
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:27
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Surface-Induced Spatial
Ordering in Nematic and
Smectic Phases of Gay-Berne
Model
Toshikuni Miyazaki a , Hitoshi Hayashi a & Mamoru
Yamashita b
a DENSO CORPORATION, Kariya, Aichi, 448-8661,
JAPAN
b Department of Physics Engineering, Faculty of
Engineering, Mie University, Tsu, 514-8507, JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Toshikuni Miyazaki, Hitoshi Hayashi & Mamoru Yamashita (1999):
Surface-Induced Spatial Ordering in Nematic and Smectic Phases of Gay-Berne Model,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 330:1, 367-374

To link to this article:  http://dx.doi.org/10.1080/10587259908025611

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025611
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

27
 1

7 
A

ug
us

t 2
01

2 



Mu/. Cryst. Liq. Cryst.. 1999. Vol. 330. pp. 367-374 
Reprints available directly from the publisher 
Photocopying permitted by license only 

8 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Surface-Induced Spatial Ordering in Nematic and 
Smectic Phases of Gay-Berne Model 

TOSHIKUNI MIYAZAKIa, HITOSHI HAYASHIa and 
MAMORU YAMASHITA~ 

"DENS0 CORPORATION, Kariya, Aichi 448-8661, JAPAN and bDepartment 
of Physics Engineering, Faculty of Engineering, Mie University, 

Tsu 514-8507. JAPAN 

By constant temperature molecular dynamics simulation of Gay-Beme model with walls, the 
formation of liquid crystalline orders is studied, where typical three types of walls are tested. 
The wall is shown to work as a symmetry breaking field both for smectic order and nematic 
short range order of position. In addition to the surface-stabilised smectic A phase, smectic C 
phases stabilised topologically by the periodic boundary condition are obtained. In case these 
phases coexist it takes quite long time to achieve a uniform state of thermal equilibrium. 

Keywords: Gay-Beme model; alignment at liquid crystaVsurface interface; surface-stabilised 
smectic phase; symmetry breaking field for positional order; periodic boundary condition 

INTRODUCTION 

An effect of walls on the formation of the liquid crystalline order and an 
alignment of molecules near the wall are the interesting problem from both 
fundamental and application point of Recently a surface-stabilised 
alignment of smectic A phase was found by Stelzer ct al."." in the course of the 
simulation study of the Gay-Berne model'"'. Our group have clarified that this 
phase is stabilised by the work of the wall as the symmetry breaking field for the 
smectic layer, and also shown that a phase transition between such smectic 
phase and the usual smectic A phase to O C C U ~ ~ ' .  
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In this work we study the behaviour of the same system introduced before 
but with larger system size, where walls at the top and bottom of the box are 
replaced by an imaged particle and a periodic boundary condition is applied in 
the lateral directions”’. The effect of wall as the symmetry breaking field to the 
positional order is observed not only at the surface-stabilised smectic A phase 
but also in nematic and crystalline phases, which is predicted in gas phase””. 
We will report some phases stabilised topologically by the periodic boundary 
condition. The process of formation of such order is also tested. 

MODEL AND CONDITIONS OF SIMULATION 

The system is composed of molecules with Gay-Beme potentiat”, put into a 
tetragonal simulation box with walls at the top and bottom in the z-direction. 
The molecule is three times in length of diameter. The sizes of three types of 
simulation boxes are 9 (called as L-cell, hereafter), 18 (2Lcell), 27 (3Lcell) in 
the unit of diameter with some additional space due to the excluded volume 
effect by the walls in height and 9 in width. The number of molecules is 256 in 
LEU, 512 in 2Lcell and 768 in 3Lcell, respectively. The walls are replaced 
by the imaged particles with which the molecules interact with same Gay-Beme 
potential. The centre of mass of the imaged particle is put on the wall and the 
molecular long axis is fixed in respective direction of three types of walls; 
parallel to the projection of the accompanied molecule onto the wall for isotropic 
wall, along y-axis for y-anisotropic wall and z-axis forz-anisotropic wall. The 
former two correspond to the homogeneous anchoring and the latter one the 
homeotropic anchoring. 7 l e  periodic boundary condition is applied in both x -  

and y-directions. 
The parameters appearing in the model are determined after the works by 

Luckhurst et aI.III.”’ and the anisotropic parameter and that of well-depth are 
chosen to be same to those used previousl$”. First, molecules are generated 
randomly in the simulation box at high temperature and then temperature is 
lowered and equations of motion are solved successively using Verlet 
algorithm“2’ by Zoo00 time step, during which the system is assumed to reach 
the thermal equilibrium or similar state at that temperature. By such process of 
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lowering temperature successively, behaviours of the system are studied at 
various values of temperature scaled in the unit of a interaction energy appearing 
in the model. As details of values of parameters and actual process of 
simulation are abbreviated here, it should be mentioned in order to characterise 
the conditions and simulation used in this study that under these conditions at 
Lcell with periodic boundary condition in each direction without walls the 
results19’ coincide qualitatively with those by Luckhurst el  ul.“”. 

RESULTS 

We carried out the simulation at systems of 2Lcell and 3Lcell with each wall. 
First, we report the case of isotropic wall at 3Lcell. Two types of smedic A 
phases, SmAl with a layer normal perpendicular to the z-axis and S m A 2  with a 
layer normal parallel to the z-axis“’, are obtained, and a sequence of phases is 
same to the one reported previously for Lcell‘”; isotropic phase, nematic phase, 
SmAl ,  SmA2 and crystalline phase. 

(a) T = 0.2 (b) T = 0.1 (c) T = 0.1 
FIGURE 1 Snapshot of smectic phase in isotropic wall system. 
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The snapshot of the configurations projected on the yz-plane is shown in 
Fig. 1 with T = 0.2 (a) and 0.1 (b), where in (a) SmA2 is stable and the area of 
S m A 2  increases gradually with the course of simulation though the coexistence 
of both smectic phases is observed in the figure. As a movement of domain 
wall between both phases is quite slow at this temperature, we lowered the 
temperature to T=O. 1 before the ordering of S m A 2  governs the whole system. 
Then, the movement is accelerated and the ordering of S m A 2  shown in Fig. 
l(b) is obtained easily. We tested this system again and obtained similar results 
but the behaviour of SmA2 as shown in Fig. l(c) at T=O. 1, where the director 
tilts from the layer normal and the phase looks like smectic C phase (call SmC, 
tentatively). Positional distribution of molecules of this phase along an axis z' 

of director with direction cosine (0.00, -0.02, 0.99) and in the direction z" of 
the layer normal with direction cosine (0.00,0.24,0.97) are shown in Fig. 2 (a) 
and (b), respectively, where a degree of a positional order of SmC is quite high 
though the order is disturbed at the walls. 

In the system we are concerned, the periodic boundary condition is applied at 
each boundary of x -  or y-direction. We see that at SmC shown in Fig. l(c) the 
layers are dislocated and connected to the neighbouring layers and a tilt angle of 
the director from the layer normal is determined from a ratio of the width of the 
layer to the size of the system in the y-direction, corresponding to a component 
of direction cosine 0.24 quoted in the above. Accordingly the phase SmC 
stabilised by the periodic boundary condition is reduced to SmA in the limit of 
large system size. Though the free energy of SmC is assumed to be larger than 
the one for SmA2, SmC is stable once it appears and no sign of phase change 
from SmC to SmA2 is observed so long as we have carried out the simulation. 
In this context the following observation is noteworthy that the domain wall 
between SmC and SmAl appearing at T = 0.1 moves rather fast by changing 
the temperature from T=O. 1 to 0.2 though the movement of wall is quite slow at 
T=O.l. From this process the monodomain of SmC in Fig. l(c) is achieved. 

In Fig. 1 some layers attached to the top and bottom walls are seen for every 
case. The behaviours of such layers are proved clearly in Fig. 2(a), and also 
observed in nematic phase and even in isotropic one. These behaviours show 
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I I 

I J 
29 

FIGURE 2 Positional distribution of molecules at SmC 
in isotropic wall system 

nothing but the effect of walls as the symmetry breaking field to the formation of 
the positional order, which stabilises SmA2 in case of smecticsIYI. As to a 
formation of crystalline order we will see such effect in the latter. 

Next, we mention observations of system with y-anisotropic wall at 3L-cell. 
The sequence of phase transitions is same to the one at the system of L-celllql. 
A snapshot of systems projected on yz-plane at T=0.2 is shown in Fig. 3(a), 
where three ordered domains appear. The domain labelled as A is SmAl with 
three layers, where the direction cosine of layer normal is given by (0.01, 0.99, 
0.09). On the other hand anther domains look like SmC. To see what 
happens in this system, the projection of the system onto the plane perpendicular 
to the smectic layer and containing the direction of director at the part labelled as 
C of Fig. 3(a) is shown in Fig. 3(b). In the domain labelled as B, four layers 
are observed clearly in Fig. 3(a), the direction of director is (0.16, 0.96, 0.2 1) 
and direction of the layer normal is (0.01,0.99, -0.09). while in Fig. 3(b) the 
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(a) (b) 
FIGURE 3 Snapshot of y-anisotropic wall system 

domain labeled as C is made of five layers with directions of director (0.37, 
0.90, 0.23) and of layer normal (0.51, 0.83, 0.20). The distributions of 
molecules for three domains along each direction of the layer normal are shown 
in Fig. 4, where the layers are well-ordered in each domain. The latter two 

orders of SmC are also stabilised by the periodic boundary condition as 

(a) Domain A (b) Domain B (c) Domain C 
FIGURE 4 Positional distribution of molecules for three domains 

along each direction of the layer normal 
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observed in the case of isotropic wall. However it is noticed that in those 
phases the layers are dislocated in the direction parallel to the xy-plane, while in 
this phase layers are in the z-direction as shown in Fig. l(c). 'Ihe motion of 
walls separating three domains in Fig. 3 is quite slow and we could not find 
remarkable tendency even in case the temperature is changed from T=0.2 to 0.5. 

From this behaviour the phases stabilised topologically by the periodic 
boundary condition are sufficiently stable. 

It has not been 
confirmed as yet whether the domain is truly crystal or not, because these three 
phases coexist and we could not obtain the large size of monodomain of A. 
Any way, the positional order within a layer is observed to grow from the 
boundary, showing that the wall works as the symmetry breaking field. 

At the systems of z-anisotropic wall the phase stabilised by the periodic 
boundary condition is not observed in both cases of 2 L  and 3LceUs. On the 
other hand at each system with isotropic wall and y-anisotropic wall, SmC is 
observed also in case of 2Lcell. 

The the domain A in Fig. 3(a) looks like almost crystal. 

SUMMARY 

By constant temperature molecular dynamics simulations of Gay-Beme system 
the formation of the liquid crystalline orders is studied, in which the effect of the 
walls as the symmetry breaking field is confirmed in nematic, smectic and 
crystalline phases. Various types of phases stabilised by the periodic boundary 
condition imposed to the lateral direction are obtained and the coexistence of 
these phases are also observed. 

In these phases the layers are dislocated and connected with the nearest or 
next nearest neighbouring ones at the boundary. The director tilts from the 
srnectic layer normal and so the phases look like a smectic C phase. However 
such phases should be reduced to the smectic A phase in itself as the size of the 
system is increased. Accordingly the free energies of these phases are 
considered to be larger slightly than the one at smectic A phase. Nevertheless, 
once such phases appear, these are stable enough and it takes enormous time 
step to get a true thermal equilibrium phase. In some cases it is efficient for 
achieving equilibrium phase to destabilise such ordering by rising the 
temperature. 
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