PHYSICAL REVIEW E 76, 021703 (2007)

Molecular dynamics simulation of a nanoscopic nematic twist cell
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We present molecular dynamics simulations of a nanoscopic nematic twist cell confined within two bound-
ing substrates with conflicting anchoring conditions. The results of our simulations show that the torque
transmitted through the cell drops significantly below a certain critical cell’s thickness, thus confirming the
predictions of the continuum Landau theory extrapolated down to the nanoscopic scale [F. Bisi, E. G. Virga,

and G. E. Durand, Phys. Rev. E 70, 042701 (2004)].
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I. INTRODUCTION

In the last few years, certain structural transitions in nem-
atic liquid crystals confined within electro-optical cells have
been interpreted in a different, innovative manner. Starting
from the work of Martinot-Lagarde et al. [1], which inter-
preted earlier experiments [2], the hypothesis gradually
emerged that molecular reorganizations under the effect of
an electric field could result from an order reconstruction, a
process that does not involve rotations of the nematic direc-
tor n, which represents the average molecular orientation,
and yet connects two antagonistic uniaxial states through a
range of states where the molecular distribution is no longer
uniaxial and globally less ordered. The order tensor Q is
traditionally employed [3] to describe these intermediate
states. The tensor Q is symmetric and traceless; it describes
uniaxial states when two of its eigenvalues coincide, and
biaxial states when all of its eigenvalues are different from
one another. An order reconstruction takes place whenever
two conflicting uniaxial states, possibly prescribed by an-
choring conditions on antagonistic bounding substrates, are
reconciled in space through a variety of biaxial states, imply-
ing nearly no rotation in the eigenframe of Q: one uniaxial
state emerges, as it were, from another via the disruption of
one alignment and the construction of another, through states
with no single alignment.

Both theory and experiment [4—7] have attempted to re-
trace the signs of this mechanism, especially when alterna-
tive mechanisms could also explain the observed data. Such
is, for example, the case of anchoring breaking [8], which
postulates that the electro-optic transition between two topo-
logically distinct textures in a 7 cell is achieved through a
momentary failure of the anchoring to a substrate. Evidence
has been collected that also supports the interpretation of this
transition in terms of surface order reconstruction, a phenom-
enon taking place near an anchoring substrate so strong as to
hold in place the nematic molecules stuck on it [9].

Order reconstruction, both in bulk and on anchoring sub-
strates, occurs across an extended biaxial wall, similar in
structure to the one wrapped around a disclination’s core
[10,11]. For example, in a % disclination, orthogonal nematic
alignments are reconciled through an exchange of eigenval-
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ues [11] in the spectral representation of Q, which is nothing
but an order reconstruction confined within a line defect.

The link between order reconstruction and defects goes
indeed beyond the analogy just recalled. It was recently
shown [12] that in the presence of a disclination the electric
field needed to produce the desired commutation between
molecular textures in a hybrid nematic cell is considerably
weaker than in the absence of disclinations; such a threshold
reduction, also observed in experiments [4], results from the
interaction between the biaxial wall associated with the order
reconstruction and the biaxial ring concealed within the dis-
clination’s core [10]. A different mechanism [13], also as-
signing a role to defect motion, predicts a similar threshold
reduction in a 7 cell.

All these phenomena are driven by electric fields with a
coherence length comparable to the biaxial coherence length
&, [10], which is nanoscopic in size. In [14] we explored the
possibility of inducing order reconstruction within a nematic
twist cell by drawing the bounding plates down to separa-
tions comparable with &,. We found that order reconstruction
can indeed be detected mechanically [15,16], thus actually
changing the cell into an ideal torque nanomachine: the sig-
nature of order reconstruction would be a snapping instabil-
ity of the machine, heralded by the lack of monotonicity in
the torque diagram against the cell’s thickness. Such an in-
stability might have already been observed, albeit in a differ-
ent geometric setting [17]. A similar instability was also pre-
dicted for the interaction between two parallel nanocylinders
enforcing the homeotropic anchoring on the nematic liquid
crystal surrounding them [18].

These conclusions were drawn by extrapolating the con-
tinuum Landau theory of liquid crystals down to the nano-
scopic scale, an approach which may well be regarded as
extreme. To explore the validity of this extrapolation, we
devote this paper to a molecular dynamics study that has
nothing in common with our previous studies [14-16], ex-
cept for the geometric setting and the anchoring conditions
of the equilibrium problem.

A vast literature already exists on confined nematic liquid
crystals. Some studies employ computer molecular simula-
tions [19-36], among which, in particular, several are per-
formed on a lattice [25,26,31,33,34], as will be ours. Other
studies employ density functional theory [37-43], and still
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others combine this method and computer simulations
[44-46] (the reader is referred to [35] for a broad perspective
on the literature presented). However, to the best of our
knowledge, the torque transmitted from one confining sur-
face to another has not yet been addressed by any of these
computational methods.

The paper is organized as follows. In Sec. II, we write the
evolution equations solved in our molecular simulations. In
Sec. III, we illustrate the simulation results, placing special
emphasis on the torque transmitted from one anchoring plate
to the other at equilibrium, the crucial property to explore
being the monotonicity of the torque diagram. Finally, in
Sec. IV we summarize our conclusions and assess the legiti-
macy of extrapolating the continuum Landau theory down to
the nanoscopic scale.

II. EQUATIONS AND SIMULATION DETAILS

We consider a cell containing a nematic liquid crystal
(LC) confined between two plane, parallel plates set at a
nanoscopic distance d apart. Here we take a molecular view
and regard this cell as an ensemble of elongated molecules
modeled as unit spins with centers of mass fixed at the sites
of a face-centered-cubic lattice. These spins, however, retain
all orientational degrees of freedom. The rotation of the ith
spin is governed by the following equations:

é=w; Xe, (1)

Id)i: 7. (2)

Here, a spin is represented as a unit vector e;, and w; is the
corresponding angular velocity; 7; is the total torque exerted
on the ith molecule from both the other LC molecules and
the molecules in the anchoring substrates, and / is the mo-
lecular moment of inertia. Though nematic molecules are
elongated, so as to make it plausible describing them as non-
polar spins, here, for simplicity, the molecular tensor of in-
ertia is assumed to be isotropic, and thus characterized by a
single moment of inertia /, which is further taken to be a unit
in the scaled molecular dynamics (MD) units [47].

The plates bounding the cell promote specific orientations
of the LC molecules lying in their vicinity. Such boundary
conditions are modeled here by treating the molecules com-
prising the plates’ anchoring substrates as fixed unit spins
with prescribed orientations, which interact with the LC mol-
ecules in a considerably stronger manner than LC molecules
do with one another. We take both bounding plates parallel to
the (x,y) plane of a Cartesian coordinate frame (x,y,z). We
assume that the molecules of one substrate are aligned along
the x axis, whereas the molecules in the opposite substrate
make the angle ®, with the x axis.

Both the interaction between LC molecules and the inter-
action between these and the molecules in the two anchoring
substrates are described by McMillan’s anisotropic pair po-
tential [48]. Precisely, the interaction energy between the ith
and jth molecules is given in the form
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Vl('jw)(rij, ﬁlj) =- V,-jPz(COS ﬁij)exp(— rlzj/rg) . (3)

where Pz(u):=%(3u2—1) is the second Legendre polyno-
mial, r;; is the distance between the centers of mass p; and p;
of the two interacting molecules, J;; is the angle between
their long axes, i.e., cos ¥;;: =e;-e;, V;;>0 is the interaction
strength, and r is a characteristic length of this short-range
interaction, which is of the order of the molecular size
(~1 nm).

The total force f; and the total torque 7; acting on the ith
molecule are given by

N N
fi= 2 f; and 7= X 7, (4)

=Ly j=Lj#i

respectively, where N is a total number of molecules in the
system and

) r
f;] = - (_”_ el] Wlth e,, = _ll, (5)
(97'1']' ij
A )
Ti=— L e; Xe;. 6
4 (c? cos ¥;; ! ©

Here, r;j: =p;—p; is the vector drawn from the center of mass
pj of the jth molecule to the center of mass p; of the ith
molecule. V;; is taken to be a unit (in MD units) for interac-
tions between LC molecules, while it is taken to be 10 times
larger for interactions between LC molecules and the mol-
ecules in both anchoring substrates (Vic.sg/Vierc=10).
Thus, we consider a strong anchoring between the nano-
scopic LC cell and its bounding substrates.

The LC cell is resolved in a number of plane layers, each
consisting of an (x,y) cut of the face-centered-cubic lattice,
bearing 2 X 132=338 molecular sites. The number of these
layers varies from 20 down to 2, according to the different
values of the cell’s thickness explored here. Thus, the total
number of molecules in the confined cell ranges from 676 to
6760, while correspondingly the number of molecules in
each solid substrate ranges from 4056 (12 layers) to 1014
molecules (three layers). The total number of molecules in
the system is constant, and equal to 8778. More specifically,
in our MD simulations, we increase the number of layers
constituting the bounding substrates, while simultaneously
decreasing the number of confined LC molecules, so that
both the total number of layers and the total number of par-
ticles in the simulation box are conserved. Moreover, since
McMillan’s model potential is strongly short ranged, these
changes in thicknesses in both the confined LC cell and the
bounding substrates do not produce any appreciable change
in the substrate-LC interaction: only three nearest layers for
each substrate give a significant contribution to this interac-
tion. Thus, in each case the LC cell is effectively bounded by
very thin substrates. There are always 26 layers in our
sample, and this is enclosed in a cubic simulation box 22r,
X 22ryX22ry in size, where the characteristic length ry is
taken to be 1 (in MD units). The apparent mismatch between
the simulation box size and the number of layers is caused by
our use of a face-centered-cubic lattice. The code creating
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the simulation sample works as follows: We first set the
number density of spins (1, in the present case) and the size
of the simulation box (22rX 22ryX 22r,). Then the code
determines both the number of spins and the lattice constant
matching both these parameters, so that the lattice constant
can differ from the length unit ry, as it does here.

MD simulations are performed under periodic boundary
conditions along both x and y axes, and at constant volume
and constant reduced temperature T°: =kzT/V} 1 c, where T
is the temperature of the system, and kg is the Boltzmann
constant. In our model the nematic-to-isotropic transition
takes place at Ty;=0.61. To determine this bulk transition
temperature, we performed MD simulations on a similar sys-
tem without substrates, composed of freely rotating spins
under periodic boundary conditions along the x, y, and z
axes. We started from a perfectly ordered state (all spins
were oriented along the z axis) and followed the time evolu-
tion of the Maier and Saupe [49] orientational order param-
eter S averaged over all molecules of the system. It was
found that, for 7°>0.61, S decays gradually to nearly zero,
whereas, for T°=0.61, it reaches a certain nonzero value (for
T7=0.61, this value is equal to Sy;=~0.4). Thus, the reduced
temperature 7Ty;=0.61 was taken as the bulk nematic-to-
isotropic transition temperature. Since we were interested in
the behavior of the system in the nematic phase, in all our
simulations 7% was either 0.5, 0.55, or 0.58.

A single simulation is started either from a random orien-
tation of the spins in the cell or from a linearly twisted con-
figuration. All simulations are run for 200 000 time steps
(one time step is equal to 0.001 in dimensionless MD units)
until an equilibrium state of the system is reached. At each
time step, Egs. (1) and (2) are solved numerically by using
the algorithm described in [47] (see, in particular, Chap. 3),
and the temperature of the system is kept constant by appro-
priately rescaling the angular velocities.

To describe the orientational order of the molecules in the
cell, we define for the kth layer the orientational order pa-
rameter S, the average nematic director n;, and the biaxiality
parameter b, to be computed at all steps of the simulation
process. As in [47,50,51], these observables are derived from
the symmetric, traceless order tensor Q, defined for the kth
layer as

kaz—z ei®ei—%l, (7)

where the sum is extended over the N, molecules in the kth
layer, and I is the identity tensor. The orientational order
parameter S, is identified with the largest eigenvalue )\,(cl) of
Q. while the average nematic director n, is in turn identified
with the eigenvector of Q, corresponding to )\,((1). The biaxi-
ality parameter b, is then defined as

1
by = g(x;” -, (8)

where )\‘(2) and )\(3 =\ ) are the eigenvalues of Q; other
than )\l >)\(2) For each layer, n; can be represented in
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terms of a polar angle 6, and an azimuthal angle ¢; by the
following formula:

n, = (sin 6, cos ¢y)e, + (sin 6 sin ¢y)e, + (cos G e.,
&)

where (ex,ey,ez) is the frame of unit vectors associated with
the Cartesian coordinates (x,y,z).

The univocal definition of n; properly relies on the exis-
tence of a single maximum eigenvalue of Q,: if )\(1)—)\(2)

)\(3) then n; would be any unit vector in the plane orthogo-
nal to the eigenvector of Q; associated with )\ ). this imply-
ing a similar degeneracy in the representation formula 9).A
state where the two largest eigenvalues of Q, coincide is
often called planar uniaxial. We adopt here this terminology
and hold that for a planar uniaxial state n; degenerates in the
whole unit circle S!, whereas S, remains well defined. The
occurrence of a planar uniaxial state is also reflected in the
representation of n; in Eq. (9): there both 6, and ¢, may
suffer a discontinuity. Thus, even if a planar uniaxial state is
unlikely to be caught numerically, its presence can be de-
tected by the appearance of neat jumps in either the polar or
azimuthal angles. In the limiting case where all three eigen-
values of Q, are equal, they must necessarily vanish as Qy is
traceless; then the state is isotropic and n; would accordingly
degenerate in the whole unit sphere S2.

The order tensor Q,, defined in Eq. (7) differs by a factor
% from the order tensor more often employed in the literature
on continuum theories [3]. In an alternative, equivalent rep-
resentation, which also makes the link to tradition clearer, Q,
would read as

3 1 3
Q= ESk n®n— EI + Ebk(mk ®m—€,® 6y,

(10)

where (n;,my,€,) is the eigenframe of Q, and b, and S, must
obey the inequalities

1
OSkamin{Sk,g(l—Sk)} (11)

to confine Eq. (10) to represent all possible inequivalent
states [52]. In this representation, a planar uniaxial state cor-
responds to the upper bound b;=S; in (11). This bound to-
gether with the lower bound ;=0 constitutes the whole va-
riety of uniaxial states represented by Eq. (10); all other
states are biaxial.

In the following section, we compute appropriate aver-
ages of the quantities 6, ¢, S;, and b, across the cell, for
different values of the cell’s thickness d, of the reduced tem-
perature 7%, and of the total twist angle ®, between the an-
choring orientations at the two substrates. These averages
will describe equilibrium molecular textures within the cell,
for which we are primarily interested in the corresponding
torque distribution obtained from Eq. (4).

III. COMPUTATIONAL RESULTS

Equations (1) and (2) were discretized in time. After run-
ning over 200 000 time steps for equilibration, all character-
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FIG. 1. (Color online) The torque m, transmitted through the
nematic twist cell against the cell’s thickness d (measured in num-
bers of molecular layers): T°=0.55, Vicsp/Vicrc=10, $p=7.
Curve 1, results of MD simulations; curve 2, ﬁ law.

istics of the system were also averaged over 200 000 time
steps; averages obtained with larger numbers of time steps
showed similar results. The set of averaged order parameters
S, and by, the averaged orientational angles 6, and ¢, and
the averaged total forces and torques acting on the anchoring
substrates were computed for several values of the cell’s
thickness d and of the reduced temperature 7°. The most
significant of our computational results are illustrated by
Figs. 1-7.

It was shown in [15] that the most meaningful measure of
structural instability in the cell is the total torque transmitted
from one substrate to the other at equilibrium. The lack of
monotonicity in the torque’s diagram against d was inter-
preted as the sign that a torque nanomachine can assess the
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FIG. 2. (Color online) The orientational order parameter Sy
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textural change associated with a nematic order reconstruc-
tion inside the cell [15,16]. In Fig. 1, curve 1 shows the
diagram of the z component m, of the torque acting on one of
the bounding substrates as a function of d obtained from our
MD simulations for 7°=0.55 and total twist angle ®y=7.
While both the y and x components, m, and m,, of the same
torque were found to be negligibly small relative to m,
(my/m,=10"2, m,/m,=1072), the corresponding compo-
nents m., m;, and m, of the torque acting on the opposite
substrate were found to differ from m,, m,, and m, essentially
only in the sign (m/m,=-1.001, m;/myZ—l.OZ, and
m,/m,=—0.97). Here and in the following, d is measured in
number of molecular layers. For comparison, in Fig. 1, curve
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FIG. 4. (Color online) The polar angle 6, across cells of differ-
ent thickness d: T°=0.55, Vi csg/VicLc=10, CDozg. Curve 1, d
=8; curve 2, d=9; curve 3, d=8; curve 4, d=7. All values of d are
measured in numbers of molecular layers. Each graph is rescaled to
the corresponding d, so that the domain of all graphs is [—%%]
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FIG. 5. (Color online) The azimuthal angle ¢ across cells of
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2 shows the (1-1 law predicted by the classical elastic theory
[3]. Tt is easily seen that, for sufficiently thick cells (d
= 10), the results of our MD simulations are very close to the
classical law. However, when d is smaller than a critical
value d.== 10, the diagram of the transmitted torque deviates
significantly from the classical law. Instead of increasing as d
decreases, m, sharply decays down to nearly zero. This result
is in good qualitative agreement with the behavior predicted
in [15] by the continuum Landau theory.

To appreciate better the origin of such a decay, we show
in Fig. 2 the profiles of the orientational order parameter S
for cells of different thickness d. For either d=10 or d=9, S,
is sufficiently large throughout the cell. This means that the
molecular texture is sufficiently ordered, and hence the
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FIG. 6. (Color online) The torque m, transmitted through the
cell against the cell’s thickness d (in numbers of molecular layers)
for different reduced temperatures 7*: Vi c.gp/Vic.c=10, ¢0=§.
Curve 1, T"=0.58; curve 2, T°=0.55; curve 3, 7°=0.50.
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FIG. 7. (Color online) The torque m, transmitted through the
cell against the cell’s thickness d (in numbers of molecular layers)
for different values of the total twist angle &, T7%=0.55,
Vics! Vicrc=10. Curve 1, ®y=7; curve 2, $y=0.47; curve 3,
Dy=0.447.

torque induced by the torsion of one bounding substrate rela-
tive to the other can be successfully transmitted through the
cell. On the other hand, when the cell’s thickness is reduced
to d=8 and d=7, S is appreciably smaller in the middle of
the cell. Thus, thinner cells are more disordered.

This conclusion is also confirmed by Figs. 3-5, which
show the biaxiality parameter b, the polar angle 6;, and the
azimuthal angle ¢, respectively, across cells of different
thickness. In the middle of the cell, the biaxiality parameter
b, increases as d decreases, approaching the upper limit b,
=S, for d=7. Correspondingly, the azimuthal angle ¢, exhib-
its a steeper increase, which for d=7 almost resembles a
discontinuity. This suggests that a planar uniaxial state is
about to develop in the (x,y) plane within the thinnest of the
cells explored here (d=7), a conclusion consistent with the
prediction of the continuum Landau theory extrapolated to
the nanoscopic scale [15]. Figure 5 shows that for both d
=10 and d=9 the azimuthal angle profile is nearly linear, as
predicted by the classical elastic theory, whereas for both d
=8 and d=7 the corresponding profile indicates two almost
uniform molecular textures aligned in orthogonal directions
(the total twist ® is here 757), each close to one of the an-
choring substrates, and both adjacent to an almost formed
planar uniaxial state. The lack of order in sufficiently thin
twist cells, associated with the gradual emergence of a planar
uniaxial state, is eventually responsible for the lack of effi-
ciency in the torque transmission from one substrate to the
other, which results in the sharp decay in m, when d=d.
=10.

In Fig. 6, m, is plotted against d for different reduced
temperatures (7°=0.58, T°=0.55, and T°=0.50). It is easily
seen that for sufficiently thick cells (d=10), all graphs ex-
hibit a growth of m, with decreasing d until a certain maxi-
mum value m™ of the torque is reached. This growth is
then followed by a decay in m, as d is further decreased. In
addition, the lower is T*, the higher is mimax), and the lower
is the corresponding critical thickness d.. These results can
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be qualitatively understood as follows. When the temperature
of the cell is close to the bulk nematic-to-isotropic transition
point Tyx;=0.61, the orientational order in the sample is
weakened, and the gradient of the nematic director field re-
quired to induce a high disorder in the cell should corre-
spondingly be lower than that for a well developed nematic
phase. Since, for a fixed value of the total twist angle ®,,, the
gradient of the nematic director field is inversely propor-
tional to the cell’s thickness d, the critical thickness d,. at
which the decay in m, occurs should decrease with decreas-
ing temperature. As for the maximum value mimax) of the
torque transmitted through the cell, intuition suggests that at
a lower temperature the orientational order in the cell is
higher, and so the transmitted torque is accordingly larger.

Figure 7 shows the torques m, as a function of d com-
puted for three different values of the total twist angle @,
namely, ®y=7, ®y=0.477, and Py=0.447, at fixed tem-
perature 7°=0.55. For sufficiently thick cells (d=10), all
three graphs exhibit a growth in the torque m, with decreas-
ing d, which is very close to the classical ﬁ law. However, for
smaller values of d, Fig. 7 illuminates three different behav-
iors, depending on the value of ®,. For ®y=7, m,_ decays
sharply to nearly zero as d is decreased below d,.=10. For
®y=0.477, m, reaches a maximum value at d=8 and then
decays to a positive minimum at d==6, to eventually grow
again upon further decreasing d. Finally, for ®(=0.44, m,
exhibits a steady, monotonic growth as d decreases. These
simulation results are in rather good agreement with the pre-
dictions of [15]: there is a critical value of the total twist
angle <I>f)c), below which the classical elastic theory can be
extrapolated down to the nanoscopic scale; for ¢0>q)g'),
however, a molecular order reconstruction, foreign to the
classical theory, takes place in the twist cell, which has one
of its most appreciable consequences in the behavior of the
transmitted torque.

It is instructive to compare the absolute values of the
torque m, obtained from our MD simulations with the values
predicted in [15]. According to Fig. 6, for ®y=7 and T*
=0.50, m™ =230 MD units. The MD unit of torque is the
same as the MD unit of energy [47], i.e., Vicoc. For T*
=kgT/Vic1c=0.5, Vici1c=2kgT, and so taking 7=300 K
as the typical temperature of a nematic phase, we easily ob-
tain V;c;c=8.3X 107! erg. Therefore, we estimate mimax)
=1.9%x 107" erg. In our MD simulations, the simulation
box is 22ry X 22rq X 22r( in size, and the substrate surface is
20r( X 20r,, where r is of the order of a molecular length,
ie., rg=2.5X 1077 cm. Thus, the actual substrate area is
about 2.5X 107" c¢m?, and correspondingly the maximum
value of the torque per unit area is about 0.76 erg cm™>. We
derive from Fig. 2 in [15] that for the same maximum torque
density the continuum Landau theory predicts a value of ap-
proximately 1.5 erg cm~2, which agrees with our molecular
estimate.

Finally, a general remark should also be made about the
accuracy of our computations. It is well known (see, for ex-
ample, [53]) that 1/\N is a measure of the relative uncer-

PHYSICAL REVIEW E 76, 021703 (2007)

tainty of/f, where f is an average value of the observable f
and Jf is a mean square fluctuation for the same observable.
Accordingly, since each layer in the confined LC cell studied
above contains 338 spins, the relative uncertainty for all
computed observables does not exceed 6%.

IV. CONCLUSION

We studied with the methods of molecular dynamics the
equilibrium molecular textures within a nematic twist cell.
We showed that for sufficiently thick cells the average mo-
lecular profile agrees with the linear twist law predicted by
the classical elastic theory. However, upon decreasing the
cell’s thickness d below a critical value d,., estimated close to
ten molecular lengths, the equilibrium molecular textures
change dramatically: a planar uniaxial state develops be-
tween two nearly uniform alignments imposed by the an-
choring substrates, and correspondingly the torque transmit-
ted from one bounding plate to the other is not monotonic as
a function of d, provided the total twist angle exceeds a
critical value. Thus, at the plates’ separation where the trans-
mitted torque exhibits its local maximum, an ideal torque
nanomachine should suffer a snapping instability as the
torque is further increased.

These conclusions follow rather closely the predictions of
the continuum Landau theory applied to a nanoconfined twist
cell [15]. All of our computations were in MD units. To
achieve a quantitative comparison between continuum and
molecular methods, we also converted in absolute units the
torque per unit surface area corresponding to the onset of the
snapping instability: we found a value approximately one-
half of the one predicted in [15]. On account of the approxi-
mations involved in the MD simulations, such as the lack of
anisotropy in the molecular inertia and the peculiar model
pair potential, this should be regarded as a fairly good quan-
titative agreement.

We believe that this agreement constitutes a proof of prin-
ciple that a continuum Landau theory can safely be applied
to nanoconfined liquid crystals, at least as long as its predic-
tions concern appropriate global mechanical quantities; we
are aware that other phenomena such as surface-induced lay-
ers, density modulations, orientational pretilts, and similar
fine details of the molecular organization (see, for example,
[21-23,28,35,36]) cannot possibly be captured by a Landau
theory. Accordingly, with similar provisos, this result also
encourages us to extrapolate to the nanoscopic scale con-
tinuum Landau theories appropriate for other soft matter sys-
tems.
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