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Molecular dynamics simulations of surface-induced ordering in a nematic liquid crystal
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By means of a molecular dynamics simulation, we show that a uniaxial nematic liquid crystal may exhibit
an unusual ordering that appears within a few molecular lengths from a rough surface. In contact with the
surface, a smecti€ layering is induced. Moving towards the bulk, the smectic order disappears and a decrease
of the uniaxial orientational order below the bulk value occurs. The intermediate region between the surface-
induced smecti&G ordering and the bulk nematic is characterized by a considerable degree of biaxiality.
Correspondingly, the director orientation undergoes a strong distortion close to the surface.
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Nematic liquid crystals consist of elongated moleculesthis dependence that has been shown to be connected with a
whose centers of mass are distributed in a liquidlike mannemonzeroK ;53 and subsurface deformatiofB2].
but whose average orientation presents long-range ¢tder The Gay-Berne potential describes interactions between
This average orientation locally defines the nematic directoglongated, axially symmetric molecules. Two paramejers
n. The orienting effects of external fields and surfaces ca@ndy’ describe the anisotropy of the molecular shape and of
produce inhomogeneous director fields. The distortions occuhe interaction energy, respectively. To simulate a nematic
on a macroscopic scale and are well described by a coriquid crystal phase we choosg=0.8 and x'=0.3167,
tinuum elastic theory in terms of bulk elastic constantswhich were previously used by de Miguet al.[13] in their
[2—4]. Additional surface elastic constants were proposed ogvaluation of the phase diagram. All physical quantities are
the basis of symmetry consideratiof§, and shown to be normalized to the molecular diameter and the interaction en-
nonzero for certain molecular interactiof@. Among these, ergy[14].
the K3 constant, giving the energy densik;sV- (nV-n), We model the anisotropic surface interaction by a one-
poses severe mathematical difficulties, since it renders thearticle potentiaV,that consists of two part€,.{r;) and
total elastic energy of a distorted sample unbounded fron¥orien{ &), depending on the position and orientatiorg of
below[7]. Various approaches have been suggested to ovethe molecule, respectively,
come this problem. One of the solutions gives rise to strong
distortions localized on a molecular range close to the sur- Vsurt=4 €surtVpod 1) Vorien €) - 1
face[7,8]. This conclusion has been opposed by some au-
thors, who claim that no surface distortions should be preserftere s, represents the strength of the surface potential. In
[9,10]. All these descriptions rely on continuum theories thatour simulations it takes the value of(ih reduced unity just
are strictly valid only at a macroscopic level. Therefore, aas the strength of the Gay-Berne bulk energy.
proper investigation of the existence of a subsurface defor- The positional part of the interaction between the surface
mation should be based on a molecular approach. To thignd the molecules is taken as a one-dimensional Lennard-
purpose, we use a molecular dynamics simulation, whicones potential along treaxis (surface normal In order to
allows us to take into account all the details of the moleculamodel a rough interface we used a surface sinusoidally
interactions. In this paper, we show that indeed strong deformodulated along the andy directions,
mations in the director field can occur. The model interaction 1
that we use is the well-established Gay-Berne pair potential _ o
[11]. As in the case of the induced dipole-induced dipole p"S_(er Zy+ aosir(kxx)sin(kyy))
interaction of the Nehring-Saupe typgé], it depends not 6
only on the orientations of the two molecules, but also on _ g
their orientation with respect to the separation vector. It is (z+ Zo+ aosir(kxx)sin(kyy)) '

@

Herez, denotes the average position of the surface,l (in
*On leave from Institut fuTheoretische und Angewandte Physik, reduced units anday, k, andk, are the amplitude and the
Universita Stuttgart, Pfaffenwaldring 57, D-70550 Stuttgart, Ger- wave vector components of the undulated surface, respec-
many. tively. We takeag=1 (in reduced units In order to avoid
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difficulties with periodic boundary conditions, we choose the
wave vector components in such a way that an integer num-
ber of periods of the surface profile fits into the simulation
box. The lateral dimensions of the box are equal to 8.69 and
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ky=k,=5.06, corresponding to a surface period of 1/7 of the — ~
box length. The height of the box is 32.9. - % ‘”/ =

The orientational part of the surface potential is modeled
by a Rapini-Papoular-likgl5] angular dependence
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where k is the surface easy axis, which we take in the
(x,2) plane. g, is the anisotropy of the surface, which we
choose equal to 3.

The initial configuration is a nematic bulk containing 810
particles, with the director along the axis. Two surface
potentials of the type given above are placed at the top and
bottom of the central simulation box. The easy axes are par-
allel, in order to avoid elastic distortions, and are character-
ized by the tilt angled, with respect to the axis. In the
lateral dimension$(x,y) plang, periodic boundary condi-

tions are imposed. For the integration of the molecular equa- \\\I\i\\
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tions of motion an extension of the Toxvaerd algorithm \
[14,16 is used. Temperature and pressure are adjusted to \\ \
1.00 and 4.35, respectively. This is within the lower range of \ / \
the Gay-Berne nematic phase. M K \ '

For an equilibration period of 40 000 time stdfise step \\ \ \\
of 1073 in reduced units the walls are left free to move \ _ \\{\
along thez direction, in order to adjust the pressure to its \\mV I/L \ \\ \ \\
bulk nematic value. The equilibration is followed by other [\\\ \\y- \?\\\l
20 000 time steps with fixed walls, to evaluate thdepen- AN \ 7‘ ,
dence of the particle density and of the nematic tensor order \&“% \//
parameterQ=(Q;)=3/2((g®g)—1/31). Here { ) denotes 2N %}(\)Q/\/ \\
time and particle average ardis the identity tensor. The \\/ =< L
particle average at a given coordinate is performed by /A/ﬂ/ 2 —_—
weighing theQ; tensor of theith particle with a Gaussian f’“ S~

factor < exf (z—z)%/2s?], wherez; is thez coordinate of the
ith particle. We take equal to 1/12th of the box height: this
value is sufficiently small with respect to the observed spatial ,/
variations ofQ; we checked that by reducing the same
profiles are obtained. In the principal reference frame ] ) -
Q=diag(— S/2— P/2,— S/2+P/2,S), where S (P) is the F_IG. 1 Snapshot of_the molecular configuration after_an equili-
uniaxial (biaxial) order parametef17], and the third axis bration time of 40 000 time steps. The molecules are prgjected onto
gives the nematic liquid crystal director orientation. During 1€ Plane of the normal to the surfacesind the easy axik. The
the production period of the data, we perform additional ay--asy axXIs 1S tilted byfe=70° with respect ta.
erages over smaller amounts of time in order to check the
stationarity of the profiles. This stationarity is also confirmedwithin the bulk. Furthermore, the average molecular orienta-
by the fact that varying the initial conditior{s.g., the initial  tion in the bulk significantly differs from the easy axis yield-
orientations of the moleculgsve obtain the same profiles. ing strong subsurface distortions in the range of 3—4 molecu-
A typical snapshot of the molecular configuration underlar lengths.
stationary conditions is shown in Fig. 1. The molecules are Figure 2 reports the density profile corresponding to the
projected onto thex,z) plane, which contains the surface above discussed snapshot: it shows the existence of a stable,
normalz and the easy axis directidg having the tilt angle surface-induced smecti€-ayering. The lateral pair distribu-
¥.=70° with respect ta. At both surfaces, two pronounced tion functiong, with respect to the molecular separation in
smectic layers are present. They correspond to moleculggdane, evaluated for molecules lying within the first density
that are situated at the bottom and top of the undulated supeak closest to the lower surfa¢gee Fig. 2, shows a lig-
faces; only a few molecules occupy intermediate positionsuidlike behavior in plane(cf. Fig. 3, confirming the
The average orientation inside these layers almost coincidesmecticC ordering of the surface layers. This smectic struc-
with the easy axis. Due to the roughness of the surface, thieire is expected to increase the orientational order as well.
smectic order disappears immediately when moving awayndeed, Fig. 4 reveals such a behavior: the nematic liquid
from the surfaces, leaving a nematic liquid crystal structurecrystal order parameter nearly reaches its saturation value at
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FIG. 2. Number of particles as a function of the normal coordi- |G, 4. Order parameters as a functionzofFull line: uniaxial
natez corresponding to Fig. 1. The number of particles is defined ag),qer parameterS for the surface tilt9,=20°. Dashed lines:
the time averaged number of molecules in each of 500 equidistanfniaxial order parameteB (upper curve and biaxial order param-
slabs normal to the axis in which the cell has been divided. eter P (lower curvg for 9,=70°. For 9,=20° the biaxiality is
negligible.

the surfaces. In the bulk, the order parameter is equal to its
value for an infinite sample. However, remarkably, a depreszeqrigntation is accompanied by a change in the positional
sion of the order appears in a region separating the surfacgyy orientational ordering. The surface, even if rough, in-
induced smectic from the bulk nematic. Such a “melting” ,ces a smectic layering, as experimentally fo[@H22]. A
has been sugges_ted to occur close FO a rough surigce9. positional and orientational “melting” then occurs. The lat-
For any surface tilt angld., the profile of the order param- o has peen theoretically suggested and analyzed by means
eter shows a similar nonmonotonic behavior. It is more proy 4 | andau approach ifL8]. Its consequences on the an-
nounceq for h|gher aqgles, and it is a}ccompanled by a COlehoring properties have been experimentally investigated in
respondingly higher induced biaxiality. Such a surface{;g] Our results are qualitatively independent of the surface
induced biaxiality was first considered|ib7] and studied in jyieraction law. We checked it by considering different sur-
the framework of a low density Onsager approximation ince anisotropic potentials and roughnesses. As long as the
[20). L o . surface distortion is connected with the smectic ordering, we

_ The subsurface deformation is apparent in Fig. 5, whichy s expect that the detailed form of the bulk intermolecular
displays the profile of the nematic liquid crystal director rep-pqtential does not play a determinant role. The existence of a
resented on the unit sphere. In the intermediate region, whek§ nsurface deformation was first proposed in connection

the nematic quuio_l cryg,tal order is reduced, the director unyith the splay-bend elastic constaty;[8]: there it is shown
dergoes a rapid distortion from the surface angle to an almosgf o+ the subsurface  deformation  iSA¥= Sy,
u

homeotropic orientation. This reorientation occurs in the vi- 9 _ ;
o > X — Ysurface= — (K13/2K 1) SiN(2051acd- FOr our Gay-Berne
cinity of the (x,z) plane and is more abrupt for higher sur- potential K 15~ — 0.03 1, [14]: this would give a maximum

face tilt anglesd . distortion A9~2° toward the planar orientation. This is

_ To conclude, by means of a molecular dynamics simulay,,.h smaller than the values obtained in our simulation and
tion, we have analyzed the behavior of a nematic liquid crys-

tal close to a rough surface. Our analysis has shown that a
rather strong change in the director orientation occurs. This
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FIG. 3. Pair lateral distribution functiog, vs molecular sepa- FIG. 5. Unit sphere representation of the path followed by the

ration for the plane closest to the lower surface corresponding talirector along the axis for 9,=20° andd¥,=70°. The inset shows
Fig. 1. the profiles of the polar anglé vs z.
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in the wrong direction. However, recently it has been showrtion on a rubbed polymer displays a rather large dispersion:
that for small distortions the most important contribution tothis has been considered the source of the subsurface distor-
A ¢ actually comes from the homogeneous part of the freetion and has been analyzed in terms of a Landau—de Gennes
energy density23]. In the framework of 23], we have nu- theory[24]. Our results cannot be directly compared to these
merically evaluated ¢ for our Gay-Berne potential, finding data, as our orientational distribution function at the surface
A6~ —3°: this is now in the correct direction, but still too s different, being much more peaked around the easy axis.
small. Hence we conclude that the smectic layering and thgjowever, we have shown that various effects that cannot be
orientational melting play a predominant role. Our analysisaccounted for in a standard Landau—de Gennes framework,
shows that an elasticlike description near a bound&3  pjay an important role. A competition between these effects
is not satisfying. This is not so surprising, since the surfac«-;,iems strong subsurface distortions.
behavior is expected to strongly depend on the details of the
surface microscopic ordering. We thank H.-R. Trebin and M. Rasetti for the computing
Experimentally, the molecular orientation at the surfacefacilities. We are indebted also to C. Oldano, H.-R. Trebin,
has been measured by optical second-harmonic-generati& Faetti, and C. Zannoni for useful discussions. J.S. and L.L.
technique$24]. Indeed, it has been found that it differs from gratefully acknowledge the EEC for financial support
the bulk orientation, determined by macroscopical measurgContracts No. ERBCHRXCT93019 and No.
ments. The measured surface orientational distribution fundcERBCIPDCT940607, respectively
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