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at7] setE FellA dEy

Ao}, wpetA nE &, FF5He A Ame] o] FAs] a7 Q).
shH 7129 ¥ E=HE Az gk AF M gE T2E ASZA 48X AYF AS(thermally
activated delayed fluorescence: TADF)e] whid dF7F & =5z drd. £33 AAdIdFGAEE AF

o
(phosphorescence) EHE9 T EAER Aoz $97 g8 FuUst A7 AdATRE] HE: =28
T4 HEE I k. TADF AsolA BAE AFd o727t -3 (up-conversion) Fo] TUFFEHRE W
gyl & o] ©AF oYx|7} E£AF o 4R Hol(Forster resonance energy transfer)E EdiA] <14 “HER
Hold W ¢ ag&o] F4 W MAEATE HA A7A37 Qldol B Ha ). wEkA, &7 59

dY)EEd
=323

(53¢ 0001) s=5355 A110-1082258B14 (2011 11¢€ 03¥ &%)

S EstE= A
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REE] FEFARE AFeE Aotk
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g aate] o] STt
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AL Aolala, 247t ma, Faa =AY, -(N, X3 w= v XSE C1 UH (409 H mi BEA e
orA7], A3 L= WX 3E 2 WA 409 A m= B e AdAYY], A3 £ ux3E 2 Y 409
A mE BAge] A71dr], X3 wi= v]X3E (3 U] (409 ©3F wi= @A F 2L, X3 Ei= v
A (2 WA C409) T E o] sEEAZRdAs), A% Ex aADE 6 A 609 we EE o
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L Aol s Azolm, Ry, L RiE AR Y

A
ALY Aolstal, Zhzt EYAoR Ay F44; FRAV]; -ON; X3 Ei= v 3k (1 WA 409 A3 E=
BAge o7]; A& EE= v A3E 2 WX 409 AH e BEXe dAYY]; A3 wE A xEE 2 W
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A&d g 12 ZAEE S92 FolM, FT8 120 sr19 e Bow w45 se] vkl = 9l

Acceptor

A (band gap) ¥} A el (energy level)& 2t o4
AL BHERS oUX HolE golahA oA
R M f718de 5 fol Aol ER(glass
ition temperature, T,) ¢} 3<% (decomposition temperature, Ty) & 7FHoZH dH o2 otAsIe] 4
e} A &Ao)3 FgH FEol Thssit.

Boatdo] w2 A1381g 2o A= Hojm sl AAE ¥ e molES xdlste], A o|F L
] S okAgsitt. oy ek FojE ARES W= gHo| oA oI 4E (acceptor) @A ZEEH, Ao ulFS Az}
Ao A" T 7)ol oY (phenyl) 7|9t 4 A (hydrogen bond)S Ed) HWE o] FA ).

[e2

ARE F7] ¢ AA9 FMbZ(carbazole) A= =Y (donor) 2 AF&8He], @A (linker) 2 28t #1497
o} 9= E(ortho)® AATFo =4 xR Foll(steric hindrance)S WAAZITH. o]o] FpupEo] Eglold |
sl ALY AHztow ZolA HUF. o7l ZE(HOMO)S FE(LIMO)S EAAEIG: BExE THow
Belga, P77 § ddel] TR(HOM0) &b FR(LIN0) e B =dts: Bx7t S350l J=s A
A1 A A% F(thermally activated delayed fluorescence)® 5A4E Zte S2ERA, FH $2EQ
Wel o 9 S (singlet) T AE&(triplet)e] M=ol 2, T wimgle] A= AE3(triplet) T GA}
g dis zteth mEbA olE Rl e A8 A9 FEHge] v a3t vt

g S4= e & Tyl wE AlsgEe AL Eg] Aolm e, g (triplet) ] 71
(exciton)7} Y& (singlet)doz o]E3dlE A 7IH](reverse intersystem crossing : RISC)7F A &}A

G (singlet) 02 o]EH 7] A (exciton)y, XEXAE] o|4x] Ho](Forster resonance energy transfer:
FRED)E ol 2 <1d W3S 7kxl Al2steted] a9l =1 ES] Tl (singlet) ¥ 258 (triplet) o=
W2 A &AM ®ok, £2F oAl Ho](Forster resonance energy transfer: FRET)&, ASx-8=2F A5
2ol oF st EE FAtlA thE EAR HEAL S T dUA T dolEE dAE Tt

ol2]gk RISC B! FRET ¢f whE o] &= of7|2-&ekE AW (exciton-polaron annihilation)s& &Aoo =
Wz sloy | &)@ A xpe] = (operational lifetime)S Z7MA1Z 4 A= &7/ Y},
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Forster transfer

TADF HOST Phospho. DOPANT

3 A2zt Ee =HES wdd(singlet)o®E  o]E3 oJ7|A(exciton)= THA  AlZFAo](intersystem
triplet)2. & o]lF i, o7]A(exciton)= F3(triplet)olA ground

crossing : ISC)E E3&lo] 53
state® ol Hw, 19 <133 =¥ E(phosphorescence dopant)ol]A] HFH oz WS YA =Hc}.

(
(
o]rq]y Z9 3% Py gEL A3 (singlet)e 3 A9 7R (exciton)”} HFE ground state® "oz =

H(ESE 25%), & el wE a1 13 g A2stdEe Gd¥(singlet) ] & 7He] 17 (exciton)
7} AZ8(triplet) 22 o]Eale] & W] 7He] oJ7]A}(exciton)”} ground state® WolxX|7] wjEd(Z =
25%, & & 100%), FAF G&o] A SUFetel wet ng &) FrEEaA o] Jhssitt.

aejrR Boddgd wE AlstetEdt A2setEs Ttk frIREAAE, $2ESQ AJPFAE Al 5}%%4
A& (singlet) ¥} AF&(triplet)e] 22 oldA] zpolo olsf F&xigho] wal, FRET® RISCe| Wgh <=7}
wel o]l ke, mHES Id Qg WA A2sigh=e] AT (triplet) 7] AH(exciton)oll oJal Ak
fo] AA F¥H= a3t Ao

40T oo™, g8 L5571 270C ol4d 4 t}t. o= <) 1L
|

oletoll A= shgh= 1-28, 1-299] Az, f7Iedaate] AAld 1, 2 B Had 1, 28 A¥3n. g, 517
of ZIAE Az B AAES F wHes FAHeR dAsAy dWsty] A A Ao, olstel Al
AAlefel o & LS AFslo] 4 EH A= e

1. s3HE 1-28

(1) &7t4 2-([1,1'-biphenyl ]-4-y1)-4-(2,4-di f luorophenyl )-6-phenyl-1,3,5-triazine® A%
R j/@
N Pd(PPh
z k + (HO)2BOF ( i
Na

|

2-([1,1'-biphenyl ]-4-y1)-4~-chloro-6-phenyl-1,3,5-triazine(34.4g, 100mmo1) e (2,4~
difluorophenyl)boronic acid (20.5g, 130mmol), tetrakis(triphenylphosphine)palladium(0) (5.8g, 5mmol),
Potassium carbonate (55.3g, 400mmol)ZE &< 300mLe} tho]=4F 150mL, & 150mLell Ear oF 24A17F ot g
Foagkgoh, Aeow A3 & f7] S-S EFst AYAS ¥e ¥ s57]dA sFste 1A Axls
Azgok. AAd (el 2 =2 H< 10% + A 90%)S E3 Ad EelE st s AAT 5, 2-([1,1'-

of
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biphenyl]-4-y1)-4-(2,4-di f luorophenyl)-6-phenyl-1,3,5-triazine 33.7g (5% 80%) < A},

(2) 3= 1-289] A=

9 ()

B e s

2-([1,1'-biphenyl ]-4-y1)-4-(2,4-difluorophenyl )-6-phenyl-1,3,5-triazine  (33.7g, 80mmol) %  9H-
carbazole (28.4g, 170mmol), Potassium phosphate (67.9g, 320mmol)Z DMF 500mLoll ¥ oF 2 FoF &7 =
ulgich, Lo Aa I 4L-°4 Bo wlgols o] MEA7l T ANE uAS dEste] de & B A 3
3o} wekE AF 23E 3 F dx AR Ay E8 AR A4 100 — Thel S22 HHQL 20% in #AE
80%)E FI EwES AAT F9,9'-(4-(4-([1,1'-biphenyl]-4-yl)-6-phenyl-1,3,5-triazin-2-yl)-1,3-
phenylene)bis(9H-carbazole) 52.7g (F5& 92%)S AAUt}.

2. B¥E 1-29

(1) =74 2-(11,1'-biphenyl ]-4-y1)-4-(2,5-dif luorophenyl )-6-phenyl-1,3,5-triazine®| #|%

O O . F O O /N p
. R)@ + HopB Pd(PPhs), \
NI .

2-([1,1'-biphenyl ]-4-y1)-4~chloro-6-phenyl-1,3,5-triazine(34.4g, 100mmo1) e (2,5~
difluorophenyl)boronic acid(20.5g, 130mmol), tetrakis(triphenylphosphine)palladium(0) (5.8g, 5mmol),
Potassium carbonate (55.3g, 400mmol)ZE &< 300mLe} Ttho]=4F 150mL, & 150mLel] @1 2F 24A17F ot g
ook, Feow A3 & f7] S-S EFst AYAS ¥e ¥ s57]dA sFste 1A Axls
Axzgok. AAd (el 2=z H<l 10% + A 90%)S E3 Ad EeE st =eEs AAT 5, 2-([1,1'-
biphenyl]-4-y1)-4-(2,5-di f luorophenyl)-6-phenyl-1,3,5-triazine 34.4g (F~5%& 82%)S AUT}.

(2) 3gE 1-29¢] A=

2-([1,1'-biphenyl ]-4-y1)-4-(2,5-difluorophenyl )-6-phenyl-1,3,5-triazine  (34.4g, 820mmol) %  9H-
carbazole (28.4g, 170mmol), Potassium phosphate (67.9g, 320mmol)Z DMF 500mL ©f ¥ <F 2 ot 3
Wkt Fow Ag & 4L Fol §hg S Yo AEAY F AdE aAE HEEY 4 F, A
339} WigtE AF 231E 3 & AXAFT. AAF 100%2] AAAS Fa AR EEE sta, A} At telE
2RUH FEE 2097HA S7HA7IH AR EE8E W BEES AAET. olF, 9,9'-(4-(4-([1,1'-

S

il
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biphenyl]-4-y1)-6-phenyl-1,3,5-triazin-2-y1)-1,3-phenylene)bis(9H-carbazole) 53.8g (F5& 92%)S LA

e 83

=S MR HlolElE thet 2t}

I 1
33t E 1H NMR(CDCI3) MS
StetE 1-28 BUIIEC) 716.3

IH NMR (500 MHz, CDCl3) 68.84

(1H, d), 8.18 (2H, d), 8.10-
8.03(7H. m). 8.00 (I, d). 7.69

N (2H, d), 7.65 (2H, d), 7.55(2H,
d), 7.51-7.48 (SH, m), 7.42-
O " 7.34(9H, m), 7.26-7.23 (21, m)

3leHE1-29 L 716.3
I MR (500 MHz, CDCly) §8.81
(1, d), 8.23 (2H, d), 8.08-
7.97(8H, m), 7.72 (2H, d), 7.62
(2H, d), 7.55-7.48 (7H, m), 7.41-

N g 7.35 (7TH, m), 7.33-7.18 (4H, m)

olgtoll &= LFZol] 47 A1FGES GH-1, GH-2, ¥ 2o 3¢gE1-28 F 1-298 AFE8ta, A23gEo GD-1
& AgEte] FrE g AAE Al 2sle] A Ek

(712 axte] Az]
1. "lad 1
BFAAC] 2m X 2m AV7E HES 10 RS AHYH ¥, olamed dmeI W oEow 47t AHL

AsgTt olF, 110 719e ¥ & A9 7% Frjel A AFE/ 1310 torr7}h HES 4HS
ATE. o] F N, #9718kl Plasma & 3%37F 3klch,

a3 WA, HAT-CN SgES IF F3ste] onm FAZ AUt o] JFELS AFFds oz g3},
o] 9ol AIAFTEFTOZ NPB 24& 50nm FAZ FAS. ololA A2ATFEFZToE HT-1 E4-& 10mm

T2EZ D-184S EHEZ ¢F 10% 2|7 HEF 30y FAR FFEete] =A w3

ol ET-1 3&FES 36mm FAZ AAFESE At olF, LiF EZAE S35t 1nm T2

3}
Fsedeh. ol F, Al 100m FAZ FHANA 232 G4 f7] B 248 AL,
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[0111]

[0112]

[0114]

[0115]

[0117]

[0119]

[0120]

[0122]

[0124]

SES5 10-1926771

GH-1 GH-2 GD-1

2. H|Id 2

Yol Hedt vud 13 2dstA T4, SF=o sAE BT G2 EAE v §7)UFAAE A A
Era=

3. AAd 1

glol A% viwe 13} FASA TS, $hFe) FAE BAYW AFE 1082 v G7IAGEAE A
“Fahsict.

4. AAd 2

Aol A=d vjad 13 FdsiA A8y, LETe] TAE S4dvt 92 1-202 wpro] gt
215191t}
-1 A

il

A

Bowo] a1, wate] 2, Ao 12 AAd 20 ola] AxF F/1LFAEAE 10m/em o BAFE 7}
sto] EE A X (photoresearch)AFe] PR-6700.2 W4 EAE& Z4318]
AAle 1 A 2 g ovjate] 1 WA 29 FrPEEAAe] A dMk, T Ay, AR 28, ® gRFass

=43he] olbe] T 20] LpEhAT.

& 2
FEEER 22 AR (/) TeAd anad BQE(%)
(Voltage) (cd/A)
Hlulo 1 GH-1 10 5.2 10.1 3.3
Hlale] 2 GH-2 10 4.4 47.7 15.0
A 1 01-28 10 4.4 48.4 16.0
AAd 2 01-29 10 4.5 48.6 15.9

F 200 71| wpek o], AAd 1 9 2% wlale] 1 % 29 RluES W, FUIEFALA A FFE vAE T
T AR gopAa, HF & (cd/d), B IFIHEEE)S 2 A7I7F FFE S & F v A
oo mE Qg a9 32E EAS ¥xfete fIdd s Sddl vls el AdEa, a8 3
A des & AT

W o WAl o] d AR ZEEE HS of ZEAe HlojuA] o= RS WelA o
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— 215
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