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AAABSTRACTBSTRACTBSTRACT   

Thermo optical behavior of two azomethine 

liquid crystals: 4-n-alkanoyloxybenzylidene-4/-

-bromoanilines (Cn-1H2n-1COO-, n = 8); 

8ABBA and 3-hydroxy-4-{[(4 iodophenyl) 

imino] methyl} phenyl alkanoates (Cn-1H2n-

1COO-, n = 18) ; 18ABIA comprising terminal 

bromo and iodo substituent’s are investigated 

towards optical device applications by image 

analysis technique in conjunction with 

Polarizing Optical Microscopy which is based 

on intensities of the liquid crystal textures as a 

function of temperature. Thermal and optical 

properties of the liquid crystals are computed 

from the textures of samples using MATLAB 

software. Thermal properties such as 

transition temperatures, heat enthalpy, 

percentage of liquid crystallanity, phase 

stabilities and optical properties like 

transmittance, optical density, Birefringence 

and its dispersion are determined and results 

are discussed. The obtained results show that 

azomethine liquid crystals with terminal 

bromo substituent exhibit the good thermo 

optical behavior compared to terminal iodo 

substituent. Terminal bromo substituents are 

more suitable for optical device applications 

due to good optical properties. 

 Keywords:—Azomethine mesogens; textures; 

image analysis; thermal and optical 

properties; device applications. 

I. II. II. INTRODUCTIONNTRODUCTIONNTRODUCTION   

Mesomorphic materials with two aromatic 

rings having different terminal substituents 

are often studied exclusively owing to their 

application in the fields of photonics and 

opto electronics. This kind of materials has 

the most suitable molecules which exhibits 

the mesomorphic properties useful in 

optical device applications [1-5]. The 

presence of different polarity of terminal 

substituents either suppresses or promotes 

the mesomorphic properties of the materials 

in terms of melting points and phase 

stabilities. The placement of a polar group 

in a terminal position of molecule modifies 

its thermal and optical properties 

effectively. Therefore, distinct properties of 

these compounds enable them promising 

candidate towards variety of applications 

involving photonic devices, nonlinear 
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optics, optical data storage and information 

systems, optical switches, liquid crystal 

display etc [5-9].  

Generally, applications of liquid crystal 

materials depend on their mesomorphic 

behavior under the application of external 

fields like temperature, pressure, electric 

field and magnetic field. Here, the external 

field is temperature [10-12]. On heating or 

cooling of the material from its solid to 

isotropic or isotropic to solid state via 

liquid crystalline state, the state or phase of 

the material will change. This can be 

observed in terms of variations in the 

textures of liquid crystal material and can 

be captured as textures using POM with 

camera attachment [13]. These variations 

are nothing but the changes in the 

intensities of colors. Analysis of these 

textural intensities with respect to 

temperature gives the information to 

investigate the thermo optical behavior of 

liquid crystals 8ABBA, 18ABIA. 

In this paper, thermo optical behavior of 

two azomethine liquid crystals: 4-n-

alkanoyloxybenzylidene-4/--bromoanilines 

8ABBA (Cn-1H2n-1COO-, n = 8) and 3-

hydroxy-4-{[(4-iodophenyl) imino] methyl} 

phenyl alkanoates 18ABIA (Cn-1H2n-1COO-, 

n = 18) comprising terminal bromo and iodo 

substituents [14,15] are investigated using 

image analysis technique and other thermal 

analysis techniques available in literature. 

These microscopic textures are analyzed 

using MATLAB software (product by Math 

Works, Inc., (Natick, MA) [16-18]. This 

investigation includes the computation of 

thermal and optical properties. Such 

properties are Transition temperatures, heat 

enthalpy, percentage liquid crystallanity, 

phase stabilities and Optical transmittance, 

optical density, Birefringence and its 

dispersion. 

 

II. MII. MII. MATERIALSATERIALSATERIALS   ANDANDAND   MMMETHODETHODETHOD   

Synthesized azomethine liquid crystals:4-n-

alkanoyloxybenzylidene-4/-bromoanilin- es 

nABBA (Cn-1H2n-1COO-, n = 8) and 3-

hydroxy-4-{[(4-iodophenyl)imino]methyl} 

phenyl alkanoates nABIA (Cn-1H2n-1COO-, 

n = 18) comprising terminal bromo and iodo 

substituents [14,15] are used. The ITO 

coated homogeneous cell having area of 

5mm X 5mm with 5mm spacing (tolerance 

is ± 0.2 µm) are obtained from Instec Inc., 

USA, is used to prepare liquid crystal 

sample for investigation. The experiment 

involve Meopta Polarizing optical 

microscope in the arthroscopic mode 

attached with hot stage described by Gray 

[19] and camera attachment for viewing, 

recording the textures as a function of 

temperature. The color image detected by 

the camera has a resolution of 2592 x 3888 

pixels which represents the 24bit true color 

pixel tone that ranges from 0 to 255 in R, G, 

and B colors under crossed and parallel 

polarizer’s with the digital camera of canon 

made model (EOS Digital REBEL XS/ 

EOS1000D) of 10.10 mega pixel image 

sensor. To investigate the thermo optical 

behavior of samples, Textures of the sample 

from isotropic to solid phase are recorded in 

three monochromatic image planes (red, 

green and blue) as a function of 

temperature. Textures of the samples in a 

three monochromatic image planes show 

the greatest variations in intensity [13,20]. 

The program was coded in MATLAB 

(implemented on P5 1.6GHz with 2GB 

RAM computer) for computational analysis 

of textures.  

III. RIII. RIII. RESULTSESULTSESULTS   ANDANDAND   DDDISCUSSIONISCUSSIONISCUSSION   

Azomethine liquid crystals 8ABBA and 

18ABIA, exhibited enantiotropic smectic A 

and smectic B phases. They are shown in 

figures 1 and 2. Here, the compound 

nABIA, considered instead of lower 

members of series. This due to the fact that, 
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the compounds of the lower members of the 

series nABIA where n = 8 to 16 exhibited 

the only enantiotropic smectic A phase, 

because they are too rigid to be mesogenic 

[15].The drop in molecular polarity of 

liquid crystals and increase in alkyl chain 

length influences the level of association, 

leading often to the formation of a smectic 

phase layer structure. Therefore smectic 

phase is observed for the compounds. The 

enhancement of rigidity of the core system 

by its azo compounds attributed to the 

change in the part of the chemical structure 

which in turn influences the phase transition 

temperatures of compounds also. The 

presence of terminal substituent’s of 

halogen atoms also having the ability to 

enhance the stability of lattice and melting 

temperatures. Phase transition temperatures 

and phases of azomethine liquid crystals 

8ABBA and 18ABIA are given in Table 1. 

The mesophase range for the compound 

8ABBA (57.00C) is more compared to the 

compound 18ABIA (28.00C). This is due to 

the fact that, the increase of alkyl chain 

length from n = 8 to 18, leads to the dilution 

of mesogenic core.  

 (a) 

  

  

(b) 

   
 (c) 

  

(d) 

Figure 1. optical textures of Liquid crystal4-n-

alkanoyloxybenzylidene-4/--bromoanilines nABBA (Cn-

1H2n-1COO-, n = 8) (a) I - Smectic A phase, (b) Smectic 

A phase ; (c) Smectic B phase, (d) Crystal phase. 
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 (a) 

   
 (b)  

  
 (c)  

   
 (d)  

Figure 2: optical textures of Liquid crystal: 3-hydroxy-4

-{[(4-iodophenyl)imino]methyl}phenyl alkanoates (Cn-

1H2n-1COO-, n =18 ) (a) I - Smectic A phase, (b) Smectic 

B phase ; (c) Smectic B – Crystal phase, (d) Crystal 

phase. 

Table 1. Phases and Phase Transition 

Temperatures of Azomethine Liquid 

Crystals.  

 
 ( Cr:Crystal;sm A – Smectic A; sm B – Smectic B; 

I:Isotropic). 

The phase transition temperatures measured 

are in good agreement with the standard 

techniques like DSC and literature [14,15]. 

The enthalpy changes of the samples are 

used to calculate the percentage of 

crystallinity and are given in Table 2. It is 

an important property of the materials 

which exhibits the optical activity [21,22]. 

Percentage of the liquid crystallinity is 

calculated from the equation (1). 

Liquid crytsallinity% = (1) 

Compound  Phases  

 I-Sm A-Sm B-

Cr DSC  

Transition 

temperatures 

(oC) POM and 

Image analysis  

8ABBA 106.78 – 91.03–

46.16  

104.5 –85.5 –

47.5 

18ABIA  107.4 –104.6 –

79.5  

106.0-102.5 –

78.0  

100*

%100f

cf

H

HH
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where is the enthalpy change of 

melting to liquid crystal phase, is the 

enthalpy change of crystallization from 

liquid crystal phase and is the 

enthalpy of melting of a reference liquid 

crystal material. Here the considered 

reference material is Cholesteryl myristate 

which is good system in which to study 

transitions between liquid crystal phases 

[22]. 

Table 2. Enthalpy changes of of Azomethine 

liquid crystals on heating and cooling.  

 

 

  

  

  

  

From Table 2, the percentage of liquid 

crystallinity of the compounds 8ABBA is 

high compared to the 18ABIA. Therefore, 

sample 8ABBA exhibit good optical 

activity property.  

Phase stability is useful to study the optical 

behavior of the liquid crystal samples 

calculated from [23]. It is an important 

parameter that governs the utility of the 

mesogens in opticl device applications. For 

long-time operating devices, it is necessary 

to maintain high phase stability in 

materials. Phase stability is high for the 

liquid crystal 8ABBA compared to the 

18ABIA. The increase in chain length 

increases the dispersion forces and 

shielding of terminal dipolar attractions of 

terminal groups that elevates the mesogenic 

range. This can be observed clearly from 

Table 3 (Column of ). 

 Table 3: Thermal stability factor obtained 

from present technique and DSC  

  

  
(∆T: temperature difference, Tmid : middle phase of 

temperature, S: thermal stability factor) 

The nature of the terminal substituents or 

end groups in the molecule of the mesogen 

has profound influence on the optical 

properties also. Here, optical behaviors of 

the compounds are studied with respect to 

temperature. As a function of temperature, 

phase change occurs due to disturbance in 

directions of the molecules. In solid phase 

liquid crystal molecule directors remain 

undisturbed and no phase change occurs. 

While passing the phase, orientation of 

molecular directions results phase 

transitions. In this region, the optical 

behaviors of the compounds are vary from 

the initial phase This can be investigated 

using different techniques. By using the 

standard optical microscopic technique, 

these transitions can observe as beautiful 

textures. Here, optical transmittance, optical 

density, birefringence and its dispersion are 

computed using image analysis technique in 

conjunction with POM on MATLAB 

platform. Optical behavior of such 

properties considerable towards the 

applications involving photonic devices, 

nonlinear optics, optical data storage and 

information systems, optical switches, 

liquid crystal display etc. For small values 

of temperature, there is no change in the 

textures and recorded textures remain same. 

fH

cH

%100fH

T

Compound  ∆T [DSC] Tmid [DSC]  S[DSC]  

 8ABBA  57 [60.62] 76[76.47]  4332 

[4635.6]  

18ABIA  28[27.9] 92 [93.45]  2576

[2607.25]  

Compound  Enthalpy  

change (KJ/mol)  

Liquid 

crystal-

l i n i t 

(%) 

8ABBA  cooling: 6.53 – 3.02 – 

10.64 

heating: 25.09 – 2.27 – 

6.39 

30.67 

18ABIA cooling: 11.93 – 4.52 

– 69.16  

 heating: 73.88 – 

4.12 – 11.44 

15.68 
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As the temperature is increased, changes in 

textural features occurred reveals the phase 

transition. While passing a phase from 

initial phase (isotropic phase) to other 

liquid crystal phase or liquid crystal phase 

to solid phase, orientation of the molecules 

with respect to the temperature affects the 

transmitted intensity values of the textures 

in terms of textural feature changes. 

Analysis of these textural intensities with 

respect to temperature gives the information 

to investigate the thermo optical behavior of 

liquid crystals 8ABBA and 18ABIA. This 

can be observed from Figures 1 and 2 as a 

representative case. Computed properties 

using Equations given in [24-27] are plotted 

against the temperature which is shown in 

Figures 3, 4 and 5. 

(a) 

 (b) 

 
(c) 

 
(d) 

Figure 3: Optical Transmittance of (a) 8ABBA ; (b) 

18ABIA, Optical density of (c) 8ABBA; (d) 18ABIA

( Cr:Crystal;SmA: Smectic A; I:Isotropic).  

Figures: 3(a and b) and 3(c and d) show the 

variations in the values of optical 

transmittance and optical density [24]. 

These two properties give the emission and 

absorption of light from the liquid crystal 

material. Depending on wavelengths and 

molecular structure, the interaction between 

the light and atoms of molecules will take 

place. This can be useful to investigate the 

optical behavior of the samples. For 

different phases, this can be observed as 

changes in the textural features as function 

of temperature. On cooling, the value of 

optical transmittance increases near the 

isotropic phase to liquid crystal phase 
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transition and show a sudden decrement or 

increment in the transmission values based 

on molecular alignments of the phases. For 

the sample 8ABBA, the value of optical 

transmittance is high at all three 

wavelengths in the liquid crystal range. In 

these azomethine liquid crystals, the 

terminal substituent of halogen atoms 

attributed to the change in the part of the 

chemical structure which in turn influences 

the optical transmittance of compounds. 

The higher alkyl chain length of the of the 

compound 18ABIA dilutes the mesogenic 

core and exhibits the mesomorphic phase 

with decreasing intensity values. Figure 3 

(c,d) shows the optical density of 

compounds 8ABBA and 18ABIA. In 

Isotropic phase the molecular orientation is 

random and there is no transmission of light 

and the light is absorbed by the random 

orientations of the molecules. On cooling of 

the sample, sharp texture transformations of 

I - Smectic A - Smectic B - Cr give the 

jump like changes in the values of optical 

density. This is due to the fact that, the 

transmission of light takes place in smectic 

phase alignment of molecules. This can 

observe clearly for the compound 8ABBA 

and is useful for the fabrication of tunable 

optical filters compared to the 18ABIA. 

Absorption of the liquid crystal molecules 

for the compound 18ABIA is linear at all 

three wavelengths. Optical transmittance of 

the sample is inversely proportional to the 

optical density and clearly observed in 

Figure 3. 

(a) 

 
(b) 

 
(c)

(d) 
Figure 4. Birefringence of (a) 8ABBA; (b) 18ABIA; 

birefringence dispersion of (c) 8ABBA; (d) 18ABIA  

Figure 4 shows the birefringence values at 

three wavelengths and are plotted against 

the temperature. Here, computation of 

birefringence relies on observing an 

intensity change in the textures of liquid 

crystals. In all, a general trend is observed 
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for isotropic and meso phases. The 

destruction and ordering of molecular 

alignment from their respective phases lead 

to the variations in the B values. On cooling 

of the sample from its isotropic phase, the 

value of birefringence increases abruptly in 

the biphasic region of I – Smectic 

temperature interval and there are small 

fluctuation in the value of birefringence at 

Smectic - Cr phases on further cooling. 

Liquid crystal coexistence regions (I - LC, 

LC - Cr) are commonly marked by an 

abrupt change in birefringence due to an 

immediate loss of all birefringence in a 

particular region of the sample. The small 

variations in the optical parameter curves 

other than transitions are due to change in 

the refractive index of the samples which 

results the continuous color changes of 

textures with respect to the wavelength and 

temperature. This can be clearly observed 

for two samples from Figure 1, 2, 3, and 4. 

From the Birefringence and its dispersion of 

samples, it is observed that compound 

8ABBA exhibits the high birefringence 

value compared to the compound 18ABIA. 

This is due to the fact that, the high ionic 

radius of the terminal substituent (iodine) in 

adjacent rings causes the twisting of rings 

and the birefringence to fall at all three 

wavelengths. 

The longer spacer groups of the liquid 

crystal compounds play a key role in 

determining good thermal and optical 

behavior which are suitable towards the 

optical device applications. But, here 

azomethine liquid crystals with lesser 

spacer groups 8ABBA exhibits the good 

thermo optical behavior interms of phase 

stability, liquid crystallinity and anisotropic 

properties compared to compound with 

higher spacer groups 18ABIA (Table 1, 2 

and 3). Therefore, this governs the utility of 

mesogen 8ABBA in long-time operating 

devices, optical filters and good optical 

activity property materials. The compound 

with higher spacer groups 18ABIA destroys 

the liquid crystallinity by diluting the 

ordering effect of rigid core and eventually 

the compound is not able to maintain the 

liquid crystal ordering. The variations in 

birefringence for the compound 18ABIA 

are small and linear in all the three 

wavelengths when compared for the 

compound 8ABBA. It means the 

birefringence is same for all the 

wavelengths at a given temperature. But the 

compound 8ABBA exhibited the tunable 

birefringence by showing more variations in 

the birefringence values of each wavelength 

with linearity. The tunable birefringence is 

the variation of birefringence that should be 

large and linear with respect to temperature 

[28-30]. So, the compound with 8ABBA is 

more suitable for applications of optical 

devices than the compound with 18ABIA. 

IV. CIV. CIV. CONCLUSIONONCLUSIONONCLUSION   

Thermo optical behavior of two azomethine 

liquid crystals comprising terminal bromo 

and iodo substituents are investigated 

successfully towards the optical device 

applications through image analysis. The 

azomethine liquid crystals with lesser 

spacer groups 8ABBA exhibit the good 

thermo optical behavior compared to longer 

spacer groups of the liquid crystal 

compounds. The compound with higher 

spacer groups 18ABIA destroys the liquid 

crystallinity by diluting the ordering effect 

of rigid core and eventually the drops the 

liquid crystalline anisotropic properties.  
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