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AFHSCIL, TOrientation control and mechanistic analysis of phase-separated structures formed by spatially selective
photopolymerization (ZZ[HIIEERAEE AT & D AHTBEEREIE O BLAIGIE & A T = X LfgHT) | LU T, AR BERS IE
DICHHEN BT DT RR NI L THINTEY, Be ELVMEINL TN D,

%5 1 % [General Introduction (Frif) ) T, FRBERETRIEIC L 2 BEREAIHICHIBEEANIZ OV TRHT 2 &
EBIT, KD BHRERIC OV TERTN D,

% 2 ¥ [Fabrication of Periodic Phase-separated Structure by Scanning Wave Photopolymerization (EJFYEE A2 &
2 E B 72 BRSSO | T, BIMEESGEZ AV CENEZ AT 580 T 7 VA2 ERL, BRL
THE DTERER /3 FRLA Z FEANC R L TV D, @+ 7 /v AOWTEIC IS T D ROLBMEEBIZE 1 6, ~ )~
F—HEEDOREZ A NN LTS, F7, FEMRECBEMEBES L ORL 7 v~ v~y B ZHEICL Y,
DRV Y X —HEEICR S TEFIRIZREMZE L TWD Z 26N LTV D,

% 3 % [Real-time Observation of SWaP Process and Image Analysis Using Two-dimensional Fast Fourier Transform

(BHDCERBRED VTN Z A LB LU 2 IRoe 7 — U =884 FV T2 BHET) | 13, SRt ESIERICE
3% ) X —REDRBEERr FERIA B OW TR L TWD, A —7 =)L NIZBIT 28R ES R
OV TNE A LHEIZLY, BMHEENHESEECE O BRT S Z 2L TW5, £, MERRB LY
DFERME P EIREESBRICBNCHEEIND Z L2 RH L TWD, 61T, U T Z A LRI OfF
Fric kv, AHTBERRE OTEREES) & 4y F R ZA L ORFFRAIBIR 2 I L T\ %,

% 4 # [ Detailed Mechanistic Analysis of Periodic Phase-separated Structure Formed by Spatially Selective
Photopolymerization (ZEfEIEEIRA NG A FIH U 72 JE BRI 53 BERSE OFEM 70 TRk A 1 = X MiffT) 1 i, ~
U o —EORAIEIBRIZE B UCEEMRTE A 7 = A LERZREFT L T, Ry bE#nE I
W9 2 2R A2 VG, AU T R e vy 7 Ly MROMTBESED LT 5 2 & 2 55
LTS, 612, Fry by MEENRRY ~—OREABRT TG CTRAMICHEL, v 2 —H
BEEKT DI EERELTWD, £z, ZEHERPDLESBRICIT 2 ErEEH 2+ 52 & T, M5
BERE DTERL & Sy FRLZIEDE T D 4 A X 7 ORI L T\ 5,

% 5 % [Control of Phase-separated Structures and Molecular Alignment and Evaluation of Optical Properties (#8747 Bt
HEIE & oy FRLm O FEF K ODEEREOR M) | TiE, M 20032 — 0 2RkEH L, FRBEREIE O T REE 2
Bt LT, BB e v RBWATERZ = 28N LR ORET 252 8T, 1 7 v RROSGFELR
PR L OH GBS ETE I LT D, BRI Z 5T 5 72912 He-Ne L—F—YA AH LT & 2 5,
YA 7 v FIROSFELF 530 36 KOS BERRE (290 - 7oA 2 0 FBLA A B LT, 4 TmicEdrd
LEB AL L TWD, oGS X0y FERIRZHES 2 2 L T, a=—27 Z20eHE FoRIRIT K L T
WD,

% 6 % [Summary and Perspectives (]84 & BEY) | TlE, KRS THONIMIERREZRIET D L &b, &
HROBE L HFEREZ BTN D,

Vb2 B DAL T, BIREEAIC I IR T 2 S DA 1 = XL E A+ 5 Z 1280,
RN~ —OREAR 2 LI 7 MBS HHETE DR BIZ OV TN TV D, & HIZ, FriAe bz
a4 M EOBFEICEII L T D, HSHEHIZ K DIRERIZBW TR LN EENRBE THLH20
(ZJFEE EPURPED S <, ARBET 2 2 DL Lo ELR 2 HIIZR U THBRISBIRWTRETH 5, LR IRRREL FE
B 2 MR OBEREN: Y 7 b~ T U T ARG OREEIN L 720155 2 &b, T ERBT 5 & ZABRKRE,
L7edSo TR S, 1t (I%) oG E LTHoRMiERH 2 b0 LB b5,
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Structural control of phase separation allows the enhancement of material functionalities due to the structure-property
relationships. Several control methods utilizing drying, temperature change, or chemical reactions have been developed.
However, controlling the mesoscopic orientation of phase-separated structures over a large area remains a significant
challenge due to their random nature. Recently, a novel concept controlling molecular/mesoscopic orientation, termed
scanning wave photopolymerization (SWaP), has been proposed. SWaP utilizes a scanned slit light to drive molecular
diffusion and induce molecular alignment in the direction of diffusion. During this research, the spontaneous formation of
periodically ordered microscale structures by SWaP was serendipitously discovered. It is hypothesized that the structure
results from phase separation of monomers and polymers; however, the underlying formation mechanism remains elusive.
In this thesis, the author investigated the formation mechanism of the periodic structure to propose a novel strategy for
aligning phase-separated structures through SWaP.

The author investigated the morphology and molecular alignment of the film fabricated by SWaP. The scanning
irradiation with a slit UV light resulted in the formation of ordered microscale structures, wherein the molecules were aligned
along the microscale structures in a complex manner. Furthermore, image analysis revealed the formation process of oriented
phase-separated structures and the molecular alignment behavior. In the polymer film fabricated by spatially selective
photopolymerization, periodic structures were observed at the border between irradiated and unirradiated areas, indicating
that polymer concentration gradients play a key role in the formation of periodic phase-separated structure.

Based on the elucidated mechanism, the author attempted to control the phase-separated structure and evaluated the
optical properties of the resulting film. By designing the shape of the irradiated UV pattern to regulate the direction of the
polymer concentration gradient, it was found that curved phase-separated structures were formed according to the irradiation
pattern. The polymer film fabricated by the designed UV pattern exhibited a unique optical diffraction behavior, which has
potential applications in novel optical devices.

This research will contribute to engineering advancements, as it could serve as a fundamental technology for designing
next-generation functional soft materials with diverse functionalities.
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