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ARUAIF P IZEWEWIECHEB 2 H T2 Z ENOIIREWVSE CTHOLNTEY, THFETIEEDENT
BEATENA L, FMEIE LTHRIMA SN TWS. BRI, B2t & U CEOEIE 2 A 5 L 72 800 PIL I
LD E 5y T TIHERR TERWINEWEZ AT 28 LUWBERE & U Thk 2 25281 205 ATERIC 72 5 & #I%F
ENTWD. HFCH e PLEREI KBS EH-C/E S 22 ISR R A T v a v R_R— 2 —~ DS AR IR S h
TW5b. L, FurarR—F—lRENIHHTHD [THHRIBICE T 5 & e EdE & k& 7 Stokes shift
DOFRICRENE R FRHSERT S P ZZhECizfEon Tk o T, BROMBCIERLIIRETHD. T2 TK
WETIE, TN 5 ZRIFCERT D EHRMIRARE LT1) iikEsy N7 e B8 (ESIPT), 2) &
e NS SEIRBEEICER L, #HLPI O TiRE - BEEITo 7.

F1ETE, BRGSO IHMEIORIERER S THO—REEDO A 5T, BEREBICLMIUKTT L Z &R
FTEEBIT, PlOFEFEICET D 2N E TOMEICOVTHHR L, AGXOHMEEXEZ R L.

W2 B TIE, KB (OH L) DA L ZIUTHE D B THAERE OB A 2 MEAH ORI R IE T
WA ERT B0, 20D OHEEHTEHA 2 FET LAY (DHNHPI) 248k L, SeH Mt DR 22 7.
DHNHPI 1L, & FPKFREEICHNKT D So—S1EB O KX IR 798 (f = 0.1498) D7=®, CHClL R+ Tl
BEWELIEAREL (e = 5091 cmt ML) EHEDEER TR (@ = 0.507) 292 EMRBH L E 572, 72 DHNHPI
1%, DBU (BHEMEIL) Z Wt IEMESE T Tk, OH Bl 7 v ki fkic X 0 4% L 7= anion (2 H k3 2 #vy
AIRRIRUL (Aabs = 440 nm) B OVFEAHEE (lem= 520 nm) 2R3 2 ENHA LM E e o7,

¥ 3ETIE, AR CoONEEM A X, ESIPT #FH L 2R RES L2 Pl #EAZBERE T 572012,
OH R A 1 2B AL R XY v Mg KW ZF7-IER L, MEREEDO R LIFRA T IV EAGLET
15 5N D TS EE Pl BEOSOLE ORI 23870 7=, D7 I U ERICSTRREE 2 7= 70 PR (3H-DC) 13,
Stokes shift DD TR & 722 ESIPT &% (v = 10,448 cml) 2R3 H DD, HFHOB LRy F o ZIc kR Sh
D TEHER] \CHETHAERIIC LY Hasgtz2T 2 RO E o7, U7 I UEICNIAREE & LT
U7t AFNEEERT S 3H-6F WL, STREEIC X D EHEARTE OB R 5 arflikic B 2 me
BHimPEE R L, D Stokes shift OfRD TR E 72 ESIPT @t (v=10,316 cm™?) 2332 EBRHL ML o7z

HAETIL, B KR~ DE AT S RO AN Pl ORI RITT B EERT A2 HME LT,
REFLFIUvEZHEALLER A v MMM EHZIZERL, FRIOCT IV EHAGDETELND
STELE SR PL(3Br-Pl, 31-Pl) OIS ED I A2 4T - 7=. 3Br-Pl, 31-PI #f51% Stokes shift DAk TR & =il
B (v>9,900cm?) ZARTHOD, EHERBEKOFRRINEZR L, RWEGHFEZET I ERHALNERoT.
F 72 PIEOEER T, BEZEFICBWTRRFICHAREWREEHEMERT I LD, HEERE L OWERICITE
THERBICHIKTET D Z EBNHLNE R T,

¥ 5 ETIE, AIURICE T 5 EWBIHMEE F T 5 BEMOME PIEIRA 152 72912, WNEEIHRFIEE7e LR R4
AT D87 z2=VT T HVR T RKERIC RFE ZEA LI I5ER Pl (DBr-Pl) OO 56 R 0 74l
#1To7-. DBr-Pl @i, BFEONIKEEFEICKNT YT = = VB0 mADIEAIC LD, EEHERIER I HIH]
Sh, FHIRICBIT A SV eEmPEE R L., £72, DBr-PI #ilsIT Stokes shift 23D TR E <, FAHFEMDEW
R (v=12215emt, £=02ms) ZRTIENRHLMNE R -T2, S5, DBr-PlI#ROBERME, 518
OIEFME R ORI A ZZ, RIBETAOEZET CHELEENRKREMEBRTLIENHLNE T,

HeE [IRE] Tk, AR THONTEREEZRET L L b, SBOBELRAT.
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This thesis describes new molecular design guidelines for “highly colorless polyimides (PIs) exhibiting
photoluminescence with large Stokes shifts” based on 1) excited-state intramolecular proton transfer
(ESIPT) and 2) room-temperature phosphorescence (RTP) in a series of six chapters.

Chapter 1 provides the backgrounds of photoluminescent polymer materials and the relationships
between their photoluminescence properties and chemical structures as well as aggregation states. It also
provides reference studies on the photoluminescence properties of Pls.

In Chapter 2, for clarifying the effects of intramolecular hydrogen bonding on the fluorescence
properties of imide compounds, a low-molecular-weight imide compound (DHNHPI) having two hydroxy
(OH) groups was synthesized. A CHCIs solution of DHNHPI exhibited strong blue fluorescence (® =
0.507) owing to the high oscillator strength of the So—S; transition associated with intramolecular
hydrogen bonding.

In Chapter 3, for developing highly colorless and transparent Pl films exhibiting long-wavelength
fluorescence via ESIPT, a pyromellitic dianhydride having an OH group was newly synthesized, and
several Pl films were prepared by using diamines with or without steric hinderance. In particular, a thin
film of the PI prepared from the diamine having bulky trifluoromethyl groups shows high colorlessness
owing to the suppression of the aggregation formation and exhibits large Stokes shifted fluorescence via
ESIPT (v =10,316 cm).

In Chapter 4, for clarifying the effects of introduction of heavy halogen atoms on the photoluminescence
properties of Pls, pyromellitic dianhydrides having a bromine (Br) or iodine (I) atom were newly
synthesized, and semi-aromatic P1 (3Br-Pl, 31-PI) films were prepared by reacting them with an alicyclic
diamine. Both the 3Br-PI and 31-PI films exhibit RTP with very large Stokes shifts (v > 9,900 cm™), and
their RTP lifetimes were significantly enhanced under vacuum condition due to the suppression of the
triplet-triplet energy transfer to the surrounding oxygen. However, the Pl films show strong visible
absorption and yellowish coloration due to the Pl aggregates in the film.

In Chapter 5, for developing highly colorless PI films exhibiting large Stokes shifted RTP, a
semi-aromatic Pl (DBr-PI) was synthesized from a biphenyl tetracarboxylic dianhydride having Br atoms.
A thin film of DBr-P1 exhibits high colorlessness due to the suppression of aggregation formation owing to
the steric effect of the twisted dianhydride moiety. In addition, the DBr-P1 film exhibits large Stokes shifted
RTP (v = 12,215 cm™) with a long lifetime of 0.2 ms under atmospheric condition. Furthermore, the RTP
properties were significantly enhanced under very low-temperature and vacuum conditions.

Chapter 6 summarizes the major findings and conclusions of this study as well as suggestions for future
perspectives.
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