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ELECTRON DIFFRACTION STUDY ON THE STRUCTURE
OP SOME COMB~LIKE POLYMERS IN GLASSY STATE

I.I. KONSTANTINOV
Institute of Petrochemical Synthesis, Academy
of Sciences of the USSR, Moscow, U,S.S.R.

A.I, ALEXANDROV and T.V. PASHKOVA

Abstract Electron diffraction from liquid
crystelline polymers with direct connection
of mesogenic side groups to main chaln has
been investigated. The polymers exhibit crys—
talline phase as local inclusions which form
by crystallization of macromolecule fragments,
T;e content of the crystalline phase is about
20.

INTRODUCTION

Liquid crystalline polymers with mesogenic
side groups connected to main chain via flexible
spacers are crystallizable. The content of crys -
talline phase may be high enough to be detected
by x-ray method.1 In the case of polymers with
direct connection of mesogenic groups to main
chain, the ability for crystallization is largely
suppressed. In such polymers the crystalline
phase may be present as slight heterophase inclu-
sions which can be recognized by electron diffra-
ction only.
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EXPERIMENTAL

In the present work the structure of poly-p-meth-
acryloyloxy phenyl esters of p-n-heptyl benzoic
acid (PMH-7) and p-n~hexyloxy benzoic acid (FMB-6)

~CHy=C(CHz)= R = -coo-@-ooc-@x—csn1 3
R

X= -CH2- (PMH-7) or -0- (PMB-6)

were studied by electron diffraction.

According to the x-ray data? PMH-7 and PMB-6 ex -
hibit smectic structure of C and A type respecti~
vely.

Electron diffraction patterns were obtained from
an electron microscope operating at a voltage of
75 kV. The investigations were carried out under
microdiffraction conditions, covering exposed
regions about of 1 um. For calibration of diffra-
ction pattern T1Cl was used. Sample preparation
was carried out in the following manner. The
sample plates were heated up to T _+ 30°C in a
press and then were cooled. The plates were sec-
tioned at room temperature by means of an ultra-~
microtome equipped with a glass knife. The thin
sections were 200-~300 X in thickness. The sec¢c =~
tions were immersed in acetone for 40 hours to
remove possible residusl monomer.

RESULTS AND DISCUSSION

The both polymers have two kinds of electron dif-
fraction patterns., The first contains two broad
rings (Figure 1e), the second exhibits diffrac -
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tion pattern typical of crystalline phase (Figu-
re 1b and c¢).

The broad rings are 2 order of diffraction cor -
responding to spacings of 4.6 A and 2.3 A voth
for PMH-7 and PMB-6, Spacing of 4.6 4 is in a
good agreement with that calculated from x-ray
data® (4.6 £ for PMH-7 and 4.59 & for PMB~6). It
indicates that the first kind of electron diffra-
ction pattern is from smectic structure, spacings
corresponds to lateral packing of the mesogenic
groups.

The absence of layer spacings om the patterns
appears to be due to microtoming along smectic
layers mostly. In this case the layer planes are
in "unreflecting" positions.

The long period diffractions are also absent on
the second kind of the patterns, indicating a
gpecific incorporation of crystalline structure
into that of mesomorphous matrix.

The degree of crystallinity of the polymers esti-
mated by scanning over the effective area of a
specimen (0.5%0.5 mm ) is about 2%.

Patterns of various Laue zones from the single-
crystal inclusions of the both polymers carried
out with different angles of incidence were ob =
tained. The values of the angles between the

zone axes were subjected to refinement at assig-
nment of indices.

Because of quick destruction of single-crystal
inclusions under electron beam (a diffraction



I. I. KONSTANTINOV, et al.

346

*T838hL10 aT3utrs (9) ‘Tev3elxofrod (q) ‘essydosaum (®)
:,-HRd FO suIa338d UOT40BIFITP UOILOSTH °L FUNDIL

€T0c Afeniged 6T 85:2T e [olpey pue sweisAS [04u0D Jo AisleAlun amels Yswo 1 ] Aq papeojumoq



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:58 19 February 2013

ELECTRON DIFFRACTION FROM L.C. POLYMERS 347

pattern of mesophase appears) and a narrow range
of tilt angle of the object (up to 10°) we did
not succeed in obtaining any sections through
the reciprocal lattice to construct the spatial
structure and reveal the lattice constants of
the crystals.

Therefore, in order to be indicated the reflec =
tions and determine the unit cell of the lattice
the following assumptions were introduced.

i) The crystalline phases observed are those of
the polymers since the monomers, as will be seen
below, crystallize in other forms.

ii) There must exist a correlation between the
arrangement of the mesogenic groups with respect
to basal planes of the mesophase and the crystal.
The reflections on the single-~crystal diagram of
PMH-7 can be easely indicated (Table 1) if we
assume monoclinic lattice with angle of 132°
determined from the tilt of the mesogenic groups
in smectic C structure.? As for PMB-6 we can
suggest hexagonal lattice and an arrangement of
the mesogenic groups perpendicular to basal
plane as with smectic A phase (Table 2).

Figure 2 illustrates the arrangements of mesoge-
nic groups in orystal. PMH-7 has monoclinic lat-
tice with a = 44,4 A, b = 14.0 4, ¢ = 5.0 4 and
= 132° containing four mesogenic groups. PMB-6
has monoclinic (pseudohexagonal) lattice with
a=b =574 c=43.2 14 and f’= 120° contai -
ning two mesogenic groups. In the both cases
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FIGURE 2, Approximate arrangement of mesogenic
groups in unit cell of PMH-7 (A) and
PMB-6 (B).
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the computational error (0.06 K) is less than
the experimental one (0.07 K).

The validity of the assumption are confirmed by
a coincidence of the values of spacings obtained
from polycrystal diffraction patterns with those
calculated from above data as it is seen in

Table 3 by an example of FPMH~7.

The monomers, previously mentioned, crystallize
in different crystal lattices. Interplanar dis =
tances calculated from x-ray data do not agree
with electron diffraction data of the polymers.
X-ray reflections have been indicated by Ito me-~
thod3 with subsequent metching unit cells by
Delone method.4 Table 4 lists the spacings of the
monomers crystals and Figure 3 shows the arrange-
ment of MH-7 molecules in crystal lattice with

8 =5.74 4, b = 8,92 &, ¢ = 20.2 4, ol = 111.8°,
p= 96.3° and [ = 92°,

Teking into consideration these results the crys-~
talline phase of the polymers can be believed to
be formed by crystallization of macromolecule
fragments., However, steric hindrances in the
couplings of the mesogenic groups to the main
chain lead to quick accumulation of defects.
Therefore, the crystalline phase in the polymers
under study is of most local nature, making it
impossible to be recognized by other, less sen -
sitive methods,
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FIGURE 3. Approximate arrangement of MH-7
molecules in unit cell,
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