B FEBL R FERR R E

AR R L B R S 40 B
HER JLHE B K

a7 9 H 30 H

BUMH IV OH D LMD RICOVWT TFRO LBV HEL LT,

HEEHE 4
iC
1. 78 i E 4
fn X
JOv O HEGROIVOENHMATOERMERBICIIEFMNLESEN - EABEMH
) |ES
o3

Breakthrough for flexible and low volumetric-thermal-expansion materials based on
selective crosslinking of microphase separated interface formed by block copolymers
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We found that a series of multiblock copolymers (MBCs) of polyimide (PI), which has a
relatively low CVE among polymers, and polydimethylsiloxane (PDMS), which has the
highest CVE among polymers, exhibits twice the ductility and toughness of the PI
homopolymer, and also exhibits a distinctly low CVE. Furthermore, we clarified that the
PDMS blocks in the PI/PDMS segregate in the PI matrix to form nanodomains (NDs). These
NDs have a density that is approximately 10% lower than that of conventional PDMS, exhibit
reversible negative thermal expansion in the range of 40-200°C, and thereby reduce the CVE
of the entire film. We proposed a mechanism by which the low density NDs are formed from
the shape memory process of the swollen NDs with a selective solvent, during the thermal
imidization process at 400°C.

In this study, we successfully synthesized the photo-crosslinkable precursor of PI MBCs,
PAA,,/PDMS, and corresponding PI MBC, PI,,/PDMS, both of which possess a benzophenone
moiety in their backbone that crosslinks selectively with CHs groups in PDMS blocks upon
UV irradiation at room temperature. Furthermore, we successfully evaluated the degree of
crosslinking reaction of CHs groups by introducing PCA into ATR-FTIR analysis. Minimal
attenuation of the infrared absorption peak of the CHs groups in the PAA,,/PDMS film was
observed when irradiating with UV until the reaction was complete, suggesting that the
cross-linking reaction occurred only near the ND interface, as initially intended. Additionally,
small-angle X-ray scattering measurements revealed that the ND shape is preserved by the
crosslinking. However, when CHX was used as the swelling solvent, the temperature
dependence of ND swelling ratio was minimal, and the effect of crosslinking on CVE is
limited. Applying solvent groups that are expected to provide higher swelling at room
temperature should make the crosslinking effect more pronounced and reduce CVE.
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