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Bistable nematic and smectic anchoring in the liquid crystal octylcyanobiphenyl„8CB…
adsorbed on a MoS2 single crystal
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We have studied the anchoring directions imposed on 4-n-octyl-48-cyanobiphenyl~8CB! smectic-A and
nematic phases by a single crystal of molybdenum disulfide (MoS2). Combining optical microscopy and x-ray
diffraction under grazing incidence we have demonstrated the occurrence of a bistable planar anchoring. A
previous study of the two-dimensional~2D! network of adsorbed 8CB molecules under the liquid crystal film
allows a direct connection to be made between the interface structure and the anchoring directions, demon-
strating that bistability is induced by the presence of two dipolar groups in the skeleton of the 2D network. It
is demonstrated that the Landau–de Gennes theory cannot account for the observed anchoring in the nematic
phase. The Landau–de Gennes free energy has to be associated with a coupling with both the surface order and
the MoS2 substrate to explain the experimental observations. The hypothesis of a nematic layer under the liquid
crystal bulk is postulated in the smectic phase.
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I. INTRODUCTION

It is well known that two major effects compete to impo
the anchoring directions of a liquid crystal; first, the substr
roughness whose role has been analyzed by Berreman@1#;
second, the interactions between molecules and substra
between molecules themselves. In the second framework
in the nematic phase case, it is also well known that a kno
edge of the configurations of the molecules adsorbed on
substrate is of particular importance in predicting the anch
ing directions of the liquid crystal film on a given substra
In many systems, the adsorbed molecules remain extrem
stable, as soon as they interact with the substrate. This
bility leads to memory phenomena@2–4#, demonstrating the
major role of these molecules on the alignment of liqu
crystal films. The influence of adsorbed molecules has b
demonstrated through numerous second harmonic gener
measurements@5–9#. However, it remains to be demon
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strated if the underlying substrate loses all influence w
respect to the adsorbed molecules.

The major role of adsorbed molecules has been assoc
with an induced nematic order at the surface. In the cas
substrates with mirror symmetry, the Landau–de Gen
theory allows@7,8,10,11# a quantitative prediction of the til
angle induced by a given adsorbed molecular distributi
However, in the case of high-symmetry surfaces, such
those with threefold symmetry, the surface nematic order
rameter is homeotropic despite, in the case of phlogo
mica as a substrate, the presence of adsorbed molecule
most flat on the substrate. In this case, a tristable pla
anchoring is observed in bulk. In order to explain the expe
mental observations@9#, a coupling term with the surface
order has then been added to the classical Landau
Gennes theory.

It would now be interesting to determine if such couplin
arises only in the case of high-symmetry surfaces. In suc
case, the Landau–de Gennes theory could be applied to
surfaces and predictions of anchoring directions would
obtained from the detailed structure of the adsorbed m
ecules. If a coupling with the surface order occurs more g
erally, predictions of alignment directions with respect to t
adsorbed molecule structures could become more diffic
depending on the coupling characteristics. In this last c
however, multistability phenomena could be expected@9#.
©2004 The American Physical Society05-1



pl
nt

re
ne

sio
d

ic
om
ho

l-
S
th
st
f

ta
f
n

e
ed
ry
bi

rs
u

m
th

se

d
o

er

oS

ls
th
ro
TM
cu
th
l
of
ol

a

that,
m-

ay
or-
re

d-
ns

D

nd
l-

S

ons
e

l
if-
les

LACAZE et al. PHYSICAL REVIEW E 69, 041705 ~2004!
The phenomenon of smectic anchoring remains com
cated as compared with nematic anchoring. An experime
work evidenced particularly strong anchoring energies@14#
W in a homeotropically anchored smectic phase compa
with most of the already measured nematic anchoring e
gies @12,13# ~W of the order of 1023– 1022 J m22). Such
values also appear significantly higher than surface ten
anisotropies of smectic phases with planar anchoring, non
generate@15#, or with tilted anchoring@16# (W of the order
of 1025 J m22). The question of the influence of smect
layering on anchoring properties is consequently open. S
theoretical works were recently published, considering
meotropic@17# or close to be planar@18# anchorings.

We have chosen the system of a 4-n-octyl-48-
cyanobiphenyl~8CB! film adsorbed on molybdenum disu
fide (MoS2) in order to study these questions. The Mo2
substrate is flat, avoiding any influence of roughness of
substrate on the anchoring phenomenon. 8CB liquid cry
perfectly wet the MoS2 substrate leading to formation o
homogeneous liquid crystal films. The 8CB/MoS2 interface
has been recently studied directly under the liquid crys
film, allowing an in situ connection between the study o
adsorbed molecules and the study of anchoring directio
which appears extremely rare in such systems@19#. The con-
nection between polarity of the adsorbed molecules and w
ting properties of liquid crystal film can then be confirm
@20#. The 8CB/MoS2 interface being composed of a ve
well ordered bidimensional network which does not exhi
any simple symmetry, as the underlying MoS2 surface exhib-
its a hexagonal symmetry@21,22#, the system also appea
particularly well adapted to the study of the respective infl
ences of the underlying substrate and of the adsorbed
ecules on the anchoring directions of the liquid crystal,
main problem that we want to address in this paper.

We have studied the anchoring geometry of both pha
smecticA and nematic, by optical microscopy~Sec. III A!
and by x-ray diffraction in grazing incidence~Sec. III B!. In
Sec. IV, we connect the determined anchoring directions
the structure of the adsorbed molecules. Results are then
cussed, first the question of nematic anchoring and sec
the question of smectic anchoring.

II. 8CB ÕMoS2 INTERFACE

By combining scanning tunneling microcopy~STM! and
x-ray diffraction experiments, we have previously det
mined the microscopic structure of the two-dimensional~2D!
monolayer formed by 8CB molecules adsorbed on a M2
substrate, under the 8CB liquid crystal film@21–23#.

This 2D monolayer is composed of 2D single crysta
disoriented by 60° with respect to each other, due to
hexagonal symmetry of the underlying substrate. The mic
scopic structure of each of these crystals, observed by S
is presented in Fig. 1 which reveals a highly ordered mole
lar organization, characterized by straight ribbons. Within
ribbons each molecule can be distinguished@see the mode
on the left of Fig. 1~a!#, as well as the respective positions
the cyanobiphenyl group and the alkyl chain within the m
ecules. From such an image, it can be deduced that the
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sorbed molecules are close to flat on the substrate and
within the ribbons, the molecules adopt a head-to-tail geo
etry. Figure 1~b! shows the structure as obtained by x-r
diffraction experiments. The network commensurability c
responding to ac(4332) superstructure, the ribbons a
aligned parallel to the@100# ~or @010# and @21210#! MoS2
direction.

A close inspection of the network reveals that the a
sorbed 8CB dipoles are aligned along two main directio
@underlined in Fig. 1~b!#, at 213.6° and 18.2° away from the
direction perpendicular to the ribbons~the @120#, the @210#,
or the @2110# of MoS2, depending on the considered 2
single crystal!.

III. EXPERIMENT

MoS2 natural single crystals come from Queensla
~Australia!, supplied by The Ward Company, NY. This lame

FIG. 1. ~a! STM image of the adsorbed 8CB molecules on Mo2

~14 nm314 nm; I t50.31 nA, Vt51.6 V). The molecules on the
substrate appear highly 2D oriented, organized in straight ribb
along theX direction. The molecules within the ribbons can b
distinguished~see the model on the left! and adopt a head-to-tai
geometry.~b! Microscopical structure as determined by x-ray d
fraction. The crystallographic cell is formed by the eight molecu
labeled 1–8 and corresponds to ac(4332) MoS2 superstructure.
The two associated dipolar groups are shown at213.6° and 18.2°
away from the direction perpendicular to the ribbons.
5-2
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lar compound can be easily cleaved, thereby revealin
clean surface parallel to the basal planes. The surface is c
posed of sulfur atoms organized in a hexagonal lat
(aMoS2

53.16 Å as cell parameter!, with a mosaicity smaller

than 0.02°, as checked by x-ray diffraction. The 8CB is
BDH ~BDH-GMBH, Germany! product used without any
further purification. The 8CB is smecticA at room tempera-
ture with the smectic/nematic transition occurring at 33.5
and the nematic/isotropic transition around 40 °C. The 8
film is prepared by spin coating an 8CB/CHCl3 solution on
the MoS2 surface, leading to homogeneous films with thic
nesses ranging from 0.1 to 1mm, depending on the 8CB
concentration~from 0.1 mol/l to 0.5 mol/l! and the spin
coater speed~from 1000 to 6000 rpm!. The system is then
annealed at 80 °C for 30 min, in order to create ordered
crystals at the 8CB/MoS2 interface.

Optical microscopy experiments were performed on a
larizing microscope LEICA DMR fitted with a charge
coupled device color camera and a digitizing system for
age acquisition. Optical microscopy images were obtaine
the reflection mode, due to the opacity of the MoS2.

X-ray diffraction experiments were performed on the sy
chrotron beamlines D2AM at ESRF~Grenoble, France! and
H10 at LURE~Orsay, France! equipped with four-circle dif-
fractometers. We used a standard configuration: photon
ergy at 8 keV, horizontally mounted sample oriented by
goniometrical head in order to explore the whole recipro
space. The full beam spot was delimited close to the sam
by a pair of slits leading to a beam size between
3500 mm2 and 100 31000mm2, and the intensity was
monitored by a diode. The diffracted intensity was scann
parallel to the sample plane by a solid state detector at
smectic momentum transferQS50.2 Å21 of the 8CB mol-
ecules. The in-plane and out-of-plane resolutions were of
order of 0.05°.

A. Optical microscopy experiments

Figure 2 presents optical microscopy images betw
crossed polarizers of the smectic phase@Fig. 2~a!# and of the
nematic phase@Fig. 2~b!# of a 0.4mm thick 8CB film on top
of MoS2.

It shows that the film is composed of domains of differe
tints, the tint depending on the orientation of the sample w
respect to the analyzer direction. The black domains co
spond to areas in which anchoring is close to planar
either parallel or perpendicular to the analyzer. Each dom
can be extinguished between crossed polarizers for a g
orientation of the sample and only 12 discrete orientation
the sample allow the extinction of domains, as shown
Figs. 2~a! and 2~b!.

A close inspection of these orientations reveals that
planar anchoring directions are associated with the ext
tions, with azimuthal disorientations of 25°~modulo 60°! and
35° ~modulo 60°! between these directions. These results
be analyzed as follows.

First the tint of each domain in Figs. 2~a! and 2~b! is
identical, the only difference corresponding to the prese
of lines in the smectic phase that are not observed in
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nematic phase. These lines are interpreted as smectic de
due to antagonistic anchorings between substrate and
@24#. We can conclude from the similarity of the tints and t
textures that the smecticA and nematic anchorings are ide
tical, as previously observed in case of planar anchoring
several other systems@12,25#. It is then possible to analyze
the anchoring directions in both phases, in particular w
respect to the substrate crystallographic directions, taking
vantage of the periodic character of the smectic phase
using x-ray diffraction experiments~Sec. III B!.

Second, because each domain can appear colored bet
crossed polarizers~the color depends on the thickness due
Newton interferences! despite the homeotropic anchoring
the air interface, the anchoring of 8CB on MoS2 appears
close to planar. Such a result is consistent with the obse
tion of molecules lying flat on the substrate in the underlyi
8CB 2D network. However, it differs from the results o
numerical calculations on a similar system, 8CB on graph
@26#, leading to a second layer of molecules already hom
tropic with respect to the first layer.

Moreover, the homogeneous tint within each domain,
seen in Fig. 2, shows that the planar anchoring on MoS2 is

FIG. 2. Optical microscopy images~140 mm3100 mm!, be-
tween crossed polarizers, of smectic phase (T525 °C) and nematic
phase (T534 °C) of a 0.4mm thick 8CB film on MoS2.
5-3
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unidirectional within the domains, which have lateral si
varying from several tens to several hundreds of microm
ters. Only six azimuthal orientations of the planar anchor
are possible for domains of a given sample.

Third, the homogeneity of the liquid crystal color, as o
served by optical microscopy, in particular between para
polarizers, evidences a good homogeneity of the liquid cr
tal thickness and such a perfect wetting of 8CB on Mo2,
contrary to numerousnCB/solid substrate systems@27#. This
result can be associated to the nonpolarity of the adso
8CB network, induced by the head-to-tail geometry of t
adsorbed molecules within the ribbons~Fig. 1!. The differ-
ence with the systems 8CB/poly~vinyl cinnamate! ~PVCN!
or 8CB/quartz, characterized by dewetting associated to
lar adsorbed monolayers, confirms the role of polarity
wetting properties of thenCB family @20#.

B. X-ray diffraction experiments

Due to the homeotropic alignment at the air interface,
smectic planes deform in the bulk to accommodate the
antagonistic anchorings. Consequently, in order to probe
anchoring at the MoS2 surface, we have to measure the d
fracted signal originating from the smectic layers close
MoS2. This corresponds to a small amount of matter bur
below the liquid crystal bulk and requires the use of synch
tron sources. In order to specifically detect the perpend
larly anchored smectic layers associated with planar anc
ing, we work in grazing incidence geometry.

In such a geometry the incident~and exit! tilt angle is
fixed close to the MoS2 critical angle@uC(MoS2)50.344° at
8 keV#, in order to only slightly penetrate the bulk MoS2,
but higher than the 8CB critical angle@uC(8CB)50.172° at
8 keV! in order to penetrate the bulk liquid crystal and i
deed probe the smectic layers close to MoS2. The incidence
angle is fixed atu i50.3° and the lateral angular position o
the detector is fixed at 2u52uS cos(ui), uS51.4° corre-
sponding to the smectic layer period for 8 keV photons,
sociated with a smectic wave vector@28# of QS50.2 Å21. In
such a geometry, the diffracting layers are almost perp
dicular to the substrate surface and disoriented with res
to the incident beam by an angle denoted byf. Keeping the
incident beam and the detector fixed, the sample is rota
~thef value is varied! over 180° in order to detect the sme
tic Bragg peaks corresponding to all perpendicularly
chored smectic layers. Once the MoS2 Bragg peaks have
been measured, the azimuthal anchoring orientation ca
determined with respect to the main crystallographic dir
tions of MoS2.

A typical result can be seen in Fig. 3, which shows t
diffracted intensity versus the sample orientation over 18
In this generic scan, only five peaks of different intensit
are detected.

The detection of intense peaks in grazing incidence ge
etry demonstrates that indeed the anchoring of the sme
phase is planar on MoS2 as well as the anchoring of th
nematic phase. This scan reveals a very limited numbe
anchoring directions on a given sample. In the case of Fig
five directions are detected at241°60.5,276°60.5,2101°
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60.5,2136°60.5,2161°60.5. These values are disoriente
at 35° or 25° away from each other. These orientations
then compatible with the sample orientations, leading to
extinction of domains in optical microscopy between cross
polarizers~Sec. III A!. This shows that each Bragg peak
Fig. 3 corresponds to one kind of domain orientation, o
served in optical microscopy, confirming in particular th
planar unidirectional anchoring within a given domain.

It is also possible to determine the azimuthal orientatio
with respect to the MoS2 crystallographic directions in the
case of a sample previously oriented with respect to the s
strate. TheuS value then has to be subtracted from the d
ferentf values, leading to Bragg peaks in Fig. 3 associa
with smectic layers at242.4°60.5, 277.4°60.5, 2102.4°
60.5, 2137.4°60.5, 2162.4°60.5 away from the MoS2
@100# direction. If we now combine our measurements p
formed on 12 different samples, we obtain the following r
sult: on a given sample, only six planar anchoring directio
exist at 617.5°60.4 ~modulo 60°! away from the MoS2
@100# direction.

The differences of intensity of the peaks in Fig. 3 demo
strate that the proportions of the six domains are different
the measured area. This has to be related to the large si
the domains, between several tens and several hundred
micrometers as observed by optical microscopy, which
therefore of the same order as the beam size—between
and 1000mm. Figure 4 shows an enlarged view of a Bra
peak of Fig 3, associated to smectic layers at 17.5° aw
from the MoS2 @21210# direction. The measured mosaicit
of the anchored smectic layers isDf50.39°. This leads in
Å21 to Dq5qDf51.431023 Å21 which is of the same
order as the mosaicity of a similar smectic compound o
ented by an average magnetic field of 1 T@29#. This result
demonstrates how a crystalline substrate such as MoS2 can
strictly orient smectic layers within a given domain, in pa
ticular with respect to gratings on glass or silicon, on whi

FIG. 3. X-ray diffraction intensity variation during the rotatio
over 180° of a 0.4mm thick 8CB film on top of MoS2. Five peaks
are measured at241°60.5; 276°60.5; 2101°60.5; 2136°60.5,
2161°60.5. The pronounced dips at2165.5°,2111°, and245.5°
correspond to the furnace tungsten pillars passing either in the
rect beam or in front of the detector.
5-4
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the mosaicity of perpendicularly anchored smectic layer
higher by one to two orders of magnitude@30#.

IV. RELATIONSHIP BETWEEN THE ANCHORING
DIRECTION AND THE 8CB ÕMoS2 INTERFACE

STRUCTURE

We now turn the question of the origin of the observ
anchoring, in particular the origin of the measured anchor
directions, at617.5° ~modulo 60°! away from the MoS2
@100# direction. The observed degeneracy is clearly relate
the hexagonal symmetry of the MoS2 substrate. More pre
cisely it is related to the presence in the underlying 2D 8
network of 2D single crystals, disoriented by 60° from ea
other. Indeed, as shown by STM and x-ray diffraction@21#,
these 2D single crystals are definitely larger than 1mm,
which strongly suggests that they impose the unidirectio
anchoring of the 8CB bulk film on top. In other words, for
given orientation of the ribbons characterizing t
8CB/MoS2 interface ~parallel to the @100#, @010# or
@21210# MoS2 directions!, the smectic~and nematic! direc-
tor is oriented at617.5° away from the direction perpen
dicular to the ribbons~the @120#, @210#, or @2110# MoS2
direction!, as shown schematically in Fig. 5.

A. Nematic anchoring

Let now discuss about the evolution predicted by
Landau–de Gennes theory within the frame of a single
crystal characterizing the interface 8CB/MoS2. In the case
of an interface having a planar uniaxial nematic order para
eter, the nematic order parameter orientation does not
from the surface to the bulk, remaining parallel to the int
face. The order parameter value varies only towards its b
valueSb which is of the order of 0.6 in case of 8CB in th

FIG. 4. X-ray diffraction intensity on a given Bragg peak sho
ing the anchored smectic layers orientation and mosaicity. It co
sponds to the peak of Fig. 3 at2101° offset by 120°, corrected b
the uS51.4° angle and the grazing incidence geometry. The
served 0.39° mosaicity corresponds to a value of 1.431023 Å21 in
wave-vector units.
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nematic phase@31#. However, in the case of low-symmetr
surface networks such as the one of a 2D single crysta
the 8CB/MoS2 interface, the surface order parameter is n
uniaxial. The observed disorientation of the bulk order p
rameter could then be connected to the biaxiality of the s
face order parameter and to its evolution towards the unia
bulk order parameter, as the bulk pretilt can be associa
with the surface biaxiality out of the substrate plane, as in
case of 5CB adsorbed on rubbed polyimide@7#.

The knowledge of the respective orientations of the ei
adsorbed molecules in the 8CB/MoS2 network cell allows us
to calculate the surface nematic order parameter, follow
the usual definition@32# and taking into account the molecu
lar orientation as imposed by the molecular dipole. The ne
atic tensor is defined as following:

Qi j 5 K 3aiaj2d i j

2 L , ~1!

aW being the molecular dipole direction.
The frame in which this tensor can be diagonalized giv

the nematic director direction, as well as the two order
rametersS andP such that

QW 5S Qx8x8 0 0

0 Qy8y8 0

0 0 21/2
D 5S 2S1P

2
0 0

0 S 0

0 0
2S2P

2

D
in the case of a planar anchoring and a nematic dire
oriented along the y8 axis.

In the axis associated with the direction parallel (OX),
perpendicular (OY) to the ribbons and normal to the surfac
(OZ) ~see Fig. 5!, the different values of the surface nema
tensor areQyyo50.88, Qzzo520.5, andQxyo50.052 with
Qxxo52Qyyo2Qzzo50.38, if we consider the average or
entation of the adsorbed dipoles, the subscripto correspond-

e-

-

FIG. 5. Design showing the adopted geometry of perpend
larly anchored smectic layers with respect to an underlying 2D
sorbed single crystal. The axesOX ~parallel to the ribbons! andOY
~perpendicular to the ribbons! used for the calculation of the surfac
nematic order parameter are indicated, as well asb, the calculated
in-plane nematic director disorientation with respect to the (OY)
axis.
5-5
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ing to surface parameters. The diagonalization of such a tensor gives the value of the cosine of the anglebo of the surface
nematic director with respect to the (OY) axis ~see Fig. 5!:

cos~bo!51/FA11

FQyyo1
Qzzo

2
2AQxyo

2 1S Qyyo1
Qzzo

2
D 2G 2

Qxyo
2

G ~2!
e
r
r
se

io

ti
–d

ts
-

o
n

n
s:

lly
leading to the valuebo52.36°. In the 2.36° tilted frame, th
diagonalized tensor corresponds to an order parameteSo
50.882 and to a biaxial termPo50.118. The surface orde
parameter appears higher than the bulk one, as in the ca
a similar system, 8CB/graphite@33#. The surface biaxiality is
small, as well as the in-plane tilt with respect to the direct
perpendicular to the ribbons (OY).

It is now possible to estimate the evolution of the nema
order parameter towards the bulk, using the Landau
Gennes free energy density@10,11#

f 5 1
2 @Aq~Qi j 2Qi jb !21L1Qi j8 Qi j8 1L2Qiz8 Qiz8 # ~3!

with Aq , L1, and L2 being phenomenological constan
@7,8,10# and the subscriptb corresponding to bulk param
eters associated with the bulk valuesSb50.6 andPb50.
The values Aq /L250.01 nm22 @8# and L1 /L252/5
@8,18,34# can be used, the case of 5CB being adapted
8CB.

The evolution of the different terms of the nematic tens
can be calculated by solving the Euler-Lagrange equatio
One obtains
im

5°

n

t
ea
a
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Qzz~z!5Qzzb1~Qzzo2Qzzb!e
2z[3Aq /(3L112L2)] 1/2

, ~4!

Qxy~z!5Qxyb1~Qxyo2Qxyb!e
2z(Aq /L1)1/2

, ~5!

Qyy~z!5Qyyb1S Qyyo2Qyyb1
Qzzo2Qzzb

2 De2z(Aq /L1)1/2

2S Qzzo2Qzzb

2 De2z[3Aq /(3L112L2)] 1/2
. ~6!

The values ofQzzb, Qxyb , andQyyb can be deduced from
the bulk valuesSb50.6 andPb50 and from the minimiza-
tion of the free energyF5* f dz with respect toQyyb . This
minimization leads to a fourth-order polynomial which ca
be solved numerically, leading to the following value
Qzzb520.3, Qxyb50.028, andQyyb50.599.

The disorientation of the bulk nematic director can fina
be calculated, using the limiting value ofb(z) such that
cos~bb!51/FA11

FQyyb1
Qzzb

2
2AQxyb

2 1S Qyyb1
Qzzb

2
D 2G 2

Qxyb
2

G , ~7!
the

the
on

cu-
the
em-

me-
c-

ally
ec-
bb51.83°.
The evolution of the in-plane tilt with respect to the (OY)

axis remains small as in the case of 5CB on rubbed poly
ide, with a different geometry but also a weak biaxiality.bb

is then clearly different from the experimental value, 17.
This demonstrates that in the 8CB/MoS2 system, the
Landau–de Gennes theory cannot describe the evolutio
the nematic order parameter, contrary to the case of 5CB
rubbed polyimide.

As for high-symmetry interfaces~5CB on phlogopite
mica! @9#, a coupling with the adsorbed molecules needs
be introduced in order to interpret the results. Indeed, inst
of being imposed by the surface nematic order parameter
-

.

of
on

o
d

nd

therefore being close to the direction perpendicular to
ribbons, the bulk nematic director is oriented at617.5° away
from this direction. The value 17.5° appears close to
orientations of the two dipolar groups forming the skelet
of the 8CB/MoS2 network, at213.6° and 18.2° away from
the direction perpendicular to the ribbons@see Fig. 1~b!#. A
coupling with the surface order associated with the mole
lar dipoles can then be postulated in order to explain
observations. The surface order appears coupled to the n
atic order parameter as a surface order with a mirror sym
try would be, favoring one of the two corresponding dire
tions, each being associated with a dipolar group. This fin
leads to a bistable anchoring, the two corresponding dir
tions being disoriented from each other by 2317.5535°.
5-6
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In the case of a high-symmetry interface~5CB/phlogopite
mica!, no preferred orientation is predicted with th
Landau–de Gennes theory, due to the homeotropic sur
nematic order parameter. So only a weak coupling with
surface order can impose particular planar anchoring di
tions. This is not true in case of a low-symmetry interfa
such as 8CB/MoS2. It means that, in order to impose a
choring directions different from the one associated to
Landau–de Gennes evolution, the coupling with the surf
order parameter needs to be strong. Such a strong cou
could be related to the particularly well-defined interfac
structure, essentially without any disorder.

However, if the two dipolar group orientations are close
the director orientations, they are not strictly equal. In ot
words, the observed director orientations appear symme
with respect to the direction perpendicular to the ribbo
whereas, with two different orientations for the two dipol
groups at213.6° and 18.2°, the adsorbed structure does
present such a symmetry. This difference suggests tha
high-symmetry underlying substrate also plays a n
negligible role on the selection of the anchoring directio
in addition to the minimization of the Landau–de Genn
free energy and the coupling with the surface order. The
of the substrate on the anchoring could be, however, large
the 8CB/MoS2 system than in many other systems. Inde
adsorbed 8CB molecules on MoS2 appear flat such that th
distance between the substrate and the second 8CB lay
still small, allowing non-negligible electrostatic intera
tions to take place. The observation of such a role for Mo2
is consistent with the recent demonstration of a strong
teraction between the substrate and the adsorbed mole
in the same system, likely associated with electrostatic in
actions@23#.

B. Smectic anchoring

The anchoring geometries of nematic and smecticA
phases are similar, and then both phases are connected
coupling between the adsorbed dipoles and the directo
most previously studied cases of smectic anchoring that
present similar anchoring of smectic-A and nematic phases
the adsorbed structure was not accurately determined.

In the 8CB/MoS2 system, we can now assess that, if t
connection between the orientation of the interface and
orientation of both phases can be understood, this is o
ously not the case of a connection between the structur
the interface and the structure of the smectic layers. Ind
the ribbon period is equal to 25 Å, considerably smaller th
the smectic layers period of 31.6 Å. However the smec
phase appears strongly enough anchored, as demonstrat
the optical microscopy observations, so that the anchoring
MoS2 remains planar and antagonistic with respect to
homeotropic anchoring at the other interface~8CB/air! for
thicknesses as small as 0.09mm.

A possible hypothesis to explain such a result consist
assuming the presence of a nematic layer between
8CB/MoS2 interface and the smectic bulk in which smec
layers would be melted. Indeed a rough calculation, con
ering the number of edge dislocations necessary to acc
04170
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modate the smectic layers and the ribbons~one dislocation
over six ribbons!, associated with the cost of an isolate
dislocation~of the order ofK @35#, K57310212 J m21 be-
ing the 8CB curvature modulus@36#! leads to a distortion
energy of 5.531024 J m22 for smectic layers directly con
nected to the ribbons.

This value can be compared to a rough calculation of
energy of a 1 nmthick (d) nematic layer at 25 °C, consid
ering that the nematic layer replaces a smectic layer of o
parameter equal to the smectic bulk order parameterF
5@a/2C2(T02T)2b/4C4#d5d„a2(T2T0)2

…/4b, F55.69
31024 J m22. C is the smectic order parameter,T0 the
smectic/nematic transition temperature (T0533.5 °C),a and
b the second- and fourth-order coefficients in the de Gen
free energy versusC. The a2/b ratio is obtained from the
experimental determination of the heat capacity of 8CB@37#
(a2/b53.153104 J K22m23).

Since both energies are similar, the hypothesis of a t
nematic layer between 8CB/MoS2 interface and smectic
bulk appears acceptable, in particular if we consider t
the smectic distortions have been probably underestima
regarding for example the disorientation of the ribbons w
respect to the smectic layers. A nematic layer would be
particular clearly favored in the presence of a nematic s
face potential, whose existence has been recently postu
@17# in order to interpret experimental results on 10C
adsorbed on a silane substrate@38# with homeotropic an-
choring.

The existence of such a nematic layer would be parti
larly natural in case of planar or tilted anchorings on su
strates, either structurally disordered, or particularly well
dered with no matching between the interface order and
smectic order. However, the hypothesis of a nematic la
close to the substrate differs from the theoretical interpre
tion of experimental observations on the system 5CB/rub
polyimide @18#, in which perfect surface smectic order
obtained with an anchoring close to be planar. The existe
of a nematic layer would then depend on the substrate na
The presence of such a nematic layer could be consis
with high orientational anchoring energies but should at le
impose a low positional anchoring energy. This last para
eter has been measured for the system butiloxy-benzylid
octylaniline (4O.8)/silicium oxide ~SiO! associated with a
planar anchoring@39#, indeed leading to a low value of th
positional anchoring energy, of the order of 1028 J m22, also
associated with a very low surface smectic order valuecs of
the order of 1025.

V. CONCLUSION

By combining optical microscopy and x-ray diffraction i
grazing incidence, we have determined the anchoring di
tions in both nematic and smectic-A phases of 8CB on a wel
ordered interface formed by the 2D 8CB network adsorb
on MoS2.

The comparison of these results with the structure of
2D 8CB network demonstrates that, on such an ordered
terface, the bulk director orientation is not only determin
through the minimization of the Landau–de Gennes free
ergy. A coupling with the 2D surface order and with th
5-7
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underlying substrate through long range interactions mus
taken into account as well. The combination of these th
terms finally leads to a bistable anchoring. Such a bistab
is directly induced by the adsorbed 8CB structure and co
be considerably less influenced by memory effects than m
of other multistable anchorings.

In order to interpret the observed similar anchoring dir
tions of the smectic-A and nematic phases, the existence o
thin nematic layer between the 2D network and the sme
t-
u

.O

en

s.

u

04170
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bulk has been postulated and appears consistent with
high energy of smectic layers directly connected to a hig
organized interface.
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