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Two-photon excitation polymerization using deep-UV absorption (FEEESMER I ZFIH L7227 EA IR
imSCREA | DWFTE)

BANEOEE

Two—photon induced polymerization (TPP) enables 3D micro/nano fabrication with a feature size beyond the
diffraction limit of light because of the use of two—photon absorption in photopolymerization reaction
Although there has been much research about spatial resolution, materials, and applications in various fields
of nanoscience and nanotechnologies, few discussions about the excitation wavelength have been reported, and
near—-infrared (NIR) femtosecond pulsed laser has been generally used for TPP.

In my Ph. D study, I explored TPP using a shorter excitation wavelength. I presented that visible pulse
light used can access deep—UV absorption of functional groups in monomers directly without photoinitiators
which have been added to monomers to efficiently induce TPP using NIR. As a proof of concept, I performed
photoinitiator—free TPP of acrylate resin by using 400—nm femtosecond pulses. 3D nanostructures of only pure
acrylate monomer were fabricated with a feature size of 80 nm. I found that less excitation intensity was
required for fabrication than typical NIR-wavelength TPP because the resin consisting of 100% monomer was
directly excited. Additionally, findings in the direct deep-UV excitation of monomers expanded materials and
chemical reactions available in TPP, such as inorganic materials of metal-oxides, amino acids, and photo—click
chemical reactions.

I applied the photoinitiator—free TPP to fabricate microstructures using biocompatible materials that can
be used for biological applications, which has been hindered by photoinitiators due to their cytotoxicity
and low water solubility. I fabricated 3D microstructures from pure poly (ethylene glycol) diacrylate (PEGda)
and pure type I collagen without photoinitiators. To understand how those materials chemically changed, 1
conducted in—situ Raman analysis. By comparing the Raman spectra before and after the irradiation with visible
pulses at a wavelength of 400 nm, I confirmed that the chemical reactions were generated by direct two—photon
excitation polymerization. I also confirmed the water swelling of the PEGda microstructures and the enzymatic
degradation of collagen, which are important hydrogel characteristics in the applications of cell culturing
and tissue engineering, in the fabricated structures.

I investigated a mechanical property of the fabricated micro—structures because it also affects on adhesion
and proliferation of cells under 3D culturing. For in situ measurement of mechanical stiffness 3D
microstructures, I introduced a Brillouin spectrometer into the TPP and Raman system. Brillouin/Raman spectra
of the hydrogel polymer before and after photopolymerization showed the correlation between the longitudinal
modulus obtained from the Brillouin peak shift and the polymerization degree calculated from Raman scattering
intensity. To show the potential of photoinitiator—free TPP in biological applications, 1 fabricated a
photoinitiator-free scaffold made of a mixture of PEGda and collagen. The cultured cells were attached to
the scaffold and showed their growth and proliferation without numerous deaths because of the absence of
photoinitiators.

In this research, I proposed chemical modification of proteins with methacrylate group to increase the
efficiency of photoinitiator—free TPP in protein. The synthesized BSA-GMA with a concentration of 200 mg/mL
in water was polymerized in photoinitiator—free TPP, whereas the same concentration of BSA was not polymerized
with the same excitation intensity. Brillouin/Raman analysis of polymerized BSA-GMA revealed that its
photopolymerization derived from the cleavage of C=C bonds and caused the increase of its mechanical stiffness
and the change of its secondary/tertiary structure. In a micro-well structure with BSA-GMA, HeLa cells formed
spheroids by utilizing its cell non-adhesion.

It was concluded that TPP using direct excitation monomer in the DUV range provides a photoinitiator—free
3D micro/nanofabrication with smaller feature size, a less excitation intensity, and various available
materials and chemical reactions. As a future perspective for regenerative medicine and drug discovery
applications, it was discussed that the proposed technique contributes to systematic study of cellular behavior

or reproduction of 3D organs with subcellular feature size and precision
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