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Theory of the anticlinic pretilted surface phase in tilted chiral smectic films
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In freely suspended chiral smectic films, the molecules tilt at the surfaces above the bulk ferroelectric
transition temperature. The tilt angle at the two surfaces can be either @ymalinic surface phageor
opposite (anticlinic surface phaseon each surface of the film. We propose a realistic theoretical model
accounting for the stability and properties of these two structures, based on competing surface interactions. The
anticlinic phase is stable for sufficiently thin samples and high temperatures. We predict a reen&agiieSe
merging with the surface phases at a three-phase point.
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Free standing films have been widely used to elucidate thand synclinic surface states have also been evidenced in
structures and confinement effects in chiral tilted smectiquite thick suspended films made with achiral banana-shaped
mesophasegl]. These mesophases present complex tilt ormoleculeg11]. Although the molecular structure of the cor-
ders associated with one (&), two (SnC,), three responding unconventional bulk “tilted” phagB2) has not
(SmCgy) or four layers (Sr€g,) [2] or even with incom-  yet been clarified, its helical nature was claimed in a recent
mensurate (S@,) superstructure$3]. In the chiral ferro- theoretical mode[12] stating the secondary character of the
electric SnC* phase all the molecules are tilted to the samdayered smectic order in the B2 phase. So the synclinic and
angle with respect to the normal to the smectic layers. In thanticlinic surface states have been observed in a variety of
antiferroelectric S8, phase the direction of the tilt is re- compounds for a large range of film thicknesses. In order to
versed from one layer to the next. Both phases condens&ccount for the anticlinic vs synclinic stabilization, bulk ef-
below the same parent paraelectric/Sstructurd4]. Due to  fects have been proposed, based on effective intersurface
their chiral character they exhibit induced ferro- or antiferro-long range electric forcesl3] resulting from in-plane ther-
electric ordering. A number of these phases are also stabinal fluctuations of the polarization. The aim of this article is
lized in thin films[5,8], where their structures are modified to propose a simpler mechanism accounting for the anticlinic
by the interactions of the tilt order with the sample walls. Forphase stability, even in absence of applied electric field and
negative coupling energy, the low symmetry state is favoredvithout recourse to any effective intersurface coupling. Our
and the ordering process begins at the surface, above thmodel is less specific and may be applie@driori to any
bulk transition temperature. This effect has been evidencetilted compound, whatever the thickness of the film, the chi-
in several compounds and theoretically studied by Hei+al character of the molecules, or the nature of the bulk in-
nekampet al.[6] and by Tilley and Zek§7]. In SnC* if the  teractions. The proposed mechanism results only from the
walls are isotropic and if the sample thickness is muchcombined effects of a tilt-surface interaction depending on
smaller than the helix pitch, then the molecular tilts are equathe derivative of the tilt order parameter and of the elastic
at the two surfaces. This defines the geometry of the “synbulk energy. This surface coupling favors a nonconstant tilt
clinic” surface phase. in the vicinity of the surfaces, and is associated with nonlocal

Recent experiment$,6] have evidenced a radically dif- interactions of the tilt with the wallétheir range is greater
ferent situation in homeotropic freely suspended films: Thehan one interlayer distanakbut can be much smaller than
tilt is reversed from the upper to the lower surface. The cora typical sample width=10d—100d). It competes with the
responding phase was termed the “anticlinic” surface phasetandard tilt-surface interaction which forces the first layer to
by Link et al.[8], in order to distinguish it from the previous tilt and stabilizes only the synclinic structuf&]. The pro-
“synclinic” surface phase. Its structure has been describeghosed mechanism can happen in either ferroelectric or anti-
within another context by Tilley and Zekg], who predicted ferroelectric materials and is independent of a possible tran-
that the anticlinic state is unstable. It was finally obsef\@d sition between these two types of order. For clarity we shall
under an applied electric field. The stability of the anticlinic only present the model for ferroelectric (&) materials.
structure was then explained by the coupling of the induced The order parametgfOP) associated with the transition
polarization with the field. Later on, Lin&t al.[8] evidenced from the paraelectric S phase to the ferroelectric S
an anticlinic state stable at arbitrarily small fields andphase is an axial vector denotedperpendicular to the pro-
claimed that it was stable even at zero field strength. In somgction of the molecular axis onto the smectiy planes. Its
materials the phase behavior is complicated by the existena®mponents, = p cos¢ and 7, = p sin ¢ describe the ampli-
of a ferroelectric-antiferroelectric transition, both bulk orderstude (p) and direction(azimuthal anglep) of the molecular
possibly yielding their own surface stafd®]. The anticlinic tilt vector [2]. The tilt vector and the induced polarization

precess so as to form the typical helicoidal structure ob-
served in chiral mesophases. In order to account for confine-
*Email address: hugues.vasseur@sc.u-picardie.fr ment effects, let us consider a sample of thickndséirited
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by two identical isotropic surfaces parallel to the smecticous approximation, to thep(2+ p2¢'?) term in the bulk free
planes, for instance, a homeotropic Smhase bounded by energy, with a positive coefficient sinegkis negative for a
glass, liquid, or gas interfaces. Lebe the coordinate in the ferroclinic ground state. Since the last layer of the sample
direction normal to the smectic layers, witk-0 at the cen- interacts with only one neighbor, it contributes in a different
ter of the sample. Within the framework of the Landauway to the free energy and gives rise to a separate surface
theory of phase transitiorfjd4], the bulk free energy associ- term, corresponding t@(p'2+p2 ¢'?) in Eq. (1). Trans-
ated with the tilting process readg] Fpu=fp*[A+ (¢’  forming the discrete sums; [7_,- 7] into an integral and
+1)?]+p*+p'2dz (in dimensionless form where p’  expanding in a series up o yields 8= 6d%/2. Let us note
=dp/dz and ¢'=d¢/dz. The single critical coefficienA  that the corresponding negative sign@fwhich favors the
varies as T—Tg), WhereT.y is the SmA—SmC* bulk  anticlinic structure, could surely be modified by taking into
transition temperature. Since the walls are isotropic, the freaccount interactions with next nearest neighbors or by a less
energy resulting from the interaction of the OP with thecrude microscopic approach.
sample surfaces is invariant to the two-dimensional continu- The equilibrium states are determined by minimizing the
ous rotation group of the smectic layers, and may be writteriotal free energyFp i+ Fsurs With respect tog(z) andp(z).
In order to avoid spurious difficulties in solving the corre-
sponding differential equations, one allows$o be negative.
Then one identifies any point in thi,¢) plane with the
lattice of equivalent points g(¢+2m7p) and (—p,p+
+2mp), for any integem. The direction of the vector is
given by ¢ if p is positive, and by + 7 if it is negative. In
the bulk, Euler-Lagrange equations readily yield the follow-
ing results.

(a) The solutions corresponding to a minimum of the free

12
Fsur= {ap++ﬁ(p +P+¢’
2 12 2 412
+ypl ol +wpipt+{ap? +B(p P +p2 o)

+yp2 . —wp_pl} (1)
plus higher degree terms. The subscripienote the values
of p, p’, and ¢’ at the interfacesZ=*L). The first and
second curly brackets in Eql) represent the interactions energy are always either even or odd functiong.dhdeed,
with the upper and lower walls, respectivelye, 8, , andy  when considering a nonsymmetric configuratjg(z) whose
are phenomenological coefficients depending on external pampper part £>0) has a smaller energy than its lower part
rameters, such as temperature or concentrgtiom not on - (z<0) one can build a new ever odd solution coincid-

L). The form of the surface contribution to the free energy |s,ng with p(z) for z>0 and with p(—2) [or —p(—2) if
identical to that of the bulk contribution plus a tefmp.  5(0)=0] for z<0. The corresponding energy is obviously
—p_p’ resulting from the breaking, by the walls, of the smaller than that of the asymmetric configuration since no
twofold bulk symmetry axes parallel to the surfaces. Let usecond derivativéwhich would diverge az=0) is present
notice that no linear term appears in H4). Indeed, the in the bulk free energy.

order parameter is a planar vector that is invariant under (b) ¢'(z)=— 1. Therefore, as in a system without bound-
translationdi.e., 7(z) — «(z+a)]. Thus, at variance with the ary, the tilt vector precesses and forms a periodic helix with
smectic order parametefdensity wave dp=ye*?*+c.c.)  a helix pitchA =27 (in normalized units

which transforms nontrivially under translatiofise., (z) (c) The OP amplitude(z) satisfies the elliptic equation
—e*@y(z+a)], the breakdown of the translational symme-
try, due to the presence of the surfaces, does not yield linear 2
invariants at the interfacgl5s].

Let us note that, although it is permitted by symmetry, the The solutions to Eq(2) are associated with an effective
term proportional to3 in Eq. (1) has not yet been used in free energy which depends only dn g=p/1+w, andh
previous phenomenological approaches while, as we shaff (¢+9—7y)/1+w. g<O0 favors the anticlinic structure
see presently, it is the key for stabilizing the anticlinic while h<<O favors the synclinic structure. In the following
phase. Fg,shas no term breaking the continuous rotationalwe shall only consider temperatures abdyg (A>0), i.e.,
symmetry and can only lead to spontaneous breakdown dh the bulk the untilted smecti& phase is stable. Thus, at the
the S point group as at least one phenomenological coeflimits of stability of the surface states, the order parameter
ficient becomes negative. In the bulk the homogeneou¥anishes. Close to these limits the terp®dn the equation
SmC* phase is stabilized wheA becomes negative. Inho- Of state(2) can be neglected with respect to the first linear

d?pldZ?=Ap+2p°.

mogeneous states are induced as the coefficient heléw
Fpuk Or the coefficientse and 8 in Fg s become negative.
The former leads to incommensurate bulk structyreg|

termAp. The solutions to the corresponding linear equation,
namely,p(z) = p. coshA2)+ pssinh(A2), have a triclinic sym-
metry groupC; in the general case. According to the point

whereas the latter tend to stabilize the synclinic and anti{a) stated above, the minimum of the free energy can only
clinic surface states, respectively. The microscopic interprehappen for evengs=0) or odd (.=0) special solutions
tation of the coefficieng is beyond the scope of a phenom- with monoclinic symmetryC,. The even and odd solutions
enological approach and depends on the physical propertigiescribe the synclinic and anticlinic surface states, respec-
of the walls. In the case of suspended films we can, howevetively.

notice the following obvious contribution t8. The micro- (i) p(2)=p.cosh@yA). The tilt p(z) is maximum at the
scopic coupling$7 _ ;- 7 and 87, - 7, , , between the smectic surface and decreases with a length scaléAldown to a
layer numbei and its nearest neighbors lead, in the continu-finite minimum at the center of the sample. The tilt configu-
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FIG. 1. Tilt p versusz for the synclinic(I) and anticlinic(ll)
solutions of Eq(2).

ration depends on two lengths: the deformation lengtfAl/
and the helix pitchth =27. In a thick sample the minimum
of p(z) at the center is much smaller than the tilt on the
surfaces. On the contrary, in a film much thinner thagAl/

p(2) is almost constant. In both cases, the direction of the.

order parameter is continuouszat 0. If the film thickness is
smaller than the helix pitch then the direction of the vecto
order parameter is the same at both surfaces. This situati
justifies the word synclinic for denoting this state. In the
opposite case, the helical winding @fz) yields a periodic
variation of . — ¢_ versus the sample thickneks

(i) p(2)=pssinh@yA). This solution is depicted in Fig.
1. It differs from the synclinic state in two respects. The

modulusp(z) vanishes exactly at the center and the helix is

broken: The tilt vector rotates to an angte at z=0 (p
changes its signIn a film whose thickness is much smaller

than the helix pitch and the deformation length, the OP di-
ARy the

rection is almost homogeneous in the sample, and its mod
lus varies linearly wittz. The two surfaces are themticlinic
with respect to one another. For thicker sampléz) exhib-

its a nonlinear odd variation and, as in the synclinic state
¢, — ¢_ varies with the sample thickness.

Introducing the hyperbolic solutions into the total free en-
ergy and minimizing with respect tp. or pg provides the
limits of stability of the anticlinic and synclinic states respec-
tively. The resulting theoretical phase diagram depends onl
on three phenomenological coefficiertté\/A, gA, and
LA. The equations describing the limit of stability of the
synclinic and anticlinic phases are

(gVA+h/A)cosh 2L A+ sinH 2L JA]

—h/VA+gVA,

(gVA+h/JA)costi2L VAT +sinH 2L JA]
=h/JA-gVA,

respectively.

3

r . -
0fﬂllowmg three stable solutions.
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FIG. 2. Theoretical phase diagrams in the space of the phenom-
enological coefficientd/ A, LVA. (3) g>0. (b) 0>g JA>—1/2.
(¢) gyA<—1/2 and T @>0. (d) 1+ w<0 and 0>gA>—1/2.

parameter is not small and the linear approximation fails.
The solutions to the complete nonlinear equati@®nmust be
taken into account. A first integral of this equation is given
y p'2=Hy+ p*+Ap?, whereH, is a constant of integra-
ion which vanishes in the high symmetry phase. Minimiza-
tion of the effective free energy with respecttq yields the

(1) The high symmetry S phasep(z)=0 for Hy=0.

(2) For Hy<0. The “synclinic” surface phase, corre-
sponding to an even elliptic solution to E@2), p(2)
=pncd{V(p?—a?)z,q%/q?—p?, where nc(and sc forH,
>0) are Jacobian elliptic functiond18], 2p?=-A
+ (A= 4H,), and Zj>°= —A— (AZ—4H,). Close to the

mA transition temperature, this solution is proportional to
coshgy/A).

(3) For Hy>0. The “anticlinic” surface phase, described
odd elliptic functionp(z)=p’sdq’z,1—p?/q?},
where q'?=—q? and p’?=—p?. This solution is propor-
tional to sinhgy/A) close to the St transition temperature.

, Letus determine the theoretical phase diagram associated
with these solutions. EquatiaB), along with similar expres-
sions involving elliptic functions that describe the anticlinic-
synclinic transition, permits to us calculate the transition
lines. Various situations may arise. Figurds)22(c) show
fypical phase diagrams in the planie/ (A,L\/A) for 1+

>0. Forg>0 [Fig. 2@@], the anticlinic phase is never stable.
For 0>gA>—1/2 [Fig. 2(b)], the three phases are stable
and merge at a three-phase pdit. For g A< — 1/2 [Fig.
2(c)], the Smi\ and anticlinic phases are stable and are sepa-
rated by a transition line which can change its order, from
second to first, at a tricritical poirRy.. The transition lines
from the SnA\ phase are second order, whereas the transition
between the low symmetry states is always first order.

For 1+ <0 andg>0, the anticlinic and S states are
stable, whereas for tw<0 andgyA< —1/2 the synclinic
and SnA states are stable. Both surface phases are stabilized
when 0>g\/A> —1/2 and they are separated by a first order

The two limits of stability can superimpose at one point intransition line as depicted in Fig(®.
the phase diagram. Thus, a first order transition line relating Close to the bulk transition temperatufg,, g andh re-
the two surface states appears. Close to this line the ord@nain constant whild=T—T.,. Assumingg andh negative
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FIG. 3. (a) Phase diagram in the thickne@s—temperaturéT) FIG. 4. Tilt at the surface versus temperature. The dots are nu-

plane, forg andh constant and negative and-v>0. Dashed and merically calculated. The phenomenological coefficients are chosen
full lines indicate first and second order transition lines, respecin such a way that, unlike in Figs.(® and 3b), the synclinic-
tively. (b) Phase diagram fog and h becoming positive above, anticlinic transition thickness increases with(a) ForL>L/ . (b)
and Ty, (<T,), respectively(c) Surface tilt|p| vs temperature for ForL <L<L.. (c) ForL<L.. (d) ForL<L..
various electric fields 2>E1>0) andL/;>L>L.. The corre-
sponding thermodynamic patkBC is represented irb). dicted: Ise—~»SmA— anticlinic— synclinic or Ise—anticlinic
—synclinic.
and constant in Eqs(3) yields the temperature thickness  The tilt at the surface versus temperature exhibits a com-
phase diagram depicted in Fig@B The anticlinic phase is  plex behavior represented in Fig. 4. Abdvgthe tilt appears
stable at high temperature whereas theASphase is stable in the synclinic state and increases with decreasing tempera-
within an intermediate temperature range provided that th@yre. Betweer. andL the tilt presents two peaks separated
sample thickness is large enoughLlfs smaller than a criti-  py zero in the small temperature interval corresponding to
cal lengthL (defined by tanf?Lc\h/g]=2.hg), then the  the reentrant St stability domain. BelowL. the SnA do-
SmA domain is replaced by a first order anticlirisynclinic  main is replaced by the first order anticlinicsynclinic tran-
transition line. For values of the phenomenological coeffi-sition temperature. The tilt is discontinuous and hashearp
cient corresponding to Fig.(8), the anticlinic-synclinic tran-  close toL!) minimum at the transition. For the thinnest films
sition temperature increases with decreasingor other val- [Fig. 4(d)], the minimum of the tilt at the transition disap-
ues, the temperature decreases and the anticlinic phase cgflars. For some specific values of the phenomenological co-
be stabilized below the bulk critical temperature for smhall  efficients, the tilt is not monotonic in the synclinic phase

As the productgh becomes larger than 0.2k is shifted  \yhere it presents a minimum in the neighborhood of the bulk
toward infinity and the Sy stability domain disappears. transition temperatur@ ..

Sinceh andg arespontaneousymmetry breaking Landau A variety of theoretical phase diagrams can be foreseen
coefficients, in the most likely situations they must becomeyy assuming a different order in the sequence of critical tem-
positive at high temperaturehtT—T,,g~T—Tg). AC-  peratures.o/T,/T,. In the experimental phase diagram re-
cordingly, the parent S phase is also stable at high tem- ported by Chact al.[10], the high temperature Sphase
perature. Thel-L phase diagram shown in Fig(&@ is then s hidden by the stability domain of the liquid state and the
modified as presented in Fig(t8. The Sni domain extends  higher temperature phase is anticlinic. This situation corre-
toward the high temperatures and the anticlinic phase is 0n|¥ponds to the lower part of Fig(@ with an increasing of the
stabilized for small thicknesses as reported experimentallynticlinic-synclinic transition temperature with decreasing
by Link et al. [8]. This limitation defines a second critical | thin films of ferroelectric MHPOOCBC, Schlaet al.
thicknessL . above which the anticlinic phase cannot be[19] observed a surface state above theC3nphase. More-
stable. over, within the stability domain of the surface state and

The SnA or the surface phases are usually observed ovelinder small applied electric field, they observed a strong
a rather small temperature intervat10 K) between the iso-  decreasing of the ellipsometric quantity, —A _, which is
tropic phase and the bulk S phase. Thus it is not likely related to the tilt. In some cases, this quantity vanishes over
that T, , fall within this interval and the high temperature a narrow temperature interval. Link claimgg] that this in-
SmA stability domain may be hidden by the isotropic liquid. terval coincides with the domain of stability, under electric
To summarize, by decreasifigone should observe the fol- field, of the anticlinic state. As we shall see below, in our
lowing phase sequences: is®GmA—anticlinic—SMA  approach the anticlinic state is deformed by the electric field
—synclinic  or more likely Ise-anticlinic—=SmA  and thus must yield nonzemy_ — A _. For this reason we
—synclinic forL,>L>L.. In the former case, the low tem- assume that the cancellation &f. — A _ corresponds rather
perature SrA domain isreentrant Furthermore, beloWw,,  to the reentrant Shphase, stable between the high tempera-
the synclinic structure smoothly transforms into the bulkture anticlinic state and the low temperature synclinic state.
SmC* structure. FoL <L the following sequences are pre- In the cases when an exact cancellation is not evidenced, we
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interpret the sharp decreasing®f —A _ as an effect of the phase diagram. At given small electric field abd-L the
lowering of the tilt in the neighborhood of the anticlinic- tilt sharply decreases in the neighborhood of the limit of
synclinic first order transition temperatu¢see Fig. 4. Al- stability of the underlying Svh reentrant temperature inter-
though it seems likely that the complex behavior evidencedal, but it never vanishefFig. 3(c), E=E1]. On the con-
by Schlaufet al. involves the anticlinic structure, a confir- trary, the synclinie-anticlinic first order transition line
mation of the reentrant S&ndomain needs further experi- [Figs. 3a) and 3b)] remains, but its position varies wita
mental studies. The shifting direction of the transition line is controversial
The two surface phases are qualitatively different buf5-7] and depends on the material properties. Let us con-
have the same monoclinic symmetry graDp. Accordingly,  sider the case when the line is shifted toward high tempera-
their structures arenacroscopically polarthe polarizations tures. If the line is sufficiently shifted, then an anticlinic
being parallel to the smectic layers. Despite their commorpoint in the phase diagram becomes synclinic at the corre-
symmetry group, they are distinct phases. Strictly speakingsponding field. This field-induced transition results from the
they areanti-isostructuralstateqd 20]. Unlike an isostructural following mechanism. In the anticlinic phase, the “decou-
phase transformatiofe.g., liquid-gas the anticlinic struc- pling” of the helix orientation in each half of the sample
ture cannot transform continuously [nto t.he synclinic str_u.c—(,i”OWS them to rotate independently, so as to align their
ture. Consequently, the corresponding first order tranSIt'or(]-)ragepolarizations along the field direction. Even for arbi-

line has no critical end point. This critical point is replaced._ : - ; -
: . T trarily small fields the resulting structure is close to that of
by the three-phase point displayed in Figen)2 3(a), and the synclinic state although a residual angle shift persists at

3(b). = . " :
In the anticlinic phase the upper half helix is rotated to anz_o’ due to the helical twisting of and to the flexoelectric

angle 7 with respect to the lower one. The symmetry andeffect. Thus., Fo provoke the .p.hasg tra.nsformation into the
free energy of the anticlinic state are not modified if thea(?tual synclinic structure, a finite field is necessary. It per-
angle shift is changed from to any other finite value. This Mits one to cancel the residu@) angle shift and to over-
means that there is no energy barrier preventing the respegome the corresponding energy barrier. Abdye this bar-
tive rotation of the upper and lower helices. We shall refer tofier vanishes and the transformation from the anticlinic to the
this free rotation effect to as the “decoupling” of the two Synclinic configurations is continuous and involves no phase
half helices. These two previous striking properties, namelyiransition. The threshold field, denotés),, has been ob-
the rotational freedom and the absence of a critical end poingerved in freely suspended films of DOBAMBC and of chiral
result from the fact that we have used a single vector OP fofTFMHPOBC by Link et al. [8], who report an anticlinic
describing the ordered states. Taking into account a “second-+synclinic field-induced transition. The converse synclinic
ary” OP with the same symmetry, e.g., the polarizatidfin ~ — anticlinic transition has been proposed by Andref9h
chiral systems polar and axial vectors have the same symmassuming very strong flexoelectric longitudinal polarizations.
try propertieg, together with flexoelectricR=d#/dz) and |t corresponds to a low temperature shifting of the transition
inverse flexoelectric #=dP/dz) couplings, modifies our |ine in Figs. 3a) and 3b). This mechanism is only possible
model in several qualitative respects. First, a continuougt higher fields because, in thin synclinic films, the relative
method of transformation between the anticlinic and the syniqtation of the upper and lower half helices must overcome a
clinic phases is made possible by changing successively thgyp ejastic energy barrier associated with the rigid structure
signs of the pnm_ar)(r) and secondaryP) OP modull(to of the unbroken helix.

restortla the .rota’zonald_smietry.potlh O(IjDs must S|ml;JIta— In summary, we have reported a simple phenomenological
neously vanish Accordingly, a critical end point may be theory accounting for the stabilization of both anticlinic and

found in a more general phase diagram. Along the same line - . . ;
synclinic surface phases in ferroelectric smectics at zero ap-

a small energy barrier is generated by this coupling and fixes’. L o
9y 9 y bling lied electric field. Taking into account an unusual surface

the value of the central angle shift in the anticlinic phase. AP

similar effect can be produced by nonlocal electrostatic inSNergy allows us to predict the stability domain of the anti-

teractions. The present simplified approach holds when th€/inic phase at high temperature and small sample thickness.

secondary OP or the inverse flexoelectric coupling is suffiVVe have used the continuous approximation in which the

ciently small. smectic layered structure is neglected. This approximation
Let us now return to the simplified model involving a fails to describe quantitatively the thinnest samples. How-
single critical OP and discuss the electric field influence. TheeVer, since our approach is based on a surface-induced effect,
response of thin ferroelectric films to a small applied electricthe layer structure surely plays a secondary role for the sta-
field E (parallel to the smectic layerss different in the bilization of the various surface phases. Close to the bulk
anticlinic and in the synclinic states. In both cases the twoiransition temperature, a reentrant Smphase can be stabi-
fold symmetry axes are rotated toward the directionEof lized, owing to the competition between the two surface
without breaking their polar symmetry groups. However, thestates. We expect the same surface behavior in antiferroelec-
second order transition line separating the reentranfA Smtric materials. The order parameterepresents then the dif-
phase from the low symmetry states disappéarshe same ference between the tilt vectors in two adjacent layers. In this
way as the Curie point of a ferromagnetic material disap-case the difference between anticlinic and synclinic surface
pears on applying an external magnetic fiel@hus, the phases is subtler to show experimentally than for ferroelec-
three-phase point becomes a critical end line in(@®&.,T)  trics and has not yet been reported to our knowledge.
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