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Chapter I: Introduction 

Liquid crystals are recognized as the fourth state of matter. The primary distinctions between 

the common states of matter, liquid, gas, and solid are the kinds and levels of order that each 

phase contains. However these states of matter are not enough to describe the structures present 

in every system. Most substances change from being a solid (often crystalline, with great order) 

to an isotropic liquid (very disordered) when heated. On the other hand, some substances show 

transitional states that are more ordered than liquids but lack part of the order found in solids. 

Liquid crystals are these organized fluids. The difference between crystals and liquids is that 

the molecules in a crystal are ordered whereas in a liquid they are not. The order in a crystal is 

usually both positional and orientational, in that the molecules are constrained both to occupy 

specific sites in a lattice and to point their molecular axes in specific directions. The molecules 

in liquids, on the other hand, diffuse randomly throughout the sample container with the 

molecular axes tumbling wildly. Interestingly enough, many phases with more order than 

present in liquids but less order than typical of crystals also exist in nature. These phases are 

grouped together and called liquid crystals, since they share properties normally associated 

with both liquids and crystals. The discovery of liquid crystals is usually attributed to an 

Austrian botanist by the name of Friedrich Reinitzer. In 1888, he experimented with a 

substance Cholesteryl benzoate and noted that it had two melting points [1]. At 145.5 °C it 

melted from a solid to a cloudy liquid and at 178.5 °C it turned into a clear liquid. He also 

observed some unusual colour behaviour upon cooling; first a pale blue colour appeared as the 

clear liquid turned cloudy and second a bright blue violet colour was present as the cloudy 

liquid crystallized. 

Liquid crystals have properties between those of conventional liquid and those of solid crystals. 

For instance, a liquid crystal shows fluidity like a liquid, but it also demonstrates optical 

anisotropy like a crystal. 

The various liquid-crystal phases can be characterized by the type of ordering. Among them, 

there are mainly nematic, smectic, cholesteric, and discotic phases. 
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Figure 1. Classification of Liquid Crystals 

Due to their many important biological and medicinal applications, heterocyclic compounds 

have attracted a lot of research. Due to their vast synthetic investigation and functional utility, 

heterocyclic compounds are becoming the subject of growing amounts of research attention. 

They bridge the gap between biology and chemistry, where so much scientific discovery and 

application takes place, and are present in over 90% of innovative medications. Additionally, 

heterocycles are used in a variety of disciplines, such as biochemistry and medicinal chemistry. 

Heterocyclic compounds are mostly used in veterinary products, agrochemicals, and 

pharmaceuticals. 

Chapter II: Synthesis, characterization and mesomorphic behavior of novel 

thiadiazole derivatives having azomethine linkages 

Now a days, liquid crystalline materials have been widely grown and enhancement in this field 

is at a very fast rate due to their technical applications such as liquid crystal displays, organic 

light-emitting diodes, biosensors, and electro-optical devices [2,3]. From the literature, it was 

found that materials with azomethine moiety have been widely used and studied and used as 

linking groups for the enhancement of mesomorphic properties [4,5]. There is a continuous 
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enhancement in the study of heterocyclic compounds containing phenyl derivatives and the 

addition of the heteroatoms strongly affects the mesomorphic behavior of the compounds. The 

presence of heteroatoms (O, N, and S) can increase the stability, polarity, polarizability, phase 

transition, and other properties of liquid crystal molecules. In the present chapter, we report the 

synthesis of two complete novel homologous series of compounds containing Schiff’s Base 

and thiadiazole moiety incorporated in a molecule with an alkoxy group (n = 1-8, 10, 12, 14, 

16) attached at both the terminal end of the molecule and studied the mesomorphic behavior of 

all the synthesized compounds. Their structure elucidation were assessed using FT-IR, 1H-

NMR and elemental analysis. The study of mesomorphic properties and the optical textures of 

all the synthesized compounds was carried out using the polarizing optical microscope in 

heating as well as cooling cycles. Determination of transition phase parameters such as phase 

transition temperature was confirmed with the help of instruments such as differential scanning 

calorimetry and polarizing optical microscope. The thermal stability of the prepared 

compounds was recorded using a thermogravimetric analysis. The structure-property 

relationship of all the synthesized compounds were carefully studied. 

Series I 

 

Where R = -CnH2n+1, where n = 1-8, 10, 12, 14 & 16 

 

 

Series II 

 

Where R = -CnH2n+1, where n = 1-8, 10, 12, 14 & 16 

A polarizing optical microscope was used to observe the mesomorphic behavior of all the novel 

synthesized compounds, and the DSC traces of all novel synthesized compounds confirm the 

phase transition temperature obtained with POM. From the polarizing optical microscope and 

DSC analysis data of the novel synthesized compounds, it was observed that methoxy to n-

propyloxy derivatives lack a smectic phase, they only exhibit pure nematic phase. The reason 
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behind this is in the lower homologs, the aromatic nuclei separation was observed at a 

minimum level and the cohesions occurring at the terminal position are at the strongest level 

and hence resulting in pure nematogens. As we ascend the series, the lateral cohesive forces 

increase with an increase in the terminal chain length, and the molecules are arranged in the 

layered structure before the commencement of the nematic phase. With the increase in the 

terminal chain length of the moiety, the smectic character appears and the moiety possesses 

both smectic as well as nematic phases. 

Chapter III: Synthesis, characterization and study of nematogenic 

homologous series of coumarin derivatives containing azomethine-ester 

linkages 

In recent years, enhancements in the research of coumarin derivatives have been found due to 

its wide range of applications in the field of organic light emitting diodes (OLEDs), light 

harvesting materials, chemosensors, photorefractive materials, non-linear optical materials and 

photo alignment of mesomorphic material possessing photochemical and photophysical 

properties [6-10]. Heteroatom incorporation (N, O, S, etc.) changes the polarity of the 

molecules, which can significantly alter the associated mesophases and their characteristics. 

The Coumarin molecule stands out among these heterocyclic units because it is polar and has 

a significant dipole moment (5.48 D) that is at an angle to the long molecular axis, which is 

typically a key component for the mesogenic and electronic properties of materials. Mesogenic 

coumarin derivatives have a broad range of potential uses, including in biological and display 

systems. In this chapter, we have report of the synthesis of a complete novel homologous series 

of compounds containing Schiff’s Base and coumarin moiety incorporated in a molecule with 

an alkoxy groups (n = 1-10, 12, 14, 16) attached at one of the terminal ends and n-decyloxy at 

another terminal end of the molecule and studied the mesomorphic behavior of novel 

synthesized compounds. All the compounds were characterized using elemental analysis and 

spectroscopic techniques such as FT-IR, 1H-NMR and 13C-NMR. As the chain length of the 

terminal alkoxy group in a molecule increases, enhancement in the nematic phases was 

observed. The optical textures and the determination of phase transition temperatures was 

confirmed with the help of polarizing optical microscope and differential scanning calorimetry. 

The thermal behavior of all the synthesized compounds was assessed by thermogravimetric 

analysis. The effect of the alkoxy chain length as a terminal group of the molecule on the 

thermal stability and its transition mesomorphic phase change of the novel compounds were 

also studied. The photophysical properties have been carefully studied. All the synthesized 
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compounds were screened for their in-vitro antibacterial activity against Escherichia Coli and 

Staphylococcus aureus showing good to moderate activity compared to the used standard. 

 

Where R = -CnH2n+1, where n = 1-10, 12, 14 & 16 

Mesomorphic properties of all the final compounds were examined under a polarizing optical 

microscope and their transition temperatures were compared with differential scanning 

calorimetry study. All the synthesized coumarin Schiff’s-base derivatives possess 

enantiotropic nematic mesophases. The nematic mesophase persists till the last member of the 

series is investigated. In the homologous series, the presence of coumarin moiety results in 

high temperatures. To overcome that we have introduced an ester group in a moiety to attain 

low temperatures. It leads to a decrease in transition temperature while ascending the 

homologous series of the compound. Commencement of the nematic phase was observed in 

the prepared compounds due to the increase in the entropy of the molecules and the weak 

intermolecular forces of the alkoxy chain length. As we ascend the series, the terminal alkyl 

chains restrict the packing which may lead to exhibit the formation of nematogens. 

Chapter IV: Synthesis, characterization and study of unsymmetrical 

homologous series of nematogenic liquid crystal compounds possessing 

azomethine linkage 

In the present chapter, a novel homologous series of compounds with azomethine linkage has 

been synthesized. The structure of every proposed compound was elucidated using FT-IR, 1H-

NMR, 13C-NMR, and elemental analysis. The mesomorphic behavior of all the prepared 

compounds was observed using a polarizing optical microscope. The transition temperatures 

and the phase transition enthalpy change data values were recorded using differential scanning 

calorimetry. By varying terminal alkoxy chain length (n = 1-10, 12, 14, 16) at one side, nematic 

phases were observed in heating and cooling cycles. The structure-property relationship to 

understand the effect of terminal alkyl chain length, lateral group substituent, and azomethine 

linkage on the mesomorphic properties was carefully studied. To assess the thermal stability 

of all prepared compounds, a thermogravimetry study was performed. 
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Where R = -CnH2n+1, n = 1-10, 12, 14 & 16 

Chapter V: An efficient synthesis of some novel oxazolone derivatives 

showing cytotoxicity behaviour 

There are heterocyclic compounds in both natural and man-made forms. It also has a variety of 

biological functions and is vital to human survival. Azlactone (Oxazolone), which falls under 

the general category of heterocyclic compounds, is one of the five-membered heterocyclic 

compounds with a variety of therapeutic uses. New medicinal compounds have been 

discovered using a variety of techniques. Oxazolone moieties were synthesized using such 

techniques. Oxazolone was a versatile compound that demonstrated a variety of biological 

actions and was extremely beneficial in both research and industrial applications. The molecule 

contained numerous reactive sites that facilitate a variety of applications in the fields of 

chemistry, biology, and material science. The 4-arylidene-2-phenyl-5(4H)-oxazolone, a 

significant family of five-membered heterocyclic moiety with nitrogen and oxygen as 

heteroatoms in its structure, was created and first reported in 1893 by Friedrich Gustav Carl 

Emil Erlenmeyer. According to published research, Oxazolone's C-2 and C-4 locations are 

important for a number of biological functions. Other chemical compounds, such as N-

substituted pyrroles, amino acids, -acyl-amino alcohols, thiamine, amides, peptides, and other 

heterocyclic precursors, were also synthesized using oxazolones as an intermediary. 

Heterocyclic compounds with hetero atoms of nitrogen, sulfur, and oxygen in five and six-

membered ring structures are crucial. The five-membered heterocyclic molecule oxazolone 

comes in two isomeric forms depending on where the double bond is located and one isomeric 

form depending on where the carbonyl group is located. In this chapter, we report the synthesis 

of new model compounds that comprises oxazolone derivatives by using two different 

schemes. The oxazolone moiety has served as a crucial structural component for a number of 

physiologically active molecules during the past few decades, including both natural and 

manufactured drugs. An investigation into novel oxazolone compounds was done utilizing 

barley and moong seeds to demonstrate action like seed germination. According to Scheme 1, 

4-n-alkoxybenzoyl glycine and 3-methoxy-4-n-octyloxybenzaldehyde were used to prepare 3-
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methoxy-4-octyloxybenzylidene)-2-(4-alkoxyphenyl)oxazol-5-one. Another synthesis 

pathway, shown in Scheme 2, was used to prepare several novel oxazolone (azlactone) 

derivatives. Their characterization data, including FT-IR, 1H-NMR, and elemental Analysis, 

confirmed the final product. The TLC method has been used to verify the purity of the produced 

compounds. 

, 

Where R = -CnH2n+1, where n = 6, 8, 10, 12 & 14  

(a) 

 

Where R = -CnH2n+1, where n = 1, 8, 14 & 16 

(b) 

(a) indicates Scheme 1 compounds, (b) indicates Scheme 2 compounds. 

The melting point of all the novel synthesized compounds (Scheme 1 & 2) was taken on 

polarizing optical microscope. From the polarizing optical microscopic study of all the novel 

synthesized compounds of Scheme 1, it was observed that none of the compounds exhibit 

mesomorphic behavior (liquid crystalline property) due to the hydrogen bonding of amide 

linkage. In the new class of synthesized compounds containing an oxazolone ring (Scheme 1), 

the methoxy group is present at a lateral position in the ring which hinders the liquid crystalline 

property. All the novel synthesized compounds (Scheme 1) possess nonlinearity in their 

molecular structure hence decreasing the mesomorphic nature of the compound. In Scheme 2, 

a new class of compounds was synthesized containing an oxazolone ring by using p-
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hydroxybenzoic acid as a starting material. For the longer chain length compounds (Scheme 

2), the separation of aromatic nuclear is at maximum and its terminal cohesions are strongest. 

Hence, it decreases the planarity of the molecule and increases the breadth of the molecule 

rendering the compounds to be non-mesogenic. 

Biological Activity 

Seed Infusion Technique (Cytotoxicity) 

Using organic solvents like acetone or dichloromethane, bioactive compounds are directly 

absorbed into seeds in this process. By allowing the bioactive compounds dissolved in the 

organic solvents to permeate into the seed tissues, these solvents make the seed coverings 

permeable. This technique involves soaking barley and moong seeds for one to four hours in a 

solvent (acetone or dichloromethane) that contains the required solute. The targeted bioactive 

molecule was absorbed into the seed during these hours. After the infusion procedure, the seeds 

are taken out of the specific solution and put on a petri dish with filter paper that has been 

moistened with water to aid in germination. The seeds are kept at a temperature of 25 to 30 °C, 

and the germination process was seen. 

Scheme 1 Compound codes were attributed as follows: 

CO = control, A = Hexa-1, B = Octyl-2, C = Decyl-3, D = Dodecyl-4, E = Nitro-6 

Scheme 2 Compound codes were attributed as follows: 

A = methyl’, B = Octyl-2’, C = tetradecyl-3’, D = Hexadecyl-4’ 

 

Figure 2 Photograph showing the effect of the compounds on Barley seed germination on 

Scheme-1 compounds 
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Figure 3 Photograph showing the effect of the compounds on Moong seed germination 

Scheme-1 compounds. 

Optical Textures captured in the Polarizing Optical Microscope 

 

Figure 4. Fan shaped texture of smectic phase and typical marble texture of nematic phase in 

heating and cooling cycles. (a) & (d) Smectic A textures, (b) & (c) Nematic textures 
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Figure 5. POM textures (left to right) of Schliren nematic phase, nematic marble-like texture, 

nematic textures with four brush defect, thread like nematic textures of coumarin based 

Schiff’s-base derivatives upon heating and cooling cycles using untreated microscopic glass 

slides. All the microscopic textures were taken under the magnification of 10 X. 
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