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2.1 Introduction

Recently, there has been considerable interest in the theoretical and experimen-
tal studies of first order pliase transitions. The field of second order transitions
and associated critical phenomena has advanced enorrnously as compared to
that of first order transitions. One of tlie major difficulties associated with the
first order transitions is tliat they can not be, unlike second order ones, classi-
fied into universality classes. Tlie reason is tliat at a second order transition tlie
correlatiori length diverges and becomes much larger compared to any system-
specific lengths for e.g., molecular length. Hencesliort wave length properties of
tlie system become irrelevant as far as tlie critical behaviour is concerned. How-
ever, there is no sucli microscopic length associated with a first order transition
and as a consequence much less universality is expected in tlie case of sucli a
first order transition. But first order transitions are important because of some
unique problems associated with these transitions, for example, nucleation, spin-
ocld decomposition, finite size effect et ~Therefore, observation of a first order
transition in any new condensed matter system would help in getting a better
insight into these problems. Some well known examples of first order transitions
are liquid - gas, liquid - solid, ferromagnetic - antiferromagnetic, smectic A -
nematic (A-N) pliase transitions etc. In this chapter, we present tlie experi-
mental results on a liquid crystalline system which led to the first unambiguous

observation of sucli a transition between smectic A and smectic C* phases.

Tlie scheme of presentation in tliis cliapter is as follows: first a brief introduc-

tion lo phase transitions which includes tlie basic thermodynamic classification
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of tlie order of tlie transition and also about tlie concept of tlie order parame-
ter. Next we summarise tlie earlier theoretical and experimental studies on the
nature of tlle smectic A-sniectic C (A - C) and tlle smectic A-smectic C* transi-
tions. After this a detailed description of tlie X-ray set up, used for tlie studies
described in this chapter as well as for most of the otudies described in tlle sub-
sequent chapters, is given. Tliis is followed by our experimental results which
describe the observation of a first order A-C* transition and finally a discussion

regarding tlie origin of the first order nature of tlle A-C or A-C* transition.

A phase transition occurs when tlie state of the system must change to
acliieve equilibrium. Tlie Ehrenfest classification of phase transitions is based on
the beliaviour o the derivatives of the free energy F with respect to parameters
like for example temperature. If tlle phase transition is accompanied by any of
tlle first derivatives of F exhibiting a jump, (e.g., volume, enthalpy) then the
transition is classified as first order type. If the first derivatives are continuous
but second derivatives like for e.g., heat capacity, thermal expansivity etc., are
singular then it is referred to as a second order transition. A first order transition
involving discontinuous change in enthalpy is represented graphically in Figure
2.1(a). Curves H;, Hj; represent tlle variations in the entlialpies of phases | and
IT at constant pressure. In Figure 2.1(b) variations of enthalpy as a function of
temperature for a second order transition is shown. (Thefirst order transition is
also known as discontinuous transition. Tlie second order transition is generally
referred as continuous, because higher order transitions are rare compared to
first and second orcler ones. In this scheme, after Landau([l], tlle symmetry

change across the transition plays a very important role in deciding the nature
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Figure 2.1. (a) A graphical representation of a first order transition involving
discontinuous change in enthalpy. H; and Hj; represent the variation in en-
tlialpies respectively of phases | and II at constant pressure. (b) Variation of
enthalpy as a function of temperature for a second order transition.
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Figure 2.2: Variation of order parameter as a function of temperature for (a)
first order transition.(b) second order transition
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of the transition.)

To describe quantitatively the change in tlie microscopic Structure of tliesys-
tem when it passes through a phase transition, a quantity called 'order parame-
ter’ is defined in such a way that it takes a nonzero value in the unsymmetrical
(or ordered) phase and is zero in tlie symmetrical phase (or disorderd phase)[1].
For e.g., tlie order parameter for tlie ferromagnetic - paramagnetic transition is
tlie spontaneous magnetization. Based on Landau's classification[1], at the on-
set of afirst order transition tlie order parameter changes discontinuously, while
at a second order transition it varies continuously. Figures 2.2(a) and 2.2(b)
show tlie variation of the order parameter as a function of temperature for a

first. ortler and asecond order transitious respectively.

2.1.1 Smectic A-Smectic C/Smectic A-Smectic C* tran-
sition
As we have already seen in Chapter 1, smectic A(A) and smectic C(C) phases are
described as orientationally ordered fluids with a one dimensional mass density
wave. In the A pliase, the wave vector o tlie mass density wave is along tlie
director and in tlie C phase it is at an angle. If tlie molecules are optically
active[2] in the C phase, then it is known as smectic C* (C*)or cliiral C phase.
In tlie C* pliase, tlie molecules are not only tilled with respect to the layer
normal but tlie azimuthal direction of tlie lilt precesses from one layer to another,
giving rise to a lielicoidal structure. Due to tlie chirality of tlie molecules, the
tilt ordering locally breaks tlie axial symmetry around tlie long molecular axis

and induces a transverse in-plane polarisation. Thus a cliiral C pliase shows
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ferroelectric properties[3] i.e., it has a nonzero spontaneous polarisation (P,)

when the helix is unwound.

The order parameter for the A-C transition is a complex one[4] and can be

written as
b = e’

where O is the magnitude of tlie tilt angle and 4, the azimuthal angle (see
Figure 2.3). Since ¢ can be chosen arbitrarily, O itself is taken as the order
parameter in the free energy expansion for the A-C transition. In the case
of A-C* transition, in addition to tilt, spontaneous polarisation (P,) is also
present and one should, in principle, consider both tlie order parameters. But
experimental evidence[5] indicates that the transition is brought about by the
same intermolecular forces producing the C phase and not by a ferroelectric
coupling between the permanent dipoles. Therefore, P, becomes a secondary
order parameter for the A-C* transition, where as tilt angle ¢ is tlie primary
order paranieter. Thus the basic physics of the A-C* transition may be expected

to be the same as that of A-C transition.

From symmetry considerations, A-C/A-C* transitions can either be first or-
der or second order. But experimentally, this transition was generally found to
be second order. Lien and Huang[6] predicted that the transition can be driven
to become first order by large fluctuations of a nearby A-Isotropic transition.
However, the existence of a first order A-C/A-C* transition had not been estab-
lished experimentally so far. A significant advance in this direction was due to

the synthesis[7,8] of many new ferroelectric liquid crystals which showed a high
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Figure 2.3: Geometry of smectic C phase.
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value o spontaneous polarisation. Preliminary X-ray, spontaneous polarisation
and differential scanning calorimetric(DSC) Studies[7,9] had indicated that the
A-C* transitions in some Of these materials may be first order. We undertook
high precision X-ray studies on one such ferroelectric material wliicli has a high
Ps (~ 300 nC/cm?). The results clearly showed that the A-C* transition in
this material is first order. In order to understand tlie origin of the firsl order
transition in such materials, X-ray diffractioii experiments were carried out on
two more liquid crystalline systems, the results of which are also described in

the following sections.

2.2 Experimental

2.2.1 Materials used

The materials used for the studies described in this chapter are 4- (3-methyl
-2- chloropentanoyloxy) -4' -heptyloxy biphenyl (MCP70B), 4- (3-methyl -2-
cliloro butanoyloxy) -4' -heptyloxy biphenyl (A7 [left-handed] or A7[1]) and the
terepthal -bis -alkylaniline (TBnA) series. The structural formulae and the tran-

sition temperatures of the materials are tabulated in Tables 2.1(a) and 2.1(b).

2.2.2 X-ray diffractometer set up

We describe here two types of X-ray diffractometer set up, one with ascintillation

counter as the detector and another with a position sensitive detector.
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Table 2.1: (a)Structaral formuale and transition temperatures (°C) of MCP7TOB
and AT([]]

MCP70B

c|| cI:H3
c7H,5000c—c¢1—c*H —CH,—CHgy
A7

Cl  CH4

I I
C7HISOOOC—C*H—CH—CH3

Materia Iso A C* G*

MCP70B . 63 . 54 . 422

AT . 1 . . 733 . T10
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Table 2.1: (b)Structral formula and transition temperatures (°C) of TBnA series

TBnA

CnHan+1 @— N=CH@CH=N@C”H2n+1

M aterial Iso A C F
TBDA . 1910 . 1892 . 1548 . 1487
TBOA . 2025 . 1925 . - . 156.5

10 mol% . 1916 . 1887 . 1535 . 1489

TBOA+TBDA

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

G* = chiral smectic G phase, | = smectic | phase.
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2.2.3 Scintillation counter set up

Since tliis set up was used for most Of our experiments we shall describe it in

greater detail.

A conventional X-ray generator (Enraf Nonius, model 583) with a fine focus
tube (Pliilips PW 2213/20 copper anode) was used. Tlie maximum operating
conditions of tlie tube were 50 kV and 26 mA. But, generally it was operated
at 40 kV and 26 mA, because it was found that increasing tlie operating volt-
age beyond 40 kV increases the background radiation and does not really lielp
in getting better X-ray data. Tlie monochromator input slits were kept wide
open to avoid spurious trimming of tlie incoming beam. A bent quartz crystal
monochromator cut for (1011) reflections was used in the Johansson geome-
try. Tlie crystal was oriented to select tlie characteristic CuKo radiations. The
monochromator intermediate slits arefurther trimmed to eliminate the K,, rays
so that the highly monochromatic K,, (A = 1.54051) rays emerge from the out-
put dlit of tlie monochromator. These rays get focussed on the circumference of
tlie Guinier circle. The detector, viz., a Nal scintillation counter (Bicron) was
placed on tlie circumference of tlie Guinier circle and the asymmetric transmis-
sion mode was used. A platinun edged slit, which was razor sharp - to eliminate
any Sliadow effects - was used to control tlie widtli of tlie beam falling on the
counter. Tlie vertical divergence of the scattered beam was controlled by a pair
of soller slits located in front of tlie detector. To avoid the direct beam falling
on tlie detector, a beam stopper was suitably positioned. Tlie Figure 2.4 shows

aschematic view of the scattering geometry used in tlie experiments.
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Figure 2.4: Schematic representation of the scattering geometry used in the X-
ray set up. The detector is either a scintillation counter or a position sensitive
detector depending on the set up used.
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Sample holder and heater design

The design of tlie sample holder and tlie lieater was essentially the same as the
one described by Somashekara[10] except for a few modifications. Schematic
diagram of the sample holder isshown in Figure 2.5(a). It was made of a copper
rod. A narrow capillary bore was drilled along tlie axis of tlie rod from top end
to house tlie Lindemann capillary which contains liquid crystalline samples. The
bore was about 0.9 mm in diameter and 20mm long. A pair of slots were cut
on the rod along tlie length diametrically opposite to each otlier. Tliese slots
serve as tlie entrance and exit slits for the X-ray beam. Tlie exit slot has its
edges tapered to give an angle of 20° at tlie axis of tlie cylinder. The stem of

the sample liolder helps in fixing it on to the goniometer base.

Figure 2.5(b) diows tlie sectional view of tlie heater assembly. Essentially,
it is a thicker copper rod, having a cavity, cut along tlie axis to liouse the
sample liolder. Two vertical slots cut on tlie cylinder serve as the entrance and
exit windows for tlie X-ray beam. Oune d tlie junctions of tlie chromel-alumel
thermocouple sheathed in a ceramic tube is fixed on tlie top end of the copper
rod in sucli a way that tlie tip of tlie junction Sits in close proximity to the
sample in the sample holder. Tlie temperature of tlie sample was varied by
regulating the current passed through tlie thermofoil (MINCO) heater wrapped
around the copper rod. Tlie thermofoil was covered by two layers of thermal
insulation composed Of asbestos and hylam cylinders. Tliis greatly reduces tlie
heat loss clue to radiation. Tlie entrance and exit windows on tlie cylinder are

covered using thin mylar slieets to prevent tlie air draughts. A guide screw
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Figure 2.5: A cross-sectional view of (a) the sample holder, (b) the heater as-
sembly
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helps the sample liolder windows to align properly with tliose of the heater. An
anchoring screw was used in order to hold the sample holder firmly on to the
body of the heater. The entire set up was housed in a chamber covered witli

thermal insulating sheets.

Temperature calibration

In order to obtain the true sample temperatures, the thermocouple was cali-
brated using standard substances exhibiting very sharp phase transitions. A
laser transmission technique was used to determine the transition temperatures
of thesamples. Thelaser beam transmitted through the sample was collected by
a photodetector, the output of which was recorded on a multichannel recorder.
The thermocouple output (in mV) was read by a high resolution and low drift
voltmeter (Keithley nanovoltmeter model 181) and was also monitored con-
tinuously using another channel of the same recorder. The criterion used in
selecting tlie samples was that they exhibit strong and sharp intensity changes
across the pliase transitions. The sharp change in the intensity at a pliase tran-
sition was recorded by the chart recorder and the corresponding thermo emf(in
mv) was measured. The true transition temperatures of the samples were deter-
mined using a programmable, calibrated hot stage (Mettler FP 82). Transition
temperatures in °C and the thermo emf in mV for various samples are tabu-
lated in Table 2.2. The thermo emf vs the temperature data can be described
by a polynomial[l11]. We have fitted the data to a fifth degree polynomial,
T =a, + aV + a,V? + a; V3 + aV*? + asV® where a,, a;, as, a3, a4 and a5 are

the constants and V is the th&rmoemf in millivolts. The Figure 2.6 shows the



Chapter 2. First order A-C* / A-C transition

Table 2.2: Thermocouple calibration of the heater. Materials used and the
transition temperatures.

Compound  Transition Temp (°C) Thermo emf (mV) Fit
(Mettler) (heater) values
8CB 40.5 1.5577 40.50
SOCB 80.7 3.2018 80.60
8S5 86.50 3.4458 86.50
CBOOA 107.9 4.3410 107.85
PAP 167.7 6.8446 167.70
p-anisaldazine 183.7 7.4972 183.65
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Figure 2.G: Temperature calibration curve for the X-ray heater. The straight
line is afit to a 5th degree polynomial.
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tlie polynomial fit to the data. It can be seen from the figure that the polyno-
mial fits tlie data extremely well and can be satisfactorily used to convert tlie

thermocouple output to sample temperature.

M easuring Electronics

The X-ray beam impinges on the Nal crystal of tlie scintillation counter, and the
output obtained isin tlie visible region. This was detected by a photomultiplier,
tlie output of wliicli was amplified in two stages. One by a preamplifier module
and anotlier by a high fidelity wide band amplifier. Tlie amplified signal was dis-
criminated by a pulse height discriminator circuit, wliicli was made to operate in
the optimum gain and plateau output region. The output of this unit was taken
to a ratemeter which serves as an analogue indicator of tlie magnitude of tlie
X-ray intensity falling on the detector. A parallel output of tlie discriminator
was fed into an impulse counter wliicli gives the output in terms of counts per
unit time. Tlie position of the detector, mounted on an arm (wliicli moves along
the Guinier circle) was controlled by a stepper motor and worm gear assembly.
Tlie stepper motor in turn was driven by a commercially available stepper motor
control unit (Huber SMC 9002). The stepper motor control provided an overall
angular resolution of 0.001° in Bragg angle. The impulse counter mentioned
above was aso built into this unit. Both tliese angular positioning and inten-
sity measuring units were independently monitored and controlled by a micro
computer (HP86B) using a serial interface. In addition to this, tlie temperature
reading voltmeter was also interfaced to tlie computer. Tlie entire operation

of positioning the detector, measuring tlie intensity and tlie sample tempera-
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ture were completely automated by writing a software program in BASIC. The
online microcomputer was used not only for collection and storage of the data
but also for preliminary analyses of the data. Figure 2.7 shows the schemaltic
representation o the experimental set up.

A brief account o a typical X-ray experiment is given below.

The liquid crystal sample was filled in a Lindemann capillary (0.7 mm di-
ameter, 17-20 mm length) in the isotropic or nematic state using a microsyringe
with fine control. The length of tlie sample taken was usually about 10 mm.
Sufficient gays were left on either sides of tliesample, so that when both tlie ends
of capillary were sealed using a thin flame, the sample was riot overheated. The
capillary was then inserted into the cavity of the sample holder. This in turn
was mounted inside tlie heater. The entrance and exit windows of the holder
were aligned properly with that of the heater using the guiding screw. With the
help of the anchoring screw, the holder was fixed firmly inside the heater. The
heater was kept in between the pole pieces of a 2.4 T magnetic field generated
by an electromagnet (Bruker B-E 25). The sample was heated to the isotropic
or nematic phase and then cooled slowly (1-2°C/hour) to the A phase in the
presence of the field. After obtaining a well aligned A phase, the sample along
with the temperature controlled oven was transferred to the goniometer head
of the diffractometer. An initial scan was taken in the equitorial direction by
changing the position of the counter in steps of 0.01°. This gives an approximate
position of Bragg angle ©. A refined - © scan was taken around this © position

by varying the counter position in steps of 0.001°. The data was fitted to a
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second degree polynomial using least-squares-fit programme to give the peak ©
valueand also the peak intensity. The vaue was corrected using the wave vector
calibration value (discussed in 52.2.6). This was used for calculating the layer

spacing (d) value,
A
d= 2sin©®

(2.1)

A typical X-ray scan isshown in Figure 2.8. The tilt angle in the C or C* phase

was calculated by using the relation

§ = cos™! (dC‘> (2.2)
da

where d¢. and d4 are the layerspacing in C* and A phases respectively.

Wave vector calibration

The layerspacing (d) measured as described above may vary from the true value
due to the limitations of the experimental set up. In order to account for this we
have measured the scattering angle © for a set of standard compounds exhibiting
A phase for which the true scattering angles(©') are known[12,13]. Thedeviation
o the measured angle (A 0= ©' - ®) from the true value was calculated in each
case and the correction to any subsequent measured © was calculated using
the standard interpolation technique. The materials chosen for calibration, the
standard scattering angle ©' from known layerspacing, ©, the scattering angle

measured using our experimental set up and A© are listed in Table 2.3.
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Figure 2.8: A typical X-ray scan taken along the equatorial direction
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Table 2.3: Wave vector calibration.

Compound Standard Measured AO =0'-0
@' (deg) © (deg) (deg)
CBOOA  1.25742 1.1867 0.0707
DB5 1.735413 1.6602 0.0752
80CB 1.383812 1.3122 0.0716




Chapter 2: First order A-C*/ A-C Transition
Wave vector resolution

Even at the smallest slit width permitted by the set up (10pm) , tlie intensity-
scattering angle (I-0) scan shows a peak with half width at half maximum of
dd = 0.01" . The wave vector spread or tlie resolution (dq) in the equatorial
direction calculated from the equation, dg = ir cosOdO, for a typical scattering
angle of 1.1°, was 1.42x1073A-1. Tlie precis/ion in determination of q itself at

any temperature was 2x10"*A-1,

2.2.4 Position sensitive detector set up

A Ge monochromator (having amuch larger focal length than quartz) instead of
the quartz monochromator and alinear position sensitive detector (PSD-Braun
OED 50)in conjunction with amultichannel analyses (Braun MCA 3/1) in place

of ascintillation counter are used in this set up.

The experiments were conducted using an aligned A phase obtained by cool-
ing the sample at adow rate (— 1°C/hour) from the isotropic phase in the pres-
enceof an insitu 0.8T magnetic field provided by a pair of samarium cobalt mag-
net pieces. Tlie precision in determination of the wave vector was 2x10~4A -1
while tlie resolution in the equatorial direction is1 x 107> A~ half width at half

maximum (HWHM).

2.3 Results and Discussion

Figure 2.9 shows the differential scanning calorimetric (Perkin-Elmer DSC- TADS

4) scan taken for MCP7OB at a cooling rate of 1°C/min. Tlie scan sliows a
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Figure 2.9: Tlie differential scanning calorimetric scan taken for MCP70B at a
rate 2° C /min in tlie cooling cycle. A strong peak for the A - C* transition is
seen.
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Figure 2.10: A plot o enthalpy (AH) versus cooling rate for the A-C* transition
in MCP70B & obtained by tlie DSC runs. Each data point is represented by a
vertical line the lieiglit of which represents the error bar in tlie determination of
AH. Tlie solid line is tlie least-square-fit of tlie data to a straight line.
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strong peak for tlie A-C* transition. The DSC runs were taken for 10 different
rates, ranging from 1°C/min. t0 0.1°C/min., tlie lowest rate possible with our
DSC set up. The total area under tlie endothermic peak was cal culated using the
computerised TADS system and the corresponding enthalpy (AH) was obtained
for each cooling rate. The transition entlialpy includes both tlie latent heat and
the specific heat contribution. In Figure 2.10 the value of AH thus obtained is
plotted as a function of cooling rate and is fitted to a straight line. The zero
intercept Of this fitting gives tlie enthalpy AH,, tlie value that would be for
a zero cooling rate. Altliougli, in principle, DSC cannot differentiate between
rapidly varying entropy and the latent heat of transition, earlier studies[14,15]
have demonstrated that tlie value of AH, evaluated in this manner is very close
to latent heat of transition. It is seen from the figure that AH is almost in-
dependent of the rate of cooling, which is as expected for first order transition
witli asmall pretransitional effect. Tliis gives a strong indication that tlie A -

C* transition in MCP70OB may be first order.

In order to establisli tliis fact we have carried out high precision X-ray exper-
iments. Figure 2.11 diows the raw diffractometer scans in tlie neighbourhood of
tlie A-C* transition. It can be seen from tlie figure that botli in tlie A and C*
phases, we get single X-ray diffraction peak, whereas in the transition region,
tlie diffraction pattern consists of wave vectors corresponding to botli A and
C* phases. Figures 2.12 and 2.13 show the temperature variation of tlie layer
spacing (d) and the peak intensity of tlie X-ray diffraction peaks across the A-C*
transition. From botli the plots, it is seen that tlie width of tlie two-phase region

Is about 50 mK. The salient features of this two phase region are as follows.
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signifies that the A-C* transition is first order.
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Figure 2.13: Variation o the intensity o tlie X-ray diffraction maxima as a
function of temperature for MCP7TOB. The data in the immediate vicinity of
tlie A-C* transition are shown on an enlarged scale in tlieinset. Solid and open
circlesin the inset correspond to the density modulations in the A and C* phases
respectively. A crossover o tlie intensity isseen in tlie two phase region.
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1. Tlie coexistence of peaks corresponding to both A and C* phases.

2. Cross-over of tlie intensities of X-ray diffraction peaks, occurring roughly

in tlie mid position of the two-phase region.

Tliese features are cliaracteristic of a two-phase region which is expected and
indeed seen for first order transitions between two smectic phases with different
layer periodicities[16,17]. Tlie tilt angle @ was calculated using tlie Equation 2.2.
(da was taken as the layerspacing value in the A pliase, just before the com-

mencement of the two pliase region.)

Tlie validity of tlie above equation to calculate § was verified by measuring
the tilt angle directly from tlie 'four-spot' X-ray diffraction pattern in the C*
pliase. This was obtained using tlie X- ray photographic set up[18], wliere the
sample was aligned in the presence of magnetic field and the molecules were
held fixed by the field in the C* pliase. Tlie X-ray diffraction pattern taken on
a pliotograpliic film consisted of "four-spots" as shown in Figure 2.14. The tilt
angle(f,) ( the subscript p indicates that the tilt angle was obtained from tlie
yliotographic set up) was calculated directly by measuring the angle between
the adjacent spots. The value of tilt angle obtained by the direct method and
by Equation 2.2 are nearly the same, i.e.,tlieratio 60_,, ~ 1. Thisclearly indicates
that tlie molecules of MCP7OB are more like rigid-rods and are not in tlie Wulf
limit[19]. Figure 2.15shows tlie tilt angledata as a function of temperature. It is
seen from the figure that tlie tilt angle values obtained by tlie two methods (open

circle - from Equation 2.2, filled circle - four-spot method) agree quite well.

Tlie tilt angle 0 shows a discontinuous jump at tlie transition. (As discussed
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Figure 2.14: The 'four-spot’ X-ray diffraction picture in the C* phase obtained
from the photographic technique. The schematic is shown below.
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Figure 2.15. Variation of the tilt angle as a function of temperature for
MCP70DB. The open circles represent the data obtained using Equation 2.2.
The filled circles are from tlie photographic experiments.



Chapter 2: First order A-C*/ A-C Transition 38

already, a discontinuous jump in the order parameter is characteristic of first
order transition.) Thus we have a clear evidence of afirst order A-C* transition

in this ferroelectric material.

Having found a first order A-C* transition, it would be interesting to know
what are tlle different material parameters that may drive this transition to be-
come first order.' Huang [20] has compiled all the available data on A-C/A-C*
transitions in different compounds and found a systematic trend with respect to
the temperature range o tlle A phase. The study indicated tlle possibility of
finding a first order A-C/A-C* transition by shrinking the temperature range of
tlle A phase. In a recent study, Liu et al[21] have argued that reducing temper-
ature range of the A phase alone may not make the transition first order, but
an additional parameter, viz., the magnitude o tlie transverse dipole moment
of the constituent molecules has a strong effect on the order of tlle transition. A
more Systematic study in this direction was essential to understand the nature
of this transition. With this on view, we have carried out X-ray experiments
on two different liquid crystalline systems; one o which has the molecules with
wesk transverse dipole moment[22] (TBnA series) and another with a strong
transverse dipole moment (AT[left-handed] or A7[{]). The structural formula
and the transition temperatures of tliese materials are already given in Table

2.1.

In tlle TBnA series, the X-ray measurements were carried out on n=10
(TBDA), n=8(TBOA) and a 10% mixture of TBOA in TBDA. The PSD set

up (explained in §2.2.4) was used for these experiments. Figure 2.16 shows the
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Figure 2.16; Raw PSD scans taken along the equatorial direction in the (a) A
phase, (b) two-phase region and (c) C phases of TBDA.
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PSD scans taken in tlie immediate proximity of the A-C transition in TBDA.
Tlic onset of the transition is characterized by tlie X-ray diffraction pattern con-
sisting of two quasi Bragg peaks, at wave vectors corresponding to both A and C
phases, signifying a two pliase region. This is very similar to what was observed
in tlie case of MCPSOB. Tlie teniperature variation of layer spacing (d) across
the A-C transition is plotted in Figure 2.17. The figure shows the cliaracteristic
features of a first order transition, viz., tlie jump in tlie layer spacing (d) at
tlie transition and existence of a two-phase region in which tlie d values corre-
sponding to A and C phases coexist. Figure 2.18 diows tlie plot of 6, calculated
using Equation 2.2, versus temperature. A discontinuous jump in § siows that
tlie A-C transition in TBDA is indeed a first order transition. Altliougli earlier
X-ray studies[23,24] had indicated tlie occurrence of afirst order A-C transition
in substances with weak transverse dipole moments, tlie data were not of suffi-
ciently high resolution, - as tlieautliors of Ref.[24] themselves point out- to yield

any conclusive results. Thus we liave observed a clear evidence of afirst order

A-C transition in such materials.

Having observed a first order A-C transition in TBDA with an A phase tem-
perature range of ~1.8°C, we proceeded to investigate wliether tlie strength and
order of tliis transition is affected merely by increasing tlie temperature range
of tlie A pliase without altering tlie basic structure of tlie constituent molecules.
Witli tliis in mind, X-ray studies liave been done on tlie lower homologue of
tlie TBDA, viz., TBOA and a binary mixture of 10% TBOA in TBDA ( molar
concentration). Tlie temperature range of the A pliase for TBOA is ~10°C and

for tlie mixture it is ~ 2.9°C. Tlie § versus teniperature data plots for TBDA,
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Figure 2.17: Temperature variation of the smectic layer spacing (d) in the vicin-
ity of the A-C transition of TBDA. The dashed lines enclose the two-phase
region.
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Figure 2.18: Temperature variation of tilt angle for TBDA.
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TBOA and 10% mixture are shown in Figure 2.19. Table 2.4 gives the range
of tlie A phase and the jump in 0 at tlie transition for all tlie tliree materials.
It is seen from the figure as well as from the Table that as the range of the A
phase decreases, the order of the transition changes from second to first and
increases in strength witli further decrease in tlie range of A phase. Therefore,
even though the materials have weak transverse dipole moment, the temperature

range Of tlie A phase determines the order of tlie transition.

X-ray measurements have also been carried out on A7(l), aleft-handed chiral
substance witli a structural formula similar to that of MCPTOB (see Table 2.1).
It has a high spontaneous polarisation (P, ~ 150nC/cm?) indicating a strong
transverse dipole moment. Tlie temperature range of tlie A phase is relatively
large (~ 8°C). Figure 2.20 shows tlie layerspacing (d) variation with tempera-
ture. The plot shows tlie existence of a two-phase region. Also plotted in the
Figure 2.21 is the thermal variation of peak intensity which shows a cross-over
in the two-phase region. Tlie tilt angle 0 as a functiion of temperature is plotted
in Figure 2.22. It is seen from tlie figure tliat 4 shows a discontinuous jump
at tlie transition. Tliese results are clearly indicative of a first order transition.
High resolution calorimetric studies by Liu et al [25] have also shown that A-C*

transition in this material is first order.
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Figure 2.19; Thermal variation of the tilt angle for TBDA (circle), 10% TBOA
+ TBDA mixture (triangle), and TBOA (square).
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Table 2.4: Tlie temperature range of the A pliase (T;—4 - Ta-¢) and tlie jump
in tlie tilt angle (Af) at tlie A-C transition for tlie materials studied (where
T_4 is the isotropic - A transition temperature.)

M aterial (Ti-a - Ta—c) (° C)  Ag (deg)
TBOA 10.0 0
10% TBOA T TBDA 2.9 8.9

TBDA 1.8 12.8
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Figure 2.20: Teinperature variation Of tlie smectic layer spacing (d) in the close
vicinity of the A-C* transition of A7({).
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Figure 2.21: Variation o tlie peak intensity of tlie X-ray diffraction scans as a
function of temperature near the A - C* transition of A7(l).
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Figure 2.22: Variation of the tilt angle in the C* phase as a function of temper-
ature for A7(1).
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Based on tlie results discussed above, we can summarise the following about

the nature of A-C/A-C* transition.

1. If the transverse dipole moment is strong, materials with a large range of

A phase can show a first order A-C/A-C* transition.

2. For materials witli weak transverse dipole moment the range of the A

phase has to be much narrower for the same effect to be seen.
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