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A Theoretical Study of Molecular Ordering of 
Some Smectic Liquid Crystals 
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ASHOT M. YAYLOYAN~ 

ahstitUte of Applied Problems of Physics, NAS of Armenia, 25 Nersissyan Stx, 
Yerevan, 375014 Armenia and bAmerican University of Armenia, 40 Marshal 

Baghramian Stx, Yerevan, 375019 Armenia 

A theoretical investigation of molecular ordering of smectic C liquuid crystals 

(E)  and its binary mixtures (A+B] has been carried out by the method based on the 
Rayleigth-Schrodinger perturbation theory. The mutual arrangement of two molecules corre- 
sponding to the minimum of the total interaction energy between them Upair has been estab- 
lished. The curves of the dependence of Upair and its various contributions on displacement 
of molecules from each other along the molecular long X-axis and angle 0 between mole- 
cules’ long axes has been also computed in the minimum point vicinity. The obtained results 
make it possible to determine the peculiarities of the structural organization of molecules, as 
well as to construct a model of the structure of A and B compounds in different phases taking 
into account the most probable packing of molecules. 

Keywords: smectic liquid crystals; interaction energy; molecular packing 

C * H I ~ ~ - C ~ H ~ - C ~ H ~ - C ~ ~ - C ~ H ~ - ~ ~ H I ~  (A 1, C$ I~O-C,H~-COO- C6H4-COO-C6H,-NO2 

INTRODUCTION 

Molecular interaction plays substantial role in liquid crystal structures’ 
characterization. This interaction determines the physical properties of 
liquid crystals (LC), as well as the type and kinetics of physical and 
physicochemical processes taking place in these substances [l-31. 
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748/[ 17041 STEPAN M. YAYLOYAN et al. 

Therefore, it is quite natural that a lot of attention is paid in the 
literature to this problem. The potential energy of interaction of two 
molecules is considered as a prime issue in theoretical investigations on 
intermolecular interactions. Only in rare cases it is possible to obtain the 
full intermolecular potential from the experimental data. Therefore, the 
theoretical approaches applying such kind of approximations and 
methods, as an atom-atom potentials model [4-71 as well as various 
models of semiempirical (CNDO/2, MIND03 etc.) and nonempirical 
(ub initio) quantum mechanical characterizations have been widely 
applied [8-111. 

In this paper a theoretical investigations of molecular ordering of. 
smectic C LC 

C ~ H I ~ ~ - C ~ H ~ - C & - C ~ ~ - C & H ~ - O C ~ H ~ ~  ( A )  
C~H~~~-C&-COO-C~H~€OO-C~-NOZ ( 4 

and its binary mixtures {A+B} has been carried out by the method 
based on the Rayleight-Schrodinger pernubation theory. The geometric 
structure of A and B molecules are represented in Figure 1. 

A 

B 

FIGURE 1. Geometrical structu~s ofA and B molecules 

CALCULATION TECHNIOUE 

The calculations were made in two stages. In the first stage, the data of 
the conformation of the A and B molecules (see Figure l), ionization 
potentials, net atomic charges and the dipole moments at each atomic 
centre have been computed by molecular orbital method in the AM1 
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MOLECULAR ORDERlNG OF SMECTICS [ 1705]/749 

approximation (an improvement of the MNDO method). In the second 
stage, on the basis of the obtained data, the intermolecular interaction 
has been studied by using perturbation theory with multicentered- 
multipole expansion method. The total pair interaction energy of 
molecules, U&, is represented as a sum of various terms contributing 
to the total energy: 

(1) 

where Ue/, U& (Ids,,, U,, are the electrostatic, polarization, dispersion 
and repulsion energy terms respectively. A Lennard ;ones (“6-12”) type 
potential represents Van der Waals interactions (Urn, = Udv + UmP) 
[6,7]. The Upo/ expression is taken from [12]. The electrostatic term 
expressed as: 

(2) 

u@r= U ~ I  + upo/ + Udsp + urep 

Ue1= u,+ U& + u, 

where U, , U, and U& are the monopole-monopole, monopoledipole 
and dipole-dipole terms respectively. 

RESULTS AND DISCUSSION 

The mutual arrangement of two molecules corresponding to the 
minimum of Up4. of the interaction between them has been established 
(see Table and Figure 2). 

TABLE Minimum magnitudes of pair interaction energy of molecules, 
U, , and the distribution of various energy components (in kcal/mole) 

Inter- 

0,89 -2.25 
-2.37 

-233 1 0,74 -2.19 

The curves of the dependence of UWr on displacement of molecules 
h m  each other along the molecular long X-axis (at the different 
distances R between axes) (Figure 3) and angle 8 between molecules’ 
long axes (Figure 4) has been also computed in the minimum point 
vicinity. Several deep local e m m a  in the c w e  of the dependence of 
U,, on displacement along X-axis were revealed (see Figure 3), this is 
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a 

c 

FIGURE 2. Packing of molecules corresponds to a minimum of UPi, 
function: a - AA, b - BB, c - AB. 

one of the basic causes of the existence of various types of local 
ordering in smectic phases. It is shown, in particular, that at the short- 
range interactions of molecules a slight horizontal displacement of 
molecules fiom each other (at the minimum point vicinity) leads to the 
abrupt decrease in the interaction energy (at R=3.&f and 
AUHr Q i 4  kcaUmole). At the large values of R the same qualitative 
features are observed. The only difference is that at large R the range of 
the horizontal translation of molecules at the thermal motion is 
increased (see Figure 3). 

The behaviour of the U,, potential hc t ion  (1) without the 
allowance for the contribution of Ual electrostatic interaction is 
completely different (Figure 5). Here the energy barriers are essentially 
different and their variation with the increasing intermolecular distance 
R proceeds non-unifimnly, that leads to essential change of packing of 
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FIGURE 3. Dependence of U,, energy of pair interactions on 
displacement of molecules from each other along the long X axis: 
a - AA, b-BB,c-AB. 
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FIGURE 4. Dependence of U,, energy of pair interactions on 0 angle 
between molecules’ long axes: u - AA, b - BB, c - AB. 
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MOLECULAR ORDERING OF SMECTICS [ 1709]/753 

U f ,kcaVmole 
L 

V 
I I I I I I I 1 I 

-2 0 
-2 0 -10 0 10 20 x , A  

FIGURE 5.  Dependence of energy of pair interactions (without the 
allowance for the contribution of U,,), U*,,d,, on displacement of 
molecules from each other along the long X axis. For case of AB 
interaction. 

molecules. Besides, the displacement of molecules fiom each other 
along the long X-axis does not give any notable change in the 
interaction energy U*,, (e.g., at R4,5A and AX=&, AE51,O 
kcal/mole). Moreover, it should be noted (see Table) that the general 
(main, essential) contribution into Uel is come fiom Ud . These results 
enable one to suppose, that the presence of the strongly polar groups 
0, -NOO- and COO- leads to the essential changes of packing of 
molecules, although the contribution of Ud dipoledipole interaction to 
the Up,r total energy is not so large (see Table). Here it should be also 
noted that -0-, -NOO- and €00- polar groups contribute mainly to the 
perpendicular orientational component of polarization (,qqr1,9; p1=3,6 
Debye, where p is the dipole moment of A molecule). 

On basis of the results discussed in this paper, it may be reasonably 
concluded that interaction energy studies based on semiempirical 
quantum mechanical calculation methods are helpll for a quantitative 
evaluation of mutual Muence of intermolecular field forces on 
equilibrium mutual packing of molecules. These calculations provide an 
insight of the molecular arrangements inside a bulk of materials. 
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The obtained results make it possible to determine the peculiarities 
of the structural organization of molecules, as well as to construct a 
model of the structure of A and B compounds in difFerent phases taking 
into account the most probable packing of molecules. 
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