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Influence of shape and energy anisotropies on the phase diagram of discotic molecules
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We present Monte Carlo simulations of discotic molecules using the Gay-Berne potential with shapel (
energy ') anisotropies. Following the previous work of Bates and LuckhptstChem. Phys104, 6696
(1996] at k=0.345, «'=0.2 when we determine the sequence of different phases at the same reduced
pressureP* =50, we find an additional phase at low temperatures corresponding to an orthorhombic crystal-
line phase and we characterize it. Keeping the shape anisotropy fixed@®g, we determine the evolution of
the phase diagram with varying energy anisotropy. At highlow anisotropy, the system is not able to build
columns while at lowx’, the system exhibits both orthorhombic crystal as well as hexagonal liquid crystal
phases over a wide range of pressures and temperatures. The domain of stability of the nematic phase is found
to systematically shift towards higher pressurescaslecreases.
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[. INTRODUCTION From simulation and theory, only a few determinations of
phase diagrams have been attempted. Thin hard platelets
Liquid crystals are now common materials present in nu{11], hard oblate ellipsoid$12,13, and cut hard spheres
merous devices such as computer screens or watches. Thelyow nematic and isotropic phases, but only the last one
are generally composed of elongated rodlike moleculesshows a columnar phasg4]. Models describing anisotropic
However, since the late 1970s, when they were first syntheparticles with continuous attractive and repulsive interactions
sized[1], the family of disk-shaped liquid crystal molecules such as described by the Gay-Berne poteftif] showl, N,
is growing rapidly. Such discotic molecules have been proCol, as well as crystallindCr) phases, depending on the
posed for use in xerograph] and as chemical sensdi®]  pressurg16—18. Moreover, a recent studyl9] based on
for instance. density-functional theory presents the phase diagram for one
As with the rodlike molecules, the discotic molecules ex-of the latter models, and its evolution with the model param-
hibit a rich phase diagram depending on temperature. Thegters such as the shape anisotropy. Although many Monte
show an isotropic phaskat high temperature neither with Carlo simulations have been carried out to study the influ-
any orientational nor long-range positional order. On de-ence on the phase diagram of the shape or of the anisotropy
creasing the temperature, the molecules align on an averagé the attractive interaction between rodlike molecyl2g],
along a common direction, and form the so-called nemati¢o our knowledge no systematic study of the influence of the
phaseN. On further decreasing the temperature, one observeshape or/and of the interactions has been performed for dis-
a specific phase, the columnar phé&sel), in which the mol-  cotic molecules.
ecules are stacked on top of each other to form columns. The aim of the present work is therefore to study the
These columns present a long-range two-dimensi¢2@)  influence of the shape and the energy anisotropies on the
order in the orthogonal plane, while the order along their axiphase diagram of a system of discotic molecules. For that
is at least partially liquidlike. The symmetry in the plane purpose, we use the well known Gay-Berne potential char-
perpendicular to the columns can be hexagonal {)Cot  acterized by a shape anisotropy parameterl representing
rectangular (Cgq) (see, for instance, Ref4]). the thickness over diameter ratio and an energy anisotropy
The sequence of phasedN-Col is observed experimen- parameterx’ which is the ratio of the edge-to-edge energy
tally like for some benzoate esters of triphenylene whichminimum over the face-to-face energy minimum. It has been
show anl-N-Col, sequence. However, other discotic mol- shown [17] that with the pair of valuesk=0.345 and
ecules only exhibit ah-Col, or I-N sequence of transitions «’=0.2, when the temperature is reduced progressively, the
[5—7]. Discotic molecules are composed of an aromatic coresystem evolves successively from lato anN and then to a
(i.e., rigid and flat on which flexible chains are added in the Col phase. In the present study, we look at the changes in the
equatorial plane. The length and/or the composition of thesphase diagram ag’ is varied, keeping the shape anisotropy
chains have been observed to play an important role for thanchanged and equal to=0.2, a value justified by the ac-
existence(or no) of a nematic or columnar phase. One tual shape of many discotic molecules.
should also notice that these sequences are generally ob- Our model and some simulation details are gathered in
tained at atmospheric pressure, studies at higher pressure I®ec. Il. Our results, presented in Sec. Ill, are divided into two
ing very limited so fa{8-10]. parts. First, using the set of parameters of Bates and Luck-
hurst for a preliminary test, we follow an isobar for quite a
large system ofN~2200 discotic molecules and find the
*Present address: CommissariatEnergie Atomique, DAM lle  expected phase transitions, and in addition, at lower tempera-
de France, DPTA BP12, 91680 Brugs-le-Chatel, France. ture, a crystal phase which we characterize in detail. In the
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second part of Sec. I, we follow the evolution of the phase ' Un_1
diagram as the energy anisotropy varies, while the thickness x' = —T @)
over diameter ratio is fixed at 0.2. Section IV summarizes K'TH+1

our conclusions about the domain of the «’ parameters

for which the columnar phase is stable. Using common definitions, we have=oy:/0.e and

k' =&l &, Whereff denotes the face-to-face configuration
L. SIMULATIONS (U;-u;=1 andu;-r;;=1), while eeis the edge-to-edge one
(ui-u;=1 butu;-rj;=0). We can still define two other typi-
cal configurations: theT configuration (i-u;=0, U;-r;;
To model_ the interactio_n:_; betwee_zn _discotic_molecules,_we:(), andﬁj . ;ij =1) and the cross configuratioru]i( 01:0,
choose a simple, but efficient, pairwise additive potential,~ ~ A .
namely, the Gay-Berne potentifl5]. The latter has been Uj-rij=0, butu;-ry;=0). We note that the energy and dis-
successfully used in several previous studies to reproduégnce units£ and g, correspond to the potential energy

either nematic, smectic, or columnar phages-17,20—-26 tmhg"rcr:zrsnsag:n;he rd;gncfefsore\:;vthlgr thehpotegltgl Ic?ofreg? n
It can be written as follow§17]: iguration, respectively, whitg

sponds tooge.

12 In this work, we fix the values ofx and v to 1 and 2,
respectively, and cut the potential for distances greater than
1.60e, following the previous choice of Bates and Luck-
hurst [17]. We express the physical quantities in reduced

(1) unit, e.g., distances* =r/o,,, pressuresP*=Pos/&,,
temperature§* =kgT/&,, and enthalpyH* =H/&,.

A. Model

Uij (G5, Uy, 1) =4E(Uy Uy, Ty)

( it
rij— o (Ui ,Uj,rjj) + o
6

_( Ot
rij—o(ui,uj,rij) + oy

where the unit vectors; and Gj define the orientation of the B. Procedure
two interacting molecules andy; their thickness.

The effective energy is given by We perform Monte CarldMC) simulations of 2197 dis-

cotics enclosed in a parallelepipedic box with periodic
oA e N vt S New LD boundary conditions. These simulations are performed in the

ELU U T3j) = Eo€ 3 (U1 Uy ER (U Uy i), @ N-P-T ensemble to avoid the cavitation effect observed by

with Emersonet al. [16]. For each thermodynamic poinPt,

T*), we first equilibrate the system for 50000 MC cycles

512[1—)(2(@-01-)]71/2, 3) (MCCs), when the system is far from a transition, and for

200000 MCCs when it is close to a transition. The length of
and the measurements depends on the desired properties: typi-

cally 20000 MCCs for thermodynamic and structural quan-

X' (ai.fij +(Jj.f”)2 (ai.fij_aj.fij)Z tities, and up to 150000 MCCs for diffusional guantities. A
&=1-7% =t ——=—|. (4 MC cycle consists of, in average, one trial movemeata-

1+Xx"(uj-uj) 1=Xx"(ui-uy) tional or translationalfor each discotic molecule, and one

) i N A A box length trial change. The box edges are treated indepen-

The effective radiugr(u;,u;,rj;) is expressed as dently to ease transitions, especially the isotropic-nematic
A A A one, by nonisotropic contractions of the box. We start the

(00,01 Fi) = o 1_{((“i'rij+}'j 'Arii) simulations from high temperatures, in the isotropic phase
R 2\ 14 (G- up) and decrease the temperat(keeping the pressure const)gnt
o 1 by steps ofAT* =0.2. Close to the phase transition points,

(Ui-Trij— - rij)2 some additional runs are performed with a smaller decrease

m” ©) (AT*=0.05) to locate the transitions with more precision.

We also run some simulations starting from a low tempera-
ture (typically T* =0.2) to determine the hysteresis and to
confirm the assumptions on the symmetry of the low tem-
perature phasésee below.

In the expression§?) and (5), & and o are the energy
and length scales.

Both the effective energy¥ and the effective radiugr
depend on the intermediate parameterand y’ and on the
ad hocexponentsu and v. y and y’ can be expressed in IIl. RESULTS AND DISCUSSION
terms of the shape and energy anisotropy rakosnd «'.

) - To start this study, we choose to use as reference the pa-
They are respectively defined as

rameter set investigated by Bates and Luckhpikg, where
k and k'’ are taken equal to 0.345 and 0.2, respectively. The

_ k-1 6) choice of these values is based on previous simulafib@ls
X K2+ 1 molecular mechanics, and energetics calculat{d®$. This
choice of parameters leads to the formation of nematic and
and columnar phases depending on pressure and temperature.
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In a second step, we fix the value efat 0.2 and let that W71
of «’ vary from 0.8 to 0.1. This covers a set of situations
ranging from weak to strong face-to-face attractions. 60 1

50|
A. The k=0.345 andx’'=0.2 case

We first recalculate the phase diagram of the Gay-Berne  — 40
model with the Bates and Luckhurst parameters on a system Tz
of N=2197 discotics. 3T

In agreement with the previous stufly7], we find three 20|
phases depending on pressure and temperature. To determine
the phase transitions, we monitor physical quantities such as Lo |
enthalpy, volume, or the second-rank orientational order pa- /j
rameter P,). This latter is obtained from diagonalization of 0.0 2’
the Q tensor defined as followd 1]: 0.0 0.5 10 rl/f; 20 25 30

1 N o . o -
_ i FIG. 1. Perpendicular radial distributideee text for definitio
Qaﬁ_ﬁ .21 (3UaUp ™ Sap): ® for three diffeF;ent temperaturesT*=3.§0 (N) (long dashe);1

T*=2.80 (Co},) (dotted, andT* =1.40(Cr) (solid).

(P,) tends to zero in the isotropic phadésis strictly equal
to zero for an infinite samplelt is equal to about 0.6 in the ecules in the plane perpendicular to the columns with the
nematic phase and to 0.8 in the columnar phase, see, foypical positional ratio 1y3:2.
instance, Ref[17]. On decreasing the temperature further, we observe a

At P*=50, the following transition temperatures are transformation of the PRD at approximatél§ =2.50. The
found: T}\=3.30£0.10 and T’,ﬁ,_Co|h=2.9(}_F 0.10. These peak located around 1 splits at lower temperatures, with one
values are in good agreement with the ones found earlier. Weeak located at 0.92 and the second one at 1.03. This is the
also compute the slope of the transition lid®*/dT* ac-  Signature of a rectangular or quasihexagonal order in the

cording to Clapeyron’s law plane perpendicular to the columns, with a distortion of 0.87.
This was not seen by Bates and Luckhyist], since they
dP* 1 AH* stopped their investigations at a higher temperature. The sig-

9 nature of the latter transition in the other observables, such as
enthalpy(Fig. 3, closed circlgsor volume, for instance, is

very weak and therefore difficult to observe. Nevertheless,
the structural properties show clearly a change in the mo-

dT*  T* AV*

We find 35.0£4.5 and 60.5: 7.6 for the isotropic-nematic
phase boundary and the nematic-columnar phase bounda

; {cular arrangement of the system.
respectively. Batgs and Luckhurst -found 3520 and 52.2 The first peak at 0.92 is also the signature of an interdigi-
+4.0, values which are also in fair agreement with our re-

sults tation of the columns. This effect has been seen by Emerson

. . . t al. [16] but they attributed it to a density effect, while in
TO check_ the spatial packing of the different p_hases fou.ntﬁur case it only comes from a decrease in the temperature.
during cooling, we also calculate the perpendicular radia

distribution (PRD) function defined as 40 . . : : :
gp(=———( 2 2 or—rf)), (10
P N22arh < KL N 30
whereV is the volume of the simulation bo® the number
of discaotics, andﬁ the perpendicular distance between dis- Z 20
cotic moleculesi and j defined as|r;;—(r;;-U;)u;|. For a of
given discotic moleculé, we limit the sum over all discotic
moleculeg so that the distande;; -U;| is inferior or equal to 1.0

h. We take in this study equal too; .

In Fig. 1, we show the PRD below and above Mol
transition line. As the system crosses this lifiom high 0.0 ; ; , . .
temperatures the discotic molecule positions are more and R <
more ordered. This can be seen in the appearance of peaks at “
intermediate distancegreater thanre) as the temperature  FiG. 2. Second-shell radial distributigisee text for definition
decreases. At intermediate temperatuie’ €2.80), three for three different temperaturesT* =3.20 (long dashepinematic
broad peaks are observable for distances smaller thap,2 phase, T*=2.80 (dotted columnar phase, and™* = 1.40 (solid)
they correspond to a hexagonal packing of the discotic molrectangular phase.
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FIG. 4. View of columns from top(a) and side (b) at
T*=1.80 andP* =50 in the crystal phasdb) See correlations
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Starting from this assumption, we build a perfect ortho-

FIG. 3.. Enthalpy as a function of temperature for three different;hombpic crystal at 0 K. We let it relax at a very low tempera-
runs: cooling from the high temperature efoghen symbols heat- ture T*=0.2 and then heat it up to the isotropic phase at
ing from the low temperature englack symbols and cooling constant pressure

back from an intermediate temperature reached by heating from . . : .

initial perfect ordered structur@ray symbols The symbols stand . Flguref3 shpws tfhe evolution of the enthal;ljy dlurlng h(;at

for (A) isotropic, (¢) nematic, ©) columnar, and((J) crystalline Ing as a unction of temperature. One can clearly see three
: ’ ' transitions. AtT* =2.90, the system goes from the ortho-

hases. For further details, see text. . :
P rhombic phase to a new phase. As shown in snapshots of

. . . Figs. 4 and 5, this phase shows an hexagonal symmetry. At
One should be careful about the direct comparison with Em« —3.30, the system reaches the nematic phase and eventu-

;ahr;?nw’zrvll/ork since the potential has been slightly changed 'ﬂlly the isotropic one aT* = 3.50.

To chéck the correlations between columns, and espe; Ong should r_emark that the enthalpy of the perfe(_:t ortho-
cially the interdigitation, we introduce a new é:orrelationerhon-1bIC phase S lower t_han th?t of the orthorhombic phase
func)t/ion that we gall sec,ond-shell radial distributi@SRD optalned by coolmg.'c.m isotropic phase as dpne prev_lously
function and define it as (Fig. 3). All the transition temperatures are shifted to higher

values and we then observe a hysteresis. During the heating
process, the hexagonal phase is mechanically less stable than
~ during the cooling. We find an hexagonal phase over a tem-
9sd(r)= ﬁ< D 5(r—|rij«ui|)>, (11D perature range of 0.4 against 0.6 on cooling. This effect is
m(rg—riy) \ T JFi . .
even more pronounced for the nematic phase. This would
suggest that both triple points Cr-Gdl and Co}-N-I are
wherer, andr; are, respectively, the external and internalshifted to higher temperatures by heating, in comparison
radii of a cylindrical shell on which we perform the compu- with the cooling procedure. Nevertheless, the enthalpy curve
tation. In practice, we consider all the molecufewith a  obtained during the heating seems to overlap reasonably well
radial distance to the central atongreater tharm;=0.50,  with the one obtained during the cooling.
and less tharr,=1.50, and build the histogram of the  To understand the difference of enthalpy measure between
|rij . L]i| distances. the cooling and the heating procedures, we perform an addi-

In Fig. 2, we show the SSRD for three temperatures cortional series of simulations on cooling, starting from an ini-
responding to the nematic phase, the columnar phase fouril configuration of the Cgql phase atT*=3.2, recorded
by Bateset al. and the new low temperature phase. In theduring the heating procedure mentioned above. The enthalpy
nematic phase, the SSRD presents little structure, mainly eneasures during this cooling are represented as gray symbols
single peak at about* =0.32. When decreasing the tem-
perature and crossing thé-Coly, transition line, the SSRD a) b)
shows seven peaks fof ranging from 0 to 3.

On decreasing the temperature again, the structure of the
SSRD becomes more and more pronounced. At the lowest
temperature, the position of the maxima is periodic with a
period equal to 0.196 which is half the distance between two
discotic modecules within a column.

We could conclude that at aboldt* =2.50 the system
goes from a columnar hexagonal phase to a crystalline cen-
tered orthorhombic phase. The latter one is built with two
atoms per unit cell, one located @0,0 and the second one FIG. 5. View of columns from top(@ and side(b) at T*
in the middle of the unit cell a1/2,1/2,1/2 in reduced units.  =3.00 andP* =50 in the columnar phase. (b), columns are quite
The lattice parameters aee=0.87,b=1.01, andc=0.39. independent of each other.
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in Fig. 3. The transition CgiCr takes place af* =2.5, i.e., 20x10° T r r r r
the same temperature observed when cooling the system all z0
the way from the isotropic phase. We note again that the 15|
enthalpy of the crystal phase is slightly higher than the cor- 15} ol
responding value when heating the initially perfect crystal, “
but the difference is definitely smaller with respect to the
cooling procedure starting from the isotropic phase. From
these observations, we suggest that these enthalpy differ-
ences are mainly due to the number of defects present in the
sample. By cooling an isotropic configuration, one can ex-
pect many more defects in the structure than by cooling a
hexagonal configuration, where the positions of the discotic
molecules form a 2D hexagonal structure without defects, as j
it results from the melting of a perfect crystal structure. This 00,9 o5 TR EEEY
could explain the nonreversibility of both the cooling and a2
heating procedures. _ _
To characterize the structure of the different phases and in FIG. 6. Structure factor fog in the plane perpendicular to the
particular the evolution from the hexagonal liquid crystal to€0Umns(2D powder averageat fixed pressur@” =50 and three

the orthorhombic crystal phase, we compute the static strudifferent tempera:ures'l?* =0.60(Cn) (dash ling, T*=3.00 (Co})
ture factor (solid ling), andT* =3.60(N) (insed.

#,

S(q)

00 e s
00 05 1.0 15 20 25 3.0
qi2n T

0.5 |

=

e

»
tn

3.0

1 . 2 peaks located at &/ 2/c, and 3¢ related to intracolumn
S(a)= N< 2,: exp(ig-r) > (12 correlations. The correlations between different columns are
weak, as can be seen in the snapshot of Fig. 5.
where the componentsg, of q are written as zrn, /L, with To complete the analysis of these phases, we also com-
L, the box length in the directionr andn, an integer. pute the mean square displacement wittiig. 8) and per-

We computeS(q) for two subsets ofg vectors, either pendicular(Fig. 9) to the columns at low temperatures. In the
orthogonal or parallel to the column’s directions. At highernematic and isotropic phase, we compute the mean square
temperature, in the nematic phase, we define the two subselisplacements along and perpendicular to the direction given
of g vectors, either orthogonal or parallel to the nematic’'sby the mean orientation of the molecules.
director orientation. Note that the orientation of the nematic's  If (Ar?). and(Ar?), denote the diffusion within and per-
director and the column’s axes are equivalent in thg,@ntl  pendicular to the columns, respectively, they are given by
Cr phases, as the disks are standing perpendicularly to the
columns axes. The analysis of the hexagonal-orthorhombic
transition qualitatively gives the same results on heating or 1 -
cooling. Nevertheless, due to the defects, the peaks in the (Ar®)e= N Z {[5ri(m+n)-n]}2> (13
columnar phases are broader on cooling than on heating. We n
present here the analysis done on heating.

At q* /27 inferior to 1.5,5(g) computed with a set of

. . and
vectors orthogonal to the columns gives t&dunctions for
the orthorhombic phasd{ <2.50) corresponding to the lat-

tice parameters mentioned above and only one in the hex- 100 L L A A
agonal phaséFig. 6). This is a clear signature of a structural
change from rectangular to hexagonal for the columns lateral 80 b ]

packing. At higher temperature3{>3.20), S(q) does not
show a very well-defined structure. Even if the orientational

order is still present in the nematic phase, the translational ~ 6o ]
one is clearly established only on short distances in the plane “=

. . . . . @xn
perpendicular to the orientation of the nematic’s director. a0 b .

We next computes(q) with a set ofq vectors parallel to
the columns. Figure 7 shows the results obtained for the

orthorhombic and hexagonal phases. With this measurement, 2o ]

we check the correlations within and between columns. The

parallel structure factor for the orthorhombic phase shows a 0.0 - ) R .

S peak corresponding ta/2 distances. Due to extinction 00 1o 20 39 ‘};ﬂ 5060 70 80

rules (the sum of the threa, integers should be even to 4

allow a Bragg peak the peak corresponding todistances FIG. 7. Structure factor foqg parallel to the columns at fixed

does not appear. This is a clear signature of a crystallingressureP* =50 and two different temperature$* =0.60 (Cr)
phase. For the hexagonal phas8fn) shows three broad (dashed—intensity divided by 2@nd T* =3.00 (Co},) (solid).
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3 o at
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. -
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0.2 Fo AAA N soo %a 1
A ooog 9
0.0 ?DDDUUDUUEUUUUUUUQUUQQQQQEEEEQQQ& 00 ot A
L L L L 0.0 25 50 7.5 100 125 00 25 50 7.5 100 125 150
0 20000 40000 60000 80000 100000 T T
MC cycles

) o FIG. 10. Phase diagrams for sevekdl parametergsee text for
FIG. 8. Mean square displacement within the colurtorsalong definition): 0.8 (a), 0.5 (b), 0.2 (c), and 0.1(d). The symbolsl
mean molecular orientatiorat several temperatures and fixed pres- siands for isotropic phash) stands for nematic phase, Gaitands

sure P*=50. From top to bottomT*=4.00 (1) (), T*=3.40  for hexagonal columnar phase, and Cr stands for crystal. The lines
(N) (A), T*=3.00 (Co) (), T*=2.60, andT*=1.00 (C)  gare guides to the eye,
(@). The last two curves are superposed.

T*=3.00 (Co}), a residual diffusion is still present within
the columngeven if it is wealk but it is frozen perpendicular
to them. AtT* =1.00 (orthorhombic phagethere is no dif-
fusion neither in nor between columns. This is another indi-
cation that the hexagonal phase is liquid crystalline, whereas
with éri(m+n)=r;(m+n)—r;(n) the displacement of the the rectangular phase is crystalline.
center of the mass of diskbetween two MC cycles labeled
by n and m. The vectorn is the vector giving either the
direction of the columns or the mean orientation of the disks,
depending on the temperature. In this section, we present the results obtained for differ-
At high temperaturesT™* =4.00 (1), both mean square ent «’ values, keeping« constant and equal to 0.2. This
displacements are equivalent. There is no specific directionatter value is representative, for instance, of a hexa-
they are all equivalent as expected for an isotropic phase. Adzatrinaphtalene discotic molecul27], while « equal to
lower temperatures, both mean square displacements are r@B45 holds for a triphenylene of28].
equivalent. In the nematic phas@&*(=3.40), the discotic Starting with a low energy anisotropy, Fig. (8D shows
molecules diffuse over larger distances in the plane perperthe phase diagram corresponding«b equal to 0.8. In the
dicular to the nematic’s director orientation than along it. Atrange of pressures investigated in this study, we do not find
any columnar phase. Following the enthalpy at fixed pressure

(Ar?),= %EI |8ri(m+n)—[8r;(m+n)-nin|?) ,

14

B. Phase diagrams at«=0.2 and ' variable

2.0 T > — when decreasing temperature from 10 to O, we observe the
L8 A 1 I-N transition and below that transition no sign of another
16 F A i transition. It is possible that, at sufficient IoW, the nem-
b o ] atic phase is metastable. At higher pressure, it is possible that
al <><> uA ] a lower enthalpy phase becomes accessible, in particular, we
o o A could expect the presence of a crystalline phase.
L 10F © A ] Decreasing thec’ parameter while keeping constast
Jost f N T i.e., keeping the same shape and favoring ftheonfigura-
0.6 | 00 A . tion against theze one, changes the phase diagram and in
oa b o a* i particular allows the presence of an ordered phase at low
02 -<>OAA ] pressure and temperature. This is illustrated in Figbi0
A where we fixx’ to 0.5. With this value, we observe three
0.0 POOSE050008003EEEEREEEEEEEgEEE0Ee, phases: the isotropic and nematic orf@seady observed at

0

20000

40000

60000

80000

100000

higher ) and a crystalline phase, and therefore a triple

MC cycles point CrN-I. We do not observe a columnar phase yet. The

FIG. 9. Mean square displacement in a direction perpendiculaf®© interactions are still too strongn comparison withf f
to the columngor mean molecular orientatipmt several tempera- interactiongto decouple the correlations in the plane perpen-
tures and fixed pressufe* =50. From top to bottomT* =4.00(1) dicular to the columns and those along the columns. In other
(), T*=3.40(N) (A), T*=3.00 (Co}) (), T*=2.60, and words the correlations between columns are so strong than
T*=1.00(Cr) (@). The last two curves are superposed. they lead to the formation of a crystal.
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We then further decreas€ to 0.2 in order to reduce the that by reducing the shape ratirom 0.345 to 0.2 the
influence of theee interactions and to build columns. Figure Col,-N-I triple point shifts to larger pressures and tempera-
10(c) shows the phase diagram for this couple of parametersures,P; being multiplied by a factor 5.5 anff' by a factor
We observe two triple points Cr-Gpl and Coj-N-1. In 3,
comparison to the previously adopted parameters, we ob- Coussaert and Baud9] have theoretically studied the
serve an additional columnar phase lying between the crydnfluence of the shape ratio on the phase diagram of a Gay-
talline and nematic phases. At sufficient high pressure, th@erne system and we qualitatively find the same trends. The
system shows the following sequence of phases: crystal, c@volution of the transition lines witl is similar, lowering
lumnar mesophase, nematic, and isotropic phase from low tthe shape anisotropy leads to a reduction of the nematic do-
high temperatures. Below the triple point pressure of aboutain. Nevertheless, contrary to them, we find a significant
P{ =40, the columnar phase disappears at all temperatureshift of the triple point when we change This discrepancy
We also observe a triple point pressureRjf =65, below on the size of the effect could be due to the approximations
which the nematic phase is not observed. For this choice ohade in the theory. It would be interesting to perform
k' parameter, theee interactions are weak enoudhom-  density-functional theory calculations with «' parameters
pared toff interactiong to allow for the formation of col- in the range explored here.
umns in a range of pressure and temperature.

To complete our study of the influence of the energy IV. CONCLUSION

anisotropies, we further decreasé to 0.1. With this value, .
We have presented a Monte Carlo study of the phase dia-

we strongly favor thé f interactions. As shown in Fig. 19), ) ) : X
the system builds a columnar phase for a large range of pre§fam of Gay-Berne discotic molecules. We have first rein-
estigated the phase diagram forxar 0.345 andx’=0.2

sures and temperatures. Nevertheless, we still observe twf
triple points corresponding to the Cr-Gdl and Coj-N-I  Systém. As found by Bates and Luckhufsf7], we have

coexistences. The latter one is located Rit=150 and obtained the same sequence: isotropi_c, nematic, and hexago-
T*=10.5. The nematic domain is obtained for high pres—nal col_umnar phases. We have additionally found an orth_o-
Slt.lreS and temperatures, the strdrigattractions lead to the rho.mb|c crystalline phase at .IOW temperature where the dis-
formation of columns(even at high temperatujesnd an cotic mole_cules are strongly interdigitated. In a sec_ond step,
orthorhombic crystalwhen decreasing the temperature we have fixed the shape parameter and let the ratio of face-
In the P*-T* diagram, one can also remark that the slopem_fac-e over edge-to-edge energy wells vary. We have thus
nd the absolute position of tHeN transition line change Qescrlped a set of molecgles t_hat are weakly or str_ongly an-
gnly slightly with x decreasing from 0.8 to 0.(Fig. 10). |sqtrop|c from an energetic point of view. At low ar.u_sotropy
We find by fitting from the phase diagram a value of (' close to }, we have only observed two phases: isotropic

dP*/dT* ranging from 19.58 1.01 to 23.281.36, and and nematic. At intermediate’ values(0.5), we have more-

! . . ver rvi n itional orthorhombic cr lline ph
also find by computing the Clapeyron’s equation a value0 er observed an additional orthorhombic crystaliine phase

. at low temperature. At low’ (strong anisotropy the phase
ranging from 19:6& 4.0510 25'2&5'.00' These two sets of diagram shows an hexagonal columnar phase lying between
values are in fair agreement and differ from the values ob

. the nematic and the orthorhombic phase. We thus observe
tained for k=0.345(see Sec. Il A. These results seem to P

indi hat the-N o ani b ical that, for discotic Gay-Berne molecules, the energy anisot-
Indicate that thé-N transition is more driven by geometrica ropy needs to be added to shape anisotropy in order to sta-

aspcetlzts than by lenergdetic on_es.“Thiﬁ is not ﬂ:je}PS?s?r*for fiize the columnar phase. We have also shown that the triple
N-Col, one. lts slope dramatically changes w points strongly shift with the value of’. Moreover, as al-

decreas,ir}g from 57'695'1;1 to 33'3%5'33 \{vherr: \I/;e fde-h ready noticed by Coussaert and Bad8], the nematic do-
creasec’ from 0.2 10 0.1. The same observation holds for thep, iy s strongly dependent on thevalue. Decreasing the

Coly-Cr transition, even if it is harder to quantify, the transi- |otar jeads to a widefin temperaturenematic domain
tion being too weaksee Fig. 3. '

We also discuss the influence of the shape anisotropy on
the phase diagram by comparing the two cases @.2,
k'=0.2) and =0.345,«'=0.2). We qualitatively find the We are grateful to the CommunauFranaise de Bel-
same phase diagram for bothvalues, see Fig. 16) and  gique for its financial suppofARC Grant No. 00/05-257
Ref.[17]. In particular, withx equal to 0.345, we also find a and we would like to thank T. Coussaert, M. Baus, I.R.
triple point Co}-N-I located atPy =10 andT;=1.8 (for  Gearba, M. Lehmann, and Y.H. Geerts for fruitful and excit-
x=0.2, see aboye Comparing with Fig. 1), we observe ing discussions.
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