[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuodgooobobbobbbuoogoon

Formation of holographic patterns in polymer structures by scanning
wave photopolymerization

0o:00@O),

oooooo:0o0o0ooo,
00O00:00111800,

00 000:20190 30 26001,

ooooo:0ooo,
0o00:000,0000,0000,000,0000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1118001,

Conferred date:2019/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(3R

Doctoral Program

A =

THESIS SUMMARY

Fea—A s b EA3 HRE AL By © Hids TE )
Department of, Graduate major in I*/I/ F— a—A Acadermic Degree Requested Doctor of

FAERA fRgHE (F)

Student’s Name FHIR ZEML Academic wEOE

Supervisor(main)

frEHAa (F)

Academic Supervisor(sub)

E (F13C 2000 FREE)
Thesis Summary (approx.2000 Japanese Characters )

ARSI, FioenrEMETH D TEEEATE (Scanning wave photopolymerization, SWaP)| 12 & 51
REMEMBIRIR A HRY & LT\ 5, EFRIREOBIE 2FIHT 5 Z LI2 kY, iU 72aE s+  EBICE
LTe~A 7 v 27— )L OBEROERZHE T 52 RN L, £72, MERIZH 72 3 RooH)
TR LY, FEZEITRMEZ B OZ A RM LT, S 61T, JEOTIRH) & DIRFZ2 [ 7 il f#)
WZ X WAEIERO BIE/ Y — U A B L, RFEIC XY SR EREEZ AT 5 7 4V ABMERITE 5 2
EEHLMNZ L,

#i—% [General Introduction (F¥i@) | Cl, 43 FECMIGIENC X D HEREMEAER ORI & BEAF OB a) FilEB
PR L, AHFZED HIYE R~ T,

% — % [Alignment Control of Anisotropic Dye Molecules Induced by SWaP (EhHEEAIC L D R AP EGED
T OBLASIE) | TiX, FiclBR S o TEAE TH 2B ES 2 VT, RN L 7oA IERIC BT
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The purpose of this study is to create new functional films by scanning wave
photopolymerization (SWaP), to prove that the novel alignment method is an efficient, general and
powerful process for fabrication of wide range of high-performance materials. Here, the author
conducted the experiment about the alignment of doped dye molecules and spontaneously formed
micrometer-scale polymer structures by photopolymerization using spatiotemporal scanning of light.

In Chapter 2, an alignment control of anisotropic dye molecules with non-polarized light was
demonstrated. It was observed that anisotropic dye molecules were well aligned by optimizing the
photopolymerization conditions. This experiment revealed that driving force for alignment of SWaP is
valid for a doped anisotropic molecule. Its alignment direction was parallel to the neighboring
mesogenic moieties. Thus, it was proved that SWaP enables to align various kinds of materials even if
the material does not participate in the photopolymerization without any surface treatment or polarized
light sources.

In Chapter 3, the author investigated a serendipitous discovery about formation of
micrometer-sized periodic structures over large areas. One-dimensional aligned periodic structures
were formed by controlling the cooling process. Moreover, the author found that the size of the
structures could be changed by the control of photopolymerization conditions. By observation with a
polarized optical microscope, it was revealed that the spontaneously formed structure was related to
the phase separation of polymers. In addition, detailed investigation elucidated that three-dimensional
molecular alignment along the periodic structures was induced in the resultant film.

In Chapter 4, the author evaluated optical properties of fabricated grating structures.
Measurement of diffraction efficiency and polarization conversion behavior was conducted to examine
the light diffraction mechanism of the film. Moreover, the author demonstrated two-dimensional
alignment control of polymer structures by introducing a new optical setup which is able to control the
incident light patterns during SWaP for creating new optical functional films. As a result, concentric
polymer structures were successfully fabricated and the film showed a light collection function.
Furthermore, array pattern of concentric alignment was also demonstrated, which can be applied for
some optical devices such as a microlens array.

In Chapter 5, the author summarized the obtained results. In this study, the author investigated
the alignment control of nano- to micro-scale materials by SWaP. It was proved that SWaP has a great
potential to develop a wide variety of functional applications.
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