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4.1 Introduction

Since tlie discovery o ferroelectricity[1] in liquid crystals, this area of research
has been very active both from tlie point of view of basic pliysics and techno-
logical applications. As discussed in earlier chapters, the smectic C (C) phase
exhibits ferroelectric properties[1,2] if the constituent molecules are optically ac-
tive. Animportant structural feature of this chiral smectic C (C*)phase is that
tlie azimuthal direction of the tilt of the molecules precesses from one layer to
another giving rise to a helix. The pitch o the helix is given by ng, where q
is the wave vector of the helix. Due to tlie chirality of the molecules, tlie tilt
ordering breaks the mirror symmetry within the layers and induces a transverse
in- plane polarisation perpendicular to the tilt. Thus the C* phase exhibits a

spontaneous polarisation Ps

Although considerable experimental and theoretical work has been done in
cliaracterising the bulk properties of ferroelectric C* phase, the nature of the
coupling between tlie magnitude of tilt § and polarisation Ps has not been well

understood. A simple theoretical approach|3] expects

1. the spontaneous polarisation (Ps) and tilt angle(d) to be coupled in a

: : : . Ps . .
linear way, i.e., tlieratio 75 IS independent of temperature.

)

2. The helical pitch p (= to be invariant with respect to temperature.

However, experimental observations are not in accord with these predictions.
Ps . .
In particular, the ratio 75 is weakly dependent on temperature deep in the C*

phase, but shows a strong variation near the transition to the A phase[4,5,6].
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Likewise, far below tlie transition, tlie pitch increases slowly with temperature
and sliows a maximum below the transition temperature T 4¢-[4,7,8]. Based
on these experimental observations carried out mainly on p-decyloxy benzyli-
dene p-amino - 2 - methylbutyl - cinnamate (DOBAMBC), extended mean field
models[9,10,6], with as many as eleven expansion coefficients were proposed. In
these models, in addition to the terms considered in the simple model, a sixth
order term in tilt[11,12] and a biquadratic polarisation-tilt coupling term([9,10]

are also taken into account.

Most of tlie measurements that exist in the literature[4,13,14] present results
wherein not enough attention has been given to the region close to T 4¢+. The
few high resolution studies|6,15] have been done on materials exhibiting a low
value of spontaneous polarisation. In other words, systematic studies on sub-
stances exliibiting different degrees of polarisation to tilt coupling have not been
performed. With this in view, we have undertaken a detailed study of temper-
ature variation of polarisation, tilt angle and pitch in three different materials
having varying degree of Ps value. The results obtained are compared with
the predictons of tlie extended mean-field model[10] as well as that of a recent

microscopic model[16,17] based on a single particle potential.

We begin tlie discussion with an outline of tlie symmetry arguments giving
rise to tlie ferroelectricity in the C* phase and a description of a simple phe-
nomenological model and its inadequacy in explaining tlie experimental results.
Next, we give a brief summary of the extended mean-field model and tlie micro-

scopic model. This is followed by a description of tlie techniques employed to
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measure tlie thermal variation of Pg, 8 and pitch p. Later tlie results obtained
for the three different materials are discussed. Finaly, tlie experimental data

are compared with tlie predictions of the theoretical models,

4.1.1 Symmetry arguments

The smectic C pliase has a monoclinic symmetry containing three symmetry
elements, viz., a two-fold rotation axis (C,) normal to the tilt direction, a
mirror plane, m, normal to tlie two-fold axis and a centre of inversion, i, as
shown Figure 4.1. If tlie molecules are cliiral, the mirror plane and tlie cen-
tre of inversion vanish. Assuming that the system has a polarisation vector Ps
it can be checked whether this vector is invariant under all symmetry opera-
tions permitted in the phase under consideration. In both C and C* phases,
a 180° rotation around the two-fold axis (C, axis) is an alowed symmetry op-
eration. Under this operation, tlie polarisation vector Ps transforms according
to (P,, P,, P,) — (-P,, P, -P.). In the absence of chirality (C phase), a
reflection from tlie mirror plane (m) in tlie C phase, transforms Ps according
to (0, Py, 0) — (0, -P,, 0) leading to P,=0. Thus the C pliase cannot have a
polarisation. In the case of C* pliase, since there is no mirror plane, the system

exhibits a non-zero spontaneous polarisation along the two-fold axis. Thus the

C* pliase is ferroelectric. However, the presence of helix, i.e., tlie precession of
the azimuthal direction of tilt of the molecules from one layer to another, aver-
ages out tlie spontaneous polarisation to zero. To obtain alion-zero macroscopic
polarisation tlie helix has to be unwound by an external field, such as electric

field[2], or shear[18] or by surface interactions[19].
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Figure 4.1: Symmetry elements of the C phase, m - the mirror symmetry, i -
center of inversion, C, - two fold axis. In the C* phase only C, remains.
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4.1.2 Phenomenological models

At a phenomenological level, a transition between two phases can be explained
by considering the free energy o the system written in terms of an order pa-
rameter keeping in view tlie symmetry properties of the medium. Thus for the
present case the obviousclioiced the order parameter would be tlie spontaneous
polarisation Ps. But, as we have already mentioned in Chapter 2, contrary to
tlie situation in a majority of solid ferroelectrics, experimental evidences show
that in the ferroelectric smectics, Ps does not drive tlie parael ectric —ferroelectric
transition. In fact, Mever realised tliat tlie transition is brouglit about by tlie
tilting of the molecules and polarisation becomes finite only as a consequence
of it{2). Hence tlie natural clioice for the primary order parameter is the tilt.
Keeping this in view, lie proposed[2] a free energy expression in which § and P
were coupled in a linear way. This model was further developed by Pikin and
Indenbom(3} which we will describe here briefly. For tlie sake of convenience let
us refer to this model as P-I model. Tlie free energy of tlie system is expanded
in terms of the primary two component tilt order parameter £= (£1,&2) which
is the projection of the director 7 onto smectic planes and the secondary order
parameter, tlie Ps, which is always at right angle to E [1]. Tlie helix is chosen
to be along the Z axis. Tlie coordinates used are shown in Figure 4.2. Thus the

order parameters are {: & &t & ¥ and 1;5 =p,z T P,y.
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Figure 4.2: Definition of coordinate system and the order parameters



Chapter 4. Polarisation-Tilt coupling and thermal variation of Pitch... 66

Tlie free energy density is written as,

2y = Lo ! 2 dgy . dés
() = Ja@+ @+ e+ ar - (ol o)

1 [N (da\] | 1 e
eyt () + () |+ (724 )
d dé,
(P2 4R+ ot - ne) (41)

where ¢ = (T - T,), T being the temperature of the system. T, is the phase
transition temperature of the corresponding racemic mixture. b = 0 for asecond
order A-C* transition. K3 is the elastic modulus, A the coefficient of the Lifshitz
term responsible for the twist-bead modulation, » and C are tlie coefficients of
' flexo- ' and ' piezo- ' electric coupling between 0 and Pg.
For small tilt angles,

& ~ 0cos¢

£ >~ 0sing
where ¢ is the azimuthal angle determining the orientation of # with respect to

the smectic layer normal.

In terms of tlie lielical wave vector ¢, tlie components of the two order pa-

rameters can be written as

£, = o0cosgq:z
& = #fsingz
P, = —Pssingz

P, = Pssingz (4.2)

Substituting in Equation 4.1 we get,
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1 1
9(z) = %aﬁz + ibﬁ“ — Agf® + 51x'3q"’92 + §;P§ — uqPs§ — CPs6  (4.3)

Minimising this equation with respect to Ps, 8 and q yields the expressions for
transition temperature T 4o+, the temperature dependence of 6, Ps and p as

follows:

1 .
Tace = To+ ;[602 + (I3 — ep’)q’]
1/2

Ps = e(ug+C)f

p = o 27 (Aa —H, (4.4)
Tlius tlie model predicts,

. P
1. The polarisation Pg is proportional to tlie tilt angle 0. i.e., gs = constant.

2. The helical pitch p is temperature independent.

4.1.3 Experimental facts

Earlier measurements of polarisation (Ps) and tilt angle (f) seemed to support
some of tlie predictions of tlie above model. However, the recent quasi simul-
taneous high resolution measurements[6] o Ps and 8 have shown that deep in
the C* phase tlie ratio % is weakly dependent on temperature but shows a

very strong variation near the transition to the A phase. Likewise, far below the
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transition, tlie pitch increases Sowly with temperature hut shows a pronounced
maximum below tlie transition temperature, T sc-.

Figure 4.3 shows tlie qualitative disagreement between the predictions of tlie

P - | model and tlie experimentally measured thermodynamical properties.

4.1.4 Extended mean-field model

In order to explain tlie experimental results shown in Figure 4.3(b) (obtained
using DOBAMBC) an 'extended mean-field model' (EMF model)[9,10,6] with
as many as eleven expansion coefficients was proposed. Here, in addition to
the terms considered in the P-I model, a sixth order term in tilt[11,12] and a
biquadratic polarisation- tilt coupling term{9,10] are also taken into account.
The free energy density is given by,

1 2 1 4 1 6 2 1 202 1 2

g9(z) = 5@0 + ‘Ibel + 600 —11\q9 + 5_]\3(] 6° + 2_ePS — pqPsf

~CPsf — §QP§02 + ZnP_;f — dg6* (4.5)
The biquadratic coupling term (2 P% 6?) implies that the tilt induces a transvese
qguadrupole moment in chiral as well as non-chiral systems. Close to tlie transi-
tion, i.e., when 6 is quite small, the Ps - @ coupling is dominated by the bilinear
term (CPgf) but away from it tlie biquadratic term takes over. This change-
over has been shown to account for the complex behaviour of % ratio and the
pitch. It was also realised that tlie heat capacity profiles across the A-C/A-C*
transition can be satisfactorily explained by including a sixth order (c6°) term
in the free energy[11,12]. As we have already discussed in Chapter 3 the pres-

ence of this sixth order term implies that tlie transition is close to a mean-field
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Figure 4.3: (a)Predictions of the P-l model and (b)the experimental observations
of pitch (from ref.[4]) and 1—;§- (from ref.[6])
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tricritical point. Tlielast term in Equation 4.5 is used to explain tlie monotonic
increase of tlie pitch with temperature away from tlie transition, while tlie P*

term is added to stabilize tlie system.

In order to reduce tlie number of coefficients, Equation 4.5 is written in a

dimensionless form as given below:
1 1 -0 1~ 1= ~x 1 aos 1 -
g = —(B2—~7)8* + 40"+ -p8® + -P* — B,.P§ — ~P?*4? + - P*
g 2(/c““ﬂ) + 0+ ot + 3 B 5 + 2P
~v§P6? (4.6)

wliere P = Ps 6= 0 _ (TAC° -

T
— — ————. Tlie parameters with asterisk are the
o g T ) P
normalising quantities.

Minimising § with respect to P,
PP+ (1-6%)P — (8. +v60%)6=0 (4.7)
In the limit vé < 3., Equation 4.7 can be written as,
PP+(1-6)P-p6=0 (4.8)

Bc is an all important coefficient in this model and is expected to determine tlie
nature of tlie thermal variation of 75 ratio and tlie helical pitch. Numerically
B. is tlie ratio of the bilinear to biquadratic coupling terms.

éCn'/?
e = 01/2

(4.9)

The theoretical curves for % ratio and pitch p are shown in Figure 4.4. It is

seen that there is good agreement between tlie predictions of the EMF model

and tlie experimental features seen in Figure 4.3(b).
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Figure 4.4: Theoretical curvesfor p and % as predicted by the extended mean-
field model.
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4.1.5 Microscopic model

With aview of giving a microscopic explanation for the origin of ferroelectricity,
Zeks et al[16], proposed a model based on a single particle potential. The main
assumption in this model[16,17] is that the ordering of the transverse electric
dipoles (of moment ) is induced by tlie hindered rotation of the tilt of the
molecules. Tlie orientation of the dipoles in tlie plane perpendicular to tlie long
molecular axis is defined by an angle . The single particle potential describing

such asystem is written as
U = —a;0costh — a,0%cosu) (4.10)

The first term on the right is of cliiral character and is analogous to the piezo-
electric bilinear coupling in the EMF model. The second term is quadratic in
0 and is of non-chiral character and causes a quadrupolar ordering in tlie di-
rection perpendicular to the tilt (for a, > 0). This term is analogous to tlie
biquadratic coupling term in the EMF model. The expected relation between
the magnitudes of tlie two parts o tlie potential is a;60 < a,0?, because the
cliiral interactions are supposed to be weak except in tlie vicinity of T4c. wliere

g is very small.

Using this form of the potential, Buka et al[20] have worked out an expression

for tlie temperature dependence of Ps.
Ps = pp < cosv > (4.12)

where p IS the number density of the niolecules, and

< cosd >= J2™ cosv exp(—U/kT)dy
7 exp(~U/AT) 0

(4.12)



Chapter 4: Polarisation-Tilt coupling and thermal variation of Pitch... 71

Here k is the Boltzmann constant and T iS the absolute temperature. Expanding
exp(—U/kT) in aseries, keeping terms up to second order and carrying out the
integration we get,

[ %T + az6”
$ = PRI LRT)? + (a10) + (ag02)?

(4.13)

By neglecting liiglier order terms in 0, Equation 4.13 can be written as

_ AQT + A362
Ps = A6 [ T7 + AL Q7 J (4.14)
where A; = pp, Ay = a1/2k, Ay = % Equation 4.14 can be used to eval-

uate A;, A; and Az from the experimental data and hence the cliiral as well as

tlie non-chiral parts o tlie potential can be determined.

4.2 Experimental

4.2.1 Materials used

Measurements of Ps, § and p have been carried out on three different com-
pounds whose structural formulae and the transition temperatures are given in
Table 4.1. Compound | is p-octyloxy benzylidene p- amino- 2- methylbutyl-
cinnamate (OOBAMBC)[21], tlie 8th homologue of the well known nOBAMBC
series. Compound II and compound III are derivatives of trans-p-n-alkoxy

cinnamate[22].

4.2.2 Spontaneous Polarisation measurements

Thermal variation of tlie spontaneous polarisation Ps Was measured using acal-

ibrated Diamant Bridge technique[23]. The Bridge was set up by S. M. Khened
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Table 4.1: Structural formulae and transition temperatures (°C) of the materials
used.

COMPOUND | CH

0 | 3
I
C8H170 ——@—‘CH=N-@~CH=CH—C—O—CH2—£H— CoHg

COMPOUND 11 c

(IIl |H3
CipH 250@CH=CH—COO-@—COO—CH2— CH~CHy— CH — CH3
*

COMPOUND 1II
Cl CHy

(.
CiyHp30 4@——CH=CH - €00 —@—ooc - $H~8H- CH,~ CH

Material Iso A C |*
compound I . 1187 . 942 . 67.0
compoundIl . 810 . 655 . _
compound I1T . 995 . 835 . ~

Iso= isotropic phase, A = smectic A
C = smectic C, C* = chiral smectic C

I* = cliiral smectic | phase.
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and is described in greater detail in his thesis[24]. We will mention only the

important points here.

The sample cell was made up of two I'TO - coated glass plates which had the
electrode pattern etclied on to them. Tlie glass plates were treated with poly-
imide solution and rubbed unidirectionally inorder to obtain a homogeneously
aligned sample. Mylar spacers were used to define the thickness of thecell. Care
was taken to see that neither tlie spacer nor tlie bonding adhesive was present
inside tlie active area. The actual thickness of the cell (typically ~ 12 pm)

was measured using an interferometric technique. Tlie active area of tlie cell

A, was calculated by measuring tlie capacitance C, of the empty cell as follows:
A = Cod,

€o

free space. The sample was filledinto tlie cell in the isotropic phase by capillary

where d. is tlie thickness of the cell and ¢, is the permittivity of the

action. It was later kept inside a temperature controlled oven. The sample was
heated to a temperature slightly above the isotropic point and cooled slowly
(2-3° C/hour) across tlie isotropic-smectic A(Iso-A) transition. This procedure
usually resulted in amonodomain A pliase. In some cases application of a mag-
netic field [an electromagnet (Bruker B-E 25) giving 24 T field] was used. In
order to retain the alignment tlie sample was cooled slowly from the A pliase to

C* phase. The spontaneous polarisation was measured in the following manner.
The Diamant Bridge set up is shown schematically in Figure 4.5. One arm
of tlie bridge contains the sample cell and tlie otlier a resistor - capacitor com-

bination Cp and Rp (both of which can be varied independently). Cp - Rp

combination was used to balance the bridge by compensating for ionic and linear
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Figure 4.5 Diamant Bridge set up.

S-signal source,

X,Y -sample leads,

R,, C.—compensating resistor, capacitor combination,

Cf -fixed capacitor,

OSC—dual channel storage oscilloscope,
ADC+DAS-Analog-Digital converter and data acqusition system,
PC-personal computer,

ADb524-programmable gain operational amplifier.
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capacitive portions of output signal. Two fixed value capacitors (C; = 0.1 p F)
form tlie other two arms of tlie bridge. A function generator (HP 8116) in con-
junction with a liigli voltage high fidelity amplifier (Kepco BOP 1000 M) was
used to apply asine wave voltage to tlie sample. The output from the 'sample
arm ’and the ‘compensating arm' of the bridge werefed to aprogrammable - gain
difference aniplifier (Analog Devices AD524) to produce a hysteresis loop. Tlie
applied and tlie amplified output signals were digitised using a digitiser - cum -
data acquisition system (HP 7090.A). The data tlius collected was transferred
to an online computer (HP 86B) for storage. Tlie temperature was measured
using alow drift nanovoltmeter (Keitliley 181). By measuring the amplitude V,

of the output wave, Ps was calculated using tlie relation,

Ps = C_AVE (4.15)

where C; is the value of the standard capacitor and A,, the active area of tlie

sample cell. Therelative accuracy in tliedetermination of Ps was ~ £0.1nC/cm?.

4.2.3 Tilt angle measurements

Tilt angle 8 was measured using the X-ray diffraction set up described in Chap-

ter 2.

4.2.4 Pitch measurements

A standard optical diffraction method[25,26]was employed to measure tlielielical
pitch p. The sample wassandwiched between two ITO coated glass plates. Mylar

spacers were used to define tlie sample thickness (~ 125 pm). Tlie cell was kept
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inside a temperature controlled oven. A homogeneously aligned (book dlielf
geomelry) was obtained by cooling the sample from isotropic to A phase in the
presesnce of a magnetic field (2.4 T) at a rate 3° C/hour. The homogeneously
aligned C* phase acts as a optical phase grating. A He-Ne laser beam(\ =
0.6328 cm) was passed through the sample perpendicular to the helical axis.
The diffraction pattern which was made to fall on a screen consisted of first
order and sometimes higher order spots. Figure 4.6 shows a typical diffraction

pattern obtained. The pitch p was calculated using the equation,

A

sin ©’

(4.16)

rp=

where @' = tan™! (75) where 7 is tlie distance between the main beam and the
diffracted beam at the image plane and D is the distance between the sample

and the screen.

For acquiring and analysing tlie diffraction pattern we have adopted a novel
method, using which we were able to measure r with a high precision. The
diffraction pattern on tlie screen was captured by a high resolution video camera
(Philips VKK 4033) and was recorded on a video tape for storage and analysis.
This enabled collection of data at close intervals of temperature. Tlie off-line
analysis part consisted of ahigh resolution - 262 K pixels / Frame and 8 bit data
resolution, Frame Grabber card with 0.5 MB on-board memory in conjunction
with a Frame processor board (Data Transalation DT 2851 and DT 2858) both
of wliicli were plugged into PC AT I/O slots. The cards accept the standard RS-
170 PAL input and can be accessed and controlled through a high-level-language

interface software. A user-written Fortran program converted tlie 'image’ files
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Figure 4.6: Typical optical diffraction spots. The schematic of tlie pattern is
shown on tlie right,.
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Figure 4.7: Block diagram o the set up used for pitch measurements.
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into ASCII format files wliicli were later analysed using a peak finding macro
program written in acommercial software environment (Quattro-Borland). The
schematic diagram of the set up is given in Figure 4.7. The calibration of this
set up was checked by measuring the pitch as a function of temperature for 4-
(2'-methylbutyl) phenyl 4-n-octyl biphenyl-4-carboxylate (CE8)[27]. The plot
of temperature variation of pitch for CE8 is shown in Figure 4.8. Our data
agreed to within 2% of tlie value reported earlier[28] using a sophisticated light

scattering technique.

4.3 Results and Discussion

Figures 4.9, 4.10 and 4.11 show tlie temperature variation of spontanenous po-
larisation (Ps) and tilt angle (0) in tlie C* phase for compound |, compound 1I
and compound III respectively. It is clear that the Pg value for compound 111
is highest (~ 80nC/cm?® at T o+ -T = TK) among the three materials and is
lowest for compound I(~ 2nC/cm? at T ¢+ -T = 7K). Both Ps and 6 vary con-
tinuously as a function of temperture and go to zero at the transition, showing
that tlie A-C* transition is second order in these materials. Although a simple
power law of tlie type

9 = f,t™ (4.17)

and

Ps = P,i"™ (4.18)
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Figure 4.8: Temperature variation of pitch for CE8. Closed circles represent
data obtained using our set up and open circles data adopted from ref.[27].



Chapter 4: Polarisation-Tilt Coupling and thermal variation of Pitch...

3 0.4
Do
%0 oq e
. ° o o —0.3
NE 2 F... e © ° OOO
(3] o)
b * ...’o. F5 °
2 S o —0.2
- ® o
Q 1 | ...
| \, 0.1
0 | l | % 0
-6 -4 -2 O

Figure 4.9: Thermal variation of Ps and 6 for compound |.
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Tace =T : :
T) describe the data well, it also showed that £, # 3;. Sim-

ilar results have been obtained by other authors also[4].

(where t =

The thermal variation of pitcli p for these compounds are shown in Fig-
ures 4.12, 4.13 and 4.14. The results obtained for compound | (Figure 4.12) are
in agreement with the beliaviour seen earlier for tliis compound and its higher
homolog|8]. Far below T 4¢-, pitcli increases slowly with temperature, reaches a
maximum at about 1K below T ¢+ and steeply dropsin tlie range T 4¢+ - 0.4 K.
For compound 11, the beliaviour is different in tlie vicinity of tlie transition, viz.,
tlie pitch remains at the maximum value it has attained right upto the transition
and does not show the precipitous drop as in compound |. In compound III
pitch remains almost invariant witli temperature except for asmall drop in tlie

immediate vicinity of the transition.

4.3.1 Comparison with the EMF Model

To compare our results with the predictions of the EMF model, let us recall the
Equation 4.8 from section §4.1.4.
PP+ (1-61)P-5.6=0

We have used the Ps and 6 data and solved the above expression numerically
to obtain tlie values of P*, 0* and S, for the tliree compounds. (Fitting to this
equation needs Ps and 0 at the same temperature. Since experimentally it was
not feasible to achieve this, we fitted the 0 values to Equation 4.17 and as we
see from Figures 4.15-4.17 the fitting describes tlie data extremely well in all

the cases. From the fit values we calculated the lilt angle values at tlie same
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Figure 4.12: Variation o helical pitch as a function Of temperature for com-
pound .
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Figure 4.13: Variation of helical pitch as a function of temperature for com-

pound II.
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Figure 4.14: Variation of helical pitch as a function of temperature for com-
pound III.
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Figure 4.15: The tilt angle data fitted to a powerlaw (Equation 4.17) for corn-
pound 1. The fit represented by the solid line gives 3, = 0.296.
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Figure 4.16: The tilt angle data fitted to a powerlaw (Equation 4.17) for com-
pound II. The solid line representing the fit yields 3, = 0.281.



Chapter 4: Polarisation-Tilt Coupling and thermal variation of Pitch...

0.4

0 | |
-6 -4 P 0
T— TAC* ( K)

Figure 4.17: The tilt angle data fitted to a powerlaw (Equation 4.17) for com-
pound III. The fit gives 3, = 0.336.
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temperatures as the polarisation values.) Figures 4.18-4.20 show experimental
data (Ps vs 6 ) and the fitting (dashed line). The fit describes the data rea-
sonably well for all the three conipounds. The values of p* d* and 3. obtained
are tabulated in Table 4.2. It can be mentioned here that, Pozhidayev et al[29]
and Beresnev et al[30] proposed a simplified phenomenological model based on
experimental data on the dynamics of tlie pyroelectric response. According to
them, the contribution to Ps due to the spontaneous tilt of the molecules is sup-
plemented by that resulting from the ordering of the short axes of tlie molecules

and hence Pgs is composed of terms that are linear in # and cubic in 4, i.e.,
Ps - A19 + A203 (419)

Fitting done to this expression is aso shown in Figures 4.18 - 4.20. The fit is

represented by solid line and is observed to describe the data extremely well.

As was pointed earlier, in the framework of the generalised mean-field model,
the parameter 3. determines the thermal variation of %5— and helical pitch p.

Theoretical curves for three different values of 5. are shown in Figures 4.21(a)-

P
(c). Experimental curves of 7 and pitch p are shown in Figures 4.22(a)-(c).

The actual data of % were reduced to dimensionless form by using P* and ¢*
values listed in Table 4.2. For the sake of comparison we have presented the
results of compound III in Figure 4.22(b) and compound II in Figure 4.22(c).

Note that for compound |, 95 does not show the ‘S’ shaped behaviour ex-
pected for materials with low g, values. It may be mentioned here that an

earlier high resolution study[6] on DOBAMBC also ruled out such anomalous
Ps

5 ratio. In fact,, the microscopic model does not predict ‘S’

behaviour for the
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Table 4.2: Fit parameters obtained from the EMF model

Material P~ 6* Be
(nC/cm?) (rad)

compound | 3.7 0.38 | 0.29
compound II 140.7 1.2 1049

compound III 2175 0.5 (032

Table 4.3: Ratio of piezoelectric bilinear to biquadratic coupling term

M aterial Y at

Tacr - 1K Tace - 5K

compound | 5.35 1.55
compound II 37.3 13.9

compound II] 10.7 2.7
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Figure 4.18: Plot d Ps vs 6 for compound |. Circles denote the experimental
data. Dashed and solid lines are obtained by fitting the data to Equation 4.8
and Equation 4.19 respectively.
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Figure 4.19: Plot o Ps vs 0 for compound II. Circles denote the experimental
data. Dashed line - fit to Equation 4.8. Solid line - fit to Equation 4.19. (At
low O vaues the dashed and the solid lines overlap completely)
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Figure 4.20: Plot o Ps vs @ for compound III. Circles denote the experimental
data. Dashed and solid lines obtained by fitting the data to Equation 4.8 and

Equation 4.19 respectively.
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Figure 4.21: Theoretical behaviour of P/§ and j for different values of .. (from
ref.[10])
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Figure 4.22: Experimental behaviour o P/ § arid p for (a)compound 1
(b)compound 11T (c¢)compound II. The actual data of Ps/6 has been reduced
to dimensionless form using the quantities listed in Table 4.2.
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sliaped variation for any value of §.[19]. The variation of g ratio and pitch p
for compound || (Figure 4.22(c)) looks quite similar to the theoretical diagrani
(Figure 4.21(c)). g is weakly dependent on temperature and p attains a max-
imum near tlie transition, but does not drop on approaching it. In tlie case of
compound III, p remains almost invariant with temperature except for small

drop in the immediate vicinity of the transition.

Although the 3. valuesin the theoretical and experimental cases are different

the results clearly demonstrate the qualitative relationship between tlie values
Ps
6

If, only the bilinear coupling were to be tlie determining factor, the beliaviour

of B, and the thermal variation of and pitch.

seen in compound with higher Ps should have been closer to a classical case

(—];—s = constant). But our results for compounds II and III (Ps for I is

higher than for 1I) show that other coupling terms are also important.

Using Equation 4.6 we have calculated the relative influence of the piezoelec-
tric bilinear and biquadratic terms,

_ 2.
-~ Pé
Listed in Table 4.3 are the values of Y evaluated at T4cs - 1 K and Tyc« -5 K

Y (4.20)

for tlie three compounds. |t isseen that,

1. Tlie nature of coupling is dependent on the proximity to the transition
1.e., the influence of tlie biquadratic term is small near T 4o+ and large far

away from it,.

2. Near the transition as well as far away from it Y (compound II) > Y (com-
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pound I11) >Y (compound 1). The latter relation is quite significant and

justifies our analysis of Figures 4.22(b) and (c).

4.3.2 Comparison with the microscopic model

’

We recall the Equation 4.14 obtained from tlie microscopic model[19],

_ AT + As?
Ps—Alﬁ[ T2 1 Al }
a a1
where Ay = pp, Ay = Z_IIT and A; = ﬁE

We have fitted tlie Ps data to tlie above equation using a non-linear |east
square fit program based on the marquardt algorithmn by floating the parameters
Ay, A; and A;. Figures 4.23-4.25 are the plots of Ps vs. (T-T ac-+) for the three
compounds. The solid lines are tlie fit to Equation 4.14. It is seen from the
plots that in all the cases the fitting is quite good. Using the values of A;, A,
and A3, we have calculated tlie dipolar term a, and the quadrupolar term a,.
The values of A;, Az, A;, a1, a; and the ratio a,/a, for the three compounds

arelisted in Table 4.4.

According to tlie theory, close to tile transition a; dominates the potential,
wliile away from it, the quadrupolar term a, takes over. From the Table 4.4t is
clear that a; < a, for al tlie compounds. One more interesting point to note here
is that the ratio a;/a; is highest for compound 1I and lowest for compound |.
This again gives astrong evidence to say that the compound II is more towards

tlie classical case even though tlie compound III exhibits a higher Ps value.



Chapter 4. Polarisation-Tilt coupling and thermal variation of Pitch...

3
NE 2 B
O o)
g o)
@)
[
[ I
0 | |
-6 -4 -2 Q)

Figure 4.23: Temperature variation of Pg, for compound |, fitted to Equa-

tion 4.14 derived from the microscopic model. The solid line is the fit to the
data.
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Figure 4.14: Temperature variation Of Ps, for compound 11, fitted to Equa-
tion 4.14 derived from the microscopic model. The solid line is the fit to the
data.
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120

Figure 4.25. Temperature variation o Ps for compound III fitted to Equa-
tion 4.14 derived from the microscopic model. The solid line is the fit to the
data.
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Thus the analysis based on both tlie generalised mean-field model and the

microscopic model give the same interpretation to our data.

Tlie coupling coefficients C and 3. of the EMF model can also be determined

using parameters of the microscopic model[19].

a;

C=— (4.21)
)
A
We have, Ay =pporp= —-p—l
Substituting this in Equation 4.21 we get,
c=1 (4.22)

=4
Since p, the number density is not expected to vary drastically between these

compounds, it can be treated as a constant and therefore we can write
C==2=-L (4.23)

The C values thus calculated are listed in the Table 4.5. It is seen that C is
highest for compound 1II indicating that the Ps - 8 coupling for this compound

is closer to a classical case.

Also, expressing . in terms of the parameters of the microscopic model,

3]

Be = (k) (4.24)

In the Landau model 3, is given by the dimensionless quantity —g— asT — Tacs.
Therefore for the calculation of 5, we put T=T 4¢+. Tlie calculated values of .

are tabulated in Table 4.6 along with tlie 5. values obtained using the extended
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Table 4.5: The biliiear coupling term calculated from the microscopic model

Material C(Vem?)

compound | | 522 x 107%
compound II | 7.62 x 10~

compound IIT | 557 x 10~%
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Table 4.6: The effective coupling coefficient 3, calculated from the EMF model
and the Microscopic model

Material Be : Be
(from the EMF | (from the microscopic
model) model)
compound I 0.29 0.036
compound II 0.49 0.35
compound 11 0.32 0.24

as T— Tyc-.

P,
Table 4.7: Experimental and calculated (from the microscopic model) 75 values

"Material

% (exptl)

(nC cm™? rad™)

% (cal)

(nC cm™? rad™!)

compound | 2.8 3.22
compound II 58.1 57.94
compound III 1454 175.4
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EMF model. It is seen from the Table that tlie values obtained from tlle two
models somewhat agree for compound II and III, but differ appreciably for
compound |. The disagreement in g, vaue from tlle two models was seen in
the case of DOBAMBC (the higher homologue of compound 1) also[19]. For
DOBAMBC 3. = 0.17 from tlle exended mean-field model and 0.04 from tlie

microscopic model.

From Equation 4.14 it iSseen that when O is very small, i.e., when T—T 4¢-,

0? terms can be neglected and hence,

E(cal) = Auds

; (4.25)

Tace

P . : :
The calculated 65— ratio for tlie threc compounds are listed in the Table 4.7
along with the experimental values. The agreement between the two values is

reasonably good for all the three compounds.

In conclusion, we have studied tlle temperature variation of polarisation, tilt
and pitch in tlle C* phase dof three different compounds exhibiting low, moderate
and high Ps values. The results clearly show the effect of the parameter £, on
tlle behaviour of %i and pitch p. The data also demonstrate the influence
of the two Ps-6 coupling terms (piezoelectric bilinear and biquadratic) on the
measured parameters. All these observations are generally in good agreement
with tlie theoretical predictions of the extended mean-field model as well as the

microscopic model.
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