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ABSTRACT 

Correlation study between ‘commencement of Nematic Transition Temperature (NTT)’ and their 

‘structural property data set’ is carry out. Stepwise backward regression analysis method is applied to 

find out good correlation between ‘transition temperature data set’ and ‘physical descriptors. Physical 

descriptors are selected on the basis of good r2-value and P-values with their respective NTTs. Data set 

of randomly selected 32 compounds is used as training set to obtain “Quantitative Structure and Property 

Relationship (QSPR) model”. Validation of derived QSPR equation is carried out on trial series as well 

as on test series. Average standard deviation of 5.93 for 32 compounds of trial set, and 7.09 for 11 

compounds of test series is observed; between predicted NTTs and experimentally measured NTTs. 

Thus, it holds well on the data set of trial series and test series with comparative good degree of accuracy. 

Hence, derived QSPR equation can utilize to design new similar type mesomorphs having comparative 

low NTTs, so that they can be use at desired temperature. 
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1.  INTRODUCTION  

 

Most of the solid substances melt at definite temperatures into isotropic liquid, but a 

thermotropic mesomorph gets first loosened into a cloudy but flowing liquid at some lower 

temperature before it turn into a clear isotropic liquid at the higher temperature. A thermotropic 

mesomorph possesses the degree of molecular order, lies between true crystalline state and that 

of isotropic liquid.  

This intermediate state of substances possesses the flow property like liquids and optical 

properties like birefringence associated with crystalline solids. This characteristic behaviour is 

called mesomorphism [1]. Mesomorphs show several degrees of orientational and positional 

order, based on which liquid crystals are classified into Nematic, Smectic or Cholesteric types 

of liquid crystals [2].  

Diversify applications of Liquid Crystals (mesomorphs) [3-14] attract and collaborate 

researchers of various fields of science viz. Chemistry, Physics, Electronics, Medicinal Science, 

Biochemical Science, Polymer Science etc. and become an interdisciplinary research subject. 

In present work of “Quantitative structure and property relationship”, words 

“Quantitative structure” deals with physical properties of compounds, which are based on the 

structures of the compounds; those are to be correlated with their Liquid Crystalline property 

data. Here, Liquid Crystalline property data are taken in terms of Nematic Transition 

Temperatures (NTTs); which represent the temperature on which Nematic mesophase 

commences during heating process of compound and the structure of the compounds are 

represent in terms of their physical properties.  

With the help of a liable QSPR equation one can predict Liquid Crystalline property of 

any projected/designed compound which is to be synthesized. A systematic use of QSPR study 

in the Liquid Crystal’s research field may not only save our time, but it may also save 

unnecessary labour, waste of chemicals etc. Moreover these, we can also prepare new 

mesomorphs with better and desired liquid crystalline properties may having a good mesophase 

length and expected low transition temperatures; so that they can be utilize at sufficient low 

temperatures. To do this, one should calculate same physical descriptors for the projected 

compound having similar type structure to that of the compounds of trial (training) set (series) 

i.e. which are used to derive QSPR equation.  

Then, by introducing these values of calculated physical descriptors of projected 

compound, in derived QSPR equation, liquid crystalline property (NTT) of projected compound 

can be predicted. Following this exercise repeatedly, expected liquid crystalline property (e.g. 

low NTT) can obtain by changing functional group/s, their positions and geometry of projected 

compounds. Thus, one can designed new similar type of compound having expected NTT, so 

that they can be use at desired low temperature. 

Thus, detail study and understanding of QSPR analysis gives statistical path to synthesize 

new liquid crystalline compounds. In this way, QSPR study may support the research in the 

recent age of “GREEN CHEMISTRY” [15]. 

In present study, I have tried to correlate Nematic Transition Temperatures as liquid 

crystalline property of azo-ester linked substances with their structure-dependent physical 

properties. As per my knowledge; this is only second time that “Quantitative Structure and 

Property Relationship (QSPR)” method is applied to establish structure-property relationship, 

using physical descriptors derived from quantum mechanics calculations to predict Nematic 

Transition Temperatures (NTTs) of mesomorphic compounds [16]. 
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2.  METHODOLOGY 

2. 1. Selection of series of mesomorphic compounds 

Usually researchers made efforts to synthesize novel thermotropic LCs and to correlate 

effects of molecular structure on liquid crystal properties, by varying molecular aromaticity, 

central groups, terminal groups, positions of same or different functional groups on phenyl ring 

or rings, geometrical shape, size, polarity and polarizability, etc [17-19]. Mainly three major 

factors viz. Steric, electronic and geometric influences the actual mesomorphic properties of 

LCs. Hence, with keeping focus on these criteria a humble effort is taken on hand to correlate 

effects of molecular structure on liquid crystal property (Nematic Transition Temperature) 

through QSPR study. 

In present data analysis, all selected data are taken from registered thesis [20]. Total four 

azo-ester linkage homologous series; 1 to 4 (Figure-1) are selected for present study. These all 

four series are structurally similar with respect to basic skeleton. These all four series are 

identical with respect to two phenyl rings and one napthyl ring, central bridges of ester linkage 

(-COO-) and azo linkage (-N=N-) and left hand side changing alkoxy terminal groups, but they 

are differ with respect to presence and absence of right hand side terminal substituent group of 

ortho-NO2, meta-NO2, para-CH3 respectively.  

 

 
 

Figure 1. Azo-ester linkage homologous series 

 

 

2. 2. Selection of data set 

From these four series, total 43 compounds and their Nematic Transition Temperatures 

in °C (NTTs) are chosen for the QSPR study. Among this data set, randomly 8 compounds and 

their NTTs of each individual series (1 to 4) are selected as trial series for statistical work, to 

generate QSPR model. Thus, total 32 compounds and their NTTs are set as trial series.  
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Test series of eleven compounds construct from the rest of other homologues of each 

series (1 to 4) to check validity of the derived QSPR equation. 

Experimental NTTs are chosen as dependent variables, while structural (physical) 

descriptors of selected compounds are chosen as independent variables for the statistical 

analysis. 

 

2. 3. Computational work 

Minimum structural energy optimization having no symmetrical restriction is obtained 

for each compound before calculating different physical descriptors with following semi-

empirical PM3 level of theory [21]. Once the lowest energy level is obtained for each 

compound, maximum physical properties were calculated for each compound. All physical 

parameters (descriptors) are taken as independent variables in present correlation study, which 

are calculated from ChemDraw Ultra 3D (version 8.0) software. 

Statistical analysis is carried out using “KYplot (5.0)” statistical software on “HP 15 

Notebook PC-Model number; G8D31PA#ACJ”; to derive QSPR equation. Correlation study 

and multiple linear regression analysis are performed one by one, to find out good r2 and P-

values among all calculated physical descriptors with NTTs of trial series. Here, P-value and 

r2-value represents that; up to which extent dependent variables (here NTTs) are in correlation 

with independent variables (here structural/physical descriptors). For example, P-value should 

be less than 0.005 and r2
-value should be greater than 0.65 to indicate good and liable internal 

correlationship among variables. Derived QSPR equation represents correlation between 

calculated physical descriptors with observed Nematic Transition Temperatures (NTTs) for 

training data set as well as testing data set. 

 

 

3.  RESULTS AND DISCUSSION  

 

Selection of the proper physical descriptors requires a careful statistical process. At initial 

stage, individual correlation between each physical descriptor with NTTs of trial series has been 

checked out. Internal correlation matrix (Table 1) of selected physical descriptors is generated, 

which lies between 0.004 (minimum) to 0.97 (maximum) showing minimum correlation 

between HOMO and non-VDW descriptors while, maximum correlation between Radius and 

CMA (Connolly Molecular Area). Some of the higher internal correlation neglected to acquire 

good QSPR equation. 

 

Table 1. Correlation matrix of selected physical descriptors 

 

  WI Radius HOMO CMA HOF DL 
Non-

VDW 
NTT 

WI 1       0.52 

Radius 0.92 1      0.44 

HOMO 0.72 0.73 1     0.44 
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CMA 0.96 0.97 0.75 1    0.46 

HOF 0.73 0.54 0.33 0.59 1   0.33 

DL 0.16 0.25 0.43 0.24 0.004 1  0.17 

Non-VDW 0.27 0.1 0.05 0.18 0.73 0.144 1 0.15 

NTT 0.52 0.44 0.44 0.46 0.33 0.17 0.15 1 

 

Abbreviations: - WI = Winner Index, HOMO = Highest Occupied Molecular Orbital,  

CMA = Connolly Molecular Area, HOF = Heat of Formation in K Cal./ mole at 25 °C,  

DL = Dipole Length in eV, Non-VDW = Non-1,4 van der Waals energy in K Cal./ mole 

 

 

On the basis of good r2-value and p-value, elimination and selection of appropriate 

independent variables is carried out. The computed physical descriptors along with their 

observed NTTs for each molecule of trial series are presented in Table 2. 

Using generated data set of Table 1 and Table 2 of the trial set, following most appropriate 

QSPR equation (QSPR model)* is derived by performing multiple regression analysis 

following by stepwise beck-ward regression method. 

 

*Y = 86.77497 – (0.020900858*b1) – (5.719471765*b2) + (0.004255914*b3) + 

(0.342941793*b4) – (0.23802*b5) – (0.247708585*b6) + (5.80634*b7) 

 

where, Y is Nematic Transition Temperature (NTT), while b1, b2, b3, b4, b5, b6 and b7 are 

values of physical descriptors WI, Radius, HOMO, CMA, HOF, DL and non-VDW 

respectively of each homologue of trial set. 

 

The statistically computed correlation coefficient r2 is observed 0.6747, with average 

standard deviation of 5.93 for 32 compounds of trial set. R2 is resultant correlation coefficient 

between dependent variables (NTTs) and independent variables (physical descriptors). These 

values show comparative good agreement for the best possible prediction of the Nematic 

Transition Temperature (NTT) for similar type of compounds. Obtained QSPR equation 

is tried to justify here by validation of derived QSPR equation on trial series (Table 3), as well 

as on test series (Table 4).  

Deviation and correlation between predicted activity and experimental measured NTTs 

presented here with graphical presentation in Graph 1 and Graph 2 for trial and test series 

respectively. Average standard deviation of 5.93 for 32 compounds of trial set, and 7.09 for 11 

compounds of test series is observed; between predicted NTTs and experimentally measured 

NTTs. For test series, results show that only 18.18% of the compounds show absolute error 

more than 20% while, 54.55% compounds of the test series have absolute error of less than 

10% only.  

These results put confidence on comparative good reliability of derived QSPR equation. 

Results might give us an idea about the way to synthesize new similar type of mesomorphic 

substances by needful structural changes in basic skeleton of trial series having expected liquid 

crystalline property (low NTT). 
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Table 2. Physical descriptors along with the molecules of trial series and the observed NTTs 
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Table 3. Validation of QSPR equation on trial series 
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Table 4. Validation of QSPR equation on test series. 

 

 
 

 

4.  CONCLUSIONS 

 

1) From this statistical exercise satisfactory good QSPR model is obtained. But it may be 

possible to construct more significant QSPR model to reduce percentage error in 

prediction, with increase data set of compounds and calculating more numbers of 

physical descriptors following by establish better correlation between them. 

2) Table 2 reveals the effect of selected parameters on NTTs of compounds. It shows that 

Winner Index (The sum of the chemical bonds existing between all pairs of heavy atoms 

in the molecule), HOMO (Quantum chemical descriptor), Connolly Molecular Area 

(Steric Parameter), Heat of Formation (Which is a measure of the relative thermal 

stability of a molecule), Dipole Length (Steric length parameter) and non-VDW 

(Nonbonding Vander Waals energy between molecules) influence predominantly on the 

commencement of nematic phase. These results support the fact that prediction of NTTs 

of azo-ester linkage compounds mainly dictated by molecular properties associated with 

steric and electronic characteristics. 

3) Percentage errors of prediction are shown high in compounds of series-4 compare to 

that of the other series. These results lead to good prediction in right hand side 

substituted azo-ester linkage compounds compare to that of the non-substituted 

homologues. 

4) There is lot of scope of QSPR study in the field of Liquid Crystals (LCs). It surprises 

that QSPR subject is almost untouched in the research field of LCs, though it might 

gives planned statistical track to researchers to synthesize new mesomorphic substances 

with better and desired liquid crystalline properties. 

5) QSPR analysis may be useful to the theoretical and computational design of molecules 

that would lead to synthesize liquid crystalline compounds which can work at desired 

temperature range. 
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6) QSPR analysis also may be useful to predict Latent Transition Temperatures (LTTs) of 

similar type non-mesomorphic compounds, which are predict in present era by 

executing study of binary series and extrapolation method [22-23]. 
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