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Molecular dynamics of model liquid crystals composed of semiflexible molecules
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Results of molecular-dynamics computer simulations are presented for a simple microscopic model of
thermotropic liquid crystals. The system is composed of short multibead semiflexible chains where the beads
are connected by an anharmonic spring. The intermolecular bead-bead interactions are modeled by Lennard-
Jones potentials, the attractive part is taken into account only between the stiff parts. Heating the system, solid,
smecticA, and liquid phases are found. For the symmetric molecules and anisotropic potentials studied first,
the smecticA phase is clearly defined over a wide range of temperatures, whereas the nematic phase is not
present or too narrow in temperature to be seen clearly. The evolution of the systems has also been studied as
a function of the length of flexible parts and the strength of the stiff-stiff potei$dl063-651X96)00211-5

PACS numbgps): 61.30.Cz, 02.70.Ns, 64.70.Md

I. INTRODUCTION ers, modern workstations, and new techniqug23],
simulations of complex real systems are now possible
Thermotropic liquid crystals form mesophases intermedishowing good agreement with the experimental re§aus,
ate between a solid phase at low temperatures and an isotredch as for the nematic phase of 53B5,26 or the
pic liquid phase at high temperaturigs-3]. Nematic liquid  smecticC phase of p-(n-decyloxybenzylidenep-amino-2-
crystals possess an orientational order of the molecular axemethylbutylcinnamate{21] at moderate time and length
but no long-range positional order, complementary to plastigcales. Allen[27] recently simulated extremely huge com-
crystals, which have a crystal-like positional order, but a dypounds such as lipids in the liquid-crystalline ph428].
namical orientational disorde¢d,5]. Smectic liquid crystals, However, from a physical point of view the construction of
in particular those referred to as Sand SmE, have a  model interactions remains in question and from a technical
nematiclike orientational order and in addition their centerspoint of view the development of efficient parallel codes
of mass are confined to layers. Computational studies of thf329_3ﬂ becomes more and more difficult due the complex-

material prope.rties of complex fluids by molecular dynamicsity of the models that involve long-range electrostatic forces
(MD) are feasible and desirable for models that, on the ong. many-body potentials

hand, are simple enough to allow efficient simulations and, To overcome parts of these problems, to extend former

on the other hand, catch those features that are typical for the : S S
intermolecular interactions. models, and to study bulk properties of liquid crystals in this

Previous computational studies on the phase behavior d/]vork we_conside_r a model fluid composed of partially stiff
model liquid crystals by MD and Monte Carlo simulations @"d partially flexible molecules as they occur in most real
have been performed on various levels of simplification offférmotropic liquid crystalscf. Fig. 1. The model is ana-
the molecular interactiongs,7]. The first atomistic simula- 1YZ€d by applying the molecular-dynamics method in order
tions of the nematic phase of Mpentyl-4-cyanobiphenyl 0 provide complete information about the phase-space dy-
(5CB) compoundg8], the smectic multibilayef9,10], and namics. Precisely, our model system is composed of a num-
discotic phase§11] were still too limited in the size of the ber of short chains where teor eleven monomergbeads
systems and the durations of the runs. Simulations of th@re connected by finitely extendable nonlinear elastic
Lebwohl-Lasher lattice mod¢l2,13 gave hints of the basic (FENE) springs, an approach that is of use in simulations of
features of the phase transitions. The simplest approagbolymeric liquids[32,33. For each molecule, the central part
where the dynamics of the centers of mass of the particlefour or five beadgis stiff, while both terminals are flexible.
are properly taken into account is to treat molecules as stifffhe lengths of both stiff and flexible parts are parameters of
nonspherical particles such as ellipsoids or spherocylindenhie model. The intermolecular bead-bead interactions are
or to consider particles interacting by a Gay-Berne potentiaLennard-JoneélJ) potentials, whose attractive part is taken
[14-16. Going further, the internal configuration has beeninto account only between the monomers in stiff parts. The
taken into account by treating the molecules as being comstrength of the attractive part is controlled by a parameter
posed of interaction site@nonomers connected by formu- e,,. For the particular model parameters used first, a phase
lating constraints or binding forces. Both Monte Carlo transition SmA—isotropic liquid was found both by heating
[9,17-19 and molecular-dynamics methofl8B0—-22 were  and cooling the sample. Although the absence of an interme-
applied to study the static and dynamic properties, respediate nematic phase seems to be surprising at first glance, a
tively. With the advent of new generations of supercomputnumber of liquid-crystalline compounds do have such a

phase behavior. Before material properties such as diffusion,

elasticity, or viscosity coefficients are computed, the phase

*Author to whom correspondence should be addressed. Electronleehavior of the system under investigation is to be deter-
address: mk@polly.physik.tu-berlin.de mined. For comparison with the simulations [@4], some
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FLEXIBLE STIFF FLEXTBLE the Verlet algorithn{37] in a molecular-dynamics computer
- >t -t - simulation. Throughout this paper all quantities are ex-
ressed in the usual LJ reduced unhis].
Dtlexible Ngeifs Nerexible P 'Bs]

We will present results for a system Nf =288 chains of
lengthn,= 10 at bead number densip=N/V=0.8. An ini-
tial low temperature solid phase is chosen as a fcc structure
(4X4x4 cellg where all chains are parallel along tlze
direction. Considering the intramolecular vibratid@$§], an
integration time step oAt=0.005 is used.

A. Model potentials

r 12 8 52 18 Two types of potentials are used: a Lennard-Jones poten-

tial U (full and truncated versionsnd an attractive FENE
s @_ CH =N —©_°4H9 potential Urene Used previously to study flexible polymers
[381391331

Cr 22 N 47 1Is

4[r 12—r=6+1/4  for r<2/6

ety —LOP>—O)—<0)—<O>— <., U= 0 for r>216 @)

Cr 176 S 191 Is and
B>—BD>—B>—>—>—B ~ean for <2
Ud=1 deyfr 12—r~°] for 25%<r<25 (2
Cr 435 S 465 N 565 Is O for r>25 ,

FIG. 1. Comparison between a modeled chain with stiff and
flexible parts Qgex-Nsiit-Niiex) @nd real compounds that present
nematic and/or smectic phases.

where r is the distance between two interaction centers
(beads, U[% corresponds to a purely repulsive LJ potential,
and UEL“Jt corresponds to a purely attractive LJ potential. The
strength of the attractive LJ potentialﬁgt is parametrized by

calculations for stiff chains without flexible ends are also . .
€a- The FENE potential is written as

performed.
This paper is organized as follows. In Sec. Il the model _ 2 _ 2

for semiflexible liquid crystals is presented and details of the Upene= 0.5RINLL = (r/Ro)7] for r<Ro (3)

simulation are given. Section Ill contains the results of the o for r>Ry,

simulation for heating and cooling. The influence of the _

strength of the attractive potential for different lengths ofWith Ro=1.5 andk=30 as in[38,33.

rigid and flexible parts is discussed. Conclusions are given in The radial symmetric interaction potentiallg®%;(r) for

Sec. IV. the model fluid between beaddof chain « (coordinates’)
and beadj of chain 8, wherei,jel,... nh, and «,8
el,... N, is written as

II. MODEL AND DETAILS OF THE SIMULATION
thtal (r)
ai, ]

The model system is composed NMf multibead chains
with typically n,=10 beads per chain. Neighboring beads U 4S5 .S U
within chains are connected by an anharmonic FENE spring. — ~UJ (r)+ 04 O1i-j| Urener)

The potentials are given in Sec. Il A. Here each chain, as 46 .S S+ . Tu™P+U PIT e
shown in Fig. 1, is made of two identical terminal flexible a8 iyt Orgy fi=i| LU Urenel (/7 sur)

sti

parts (e, bead$, and a stiff central stiff partr(s;; beads, +0O(Nggir—[2i —Np=1]) 5 [+ ¢ (n+D)|
wherengg+ 2 X Ngeyx= Ny, - op
The notation Qge-Ngiif-Niex) IS USed here to define the X(1=68, ) UM, (4

different systems. For exampl&;4-3 means that the chains

in this system are composed of a central stiff part of fourwith ¢,;=0 andé¢,z=—1 for “parallel” and “antiparal-
beads and two terminal flexible parts of three beads. Théel” chains «, 3, respectively, which can be written formally
simulations are performed in tHeVT statistical ensemble, as

where the total number of bead®€ N.ny), the volume L L

(V), and the temperatureT} are fixed. The temperature is bop=O (vl Mo Mex, B o en) 9 (5)
kept constant by rescaling all velocities at every time step - o

[35]. The geometry of the system is a parallelepiped boxHerer;=r,—r} is the vector connecting two bead coordi-
(Ly=Ly= iL,) with periodic boundary conditior{86] in or-  nates and the contour length of the stiff part is
der to study bulk properties. Newton’s equations of motionr g;x=ng;s— 1. The terms involving the step functidh with
for this classical many particles problem are integrated by (x)=1 for x>0 and® (x)=0 for x<0 in Egs.(4) and(5)
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wherer " is the position of the beafl of the molecule, k

the relevant wave vector, adi=N_.n, the total number of

beads[33]. The static structure factd®(k) is restricted to

k=|k|=p(27/L,) (p an integey because of the geometry of

the system, which is a parallelepiped bok, €L ,= L)

with periodic boundary conditions. The single-chain static

structureSg(k) is not subject to this restriction fdt be-

cause it can be calculated from the unfolded chains, indepen-

dent of the size of the basic simulation box.

A long-range positional order could be revealed by

Bragg-like peaks in the static structure fac8r,(k), where

the centers of mass of the molecules are taken as scatterers.

The height of the Bragg peaks approddh for a system

composed ofN; molecules. Due to the initial preparation of

the system, such peaks would show up for wave vedtors
~-— ———p 'rod potential’ (L] + FENE) parallel to thez direction. For a system with a layer distance
B GEEEEEER P attractive L] potential (stiff-stiff interaction) d a peak OCCUI'.S at=2n/d. Its hEIth divided byNC.pro'

vides a convenient measure for the degree of positional or-
FIG. 2. Bead-bead interactions. In addition to the interactionsd€r- Thus we use the “positional order parameter,”
indicated in this figure, there are also a FENE interaction between

all connected beads in chains and a repulsive Lennard-Jones be- ’< 1 Ne ;{Ziwzj) >‘
o= ,

tween all beads of the system. N ]_21 ex d
ci=

Np

> explik-rf)

a=1 \|{=1

13
Ssck) =2 <

STIFF FLEXIBLE

FLEXIBLE

®

ensure that the labeling of the particles within the chains _ . :
does not violate the head-tail symmetry. The termWherez is thez coordinate of the center of mass of chain

(141~ [2i ~,~1[) vanishes except for beads within the J, 379 denctes the average over time. The layer distance

stff part, i.e., fori & [Next 1y~ Nge,]. For pairs of beads The detailed calculation o, (k) is not made bec;use. of

I,J of this type on different chain, 5, the Kronecker sym- the inappropriate resolutior?'n(;f the wave vectkrgompat

bol &, ; is nonvanishing fori=j (paralle) and . ; . s : -

o Tl dag(ny -] el chai I J (paralle} ible with the simulation box. The intramolecular structure

'_E'b_J +1h(ant|par? elrc a;_n)s. v diff bead-bead i factor Sgc, which contains information on the distance and

teracetirl)cr?stine:ﬁearrﬁoglejlr v?/lrji?telztr?tglseg CLSL?R;“;? o-f t?; p'g'the orientations of the beads within a single chain, however,
) X i ; ) ‘can be computed reliably and examples will be presented.

tentials defined in Eqg2) and(3). Figure 2 shows interac- P y P P

tions in play between two representative chains. According
to (4) all beads are interacting with &{% Lennard-Jones _ o o .
potential; directly connected beads in the chain interact with We define the direction of the rigid part of a chain as the
the U gy attractive potential. The central part of each chainMain symmetry molecular axia. Classically, the macro-
is kept stiff with a weak “rod potential” between two termi- Scopical orientationa(Maier-Saupg order parametes, is
nals of the stiff part; “corresponding” beads of stiff parts of computed from the knowledge of all molecular axesAn
different chains interact via the attractive potentiaf?, ~ instantaneous alignment tensor is defined as

which results in an effectively anisotropic interaction be-

2. Macroscopic orientational order parameters

tween stiff parts. Its depth can be adjusted by the parameter _ % 1 5 9
€att- Qaﬁ_ NC “~ 2 (a|)a(a'l)ﬁ 3 apf ’ ( )
B. Characterization of the system whereN, is the number of chains in the system aag) { are
1. Static structure factor the Cartesian coordinates€x,y,z) of the axis of chain
(i=1,2,...,N;). The time average of the largest eigenvalue

The static structure factor of the model fluid where eaci‘b

; - f the alignment tenso is equal to the orientational
bead is assumed to act as a ‘‘scatterer” is 9 Qup q

order parameteB, and the associated eigenvector gives the
macroscopic directon [40]. In the case of uniaxial orienta-

N n 2
1 P tional order of molecules the alignment tensor reads
S(k)=— exp(ik-ri* =Ssd k) Sinted k).
(k) N< 2, 2, extikerf) > sc(k) Sied ) Qupm SNy L5,
(6) To characterize the flexibility along the chains, we com-

puted the average anglés;; and 6;., between two succes-
Here Ss¢ is the single-chain static structure factor representsive segments in flexible and stiff parts, respectively. They
ing the intramolecular correlations are defined as:
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FIG. 4. Snapshots of the stiff part of each molecules projected
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remain completely parallel to the initial axis for both flexible
and stiff parts. The single-chain static structure factor
- ; Ssdkx=0Kk, ,k,) displayed in Fig. &) at T=0.74 confirms
0 P==== 2 the alignment of the chains. The functi@c is perfectly
’ Temperature ' periodic along thek, direction with a period equal to the
inverse distance between two connected beads and it is prac-
FIG. 3. Orientational order paramet&s and positional order tically independent ok,. A Sm-A-like phase occurs be-
parameters at different temperatures, for tH&4-3 system, ob- tweenT=0.75 andT=1.2. The parameterS, and o de-

served in heating and cooling. crease simultaneously at the clearing point, which is the
transition point between the liquid-crystalline ph&sematic
Ostitr flex= | Oal ) siift flex » or smecti¢ and the isotropic liquid phase. The parameters
(10) S, and o decrease further by increasing the temperature.
dy-d,_ g Within the available precision of the simulated quantities a
Cos93=m , nematic phase is not seen. At the clearing point, we observe
al "1Ma—-1

also that the degree of flexibility increases strongly Fig.

where ( Vgir and ( dqex, respectively, denote the averagesﬁ) in _theIfIeX|_bI(:hparE[_sﬁfrorrzﬂexiiooto_ 9(fj|ex2 6% : \;Vh'flf I
over all successive segments in stiff and flexible parts. ThEEMamns low in the Stit parts;;=1U", iIndependent of tem-

angles 6 and 6y, are the average angles between wwoPerature. In fact, above the clearing point, the beads in flex-

successive segmentsl( and d, ; are vectors between ible parts become completely free to move and all angles

neighboring beads within chain@ stiff and flexible parts, Petween 0° and=120° are possible, which resuilts in an
respectively. average angle of approximately 60°. Only at low tempera-

ture is O IS greater tharye,, which is surprising. In this
regime the disorder in the stiff part could be related to inter-
nal low-frequency vibrations due to the rod potential
(Urenet UL that is used to keep the stiff part stretched.
[he single-chain static structure factBg(k,=0ky ,k,) at
=1.0is displayed in Fig. @®). The functionSgc is periodic
ong a direction slightly different from the directidén. For
T>1.2, finally, we observe a liquidlike phase wh&gand

o are slightly above zero but not zero. In fact, steric hin-
drances remain in the system and prevent it from being com-
pletely isotropic §,=0). The radical symmetric single-
1. Heating chain static structure factoBs(k,=0k k,) at T=1.4

We heated the system using a temperature step 0c%lsplayed in Fig. &) identifies the isotropic liquid.
AT=0.1 starting at the low-temperature solid phase with )
preferential axig to the high-temperature isotropic phase. At 2. Cooling
each temperature step a minimum stabilization time of From the configuration of the system B4&2 we cooled
t=10° (corresponding to € 10° time stepg has been taken the sample using a temperature step\@#=0.1. The system
(by increasing near transitions uriti= 10°). Computation of  does not return to a smectic phase with layers normal to the
order parameterS, and o at different temperature$ig. 3 z direction (cf. Fig. 4). In fact, as we started by cooling the
and associated snapsh@fsg. 4) show that our system pre- system from the isotropic phase high above the clearing
sents clearly three different phases. point, the system lost the global preferential orientation. To
First, we observe a solid phase fox@=0.75. The ori- obtain global order of the smectic layers one could apply an
entational order parameter is equal39=0.98 and the po- external electric field that induces a preferential orientation
sitional parameter ordesr=1.0. In this phase, the chains [41]. For T=0.7 andT=0.8, Fig. 7 shows that the system

lll. RESULTS

Results are presented from the molecular-dynamics co
puter simulation on monodisperse systems made of 28
beads forming 288 chains at bead number density 0.8. If we,
do not explicitly cite the values for the stiff-stiff interaction
parametefe,, it is set toe=1.

A. Chains with a central stiff and two flexible parts (3-4-3)
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FIG. 5. Single-chain static structure fact8gc as projected onto the plane k,=0) at different temperature® T=0.74, (b)
T=1.00,(c) T=0.80, and(d) T=1.40 for the3-4-3 system.

returns to a smectic phagecally, with the appearance of the trace of the pressure tengoe 3(P,,+ PyytP). The
domains where both orientational and positional order ar@ormal pressure differencgy= 3 P,,— 5(Pyx+ Pyy)] char-
presenttwo or three layers smectié-like). Globally, orien-  acterizes an anisotropy of the pressure tensor. The scalar
tational order(cf. Fig. 3 is present. In each domain, the pressurep and the normal pressure differengg are shown
value of the orientational order paramef®ris comparable in Fig. 9. The normal pressure difference is nonzero in the
to the values found in heating. However, globally we found asolid phase. This reflects the extremely anisotropic con-
smaller valueS,= 0.4 due the different preferred orientations straints that keep the chains quasi-perfectly parallel tazthe
in the different domains. The single-chain static structuredirections, as one can see in Fig. 4. At the transition where
factor Ss(ky=0ky ,k,) at T=0.8[cf. Fig. 5c)] shows two  the chains become flexiblef. Fig. 6) p, decreases strongly
preferential direction§011] and[011], unlike the smectic to zero. When heating the sample, the average prepsame
phase observed @t= 1.0, which are linked with the domains the stiff-stiff energy show a discontinuity that corresponds to

shown in the snapshots of Fig. 4. the solid-smectic transition. When cooling the system, the
curve for the pressure components and the energy also show
3. Pressure and energy strong changes at the isotropic-smectic transition. The shear

components of the pressure such gs=P,, or p_=3

_ This description of th_e evolutio_n of the sample as a f“”_C'(PXX— P,.) remain equal to zero at every temperature we
tion of the temperature in three different parts correspond|ngimu|atgé'_

to the solid, smectic, and isotropic phase is confirmed by the
evolution of the pressure tensor and the energy. The contri-
bution to the energy from the stiff-stiff interaction, which is
the sum of all the attractive interactions/{}) between the The system presents betwedn=0.75 and T=1.2 a

stiff parts, is particularly sensitive to the phase changes ansmecticA phase. The attractive Lennard-Jones potential
is displayed in Fig. 8. The scalar pressyrés one-third of Uﬁf} favors the smectic phase as it keeps the molecules par-

4, Effects of the attractive interaction
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FIG. 6. Angular disorder along the chains in the stiff parts and 1. Heating

flexible parts that corresponds to the average angle between two |t has been observed experimentally that the length of

segments defined in EGLO), for the 3-4-3 system. flexible terminals influences the occurrence of smectic and
nematic phasef12,43. In real systems, typically composed

allel and in layers. By varying the parametgy;, we inves- of a central aromatic part and two flexible alkyl terminal

tigated the influence of the attractive interaction on the stachains, there exists a strong dispersion interaction between

bility of the smectic phase. aromatic parts and if flexible terminals are long enough to

The parametee,; has been chosen to be initially fixed at separate aromatic cores a smectic state can ¢d@u3.

the valuee, = 1. Figure 10 showS, ando parameters, both For the system studied ir84], no flexible part is present

as function of the parameter,;. From a smectic configura- and the smectic phase is almost nonexistent, while the nem-

tion at T=0.8, we changed the value of the parametgr  atic phase is very large. In Sec. Ill A our system was rather

and let the system stabilize at the same temperature. Clearly,

we can see that botB, and o parameters are decreasing 76
both to values close above zero. This result shows within the °
precision of our simulation, that the layers in the sample are o
less and less well defined but still exist and also that the . "Po
system does not evolve from the smectic to the nematic :‘:EHeating b
phase but directly to the isotropic phase when lowering the 5.6 e o
i ooling
._
X
ity
/G 36 |
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FIG. 7. Snapshots of the stiff part of each molecules projected FIG. 9. Scalar pressune and normal pressure differencep,
onto thexz andyz planes at different temperaturésom left to as a function of the temperature in heating and cooling foBt4e3
right): T=0.70, 0.80, 1.00, 1.20, and 1.40 for tBel-3 system. system.
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1.0 , , mentally[42]. The systems order parameter decreases from

S,=0.98 t0S,=0.82. The positional order in the layers can
be deduced from the center-of-mass snapshotsygolanes,

) ? which present a fcc symmetry in the solid phéisdtial con-

figuration and a hexagonal symmetry above the melting
3’ S, temperature, which becomes more and more disordered
when temperature increases.

Above T=5 the chains tend to break due to the kinetic
disorder. The study of high temperatures5 would be re-
quired to observe the nematic and isotropic phase$34h
the clearing point has been observed at16. Theoretically
the chains are not allowed to break due to the features of
intramolecular bond potentidFENE) [see Eq.(3)], but nu-
merically chains can break because of the discrete time step
used to integrate the equations of motion. The phenomenon

i of purposefully breaking the chains for a comparable FENE
S § chain model with a finite depth of the binding potential has
2% been studied recentfy4].

05 -

Sy, 0

0003 04 Y 2. Effects of attractive interaction ;)

For the 0-10-0 system, as for the3-4-3 system, we
changed the value of the parametgy to observe the influ-
ence of the attractive potential. AT=3.00, Sy(e=1)
=0.82:0.02 and S,(€,4=0)=0.79+0.01, while
o(€;4=1)=0.99 ando(e,;=0)=0.83+0.03. As expected,

at the opposite, short stiff paffour beadg and long flexible we obse_rve a disorc_jer_ed Sm?Ct_iC phase, but no appearance of
terminals(six bead we observed no nematic phase, but ad nematic phase within the limited range of accessible tem-
large smectic phase. It is now interesting to study, by gePeratures.

creasing the length of the flexible parts and hence increasing

the length of the stiff one in keeping chains with same IV. CONCLUSION

length, if we do observe a nematic phase. We simulated a set
of chains without a flexible pafD-10-0), which corresponds
to the system if34], but in addition we take into account
intramolecular interactions. Figure 11 shows snapshots of th

chains projected onto they, xz, andyz planes, respectively, o niiais were studied first for semiflexible chains. The

tat d|ffetrrt]ant tel_rgpehratures.dﬁtz&o ? trar?smon ﬁ.cchurs bet'-lt model differs considerably from previous models and can be
ween the solid phase and a smectic pnase, which 1S a U eHegarded as the most simple approach to model different

“pseudohexagonal” phase. The transition temperature I%ypes of semiflexible chains without introducing nonspheri-
higher than the transition temperature observed for the SYSal particles or constraint forces

temt3-71-1_3. .gh's [[nlcreatshe_ of transm(r)]n tebmpera'l[)ure ern the_ All interactions are effectively short ranged and fixed by
central ngid part length increases has been observe eXpeUéry few parameters in contradistinction to atomistic simula-

tions for which the research of the potentials itself is part of
w "!‘w i the work. Due to this feature we obtained very good perfor-
‘/w‘lﬁ,‘ 1\1‘ i mance on supercomputers and were able to simulate a large
M!"Hh ﬂ domain of temperatures, which is not the case for the most
m""‘iw recent atomistic simulations as cited in the Introduction. Fur-
“;M'm“ ther releva_nce of thg model will have to be §hown in com-
v parison with experimental results on chains with well-
defined semiflexibility.

From our model for the chain lengths studied here the
smectic phase is well defined over a wide range of tempera-
tures, whereas the nematic phase is not present or too narrow
in temperature to be seen clearly. The influence of an inter-
molecular attractive interaction, controlled by the parameter
: : . ; €., has been analyzed. The smectic phase becomes more

X X X X and more disordered when the attractive potential decreases,
but does not lead to the appearance of a nematic phase.

FIG. 11. Snapshots of the stiff part of each molecule projected The influence of the flexibility of the chains has been
onto thexz andyz planes at different temperaturésom left to ~ studied for chain lengths af,=10 with different distribu-
right): T=2.0, 3.5, 4.0, and 5.0 for th@10-0 system. tions of stiff and flexible parts. Table | shows that there is

€att

FIG. 10. Order parametefs, and o as a function ofe,; at the
temperaturel =0.8 for the3-4-3 system.

Solid, smectic, and liquid phases have been found in
studying a simple microscopic model of thermotropic liquid
crystals by molecular-dynamics computer simulations. Sym-
Fetric molecules(identical flexible parts and anisotropic

[
f

|
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TABLE I. Melting and clearing temperature as a function of the
ratio r between the stiff lengthngz—1) and the chain length
Ny.

Melting Clearing
Nfiex-Nstitt-Nilex r=(ngg—1)/n, temperature temperature
3-4-3 0.34 0.75 1.2
3-5-3 0.40 0.90 2.0
0-100 1.00 3.0 >5.0

gualitative agreement with experiments for the increase of

MOLECULAR DYNAMICS OF MODEL LIQUID CRYSTALS. ..
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Isotropic

Nematic

Smectic

1/L

the clearing temperatures as well as for the melting tempera-
tures when the |ength of the stiff part increases. This result FIG. 12. Typical experimental phase diagram wheris a pa-
has been confirmed by additional simulation runs for therameter proportional to the length of the chains as a function of the

system3-5-3 not described in detail in the present paper.

temperatureT [43].

Three conjectures to observe the nematic phase can be

made for systems composed of chainlike molecules as con-

sidered here(i) For systems with completely stiff molecules
comparable to the system of Paolieti al. [34], where the

nematic phase is pronounced in a broad temperature regi
in contradistinction to the smectic phase, which appears i
small temperature interval, the investigation of our system
at temperatures higher than=5 could be performed with a

modification of the rod potential, e.g., by introducing a

temperature-dependent depth in order to stabilize the struc-

ture of the stiff par{45]. (i) The system we simulated fol-

The model and the method presented here can be ex-
tended to study nonequilibrium situations, e.g., flow pro-
cesses. Rheological quantities could be extracted directly

nn?Fom the microscopic knowledge of all bead positions and
Bead velocities in analogy to previous studies of polymeric
Tnodel liquids[35,33.
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