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ABSTRACT

The spontaneous polarization is measured in a homologous series of
smectics C doped with a chiral additive. An unusual temperature dependence
is found which can be well fitted using the generalized Landau model of
ferroelectric smectics.

J. Bata, H. 26ep, JI.A. BepecHeB, J1.M. BauHOB: H3MepeHHEe CMOHTAHHON MOJAipu3a-
uuu B cMekTuke C, JIETMPOBAHHOM KMpaJibHON IPUMECHI. KFKI-1987-70/E

AHHOTAUMUA

W3Mmepsasachk CNOHTaHHAs nojapu3auus B OMOJIOTHUYECKOM DPANY CMeKTHKOB C,
JIerMpoOBaHHOM KHpaJibHOR MPHUMECHI. Ha6G/momanack HeoOHYHAaa TeMnepaTypHas 3aBUCH~
MOCTH, KOTODPYK XOPpOWO MOXHO OnucaTsk, HCIIOJNIL3YA OBOOmEeHHYI MOIeJlb Jlanpmay Inns
CerHeTo3JIeK TPUUECKUX CMEeKTHKOB.

Bata L., Eber N., Beresnev L.A., Blinov L.M.: Spontén polarizécid mérése
kiralis adalékkal doppolt szmektikus C-ben. KFKI-1987-70/E

KIVONAT

Megmértiik a spontén polarizaciét egy kiralis adalékkal doppolt szmekti-
kus C homoldg sorban. Szokatlan hdmérsékletfiiggést tapasztaltunk, mely jol
illeszthetd a ferroelektromos szmektikusok altaldnositott Landau modelljének
felhasznaléasaval. g



INTRODUCTION

Chiral smectic C (SmC™) liquid crystals gained an increasing
interest during the last years because of the delicate physical
phenomena arising in these systems and the possibility of their
practical application. Meyer et al.1 have demonstrated that in
smc* systems a spontaneous polarization occurs which can be eas-
ily oriented by an applied electric field, i.e. they are ferro-
electrics. The bistable character and the short switching times
of surface stabilized cells2 promise favourable usability for
optical shutters, modulators, matrix displays etc. In this re-
spect the study of the spontaneous polarization, tilt angle and
pitCh of the system are of upmost importance. In the present pa-
per we focus our attention onto the spontaneocus polarization.

The number of measurements of the temperature dependence of
the spontaneous polarization reported in the literature is con-
tinuously increasing3. These measurements have been performed on
single compounds as well as mixtures and doped systems. In order
to interpret the temperature dependence of the spontaneous polar-
ization a theoretical model based on the Landau expansion of the
free-energy density has been useda. According to this theory a
square roote temperature dependence of the spontaneous polar-
ization is expected near to the phase transition temperature. In

the majority of papers3

a rough agreement with the square roote
type temperature dependence was detected or the experimental
data were presented without further analysis.

A deviation from this behaviour has been found only recently
in DOBAMBC’

sion, novel thermodynamic models have been constructed

. Proposing a more general form of the Landau expan-
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are capable to describe a set of experimental data measured on

DOBAMBC at least in a qualitative way. Unfortunately DOBAMBC is
not the ideal compound to check the theory due to its chemical

instability and narrow smc* range.

It is the purpose of this paper to study the SmA-SmC* phase
transition on a homologous series of compounds having smcX phase
in a broad temperature range and analyze the experimental results
on the basis of present theories.

COMPOUNDS

The smectic C phase formed by achiral molecules can be
transformed into SmC* phase by dissolving suitable chiral mole-
cules. Such mixed systems have been published e.g. by Kuczynski
et 31.8 and Beresnev et 31.9. In this paper we present results

obtained on the homologous series of 60.nSA, i.e.10

OH
06H130~©CH=N@—CnH2n+l

doped with 5 weight % of HOBACNPC, i.e.
' FHs
2 5 = 5 _r*
€ Hy 30<O)-CH=N{O)- CH=CH-C00-CH,-(*H
CHy CN

The transition temperatures of these mixtures are shown in Fig.l.

EXPERIMENTAL TECHNIQUE

The spontaneous polarization was studied by two independent
methods, the pyroelectricll one and the Sawyer—Tower12 technique.
According to the pyroelectric method the spontaneous polarization
is obtained upon graphical integration of the vp(T) pyroelectric
coefficient, i.e.

.
Potl).= L vp(T) dt
c
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FIGURE 1 Phase transition temperatures of the homologous series
of 60.nSA doped with 5 w% of HOBACNPC.

The pyroelectric coefficient is calculated from the voltage
developing between the transparent electrodes of the liquid
crystal cell when it is irradiated with laser pulses of different
duration. The radiation ( A= 1.06 um) of a YAG:Nd pulsed laser is
absorbed within the liquid crystalline layer which contains a
small amount (<0.5 %) of a soluable light absorbing dye. The
temperature dependence of Yo and the calculated P5 are shown in
Fig.2. Since the laser beam causes only a local heating by the
pyroelectric method we study only a small region of the sample
which was irradiated. Therefore the temperature of this region
can be determined relatively with high precision. The calculation
of 7 requires a calibration of the optical and thermal proper-
ties of the cell.

By the Sawyer-Tower method we measure the usual P-E hyster-
esis curve. Our loop tracer consisted of a Diamant bridge12 which
was connected to a microcomputer allowing measurements at low
frequencies (1-10 Hz). The temperature dependence of the sponta-
neous polarization measured by this method is shown in Fig.3. For
such measurements one has to prepare a planar oriented sample
(smectic layers are perpendicular to the bounding surfaces). We
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FIGURE 3 Spontaneous polarization measured by the bridge method
for the homologous series of 60.nSA/HOBACNPC.
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FIGURE 4 Comparison of the spontaneous polarization measured hy
two methods for 60.8SA/HOBACNPC.
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13 The quality of ori-

oriented the sample by a éhear method
entation of the whole sample is important in this case, because
any deterioration of the alignment leads to an effective de-
crease of the polarization. In Fig.4 we compare the temperature
dependence of the spontaneous polarization measured by the two
methods. The pyroelectric data were normalized at one point to
the data obtained by Diamant bridge.

The difference in the absolute values may be connected with
calibration problems of the pyroelectric cell and/or insufficient
orientation of the cell used in the bridge method. Since the tem-
perature inhomogeneities can cause an averaging in large area
samples of the bridge method the pyroelectric technique yields a
more precise temperature dependence especially near to the SmA-
smc* phase transition.

The coincidence of the two temperature dependences is strik-
ing. Similar behaviour has been found not only for other members
of this homologous series but for other doped systems as wellla.

The interpretation of this unusual temperature dependence
(there is no sign of the square roote function) seems to be a
good example to check the performance of different theoretical

models.

COMPARISON WITH THE THEORY

Novel theoretical models of the ferroelectric SmC* phase are
based on the generalized Landau expansion. The free-energy den-
sity of the system is expanded in two order parameters, the tilt
® and the polarization P.

According to the Ljubljana group7 the free-energy density

can be written in a dimensionless form as

ﬁo = %(32—‘77)@2 + %—‘Yéa + %gé6 + -%—'152
+ EP - B P@ - 7P 6

where 0= @/0%, P=pP/P* and ’L’=(TC-T)/T* are the dimensionless
tilt, polarization and temperature respectively. Here TC is the
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FIGURE 5 Dimensionless polarization versus dimensionless tem-
perature. Continuous line is the fitted curve, crosses
are measured points.
a; Mixture 60.5SA/HOBACNPC. Best fit parameters:

P¥=5.32 nc/cm? , T*=80 °C , B=0.5 , y=1.35 , @ =0.
b; Mixture 60.6SA/HOBACNPC. Best fit parameters:

PX=8.02 nC/cm? , T*=100 °C , B=0.447 , y=1.6 , ¢=0.
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FIGURE 6 Dimensionless polarization versus dimensionless tem-
perature. Continuous line is the fitted curve, crosses
are measured points.

a; Mixture 60.7SA/HOBACNPC. Best fit pa'rameters:
P¥=6.4 nC/cm? , T*=120 % , B=0.548 , v=1.2 , ¢@=0.
b; Mixture 60.8SA/HOBACNPC. Best fit parameters: .
PX:7.87 nC/cm? , T*-110 °C, B=0.5, ¥=1.3 , @¢=0.
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SmA-SmC”* phase. transition temperature. The scaling factors 9*, pX
and T as well as the parameters B, v and ¢ are derived from the
original parameters of the Landau expansion . Minimizing 9, with
respect to the dimensionless tilt and polarization one can calcu-
late the expected P(T) and @(1) dependence.

In Figs.5ab and 6ab we plot the measured spontaneous polar-
ization versus temperature for four members of the homologous
series and compare them with the theoretical curves calculated
with parameters yielding the hest fitting. The extremely good
agreeement is striking. We can conclude that the generalized
Landau model7 of smectic C® can explain the unusual temperature
dependence of the polarization. ‘

Since the temperature dependence of the tilt can also be
obtained from the model, a further check would be to compare it
with the measured tilt angle. However this, question is beyond of
our present scope and will be discussed in a forthcoming paper.
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