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Investigation of correlation between structure and mechanical property of crosslinked
polymers using extremely homogeneous gels
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Although crosslinked polymer materials are indispensable in modern society,
the relationship between crosslinked structures and mechanical properties is still not
well understood, and frequently reported discrepancies between theory and reality.
One of the reasons for this discrepancy is the structural defects that inevitably occur
during the crosslinking reaction. These structural defects cause complex mechanical
responses that are difficult to control.

In this study, we deformed an extremely uniform polymer network uniaxially.
We measured the structural changes that occurred during the deformation using
small-angle X-ray scattering (SAXS) to elucidate the correlation between crosslinked
polymers' structure and mechanical response.

To create a uniform polymer gel, we dissolved tetra-branched polyethylene
glycol (PEG) with an active ester with a molecular weight of 20k at the end of
dimethylformamide (DMF) at the back with a polymer concentration of 10 wt%. The
ratio of 4-branched PEG was dissolved in a PEG solution. The PEG solution was gelled
within a few minutes, and the reaction finished in about half a day. The resulting gel is
clear and colorless and can be stretched much larger than conventional gels with the
same crosslink density and molecular weight between crosslinking points.

The gels were deformed to a predefined elongation ratio and measured using
small-angle and wide-angle X-ray scattering at the Photon Factory (PF), BLOGA,
BL10C, and BL15A2, High Energy Research Organization (KEK). Using the
custom-made elongation tester, we can extend the gels up to 20 times. The SAXS
profiles show unique anisotropic and ordered patterns distinct from the conventional
butterfly patterns. These scattering results help explain the homogeneous network
structure and provide a basis for understanding materials with complex network
structures in general.
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