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o Fog AxE 4§ Ay,

oluf, f7] WG Aol o] A AHAldo] wWE FHZEY IFES FUVEST T AT BTl X3
g 4 glom | A AAde e SFES HA g AQu2A, 3 A8 £E E 43 AA PG (Thermally
Activated Delayed Fluorescence, TADF) =HE 52 ALgE 4= 9r}.

A7 71 dd Al glel, A7l Ve frEl ® AYg® o]9el®= PET(polyethylene terephthalate),
PEN(polyethylenenaphthelate), PP(polyperopylene), PI(polyimide), PC(polycarbornate), PS(polystylene),
POM(polyoxyethlene), AS <*A|(acrylonitrile styrene copolymer), ABS <=X](acrylonitrile butadiene
styrene copolymer) B TAC(Triacetyl cellulose) 5& *gsle= Zgxgy e Fdsty F4HI Ed2%
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=
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N
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S F Yde BEEEA, AEFTY EE9 HOMO(hlghest occupied molecular

orbital)7} &= E49 435 FH F7IETS HOMO AtelQl Aol vpgAsitt, A35¢ B4 d=2v 55

X 3™ (porphyrine), &% alE] =, IMYEIAIREZA DA, HAUAE =
=

|
(quinacridone) A9l 7%, dAH&: (perylene) ALY F7]%, ¢tEHH = £ Zdolddzy Zgled A

o
g9 ARAY A Fo] o, olEdwr d@AHHEE AL ofym, FAAHSEE CuPec  (copper
phthalocyanine), NPD (N N'-dinaphthyl-N,N'-phenyl-(1,1'-biphenyl)-4,4'-diamine), m-MIDATA (4,4' 4"~
tris(3-Methylphenylphenylamino)triphenylamine), 1-TNATA (4,4",4""-tris[1-

naphthyl(phenyl)amino]triphenylamine), 2-TNATA (4,4',4''-tris[2-naphthyl(phenyl)amino]triphenylamine),
p-DPA-TDAB (1,3,5-tris[N-(4-diphenylaminophenyl)phenylaminolbenzene) %3} Z& HIgE= olWlF AEA 11
a2 ZEEl oAl F-=A <l poly(3,4-ethylenedioxythiophene)-poly(styrnesulfonate)(PEDOT:PSS), MoOs,

ReOs, NiOxot &2 =4 4Fshe go] AHEE & .

<] ] Zé%‘??:} —‘L:: o % Eﬁ@’ Xé:g_ T o g % il s

o 7 floll fIAH= WRFTor ot ALE ¢, w2 AE oleket Aol o HHAd R AAE 9

olFt= AFE . olHRE ANbA 2t ofefol AA] AR SE&E By oAbl Wi WdAo]l 8T,

el Aol 2E(Tg)7k 70 T o)de] @& b AR7F vigrAsid, ojeh 22 A& WHshe 24525 NPB,

NPD, v Z-ofdopwlA gt dHAHdl-oldotwlAl shgha, oS EAErED A S5, H A (HHdRE
o = EJ

DGESA, delFAErnbgSAelE 88 Ee A ofHolnl g At wrg A A=
NPB  (N,N'-bis(naphthalen-1-y1)-N,N'-bis(phenyl)-benzidine), NPD  (N,N'-bis(naphthalen-1-y1)-N,N'-
bis(phenyl)-2,2'-dimethylbenzidine), TPD (N,N'-Bis(3-methylphenyl)-N,N'-diphenylbenzidine), TTB
(N,N,N' ,N'-tetrakis(4-methylphenyl)-(1,1'-biphenyl)-4,4-diamine), TTP (N1,N4-diphenyl-N1,N4-dim-

tolylbenzene-1,4-diamine), ETPD (N,N'-bis(4-methylphenyl)-N,N'-bis(4-ethylphenyl)-[1,1'-(3,3'~
dimethyl)biphenyl]-4,4'-diamine), VNPB (N4,N4'-di(naphthalen-1-y1)-N4,N4'-bis(4-vinylphenyl)biphenyl-
4.4'-diamine), ONPB (N4 ,N4"'-bis(4-(6-((3-ethyloxetan—-3-yl)methoxy)hexyl )phenyl)-N4 N4 '~

diphenylbiphenyl-4,4'-diamine), OTPD (N4 ,N4'-bis(4-(6-((3-ethyloxetan—-3-yl)methoxy)hexy!l )phenyl)-
N4 ,N4'-diphenylbiphenyl-4,4'-diamine), TAPC (1,1-bis((di-4-tolylamino)phenyl)cyclohexane), TCTA
(tris(4-carbazoyl-9-ylphenyl)amine), mCP (N,N'-dicarbazolyl-3,5-benzene) 52 A&x A3 dd E4d3};
PVK (poly-N-vinylcarbazole), &&lotdd, (Fldvld)EAd 59 1&8A A3 A o] AMgd & U}

7] AREEE el BPFe] AN, o WHFE FF Fouyy 47 Fd 43 A4}
ARG WP S Folvl, YAEEol B BAZ ofFold glom, wel BAZ oFoidl waF, B
o M2 TE BAR oFold WUF EL B4l AR 0E BAR ool Bie 3 2t uF vxE



[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

A S odnh BY BARE 43560 AALEEoRE 4T A4S 474 558 gAY enA
AAFA GG e W F P BARA, IFoth el B FARE] T Tho mFAsY, nr}
s B owde] 9 AAed] mE duzay GEEe EFT F Aot o, FEW WYFS B 0y
o 9 AAdel we sHwne HERS WHR TFFoRM, Brh $5FH WY BE 2L WAEES 79
!

glom A A3t x| A (Thermally Activated Delayed

Q Aol We duzie dPEe SHER TP 5 glon, EaFlE FAES O X
2 = opAelw Hus @gshd ehorh, 9 e, Alg(iris(s-

hydroxyquinolino)aluminum), CBP(4,4'-bis(N-carbazolyl)-1,1'-biphenyl), PVK(poly(n-vinylcabazole),

ADN(9, 10-di(naphthalene-2-yl)anthracene), TCTA(4,4',4"''-Tris(carbazol-9-yl)-triphenylamine),
TPBi(1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene), TBADN(3-tert-butyl-9,10-di (naphth-2-
vD)anthracene), DSA(distyrylarylene), CDBP(4,4'-bis(9-carbazolyl)-2,2'-dimethyl-biphenyl), MADN(2-
Methy1-9,10-bis(naphthalen-2-yl)anthracene), DPEPO(bis[2-(diphenylphosphino)phenyl Jether oxide),
CP1(Hexaphenyl cyclotriphosphazene), UGH2 (1,4-Bis(triphenylsilyl)benzene), DPSi0;

(Hexaphenylcyclotrisiloxane), DPSi04(Octaphenylcyclotetra siloxane), PPF(2,8-

Bis(diphenylphosphoryl)dibenzofuran) & A2 4 9t}.

dE 5o, A7) BHEFE A FF BHE FAE D A AF VHE SRES TFT 5 U3, 25
AAde] we dEene BHEe A ¥4 BYE =RED I 5 Atk

A7) WHEE E olde] BAES EFd] AT (eciplend FHT £ ATk, AE Bol, F 554
EaES A% 544 2B oste] A Eest 948 F o

T dom, FHACNA A4 AAde wE HHELD JFEE
NUAE HelAZ & Uk, 7] F3A 2EQ AV o HAAjde] wE FHZEag sgE Y ouX
HAE st eAE Add sihes AHEE o den, o d=2= 4nCzBN (2,3,5,6-tetrakis(3,6-
dimethyl-9H-carbazol-9-yl)benzonitrile), 4CzIPN (1,2,3,5-Aetrakis(carbazol-9-yl)-4,6-dicyanobenzene)

ol e, ofd A= F=t

Z
o)
)

A7 WBF il FH dAE
Y &&ol 1 FYdE HAAE E8540E FFE F v 4ol dasitt. olF YA AR HsHE A AR
olFEHETE Ax ARl digk kg Aol gt EAR o] Fojof g}, o]ef B UL FHZAIIE HASFF
BEARE FAAQ dZ 83| =FZAFEYY Al #FHE; Alg3s TEE FE; {7 HuZ SgE; =mAEY
BE-g4% ZE To] o, ueAskA= TSPO1 (diphenyl-4-triphenylsilylphenylphosphine oxide), TPBI
(1,3,5-tris(N-phenylbenzimiazole-2-y1)benzene);  Alqs  (Tris(8-hydroxyquinolinato)aluminum);  Bphen

(Bathophenanthroline), BCP (2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline); PBD (2-(4-biphenyl)-5-(4-
tert-butyl)-1,3,4-oxadizole), TAZ (3-(4-biphenyl)-4-phenyl-5-(4-tert-butyl)-1,2,4-triazole), OXD-7
(1,3-bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-yl |benzene) ¥} % o}& 3&}3&E; phenylquinozaline;
TmPyPB  (3,3'-[5'-[3-(3-Pyridinyl)phenyl] [1,1':3',1''-terphenyl]-3,3''-diyl] bispyridine), DPPyA
(9,10-bis(6-phenylpyridin—-3-yl)anthracene), DBF-Trz (2,8-bis(4,6-diphenyl-1,3,5-triazin—-2-yl)dibenzo-

[b,d]furan) && AHEE = glont, ol FAHHA F=tt.

£ A7l AAess fde AAFISEID 52 4 du. AAFUSS Balg, Alg3, Be(bq)2,

(s} [e)
7n(BTZ)2, 7Zn(phg)2, PBD, spiro-PBD, TPBI, Tf-6P 3 Z& &4 313E; imidazole ring & Zi:
aromatic®}gE; boron3}gsE; 55 Xt AwA 2S5 o] &sto] A = Q).

R
2
N
jines

[o

2 | mr el@AET. ole] AR Qelmi 74, ,
24, JER, oF, 2E0y, & 5o Add 34 £ a5 44 @ o AHSE 5 Aok, w100
m o3k FAY eEEFoaelEe} ATuF(LIF/AD, WEET AFFLI0Z/A), SEEENFET 2T
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WE 5 2 3 PR AFE ASE F A

o AW vuleh gol ¥ wHel o Axde] W Ry HFBe REFMINF) A%, FFFY A,
AErE AR, WY AR, AA5E AR TE A4FY ARD AEE 5 Qo wFAsE B AR
Y 52E) B Q 248 A9 B EVE AL A8E + gon, noh A TIPS SHE A

o, B wme Ared] s FAs MA@, 7] AAele ¥ AP A A% AU ®, B oW
gol Wgol s/ AAdel o8 FYHE AL ohirh. olu], AgHE /1% o % B golo oA e
Aol7k geba, o W] &3k sl% RoklA Bel A4E A At BRHOE oldsa Yt oI 7}
Avh, EF, FA FAF A1EA T L A B wBHE dge el a

NH ( I QI Q
Br ® _ NaOtBu,BINAP _ @ Pd,(dba)s, NaOfBu N
.
sz(dba)s Toluene h/@\ 1.0M P(t-Bu)s, Toluene

Br

SESNe Q{ s¥e
Pd,(dba)s, NaOfBu B

1.0M P(#-Bu)s, Toluene

A 10 33HE 1-a9] Alx

Zgtago 1,3-tHER-5-(EE-Fe)wAd (10.0 g, 34.2 mmol), 2,6-TlojwEoldsl (4.1 g, 34.2
mmol)& EF4 100.0 mLoll Foli2 A2F BHE-FEALO|=(sodium tert-butoxide, NaO¢t-Bu) (3.94 g, 41.04
mmol), BINAP(2,2'-bis (diphenylphosphino)-1,1'-binaphthyl) (0.85 g, 1.36 mmol) & Eg 2 (t]ulzg]dlo}A
E)tZe5(0) (Pdy(dba);) (0.46 g, 0.513 mmol) S B2 F, dAa E97] 27 3 60 TollA 1241%F 59k =
SEQit). HhEo] FREW Aeo=® Wrst 3 At dHE o &3 sy, §E SIAR
=S A7t A 49 a=2efEag IR gAlste] S3E 1-a (9.3 g, 820)E AU
w4 20 33tE 1-be] Alx
37 Zekxzo] 3eHE 1-a (9.0 g, 27.1 mmol), ofo] e =wlAl
1 A2F HE-BEAO= (5.2 g, 54.2 mmol), 1.0 M E HE
in toluene) (1.08 mL, 1.08 mmol) % E]A(gulA g dlo}AE )]z
T, dA 971 7 =1 stellA 12417 F9F whksgith. Hh-g-ol
£ o] &3 04743}@3} SE TEAZ &, 2 AHES At A
oA 3. S3HE 1-c9] AF

124TCB

s
Qz%

, =4

ox L
o

oo
w

g, 40.6 mmol)S &4l 200.0 mLoll =o]
gd¥ 23 EFA(Tri-tert buthylphosphin
25 (0) (1.084 mL, 1.084 mmol)& W&
TREH Ao dA% &, At IF
4 AzntEadgg e FAst sFE 1-

1z
FU

e of M

37 Zalazo] 3% 1b (4.65 g, 11.4 muol), N N-Tl-o-EZMA-1,3-t]o}l (1.65 g, 5.7 mol) & EF
<l 100.0 mLoll Holal AF HE-BEEALOI= (3.28 g, 34.2 mmol), 1.0 M Ed] HE-RHx~3 EF4 (Tri-
tert buthylphosphin in toluene) (0.57 mL, 0.57 mmol) ¥ EgA(tdldzgdolAE)t)Z2E(0) (0.21 g,
0.228 mmol)& 2 ¥, AL &97] &7 =3 stolA 12413 F¢F wdksiith. wkgo] $REW Aoz o
Zek 9, A7l EE o83 qetdit. SulE THEA &, 2 AHES HdEg A A9 AZetE Y
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2 At 8gE 1-c (3.97 g, 74%)E AU,

4 4: sH 23] 33E 19 Ax

37 ZgaF9 3EE 1-c (2. 55 ]

(BIy) (5.0 g, 12.77 mmol)= %‘;—8— ? é_/t Tﬁﬂ oA 180 CT=ZE 204 7F Zot wukelit). wkSo] Zgww A
o2 Yyrsk &

Tﬂr. L& %‘%Alﬂ T, 2 ANES @1?47} zl) 7&% ﬂiﬂiiﬂ% 92 %Mé}

=
\]

I NMR ((CDC1z)2) & 10.5 (s, 1H), 9.44 (d, 2H), 7.53 (t, 2H), 7.46 (q, 2H), 7.31 - 7.00 (m, 6H), 6.98

(d, 4H), 6.93 (s, 3H), 6.83 (dt, 4H), 5.77 - 5.73 (m, 2H), 5.56 (s, 2H), 2.00 - 1.85 (m, 18H). 1.22
(s, 18H)

[AAe 2] dlE|=32e 3}3E 29 A=

, Pd,(dba)s, NaOBu T N @( /@\ \/@ Pd,(dba)s, NaOtBu
1.0M P(#Bu)s, Toluene >(©\ 1.0M P(t-Bu)s, Toluene
Br

?ﬁ?

@*Jf@ | @” ’e

oAl

Q

@b

2-b
A 1: 3gE 2-a9] AX
A7) AAe 19 @A 2004, olol e EMA thAle] 4-tert-FE R EHAE ALLE AL AsluE TUd W
WS Abgsle], 3HEHE 2-a (8.8 g, 70%)E A},

oA 2: shetE 2-be] A%

271 A 19] @A 3eA, sRbE 1-b diAlel FRtE 2-as ARES RS Alfstae sdd UEs
AHgEle] | SR 2-b (4.1 g, 68%)F AUtt.

wHA 3¢ EH=are] shets 29] A

A7) AAl 19 bl 4, ShekE 1-c HiAlel ShehE 2-bs ARER A& Alelstae wdd WHE
AREete], StehE 2 (1.2 g, 4%)E I
HONIR ((CDCL,),) & 10.5 (s, 1), 9.44 (d, 2), 7.53 (t, 2H), 7.46 (q, 21), 7.31 - 7.00 (m, 4i), 6.98

(d, 4H), 6.93 (s, 3H), 6.83 (dt, 4H), 5.77 - 5.73 (m, 2H), 5.56 (s, 2H), 2.00 - 1.85 (m, 18H). 1.22
(s, 36H)

Fotd, 944 4 H7]ssty B4

71 Aol 1 204 Az dElRaE SE 19 2 A4S HEGsto | =2 FH(THR) Al 0.2 MY T2
3 A slar, Almb= UV-350 A~ E & ¥ (Shimadzu UV-350 Spectrometer)E o]-&3&}e], UV ﬁ’ki 1EdlS A5}
Stk

T, 4] Ao 1 204 Azxd ddHza s 17 2 44E EFA(Tol)ol 10 mM == 83t
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A+=(Xenon) #AWIZ7} A o9l ISC PC1 ~AHE 2 Z 2 2 v|E] (Spectrof luorometer ) S o838}, Ao x
F0) 4] A~ (RTPL, RT Photoluminecscence) A~ EHS =A319 T},

e
tr

3, 7] Al 1" 20 Axd ez s 13 2 44S HEHSO|EE2F (TRl 10 mM 5=
2 3X38ta, Al¥=(Xenon) BE7F AFF o]l ISC PC1 A~ EZZ2 29 E (Spectrof luorometer )& ©]-&3}o]
A2 (100K) ol 4 PL(LTPL) =~ E#E S =3} o},

549 W &= é_ﬁlEaj, SPL(RTPL) = EF, A2PLLIPL) ~HEHS & 1 2 = 20 =AESIH. o2
FEH 2 e Al 15 294 Axd sEH R sged BE A 3 2dds & 7 odn

AAld T AR sERae] S 19 A7l S4& wAE] fsiA Iml slE R A sheke 13
o 1), 0.1M NBupPFs (vl : CHCly) &< 3} oA 10 mV/s9] FHelA CH instruments CHI 1000E ©]-§3}

AolE= e ER (cyclic voltammetry) & 543 AWE X 39 EAG o™, 54 Al 7HE d5S ARE3)
o FYS T3 AAdS A7

3l7] F 1o AAe 1 201 A Xﬂzﬂ ez FFE 19 29 Fgx L Wr|ges EA4S e
o7l M= (E,), ‘30( D 2 AFEHT) AU A e gldEe] UV A~ E- A L3513t

=

721
ez 3FE 1 el 2y FE 2
(A 1) (AA 2)
AbSyac (nm) 463 464
PLag (nm) 474 472
Stokes shift (nm) 11 8
FWHM (nm) 11 12
S; onset (eV) 2.69 2.70
T, onset (eV) 2.64 2.67
AEg (eV) 0.05 0.03
E, (eV) (optical) 2.59 -
HOMO (eV) -5.14 -
LUMO (eV) -2.55 -

471 & 10 wE, 2 2] daje 13 2014 Alxd dHzae] S AE7F 0.1eV oldt®, wHEE

o] 3 4 A3 A P (Thermally Activated Delayed Fluorescence, TADF) &S < 4 glt}.

T, 2 2o dHzad e SR a4dd 2AEE JHHeEA, o7 d Fo 72 st #
7] wEo] Hu E5UV) wgat Ho) ws(PL) gbEe] xpolol AEH A LE(Stokes shift)gko]l =LAl
Aot 2wy whE ddeay] e dE R a85 vebd B ohle, sEEs A2 W
A% ghe Uehfo] e A W] o] Jhs sttt
5, 8 2y mE duzay e 953 Aer 9 £ SAS Yebdi= TADF Al solt).
[AAle] 3] 7] &3 &zhe] Az

2 e wE Fezae SE 1 (A DS ol&ste IesF v4S o] #7] wF 2AE AR

ITO 7] 7]%< 50mm X 50mm X 0.7mm 272 Aty EgZzZddd, o=, oete
o7 AMgEtY] Z25u AFS AN F, 308 Fok AME FABIL oFd wEAA AA
ol A7) 110 G2 73S F23sc).

ITO (70 nm) / HATCN (5 nm) / TAPC (40 nm) / mBP-2Cz (10 nm) / mBP-2Cz:2CN-mCBP:0.5wt%

1 (30 nm) / DBF-Trz (5 nm) / DPPyA (13 nm) / 30wt% LiF:DPPyA (12 nm) / Al (100 nm)
7] W3g aAE ARERow, old tsiA Azt §4& st

ITO 2] 7]
el 3t
4%

X1
=
Eoz AFHl #

I
5
o]

Olr
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(AR 4] 7] 2 2Ae] A%

AAd 37 Bds o [T0 58 7]l IT0 (70 nm) / HATCN (5 nm) / TAPC (40 nm) / mBP-2Cz (10 nm)
/ mBP-2Cz:2CN-mCBP:0.5wt% 3|l & 1] 3}8HE 1:10wt% 4mCzBN (30 nm) / DBF-Trz (5 nm) / DPPyA (13 nm) /
30wt% LiF:DPPyA (12 nm) / Al (100 nm) £o=2 AF3to] {7 wd 2AE Ao, old dis|a Azt
545 38l

o9 on g

N N N
v O O
Nﬁ)\CN ‘ N
CN
HATCN TAPC O mBP-2Cz

NC

QO 60
g

<
v

o, IO e

2CN-mCBP DBF-Trz DPPyA

A7 AR F7) wg 2Ake) SAS Wkekr] skl AR A as (9, ©-2 M), % $%= 1000nit
Aol of-FAaE (9 S FAste] 1 AdaE 7] & 200 UEhhIG.

* 2
Rl EQFuax EQE1000n1¢ Turn-On V V @1000nit
2 Aol 3| mBP-2Cz:2CN-mCBP:0.5wt% 3 €= 22.3 % 14.4 % 2.7V 4.2V
a8 s3tE 1
A A e 4| mBP-2Cz:2CN-mCBP:0.5wt% 3 &= 35.9 % 28.5 % 2.6V 3.8V
17 38HE 1:10wt% 4mCzBN

A7 E 225, wrge] sz shekE

H < 7] WG 22 A AAIAE] |- A (turn-on
voltage)©o] Yal, Q¥-UdAa&(EQR) Ao ¢3S & &

AU

53], A0 49] 2z BFFol MCBNG U FFFORM AN 3 upste] UE PR ARIAEEY

ol |- Agke e

=, 2 ougel dHzng SETe B s 484 d BHE A G AAso] nERFH| S5

BQEGLS BAsh: nEE, naemd P4 f7] WY A48 ATY 5 A

ojFell A Aui miel gho] i wbwjo] Aol i FAE] ZEEUAAT, & wge] Hoh lmEokel 3l
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k1
N2
(VA

Current (mA)

00 0?5 ' 1.'0 ‘ 1j5 - 210
Potential vs Fc/Fc+ (V)
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