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

On: 21 February 2013, At: 11:50

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

Melting and Crystallization
Processes of EBBA |. Thermal
Analysis

Munehisa Yasuniwa & Kikuwo Minato 2 °

% Department of Applied Physics, Faculty of Science,
Fukuoka University, 11-Nanakuma, Nishi-ku, 814-01,
Japan

® Kurume National Technical College, Komorino-

machi 1232, Kurume, Fukuoka, 830, Japan
Version of record first published: 28 Mar 2007.

To cite this article: Munehisa Yasuniwa & Kikuwo Minato (1982): Melting and
Crystallization Processes of EBBA I. Thermal Analysis, Molecular Crystals and Liquid
Crystals, 87:1-2, 97-107

To link to this article: http://dx.doi.org/10.1080/00268948208083776

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208083776
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 11:50 21 February 2013

independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
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 11:50 21 February 2013

Mol Cryst. Lig. Cryst., 1982, Vol. 87, pp. 97-107
0026-8941/82/8701-0097$06.50/0

® 1982 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Melting and Crystallization
Processes of EBBA
|. Thermal Analysis

MUNEHISA YASUNIWA and KIKUWO MINATOY+

Department of Applied Physics, Faculty of Science, Fukuoka University,
11-Nanakuma, Nishi-ku 814-01, Japan

(Received Ociober 10, 1980; in final form December 17, 1981)

Melting and crystallization processes of EBBA (N-p-Ethoxybenzylidene-p’-butylaniline)
have been studied by the method of thermal analysis and measurement of light transmit-
tance. When the sample is cooled down from the nematic phase at a rapid cooling rate,
solid phase (solid S) is formed directly. Solid S contains two solid modifications (solid S;
and solid S,). By heating the solid S, some amount of Solid §, is transformed into the
nematic phase through the process of (melting of solid S, — crystallization to solid S; —
melting of solid S;). After the melting of solid S,, some liquid crystalline state appears
transiently. Solid S, is stabilized by the heat treatment at low temperature. The quantity
of solid S; in solid S increases with the heat treatment time and/or with cooling at a low
temperature.

1 INTRODUCTION

When a liquid crystalline sample in the state of liquid crystalline phase is
cooled down, the sample is often crystallized into the solid phase
through the supercooled liquid crystalline state. If this solid sample is
reheated, lower melting points or multi-melting points are sometimes
observed. These observations have often been explained by the meltings
of some kinds of solids which have different thermal stabilities, i.e. solid
state polymorphism. The study of solid state polymorphism of liquid
crystalline materials has already been reported by many authors. It is
well known that the solid order obtained is quite dependent on the cool-
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ing rate and the extent of nucleation. This indicates that a different cool-
ing process should bring about different kinds of solids. However, in
many experiments on the solid state polymorphism, temperature con-
trol at a cooling process has not been generally practiced so far. Conse-
quently it happens that the phase diagram which has been reported by
one author is often different from the ones reported by other authors.
For example, Lydon and Kessler' have reported the disagreement of
their DTA data in the heating process of MBBA with those reported by
Mayer et al.* and Petrie er al.® Then they have supposed that the reason
of this discrepancy is perhaps due to the different quenching rates.

The study of solid state polymorphism of EBBA has been reported by
Kirov et al.,* Ogorodnik*® and Sorai et al.” Kirov et al. carried out ther-
mal analysis and Raman spectroscopy and have suggested three kinds of
solids. Ogorodnik has suggested four kinds of solids from the Raman
spectra and the multi-peaks of his thermogram. Sorai et a/. measured the
specific heat and have indicated the metastable crystalline phase. A high
pressure DTA thermogram was obtained by Schneider er al.*® They
have suggested two kinds of solids (solid I and solid 2) and have ex-
plained the melting process that solid 1 as well as solid 2 melts into the
nematic phase at a low and high temperature respectively. Although the
solid order obtained is quite dependent on the rate of cooling and extent
of nucleation, in these measurements mentioned above, adjustment of
the cooling condition was not employed as an important experimental
condition. Consequently these suggestions’™ do not agree with each
other. Agarwal and Arora'® carried out the dielectric measurement on
“stable” and ‘“‘metastable” solids which were obtained with slow (0.5
°C/min) and rapid (5 °C/min) cooling rates respectively. It is question-
able that the “‘stable” solid named by them is really a stable one, because
even in the slow cooling process stable solid is formed by the accidental
crystallization from the supercooled nematic phase.

In the present investigation, thermal analysis and measurement of
light transmittance of EBBA are carried out under the adjustment of
cooling condition. The melting and crystallization processes of EBBA
are clarified, and the explanations of the formation process and charac-
teristics of each solid are examined.

2 EXPERIMENTAL

21 Samples

A highly purified EBBA sample was obtained from Fuji Shikiso Co.;
therefore the sample was not purified furthermore.
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2.2 Apparatus

2.2.1 Thermal analysis Thermal analysis was carried out using low
temperature differential scanning calorimetry (Rigaku Denki Co.). By
the use of liquid nitrogen, the heating and cooling rate could be easily
controlled over the range of —100 ~ +300°C.

2.2.2 The measurement of light transmittance The measurement of the
intensity of transmitted light in the sample was carried out. The appara-
tus is shown in Figure 1. The sample was enclosed in a cylindrical glass
capsule which was 4 mm in inner diameter. The incident laser beam en-
tered vertically on the surface of this glass capsule. The intensity of
transmitted light was detected by the photo diode. A strong laser beam
tends to damage the liquid crystalline sample, therefore a low intensity
beam was used as an incident light source. The temperature was meas-
ured by means of an alumel chlomel thermocouple placed in the sample.
The temperature of the sample could be controlled precisely by the use
of a temperature controller (Shinku Riko Model HPC-5000-3064 MLA).

3 RESULTS AND DISCUSSION

3.1 Crystallization process

Figure 2shows thermograms which were obtained in the cooling process
from the nematic phase. In any cooling rate the liquid crystalline phase
is transformed into solid through supercooled nematic phase. When the
nematic sample is cooled at a rapid cooling rate more than 10 K/min
(run 1), a single broad exothermic peak appears on the thermogram.
This broad peak indicated that the sample is crystallized into a solid
which is partly similar to the frozen state of the liquid crystalline phase.
This solid is named solid S. When the nematic sample is cooled at a slow
cooling rate of less than 3.2 K/min (run 3), two stepped crystallization
can be observed. The crystallization curve shows a broad exothermic

zero
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temperature
controlter

heater

thermocoupte

..... . __{photo X-Y
dicde recorder
sample glass

tube

FIGURE 1 Apparatus for measuring light transmittance.
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FIGURE 2 DSC thermograms of EBBA in the cooling processes. Cooling rates are in-
dicated in the figure.

peak in the range of 21 ~ 12 °C and a sharp exothermic peak at 10 °C.

In order to clarify the cause of appearance of the broad exothermic
peak of run 3, the measurement of light transmittance was carried out.
As the intensity of the transmitted light fluctuates with the lapse of time,
Figure 3 shows the averaged intensity of transmitted light. Then the in-
tensity in Figure 3 is not corrected by other experimental conditions (for
example, refractive index of the sample). In the cooling process the in-
tensity of transmitted light does not decrease abruptly over the tempera-
ture range where the broad peak of DSC thermogram appears. If a small
number of large-sized crystals is formed through the processes of nu-
cleation and growth of crystals, the degree of the scattering of the laser
beam may be small, (i.e. the intensity of transmitted light in the trans-
formation process from the nematic phase to solid does not perhaps de-

TRANSMITTANCE

10 20 30 40
TEMPERATURE (*C)

FIGURE 3 Averaged intensity of transmitted light in the sample. The heating and the
cooling rates are 0.8 K/min.
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crease abruptly). From these suppositions a two-stepped crystallization
process with the slow cooling rate can be considered as follows. In the
first place, in the temperature region of the broad exothermic peak of
run 3 a small amount of the sample is transformed into large-sized crys-
tals. Subsequently in the temperature region of sharp exothermic peak
the residual sample crystallizes around the crystals which are formed in
the first place. By the microscopic observation the confirmation of these
suppositions will be given in the near future.

As shown in Figure 2, the DSC thermogram, obtained at 6.4 K/min
(run 2),is an intermediate one which was obtained between rapid (run 1)
and slow (run 3) cooling rates. So it is supposed that in this cooling rate
the crystallization process is the one mixed with the rapid and slow cool-
ing rates.

3.2 Melting process

Solid S follows a simple crystallization process, and so it is supposed
that the structure of solid S is simple rather than that of the solid obtained
by slow cooling processes. Therefore, in the first place, the melting proc-
ess of solid S is clarified (Figure 4). Solid S was obtained by the cooling
at the rate of 12.8 K/min from the nematic phase to —25 °C (run | in
Figure 4). The melting thermogram of solid S (1.6 K/min) shows two
endothermic peaks (run 2 in Figure 4). Two endothermic peaks corre-
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FIGURE 4 Heat treatment effect on the melting process. Run 2 is the melting thermo-

gram of solid S. Run 4 is the melting thermogram of heat treated solid S which is heated up

10 34 °C and cooled down to —25 °C (run 3). Heating rates are indicated in the figure.
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spond to the meltings of two kinds of solids. Those solids are named S,
and S, which correspond to a low and a high temperature peak, respec-
tively. Ogorodnik® and Schneider et al.*® have also reported two similar
endothermic peaks as proof of the existence of some kinds of solids.
However, they have not made further investigation of the melting process.
By obtaining the details of the melting process of solid S, solid S was
heated up to 34 °C where the larger part of the solid S; melts, and imme-
diately the sample was cooled down. As the solid S was heated at the
slow heating rate (1.6 K/min), the temperature of the sample could be
controlled perfectly in the above heating and cooling processes. In spite
of the cooling of the sample to —25 °C the exothermic peak which corre-
sponds to the peak shown in Figure 2 did not appear. When this sample
was reheated at the rate of 1.6 K/min (run 4), small endothermic, small
exothermic and large endothermic peaks appeared successively. Gener-
ally an exothermic peak is caused by the crystallization of a melted
material, so the small exothermic peak of run 4 is due to the crystalliza-
tion into solid S;. Accordingly, it can be considered that some amount of
the solid S is transformed into the nematic phase in the process of the
melting of the solid §; — crystallization to solid S; — melting of solid
S,. This type of exothermic peak and/or the result which corresponds to
this exothermic peak appears in the lower temperature; therefore, in the
ordinary experimental condition the small exothermic peak is covered
with these two peaks and disappears from the melting curve as shown in
the run 2. Several authors"‘9 have already suggested a different phase
diagram and several kinds of solids. However, their suggestion has
been based on thermograms on which no exothermic peak appears.
The result of the present thermal analysis conflicts with their explana-
tion concerning the melting processes.

In order to confirm the melting process of the solid S, the light
transmittance measurement has been carried out. Generally a solid
phase of a liquid crystalline material is opaque and a liquid crystalline
phase is turbid. Figure 5 shows the light intensity (arbitrary scale) in
the melting process of solid S. In the first place the intensity increases
at about 31 °C, which shows the melting of solid S. Then the intensity
turns into zero at about 33 °C, which shows the formation of the solid.
Finally, the intensity increases at about 35 °C by the melting of the
solid. The melting process obtained by the measurement of light
transmittance coincides fairly well with the one obtained by the ther-
mal analysis. Therefore, it can be concluded that some amount of solid
S is transformed into the nematic phase through the process of melting
of the solid S; — crystallization to solid S; — melting of solid S,. After
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EBBA

TRANSMIT TANCE

25
TEMPERATURE (*C)

FIGURE 5 Intensity of transmitted light (arbitrary scale) in the melting process of
solid S. Heating rate is 0.8 K/min.

the melting of the solid S, liquid crystalline state appears transiently.
The characteristics of this liquid crystalline state can not be obtained in
the present investigation.

Polyethylene takes a similar melting process to EBBA under a pres-
sure of more than 4000 kg/cm®."'™"* For example, when a high density
polyethylene sample is cooled down from the melt at the pressure of
3000 kg/cm?, the sample is crystallized into a chain-extended crystal and
chain-folded crystal. A chain-folded sample has more amorphous con-
centration than the chain-extended sample and the crystal size of the
chain-folded crystal is considerably smaller than that of the chain-
extended crystal. So the chain-extended crystal has a higher melting
point than chain-folded crystal, although the crystal structure of the
chain-folded crystal is the same as that of the chain-extended crystal.
When the sample crystallized at the pressure of more than 3000 kg/cm?,
is heated at the pressure of more than 4000 kg/cm’, the sample is
transformed into the isotropic phase. Through the process of melting of
chain-folded crystal — crystallization to chain-extended crystal — melt-
ing of chain-extended crystal and formation of liquid crystalline
phase — isotropic phase. It can be considered from these transforma-
tion processes that solid Sy and solid S; closely correspond to the chain-
folded crystal and chain-extended crystal respectively. It is supposed
from this correspondence that the solid S; contains many defects and
that the crystal size is smaller than that of solid S,. The correctness of
this supposition has been confirmed from the microscopic observation
of these samples. The result of microscopic observation will be given in
the near future.

The melting thermogram of the sample which was cooled down from
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FIGURE 6 Melting thermogram (run 2) of the sample which was cooled down from
the nematic phase at slow cooling rate (run 1).

the nematic phase at a slow cooling rate is shown in Figure 6. Two peaks
appear on the thermogram, but these peaks are broader than those ob-
tained by rapid cooling. This broad thermogram indicates that the slow
cooling sample contains solid 8, and solid S; as mixtures. As the
quantity of solid S, or solid S; can not be obtained easily in the present
investigation, the explanation of the melting process of the slow cooling
sample is complicated. In the following section (Section 3.3) characteris-
tics of solid S; and solid S; are given.

3.3 Characteristics of each solid

Figure 7 shows the melting thermograms of the samples which are
cooled down to —32 °C and —69 °C. The low and the high temperature
peaks on these curves correspond to the melting of solid S; and solid S;,
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FIGURE 7 Melting thermograms of the samples which are cooled down to —32°C and
—69°C.
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respectively. As the melting process of the solid S is not simple, the
quantity of solid S; or solid S; in the solid S can not be obtained precisely
from these thermograms. However, the estimation of the quantities can
be deduced from the area of those peaks. As shown in Figure 7 by the
cooling to lower temperature (—69 °C) the area of the low temperature
peak increases and that of high temperature peak decreases. This shows
that the solid S sample contains solid S, and solid S; as mixtures, and
that the ratio of 8,/S increases with cooling temperature.

Figure 8 shows the heat treatment effect of solid S on the melting proc-
ess. Run 1 and run 2 are the melting thermograms (3.2 K/min) of solid S
treated at (—32 °C, 30 min) and at (—32 °C, 0 min) respectively. The
peak area of solid S, is comparable with that of solid S; in run 1. When
the peak areas of run 1 are compared with those of run 2, the high
temperature peak area decreases and low temperature peak area in-
creases with increasing the time of heat treatment at low temperature
(—32°C). After the cooling of solid S to —32 °C, solid S is immediately
reheated to 30 °C for 4 minutes and then the melting thermogram (3.2
K/min) is obtained (run 3). The low temperature peak of this thermo-

run 1

30 min .
=32°C 20 min

run 2

N

min
L
T T
—
<3
1 run 3
(@) 0 min
o -39 T
= 32°C 4 min
w

2|5 3|0 3|5 LLO 4]5

TEMPERATURE (°C)
FIGURE 8 Heat treatment effect of solid S on the melting process. Run | and run 2
are the melting thermograms (3.2 K/min} of solid S treated at (—32 °C, 30 min) and at
(—32°C, 0 min) respectively. Run 3 is the melting thermogram (3.2 K/min) of the sample
obtained by the rapid heating (16 K/min) from —32 °C to 30 °C.
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gram completely disappears. These indicate that with increasing the
treated time at a low temperature the quantity of solid S; in solid S in-
creases. Itis supposed that solid S, is stabilized by the heat treatment of
solid S at low temperature.

Solid S was cooled down to —32°C and then the thermograms of dif-
ferent heating rates were obtained (Figure 9). In spite of the same cool-
ing and heat treatment condition of these samples, a different heating
rate gives different thermogram. Heating of the sample at the slow heat-
ing rate is equivalent to the heat treatment of the sample fora long time
at a low temperature. Therefore, the peak area of the low temperature
peak increases with decreasing the heating rate. At the rapid heating rate
thermograms of run 4 and run 5 result in a broad one, because the phase
transition can not follow the temperature change completely. This also
supports the above suggestion as to the stabilization of solid S;.

From these thermal analysis characteristics of solid S can be ex-
plained as follows.

(1) Solid S is composed of mixtures of solid S; and solid S,.

(2) Solid S, is stabilized by the heat treatment at low temperature.

(3) The quantity of solid S in solid S increases with increasing the
heat treatment time and/or with cooling to a low temperature.

—

fun !
-32C 12.8 K/min
- S

N
= mmm e mmme e
1
1
1 .
1 run 2
] 1.6 K/min
[
t

ENDQO <«—— AT — EXO

L-Js
TEMPERATURE (*C)

ok

FIGURE 9 Heating rate effect on the melting process. Run 2-5 are the melting thermo-
grams of solid S. Heating rates are indicated in the figure.
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The microscopic differences of these solids are to be shown further-

more by means of polarizing microscopy. Raman scattering studies and
X-ray analysis.
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