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Bistable nematic and smectic anchoring in the liquid crystal octylcyanobipheny(8CB)
adsorbed on a MoS$S single crystal
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We have studied the anchoring directions imposed anottyl-4’-cyanobiphenyl(8CB) smecticA and
nematic phases by a single crystal of molybdenum disulfide @yJloSombining 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-dimension@D) 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 MoS 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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[. INTRODUCTION strated if the underlying substrate loses all influence with
respect to the adsorbed molecules.

It is well known that two major effects compete to impose  The major role of adsorbed molecules has been associated
the anchoring directions of a liquid crystal; first, the substratewith an induced nematic order at the surface. In the case of
roughness whose role has been analyzed by Berrdilan substrates with mirror symmetry, the Landau—de Gennes
second, the interactions between molecules and substrate thieory allows[7,8,10,1] a quantitative prediction of the tilt
between molecules themselves. In the second framework arahgle induced by a given adsorbed molecular distribution.
in the nematic phase case, it is also well known that a knowlHowever, in the case of high-symmetry surfaces, such as
edge of the configurations of the molecules adsorbed on thghose with threefold symmetry, the surface nematic order pa-
substrate is of particular importance in predicting the anchorrameter is homeotropic despite, in the case of phlogopite
ing directions of the liquid crystal film on a given substrate.mica as a substrate, the presence of adsorbed molecules al-
In many systems, the adsorbed molecules remain extremelyiost flat on the substrate. In this case, a tristable planar
stable, as soon as they interact with the substrate. This stanchoring is observed in bulk. In order to explain the experi-
bility leads to memory phenomeha—4], demonstrating the mental observation§9], a coupling term with the surface
major role of these molecules on the alignment of liquidorder has then been added to the classical Landau—de
crystal films. The influence of adsorbed molecules has beeGennes theory.
demonstrated through numerous second harmonic generation It would now be interesting to determine if such coupling
measurement$5—9]. However, it remains to be demon- arises only in the case of high-symmetry surfaces. In such a

case, the Landau—de Gennes theory could be applied to most
surfaces and predictions of anchoring directions would be
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The phenomenon of smectic anchoring remains compli- Y
cated as compared with nematic anchoring. An experimental
work evidenced particularly strong anchoring enerdie4|
W in a homeotropically anchored smectic phase compared
with most of the already measured nematic anchoring ener-
gies [12,13 (W of the order of 103-102 Jm ?). Such
values also appear significantly higher than surface tension
anisotropies of smectic phases with planar anchoring, nonde-
generatd 15|, or with tilted anchorind16] (W of the order
of 107°Jm 2). The question of the influence of smectic
layering on anchoring properties is consequently open. Some
theoretical works were recently published, considering ho-
meotropic[17] or close to be plandrl8] anchorings.

We have chosen the system of a ndbctyl-4'-
cyanobiphenyl(8CB) film adsorbed on molybdenum disul-
fide (MoS,) in order to study these questions. The MoS
substrate is flat, avoiding any influence of roughness of the
substrate on the anchoring phenomenon. 8CB liquid crystal
perfectly wet the Mog substrate leading to formation of
homogeneous liquid crystal films. The 8 CB/Moiterface
has been recently studied directly under the liquid crystal
film, allowing anin situ connection between the study of
adsorbed molecules and the study of anchoring directions,
which appears extremely rare in such syst¢h®§. The con-
nection between polarity of the adsorbed molecules and wet-
ting properties of liquid crystal film can then be confirmed
[20]. The 8CB/Mo$S interface being composed of a very
well ordered bidimensional network which does not exhibit
any simple symmetry, as the underlying Masirface exhib-
its a hexagonal symmeti21,22], the system also appears
particularly well adapted to the study of the respective influ- FIG. 1. (a) STM image of the adsorbed 8CB molecules on MoS
ences of the underlying substrate and of the adsorbed mof{i4 nmx14 nm;1,=0.31 nA, V,=1.6 V). The molecules on the
ecules on the anchoring directions of the liquid crystal, thesubstrate appear highly 2D oriented, organized in straight ribbons
main problem that we want to address in this paper. along theX direction. The molecules within the ribbons can be

We have studied the anchoring geometry of both phaseglistinguished(see the model on the l¢fand adopt a head-to-tail
smecticA and nematic, by optical microscofgec. Ill A) geometry.(b) Microscopical structure as determined by x-ray dif-
and by x-ray diffraction in grazing incidend&ec. 11 B). In fraction. The crystallographic cell is formed by the eight molecules
Sec. IV, we connect the determined anchoring directions t¢aPeled 1-8 and corresponds tac@ X 32) MoS, superstructure.
the structure of the adsorbed molecules. Results are then di&?€ two associated dipolar groups are shown8.6° and 18.2°
cussed, first the question of nematic anchoring and secorfv@ from the direction perpendicular to the ribbons.
the question of smectic anchoring.

sorbed molecules are close to flat on the substrate and that,
within the ribbons, the molecules adopt a head-to-tail geom-
IIl. 8CB/MoS, INTERFACE etry. Figure 1b) shows the structure as obtained by x-ray

By combining scanning tunneling microcog$TM) and diffractiqn experiments. The network commensqrability cor-
x-ray diffraction experiments, we have previously deter-résponding to ac(4X32) superstructure, the ribbons are
mined the microscopic structure of the two-dimensiaga)) ~ aligned parallel to th¢100] (or [010] and[~1-10]) MoS,
monolayer formed by 8CB molecules adsorbed on a Mosdirection. _
substrate, under the 8CB liquid crystal fifi21—23. A close ms_pectlon of th_e network reveals t_hat _the _ad—

This 2D monolayer is composed of 2D single Crysta|sysorbed_8CB_ dlp_oles are aligned along two main directions
disoriented by 60° with respect to each other, due to théunderlined in Fig. tb)], at —13.6° and 18.2° away from the
hexagonal symmetry of the underlying substrate. The microdirection perpendicular to the ribboitthe [120], the [210],
scopic structure of each of these crystals, observed by STV the [~110] of MoS,, depending on the considered 2D
is presented in Fig. 1 which reveals a highly ordered molecusingle crystal.
lar organization, characterized by straight ribbons. Within the
ribbons each molecule can be distinguisheee the model
on the left of Fig. 1a)], as well as the respective positions of
the cyanobiphenyl group and the alkyl chain within the mol- MoS, natural single crystals come from Queensland
ecules. From such an image, it can be deduced that the afAustralia, supplied by The Ward Company, NY. This lamel-

IIl. EXPERIMENT
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lar compound can be easily cleaved, thereby revealing a
clean surface parallel to the basal planes. The surface is com-
posed of sulfur atoms organized in a hexagonal lattice

(aM032=3.16 A as cell parametgrwith a mosaicity smaller

than 0.02°, as checked by x-ray diffraction. The 8CB is a
BDH (BDH-GMBH, Germany product used without any
further purification. The 8CB is smectik at room tempera-
ture with the smectic/nematic transition occurring at 33.5°C
and the nematic/isotropic transition around 40 °C. The 8CB
film is prepared by spin coating an 8 CB/CHGolution on
the MoS surface, leading to homogeneous films with thick-
nesses ranging from 0.1 to Am, depending on the 8CB
concentration(from 0.1 mol/l to 0.5 mol/l and the spin
coater speedfrom 1000 to 6000 rpm The system is then
annealed at 80 °C for 30 min, in order to create ordered 2D
crystals at the 8CB/MaosSinterface.

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

X-ray diffraction experiments were performed on the syn-
chrotron beamlines D2AM at ESR{&Grenoble, Frangeand
H10 at LURE(Orsay, Franceequipped with four-circle dif-
fractometers. We used a standard configuration: photon en-
ergy at 8 keV, horizontally mounted sample oriented by a
goniometrical head in order to explore the whole reciprocal
space. The full beam spot was delimited close to the sample
by a pair of slits leading to a beam size between 50
X500 um? and 100 X 1000xm?, and the intensity was
monitored by a diode. The diffracted intensity was scanned
parallel to the sample plane by a solid state detector at the
smectic momentum transf&@s=0.2 A~1 of the 8CB mol-
ecules. The in-plane and out-of-plane resolutions were of the F|G. 2. Optical microscopy image&40 umx100 um), be-
order of 0.05°. tween crossed polarizers, of smectic phabe 25 °C) and nematic

phase T=34°C) of a 0.4um thick 8CB film on MoS.

nematic phase (34°C)

A. Optical microscopy experiments nematic phase. These lines are interpreted as smectic defects

Figure 2 presents optical microscopy images betweewlue to antagonistic anchorings between substrate and air
crossed polarizers of the smectic phfBig. 2(@)] and of the  [24]. We can conclude from the similarity of the tints and the
nematic phasgFig. 2(b)] of a 0.4 um thick 8CB film on top  textures that the smectk and nematic anchorings are iden-
of MoS,. tical, as previously observed in case of planar anchoring in

It shows that the film is composed of domains of differentseveral other systenmjd2,25. It is then possible to analyze
tints, the tint depending on the orientation of the sample withthe anchoring directions in both phases, in particular with
respect to the analyzer direction. The black domains correrespect to the substrate crystallographic directions, taking ad-
spond to areas in which anchoring is close to planar andantage of the periodic character of the smectic phase and
either parallel or perpendicular to the analyzer. Each domainsing x-ray diffraction experimeni{Sec. Il B).
can be extinguished between crossed polarizers for a given Second, because each domain can appear colored between
orientation of the sample and only 12 discrete orientations oérossed polarizerg@he color depends on the thickness due to
the sample allow the extinction of domains, as shown inNewton interferencesdespite the homeotropic anchoring at
Figs. 2a) and 2b). the air interface, the anchoring of 8CB on MoSppears

A close inspection of these orientations reveals that sixlose to planar. Such a result is consistent with the observa-
planar anchoring directions are associated with the extinction of molecules lying flat on the substrate in the underlying
tions, with azimuthal disorientations of 26hodulo 60jand  8CB 2D network. However, it differs from the results of
35° (modulo 609 between these directions. These results camumerical calculations on a similar system, 8CB on graphite
be analyzed as follows. [26], leading to a second layer of molecules already homeo-

First the tint of each domain in Figs(& and 2Zb) is  tropic with respect to the first layer.
identical, the only difference corresponding to the presence Moreover, the homogeneous tint within each domain, as
of lines in the smectic phase that are not observed in theeen in Fig. 2, shows that the planar anchoring on MsS
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unidirectional within the domains, which have lateral size 80 - ‘ [ : ‘ .
varying from several tens to several hundreds of microme-
ters. Only six azimuthal orientations of the planar anchoring
are possible for domains of a given sample.

Third, the homogeneity of the liquid crystal color, as ob-
served by optical microscopy, in particular between parallelﬁ
polarizers, evidences a good homogeneity of the liquid crys-5
tal thickness and such a perfect wetting of 8CB on MoS =40 .
contrary to numerousCB/solid substrate systerh®7]. This
result can be associated to the nonpolarity of the adsorbe:
8CB network, induced by the head-to-tail geometry of the
adsorbed molecules within the ribboffsig. 1). The differ-

ence with the systems 8CB/p@iynyl cinnamatg (PVCN) I

60 - B

Intensity [c

[
o

or 8CB/quartz, characterized by dewetting associated to po .
lar adsorbed monolayers, confirms the role of polarity on ¢
wetting properties of th@CB family [20]. al

= £ Dl ?
-120 -60
¢ [degree]

B. X-ray diffraction experiments FIG. 3. X-ray diffraction intensity variation during the rotation

Due to the homeotropic alignment at the air interface, the?Ve" 180° ij 0-4“”cj+thidf 8CB°E|m on top ?iMO_@ FiveOEeaks
smectic planes deform in the bulk to accommodate the twéiriBTiag%reThaMl *0.5; _(;173' _Oéfies_slg"l—_fii;_l?j(s—zgssé
antagonistic anchorings. Consequently, in order to probe the —0-2- The pronounced dips at15o.o7, - and—ao. .

. .. correspond to the furnace tungsten pillars passing either in the di-
anchoring at the MoSsurface, we have to measure the dif- !

- I . rect beam or in front of the detector.

fracted signal originating from the smectic layers close to
MoS,. This corresponds to a small amount of matter buried+0.5, —136°+0.5, —161°+0.5. These values are disoriented
below the liquid crystal bulk and requires the use of synchroat 35° or 25° away from each other. These orientations are
tron sources. In order to specifically detect the perpendicuthen compatible with the sample orientations, leading to the
larly anchored smectic layers associated with planar anchogxtinction of domains in optical microscopy between crossed
ing, we work in grazing incidence geometry. polarizers(Sec. lll A). This shows that each Bragg peak of

In such a geometry the incideand exi} tilt angle is  Fig. 3 corresponds to one kind of domain orientation, ob-
fixed close to the MoScritical angle] 6c(MoS,) =0.344° at  Served in optical microscopy, confirming in particular the
8 keV], in order to only slightly penetrate the bulk MgS planar unidirectional anchoring within a given domain.

but higher than the 8CB critical anglé(8CB)=0.172° at It is also possible to determine the azimuthal orientations
8 keV) in order to penetrate the bulk liquid crystal and in- with respect to the MosScrystallographic directions in the

; o f a sample previously oriented with respect to the sub-
deed probe the smectic layers close to MoBhe incidence case o :
angle is fixed aw;=0.3° and the lateral angular position of strate. Thefs value then has to be subtracted from the dif-

L SR ferent ¢ values, leading to Bragg peaks in Fig. 3 associated
the detector is fixed at @=205c0s(), 0s=1.4° corme- iy smectic layers at-42.4°+0.5, —77.4%£0.5, —102.4°

sponding to the smectic layer period for 8 keV photons, 85105 —137.40.5 —162.4%0.5 away from the Mo$
sociated with a smectic wave vec{@8] of Qs=0.2 A"l In [100] direction. If we now combine our measurements per-
such a geometry, the diffracting layers are almost perpengmed on 12 different samples, we obtain the following re-
dicular to the substrate surface and disoriented with respegl,it: on a given sample, only six planar anchoring directions
to the incident beam by an angle denoteddoyKeeping the  exist at +17.5-0.4 (modulo 60) away from the MoS$
incident beam and the detector fixed, the sample is rotate Q] direction.
(the ¢ value is variegover 180° in order to detect the smec-  The differences of intensity of the peaks in Fig. 3 demon-
tic Bragg peaks corresponding to all perpendicularly anstrate that the proportions of the six domains are different on
chored smectic layers. Once the MoBragg peaks have the measured area. This has to be related to the large size of
been measured, the azimuthal anchoring orientation can libe domains, between several tens and several hundreds of
determined with respect to the main crystallographic direcimicrometers as observed by optical microscopy, which is
tions of MoS. therefore of the same order as the beam size—between 500
A typical result can be seen in Fig. 3, which shows theand 1000um. Figure 4 shows an enlarged view of a Bragg
diffracted intensity versus the sample orientation over 180°peak of Fig 3, associated to smectic layers at 17.5° away
In this generic scan, only five peaks of different intensitiesfrom the MoS [—1—10] direction. The measured mosaicity
are detected. of the anchored smectic layers Asp=0.39°. This leads in
The detection of intense peaks in grazing incidence geomA ! to Aq=qA¢=1.4x10"3 A~! which is of the same
etry demonstrates that indeed the anchoring of the smectiorder as the mosaicity of a similar smectic compound ori-
phase is planar on MgSas well as the anchoring of the ented by an average magnetic field of 120]. This result
nematic phase. This scan reveals a very limited number alemonstrates how a crystalline substrate such as,Na8
anchoring directions on a given sample. In the case of Fig. 3strictly orient smectic layers within a given domain, in par-
five directions are detected a41°+0.5, —76°+0.5, —101° ticular with respect to gratings on glass or silicon, on which
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FIG. 5. Design showing the adopted geometry of perpendicu-
0 ' L ! ! ! ' larly anchored smectic layers with respect to an underlying 2D ad-
5 10 15 20 25 30 sorbed single crystal. The ax€sX (parallel to the ribbonsandOY
Borr, [degree] (perpendicular to the ribbohsised for the calculation of the surface

nematic order parameter are indicated, as welBathe calculated
in-plane nematic director disorientation with respect to ter)
axis.

FIG. 4. X-ray diffraction intensity on a given Bragg peak show-
ing the anchored smectic layers orientation and mosaicity. It corre
sponds to the peak of Fig. 3 at101° offset by 120°, corrected by
the 6s=1.4° angle and the grazing incidence geometry. The obniematic phas¢31]. However, in the case of low-symmetry
served 0.39° mosaicity corresponds to a value ok1.@ * A=%in  surface networks such as the one of a 2D single crystal of
wave-vector units. the 8CB/Mo$S interface, the surface order parameter is not

uniaxial. The observed disorientation of the bulk order pa-
the mosaicity of perpendicularly anchored smectic layers isameter could then be connected to the biaxiality of the sur-

higher by one to two orders of magnitufg0]. face order parameter and to its evolution towards the uniaxial

bulk order parameter, as the bulk pretilt can be associated

IV. RELATIONSHIP BETWEEN THE ANCHORING with the surface biaxiality out of the substrate plane, as in the
DIRECTION AND THE 8CB /MoS, INTERFACE case of 5CB adsorbed on rubbed polyimjde.

STRUCTURE The knowledge of the respective orientations of the eight

) o adsorbed molecules in the 8 CB/Moetwork cell allows us
We now turn the question of the origin of the observediy calculate the surface nematic order parameter, following
anchoring, in particular the origin of the measured anchoringne ysual definitioi32] and taking into account the molecu-

directions, at+17.5° (modulo 60j away from the Mo$ |51 orientation as imposed by the molecular dipole. The nem-
[100] direction. The observed degeneracy is clearly related t@tic tensor is defined as following:

the hexagonal symmetry of the MgSubstrate. More pre-

cisely it is related to the presence in the underlying 2D 8CB <3aiaj— 5ij>
network of 2D single crystals, disoriented by 60° from each i\ 2
other. Indeed, as shown by STM and x-ray diffractj@di],

these 2D single crystals are definitely larger thanuh, a being the molecular dipole direction.
which strongly suggests that they impose the unidirectional The frame in which this tensor can be diagonalized gives
anchoring of the 8CB bulk film on top. In other words, for a the nematic director direction, as well as the two order pa-
given orientation of the ribbons characterizing therametersSandP such that
8CB/MoS, interface (parallel to the [100], [010] or

@

~S+P

[—1—10] MoS, directiong, the smectidand nematitdirec- 0 0
tor is oriented at+17.5° away from the direction perpen- Qurxr 0 0 2
dicular to the ribbongthe [120], [210], or [—-110] MoS, 5= 0 Qu 0 |= 0 S 0
direction, as shown schematically in Fig. 5. vy
0 0 —-1/2 -S—P
0 0
A. Nematic anchoring 2

Let now discuss about the evolution predicted by ain the case of a planar anchoring and a nematic director
Landau—de Gennes theory within the frame of a single 2Doriented along the 'yaxis.
crystal characterizing the interface 8CB/Mo3n the case In the axis associated with the direction parall€lX),
of an interface having a planar uniaxial nematic order paramperpendicular QY) to the ribbons and normal to the surface
eter, the nematic order parameter orientation does not var§OZ) (see Fig. 5, the different values of the surface nematic
from the surface to the bulk, remaining parallel to the inter-tensor areQ,,,=0.88, Q,,,= —0.5, andQy,,=0.052 with
face. The order parameter value varies only towards its bullQ,,,= — Q,y,—Q,,,~0.38, if we consider the average ori-
value S, which is of the order of 0.6 in case of 8CB in the entation of the adsorbed dipoles, the subsaipbrrespond-
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ing to surface parameters. The diagonalization of such a tensor gives the value of the cosine of titg anhdgiee surface
nematic director with respect to th@Y) axis (see Fig. &

2

QZZO 2 QZZO 2
nyo+ 2 - Qxy0+ nyo+ 2
coq B,)=1/ 1+ . (2
Qxyo
|
H — o o i _ 1/2
leading to the valu@g,=2.36°. In the 2.36° tilted frame, the Q,42)=Q,,5+ (Q,,— Q,,pe A3AalGL1+2LI 2 (g

diagonalized tensor corresponds to an order paranggter
=0.882 and to a biaxial terr®,=0.118. The surface order
parameter appears higher than the bulk one, as in the case of
a similar system, 8CB/graphif83]. The surface biaxiality is
small, as well as the in-plane tilt with respect to the direction
perpendicular to the ribbong(Y). Qro— Ot "
It is now possible to estimate the evolution of the nematic 7)= + — 4 S2EO0 X2l o —z(Ag/Ly)
order parameter towards the bulk, using the Landau-de Q)= Quy® | Qyyo™ Qe 2

Gennes free energy density0,1]] Q,,.~Q
f=3[Aq(Qij— Qijp)*+L1Q/;Q/; +L,Q,Q/,]  (3) _< 2

with Ay, Ly, and L, being phenomenological constants

[7,8,10 and the subscript, corresponding to bulk param- The values 0R,,,, Qyyp, andQyy, can be deduced from

eters associated with the bulk valu8s=0.6 andP,=0. the bulk valuesS,=0.6 andP,=0 and from the minimiza-

The values A,/L,=0.01 nm? [8] and L,/L,=2/5 tion of the free energ{ = [fdz with respect toQy,y,. This

[8,18,34 can be used, the case of 5CB being adapted teninimization leads to a fourth-order polynomial which can

8CB. be solved numerically, leading to the following values:
The evolution of the different terms of the nematic tensorQ,,,= — 0.3, Q,,,=0.028, andQy,=0.599.

can be calculated by solving the Euler-Lagrange equations. The disorientation of the bulk nematic director can finally

One obtains be calculated, using the limiting value 8{z) such that

Qxy( z)= Qxyb+ (Qxyo_ Qxyb)e_Z(AOI /Ll)l/zi )

b) e A3Aq/(BL +2Ly)1 M (6)

2
szb 2 szb 2
nyb+ 7_ Qxyb+ nyb+ 2
cogBp) =1/ 1+ . , (7)
Qxyb
|
Bp=1.83°. therefore being close to the direction perpendicular to the

The evolution of the in-plane tilt with respect to th®@Y) ribbons, the bulk nematic director is orientedtal7.5° away

axis remains small as in the case of 5CB on rubbed polyim{rom this direction. The value 17.5° appears close to the
ide, with a different geometry but also a weak biaxialy, orientations of the two dipolar groups forming the skeleton

is then clearly different from the experimental value, 17.5° of the 8CB/Mo$ network, at—13.6° and 18.2° away from

. . 'the direction perpendicular to the ribbofsee Fig. b)]. A
This demonstrates that in the 8CB/MoSystem, the ., niing with the surface order associated with the molecu-
Landau—de Gennes theory cannot describe the evolution ¢f, dipoles can then be postulated in order to explain the

the nematic order parameter, contrary to the case of 5SCB ogbservations. The surface order appears coupled to the nem-
rubbed polyimide. atic order parameter as a surface order with a mirror symme-

As for high-symmetry interface$5CB on phlogopite try would be, favoring one of the two corresponding direc-
mica) [9], a coupling with the adsorbed molecules needs tdions, each being associated with a dipolar group. This finally
be introduced in order to interpret the results. Indeed, instealdads to a bistable anchoring, the two corresponding direc-
of being imposed by the surface nematic order parameter antibns being disoriented from each other by 27.5=35°.
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In the case of a high-symmetry interfa@CB/phlogopite  modate the smectic layers and the ribbgose dislocation
mica), no preferred orientation is predicted with the over six ribbong associated with the cost of an isolated
Landau—de Gennes theory, due to the homeotropic surfaatislocation(of the order ofK [35], K=7x10 *2Jm ! be-
nematic order parameter. So only a weak coupling with théng the 8CB curvature modulus6]) leads to a distortion
surface order can impose particular planar anchoring direcenergy of 5.5 10" * Jm 2 for smectic layers directly con-
tions. This is not true in case of a low-symmetry interfacenected to the ribbons. _
such as 8CB/Mo$ It means that, in order to impose an- This value can be compared to a rough calculation of the
choring directions different from the one associated to £n€rgy ¢ a 1 nmthick (6) nematic layer at 25°C, consid-
Landau—de Gennes evolution, the coupling with the surfac€"n9 that the nematic layer replgces a smectic layer of order
order parameter needs to be strong. Such a strong coupliffframeter_equal to the smectic bulk order paramefer:

= 2 _ _ 49 o 2 _ 2 —
could be related to the particularly well-defined interfacial ~ L&/2¥ "(To=T) = b/4W] = 5(a*(T—To))/4b, F=5.69
structure, essentially without any disorder. xX107"Jm 7 W is the smectic order parameter, the

However, if the two dipolar group orientations are close tOZTr?eCt::elggrzg?t:ntorlafgiﬂﬁ?otr?jrgrpscr::ﬁ‘fui?ei tisi.nS thCe) blaeaggnnes
the director orientations, they are not strictly equal. In Othe.rfree energy versud. The a/b ratio is obtained from the

words, the observed director orientations appear symmetric . - .
with respect to the direction perpendicular to the ribbons(e;(zp;;f\)r'_m,‘,)e;]ts'il(I fgf%rglg;“_%;‘ of the heat capacity of §GH
whereas, with two different orientations for the two dipolar e . Co : .
groups at—13.6° and 18.2°, the adsorbed structure dogs not Since both energies are similar, the hypothesis of a thin

present such a symmetry. This difference suggests that ﬂgaematm layer between 8CB/MgSnterface and smectic

high-svmmetry underlving substrate also blavs a non ulk appears acceptable, in particular if we consider that
gn-sy Y ying play the smectic distortions have been probably underestimated,

ir:\eg;lé%lit:ilg nr(il)e t?]r; tg]?nfrﬁ:g;::gg gﬁc ttrr]:z ?_gcnhdoarhn?dglrgtg:%ness’regarding for example the disorientation of the ribbons with

free energy and the coupling with the surface order. The roléespect to the smectic Iayers. A nematic layer WOUId. be in
of the substrate on the anchoring could be, however, larger i articular c!early favoreq in the presence of a nematic sur-
the 8CB/Mo$ system than in many other,systems ,Indeed ace potential, whose existence has been recently postulated
adsorbed 8CB molecules on MpSppear flat such that the [17] in order to interpret experimental results on 10CB
distance between the substrate and the second 8CB Iayer?'g;ﬁabed on a silane substrg@s] with homeotropic an-
still small, allowing non-negligible electrostatic interac- Thegéxistence of such a nematic layer would be particu-
tions to take place. The observation of such a role for MoS . . :

iS consistentF:Nith the recent demonstration of a strm%g] in!arly natu_ral In case of planar or tilted anch_ormgs on sub-
teraction between the substrate and the adsorbed moleculstrates, either structurally disordered, or particularly well or-

in the same system, likely associated with electrostatic inter= red with no matching between the interface order and the
actions[23] y ' y smectic order. However, the hypothesis of a nematic layer

close to the substrate differs from the theoretical interpreta-
tion of experimental observations on the system 5CB/rubbed
polyimide [18], in which perfect surface smectic order is

_ ) _ ~obtained with an anchoring close to be planar. The existence

The anchoring geometries of nematic and smegtic- of 3 nematic layer would then depend on the substrate nature.
phases are similar, and then both phases are connected {0 fige presence of such a nematic layer could be consistent
coupling between the adsorbed dipoles and the director. Iith high orientational anchoring energies but should at least
most previously studied cases of smectic anchoring that alsgypose a low positional anchoring energy. This last param-
present similar anchoring of smec#icand nematic phases, eter has been measured for the system butiloxy-benzylidene-
the adsorbed structure was not accurately determined.  octylaniline (40.8)/silicium oxide (SiO) associated with a

In the 8CB/Mo§ system, we can now assess that, if thepjanar anchoring39], indeed leading to a low value of the
connection between the orientation of the interface and thgositional anchoring energy, of the order of £aJ m 2, also
orientation of both phases can be understood, this is obviassociated with a very low surface smectic order vatyef
ously not the case of a connection between the structure @fe order of 10°5.
the interface and the structure of the smectic layers. Indeed,
the ribbon period is equal to 25 A, considerably smaller than
the smectic layers period of 31.6 A. However the smectic
phase appears strongly enough anchored, as demonstrated byBy combining optical microscopy and x-ray diffraction in
the optical microscopy observations, so that the anchoring ograzing incidence, we have determined the anchoring direc-
MoS, remains planar and antagonistic with respect to theions in both nematic and smecticphases of 8CB on a well
homeotropic anchoring at the other interfa@CB/ain) for  ordered interface formed by the 2D 8CB network adsorbed
thicknesses as small as 0.28n. on MoS..

A possible hypothesis to explain such a result consists in  The comparison of these results with the structure of the
assuming the presence of a nematic layer between theD 8CB network demonstrates that, on such an ordered in-
8CB/MoS interface and the smectic bulk in which smectic terface, the bulk director orientation is not only determined
layers would be melted. Indeed a rough calculation, considthrough the minimization of the Landau—de Gennes free en-
ering the number of edge dislocations necessary to acconergy. A coupling with the 2D surface order and with the

B. Smectic anchoring

V. CONCLUSION

041705-7
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underlying substrate through long range interactions must beulk has been postulated and appears consistent with the
taken into account as well. The combination of these thredigh energy of smectic layers directly connected to a highly
terms finally leads to a bistable anchoring. Such a bistabilityorganized interface.

is directly induced by the adsorbed 8CB structure and could
be considerably less influenced by memory effects than most

of other multistable anchorings.

In order to interpret the observed similar anchoring direc-
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