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A novel series of hydrogen bonded liquid crystalline complexes are synthesized. The formation of hydrogen bond between
non mesogenicperfluorooctanoic acid (PFOA) and the mesogenicp-n-alkoxy benzoic acids (nOBA) with n = 4 to 12 and
16. The formation of hydrogen bond is confirmed by IR spectroscopy. The phase transition temperatures in Hydrogen
bonded complexes(PFOA:nOBA) are identified by image processing techniques along with Differential Scanning
Calorimetry (DSC).The results reveals that, in both the cases obtained transition temperatures are exactly the identical.
The results corresponding simulated statistical analysis in comparison with DSC measurements are given below.
Keywords: Hydrogen bonding; Statistical parameter; Correlation; mesogenic compounds.

1. Introduction
Image processing toolbox gives a complete arrangement of reference- standard algorithms, functions, for
image processing, analysis, visualization, and algorithm development, investigation, representation, and
calculation advancement. We can perform picture investigation, picture division, picture improvement, noise
reduction, geometric changes, and picture enrollment. Many toolbox capacities support multicore processors,
GPUs, and C-code era. Image processing toolbox supports a various arrangement of picture sorts, including
high element range, gigapixel determination, embedded ICC profile, and tomographic. Visualization functions
and applications let you investigate pictures and recordings, look at an area of pixels, modify color and
contrast, make shapes or histograms, and manipulate regions of interest(ROIs). The toolbox supportsfor
processing, displaying, and navigating large images.

Image texture, characterized as an element of the spatial variety in pixel intensities (dim qualities), is helpful
in assortment of uses and has been a subject of exceptional study by numerous analysts. One prompt use of
picture surface is the acknowledgment of picture areas utilizing texture properties [1-2]. Texture is the most
essential visual prompt in distinguishing diverse sorts of homogeneous regions. This is called surface order.
The objective of composition characterization then is to create an order guide of the info picture where every
uniform textured area is related to the surface class it has a place. We could likewise discover the surface
limits regardless of the possibility that we couldn't order the texture surfaces. This is then the second sort of
issue that surface investigation research endeavors to illuminate surface division [3-5].

The hydrogen bonding will place an important role to enhance the liquid crystal character. Most of the
researchers have done their research work on hydrogen bonding liquid crystals because mesogenic behavior of
the compounds [6-14]. Trans-p-methoxy and Trans- p-ethoxy -cinnamic acids and their homologues as well
as the p-n-alkoxybenzoic acids exhibited liquid crystalline phases [10]. The hydrogen bonded liquid crystals
first introduced by Kato et al [15, 16].  The hydrogen bonded liquid crystals involving inter molecular
hydrogen bonding between mesogenicp-n–alkoxy benzoic acids (nOBA) with varying chain number from n =
4 to 12 and 16 and non mesogenicperfluorooctanoic acid(PFOA) are synthesized [17]. In this series the lower
homologues (n = 3 to 6) and compound having chain number n = 16  are found to exhibit monovariantnematic
phase whereas the remaining compounds of the series are found to exhibit trivariant liquid crystalline phases
with the manifestation of smectic-B and  smectic-G  phases along with nematic with the quenching of
smectic-C phase
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2. Experimental
The compounds p-n-alkoxy benzoic acids and per fluorooctanoic acid were supplied by Sigma

Aldrich, Germany and the solvents used in the present work are of Merck AR grade.The intermolecular
hydrogen-bonded complexes aresynthesized by mixing both p-n-alkoxy benzoic acidand perfluorooctanoic
acid in 1:1 ratio in ethanol. Themixture is stirred at a high temperature for 2 hours and then cooled. The
solvent is removedby distillation under vacuum. The yield is 92%.

The solid state (KBR) IR spectra were recorded on a Perkin-Elmer FT-IR spectrometer (Perkin Elmer
FTIR Spectrum Two, Waltham, MA, USA). The optical textural observations were carried out by S. D. Techs
(Machilipatnam, India) polarizing microscope (POM) equipped with digital camera and hot stage. The color
images are collected and stored in the PC to simulate them with image processing techniques in MATLAB
software. The transition temperatures and corresponding enthalpy values are recorded on a Perkin Elmer
diamond DSC (Differential Scanning Calorimeter).

3. Results and Discussion
3.1 Local Binary Pattern
Local binary patterns (LBP) are introduced as a powerful local descriptor for microstructures of images.  LBP
is a simple yet efficient operator to describe local image pattern, and it has achieved impressive classification
results on representative texture databases.  LBP has been adapted to many other applications, such as face
recognition, dynamic texture recognition and shape localization.  However, the LBP has a limitation that LBP
histogram is calculated over the whole texture image represents only the occurrences of the patterns without
any indication about their position. To overcome this problem, the authors propose a novel representation,
called co-occurrence matrix of local average binary pattern (CoLABP), and this method is applied it to texture
classification.  Co-occurrence matrix of LABP image extracts the features based on local neighborhood of
image which contains all spatial and texture feature information of different patterns.  Parameters extraction
from the CoLABP of texture is a helpful process to identify the textural features and it changes either with or
without temperature, efficiently in order to investigate the phase transitions of the samples specially the liquid
crystals.

In this paper, the authors propose a multispectral method named as colour co-occurrence local average
binary pattern (CCoLABP) by considering the correlations between the colour bands while computing the
colour texture features.  Here, comes the liquid crystal textures and their change with temperature and provide
an opportunity to test the phase transitions and the temperatures at which these transformations occur.

3.2 Calculating Texture Measures from the GLCM
A huge number of applications in view of co-occurrence matrices, for example, contrast, homogeneity,
correlation, energy and entropy like parameters can be utilized to recognize the structural variations in the
images [18]. A portion of the statistical parameters are talked about here and connected to the compounds to
find the transition phases.

3.2.1Mean
The first color moment can be interpreted as the average color in the image, and it   can be calculated by
using the following formula,
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Where N is the number of pixels in the image and ijp is the value of the jth pixel of the image at the ith color

channel.

3.2.2 Correlation
GLCM correlation is expressed by the correlation coefficient between two arbitrary variables i and j, where i
speaks to the conceivable results in gray tone estimation for the main component of the displacement vector,
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while comparatively j is connected with gray tones of the second component of the displacement vector. Its
mathematical equation is given underneath:
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Correlation is a measure of gray tone linear-dependencies in the picture; specifically, the direction under
scrutiny is the same as displacement vector. High correlation values (near 1) suggest a direct relationship
between the gray levels of pixel sets. In this manner, GLCM relationship is uncorrelated with GLCM energy
and entropy, i.e., to pixel sets repetitions. Correlation achieves its greatest regardless of pixel pair occurrence,
as high relationship can be measured either in low or in high energy circumstances. GLCM correlation is
additionally uncorrelated to GLCM contrast, as high consistency of the gray level of one pixel from the
second one in a pixel pair is totally free from contrast. As a restricting instance of linear-dependency a totally
homogeneous region might be considered, for which correlation is equivalent to 1.
Figure 1 to 3 give the data with respect to statistical parameters of some PFOA:nOBA textures using image
processing techniques. The parameters like mean and correlation at various temperatures are displayed
utilizing MATLAB recreation and these parameters are giving transition changes as for the temperature
variation. In these, statistical parameters representation the sudden changes and the linear curve will speak to
the transition condition of the specific compound. These simulation results when compared and estimation
results utilizing DSC, they are in close with them and are displayed in Table 1.

Conclusion:
The following salient features are observed from the study.
 The higher homologues of hydrogen bonded complexes exhibit smectic-B and smectic-G phases by the

quenching the smectic-C phase of the mesomorphicnOBA compounds.
 The transition temperatures showed a decreasing in these compounds.
 The observed results from simulation are in very good agreement with standard DSC results. From the

obtained results we can conclude that, this is one of the accurate measurement techniques for finding the
phase transitions, along with other techniques that are available.

 In the image processing technique, the unwanted peaks are due to the non-uniformity in the thickness of
the sample.  It is observed previously that most of these peaks can be eliminated by using either a 2or 4
m thick cells.
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Table 1: Comparison between DSC and Simulated Results of Transition Temperatures

S No Compound Phases DSC Results MATLAB Simulation
Results

Heating Cooling Heating Cooling

1 PFOA:4OBA N 151.66 151.75 150.5 152.2

2 PFOA:5OBA N 147.60 141.77 147.2 140.9

3 PFOA:6OBA N 145.06 142.04 143.4 144.2

4 PFOA:7OBA NSmBSmG 146.52 96.0, 88.58, 83.0 146.4 96.7, 89, 84.3

5 PFOA:8OBA
NSmBSmG

136.0 142.0, 99.02, 90.08 135.2
143.2, 101.5,

88.1

6 PFOA:9OBA NSmBSmG 114.57 112.06, 89.88,74.59 114.7 98, 89.7, 83.0

7 PFOA:10OBA
NSmBSmG

96.76 139.6,117.89, 92.38 96.6
135.0, 117.6,

90.5

8 PFOA:11OBA
NSmBSmG

138.51 133.09,124.55,83.26 136.5
133.7, 125.0,

86.4

9 PFOA:12OBA
NSmBSmG

124.63 122.0, 77.33, 67.93 122.6
120.4, 74.4,

66.6

10 PFOA:16OBA N 121.07 123.45 123.4 124.8
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Figure 1a: Statistical Parameters of pFOA:5OBA Cooling, using Image Processing Technique in
MATLAB

Figure 1b: Statistical Parameters of PFOA:5OBAHeating, using Image Processing Technique in
MATLAB
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Figure 2a: Statistical Parameters of PFOA:7OBA Cooling, using Image Processing Technique in
MATLAB

Figure 2b: Statistical Parameters of PFOA:7OBA Heating, using Image Processing Technique in
MATLAB
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Figure 3a: Statistical Parameters of PFOA:9OBA Cooling, using Image Processing Technique in
MATLAB

Figure 3b: Statistical Parameters of PFOA:9OBA Heating, using Image Processing Technique in
MATLAB


