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Molecular dynamics study of mesophase formation
using a transverse quadrupolar Gay-Berne model
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The effect of the transverse electric quadrupole moment on the formation of liquid-crystal mesophases was
investigated by means of a computer-simulation study. A simple model of the molecular interaction employed
the addition of a transverse, point quadrupole to a Gay-Berne potential. The transverse quadrupole was seen to
raise the temperature of onset of the smectic phase. A large magnitude quadrupole stabilized theAsmectic-
phase over the temperature range studied compared to a Gay-Berne reference fluid. The presence of a large
quadrupole stabilized cubic smectic phases rather than the more usual hexagonal Brpkates.
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[. INTRODUCTION structures, which are not close-packed monoclinic or plastic
crystal but rather orthorhombic er-N,, depending on the
Computer simulation is proving increasingly useful as aquadrupole magnitude. This agrees with experimental evi-
technique to relate complex molecular characteristics to exdence that nitrogen and oxygen molecules with a small quad-
perimental measurement and theoretical prediction of matgupole moment freeze into a plastic crystal whereas acetylene
rial properties. The electrical and optical properties of liquidand carbon dioxide molecules with a large quadrupole mo-
crystals make them of considerable technological importanc&'ent freeze into am-N, structure. The halogens £IBry,
[1] in applications such as piezoelectric transducers and nor@nd b with an intermediate quadrupole value, freeze into an
linear optics. As such they have been the subjects of an irRrthorhombic structure. In the second simulation study of a

creasing number of simulation and theoretical studies, parSOft Spherical model with a point dipole the addition of a
ticularly of polar liquid crystals. linear quadrupold19] was seen to raise the density of the

There has been considerable interest in understandini otropic to nematic and nematic to solid phase transitions,

which molecular features of liquid crystals influence the for- other packing effect.

mation of nematic, smectid-and smectic phases. Theo- A recent simulation study by the authors of a system of
retical studies are divided as to whether sme€tiwrmation prolate Gay-Beme particles with longitudinal guadrupoles

. ) . . ) [20] demonstrated that the formation of the smectic phase is

is determined by dipole interactiori@—4], by quadrupole  gongitive to the magnitude of the quadrupole. Conditions of a

interaction[5,6], by steric interactiori7—9], or by different (i oq temperature and pressure were employed and nematic,

mechanisms in different systems. o smecticA, smecticC and smectid phases were observed as
Recent extensive simulation studies of polar liquid crys-ie quadrupole was reduced in magnitude. A smegtic-

tals have employed a point dipole together with a mesogenighase for a quadrupolar Gay-Berne fluid with different pa-

potential, either a hard potenti@.g.,[10—12) or a potential  rameters has also been obsery2di.

that has attractive and repulsive terms such as the Gay-Berne Following on from this, the paper reported here investi-

potential (e.g.,[13,14)). The magnitude, direction, whether gates the effect of the addition of a transverse quadrupole

longitudinal or transverse, and location of the dipole,upon the phase diagram of a Gay-Berne fluid and solid. This

whether central or terminal, have been shown to have @aper in organized as follows. In Sec. Il we describe the

marked effect on the local molecular correlations in themodel. The details of the simulation are discussed in Sec. llI

smectic layer$10-14. and the results are presented in Sec. IV with conclusions in
Less attention has been paid to the effect of the electriSec. V.

guadrupole moment on liquid crystal phase behavior. It has

been shown to have a significant effect upon the thermody- Il. MODEL

namic and structural properties of liquid benzdig| and

upon its crystal structure. The molecules in the crystal as- The interaction between the molecules was modelled by a

semble with edge-to-face pairs as well as pairs in which théiaxial potential comprising an anisotropic Gay-Bef2&]

molecular disks are parallel but displaced in a face-to-face@otential together with a transverse point quadrupa24,

arrangemenfi16]. The presence of longitudinal electric qua- located at the center of the prolate ellipsoid, and takes the

drupoles in discotic liquid crystals was offered as an explaform:

nation to account for many of the features of chemically

induced mixtures, including disruption of the columnar U*(Q;,0;,9;,9;,F;;)=Ugg(0;,0;,F;) +Uda(¥i,95,F),

phase[17]. There have been several computer studeeg., D

[18,19) of the phase diagrams of quadrupolar molecules. In

one study[18] the quadrupole was found to stabilize solid where

1063-651X/2000/6@)/01170610)/$15.00 63011706-1 ©2000 The American Physical Society



M. P. NEAL AND A. J. PARKER PHYSICAL REVIEW E63 011706

Uge(Gi, 05 ,F)=4e(0;,0;,F;) fi;00; with ¥;- U;= 1.0, and(c) one parallel td';; J0; and one
perpendicular td;; 0JG; with ¥;-¥;=0.0.

In (a) the quadrupoles remain parallel to one another with
varying r;;, whereas in(b) they vary from end-to-end to
side-to-side configurations, and iig) the quadrupoles re-

) main in a T’ or cross configuration. The quadrupole poten-
tial favors the T' configuration with negative interaction en-
ergy. The end-to-end, cross and side-to-side interactions all

and have positive interaction energy. Figuréjlshows a refer-
ence Gay-Berne interaction for comparison purposes. Fig-

12

Jo
r—o(G;,0;,fj;)+og
6

0o
r—o(G;,G;,f;) + o

o 3QFQF o o ures 1c)(i—iii) show the effect of the addition of transverse
UE o0, 0, i) = L1+2(0;-9)2—5(f;; - 9;)2 : - : : :
QQWVi»VjTij Ar° iV ij" Vi guadrupoles in theT’ configuration for various magnitudes
I o of Q*. The central energy minimum is deepened with in-
—5(Fij - V)= 2009 - V) (Fy5 - V) (T3 - V) creasingQ* compared to the Gay-Berne potential without a
R P uadrupole. This is illustrated by the closer spacing of the
+35(F; - ) 2(Fi; - 97)2]. @ 9 P y pacing

potential-energy contours ifdi with Q* = — 1.0 compared
to 1(c)ii with Q*=-—0.5; little effect is seen forQ* =
—0.1. Figures (b)(i—iii) illustrate the effect of the addition

axes of symmetry, anid and®; are unit vectors perpendicu- of the positive end-to-end and side-to-side interaction of the
Y Y J Perp transverse quadrupoles. The central energy minimum is re-

* *
lar to the molecular axes of symmet@;” andQy’ represent g .oy in all cases and replaced with two energy minima

the quadrupole n;omer_lts of moleculesind j, where QF  displaced parallel to the major axis of the molecules. For
[=Qi/(4meqeup) '] is the dimensionless moment and Q*=—1.0 the positive contribution of the quadrupole re-
€o is the permittivity of free space. The strength pjaces the central minimum with a small central positive
(0;,0;,f;;) and ranges(G;,0;,F;;) anisotropy functions of  potential indicated by the innermost contour. The effect of
the Gay-Berne potential are defined in the Appendix. Folthe side-to-side and end-to-end contributions of the quadru-
lowing previous studieg25-27 the exponents are assigned poles when perpendicular fg (g, is less marked than when
the valuesu=2, v=1 and the ratio of the end-to-end to parallel as seen in Figuregal(i—iii). With Q* =—1.0 the
side-to-side well depths./es=0.2. The shape anisotropy, central minimum is replaced with two minima displaced par-
given by the ratio of separations whekgg=0 for molecules  gjle| to the major axis, howev&* = — 0.5 and—0.1 merely
in the end-to-end and side-to-side configurations was aseduced the depth of the central minimum. The biaxial nature
signed the valugre/os=4. This includes a region of stabil- of the combined potential favors th& ‘configurations illus-
ity for the smecticA as well as the smectiB-phase[27] for  trated in Figs. (c) with differing effects on the final solid
a Gay-Berne fluid. Utilizing parameters from a study map-structure, and we will return to this in the discussion of the
ping the Gay-Berne potential on fwterphenyl[28] we set  results.
00=3.65x10 °m ande,/k=4302 K. The quadrupole mo-
ment for benzene has been measured to H8&.0 lIl. MOLECULAR-DYNAMICS SIMULATIONS
X 10°39C n? [29]. This leads to an estimate @ of —0.44
for benzene. It is difficult to assess the appropriate value for Simulation studies reported here were undertaken in the
the quadrupole and in this simulation study a wide range ofsothermal-isobaric ensembi{8IPT) for systems ofN=500
values ofQ* of —1.0, —0.5 and—0.1 were utilized. Mag- particles in a cubic box. Periodic boundary conditions were
nitudes ofQ* of 0.1 and 0.05 were used in a recent study ofemployed and all simulations were undertaken at a reduced
mixtures of quadrupolar Gay-Berne digcs], overlapping  pressureP* (=Po/s,) of 2.0. NPT studies to enable struc-
with the range of magnitudes considered here. tures formed within the box to adjust so that they are com-
Figure 1 shows potential-energy contours for parallel parmensurate with their periodic boundary images and are not
ticles interacting via the total potential for values @f of  artifacts of the boundary conditions. A reduced
—0.1, —0.5, and—1.0 as a function of their separation and pressure of 2.0 was selected since at higher pressure the
orientation with respect to the intermolecular veatgr, for nematic phase is stabl¢27]. A reduced time step,
fixed G;- 0, ¥;-V;, V;-G;, andV;- 0; . The shape of the mol- At*[zAt(maS/so)] of 0.0075 was employed together with
ecules may be defined as the closed contour corresponding éocutoff of 5.50 and a list radius of 5.8 . Further details
the change in potential energy from positive to negativeof the molecular-dynamics technique are provided elsewhere
Since the quadrupolar contribution depends on the separatiga0].
between the particles, it has its greatest contribution, whether The starting point for theQ*|=1.0 simulations was an
positive or negative, when the molecules are in the side-toisotropic Gay-Berne fluid withQ* |=0.0. The magnitude of
side configuration. Whil&; - 0;=V;-0;=0.0 for a transverse Q* was increased to 1.0 &t* (=kgT/ey) of 5.5 and the
quadrupole andj;-G;=1.0 for parallel particles, there are system equilibrated for a sufficient period to determine that it
three possible combinations fdé and ¥; in which ¥;-V, was an isotropic state point. Each starting configuration was
=1.0 or 0.0:(a) parallel to each other ani;[G; with ¥; taken from the previous temperature and the temperature was
-¥;=1.0, (b) parallel to each other and perpendicular tolowered in steps of 0.5 until it reache =1.0, and then

Hererj; is the vector linking the centers of mass of the two
molecules,l; and ; are unit vectors along the molecular
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FIG. 1. Potential-energy contours calculated for parallel molecules interacting via the Gay-Berne pdieritial 1.0) together with an
additional transverse quadrupole faj the quadrupoles parallel to each other &pdd; with ¥;-¥;= 1.0, (b) the quadrupoles parallel to each
other and perpendicular t; 00; with ¥;-9;=1.0, and(c) one quadrupole parallel t;00; and one perpendicular #;00; with ¥;-;
=0.0; for (i) Q*=-1.0,(ii) Q*=-0.5, and(iii) Q* =—0.1, and for(d) a reference Gay-Berne fluid.

finally lowered to 0.9. Extremely long equilibration runs of |Q*|=0.0, an isotropic configuration &* =2.0 obtained

up to 1.5< 1P steps were undertaken where required in thefrom previous work was taken as a starting point and the
regions where a phase transition was occurring to allowsystem cooled td* =1.0 in steps of 0.1.

metastable states to equilibrate. A similar procedure was un- Analysis of the orientational structure was undertaken by
dertaken for the quadrupolar Gay-Berne fluids Wit | of  use of the second rank order paramef@ég and Q3, evalu-

0.5 and 0.1. Cooling was undertaken through a more limited@ted using the&) tensor defined by

range of temperatures before a crystal phase was obtained in N aueuf— s
the latter two cases. 0 :EZ Ui Ui~ 9ap @
In order to provide a comparison with a system with N 2 ’
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FIG. 1 (Continued.

whereu? is the @« component of the unit vector along the where#6, ¢ and¢ are the Euler angles of a typical molecule
symmetry axis of the molecule Q3, was defined as the With respect to the laboratory axes.

ensemble average of the largest eigenvalue ofQhensor Additionally the radial distribution functiog(r*) and the
[30] and the director as the corresponding eigenveétor longitudinal and transverse pair distribution functignér|’)
Taking this as the laborato® direction the biaxial ordering andg, (r7) were calculated:

was calculated following the method outlined in RE31]

from g(r*) <2 5(r—rij)>, (6)

i j#i
Q§2=<;(1+ cos 6)cos 2p cos 2— cosh sin 2¢ sin 2y ) , \V;
gy(ri)= 2< > . (7)

> >0 ’[(rrin.é]
(5) '

J#i
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FIG. 1 (Continued.

A spherical cutoff was used fag(r*) while a cylindrical sented followed in the second part by those for the fluids
volume was used fag,(rj) andg, (r¥) with the axis of the with Q*=—0.5 and—0.1.

cylinder along the system directér andr andr} <r .

This enables the correlation between particles in adjacent A. Quadrupolar Gay-Berne rods with Q*=—1.0

layers to be considered igy(r;) andg, (r7) and removes

- ] ¢ The variation in order paramet andQ2 as the sys-
the weighting towards particles in the same layer. P eﬁﬁo 22 Y

tem was cooled in shown in Fig(& and the corresponding
variation in density is shown in Fig.(B). In order to provide
IV. RESULTS AND DISCUSSION a comparison w?th_a Gay-Berne reference system with zero
quadrupole, variations of the order parame&ﬁ’o and of
Here the results are presented in two parts. In the first padensity for this reference fluid are shown in the same figures.
the results for the quadrupolar fluid wi@* = —1.0 are pre- Brown et al,, [27] identified an isotropic phase, a narrow
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FIG. 2. The dependence ¢& orientational order parameters,
and (b) density as a function of scaled temperatUifefor quadru-
polar Gay-Berne rods witHQ*| of 1.0(AQ3y; ¢ Q3,),|Q*| of
0.5(Q3,0) and|Q*| of 0.1(Q3,) and for the nonpolar reference
system(+). Two results labeled b are additional results referred
to in the text.

nematic region, and a smecticand a smecti® region for a
Gay-Berne fluid with an elongation of./os=4.0. Two
state points taken from their studyable |) were found to

agree closely with the results of the simulation of the refer-

ence fluid reported here. The state poinTat=1.5 was just
above the isotropic-nematic transition.

The phases of the reference fluid for a fixed pressure of
P* =2.0 can be distinguished by examining the order param-
eters and distribution functions. The Gay-Berne reference

fluid exhibits an ordered phase &t of 1.4+0.1 when the

order paramete®3, increases to 0.738. The phase was iden-

TABLE I. State points for reference Gay-Berne fluid. The re-
sults labeled\ were obtained from Ref27] by Monte Carlo tech-
niques.

Pressure, Density, Order Parameter, Temperature,
P p* Q% I

2.0A 0.18281) 0.2012) 1.5

2.0 0.189420) 0.244) 15

20A 0.16381) 0.07Q2) 2.0

2.0 0.164920) 0.062) 2.0

PHYSICAL REVIEW E63 011706

10
9 4 a
@) -—=T*=10
8 1 T =13
21 Tr =14
T*=1.5
6
L s
o
4
3
2
/\\
1. A
0 + t
0 1 2 3 4 5 6
o~
5
a5 | (b)
4
3.5 ¢+

Il

0 1 5 6
i
5
as | (©) ———T*=1.0
. T*=1.3
—
3.5 T*=15
3
)
= 25
=)
2
i
1.5 oA "
! \ A\ P ~ AN AN ;
Y N AW AN AW A S
| 4l AN T\
05 /I l\'l ‘\v,' \ /
0 N " 1 .
0 1 2 3 4 5 6

FIG. 3. (a) Pair distribution functions(b) longitudinal pair dis-
tribution functions g;(rf), and (c) transverse pair distribution
functions g, (r) for the Gay-Berne reference system with zero
guadrupole at a number of different temperatuflebeled on the
plots).

tified as nematic from the distribution functions in Figa3-
(c). The orientationally averaged pair distribution function
g(r*) in Fig. 3(@ shows liquidlike behavior and there is no
structure apparent ig, (rT) andg;(r;"). A smecticA phase
has been established at a temperaturé*cf 1.3 since oscil-
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lations can be seen in the longitudinal pair distribution func- ©

tion g,(ri¥) in Fig. 3(b) but the behavior ofy, (r*) in Fig. o/ (a)

3(c) remains liquidlike. A third transition to a smecti- 8

phase is seen at temperatures less than 1.2 as indicated by the -=—=T=10

onset of additional transverse ordering shown in Fig) ®r . 4 - ::12:

T* =1.0. At the same time, structural features became appar- ~ i e

ent in the pair distribution functiog(r*) [Fig. 3(a@)] with a % ° " b T=45

split in the second peak at ~2.0 and 2.3 characteristic of 4 1

the second- and third-shell neighbors in a smeBtighase. 3 L

Crystal and hexatic variants of the smedBighase are dis- 2 }f& I .

tinguished by long-range and quasi-long-range positional or- . ; i }‘\ A AT _
der but the size of the simulation is such that no distinction . \\,7WWMW

can be made between the two.

The quadrupolar system exhibits an isotropic phase at i
* =5.0+ 0.5 but undergoes a weak first-order transition into 5

an ordered phase at*=4.5+0.5. This is indicated by a sl (b) N
discontinuity in the density and an increase in the order pa- A S / \\
rameterQ%0 to 0.786. It is apparent that the presence of the \ ——T=15 ,/ \
quadrupole has a marked effect on the temperature of the *| 1 R I
transition to an ordered phase, raising it considerably. The ¢ 3 \ 4 Teas ! !
phase is identified as hematic since no oscillations are estab- g 25|\ ,/ \
lished ing,(rj) andg, (r7) remains liquidlike as shown in ® 2. ‘\ [
Fig. 4b) and 4c), respectively. The transition occurs at a 15 "\513‘__ e T
higher density of 0.232%1) in the quadrupolar fluid com- ) m
pagred to 0.20);41) for the reference fluid. This agrees with 1 HHH%HH{T*HHHW“HPW%MHWHHT 'JSX
the trend[19] shown in the simulation of a soft spherical ® M. PN // \\ ‘
dipolar fluid on the addition of a quadrupole. The side-to- 0 * ‘ ‘ -

0 Qa5 1 15 2 25 3 35 4

side configuration for quadrupoles effectively occupies a
higher volume because of the central maximum and may
account for this trend. As the temperature is lowered, a 5
smecticA phase is clearly established in the temperature 45 (C) et
range from 4.0 to 1.5. Pronounced oscillations are seen in the =15
longitudinal distribution functiorg,(rj) shown in Fig. 4b). 0 - T=25
The amplitude of the oscillations remains constant over this
temperature range. The transverse pair distribution function
g, (r7) also remains liquidlike over this extended region
[Fig. 4b)]. Thus the region is identified as an extended 2
smecticA phase. 15
When the temperature is lowered to 1.0 the onset of order 1 |
in the transverse pair distribution function occurs, as shown o A
in Fig. 4(c). At the same time structural features became R R A L/ N
apparent in the pair distribution functiggr*) [Fig. 4@]. In ‘
this case the second- and higher co-ordination shells are in- R
dicated by a second peakrdt~1.6 and a split third peak at T
r*~2.2-2.3. This pattern is characteristic of cubic rather g 4 (g pair distribution functions(b) longitudinal pair dis-
than hexagonal _paCk'ng' Figuregbillustrates a plan view of tribution functionsg,(r ), and(c) transverse pair distribution func-
the vectorsy; acting through the centers-of-mass of the mol-iong g (r*) for the quadrupolar Gay-Bere system with quadru-

ecules and perpendicular to the molecular axes of symmetiyole Q* =—1.0 at a number of different temperaturéabeled on
0. Itis apparent that the quadrupolar fluid has a final cubigne plots.

structure in comparison to the more usual hexagonal struc-

ture. The structure of cubic packing allows the transverseo significant overall biaxiality was observed for any of the
quadrupoles to form in-planeT” configurations, with fa- phases of the quadrupolar fluid.

vored negative interaction energy. The proposed structure is At present few compound82,33 are known to exhibit a
illustrated in a plan view in Fig.®) looking down the major  cubic lattice and little is known about the detailed molecular
axis of the particles. It comprises two subcells of latticesarrangement. They should probably be label®d rather
with alternating quadrupoles inl™ configurations. Overall than smecticD’ if the phase has overall cubic symmetry.
the structure then has net zero biaxiality in a given plane an§&ome compounds32] have a strong, lateral ring-N@r CN

n + T=45

all®
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FIG. 5. (a) A typical configuration of a plan view of the vectors Y
¥, acting through the centers-of-mass of the molecules and perpen- o 05 vz 28 3 35 4
dicular to the molecular axes of symmeifiy for the quadrupolar L
Gay-Berne system with quadrupa® =—-1.0 atT*=1.0; (b) A
plan view down the major molecular axes of a proposed structure
for the arrangement of quadrupoles within a plane. 5 (C)
I3
. . -, . 45+ it e pes .o
dipole and associated quadrupole that may be critical in de- i - I,= o g& o
termining the structure. 41 i e Tr260.Q%=05
The simulation results indicate that a large transverse 35 | ,"i — e Tv250 Q=01
guadrupole has a dramatic effect on the stability of the . | il; N
smecticA phase formed by the Gay-Berne fluid and stabi- O ,"- A
lizes a final cubic lattice allowing the formation of *ar- %}2.5 S 'I'|
. . .o | ".
rangements of quadrupoles in-plane. In contrast the side-to- 2 o .'{ ! i n N
side configuration shows a marked change in shape of the 45’\! ,‘l.' \\«\ SN s\ i\ a
. - . 1 7 . K N
zero contour. Figures(ib)(i) illustrates the replacement of 15 A X {"\\-(’,f\ i iy Wi
the central minimum with a central maximum and two adja- 1 T R R S AR S \‘\-//n&
.. . . I - . - [ )
cent minima, and hence the side-to-side arrangement of qua . R ‘.‘ ! \; \ |
drupoles is strongly disfavored as an in-plane configuration. S ; L v
0 : Ny =
0 1 2 3 4

B. Quadrupolar Gay-Berne rods with Q* =—0.5 and—0.1

The variation in order parameté)%o as the weakly qua-
drupolar fluid systems were cooled is shown in Fi@g) 2nd
the corresponding variation in density is shown in Fith)2 FIG. 6. (a) Pair distribution functions(b) longitudinal pair dis-
They both exhibit an isotropic phase &t =5.5+0.5 but  tribution functionsg,(r*), and(c) transverse pair distribution func-
undergo a first-order transition into an ordered phas&*at tions g, (r¥) for the quadrupolar Gay-Berne system with quadru-
=4.5+0.5 andT* =5.0=0.5, for |Q*| of 0.5 and 0.1, re- pole Q* =—0.1 and—0.5, at a number of different temperatures
spectively. This is indicated by a discontinuity in the density(labeled on the plojs
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and an increase in the order paramefgp to 0.976-0.01 and for the support of the Defense Evaluation research
and 0.997-0.001, respectively. It is apparent that the pres-Agency, Malvern, U.K. We are also grateful for useful con-
ence of the weaker quadrupoles still considerably raises theersations with J. W. G. Goodby and M. Grayson
temperature of the transition to an ordered phase. A new
generic Corner potenti§B4], which generates a shape analo- APPENDIX
gous to a uniaxial shape generated from Figb)(@) or (ii)
by rotation about the major axis also leads to a considerable The strength anisotropy function,
rise in temperature of the onset of ordered mesophases. The
disfavored side-to-side quadrupole configuration in combina- e(0;,0;,Fi;) =eoeq(0;,05)e5(0;, 0, Fy) (A1)
tion with the favored T' quadrupole configuration may be
influencing this transition. The side-to-side configuration ef-Here the powerg:. and v are adjustable exponents anglis
fectively occupies a higher volume at any given temperatur@ constant.
because of the central maximum, thus tending to a higher The first component of,
temperature of onset of order. It is interesting to note that all
thermotropic liquid crystals contain aromatic groups with eq(0;,0)=[1— x2(0;- 0;)%] 12 (A2)
transverse quadrupoles, and that polar groups are present in
lyotropic liquid crystals such as the tobacco mosaic virus. and the second,

Both systems undergo a transition into a highly ordered

system with hexagonal packing. This is apparent from the F X' [(Fij-0i+Fy-0))2
structural features in the pair distribution functigyr*) e2(0i,05.F) = =% 1+x'G;-Q
[Fig. 6(a)]. A split is seen in the second peakrat~2.0 and o
2.3, characteristic of the second- and third-shell neighbors in n (PG —F5j - Gy) ] (A3)
a smecticB phase and similar to the lattice occupied by the 1-x'Gi- G ’
reference nonpolar fluid. It is apparent from Fig¢h)6and
6(c) that no nematic or smectisphase is present, unlike the The parametey’, is given by
reference Gay-Berne fluid or the strongly quadrupolar Gay-
Berne fluid. X' =[1-(eele ™[1+ (sele)™]  (A4)
V. CONCLUSIONS and reflects the anisotropy in the attractive forces where
We have performed a study of the effect of the magnitudege/Fiﬁsl_S the ratio of the end-to-end and side-to-side well
of a transverse quadrupole upon the mesoph_ase formation O?The orientation dependent range parameter,
a quadrupolar Gay-Berne fluid. We have studied the effect of
a range of quadrupole magnitudes similar to that seen in R Ry
S A X (r|]'u|+rlj'uj)
groups commonly found in liquid crystal molecules. We o(G,0;,f)=0o| 15\ — 77—
have found that the presence of a quadrupole increases the 2 1+ x0;- 0
temperature of onset of the nematic and smectic phases. A (Fio-O—Fy;-0)2) ]2
large magnitude quadrupole stabilizes the smek&tighase %” (A5)
and influences the final crystal structure forming a cubic 1= X0
rather than the more usual hexagonal structure. The quadrllj_i o
polar fluid effectively occupies a larger volume than the ere x is given by
equivalent reference fluid since the side-to-side quadrupolar (=[(0ul09?—1][(0ulo)?+1] (A6)

configuration is strongly disfavored.

and reflects the shape anisotropy, whegéo is the ratio of
separations whel);g=0 for the molecules in the end-to-

We are grateful for the support of the U.K. Engineeringend and side-to-side configurations. For prolate ellipsoids
and Physical Sciences Research Council award, GR/L7669%nsidered herey=o.
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