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Abstract

Organic light-emitting diodes(OLEDs) have better luminous color, higher contrast

ratio and the advantages in applications of flexible panels in comparison with liquid

crystal display LCDs. There are many options for OLED emitting materials and device

structures. This thesis studies thermally activated delayed fluorescence (TADF)

materials. Our goal is to make OLED devices with high external quantum efficiency

(EQE) in the near-infrared band.

The first part of this thesis studies TCN-TPA, which is a material containing more

cyano group(-CN) to its accepter unit. Its photophysical properties after doping with the

mCPCN and CBP host are characterized. Finally, CBP is selected as the host material

for OLEDs because the emission spectrum in CBP is more red-shifted than in mCPCN.

With different doping concentrations of TCN-TPA, it is found that the PLQY of the

film can reach 5.7%~30.5%. When the device is in the near-infrared band above 800

nm, the EQE can reach 2.4%. The EQE value at 841nm is 1.1%.

The second part of this paper studies the TADF material EP-TPA, which is a material

containing external pyridyls to its acceptor. This material adopts the solution process to

make the emitting film. Through the test of PVK, CBP and mCPCN as the host for EP-
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TPA, emitting photophysical properties were measured. Finally, CBP was successfully

used as the host for EP-TPA to make the deep-red TADF OLEDs.

Keywords: thermally activated delayed fluorescence, organic light-emitting diodes,

near-infrared emitting materials, external quantum efficiency, solution process

doi:10.6342/NTU202303080



1.IOLED % B ¥ woeeiiiiiiieiieeeeeeeeeee
1.2 3 48 TR B e eyl L 4
137 FHAs £ N
1.3.1 kg ik R ...

1.32TADF #4423 Ra@ . o,

143> LATH S22

B o B T
B B e

223 dipleratio B 3

22479&"@1]?]7 ;L,'i‘:—g;‘ﬁlj—% )—(\I

2L by 21 >4
23 %% 8346

2.3.TCN-TPA &z il ...

...................................... 2

....................................... 3

doi:10.6342/NTU202303080



2.3 A B B e 16
Ny M P 18
T R 20
T B B 2 e 23
% = % 7% TADF FEECEMRELE A 44
3 B e, 44
32 T g B e 44
3.2.1 A1 BP-TPA A e 44

3.2 2 BT PA o T b 44
3.2.3dipole ratio B Bl = 38 o 45

32 T L 1 B B 2N e, 45

3 R I 46
33.1EP-TPA s A e B B 3 46
3.3.2diple ratio & B T oo 47

3.3 3 A R B 47

B B e 48
o R T T 49
B Bl 50
B B e, 65

A

doi:10.6342/NTU202303080



[#] 1-1JOLED ff % B HEBl....ooi 8
[B] 1-2] OLED f§ % % 6 it AR B BBl 9

[ 1-3]% ot OLED 5 % 5% (a)§f % b2 % 5 (b)gl % HHfL v (o) i i 1+ a8

VB kR ATk e 10
[8] 2-1]TCN-TPA A F BH B 27
[B] 2-2] TCN-TPA £t & A 35 Bl oo 28
[ 2-3178 7R IR Bl 29
[ 2-4] 7 B 30
[B] 2-5] & F % FREWY -5 &7 BBl 30
[B] 2-6] 7 18 % & 30 H it P e 31

[ 2-7] ~ 97 * &35 HfA S

(2)CBP(b)TAPC(C)B3PYMPM(d)MCPCN(E)MCP ......ocovvvviviieeeieeeieiiieeen 32

[] 2-8] TCN-TPA i3+ 8 ¥ 7 1% 35 & 2% 45 14 (a)300K v 42 2 % % & 3 (b)77K #4

B ERRF - R T 33

(B 2-9] ™ 9 wt.%/12 wt.%/24 wt.%k B » 43323 4448 CBP 2 & % PL

(@) 9 WEY0(D)12 WEY0(C)24 WEY0e.veveeeeeeeeeeeeeeeeeee e es s 34

[ 2-10] 2 30 wt.%/50 wt.%k & > #3231 $84 4L CBP 2 % % PL

()30 WEZ0(D)50 WE Yoo s 35

[B] 2-11] TCN-TPA 12 7 [k B 4352 & CBP A #4803 sk 4 &3v 8 J)

() B HB)EEE ) 36
[® 2-12] ™ 9 wt.%/24 wt.%k & > #3231 844 mCPCN 2 j& % PL

(2) 9 WEY0(D) 24 W Y0ttt 37

[ 2-13]2 4% CBP #% 32 TCN-TPA dipole ratio #cdp 4% & & 41

Vil

doi:10.6342/NTU202303080



(2)9 WEY0(D) 12 WEY0(C)24 W V0. e ettt et 38
[®] 2-14] 2 %% CBP #% 32 TCN-TPA dipole ratio #c¥4 4% & & 5

(2)30 WEL0(D)50 WEY..eveveeeeeeeeeeeee et oo s 39
[®] 2-15] CBP 3 1 #43%3¢ 9 wt.%TCN-TPA =~ i 44 » 3 mCP

(a)EP-TPA =~ i* [-V-L & 4 (b)EQE £ # & v.s % & 344 (c)EL #f 3% (d):< % TAPC
BB 7 2 B IR s 40
[®] 2-16] CBP 3 2 %243 32 9 wt.% TCN-TPA =~ i£ 44 » & mCP

(a)EP-TPA =~ ¢ [-V-L & # (b)EQE £ # % v.s & & % (c)EL #f % (d):c % TAPC
BB 2 B BCIR s 40
[B®] 2-17] CBP % 3 48433 9 wt.% TCN-TPA = i* 35|+

(a)EP-TPA ~ ¢ I-V-L # # (b)EQE £ # % v.s & B 3 (c)EL #f 2 (d)#c % TAPC
BB At B B oo 41
[B] 2-18] CBP 3 i #8333 24 wt.% TCN-TPA ~ % # |4

(a)EP-TPA ~ ¢ I-V-L # % (b)EQE £ # % v.s & B $#1 (c)EL #7 2#(d):c % TAPC
BB S i B BCIR e 41
[B] 2-19] CBP % i #8332 30 wt.%TCN-TPA =~ i4 3+

(a)TCN-TPA =~ ¢ [-V-L & % (b)EQE ¥ # % v.s & B #4% (c)EL 47 2 (d):c %
TAPC B BB 7 BB e 42
[[B] 2-20] CBP 3 2 %843 32 50.wt %TCN-TPA = i 34

(a)EP-TPA =~ i¢ I-V-L # % (b)EQE ¥ # % v.s & & #4+ (c)EL #7:#(d)#< % TAPC

BB A B B b e 42

[B] 2-21] #F 3% & 800 nm 11 + i % {+ TADF itz = i £t di ... 43

[l 3-1] EP-TPA & TCN-TPA #1424 + %1

(@)EP-TPA (D)TCN-TPA ..ottt 51

(B 3-2] EP-TPA £1 5% SR Bl.o.eoveeeieeieeeeeieeeeeie e 52
VI

doi:10.6342/NTU202303080



[B] 3-3] EP-TPA st & A 4T Bl .o 53
[B] 3-4] EP-TPA &= OLED = #* S HE Bl ..o 54
[] 3-5] EP-TPA #f3* OLED =~ i &2 @ iici# * chi 55 4 + St

(a)CBP (b)mCPCN (c) TmPyPb (d) PEDOT:PSS (e)PVK......ccciiiiiiiiiiiin. 55
[[B] 3-6] EP-TPA 44 = OLED v i & K se FEBE (%o 56
[B] 3-7] EP-TPA i3 30 ¥ F L {8 et e s 4o

(2)300K = jz g2 38 kA7 2 (b) 77K ff— 1 & emis k¥ 57
[[®) 3-8] *t i #8444 CBP &2 % Ik & EP-TPA /&5 PL

(2)3 WEY0(D)0 WE.Y0(C)D WE.L0. ettt 58

[B] 3-9]*" 4 #8414 CBP £ % &k & EP-TPA & % PL

(A) 12 WEY0(D)24 W Y01ttt ettt et 59
[B] 3-10]* 2 #8444 PVK £2 % J= Jk & EP-TPA % % PL

(2)9 WEY0(D) 12 WEY0(C)24 W V0. e ettt 60

[@®] 3-11]>* 4 %8444 mCPCN £ 7 )k & EP-TPA /&% PL

(2)9 WEY0(D) 12 WEY0(C)24 W V0. e ettt 61

[@ 3-12] EP-TPA #1#148 2>+ 2 48 44 4L CBP dipole ratio #¥34% & B

(0 WD) e 62

[[®] 3-13]CBP & i #8444 4% 3 EP-TPA ~ i 32

(a)EP-TPA =~ i I-V-L & % (b)EQE £ # % v.s & B & (c)EL 4 2¥ ..o 63
IX

doi:10.6342/NTU202303080



¥-F HE
1.1 OLED % & B &
1953 # > Bernanose fr Vouaux % j* Eﬂ‘é]%ﬁ ¥ X AETA Y BT K

# % (electroluminescence, EL)IR % [1] - 1963 # > Pope 17 #> 4 % &
(Anthracene) &H#E>54c#icy REFTR > FIRT UF L > F 47 4
M OLED s+ f[2] - 1987 & » § % diid i QIE Mt ] soieh > BF 2K
$fv Van Slyke & 4 > 1% Ag @ w3 kK @ % Alqs > 42/4828 £ 17144 1B
Wit T G ET o F2 Wi G B EL S 23]

1990 # - &l ~ & R H. Friend # 3 /| 2 fl* &% iz > & TR 5 14V D
EET . R AR MF RS ks AR5 A F(REF)RT LOLED o FL
P(polymer)LED[4] -

OLED fj % B Hf4c[W] 1-1] = %4 /20T R 1S » A u e e frBREF T+ 2

&

2

=H
é\

fid

=H

TR e 2t PRI AT F TR BT k0 T Tk LS

-

—

£l

@%@ﬁﬁﬁﬁﬂ%%@(ng»iw§4§+mwgﬁﬁﬁ¢m o ipat
Frd HORH BRI TIA G g a2 TR L (BL)[S] - s~ o ey L

SR kKR A R/BRA > S BRERDF L (HAMHPESE A
HHREEFEFEIL O 2 4 FAMPARRTFERTF L7 UL ER &
A 2F kg X RA K AFE XKL o[BI 12] T LEFLT R H
FLPE 0§ F13 F e endTat lich A 2 AT F SR % 0 FN R F T R bRAT

‘é,‘—]—;}c s i3 k¥ 1Y ;.ngﬂfljj@f ,1,:,@] RIS S| IV

FRWHELACEFHET N T gk I UESEETE R R ILRY b
FITFASY AT PTARFE - RMRHEEE o R OLED ~ 2R3 i %
B A doi@ 8 4 OLED ehd & ~ "8 Mo TR ~ A ke 2% > AR

OLED F¥ ¢ & §/8] 1R 41

doi:10.6342/NTU202303080



12 2 W8 2 AWH RS g L
SRR TR R JRF SR T T H - R -
FRECREWSE A kotd Sk R PR 0 R I el -k
Rtal > » P UBEALE R MR ERABR GIET) P e pLpE L LR
HAAL S L M (host) A » it BB s ~ g K 0 T LTk IR AR

F & A (gues A4 [6] [7]

% OLED 54 TR > venR F LiF § B kR4 E 0 7 25% i 5 i

\_
e
—
=
&k
4
I
(N

B4R % = H £ i (singlet state)jgr—+ (exciton) » 75% 8 5 € i

ik (triplet state)jpr+ > 2. 15 € v B84 1 R WA o ho[B 1-3] o § TR F X
A~ BE R A S iR R R S AR AR € R R oo

1.3 7 L% k3 3\

BRI L ¥ RPF o A M 25% 8 52, X chH € fi exciton § B ) AY
B E Lo A 0 2 18 exciton § 1 A f) R H o K8 - H £ f5 (1% excited state,

SHER T H & 1 AL i (singlet state, So) 7 3% d1 % k o F & OLED § "2 p R & F 3% ¥
(internal quantum efficiency, IQE, Nint) & 5 25% > H # &3 8441358 en= & i
exciton(75%) B 12 24 g 543558 Fc 4 o ¢FIRE S+ (external quantum efficiency, EQE,
Next) P2F F » 10% %+ ¢ 5+ *2[8] -

B OERRHR S B pE > 25%8 5 B £ i exciton € i 1B & LR ESA%(intersystem

crossing, ISC)¥| % — = & & (1% excited triplet state, T1) » 22 75%1% & = & i exciton

Mﬂ

/.;i

~ AT RER T (S) > M ACH(us) 5 B PR N G Bk > AR 2w

doi:10.6342/NTU202303080



F) 100%[9] » #h 288 F 22 7 i 20~30% > o H P b B F 2nd g @t ¥ R

Ak RAFATEREY h B AR 0 FIE B L P [10][11] ¢

1.3.2 TADF #133c % R 32

%4 OLED & F sx T . 1 * 3 & ff > 4838 ¥ % (delayed fluorescence,
DE)H# B 4o T 7 o B P — § 5 #pes 1 af &% € (thermally activated delayed
fluorescence, TADF) » TADF 441+ & p R & 3 »x ¥ (IQE)iE ] 100%[12] »

TADF B+ » = € i 2 B € fi 2 IF chii P £ (ABsH)#L 2 e ] » Tt 4 24

fo

ZEAEETIIA R 5% A58 ah= £ B exciton 18 0 W U iF AL TP K

[

LRI BB hE & RS Lk s AR (reverse intersystem
crossing, RISC) o #X{¢ exciton ¢ d % - ¥ & i (S)B B 1 ¥ £ fi A & (So) T §5 5+ 11!
F K WL s it u B ¥k TADF > ek pr i E = 5 ) (us) [13][14][15]
TADF hZ 44t 3 L > 7 dfe ko p A M 25%4 5 2 2 cnl £ i
exciton * £ d S| ERB¥ So0 M EF SR E gt F k> 5 Prompt

Fluorescence(PF) -

FRRIRI kG AR I kT L 20-30% 0 LI F o T A
% bR ARE ER LY v hREE o F £ - 8 OLED B 3 3 B B iy
3l -

L4@H > L EH P IR

r2i¢ % TADF #1442 %3 > OLED % %t g p % sk < 24 2 4 ch EQE(¥ &
38%1 F)[16][17] » % % EQE # 375 ¥ i& 30% 4+ [18] o 1T Az ¢h sk 7 L # 04
P R R RARA[19] o e ik A BT 55 AR 680 nm T o iT Ak k2 GE

LR AEFFR UM B OLED 7 3 & % » A%~ * B L T B kPG

3

doi:10.6342/NTU202303080



Heeif At TCN-TPA &2 EP-TPA » 47 3 #4# engr I 45 2 2 ~ 2 3t > # H ¥ IR

SaRHEBRe RN ERLSHONIR A2 > EEIRF G~ g ke o

doi:10.6342/NTU202303080



s

[1]A. Bernanose, M. Comte, P. Vouaux, A new method of emission of light by certain
organic compounds, The Journal of Chemical Physics, 50, 64—68 (1953)

[2] M. Pope, H. P. Kallmann, P. Magnante, Electroluminescence in Organic Crystals,
The Journal of Chemical Physics, 38, 2042-2043 (1963).

[3] C. W. Tang, S. A. Vanslyke, Organic electroluminescent diodes, Journal of Applied
Physics, 51, 913-915. (1987)

[4]J. H. Burrogughes, D. D. C. Bradley, A. R. Brown, R. N. Marks, K. Mackay, R. H.
Friend, P. L. Burns and A. B. Holmes, Light-emitting diodes based on conjugated
polymers, Nature, 347, 539-541(1990)

[5] G. Hong, X. Gan, C. Leonhardt, Z. Zhang, J. Seibert, Jasmin M. B. Stefan, Brief
history of OLEDs—Emitter development and industry milestones. Advanced
Materials, 33, 2005630 (2021).

[6] K. Sun, W. Tian, C. Ge, F. Gu, Y. Zhou, W. Wang , Z. Cai , W. Jiang , Y. Sun,
Creation of efficient solution-processed OLEDs via a strategy of the host-guest system
constructing with two small cross-linkable TADF molecules, Organic Electronics, 101,
106417(2022)

[7] S. Sem, S. Jenatsch, P. Sahay, S. Ziifle, M. Schmid, W. Briitting, B. Ruhstaller,
Detailed electro-optical modeling of thermally-activated delayed fluorescent OLEDs
with different host-guest concentrations, Organic Electronics, 107, 106553(2022)

[8] K. Okumoto, H. Kanno, Y. Hamaa, H. Takahashi, K. Shibata, Green fluorescent
organic light-emitting device with external quantum efficiency of nearly 10%, Applied

Physics, 89, 063504 (2006)

doi:10.6342/NTU202303080



[9] M. A. Baldo, D. F. O'Brien, Y. You, A. Shoustikov, S. Sibley, M. E. Thompson & S.
R. Forrest, Highly efficient phosphorescent emission from organic electroluminescent
devices, Nature, 395, 151-154 (1998)

[10] C. Adachi, M. A. Baldo, M. E. Thompson, S. R. Forrest, Nearly 100% internal
phosphorescence efficiency in an organic light-emitting device, Journal of Applied
Physics, 90, 50485051 (2001)

[11] M. Ikai, S. Tokito, Y. Sakamoto, T. Suzuki, Y. Taga, Highly efficient
phosphorescence from organic light-emitting devices with an exciton-block layer,
Journal of Applied Physics, 79, 156158 (2001)

[12] H. Uoyama, K. Goushi, K. Shizu, H. Nomura, & C. Adachi, Highly efficient
organic light-emitting diodes from delayed fluorescence, Nature 492, 234-238 (2012)
[13] D. Berenis, G. Kreiza, S. JurSénas, E. Kamarauskas, V. Ruibys, O. Bobrovas, P.
Adomeénas, K. Kazlauskas, Different RISC rates in benzoylpyridine-based TADF
compounds and their implications for solution-processed OLEDs, Dyes and Pigments,
182, 108579(2020)

[14] Y. Wada, H. Nakagawa, S. Matsumoto, Y. Wakisaka, H. Kaji, Organic light emitters
exhibiting very fast reverse intersystem crossing. Nature Photonics, 14, 643—-649 (2020)
[15] Y. Tao, K. Yuan, T. Chen, P. Xu, H. Li, R. Chen, C. Zheng, L. Zhang, W. Huang,
Thermally Activated Delayed Fluorescence Materials Towards the Breakthrough of
Organoelectronics, Advanced Materials, 26, 7931—7958(2014)

[16] M. Vasilopoulou, A. R. M. Yusoft, M. Daboczi, J. Conforto, A. E. X. Gavim, W. J.
Silva, A. G. Macedo, A. Soultati, G. Pistolis, F. K. Schneider, Y. Dong, P. Jacoutot, G.
Rotas, J. Jang, G. C. Vougioukalakis, C. L. Chochos, J. S. Kim, N. Gasparini, High
efficiency blue organic light-emitting diodes with below-bandgap electroluminescence,

Nature Communications, 12, 4868 (2021).
6

doi:10.6342/NTU202303080



[17] Y. Fu, H. Liu, B. Z. Tang, Z. Zhao, Realizing efficient blue and deep-blue delayed
fluorescence materials with record-beating electroluminescence efficiencies of 43.4%,
Nature Communications, 14, 2019 (2023).

[18] X. C. Fan, K. Wang, Y. Z. Shi, Y. C. Cheng, Yi. Ting. Lee, J. Yu, X. K. Chen, C.
Adachi, X. H. Zhang, Ultrapure green organic light-emitting diodes based on highly
distorted fused m-conjugated molecular design, Nature Photonics, 17, 280-285 (2023)
[19] Y. Shaw, H. Wang, Z. Xie, M. Shen, R. Huang, Y. Miao, G. Liu, T. Yu, W. Huang,
NIR TADF emitters and OLEDs: challenges, progress, and perspectives, Chemical

Science, 13, 8906-8923(2022)

doi:10.6342/NTU202303080



¥-F Wi

2 4&(Al)
FEANE (EIL
+1% %5 & (ETL

£
&

R 4% 8 & (HTL

FEAZ (HIL
f7% 4% (1TO)

o %Ak (substrate

I|

)

[® 1-1]OLED fj % FH-F

doi:10.6342/NTU202303080



LUMO

@@ C_f:_l_thode
|& < <

EIL
EVTRELE
fiu HTL
I@

ey = =
Anode ©

HOMO

[®] 1-2]OLED #§ % # %427 2, B

doi:10.6342/NTU202303080



a)

exciton

25% / 75%
51

|

fluorescence nonradiative decay

SO

b)

exciton

25% / 75%
1SC
S1 V

——4\— Tl
¥

phosphorescence

SO

c)

exciton

25% / 75%
1SC
S1 V

S 0 PF:prompt fluorescence
DF:delay fluorescence

[B 1-21% I 444 OLED % % = 3

(8) 3 % ek (DB % HAL % (R ESIE L B F Pk

10

doi:10.6342/NTU202303080



¥- % Tk TADF 3 5 k2 ~ it

2.1 =

o

*F §47 5 rp > TADF B o 9 /840 3 4 4 L 3 4 5 % 48 (donor)-%
&8 (acceptor) 1 AL 5 D-A ~F o HigBLe 327 1135 i % donor & accepter
AT EI R o 7 gk TADF #RE 5 R0F @2 ok
FehiElt o D-AHFE G s 0 # BB K k3 F FUE (lowest
unoccupied molecular orbit, LUMO)£ #. % it 35 4 =+ #uif (highest occupied molecular
orbit, HOMO)E & & ™ *% » 1035 ¢ ¢ 13 =518 T 2 5 ¥ £ (AEst)™ "% [1] » & RISC
g o ikm @ F AR {9k REF § F 225 (photoluminescence quantum
yield, PLQY, ®pr)[2] © 7X@ > HOMO f= LUMO - '*F{ E RS €0 H R R
F (radiative decay rate, &)[3] » & 25 PLQY » F]p#* AEst &2 PLQY g firr € A
p f8 TADF L erpt e o
34k B OLED Tl & i 0 3 % 5 $oig en2bdg 54 3898 4% (non-radiative
internal conversion) » ¢ i = PLQY T " » A F Z il LS EHRL F K 5 RIESHE
fRi[4] o & B 7 g X B HE et 77 0 3F B eleg A X 48 0 TADF 4442
[5] » TCN-TPA 22 ¢ i 30 ek 4L o
~ % & 3t#% TCN-TPA /&% 1@ 454 » TCN-TPA % CBP i #87 -k T 3 kg &

v v iE 80% 0 EL %% B % i ¥ j£_756 nm ¥| 841 nm o

2257

2.2.1 4.5 TCN-TPA & &

11

doi:10.6342/NTU202303080



AR RN X B HHEAT T o #aE (Jian Fan) 332 #r#k & 0 TADF 4458 TCN-
TPA 4o[B] 2-1]c A 6 ¥ 2.3 s BP0 e 3 L F 41052 8 o £ o g
KL T T o %R @ % = F ¥(triphenylamine, TPA) 1% % 5 %8 » dipyrido[3,2-
a:2',3'-c]phenazine-3,6,11-tricarbonitrile (TCN) i* % % 2 - ] HOMO 4= LUMO ¢ [#
AR R E Al As 3P Al Rl {e R X ME A uRas T
Jm## (charge transfer, CT) o %518 TCN th§ A1 %2 4 B sp? RS2 N R F » 7 1Y
@2 { M LUMO it F# - 5iE4 € 4 17 BI[B) 2-2] » TCN-TPA 14141 4 f28 &
(decomposition temperature, Ty, & € &8> 5% pFiz o a8 &) 5 433°C 5 #iE
8 B R % j2 (cyclic voltammetry, CV) [®] 2-3] » ¥ 4 #7 TCN-TPA 7 HOMO/LUMO
A W] -528/-333[4 2-1]c @ WY > BB BT > TG Rk T 4RSS
Al ens F I ApiTd o ERE L T R Y h i kT 5 2 B(CN, pyrazine and
pyridine) » % F B3R AR B I LIFDONIR A o FRERF TR 0 F 7 av
g 7 B ihzbdg SR R o it TON RIPLGHE T 0LR ° 2505 B 3 0 03 4o kT 3
kBRIt [6] o # ¢ > TCN-TPA » + 2 Hf® € 7 s £ B g 4hep - Rt

FA) 0 5 BARIT A F AP 1% m-minteraction 0 F AR F 2 3 iEH o

F_&

2.2.2 TCN-TPA &% 4 & 2 58
R REHALE R B 5 ¢ R B L F4ET SN Rk & 10 torr £h
R o N EGES S RMAPHEFD quartz A 0 LR EAFRBMER -
K@ FHE RPN T E 7 ERY K E F s (photoluminescence quantum yield,
PLQY) -~ &4k 47 ¥ (phosphorescence spectrum) ¥ =& 3% i3 #7 33 (photoluminescence,
PL) ~ % qT4f 3 (absorption spectrum) « PLQY % Fi-k 473 ~ PL ¢ @ * § kghsk k

## 1% (FluoroMax-P, Horiba Jobin Yvon Inc. or F-4600, Hitachi Inc.)& /p] o & %i& {7

PLQY BRIFs » ATk R 55 7 RS KFTF 2 AW AL
12
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BOE A TR E N Bof 8 PL ATk 3 R g 12 gt B 2 PLQY o Bk HAE R
AR R EF e Ry 0 REOR AR ATIK ) AR * pF Skl
P 10 ps erficf) #% g s o s g 3 2% * UV-vis-NIR 4 % 3k & % (UV-1650 PC

or UV-2700Shimadzu) € B] °

2.2.3 diple ratio & jp| > 3%

kg & i 4 v (horizontal dipole ratio) €_i¢ * & & 27 & it 247 & gk £ p)
(angle-resolved and polarization resolved PL measurements) ° ip| & & %k T 3 & i &
R B L FHLR ERA Rk RE B -

Bepti kgD 20nm F & A o AR R Fle g P UV S L3RS
FIEK AL AT B A F 3K o 21800 UV k& 4= 30 f) B B 3 4 e
PO RS RO T R E W f i HIRREAF B S o He:Cd
T B EcE kS 325-nm line chid A SOEE £ R 45 B O~ SR gl ;ﬁ oo
BNt A R o i kR Tk T BRI R 0 p-iR it Rk R Rt o
Fla kT kiges 130k 25 3 &3] OLED ~ @ ¢k 3% » tx & P p-f& it 32k 7
Tk T g ki AR B o ;I;m Py e 47 i ek 3Rk 4g & 525 (out-coupling

efficiency, @our) o i ¥ K T3 sk g 40t G o i oh 30 sk dm & sk & b

[71081[9] -

2.2.4 A g iv RN

AR E R DT YA F P A Rk R B AR
Lumtec, INC pE£§ -

4c[] 2-4] » OLED 54§ i /i 5 1§ * 45§9(ITO) ~ Tk it » & ~ Tk @A ~

FRA LTI BEE LI K 4FAD - H ¥ ITO 5 1 > TAPC
13
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Bfﬂ@Mawéiﬁ\iéﬁﬁ%’MdnaLWQW§?% TraE ko
Al 5 Hatl o &~ ¥ bR 2 G SR B R[] 2-5][ W] 2-6]¢ -

AW o FRAE DITO A4 R & BEE -~ B fe? e 0 el
12 UV-OZONE pe &t & 48 > & ITO % & { § /% T B 4o 7 S fe(work
function)[10] » 2. {6 #-1TO A B H s & FoEnfh s » FEVRY P E T > @
B4 A 1000 1T o B EAET AFE F 95 0.1~02nm/s 0 1 EREHKE
BN RBELEHENN A R EER O AFES FEBEET O RAFV UL
Wbl SR A A A Y o A aER F4ET Ao (L # K )Ed shadow mask

i

H5% 1x1 mm? »

N

PRI gREREN L2 BN > REFTRINAR R ERI-V-
L) AP ang Rl &RE LT AREPE L K E(source measurement unit, SMU) &2 & & 4f
## % (DMS201, AUTRONIC-MELCHERS GMBH) » ¢} $8 & & »% & (external quantum

efficiency, EQE )&_d i &~ 3% £ ] & 2978 plm 17 it kil € fodc kAg g &

LHEBERREZESE

2.3 ¥ &3t
2.3.1 TCN-TPA & %080 73 72 442

AT g T PE o A d TON-TPA A ] B 05 IR 5 > % - B4

ERl-

o

¥ (toluene, 1x10° M)z ¥ » ¥ - A0 T2 BHRA -
1% B R 2% 32 % (density functional theory, DFT)#® 3 7 TCN-TPA # Toluene
e CBP ¥ 1 + B4 (#32kA SO wWt% % 5T ) TPA = TCN 2 ¥ f if] £ i
—m ok (7 F 5 46.8° EHE 49.2°) > #3k TPA } e HOMO 4v TCN _} e
LUMO 4% #tga = [B] 2-7] - ® ¥ TCN-TPA :7HOMO fr LUMO 4 %] 5 —5.86 eV

14
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fr—3.22eV o @ [ 2-8]% 11§ F| TCN-TPA .7 ¥ 3% @ ¥ Jf PLAF % B 7
720nm v LR YRR R A LR

[B] 2-9][®] 2-10] 5 TCN-TPA A % 1 9 wt.% ~ 12 wt.% ~ 24 wt.% ~ 30 wt.% »
50 Wt.%% t] 432t a R HL CBP ¢ e 30 300K % G5 & % 4E 3 o 77K B K47
W@ o H (300K PL, 77K &4 )4 38 % (& 5 (730, 735) » (742, 750) » (775, 795) » (789,
804) » (803, 828)nm o ¥ 14 I A E AL B3 e pE 0 AT A o

JU# d@asd 300K ¥ E PL 2 77K B kA 3 ehde ok £ 0 7 18 TCN-TPA
$-HEHES) §- = F & (T)EAEst o 4o[# 2-2]#77% » TCN-TPA ™ 9 wt.% -
12 wt.% ~ 24 wt.% ~ 30 wt.% ~ 50 wt.% 3% 3¢ & CBP ¢ (Si, Ti, AEst)eig & & %
(1.99, 1.89, 0.091) ~ (1.91, 1.82, 0.092) ~ (1.90, 1.78, 0.113) ~ (1.82, 1.72, 0.104)
(1.85,1.74,0.104) eV o d *>AEst #&-| > F]* 7 r2 4 ip] RISC 8 4 vc 5 22 5k 305 %

FATF I FE e

i

4o 2-2]#77% » TCN-TPA 11 9 wt.% ~ 12 wt.% ~ 24 wt.% ~ 30 wt.% ~ 50 wt.%
et MR CBP ¢ 5 H $kH(300K PL, dpr)A % 4 (730 nm, 29.6%) ~ (742
nm, 27.0%) ~ (775 nm,10.7%) ~ (789 nm, 8.4%) ~ (803 nm, 5.0%) °

[B®] 2-11]% TCN-TPA 12 % ik & 3332 % CBP ¢ peipd fF f247 % £ (TRPL) £
Rl 7 IR RISC A 2 e B 3 - Ay k@B L R < - i
BT L S E = e

¥oebo e 5 el E 2 mCPCON A A R844E 8] 2-12] > 12 9 wt.% > 24 wt. %33
32 TCN-TPA & % 300K # k22 77K gk -8 7 F k& T 0 (300K PL, 77K #4#
KV 2% & L (726, 747) > (747, 784) nm -

4o % 2-2]%77% » TCN-TPA 17 9 wt.% ~ 24 wt.%3% 32 & CBP ¥ (Si, T1, AEst)eh
A %] % (1.93,1.85,0.083)(1.90, 1.81, 0.086) eV o AEst #&-] » F]g ¥ 12 4tip] RISC
AT LRF L E T 2xF % 3 o TCN-TPA ™ 9 wt.% ~ 24 wt.%4% 52 i f8 44

# mCPCN # > %4 /& (300K PL, dpr) A 5] 5 (726 nm, 26.7%) ~ (747 nm, 12.4%) -
15
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% CBP & mCPCN i #8441 ¢ > % TCN-TPA 4% 52k & 3 4 » PLQY ¥ %

o BT R R LAl R el b -

2.3.2 dipole ratio € /7|.%& %

ke KT R R H D R R AR R e
& B3 p-f& it PL & k3 A 47 fift fitting 18 ¥ {8 /& %2 dipole ratio - [ 2-
13][] 2-14]TCN-TPA £ RIHchf 22 56 & W 8% £ 4 » ¥ 125 3] % # TCN-TPA 12
9 wt.% ~ 12 wt.% ~ 24 wt.% ~ 30 wt.% ~ 50 wt.%$% 32 & CBP 3 4 %8 g k454

¢ & kR 458K A eh dipole ratio 38T 2 B On (80%) ¢

233 A e RSk
1245 2.3.1 » TCN-TPA £ mCPCN i #4332 15 e & 38 % 4 4 CBP % 2
BpFicfs o R i it > CBP 4 A M e 4 A mCPCN 245 >
L 020 CBP 5 A 8t ®ir~ i o
9 wt.% TCN-TPA th~ 25 = & > % — #a4_sITO (95 nm)/ MoO3 (1 nm)/ TAPC
( 85/105/125 nm)/ mCP (10 nm)/ CBP : 9 wt.%TCN-TPA (20 nm)/ B3PYMBM (75
nm)/ LiF (1 nm)/ Al (120 nm) > % = #8825 4r mCP 7sITO (95 nm)/ MoO3 (1
nm)/ TAPC ( 85/105/125 nm)/ CBP : 9 wt.%TCN-TPA (20 nm)/ B3PYMBM (75 nm)/
LiF (1 nm)/ Al (120 nm) > % = 222 F *r mCP ¥ 3 4v ITO 5 & 5 sITO (115 nm)/
MoO3 (1 nm)/ TAPC ( 85/105/125 nm)/ CBP : 9 wt.% TCN-TPA (20 nm)/ B3PYMBM
(75 nm)/ LiF (1 nm)/ Al (120 nm) °
% — 78 TCN-TPA =~ ©# (sITO=95 nm,5 mCP=10nm, TAPC=85/105/125nm)<"
(EQE, EL #g 3 & L £ )~ %] 5 (2.0%, 761 nm) ~ (2.8%, 780 nm) ~ (2.2%, 785 nm)[ ]

2-15] 5 % = 48 TCN-TPA ~ % (sITO=95 nm, £ mCP, TAPC=85/105/125 nm)«(EQE,
16
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EL #7 3% & & £ )4 %] % (3.1%, 746 nm) ~ (3.1%, 76 1nm) ~ (3.5%, 772 nm)[§] 2-16] °
% = #8 TCN-TPA =~ # (sITO=95 nm, #& mCP, TAPC=85/105/125 nm)=%(EQE, EL #Z
FHE A L)L B 5 (6.17%, 756 nm) ~ (6.45%, 758 nm) ~ (5.93, 770 nm)[ §] 2-17] °

MR ZfE A AAH D PIFE TCON-TPA 724 wt.%/30 wt.%/50 wt.% e~ i+ %
4 8 5 sITO(115 nm)/ MoO3(1 nm)/ TAPC( 95/115/135 nm)/ CBP : 24 wt.%TCN-
TPA (20 nm)/ B3PYMBM (80 nm)/ LiF(1)/ A1(120 nm);sITO(115 nm)/ MoO3(1 mn)/
TAPC(100/120/140 nm)/ CBP : 30 wt.%TCN-TPA (20 nm)/ B3PYMBM (80 nm)/ LiF(1
nm)/ Al(120 nm);sITO(115 nm)/ MoO3(1 nm)/ TAPC(115 nm)/ CBP : 50 wt.%TCN-
TPA (20 nm)/ B3PYMBM (90 nm)/ LiF(1 nm)/ AI(120 nm) = Jﬂz ? -t 224
wt.% 7 TAPC( 95/115/135 nm) ~ B3PYMBM (80 nm) ; 30 wt.%¢h
TAPC( 100/120/140 nm) ~ B3PYMBM (80 nm) ; 50 wt.%= TAPC( 95/115/135 nm) ~
B3PYMBM (90 nm) ° 24 wt.%(TAPC=95/115/135 nm)7 (EQE, EL #g ¥ &/ £ ) 5
(3.2%, 775nm) ~ (3.22%, 784nm) ~ (3.12%,791nm)[ ] 2-18] ;
30wt%(TAPC=100/120/140nm) > (EQE,EL #f 3 & 4 & ) % (2.39%, 785nm) ~ (2.48%,
802nm) ~ (2.48%, 802nm)[ B] 2-19] ; 50wt%(TAPC=95/115/135nm)(EQE, EL #7 3
Bk &) 5 (1.24%, 838 nm) ~ (1.17%, 841 nm) ~ (1.14%, 841 nm)[ @] 2-20] o [# 2-3]
Bl P ARy R T OUF RS FSER PP > EQEE » EL 2 # -

[# 2-3]1% @7 ~ i+ EL#3# ~ EQE + *2£ turn on Voltage ¥ #icdy - CIE B3+
BRIV L ROLE o

% g A A7 o 2 ek IRk g & s (out-coupling efficiency, @ou) 22 p 3R E F s ¥
(IQE) » # 12~ 47~ i EQE © 3+ % Doy ™ 38 A% NP 2 3 B3 ok 08
k8 - TADF 8 eh EQE i % ¥ % -+ A [11][12]:
EQE=IQEX®ou=n; X Nexc XDPout
Nexc=0.25 X Dp+0.25X Dg+0.75 X Drisc X Dpr

=@pr.X(0.25+0.75 X Drisc)
17
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Bena@k? o TF LA E TS exciton 9T Nexe » )~ H & /=2
= it exciton 3%k 73§ @, % prompt fluorescence =7k 33 K & F 32

(photoluminescence quantum yield, PLQY); @, = delayed fluorescence =7 PLQY;

Orisc 5 i ¢ LA AR E 3 205 OpL 5 R R P K E F 225 (PLQY) »

d 3t 32X TADF ##n, &2 Orisc 2B % 5 10 Flt 195+ 3 5 5% Nexe
- Ak @pid-F_ 0 Flm IQE #-5 ®ppii-7_ 0 EQE } *U#-5 Dpp XDy > @ p3H 5

1 EQE % =~ 4B £ M eh EQE M ¢ ' o
g 258 EQE=@pp X Doy BTL 43[4 2-4] > ¥ M RE 73 keha 29 % EQE % % &
SELE i

SEF 50k B 4o BL el £ 9% (5% 1 6756 T 841 nm » B PL #F 3§ vt # -
WEdBER ARG A EL L P A > ¥ U F A E SR 2 B[13] - MEF Bk
B4 > Turnon TRHK 22V ™% 1 1.8V e F B v riag 5 (4 T i3 fgh L &

@ §5[14] - Tunon TRSEF BB e d B0 0§ 7 i FIAT L~ Bhai

~E

.E‘}g‘l!_—%_;‘ﬁ\; VT
JE[ B 2-21]7 123 3 » TON-TPA 7 EQE »c % & p %02 5 NIR ¢ £ 341 ¢

[15][16][17] -

2.4 8%

EER PR A % > A g L TON-TPA - B a5 4R & eh
TADF 3 » TCN-TPA ¢9 % < 483 LUMO { < > 3% # &7 ¥ ¢ emission 421§
700nm > A3 p CTEA 3 2 B84 » 5 TCN-TPA 33 504 840 % 7 11 iE 5
800 nm > %+ % f& 2/ TCN-TPA 1 ®ou>33% > -k T 3 k8 &L E 3| 80% o T crik

H_,f‘riﬁ»’ i# AEst -] *+ 0.12eV > PLQY ¥ i 5.7%~30.5% > 802 nm F¥ > EQE ¥ i£

18
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3 2.4% > % 841 nm p¥ EQE & 5 1.1% o F]#* » TCN-TPA #_{% 47 /7 NIR TADF +

7}_'_ o
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» - % B4

# 2-1 TCN-TPATADF # 4L &3 7% ¥ L A 4 |

N ., HOMO/LUMO _,
COmPOUHd j'abs Aem ) PLﬂﬂ'phb) Tg/Td ) d) Eg ) Sl/TID A-ESTE)

(nm)  (nm)  (nm)  (°C) (V) (V) (eV) (V)

TCN-TPA  396/556 710 660/678 n.a./433  -5.28/-3.33 1.95  2.06/1.97 0.09

+

2 . .
Measured in oxygen-free toluene solution at 298K. «

) . .
# Measured in oxygen-free toluene solution at 77K. «

C
? T : glass transition temperature; 7 : decomposition temperature. «
g d

-

d
: HOMO levels were calculated from CV data; LUMO levels were calculated from the HOMOs and £ s.+
g
+

€) . . . . . .
E : optical band gap energies were calculated from the corresponding absorption onsets in a toluene solution. «
g

2 Singlet/triplet energies (SI/TI) estimated from onsets of the fluorescence and phosphorescence spectra. «
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% 2-2 TCN-TPA £ i #8412 CBP » mCPCN %7 Ip 32320k B 7 3 0k 4 32 45 |4

host RE Mnax.fi | Mmax.ph | AEsr (meV) PLQY (%) Dipole

(Wt.%) (nm) (um) (onset) (nm) ratio(%)

9 730 735 0.091 29.6 80

12 742 750 0.092 27.0 80
Cisle 24 775 795 0.113 10.7 80

30 789 804 0.104 8.4 80

50 803 828 0.104 5.0 80

9 726 747 0.083 26.7 -

mCPCN
24 747 784 0.086 12.4 -
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# 2-3TCN-TPA & ek & > i HHHK CBP 4 fi R hn 2 4

Emiter  Host ToF D waremn  GaAn  Gmwd bt OO
85 2.2 3.3 0.2 0.1 6.17 756 (0.69,0.28)
Iwt.% 106 2.2 3.4 0.1 0.1 6.45 758 (0.71,0.29)
1256 2.2 2.2 0.1 0.1 5.93 770  (0.68,0.28)
CBP

95 2.0 4.0 0.1 0.1 3.20 775  (0.69,0.27)
24 wt.% 115 2.0 3.7 0.1 0.1 3.22 784  (0.66,0.28)
TCN-TPA 135 2.0 2.1 0.1 0.1 3.12 791 (0.68,0.32)

100 2.0 3.2 0.06 0.03 2.39 785 -

30 wt.% 120 2.0 3.5 0.06 0.03 2.48 802 -

140 2.0 3.0 0.06 0.03 2.48 802 -

115 2.0 0.7 0.01 0.01 1.24 838 -

50 wt.% 135 1.8 0.7 0.01 0.01 1.17 841 -

156 1.8 0.4 0.01 0.01 1.14 841 -
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F 2-4 ¢h 3Rk 4

W
Sk

Ly
ik

Ju

9

TCN-TPA

9 wt.%

12 wt. %

24 wt.%

30 wt.%

50 wt.%

CBP

26

34.84 29.6 10.31
34.03 27.0 9.12
35.80 10.7 3.80
34.22 8.4 2.87
33.72 5.0 1.69
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N, N
7 N N\
= =

NC CN

[B®] 2-1]TCN-TPA » =+ % 1‘?@
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600 700

Temperature (°C)

[®] 2-2] TCN-TPA #t & 4 47 Fl
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—TCN-TPA

0.0 0.5 1.0 1.5 2.0
Potential (V)

(M 2-3] 7% %% W

29

doi:10.6342/NTU202303080



A|(120 nm)

B3PYMPM
(75/80/90 nm)
EML

Host:x wt.% TCN-TPA
20nm

I mCP(lo nm) :

[F 2-4]~ & 4

TCN-TPA-Toluene TCN-TPA-Film
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Energy level(ev)

-2.0 D4 -2.24

2.8
-3.33 _
32 LiF/Al
= | & 4.1
—~ &~
ITO/MoO3 NIRRT S
£
@
-5.1 =
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Y=REW4

# 3-1EP-TPA &7 ¢ A AL L H

j‘ah\a) j’cma) (DF]. l()]a) PLI]«’ hh) T /TdC) HOMO/LUMO E €) SI/Tlﬂ AESTE)
Compound / P g ) g
(nm) (nm) (%) (nm) ©O) (V) (eV) (V) (eV)
Ep-TPA 388/523 660 48.2  632/667 n.a./495 5.26/3.23 2.05  2.13/2.08 0.05

a)
Measured in oxygen-free toluene solution at 298K.

b)
Measured in oxygen-free toluene solution at 77K.

D)
T : glass transition temperature; Td: decomposition temperature.
g
d
HOMO levels were calculated from CV data; LUMO levels were calculated from the HOMOs and E s.
g
e)
E : optical band gap energies were calculated from the corresponding absorption onsets in a toluene solution.
g

f)
Singlet/triplet energies (SllTl) estimated from onsets of the fluorescence and phosphorescence spectra.

9

50

doi:10.6342/NTU202303080



% 3-2 EP-TPA 2 i #8444 CBP ~ mCPCN ~ PVK %% 42380k B T 3 wisk 4» 70 35
1

host f% }‘E" )\‘max, fl ?\‘max, fl. }'max, ph AEST (mEV)
(wt.%) (nm) (nm) (77K) (nm) (onset) (nm)

3 662 666 679 0.14

6 675 685 708 0.11

CBP 9 684 695 695 0.17
12 696 693 717 0.14

24 713 704 737 0.15

9 700 689 703 0.13

mCPCN 12 702 702 700 0.06
24 723 726 740 0.05

9 714 720 746 0.06

PVK 12 735 725 776 0.18
24 735 758 775 0.13
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b)

N, N
2 /A
N N=
NC CN

[ 3-1] EP-TPA # TCN-TPA H# 4 + 51
(2)EP-TPA (b)TCN-TPA
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Solution process

ITO100 nm)
Glass substrate

[®] 3-4] EP-TPA i< OLED ~ i %1 ]
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[@] 3-5]EP-TPA 441 OLED ~ i &2 JEaiig * i fh 5 4 F Bt
(a)CBP (b)mCPCN (c) TmPyPb (d) PEDOT:PSS (e)PVK
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Energy level(ev)

22 04

28 2.7
3.23
< Z LiF/Al
= F s
ITO/MoO3 %) 2 O o 41
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[0 Experimental Data
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