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STRUCTURE OF POLYMERS WITH PHENYL BENZOATE
SIDE GROUPS BY X-RAY EVIDENCE

I.I. KONSTANTINOV, Y.B. AMERIK

Topchiev Institute of Petrochem. Synthesis
Academy of Sciences of the USSR

117912 GSP-1 Moscow V=71 USSR

A.T,ALEXANDROV, T.V. PASHKOVA
Department of Solid state Physics
Ivanovo University

153377 Ivanovo USSR

Structure of four polymers were studied:
poly-p-methacryloyloxy phenyl esters of p-
n-hexyloxy benzoic acid (PMB-6), p-n-hep-
tyl benzoic acid (PMH-7) and p-n-heptyl -
trans-cyclohexane carboxylyc acid (FMC-7)
and poly-p-n-hexyloxy phenyl ester of p-
methacryloyloxy benzoic acid (PM-06).
Diffractions parameters and polymer orga-
nization were discussed in terms of both
crystallinity and paracrystal. The struc-
tural organization of PMB-6, PMH-7 and
PM-06 was interpreted on the basis of
block model. Structure of PMC-7 assumed
to be organized similar to cybotactic
nematics.

A manner of strucbtural organization of polymers
with mesogenic side groups depends on a number
of factors - the nature of mesogenic side groups,
the length of a spacer group, the nature of the
main chain and so onq’a. The formation of meso-
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morphic structure is influenced by both the me -
thod of polymer preparation3 and the method of
macroscopic ordering of samples.4’5 These prob-
lems, however, are not clear enough and need
further careful research.

The present paper concerns the structural
investigation of four polymers consisting of the
following monomer units:

o ~00C-CgHl, - O ~CcH,, PMB-6
| 2 -C00=C_H
~CHC- 6" - 0 -CgH,, PU-06
|
_Ce ~60C~Cgll, ~CHy=Cgll,; PMH-7
0%%~0-C H, -
~00C~C gl -CH~Cgly 5  PMC-7

X~ray diffraction data were obtained with a
Ruscher camera and Debye camera (model DS-114)
with Ni-filtered CuKd radiation at room tempera-
ture. Samples of the polymers were oriented by
stretching above Tg‘

X~-ray diagrams and polymer organization
were discussed in terms of Tsvankin's concept of
crystallinity6 and Hoseman's concept.of paracrys-
tal7. It has also been suggested that the use of
Tsvankin's model will enable to calculate the
size of "well" and "poorly" ordered regions (1
and a resp.) related to the different parts of the
side groups, whereas Hoseman's model permits to
determine the parameters of the distortions of
the second kind such as 8q = the degree of the
paracrystalline distortions, L - an average size
of coherent scattering regions.
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PMB-6. X-ray texture diagram from the poly-
mer shows four spots on the first layer line,
two reflections on the meridian, a diffuse ref -
lections on the equator and a marked diffuse
background within the region of the third layer
line.(Fig. 1). The degree of diffusion (k=I/A26)
of the spots is by an order of magnitude greater
than that of the meridian reflections and compa-
rable to that of the equator reflections (Table).

The presence of two or more reflections on
the layer line may be explained by the lattice
structure of the object, but in this case the
the lattice is formed by the correlation of big-
ger structural units than the mesogenic groups.

Such structural unit may be a block which
is formed by the macromolecule or by its part.
The main chain of the macromolecule is coiled
within a plane containing two layers of the me -
sogenic groups.

The meridian reflectins are on even layer
lines only. It may be explained either by the
presence of glide-reflection plane in the macro-
lattice or by the fact that the lattice is cen -
tered. Then the reflections on uneven layer 1li -
nes would disappear.

Thus, according to x-ray diffraction pattern
the structural model will be as follows. The
blocks are lined in rows along Z so that they
form layer packs. In this case, the shifts along
Z in the adjacent rows (along X) are correlated
and equal to half a height of the block, i.e.



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:21 20 February 2013

124 I. I. KONSTANTINOV et al.

Z

214

I

v |

L
X
0 0o oo
®
Qo0 :/P
E My Co
FIGURE 1 Scheme of x-ray texture diagram and
block model for PMB-6
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the thickness of a layer. The diffuse character
of the reflections from the block structure sug-
gests a limited number of correlating structural
units.

The analysis of the block, layer and intra-
layer structure parameters obtained by the cal -
culation of corresponding reflections (C1 and 02
- block structure, M1 and M2 - layer structure,
E - mesogenic side group packing) using Hose -
man's model gave the following results. The mac-
rolattice is less in s1ze along X (L = 230 A)
than along Z (L = 580 R) and has 1arge distor -
tions in this dlrectlon caused possibly by diffe
rent block sizes (average size along X is 42 A).
The size of block along Z,is twice the length of
two mesogenic groups, i.e. the groups are per -
pendicular to the plane of the layer.

As follows from Table distortions of the
second kind in the layer packing are insignifi -
cant and comparable to those of low molecular
mass smectics. On the other hand, the distortion
in lateral packing of mesogenic groups exceed
those in low molecular mass smectics and are
comparable with those in nematicsB.

It is necessary to note that our data on
both diffraction pattern and the proposed model
for PMB-6 considerably differ from the data gi-
ven in5. Here, the difference in the way of ori-
entation of the sample may have played the lea-
ding role.

The results obtained by Tsvankin's model
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for the layer system make it possible to suggest
that the mesogenic groups are packed "well"
along the whole legth of the layer, i.e.there is
no difference in perfection of aromatic and ali-
phatic parts packing and the zone of "poor" or -
dering is rather limited and it possibly located
in the joint of the adjacent layers (in the re -
gion of a limited interpenetration of the alkoxy
chains from different layers).

X-ray diffraction pattern from unoriented
PMB-6 shows three inner rings and the outer halo
Their parameters correspond to the block, layer
and intralayer structures, but all these struc -

tures have more essential distortions than in
the oriented sample.

PMH-7. X-ray texture diagram from the po -~
lymer has some small angle reflections. Their
spacings are not the multiplicity of higher or -
ders. The presence of two spots symmetrically
shifted about the meridian on the first layer
line may be explained by means of chevron model?
In this case blocks formed by regularly shifted
fragments of macromolecules (skewed angle 48°)
are lined in rows along Z without any correla -
tion (Fig. 2). Reflection M, (the second layer
line) appears at the rotation of the block sys-
tem around Z by 90°. This is confirmed by that
interplanar spacings of M, and C1Z give the same
angle of skew as do C1X and qu. Reflection M2
is related to the layer packing. Weak diffuse
streaks on 4th, 5th and 6th layer lines are the
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Scheme of x-ray texture diagram and

FIGURE 2

block model for PMH-7
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multiplicity of higher orders of diffraction
from both block and layer structures. The struc-
ture with a tilted arrangement of mesogenic
groups in the layer is similar to that of low
molecular mass smectic C. The structure is cha -
racterized by bigger distortions in the layer
packing and by larger zone of "poorly" packed
parts of mesogenic groups as compared to PMB-6.

PMC~7. X-ray texture diagram from the poly-
mer has an order of meridian reflections only
(Fig. 3). There are no indications of large sca-
le ordering. Distortions of longitudinal packing
of mesogenic groups exceed those of lateral one
that is peculiar to classic nematics® The inten
sity of the meridian reflection, however, speaks
in favour of structure of cybotactic nematics.
The greater azimuthal half-width of wide angle
reflection (82°) as compared to that of small
angle reflection (50°) may be explained by ..
either a tilted arrangement of mesogenic groups
in pseudo~layers or interpenetration of mesoge -
nic groups in adjacent layers (Fig. 3).

The calculation of diffraction parameters
in terms of Tsvankin's model provides a long pe-
riod (c¢), which to some extent exceeds the
double lenth of a mesogenic group, and a wide
zone of "poorly" ordered regions (a).

The formation of the structure is likely to be
greatly influenced by cyclohexane fragments
which hinder the close packing of mesogenic gro-
ups within a layer. In this case, quickly accu -
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Scheme of x~ray texture diagram and

arrangement of mesogenic groups
for PMC-7
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mulated lateral shift defects give rise to
"breake" in layer.

PM-06. X-ray diagram of an unoriented sam -
ple shows three small angle rings and the. outer
halo. As follows from the Table, lateral packing
distortions here are the same as for unoriented
PMB-6.

Owing to the absence of orientation it is
impossible to establish a structural model. The-
re may be both a double-layer packing with in -
terpenetration of aliphatic groups and a struc -
ture with mesogenic groups being at an angle to
planes. The latter may appears as a result of
correlated shift of planar fragments with the
formation of a chevron structure.

Thus, the polymers under study are charac -
terized by a layer packing of mesogenic groups.
The peculiarities of chemical constitution of
mesogenic groups lead to a variety in lateral
and longitudinal packing as well as in a large -
scale ordering.
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