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AbstractAbstractAbstract   

The aim of the paper is to compute the display 

device quality parameters of supramolecule 

PyB14A:nFAs synthesized from nonmesogenic 

moieties and nonmesogenic long-chain-

bearing aliphatic acids (nFAs where n = 14 

and 16) through image analysis technique in 

conjunction with polarizing optical 

microscopy (POM) under crossed polarizers 

attached with a hot stage and a high-

resolution colour camera. Luminance and its 

related parameters such as visual acuity, grey 

shades and luminance contrast ratio are 

computed for these liquid crystals by 

analyzing the textural optical transmittance 

intensities of samples as a function of 

temperature at 635 nm (red), 530 nm (green) 

and 475 nm (blue) wavelengths using 

MATLAB software. Liquid crystal phase 

transition temperatures are characterized by 

image analysis and compared with differential 

scanning caloriemetry technique. Temperature 

dependence of luminance and its related 

parameters are discussed for identifying the 

suitability of liquid crystal compound for 

better selectivity of display. 

Keywords:— Liquid crystal textures; Image 

analysis, optical transmittance; Luminance 

related parameters. 

I. II. II. INTRODUCTIONNTRODUCTIONNTRODUCTION   

Applications of liquid crystals depend on its 

physical properties, such as phase 

transitions, device optical parameters, etc., 

and also the nature of their response to 

external conditions [1, 2]. The human eye is 

very good at recognizing distinctive 

patterns of shapes and colours. The 

observation of optical texture changes under 

the polarizing optical microscope [POM] 

has usually been the first technique 

employed to identify the phase transition 

temperatures of any new materials. This is a 

subjective and qualitative approach, and an 

objective and quantitative technique would 

be valuable [3]. 

Synthesizing various liquid crystal 

complexes from the mixtures of mesogenic–

mesogenic materials, mesogenic– non-

mesogenic materials and non-mesogenic – 

non-mesogenic materials in different 

molecular ratios is a very significant area of 
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the liquid crystal research [4-7]. In such 

complexes, the molecules of the compounds 

which involve the noncovalent and covalent 

interactions follow the process of self-

organization [8, 9].  

Furthermore, supramolecule formed through 

the hydrogen bond has a striking influence 

on physical properties such as melting and 

clearing temperatures, enthalpies, entropies 

[10], quenching of phases and inducing new 

phases with the wide thermal span [11, 12].  

In continuation of our work on image 

analysis in ferroelectric liquid crystals for 

luminance and its related parameters [13], 

the present communication deals with the 

application of image analysis in conjunction 

with POM in determining luminance and its 

related parameters like visual acuity, grey 

shades and luminance contrast ratio on 

hydrogen bonded liquid crystals. They are 

computed by analyzing the textural optical 

transmittance intensities of samples as a 

function of temperature at 635 nm (red), 

530 nm (green) and 475 nm (blue) 

wavelengths using MATLAB software in 

homogeneously aligned liquid crystals 

which are synthesized with two non liquid 

crystals formed through hydrogen bond, 

viz., PyB14A:nFAs where n=14 and 16.  

II. EII. EII. EXPERIMENTALXPERIMENTALXPERIMENTAL   

 Non liquid crystals (4-pyridyl)-benzylidene 

-4’-n-tetradecyl aniline (PyB14A) and long-

chain aliphatic carboxylic acid (FAs) nFAs 

(for n = 14 myristic acid and 16 palmitic 

acid) possessing different alkyl chain 

lengths are taken for synthesis to get liquid 

crystals through hydrogen bond between the 

two moieties PyB14A:nFA where n = 14 

and 16 as reported in [14]. The molecular 

structure is shown in figure 1.  

 
Figure 1 : Molecular structure of PyB14A:nFA 

where n = 14 and 16 

An indium tin oxide coated homogeneous 

cell of dimensions 5 mm× 5 mm with 6 μm 

spacing (tolerance ±0.2μm), was obtained 

from Instec, USA. The liquid crystal 

samples are injected into cells by capillary 

action on heating in isotropic state. The 

different phase transitions are observed in 

heating and cooling cycles. The textural 

characterization of phases exhibited by the 

present PyB14A:nFAs is carried out with 

the help of a Meopta polarizing optical 

microscope (POM) in conjunction with an 

heating stage as described by Gray [15], 

and a high resolution Canon colour camera 

(Digital Rebel XS EOS 1000D) and the 

details are found elsewhere [16]. 

Textures of the samples are recorded at a 

cooling rate of 0.2oC min under crossed 

polarizer condition. The texture images 

detected by the camera has a resolution of 

2816 × 1880 pixels and the intensity values 

of the pixels ranges from 0 to 255. The 

image dimensions were selected to be 256 × 

256, and the images were stored in the 

computer for further processing.  

MATLAB software is used to compute the 

optical transmission of the samples in three 

monochromatic image planes, red, green 

and blue. These components showed the 

greatest variations in intensity. The 

programme was coded in MATLAB for 

computational analysis of textures. The 

colour image has a resolution of 2816 × 

1880 pixels which represents 24 bit true 

colour pixel tone in total and the intensity 

values range from 0 to 255 in each red (R), 

green (G), blue (B) colours. However, the 

translated gray scale image is used here for 

analysis. The size of images is selected for 

256. The program has been coded using 

MATLAB software for analysis of textures 

which is an efficient tool for computational 

analysis [17, 18].  
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Luminance (L): It is the intensity of light 

emitted from a surface per unit area in a 

given direction. It is also known as 

luminance signal of a composite television 

signal which carries information on the 

brightness of the image. Luminance is often 

used to characterize emission or reflection 

from flat and diffuse surfaces. The 

luminance indicates the amount of luminous 

power that is detected by an eye looking at 

the surface from a particular angle of view. 

A luminance level equal or higher than 85 

candel per square meter is the minimum 

threshold level recommended [19] . 

Luminance variability is assessed under 

given (nominally) uniform, full screen 

images with gray levels from black (i.e., 

RGB = 0, 0, 0) to white (i.e., R,G.B = 255, 

255, 255) 

  
 

where IR = intensity of Red light in image. 

 IB = intensity of Green light in image. 

 IG= intensity of Blue light in image. 

Visual acuity: Visual system special 

resolution is expressed by Acuity. It is 

defined in this standard as a measurement 

of the ability to recognize black, high-

contrast image on a white background. It 

can also be seen as sharpness which is 

measured in cycles per visual degree. 

Human vision performance depends on 

luminance [20]. Under low brightness 

conditions, acuity drops significantly and 

spatial detail is lost even for healthy 

observers. In Visual science the term Visual 

Acuity refers to the ability of an observer to 

resolve fine pattern in detail. Acuity is 

usually specified in terms of decimal acuity, 

defined as the reciprocal of the smallest 

resolvable pattern detail in minutes of arc of 

visual angle. "Normal" or average acuity is 

considered to be 1.0 (a resolution of 1min 

arc), although many young adults have a 

decimal acuity slightly better than this [21]. 

The visual acuity score of an individual is 

to be expressed as the reciprocal of the 

angular size of the critical detail within the 

smallest optotype that can be correctly 

recognized by the individual. The 

luminance is not constant over the whole 

image, but may change locally [22]. The 

following relation determines the luminance 

to maximal resolvable frequency from 

Shaler's data: 

f(L) = 25.72+17.25 * tan-1 [1.4 log10 (L) + 

0.35] ........................................................(2) 

Grey shades: Based on the idea of brightest 

areas being white and the darkest areas 

being black, brightness levels between the 

two extremes are referred to as gray levels 

or shades and the ability to display them is 

termed as gray scale. The number of gray 

scales is determined by contrast level and 

ability of human visual perception. Our 

visual system reacts to the changes in 

brightness level as a logarithmic function. 

Hence very small difference in brightness 

may not be perceived. The number of grey 

shades (G) that can be displayed can be 

defined as a logarithmic function based on 

contrast ratio (G) [23,24]  

G= 1+(1/log (√2))* log (Lmax / Lmin) .........(3)  

 

Luminance contrast ratio (LCR): LCR is 

another major determinant of perceived 

picture quality. If a picture has high LCR, it 

is judged to be sharper and crisper than a 

picture with lower LCR. Contrast is created 

by the difference in luminance, i.e., the 

amount of reflected light, reflected from 

two adjacent surfaces. Contrast is important 

in systems that automate the selection of 

colours. The degree of difference of an 

LCD monitor's ability to produce bright 

whites and the dark blacks decides the 
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quality of display. It is the ratio of 

luminance between the brightest white and 

the darkest black that can be produced. 

When the darker surface is black, it reflects 

no light, hence the ratio is 1. Contrast is 

usually expressed as percentage, (and then 

the ratio is multiplied by 100). The 

maximum contrast is thus 100%. 

Contrast ratio is a quantity intended to 

create with the perceived brightness 

contrast, usually defined by one of a 

number of formulae which involve 

Luminance [25]. Greater screen brightness 

is achieved with a contrast ratio greater than 

5:1. In outdoor environments under the 

shade, such a display can provide an 

excellent image quality. Contrast ratio (CR) 

is the ratio of luminance between the 

brightest “white” and the darkest “black” 

that can be produced on a display. 

 
 where Lmax = Maximum value of luminance,  

 Lmin = Minimum value of luminance 

 with 1 ≤ CR ≤  CR=1 means no contrast 

III. RIII. RIII. RESULTSESULTSESULTS   ANDANDAND   DDDISCUSSIONISCUSSIONISCUSSION   

Thermo optical properties [26-28] of 

hydrogen bonded l iquid  crys tal s 

PyB14A:nFAs where n= 14 and 16 have 

been discussed at three wavelengths 600nm, 

530nm, 470nm.  

Optical transmittance: Transmittance of a 

material is the proportion of the incident 

(approaching) light that moves all the way 

through to the other side. Transmittance of 

HBLC’s was measured by computing the 

average transmitted intensity of the image 

texture recorded under the crossed polariser 

condition [29], as in Equation (5):  

…… (5) 

Where I(i,j) is the image intensity value 

observed at location (i, j) from the crossed 

polarization component of the texture 

image. Between crossed polarizers the value 

of the optical transmittance is zero in the 

isotropic liquid phase of the sample. During 

cooling the value of optical transmittance 

increases close to the isotropic–SmB 

transition and is at a maximum at the SmB 

temperature interval in n=14, where as in 

n=16 optical transmittance increases slowly 

near to SmB transition and maintains 

thermal stability for a long range of 

temperature variation and then there is a 

sudden shoot up of optical transmittance at 

SmF phase transition as shown in figure 2

(a) and (b) fpr m=14 and 16 respectively.  

 
 2(a) 

 
 2(b) 

Figure 2. Temperature dependence of Optical 

transmittance of PyB14A:nFA (a) where n = 14; (b) 

where n = 16 ( Kr:Crystal; sm B –Smectic B; sm F– 

Smectic F; I:Isotropic). 
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3(a) 

 3(b) 
Figure 3: Temperature dependence of 3(a) Luminance 

and 3(b) Visual Acuity PyB14A:nFA for n=14 and n=16 

respectively. 

Variation of Luminance and Visual acuity 

with temperature in PYB14A:nFA for n=14 

and n=16 is calculated from equation’s (4) 

and (5) respectively. From Figure 3(a) and 

3(b) The temperatures at the clearing point 

vary greatly from material to material and it 

is observed that both the value of luminance 

and visual acuity is a minimum in the 

isotropic state for both n=14 and 16 

supramolecules. In this phase the molecular 

orientation is random and there is no 

luminance and visual acuity. On cooling of 

the sample n=14 supramolecules there is a 

sudden increase in luminance in the 

biphasic region of the I–SmB phase 

temperature interval and in n=16 HBLC 

there is a slow increase in luminance in 

biphasic region of I-SmB phase and 

maintains stability for long interval of time 

and there is again a sudden increase of 

luminance from SmB-SmF and slight 

decrease in luminance till crystalline state. 

This is due to the fact that the luminance 

exists in the SmB phase as there is layered 

alignment of the molecules. Sharp texture 

transformations of SmB–SmF and SmF–Kr 

give abrupt changes in the values of 

Luminance. Luminance values are higher in 

n=16 compare to n=14. On cooling visual 

acuity increases rapidly with the decrease of 

temperature and reaches to saturation. Both 

the samples are giving good standards of 

visual acuity at higher luminance. It is 

drawn that from graph Visual Acuity is 

more for n=14 compound in comparison to 

n=16. So, to get a better visual acuity levels 

n=14 compound is preferable to n=16 in 

display devices. 

 
 4 (a)  

 
 4 (b) 

Figure 4: 4(a) and 4(b) shows Variation of Contrast 

Ratio and Grey Shades with temperature in 

PYB14A:nFA for n=14 and n=16 respectively. 
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Gray shades, Contrast Ratio in terms of 

luminance are calculated from equation (6) 

and equation (7) respectively and these 

variations with respective to temperature 

are observed from figure 4(a) and 4(b). 

Gray shade values (G) and Contrast ratio 

values for both the compounds shows a 

sudden shoot up and a drop down in gray 

shade values during the SmB, SmB-I phases 

in n=14 and during the SmB, SmF, SmB-I 

phases in n=16 respectively. Both grey 

shade values and luminance contrast ratio is 

minimum at isotropic phase. According to 

the literature, the average G maintained 

with the samples is around 5.6. The G is 

better for both the samples are recorded 

showing more than standard value of 5.6. 

Hence, both the samples are recommended 

for the liquid crystal display (LCD) panel. 

As the sample with n=14 shows higher 

value of Grey Shades compare to n=16. So 

n=14 is preferable to n=16 to have the 

display with better grey shaded values. 

From figure 4(a) and 4(b) n=14 compound 

is more preferable relatively to n=16 for 

better contrast ratio. The comparison of 

weber contrast with the CR indicates that 

there is only one unit difference in their 

values. Both the samples are having 

contrast ratio greater than standard values 

for better human eye perception.  

These computations and the plots are drawn 

for the thermo optical and display device 

standard parameters as a function of 

temperature. Fluctuations and abrupt 

increase or decrease in the value of optical 

parameters of homogeneously aligned 

samples are thus due to the fact that, on 

cooling of sample from its isotropic phase, 

the realignment of molecules in their 

respective phases as a function of 

temperature showed the sharp textural 

transformations of different phases. These 

textural transformations bring variations in 

the transmitted intensities of the images, 

which are useful for studying the optical 

properties and phase transitions of the 

samples. When compared to the other 

techniques given in the literature the 

complexity of this method is much lower in 

terms of time and also expense. Like other 

approaches, there is no need to arrange 

different setups, and it is sufficient to have 

the image textures of liquid crystals 

recorded under crossed polarizers from 

solid state to isotropic liquid state to 

compute the defined parameters. This image 

analysis method is therefore easy and a 

simple approach for observing the behavior 

of the optical parameters of different liquid 

crystals as a function of temperature. 

The differential scanning calorimetry (DSC) 

thermograms recorded for heating and 

cooling cycles at a scan rate of 5oC per 

minute are presented in figure 5 (for n=14 

as representative). The data of transition 

temperatures as identified by the peaks and 

the corresponding enthalpy (ΔH) values are 

presented both in cooling and heating 

cycles in Table 1. The observation of a 

single peak in the DSC of n = 14 and 16 

compounds is found to agree with the data 

of the present POM studies to support the 

monotropic occurrence of SmB cryst phase. 

The ΔH values observed across I–SmB cryst 

and SmB cryst–SmF transitions are found to 

be relatively higher than the reported 

[30,31] enthalpy values involving liquid 

crystals phases of lower dimensionality. But 

the observed ΔH values are found to be 

comparable with those reported [32,33] 

across liquid crystals transitions involving 

SmB crystal or SmF phase.  

Hence, the observed higher values of ΔH 

are argued due to the involvement of LC 

phases with 3D structure. Nevertheless, the 

finite and nonzero ΔH values observed 

across Iso–SmB cryst and SmB crys–SmF 

transitions infer the first-order nature of the 

LC transitions. 
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 Figure 5: DSC thermogram of PyB14A:nFA where 

n=14 

Table 1: Phases and Phase Transition 

Temperatures of PyB14A:nFA Where n 

=14 and 16 

 
(Kr:Crystal; sm B – Smectic B; sm F – Smectic F; 

I:Isotropic). 

Phase transition temperatures obtained 

through temperature dependence of 

statistical parameters [34] and also through 

optical parameters [35] on PyB14A:nFA 

samples agree with the present study which 

is carried out through temperature 

dependence of luminance and related 

parameters.  

IV. CIV. CIV. CONCLUSIONSONCLUSIONSONCLUSIONS   

Temperature dependence of luminance and 

its related parameters, like visual acuity, 

grey shades and luminance contrast ratio 

are computed by image analysis technique 

in hydrogen bonded supramolecule liquid 

crystals PyB14A:nFA where n= 14 and 16 

and also the temperature dependence of 

these parameters are exhibiting phase 

transition temperatures which are same in 

addition to the phase transition temperature 

values obtained from differential Scanning 

Caloriementry technique. 
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