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The influence of the surface treatment on the SaN phase transition of the 8CBoctylcyanobiphenyl
liquid crystal confined to controlled pore glag3PG matrices is studied. The characteristic linear size of voids
in the chosen CPG matrix is 0,2m. The voids’ surface was either nontreated or silane treated enforcing
tangential or homeotropic anchoring, respectively. In both cases the x-ray measurements reveal a qualitative
change of the temperature dependence of the smectic order-parameter correlation length in comparison to the
bulk sample. In addition, the apparent smectic pretransitional ordering is observed for the silane-treated
sample. A theoretical description based on the Landau-de Gennes type approach is developed to explain the
experimental data. The surface positional anchoring strength of the silane-treated sample is estimated to be of
the order of 104 J/n? and at least 100 times weaker for the nontreated case.

PACS numbgs): 64.70.Md, 76.60-k

[. INTRODUCTION of nematic and smectic liquid crystals confined to CPG ma-
trices. In previous studid$,18] we analyzed hysteresis phe-
SmecticA (Sm-A) liquid crystals(LC) are the least or- nomena, influence of confinement size, and surface treatment
dered phase of all smectic mesophases. A typical represefh the phase behavior oCB LC (n=5,8) using deuterium
tative[1] consists of a stack of equally spaced layers of mol-huclear magnetic resonance. With this technique an effective
ecules aligned along the layer normal. The interlayefematic degree of ordering can be inferred from the absorp-
interactions are weak as compared to the interlayer interadlon spectrum. It can only yield indirect information on
tions. Consequently the Sk- phase exhibits two- Smectic ordering due to the coupling between smectic and
dimensional2D) liquidlike behavior in the layer plane and a nematic degrees of freedofi9,20. But as shown in Ref.
1D solidlike one along the stratification direction. In recent[18] this coupling allows only rough estimates of smectic
years there has been an increasing interest for the study 8fdering in CPG samples. For a better determination of
confined SmA in different nontrivial geometrief2] making ~ Smectic ordering, a method is needed that directly probes
use of the extreme sensitivifit,3] of smectic positional or- Smectic layers. For this purpose we present, in this paper, an
dering on surface induced perturbations. These studies reve&iray study of the evolution of the smectic A ordering of the
unanswered questions concerning the influence of surfac®B (octylcyanobiphenyl liquid crystal confined to a
phenomendanchoring, wetting finite-size effects, and ran- controlled-pore glass of a typical effective void radils
domness on thermodynamic properties of a confined systent; 0.2um. In the experiment the CPG void's surface was
Apart from simple planar and cylindrical confinemefgsy.,  €ither nontreated or treated with silane. We focus on the
anopore membrandg]) controlled-pore glasse€PG [5], temperature evolution of the smectic correlation length and
millipore membrane$6], or aerogeld7,8] are often used. the pretransitional smectic partial wetting observed in the
Experimental studies reveal dramatic changes., change silane-treated sample. Some preliminary results of this paper
of critical behavior, temperature shift, or even cancellation ofvere published in Ref.21].
the bulkN—Sm-A phase transitionin comparison to the bulk ~ The outline of the paper is as follows. In Sec. Il we

behavior as the typical linear cavity sifeapproaches the Presentthe experimental setup and measurements. In Sec. I
smectic correlation |engt5_ It has been shown that in con- the theoretical background is giVEﬂ. The results are discussed

fining matrices with a relatively strong geometrically in- in Sec. IV and a possible role of dislocations in Sec. V. The
duced disordethigh-density aerogelk7,8], millipore mem-  conclusions are summarized in Sec. VI.
braneq6]) randomness plays a dominant role. Less is known

in cases with a'weak but finit.e degree of randomrﬁé&qu . Il EXPERIMENT
realized, e.g., in CPG matrices. Several theoretical studies
predict a disappearance of the bulk $nguasi-long-range A CPG matrix consists of voids resemblifig2] curved

positional order even for weak geometrically induced disorcylinders. The cross section of voids is roughly spherical
der[3,9,10. Consequently a new thermodynamically stablewith well-defined effective radiuR. The voids are randomly
phase(the so-called Bragg glass phd$10]) is predicted. interconnected and curved. The average dist&deetween
In addition pretransitionalwetting phenomena are expected adjacent interconnections and the average curvature radius
[11-17 if the coupling between the smectic density waveR, is larger but roughly of the same orderRsi.e., typically
and the surface potential is strong enough. 1<R./R<10 and KR;/R<R./R). The voids surface is

In order to contribute to the understanding of some ofsmooth even on the nm scdl&g]. It is believed 18,22 that
these open questions, we decided to study the phase behavitbe nontreated CPG voids’ surface enforces LC molecules to
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] (@) perature dependence of the smectic correlation leffgitp
700 : ) .
1(b)] in both confined samples dramatically departs from the
) bulk behavior.
~ 6007 g%
2 %8x gom
5 500+ °xxlzsg§:-:oa°oo lll. THEORY
g 400_- .X;!;O°o ° A. Free energy
§ ] !!x °o In order to describe the observed behavior, we use the
£ 300 " Xx Landau—de Gennes type phenomenological approach. The
£ X bulk eo orientational ordering within layers is given by the uniaxial
< 2004| © silane-treated "amm 9900 nematic director fieldh pointing along the local average ori-
= nontreated xxx MM °oo entation of rodlike LC molecules. In the SAphasen tends
M+ 7T T T to be aligned along the layer normal. Because in our case the
301 302 303 304 305 306 307 308 309 310 temperature interval of the stable bulk Sxphase is well
T(K) below the nematic-isotropic phase transition, we can safely
assume a constant value of the nematic orientational order
350 (b) parametef25].
] We describe the smectic degree of ordering with the com-
€ 300 - . - - plex smectic order parameter= »e'®. The smectic posi-
8 I » . tional order parameter;, determines the degree of smectic
32504 o OO%:&WOOO Oo.oo ;@o' ?o%"ﬁg ordering and the phase fact@r the position of smectic lay-
8 ] ° o T % 2o ers. In this single harmonic approximatiph26] « is related
£ 200 . 0 to the molecular density aso=oy(1+ ¢+ ¢*), whereoy
2 = ° determines the mean density of the smectic.
% 150+ =  Nontreated - In terms of these continuum fields we express the free
S o Silane treated - energy of a SmA phase a$1,27,29
o 100 - .
—_ B Q
S 5o ™ o F=f LJ (F+ £+ £8)d3r + LJ“(fg”)Hf))dzr,
204 296 298 300 302 304 306 308 310 (1)

T(K) where &) determines the boundary of the confining volume

Q. The quantitiesf{ stand for the free-energy densities
where the superscriptdetermines either the nematic) or
smectic (s) component and the subscriptdetermines the
lie in its plane(the so-called tangentional anchorif@g@]).  elastic(e), the homogeneou#), or the surface anchorin@)
The corresponding orientational anchoring strength is esticontribution.
mated[5] to be larger than 10° J/n*t. The nematic elastic term, expressed in the single elastic

In our paper we used CPG matrices with a monodispersegonstant approximation as
radiusR=(200*+ 20) nm. The voids’ surface was either non-
treated or silane treated. The silane coating is known to en-
force relatively strong homeotropic anchorifig] in which
molecules tend to orient along the surface normal.

We measured a small angle x-ray scattering pattern of thtends to enforce homogeneous orientational ordering.
bulk, silane-treated and nontreated sample between 20 and The amplitude of the smectic order parameter in the un-
50°C at the Austrian small angle x-ray scattering beamlineconstrained S LC is determined by the homogeneous
of the Elettra Synchrotrone in Triesf@4]. A smectic peak smectic term
was observed at the inverse distance between the smectic
layers in the smectic A phase. The amplitude of this peak is £(9)—
proportional to the average degree of smectic ordering in the
observed sample. When the line shape is fitted to a Lorentz-
ian, the linewidth reveals the smectic correlation len§tif ~ The quantitie®,,b are the material constants amg, is the
the confined liquid crystal, and the position of the line givestemperature of the bulk continuodé—SmA phase transi-
the distance between the neighboring smectic laljéls tion.

In Fig. 1(a) we show the temperature evolution of the The smectic elastic term
smectic degree of ordering for the nontreated, silane-treated
and bulk sample. The amplitude of smectic ordering is
given in arbitrary units. The qualitative temperature depen-
dencies of the order parameter= 7(T) in the bulk and in  consists of compressibility and bending terms weighted with
the nontreated sample are similar. The silane-treated sampllee smectic elastic constan@; andC, respectively. These
clearly shows smectic pretransitional phenomena. The tenterms tend to enforce the equilibrium layer spacidg

FIG. 1. Temperature evolution of the smectic orderifa. »
=7(T), (b) £=&(T).

f<en>:;[(v.n)2+(v>< n)?] (29

—— 772+ > 7]4. (2b)
N

f=Cyl(n-V—ido) ¢+ C. (X V)yl*> (20
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=27, and to alignn along the smectic layer normal. Confining the system to a cavity introduces into the model
Henceforth we neglect the anisotropy of the smectic elasti@dditional typical lengths. The geometry of the problem is
constants, i.eC=C, =C,. described in terms of the effective void cross section radius

The nematic surface orientational term tends to atign R the average distance between intersectinand the av-

along the easy axis, at the boundary. In the lowest-order €rage curvatur® of voids. ForR/¢>1, the system on the
approximation it is written a23,29 average exhibits more or less a bulklike behavior. Ror

approaching the value af, the effects of confinemerit.e.,
N finite-size effects, surface phenomena, confinement induced
fgn)ZT[l—(n'es)Z], (38 randomnessare increasingly manifested.
In addition the interactions at the LC-substrate interface
where W, measures the surface orientational anchoringntroduces the orientationgl] and positiona[1,30] anchor-

strength. ing extrapolation lengths
The smectic positional anchoring term is modelled by a
simple contact coupling including up to quadratic terms in K c
order parameter30 m—_— ()= —
p eir30] dy W d W, (40)
W.
="l sl (30)

respectively. In the regime/d{">1 andR/d{®>1 the in-
fluence of surface orientational and positional anchoring be-

It is characterized by the positional anchoring strength .\ c important, respectively

and the preferred smectic orderigg at the surface.

B. Characteristic lengths C. Scaling and parametrization

The most important characteristic lengfiig of the un- For convenience we introduce the scaled smectic order
constrained bulk S LC are related to the decay length of parametee = »/ 7y, wheren, describes the saturated value
perturbations in the nematic and smectic order. The smectief 7 [i.e., 7o=7(T=0)]. The distances are scaled in units of
order parameter correlation length is given by R, whereR is a typical linear length in the direction perpen-
dicular to the limiting boundaryi.e., in our case equals the
effective radius of CPG voidsWith this renormalization we

C

§= 1 : (48 obtain the following expression for the dimensionless free
E[ﬁzfﬁs)/ﬁﬂz] energyG=F/(RC73):
It estimates the distance over which locally perturbed smec- G:f f fd3x K2 [(V'-Nn)2+(V'Xn)2]
tic degree of ordering vanishes. AboVg, one finds Q 27C
R2 4
. \/ c _ %o + | re2+ o }+f ff d3x{e[(n-V'®
ao(T=Tna/Tna)  T—Tpa/Tha & 2 Q

_ 2 ’ 2 R vAi 2 ’ 2
where ¢,=+/Cl/a, describes the bare smectic correlation QoR)™+ (NX VI ®)7J+(n-V'e)"+ (nxV'e)T

—=[1-(n-e)?]

length. The nematic penetration length is defined as J J ) ( R K
+ dX| —m
\/T sJo” "\ 2d 7o
A=\ (4b)
2C R : :
(30 + >q® lee'd— sse"DS|2) . (5)
where N
~[a(Tna—T) Here V' stands for the dimensionless nabla operater,T
o™= bTya —Tna/Tna is the reduced temperature, anglis the scaled

smectic order parameter preferred by the surface. In this scal-
stands for the bulk smectic order parameter. The penetratioing the relative importances of different terms as functions of
length estimates the distance over which the locally induced are clearly visible. Note that the spatial variationsfiand
perturbation in nematic orientational ordering vanishes. Botin typically evolve overall the available phase space. On the
lengths ¢ and N diverge at the continuous bulk—Sm-A  other handg varies over a distance given gy
phase transition. Deep in the Sinphase their value is typi- We originate from expression E¢b) to study pretransi-
cally of order of 1 nm. The rati@/\ distinguishes between tional smectic ordering numerically. For a particular model
type | and type Il SmA phaseq1]. In the type Il phase, of a CPG matrix, we will use appropriate ansatzs for the
characterized roughly bg/\>1, a network of dislocations nematic director field and positions of smectic layers. The
can be stabilized if subjected to an external stress in contraspatial variation ofe is then obtained numerically solving
to the type | phase. The results of this and previous studiethe Euler-Lagrange equation resulting from the minimization
[8,18] indicate that the 8 CB smectitphase is of type Il.  of G.
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IV. TEMPERATURE EVOLUTION OF THE SMECTIC T (a)
ORDERING 1

A. Pretransitional effects 081 2

We assume that the main characteristics can be inferret
from a simple toy model of the CPG matrix. For this purpose
we chose an infinite cylinder of radil® The walls of the ¢
cylinder enforce either tangential or homeotropic anchoring. = g4
These cases reasonably simulate the orientational anchorin
conditions for both the nontreatéthngentional and silane-
treated(homeotropi¢ CPG sample.

For tangential anchoring the smectic layers are stackec
along the cylinder axis. In this case the coupling between the 0.0 . . , . .
smectic layers and the surface is relatively wgak] and 00 0.2 0.4 0.6
consequently no pretransitional effects are expected in line p/R
with experimental results.

On the contrary, for homeotropic anchoring the coupling 7 1))
between smectic layers and the surface can be relativel
strong leading to pretransitional phenomena. The prerequi
site for this is a strong enough orientational anchoring with
respect to nematic elastic forces: i.R/d{">0. In order to
estimate the surface positional anchoring strength necessal
for observable prewetting phenomena, we select a radial di ¢’
rector field profile within the cylinder. The smectic order & g4
parameter is expected to vary only along the radial direction
characterized by the coordinageof the cylindrical coordi-
nate systenfi.e., e=¢(p)]. This yields a line dislocation at
the cylinder axis prohibiting smectic ordering for all tem-
peratures. Belowly, the smectic periodicity is assumed to 0.0 : : :
be equal tog. 0.0 0.2 0.4

In a real situation the director profile is probably different p/R
[28] from the above one at least abalg,. More likely the ) ) o
escaped radial-likg32] profile is realized where strong FIG. 2. The smectic order parameter spatial varlatlo.n.above(
variations are restricted to the narrow region at the cylinder=0-1) and below ¢=—0.1) the bulkN-SmA phas(.g transition for
axis. In this configuration the nematic director field graduallydifférent surface positional anchoring strengtRéd "= 100 (thick
reorients from the radial direction at the surface into the di-"®); 10 (thin line), 1 (dotted ling. (2 (R/¢o) =10, (b) (R/)
rection along the symmetry axis at the center of the cylinder.”

Via this f‘esc_ape in_to the third dimensior[_’32] the Iing sin- In Fig. 2 we show spatial profiles=s(p) for different
g.ularl_ty innis a_vqlded. _From the smectic perspective bothvalues of R/, and R/dff) above ¢=0.1) and below ¢
situations are similar. Since the phenomena of our mteres;_o_l) the bulkN—Sm-A phase transition. At the surface,

take place at the surface we monitor the smectic orderin o (s)
with e(1)=&(p=1) describing ordering at the cylinder wall the degree of o_rdenng Is increased becailée, >Q Sup-
: ports the smectic growth. Surface enhanced ordering extends
and with . : : -
over a distance roughly given by the bulk smectic correlation
(o) fl length. In the vicinity of the cylinder axiso=0) the smectic
g)=2

o

.81

e(p)pdp melts because of strong nematic director field distortions.
In Fig. 3 we plote(1) and{e) as a function ofr for
different ratiosR/&, and R/d® . In our CPG samples we

0

yielding the average degree of smectic ordering in the cylin

der. haveR/£,~1C%. In such a case, the prewetting is evidently
With the above assumptions E@) simplifies to manifested ife), which can be determined using x-ray spec-
trometry, if R/d{¥>1. The best fit to experimental results is

2

1 R
G-G,= Jo pdp[?(Té‘z‘l‘ et +
0

ds) T shown in Fig. %c) yielding R/d{®~ 100+ 10.
dp

B. Smectic correlation length

+ i[s(l)—s 12, 6 The x-ray measurements reveal a dramatically different
2dfj) s dependenc&= £(T) in both confined samples as compared
to the bulk behaviofFig. 1(b)]. In the bulk, ¢ measures the
Here G, describes the nematic elastic free-energy contribudistance over which locally induced perturbations in the de-
tion. The minimization of Eq(6) yields the Euler-Lagrange gree of smectic ordering persists. In its derivation it is as-
equations fore(p), which are solved numerically using the sumed that¢ adopts the equilibrium profiléi.e., ¢= ¢1p
relaxation method. =(g2). It should be stressed that in the x-ray investigation
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FIG. 4. (a) A schematic presentation of smectic domaisisad-
owed regionsin a nontreated CPG matrig) The model geometry
used to estimate the concentration of defects in CPG matrices.

acteristic length. Thus i$ departs from its ground-state con-
figuration, in whichf ,=0, its deformation will spread over
the whole available space occupied by the smectic phase. In
the CPG samples, the most important perturbations affecting
the phase are random curvatures and cavity interconnected-
nesssee Fig. 4a)]. This causes , to be different from zero

-0.10 -0.05 0.00 0.05 0.10 and yields a dramatic change in t€T) behavior.
T In order to estimate this change we limit ourselves for the
moment to the one-dimensional case where only variations
] © along thez axis are allowed. We next assume that the phase

factor departs from the bulk equilibrium layering due to the
confinement, i.e.¢p=qpz+ d¢ where = 6¢(z). Conse-

0.084 quently aboveT, one obtains
dn(z)\? déd(z)\?
7\;“’0.06- = operment f~an’+ C( iz +Cy? —a7 | (8)
g theory
0.04 Based on the already described arguments we make the fol-
lowing approximation:
0.02 dod(z) 6P

20010 -0005 0000 0.005 0.010 dz &q

N where &4 describes the length of a typical smectic domain

FIG. 3. The surfacda) and averagéb) degree of smectic or- (i.€., @ region exhibiting smectic orderingnd 6¢<1 is the
dering as a function of for different surface positional strengths. change ofé¢(z) across the domain. Thus the phase distur-
Full line: (R/&,)?=10%, dotted line: R/£,)2=10". In (c) the best bance can be viewed as a renormalization of the coefficient
fit is shown obtained forR/&o)%=10* and R/d® ~ 100. in front of 72 (i.e.,a—a+ C(8d/£4)?). Following the stan-

dard procedure of the correlation lendth] determination
of the CPG samples, the correlation between smectic laye@ne finds the equation relatirigand &
cannot neglect the effect @+ ¢1p .

To explain qualitatively this effect, we first focus on Egs. i:E+ @ ? 9)
(1) and(5). The only terms including the phase factor are &£ C &q)
f4=Cn’[(n- VO —qo)*+(nXVP)?]. (1) well aboveTy, the domain size, is in fact determined by

the size of smectic clusters that temporarily appear due to
Assuming homogeneous orderinginand 7, one sees that random fluctuations, thugy;=§&. The upper value fogy is
the Euler-Lagrange equation f@rdoes not contain any char- Ry where Ry stands for the geometrically imposed domain
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boundary. With this in mind and taking into account E®), control the generation of defects in contrast to the nematic

one finds for the casg;<Ry: phase[36]). _
In such a case the number of dislocatiof§ is roughly
é~\(Cla)(1-56P?), (108 given byN{’~L/R;, whereL is the overall length of cylin-
) ) drical voids,R; is the average distance between interconnec-
and in the opposite case tions, and indexi denotes interconnections. Our previous
study [18] indicatesR;«R and R;>R. The volumeV, of
1 (10b) essentially nematic orderin@.e., »~0) surrounding each

&~ Ja/C+ 5@2/R§' line dislocation isVy~7£?R, where we assume that the
length of dislocation is roughly (i.e., it exists only at the

One sees that at relatively high temperatures the correlatiofiterconnection whose size is rough). Thus the volume
length in confined samples is reduced in comparison to th¥{’ occupied by dislocations is
bulk case because of distortions that hinder smectic ordering.
Close toTya We have|a]/C<1 and consequently one gets Vi~ NV~
¢éxRy. On approaching the bulk phase transitigrsaturates d d ro
at Ry. Note that Eqs(10) yield correct information only
from a qualitative point of view abovEy . Below Ty, the ~ The average smectic parameter of the sample can be ex-
variational parameterg and # are strongly coupled requir- Pressed as
ing a more detailed derivation.

In the CPG matrix the value ¢y depends on the anchor-
ing condition that determines the direction of layer growth.
For strong enough homeotropic orientational anchofireg, _ .
R/d™>1) the layers grow from the surface towards theWhereV c=mR°L is the volume occupied by LC and,
interior of a cavity. In this case we haRy<R. For tangen- = V4’ the volume occupied by defects. Taking this into ac-
tial anchoringRy corresponds to an average distance becount we obtain
tween two adjacent void interconnections or sites of strong

mLER
R

Vic—Vyg
(m=m—, > (12)
LC

curvature. This is typically larger but comparableRoThis @%1_ ﬁ~1— 5_2 (12)
prediction is consistent with experimental findings showing Mo Vic RR’
that & for the silane-treated sample is smaller thafor the
nontreated samplg=ig. 1(b)]. Close to the phase transitiofr~=R and deviations from
bulk ordering are proportional ®8/R; . Note that each inter-
V. DISLOCATION NETWORK section does not necessary introduce a dislocation so that the

effective value ofR; entering Eq.(11) is in fact larger. In

In CPG matrices various and often contradicting pertur-addition, the average smectic order inside the dislocation
bations enforce a finite concentration of topologicdlBa] core is different from zero. Thus close to the transition tem-
stable(screw[1,34,35 or edge[1,30,34) line dislocations in  perature the departures from the bulk behavior due to smec-
the ordering fieldy below Tya. The corresponding network tic dislocations is expected to be independerniRaind of the
of defects has no long-range order because its main origin isrder of a few percent. With decreased temperature the cor-
randomnessgintroduced via voids’ curvature and intercon- relation length shrinks and departures from the bulk behavior
nectiong. The core of defects roughly extends over the lineargradually decrease.
size given by¢. In the following we roughly estimate the role For the homeotropic anchoring one expects melted smec-
of dislocations on the global behavior in the silane-treatedic ordering at a void's symmetry axis. The resulting melted

and nontreated sample. volume would be proportional tg{™~L 7 &2, giving rise to
a substantial drop if7) at least close td'ya which is ex-
A. Silane-treated sample perimentally not observed. A possible reason for this is that

softening of the smectic ordering at the center is compen-
sated by an increase of at the surface that occupies rela-
"Wely larger volume. This scenario is supported by the nu-

Let us assume that the conditi®id{V>1 is fulfilled in
the silane-treated sample so that the homeotropic anchori
. —5
is obeyed by LC molecules. Th,>2.5x10"°J/nT (@S- erical simulation given in Sec. IVAsee Fig. 2a)].

A —12 _ - aton _ .
suming K~5x10"*2J/m, R=0.2um) must be realized. Anqother possibility is that the smectic phase locally finds

This is certainly true for the silane coatind8] In the op-  5ngther way to resolve elastic distortions at the center, which
posite casée.g., in CPG matrices witR<1 xm) the result- requires less melting.

ing LC structure[28] is similar to that established in the
nontreated sample that will be considered afterwards.

For the homeotropic surface orientation of LC molecules
the curvature of voids only weakly affects the degree of The nontreated sample enforces tangentional orientational
smectic ordering. LC responds to voids’ curvature with layerordering. In this case the curvature of voids tends to locally
undulation involving mostly the nematic splay distortion. compress or dilate smectic layers. This is “forbidden” in the
This is “allowed” in the smectic phase and does not forcesmectic phase. Consequently the type | &ni-C would
the system to form dislocatior(®ote that in smectic LC in melt. In contrast the type Il StA-LC, to which our SmA
addition to topological also the geometrical requirementsamples evidently belong, incorporates into the smectic or-

B. Nontreated sample
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dering a network of dislocations. In this way the globally terconnections and curvatures introduces a disordered net-
distributed stress is redistributed to finite regidiésloca-  work of smectic dislocations into the system. Consequently
tions). the average smectic order parameter is believed to be re-
We next estimate the influence of curvature induced disduced by a few percent.
locations. We assume that the average void curvatury, is In the silane-treated sample, the homeotropic orientational
as depicted in Fig. 4 and has the half-spherical shape. Thenchoring is realized. The surface positional coupling is in
total length of voids in a CPG matrix is thén=N,7R,, this case strong enough to cause pretransitional smectic or-
whereN,,. determines the number of arcs. When the differ-dering. The comparison of theoretical and experimental re-
ence between the outgdetermined by the radiuR;+R in sults suggestR/dff)>1. In this case the only source of nu-
Fig. 4b)] and the inner voidthe radiusR.—R) wall length  merous smectic dislocations are random void
along the void axis equald,, an edge dislocation has to be interconnections. On geometrical grounds one expects, in
included. Thus on going along the void axis for distamd®,  this case, the melted regions at the voids’ symmetry axes.
(one ar¢ one encounters In both confined samples the temperature dependence of
the smectic correlation length dramatically departs from the
bulk behavior. It gradually increases by lowering tempera-
ture from the nematic phase and saturates roughly fatr
T<Tya. For the nontreated sample the saturation valué of
edge dislocations. Here the supersct(itdescribes “curva- s |arger as compared to the silane-treated sample. The ob-
ture” induced dislocations. The volume that the core of eachyeryed behavior can be qualitatively understood in terms of
dislocation encompasses ¥~ m¢’Ry, where Ry is the  our model assuming that local departuresgafrom its bulk
length of the dislocation. Simple geometrical facts sugges{alue are caused by void interconnections and curvatures.
Ry<R andRy=R. The volume of all curvature induced dis-  Note that recent resulfd 1-17 indicate extreme sensitiv-

m(R,+R)—7m(R.—R

locations is therV{? ~ NN, Vo~LERGR, /R . To esti- ity of smectic prewetting phenomena on the LC-interface
mate the corresponding drop of smectic ordering we use EgotentialW,,;. This is in our approach modeled by a simple
(10 Wherevdwvg')+vg°) yielding surface smectic positional anchoring term weighted with the
) ) anchoring constanW,. More elaborate theoretical ap-
@%1_ & Eq0Ry (13 proacheq15] predict a finite numben of first-order layer
Mo RR R(R transitions with increasew,,, corresponding to partial wet-

o o o ting. For strong enoughV,,; a complete wetting regime can
Thus, in this case, defects originate from random void interpe realized via an infinite sequence of layer transitions. But

previous case the drop of smectic ordering is expected to bgjiminated because of surface imperfections. In addition the

independent oR and of order of a few percent. wetting phenomena are highly sensitive to a type of LC mol-
ecules[11,12,15. In order to explore in detail the expected
VI. CONCLUSIONS rich smectic pretransitional phenomena and nonhomogenity

of the smectic ordering, we plan to extend our study to CPG
samples of different void sizeR and different members of

pret the x-ray measurements of 8CB LC confined to the nonJEhe nCB homologous series using high-resolution calorim-

treated and silane-treated CPG matrix of the effective radiugtry'
R~0.2um using the Landau—de Gennes phenomenological
approach.

In the nontreated sample the tangential orientational an-
choring is realized. The coupling between the smectic den- We thank E. G. Virga, V. Popa-Nita, and L. Hazelwood
sity wave and surface potential is relatively weak and consefor useful conversations. The research was supported by the
guently smectic pretransitional phenomena are not observe&lovenian Ministry of Science and Technolog@rant No.

The smectic order parameter temperature evolution roughly1-0595-1554-98and bilateral project “Structure and dy-
resembles the bullg= 7(T) dependence. We expect that a namics of defects in spatially restricted liquid crystals” be-
relatively weak disorder originating from random cavity in- tween Italy and Slovenia.

We study the impact of CPG confining matrices on the
temperature evolution of smectieL.C ordering. We inter-
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