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Abstract  In the present article, structure of nematogenic p-n-Alkoxycinnamic acids (nOCAC) with alkyl chain carbon 
atoms (n=6, 8) has been optimized using the density functional Becke3-Lee-Yang-Parr (B3LYP) exchange-correlation with 
6-31+G (d) basis set using crystallographic geometry as input. The dimer complexes of higher homologues (n=6, 8) during 
the different modes of interactions, and their properties have been reported based on Density Functional Theory (DFT) 
calculations. The electrochemical properties have been investigated. The phase stability of these nematogens has been 
analyzed based on Mulliken and Loewdin population analysis.  
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1. Introduction 
Liquid Crystals (LCs) materials are of fundamental 

interest for a variety of applications in the areas of optical 
signal processing, and photo-induced phenomena [1]. In 
recent years, a field of research that is growing steadily is the 
photo-induced phenomenon in which the wavelengths of 
incident light impinge on the material stability [2]. Photo 
stability of liquid crystal (LC) materials plays a crucial role 
in affecting the lifetime of liquid crystal display (LCD), and 
memory devices. 

Liquid Crystals (LCs), as the crystals that flow, have 
gained much prominence in multidirectional facts with 
realistic models [3, 4] and excited practical applications. The 
foremost focus is to explore molecular chemistry [5, 6] in 
order to study their practicability in technological 
applications. The design and synthesis of new organic 
compounds, which exhibit a nematic phase with a specific 
spectrum of properties, have essential contributions in 
establishing and expanding the multibillion dollar LCD 
industry. The need to develop new liquid crystalline (LC) 
compound, for desired applications, and technology provides 
a new motivation to develop a deeper understanding in 
molecular electronic structure and bonding [7, 8].   

LC behavior is a genuine supramolecular phenomenon 
based on the existence of extended weak interactions 
(dipole-dipole, dispersion forces) between the molecules. It  
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is usually necessary that these molecules have anisotropic 
shapes [9] able to pack efficiently, so that these weak 
interactions can be high in number, co-operate, and become 
strong as to keep the molecules associated in a preferred 
orientation. The differences between the nematic behavior of 
simple conventional mesogens (monomers) and dimers are 
thought to stem entirely from the configurational correlations 
[10] that the spacers impose on the mesogenic units. Thus, 
the inclusion of such correlations constitutes the major step 
in the formulation of a molecular theory that goes from the 
description of aggregation behavior of single mesogen to 
dimer, and to multi-mesogen phases.   

The methods based on Time Dependent Density 
Functional Theory (TDDFT) applied to small and middle 
sized systems [11, 12] provide rather good accuracy at low 
computational cost [13, 14]. These methods still remain of 
rather limited application for establishing realistic molecular 
models and biological systems.  

The present theoretical approach aims at providing a 
comparative picture of higher homologues nematogenic 
p-n-Alkoxycinnamic acids (nOCAC, n= 6, 8) using the DFT 
method [13]. The electrochemical properties such as HOMO 
(EH), LUMO (EL) energies, energy gap (Eg), ionization 
energy (I), electron affinity (A), electro negativity (χ), 
chemical hardness (η), electronic chemical potential (μ), 
electrophilicity index (ω), and softness (S) have been 
investigated. The dimer complexes during the different 
modes of interactions and their properties have been reported 
based on DFT calculations. An attempt has been made to 
find out the most energetically favourable configuration in 
each mode of interaction. An examination of thermodynamic 
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data has revealed that nOCAC molecules exhibits 
nematic-isotropic transition temperature as follows [15]: 
6OCAC at 452K; and 8OCAC at 445K. 

2. Computational Method 
The main difficulties against a reliable theoretical 

approach are concerned with the size of such systems, and 
the presence of strong electron correlation effects. Both 
properties are difficult to treat in the framework of the 
quantum mechanical methods rooted in the Hatree- Fock 
(HF) theory. Density functional theory (DFT) is successful 
to evaluate a variety of ground- state properties with 
accuracy close to that of post-HF methods [13, 16]. In this 
context, remarkable structural predictions have been 
obtained especially using the ‘hybrid’ density functional 
[17-19] such as B3LYP combining ‘exact exchange’ with 
gradient-corrected density functionals. The present model 
comprises of the monomer and dimer assemblies of 
p-n-Alkoxycinnamic acids (nOCAC, n=6, 8). The geometry 
optimizations have been performed using the density 
functional theory (DFT) approach [13] and in particular the 
Becke3-Lee-Yang-Parr hybrid functional (B3LYP) 
exchange-correlation with 6-31G+ (d) basis set. The DFT 
approach was originally developed by Hohenberg and Kohn 
[20], Kohn and Sham [21, 22] to provide an efficient method 
of handling many-electron system. The theory allows     
us to reduce the problem of an interacting many-electron   
system to an effective single-electron problem. The DFT 
calculations have been performed by a spectroscopy oriented 
configuration interaction procedure (SORCI) [23], whereas, 
a revised version of QCPE 174 by Jeff Reimers, University 
of Sydney and coworkers have been used for the 
semiempirical calculations [24]. 

The general structural parameters of the systems such as 
the standard values of bond lengths and bond angles have 
been taken from published crystallographic data [15]. The 
charge distributions of the molecules have been calculated 
by performing Mulliken and Loewdin population analysis. 
The mesomorphic behavior and the nematic phase stability 
have been predicted through the calculated local charge 
distributions.  

3. Results and Discussion 
The electronic structures of nOCAC (n=6, 8) have been 

shown in Fig. 1. The structures have been constructed on the 
basis of published crystallographic data with standard values 
of bond lengths and bond angles [15].  

Generally, the trans isomers are linear in shape and tend to 
form mesophases, while the cis isomers are not linear, and 
tend not to form mesophases. The structures of the systems 
have the all-trans extended conformation, and the molecules 
exist in the crystals as planar hydrogen-bonded dimers. The 
molecular charge distribution, and phase stability of the 
molecules has been analyzed as given below:  

 

(a) 6OCAC 

 

(b) 8OCAC 

Figure 1.  The electronic structures of (a) 6OCAC, and (b) 8OCAC 
molecules 

3.1. Group Charges 

The group charges are needed to explain the behavior of 
mesogens. Mulliken population analysis, which partitions 
the total charge among the atoms in the molecule, has been 
performed, and the results have been compared with those 
obtained from Loewdin population analysis. However, there 
is much agreement among the methods while it comes to the 
group charges of each molecule. It is evident from (Table 1) 
that the positively charged alkyl chains of 6OCAC will be 
strongly attracted by the negatively charged side group as 
well as the core, causing the formation of longer units in the 
nematic phase. Hence, the nematic phase stability is 
expected to be high for 6OCAC. Further, the thermal 
vibration amplitude of the chain carbon atoms increase 
markedly with the increase of chain length, indicating a low 
packing efficiency for higher homologues. This leads to the 
drastic decrease in nematic phase stability. This is in 
agreement with the nematic-isotropic transition temperature 
reported by the crystallographer (Table 1).  

Table 1.  Mulliken (M) and Loewdin (L) group charges and 
nematic-isotropic transition temperatures for nOCAC (n=6, 8) molecules 

Molecules Side Group Core Alkyl TN-I/K 
[15] 

 M L M L M L  
6OCAC -0.40 -0.35 -0.21 -0.16 0.62 0.52 452 
8OCAC -0.38 -0.34 -0.29 -0.21 0.67 0.55 445 

3.2. Electrochemical Properties 

The HOMO (EH), LUMO (EL) energies, and energy gap 
(Eg) have an effect on the stability of a molecule. The energy 
of the HOMO is directly related to the ionization energy, 
LUMO energy is directly related to the electron affinity. The 
energy gap between the HOMO, and LUMO is an important 
factor in the determination of molecular transport properties 
and photo stability. The chemical hardness is a measure for 
resistance to deformation or change, is very important tool to 
study the stability of molecular systems, and is also an 
approximation to the first electron excitation energy. The 
lowering of energy separation between the HOMO and 
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LUMO clearly explicates the charge transfer interactions 
taking place within the molecule. The average value of the 
HOMO and LUMO energies is related to the electro 
negativity. The negative of the electro negativity is the 
chemical potential (μ). A comparative picture of 
electrochemical properties such as HOMO (EH), LUMO (EL) 
energies, the energy gap (Eg), ionization energy (I), electron 
affinity (A), chemical hardness (η), electronic chemical 
potential (μ), electrophilicity index (ω), and softness (S) of 
isolated molecules have been reported in Table 2 (a, b). 
Evidently, the individual stacked dimers of 8OCAC exhibit 
lower band; hence its conductivity is high in comparison 
with 6OCAC. Further, the same trend has been observed 
from the in-plane, and terminal dimers.  

3.3. Conformational Behavior of Molecules 

The results obtained through these computations suggest 
that the optical properties of isolated molecules are 
influenced by their electronic structures. Therefore, in order 
to understand the self organizing ability of mesogens, the 
different modes of molecular interactions namely; stacking, 
in-plane, and terminal interactions have been considered 
between a pair of nOCAC (n=6, 8) molecules. The 
interaction energies of dimer complexes have been taken to 
investigate the most energetically stable configuration using 
the DFT method. The basic idea underlying the study of 
molecular conformations is to study the physical and 
chemical properties of compounds that are closely related to 

the preferred conformations.  
The conformational behavior of LCs displays a large 

variation in intermolecular effects that depends on the nature 
and magnitude of interactions. Each conformation may 
exhibit the distinct energy, and lower energy conformations 
will be populated in preference to those of higher energy. 
The most energetically stable configurations of 6OCAC and 
8OCAC molecules have been shown in Fig. 2 and Fig. 3 
respectively. A comparison of stacked dimers between both 
the molecules suggests that the extension of the chain length 
to eight carbon atoms, a recognizable segregation of the 
dimers into a highly tilted layer structure has been obtained. 
The mutual interaction between the dimers in the structure is, 
however, quite weak, in particular to chain atoms. Hence, the 
end chains provide enough disorder to the crystal to pass on 
to nematic rather than smectic phase. The end chains have 
the all-trans extended conformation, and molecules exist in 
the crystal as planar hydrogen-bonded dimers. The dimers 
are arranged in end-to-end fashion in parallel rows. Similarly, 
side-to-side packing of dimers (Fig. 2b & Fig. 3b) is found in 
each molecule in a good fit between adjacent aromatic cores. 
But the amplitudes of thermal vibration of the carbon chain 
atoms increase markedly with the increase of chain length, 
indicating a low packing efficiency, and low 
nematic-isotropic transition temperatures that is in 
agreement with charge distribution analysis reported in this 
article.  

 

Table 2a.  The HOMO (EH), LUMO (EL) energies, and the band gap (Eg= EL-EH) of nOCAC (n=6, 8) dimer molecules at TDDFT level during the different 
modes of interactions have been computed 

Molecule EH/eV EL/eV Eg/eV 

 -8.68 -0.96 7.72 

6OCAC -8.83 -0.95 7.88 

 -8.50 -0.78 7.72 

    

 -8.85 -1.21 7.64 

8OCAC -8.99 -1.22 7.77 

 -8.61 -1.02 7.59 

Table 2b.  Calculated values of ionization energy I= (-EH), electron affinity A= (-EL), electro negativity χ = (I+A)/2, chemical hardness η = (I-A)/2, 
electronic chemical potential μ = -(I+A)/2, electrophilicity index ω=μ2/η, and softness S= 1/ η for nOCAC (n=6, 8) 

Molecule Mode Inter. I/eV A/eV χ/eV η/eV μ/eV ω/eV S/eV-1 

 S* 8.68 0.96 4.82 3.86 -4.82 6.01 0.26 

6OCAC P* 8.83 0.95 4.89 3.94 -4.89 6.07 0.25 

 T* 8.50 0.78 4.64 3.86 -4.64 5.57 0.26 

         

 S* 8.85 1.21 5.03 3.82 -5.03 6.62 0.26 

8OCAC P* 8.99 1.22 5.10 3.88 -5.10 6.70 0.25 

 T* 8.61 1.02 4.81 3.79 -4.81 6.10 0.26 

S*= Stacking interaction; P*= In-plane interaction; T*= Terminal interaction 



44 Seema Prasad et al.:  Study of Group Charges, Molecular Conformations,  
and Electrochemical Properties of Nematogens - A DFT Approach 

 

 

E=4.10eV 

(a) 

 

E=3.99eV 

(a) 

 

E= 4.09eV 

(b) 

 
E=3.98eV 

(b) 

 

E= 4.09eV 

(c) 

 

E= 3.99eV 

(c) 

Figure 2.  Energetically favourable structures of 6OCAC dimer in (a) 
stacking, (b) in-plane, and (c) terminal interactions 

Figure 3.  Energetically favourable structures of 8OCAC dimer in (a) 
stacking, (b) in-plane, and (c) terminal interactions 

 
 
4. Conclusions 

1.  A comparison of stacked dimers of nOCAC (n=6, 8) 
molecules suggests that the extension of the chain 
length to eight carbon atoms, a recognizable 
segregation of the dimers into a highly tilted layer 
structure has been observed. The mutual interaction 
between the dimers in the structure is quite weak, in 
particular to chain atoms. Hence, the end chains 
provide enough disorder to the crystal to pass on to 
nematic rather than smectic phase.  

2.  The energy gap (Eg) values help us to determine the 
molecular reactivity such as the ability to absorb light, 
and to react with other species, a molecule with small 
gap is expected to have higher reactivity and lower 

stability in photo-physical process. However, the 
energy gap shows a preference with increment in the 
end alkyl groups. The increment of alkyl groups in the 
end chain cause a decrement in energy gap, thereby 
increasing the conductivity of the molecule.  

3.  The increase of chain length, indicating a low packing 
efficiency for higher homologues. This leads to the 
drastic decrease in nematic phase stability. 
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