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SYNTHESIS OF LlOUiO CRYSTALLINE AZOBENZENE CQNTAINING 

POLYMER 

ABSTRACT 

v 

The objective of this thesis is to synthesis of liquid crystalline azobenzene containing 

polymer. The slarting material for the synthesis is 4.Aminoacetophenone. The initial 

process is diazonium salt coupling reactions which react with sodium nitride and phenol 

to obtain 4-(4-hydroxyphenylazo)acetophenone. The compound then reacts willi 3-

bromoprop-I--ene and potassium carbonate to obtain 4-(4-

aUy loxyphenylazo)aCClophcnonc. This reaction is called Williamson synthesis reaction. 

The synthesized compound then undergoes radical polymerization reaction and 

purification. These reactions are reacted by AIBN as initiator and dried THF as the 

solvent The final compound was 4-(4-propoxyphenylazo)acetophenone. This final 

compound is purified by methanol and crystallization. The final compound has a 

mching point at the range of 920C to 105°C. By compare the functional group in the 

FT-lR spectra 4-( 4-hydroxyphenylazo )acetophenone, 4-(4-

ally loxypheny lazo )acetophenone, and 4-{ 4~propoxypbenyl8zo )acetophenone, these 

compounds are indicated that the functionaJ groups are in molecular stmcture as 

projected. TIle DSC analysis showed the compound has IIO.69°C endothennic peak 

and 80.74 Jig enthalpy changes. The compound also has exothennic peak at 106.05 ' C 

and 8J . 76 Jig enthalpy changes. 
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SYNTIIESIS OF LIQUID CRYSTALLINE AZOBENZENE CONTAINING 

POLYMER 

ABSTRACT 

The objective of this thesis is to synthesis of liquid crystalline azobenzene containing 

polymer. The starting material for the synthesis is 4-Aminoacetophenone. The initial 

process is diazonium salt coupling reactions which react with sodium nitride and phenol 

to obtain 4-(4-hydroxyphenylazo)acetopbenone. The compound then reacts with 3-

bromoprop-l-ene and potassium carbonate to obtain 4-(4-

allyloxyphenylazo )acetophenone. This reaction is called Williamson synthesis reaction. 

The synthesized compound then undergoes radical polymerization reaction and 

purification. These reactions are reacted by AIBN as initiator and dried THF as the 

solvent. The final compound was 4-( 4-propoxyphenylazo )acetophenone. This final 

compound is purified by methanol and crystallization. The final compound has a 

melting point at the range of 92°C to 105°C. By compare the functional group in the 

FT-IR spectra 4-( 4-hydroxyphenylazo )acetophenone, 4-(4-

aUyloxyphenylazo )acetophenone, and 4-( 4-propoxyphenylazo )acetophenone, these 

compounds are indicated that the functional groups are in molecular structure as 

projected. The DSC analysis showed the compound has 11O.69°C endothermic peak 

and 80.74 Jig enthalpy changes. The compound also has exothermic peak at 106.05°C 

and 81.7 6 Jig enthalpy changes. 
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SYNTJ-JESIS OF LlOUID CRYSTALLINE AWBENZENE CONTAINING 

POLYMER 

ABSTRAK 

VI 

Objek/if tesis in; adolali un/uk menyinlesiskan azo-henzena kryslal cecalr yang 

mengondllngi polimer. Longkah pemmlaan dalam sinlesis ini ialoll menggunakan 4-

aminoaselOjenol1 melalui Imdak balas penduan gorum diazoniu", dengan fena/un/uk 

mengha.\'ilkon 4-(-I-hidroksiftnilazo)aseloftnon. Bahan yang diperoleh hertimlak balas 

dengan 3-bromopropena dan kalium karbonat Un/uk mempero/eh -1-(4-

aliloksifeni/ozo)asetofenon. 1'indok halas in; di/xmggillindak halas Williamson sinlcsis. 

Bahan in; kemudian mengalami lindale balas pempolimeran radikol dan pembers/han. 

Tindak bolas ini bertindak dengan A/BN .tebaga; pernula don TNI' /cering sebago; 

lomlan. Hohan leraleh;r lalah .J-(4-propoksijenilazo)aselo!enon. Bahan ini akan 

dibersihkan oIeh melanol dan pengrislolon. Bahan in; mengandungl lakal lebur patio 

linglnmgan 92°C_105°C. Dengan membandingkan kumpulan beljUngsi do/am imbasan 

FT-JR 4-(4-h;droksifenilazo)aselofenoll, 4-(4-aliloksifenilazo)aselofenon dan -1-(4-

propoksijimilazo)asclojtmon mempunyai !;vmua /nJmplllan berfongs; yang dijangkakan. 

Analisis DSC menunjukkan bahan leraki1ir mempunyai 110.69°C pllncak pada 

endolermik dan 80.74 Jig emalpi. Bahan in; juga dilunjukkan fX1da /06.050(; patio 

puncak eksolemlik don 8/.76 Jig ema/pi. 



CONTENTS 

DECLARATION 

CERTIFICATION 

ACKNOWLEDGEMENTS 

ABSTRACT 

ABSTRAK 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF PHOTOES 

LIST OF SCHEMES 

LIST OF TABLES 

CHAPTER I INTRODUCTION 

1.1 Introduction 

1.2 Research Objective 

CHAPTER 2 LITERATURE REVIEW 

2.1 Concept of Liquid Crystals 

2.1.1 Thennotropic Liquid Crystals 

2.1.2 Rod-Like (CaJamitic) Liquid Crystalline Compounds 

a) Nematic Phase 

VII 

II 

III 

IV 

V 

VI 

VII 

X 

XI 

XII 

XIII 

3 

4 

5 

5 

6 



VIII 

b) Smectic phase 7 

c) Cholesteric (chiral nematic) phase 9 

2. 1.3 Disc-Like (Discotic) Liquid Crystalline Compounds 10 

2.2 Theory of Liquid Crystalline Polymer II 

2.2.1 Main-Chain Liquid Crystal Polymers 12 

2.2.2 Side-Chain Liquid Crystal Polymers 13 

2.3 Phase Transitions and Phase Diagrams in Liquid Crystal Polymers 13 

2.3.1 Nematic Order in Polymer Melts 14 

a) Melts oflinear copolymers 14 

b) Melts of Comb-like Polymers 14 

2.4 Azobenzene Linkage J 5 

2.5 StruClure~Liquid Crystalline Property Correlatjons 

2.5.1 Mesogenic Group Effects 

2.5.2 Flexible Spacer Effect 

2.5.3 Molar Mass and Molar Mass Distribution Effects 

2.6 Characterization of Liquid Crystalline Polymer 

2.6.1 Polarizing 

2.6.2 X-Ray Diffraction 

2.6.3 Theonal Analysis 

2.6.4 Rheology Properties 

2.7 Organic Synthesis Methods for the Mesogen 

2.7.1 Diazo Coupling Reaction 

2.7.2 Williamson Ether Synthesis 

2.7.3 Radical Chain Polymerization 

15 

16 

17 

18 

18 

19 

20 

21 

21 

22 

22 

25 

26 



rx 

CHAPTER 3 MATERIAL AND METHODS 

3.1 Materials or Chemicals 27 

3.2 Equipments 28 

3.3 Synthesis of Meso gens 28 

3.3.1 Synthesis of 4-{4-hydroxyphenylazo)acctophenone 28 

3.3.2 Synthesis of 4-(4-allyloxyphenylazo)acetophenone 30 

3.3.3 Radical Chain Polymerization and Purification 32 

3.4 Delennination on Molecular Structure for Synthesized Molecule 33 

3.4.1 Determination of Functional Group in the Synthesized Material 33 

3.4.2 Determination of Melting Point of Synthesized Material 34 

3.5 Technique 34 

CHAPTER 4 RESULTS AND DISCUSSION 

4.1 Syntllesis of 4-( 4-hydroxyphenylazo )acetophenone 35 

4.2 Synthesis of4-(4-allyloxyphenylazo)acetophenone Through Williamson Ether 

Synthesis 40 

4.3 Synthesis of 4-(4-propo,.:yphenylazo)acetophenone Through 

Polymerization 

CHAJ'TER5 CONCLUSION 

5.1 Conclusion 50 

REFERENCE 52 

UMS 
UNIVERSIn ftlAtAYSIA SAIW 



x 

LIST OF FIGURES 

Fig. no 

2.1 Figure represenl31l0n of calamitie LCs, where I» b 5 

2.2 Calamitic Les can exhibit three common types of mesophascs: 

nematic, smeclic and cholesteric (chim) nematic) 6 

2.3 Figure representation of N phase 7 

2.4 Liquid crystalline mcsophases 10 

2.5 Schematic drawing of the main chain (a) and the side chain (b) 

liquid crystalline polymers with the mesogenic units in different 

locations 12 

4.1 Molecular structures of 4-{ 4-hydroxyphenyJazo) acetophenone after 

diazonium sail coupling reaction 35 

4.2 IT -IR spectrum for 4-( 4-hydroxyphenylazo) acetophenone 39 

4.3 Molecular structures of 4-{4-aUyloxyphenylazo)acetophcnonc after 

Williamson ether synthesis 40 

4.4 IT-IR spectrum for 4-(4-allyloxyphenylazo) acetophenone 43 

4.5 Molecular structures of 4-(4-propoxyphenylazo)acetophcnone after 

Poymerization 44 

4.6 fT-IR spectrum of 4-(4-propoxyphenylazo) acetophenone 47 

4.7 DSC heating and cooling traces of 4-( 4-propoxyphenylazo) 

acetophenone (10°C min'I) 49 

UMS 
UNIVfRSlTl MALAVliIA SABAt-



Photo No. 

4.1 

4.2 

4.3 

LIST OF PHOTOES 

Dark red solid compound after diazonium salt coupling reaction 

Bright orange colored compound after Williamson Ether Synthesis 

Orange colored compound of 4-(4-propoxyphenylaw)acetopbenone 

Xl 

35 

40 

44 



XII 

LIST OF SCHEMES 

Schemes No. 

2.1 Diazotizatioll reaction 23 

2.2 Mechanism of diazotization reaction 24 

2.3 Reaction mechanism of Williamson Ether Synthesis 25 

3.1 Coupling reaction of diazonium salls to obtain 4-(4-

hydroxyphenylazo )acetophenone 29 

3.2 Williamson ether synthesis to obtain 4-{4-allyloxyphenylazo) 

acetophenone 30 

3.3 Radical chain polymerization 32 



XIII 

LIST OF TABLES 

Tables No. 

2.1 Molecular arrangements in crystal and smecric LC phases 8 

4.1 Characteristic Infrared Absorption Frequencies for 4-(4-

hydroxyphcllylnzo) acetophenone 36 

4.2 Characteristic Infrared Absorption Frequencies for 4-(4-

allyloxyphenylazo) acetophenone 41 

4.3 Characteristic Infrared Absorption Frequencies for 4-(4-

propoxyphcnylazo) acetophenone 45 

UMS 
UN!VERSITI MALAYSIA SABA 



CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The first liquid crystal (LC) materials were discovered in May 1888 by Dr. Friederich 

Reinitzer. The systematic study of main chain liquid crystalline polymers began only 

about tcn years ago, and the first publications in the open literature on such polymers 

were apparently those by Roviello and Sirigu in J 975 (Chiellin ef 01, J 990). 

Since the discovery that high performance polymeric fibers could be obtained 

from rigid-rod polymers fonning liquid crystalline mesophases in solution, an enormous 

research effort has been addressed to the study of liquid crystal polymers containing rigid 

anisometric segments (Demus et aI, 1998). At the end of the 1970's, innovation alJo\ved 

high molecular weight polymeric systems to behave like low molecular weight systems 

finally helped to make durable temperature sensitive cholesteric syst'cms possible (Demus 

e/ ai, 1998). 
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Liquid crystalline polymers arc a new class of materials having unusual properties 

and represent one of the most exciting developments in high performance materials. 

Polymer liquid crystals combine the unique properties of low molecular weight liquid 

crystals and high molecular weight polymers with their ability to form films. fibers, 

coatings otTers great promise in the field of data storage and display technology (Zentel 

and Mayer, 2002). They are characterized by the existence of mesophases that exhibit a 

pronounced anisotropy in shape. This generates organized nuid phases either on melting 

(thermotropic) or on dissolution (Lyotropic). The phase transitions between the 

crystalline, smectic, nematic and isotropic phases in liquid crystalline polymers (Leps) 

are similar to those occurring in low molecular weight liquid crystals (LCs) (pillai, 1998). 

A number of LC polymers such as Xydar and Vectm have been commercialized, 

but it is reported that they still have processing problems because their transition 

temperatures are above 300°C, It is difficult to create polymer liquid crystals that show 

mesogenic behavior over temperature ranges which are convenient to work with 

(Saminathan and Pill ai, 1997). In fact, many times the temperature of the liquid 

crystalline behavior is actually above the point where the polymer begins to decompose. 

The need for further studies in this line is indicated (Zentel and Mayer. 2002). 

Liquid crystal main chain polymers are interesting, from an economic point of 

view. as materials for high strength fibers and self-reinforcing plastics. while LC side 

group polymers are of interest for optical components (Zentel and Mayer, 2002). Due to 

the low melt viscosity. high heat resistance and form stability. main chain LCPs are the 
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material of choice for applications in microelectronics whenever miniaturized devices are 

needed (Zentel and Mayer. 2002). 

The most importance of the behavior of liquid crystals at surfaces is in normal flat 

panel electro-optical displays. and the subject of anchoring is an area of strong research 

act ivity (Demus el al. 1998). Polymer dispersed liquid crystals have attracted because 

sheets consisting of droplets of nematic liquid crystal in amorphous polymer matrix. The 

orientation in the nematic droplets can be manipulated by electric fields which changing 

the appearnncc of the sheet and opening up possibilities for electrically switchable 

windows and panels. The impact of such switchable panels has not been realized due to 

some problems in systems the liquid crystal is constrained in a confined geometry and the 

ratio of surface contact area to bulk volume is high. This has led to research on liquid 

crystal in confined geometries (Demus el al. 1998). 

1.2 R~earch Objectives 

The Objectives of this study .re: 

I . To synthesize polymer liquid crystals materials contains azo linkage. 

2. To determine the functional groups of the material using Fourier Transform Infrared 

Spectroscopy (FT-lR). 

3. To detennine the phase transition using DitTerential Scanning Calorimetry (DSC). 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Concept of Liquid Crystals 

The liquid crystal (LC) phase is a well-known state of matter, which lies between the 

solid and isotropic liquid phases. By definition, the LC state (mesomorphic state) is 

chamcterized by having a long-range orientational order and possible partial positional 

order (Demus and Goodby, 1998). Different types of molecules can form liquid 

crystalline phases. The common structural fcature is that these molecules arc anisotropic: 

onc molecular axis is much longer or wider than another onc. The two major categories 

are (I) thermotropic LCs, whose mesophase formation is temperature (T) dependent and 

(11) lyotropic Les, whose mesophase formation is concentration and solvent dependent. 

Liquid crystals are derived from certain macromolecules in solution but somet imes in the 

pure state. They are known as " liquid crystal polymers (LCPs)". The polymers are long· 

chain molecules formed by the repetition of monomers. (Robinson. 1996) 

UMS 
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2.1.1 Thermotropic Liquid Crystals 

The essential requirement for molecule to be a thermotropic liquid crystal is a structure 

consisting of a central rigid core and a flexible moiety. Thermotropic liquid crystals are 

the most widely used in nonlinear optical properties (Whinnery et ai, 1977) 

2.1.2 Rod-Like (Calamitic) Liquid Crystalline Compounds 

Most of rod-like liquid crystalline compounds consist of two or more rings, which are 

directly connected by linking groups (L), and may have terminal (R) and lateral (Z) 
<1 
v . 

substituents. The major anisotropy of the molecules, which is necessary for their ~ ~ 
4 ~ 
lo£ >-

mesogenity, results from the cores, which are also the cause ofthe relatively high melting ~ ~ 
p':a 
= -temperatures (Onsager and Ann, 1989). l.U ~ 

f 
Aliphatic Chains 

t 

.. 

Figure 2.1 Figure representation of calamitic Les, where I»b. 

The chemical structure of mesogen can be represented by the general formula I. The rings, 

represented in I by circles, and the linking group L form the core of the compound. The 

UMS 
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core is usually a relatively stifTunit, compared to the tennina! substiluents, which is most 

cases are Oexible moieties such as alkyl groups. TIle lateral substi luents Z are small units 

such as halogens, -eN groups and acetal groups (Demus et al., 1998). 

R,---< >--L,--( >--L,--< 

z, z, z, 

Figure 2.2 Calamitic Les can exhibit three common types of rnesophases: nematic. 

smect ic and cholesteric (chiral nematic) 

a) Nematic Phase 

The simplest liquid crystalline phase is the nematic phase. There are several types of 

nematic phases but all of them have only an orientational order (Oseen, 1933). The 

molecular long axis points on average in one favored direction. The various types of 

nematics have slightly different properties based on the detail s of their molecular 

structure and chemical behavior. The two primary types of nematic are unaxia l and 

biaxial (Crawford and Zumer, 1996). 

UMS 
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n (director) 

Figure 2.3 Figure representation of N phase. The molecules are oriented, on average, in 

the same direction referred to as the director, with no positional ordering with 

respect to each other. 

b) Smectic phase 

The next level of organisation is classified as smectic (S), where in addition to the 

orientational order the molecules possess positional order (Demus and Gray, 1998). The 

important feature which distinguishes smectic phases is that they have a layered structure. 

The simplest is the smectic-A phase made of non-chiral and non-polar molecules and 

characterized by a one-dimensional layered structure (Crawford and Zumer, 1996). This 

phase is uniaxial, the layers are incompressible, and the long axes of molecules within the 

layer, on average, are perpendicular to the layer (Demus et al., 1998). In the basic state of 

the crystal the layers are planar, they can slip over each other and the molecules can 

diffuse within the layers. The director coincides with the layer normal and the 

UMS 
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directions nand -n are equivalent. This explains the uniaxiality of the optical properties 

(Robinson, 1996). 

The smectic-C phase is similar to the smectic-A phase in that it is a layered 

structure and each layer may be thought of as a two-dimensional liquid film. Most of the 

smectic-A to smectic-C transitions are second order but fIrst order transitions in 

fluorinated compounds have recently observed (Jeffrey, 1997). The structure of the 

smectic-C phase exhibits the long-axes of the molecules which are tilted with respect to 

the planes of the layers. Thus the optical character is positive biaxial. As a result of tilt 

angle the layer spacing in smectic- phase is less than that of the corresponding smectic-A 

phase (Robinson and Singh, 2002). 

Table 2.1 Molecular arrangements in crystal and smectic LC phases (Demus et aI, 

1998). 

Orthogonal PhasQs TIlted Phues 

II 
••• • 

-
.............. 

1$ 
0Q~oQO°C> . : ...... ....... c:> OQ 00 .............. r§10 oo~o 4 ••••• .. .... 00<:;) ClO ... . ~ ............... c:> ell> QQ 0 
<;>QO<:;).§' 00 0 • •••• ......... 

'" " Smeette" Smectic C Smeetl~C.1I ~ 

E~ II • II -
t: 

• 
0 c: 
VI 

tIe.Bue tl 51T19C11C I SmtCtlC F 

II at " • " ilt i 
c5 

CryNl8 CrySlot J CtyaUll G " II II " • III 
! 

• '" ~ ~ ~ -.., ~ 

CrystooI e C,vlllalK Cryelal Ii 
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c) Cholesteric (chiral nematic) pha .. 

The structure of the chiral nematic or cholesteric phase is one where the local molecular 

ordering is identical to that of the nematic phase. This phase fonns if the molecules which 

form the liquid crystal are either intrinsically chiral or if chiral dopants are added to a 

non-chiral (regular) nematic. The chirality of the system leads to a helical distortion. in 

which the director" rotates continuously in space along (Jeffrey. 1997). The director is 

uniformly twisted along a perpendicular axis called the helical axis. The distance along 

the helical axis for the director to twist 2n is called the pitch P (Blumstein el al. 1996). 

The pitch, Pofthe helix can vary to almost infinity (Demus ef al., 1998). The optic axis 

of the phase is along the helical axis can be positive or negative, corresponding to right or 

left handedness, and has a magnitude which can be strong function of temperature 

(A vraam el al. 1995). The pitch of a cholesteric can also be increased with the help of an 

applied electric field. It is important to note that for systems whkh have a small twist 

(long pitch). locally a cholesteric liquid crystal looks like a nematic (Jeffrey, 1997). 

UMS 
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