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Abstract: Chiral luminescent materials possess unique optical properties and exhibit great research potential in in-
formation security anti-counterfeiting, biological imaging, optical display and other fields, which have become a re-
search hotspot in the current optoelectronics area. Nevertheless, it remains a huge challenge to realize circularly po-
larized organic light-emitting diodes (CP-OLEDs) with both high luminescence efficiency and high luminescence dis-
symmetry factor. In this thesis, adopting a chiral perturbation strategy, a pair of chiral host materials (R/S)-MB-
mCP were constructed by non-conjugated linkage between 9,9'-(1,3-phenylene)bis-9H-carbazole (mCP) and point-
chiral (R/S)-2-methylbutanol. The photophysical properties of the as-prepared materials was systematically investi-
gated. Then they were used as host materials for the emissive layer in solution-processed CP-OLED phosphorescent
devices. The CP-OLED devices were fabricated via a phosphorescence-sensitized phosphorescence strategy, achiev-
ing a maximum external quantum efficiency (EQE) of 26. 6%, a maximum luminance nearly 20000 c¢d*m~2, and an
electroluminescence dissymmetry factor up to -1. 07x107/1. 33x10”. The experimental results demonstrate that the

construction of chiral host materials combined with the phosphorescence-sensitized phosphorescence strategy can ef-
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fectively realize high-performance circularly polarized electroluminescent devices.

Keywords: carbazole-based hosts; chiral alkyl chains; solution processing; circularly polarized luminescence; or-

ganic light-emitting diodes
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H 1997 4F Meijer A1 A" & ¥k 4z 18 15 I $=
OLED LLK , 1 & 6 i B S H CP-OLED ¥ 4k 1%
TORE AR, o sz B R N IR &6 (CPL) fit B
Pz A ST R R T B AR A,
PSR TF 1 & 6o F o ARl SCHR R IE |, 3 5 A
J7 V5 AT AR 5 CPL A B < 55 — B J2& F 1 S b 3R
W, R SE o A e TR E A AR TR
JGEATT b, S B R g 4 A G (CPL)™Y 5 5% — Fh Jy i
BT A TR ST RO T B BN
SR RN DAY | STv i S 2 e e
9 B CPLAF 57 S8 Wt , #3881y K &8 4 F
PR G 3 F#8 R BT & 6ROk 6 T4 32 AR A )
AR D X BRI 7 CP-OLED 1Y & Ji .

F AR BHE S OLED #8444 & 5% J2 i 58 2241 1%
oy, A SRR — @ R B YeE T OLED 1
RO WL F o5 A F AR
STk FE AR RE, /] H 2% CP-OLED & JE i
I 1) [7) A2 (1) S48 3T 48 5K 8 3 Tk & O 8t
L FIB e 0L e & D1 280 % R v AN X AR IR, (H A A
W T 52 R W 4 1 5 5 BB G Lk 4, Bl
R SR — (9 RO () A T R B
ANEA FYEFRE A BE A R T Ve A% 2 .
AR, BT TP R B ORE B B 58 6 S BE 1 g
CP-OLED B A T LM L

2022 4 IRINK 747 16 % B IR A T
PE & 6 H EHR/S-C20BN) 5 4E T 52 {4 POT2T 43
THH T KT HMEL S EEM RN,
8 7 RF 2 4R fig & 5% 7 (Forster resonance energy
transfer, FRET) f(fk 4F F 1% £ & 3 & & Ot 41 k
BN1, S T d5 KA F R (EQE )N 33.2%,
0 TE(FWHM) A 42 nm, LA HL 80K 6 A % FR R
T (gp) N 2. 8x107° By CP-OLED, 3% & 1 R H T
PR B A F M B AS CP-OLED iR 18 . Fifi

Jo o 12 VR 2 o 2 AL Y SR R TP A AR R R
(R/S-TRZOBN)5 9E T4 45 1 44 B} TCTA JE 1l F 1%
WEE AW EE, LB GBIl S &R R 3R
T EQEn. N 32%, g N +3.1x107° AJ CP-
OLED", 20234, & Rg Bl T K 24 B #H 4 H Pz iR A
21 ) FH 3 %€ A1 CPL A BHE iy CP-OLED 1 F 4K 44
RS, X 45 EE T RO R AR R EAT B
b TR SR e P F ORGSR X 2
M FHRAS T gp N 1078y CP-OLED ,JIESE T F
PE T ARBR A AT AT o R R 2 L AR B R
T — R S A e AR R SR g, B
ik 2R R IR AT A ) 0 Tk HEAR S-/R-2C2 AR T4
B 3R G W) 52 AR I 4 A RS I R 4F MERE Y CP-
OLED. it , s SCAE 4 A 52 A BA LB 28 Sk 1 5
IC , 1,3-BL(N- P 1 ) 2 (m CP) B, 9-[3-(9H- s Wk -9-
)KL |-OH-I e -3-iF (mCPCN )Ry & 6 42, #4500
T W25 F % 3 AR 1 BH(R/S)-BN-mCP"" Fil (R/S)-L-
2mCPCN""; 43 51l LA 6 4 e F 22 o 24 405 Ak 48
R B R IR EAK LI T EQE,.>10% Fil
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LUMO fig 9 LA B 55 35 10 Ty BE 9%, 4 A 36 R b4
BH S5 R BETEE BB, AR 98 SCHE AR 58 b R}
1,3-Bis(N-carbazolyl)benzene (mCP) Z5 ¥ 1 , 5] AR
A 5 45 B (R/S)-2-H 3 T BEAVE R TR IR . =T
PEBE 0951 AL 2 52 T 1 RRE A 75 i 2 LAt 12
VRO 75 3K, L 3m ok Fk 5 AR S 0 4 7 A S50k fo
TSR s B R R BRI B T mCP AR Y
ARG, LIS T A AN T
AR BHRIS)-MB-mCP (] 1), XX FHELG Y
IR &0 = HAARRAE D CPLIE 5,
W A BUR SR X FR B Igp IR B 107, BT
X TPk F2 AR B ORE B ¥ W T A CP-OLED #5)l
PAE EQE, . & 5 26. 6% . 5% K5 B 24 2 20000
cd m?.g,, 23 W -1, 07x107/1. 33x10°,,
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PA(R/S)-2- & T W o U, >R AR LB Y
77 R mCP B0, Bt I 5 T — XA PN
F S Tk AR A BHRIS)-MB-mCP (18 1), ¥ 3x %
FAER RS AR T C R AR L IR A S A
= 3‘-1F:@ﬁ@ij"ﬁﬁi’ﬂﬁ@ﬁj"ﬁ@hosphorescent sensi-
tized phosphorescent, PSP)A J) il £ T ¥ W i T #Y
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(R/S)-MB-mCP
I I g =N
Fig. 1 Molecular Design Diagram

2.2 TBHRE
14 W) (RIS)-MB-mCP (45 1% 1% 28 1 &l 2a fip

L HARB G L BT

£ A Y F-mCP 14 K -

B 1,3- IR -5-9 (5. 00 g, 19. 70 mmol), I
M (6. 59 g, 39. 40 mmol). L 1£ W 4 (0. 38 g, 1. 97
18- % fif -6(0. 78 g, 2. 96 mmol). Bk iR 4
(8.17 g, 59. 10 mmol) Al 100 mL 4B — & 4 il A
250 mL 5 OO 7E A AR T THIR &2 180 °C
J I 24 /NI o W HE R, KON TR CHLCL %
HUs A MR A TE K Mg,S0, #E 47 T 4, U Hil
D&, 25 GRS 70 5 ) 4 W LA A 3 ik (PE) AT CHLCL, Ry
VR (AR LG 20: D) AT AR E M40 85, 1 3 H
[é] & F-mCP (1.87 g, " % 45%), 'H NMR (500
MHz, CDCIls) d(ppm) 8.15 (d, J = 7.7 Hz, 4H),
7.67 (s, 1H), 7.57 (d, J = 8.2 Hz, 4H), 7.48 -

mmol) .

7.44 (m, 6H), 7.33 (1, J = 7.5 Hz, 4H). "C NMR
(126 MHz, CDCl) 8(ppm) 165.03, 163.05,
140. 64, 140.55, 140.25, 126.39, 123.83,

120. 78, 120.59, 113.05, 112.87, 109. 69, 77. 33,
77.08, 76. 83.
L& YI(RIS)-MB-mCP )&

L BB F s

IB Cul, 18-Crown-6, K,CO KOH, DMSO, 90 °C, 24 h
I ' ODB, N,. 180 °C, Zj h ’ @ O I
| F-mCP I
(RISFMB-mCP |
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b c |
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| 1.04 eV 4// | , 91 ” 'GF)- |
| S—432eV 9‘} '? { l"?‘ B o |
. ‘ S8 B
: = ,I\ ( Ay A L 4 . I
| Fo=4.61 eV e |
| 1r1 =3.48 eV |
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Fig. 2 (a) Synthetic route of the (R/S)-MB-mCP; (b) Frontier molecular orbital distribution and (¢) the energy levels of S,

and 7.
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¥ 1k &% F-mCP (713. 60 mg, 1. 672 mmol),
(R/S)-2-H 3£ T £ (294. 99 mg, 3. 35 mmol), & A 1k
B(187. 77 mg, 3. 35 mmol)Fl 15 mL — H JE WA hin
A 100 mL B U A A8 BB F TR 2 90 °C
K16 /B o ¥ 3 2 =R, ROV CHLCL
HU; A HLAR N A TG K Mg,SO, BEFT 48, ok 3101 98
FBRIEF 5 R 438 DL PE A CH,CL, by 35 i 551 (1A 1
e 10: D)FEAT AR JZ BT 40 85, 15 21 (1 6 55 R P (541
mg, 7% 65%).

(R) -MB-mCP: 'H NMR (400 MHz, CDCl;) 3
(ppm) 8.15 (d, J = 7.7 Hz, 4H), 7.59 (d, J = 8.2 Hz,
4H), 7.45 (1, J = 8.3 Hz, 4H), 7.39 (1, J = 1. 8 Hz,
1H), 7.31 (t, J = 7.5 Hz, 4H), 7.23 (d, J = 1. 8 Hz,
2H), 3.93 (dd, J = 8.9, 5.9 Hz, 1H), 3.84 (dd, J =
8.9,6.6 Hz, 1H), 1.94 (h, J = 6.6 Hz, 1H), 1.36 -
1.23 (m, 2H), 1. 06 (d, J = 6.7 Hz, 3H), 0.97 (1, J =
7.5 Hz, 3H). “C NMR (126 MHz, CDCl;) 3(ppm)
160. 54, 139.53, 138.92, 125.09, 122.53, 119. 38,
119.21, 116.25, 111.19, 108.85, 72.56, 33.72,
25.09, 15.51, 10.33. MS (MALDI-TOF) m/z calcd
for C3sH;oN,O [M]': 494. 638; found: 494. 235.

(S)-MB-mCP: '"H NMR (400 MHz, CDCl;)
(ppm) 8.14 (d, J = 7.7 Hz, 4H), 7.58 (d, J = 8.2
Hz, 4H),7.47 - 7.38 (m, 5H),7.30 (1, J = 7. 4 Hz,
4H),7.23 - 7.22 (m, 2H), 3.91 (dd, J = 8.8, 6.0
Hz, 1H), 3. 83 (dd, J = 8.7, 6.7 Hz, 1H), 1. 93 (dq,
J=13.0,6.4 Hz, 1H), 1.65 - 1.55 (m, 1H), 1. 33
- 1.26 (m, 1H), 1. 05 (d, J = 6. 7 Hz, 3H), 0. 96 (t,
J = 7.5 Hz, 3H). “C NMR (126 MHz, CDCl;) &
(ppm) 160.51, 139.51, 138.90, 125.08, 122.51,
119. 36, 119.20, 116.23, 111. 16, 108. 84, 33.71,
25.08, 15.50, 10.32. MS (MALDI-TOF) m/z
caled for C35sH5oN,0 [M]": 494. 638; found: 494. 290.
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3.1 BigitHE

L b3lyp/def2SVP Sy 158 B 40 3 iok %% 5 127 R
FEIE (DFT)H A AZ % 12 oR B8 (TD-DF T L 31
AL A W(S)-MB-mCP (i 3CH AL TFE L0 T8 S # 7l
&, T LA a8 (8] LA 45 04 i ok 25 4%
Bl . A 2b FEoR L (S)-MB-mCP & 3 H B 8 19 41
iy o3 A8 Y, I o A T LB (HOMO) Rl i IR
& 45 4 F HUIE (LUMO) 43 31 43 A 78 R A4S v sk 3
M. 3845 R R AL A P(S)-MB-mCP ) HOMO/

LUMO BEZ% 43 % M - 5.65/ - 1. 04 eV, REB(E,) N
4.61 eV, [ 8K EKIEFLIE (NTO) S #T 2 BH (S)-MB-
mCP 7E FL 2 25 (S )2 2 B 23 /O L 7 3 1
FH oy e (K 2¢), R W LLHLff % 7% ('CT) ) & 5 1Y 4¢
Mo AR, 25 O T AE =4 A8(T))Hh R B B 2
1) S, B LR B DUR MR B (LE) Y &
BIRETE . B SR BN S, M T A REH AT A
4.23F13.48 eV, B M =S REHIR T T (S)-
MB-mCP H 8 1E hy E MR B 3E L3, i — 2
PO T 43 F WO A 5t 5 1R v Y L BR AT
8 B2 6 (3.00% 10™ esu cm) Fl B BR 1T 18 B 46
(2.39x 107 erg G™), & F b i1 53 i 45 1 #Lie & 6
AXF TR T (grn) 29N 2. 97% 107, 31F B 73 1 R 3
By g | AT SR s 1 A vk o
3.2 RAZFMEBLFENER

T 43 HT (Thermogravimetric analysis, TGA)iH
2 7R (S)-MB-mCP 1 #8531 B2 (T, XF R 44 4
5% WK ) 355 °C (&1 89), & B ax X T 1k
G HEA RN IEE N R BB R
il 2 B3R

K G FRAR 22 75 L T 645 P0(S)-MB-mCP 1y
A= R . TE0~2 VYL N, LA L FE B
R A] Y S 7 . i & S10 BT AR, (S)-MB-
mCP 1AL (Eg) R 1. 26 V, I AR E 000 =
~(Epy +4.8-E, , )HME, . =0.48¢V), it &
251k & ¥ (S)-MB-mCP i HOMO fEZ% ly - 5. 58
eVo G LUMO BEZAR #5 H HOMO RE K A
SPAHFBR(ET, B = 1240/0, Jorp A O A6 Y D
G K, B A AR E = EV + Eyoyo 1T
BAGWHLUMO MAEH N - 2.0l eV, 54
() I 1 32 A B4 BE mCP A CBP AH [ (mCP F1 CBP 1
HOMO 5 LUMO REZK 43 5l 7 -5. 9/-2. 4 eV Fil-6. 0/
2.9 eV), LA WI(S)-MB-mCP % L Hi ¥ 5 49 HOMO
A LUMO BB . X (15165 P (S)-MB-mCP
1 HOMO fiE%% 5 PEDOT: PSSHEZ( - 5.1 eV)Z[i]
() E B 3 S /N A R TS0 B O A BE AL T
AT 1 LUMO e 20 fifi Ak G W e % 5 )5 22 50 9 i
FH B 25 A b 6k 51 BB B 1) i R D
3.3 FYEiEsg

W IR T A& W AE B R W b i 25 4b
W (UV )L 1S DG BUL G (PLOG 1S DL K 72 W h
AR 2 ' I B OGO 3E A SO B L S B B T
1. WE 3R, A P (S)-MB-mCP 7£ 280-
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Tab. 1 Photophysical data of the compound (R/S)-MB-mCP.
! p . ST d’EH()MU/ ltELUM()/ gl’l,
Compounds ")ta,u(nm) “/\m(nm) ! ‘SleV ‘T /eV er/OC T/1°C )
/ns (eV) eV eV “ (107)
R-MB-mCP 293,326,340 345,361 8.6 3.62 3.06 0.56 -5.62 -2.05 341 99.8 =2.42
S-MB-mCP 292,326,340 345,361 9.4 3.62 3.06 0.56 -5.58 -2.01 355 - 2.28

(a)ZE 3l T HY R b s IS (N =295 nm )5 (b)7E 230 T HT A N ik (A =365 nm); (e)E T 77 K SO MBOLLIE 5 /= 2k
AR\, =295 nm); (d)HOMO Hi B AL (CV)IRA AR AS , LUMO H HOMO Bzt BRIT 555 (e)7E N, 40 T LA 20 °C/min (¥ i #4580 500 45 5 (F)

16N, 5CFE R BL 10 °C/min B B s = 0 45

(a) (b)
= S-MB-mCP = S-MB-mCP
=101 Abs@Tol 5 1.0 FI@77K
= PL@Tol s Ph@77K
= >
0.8 5087 5,=362eV
I s | T,=3.06 eV
£ 061 £06 : |
w
< T I [
5 0.4 T04{ | \
8 N I I
T T
2024 £0.24 | '
E 5 I !
2 =z ] l
00 : : . . 0.0 - T — \ ; .
300 350 400 450 300 350 400 450 500 550 600

Wavelength (nm)

Wavelength (nm)

B3 LG9 (S)-MB-mCP G B RE IR« (a) 76 3 AR T RVA (1107 M) (9 58 S IR M (UV) JE 3 FOBEUR O (PL) G
T (N=295 nm) 5 (b)TER HV AW (1107 M) H A AR 26 AL L 1 (X,,=295 nm)
Fig. 3 Photophysical Properties Diagram of Compound (S)-MB-mCP: (a) Normalized UV-Vis absorption (UV) and fluores-

cence (PL) spectrum in diluted toluene solution (1x10° M) at room temperature (X.=295 nm) ; (b) Low-temperature

fluorescence and phosphorescence spectra in dilute toluene solution (1x10° M) at 77 K (\,,=295 nm).

350 nm {1 [ N0 %2 B A R 6] B 0l s, e
293 nm &K [ w-ar* BRI 1Y 58 W U, 0T 326 A
340 nm [ 55 W U5 HE 0 0SB T 4 N R fer A RS
(ICT)™ . kA WA W R0 W v 3% B0 1 0 4 45 /) 1Y
Ko, KB AL T 345 A1 362 nm, H & SRR S
mCP [ & FHRFPEARRL . 59 By PLOGISAH LL
WA PLOG IS R B a8, Hode KR A
400 nm, X 2 Z A 45 T RER T B8R 19 5 7 8] A1
TAEH . 40 3(b) M (S)-MB-mCP 7£ 77 K F | &
IR TR 28 O B eI . MR e b e L Tk
YIS, M T B 5 TR 3. 62 F13.06 eV, HE
A8 B PR e AT AR ) AR AR AR LG AR P (S)-MB-
mCP HA5 & 1 T, BB % (mCP [ T, 4 2.90 eV,
CBP W T, 0 2. 60 eV)™", 3 g i BT 4 MoKy — H A0
TR AR A2 v, BT TR AR RE

Wil 5 75 A 1 A5 4k L 1A 0 (S)-MB-mCP 7E
AN 5] ¥ 70 v S A X AR 1 PL O S (81 S12), %
WAL &I LA LE K& 41k £ . e b L& ¥0(S)-
MB-mCP 1) B 25 5¢ )t 6 1% AN 52 B0 PR 48 5500 0ol

PE,RICHAMC )R 9. 4 ns(E S13), RHIR [ 2k

WA T T AR OBHR/S)-MB-mCP
TE WP RS W RN 4B 2 RS () CPLOG I (18] S14(a,
b)) SE I 25 R R T ML A W 2 R B AR R
PRI CPLYGIE . Horp | (R/S)-MB-mCP 78 H 25 75 T
oI gy 43 1 K -2, 42x107/2. 28107, 24 LA (R/S)-
MB-mCP 2y E AL, #5543 F Bis(4-phenylthieno
[3, 2-c]pyridinato-N, C2') (acetylacetonate) iridium
(I11) (PO-01)K & & #4 KL, B 5t 43 7 Tris[2-(p-tolyl)
pyridineJiridium(IIT) (I(mppy ) )} AL F, A2 2%
W 11 g, 43 T -1, 28%107°/3. 78%10°, 2% W] T
FARB R CPLAE 5 7T A 20 3 S ik ) o 7 1%
# 4k T4 2l & 6 R PO-01
3.4 HEENRMERE

HAEFE(S)-MB-mCP AE S 4K 1 L BUR OG(EL)
PERE , I8 SCEE BB A BL(PO-0 DR AR M KL
eV FE R 20,25 F1 30 wi%), 38 5 1 AR 4B 28 vk B
TRUE T A R 08 0 & AR o3l AR A Ao n ]
S15, R PLYEIE 5 PO-01 Z AR R UV %%
ZIE A B S, B A R R ) T BB AE AR A ALY
Forster 24k fE 4 B (FRET)., 18 3R HIE W T
T2 45 T 4549 9 ITTO/PEDOT: PSS(35 nm)/EML
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2,
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(35 nm)/DPEPO(9 nm)/TmPyPB(50 nm)/LiF(1 nm)/
AL(100 nm ) #5844 , H 45 K4 7= 2 EURUA 64 Bk 2
R T R S16, a1 BUHE SAE WK ST, TR
# b, PEDOT:PSS FAE 25 7 A2 LiF F/EH
T AR, AUHAEI R, TmPyPB 1 i 7 1% i
JZo RN TR R PR R E A
B BB TR SR SRR C, I8 SRR
J6 25 HL P AL B R A 28 ST $S 2 DPEPO.
FEA AR 2 2R B A O R G EL OIS iR Kk
SPUEAL T 566 nm 2247, iX 5 PO-01 /4 PL G & B
W) G (U &1 S15), 3R W &5 1 & D6k B2 R B R A
fIE % 5t 5 9F H EL Y635 A& 52 B0 3 0 R & 5F 0
UL E AR KAt & RE B B (B S17, &
S1)e #MHMEZH E(V,., @ 1 cd m®)h 3. 420. 2
V., EQE FI5E FE 5 35 1 0 o I A1 A o 4, ik 2 e
PR K BB AR TR . Nk SLFTR
PR REAE B ZL Wl 20 wi i R B A, Hovh
3 T 1k & % (R)-MB-mCP 1 2§ 1F &% K 52 B K
12330 cd m™, EQE,... 7. 3% ; 3 T 1L & ¥1(S)-MB-
mCP ) #% 1 6 K 52 R 7835 od m?, EQE, . M
8. 1%.

WEAE R B BIE © h S 9 e A R s 7R
& OLED YA %R ms"™ . 5 1% 48 ¢ 6 itk 77 A
[i] , B 't fCAk 500 AT 3 2o R [ R (ISC O 3% B i
A = EABCT, DO S B Ak ) 5 A RO
B Z (819 FRET o #2 , 2 1 90 1 38 7 1 K R &R
W, BT DL A SCHE— 20 R JH PSP SR g
DL T3 PR AR

% F W5 6 A R Te(mppy); (9 PL G % 5 PO-01
B UV G TEAG W & & (] S15) , il A B 5 Bt i %
B FRET i 72 o I, I(mppy ) 98 326 £ 4 SAk 590 .
Ak 4% 15 (9 45 49 4 . TTO/PEDOT:PSS(35 nm)/EML
(35 nm)/DPEPO(9 nm)/TmPyPB(50 nm)/LiF(1 nm)/
Al(100 nm)(#5 14 :S1-S6) . H, kL E450 R F
PEF BB HE 220 wi% Ir(mppy)s: x wi% PO-01 (x = 3
wt% .5 wt% .7 wt% ), A 7] % B AR O D 20
wt% . TEBAL SR O, T RO o oR T
B L o7 A% i R AR E L &K PO-01 XL
PRAFR AR M B RV AT 5 o A ) e s e R HE g &
K AR B[R] 5 38 RE AT S ) = A - = AT
KOTTA) FIHE BB K o AH L 5 1 1 B UL 181 4 A&l
S18, R R S 45 T3 2,

F2 HUFME(S1-S6) FAKR B =4 (D1-D6) EIEIC 2
Tab. 2 Data Summary of Sensitized Devices (S1-S6) and Unsensitized Devices (D1-D6)

Devi Dopant “Von bCEmux ‘L, dEQEmax, 1000,5000 (%) Peak CIE
(wi%) (V) (cdA)  (edm™) (%) (nm) (x»y)
's1 3 2.8 80. 2 13820 23.8,13.9,12.3 558 (0.45,0.52)
's2 5 2.8 86.3 19110 26.6,17.2, 10.2 562 (0.47,0.51)
83 7 2.8 56.9 12330 17.4,13.2, 7.70 560 (0.47,0.51)
'S4 3 2.8 63. 1 13880 19.2, 16.3, 9. 81 560 (0.45,0.52)
'S5 5 2.8 81.2 12770 25.2,16.9,12.4 562 (0.47,0.51)
's6 7 2.8 48. 8 13980 14.9, 11.3, 5. 26 560 (0.47,0.51)
ipl 3 5.6 15.2 2246 4.55,4.51 558 (0.46,0.52)
D2 5 4.8 17.6 3451 5.33,5.13 560 (0.47,0.51)
D3 7 4.4 18.5 4556 5.66, 5.39 562 (0.48,0.50)
D4 3 5.2 13.0 2585 3.95, 3.87 558 (0.47,0.51)
D5 5 4.8 15. 4 4702 4.64, 4.58 560 (0.47,0.51)
D6 7 4.4 18.6 7153 5.64,5.34,4.35 562 (0.48,0.50)

(‘B 254 2 TTO/PEDOT:PSS/Host:20 wt% Ir(mppy),: x wt% PO-01(50 nm)/DPEPO(9 nm)/TmPyPB(50 nm)/LiF(1 nm)/Al(100 nm))(S1-S3
F &N R-MB-mCP, S4-6 2}y S-MB-mCP); “HE M fk % {445 ¥4 4 TTO/PEDOT:PSS/ Host: x wt% PO-01(50 nm)/DPEPO(9 nm)/TmPyPB(50 nm)/
LiF(1 nm)/AL(100 nm)) a:FF it R (SEHERTF 1 ed m™); b:CE, | AR KM AR ¢: L IRKRFENE d: EQE, 100 5000t TR RIMEFEE K 1000,
5000 cd mFEEE T (95N T3 et PRI K EQE I ik s £ 3505 f K EQE s ) 2k 1 [ oy HE B 25 51 23 (CTE AR A%

AL A% PF (9 BL G 3 5 KA ST 18 47 T 560 nm
e, G ARBACE ORI, 32 W A% 08 S S ok U T
FARFRL . A BB AWK E 3 wi%e ), EL G
T S B TR B RO R A B 0 B R AR 2 U
JEE B4 e, ST 4 A S 0 Y 8 53 2 T O, R ]
A AR B TR 8] K A A RO RE e B (1K 4

(b)FI & S18(b)). 4B MR EE K 5 w9 I, #5111 P fiE
He A, T (R)-MB-mCP iy 5 11 Fe K52 236 %) 19110
cd m?, EQE ... M 26. 6% ; 3 T-(S)-MB-mCP 1) 5 {4 i
KEEJEIKF] 12770 cd m?, EQE . N 25. 2%
Ak 2% 14 09 JF B L R AR E 7E 2.8 VL, X AT fE
S BT A — 25 A7 3 A% i, DA
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Fig. 4 Performance diagrams of sensitized devices (S4-S6) prepared based on the compound (S)-MB-mCP: (a) EQE-L, (b)

EL spectra, and (¢) J-V-L curves of the devices.
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