This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 20 February 2013, At: 13:14

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Landau Free Energy Expansion
for Chiral Ferroelectric Smectic
Liquid Crystals

Bostjan Zeks ®

% Institute of Biophysics, Medical Faculty and

J.Stefan Institute, Ljubljana, Yugoslavia
Version of record first published: 20 Apr 2011.

To cite this article: BoStjan Zeks (1984): Landau Free Energy Expansion for Chiral
Ferroelectric Smectic Liquid Crystals, Molecular Crystals and Liquid Crystals, 114:1-3,
259-270

To link to this article: http://dx.doi.org/10.1080/00268948408071711

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948408071711
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:14 20 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:14 20 February 2013

Mol. Cryst. Lig. Cryst., 1984, Vol. 114, pp. 259-270
0026-8941/84/1143-0259/$20.00/0 -

© 1984 Gordon and Breach, Science Publishers, Inc. and OPA Ltd.
Printed in the United States of America

LANDAU FREE ENERGY EXPANSION FOR CHIRAL FERROELECTRIC
SMECTIC LIQUID CRYSTALS

BOSTJAN ZEKS
Institute of Biophysics, Medical Faculty and J.Stefan
Institute, Ljubljana, Yugoslavia

Abstract The biquadratic coupling between the tilt
and polarization is added to the usual bilinear coup-
ling in the Landau free energy density expansion de-
scribing the SmA - SmC* transition. The effect on the
temperature dependence of the tilt, spontaneous pola-
rization and the pitch of the helix is studied. The
results agree qualitatively with measured data.

INTRODUCT ION

The order parameter of the smectic A (SmA) to smectic C
(SmC) transition is a two component tilt vector g = (£1,£2)
describing the magnitude and the direction of the tilt of
the lTong molecular axis from the normal to smectic layers.
For chiral systems the tilt precesses around the normal to
smectic layers as one goes from one layer to another re-
sulting in a helicoidal smectic C* phase (SmC*), The tilt
of a molecule breaks the axial symmetry around its long
axis inducing an inplane polarization P = (PX, Py) perpen-
dicular to the tilt!, Thermodynamic properties of the sys-
tem are usually described by the phenomenological Landau
type free energy Ansatz?s3 including the bilinear coupling
between the primary order parameter £ and the secondary
order parameter P. This coupling is of a chiral character

ana does not exist in nonchiral systems where no ordering
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of molecules transverse to their long axes is induced by
the tilt according to the model. The predictions of the
model do not agree with experimental data“ especially in a
narrow temperature interval below the SmA - SmC* phase
transition temperature Tc. The most evident discrepancy can
be observed in the temperature dependence of the pitch of
the helix (p) in the SmC* phase, which should be tempera-
ture independent according to the model. The measured pitch
slowly increases with increasing temperature, reaches a
maximum v 0,5 K below TC and then sharply decreases with
increasing temperature to a finite value at T2’6.

859 of the model

There exist various modifications’s
introduced to explain the anomalous temperature dependence
of the pitch close to TC. It has been proposed recently?
that the non-chiral biquadratic coupling between the polari-
zation and the tilt could explain the observed anomaly in
p(T). In this paper we shall analyze the effect of bi-
quadratic coupling terms on the temperature dependence of
the pitch of the helix. Temperature dependence of the spon-

taneous polarization and of the tilt will be determined and

some experiments will be proposed to test the model.

CLASSICAL LANDAU MODEL

The Landau free energy density describing the SmA - SmC*

transition is usually expressed as?s3

dg dg
1,2 2y 12 22 2 1
g(z) = zale] + £5) + pb(e] + £5) 1ME, 5 £, d_z_)+
+ lK (d£1)2 (2)21 +_]_.(p2 + PZ) -
27334dz dz 2e y
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de, de,
TePeg PRy g T ERE T R “

where 51 and EZ describe the tilt of molecules from the
normal (0, 0, 1) to smectic layers, P and Py are the com-

ponents of the in-plane polarization, b > 0, is the

“33
elastic modulus, A the coefficient of the Lifshitz term
responsible for the modulation and u and C are the coef-

ficients of the '"flexo'" - and 'piezo" - electric coupling
between the tilt and the polarization,

Vith the helicoidal ansatz

I

£, =8 cos (qz) , £, = 0 sin(qz) (2a)

p

- P sin(qz) , p P sin(qz) (2b)

x Y

il

one obtains by minimizing the free energy (Eq. 1) with
respect to the tilt 6, polarization P and the wave-vector

of the helix g for T < TC

K Epz
21 33
p = _q = 2m A+ euc (Ba)
P=c(C+ ugle (3b)
- /& -
6=/ -T) (3¢)
where the transition temperature TC is given by
1 2 2, 2
TC = TO + E[EC + (K33 - €u )q ] (Lf)

Within this model the pitch of the helix p does not depend
on temperature in contrast to experiments. The spontaneous
polarization is strictly proportional to the tilt and both

show a classic square root temperature dependence.
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BIOUADRATIC COUPLING BETWEEN THE POLARIZATION AND THE TILT

A1l chiral terms in Eq.(1) are expected to be small. This
can be concluded from the large value of the pitch as com-
pared to the molecular dimensions and from the extremely
small difference in the transition temperatures TC - T0
between a chiral system and a corresponding racemic mix-
ture. As the bilinear P - £ coupling terms are chiral and
therefore small, the biquadratic coupling terms could be-
come important in SmC* phase, On the other hand, NMR

measurements show!?

no appreciable difference in the trans-
verse ordering between chiral and non-chiral systems except
perhaps very close to TC. The observed quadrupolar ordering
can be described by P2 # 0 and is induced by the biquadra-
tic P - £ coupling terms. We add therefore to the free
energy expansion (1) the lowest nonchiral biquadratic
coupling terms

2 4 el v )’

9, = - 5P &, - P g, N

a 2 x72 y

The last term has been added to stabilize the system.

We shall as well include a higher order term
dg dg
2 2 2 1
gy = - dley + &) (6, = - &y 557 (6)

which is equivalent to replacing A by A + dez and should
describe the monotonous increase of the pitch with tempe-
rature at low temperatures,

The total free energy g + 9, + g, can be expressed

with ansatz (2) as a function of 8, P and g as

1..2 1,4 1 .2 1..52.2 1 .4
g = '2—89 + 'I;be + E—EP - CpPo - -Z—QP §] + -EY]P +

1 2.2 2 L
+ 7|<33q 8 - Ag 6 ~ dqo uqPo (7)
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Minimization with respect to g gives for the wave vector

of the helix

q =g (0% d8” 4 1) (8)
33
The temperature appears in g and therefore in the pitch
p = 2n/q in two ways: i) d-term gives a contribution at
large 8{low T) and describes the low temperature increasing
part of p(T) for d > 0, ii) the last term is proportional
to the flexoelectric coupling coefficient y and is tempe-
rature dependent only if P is not proportional to 9.
Eliminating q from Eq. (7) one obtains the free energy

as a function of 6 and P

g =g(e) + g(P,0) (2)
where
2 2
g(6) = 3(a - 2—)e” + (b - Thdyet - L 46 (10)
33 33 33

and

2
1,1 24 .2 1 .4
g(P,@) =7[(—— - ﬁ“;) - Q0 ]P +'["T1P -

€ K3
- [(c + %ﬁ—)e + ﬁé—OBIP (11)
33 33

In the 'potential' for P (Eg. 11) we expect the last term
to be small because of its chiral character. The potential

is therefore of a single-minimum type for 92 < 62, where
1T w
6 = =l= - +—) (12)

The polarization in this regime is proportional to & but
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small because it is induced only by a small chiral term
linear in P, For 82 > 6§ we get a double-minimum potential
for P and the chiral term only chooses between the two
minima. For 62 >> Si P is again proportional to & but the
ratio P/6 = (2/n}!'/2 is larcer than in the small & regime.
The flexoelectric contribution to the wave vector of the

helix, i.e. the last term in £q. (8) is large for 62 »» eg

and small for 62 << ei and the flexoelectric coefficient u
has to be negative to give the measured temperature depen-
dence of the pitch.
The minimization of q(P, 8) (Eq. 11) with respect to
P leads to a cubic equation for P
+ (l-— EE— - Q6
£ K33

3 z)p - (C + Dy ond 92)

npP
K33 K33

B =0 (13)

Its minimal free energy solution is given by

C + Au/K + pd@z/K

33 33

P(g) = 7 2z X
|C + Ma/Kyy + udo /K33[ V30

2
x/|l-£—-§zez| Y (X) (14)
3 K33

where

2 1/2 2
33/2,1/241¢ MolKgy + wds?/Ky ]

X =
2[1/¢ - pz/K33 - Qez| 3/2 (15)

and
1, -1
sh(gsh X} for 8% <98

Y(X) = ch(lch-]X) for 8% > 87 and X > 1 (16)

3

cos(lcos_1X)for 8° > 8

3

N
oNONMNON

and X < 1
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P/P
i

't 15 10 5 0

FIGURE 1. Temperature dependence of the spontaneous

polarization P and of the tilt 6 in SmC* phase.

The equation for 6 can be obtained by minimizing the
free energy g(Eq. 9) with respect to 8

2

2 . .
(a‘é\_)e +(b"L|z_A'd') 6 - %d__eﬁ - (C+KA_L * _iﬂez)P(e) )

- qop2(s) = 0 (17)
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t 15 1.0 0.5 0

FIGURE 2. Temperature dependence of P and 8 close
to TC in SmC* phase, The broken line represents
L
(6/8,) 7.
where P(8) is given by Eq.(14). Temperature dependence of
6 can be obtained numerically from Eq. (17) because

a = ulT - To) and then P(T) and g{T) or p(T) can be
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pip,

+15

[l Il
T

t 15 10 5 0

4

FIGURE 3. Temperature dependence of the helical
pitch p in SmC* phase.

calculated from Eq. (14) and Eg. (8).
Figures 1.-4, show the obtained temperature dependen-
ces for one set of the parameters

3/2 1/2 3/2.2 _
377 R+ AM/K33)/29 o = 1

32 .. ¢.00t1
6

3/2 172
3 n ;Jd/2K33Q

2.2, 2, -
9nd 60/49 K33 =3 x 10
3n(b - uAd/K33)/Amz - 0.8

337212, 00M2 - - 35

The normalized temperature t = (Tc - T)/(TC - T]) is defi-

ned so that t =1 at T =T, where 8 =6_. In Figures 1.-4,

the spontaneous polarization is given in units of

oo ZQ1/260/31/2n1/2

o and the pitch in units of its value
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b/p,

+15

L 1.0

5 1 I

t 15 10 0.5 0

FIGURE L, Temperature dependence of the pitch close

to TC in SmC* phase.

at Tc’ i.e. Pot
Figure 1. shows the temperature dependences of the
spontaneous polarization and of the tilt in a broad tempe-
rature interval below T in the SmC* phase while in Figure
2. a narrower temperature interval at TC is shown. Both
P(T) and 6(T) show classical behaviour very close to T. and
far below TC with a cross-over regime with positive second
derivatives around t = 1, Preliminary measurements of P(T)
in DOBAMBC show close to TC an .anomaly of the type shown
in Figure 2. and more careful measurements are in progress.
The expected anomaly in 6(T) is less pronounced and can be
seen more clearly if one plots the fourth power of 6/60

which is shown as a broken line in Figure 2. Its value is
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very small close to TC and starts to increase rapidly at

t ~ 1. Similar behaviour has been observed” in the tempe-
rature dependence of the intensity of the first diffraction
sattelite which is expected to be proportional to eh.

The temperature dependence of the helical pitch is
shown in Figures 2. and 3. The pitch increases with tempe-
rature at low temperatures, reaches a maximum at t ~ 2.5
and drops then to its finite value at TC. The results agree

gqualitatively with measured data“.

CONCLUS IONS

It has been shown that the anomalous temperature dependence
of the helical pitch close to the SmA - SmC* transition can
be explained by introducing the biquadratic coupling
between the tilt of the molecules and the spontaneous pola-
rization. The measured p(T) dependence can be obtained if
i) the non-chiral biquadratic coupling terms are large

compared to the chiral bilinear terms and become rele-

vant already very close to TC in the SmC* phase, and
ii) the flexoelectric coefficient u is negative.

The condition i) represents a reasonable assumption
justified with the fact that chirality is in general a
small perturbation in these systems. On the other hand it
is not clear at present how the sign of u is related to
the anisotropy of a molecule and of the intermolecular
interactions.

The consequence of biquadratic coupling terms is also
an anomalous P(T) and 9(T) dependence in the temperature
interval where the pitch is strongly temperature dependent.

4,11

Some preliminary results show such anomalies but better

measurements of the spontaneous polarization, the tilt and
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the pitch in a narrow temperature interval below Tc are

needed.
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