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Chapter-1 

 

Introduction of Liquid Crystal  

 
 Liquid Crystals  

The solid, liquid and gaseous states, the common states of matter differ 

primarily by the types and order found in the state. The molecule into crystalline solid, 

possessing high order has positional order and orientation order. When most solids melt 

at specific temperatures in an isotropic liquid, both orders are completely lost; the 

molecules move and tumbel randomly. Certain substances, however, have intermediate 

states having more order than in liquids, but less order than in typical crystals. These 

orderly fluids are termed liquid crystals. A liquid crystal substance in this state is highly 

anisotropic in some of its properties like birefringence associated with crystalline solids 

and yet has the flowing property like liquids. In the LC state, molecules tend to point to 

a common axis, named the director [1]. 

History of Liquid Crystals  

In 1888, the Austrian botanist Friedrich Reinitzer noted the unusual melting 

behavior of cholesterol benzoate, exhibited two melting points on heating. The solid 

ester first melted at 145.5 
o
C to form a turbid liquid, which, when further heated to 

178.5 
o
C, disappeared and became a clear isotropic liquid [2]. Reinitzer sent the 

material to Otto-Lehman. Lehmann observed the substance of Reinitzer with the help of 

the polarising microscope and confirmed the existence of the new physical state of 

matter [3]. He proposed the term "liquid crystal" for the new intermediate state between 

the crystalline solid and the isotropic liquid. 
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Chapter-2 

 

Schiff base of 4-n-alkoxy-2-hydroxy benzaldehyde with 4-amino 

acetophenone and their metal complexes: synthesis, characterization and 

mesomorphic behavior 

 

2.1 Introduction 

Metallometogens, a metal containing liquid crystals, the properties of various 

metallic coordinating complexes can be combined with the physical properties of liquid 

crystals. Metallomesogens have been extensively studied due to their unique geometric 

structure and the ability to combine the optical, electronic and magnetic properties of 

transition metal complexes with liquid crystal ligands [4-8]. In this work, we present 

the synthesis and liquid crystalline property of the new homologous series of the Schiff 

base of 4-n-alkoxy-2-hydroxybenzaldehyde with 4-amino acetophenone and their 

Cu(II) complexes. 

2.2 Synthesis Scheme 

 

Where R = CnH2n+1; n = 2 to 8, 10, 12, 14, 16, 18. 

Reagents and reaction conditions: i) RBr, KHCO3, KI, dry acetone, reflux 24 hr, ii) 

glacial AcOH, absolute EtOH, reflux 4 hr. 
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Scheme 1.Synthesis protocol of series-A  

 

Where R = CnH2n+1; n = 2 to 8, 10, 12, 14, 16, 18. 

Reagents and reaction conditions: i) Cu(COOCH3)2.H2O, absolute EtOH, reflux 3 

hrs. 

Scheme 2. Synthesis protocol of series-B 

 

2.3 Results and discussion 

In the POM observation of n-ethoxy derivative, it melted directly from the 

crystal into an isotropic liquid, and did not show a liquid crystal phase. The n-propoxy 

derivative is directly converted into an isotropic liquid when heated, but when cooled, it 

shows a fan-shaped optical texture of the smectic-A phase, indicating that it is 

monotropic. Then, all members of the series-A from n-butyloxy to n-octadecyloxy have 

an enantiotropic smectic-A phase (Figure 1).  
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Figure 1. Dependence of transition temperatures on the increasing terminal alkoxy 

chain length for series-A   

The thermal results of the series-B compounds show that n-ethoxy to n-butyloxy 

melted directly from the crystalline phase into an isotropic liquid. Compounds n-

pentyloxy and n-hexyloxy become directly isotropic liquids when heated, but when 

cooled they show the typical fan-shaped optical texture of the SmA phase. Means 

monotropic, then all members of the series from n-heptyloxy to n-octadecyloxy exhibit 

the enantiotropic SmA phase (Figure 2). The POM images of series-A and series-B 

compound are given in Figure 3 and Figure 4 respectively. 
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Figure 2. Dependence of transition temperatures on the increasing terminal alkoxy 

chain length for series-B 

 

 

Figure 3. Fan-like texture of SmA phase of  n-octylocy from series-A on cooling at 

143.4 
o
C 
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Figure 4. Fan-like texture of SmA phase of  n-octylocy from series-B on cooling at 

212.5 
o
C 

2.4 Conclusion 

 Two homologous series of ligand and Cu(II) complex were synthesized and 

characterized by FTIR, 
1
HNMR, 

13
CNMR and other analytical methods.  

 The mesophase shown in the two series was studied by POM and confirmed by 

thermograms of DSC. Both series are purely smectogenic.  

 In the homologous ligand series, the SmA intermediate phase starts with n-

propoxy derivatives as monotropic, and then all members of the homologous 

ligand series show the enantiomeric behavior of SmA.  

 In the Cu(II) metal complex series, the SmA mesophase starts with n-pentyloxy 

derivatives as monotropic, and n-hexyloxy derivatives also show monotropic 

nature.  
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 Meanwhile, the enantiotropic SmA mesophase exhibited from n-heptyloxy to n-

octadecyloxy derivatives. A chain length of 8 shows the maximum temperature 

range of the SmA phase, in both series on cooling. 

  Molecular flexibility and terminal end group difference can cause variations in 

mesomorphic behaviors of a substance. 

 

Chapter-3 

 

Schiff base of 4-n-alkoxy-2-hydroxy benzaldehyde with 4-amino 

acetanilide and their metal complexes: synthesis, characterization and 

mesomorphic behavior 

 

3.1 Introduction 

Liquid crystal or mesogenic compounds due to their unique flow characteristics 

of liquid and the optical properties of crystals have a wide range of valuable scientific 

and technical applications, especially as display devices, organic light-emitting diodes, 

photoconductors, anisotropic networks, and semiconductors [9-13]. Schiff bases, imine 

functional groups (CH = N), are widely used as linking groups for rigid base fragments. 

It provides greater stability and promotes the formation of mesophases, though it 

produces a core staggered structure [14, 15]. Schiff's base, easy preparation and low 

cost make it the ideal choice for basic liquid crystal research. Several characteristic 

compounds with a variety of molecular shapes have been combined with Schiff base 

functional groups and have shown remarkable mesogenic properties [16-19]. Since the 

discovery of 4-methoxybenzylidene-4ʹ-butyl aniline (MBBA), which exhibits a nematic 

mesophase at room temperature, Schiff bases have been frequently studied [20]. A 

review of the literature shows that liquid crystals with basic Schiff units have been 

extensively studied and used as linking groups for the production of various types of 
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liquid crystals [16-19, 21]. On the other hand, compounds that combine liquid crystal 

properties with metal ion properties are an important research goal today and have led 

to the development of many types of structures, including many metals [22]. They have 

both disk-like and rod-shaped liquid crystal properties [4]. In addition to the various 

complex geometries, variable oxidation states, magnetic properties, and redox behavior 

are further advantages of metallomesogens [23]. Complexation can also cause 

differences in the mesogenic properties of uncoordinated ligands [4]. The 

salicylaldimato metal complexes are known for their mesogenic properties, and due to 

the intramolecular H-bonding and their ability to form coordinate bonds with metal 

ions, the imine bond is stabilized. There has been considerable work on metallic 

mesogens [24]. Among other things, copper(II) complexes of  Schiff  bases are planar 

or nearly planar around copper atoms and lead to elongated planar compounds suitable 

for mesogenic properties [24-26]. Synthesized and studied copper (II) metal complexes, 

showing various smectic, nematic and columnar LC phases [27-31]. Due to the core 

properties of copper (II) paramagnetism, these metal isomers have amazing chemical 

and physical properties and have many potential applications [30]. 

In this study, new homologous series of Schiff base compounds were 

synthesized, characterized and their liquid crystal properties investigated. Moreover, 

using these Schiff bases, copper(II) containing metallomesogens were prepared and 

studied. The relationship between alkyl chain lengths and the behavior of liquid crystals 

was also examined. 
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3.2Synthesis Scheme 

 

 

 

Where R = CnH2n+1; n = 2 to 8, 10, 12, 14, 16, 18. 

i) RBr, KHCO3, KI, dry acetone, reflux 24 hrs  

ii) Glacial AcOH, absolute EtOH, reflux 4 hrs 

Scheme 3. Synthesis protocol of series C 
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Where R = CnH2n+1; n = 2 to 8, 10, 12, 14, 16, 18. 

i) Cu(COOCH3)2.H2O, absolute EtOH,  reflux 3 hrs. 

Scheme 4. Synthetic protocol of series-D 

3.3 Results and Discussion 

The thermal results of series-C compounds show that up to n-pentyloxy 

derivatives are non-mesogenic. Then all the members of the series, from n-hexyloxy to 

n-octadecyl oxy, melt between 137-154 
o
C, depending on the length of the alkyl chain. 

Under the polarizing optical microscope the fluids display typical fan shape optical 

texture of SmA phase. They show mesomorphic behavior due to the resultant molecular 

rigidity and flexibility generates appropriate magnitudes of anisotropic forces of 

intermolecular end to end and lateral attractions. In the series, we observe that enthalpy 

changes for Cr in SmA is higher (∆H= ~7-18 Jg
-1

) than the SmA transition in I (∆H= 

~3-1 Jg
-1

). The phase behavior of the series-C is depicted in Figure 5. 
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Figure 5. Dependence of transition temperatures on the increasing terminal alkoxy 

chain length  

The thermal results of the series-D compounds show that from n-ethoxy to n-

hexyloxy derivatives melts directly from the crystalline phase to the isotropic liquid 

without exhibiting an intermediate phase. While n-octyloxy to n-octadecyloxy shows an 

enantiotropic smectic-A phase behaviour (Figure 6). The POM images of series-C and 

series-D compound are given in Figure 7 and Figure 8 respectively. 

 

Figure 6. Dependence of transition temperatures on the increasing terminal alkoxy 

chain length  
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Figure 7. Fan-like texture of SmA phase of series-C compounds (a) n-heptyloxy  on 

cooling at 160.1 
o
C (b) n-dodecyloxy on heating at 192.6 

o
C 

 

 

Figure 8. Fan-like texture of SmA phase of series-D compounds (a) n-octyloxy on 

cooling at 230.3 
o
C (b) n-octadecyloxy on cooling at 235.7 

o
C 

3.4 Conclusion 

 In the present work, two homologues series of Schiff base ligand and 

corresponding Cu(II) complex have been synthesized and well characterized by 

FT-IR and 
1
H-NMR measurements.  
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 All the mesophases observed were confirmed by the optical textural observation 

under POM and DSC thermogram studies.  

 Both the series exhibited enantiotropic smectic A phase, in the homologues 

series of ligands and Cu(II) metal complexes mesomorphic property commence 

from n-hexyloxy(-OC6H13) terminal end group and n-octyloxy(-OC8H17) 

terminal end group respectively.  

 The clearing temperatures of Cu(II) complexes are higher than the 

corresponding un co-ordinated ligands due to the presence of metal. It was also 

observed that mesomorphic behaviour and mesomorphic temperature range be 

governed by the terminal alkoxy chain length. 

Chapter-4 

 

Schiff base of 4-n-alkoxy-2-hydroxy benzaldehyde and 4-n-alkoxy 

benzaldehyde with thiophene derivatives: synthesis, characterization and 

mesomorphic behavior 

 

4.1Introduction 

 

The research based on heterocyclic liquid crystals has attracted much more 

attention in recent years due to larger choices in the design and synthesis of novel 

heterocycles containing mesogenic compounds [32, 33]. It has been widely studied that 

the presence of heterocyclic moieties in core structures generates mesogenic materials 

[34, 35]. As the heterocyclic compounds having oxygen, nitrogen and sulphur atoms 

which are more polarisable than carbon, amalgamation of heterocyclic units as core 

moiety in liquid crystals results in variety of their mesogenic properties as well as 

physical properties. The presence of such electronegative atoms has often led to greater 

polar induction and reduced symmetry [36-38]. Polar induction by heteroatoms can be 
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responsible for developing and enriching the mesogenic properties of heterocyclic 

liquid crystals [37-39]. Numerous compounds containing heterocyclic moiety such as 

furan, thiophene, pyrrole, benzothiazole, pyridine, pyrimidine, oxadiazole have been 

reported to possess a variety of mesogenic properties [40, 41]. Pyrrole and thiophene 

based conducting polymers have been widely studied for their mesomorphic behavior 

[42-44]. 

4.2 Synthesis Scheme 

 

i) Aq. NaOH, alcohol, stir 4 hr, ii) Few drops of  glacial AcOH, absolute EtOH, reflux 4 

hr 

Scheme 5. Synthetic protocol of thiophene based homologous series E and F 
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4.3 Results and Discussion 

The influence of molecular flexibility on the transition temperature and phase 

sequence of the corresponding compound is illustrated in Figure 9. The results show 

that the different types of mesophases appeared to depend on the flexibility of the 

molecule, the number of carbon atoms in the terminal alkoxy group. The enantiotropic 

nematic phase commences from n-heptyloxy derivative of the series (E7) and continues 

to n-tetradecyloxy derivative (E12), while the smectic-A phase starts from n-

tetradecyloxy derivative (E14) and continues until the last member of the series n-

octadecyloxy (E18) derivative. The n-hexyloxy derivative (E6) of this series shows 

monotropic behavior and, exhibits a nematic phase. It is also observed that the clearing 

point decreases significantly as the chain length increases because of the increased 

flexibility. The POM images of series-E compounds given in Figure 11. 

 

Figure 9. Dependence of transition temperatures on the increasing terminal alkoxy 

chain length on heating 
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The polarizing optical microscope and DSC analysis of the compounds revealed 

that n-ethoxy F2 to n-hexyloxy F6 derivatives were not mesogenic (Figure 9). They 

melt directly from the crystalline phase into the isotropic liquid and cool down; from 

the isotropic liquid directly into the crystalline phase, an intermediate phase does not 

exist. The derivatives, n-heptyloxy F7 to n-tetradecyloxy F14 has a monotropic nematic 

phase; they are directly converted into an isotropic liquid when heated, but show a 

typical marbled optical texture of a nematic phase when cooled. Figure 12a shows the 

nematic phase with a typical marble texture when the compound F14 n-tetradecyloxy is 

cooled to 125.6 °C, and Figure 12b shows the transition from the nematic phase to the 

crystalline phase when the compound F14 n-tetradecyloxy is further cooled to 94.5°C. 

The higher member of the homologous series, n-hexadecyloxy F16 and n-

octadecyloxy F18 derivatives are also not mesogenic.  

 

Figure 10. Dependence of transition temperatures on the increasing terminal alkoxy 

chain length 
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Figure 11.  POM images of series-E compounds a. Marble texture of nematic phase of 

n-heptyloxy on cooling at 130 
o
C ; b. Nematic to crystal transition of n-heptyloxy on 

cooling at 123.8 
o
C; c. Fan shaped texture of Smectic-A of n-tetredecyloxy on cooling 

at 126.5 
o
C; d. Smectic-A to crystal transition of n-tetredecyloxy on cooling at 105.8 

o
C 
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Figure 12. POM images of series-F compounds a. Marble texture of n-tetredecyloxy on 

cooling at 125.6 
o
C; b. Nematic to crystal transition of n-tetredecyloxy on cooling at 

94.5 
o
C  

4.4 Conclusion 

 Two homologous series of Schiff base derivatives of (E)-1-(4-aminophenyl)-3-

(thiophen-2-yl)prop-2-en-1-one with  2-hydroxy-4-n-alkoxybenzaldehyde and 

4-n-alkoxybenzaldehyde were prepared by varying the terminal alkoxy groups 

from n=2 to 8, 10, 12, 14, 16, 18.  

 The compounds have been characterized by 
1
H and 

13
C–NMR, ESI-MS, and IR 

spectroscopy. Single crystal X-ray diffraction studies of compound (E)-1-(4-

((E)-(4-ethoxybenzylidene) amino) phenyl)-3-(thiophen-2-yl) prop-2-en-1-one 

has been reported. 

  A homologous series-F is nematogenic, while series-E is nematogenic and 

smectogenic. In series-E lower members n-heptyloxy to n-dodecyloxy are 
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nematogenic and higher member n-tetredecyloxy to n-octadecyloxy are 

smectogenic.  

 In series-F, the intermediate members n-heptyloxy to n-tetredecyloxy are 

mesomorphic while the remaining lower members n-ethoxy to n-hexyloxy and 

upper members n-hexadecyloxy and n-octadecyloxy of the series are non-

mesogenic.  

 The appearance of mesophase and the phase range depends on molecular 

flexibility.   

 Intramolecular hydrogen bonding, significantly affects the mesomorphic 

behavior of studied homologous series.  

 

Chapter-5 

 

Schiff base of 4-n-alkoxy-2-hydroxy benzaldehyde with 1,3 

phenylenediamine derivatives : synthesis, characterization and 

mesomorphic behaviour  

5.1 Introduction 

 
Liquid crystals have unique characteristics: their order is lower than crystalline 

solid but higher than liquid. Due to their scientific and technological value, liquid 

crystals are becoming a fascinating field of research. Azo dyes are the most important 

synthetic dyes, accounting for more than 60% of all commercial dyes, and have been 

extensively studied [45]. The advantage of the introduction of an azo linkage (-N=N-) 

into the LC compound is that the -N = N- bond has unique characteristics of cis-trans 

isomerization in the presence of ultraviolet light [46–52]. A more stable (trans) E 

configuration is converted to Z (cis) configuration on UV absorption (~ 365 nm). The 

reverse conversion, Z configuration (cis) to E configuration (trans) can be achieved, 
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either by illuminating it with ~ 450 nm light or keeping it in the dark, known as thermal 

back relaxation [46, 53, 54]. The azobenzene derivatives have certain application 

potential in the field of the optoelectronic field, such as dynamic holography [55, 56], 

optical computing, pattern recognition, LC dopant [57], optical data storage devices 

[58, 59], photo chromic switches[60, 61], and molecular logic gates [62]. The design of 

a liquid crystal compound containing azomethine an additional functional group in its 

molecular structure is particularly attractive [63]. The introduction of the azomethine 

linking group into the mesogenic structure increases the length of the molecular, 

molecular core polarizability and the stability of the mesophase [64]. Schiff bases 

derived from substituting salicylaldehyds called salicylaldimine derivatives are well 

recognized as liquid crystals because azomethine bonds are readily formed and 

stabilized by intramolecular hydrogen bonds [65, 66]. The intramolecular association in 

salicylaldimine derivatives causes a shielding effect due to the –OH group is less 

effective in broadening the molecule. Intramolecular hydrogen bonding may increase 

the rigidity of the molecule while significantly improving the chemical stability of the 

highly reactive unsubstituted Schiff base [66, 67]. 

 Research papers are available on azo-azomethine liquid crystal compounds [63, 

68-74]. Terminal substituents play an important role in the behavior of liquid crystal. 

Long alkoxy chains provide flexibility to the rigid core structure, which tends to have a 

lower melting point [75]. In the present study, we report the synthesis, characterization, 

photoisomerization, DFT calculation, and mesomorphic behavior of new liquid 

crystalline materials with three phenyl rings linked through–N=N–and –C=N– central 

bridges as rigid core and the rest of the molecular part –OH, –CH3, –NH2 as lateral 

substitution and –OR as a terminal end group. Consequently, the objective of this study 

is to understand and establish the effect of molecular flexibility on the properties of 
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liquid crystals. In addition, we used the DFT / B3LYP 631 + G (D, P) basis set to 

evaluate the molecular geometry, stability, frontier molecular orbital energy (FMO), 

dipole moment, and molecular electrostatic mapping of the compounds. 

5.2 Synthesis Scheme 

 

Where R= CnH2n+2 and n= 2 to 8, 10, 12, 14, 16, 18. 

i) RBr, KHCO3, KI, dry acetone, reflux 24 hr. 

ii) 0-5 
o
C ,HCl + NaNO2,H2O, CH3COONa 

iii) Few drops of glacial acetic acid, absolute ethanol, reflux 4 hr  

Scheme 6. Synthetic protocol of series G 

 

5.3 Results and discussion 

All compounds of the synthetic series are mesogenic and have high thermal 

stability. In the homologous series, the lower derivatives from n-ethoxy (G2) to n-
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heptoxy (G7) have an enantiotropic nematic phase (Figure 13). The POM image of the 

n-heptyloxy derivative (G7), as shown in Figure 14a, shows the nematic droplet 

texture formed when the isotropic liquid is cooled to 162.8°C. After further cooling, the 

droplet texture of the nematic phase at 150.2 
o
C becomes the thred like texture of the 

nematic phase, as shown in Figure 14b. The middle derivatives of the homologous 

series, n-octyloxy (G8) and n-decyloxy (G10) are dimorphic; in addition to the 

enantiotropic nematic phase, they also exhibited the smectic-A. The POM image of the 

n-decyloxy derivative (G10) as shown in Figure 14c indicates the transition from the 

threaded texture of a nematic phase to the focal-conic fan-shaped texture of smectic-A 

phase when cooled to 150.3
o
C. In the higher homologous of the series from n-

dodecyloxy (G12) to n-octadecyloxy (G18) nematic phase disappeared and exhibited 

only enantiotropic smectic-A phase. The POM image of n-tetradecyloxy derivative 

(G14) is depicted in Figure 14d, indicating a focal- conic fan-shaped texture of the 

smectic-A phase on cooling at 151.9 
o
C.  

 

Figure 13. On heating phase behavior of homologous series G 
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Figure 14. Polarising optical microscopic images of series-G compounds (a) The 

droplet texture of nematic phase of n-heptyloxy G7 on cooling at 162.2 
o
C (b) The 

threaded texture of nematic phase of n-heptyloxy G7 on cooling at 150.2 
o
C (c) The 

nematic phase converted to Sm-A phase of n-decyloxy G10 on cooling at 150.3 
o
C (d) 

The focal-conic fan shaped texture of Sm-A phase of n-tetradecyloxy G14 on cooling at 

151.9 
o
C 
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5.4 Conclusion 

 New azo-azomethine-based homologous series have been synthesized, 

characterized by FT-IR, 
1
H-NMR, and 

13
C-NMR spectroscopy and 

mesomorphic behavior studied using Differential Scanning Calorimeter (DSC) 

and Polarizing Optical Microscope (POM).  

 The synthesized homologous series of azo-azomethine is smectogenic and 

nematogenic. All the compounds are mesogenic and exhibited various phases 

depending on their molecular flexibility.  

 The lower members are nematic; the medium members are both nematic as well 

as smectic, and the higher members are smectic only. It is found that as the 

length of the terminal alkoxy chain increases, the stability of the smectic phase 

increases, while the stability of the nematic phase decreases.  

 In the present series, the obtained mesophase type is nematic/smectic or both; 

the phase stability of the obtained mesophase; its mesophase range depends 

largely on the flexibility of the molecule.  

 The mesomorphic result indicates that the mesophase range in the cooling scan 

is wider than the heating scan.  

 The results of the DFT calculation show that the calculated polarization, dipole 

moment, and stability increase with the increase of chain length. 
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