This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:00

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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Polymorphism Studies of Solid N-p-
(Ethoxybenzylidene)-p’-Propylaniline

Waclaw Witko ® , Andrzej Bak ® & Jacek Mayer 2
# Henryk Niewodniczariski Institute of Nuclear Physics, 31-342,
Krakéw, Poland

® Chair of Physics, Rzeszéw Technical University, 35-959, Rzeszow,
Poland

Version of record first published: 04 Oct 2006

To cite this article: Waclaw Witko, Andrzej Bak & Jacek Mayer (1997): Polymorphism Studies of
Solid N-p-(Ethoxybenzylidene)-p’-Propylaniline, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 301:1, 371-376

To link to this article: http://dx.doi.org/10.1080/10587259708041790

PLEASE SCROLL DOWN FOR ARTICLE

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

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

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708041790
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:00 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 301, pp. 371-376 © 1997 OPA (Overseas Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers
Printed in India

POLYMORPHISM STUDIES OF SOLID N-p-(ETHOXYBENZYLIDENE)-
-p-PROPYLANILINE

WACLAW WITKO* ANDRZEJ BAK#, JACEK MAYER*
*_Henryk Niewodniczanski Institute of Nuclear Physics, 31-342 Krakéw, Poland
#-Chair of Physics, Rzeszow Technical University, 35-959 Rzeszow, Poland

Abstract Ethoxybenzylidene-propylaniline (EBPA) was studied using polarizing
microscopy and differential scanning calorimetry (DSC) in the temperarure range
100 K - 380 K with various heating and cooling rates (from 0.1 deg/min to 200
deg//min). The metastable solid crystal phase was discovered. It is formed rapidly
on cooling of nematic phase and transforms spontaneously to stable crystal phase.
But can be also frozen or separately melted. The rich polymorphism of isomeric to
EBPA MBBA compound is also discussed proving the importance of terminal
groups in the formation of different polymorphs.

Keywords: liquid crystal polymorphism, polarizing microscopy, DSC, metastable phase

INTRODUCTION.

Phase polymorphism is a common phenomenon in the solid state of organic compounds.
But it is still very difficult to predict the phase sequence and the appearance of various
crystalline forms for the particular compound. Sometimes the new sample has different
properties than the sample with some thermal history. There are also examples of
"disappearing polymorphs" - the phases which were once undoubtfully discovered, but
could not be observed later as being overshadowed by other polymorphic forms!.

Among the substances with complicated phase diagrams there are benzylidene-
anilines. Some of them are mesomorphic, e.g. N[p-(methoxybenzylidene)]-p'-butylaniline
(MBBA), which was extensively studied in many laboratories?-4, For MBBA depending
upon thermal treatment of the sample one can observe up to 6 different phases besides
isotropic and nematic one.

In order to elucidate the role of terminal groups in polymorphism we have
decided to study N[p-(ethoxybenzylidene)]-p™-propylaniline (EBPA) which is isomeric to
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MBBA with one methylene group transferred from butyl terminal chain to methoxy group
on the other side of benzylideneaniline core.
EBPA

The aim of the studies presented here was to determine the formation of phases as
result of different thermal treatment of the sample. Thermodynamic stability of phases
was also checked and the influence of the changes of molecular structure on the
properties were under investigation by comparing the MBBA and EBPA polymorphism.

EXPERIMENTAL METHODS.

The polarizing microscope Biolar PI (PZO, Warsaw, PL) was used for optical
observations. LINKAM Scientific Instruments thermal stage THM600 with temperature
controller TMS90 and Hitachi CCD camera with videorecorder was applied for thermal
studies and registration of results. The temperature range studied were from 100 K to
380 K with heating /cooling rates from 0.1 deg/min to 100 deg/min. Annealing times up
to several hours were applied during measurements.

The DSC (Differential Scanning Calorimetry) experiments were performed using
Perkin-Elmer DSC7 with the low temperature cooling device. The temperature range
studied were from 100 K to 380 K and heating/cooling rates were 2, 5, 10 deg/min or
200 deg/min. Annealing times up to several hours were also applied.

RESULTS AND DISCUSSION.

The results of the DSC measurements on heating and on cooling are presented on Figures
1 and 2 respectively. On heating one can see two endothermic peaks (Figure 1) which
correspond to melting and clearing points. But on cooling there is one more phase
transition which is seen on exploded part of Figure 2. The same results were obtained for
different heating/cooling rates. The temperatures of phase transitions depend on these
rates and the extrapolated value for the clearing temperature is 88.8 + 0.5 C. (the values
extrapolated from cooling and heating are in good agreement). The temperature of
clearing point observed in the microscope is slightly higher (but less than 2 degrees) since
the thermometer is fixed in silver heating/cooling block and the sample is on this block.
There is some heat loss from the sample. For the melting temperature the difference of
both methods is less than 1 degree.
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FIGURE 1. DSC results for EBPA on heating (5 deg/min)
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FIGURE 2. DSC results for EBPA on cooling (5 deg/min)
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FIGURE 3. Polarizing microscopy results for EBPA :
a. Metastable solid phase K|
b. Trasition of K; to stable K;
c. Stable crystal phase K,
(See Color Plate 1X).
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The formation of solid phase K; is a rapid process (ca. 0.1 s) whereas its
transition to another solid phase K, occurs gradually. The shape of K; - K, interface
suggests that this is a ferroelastic phase transition’. Some of the results of polarizing
microscopy observations are shown in Figure 3, where the part 3a shows the phase K1,
the part 3b presents the K- K, phase transition and in 3¢ there is pure phase K,

The summary of calorimetric (DSC) and polarizing microscopy results is shown in
Figure 4.
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FIGURE 4. Phase transitions of EBPA for different thermal treatment.

From experiments presented here it is obvious that also EBPA exhibits solid phase
polymorphism forming on cooling at first rapidly metastable solid phase K; which later
transforms spontaneously to stable solid phase K,. Cooling the sample rapidly enough
one can freeze phase K, to low temperatures. On the other hand heating phase K rapidly
one can melt it few degrees below the melting temperature of K, phase. This fact
together with the irreversibility of K - K, transition proves that K is thermodynamically
metastable. The sharp DSC peak on cooling at N -K; transition and K; texture suggest
that K is the solid crystal phase.

Normally one cannot obtain directly K, phase from nematic phase. But it is
possible to form the mixture of K; and K, by freezing the sample during the K; - K,
transition. Then by heating this mixture rapidly and carefully one can melt only K;.
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Finally by stabilizing temperature below melting of K, nematic phase (from the molten
K, phase) crystallizes directly into K, phase,

However we could repeat other studies on glassy MBBA, we were unable to obtain
glassy EBPA. Despite many attempts neither starting from isotropic nor nematic phase
because always metastable K; phase was formed (even very rapid cooling e.g. 200
deg/min was leading to phase K;). This proves the importance of terminal groups in
polymorphism, in particular butyl groups. Probably the length of such terminal groups
and moderate number of conformers favorizes the formation of glassy state and many
crystal phases. Very often homologs with the butyl terminal chains have more
polymorphs than other members of the same series6. Longer terminal groups must have
some sterical hindrance thus the number of polymorphic phases decreases.

CONCLUSIONS

From the studies presented here one can conclude that also EBPA has solid polymorphs
however less than isomeric MBBA. EBPA forms two solid modifications K| and Kj.
Metastable crystal phase K; is formed from nematic phase on cooling. Later on it
transforms spontaneously to stable K, phase. By rapid cooling one can freeze and
preserve K; phase to low temperatures. In our experiments we were not able to obtain
phase K, directly from nematic phase. K phase was always formed independently of
cooling rate. We could not obtain either glassy EBPA.

The rich polymorphism of MBBA compound, which is isomeric to EBPA must be
therefore connected with butyl terminal group since the EBPA has less terminal groups
conformers.
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