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AFHSTIL, TA Mechanistic Analysis of Photopolymerization Behavior and Molecular Alignment Control under Photo-
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% 1 % [General Introduction (i) | TliL, Y7 h~=7 U 7 Lo bis KOV TELAIEMNIZ DWW TR 5
L EBIT, ABZED HIRERIZ OV TR~ TN D,

% 2 ¥ [ Effect of Polymer Concentration of Molecular Alignment Behavior Induced by Scanning Wave
Photopolymerization (BIRUEEEAFHE T 20 TEAIZENCHIT 2R v —REDEE) | TlE, HhkxBrtE
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% 3 # [Specific Polymerization Behavior Caused by Spatiotemporal Photo-induced Flow Fields (FFZ2[H] Y IR 2355
ET 2 L 2R R EAED) ) 13X, BIFPLESNHET 5B N CORERSGFEAMRE L, AR RES
2L DRERTFIE L bl U TEHEAZEN 0% 2R3 5 L & biT, RO TRARY v —0NERTHZ 2R
TW5b, RY~—OWERRRT AT & 25, ERERNZOEESIZHEVR Y ~ —03JEEREIC i L,
KT O HNRE T CTEAPET AF LRSI SN2 2 ENEEEGORTH L Z EE2MPA L TWD,

% 4 & [Polymerization Behavior and Microscale Alignment Patterning Using Spatiotemporal RAFT Photopolymerization

(RFZEfYE RAFT EEAIC L A EAZE) L EHBLHR N Z —=27) | TIL, BINXRESDNFHLE T 50 TEA - FE
REGEEEREES O—Th 2 AR I—BRZOESHBE) (RAFT) EAITEM L TW2, BIRDEREIC X
D RAFT EE T, R Y ~— ORI L OV &0 2 KGR O LR THIET 2 Z LIk L T 5,
S 61, BIFPOLEAIC L ER L BTS2 F OZERIC RAFT B 2 20 iATe 2 & T, JefiliaFIm Lz
Oy TR K 0 RATIC oy FRLA 2 8L L, MZRELR NS —= 72 FBLL T D, #EIc) ¥ 7 —
3 B R OEMSER A RS2 2 & T, MAAEEREAR R 7T AT 5 Z LI LTV,

% 5 % [Synthesis of Commodity Polymers and Polythiophenes by Spatially Selective Photopolymerization (ZZ[#]38&4R
R EEAICED2WHES FE R FAT = DOE/) | T, BREES OS2 ISR T ORI E
THEIE L, HEREMRIAZ AR L7z, fix ORHE / ~—ICBRESZE L/ 254, W—EAR L L TH
FREDBEKRT 23S RERE DT DRANTAER LTz, BIRDCES 2SS FOERICHEN T 5 2 L1285
LTWo, WIT, BRES - BAHEE A LR D bHEMEBIDIZIZRVWRY F4 7 = 2/ 7 =it &
DERLTND, TANLERY FAT = OFRFBROREIEFCFEZ R L T\ D, NF— ot % R
T5HZLET, RIFA7 = BIMMRENRICHEREZ NS —= JTEL 2R L,

% 6 & [Summary and Perspectives (Faffi & BH) | TiE, KRG L THELNIMEREERET L LB, &
BOTEELFRRLEZ BTN D,
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Precise control of molecular alignment is crucial for fabricating functional materials with great potentials applicable
in soft robotics, photonics, and electronics. Among various alignment techniques, the photoalignment process has attracted
significant attention due to its ability to precisely control molecular alignment through a non-contact process. Recently, a
novel alignment method, termed scanning wave photopolymerization (SWaP), has been proposed, which utilizes flow fields
induced by a polymer concentration gradient under spatiotemporal polymerization. Although various functional materials
have been developed, the alignment and polymerization behavior under the photo-induced molecularly flow remains
unclear. The influence of external flow fields on synthesized polymers has been extensively studied, including intriguing
phenomena such as polymer scission and the emergence of specific functionalities. In contrast, SWaP induces the flow field
by the polymerizing molecules themselves. Such a unique environment could cause entirely specific polymerization
behaviors. In this thesis, the author investigated molecular alignment mechanism and polymerization behaviors under photo-
induced molecular flow. Furthermore, SWaP was applied to various polymerization systems, including controlled
polymerization and the synthesis of polythiophene, to fabricate optical materials.

The author investigated the molecular alignment mechanism of SWaP in terms of polymer concentration and LC phase.
Molecular alignment was induced only when the polymer concentration exceeded a certain threshold, resulting in the
emergence of LC phase and viscosity increase during polymerization. Investigation of the polymerization behavior of SWaP
revealed that photo-induced flow fields dramatically enhance the polymerization efficiency and yield high-molecular-weight
polymer.

The author demonstrated that molecular alignment and efficient polymerization behavior can be employed in the RAFT
polymerization and synthesis of commodity polymer and polythiophene. In all three polymerization systems, a low-energy

process was successfully employed to achieve polymer synthesis and induce molecular alignment. The precise and flexible
microscale patterning of these polymer alignment was achieved by designing irradiation patterns, facilitating the fabrication
of diffraction gratings, holograms, and films with polarized emission properties.

This research will contribute to advancements in polymer synthesis and functional material development, with the
potential to fabricate next-generation functional soft materials.
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