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SURFACE RECONSTRUCTION AND FINITE-SIZE 
EFFECTS IN SMECTIC FREE STANDING FILMS 

EWGENI DEMIKHOV 
Institute of Physical Chemistry, University of Paderborn, 33095 Paderborn, Germany 

Abstract Surface ordering phenomena and finite-size effects determine properties of free standing 
films by decreasing the number of layers. Computer simulations have shown that the boundary 
layers reconstruction can cause a disappearence of the first order Sm A - Sm C' phase transition 
by deminishing the number of layers. Whithin the wetting analogy it is shown that the surface 
tension temperature dependence correlates with the type of surface ordering in free standing films. 
Finite-size effects of two categories are discussed: i) dependence of thermodynamic parameters on 
the system size (finite-size scaling), ii) destruction of the long-range order by thermal fluctuations 
in a sence of Landau-Paierls theorem and related effects (dimensional crossover). Anomalous ex- 
perimental properties of the free suspended films with high spontaneous polarization are studied. 
The dimensional crossover is investigated for nonferroelectric and ferroelectric smectic phases with 
high spontaneous polarization. 

1 Introduction. Anisotropic liquid systems with 
confined dimension. 

Influence of dimension on phase transitions in physical systems is established for a 
long time [1]-[3]. There exists considerable theoretical literature about dimension 
effects in thermodynamics, but the situation with experiment is less satisfactory. 
The problem is to find an appropriate system, where predictions of theory can be 
tested with a good precision. 

Anisotropic liquids have many advantages for experimentators: the great num- 
ber of different molecular structures and order parameters essencially increase spec- 
trum of problems, which can be formulated and solved. In polymer dispersed liquid 
crystals (PLDC) used in electrically adressable displays [4] a low molecular weight 
liquid crystal is surrounded by an anisotropic or isotropic polymer matrix. Stable 
configurations of the director field in liquid crystalline droplets are determined by a 
competition between the elastic energy of a liquid-crystalline phase and the surface 
energy on a polymer -liquid crystal boundary. In samples with a large surface to 
volume ratio the thermodynamically stable bulk configuration of a liquid crystalline 
phase can be completely changed by surface effects. 

Discotic liquid crystals can form self-confined free suspended threads [5,  61. To 
form a strand a small amount of a compound should be placed between two pivots, 
the sample heated to the temperature interval of a discotic phase and the pivots are 
drown apart. One can produce mechanically stable threads several micrometers in 
diameter and several hundreds micrometers in length. Interesting dimensional effect 
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is found in [5]: in very thin threads (about 1 pm in diameter) the discotic director 
is tilted with respect to the column axis in D1 phase and rotates around it in the 
nonchiral triphenylene- n-dodecanoate. 

Two-dimensional films of organic molecules on the interface oil-water [7] is an 
example of plane liquid systems confined by a liquid surrounding. 

Free-standing films of smectic liquid crystals are self-confined plane systems 
with number of fayers ranging in the interval (2 - 1000) [8] - [14]. They are stable 
against rupture, because of the 'rigidity' of smectic layers. Thickness of the films is 
homogeneous and can be exactly measured by spectroscopic methods. 

General difficulty by investigation of confined systems is the influence of the 
boundary. Self-confined systems are with no doubt preferencial for study of di- 
mension effects, because properties of liquid crystals confined by a liquid or solid 
surrounding substantially depend on their material constants and structure. 

2 General description of order in free standing 
films 

2.1 Positional and orient at ional order 

It is well known that the mean square fluctuation of molecules position in crystalline 
phases does not depend on the sample size and can be expressed as: 

d x -  - kbT (1) 

If the density functional p depends on one coordinate, the average layer displacement 
amplitude diverges at large distances logarithmically [15, 161 : 

where L is the film thickness; a0 is a molecular diameter; B is the elastic constant 
assosiated with compression of smectic phase; K is the elastic constant describing 
the long wave layer undulations. This result forbids existence of phases with one 
dimensional density modulation. Using typical values for parameters in eqn.(2): 
K - N 4p1, one can estimate that the sample 
size where the mean fluctuation of the smectic layers position is of the order of the 
interlayer spacing (- 30A) is equal to e270 cm. Normally one works with the 0.06-10 
pm free standing films. For a lpm film and T=300 K one obtains: 

dyn, B - 2.5 x lo' dyn/crn2, 

d m  M 5p1 (3) 

Therefore, smectic phases are relatively stable in thin films. 
Three types of the in-plane order in smectic phases can be considered: a chiral 

in-plane order [l?, 18, 191, an achiral in-plane order [53] and the hexatic order. It is 
convenient to describe two-dimensional structures in free standing films with a vector 
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order parameter c, which points in the direction of the tilt and its amplitude is equal 
to the projection of the director onto the smectic plane. P. Gennes has predicted 
[17] a possibility of a chiral in-plane configuration of the c vector field with an axis 
parallel to the smectic planes. This result is due to the lack of symmetry center in 
chiral smectic phases and a necessity to take into account the term linear in (nscurln) 
in the elastic free energy. This idea was elaborated by Langer and Sethna [18] and 
Hinshaw et al. [19]. In accordance with results of these works two dimensional 
director c can built-up a one dimensionally periodical system of discontineous walls 
[18, 191 (striped state) or two dimensional array of intersecting +1 walls and -112 
disclinations with a hexagonal symmetry (hexagonal state) [19]. The case of thin 
smectic films was considered, but the predictions should be relevant to the bulky 
samples [19]. Structures of this type has not been experimentally observed until 
now. 

The concept of the hexatic ordering was introduced in [20] - [22]. In accordance 
with Halperin-Nelson melting theory the transformation solid-liquid proceeds in two 
steps: the first stage is the unbinding of dislocations, which destroys positional order 
and the second stage is the unbinding of disclinations, which destroys orientatio- 
nal order. Positional correlations in a two -dimensional crystal are described by a 
function Gp(r): 

where po is the average density of the system. The orientational order in hexatic 
GAr) = ( p ( r ) p ( O ) )  - (4) 

phases is described as: 
q 6  = (eXp i60( r)), ( 5 )  

where 8 is an angle between the bond orientation and some coordinate axis. Appro- 
priate correlation function is 

Smectic C phase possesses no hexatic order and orientational correlations are descri- 
bed by the correlator of the vector c projections: 

G, =< c , ( O ) C ~ ( T )  >- S,pr-A(T), (7) 

where c, are components of the two-dimensional vector order parameter. Crystal- 
line and smectic phases are characterized by the following asimptotic behaviour of 
correlation functions for the in-plane order: 
3D-Crystalline order 

Hexatic order 

lim+m G ~ ( T )  = const # 0, 
lim-,m G,( r )  = const # 0 

(Sm B, F, 1) 1im7+m G6( T )  - T- ' ;  

limT+m G,(r) N exp (r/5) 
lim+m G c ( T )  N r - A ( T ) ;  

lim+m Gp(r) exp ( r / O  
l im+m G6(r) - exp (--TIE); 
b + m  Gp(r) N exp ( - r /E)  

smecic C phase 

smectic A phase 

In the isotropic liquid both positional and orientational order decay exponen- 
tially. The concept of hexatic order was very productive and after brilliant series of 
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experimental and theoretical work of several groups (see [12], [23] -[31]) the phase 
sequence, predicted in two-dimensional melting theory has been verified. 

2.2 Suppression of thermal fluctuations in two-dimensional 
systems by surface tension and dipolar interaction 

In (161 was shown that in thin free standing smectic films the average layer position 
fluctuation is essentially suppressed near the surface by effects of surface tension. 
For example, on the boundary of a 35-layer film d m  % 1-2 A, whereas in the 
middle 4-5 A for the surface tension coefficient a ~ 1 0 0  dyn/cm. 

Fluctuations of the vector c in ferroelectric films are combined with the ap- 
pearence of the polarization charge with a density p --divP, where is the local 
polarization vector perpendicular to the molecular tilt plane. The Coulomb interac- 
tion: 

prevents development of thermal fluctuations and a long range orientational order 
becomes possible. In [32] - [34] a possibility of a new phase transition between a high 
temperature isotropic phase and a low temperature anisotropic ferroelectric phase 
was shown. In contrast to (7) the mean square fluctuation of the vector c in the 
anisotropic state becomes a finite value [34]. 

The phase transition into the anisotropic state should be expected in films with 
high spontaneous polarization. A criteria for such a phase transition was formulated 
in [33]. Let us consider a dependence of an average order parameter on the system 
size L. The order parameter can be written in the form: 

The typical length L,, which characterizes the suppression of the thermal fluctuations 
by the dipolar interaction, can be estimated as: 

K L, N - 
2lr P2 ' 

where K is an elastic constant. For the distances L 5 L, there is no preferencial 
orientation of c-director and orientational order is destroyed by thermal fluctuations. 
The order parameter II, scales as (L/a)-Vl, where a is film thickness and 91 is a positive 
exponent. For L 2 L, II, - const. We shall call this state of ferroelectric films a 
weak anisotropic state in an analogy with ferromagnets [35]. 

Because the free standing films are combined of more than one layers, they 
are strictly speaking not two-dimensional. Therefore, some bulky structures can be 
competitive with the weak anisotropic state. 
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2.3 Critical behaviour in confined systems 

As already mentioned, there is a great number of theoretical investigations about 
finite-size scaling in systems undergoing second order phase transitions (see [2, 31 
and references therein). Two simplest effects can be expected: shifting of the phase 
transition temperature and rounding of pretransitional characteristics. 

The dependence of the second order transition temperature on the system size 
L is described by the following expression: 

( T ( L )  - T(co)) - L-’, (11) 

where T(L) is a phase transition temperature in a confined system; T ( w )  is a tran- 
sition temperature of the bulky sample; X is a shifting exponent. 
The rounding of the pretransitional characteristics is described by a scaling function 
for a temperature interval, over which the phase transition is smeared: 

AT - L-’, (12) 

In several experiments it was found that the boundary layers in free standing 
films are reconstructed with respect to the inner layers. Several situations are possible 
(figure 1): 

1. the structure in the boundary layers is different with respect to the inner layers 
and corresponds to some low temperature phase of the material (361 (figure la); 

2. the boundary layers possess a different symmetry with respect to the inner 
layers but their structure is stable only in ultrathin films and is not observed 
in the bulk [36]. 

a 
0 - b 

2.L 

c. 

1 
i 

Figure 1. Relation between the structures in the boundary and inner layers: (a) 
symmetry of boundary and inner layers are different; (b) boundary and inner layer 

possess the same symmetry but different order parameters. 
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3. the boundary layers possess the same symmetry as inner layers, but a different 
order parameter [37] (figure lb). 

The penetration length of the surface order tS is a function of temperature, which 
depends on the type of the intermolecular interaction (long- or short- range), the 
roughness of the boundary between the surface ordered phase and the interior of the 
film [38] - [41]. If the intermolecular interactions are the long-range order van der 
Waals forces, the penetration length of the surface ordered or disordered phase obeys 
to the law 

where t=J  T - T, I /Tc,  T, is a transition temperature. In the case of short -range 
interactions a logarithmic temperature dependence of the surface reconstructed layer 

(* - t - ' J3 ,  (13) 

is expected to be: 
t* - ln( l / t )  

The surface layer in solids is less ordered than the bulk, because the number of che- 
mical bonds for a molecule on the surface is smaller. The boundary layers in free 
standing films possess usually a higher order parameter with respect to the inner 
layers because of the influence of the surface tension. The above mentioned tempe- 
rature dependences of the penetration length were experimentally proved recently 
by calorimetry measurements [43] and computer enchanced optical microscopy [42]. 

When the penetration length of the surface order is comparable with the film 
thickness, one can expect a shift of the transition to higher temperatures (case 1,2). 
In the case 2 a new phase appears on the phase diagram in the ultrathin films. Thus, 
there are two qualitatively different physical reasons for the transition temperature 
shift: surface ordering and finite-size scaling. To distinguish contributions of both 
effects in experiment is difficult, because usually some integral characteristics are 
measured. 

Dimensional crossover means a change of a system behaviour from three di- 
mensional to two dimensional laws. According to the Landau -Paierls theorem the 
decrease of size results generally in a decrease of the order parameter of the system. 
This effect can be suppressed by the influence of the surface tension or by effects of 
the long-range dipolar interaction. The first experimental study of high spontaneous 
polarization effects on stable director field configurations in free standing films is 
reported in this paper. 

3 Experimental properties of smectic membra- 
nes. 

The first step in investigation of free standing films is to draw a film and to control 
the number of layers. In early works [8] free standing films were produced by wiping 
a small amount of material in a smectic phase over a hole in a glass slide. Such 
films are stable during a valuable time interval, whereas nematic and cholesteric free 
standing films are unstable. A more convenient method for the film drowing has 
been used in [13]. 
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In the current work we have produced free standing films on a rectangular 
frame with one mobile side. The frame was mounted in a closed thermostabilised 
metalic support in a focal plane of a Leitz Orthoplan microsope. The temperature 
of films was regulated with an accuracy f 0.01 “C. Using this frame we were able to 
produce films with a controled number of layers. In microscopic texture studies one 
can detect image changes in films with 2 - 1000 layers. 

In ultrathin films (N = 2-15 layers) the number of layers is usually determined 
with a high precision by the laser reflectivity measurements. In [13, 441 and in the 
present work the films reflectivity has been measured in the whole interval of visible 
wavelength, which after a fitting procedure gives the exact number of layers for 
“2-300. The scheme of experimental set-up is shown on figure 2. Optical thickness 
of the film and the refractive index are parameters, which can be determined from 
the reflectivity measurements. To find them the reflectivity curves were fitted with 
classical optics expressions for the multiple beam interference in a plan parallel plate 
[45]: 

where 

fsin2( y) 
I ( X )  = 

1 + fsin2( 7)  ’ 

(n2 - 1) f = -  
4n2 ’ 

D=N n d is the optical thickness of the whole film, N 

(16) 

is the number of layers, n is 
the refractive index and d is the average interlayer spacing. 

To apply these expressions correctly one has to proceed with very narrow light 
beams, because of the non-zero curvature of films. Sensitivity of this method is 
enough to resolve spectral changes after removing one smectic layer. 

In [S]-[9], [46] the elastic coefficient, polarization and viscosities of free standing 
films have been investigated by means of light scattering. Director field configurations 
and defects were studied in [ll], [18, 191, [47] - [53]. Hexatic ordering in free standing 
films has been investigated in [23]- [31]. The surface ordering problem has been 

Lamp 

Phatornultiplier 

Monochromator 

bp& Film 

Leitz-Orthoplan 
Microscope 

Figure 2. Experimental set-up for film reflectivity measurements and visual observations. 
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discussed in [54] - [56] ,  electric field effects in [57], dimensional effects on the phase 
transitions in [36, 44, 581. 

4 Surface reconstruction in free standing films 

4.1 Surface stabilized phases in liquid crystals 

One of the pronounced dimension effects on the phase transitions in free standing 
smectic films is the dependence of the phase diagram on the number of layers observed 
by Pershan et al. [36]. New smectic phases appear on the 70.7 phase diagram: 
smectic F phase for N 5 180 and smectic I phase in films thinner than 25 layers. 

Figure 3 shows the phase diagram of achiral 4-n- penthyloxybenzylidene -4- 
n- hexylaniline (50.6) studied by the optical microscopy. Bulky samples of this 
material possess following liquid-crystalline phases (transition temperatures are given 
in degrees centigrade): cryst (34.5) smectic G (40.3) smectic F (43) cryst B (51) 
smectic C (53) smectic A (61) nematic (73) isotropic. 
A schlieren texture is intrinsic for the smectic A phase due to the tilted Sm C 
boundary layers. The contrast of the schlieren texture depends on the tilt angle of 
the director on the boundary. 

In films thiner thar, 33 layers a new texture with a two-dimensional periodicity 
appears on the phase diagram in the temperature interval of the smectic C phase 
(figure 4). Such kind of textures has been observed in [52], where it was argued to 
be the smectic L phase. A general discussion of possible director field structures 
relevant to this case was given in [53]. An intersting observation was made during 
the phase transition smectic F- smectic B on heating (figure 5 ) .  The density of the 
smectic B phase is larger than of smectic F and the diffusion of material between 
the two phases is very slow. During the phase transition on heating the film breaks 

60 

55 - 
u 

- 
50 

W 
LL 
3 
I- z 45 
W 

I 
W 
I- 

a 

40 

SM 13 t 
k 

I I 3 I 

20 40  60 80 100 

NUMBER OF LI3YERS 

Figure 3.Phase diagram of 50.6. 
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Figure 4. Image of a smectic phase (Sm I or Sm L) occuring on the 50 .6  phase diagram 
in ultrathin films ( N S  33). See Color Plate XIV. 

Figure 5 .  Sm B phase after the transition from Sm F on heating: thick smectic B 
domains are connected via ultrathin smectic F junctions. See Color Plate XV. 

large smectic B domains of initial thickness, which are connected together by much 
thinner dark or gray pores. After heating to the smectic C phase the dark pores 
spread over the whole film, because the surface tension decreases with decreasing 
the number of layers [13]. Reflectivity measurements in the smectic C has given 
that number of layers in dark pores is always less than 20. According to the phase 
diagram of figure 3 the pores have smectic F structure. 

Thicker steps occur in the inner part of the film as edge dislocations (figure 6a), 
which correlates to  observations of [68]. The cross-section of the film of figure 5 is 
displayed on figure 6b. The smectic film is mechanically stable because of continuous 
smectic F layers going over the whole film boundary. Discussed phenomena are very 
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close to the problem of surface freezing in liquid crystals observed in many experi- 
mental situations. Quantized layer growth was found in high resolution synchrotron 
measurements on the free surface of the isotropic liquid of dodecylcyanobiphenyl 
(12CB) in [59]. The first smectic layer has been registered at approximatelly 10 "C 
above the isotropic - smectic A phase transition. Analogous behaviour was observed 
for isotropic-nematic phase transition [60, 611. Positional order corresponding to se- 
veral smectic A layers on the boundary [62] occurs in the nematic phase above the 
nematic - smectic A phase transition. In free standing films the existence of surface 
hexatic smectic I layers on the smectic C films has been reported in [63]. 

4.2 Destruction of the first order Sm A - Sm C* phase 
transition 

The disappearance of the first order phase transition smectic A-smectic C' in free 
standing films by diminishing the number of layers has been observed in [58, 441. 

A ferroelectric material ALLO-902C13M5T have been investigated in [44]. The 
phase sequence of liquid-crystalline phases for bulky samples (on cooling): 
I(126.0) BPI,II,III (123.8) Chol (102.4) SmA' (99.2) SmA (82.1) SmC'. 
The smectic A' phase (TGB -phase [64]) was not observed in free standing films: the 
smectic A phase can be overheated to 102 - 103 "C. At higher temperatures, where 
transition to the cholesteric phase occurs, the film was not stable. This fact can be 
refered to theoretical predictions about the surface stabilized smectic A phase - a 
new analog of the superconductivity in liquid crystals [65, 661. 

The main experimental result of this section is the destruction of the first order 

Figure 6. Film cross-section : (a) a step in a film; (b) scheme of the film of figure 5. 
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Figure 7. Temperature dependence of the optical density per one layer for 80 (x), 126 
(+) and 480 layer ( 0 )  films. 

phase transition by decreasing the number of layers. The critical number of layers 
was found by measurements of the optical thickness jump at the phase transition 
temperature. The critical number of layers was found to be N, = 90. Near the critical 
point the interphase smectic A - smectic C' boundary disappears. The state of the 
system changes contineously from the SmA -like to the SmC' in films thiner than N,. 
Figure 7 shows the temperature dependence of the optical thickness per one layer for 
80-, 126-, and 480- layer films. The curves for N 2 N, are discontinuous indicating 
the first order SmA-SmC' phase transition. The optical thickness variation in the 
N=80 layer film is continuous. There is no additional rounding of curves in the 80- 
layer film as compared to bulky 480-layer film. The transition temperature shift for 
N 2 N, is negligible. The effect of rounding of d(T) curves was observed in films 
with N 5 70 layers. Figure 8 shows dependence of the SmA-SmC' phase transition 
temperature on the number of layers. The solid line corresponds to N 1 N, and 
the dotted line to the shifting of the inflexion temperature of the dependences d(T). 
The inflexion point shifts by approximatelly 4°C to higher temperatures by changing 
the film thickness from 70 to 10 layers. The critical thickness N,=15 for the phase 
transition Sm A - Sm C' has been found in [72] for the ferroelectric compound C7 
(see section 5). 

The problem of the first order phase transition destruction for the q=3 Potts 
model by dimensional crossover has been theoretically studied in [67]. In [68] the 
disappearance of the first order phase transition by decreasing the number of layers 
was considered as an analogy for the disappearance of the same transition by the 
application of an electric field [69]. 
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414/[2980] E.DEMIKHOV 

4.3 Numerical simulation of surface ordering effects 

In [70] a continuum mean field description of the first order phase transition smectic 
A - smectic C' in the free standing films analogous to [68] has been used. The state 
of the film was characterized by a dependence of the tilt angle (0) on the coordinate 
(z) perpendicular to the smectic planes (figure 1). The origin of coordinates has 
been taken at one of the boundaries. To find the profiles of the tilt angle we have 
numerically minimized the free energy of the film taken it in a form commonly used 
for the description of the phase transition smectic A-smectic C' [i'l]: 

L 
F = 1 Fcdz 

where 1 is the thickness of the film and F, is the part of the free energy density per 
unit area of the film coupled with the tilt of the director. The tilt angle was used as 
an order parameter. The free energy density F, is given by the following expression: 

where a = aT+, (Y is a temperature independent constant and T' is the tempera- 
ture of the absolute instability of the smectic A phase with respect to the smectic 
C' phase. Minimization of the free energy with respect to 0 results in the following 
differential equation for the function 0(z): 

$0 
dz2 

9- + a @ +  b o 3 + c B 5  = 0 

There are two additional boundary conditions, which are sufficient to solve the 
equation 19: 

0(0) = 0 0  at the surface of the film (20) 

90 

0 100 200 500 400 500 
NUMBER OF LRYERS 

Figure 8. Number of layers dependence of SmA-SmC' transition temperature in ALLO. 
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SURFACE RECONSTRUCTION AND FINITE-SIZE EFFECTS [29811/415 

= 0 in the middle of the film (%)+ 
The first boundary condition models the strong anchoring. 
To find reasonable numerical solutions by a simulation procedure we used the coef- 
ficients a, b, c and g which were calculated from the typical values of the following 
parameters: (T, - T'),  where T, is the first order phase transition temperature; the 
tilt angle 0, at the transition temperature smectic A - smectic C'; the penetration 
length (0 of the surface induced order and the transition enthalpy AH. 

The shift of the first order phase transition temperature (T,) with respect to 
the absolute instability temperature of the smectic A phase (T') can be expressed 
bv: 

3 I b I2 TC. AT = T, - T' = 
16ac ' 

the tilt angle at the transition temperature 0, can be written as: 

0, 2 = -. 3 1 b l  
4c ' 

In a first approximation the variation of the tilt angle in the boundary region can be 
described by an exponential function of z: 

0 ( z )  = 0 b  + (00 - %)esp(  -z / to) ,  (24) 

where Ob is the value of the tilt far away from the boundary. to is given by: 

Values of the transition enthalpy has been taken from [72,73]. Numerical parameters 
used in the simulation procedure are summarized as follows: 
a = 6.1 106Jm-3 T' = 30011' 
b = -0.75 * 106Jm-3 

g = 6 .  10-l2Jrn-' 

T, = 301.1711' 

t o  = 8nm 
= 4 . 4 . 1 0 6 ~ ~ - 3  0, = 200 

00 = 40" A H ( ~ ~ ~ L )  = 4 . 1 0 5 ~ ~ - 3  
The fifth parameter of the numerical procedure was the boundary condition 

for 0. We report in this paper a more simple case of the temperature independent 
boundary conditions, therefore we have taken the tilt angle on the boundary to be 
a constant 0 0  2 0,. Numerical procedure with temperature dependent boundary 
conditions is now in progress. Differential equation 19 was solved according to a 
numerical procedure described in [74]. 

4.3.1 Profiles of the tilt angle 

Profiles of the tilt angle calculated for one half of the sample for three film-thicknesses 
(400 nm, 160 nm, 70 nm) are shown in figures 9 - 11. All plots correspond to the mini- 
mum of the free energy eqn. (17) (the stable solutions). In the simulation procediire 
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416429821 E. DEMIKHOV 

the boundary conditions for the tilt angle were kept constant for all temperatures 
and thicknesses. 

Although continuous model was applied, sometimes we shall use "layers" 3.5 
nm in thickness (see [44]) to illustrate the relevance of the computer simulation 
results to known experiments. 

The simulation results for a 400 nm film are shown in figure 9. In the smectic 
A phase the tilt angle descreases abruptly in 3-4 layers starting from a value of 0 0  

to 0 =O in the middle of the film. The penetration length &, is independent on the 
film thickness and temperature far from the transition. The z-dependence of the tilt 
angle has no peculiar points (figure 9, T= 312.34 and 302.84 K).  

In the smectic C' sEability temperature interval the tilt angle varies from 00 
to a nonzero temperature dependent asymptotic bulk value (figure 9, T=301.2 K 
and 296.67 K). In this case the phase transition is abrupt and the profile changes 
from the smectic A to the smectic C' inside of several tenths of degree. The phase 
transition temperature is a function of the number of layers and is shifted by ap- 
proximatelly 1.6 K to the higher temperatures in the 70 layer film with respect to 
the bulk. An interesting feature of the 400 nm film in the vicinity of the transition 
temperature is a "surface phase transition" in the smectic A boundary region of ap- 
proximately 8 layers in thickness (T=301.28 K curve on figure 9). The dependence 
of the tilt angle on z-coordinate possesses in this case has two inflexion points which 
is qualitatively different to the curves at all other temperatures. The change of the 
0 profiles with temperature indicates that the phase transition smectic A-smectic 
C' is a discontinuous one. By definition the first order phase transition takes place 
at the temperature where the tilt angle profile with two inflection points transforms 
to the monotoneous smectic C' profile. 

296 .6  1 

301.2 

I I 

1.2 1.6 
z / I00 nm 

Figure 9. Tilt angle profiles in a 400 nm film at different temperatures. The first order 
phase transition Sm A/Sm C' occurs at T, z 301.2K. 
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SURFACE RECONSTRUCTION AND FINITE-SIZE EFFECTS [29831/417 

The simulation results for a 160 nm and 70 nm films in figure 10 and 11 show 
that the transition temperature increases and the temperature interval where the 
profile varies from the smectic A to the smectic C' becomes broader by decreasing 
the number of layers. In the vicinity of the critical thickness the tilt angle profile 
essentially depends on the film thickness. The "boundaries" of the smectic C' surface 
region at T=301.46 K in figure 10 are practically not observable, but the main feature 
of this state (two inflexion points) remains unchanged. In a 70 nm film (figure 11) the 
tilt angle profiles with two inflection points were not found and the phase transition 
disappears. The state of this film is continuously changed from the smectic A -like 
to the smectic C*-like by decreasing the temperature. For films thiner than 70 nm 
no qualitative changes of the temperature dependence of the tilt angle profiles were 
observed. It is important to emphasize that the critical film thickness where this 
behaviour occurs first is about one order of magnitude larger than the penetration 
length to. This is a nontrivial result, because from a naive point of view one could 
expect that the thickness where the first order phase transition smectic A - smectic 
C' disappears should be approximatelly equal to 2tO. Our simulation describes a 
qualitatively different behaviour and demonstrates the importance of the tails of the 
0 ( z )  profiles far from the boundary. Let us compare our simulation results with 
the experiments reported in [58, 441. Authors of [58] have measured the average tilt 
angle in free standing films as a function of temperature and number of layers. In 
[44] the optical thickness of films has been determined which gives an average value 
of cos(O(z)), if one neglects the temperature dependence of the refractive index. The 
critical thickness in [58] was approximatelly 52 nm and in [44] 315 nm. 

Figure 12 shows calculated temperature dependence of < cos 0 > for different 
film thicknesses. In the thick films this value reveal a discontinuity at the phase tran- 
sition temperature. In a 70 nm film the discontinuity disappears. Our calculations 
give a critical thickness, which qualitatively corresponds to the results of [58].  An 

8 

Figure 10. Tilt angle profiles in a 160 nm film; T, x 301.4K. 
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40 K 

1.02 

0.99 

0.96 
A 
A 

0 
2ij0.93 0 

0 
V 0.9 

0.87 

U 
a24 
L 

(3 

* 

- @ A A ~ ~ A A A A A A 8 ~ ~ ~ ~ 1  ~ 0 0 0 0 0 0 0 0 0  

&$ a + + + + + + + + + + + + - 
dA ~ Q ~ g ~ ~ ~ ~ Q Q Q Q '  

- 

o o o o o  x ++ 
o o o  

o o  - &++ 0 0 

- 

- 

296.6 1 

3 0  1.92 

302.09 

8 -  
302.84 

I 

OO 0.07 0.14 0.21 0.28 0. 
z I I00 nm 

15 

I 1 o.84L 300 305 3 
T I O C  

0 

Figure 12. Temperature dependence of < cos 0 > for film thicknesses: 400 nm (a), 160 
nm (A), 80 nm (o), 70 nm (x) ,  50 nm (+) and 30 nm (0). 

increase of the penetration length in the numerical procedure led to an increase of the 
critical thickness. Thus, the different critical thicknesses found in [58] and (441 can 
be explained by different penetration lengths of the surface order at the boundary 
liquid crystal - air. It is interesting to point out that the critical thickness found in 
the calculations of figure 12 coincides with that of figures 9 - 11, although the defini- 
tion of the transition temperatures is different. To obtain a quantitative description 
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of the experiments of [58, 441 the values of the Landau expansion coefficients must 
be known. 

4.3.2 Free energy density 

A study of the temperature dependence of the free energy density gives an important 
information about the change of the character of the phase transition caused by a 
decrease of the film thickness. From the general theory of the first order transition 
[75] it is well known, that the free energy can be described by a double well function 
of the oder parameter in the vicinity of the phase transition temperature. The 
local minima correspond to the coexisting phases (in our case the smectic A and 
C'). At a certain temperature T" above the phase transition the Sm C' minimum 
disappears. The lower boundary of the temperature interval where the free energy 
exhibits two local minima is noted by T'. At this temperature the Sm A minimum 
disappears. The free energy of the system varies continuously at the transition point 
[75], therefore the condition for the phase transition is given by: 

The disappearence of the phase transition is qualitatively illustrated in figure 
13 where the free energy density is shown as a function of the average tilt angle 
and the film thickness at the transition temperature. The smectic A and smectic 
C' states are separated by an energy barier. The energy barrier decreases and both 
minima approach to each other by a decrease of the number of layers. At the critical 
thickness any difference between above mentioned states disappears. Surface or- 

F/(arb. units) 

d/100 nm 

Figure 13. Free energy as a function of film thickness and the average tilt angle < 0 >. 
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dering effects in free standing films are described using a computer simulation based 
on the Landau theory with strong boundary conditions. By the decrease of the num- 
ber of layers the phase transition smears out, the transition temperature is shifted 
to higher temperatures and the discontinuities of the integral structural parameters 
< 0 > and < cos 0 > as well as the energy barrier between smectic A and smectic 
C' phases become smaller. 

The first order phase transition smectic A-smectic C* disappears at some criti- 
cal thickness which depends on the coefficients of the Landau expansion, especially 
on the value of the parameter g. A nontrivial result of this paper is that the criti- 
cal thickness is approximatelly one order of magnitude larger than the penetration 
length (0  of the surface order characterizing the variation of the tilt angle from its 
value at the boundary (00) to the bulk (0b). In films thinner than the critical 
thickness all average structural parameters and the first derivative of the free energy 
become continuous functions of temperature, the energy barier between the smectic 
A and smectic C* phases and the surface phase transition disappear. The computer 
simulation results describe qualitatively correct recent experimental results [58, 441. 

This problem can be treated qualitatively using approximate analitical results 
of [68]. Because of the dependence of 0 on vertical coordinate z, each layer has own 
transition temperature. Now let us consider the free energy density in the middle of 
the film and use the approximate solution (20) for z=L/2. We obtain 

and 

with 

L(e0 - 0) 'ezp( -L/&)  + (1/2)a0' - (1/4)bo04 t 
2t,2 
(1/6)cO6 = (1/2)(~(T - T,* - A5"c)/T,*02 - 
(1/4)boe4 t (1/6)c06 - EejjO 

9 AT, = T,'-ezp( - L/2tO) 
2t,2 

(27) 

The influence of the both boundaries is equivalent to the transition temperature 
shift in the middle of the film AT under the action of an effective external field Eeff 
given by equation (29). This field is exponentially decaing when the film thickness is 
increased and appears to be important only when the thickness L is of the order of (0 .  

Thus we have approximatelly reduced the problem to the well known question about 
the first order transition in the external field. This problem has been considered 
by many authors and corresponding solutions for the tilt angle as a function of the 
temperature and the external field can be found in (69, 761. Using expression (28) 
we have fitted the dependence of the inflexion point on the number of layers on the 
figure 8 for N S  N,. The fitting curve with parameters &,='l.lnrn and g/(r=2.6 nm2 
is shown with a doted line. 

Computer simulation results show that temperature dependences of the tilt 
angle and the average interlayer spacing can be described by taking into account the 
ordering effects on the film boundary. The shifting of the transition temperature 
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and the smearing of the pretransition characteristics for N 2 N, have not been 
experimentally found for ALLO. Results of [58] on the contrary give evidence for 
such effects. This discrepance can be explained by ferroelectricity effects on the 
phase transition in C7 discussed below. In the case of ALLO [44] the transition 
enhalpy for the transition Sm A - Sm C' is smaller than in C7. Therefore, one can 
expect more pronounced finite-size scaling effects. But this is not the case here, 
although the critical thickness in ALLO is 6 times larger. This contradiction is 
an indirect argument for the importance of the surface ordering phenomena in the 
destruction of the first order phase transition Sm A- Sm C'. 

5 Stable configurations of the 2D director field 
in ferroelectric free standing films with high 
spontaneous polarization 

Surprisingly, ferroelectric properties in two dimensions stood outside of researchers 
attention for a long period of time and the first experimental works appeared only 
recently [82]. The main reason for this omission was that materials with high spon- 
taneous polarization became available only in the late 80's [72]. Free standing films 
provide new experimental possibilities for study of thermodynamically stable struc- 
tures in smectic phases, because rotation of the director around the layer normal is no 
more limited by the boundary conditions and weak molecular interactions suppressed 
by the influence of the substrate can reveal themself. 

Properties of ferroelectric films with high spontaneous polarization are quali- 
tatively different with respect to non-ferroelectric films. (4- (3 - methyl - 2- chloro- 
pentanoyloxy) - 4' heptyloxybiphenyl) (C7) and its chiral - racemic mixtures have 
been studied in this paper. C7 possesses the following sequence of liquid-crystalline 

Figure 14. Spontaneous growth of thicker islands in a N=15 smectic C' film of C7. 
See Color Plate XVI. 
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Figure 15. Flow of the substance from the meniscus into the film after the phase 
transition Sm C A  - Sm C* in N z 1 5  film of Y1. See Color Plate XVII. 

phases: isotropic (62°C) smectic A (54.6 "C) smectic C* (43°C) smectic G. 
Spontaneous polarization in the smectic C* phase of pure C7 varies between 

130 and 290 nC/cm2 with decreasing temperature. The coexistence region of the C7 
racemic mixture was 0.3 "C. According to [13] the surface tension descreases with 
decrease of number of layers. This is not true for the ferroelectric films. Figure 14 
shows a spontaneous growth of a Nz30 island in a 15 layer film of the smectic C* 
phase of the 75% mixture of C7 with its racemat. The dark part of the film possesses 
a homogeneous anisotropic structure discussed below. A singular point is located in 
the center of the thicker island and the director field forms a circular configuration 
around this point. 

Second example of unusual behaviour of the high spontaneous polarization films 
was observed in the ultrathin films of 4-(2-methyloctanoyl) phenyl-4' -0ctyloxybipheny1- 
4-carboxylate ( Y l )  (figure 15). This substance has the following liquid-crystalline 
phases sequence: isotropic (153.8) smectic A (135.3) smectic C* (ferroelectric) (79) 
smectic CA (antiferroelectric) (50.3) smectic X (31.2) cryst [77]. After the phase 
transition smectic C A  - smectic C* in N=15-20 films the substance begins to flow 
from the meniscus into the film and it spontaneously becomes thicker. In films with 
a low spontaneous polarization an opposite behaviour is typical. 

Two novel structure modifications of the smectic C* phase: an anisotropic 
state and a stripe state are observed in free standing ferroelectric films [78]-[80]. 
Transformations between these states on heating and cooling are reversible. N/T 
phase diagrams of the chiral - racemic mixtures show that the stripe state is stable 
only in high spontaneous polarization mixtures. Figure 16 shows N/T phase diagram 
of the smectic C' structural modifications in C7. Two states has been observed in 
thick films ( N  2 85). An anisotropic state occurs close below the phase transition 
Sm A - Sm C* after the relaxation of defects. This state is characterized by a 
homogeneous contrast between crossed polarizers, which is changed by the rotation 
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of the microscope table (figure 17). A stable stripe state occured spontaneously 
in thick films (N 2 85) on cooling at a temperature (T,) below the Sm A - Sm 
C' phase transition. The dependence of T, on the number of layers is shown on 
figure 16. The structure transformation anisotropic - stripe state is reversible: the 
stripe state disappears on heating 1-3°C above T,. This behaviour is reminiscent to 
the hysteresis of structural transformations at the first order phase transition. The 
best way to register the stripe state is to follow the stripe formation process at the 
film contour. Prolongated stripe sources 100-200 pm in length occur near T, and 
produce stripes, wheh T, is reached. Interaction of stripes of different sources results 
in a typical texture, which is called here a striped state. Normaly the stripe texture 
is deformed and it is dificult to ascribe some characteristic periodicity to it. Typical 
periodicity of this state is relatively large (-80-150pm). Figure 18 shows a typical 
stripe state near a source in a 420-layer film at T=49.5 "C. The stripe texture can 
be deformed and aligned by the motion of the movable side of the film frame. In this 
case stripes are oriented parallel to the edges of the frame. 

The anisotropic state temperature interval increases with decreasing the num- 
ber of layers. At N, x 85 f 10 the stripe state of pure C7 disappears. The relaxed 
structure in ultrathin films (N 5 30) is also anisotropic. One of possible configu- 
rations of the director field is the 'chess-board' texture, observed in [78]. However 
we have not succeded to produce this texture on whole film area. The anisotropic 
relaxed structures in thick and thin films can not be distinguished in the optical 
microscope. Difference between the relaxed textures of the anisotropic state in thick 
and ultrathin films is related to the structure of defects. Discontinuous defect walls 
(figure 19) are typical for notrelaxed in ultrathin films (N 5 30). Relaxation of these 
walls is a very slow process and the texture of figure 19 is quasistable. Defect-free 
ultrathin films have been produced from very thick films by successive removing of 
smectic layers during 2-3 hours. During this process each film has been cooled to the 
smectic C' phase and annealed during 10-15 minutes. Variation of contrast in the 

SMECTIC R 

:: 
0 

STRIPE STRTE 

SMECTIC G 
1 1 I I 

0 100 200 300 400 500 
NUHBER OF LRYERS 

Figure 16. N/T phase diagram of C7. 
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Figure 17. Relaxed anisotropic state in 25 -layer film at T=48.06%. 

anisotropic state in thick films was always smooth. Relaxation time for the anisotro- 
pic state was about half an hour in thick films. Pseudostripes, produced by motions 
of point defects have been observed in thick films in the temperature interval of the 
anisotropic state. Such stripes can be topologically stable, when the point defects 
move from one side on the film contour to the other, but not reproducible and have 
not filled the whole film area. 

It was found that the striped state completely disappears in chiral - racemic 
mixtures with concentration of chiral C7 less than 75%. Figure 20 shows the shift 
of T, with respect to T A ~  on number of layers for mixtures with 100, 92.5, 87.5 and 
85 wt. % chiral C7. The anisotropic state with discontinuous walls has been found 
in mixtures with more than 95 % of chiral C7. In 50% mixture of C7 no textural 

See Color PIate XVIII. 

Figure 18. Stripe state near a source on 420-layer C7 film contour at T=49.5OC. 
See Color Plate XIX. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
41

 1
8 

Fe
br

ua
ry

 2
01

3 



SURFACE RECONSTRUCTION AND FINITE-SIZE EFFECTS [29911/425 

Figure 19. Notrelaxed anisotropic textures of the smectic C' phase in N=20 film at 
T=49.96 "C. See Color Plate XX. 

changes has been observed in the smectic C' by decreasing the temperature. The 
stable texture of this mixture is similar with the schlieren texture of the nematic 
phase. The texture of the anisotropic state in thick films transforms continuously 
in a schlieren texture of C7 racemat by decreasing the concentration of chiral C7. 
Figure 21 shows a texture of a 150-layer film of a mixture of 87.5 % C7 with its 
racemat at T=53.85"C. Details of these measurements will be published elsewhere. 

The influence of the dipolar interaction on the smectic C' structure in the free 
standing films can be characterized by L, [33]. Let us estimate this value using 
expression (10). Taking Kx 10-6dyn and the value of P from the experimental data 
of ref. (721, one obtains L, = 100 nm, the layer thickness in the smectic A phase 
taken from [58] is d=2.47 nm. Therefore the critical thickness is expected to be 40 
layers. This estimation correlates very well with the experimentally found value for 

t 

100% 

0 200 400 600 800 
NUMBER OF Lf4YERS 

Figure 20. Dependence of the transition temperature anisotropic - stripe states on the C7 
concentration. Solid curves in each case are eyes guides. 
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Figure 21. Anisotropic texture of the smectic C' phase in a mixture of 87.5% C7 with 
racemat, N=150, T=53.85 "C. See Color Plate XXI. 

occurence of the anisotropic state with discontinuous walls N ,  B 30. Anisotropic 
state in thicker films and in mixtures with lower C7 concentration can correspond in 
the framework of this model to the orientationally disordered state with an algebraic 
decay of order, described in [33, 341. To distinguish between these two states other 
techniques should be applied, which is now in progress. 

The stripe state is observed only in thick films ( N  >_ 85),  therefore it can be 
regarded as bulky stable structure in samples with free boundaries. The absence of 
boundary conditions for the asimuthal angle of the director in free standing films 
is one of the important reasons for their formation. The current work shows, that 
the stripe state stability is combined with the high spontaneous polarization of the 
substance. This result exludes the elastic mechanism of the stripe formation in the 
form proposed in [17]-[19]. 

In [Sl] a new mechanism of the stripe formation has been discussed, which 
can be relevant to the present studies. Using the Landau expansion it was shown 
that in substances with a large value of the flexoelectric coefficient p [71] spatial 
modulations of the polarization can spontaneously occur. Modulations with rotation 
of the director parallel and perpendicular to the smectic planes are considered. 

Flexoelectricity can influence structures of the smectic C' phase in the other 
way. It is known, that elastic coefficients [71] depend on the value of flexoelectric 
coefficient. The particular form of this dependence in free standing films with high 
spontaneous polarization has not been investigated. The Frank elastic coefficients 
can be changed so, that the elastic mechanism of [17] - [I91 will work. To answer, 
what mechanism function in reality, measurements of elastic coefficients in chiral- 
racemic mixures of C7 are necessary. 
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6 Surface tension effects 

6.1 Transient phases induced by surface tension change 

Because the surface - volume ratio in free standing films is large, strong influence 
of the surface tension on smectic phases structure can be expected. On the other 
hand, surface energy correlates with the structure of the boundary layers. For free 
standing films the surface tension is a new thermodynamic parameter analogous to 
pressure, which determines conditions for the phase equilibrium. As it was shown 
in [73] transient phases can be induced by surface tension change. Free standing 
smectic films are practically the only object of confined dimension, where surface 
tension effects can be studied on a quantitave level, because the surface tension can 
be measured with a high precision [13]. 

Free energy of a free standing film can be written in the form: 

F = Fei + FP + F8,,j, (30) 

where F,l is the Frank elastic energy including the term linear in (c . curlc); Fp is a 
sum of contributions combined with the dipolar interaction and the flexoelectricity; 
F,,,I is the surface free energy. 

The last term of eqn.(30) can be expressed in the following form: 

F8,,j = Np + a0 (31) 

where N is the number of molecules in the film; p is the chemical potential for 
molecules on the boundary, u is the area of the film and a = % is the surface 
tension coefficient. 

The first thermodynamic condition for the phase coexistence is the equivalence 
of their chemical potentials. The second condition, lacking in the bulky samples, 
is the identity of the surface tensions of the coexisting phases [44]. This condition 
follows from the mechanical equilibrium of the interphase boundary between two 
phases. 

In [83] influence of tension on the first order phase transition smectic F-smectic 
B (crystalline) in 50.6 was studied. Surface tension has been changed by an abrupt 
pulling or pushing the mobile side of the frame. The number of layers during the 
process of tension variation was constant. After a definite time interval the surface 
tension change is smoothed out by the diffusion of molecules. The surface tension 
jump in these conditions is limited, because by very quick variation of the area pores 
can be born and thickness will be changed. Figure 22 shows the shape of the Sm B 
domains induced in smectic F phase by pushing a film of 50.6 at the temperature 
0.2"C below the phase transition Sm F-Sm B. The film thickness was aproximatelly 
60 layers. The smectic B domains have a romboidal morphology and relax to the 
uniform smectic F phase with the time constant of 10 sec. 

Interesting results were obtained in a series of measurements of eigenfrequency 
of films vibrations which directly give the surface tension (this method has been 
developed in [60, 131). Shortly, in this method vibrations in films are exited by an 
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Figure 22. Romboidal single crystals of the smectic B (crystalline) phase induced in 
smectic F phase close below the phase transition SmF-SmB by an abrupt 
decreasing of the film area in 50.6 [83]. See Color Plate XXII. 

application of a sinusoidal voltage between the metalic frame and two electrodes 
positioned directly below the film but without touching it. The intensity of the 
reflected laser beam was measured by a modulation technique, analogous to figure 
2. The exitation frequency was equal to one of the eigenfrequences of the film. The 
electronic system followed the sygnal frequency and phase after some subtle changes 
of the film area. The measured eigenfrequency is proportional to the square root of 
the surface tension [13]. 

Figure 23 shows time dependence of the signal phase in the smectic F, smectic 
B phases and the coexistence region after some small and fixed decrease of the film 
area. The broadeness of this curve gives the relaxation time of surface tension. The 
difference between initial phase shift (zero) and the asymptotic value is ascribed to 
the change of the geometrical parameters of the film. The end of the displacement 
of the movable frame side corresponds to the beginning of the vertical increase of 
the phase. The relaxation time of tension in the smectic F phase 0.7% below the 
phase transition was about two seconds (figure 23a). Microscopic observations show 
that no smectic B domain have been produced. The relaxation of tension in this 
case is combined only with the diffusion of molecules from the smectic F phase into 
the meniscus. 

Figure 23b shows the phase relaxation curve 0.2"C below the SmF-SmB phase 
transition. In this case smectic B domains have been produced after pushing. The 
measured curve differs qualitatively from figure 23b. One can recognize three diffe- 
rent processes. The early process is combined with the film relaxation due to the 
diffusion of molecules from the smectic F to the meniscus. This process is broken 
up by the smectic B domains formation, which is chracterized by a longer time con- 
stant. The final process is mainly combined with the tension relaxation due to the 
dissolution of the smectic B domains in the smectic F surrounding. 
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0 20 40 60 TIME (sec) 

Figure 23. Time dependence of the signal phase after a step-wise displacement of the 
movable side of the frame in a 56-layer film of 50.6: a) smectic F at T=39.44 “C (no 
domains of smectic B phase) ; b) smectic F+ smectic B coexistence region T=40.1loC 

(the smectic B domain were induced by the change of tension); c) smectic B at T=48.35” 
B31. 

Figure 23c shows the phase relaxation curve for the homogeneous smectic B 
phase in a film with a constant thickness. The relaxation time was about 4 seconds. 

RREh PER ONE MOLECULE 

Figure 24. Schematic plot for the free energy per one molecule in the temperature 
interval between T’ and T” of the phase transition smectic F- smectic B. 
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This curve was measured after some touch to the frame without any displacement. 
Because of crystallinity of the smectic B phase the frame displacement results in a 
large jump of frequency, so that electronic system was not in position to  locate the 
initial eigenmode. The main diffusion process here takes place between the smectic 
B phase and the meniscus. In the case of large deformations, when the smectic F 
islands are born the interphase diffusion plays more sufficient role in the relaxation 
process. 

The life time of the transient phases is determined by a competition of the two 
processes: interphase diffusion and diffusion from meniscus. The free energy of the 
system has a double-well structure in the vicinity of T,. Figure 24 shows a tangent 
construction for the Sm B - Sm F phase transition. The phase transition in free 
standing films takes place between the states possessing equal slope of fN(a) equal 
to the surface tension. An abrupt increase of the surface tension makes the phase 
equilibrium at higher temperatures possible. According to this model the tension 
induced phase transitions can be observed only in the temperature interval between 
T* and T**. The energy barier between smectic B and F phase disappears a t  N ~ 3 3 .  
In thick films the energy barier is large enough to prevent the formation of the smectic 
F after an increase of the surface tension. Analogous consideration can be made for 
a decrease of surface tension (pushing). This theoretical scheme explains the upper 
temperature and thickness boundary where the effect can be observed. Generally it 
also clear that this effect is expected for weak first order phase transitions, 

6.2 Correlation between the boundary reconstruction and 
the surface tension temperature dependence 

We have seen that the boundary layers of free standing films in many cases possess 
different structures with respect to the inner layers. Temperature dependence of 
the surface tension is related to the structure in surface layers and can be described 
using the wetting analogy. We shall consider the reconstructed boundary layers as 
being adsorbed on the surface of a smectic phase from its own vapour. This case is 
analogous to the formation of a liquid layer condensation on the surface of a solid 
crystal [15]. y will denote an average concentration of adsorbed molecules per unit 
area, which is proportional to the thickness 1 of the adsorbed film: 

P l  y =  - 
m’ 

where m is the molecular mass and p is the material density. 

thermodynamic inequalities obtained in [15]: 
The temperature dependence of the surface tension can be described using 
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Figure 25. Temperature dependence of the eigenfrequency of the N=101 layer film of 
ALLO (together with I. Kraus and P. Pieranski). 

Because the surface tension coefficient a is only a function of temperature, one can 
write: 

da aa d7 
dT (35) = (--)T-- 

Possible relations between structures in inner and boundary layers were listed in 
section 2.3. When the boundary layers have the same structure as the inner layers 
but different order parameter, the thickness of this layer will decrease or remains 
constant by decreasing the temperature: 

dl d r  - - N - > O  
dt d T -  

An opposite sign would mean that the surface induced order has an infinite penetra- 
tion length. This case corresponds in accordance with 34 and 35 

da - - < o  dT - (37) 

When the surface layers structure is similar to some of low temperature phases 
2 5 0, therefore 2 2 0. Such a behaviour has been observed in [83] for the 
srnectic A and smectic C' phases of ALLO, which is shown on the figure 25. The 
surface ordered layer in the smectic A of ALLO possesses the smectic C' structure 
and becomes thicker by decreasing the transition temperature. Thus, in the smectic 
A phase on eshould expect $ 2 0. 

Boundary layers in the smectic C' are supposed to have the possess the same 
structure as the inner layers but a higher order parameter. Experimentally observed 
slope 5 0 correlates with (37). 
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7 Conclusions 

Stable structures in free standing films result from the competition between the ther- 
mal fluctuations, which decrease the order parameter, and the surface effects and the 
dipolar interaction, increasing the average order parameter. Surface ordering effects 
studied by computer simulation demonstrated a good correlation with experiment. 
New structural states of the smectic C* were observed in the ferroelectric films with 
high spontaneous polarization. Using the wetting analogy it was shown that the 
temperature dependence of the surface tension correlates with the type of surface 
ordering. As a continuation of this work it is interesting to study the relation bet- 
ween the hexatic order and the chiral in-plane order in hexatic phases with high 
spontaneous polarization and to check experimentally the universality of the corre- 
lations between the type of the surface reconstruction and the surface tension in free 
standing films. 
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