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W X & B A Studies on Internal Structure of Soft and Wet Matter with

Scanning Microscopic Light Scattering

In this work, analysis of internal structure for soft & wet matter with non-destructive
measurement has been presented.

Combination of additive manufacturing and structural analysis, which can automatically
follow the development cycle including Measurement, Understanding and Manufacturing, has
attracted much attention for productivity enhancement in actual research sites. However, soft
& wet matter have been developed with approaches to synthesize by combinatorial chemistry
and to analysis by human intervention. In the “Manufacturing” field, optical 3D gel printing
system, which can replicate hollow structure, has been developed. With a view to adding new
method for the development cycle in soft & wet matter fields our aim is to establish the
evaluation method of internal structure, to develop the equipment for structural analysis, and
to develop the application of 3D printed gel.

The transparency of soft & wet matter containing a large amount of water prevents us
from measuring the structure with conventional 3D scanner. For measurement principle in this
work, the scanning microscopic light scattering (SMILS) method was used. SMILS was
chosen because it is non-destructive testing and relatively inexpensive equipment. In some
chapters of this paper, nano partica sz-100V2 from HORIBA Co., Ltd., was used behalf of
SMILS.

Initially we observed the relationship between internal structure and physical properties
for synthetic gels with comparison between the observed date from SMILS and mechanical
testing. The crosslinking densities were calculated from the SMILS data and physical
properties. In the case of nonionic gels, the physical properties can be expected from SMILS
data because the crosslinking density from SMILS data correspond reasonably well with the
crosslinking densities from other physical properties. On the other hand, the crosslinking
density of ionic gels from SMILS was not simply depends on other crosslinking densities. It
was found that it was necessary to properly correct the SMILS data of ionic gels.

However, due to static inhomogeneities inside gels, it is difficult to understand the
internal structure of gels. Therefore we have been developing the new evaluating system for
inhomogeneities in 2D. We observed qualitative difference of signals of scattered light from
gels in living organisms using new system.

Furthermore, as one of application of 3D printed gel, we fabricated gel phantom for
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experimental dosimetric verification before radiotherapy treatments with the customized
optical 3D gel printing system was performed. Inter crosslinking network gels were
synthesized as martials. The gel phantoms are ultraviolet light-sensitive instead of radiation.
The ultraviolet sensitivity of the gel phantoms (using mold technigues) with different molar
ratios were experimentally evaluated with transmittance measurements, and were theoretically
estimated by curve fitting to the observed data. This measurement gave us the insight that
more vinyl monomers in the gel phantoms caused rapid polymerization and visibly opaque as
well as conventional gel dosimeters. We confirmed that inter cross-linking network gel was
3D printable with the customized 3D printer, with resolution of fabrication 500um, as
pre-finger-shaped phantom.

These findings of this work may contribute to a basic study to demonstrate the feasibility
of building a revolutionary research platform that could spontaneously follow the
manufacturing cycle in soft & wet matter.
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