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Abstract—2-(4-n-pentylphenyl)-5-(4-n-pentyloxyphenyl)-pyrimidine has been
prepared. By microscopic investigation, differential scanning calorimetry,
dilatometric measurements and X-ray investigation, four different smectic
modifications have been stated. The microscopic textures and the relations
of miscibility suggest that two of these modifications can be assigned to the
group smectic A and C. The other two smectic modifications cannot be
assigned to any of the five known groups of smectic modifications. Their
characteristics require the establishment of two new groups of smectic modi-
fications with the arbitrary symbol smectic F resp. G.

1. Introduction

In recent years Sackmann and coworkers®-2) have worked systemati-
cally on the problem of polymorphism in the smectic state of thermo-
tropic liquid crystals. Investigating their microscopic textures,
relations of miscibility and X-ray diffraction patterns, they have
found five groups of smectic modifications, which they -called
A, B, C, D, E. It is to be assumed that there are more than these
five groups. In order to find new groups of smectic modifications
the best chance is to investigate substances which exhibit poly-
morphism in the smectic state.

2. Preparation of the Substance

We have synthesized a substance with four smectic modifications
in the following way :

t Presented by title at the Third International Liquid Crystal Conference
in Berlin, August 24-28, 1970.
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2-(4-n-Pentylphenyl)-5-(4-n-pentyloxyphenyl)-pyrimidine
A detailed description of the preparation is given in reference 3.

3. Scheme of Transitions and Microscopic Textures
This pyrimidine derivative shows the following transitions:

crystalline <22— smectic IV <122 smectic 11T «-138—
smectic IT <14 smectic I «-*0- jsotropic liquid

All transitions can be observed under the microscope (polarized light,
magnification 120 x ). Starting from the crystalline state one obtains
by the first heating unspecific textures, namely paramorphoses. In
this case it is difficult to see all transitions.

With decreasing temperature one obtains specific textures and
the transition phenomena are more visible.

The textures have been observed for two preparations: prepara-
tion 1 has been made with not especially treated glasses, preparation
2 has been made with especially cleaned glasses.
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The typical texture of smectic I is a focal conic texture, especially
a fan-shaped texture, as known from the observation of the smectic
A-modifications.@:2)  This texture has been photographed for
preparation 1 (Fig. 1). The characteristics of this texture were first
described by Friedel® and are given in some review articles.(®-10-11)
Preparation 2 shows in the same temperature interval a pseudo-
isotropic texture.®

By cooling of preparation 1 the transition to the modification
smectic II takes place. Smectic IT usually shows a broken fan-
shaped texture (Fig. 2). The focal domains of the texture given in
Fig. 1 are preserved in the outer contours, but the inner details are
altered. A great number of discontinuities appears. Smectic IT
also occurs in a smectic schlieren texture, which has been photo-
graphed for preparation 2 (Fig. 3). The broken fan-shaped texture as
well as the smectic schlieren texture are typical of smectic C-modi-
fications. -2

By further cooling, the transition to smectic II takes place and
the picture of Fig. 2 alters to Fig. 4, which has been photographed
for preparation 1. This texture has some similarities with the fan-
shaped texture, but there are many stripes in the focal domains.

Figure 1. Focal conic (fan-shaped) texture of smectic L.
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Figure 3. Schlieren texture of smectic II.
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Figure 4. Striped fan-shaped texture of smectic III.
Figure 5. Schlieren texture of smectic ITI.
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In preparation 2 smectic III also occurs in a schlieren texture
(Fig. 5) which is very similar to the smectic C-modification.

After the transition to smectic IV the texture of Fig. 4 alters to
the texture of Fig. 6, which has been obtained for preparation 1.
This texture consists of optically homogeneous domains. Only
some contours of the fan-shaped texture are preserved. Under the
same circumstances preparation 2 shows a mosaic texture (Fig. 7),
which is similar to the mosaic texture of the smectic B-modifica-
tions.:®

On the second heating to higher temperatures preparation 1
shows the textures of Figs. 6, 4, 2 and 1 and preparation 2 shows the
textures of Figs. 7, 5, 3 with only very little differences. These
textures are typical of the four smectic modifications and can be
used together with other properties for the identification of the type
of the smectic modification.

All four smectic modifications are viscous and can be deformed
by slight pressure on the cover glass of the microscopic preparation.

4. Calorimetric Investigation

In order to confirm the transitions seen under the microscope we
have investigated the substance by thermal analysis with a Perkin—
Elmer differential scanning calorimeter DSC 1B. The curve given
in Fig. 8 was obtained. All transitions are indicated by a peak in
the curve.

By evaluation of the curve we have calculated the enthalpies and
entropies of transition (see Fig.8). The peak of the transition
smectic C/smectic A was too small to allow the quantitative evalua-
tion of the enthalpy of transition. Only the order of magnitude has
been estimated.

5. Density Measurements

By a capillary method we have investigated the thermal expansion
of the compound up to the smectic A modification. Because of
experimental difficulties we were not able to measure the density
of the crystalline and isotropic liquid state. The densities range
between 1.1 and 1.05 and there are anomalies in the neighbcourhood



Downloaded by [Tomsk State University of Control Systems and Radio] at 08:04 23 February 2013

A SMECTIC TETRAMORPHOUS SUBSTANCE

Figure 7. Mosaic texture of smectic IV.
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Figure 8. Results of calorimetric investigation.

of the transition temperatures (Fig. 9). These anomalies can be
better seen from the curve showing the temperature dependence of
the thermal expansion coefficient (Fig. 10).

The curve of the density is nearly linear in the region of smectic I,
smectic II, smectic III; in the case of smectic IV the curve is
concave to the temperature axis. The density changes of the
transitions are relatively small:

0.26%, smectic IV/smectic III, 0.529, smectic III/smectic II,
0.209, smectic IT/smectic I.

All transitions exhibit pre- and post-transition effects (Fig. 10).

6. X-ray Diffraction Measurements

For a better characterization of the smectic modifications we have
made some preliminary X-ray diffraction measurements. (Guinier-
method).

The smectic I modification shows one sharp inner ring (with its
second order) and one diffuse outer ring (Fig. 11a). This behaviour
is the same as in the case of the smectic A modifications: the
inner ring indicates the distance of the layers (here d = 2684,
calculated molecule length from Stuart-Kalotten ca. 30A), the
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diffuse outer ring is a measure of the distance of the molecules within
a layer (ca.4.5A4). Together with the observation of the micro-
scopic texture it is to be assumed that smectic I is a smectic A
modification.

The X-ray diffraction pattern of smectic II (Fig. 11b) shows only
slight differences from smectic I: the inner ring is a little larger
(d = 23.4A), the outer ring is somewhat sharper. The microscopic
texture of smectic II suggests a smectic C-modification; with this
the X-ray diffraction pattern is compatible.

The X-ray diffraction pattern of smectic III is very similar to that
of smectic II, only the inner ring is a little larger, (d = 23.0A) the
outer ring is somewhat sharper (Fig. 11¢). The smectic IV modi-
fication shows a very altered picture (Fig. 11d): there is a sharp and
textured inner ring (with its second order (d = 22.14)); and several
outer rings. This points to a layer structure with a specific not
random arrangement of the molecules within the layers.

7. Investigation of the Relations of Miscibility

The results of the texture observation and the X-ray diffraction
measurement show that smectic I is a smectic A modification and
smectic IT a smectic C modification. According to the rule of
selected miscibility of Sackmann and coworkers®-?) regions of an
uninterrupted series of mixed liquid crystals are possible between

(a) (b) () (d)

Figure 11. X.ray diffraction patterns. (a) smectic I; (b) smectic II; (c)
smectic ITI; (d) smectic IV.
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modifications having the same symbol. In order to confirm the
designation of the smectic modifications I and IT as A and C we have
investigated the diagram of state of the substance with 2,5-di-(4-n-
heptylphenyl)-pyrazine,4-) a compound which has 2 smectic modi-
fications A and C respectively. Figure 12 shows that there are indeed
regions of uninterrupted modifications, while the regions of smectic
IIT and smectic IV are separated by heterogenous regions from the
other smectic phases. With some other substances we have tried
to find a series of uninterrupted mixed liquid crystals between
smectic IIT or IV and smectic B, but in all cases without
success.

8. Discussion

The substance investigated shows four smectic modifications.
All transitions are reproducible with increasing and decreasing
temperature. We have confirmed the transitions by microscopic
observation, thermal analysis and density measurements.

By X-ray diffraction measurements, the texture observation and
the relations of miscibility, smectic I was found to belong to the
group smectic A, and smectic II to the group smectic C. For this
reason there is only a very small transition enthalpy between the
two modifications according to the other investigated cases of a
transition smectic A/C.®.7)

The structures of the smectic phases I, IT and III seem to be not
very different. In all three cases the X-ray diffraction pattern
shows a sharp inner ring and a diffuse outer ring, which suggests a
layer structure with random distribution of the molecules within the
layers. The modification smectic ITI shows differences in the texture
as well as in the X-ray diffraction pattern from the smectic modi-
fications marked B, D and E.®-2) By this reason it is necessary to
assign this modification to a new group marked F.

Smectic IV shows an X-ray diffraction pattern with several rings,
but it seems to be not really crystalline : it shows a viscous behaviour,
the microscopic texture can be altered completely by slight pressure
on the cover-glass of the microscopic preparation; the transition
smectic III-smectic IV cannot be noticeably supercooled; from
this modification starts a noticeable region of mixed crystals in the
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2101 isotropic liquid

1904
X -185
smectic A
177
170
150+
144
1304
smectic C

2-(4-n-pentylphenyl)- Nole % 2,5-Di-(4-n-heptyl-
5-(4-n-pentyloxyphenyl)- phenyl)-pyrazine
pyrimidine

Figure 12. Diagram of state, obtained by microscopic investigation.

binary system (see Fig. 12). By means of this preliminary investi-
gation we cannot exactly describe the structure of this modification,
but the X-ray diagram points to a new group of smectic modifica-
tions marked G.

Some homologues of the investigated substance have been pre-
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pared and also show polymorphism in the smectic state. Further
detailed investigation of these substances is in preparation.
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