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Development of multi-quantum beam analysis method for hybrid polymer materials:
comprehensive structure analysis from single polymer chain to domain structure
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Multi-component polymer materials have hierarchic structure at the length scale from
nanomters to micrometers. In order to improve the properties and functions of multi-
component materials, it is necessary to understand the entire structures from single
polymer chain to the phase-separated domains. The current study aims at the
development of the novel methodology combining super-resolution microscopy (SRM)
and grazing angle small angle neutron scattering (GI-SANS).

The GI-SANS was implemented in a reflectometer beam line at J-PARC, which is a
neutron experiment facility in Japan. By the development of a neutron focus mirror
and the installation of the shielding block, the detection sensitivity of the scattering
signal from a thin film sample increased by a factor of four. The measurement result
for a 200-nm-thick film of a di-block copolymer of polystyrene and poly(methyl
methacrylate) showed the ordered micro-phase separation structure with a domain size
of 40 nm. This result well agreed with the X-ray scattering data, indicating that the
development of the GI-SANS instrument was successful.

For the simultaneous measurement of SRM and GI-SANS, the optical system of SRM
should be installed on a sample stage of the GI-SANS beam line; therefore, the new
SRM system was built on a transportable chassis with a size of 45 x 30 cm?2. The
measurement of a single fluorescent nano-bead and fluorescence-labeled single
poly(butyl methacrylate) chain demonstrated the spatial resolution of 25 nm.

Both of GI-SANS and SRM were successfully developed, and the combination of them
enables the simultaneous measurement of polymer materials in real and inverse
spaces.
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