©
2020 2022

Toughening Mechanism of Cross-Linked Polymeric Materials Revealed by Molecular
Dynamics Measurements
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In this project, we have investigated the effect of uniaxial elongation on
the molecular dynamics of polymer chains by means of quasi-elastic neutron scattering (QENS)
experiments on stretched homogeneous polymer gels and molecular dynamics (MD) simulations of an
elongated polymer chain in water. We have found that stretching polymer chains accelerates the
segment dynamics in the direction perpendicular to the elongation. Also, QENS measurements on
stretched inhomogeneous polymer gels detect the stress-concentrated strands as an elastic component
of the dynamic structure factor. Also, we have performed coarse-grained MD simulations on polymer
networks in which polymer chains are cross-linked by fixed bonds and slide-ring movable cross-links.

By increasing the fraction of the slide-ring cross-links in the networks, the number of
stress-concentrated chains decreases, which results in higher mechanical toughness.



MD

%
PEG TetraPEG
X
% detector
Aluminum Cell
Scattering
Stretching
O neutron )
gel
adhesive admium sheet
elongation
2 : AveTau
1 O tPEG20k 1=3
O tPEG20k 2=2
MD . O tPEG20k 1=1.5
2 O tPEG20k =1

PEG

A [1]



1 [1]

PEG MD
PEG
PEG
PEG
PEG
elongation highwcﬁgienmhm
TetraPEG
TetraPEG

TetraPEG

E' T Hetern-ge!|

g ¢ [y

=2 § |— a2

—
energy fransfer [peV]
2. S(0,
R X0
[11
[1]
MD
3
3.
80%
PR80%

Kosuke Aomura, Yusuke Yasuda, Takashi Yamada, Takamasa Sakai, Koichi Mayumi,
“ Quasi-elastic neutron scattering study on dynamics of polymer gels with controlled
inhomogeneity under uniaxial deformation” , Soft Matter, 19, 147-152 (2023).
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