PHYSICAL REVIEW E, VOLUME 65, 031702

Structural transitions in thin free-standing films of an antiferroelectric liquid crystal exhibiting the
smecticC? phase in the bulk sample

P. V. DolganoV} Yoshiichi Suzuki and Atsuo Fukudh
1 Institute of Solid State Physics, Russian Academy of Sciences, 142432, Chernogolovka, Moscow district, Russia
2 Central Research and Development Laboratory, Showa Shell Sekiyu, KK, Atsugi, Kanagawa 243-0206, Japan
3 Department of Kansei Engineering, Shinshu University, Ueda 386-8567, Japan
(Received 20 February 2001; revised manuscript received 28 August 2001; published 8 February 2002

Optical reflectivity studies have been conducted upon thin free-standing films of an antiferroelectric liquid
crystal possessing the bulk phase sequenc€SBmC*-SmA. Electrically induced field independent and
field dependent structural transformations were observed above the b@ SmC? transition temperature.
The anisotropy of the reflectivity was measured for different states in thin films. Our data provide direct
evidence of structures without the short-pitched helix in the temperature region between the antiferroelectric
SmCj and untilted SnA\ structures.
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. INTRODUCTION structure of the fundamental SBf and SnC} phases in
which the minima of energy correspond to the same direction
Up to 1989 one polar structure composed of chiral mol-of the tilt plane of the moleculesA(¢=0° or 180°). In a
ecules was found in liquid crystals. In the ferroelectric«clock” (X-Y) model [5] intermediate orientations of the
smecticC* (SmC*) phase[1] the molecules arrange in molecules are allowed with ¢#0 or A¢+180° between
parallel layers in which the average orientation of the longadjacent layers. This leads to the structure with a very short
molecular axes is tilted from the layer normal by an argjle  pitch of about several smectic layers. If the temperature
The spatial variation of the molecular tilt directioftilt changes, bott® and ¢ change continuously. The possibility
plane is characterized by the azimuthal angle The direc-  of such ordering was shown in optical microscope observa-
tion of the in-layer spontaneous ferroelectric polarizalfbn tions of thin dropletg6,7].
is perpendicular to the tilt plane. Molecular chirality induces Recent experimentg8—13] revealed various aspects of
a change of the azimuthal angfefrom layer to layer and a macro- and micro-structures of the %) phase. Near the
helical macrostructure is formed. The helical pitch in theSij;-SmA transition temperatures the sign and value of
SmC* phase is so much longer than the layer spacing tha{j;,jar dichroism are the same in the S and the un-

the az'm“‘h?' _angleﬁ IS practically the same in adjasent tilted SmA phaseq8]. Based on these observations a con-
layers (synclinic ordering, A¢$=0). Unlike the SnC . i
clusion was made about macrostructure of theC3nphase:

phase, the molecules in the Sy structure[2] tilt in the . . . )
opposite directions in adjacent layefanticlinic structure, the cwcula_lr dichroism results no’tc from the structural helical
pitch, as in the Sr&* and SnCj; phases, but from long

A$=180°). The anticlinic ordering leads to antiferroelec-

tricity (AF), because net spontaneous polarization canceidavelength fluctuation helical modesdynamical helical
out. structure” in [8]), as in the nonhelical S phase. On the

Since the discovery of the S8} and several Sr6*-like other hand, resonant x-ray diffractign gave Qvidence for the
phasesgsubphaseq2,3], it has become evident that multiple shor_t—p|tch hellc_:al mlcrost*ructure with periodicity from five
structures with polar ordering of smectic layers may exist intC €ight layers in the Si@; phase{9,10]. These results on
liquid crystals. In particular, the unusual S3¥j phase[2,3] thg SmC? phase were confirmed by optical reﬂecuvny gnd
may appear just below the untilted nonpolar Smhase. On ellipsometry measuremenit$1-13 and are _con5|stent with
the low-temperature side, it adjoins one of the severafhe “clock” model [5]. Bahr et al. [14] studied the Srey
SmC*-like phases[3]: SmCX [SmCk(q=12)], SmC’; phaNse |g f_rrehe-stan(ihng fllrﬂ_s |\<N1!F|h the num_ber of sg(g]ctm lay-

/.1 w1 « ersN=8. The results on thick films were interpre on
[SmCa(a=3)], AF [SmCi(q=z)], and SnC the base of the short-pitch helicoidal structure. It should be
[SmCZ(q=0)]. It could be assumed that the structure of thepoted, however, that to date there are no data about the mi-
SmCy, subphase is intermediate between the structures Qfrostructure of the SI8* phase found between the antifer-
the fundamental SI8*, SmCj, , and SmA phases. Several roglectric SnC% and SmA phases.
models have been proposed for the Sfnphase[3-5]. In Of particular interest is the investigation of the liquid
these models the S phase appears as a result of com-crystalline phases in ultrathin films. It is known that the re-
peting interactions, each stabilizing synclinic or anticlinic or- stricted geometry and surface ordering strongly influence the
dering. In the first explanation, based on the one-dimensionalhase transitions. For the subphases it is not even clear
Ising model[3,4], only coplanar structures were assumedwhether they may appear in the films with thickness of a few
with both synclinic and anticlinic orientations of the mol- layers that is the order of the period of their microstructures.
ecules in adjacent layers. This assumption resulted from th&heoretical calculations for thin films, derived within the dis-
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crete phenomenological model, predict a possible existence 2 0.95I o« N=6 .
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SmC* (SmC3}), and SmA phases in the bulk sample. It T =
H H * L L 1 1
was predicted 16,17 that besides the S@ phase struc- 0.85—¢ 50 20 20 %

tures without the short-pitched helix appear in thin films be-
low the transition from the SiA phase.

In this paper we report the studies of thin free-standing FiG. 2. Relative optical reflectivityl( /1}) vs temperature for
films in a compound exhibiting the SB, SmC}, and  thin films in the SnCj phasel, and| are reflectivities for the
SmA phases in the bulk sample. The measurements of optlight polarization perpendicular and parallel to the direction of the
cal reflectivity of linearly polarized light enable us to observeelectric field.
structural transformations and determine the optical anisot-
ropy of the film. A sequence of phases without any shortphase, the two reflected intensities were measured for the
pitched helix is shown to appear above the Gfnphase in  light polarizations parallel; and perpendiculal, to the di-
thin free-standing films. In the electric field experiment, therection of the electric field. As the refractive ind

behavior of these structures depends on film thickness angn, (n, is the ordinary refractive indexthe reflected in-

Temperature (OC)

differs in films with odd and even number of layers. tensity is larger for the light polarization parallel to the tilt
plane. The measurement of the reflectivity with the linearly
Il. EXPERIMENT polarized light gives information about the optical anisotropy

in the plane of the film and about the orientation of the tilt
Experiments were carried out on the free-standing films oplane with respect to the electric field.

chiral TFMHPBC[3], whose chemical structure is given in
Fig. 1. The bulk material has the following phase sequence: IIl. EXPERIMENTAL RESULTS
SmCx-(74.3°C)-SnC%-(75.0°C)-SmA.  Free-standing
films were prepared in a temperature controlled oven. The First we measured the optical reflectivity in the oriented
films were drawn across a 0.4-cm-diameter hole in a glasSmC} phase. These measurements are needed not only for
plate. In such films the smectic layers are parallel to the filmthe investigation of the SiBx phase but also for studies of
surface. The electric field was applied to the film parallel tothe transitions at higher temperatures, as the change of the
the smectic layers to align the structure. In our experimentreflectivity at the transition is determined by the reorientation
we may change the direction of both the light polarizationof the tilt planes with respect to the field direction. Figure 2
and the electric field within the plane of the film. The film shows the temperature dependence of the relative reflected
thickness was determined by optical reflectivity measureintensities!, /1), wherel, is the reflectivity for the light
ments. The incident light was perpendicular to the film sur-polarization perpendicular to the direction of the electric
face (backward reflected light was obseryeBor thin films,  field andl is the reflectivity for the light polarization paral-
the reflectivity is proportional to the number of layels |el to the electric field. The measurements gave two types of
squared 18], dependencies for the relative reflected intensities. In films

with an odd number of layers, the reflected intensity is larger

I =~[wNd(n*=1)/\]?, (1) for the light polarization perpendicular to the direction of the

electric field (, /I;>1). In films with N even, inverse be-
where d is the thickness of a smectic layerd ( havior is observedl( /I;<1). The odd/even effect in the
~3 nm), n the refractive index, and. the free-space intensity (Fig. 2) is connected with nonzero transverse and
wavelength. The knowledge of the exact number of layers inongitudinal polarizations, respectively, in odd- and even-
the film is essential for our measurements. Thus, first weayer films[19,20. According to the model of Link and co-
prepared several thin filmgmore than fivg of unknown  workers[19,20 an alternation of the polarization direction in
thickness and measured their optical reflectivity. The numbegeighboring layers leads to zero transverse polarization in
of layers was determined by comparing ratios among renN-even films; however, net surface longitudinal polarization
flected intensities with ratios among different integersp, is nonzero. Conversely, transverse net polarizaBgris
squared. After determining the reflectivity for several differ- nonzero forN odd and equal to the polarization of a single
ent film thicknesses, we were able to prepare the film withayer P;, but, as the molecules near surfaces tilt in the same
knownN. The SnC}, structure is optically anisotropic in the direction, net longitudinal polarization is zef&9]. So lon-
plane of the film. The larger refractive index is for light  gitudinal polarization ifN-even films leads to the orientation
polarized in the tilt plane, and the smaller ame for a light  of the tilt plane parallel to the field direction (/1 <1, Fig.
polarized perpendicularly to the tilt plane. In the &h  2). Transverse polarization iN-odd films leads to the orien-
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FIG. 3. Reflectivity from thin films at high temperatures. The (I, /I;<1) correspond to structures with transvetkmngitudina)
light polarization is perpendicular to the electric figlD V/cm). polarization.
Films with N even (N>2) show one transition, while films with
N-odd show two transitionéfor a three-layer film the second tran- the intensity, it increases ih-even films. Another distin-
sition could be observed at 96 °C). Temperature of the transitionguishing feature of the transitions is the number of the steps.
(steps in the reflectivity, upward N even and downward iNodd | the N-odd films there is a second high-temperature transi-
incr(_aases with decreasing the film thickness. The ramp rates are Oi3n with the increase of the intensitin the N=3 film, this
K/min. transition occurs above 96 °C in the high electric field, 600
V/cm). In thin N-even films one transition was observed ex-
tation of the tilt plane perpendicular to the electric field di- cept for the superthin two-layer film in which no abrupt
rection (, /1>1, Fig. 2. An increase ifl | /1) for N-odd(a  change was found in the temperature range of the film sta-
decrease int, /1 for N even films (Fig. 2) results from the  bility (up to 98°C).
surface ordering. The higher tilt angéeat the film surfaces The questions arise, about the anisotropy and the relative
than that in the interior layers leads to an increase in therientations of the tilt planes in different layexsgith or with-
reflection anisotropy in thinner films. A3 <Py [19], due to  out the short-pitched helixin the phases above the Sjj
the chirality, the contribution to the net longitudinal polariza- temperature range. To answer these questions, we measured
tion resulting from the rotation of the transverse polarizationthe anisotropy of the reflected intensity for these structures
from layer to layer should be taken into account in antifer-(Fig. 4). The main result is that the anisotropy exists in the
roelectric films[21]. For a six-layer film with helical pitch of whole temperature range of the tilted structures. The smooth
100 smectic layersX¢= 3.6 °) this part of the longitudinal decrease of the anisotropy with temperature is connected
polarization should be about 0.R8. At the same time an with the decrease of the tilt angle. The temperatures of the
additional in-plane spontaneous polarization that is parallefirst low-temperature transitions practically do not depend on
to the tilt plane emerges at each smectic layer boun@#ly  the electric field. This means that the transitions are only
The transverse polarization changes its sign from layer taletermined by the intrinsic structure of the film. By contrast,
layer and the parallel one does so from boundary to boundat higher temperatures the reflectivity and the transition tem-
ary. InN-even films this parallel polarization may give rise to peratures depend on the electric field.
nonzero net longitudinal polarization. The examples of the electric field dependence of the re-
Figure 3 shows the temperature dependence of the rdlected intensity are given in Fig. 5 for a five-layer film. Two
flected intensity for linearly polarized light at higher tem- states were observed in the electric fighdy. 5a)]. The film
peratures. In the bulk S@? temperature region no pro- can be switched between these structures by changing the
nounced features in the intensity were observed in thin filmselectric field. These states correspond different change of the
The transitions are shifted above the bulk transition temperantensity to the 90 ° switch of the field in the film plafiig.
ture. This shift is correlated with the phase transitions be5(b)]. The lower field statéFig. 5, state 1has the longitu-
tween smectic phases in which the surface ordering effedtinal electric polarizationl(>1,), and the film changes into
leads to the increase of the transition temperaf@gs-25. state 2 with transverse polarization ¢ 1) at a higher field.
The change of the reflectivity at the steffg. 3) is con-  The change in the type of dominant net polarization is illus-
nected with the reorientation of the tilt planes with respect tdrated in Fig. 6. The field at which the film structure changes
the direction of the electric field. Two different behaviors between states with transverse and longitudinal polarization
were observed ilN-odd andN-even films: whereas the first is determined by a step in the relative reflection intensity
low-temperature step iN-odd films leads to the decrease of |, /. The stepwise transitions take place with hysteresis in
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19.0 State 1 State 2 transition is observed at extremely small voltages. The inset
= 185l ..'..t~a'f“~~...i ate a | of Fig. 6(b) shows the data at 77.5°C on an enlarged scale.
. T The step in voltage inducing reorientation may indicate the
=] ' i i °
Z1sor e e change in the film structure at 78.6 °C.

i‘a, '

2 State1 | State 2

T 1851 5 5 i 2 . b | IV. DISCUSSION

% 18.01 W 5 \M/NW\\\M ] Reflectivity of the linearly polarized light gives informa-

= | i i ! tion about the azimuthal orientation of molecules in the
175f Lyt Lo Ly Tt L L smectic films. According to the “clock” model the SEF

has a structure with very short helical pitch. Films with such
FIG. 5. Reflected intensitisolid circles for light polarized par-  structure should be almost uniaxial in the plane of the film if
allel to the field directionl (a). Two states are observed in the the pitch is of the order of or less than the film thickness.
electric field: state IlOW field State and state Zhlgh field Staté. Opt|Ca| anisotropy may exist’ but its value should be essen-
Transition from state 1 to state 2 on incree_lsing t_he electric_: field istially less than that in the sz phase. We consider two
followed by a decrease.()f .the reflected |n'ten_sll|'Fy(a).' om'.cal ., possible scenarios of the transition to the structure with a
response on the 90 ° switching of the electric field orientation dlf-Short pitch: continuous and discontinuous changes of azi-
fers in the two stategh). In state 1 the tilt plane is parallel to the muthal angles. When the azimuthal angles change continu-
field direction, in state 2 the tilt direction is perpendicular to the L . .
electric field. Measurements were carried in electric fields 23 V/cmOUSIy’ the reﬂeCtIVIty anisotropy ShO_UId Vam?ﬂl (! I~ 1) as
(state 1 and 45 V/cm(state 2. N=5, T=81.3°C. the hehf:al pltch becomes apout twice the film thlc.kness.. At
further increasingA ¢ the anisotropy appears again but its
value |l /1)—1| should be essentially less than that in the
mCj phase. We did not observe such continuous evolution
of the reflectivity (Fig. 4. The smooth decrease of the an-
isotropy |1, /Ij—1| on heating is connected with the well-
Sknown decrease of the anglan tilted phases above the bulk
transition[23,26. At discontinuous transition to the short-
itch structure the anisotropy above the transition may exist

the electric field. The closed symbols in Fig. 6 denote th
transition at increasing field; decreasiBdeads to the recip-
rocal transition but at lower field®pen symbols There is
no universal behavior for films of different thickness. In a
five-layer film the field magnitude for reorientation increase
considerably with decreasing temperature. In a six-layer fil

the reorienting field changes smoothly in the h'gh'b?th with 1, /I>1 and!, /l;<1, but again its magnitude

temperature range and then decreases abruptly at abo . .
78.6°C. In the lower temperature state the ﬁeld-inducecfuhould be considerably smaller than that in theGjfrstruc-

ure before the transition. The change of the anisotropy at the
transition should also depend on the film thickness. In the

1207 ' T Ty ] experiment we observed only a small change of the reflec-
100} - tivity anisotropy|l, /1— 1| at the transition(Fig. 4). In this
T sof . N=5 ] way, our data are inconsistent with the short-pitch structure
° 6ol aa ] above the Sr€) phase. From the change of the anisotropy
Z Py P o, D1 ] we may evaluate the lower bound of the helical pitch in the
wo 40T ° N ] temperature range above the transition. Its value is more than
20 | P 50 layers. Consequently, the directions of molecular tilt in
o = . . . . ] different layers may be considered coplanar as in the Ising
1 b type model of the Sr@*-like phases. Points with, /1
a5} - i >1 (I,./1)<1) correspond to structures with transverse
£ 0 P, N=6 (longitudina) polarization.
§ 30 | ] Figure 7 shows the temperature of the first low-
= P P =, temperature transitioy vs the film thickness. As noted
1sk ¢ T oi=s= = o= 0= - above, these temperatures do not practically depend on the
P, value of the electric field. As in the case of layer-by-layer
o Lo -—tw gl . s s [25] and thinning[27] transitions in thin smectic films, the
75 77 79 81 83 85

o data in Fig. 7 can be fitted with a power law expresdibn
Temperature (C) =N[To/(Tn—To)]%. The fit yields for3=0.46=0.04. For

FIG. 6. Temperature dependence of the field-induced transitiongje q_u_antltgitlve _descrlptlon_ Of_ the thickness dependence of
from longitudinal to transverse polarizatiésolid symbols, increas-  Uransitions in antiferroelectric films, the theory should be de-
ing field) and from transverse to longitudinal polarizatioopen  Veloped considering the discrete structure of the films with
symbols, decreasing fieldor five- and six-layer films. The inset for Surface ordering. Now we only may speculate that the tran-
the N=6 film shows the data at 77.5 °C on an enlarged scale fronitions occur when at heating the tilt anglén the interior of
0 to 1 V/cm. The dotted lines indicate the transitions on change othe film reaches some critical valug(0). Thetilt angle in
the temperatureP, and P are longitudinal and transverse polar- the center of the filmg(0) may be represented by the aver-
izations, respectively. age tilt 6, in the film [23,28,
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thickness. The solid line is a power law functidi=Ng[ To /(T FIG. 8. Temperature dependence of the tilt angleesulting

from optical reflectivity data for two-, four-, and seven-layer films.

— B B=
To)]”. p=0.46. Open and solid symbols are for structures with longitudinal and
transverse polarization, respectively.
1
6(0)= aaz_g SndNZE) 2 Transitions should be connected with the 180 ° reorienta-

tion of the tilt direction in single layers and formation of
synclinic interlayer structures in the film. Some possible
structures of three-, four-, five-, and six-layer films at high
temperature are shown in Fig(@—(d). Common feature of
the first transition is the change of the tilt plane orientation in
mt‘;be electric fieldFig. 3 and 4. In a three-layer film there is
only one structure with formation of single synclinic pair
[Fig. 9@]. In this structure the surface layers tilt in the op-
posite directions and the film has the longitudinal polariza-
tion as observed in the experiment. For a four-layer film the
structure forming a synclinic pair in the interior of the film is
shown in Fig. 9a). This structure has no longitudinal polar-
ization (the same tilt direction in the surface laygrbut
should possess transverse polarization due to the difference
in the tilt magnitude(and hence polarizationn the surface
"and interior layers. The structure with transverse polarization
as observed actuall§Fig. 4).
More complex situation is in thicker films in which suc-

where¢ is the bulk correlation length of. From our reflec-
tivity data it follows that the reflectivity anisotropyt, /1
—1| is practically the same before the first transiti@out
0.06. This means that the transitions occur at about the sa
average tilt angled,. On the assumption thai,(0) are the
same at the transitiondl/ ¢ should be constant at the transi-
tion temperaturesy [Eg. (2)]. So, atTy the correlation
length ¢ andN in various films should follow the same be-
havior. The correlation lengtlf is usually described by a
power law function of temperatureé(T)=¢&[T*/(T
—T*)]%. It is well known that fluctuation modes result in
pretransitional phenomena. The optical activity due to fluc
tuations in the SrA phase of chiral compounds may be de
scribed with an exponent for the correlation lengthof
about 0.529]. Consequently, the temperature dependence o\?l

the low-temperature transitions correlates with the ter’nper""c'essive transitions to different structures in the interior of the

ture behavior of the correlation length. Our consideration ig; . may take place. In a five-layer film the heating leads to
simplified, but gives a qualitative agreement with EXPeM"the transition to a state with longitudinal polarization. This

ment. : . )
L L . . state is observed at low external field over a wide tempera-
The average tilY in the film is easily determined from the P

optical reflectivity data. The details of the calculation of the
tilt angle for anticlinic and synclinic structures can be found
in [30]. For these calculations we used the value of birefrin-
genceAn=n,—n, (n. is the extraordinary indeX31] for
molecules whose shapes are similar to those of TFMHPBC.
Figure 8 shows the average tilt angle as a function of tem-
perature for 2-, 4-, and 7-layer films. The average tilt in-
creases with decreasing film thickness. This means that the
surface ordering is essential at the transition in anticlinic
structure, as it is for the S@*-SmA phase transitiorisyn-
clinic structure. Large value of the tilt in th&=2 film and

its smooth temperature dependence mean that the transition
to the untilted state is shifted far above the temperature of the
bulk transition. Sharper decrease @fin thicker films is
mainly determined by decreasing of the tilt angle in the in-  FIG. 9. Schematic representation of the anticlinic (Sky)
terior layers. As mentioned above, this means that on heatinghase and structures at higher temperat(ags,c,d in films with
transitions should start in the interior of the film. three, four, five, and six layers.
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ture range(Fig. 6). The structures with longitudinal and in thick films. It was suggested that two sets of anticlinic
transverse polarization are shown in Figa)9and (b). The  surface layers exist near the film surfaces. TheC3nphase
field required to switch between the states with different PO1in the investigated Compounds emerges above th€Sror
larization increases with decreasing temperature. This behayse smc* , phases. Oscillations of both optical reflectivity
ior is connected with the temperature change of the localy e|ipsometry data as functions of temperature observed

rr}l?r:ma (I)ftf‘he er:ergyfft(;]r s,lyncl]trug_anld ar(;utchmc order a?d in [11,13 are due to the temperature variations of the short-
of the refative value of e longitudinal and transverse po ar'pitched helix. In thin films we observed transitions from the
ization. In a six-layer film we observed the transition to the

- . .
state with transverse polarization. However at small heatin mCp phase to other structures without the short-pitched

the state with the longitudinal polarization becomes the lowJ€lix. In the discrete phenomenological mod6|17] the

field state. There are several structures with transviéfise short-p|tch_structure results from the competition be_tween
9(a) and(d)] and longitudina[Fig. (b) and(c)] polarization nearest-neighbor and next-nearest-neighbor layers interac-
having different number of synclinic pairs. We assume thations. This structure may appear above the Gmphase

the sharp change of the reorientation field of more than 2@vhen the order parameter reaches some small value. At least
times at 78.6 °QFig. 6(b)] is connected with the transition several molecular layers are needed for realization of the
between two states with longitudinal polarization with differ- “clock” structure. Upon heating the tilt angles reach small
ent values of the energy minima and polarization. For thickvalues at first only in the center layers, and are too large near
films in the high temperature range the low-field states showhe surfaces due to the surface ordering. Furthermore, the
longitudinal polarization. This behavior is similar to that of variation of the tilt angle results in the large polarization near
materials without the Si@?, phase in the bulk samp[20].  the surfaces and the polarization-induced chafg8k In our

In a recent paper by Chaa al.[32] field-induced transitions opinion these prevent the formation of the short-pitch struc-
were investigated above the bulk H-SmA transition  ture in thin films.

temperature. They observed synclinic state in the tempera- |n summary, we report optical investigations of thin free-
ture interval of more tha 5 K above the bulk S8 phase.  standing films of a material possessing the Gnphase in

In this temperature range no reorientations of the tilt plangpe pylk sample. Stepwise transitions with the change of the
were*observed. In the same temperature range above UG, orientation were observed at high temperature. The tem-
SmCj, phase we observed transitions from the state Withheratyres of the transitions increase with decreasing film
transverse polarization to the state with the longitudinal pothjckness. The measured values of optical anisotropy provide
larization and conversely. At the same time at higher temeyjdence that temperature and field-induced states above the

peratures the behavior.of th_e fie!d—induced_transitions i%mct\ phase possess structures without any short-pitched
similar to that observed if32], in spite of the difference in

the bulk phase sequences. According to the model proposeh(fhx'
in Ref.[33] above the bulk SrE*-SmA transition tempera-
ture the state with longitudinal polarization results from the
interaction between the polarization fluctuations near the film
surfaces. The nature of the long-range interactions above the This research was supported in part by RFFI, by the Rus-
SmCj phase is not well understood by now. sian state program “Statistical physics” and by “a Grant-in-
Ellipsometry and optical reflectivity studi¢41,13 gave  Aid for Scientific ResearckiNo. 12650010 through the Ja-
evidence for the short-pitched structure of the Sfnphase  pan Society for the Promotion of Science.”
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