2002). 

2.1.1 Thermotropic Liquid Crystal 

A liquid crystal (LC) is thermotropic if the order of its components is determined or 

changed by temperature. If temperature is too high, the rise in energy and therefore in 

motion of the components will induce a phase change: the LC will become an isotropic 

liquid. Tf, the temperature is too low to support a thermotropic phase, the LC will 

become a crystal. Therefore, a range of temperatures at which we observe 

thermotropic LCs; and most of these have several "subphases" (nematic & smectic), 

which we may observe by modifying the temperature (http://en.wikipedia.org). 

UMS 
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