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We present a theoretical analysis of static and dynamic properties of freely suspended films of the smectic-
C* phase in an external electric field, applied along the smectic layers. The analysis is performed within the
“clock” model, where the interactions up to next-nearest neighbors are considered. The calculated critical
electric field for the unwinding of the smect@: phase is of the order of several 100 V/mm and strongly
depends on the interlayer interactions. The calculated relaxation rates of the eigenfluctuations of a d{istem of
layers are in the kilohertz range for phase fluctuations and several megahertz for amplitude fluctuations.
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[. INTRODUCTION structure[4,7]. The deformation is symmetric, so that a non-
polar structure is formed, showing small antiferroelectriclike
In recent years, there has been a considerable interest rasponse to an external electric field.
understanding the structure of the novel phases of antiferro- The structure of these phases, as well as the ferroelectric
electric liquid crystals. Different experimental techniques,and antiferroelectric phase, is successfully described within
such as the resonant x-ray scatterjifig) dielectric spectros- the “clock model,” first developed by €pic and Zks[8].
copy [2,3], optical rotation[4], and ellipsometry on freely This is a 3D-XY phenomenological model, based on the in-
suspended filmg5,6] have been used to characterize theterlayer interactions, first introduced by Sun and Orifj&ia
structure of these phases, such as the smé&dtiend the two  Within this model, each smectic layer is treated as an inde-
ferrielectric phases. It is now quite clear that the smeCfjc- pendent system, coupled via interactions to the nearest and
phase is a tilted smectic, incommensurate helical phase, withext-nearest neighbors. Whereas the first version of this
the helical period that extends over typically ten smectic laymodel [8,10] could not explain the deformed ferrielectric
ers[1,5]. This phase is therefore similar to the conventionalPhases, a refined version solved this problem and is capable
ferroelectric smecti€G* phase, the only difference being in Of reproducing the deformation of the unit cell and the phase
the length of the helical period and the mechanism, resporsequence as welllL1].
sible for the helical arrangement of the molecules. Whereas the clock model explains these different struc-
There has also been a considerable debate on the structdkies of antiferroelectric liquid crystals, little is known about
of the ferrielectric smectic phases, which appear to be perithe interactions between the smectic layers, that presumably
odic phases, with a unit cell equal to three and four smectidrive the phase sequence and determine the structures. These
layers, respectivelfl]. The ferrielectric smecti€,; phase, interactions are effectively included into the free-energy ex-
also known as the smect(b§ phase, is the phase with three pansion[8] and are difficult to extract from the present ex-
smectic-layers unit cell. The arrangement of the moleculeperiments. Obviously, new experiments are needed that
within this unit cell is asymmetrically deforme] and  would give a deeper insight into the nature of interlayer in-
forms a polar unit cell. This unit cell repeats along the nor-teractions. In this situation, free-standing films of sme€tjc-
mal to the smectic layers, so that a helicoidal and polar ferand ferrielectric phases represent a unique system, where
rielectric phase is formed, with a helical period in the regionthere might be a possibility of systematical tracing the inter-
of several microns. On the other hand, the second, th&yer interactions by systematically varying the number of
smecticCg,, phase, is a four smectic layers unit cell struc-smectic layers and observing the changes in the overall struc-
ture [1]. The molecular arrangement of the unit cell is ture and dynamics of freely suspended films.
strongly deformed and approaches nearly Ising-like planar Following this idea, we analyze in this paper the equilib-
rium structure and the dynamics of a free standing film of the
smectic€? phase, consisting dfl smectic layers in an ex-
*Email address: igor.musevic@ijs.si ternal transverse electric field. The equilibrium structures are
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FIG. 1. The coordinate system withaxis perpendicular to the

smectic layers. The directcﬁi determines the average tilt of the
molecules in thath layer; its projection onto the smectic layer is

the order parameteﬁ‘fi . Spontaneous polarization is perpendicular
to the tilt vectoré; .

The coefficientsay= a(T—T,) andb, describe the intra-
layer interactions and to the largest extent determine the
value of the tilt angle. The next two terms are the lowest
order terms describing the interactions between the neighbor-
ing layers. The coefficierttis of chiral origin and describes
the nearest neighbor chiral interactions. The last term de-
obtained after minimizing the total free energy of the systenscribes the coupling of spontaneous polarization of each
of N coupled smectic layers, using a method, first proposethyer with the external electric field. The surface interactions
by Rovek et al.[12]. The fluctuation spectrum of a system of the outer layers are implicitly taken into account, if we
of N coupled smectic layers is also analyzed by applyingdefine the order parametéy=0 for i<1 andi>N. Physi-
Landau-Khalatnikov dynamical analysis. We calculate the reeally, this means that the first and the last smectic ldyer,
laxational eigenvalues and eigenvectors of fluctuations anthe two outer layeps as well as their first interior neighbors,
we follow the changes in the spectrum, induced by the apedo interact only with the layers in the interior of the film,
plication of an external electric field. We observe that there isvhereas there is no molecular interaction with empty space
a certain critical field, where the helical structure becomesutside the film. This leads to equilibrium tilt angles, which
unstable and a transition to an uniformly polarized ferroelecare slightly different for the surface layers, in agreement with
tric phase occurs. The chirality of the system has a signifiexperimentg 13].
cant influence on this instability and also strongly hinders the The equilibrium structure of the smect* phase in an
complete unwinding. In some cases, depending on the relaxternal electric field is calculated by minimizing the free
tive strength of the first and second neighbor interactions, agnergy of a system with respect to a set &f @rder param-
intermediate, field-induced phase is stable in between theter components. Following the procedure of Revet al.
deformed smecti€* phase and the uniform, field-unwound [12], we expand the free energ®) by writing each compo-
phase. This phase is absent for large values of chiral interactent of the order parameters as a sum of its equilibrium value

tion. ¢ and a small correctiodé; ,
_ q0
Il. EQUILIBRIUM STRUCTURE OF A FREELY Q=90 +8%,  @i=¢+5e;. ©)
SUSPENDED FILM OF A SMECTIC- C* PHASE IN AN
EXTERNAL dc ELECTRIC FIELD The expansion is performed up to the second order in

corrections. In the second step, we obtain stationary values
of the free energy by the minimization with respect to small
corrections of the tilt and phase in each layer,

We consider a freely suspended film of the sme€xfc-
phase, formed dfl smectic layers. The molecular orientation
within theith layer is described by the two-dimensional or-
der parameter, shown schematically in Fig. 1,

&G—O 0G—0 i=1 N (4)
&= 1j(cose;,sing;). 1) 5% il

We obtain a system of coupled linear equations for the set

Here, d; is the magnitude of the tilt angle anq is the phase  of correctionssd; and 5¢;. The two sets of equations are
of the director in theth layer. solved separately. First, we solve the system of nonhomog-

We analyze the stability of the structure of the sme€ifc-  enous linear equations for the corrections of the ditt; ,
phase by expanding the free energy of a systeid cbupled  keepinge; constant. This system is
smectic layerq?2). It includes the nonchiral interaction be-
tween a given layer and its nearest and next-nearest neigh-
bors, the chiral interaction with nearest neighbors and the
term that describes the interaction between the electric polar-
ization of each smectic layer and the external electric fieldHere 69=(6301,09,, ...,00y) is aN-dimensional vector
which is applied in theydirection. of corrections of the tiltB 4 is a N-dimensional vector with

The free energy of a system Nfcoupled smectic layersis components

Ag60+By=0. ()
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andA; is a symmetridN X N five-diagonal matrix,

- A1 040 0 0 f 0q0
A (i,i+1)=—=0797 , co8¢p; — ¢ )+ =0
Ay(ii)=ag+3bo(99)2 i=1,...N, ¢ 2 7o LT 2T

xsin(e?— ¢ ,), i=1,...N—1,
Aslii+ )= Sos 69— 60, 1)+ wsin 60— 2, ), . 3 .0 o o
2 2 A‘p(|,|+2):§’8i ﬁi+2 COi‘Pi_QDH—Z)’
i=1,... N—1, .
i=1,...N—-2. (10)
a, This two-stage iteration process is then repeated at some
Ay(i,i+2)= §COS(¢?—¢P+2), i=1,...N=-2. (7) higher value of the applied electric field and the new equi-
librium structure is calculated in the same way as described
above.

We use an iterative numerical procedure, which starts As an example, we show in Fig. 2 the behavior of a sys-
with some preselected values of the tilt and phase anglesem of five-layer film of a smectiG* phase N=5) in an
Usually, the initial approximation for the structure of the external electric field, applied perpendicularly to the layer
smecticC’, phase at zero electric field was taken to havenormal. The structure was calculated for different values of
some constant value of the tilt and the symmetric orientationhe chiral parametef=0, f=0.01*a,, andf=0.1*a;. The
of the phase through the set of layers. Then, we repeatedlypical value observed in bulk polar systems is0.01*a;.
improve the initial approximation for the structure until the The values of the other material parameters agla
resulting set of tilt vectors satisfies a desired numerical pre=—4 K, by/a=40 K, a;/a=—1.1 K, a,/a=25 K,
cision. a=4x10%J/n? K, andC=1.5x10% V/m [14]. The coeffi-

The same procedure is then applied to the system of noreientsa, andb, are chosen in such a way that they represent
homogenous linear equations i@y, , keeping the calculated a smecticc* phase at a temperature of 4 K below the
equilibrium value ofd; constant. This system of equations smecticA phase. The ratio of; anda, is chosen so that it
for the unknown phase angles is again written in the matrixepresents a smect@* phase with a period of approxi-
form, mately five layers. At zero field, the molecular arrangement

is already asymetric, as the phase angles of the surface layers

A,8¢+B,=0. (8) (see layers 1 and 5 in Fig) 2are different from those in the
interior. The tilt magnitudes are close to 12° and are also
slightly different for the outer layers. This reflects the ab-
sence of intermolecular interactions between the surface lay-
ers and the empty space outside the film. We should stress
that the helical molecular arrangement of the sme€Cfjc-
phase is obtained already in the achiral case, wief. Of
course, the sense of the helix is in this case degenerate,
which means that right- and left-handed sme@jt-phases
are equally probable. By introducing a finite chifalerm,
this degeneracy is removed, and one sense of the helical
¢ structure becomes energetically favorable.

iy 0_ 0 040 0_ 0 As one can expect, by increasing the field strength, the
Xsin(er = ¢i-2) ] = Z L9701 coder—¢iy) molecules tend topalign )i/n the plan%, perpendicularg to the
field, as the electric dipoles are preferentially aligned into the
field direction. In a nonchiral systeni=0 [Fig. 2(a)], the
short-helix smectic&* structure is unwound at some value
The components of a matrik,, are of the critical fieldE; and we have a uniformly aligned and

Here, So=(5¢1,8¢,, ..., 0¢y) is a N-dimensional vector
of corrections of the phase aigj,,

Lo a . .
By (i) =2 [ 97071 sin(¢] = @i’y 1) + 9797y sin(¢]

a .
— o))+ g 97005 sin(e = i) + 9797,

— 9097, cod g1~ ¢))]-CEW; sing!.  (9)
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FIG. 2. The behavior of a five-layer film in an external applied  F!G- 3 (&) The field dependence of the, component of the
electric field for different values of the chiral term(a) f=0: by ~ Static induced electric polarization for the five-layer fil, in-
increasing the field strength, the molecules tend to align in the plang'€@ses with electric field and reaches a saturation level at the criti-
perpendicular to the field, as the electric dipoles are preferentiallfF@! fi€ld E¢ only in the nonchiral system with=0. For finitef, the
aligned into the field direction. The result is the unwound structurg"@nsition is smeared outb) The static electric susceptibility. The
above some value of the critical fielel.. (b) and(c) At somewhat values of the material parameters agg/a=—4 K, b/«

higher values of, the phase transition disappears and the structuré 40 K, ar/a=—1.1 K, a/a=25 K, a=4x10° J/n? K, C
5x10° V/im,f=0, f=0.01*a,, and f=0.1*a;, respectively

remains twisted for any value of the field. The values of the material” 1
parameters areay/a=—4 K, by/a=40 K, a;/a=-1.1 K,
a/a=25 K, a=4x10%J/n? K, C=1.5x10® Vim, f=0,
f=0.01*a,, andf=0.1*a,, respectively14]. fields. This unusual persistence of the twisted structure can
be understood using a simple argument, based on the com-
- o ~ petition between chiral, elastic, and dipole-field interactions.
unwound smecti€; phase. The unwinding transition is A simple calculation of the free-energy contributions of chi-
similar to the very well-known unwinding of the helicoidal ra), elastic, and dipole-field coupling terms shows that the
ferroelectric smectiG* phase in a transverse electric field chiral and elastic free energies are linear in the total twist
[15]. The critical electric fieldE strongly depends on the angle but opposite in sign, whereas the dipole-field free en-
value of the piezoelectric consta@t describing the bilinear  ergy is quadratic in a total twist angle. Because of competing
coupling between the polarization and the tilt. This constantree-energy contributions the minimum of the free energy is
is of the order of 10 V/m in the ferroelectric liquid crystal ~therefore always located at a finite value of the total twist
DOBAMBC [15], which has a spontaneous polarizatiéy  and the structure is never unwound, contrary to bulk materi-
=3x10"°> As/n¥. As the spontaneous polarization of most als[16].
materials that form smecti€?, phase is of the order of 100 Figure 3a) shows the field dependence of the static in-
times larger, we choose somewhat larger value @f duced electric polarization for the nonchirdl<0) and chi-
~10° V/m. This results in critical electric fields of the order ral (f=0.01*a; andf=0.1*a,) five-layer film. As expected,
of E.~300 V/mm, which is definitely within experimental they component of the polarization increases with increasing
reach. field, as dipoles are more and more aligned into the field
However, the situation is quite different for nonzero val- direction. However, above the critical field, the polarization
ues of the chiral tern. In this case, shown in Figs(l® and s fully saturated only in the nonchiral systerfx=0. The
2(c), the phase transition disappears and the short-helistatic electric susceptibility of the five-layer film is shown in
smectic€? structure is never really unwound. The structureFig. 3(b). The susceptibility increases in the vicinity of the
gets a tail of nonzero values of phase angles in each layer. Agitical field, but there is no divergence, characteristic for
a result, we obtain a long-pitch twisted structure that is verybulk systemg16].
persistent to external electric field and only gradually ap- The field-induced transition is for this number of smectic
proaches unwound state in the limit of very large electriclayers and this range of free-energy parameters continuous
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. B layers are arranged in a clockwise manner, as we move along

150 \ (@) ] the layer normal. But, then, at the fifth layer, the sense of this
100 '_N ] short-period helix is inverted. The phase angle increases as
o0 50— - we move to the next layers and the sense of the helix is now
= 04 76 ] anticlockwise. This peculiar arrangement turns out to be very
‘; 14 3 . resistive against the applied electric field and persists up to
-50 1-3——/ 7 80 V/mm. In view of its peculiar structure, we call this field-
-100 -/ 4 . induced phase an antihelical structure.
_150;/E01 E02 ] We should, however, mention that the stability of this
1 , structure strongly depends on the strength of the chiral term

0 20 40 60 80 100 f. As an illustration, we show in Fig.(8) the behavior of the
same film for an increased value of the chiral tefm
=0.1*a;. It is evident that the strange antihelical structure
disappears for large values bf
Let us now discuss the influence of the chirality of the
system on the structure of the smed@i-phase in an elec-
tric field, as obtained within the clock model. We could see
from the calculations that the chiral term significantly influ-
ences both the stability of different field-induced structures,
as well as the unwinding process. Chirality is therefore of
————— crucial importance and the question arises, what are realistic
0 50 100 150 200 250 300 350 400 values of the chiral terrf? _ _
It is generally accepted that the chiral term is small com-
E [V/mm] pared to other terms in the free-energy expansion of bulk
FIG. 4. (a) The behavior of a seven-layer film in an applied fe_rro_ele_ctric quuid_crystal$15]. Its magnitgde in ferroelec-
electric field. The structure is characterized by two critical fieldstrC I|qu_|d crystgls 'S”Q'Ol,*al and determines the length of
E., and Egp. At E., the smectic€® phase is deformed into an the helical period, which is typically around m. Such a
antihelical structure. This structure persists up to the fieldSmall value of the chiral term was also successfully used in a
Ec, Where it transforms into the unwound structure. The valuestlock model to fit the experimental results of the high reso-
of the material parameters am,/a=—4 K, by/a=100 K, lution study of the birefringence and optical rotation in vari-
a;/a=-05 K, a,/a=1.0 K, a=4x10® Jn® K, C=15 ous antiferroelectric liquid crystald4]. Interestingly, these
x10° V/m, f=0 [14]. (b) The antihelical structure is absent for materials exhibit relatively short helical periods, which leads
large values of the chiral parametér=0.1*a,. The rest of the to the conjecture that the magnitude of the chiral term may
parameters are the same. be large in these systems. However, it was shown a long time
ago[17] that the chiralLifshitz) term is not the only term in
and the phase of each smectic layer continuously mergese Landau free-energy expansion of chiral smectics that de-
zero. By increasing chirality, the transition is only smearediermines the length of the helical period. Other terms of
out. However, we obtain in some cases an unexpected resighiral origin are also important and strongly influence the
by increasing the field strength: a discontinuous transitionength of the helical modulation. For example, the biqua-
into a novel phase that is in between the distorted smecticdratic coupling between the tilt and polarization, which is of
C}, phase and the unwound phase. This novel phase can bghiral origin, is an essential term in the generalized Landau
obtained either by choosing a different set of free-energynodel [15,17] that can explain strong temperature depen-
parameters at a given number of layers, or by taking a difdence of the helical period in typical ferroelectric materials
ferent number of layers at the same parameters. Fig@e 4 like DOBAMBC and CE-8, as well as reentrant phenomena
shows such an example of a structure ofNa=7 layer inthese materials. This achiral interaction is also intrinsically
film, which is obtained for the parameter&;/a=—4 K, present in the clock model and leads to a strong helical wind-
bo/@=100 K, a;/e=-05 K, a,/a=1.0 K, @=4 ing of the smecticS* phase even in the absence of chirality.
X10° I K, C=15x10° V/m, and f=0 [14]. In this  |n this achiral case, left- and right-handed sme@jcphases
case, the electric-field dependence of the structure is charagre equally probable. By introducing chiral interaction, the

terized by two critical electric field&, andEc,. When the  twist degeneration is removed and only a given sense of the
first critical field E, is exceeded, the distorted smedd-  helical structure is energetically preferred.

phase is transformed into a new structure that is substantially To summarize this discussion on the role and realistic
different from the ordinary smecti€?, phase. Whereas, the values of the chiral term in the free-energy expansion of
ordinary smectic=* phase is characterized by a uniform in- antiferroelectric liquid crystal, we can foresee two different
crease of the phase angle, as we move along its short-peridichiting situations:(i) the chiral termf is for some intrinsic
helix, this new phase is quite different, as one can see fromeason large and has a dominating role for the magnitude of
Fig. 4a). First, by following Fig. 4a), one can see that the helical modulation. This situation is quite realistic, as can be
phase angle decreases, as we are moving from the first to tlewidenced from the miscibility studies of the chiral-racemic
fourth layer. This means that the molecules in neighboringsmectic€* phase[18]. In this case, there is no sharp un-
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winding transition in free standing films of smect: phase v

in a transverse dc electric field. The phase can never be tru

unwound and the strange antihelical phase is abgéenThe

chiral termf is small, similar to ordinary ferroelectric mate- *
rials. In this case, there is a sharp unwinding transition ant

the antihelical phase is present. The system is nearly achir.

and the free energies of the right- and left-handed smectic a)
C* phases are nearly degenerate. The energy splitting is on vi
due to a small chiral contribution that prefers a given sens:

of the helical period and removes the degeneracy. In thi

nearly achiral case, it is likely that domains of left- and right- * *
handed smectiG* phase could exist in a given sample. Due W
to negligible optical rotation, they cannot be discriminated ' |

optically but may be distinguished due to disclination walls ?
between regions of opposite twist.

=

FIG. 5. The eigenvectors of phase modes in a five-layer film at
zero electric field. The small arrows indicate the direction of the

Ill. DYNAMICAL PROPERTIES OF A FREELY fluctuation of molecules in each of five layers.
SUSPENDED FILM OF A SMECTIC- C¥ PHASE
IN AN EXTERNAL dc ELECTRIC FIELD The partial derivativesG/95W¥; are thus conveniently ar-

ranged in a A X 2N-dimensional matrix following the same

For the analysis of the dynamical properties of theprocedure as in Eq$3), (5), and (8),

smecticC? phase, we use the well-known Landau-Khalatnik
formalism, which describes the regression of a given fluctua- JG A 0
tion of the order parameter towards equilibrium e R ) 14
~ (14)
ERN, 0 A,
d¢ oG
ERAFTE a—g (11) Here,A, andA, areNXN matrixes defined before in Egs.
(7) and (10). The off-diagonal terms in the matrisG/d 5w

Here,y is the rotational viscosity coefficient ar/d¢ is a can, however, in most cases be neglected.

thermodynamic restoring force that drives the system back tg For aN-layer film we haye, thgrefore,l\?degrees of free-
equilibrium. Here we consider only the fluctuations with thedorn a.nd we should thus flnd\2¢|genvalues andi corre-
wave vector along the normal layer, whereas there is no corr?—pond'_ng eigenvectors. Each e|ge_nvalue represents a distinct
ponent of the fluctuations along the smectic layers. Similar tj;laxatlo_n rate of a distinct fluctuation of a coupled system of
Eq. (3), we express each component of the order paramet .smectlc layers. The correspon_dmg fluctuations of the mag-
in theith layer as a sum of its equilibrium value and a smalln't,ude and the phase of the tilt in thth layer can.be deter-
excitation. The solution of Eq10) is of the form mmgd from the components of the calculated eigenvector.
Figures 5 and 6 show an example of the calculated relax-
ation rates for a five-layer film of the smect®: phase at
zero electric field and=0. As expected, we obtain a set of

) . . . ten fluctuation modes, which in general represent coupled
and the system of Landau-Khalatnikov differential equations

is then transformed into a set of coupled nonlinear equations .
For our system oN coupled smectic layers, the linearized ‘
set of equations can be represented in a matrix form an

represents an eigenvalue problem for the fluctuations of /% . /% .
N-layer film, W \\b/ W

JG 0%

85\Ifi T

The magnitudes of each component of a given collective /%

8&=Eexd —t/7] (12)

=0. (13

fluctuation are now arranged as a\-2limensional vector

>

oV. The firstN components represent the fluctuations of the
magnitude(i.e., amplitudonsand the rest oN components

represent the fluctuations of the phase of the(iié., pha-
sons, FIG. 6. The eigenvectors of tilt modes in a five-layer film at zero
electric field. The small arrows indicate the direction of the fluctua-
oV, =(89;,0¢)). tion of molecules in each of five layers.
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tilt-phase modes, where the fluctuations of the tilt magnitude
and phase are mixed. However, in most cdsesh as suffi-
ciently low temperatung the coupling between the magni-
tude and the phase can be considered small and we obtain
two independent sets of modes. Five of them represent pure
phase-magnitude-fluctuation modes, shown in Fig. 5, and the
other five represent pure tilt-fluctuation modes, shown in Fig.

6. The relaxation rates of the tilt modes are typically three P 20] 8 ]
orders of magnitude faster than the corresponding phase 1947 i
modes. We therefore expect that similar to the other polar _6\ ]
smectics, the phase modes will give dominant contribution to ( N s
the linear response and quasielastic light scattering. 50'_ distorted Sm C*a unwound |
It is interesting to look at the symmetry of these modes, 404 |

presented in Figs. 5 and 6. In zero electric field, the mode
]

in Fig. 5@ and one can see that it represents pure phase
fluctuation. It is recognized as the Goldstone mode of the

system, which represents the rotation of the sample as a 1 1
whole and has therefore zero relaxation rate or infinite life- 104 I
time. The mode that has a slightly larger relaxation rate is 11 = |

H H H H H H L T L 1 2 T % T L T . T 2 T L
shqwn in Fig. Bb). It is similar to the Ggﬂdstpne_ mode, W|th_ 0 50 100 150 200 250 300 350 400
a difference that the molecules rotate in pairs in the opposite
directions. The third mode that has slightly larger relaxation E [V/mm]

rate is shown in .Flg.'.@' I.t represents a mixed situation, FIG. 7. The fluctuation spectrum in the external electric field for
W.he.re the mo§t significant is the movement of the molecuileg five-layer film: (a) five phase fluctuation mode frequenciéls)
within two pairs of the outer-layer molecules. In one pair, fiye amplitude fluctuation mode frequencies. The values of the
molecules move out of phase compared to the movement ighaterial parameters arey/a=—4 K, by/a=40 K, a;/a

the other pair. The rest of the two modes have nearly the-—-1.1 K, a,/a=25 K, «=4x10° JIn? K, C=1.5x10°
same relaxation rates. As shown in Fig&d)zand He), these  V/m, f=0 [14].

modes represent an in-phase movement of the molecules in

the outer layers. After the critical field has been reached, the relaxation

The modes representing the fluctuations of the magnitudeates of all modes grow linearly with the magnitude of the
of the tilt are shown in Figs. (@) to 6(e). The relaxation rates applied field. This is consistent with perfect alignment of
of these modes are much higher, which is a general charaelectric dipoles of molecules of the liquid crystal into the
teristic of the amplitude modes. direction of the applied field.

As one can see from Fig. 7, the fluctuation spectrum is By introducing a chiral term in a system, the fluctuation
considerably changed by the application of external electrispectrum is only marginally influenced by the finiteness$. of
field. As the field breaks the continuous rotational symmetryAs this term induces smearing out of the critical electric field
of a free space, the systemMfsmectic layers can no longer and the smecti€* phase is never really unwound, the re-
freely rotate around the normal to the smectic layers. As daxation rate of the previously defined critical mode retains a
result, we expect that the Goldstone, zero frequency moddinite value of the order of several kilohertz. The chiral term
would no longer exist. This is indeed reflected in the speciherefore induces a frequency gap at the value, where the
trum of fluctuations for finite fields, which clearly shows that critical electric field is observed for an achiral system. The
even lowest-frequency mode gains a finite relaxation rate imest of the modes are not influenced by increased chirality of
a field and a finite frequency gap appears in the spectrunthe system.

The frequency gap is of the order of several kilohertz close
to the critical field. The modes therefore become “massive” IV. CONCLUSIONS
in an external applied electric field.

Particular attention has to be paid also to the mode repre- In conclusion, we have presented theoretical analysis of
senting the critical fluctuation that condenses and is resporihe static and dynamic properties of freely suspended film of
sible for the phase transition into the unwound smeCfjc- the smectic* phase in an external static electric field, ap-
phase. This is the second phase mode in Fig. 7 and is reprglied in the plane of the smectic layers. Using realistic values
sented as the second mode in Fig. 5. One can see thataf the free-energy parameters, we have shown that the criti-
indeed represents a coherent molecular movement that tri¢&l electric field for the unwinding of the nonchiral smectic-
to constrain the molecules in thedirection and the dipoles C?, phase in freely suspended films is of the order of 300
in the y direction. Its relaxation rate indeed goes to zero atv/mm, which is definitely feasible. We have also shown that
the critical field, as expected from simple symmetry argu-by increasing the strength of the chiral term, the unwinding
ments. transition is smeared out and the sme@it-phase in free

with the lowest frequency is of particular interest. It is shown % 30_.
Tl—’
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standing film is never unwound. The second important resulvinding transition is smeared out, the phase is never really
is the range of the relaxation rates of phase fluctuations. Farnwound and the antihelical phase is absent. These results,
a five-layers film, the relaxation rates of the phase modes artherefore, open new possibilities in the study of interlayer
of the order of several kilohertz and are therefore easily obinteractions in the smectic?, phase of antiferroelectric lig-
servable in linear response and quasielastic light scatteringid crystals. The analysis of the electro-optic linear response
experiments. The third important result is rather strong influ-and quasielastic light scattering cross sections will be pre-
ence of the chirality on the unwinding of the smedfif- sented in another publication and we expect it would stimu-
phase in external electric field. For strong chirality, the un-late new experiments on freely suspended films.
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