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AFH3CIL MNanoscale study of triplet exciton diffusion in organic molecular materials (A ¥ BN 2351 5 = HIAJN
EFILER DT ) A — VRIS L, S ETHM SN TR Y, HXTENNL TN D,

% 1 % [General introduction| T =FEIEEhE FIEHICBE T 2 b DR R L O TFZEIZ SV TR 5
ZETHBMEITICRIT 2 DREIZAMIC L, AMFEORMEBEREZETND,

% 2 % [Triplet exciton diffusion in up-conversion materials| Tl N+ —3 &7 7 7% =510 2 N7z
DREERIET v 7 a N— T g UAPEN O = EHENE IR ORE FIEOHLIZOWTRE LT 5, iy
F RN R — LR EWE I TN T Y v R RS —F ki FHDP)E WD Z LT, 77 &7
H =31 O =B T & TR LLT O BT 72 22 RIS AE ST 5 2 ENFIREL 72 0 . HDP &5 @MET 7
AL N—=D g MBI =TT 52 TT U Rk E 9,10-Y 7 == AT v kT & L (DPA)D = EIEHE -
EBOHTUEZIZ LD THEL T D, fFRE LT, 7 T & DPA O ZHHERE HEBEEXENLEN
491nm & 172nmm THDHZ L EH LT LTz, (EROFIEIZR T 5 ZHERE TR OWEFIETIE F—
DT OERERBRICER T 537 A—F —DBENRKRE L, FMRNENRNETHLZ LE2RL, #ELELT
EOBNIEZHE LTV D,

% 3 # [Triplet exciton diffusion in conjugated polymer nanofibers] CTlIHBRRE D TNOKDT v T3 /N—
AV MEE T 77 A SREBIERIL . 20F 7 7 7 A =0 ZBEEFHE BB L THlEE LT 2,
KERESFEL TR 7= =t rafl~v—(uperyellow) ZHW\VT, =L 7 hrAE=27IkIZT
T 77 ANR=FBTND, FER LY T VEERRFEICD 2 AMEORIE XD R 1:10 L7220 | &1
WF 77 AN TRHAIL TS Z ExRELTWD, i, T/ 77 AN REDT v T ar —
a UMBHI, 207 v 7 ar N—=Ua VEROBENAY Y 2 — N T 4NV ADT v TN — 3 UHEOY
ALHBMLUTHIMFRNZEEFRHL, #RELTH ) 77 A NN— O =ZEHpE LR ES A a— 7 ¢
A EHERLTREWI EEH LML TN D,

% 4 % [Suppressed triplet exciton diffusion as a possible factor for the appearance of persistent room temperature
phosphorescence] TIZREFMEMR D ANEIT 2 EHIR 7 U —HFHFHEERPIZRIT 2 ZHIERE 7958 & Mk
FHEEEHOBRIZOWTHRE L TWD, HIRIZEBWT 0.61 s D =HHFMEZ AT 5 2-carbazolyl-4,6-dichloro-
1,3,5-triazine (CzDCIT) 124\ T, ZHIAGIE FI0H A4 S RBAMEE 2 Tk L7z, fER e LT il
3041 pm THDHZ LA RAM L, —H, Bl ANEE LRV T Voo = EHENE FIRBR I RO HE
DOFER 34 um &£ 720 CzDCIT BEHFMTHHIZ b0 b TIMES MR S T D Z L b LT,
S BIZ CzDCIT L7 L DILHR & —HIEGmA b, —HHEBE T OIBREA ZNZH 3.0x10° & 1.1x10
Sem?s! L7820 | CzDCIT DILHIREDHTE VTN SUVMEL 22> TV D Z &2 R L7z, | batiEIic kv,
CzDCIT DfEdhA % v %0 7 H A TIED FHUERRHTEL TV D72 DICHUEDEZR Y BT Lo LI LTS
<. I CzDCIT OYLHfRSL & = FEIE RN TIEBE 23 6 SN CW A BARN TR TH D 2 & 2 HE LT
%, CzDCIT O = BIHFHE F(THBANH L T D 72912, fhf P o KBt A MR EIC TS 7'e
TREMEILTHY, TORRE U TEAFOMEEBEN/ NS <R EFMOERY ANPRKERT L WAL
T35,

% 5 % [General conclusion] TIZZHE TITBAREFEHRELRIEL . EHIZAZRDOREZIZHONTIRRTND,
INEET DITARRICTIE, HDP % V7o BN F IR 2 ME T 5 FER 2 o b 72 D67 » 7=
PR=Va UHBHRICBWTAETH D Z & ERE ST DT ) T A N EFIEBRE AN LSS
DICENTZFETHLZ L, SOLITHBRMEHIBIT 2 EHFMEIRY ARTBBDOA D=L EZH LN LT,
Fio., INLORPEEBF AT, M@mRT v 7 ar "=V a L OfEDR B, (ERESTOT v 3 —
Ta UMBRO KRG ERASDISH, BEFMOERY ANERERT 20 TRV THLIZLE2RLTEY, L
FEROWNCLEEEHT 2 L ZANRKEY, Lo TRMIIHE (LRI E LT MEN H 5
LD LBDOEND,
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In this thesis, triplet exciton diffusion in next-generation organic molecular materials, such as photochemical up-
conversion (UC) materials, conjugated polymer nanofibers or persistent room temperature phosphorescence (RTP) organic
crystals are studied and analyzed, providing new insights for further development of these materials.

In Chapter 2, visualization of triplet exciton diffusion using nanoparticles functionalized with donor molecules and
fluorescent dyes was demonstrated. The method represents an accurate and reliable way to measure triplet exciton diffusion
length. The size of the nanoparticles ensured the formation of nanoscale confined source of triplet excitons of acceptor
molecules. As such, the method is free of artefacts such as excitation laser scattering or inhomogeneous dispersion of donor
molecules. Comparison with methods conventionally used for triplet diffusion measurement revealed the suitability of the
newly demonstrated technique for the measurement of binary crystalline UC materials.

In Chapter 3, triplet exciton diffusion in oriented nanofibers of conjugated polymer UC materials was studied. Triplet
exciton diffusion length was determined from the dependence of UC emission on excitation intensity. Compared to randomly
oriented spin-coated film sample, the value of the threshold of UC emission in the nanofibers was lower by a factor of 3, as
a result of an increase of triplet exciton diffusion length. This result implies that the well oriented nanofibers can be used as
a material where extending the triplet diffusion length is an important factor.

In Chapter 4, triplet exciton diffusion in crystalline material showing persistent RTP was visualized and analyzed for
understanding the relationship between the phenomenon of persistent RTP and triplet exciton migration. Measurement of
triplet exciton diffusion in such crystal revealed that, in spite of the ultralong triplet lifetime on the order of seconds, the
triplet diffusion coefficient was suppressed compared with other conventional aromatic crystals. Quantum chemical
calculation indicated that small overlap between HOMO molecular orbitals was responsible for the suppression. The lower
values of the triplet diffusion coefficient prevent the triplet excitons from quenching at defect sites inside or on the surface
of the crystal, resulting in the appearance of persistent RTP.

The fundamental but critical insights obtained in this thesis will contribute to the development of next generation opto-
electronic materials utilizing the unique properties of triplet excitons.
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