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Synthesis and properties of linear polymers with spherical highly branched units
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The mechanical properties of polymer materials greatly depend on the entanglement of
polymer chains. For example, highly branched polymers, which have low degree of
polymer chain entanglement, show low mechanical properties, whereas linear
polymers with high degree of polymer chain entanglement exhibit high mechanical
properties. In this research project, we designed and synthesized linear polymers with
spherical highly branched units in the main chain. Since the polymers are composed of
linear units and spherical units, the degree of entanglement is expected to be changed
by the distance between the spherical units due to the change in the polymer rigidity.
We selected aromatic polyamide dendrimers as spherical units because the dendrimers
allow the precise control of their size and shape. At first, aromatic polyethers with
functional groups in a certain distance were synthesized. Then, aromatic polyamide
dendrimers were grown from the functional groups in the linear polymers. We
synthesized two types of polymers with different distance between spherical units. The
apparent shapes of the polymers were evaluated by TEM observations. As a result,
the TEM image showed that the stained dendrimer units of the polymers were
arranged in a line with equidistant spacing. Furthermore, the distances between
the stained dendrimer units were well matched with the expected values. We
evaluated the mechanical properties of the polymers to understand the effect of the
polymer structure on the properties. The polymer films prepared from the polymer
with a long distance between the dendrimers showed high mechanical strength and
modulus. On the other hand, the polymer films prepared from the polymer with a
short distance between the dendrimers were brittle and showed poor mechanical
properties. The difference in the mechanical properties was caused by the
difference in the degree of the entanglement and polymer rigidity.
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