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Dynamics of electro-optical switching in the antiferroelectricB, phase
of an achiral bent-core shape compound
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A detailed study of the dynamics of electro-optical response has been carried out over the whole temperature
range of the antiferroelectriB, phase of a compound with bent-core shape molecules, a homotet4) of
the series 4-chloro-1,3-phenylene[Big4-n-alkylphenylimingbenzoateg Two types of stripe domains were
observed with opposite handedness and simultaneous clock and anticlock motion of the director in the neigh-
boring domains. The temperature dependence of the interlayer potential has been found from the threshold of
the transition from the ground antiferroelectidF) state to the field-induced ferroelectr{€) state. The
rotational viscosityy,, has been calculated from the dynamics of the field-induced azimuthal director switching
between F-F and AF-F states and free relaxation of the director from F to AF state. The electro-optical response
was also observed below the AF-F threshold. The latter was attributed to the soft-mode distortion of the
molecular tilt angle in the vicinity of the transition from tiB phase to the isotropic phase.
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[. INTRODUCTION which high-field relaxation times and rotational viscosity
have been measured for chiral AFLC compounds. As to
Recently liquid crystalline polaf1], antiferroelectric —achiral bent-core compounds, up to now, only qualitative re-
[2—4], and ferroelectrid5] compounds have been designedsults on kinetics of the polarization reverda4-16§ and
which, in contrast to well known liquid crystalline ferroelec- field-induced texture changed7] are available. For in-
tric (FLC) and antiferroelectri¢AFLC) liquid crystals[6,7],  Stance, according to our knowledge, a quantitative estimate

are composed of achiral molecules and show high magnitua%f the rotational viscosity has been made only in one paper

of the electric polarizatioisee for review, Ref[8]). New The aim of the present paper is to investigate the dynam
mpoun nsisting of bent- nana-sh mol- . . o= )
compounds consisting of bent-cafer banana-shape mo ics of the director switching for a bent-core compound that

ecules|2,4,9] form many different phases, among them thehas theB, phase at relatively low temperature and reveals

B, phase seems to be the most interesting from the fundabery high value of spontaneous polarizatidrs, 19, In this

mental point of view. Due to spontaneous breaking of syrn'Work, the director dynamics was studied over the whole tem-

metry, the achiral ”?ed'“m fo_rms two types of_chlral domamsperature range of thB, phase in different regimes, below
[9], left (HL) and right(HR) in equal proportion, and also 504 apove the field-induced ferroelectric-antiferroelectric
racemic domainsR). The ground, zero-field state of the  ansition. In the compound studied, as a result of symmetry
domains is syncliniémolecules are tilted with the same azi- preaking, two systems of chiral stripe domains form, each
muthal anglg but with the opposite direction of the in-plane pehaving as a conventional chiral ferroelectric. The latter
polarization in the neighboring layers. Under an electric fieldallows for a quantitative interpretation of experimental data
exceeding a certain threshold, the polarization follows theysing a theoretical approach developed for chiral AFRQ].
field direction and the structure becomes anticlinic with theTherefore, in Sec. Il, we briefly remind a theoretical back-
opposite tilt in the neighboring layers and uniform polariza-ground developed for chiral AFLC, which is used later on for
tion. The ground state of the HL and HR states is anticlinicinterpretation of experimental data. In Sec. Ill, the results on
(but also with alternating direction of the local polarizajion electro-optical switching and a threshold for the field-
and the field-induced state is synclinic, like in tfsnecti¢  induced transition between the ground ferroelectric and field-
Sm-C* phase, with uniform macroscopic polarization alonginduced antiferroelectric states are discussed. Finally, in Sec.
the field direction. IV the temperature and field dependencies of the electro-
Needless to say that dynamics of bent-shape compourfPtical switching times are presented and the rotational vis-
switching is even more complicated than that of the FLC and0Sity and relevant elastic properties of the compound are
AFLC. However, even for conventional, chiral AFLC the discussed.
experimental data on the subject are very rare. In fact, their
dynamics was studied both theoreticdl¥ and experimen-
tally (see, e.9.[10,11]) mostly in the low-field limit. We We would like to discuss our achiral antiferroelectric in
were able to find only few papers on AFLC, e[d.2,13,in  terms of a conglomerate of two subsystefos domain$ of

II. BACKGROUND
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|- electric soft modg In uniform electric fieldgq=0, the soft-
' @ ening is somewhat incomplete.

Py P, The structure of ferroelectricr(,) ~*(F) and (ry) *(F)
branches is more complicated, however, both of them in-
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z *— E>Ey, (F) and gbove the AF-F thre_shold _has been discuss_ed th_eoreti-
E=0 (AF) x ® cally in Refs.[20,21]. For finite size samples, the distortions

below the AF-F threshold remind the Frederiks transition in
nematics. The density of the bulk free energy in the simplest
case[21] was taken in the form

FIG. 1. A structure of a chiral antiferroelectric liquid crystal
below (left) and aboveright) the field-induced AF-F transition.

conventional chiral AFLC of opposite handedness. We shall 2 2

) . . ; : 1 ID; ID;

ignore the difference between racemic and chiral domains F=-K||—]| +|—] |+Wcog®,,,— ;)
because they behave quite similarly in dynamic experiments 2 Ix 9z

[16,18. —PoE cosd; 2

In Fig. 1 (left) a model of a chiralbut helix fre¢ AFLC 0 a @
is presented. Molecules form a lamellar smectic phase with @ ere, the first term describes the nematiclike elastic en-
normal along the_rubblng directionand _W|th alternatlmg tilt ergy in one constant approximatiok €K sir? 9). All spe-
of the same amplitude: & and phase differing by 7 inthe - ific properties of an AFLC are included in the second term
neighboring layers. The electric field is supposed to be apst £q. (2), which corresponds solely to interaction between
plied in the smectic layer plane along tizeaxis. Due 10 pgjecules in the neighboring layers. Moreover, only the first
chirality each layer possesses polarizatigiperpendicular parmonic of interlayer potential/ is taken into consideration
to the tilt plane. The total polarization in the ground state iS(a role of the second harmonic is discussed in Fzd]). The
zero and the antiferroelectric Sy phase is nonpolar. With * thjrg term describes interaction of the external fiEldvith
increasing external field a transition is observed from thgpg layer polarization. Although for substances with high
a_mtiferroelectric(AF) _groupd state to the_f_erroe|eth(¢:) the dielectric anisotropy can be neglected, the quadratic-in-
field-induced state, Fig. Iright). After transition, allPo are  fie|q effects are still taken into account by terms proportional
oriented along the field and the director azimuth is the samg, p2.
in all smectic layersp =0. Such a transition in conventional  The solution of Eq(2) depends on further simplifications.
chiral AFLC is of first order and begins with nucleation of |t yne assumes that the director in the odd layers wlith

solitary orientational wavef20,21). =0 is unaffected by an external field and only the azimuth in
The behavior of infinite AFLC samples below the AF-F the even layer®, . , is changed fromr to O, then, for infi-

threshold is carefully analyzed in Rdf7]. In dynamics of nitely thick sample ¢— ), the torque balance equation re-
the two-component order parameter, four different mddes §,,ces to the form

four branches of the dispersion curves,*(q)] have been
found, two antiferroelectriéamplitude? and phasep of the
tilt) and two ferroelectric. The antiferroelectric branches for
AFLC with helical wave vectog, have the following struc-
ture:

éKI)_KaZCD-i- 2W—PyE)sin® 3
Yeor ~K o2 ( oE)sin®. ©)

Here, to describe the dynamics &f at constant}, the
1 2a Ka ) viscous torque is introduced with viscosity coefficient
Ty (AF):T(Ta_T)J’?(qua) , =ysir? 9 [22]. If the elastic term is discarded and din
—®, Eqg. (3) would predict a second-order field-induced
K, AF-F transition with a threshold field for the distortion
7, (AF)=—(q*0y). (1)
Y 2W
, 5 Etn="p @
Here, T, is temperature of transition from SHh-to 0
Sm-C, phaseK, is nematiclike elastic modulus, ang} is
Landau coefficient. The viscosity coefficiemtis taken for
both modes. Note that for excitations with wave veatgor
=(,, for example, in light scattering experiments,PI*l is 1
zero at any temperatufgapless Goldstone mode, called also Tak=—(PoE—2W) (5)
acoustic branchand (r4) ! tends to zero aT, (antiferro- ARy, '

and the following inverse switching times for the AF-F tran-
sition and back relaxation=0) from the F to the AF state
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A thickness was chosen in order to avoid boundary effects. The
TEA= - (6) inner surfaces of the cells were covered by 100-nm-thick
Ye polyimide layers(Nissan Chemical Industry RN-126@nd

rubbed unidirectionally. The cells were filled with a liquid
crystal in the isotropic phase and placed in a sample holder
with optical windows providing microscopic observations
under temperature control. Figure 1 corresponds to the top
view under a microscope with the rubbing direction along
they axis.

In reality the AF-F transition is of first order and it can be
described in terms of two variable anglés (¢ — ¢)/2 and
B=(+ ¢)/2 where, in accordance with E(R), in odd lay-
ers®,= ¢ and in even layer®;, ;= 7— ¢y with o= =0 in
the ground stat¢20]. Close to the field-induced AF-F tran-
sition, angleg is saturated atr/2 and the transition is con-
trolled solely by an anglex. With a contribution of the B. Technique

second-harmonic amplitude in the interlayer potentigbr- In this work, we used three methods for studying the AF-F
ied numerically in the range (0.1-0W) the threshold field threshold and dynamics of the direct@and polarization
was found to be switching:

(1) For measurements of the threshold field for AF-F tran-
Epr= (3.2- 2'4)W_ 7) sition, we applied to a cell a low frequency triangular voltage
Po form (amplitudeU ,,= 100 V, frequencyf=1.3 Hz) and ob-
serve the electro-optical response with a digital oscilloscope.
At low fields much belowE, ¢, anglea is small and the  The cell was installed under a microscope with the rubbing
whole situation is controlled by angle. For samples of a direction along the light electric vector and with an analyzer
finite thicknessd and infinite anchoring energy, the theory in the crossing position. Filtered light from the microscope
predicts the Frederiks transition with a voltage thresholdvas used for cell illumination and the optical transmission
U= (27/Py) (WK)Y2 Above the Frederiks thresholthut ~ could be observed by eye or recorded using a photomultiplier
still below the AF-F thresholdthe relaxation rate of thg  and charge-coupled device camera. .
distortion is quadratic-in-field and follows the expression (2) For investigations of dynamics of the director below

[23]: and above the AF-F transition, we also used electro-optical
measurements but with a special shape of voltage form. As
1 PSEZ expected for two kinds of domains with opposite chirality,
¢;1=—< + inz) (8)  the sign of the electro-optical response is the same for pulses
2y,\ 4W of positive and negative polarity and a standard rectangular

. . _ . voltage form with duty ratid> =1 cannot be used for study-
In geometry of Fig. 1g; is @ wave vector of any distortion juq relaxation processes. Therefore, we synthesized polar

along thez or x coordinates. (positive and negatiyepulses with duration 20—30 ms and
separated by 100—200 ms interval. In this case, after appli-
Ill. EXPERIMENT cation of each voltage pulse the liquid crystal has enough

time to relax completely. With a digital oscilloscope, we
could measure both voltage-on and voltage-off timgsand

The substance studied is an alkyl homologuet,ss at different voltage and temperature.
(n=14) of the series 4-chloro-1,3-phenylene [Bi¢4- (3) For studying dynamics of the field-induced F-F tran-
n-alkylphenylimingbenzoatek Fig. 2 investigated earlier sition, a square-wave voltage formU{=100V, f
[16,19. It is crystalline at room temperature, and hasBe =950 Hz) was applied to the cells. In this case, the ground,
antiferroelectric phase in the range 70-127°C. The firstantiferroelectric state is bypassed and the corresponding
order transition to the isotropic phase with a temperaturéWitching timests,, can be different fromt,, and tof;. In
hysteresis in the range 123—-128°C is accompanied by |ar(f<per|ment, we measured both the front of the electro-optical

enthalpy of 14.9 kJ/mol. The dependence of polarization o esponse and the width of the repolarization current pulse,

e appld votage maniests a hyseresis tpical of 'l COTEALNG W each over. However, e crterior fr
AFLCs, with the maximum field switched polarization sw b P

Pewmar=Po=380 nClcr?, almost independent of tempera- [6] and the current peak technique was thus preferred.

A. Material and cells

ture[16]. S IV. RESULTS AND DISCUSSION

The cells were made of two indium-tin oxide covered )
glass plates separated by Teflon stripes to form af0gap A. Texture and electro-optical response
(measured by capacitance of the empty gellith an elec- As shown earlief17,18, textures of theB, phase are

trode overlapped area aboutx4 mm. Relatively large strongly dependent on cell treatment by electric field and
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(b)
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FIG. 3. (a) The initial texture of theB, phase(no field, crossed
polarizers, rubbing direction is vertical, =80 °C, photo size 0.46
% 0.34 mn?); (b),(c) Stripe domains of alternating brightness at
—80V (b) and +80 V (c) (a video picture at square-wave field,
+80V, frequency 2 Hz, «=15°, T=100°C, photo size

0.46x0.34 mn?).
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FIG. 4. (a) Optical transmission of a cell as a function of rota-
tion angle of a microscope table for voltagds-0, +100 V, and
—100 V (polar pulses 20 ms, interval 100 m#ote, that the ob-
served optical response amplitude corresponds to a difference be-
tween field-induced and zero-field transmissi@ositive for ||
<20° and negative fofa|>20°). (b) Calculated dependencies of
the optical transmission for the two chiral domain systems on table
rotation anglex and field-induced director rotation angle.

thermal prehistory. One of our original textures is shown in
Fig. 3(@). It has been obtained after filling the cell in the
isotropic phase and cooled down to tBg phase without
field applied. Between crossed polarizers the texture is quite
uniform with focal conic domains parallel to the rubbing
direction seen on the black background. Under the field ap-
plied the texture changes but still shows very small domains
with typical size of 2—5um. Such a fine-grain texture
shows weak electro-optical response. In our present work,
the measurements in thH&, phase were performed on the
coarse-grain textures prepared by the treatment of a sample
with the square-wave voltag&00 V, 50 H2 on slow cooling
from the isotropic phase. Such textures show the electro-
optical response one order of magnitude higher than that of
the fine-grain texturegthe absolute value of the optical
transmission reach the level of about 10% with respect to the
transmission of an empty cell between parallel polarizers
The optical transmission was measured using a light spot
of diameter about 400 nm, hence, the domain structure was
optically averaged. The angular dependence of its optical
transmission of a cell placed between crossed polarizers is
only slightly asymmetric, as seen in Fig@# (a curve for
U=0). Here,« is the angle between the rubbing direction
and the polarizer axis, an analyzer being in the crossing po-
sition. Under an electric field applied, stripe domains appear
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tiont,=20 ms separated by 100 ms interval is applied to the
cell, the optical response at=0 is positive, independent of
field polarity: in Fig. 4a) the transmission d =*=100 V is o1k
higher than that atJ=0. Upon rotation of a microscope
table the optical response disappears at a certain critica
angle(or “magic point”) abouta=20°. On further increase ;
in «, the pulses become negative for both field polarity. 00 — . = : ('J . p” : o0
Such a behavior can easily be understood with a very
simple model. Imagine, that each domain subsystem has it. U (V)
own ChlrahtY’ right(R) and left (). In the ground statel{ FIG. 5. Hysteresis of the optical transmission on the applied
:O)z the_d|re_ct0rs of both subsystems are pz_irallel_ to t_h‘?/oltage scale Jth is threshold voltage for AF-F transitipninset:
rubbing direction. However, when, say, a positive field is,gcjllograms of the electro-optical response at the threshold voltage
applied, the director oR (L) domains rotates clockwise 7q v (1) and at a voltagé) = 100 V exceeding threshol@). Tem-
(counterclockwiseby an angleV (—WV) dependent on field, perature 71.4°C.
and the inverse picture is observed for the negative voltage
pulse. Therefore, the directors of the two domain subsystem .
always rotate in opposite directions and may be considereti'® Top(U) curve. In this way, the whole temperature de-
as two rotating birefringent plates. Then the total intensity ofP€ndence of the threshold voltage for the field-induced tran-
transmitted light is a sum of the intensities transmitted bysmon from the antiferroelectric to ferroelectric state has been

each domain subsystem measured, see Fig. 6.
4 As in a chiral AFLC, the threshold decreases considerably

| =Ig+1 =1o(AI2)si? 2(a—V¥)+1y(A2)sir? 2(a+W¥) with increasing temperature. With the polarization known
from our previous pap€rl6], it is easy to calculate the in-
=10A(1—cos 4a cos 4¥)/2. (9 terlayer potential from Eq4): W=2U,,/dP,. We have not
o ) ) o used Eq(7) which predicts 1.5 times higher threshold for the
Here, I, is intensity of light incident onto a cell and po- samew because, in our case, the transition is not as sharp as
larized alonga =0, angle is taken from the rubbing di- required by the theory for a first-order field transition and Eq.
rection, andA is the total area of the cell. The total optical (7)'\ould overestimate th&v potential. Even with Eq(4)
transmission of the domain systels=1/1, corresponding to  the value ofW is rather high6—15 kPain comparison with
Eq. (9) is plotted in Fig. 4b). The dotted curve\U=0) in  gata on chiral AFLC(e.g., W~0.5-3 kPa in Ref[24]).
Fig. 4(b) corresponds to the curve=0 in Fig. 48). One  cyrye W(T) shown in Fig. 6 is exponential with relatively
can also see that there are two “magic” pointsaat = 7/8  sma|| activation energy 0.18 efthe straight line in coordi-
=22.5°, where the transmission is independen¥otthatis,  nates InW vs 10007 is displayed in the inset to Fig)6
of applied voltage. From comparison of Figgadand 4b),
we can conclude that the field-induced angle of the director

perpendicular to the rubbing direction. The brightness of the 5
. . . . . . . L = 03 -
neighboring stripes alternates upon field polarity switching. 5 2
An example is shown in Figs.(B),(c): switching of voltage 0 g 0.2
from —80 V to +80 V converts white stripes into black g B
ones and vice versa. & o2k 0.1 ]
When a sequence of positive and negative pulses of durag 00

o

10 20 30 40
Time {ms)

rotation is aboutW¥~18°—20° (this corresponds to the 421 0B eV .

maximum contrast in Figs.(B) and 3c). Despite the ex- or ar] 0 / %0

tremely simple model considered, our experimental results %, z 40

shown in Fig. 4a) are in good agreement with E(®). From %, Uy, T M

this consideration and earlier resulis], it is quite evident el By, 38 | 20

that we deal with two almost equal chiral domain sub- ~ ”““nnqj a7l w

systems, each being antiferroelectric with either left or right = “op 25 26 27 28 29 | Q

handedness. =X \"o..vi 10004 E
2} hd JPON o ey, L 10

B. AF-F threshold N""""-mn.
An example of the hysteresis type curve of the optical

transmissiorT ,,; vs external fieldpolar pulsegis shown in D e s
Fig. 5. The steepest growth &f,,; corresponds to the thresh- T¢0)

old voltage Uy, or field E;n=Uy,/d related to the field-

induced AF-F transition, although the latter is not as abrupt FiG. 6. Temperature dependencies of threshold voltage for the
as in chiral AFLCs. To find it with good accuracy the signal field-induced AF-F transition and calculated interlayer poteiwial
from the photomultiplier was differentiated with an RC cir- Inset: Logarithm of interlayer potential as a function of inverse
cuit in order to follow a distinct peak at the steepest part oftemperature.

021706-5



BLINOV et al. PHYSICAL REVIEW E 67, 021706 (2003

800 T T T T T ! ) ! ' ! i T i T
| = _1000] w 785C |
7004 o E) \ i
=~ 800 "
] - ]
[ -° . \On
600+ 5 600 \ 1
° [ |
{ % ] R
500 4001 . _ >3
_ * \q o
[ |
2 1w e 8
o 4001 . oty .
[ ] n 0 . . . . —
E s " 0 20 40 60 80 100
= 300+ R '.toff U (V)
-
[ ]
200 .°I°" “, _
e % . 1 1000/T (K"

100 tsw DDE‘\:tD H-hnf T
| | FIG. 8. Arrhenius plots ofy, viscosity calculated for three dif-
o ferent switching regimes F-F, A-F, and F-A. Straight line shows

activation energy 0.74 eV.

T (°C) D. A-F switching and F-A relaxation

These measurements have been done with polar pulses of
high duty ratio. First, consider voltage dependencies of the
electro-optical response times at a fixed temperature. An ex-
ample is shown in the inset to Fig. 7. For all of thg(U)

FIG. 7. Temperature dependencies of switching tifdg¢s$or the
field-induced F-F transitiofcurvet,,). (Polarization was measured
with square form voltagé) =100 V, f=50 Hz); (2) for the field-

induced AF-F transitiorfcurvet,,). (Electro-optical response was h teristi . : t the AE-F t .
measured with positive and negative pulskes 100 V, duration 20 CUIVES a characteristic maximum 1S seen at tn€ Ar-r transi-

ms, full period 200 ms (3) for F-A relaxation(curvet,;) (same j[ion threshold. It is iIIust_rated .by two oscillograms in the
polar pulses Inset: Field-inducedt(,) and relaxationt,,) times  INS€t to Fig. 5. This maximum it,, may even be used for

as functions of the applied voltagpolar pulsesT=78.5°C). measuring the threshold voltagky, but this technique is not
as precise as that described above. At voltddesU,, the

inverse switching-on timd,, can be approximated by a

straight line in accordance with formul&$) and(5). There-
When square form high voltage >U,, is applied to a fore, using

cell the polarization and the director in all smectic layers are

switched from one field induced F-state to the opposite one. v (AF—F)= Po(U—Utn)ton (11)

The kinetic curves of the repolarization current show only ¢ 1.&d ’

one peak without any evidence for the ground AF state . . - .
[15.16. The switching timet,, is easily found from the we calculate the viscosity coefficients for the AF-F transi-

. : : tion. Coefficient 1.8 relating timg,, of the 10-90 % optical
width of the current peak at a half of its height and the resu'&ransmission fise time to ghar;:é?eristic timge was tgken

is shown in Fig. 7 for square-wave _voltage m:. 1oV at by analogy with FLC[25]. The viscosity coefficients found
frequency 50 Hz. The corresponding viscosity coefﬂmentrrom voltage dependencies of,() %(U) at several tem-

was calculated from the relationship well known for FLCS heraires are consistent with data on viscosity found from

C. F-F switching

[6] tsw Shown in Fig. 7. This result allowed us to measure the
Po(U—Up)t temperature dependencé electro-optical rise time,,, us-
Yo (F—F)= 0 I 8dR sw (10) ing polar pulse amplitude- 100 V, and calculate viscosity
: Yo(AF—F) with Eg. (11) from t,, and the threshold voltage

displayed in Fig. 6. The viscosity found this way varies from
0.6 to 12 Pas and the corresponding Arrhenius plot is pre-
Here,Ug is a part of the applied voltage fallen across thesented in Fig. 8.
load resistoR (R=2 k(). Going back to the inset to Fig. 7, we see that voltage
The viscosityy,(F—F) decreases with increasing tem- dependencies of the relaxation tingsg; back to the ground
perature from 3.8 to 0.2 Pas and is comparable with thé\F state show only weak variations close to the AF-F tran-
value of about 0.05 Pas reported for another banana-shapsiion. Therefore, we may use E@), at least, tentatively in
compound at a higher temperatuie=135°C [18]. The order to find new viscosityy,(F—AF) from the electro-
Arrhenius plot shown in Fig. §curve F-B gives more or optical decay times; shown in Fig. 7.
less permanent slope 0.74 eV only in the range 70-107 °C.
With further increasingl the slope reduces down to about B _ 2Wioys
0.5 eV. Ye(F-AF)=—53" (12
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FIG. 9. Top: temperature dependence of electro-optigaand
totf times measured with a voltage below the AF-F thresliptdar
pulsesU =23 V, duration 4 ms, period 80 msBottom: generalized
elastic modulusG(T) calculated fromt,; and y(F—F). Dotted
line shows a slope 3:610° Pa/K.

With increasing temperature viscosity,(F—AF) varies
within the range 0.13-3.4 Pas, its Arrhenius presentation i
also shown in Fig. 8.

The general behavior of the Arrhenius plots for F-F, AF-F,
and F-AF transitions is similar: in the range of 70-110°C

the slope is approximately same, about 0.75 eV, at hlghegmm the slope shown by the dotted line in Fig(b@ttom.

temperatures it markedly decreases. As to the magnitude

7, the data of the three methods are within factor of 3, which

is not surprising in view of the simplest approach ugsth-
plified form of the interlayer potential, linearization sin
—®, assumption of an infinite uniform sample, etdror

example,tyss times are certainly voltage dependent, even
there are small peaks near the threshold quite evident in th

inset to Fig. 7. It may point to the importance of second
harmonic in the interlayer potentidl[20] or to interaction
between not only the neighboring layers but also betwee
more distant layer§l12]. A reason for a deviation from the
Arrhenius law in the range 110-125°C is not clear yet.

E. Dynamic behavior below threshold

Below the AF-F thresholdt,;,, a pulse electro-optical re-
sponse is rather weak; the transmission amplitude is propo
tional to E2, as can be seen in Fig. 5. The corresponding on
and off times are voltage independent and always

>toi1. In Fig. 9 an example is given of temperature depen-
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therefore, polar pulses with duration 4 ms and period 80 ms
were used(even pulses with duration 20@s were tested
with the same resylt

Let us assume that the director switching at low field is
controlled by the same viscosity as at higher field. Then one
can estimate an apparent elastic modul@=y/7
=2.3ylt,¢; from the relaxation timek,¢; . For calculation of
G, we takey(F—F) from Fig. 8 and the resulting curve
G(T) is shown at the bottom of Fig. 9.

The attempts to understand this curve in terms of the azi-
muthal® distortion seem to have no perspective. On the one
hand, moduluss is too high and has quite different tempera-
ture dependence as compared to paramatshown in Fig.

6. On the other hand, if one assumes the-Kq? form,
whereK is nematiclike modulus ang=27/A is wave vec-

tor of some inhomogeneity, then the characteristic size of the
latter would be too small: withK =Ky sir® 9=10 N, A
~45 nm is only one order of magnitude larger than the in-
terlayer distance. Th&(T) behavior reminds, however, that
of the soft mode, observed earlier in vicinity of the
Sm-C,—Sm-A transition in chiral AFLCH10,11].

As well known, at the Snmik—Sm-<C, transition the soft
mode is related to antiphase fluctuations of the molecular tilt
angle. Such a tilt is a part of the antiferroelectric order pa-
rameter. In our case, there is no 3mand the antiferroelec-
tric order appears simultaneously with the orientational
(nematig and positionalsmectic density wayeorders at the
same first-order transition. In such a case, fluctuations of
different order parameters can coexist. An example is linear
electro-optical (“electroclinic”) effect in a chiral nematic

hase near the first-order transition to €M-phasg26,27).

f course, the fluctuations exist at both sides of the transition
although are observed with different techniques. In our case,
the curveG(T) diverges at thd,—Iso transition pointing to
e existence of antiferroelectric soft-mode fluctuations.

it is possible to estimate an apparent Landau coefficient
aapp- A value a,p,=3.6x10° Pa/K typical of the FLCs
[28] is obtained. It is not surprising because the same mo-
lecular tilt is involved in both cases.

Since our electro-optical response beltly, is propor-
tional toE, we believe that the high temperature divergence
6f the curvest,, andt,;; is related to the antiferroelectric
soft-mode behavior, see E@.), and at low field, we observe
a kind of the electroclinic effect. However, this effect is not
linear due to symmetry of the AF pha$€] and induced
either by terme ,E? (&, is dielectric anisotropy unfortunately
unknown or by term P§E2/4W such that in Eq(8). Prob-
ably for this reason on- and off- times are not equal as typical
of the FLCs. It should be noted, however, that the soft-mode
dynamics is controlled not by azimuthal viscosity but by
tilt viscosity yg=~ y¢,/sin2 O~4vy,. Therefore, the correct
Value of a, corresponding to our experiment should be
somewhat higher than f@Pa/K.

V. SUMMARY

dencies of the rise and decay times measured with polar
pulses of 23 V amplitude. In this particular case, measured In conclusion, a study of the field-induced optical trans-

times (,,~30-150us, t,;~=5-60us) are quite short,

mission and polarization switching has been carried out over

021706-7
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the whole temperature range of the antiferroele@tighase sponse was also observed below the AF-F threshold. In this
formed by an achiral compound consisting of bent-coreregime, the optical transmission depends on electric field
shape molecules. The optical texture shows two types of chisquared. This effect was attributed to the antiferroelectric
ral domains. A field-induced director rotation has oppositesoft-mode distortion of the amplitude of the molecular tilt
direction for each set of domains. The interlayer poteMial  angle in the vicinity of the transition from tH#, phase to the

which describes the interaction between neighboring antitsotropic phase. The corresponding elastic modulus has been
clinic smectic layers has been found from the threshold ofgynd.

the transition for the ground antiferroelect(i&F) to field-
induced ferroelectri¢F) states. The rotational viscosity co-
efficients y,(AF—F) and y4(F—F) have been calculated
from the times of the field-induced director switching over
azimuthal angleb between AF-F and F-F states, and viscos- We thank S. A. Pikin, B. |. Ostrovskii, N. M. Shtykov, and
ity v,(F—AF) was calculated from the time of frek re- S. P. Palto(Inst. of Crystallography, Moscomfor helpful
laxation from F to AF state. All the three coefficients havediscussions and F. V. Podgorng®armstadt Technical Uni-
the same temperature dependence but their magnitude diffeversity) for making domain video recording. The work was
by factor 3. The latter is related to oversimplified approxi-carried out in the framework of RFBRProject No. 01-02-
mations used for the calculations. The electro-optical re1628% and Fondecyt 2000Project No. 7000845
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