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(Submitted for Publication January 22, 1980)

dbstract: Results of X-ray studies in orient-
ed and not oriented samples of n-pentyl 4-[4-
n-dodecyloxybenzylidene-amino] ~cinnamate in
the smectic modifications I, C and A respecti-
vely are reported. Special emphasgis is led to
the SI phase, the structure of which is deter-
mined to be monoclinic with parameters a=5.043;
b=8.40 3; ¢=37.8 &; 8= 106°. in attempt was
made to present a model of the packing of the
molecules regarding shifts of the molecules,
too.

INTRODUCTION

Recently the new smectic phase type SI was esta~-
blished in the nonyl and decyl homologues of the
terephthylidene~bis-n-alkylanilines 112234,

By use of miscibility relations also in other sub-
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stances SI phases could be classified 5’6. Espe~
cially in n-pentyl 4-[4-n-dedecyloxybenzylidene-
aminé)-cinnamate, a substance which formerly was
claimed to possess a SB phase, by new investiga-
tions 1,2,5,6 the polymorphism SI’ SC’ SA was
found.

Now we investigated oriented and non-oriented
gamples of this substance in SI’ SC and SA phases.
A first description of the X-ray pattern of non-
oriented samples was given in U .

EXPERIMENTAL

Oriented samples were obtained by cooling the sub-
gtance from the isotropic state into the smectic
one within a magnetic field of about 1.5 Tesla.
The field was applied during the whole exposure
time. The semples were enclosed in glass capilla-
ries with a diamefer of 1.5 mm. The samples were
irrgdiated from different directions with Cu Ky
radiation. The diffraction was recorded by a flat
film. The investigations of non-oriented samples
were performed with a Guinier camera (diameter:
114.6 mm).

The Bragg angles 6 of the layer spacings as a
function of the temperature were measured with a

5 4. de VRIES: private communication.
According to conoscopic observation the low
temperature form of the decyl homologue is
biaxial. It should belong to the SI phases.



Downloaded by [Tomsk State University of Control Systems and Radio] at 04:02 23 February 2013

X-RAY STUDIES IN S1 219

goniometer 8 which allowed a sufficient accuracy
of the angle determination.

RESULTS
SI phase

The patterns of non-oriented samples are characte-
rized by one outer reflex besides the inner one,
which indicates the layer structure. The outer re-
flex exhibits a sharp profile.

The layer spacings as s function of the tempera-
ture were calculated according to Bragg's law and
are given in Fig. 1. The layer spacings are smgl-
ler than the length of the molecule L = 39.7 ﬁ,
measured by a model assuming a full stretched mo-
lecular form. From these values a tilt angle can
be derived.

By means of patterms of oriented samplee, the in-
clination and the packing of the molecules within
the smectic layers could be determined. The hexa-
gonally arranged maxims were observed on the outer
reflex (Fig. 2 lower part), when the X-ray beam ig
nearly parallel to the long axes of the molecules.
Therefore, a hexagonal packing of the molecules
within a plane perpendicular to their long axes
can be supposed.

Two differeni orientations of the smectic layer
with respect to the magnetic field were obtained.
In most of the cases, the layer normal is inclined
with respect to the magnetic field (Fig. 2 upper
part, the field direction is indicated by an arrow).
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Figure 4

Figure 2
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In some other cases an orientetion was obtained,
which is represented schematically in Fig.3. This
pattern can be explained by the rotation of & mo-~
noclinic cell around the ¢ -axis. It should be em-
phasized that the use of the term "monoclinic
cell" is very doubtful, because 3-dimensional long
range order is implied. But there are no experi-
mental hints to prove the existence of such a 3-
dimensional correlation. Interferences with hkil

or hk2 could not be observed. Therefore the c-axis
as well as the monoclinic angle B only represent
an averaged direction of the molecules.

The observed interferences in Fig.3 were indexed
on the basis of a face centered cell following
from the hexagonal packing. A simple relation at-
tributes from the 110 direction (14°) to the 100
direction (16°) and to the monoclinic angle 8 =
106°. The calculated parameters are

a=5048 b=28409% c=37.88% 8-=106°

Recently, Leadbetter et sal. 9 investigated smec-
tic P phases. The pattern, as well as the obtain-
ed results are very similar to the results report-
ed here. That means that the SF and the SI phases
cannot be distinguished up to now from a structur-
al point of view.

The inner spots caused by the smectic layers are
located on diffuse lines representing a translati-
onal movement of strings of molecules. This was
also found in other liquid crystalline phases and
is connected with shifts of molecules parallel to
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the c¢ axis 10’11.In the pattern described here

the direction of the shifts is different from the
direction of the ¢ axis. The shift direction is
tilted by an angle o« of about 9° to the layer nor-
mal.

The Figure 4 shows a comparison of the lattice of
the SI phase with a model of the molecule. The
long aliphatic chain forms an angle of about 10°
with the layer normal if the ¢ axis is assumed to
be an averaged molecule axis. Thereby, the shift
direction is determined by the direction of the
rigid chains in the SI phase.

SC and SA phases

At the I-C transition the layer spacings d are al-
tered by a jump to lower values. Analogous jumps
were observed in other substances with long alkyl
chaine also, and were explained by a loss of rigi-
dity of the alkyl chains 2’13, The tilt angles
(indicated with o in fig.1) according to

d

cog 8 = £ with dA = 35.7 2 (T

(o]
110 %¢)
dy

are unexpectectedly small, as compared with the
tilt angles in other SC phases. However, this re-
sult shows a very good agreement with the values
obtained from the pattern of oriented samples
(indicated with = in Fig.1).

The pattern taken at a temperature T = 100°¢
yields a tilt angle of 10°.

Further it should be emphasized that the differen-
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ce of the inclination between the averaged mole-~
cular axis and the ghifts of the molecules does
not occur in the SC phase. The angle is zero
within the limits of error.

That means that the transition into the SC phase
is connected with an intra-molecular reorganiza-
tion which is based on a higher mobility of the
alkyl chains, leading simultaneously to a loss of
order within the smectic layers. On the base of
the higher flexibility of the chains the molecu-
les are able to form an averaged molecular long
axig which is responsible for the tilt direction
ag well ags for the direction of shifts. The layer
gpacings of the A phase are quite different from
the length of the molecules in the most extended
form. However, by means of oriented samples it
was possible to prove the orthogonal arrangement
of the molecules in this phase.
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