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Summary

The molecular packing of poly(azomethine)s having (n-alkyloxy)methyl side chains in
films was studied by wide-angle X-ray scattering. Solution-cast films on silicon wafer and
melt-sheared films show the same type of molecular packing, i.e. the main chain layers
are aligned parallel to the film surface but the main chains are macroscopically isotropic
in the film surface plane. In the melt-sheared films, the shear does not orient the main
chains but the main chain layers, which can be easily understood by their geometric
shapes.

Introduction

In a number of recent publications(1-11) it has been shown that pendent flexible side
chains attached to stiff main chains greatly enhances solubility and fusibility of the rigid-
rod polymers and these polymers form a novel layered structure in their crystalline phase
and mesophase. The layered structure is characterized by a segregated structure, in which
the main chains form separate layers, with the flexible side chains occupying the space
between the main chain layers. In addition, studies on solution-cast/melt-pressed films of
rigid-rod poly(ester)s(12,13) and poly(phenylene)s(14) having flexible side chains
indicate that main chain layers tend to be stacked parallel with respect to the film surface
and main chains are macroscopically isotropic in the surface plane.

In our previous papers(15,16) we
CnH2 1 	reported the preparation, crystal structure

0	and phase behavior of poly(azomethine)s
having (n-alkyloxy)methyl side chains
(designated as Cm-PAMs(m=4, 6, 8, 12)).

HC O CH=N —
{( )}—N$  They were prepared by solution

condensation of 2,4-bis((n-alkyloxy)me-
thyl)terephthalaldehydes with p-phenylene-

0	diamine. It was found that in mesophase as

Cn 12m+j Cm-PAM(m=4, 6, 8, 12) well as in crystalline phase they form a
layered structure in which main chain
layers are separated by side chains.
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In the present study, we report molecular packing of these polymers in solution-cast
/melt-sheared films based upon X-ray studies. In the films, the main chain layers can have
three ways of packing with respect to the substrate or film surface, as shown in Figure 1.
Thus the objective of the present study is to investigate how the main chains layers are
packed with respect to the substrate or film surface in the films.
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Figure 1. Schematic representation of molecular packing for the films. The main chain
layers are packed perpendicular(a), tilted(b) and parallel(c) to the substrate surface.

Experimental

A melt-sheared film of Cie-PAM was prepared by shearing in the layered mesophase
and subsequent quenching. Solution-cast films of C12-PAM and C8-PAM-B(15) were
prepared by casting on a silicon wafer from a 0.5 wt% solution of C12-PAM in m-cresol
and C8-PAM-B in hexamethylphosphoramide, respectively, using the following method.
A small quantity of the polymer solution was spread on a silicone wafer. The solvent was
slowly evaporated over a period of 7 days by applying vacuum at room temperature. This
procedure resulted in a thin polymer film coated on the silicon wafer.

X-ray reflections (2°<20<32 °) were measured from a Rigaku-Denki X-ray generator
using CuKct radiation and a graphite monochromator installed in front of the counter. The
X-ray reflections for the solution-cast films on silicon wafer were measured in reflection
mode while those for the melt-sheared films were measured in transmission mode.

Results and discussion

X-ray diffraction measurements confirmed the existence of layered structures in the
solution-cast films on silicon wafer. Figure 2 shows X-ray diffractograms of the solution-
cast films of C12-PAM and C8-PAM-B measured in reflection mode at room temperature,
respectively. For comparison, X-ray diffractograms of powder samples are also included.

Detailed interpretation of the peaks of the powder patterns in Figure 2 leading to
layered structures has already been described previously(16), and the schematic
illustration for the layered structures is shown in Figure 3. The reflections A(20.8 and
16.2A for C12-PAM and Cs-PAM-B, respectively), with its higher orders, arise from the
layer spacings between the main chain layers. The wide-angle reflections appearing in the
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Figure 2. X-ray diffractograms of C12-PAM and C8-PAM-B measured in reflection mode
at room temperature. (a) solution-cast film of C12-PAM (b) powder sample of C12-PAM
(c) solution-cast film of C8-PAM-B (d) powder sample of C$-PAM-B
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Figure 3. Schematic illustration of the layered structures of C m-PAM.
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20 = 21-24° region arise from the side chain crystals. The side chains, which are fully
interdigitated and tilted with respect to the rigid main chain, come to occupy the space
between the main chain layers. The reflections B and C arise from a lateral packing of
main chains and a slipped structure of the repeat unit, respectively.

Compared to the X-ray pattern for the powder, the X-ray pattern for the film is greatly
simplified. Only small-angle reflection with its higher orders, corresponding to the layer
spacing, is observable. This demonstrates clearly that the main chain layers are
spontaneously aligned parallel to the substrate surface, which is schematically illustrated
in Figure 1(c). The main chains are believed to be macroscopically isotropic in the surface
plane, which is based on the fact that there was no external force applied for the alignment
of the main chains in a certain direction.

Melt-sheared films that were quenched from the layered mesophase showed the same
type of molecular packing observed for the solution-cast films. Two X-ray diffractograms
of the melt-sheared film of C12-PAM are shown in Figure 4, in which patterns (a) and (b)
are measured with the X-ray beam parallel and perpendicular to the film surface,
respectively. It should be mentioned that each pattern is independent of the rotation of the
films about the axis perpendicular to the film surface.
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Figure 4. X-ray diffractograms of a melt-sheared film of C12-PAM measured in
transmission mode at room temperature. (a) X-ray beam exposed parallel to the film
surface (b) X-ray beam exposed perpendicular to the film surface
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Comparison of the two patterns shows that the reflections arising from the layer
spacing are more prominent in pattern (a) than in pattern (b). These results strongly
suggest that the main chain layers are aligned parallel to the film surface but the main
chains are macroscopically isotropic in the surface plane. As a result, the shear does not
orient the main chains but the main chain layers, which can be easily understood by their
geometric shapes.

In conclusion, the solution-cast/melt-sheared films of C,,,-PAMs exhibit the molecular
packing that the main chain layers are packed parallel to the film surface. The parallel
packing of the main chain layers to the surface has been also found in films of other rigid-
rod polymers(12-14) having flexible side chains and thus seems to be a general
phenomenon for films of rigid-rod polymers having flexible side chains.
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