
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 14 January 2011
Access details: Access Details: Free Access
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 Simulation
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713644482

Molecular Graphics and the Computer Simulation of Liquid Crystals
M. P. Allena

a H. H. Wills Physics Laboratory, Bristol, United Kingdom

To cite this Article Allen, M. P.(1989) 'Molecular Graphics and the Computer Simulation of Liquid Crystals', Molecular
Simulation, 2: 4, 301 — 306
To link to this Article: DOI: 10.1080/08927028908034607
URL: http://dx.doi.org/10.1080/08927028908034607

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or 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.

http://www.informaworld.com/smpp/title~content=t713644482
http://dx.doi.org/10.1080/08927028908034607
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Molecuhr Simulation. 1989, Vol. 2 ,  pp. 301-306 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1989 Gordon and Breach Science Publishers S.A. 
Printed in Great Britain 

MOLECULAR GRAPHICS AND THE COMPUTER 
SIMULATION OF LIQUID CRYSTALS 

M.P. ALLEN 

H . H .  Wills Physics L,aboratory, Royal Fort, Tyndall Avenue, Bristol BS8 I TL 
United Kingdom 

(Received Junuary 1988, in Jinul/orm March 1988) 

Molecular dynamics simulations of systems of hard ellipsoids of revolution have been carried out. Using 
configurations generated in these simulations, it is shown how molecular graphics can be used to cxaminc 
the structure within the nematic liquid crystal phase, and close to the isotropic-nematic phase transition. 
A way of visualizing the degree of orientational order in these systems is presented. 
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1 INTRODUCTION 

In collaboration with Dr. D. Frenkel (Amsterdam) I have been conducting molecular 
dynamics simulations of molecules represented by hard ellipsoids of revolution. For 
suitable values of length a (of the symmetry axis) to width b, these systems have been 
shown to have a thermodynamically stable nematic liquid crystal phase (N) in 
between the isotropic liquid (I) and the solid [I]. We have published details of 
reorientational time correlation functions for this system, and have observed critical 
slowing down of collective rotation near the I-N transition [2 ] .  We have also carried 
out the first calculation of Frank elastic constants via simulation [3]. These quantities 
are of great interest, for example, in device technology. The general conclusion of this 
type of work [4] is that, just as in the case of isotropic liquids, hard particles are 
physically reasonable reference systems for more realistic models of liquid crystals. 
Few other models known to exhibit liquid crystalline phases exist [5 ] .  

The purpose of the present work is to show how molecular graphics can assist in 
the understanding of structure and dynamics in liquid crystal phases. 

2 SIMULATIONS 

The technical details of our molecular dynamics simulation algorithm have been 
reported informally [6] and will appear in the primary literature elsewhere [7]. Suffice 
it to say here that we solve the proper hard-body equations of motion, with free flight 
between elastic collisions which obey the usual dynamical conservation laws. In the 
work reported here we used prolate ellipsoids of axial ratio a/h = 3 and a system size 
of N = 144 molecules, enclosed in a cuboidal box with periodic boundary conditions 
applied. We have also conducted simulations on larger systems (up to N = 1000) and 
employed a truncated octahedral box, in an effort to investigate system-size effects. 
For the smaller systems studied here, the program generates roughly 10' collisions per 
cpu hour on a CYBER-205. 
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Figure I We plot the :quation of state Z - PV#N/i,7'  - 1 and the order paratnetcr S as functions i r t  
lime. for a run at Q Q~~ ~ 0.70 (dashed line) and for a run being compressed to p : ~ , ,  =~ 0.75 (solid line). 
The period of comprcsslon is delirnited by vertical dashed lines. Thc horizontal arrows indicate values of 
Z obtained by Monte Carlo simulation [ l ]  on both branches of the equation of state at the lower density. 
and on the ncniatic branch (the isotropic liquid being unstable) at the higher density. 

Our runs are rather long: after equilibration, a system in or  near the nematic phase 
region is studied for about 50000-75000 t,. where t ,  is the mean time between collisions 
per particle. For these systems, this means that a typical production run is 5 x 10' 
collisions. 

I n  this work, we concentrate on two densities, e,ie,p = 0.70, 0.75, where Q ( . ~  is the 
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close-packed density. Q / @ , ,  = 0.75 is well within the nematic region, while e/ 
e ( p  = 0.70 is close to the I-N transition: in fact, based on a determination of free 
energies [ I ]  it should be just on the nematic side of the coexistence range. 

Moving from one state point to another is achieved by steady uniform expansion 
or compression. It is of particular interest to observe this close to the I-N transition. 
The Yie,, = 0.70 density was obtained by compressing the isotropic liquid. The 
system was allowed to equilibrate for several thousand t , ,  and both the non-ideal 
contribution to the equation of state, Z = P v / N k , T  - 1, and the nematic order 
parameter S (see later) were monitored. Large, slow fluctuations between an essen- 
tially isotropic phase and a nematic one were observed (see Figure 1). This behaviour 
continued throughout the production run of length 50000 t , .  At a certain point in this 
simulation, further compression to = 0.75 was undertaken. The results are 
compared with the unperturbed run in Figure 1. As can be seen, the equation of state 
responded quite quickly to the change in density. The order parameter was much 
more slow to respond. but eventually settled down to a value S z 0.7 characteristic 
of the nematic phase. It should be emphasized that no external fields were applied to 
induce ordering. It is also worth noting that, in this case, the director became aligned 
with one of the simulation box axes, indicating that periodic boundaries play some 
role in the pre-transitional orientational fluctuations. However, we have also observed 
cases in which this alignment with the box does not occur, indicating that perhaps this 
effect is not too great. The degree of ordering remained stable (within about 20%) and 
the director orientation remained almost fixed, throughout the production run of 
75000 t ,  which followed. 

3 MOLECULAR GRAPHICS AND ORIENTATIONAL ORDER 

Figures 2 and 3 show snapshots of configurations generated in the course of these 
simulations. They were produced on a 32 x 32 mini-DAP with direct video output, 
by John Quinn; his molecular graphics program was originally based on the work of 
Hubbard and Fincham [8]. 

It may be of some interest to describe how the ellipsoids were represented. The 

b 

Figure 2 
the corner. (See colour plate 11.) 

We show two snapshots of configurations at Q//J,, = 0.70. The ordering spheroid is depicted in 
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surface of an ellipsoid with its centre at position r < .  and having a unit vector e pointing 
along the symmetry axis. is defined by the equation 

(r-r( ) *  A ' -  (r-r, ) = 1 .  i l l  

Here r = (.Y. 1,. :) a n d  A ' is the inverse o f  the dyadic matrix 

A = h ' l  + (a ' -h ' )ee .  

Suppose that we arc viewing along the ;-axis; then each pixel on the raster screen 
corresponds t o  a pair of values (x, y).  To determine the corresponding : coordinate 
we simply have to solve the above quadratic equation. On the mini-DAP. 1024 pixels 
;ire trcatcd in this way in parallcl. The 512 x 512 screen is treated as a succession of 
32 x 32 squares. The surface of each ellipsoid is logically added into the picture in 
a straightforward way. Each point on the surface is shaded by an amount depending 
upon the :-component of the surface normal. and additional shading is used t o  
indicate depth in thc field of view. 

The DAP is well-suited to many of the logical and pixel-based operations involved 
in generating these pictures. Each frame took =: 10 seconds to draw. The program 
runs somewhat more slowly for a configuration of ellipsoids than for, say, atomic 
spheres. since the Litter require fewer floating-point operations. Pionetheless, the 
operation has proved sufficiently fast to allow the making of a movie film, and Figures 
3 and 3 are still shots taken during the filming. 

The pictures also show a visual way of representing the degree, and direction, of 
orientational ordering in such systems. The symmetric, second-rank. traceless orienta- 
tion tensor is defined 

w ~ l h  7. /i = 1. 1. 1 ind e,,, L ' , , ~  being components o f  the unit vector e, along thc ax14 
or molecule i 6,,, IS the Kronecker delta. In  a well-ordered, uniaxial, nematic, the three 
eigenkalues of Q. namely ).+. I-,,, 1.- in decreasing order, are all related to the usual D
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‘scalar’ order parameter S which takes values in the range 0 < S < 1 
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I ,  = s 
1 
2 I ,  = - - s  
1 
2 

I -  z - - s  (4) 

Arguments have been made in favour of computing S from A, rather than from I ,  [9] 
and we use the former definition in Figure I .  The eigenvector corresponding to i+ is 
associated with the director, although the ordering should not really be thought of as 
a vector quantity: it is second-rank in nature [lo]. Here, we use the ordering tensor 
to define a spheroidal body which correctly represents the degree and direction of 
ordering. Firstly, it is most convenient not to make the tensor traceless, but instead 
to define 

The equation 

r.Q’-’.r = 1 (6) 
now defines the surface of a general spheroid, the principal axes of which are 
determined, in magnitude, by the eigenvalues and, in direction, by the eigenvectors of 
Q’. The spheroid may be represented in molecular graphics just as easily as are the 
ellipsoidal molecules: again a quadratic equation is to be solved for each pixel. It is 
shown in the corner of Figures 2 and 3. The shape and orientation of the spheroid tell 
us about the type and degree of ordering in the liquid. For an isotropic liquid, the 
spheroid becomes near-spherical in shape. For a very strongly-ordered nematic phase, 
it becomes long and thin, with the long axis aligned with the director. 

In Figure 2, we see two configurations taken from the run at @/eLP = 0.70: one is 
nearly isotropic, and the other corresponds to nematic ordering with S = 0.5. In the 
movie, it is easy to see the fluctuations from one state to the other reflected in this 
changing shape. In Figure 3 ,  the spheroid is rather more elongated, corresponding to 
the higher value of S,  and it does not change greatly in appearance as the simulation 
proceeds: the movie reveals only a slight ‘wobble’. By contrast, the individual mole- 
cules are seen to be in relatively rapid diffusive motion at  both state points. 

4 CONCLUSIONS 

The ability to produce molecular graphics pictures of the kind shown here, especially 
at a rate which enables a movie to be made, is extremely useful in visualizing the 
structure, and the evolution of collective dynamics, in liquid crystals. This approach 
will become widespread as the necessary computer hardware becomes available to 
individual research groups at reasonable cost. 
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