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Small Angle X-Ray Diffraction Study for the
Determination of Structural Parameters of Two
Mesomorphic Compounds Having Smectic C
Phase

SONALI GHOSH? PRADIP MANDAL?, SUKLA PAUL?,
RANIJIT PAUL? and MARY E. NEUBERT"

aDepartment of Physics, North Bengal University, Siliguri, India and bLiquid
Crystal Institute, Kent State Institute, Kent, Ohio, U.S.A.

X-ray diffraction study was carried out for the pentyl and octyl members of the series
4-n-alkoxy phenyl 4’-n octyloxy benzoate (PPOB and OPOB in short). The first shows S,
S, and N phases while the second compound has only S¢- and N phases. The transition tem-
peratures were determined by studying texture under polarizing microscope. Apparent
molecular length in nematics, layer line spacings in smectics, tilt angle in S¢, inter molecular
distances and orientational order parameters were determined from X-ray diffraction patterns
of aligned samples at different temperatures. Temperature variation of the orientational order
parameters agree fairly well with Maier-Saupe theory in the nematic phase and with McMil-
lan’s theory in the smectic phase with tilt angle correction in S¢. Discontinuities of <P,>and
<P4>- at SyN in PPOB and at S¢- -N transitions indicate that the transitions are of the first
order.

Keywords: X-ray diffraction; tilt angle; smectic C; orientational order parameters

INTRODUCTION

X-ray diffraction was carried out for the pentyl and the octyl members
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of the series 4-n alkoxy phenyl 4’-n octyloxy benzoate (PPOB and
OPOB in short) at different temperatures with samples aligned by a
magnetic field. The first compound shows a variety of mesogenic
phases namely Sc ,S4 and N while the second compound has Sc and N
phases. We have undertaken this study to get information about the
order of phase transitions Sc-Sa, Sa-N and S¢-N from the molecular
parameters determined from X-ray diffraction patterns. Both PPOB and

17 who

OPOB have been extensively studied by a number of workers
have reported phase transition temperatures and calorimetric data No
X-ray diffraction data are available. Structural formula of the
compounds are;

(I) PPOB : H,,Cs0-CsHs—~COO-CH4—OCsH

(I) OPOB : H;7Cs0-CsHs—COO-CsH4~OCsH,7

EXPERIMENTAL

Transition temperatures 4
Transition temperatures of the compounds were determined with a

polarizing microscope fitted with a Mettler FP80/82 thermosystem.
Both the compounds showed marble texture in their nematic phase, Sc¢
showed broken focal conic texture and Sa of PPOB had focal conic fan
texture. The Sc—Sa transition temperature of PPOB was accurately
determined from the homeotropically aligned sample which showed
Schlieren texture in Sc¢ phase. Transition temperatures (°C) thus
determined are:

(I)  PPOB: K58(48)Sc61.3S,655N8S5I1
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(I) OPOB: K62.5(48)Sc71.3N9051

X-ray study

X-ray diffraction photographs were taken throughout the mesomorphic
range using Nickel filtered CuKa radiation in presence of a magnetic
field to align the sample. The details of our experimental set up has

18]

been given in our previous publication'”. The photographs were

scanned circularly and linearly by a microdensitometer Zeiss MD100.

RESULTS AND DISCUSSIONS

The X-ray diffraction photographs of nematic and smectic phases in
our present study were exactly as expected for aligned samples. These
x-ray diffraction patterns were analysed to determine apparent
molecular length (1) in nematic phase, layer spacings (d) in smectic
phases, intermolecular distance (D) and orientational order parameters
(<Py> and <P,>) using the procedure reported previously!”'"l
Intermolecular distance (D) is almost constant (~5 A) in all phases for
both the compounds. The variation of apparent molecular length (1) and
layer thickness (d) with temperature for PPOB and OPOB are shown in
Figure 1 and Figure 2 respectively. The apparent molecular length in
the nematic phase of PPOB changes from 29 A to 26 A, while that of
OPOB varies from 31.5 A to 30 A as the temperature increases. The
model length (L) of PPOB and OPOB in their fully extended form are

29.2 A and 32.8 A repectively. Hence, it is clear that these molecules
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do not form associations in the nematic phase. The temperature

variation of | is probably due to the increased vibration of the alkoxy

Ter /A
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FIGURE 1. Variation of | or d with temperature for PPOB.

chain as the temperature increases. The layer thickness in the S, phase
of PPOB is almost equal to its model length and is temperature
independent. This shows that PPOB has a monolayer Ss phase. Layer
spacings in the Sc phases of both the compounds decrease with
decreasing temperature. This is due to the increase in the tilt angle (8)
as the temperature is reduced. The tilt angle is calculated from the
equation 6, = cos™'(d/L),where L is the molecular model length in the
fully extended form. The tilt angle is about 21° at 58° C for PPOB. In
OPOB, the tilt angle increases from 12° to 25° as the temperature

decreases.
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Orientational distribution function and hence the

orientational order parameters were determined from the X-ray
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FIGURE 2. Variation of 1 or d with temperature for OPOB.

1011 Experimental

intensity data using a method described earlier
values in the nematic phase agree well with those calculated from
Maier-Saupe theory, as shown in Figure 3 and Figure 4 for PPOB and
OPOB respectively. The x-ray photographs in the Sc phase of both the
compounds were similar to those obtained from aligned Sa samples.
This indicates that in our samples the director is randomly oriented in a

cone about the layer normal, which is in the direction of the applied
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magnetic field. Following a procedure described by Paul et al 1121 " the

order parameters in the Sc phase have been calculated after taking into
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FIGURE 3. Variation of order parameter with temperature for PPOB.
Solid line from McMillan theory.

account the values of the tilt angle. We have tried to fit the
experimental order parameter values in smectic phases with those
calculated from McMillan’s theory!"’!. The results are shown in Figure
3 and Figure 4 for PPOB and OPOB repectively. The parameters of the
McMillan potential, which give the best fit to the experimental data, are
8=0.9 and o = 0.325 for PPOB and 6 = 0.5 and o = 0.412 for OPOB.
As is expected the o value is greater for the homologue having longer

alkoxy chain. Also the order parameter seems to change smoothly
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across the Sy - Sc transition in PPOB, indicating that this transition is

probably of the second order. Order parameter values, however, change
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FIGURE 4. Variation of order parameters with temperature for OPOB.
Solid line from McMillan theory.

abruptly at the N - S¢ transition in OPOB and N - S, transition in
PPOB. This is in agreement with calorimetric measurements of Demus
et al !, From their experimental values of AH for PPOB they found
that Sc - S, is also of weaky first order. Thoen et al ! observed both of
these transitions to be of second order. Extensive calorimetric

measurements by different workers ['*¥!

in different compounds have
established that S¢-Sa phase trasition is of second order, well described

by the mean field theory of Landau. From the variation of I,d and D we
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are unable to draw any conclusion about the order of the phase

transitions in these compounds.
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