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<5514 25>

PR R

Rigbr—i= A L[ Azi—(Riby,

DL T txene”

471 ek 15, D 8hehA 24 WA Bk oF oA AdeiE

A7) gkskal 1 9 kel 24 WA e 2F F, aE] Ay WA Ay 2 A WA Ape GCeZtRAIEE 1§ EE

CrCodllHIZAIEE 2F SollA dgd 5 9

o Tl mEW, A7) are] A WA Ay R Ap WA A AR SHAcR ) Al
A aF, AdEL a5, Edudd g, ol %, Aol IF

gl =22 ed(1,2,3,4-tetrahydronaphthalene) &, Bled 1%, Fa 15, ¥
d T, WE2dE o, dxHed aF, WEsd a5, JhE s, EFed a5, dWEds as, o
Az ed 25, tlzFd 25, Jdgd 25, dgnd 25, v 25, dguxl a5, Egexl aF,
A= 25, olaFEY IF, AN 25, AUEY a5, AdEEY 25, dHE a5, ©

EgolE IF, SAE IF, ol&SAE IF, HobkE du, olAHorE IF, SAMHoE IF, HelterE
O%, MxdeE aF, dxolruE 1§, WERSAME OF, dXEoE: O, WMESAHerE IF, wlxH
oltje}E 1%, 5,6,7,8-HEHS|EZo| 2T 5 IF = 56,7, 8-HEHINEEHAEH 1F FoA A"¥E
ATt

o2 FEdel ol A7l are] Ay WA A BOAp WA A2 AR SEdoR, Al aFgd o, ol
AL ot

=, K= B, Al, Ga, P, P=0, = P=S¥ = 3t}. dE 9], K BY 4 o1}, o] A

7] sekA 1 8 skek 24 WA Sk oF T, Ly A Ly, Lo B Les AR SPAHOR, A& B v S
CCo7tEAIZE 5 B A% s vA3E G CudlHl2AIEY 15 FolA d92 5 Ao

g FEoo wWEW, L WA L, Ly %2 Lepe AR 5YHo=Z, dHdU(phenylene)”], e

(pentalenylene)”], <ldld@(indenylene)”], W=E @ (naphthylene)”], o}=@ld#d(azulenylene)”], HA&#d

@l (heptalenylene)”], oltiAld &l (indacenylene) 7], o} M L3> €l gl (acenaphthylene) 7], SFFeddda
(fluorenylene)”],  A¥to]2-ZFoddAr], WMEEFHUdAr], fHxZFedaddr], dAdad
(phenalenylene)”], #|W}Edd @ (phenanthrenylene)”], <SFEZ AL @ (anthracenylene)”], ZFL e
(fluoranthenylene)”],  Eg]dd@ld@ (triphenylenylene)”],  stolzld @ (pyrenylene)”],  AztolAlddl
(chrysenylene)”], W3 ERAd ¥ (naphthacenylene)”], I Ad# (picenylene)”], H=Huld#d (perylenylene)”],
#lels| d @ (pentaphenylene) 7], AL @l (hexacenylene)”],  FEFAd#d(pentacenylene)”],  FH]ALA
(rubicenylene)”], ZZUld@l(coronenylene)”], L@ d@(ovalenylene)”], &L (pyrrolylene)”], EHL
#Hd @ (thiophenylene)”], Fehd @l (furanylene) 7], oln|t}EL A (imidazolylene) 7], =g
(pyrazolylene)”], Elo}Zd @ (thiazolylene)”], ol AElolZdd (isothiazolylene)”], SALEL
(oxazolylene)”], o] &AFE Y Al (isooxazolylene) 7], vlgltld A (pyridinylene) 7],

vl gt 2 (pyrazinylene) 7], &t (pyrimidinylene)”], I ethA ¥ (pyridazinylene)”], ©]&S1EY
@ (isoindolylene)”], 1EYA:(indolylene)”], AvtEH @ (indazolylene)”], F&d#:(purinylene)”], Fi=e
d 3 (quinolinylene)”], o]A2F=E| LA (isoquinolinylene)”], #WMZF =2 d A (benzoquinolinylene)”], XE-&}
Zd @l (phthalazinylene)”], WZElgjt)d @l (naphthyridinylene)”], FH522]d @ (quinoxalinylene)”], A=
2ld @ (quinazolinylene)”], AlE2]d@d(cinnolinylene)”], ZMlEd @ (carbazolylene)”?], HEZTIA
(phenanthridinylene)”], o}=Zgltid @ (acridinylene)”], #H'FEE2]'d@d(phenanthrolinylene)”], #HuUxd#l
(phenazinylene)”], #WlZoln|t}Z&d# (benzoimidazolylene)”], ®WlZFeld @l (benzofuranylene)”], WZE] 2 7
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& (benzothiophenylene) 7], o] Al zE] o} @ (isobenzothiazolylene) 7], Wz Zdd
(benzooxazolylene) 7], o]AWlZLAZA 3 (isobenzooxazolylene)”], EglolEdd(triazolylene)”|, HEZ=
A (tetrazolylene)”], <SAltjolE U@ (oxadiazolylene)”], Egolxdd(triazinylene)”], tlwlzFadd
(dibenzofuranylene)”], oyl % €] ¢ #d @ (dibenzothiophenylene) 7], W=7 L @ 7] El
ozt ddr]; 9

Foa, B, Cl, -Br, -1, =S4, Aehwy], YER7], obvlwy], ejlws], sEeily], slEegEs,
FEHAN E o] @, EEW EE o9 @, A EE o)) §, (-Cu2A], C-EFAY], ANZEAY
7, AgRaA], AZER9Y], A2y, AZeaddr], 4], agdds), Qddr], dEd),
ez, ARAE), AhAEs], oI, ERedds], Avtelz-Eodds], MEEFe),

tlzSFeddr], dAdddr], ddEddr], AEHALY], FFedEdr], Edudddr], solddr],
AgolAdr], vzeAld7], JAd7], AHedr], detEdr], AT, dEAdr], FRAdT], 22
971, extdldr], dEdr], Besdr], srebdrl, olnuEdr], duEdr], EekEdrl, ﬂAﬂﬁzmﬂ
SAREL7], olFAREAY], dEudr], dxdr], dYuyEr], dHuAdT], o|aflEdr], AELT], <
=471, F9971, Azddr], oaFA=edr], WxFsddr], TEdAdr], YzEHydr], ﬂi“ﬂé
71, AUE L7, Alddr], hEdr], dAdEdYdr], ofadddr], dAdEE Y], AuAdr], Wz
omttELY], WlzFedr], MxEedAdr], oaHlzEoEdY], MESAEL], ]*ﬂ§%4zmﬂ Eg
obEd7], HEZELY], SAHoELY], EfoAdr], vwlziFedr], yUwlzEeHd”], WlzImEd7],
tlz7hEd 7], ElottolEdr] B ojmvxyetdr] T Aok shur AdH, dddl], —ﬂaﬂé%ﬂ,
Jdrd=lr], y=zddly], ofzdldily], U], AvkAdlr], obAuZERlY], EFUd Y], Auto]
2-Z2Foddly], WxEFoddAy], dixEReddir], dAdddr], AdEHIAY], AdELALA
71, EFedH Y], EdudadAr], sl Ay, AolAdAr], vdzeAldAY], Az, P
da7], sEtEd @], A RY], A d Y], FeAddY], mRddr], ededalr], vEdT],
geowddr], Fepddr], ojnuEddr], dekEdAy], EotEd#MT], o|iEetEddY], SAELAY], o
SAEARY], dudAr], A7), dnuddA], AHuAddr], ojaJEdAq], AedA],
gEddr], FHEAY], FAsddAr], oliaFmeddr], WA=y ddr], 2eEdAddr], dZE ey
71, F=A ], AvEd A, Aeddr], skEdRr], AdEYET], ol nddlr], AdE
iﬂé{ﬂ HAL@7], ot ddAr], WxFebddr], Wxgesdidr], ojiwlzxyetEddr], Hl

SARELAT], olaWlESAIELRY], EdolEddAY], HEDESLRY], FAHolELdAY], EgokxdY],
ﬂmi hd=ly], ozEeHAd 7], WzriEddr] 2 gilzrtEddr]; el deE 5 glon,
ole] FAE = AL ofr}.
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17], A2=3

7
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_?_ =

ofmty], slE=gkA 7], SsEERT], CCodd7], CGCoEFAY], NS, AS2dd
7], ot=d
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ol dy], vEepdy], AAds], sgedds), feEds], sads], MeAds), 2aads), aeud
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7], «dedy], 9EA7], geddldr], fFedr], A9V, olnuEdY], HHEdr], EHotEdT], oliEo}
7], SAEYY], olEAEYY], dEYdr], g, duddr], FduAdr], AE97], oliallE
I, IttEd7], FEd7], FA=gdr], olaFweldr], HxFsedr], 2aaxdr], Yzgrdr], H
deldr], AUEE Y], Alegdr], AdEYEY], olagudr], AGES Y], U], wxol|n]
tEA7], dxFedr], AxEoddr], WxdEY97], ozt ol&dr], WERSAIELY], oAl AE
A7], EgelEdr], HEHEAY], SAH oYY, EgolAdy], tulzFedr], tuxEevdr], oz
AEU7], hEL7], Wxz7mbEdr], gilzsimbEdr], gHoeldolEdr], olnjtixygtidr], ovttxyy
vtdr], AxuzeEudr], ofAEFeddr], oxpido|2-H|EF Y], oA FtutELY], ofxtr|wlz
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S, -F, Cl, -Br, -1, =CD;, —CDH, -CDHs, -CF;, —CF.H, —CFH,, 3|==27], Ao}y, YER7|, ofu|t]
7], sEgA ], srtxiy], AERAYY], AERIAAV], ANERHAYV], NEZS5EY], oltirteld”]
(adamantanyl), =2 XU 7](norbornanyl), =Z2XUYl'd”|(norbornenyl), AIEZHED7], AIEZIAMD7], Al
S=2dddr], #Adr], JYzZEr], dgddr], Agundr], -SiQ) (Qe)(Qss), -N(Qs) (Q), -B(Qs)(Qs),

-C(=0)(Q31), -S(=0)2(Qs) F -P(=0)(Q31)(Q) FTolA Aeld HoAx sz X3hE, C-CordZ 7], CoCopZAd
71, CoCo71d7] E CiCun& A7

AEEAYY], AEREAY], ASRHYY], AR5, oitttedy], mERudr], =2rYdr], XS
Held7], AlFzgAdr], AS23EE7], ddr], dzdr], SFeddr], AdEddr], e, &
Fogteldy], EuLAUEY], delUdr], AtolAdr], &LV, LAY, fFekdr], olnuEd”], ¥
etEA7], EobEdY], olaEolEdY], SAEAY], olHAEAY], Ieud], deAdr], dvtdr], v
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4%, -F, -Cl, -Br, -1, -CDs, -CD.H, -CDH,, —CF;, —CF.H, -CFH,, 3|=Z27], Alo}lx7], YER7], oluly

=], F=ghx| 7], =gk, Cr=Co&Z 71, CoCo&AIE 7], CoCo&71d 7], Ci=Coo&= A7,

AZ2HAG7], ANS2AA7], ANSEHE7], ASELE7], ofttdeldr], =2H1d7], =2HUd7], AlE2

Al 7], ASE2AAD7], AESE2HED7], #Hd7], d=zdr], EFdd7], dAdEN D], SEHAET], &
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FogH Y], Eddddr], goldldr], Aol Adr], HE&dr], HedAdr], fFetdr], onuEdr], ¥
gEA7], EopEdY], oliBolEUY], SAMEYY], olEAMEYY], dYudr], eAdY], vt dr], ¥
A7), o]ARJNEYY], A=L7], ATEL7Y], F 7], ]ia%ﬂ ol&F =7, ‘?iw\:ﬂl"‘al‘éﬂ #
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GER), WreliltE, WaRes], MEEeddsl, oliurtlelsds), MEsAEAS, o4
25AEY7, seza) dEEUr],  SAelEs],  Edopddsl,  guafeds,

gulzel e ddy], AxsmiEdr], dlzsbEdr], ojutdzdgydr] 9 ojutzdev|tdr]; %
-B(Q)(Q), -PQ)Q) E -C(=0)(Q); FollA Me=x, o, 3s}ska] 2FdA Ry ¥ Ry & Ho% shve $471
obd 4 glout, olel @AEE AL okt

3714, Q WA Q3 2 Qq WA Quoll et A 2 gAAd 71A1d ntE A3},

2 FEdo] maW, 7] Ry WA Ry, Rip WA R, R WA Ry 2 Aryy WA Arpe A2 HY4o=

Fa, T54a, -F, Cl, -Br, -1, 3|=F47], Alolwy], UERY], oluxy], olult]iny], 3EgA| ], 3=
gzwr], WEr], odr], L2HE7], o|AXZHY], n-HE7], o]A¥EY]|, sec-FE7], ter-FE7], HAL],
3l A) wul

7] seta 5-1 WX 5-120% EAE F FolA AuHH, @ S8k 2FolA Ry R Re B AolE s

Gk obd & glont, ole] FAEE AL ohth,

* /(231)e5 *
7 T R
] ) ] 1 Gtler hdh o
= N T Zstder R T —— U2 %) ')
P
Shat
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71 sheha 5-1 UlA] 5-12 =
I WA Zyue AR 5982, 4, $54, -F, Cl, -Br, -1, s|=F47], Aolwr], HER7], ov|7],
ot 7], dEdAw7], slEgtFzeT], CCpZZ7], CCrEdFA7], AIZZHEY7], AES2AHAY], AESZF
g7], AERAHE7], AERIAAL7], dAdr], vEdr], yzgr], EFddr], LToR-nlo]EFedd
7], 2Fo|2-EF o d-HIxEFoddr], WMExEFFAdY], gHxIFoddr], dAdddr], dAdEHIY],
StEAIE Y], FFedHdr], EgAdddr], gy, dAgxdr], duydr], Asgdr], olixdAE
7], WxFsedr], YzEHddr], AsdEdr], AuEedr], 7mEdr), ddEYdr], okaE
gd7], AdESE 7], AuAdr], EgelAdr], yulziFadr] @ gulzgedHdr] FollA Aesa,

e2v 0 WA 298] A FollA] AdEar, e3¢ 0 WA 39 Ao FollA AExiar, ed= 0 WA 49 A5 FdA
AEE T 5 0 WX 59 AG ZFoA] AEE1, e6= 0 WA 69 AG5 FoA] Aexa, 72 0 WX 79 A
T TolA AYEa, 92 0 WA 99 A FollA dEear,

w7 o] -3 Axpele] AjtAlo] Eolt),

g2 Fdde maw, A7 R 2 R ter-FE71Y & AAY, A7) Arg 2 Arps Hd7Y Qo) o]
5= AL ofYtt.

A7) &84 1 2 e 24 WA 384 2F F, bl WA b3, bll WA bl3, L b2l WA b2 AE =HHO
2,0 WA 109 G FollAl Add 5 QIth. blo] 2 o]dd S 2 o] R AE sdsAY Aelska,
b27F 2 o] AE- 2 o4 R AE FLIAY Aolskal, b37t 2 o] Y g 2 o] Ry AE YA

 golata, blle] 2 o4d A% 2 ol Ry M= BASAL olsti, bl2zk 2 ol BF 2 ol

o
N

R M2 FdskAY dolstal, bl3o] 2 ofdd A5 2 o] & Rue ME FLdstA dolst

2 ool Arne M FASAG olsha, b2t 2 o3 HG 2 o1Fe] Aryi A

Q FEol] w=m, A7) bl WA b3, bll WA bl3, 2 b2l WA b22E MR EHFHORE 1 & 2¢ F o
ol dAEE AL ol
71 gera 1 R ke 24 A 58H 2F 5, cl WA e3v 0 WA 109 AF ol dEE 5 L, ol =
1 WA 109 ZF FollA AEd + Jdot, o dAHH= A& ofyrt.

A T wEH, A7) 1l B 25 AR SYPHoR 0, 1, 2, 3 BE 40]3, A7) 38 0, 1 =& 20]3, A
7] ¢4 1, 2 B 3Y 4 o, o] @A s A ofyt),
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Jdav), FFeddddr], Edddadar], sejddAr], Aol Addy], AdddaAr], detddar], &
&ﬂé{ﬂ,Lﬂﬂéﬂﬂ,Hgﬂé%ﬂ,%ﬂéﬂﬂ,ﬂW%“{ﬂ JlEUA7], ojadEUAY], WEFetd
A7), WxEoHdAr], gulzFaddr], guzeedddr], WxsmiEddr], guzsibEdar], o
A=A, Igddr], owgEdr], JeEddr], ﬂ@i“ 7], oliEolEdAr], SAELAY],
o] FALEY Y], EloltolEdd ], SAlHelEdAY], FHAHAY], FYutdA], A dAr], Ego}
A7), Ay, olxFmedAr], WxFEedAr], ZgaxdAr], Yo dlr], F5ied
A7), AGEENY], AEgdAr], AdEUdAr], oiaguddr], AdEEHIANY], Avxdr], #
ZoluthEd ], olAwlzElELNY], MEKAIZAANY], oAl EZdAr], EgolEdily], HEZDE

A7), olvtzy oAy, ojvttzyntdar] 9 opAFiuEdA];
Ao, oo FAH= AL ofurt

< T
02 Fddo] w2, 37] 384 601 2 601-1 F xel ¥ xebll WA xe613& A= Sf@Ho= 0, 1 =

T 08 Fdde w2, 37] 38k 601 2 601-1 T Reor 2 Repp WA Ry AR 5HH O R,

Foddr], ATEULY], dEALY], EFLTHEY], EduU L], ol
271, dEd ], @aAdr], e r], geddr], sekdr], shbEdr], o
Frebd 7], wlzEleddr], tlzsebdr], duzEeddr], dxzietEdr], g
471, EYdr], omvEdr], dEAY], EoEdT], olinEoEAT], SARES
obEA7], SAHHerELY], dEAEY], et dr], AuHdr], EgoAdr], FAEeldr], o4
71, WzFsddr],  ZEEAdr], y4ZEAYdr], Fsdedr], AdEddr], AsEd
AdELYEY], otagtdr], AdEEHEY], HAAEY], dxovuEdr], olaHlzEoEdY], HES
E947], olaMlESAEdY], EotEdr], HESDELY], ovvdzyetdr], ovivzyviydr] % opxt

=

Ad7], mEdr], "Hedr), gzdr], SFeddr], avjolz-nEReddr], MxEFeddr], o
71, 7|
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Slegx 7], sl=dtxw7], (-
HAd7], gdd7], =g, FF2edd7], Ago|2-nEFoddr],

71, EFudaEdr], dolae
, gl

(@

Fok, F, 01, -Br, -1, =847, Aohws], UERY], opvltlws],
WD, C-CaR A7), D), vl

FeHAdr], dulEEs
, AEtelAld 7], H"ed
, o]ACEAY], WEF

71,

= =Feddr], dAdEALDY], FEHAET], EFL
71, e r], AxAL Y], e Y], ElLL Fekdr], FhkEdr], o
Febdr], WlzElesdr], gulzsebdr], vl HAd7], WxzzhEdr], o
7htEd7], HulzdEd”r], dudr], omgEdr], dHEd7], EHeolEdT], oliEolEAY], SAFES
o|EALE “ﬂ ﬂﬂﬂ%i“ﬂ SAtHerEA7], dAEY], duydr], deuAdr], EdeAdr],
71, olaFmedr], WlxFEedr], 2EeAdr], UzEydr], Asdddr], AvEdr], A
AdEHYE7], ob=elyd 7], HAdEZLY], HAAE7], HzolrvEd 7],
obEA7], MESAEA7], ol2MESAEALY], EfotEdr], HEZHELY], ovuzdydr],
viglujtdr] B ophutEd Y] FellA AdElE Holm shur Agkd, #dr], wHd7], EHedr],
7o), avolz-nEFeddr], MxEFLdUEr], UillzsFeddr], AdEHLY], &
EFeEHd”],  EgUddEr],  deludr],  AftelAdr],  HEHAE],  HAedr],
FArAd 7], et Y], Eeddr], k], ThbEdr], dEdr], cladEdr], WEFdr], WxE e
A7), gEsetdr], gzE e dr], WzriuEdr], ﬂﬂiﬂﬂi“ﬂ tlzdEd7], dHydr],
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S, SAANIl, SEeddl, oA, Eeeldudl.  Asedsl  eladseus,
Mz Ee ], Teeds), dreedds), Asdeds], AuEeds), Aseds], Adsdudsl, o
aedy], ARES ], AuAdr], EounEUs], o ANREIEAY], WESAEDY], ol
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AHED7), ERlelEdr], HESEL], ojvitzduds], otz ds] L olxrturEds); 9
=5(=0)2(Qso1) = -P(=0) (Qso1) (Qeo2) ;
oA AdEE
A

471 Qeor B QeeeOll THSE AHe 2w A Aol 7AH vlE FF3).

£9E + 9o,

ET1
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[0451]
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ET25 ET26 ET27
N™ N N™~N

ET28 ET29 ET30
& =
N \!
A LT
7
Na N

ET34 ET35 ET36

e A7) AR F£E5 99LS BCP(2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline), Bphen(4,7-Diphenyl-
1,10-phenanthroline), Algs, BAlq, TAZ(3-(Biphenyl-4-yl)-5-(4-tert-butylphenyl)-4-phenyl-4/#1,2, 64~

triazole) 2 NTAZ FolA d&H Aol shte =& XFT 4 Ut
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[0497]

[0498]

[0499]

[0500]

[0501]

[0502]

SIHS31 10-2019-0119701

=
A A, 2 248, o= 54, 9 100 WA ¢k 500Ce =& &%, ¢k 10 WA °F 10 torre ATE
9ok 0.01 WA ¢k 100A/secd] T2 £ HY U, FA4staa st Fo 23E Ax 9 FAdstaA &)
= 39 725 uysty Ag4d 4 Qv
237 IYH 9t A7) AF FE5 dYel 23E 7L T, 235 € WA 5 999 23E 4 & 44
FAL A9, 78 AL, o5 59, 9F 2000rpm WA ¢F 5000rpme] FE &% E oF 80T WA 200TC<] d4
g 2= A1 A, stz st T 23d Als 9 FAaA e T FE nEst AYE $

= BAM T CCoEA7lE, B2 1 A 609 A9 Ee 2AE AS

ot , FAA oel=, HEr], oAEr], Z2HY], o]AREY|, sec-FE7], ter-FE7|, L], iso-o}
wr), A7) Fol xEFHET}, B gGAA T (@A A= A7) CCeodZA7Iet 5Y3 28 2= 27

mut
e
_{
B>
N
e}
8
S
o
=4
u

(divalent) 1E&< <jn|3ic},

B AN T G Ce@ZAL7E, 47 CGCep&Zd 7o T3 e dde s oo ghA olF Ajfs X
Stra LS oulake, oo FAARI del=, dHdr], ZaAdY], REHdY] o] EdET. 2 HAA

T G CaoE AT = 7] CCopEAd7]e sde 25 2t 27F 258 9fv| e

B gAaM F CGCoZ?Id7E, A7 G Cod 2719 T3 B g s o] g4 4% 2¢S ¥

shra as ouleb, ol FAAQL de=, dEdY], ZEIdY], Fo| xFHTE. B BHAA F (%

1A= A7) G CaoE71E719 TYe 725 2t 27 2w5S ovgt.

B HAAN F G CedTA7E, 0An(71A, A 7] C-CedA7ID) e et2ls 2t= 17F 155 9vet

w, ole] FAARL o=, HEAY], EAY], o]AERIKZAY] Fo] EghH).

A T G CoAERLA7]E, B 3 UA] 109 17F 23} gheleh BeAEE OES oush, o]9

=

TA el s ANEREZZIY], AZFEHEY], A
MA S CCpAl E=2L4 7]

rlr
o
N
[}
>
iy
fru
i
my
N
£ -
offt
e,
et
-
N
il
L
rir
Do
N
N

YA 5 CCalHZAE2L 7=, N, 0, Si, P2 S FolA Adld Hojx shte] ez x5 18-

g4 AARA T daF 1 A 109] 17F e EE 2FS ouleie, ole] FAddt 1,2,3,4-%ALEE]
ol=8t)d”](1,2,3,4-oxatriazolidinyl), EIEZHS=2F2td 7] (tetrahydrofuranyl), HEZSI=ZE Q7]
o] xstEY. 2 HAA F G CpdllHZAER2d A7 A7) G-CalHZA 224479 sd3 F+x25 2
=27 aAFS 9vgit,
2 AN F G CAIEREADIE B4 3 A 109 UV ReAE8 I2Fo 24, g Yo Hojx she
olF AFEES 7Y, WIdFZA(aromaticity)S ZEA] R IFS YU, o] FAldel= AEZ23EHE Y],
AFZ2EMDY], AS2HEHEY] o] Xx3Ett. E BAAN F GCGAIEREALN= 7] GG E2LA
gdr)et 593 25 2 27 RS o).

 yAA F G CoalHIZAIZZLAE 7= N, 0, Si, P2 S oA Ags o she sHz 9x5 g
-4 dAEA 2 s A0 17F Rx=AlEY amomA, arg] ol Holx dhte] ofF A
PAS = N4 Cl—Cloo}lEﬂi/\]% aA7Ie] FAddl=, 4,5-H3=R-1,2,3,4-FALE R o}Ed Y], 2,3-T]3| =
23Fetd7], 2,3-t=RE e dr] Fol xHTh. E WAA F GCpdlHRAES2EALN7E F7] C—Cy
AHEAZREAL 7} AT 25 2 27 a5S v E.

2 HAA T CGCootE7IE 4T 6 WA 60719 FtEAIZE waks A 2¥E 2= 17Huonovalent) 135
ousty, CeCootE 7= ©ag 6 WA 60712 7HEAIS Y WS AA'S Zhs 27Fdivalent) 1S 97

_71_



[0503]

[0504]

[0505]

[0506]
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k. 7] CCotE 718 Aol =, #d7], yzer], tEAIGY], sdEdr], oledr], Azto]A

97 52 EFET. 7] CCuotdr] R GCoobRRAI7E 2 o del melE EFE A%, A7) 2 o] 1g

il

2
i
Ay

= e
e 4 U

o
y H

~

® BAAM F CCudllHl=obE7]= N, 0, Si, P B S FollA Aded Hol= shte] sz das -4 <

Abz A EIFekal g 1 WA 60709 EHlEAEY RS Aade e UF 25S viska, G-CedlElR

X

old#7|&= N, 0, Si, P 2 S FolA des Hojk shte FEH= x5 18-34d dx2A xFsta gihr

1 uix 607019 dEEAIEE WEFE AAEE e 27t 5SS 9ugitt. Y] GCedllElRelE 7] 9

TFA =, Fgdr], FdYuigdr], FExdr], JHALr], EFelAdr], HAxedr], oiaFEEdr]

ol ZFETE. A7) CCodllElRelE 7] B C-Codll Bl 2ol 7|7t 2 o) 1m8E 233 A5, 2 o] 1
52 A2 FFE 5 .

2 PAIA F CCotEZAI 7= -0A1(A71A, Aipe= 7] CeCeolR7I9HE 711713, A7) CoCoolEEI 7]

(arylthio)¥ -SAws(A71A, As 7] CoCeobE 71719 E 7l 70T},

By F 17} v)-weE 3013 15 (non-aromatic condensed polycyclic group)< 2 oA+ a7l A

2 F3E] °‘T e
E

A Az A eAwe FIsla, Bx AA|7F v)-EEA (non-aromaticity) S ZbE
<

g 8 WA 60e 7S dth. A7) F W-RES S Ee] A,

17} aE(dEe =49, T
EFeddr] sol 23T, B BAA F 27 v-wEE S0 252 A7 UF ¥-9EE S3E0E aF
3 LI} 22 2tE 27 AES v}

FI'E

BAA F 17F 9)-wES e 2 0Est 15 (non—aromatic condensed heteropolycyclic group)S 2 o]AF
9] 7b MR S Jda, 1E P dEA g Qe N, 0, Si, P E S FoA d¥E Hox 3t
CfﬂEﬂi AAE xgsta, 4 737‘117} H-&EA4 S zbe 7 25 (dE E9, &4 1 A 608 7H) S 9
g, A7) F v-wEE S H RS0 2w FAldd e, FhEYT] sol xdET 2 WAA F 27t
- HESATS 252 A7) U -3 FEHEEEuE 259 sd9d 7 x2E gde 27 IS

2 HAA 2 CGCZtEAEFE aFolgh, 18-384 924 82 38 eBhag 5 UlA] 609 BxAEE

EE EINEY 2F BT, ) GGARARY D58 P35 A2 0§ b 0-3gE s
1 ]

=
ANEFY IFY F Atk AV CGCe?tEAIEY 288 WAy 22 ug, ddr])e 28 17l aF B Hdd
719 Z&& 27F Y F Au. EE, U] GCedtHRAIEE 2w dA" X337l Jliged weEr, A7) G
CoZtRAIEE 252 37 2F Ee 7 25Y § J& T uds wdgo] 7hssi).

A F CCedlHIZAIEE 2Fold, 7] GCo7tEAIEY 253 $d93 725 2y, ueg-384 44
2A, g2(&AFE 1 WA 604 5 Ade) o, N, 0, Si, P2 S FolA dud Hojx shte] ez dx}
B BAA T, A7 AR G Ce7tEAIEE 15, AZE CCeodllHZAEE 15, Ad GCprEzddd
. AgkE CGCAlEREAdAY], Agkd G-CpdlH=AIE2SAG 7],
A 8HE CoCooobHd7], A8HE C-CodllHl =t 7], Aghd 27} v]-43F St 5, Agkd 271 v]-4a
= FEHESFETE 15, A3E C-CeE 27, X3E @A, X3 CCo@71d7], X3E CCoo=r
Al7T, A GGl E RS, AkE C-CdlHZA SRS 7], Ak C-CprE2EAE 7], A3 C-Cy
FEZAIS2LAL7], X3E CCeolE 7], ATHE CoCootBEA17], A3HE CoCootBEI 271, R3HE C—Coo3ll
Hzold7], Agd 17F v-w3E F9us 25 3 Agd U H-8Es dHzsdus a5 2] F
Aol sl

Z=42(-D), -F, -Cl, -Br, -1, 3|le22a7], Alolx7], YERY], olutxr], detXw7|, slegtxwr],
CCeo¥A7], CCo@EAL7], CCor27197] B CConEA1715

71, A3H C-CdlHEAZFELZA A7)
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Iy

&, -F, Cl, -Br, -1, 3=F47], Aetwr], YER7], opvtey], =g wr], s=gtzier], (-
GoAIZRLEZ7], CGCllHEANZZEYZ7], CGGAIEELANE7], G odllHEANSZESALY], CCxhotE 7],
CoCooFEZA17], CoCoobREI 7], CCodllEl 2o 7], 17} v-&% H3vst a8, 17 v-9UEds% =%
okt 2%, -Si(Qi) Q) (Qrz), ~N(Qi) (Qiz), -B(Qu)(Qi2), -C(=0)(Qu), -S(=0)5(Qi1) E -P(=0)(Q11)(Q1z) Sl
A AEE Hojx sz XghE, C-CeZ27], CCendAL7], CCopd1d7] R CCeZ=A7];

CCANEZL7], G CpAlHIZAIE2LA7], CCAEE2LEA D], GCalHlZAIZ2LAD 7], CoCoolE 71,
CoCool A1 7], CoCoooFBEIRY], CiCoodllBlR o 7], 17F H-W3FS 3048 1F 9 7 ¥4 s =

T4a, -F, Cl, -Br, -I, 3|=547], Aetwr], HERY], opvty], 3= wer], =gxer], (-
Cao2A7l, CrCa@Ad7], CrCod7197], CrCau&EFA7], G222 A7], CCodllHZAE24247], C-Cy
AZRGAD7], CCallHZAZZEAL7], CCootE 7], CoCaotBEA7], CoCotBEI L 7], C1~Coo3ll El 20}
471, b v-wEE 303 a5, UF 9SS SHESIUE 15, -STQe) Q) (Qus), -N(Qen) (Qe),
“B(Qu)(Q), —C(=0)(Qs1), -S(=0)2(Q1) R -P(=0)(Q1)(Qn) FollA AEHE Aok stz XFH, (A E=
U747, CCualHZAIZERZLAY], CCAERLAL7], CCudllHZAZ2LALD7], CoCootE 7], CoCaotd
SA7], CoCootEEI 7], CrCodll Bl 2ok 7], 17F v-03% H3vhdh 25 2 Ut 9-33% sz 5gns

=Si(Q31) (Qa2) (Qz3), ~N(Qa1)(Qz2), —B(Qs1)(Qs2), -C(=0)(Qs1), -S(=0)5(Qs31) E -P(=0)(Qs1)(Qz2);

Foll A AEE

A7 Qu WA Qis, Qu WA Qs R Qa IR Qe A2 5H8Ho=2 4, F54, -F, Cl, -Br, -1, =54
7], Aletx=7], YER7], ofuty], s|=EgtA 7], slEedzx7], (@ A7], CCoZAD7], CCen®71d
71, CCep&ZA17], CCuAlE2LA7], CCdlHZASZE 7], G-CGAIEREAEY], G dlHZAEZSY
Ad7], CoCeolE 71, Ci-CdlElZotd 7], 17F H-w&% F303 15, 7t v-wEs5 e 253vs 145,
HH g7 2 EaEdr] FolA A= 4 ),

B A F "Ph" HAE7IE ulstar, "Me"e WEI|E u|dtar, "Et"e dEr|E ou|Ftal, "ter-Bu" Ei+
"Bu"'e tert-¥E7]E olujatm, "Ole"E WSS ov] @},

i

B oAM= maEdrtE tedries AgE ddr]'E omE. A7 R s, AL
"CoCoooFE7]"Q1 "X 2kl FH 7] ol 3T,

=AM "HEEY s tHEd TR A8 ddT)NE omdith. ] "HEldT) s, 28717 "CeCaolE
71&2 AZE C-CootE 7"l "X 2 H 7)ol E3hc},

B RAA T o 82 g8 AT gle @, Wl s T o7

o,
)
to
o

i)

91
>,
3
mlm
o
=
<
O

oA, Tl W Al Hof, ¥ wHel U THNE Wi TR U f7] WY 24 getel noh
FAGoR ARFTh. 7] P F A A BE ASAA T EF F A9 B B BYFe AR F
Asiet,
[gdel]

Sdel 10 sigte 29] 944
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[0530]
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FHA 1
2,5-Dibromo-1,3-difluorobenzene (10. 0 g, 36.8 mmol), 4-(tert-butyl)phenol (16.6 g, 110.4 mmol) =
KoCOs (15.3 g, 110.4 mmol)9] N-methylpyrrolidone (45 mL) @ENS AL B 7|5l 170 CTollA] 2047 ot
Witk HES 3RS EZd(toluene) o2 At B Ho] =& {§U12S 2T AHEx
A

H
NgSO,= dxstar, Ade7bdz o3 2 $F3. IFES deez dMsta ofdtste] FHAl 1 (15.7 g,

0 0
11 BuLi, =ylenea
: ) BuLi, xy BrQ ;:

Br Er B
2 BBr,

< o, 3) FPraMEt o

A 2

XA 1 (8.0 g, 15.0 mmol)2] m—xylene (85 mL) &M 0 CollA n-BuLi (1.6M, 10.3 mL, 16.5 mmol)S HH
3] H7FslTh. 208 3, A2olA 1A7F HoF mwkeldth. 0 CeollA BBrs (1.7 mL, 18.0 mmol)E A3 7}
SFE I, 208 3, ALdA 308 B¢ wEkstal, 40 CTollA 308 T wykstgct. 0 CollA i-ProNEt (5.2 mL,
| A7 sla, 308 & ALoA] 308 FoF wukElaL, 120 ColAl 17A17F E9oF mukst )

30.0 mmol)S A =] s A
S Forisil® o¥sla 5Z3ct. AFES 2y a=2rfEadg 2 AGAste] 3+

3
2o=2 AFY, v =F
A2 (1.0g, 1592 A

3} aH 2 99] THA

(%jw 5 Q E
w +Br4Q7EI wm

t-BusP/HEF,

I
(o] t+-BulMa
Toluene

slstE 2
5-Phenyl-5,12-dihydroindolo[3,2-alcarbazole (1.6 g, 4.9 mmol), =%A 2 (2.3 g, 4.9 mmol), Pd,(dba);
(89 mg, 0.096 mmol), P(¢-Bu)s/HBFy (113 mg, 0.39 mmol), NaOs-Bu (941 mg, 34.4 mmol) ¥ =F<l (50 mL)S

RhgEehase] ¥ ¥ Aa F97Iskl 110 CollA 2043 gt wnbeiglet, whe E3Es Ao A8a
ARTHAR o B FEedlth. Aies 2E ARvtEIds 2 GAste] sge 2 (1.5 g, 4308 AA
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[0538]
[0539]

[0540]

[0541]

[0542]
[0543]

[0544]

[0545]

[0546]

[0547]

[0548]
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27‘_};(1 39] A

4
Br
12-DAC
tBulMa Q E

1 A-dioxane

F7HA 3
2-Bromo-1,3-di f luoro-5-iodobenzene (10.0 g, 31.4 mmol), 9,9-dimethyl-9,10-dihydroacridine (6.6 g, 31.4

mmol), Cul (120.0 mg, 0.6 mmol), 1,2-diaminocyclohexane (358.0 mg, 3.1 mmol) % NaOBu' (4.5 g, 47.1
mmol) 2] 1,4-dioxane (40 mL) FENE AL HQ7]sle] 100 TollA 20417 H¢F wukslict, w8 2358 =
3}, hexane/dichloromethane (10/1)2 3]Asle] Aelo)E(celite)/AE7HA=R o3 2 -—%—0}3}3}. ey

=
= A7k Ao w AAlste] T34 3 (5.2 g, 42%)& AU
% ]_1 490] d+A

ey
Qb%

A 4

=34 3 (5.2 g, 13.0 mmol), 4-(tert-butyl)phenol (5.8 g, 39.0 mmol) % K,C0; (5.4 g, 39.0 mmol)<] N-

methylpyrrolidinone (15 mL) @ENE A H9|7]a}o| Notﬂﬁ 18A17F E¢F wHkEkgTH, HEE EIES
t-BuOMe® 3|43} ¥3} NH,Cl F8dof] Fof FE3HT. 77152 Nall(0; =& oz A MgSO= AZx, 9

¥ B sHedv. FES dichloromethaneo] o Hej7bAz of3 8l FFsta, AMAAHo = HAste] F3b
Al 4 (6.6 g, 76%)F LA}

S 49 A

1) Bulli, xylene
2) Brs
Q 3 i-ProhEL
shet= 4

| 4 (6.7 g, 10.1 mmol)2] m—xylene (50 mL) &Moo 0 ColA n-BuLi (1.6M, 7.0 mL, 11.2 mmol)S XA
3 "rlebar, 208 3, oA 1AIZF FeF muksksdtk. 0 ColA BBry (1.2 mL, 12.1 mmol)E 3 3]

SIS, 2A1ZE F Aol Al nRkskgiTh. 18A1ZF ¥, 0 CeollA] i-ProNEt (3.5 mL, 20.2 mmol)& 3] 713

I LEE A8 27 2A7F ot wuksldtl. 1 T 80 TolA 208 Eot @ﬁﬂ,zotﬂﬁzwwl%%
HESE & 2o g Ao Wk ERES Forisil®Z st 553, FFES AAHoE AA s 3}
SHE 4 (3.3 g, 28%)S AT}.
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[0550]

[0551]

[0552]
[0553]

[0554]

[0555]

[0556]
[0557]

[0558]

[0559]
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2 NH B
@N \,,f \’3 :(( : : P, (dba)s D\N /@Oﬂ(
(/ (Nj g QL Dy (D)

Toluene N

&= 7
5,10-Dipheny1-10, 15-dihydro-5H-diindolo[3,2-a:3",2"'-c]carbazole (1.9 g, 3.9 mmol), =%FA] 2 (1.8 g,
3.9 mmol), Pdy(dba); (71 mg, 0.076 mmol), P(¢=Bu)s/HBF,; (90 mg, 0.31 mmol), NaO¢-Bu (747 mg, 27.3 mmol)
2 EF< (40 mL)S ¥HgEEaT Y& & A4 E97Istl 110 TolA 20A12F BF wwkelith. w8 &3}
BE 2o NO]J— a’fﬂﬂ’%‘i o3 2 FEF3Y. ZIFES ZE AZRvEIYIRE GAstY S3E 7
(1.2 g, 320)E AU,

Ao 4: 3h3HE 89 $HA

B - .

8]
Pdzidba)s
+ Br
t-BusP/HEF 4
(8] t-BuOMa
Toluene

11H-Benzolalcarbazole (1.5 g, 6.9 mmol), &%t 2 (3.2 g, 6.9 mmol), Pds(dba); (125 mg, 0.134 mmol),
P(¢-Bu)s/HBF, (158 mg, 0.55 mmol), NaOt-Bu (1.3 g, 48.0 mmol) ¥ EF< (70 nlL)S WheZdlxze] ¥
T A F718k 110 TolA 22412 &b wRksgleh. Whg E3ES Aoz 2sa HAtds o A
FEHEAG. AFRES 2% ARvtEady] 2 gAste] 538 8 (2.1 ¢, 519F AU

] 5: g]_tﬂ-ﬂ 11/] zﬂ—/K—]

&

Ry

& ot ~ 1
A7 NH + Br B 4"%(%3)3 \LXN/@O

- t-BusP/HEF,
w\ ol +-BuCha
\:/_J Taluene @

—

O

110"

h

shhE 11

13H-Dibenzola,i]carbazole (2.0 g, 7.6 mmol), =ZFA 2 (3.5 g, 7.6 mmol), Pdy;(dba)s (138 mg, 0.15 mmol),

P(¢-Bu)s/HBF, (176 mg, 0.60 mmol), NaO#-Bu (1.5 g, 53.2 mmol) = EF<l (80 nl)< ¥reZoirmo] Yo
T Aa #9718k 110 TolA 24A]7F F<F wnkskd o), %% 23RS Aeom Ay AgstAz oy 9
39T, ZEES 28 EntEad s st e 11 (1.7 g, 35%)2 Aot

[AA]dl]

AAd 1

ITO Fg 7]%% 50mm x 50mm x 0.5mm=7]E ZElA] olAE | olAZ R AF2y £4E o83y ZF 58 Eot
259 AAT 3 307 3¢ AYAS At e EO =EFAIA MAS A TS ERAFA A A7) 110 frEl 7]
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[0563]
[0564]
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[0567]
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& BAFHG

A7) IT0 58] AFF-o] HATCN(7 nm)/ TAPC (50 nm)/ DCDPA (10 nm)/ DPEPO(ZAE) 2 33aE 4(EHE) 20 wth
(25nm)/ TSPO1 (5 nm)/ TPBi (15 nm)/ LiF (1.5 nm)/ Al (100 nm) =o.2 X ZF&to] 7] W3F x5 A28k

c}.
5 0 & 20
N N " " a0
Nc;c?:_'?:%‘__—?c_”m /©’ O‘Q @\
HATCN TAPC DCDPA

08, 58 WP

OO Q Q

DPEPO TSPO1 TPBi

AAle] 2, Hlae] 1 H 2

WgS A A7) EgtE 4t E 29 dgtee ol8d Ae Aflstas, Al 13} LSl st #7I
g S ARSI

1-1 A5 24 H7t

S3E 4, T 7, FHFE A 2 RE R zbzt B2 fouje] 10N 9 FEE o] Pk
il

(Photoluminescence) S A3t 1 A3=E &7

23]
—
Nl

F 13 = 5l uEhd mheh o), Bk 49 A dA VIS 457mme] A aFE yeEplon wbx| o)
49om Feo] TADF Az} wlaaste] YA 5S4 TAF AR2ZA ¢4 deplideh. =&, g3s 79 4§
sHhe 49k fHARRE 456mme] KA vES HERAQIAL, BekE 49k Hlalste] whAFo] tha we 545 Holo

s Ao TADF A=A -4de e

gy, SgE A9 AS A3zt 242 UHAE FE dEhidda, olgk e de gl
(phenothiazine)o] TADF @] &Afoll EA w & o] d & A (equatorial, axial) 27FA] Zdo] EAI8H7] wf
Fol Zlow dHA Aup(Fk=E: J. Phys. Chem. C 2014, 118, 15985-15994). =3, AEA 2 TADF EAdo] y
wm Ao Yl olgd AL w3st 27 YEYEE R, G, BE 2 Tddol 3= taZio] £50|
gt edth. W, SE Be] Ag PLO| WX Zo] Fal 937t 392mme] #HS JERSITE. olE IV WS
Wgstn R taZdole] Ao TADF Als 2 ARgst7] el 1 5o HgstA &

I, TADF BEAS 23l7] 9ste] 33E 4, 33E 7, 318dE A @ 318E BS 7zHz} DPEP0Y &2 E (host)ell
20% Zgsle] uhekS. A 2Elga, A7) whale] Xy ys. E } PLQY(photoluminescence quantum
yield)9} TRPL(time resolved photoluminescence)® AAE FHE ZAHste] 71 ZA7E 317 T 1 2 & 69

em

69 LpERE wkoh o], S1etE 4 B BRHE 79 A F PLQYZF A4 93% B 100%= v =4 S
» 2 ot BE 48 7hz 0.49 2 0448 SAEQL, FE 7S 27 0.60 2 0.402 A

o}, T3, A AEq9 998ko & RISC(reverse Intersystem crossing)”’} &34 oz doju} A A FE(delayed

32 ox

component)©] AR A& QIR i, AA AAE $=m(delayed exciton lifetime)e] Z}ZF 1.83ns 2 1.74us

2 A vebg

oy, sghe Af] A, F oolEA T 3 FE7F o Ad 3@ 3

o)

ot
|
o

Uetlar Ad IAE



[0574]

[0575]

[0576]

[0577]

[0578]

[0579]

[0580]

[0581]

[0582]

[0583]

[0584]

H9ou
e PLQYE ol&f g

(delayed exciton lifetime)©] 2.70pso = 4
2 0.092 Yl S4EA. meka, v
3h3HE Bo] A9 F PLQYE
(steric hindrance)7} A& oz Zo} AEq7} A YERSEaL,

SIHEd 10-2019-0119701

E

PLQY7} 15%% ®]$- ol @, @ @go] 717 0.06

A AszA g8 gles gdsia.
7392 =A SHHEAoY FA F24 ZY (donor) et G AIE (acceptor) 2] ?JZHZJOH
A A AA =

4" (delayed exciton lifetime)<

— T O

SA3A S W A A= (delayed component)o] SHH A ¢Fekom TADF 4o ofd Y EH=Z Yelyt},
A7) AxrRE, B odgol 33tE 4 2 3FgE 7S 2F HAM TAF EEE AR olF 53 EFUS
&l s T}
I 1
N enission Opy CDD Dy X]O‘i 21“}\]% H] al
2=
1T 0o
33E 4 457 nm 0.93 0.49 0.44 1.83 us $-=3} TADF EA]
35 7 456 nm 1.00 0.60 0.40 1.74 us $-<=%+ TADF EA
35E A 394, 535 nm 0.15 0.06 0.09 2.70 us uf-$- k& TADF 54
313tE B 392 nm 0.73 0.73 0 X dqg =54
1-2 &2x EA H7}
A7) AAe 1% 29} Hlae] 1 2 204 ARE §7] WG axbe] AF U 5omA/en oA TEAL, =
2 GgE&S 3] WS ol&ste] SAste] 1 AWE ® 29 YERAT
- 3% AF-A LA (Kethley SMU 236)0A HYS FH3tal, 3= PR650S o]&3te] ZH4313t).
- 28 AF-ALA(Kethley SMU 236)0lA AAS FH3tal, 3=A PR650S o]&3te] ZH4313t).
¥ 2
kg TE5HL Max. 3% oy Max. && 1
AR (EHE) (V) (ed/m) (cd/A) (cd/A)

@1000cd/m’
2 1 33tE 4 8.6 5,524 13.7 17.7 (0.14, 0.09)
A A 2 slete 7 8.0 41,140 40.7 64.3 (0.15, 0.25)
Hlulo 1 3ekE A 7.6 4,887 5.8 13.6 (0.36, 0.57)
H| 3o 2 313tE B 7.4 485 0.21 0.51 (0.16, 0.02)
; B” ; ; B ;
r ij
N N
(O
<z}3HE A> <s}gtE B>
371 29] 7] &g A= vlad 19 29 {7 $F Az Hlste] ATE Ak, 1

Roo] H9
10, 20, 30, 40: &7] 9%

110: A1A=
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2
=4
Or 27
= A
8r =B
6 L
4+
2 -
O 1
700
(a)
10*
EE 5182 4
2 shgke 7
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