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BHLE I W (OLEDS) A RFE . R IGRR . | AR b SR 254
R AR AR R B B B S 2 B % S T2 Ok . A LR IR RO
(CPL) M@ —FhiiFF 1k &S0 75 2 F A F-ME B ot e B R S ok
FIM G . WITE OLEDs KOGJZH gl NF KRG T, il i i 4 & o' 2% 1F
(CP-OLED), WJsE3imixy bE BEAN =il M A B RO s #E— B AE T RO 01
S NREE RO (AIE) HETERER], WA TH CP-OLED #84 H) A G PERE -

Bk, ASCHTE T — R AIE BRI MEAE LT RS, R AIE
T I BE R T MR R OGS AT, Rl T MR AR L 50 0 T 2R SR O
RNL, P ARGk P AR RS . SEI DL 4-IR IR 4,4- P F R AR
MY, 4 McMurry, Suzuki 25, ARk T VUK 208 5 B 1 T
PEBRZEMATAEY) R-6 (FBE) Al S-6 (KB W T. HEYI(R-6/S-6)HE R
& AIE VEMERFIE, Wik & S-6 fEVY SRR EE AR R (B KARAR 734
99%), SALNYSIRIMIERAHEL, REERIFOCIRENE 785 15, [FIN, L&
PRI 265 i AR TR B (5% 73 AR FE KT 400 °C)FITILEC I ALIE BE SR (ELumo =
-2.55 eV / Enomo = -5.26 eV). 73 AL &) S-6 (L&Y R-6 NEIG)ZE, WliE
URiEHI ) CP-OLED #3432 RAF I AOGIERE : SRR ST 530nm, &
HCIE A BRI T gem = +3.2%10° /-3.0x10°, % N T2 1 cd/m? {18 2o HLE
N 3.18 1 3.24V, E K HIRABE M H K E ik $) 1.32 1 1.26 cd/A H18061 /
7946 cd/im?. ARSEER A5 FUIESE T REE T ROCRE BRI M TS T A EE N K
VERE BRI 1R AR TR m iR R 62 4F, 2 A LTI R K. OLEDs #8441
g — 2 T I 7 AR 7 1
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Title:

Synthesis and characterization of AlE-active chiral binaphthol derivatives for
OLEDs with circularly polarized luminescence

Abstract

Organic light emitting diodes (OLEDs) are characterized by high brightness,
high efficiency, wide viewing angles, flexibility displays, et al, which have attracted
much attention for their potential applications in full-color displays and solid-state
lighting. Organic circular polarized luminescence (CPL) refers to a chiral luminescent
molecule, which can emit left or right circular polarized light itself. By introducing
CPL materials into the emitting layer of OLED, a circular polarized luminescence
OLED device (CP-OLED) can be achieved with high contrast and high resolution
imaging results. Further introduction of aggregation-induced luminescence (AIE)
active groups can significantly improve the luminescent properties of CP-OLEDs.

This thesis focuses on the design of AlIE-active chiral materials for CP-OLEDs.
The fluorescence intensity of the chiral compound can be increased significantly by
AIE effect. On the other hand, the interaction between conjugated chiral unit and
AlE-active chromophore can produce the synergic chirality enhancement effect,
which leads to the increase of circularly polarized luminescence. We synthesized
AlE-active (tetraphenylethylene) chiral binaphthol derivatives (R-6/S-6) from
benzophenone compounds by McMurry and Suzuki reaction in sequence. The AIE
property is demonstrated by varying the H,O fraction of compound S-6 solution in
THF/H20 mixture. The generated aggregates of compound S-6 from 99% H,O
volume fraction solution show 785 times higher emission intensity than that in THF
solution. Furthermore, the compound exhibits thermal stability with 5% weight loss
temperature over 400 <C, and suitable highest occupied molecular orbital and lowest
unoccupied molecular orbital energy levels (Exomo =-5.26 €V / ELumo =-2.55eV) .
As a result, using the enantiomers as the emitting layer respectively,
solution-processed CP-OLEDs exhibit electroluminescence dissymmetry factor (gem)
of +3.2x103/-3.0<103. In addition, the turn-on voltage, maximum current efficiency
and maximum-brightness of CP-OLEDs derived from compound S-6 / R-6 are 3.18/
3.24V, 1.32 /1.26 cd/A, and 8061 / 7946 cd/m?, respectively. In any case, our research
suggests that such AlE-active chiral materials have a tremendous amount of potential
for CP-OLEDs, which can be regarded as a new research field and direction in the
research of organic chiral materials and OLED devices.

Key words: Chirality, circular polarized luminescence, organic light emitting

diode, aggregation-induced emission
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REFIEANFPHRBERTEIE K. RIE
B[R i & o6 A 14 RE B 7C
1 BIE

1.1 FPHERHES Bl iR R LR

T Cchirality) RpfEFdA7AE T/Edr. HORS, fE. ¥, T,
DNA &5 (B 1. BA TR E W 2R BUL R PR BT, WG LR iR A0
(circularly polarized luminescence, CPL) #fise—FiiTFH kI eWmxt £ FE
A TR E R IR G R S IR (B 2D BERIRG 0 s PR A2 xS
FRIAF Cemission dissymmetry factor, gem) KT, gem=2(IL-Ir)/ (IL+Ig), I F
IR 73 il 9 22 T ANAT T A G B 5B BE - gem IELAE[-2,2] IX [A] Y .

1997 4, Meijer S5 N E XAETIEILHER SV A6 2 1 5 = A6
U, B, — R EA RRRAOCHET GRS ok, EE B 54t
P SLAR =R IN . TOGTREN SR U A TR 1 R .

B 1 BARFATHTFHEIER




Left Circular Polanzation Light (g,,,,,~0) Right Circular Polanization Light (g, <0)

B2 A e I i '

1.2 REFEIFROCHAE VB INREM R KX OLEDs#R 414 RERFF 5T
BT R ERE WA LA G % (organic light-emitting diodes,

OLEDs), HAmw. [RIBsh k. A& R RREE 2R, 1 —
AP R ALY, ek BRI R S IR T A BN AT R, 2 3IRH
FRIPAL S = BE AL . fEOLEDs# A Hh, A LA B AR CREESD R
HIRe, XEAERERE YUEEEREL, @HIEN T, RIGMEHERM R A
ABERR IR, AAERERBEREST, o TR En-nHEER, KGR
FREAETER, PR T RESEIOLB K (aggregation-caused quenching, ACQ) i
FU, Ko HE N OLEDS 3 M A G R AR T . ALREA (FHRHK
) 1E20014F 15 pi (¥ 2R HE R AT AR W TE RERI T RO ES, ITE SRR T %
JGORMEEE G o, XM REACQ BRI, MIME KR TRER TR
(aggregation-induced emission, AIE) & (E3), FEfEIRH“/rTHNiEs) (&
FEEE ARED ZBR A, 52 T2 RAMATTE, ZE R, A Z R
TAEFE A FZNA N F AT GRS MBI, FFRE T B AIERE LR &
T ERITTH T AN BT T, SRR UK LR g AT AR 20735
CIERACEY) . VORIENL RSG5y F 00 (E3).
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~< AlE

, My 80 oo o

B3 RN SN RER T AOLMER (AIE) MR AIE & 17 7

Hexaphenyisilole
(HPS)

NRTEAIER 65T EOLEDs &A1 R R, B 0 # (EAIETE P 5t
W BN U TR R, WrE DR 20 (TPED AIEVE TS ITH - HI5I N —
RIET . ZRIFIRIE . TE e, —ORfE . R IFME AR DY, AT AR ORAIE RO
b ] A MR RO R R b, SR BOR A VERE . R TLD
S FHUEREREE L, A BT FAK S 52 f Uk S FFOLEDs I R ' 23 A5 2 A P R
AR TR 2 4/ 2 2 FE R A A E TPE B 28 b [R] B B NS Rk (s
THED M=Kk (G2 7GERD HlS XU G (B4-a) , A
FATUE100%(1 5 B 1777 %R, Hl OLEDs 88 F I i KA (Lmax) ~ FLIRALER
(CEmax)  #METRHE (EQEmax) MIJHAE (PEma) 7371k $125300 cd/m?,
16.8 cd/A. 5.8%7#114.6 Im/W.

10

10?
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4— Nondoped OLED
p—.—.—'—.i'.......l.l..
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c ‘ 2 a € .
=]
3 S S ey e - _HOMO ump
o ° o ! e ;
e = X
g e ¢ ° g 10" Y T3
= oy LUMO .
2 - B4
] 3 . 1y
w Ly = 125300 cd m2 g0 =16.8 cd A™! w .‘::w b
Hpmax = 146 Im W7 gy = 5.8% 22 e
0.1 ; S 10? - ; . ;
0 1 2 3 4
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Luminance (cd m?) Luminescence (cd m?)

(@) ACS Appl. Mater. Interfaces 2016, 8, 16799 (b) Chem. Mater. 2017, 29, 3623
B4 & AN FE A OLEDs %4 14

TAk, R EAIESOCH BRI, 2 R4 R0, AR TELE
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BN (TADF) B HLIE AN = 235 - = 228 KN LI S50 1R e A BEA L 1 5
ANFIAIER MRS, JE— DR aE T8 — AR e OLEDs #4411 & e 4., i
JEAR LU IE B D-A-D SR T B 0y 1 (Bl4-b) , BREE ANy WG /1y I
BRI R AR R, (I AA KM AEsT, (FILFER R HAIERMTADFMR, 1
NRNFAR LL6%IR L 5 244 /ECBP il %5 FIOLED #34, AOLRA 1i519.2%, 60.6
cd/AF159.2 Im/W.

Bz, FMRARERSIOL, UGS TEMEN, BTAIEEEERNE
LR S ARk e L AT e 11 [ 25 S B A ' A 3 R R P 00 P A A e 7, #E
OLEDs#} 4 iR E K (82 g, 5281 1t 5GP BHIE N 52132 SRR R
ERHE (Chem. Rev. 2015, 115, 11718).

1.3 B {miR & ) OLEDs #4486 52

% OLED At B TP R 7~ AU, Aok 3 vawd Lo FE A e i Wb 2 S
(9 H B, 7% ZAMI— Mmoot A — AU 22— K o P DA B R B R 52 1Y
T, AEARGEES AR R A AN 380 SR 28 il & T EM R R, SR
A ARG N, T H, H TR GRS A E 2 — B4 RO E R G,
T3 7~ 7 B A0 2R 123

17 OLED #4 KL ¥ it v 51 N F- ¥R e i kb, il 5 [ i 4% & e 4% £F
(CP-OLED), R 87 I T~ V-4 di i~ 25 T LA G A58 P i o' 25 1773 3 P W AL e 451
K, AHELIEIT LR 3D BB ERM, %T OLEDs 76 VA Eaw Ak =4k
R ST TR RLF R SR, JF R T AL R A T B R ROk B8
(CP-OLEDs) AHEEZE L. Hui NI, #l#% CP-OLED EZEA WA AR
%, — KT EY S AT RO RS I AE— S R e dA 1 R  TE
JZ, M CP-OLED 284, 140, Fuchter 5 )\ K T L0246 5 3Tk L5 5
Jiwi o TATER M BB /5 —ig, LAAEN OLED #MFMRistEE,
PR RIEAS IR T gem AT LAIEE] 0.2050, — & M0 75 AL B0 5 9Ok
JOERISE S, TSI A B RS FE RO R Billn, Song S5 AN F RS
My i B 5 BAT POE B ROGTR T VOGR4 &, R T — RPN HA #IEiR 5%
SEARFPE R FHE R AR A AR, Kk B R e BHE R RO BRI R T 2, /T
A CP-OLED #ft, FFR I H AR AT (2 1 e AL,
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1.4 AR vt B B

Gty FL R SCBORT, TN A £ 4L CP-OLEDSs 3k, K147l CPL 44
AT A HLN 4 54 T 6 P b 04R8P BB 6
AIE RICHE, 14 IR EATRCE Qe {8 CIRHIRFERE) FRGRLER AL TERE I
CP-OLEDs %0 FLARIE A 20, [k, A SCil & l— 23 R 5
RIS AL 5 TFE OLED M%LE, FIF AIE WIS T4
PORHRROURE , RN FPERFAEE S04 T e A ORI, 7 A= S B
R 615, MR A th I R gem LT 6 RS R 0 M B 1
CP-OLEDs.

SO BEBEZEM (1,1°-bi-2-naphthol, BINOL) N F- 14> T80, Hor T8 b
EEAMLIZER G, BT 2 AL A R ma (45 N 25 e 1, 10-
R e 2 BIEAG, HmRARE TN R REMN RS, B2 A
AR AL, 3t 2,2 | 3, 3%- 1k 6, 67~ HEAT BT LIS 245 Z RE
FHAP R, ARSLIG TR F IR ZE I ) 3, 37- S5PUK ZJG ] (AIE $0)
gih, R3 AIE FFHERENFHBEMmATEMIERNRICT, W% R
CP-OLED. WM& H K. RIGHBIFMERER L, HBURHEAHKE T gem =
+3.2>10° /-3.010%3, 5 E . Bk ISR AR RS 4r 5ih 3.2V, 1.3 cd/A.
8000 cd/m?,

2 LR
2.1 A5 R

FERFVEHE: RIS-BZENY . 1E T4, . 2R, 4-9R K H . DOSILER.
RO ER AR BERR . 4,4'-DY H L U ORI . SO R IR, DUSRRIE (THFD
TSy BT AR, ) SK T 22 5 A 7]

MAas (5 FEAF: 306615 (RF-5301PC ). NMR av-400Hz
(Bruker Daitonics). #E 7 H74% (Pyris 1 TGA Perkin Elmer). 48366 it
(UV-3600 &), B it (JASCO J-810). AR A& itk (JASCO

CPL-300).




2.2 ROGE & SRR RAE

FEYE: B, K 1TO BEEE 7R CH2Clo R P IE BE 20 408, AR5 16 B
G T BN BEVE TV SRIE UMLK . TR Z B 1TO BEI BB 75 15 434k,
B R3O Fr BT AR, 80 °C Tk 30 7B

FRAFHI S T 1TO BEH r7E 58 Hh — SRUAALES T AR Ab 3 30 73 s TEBRHA
Jv_LJigdx PEDOT: PSS JZ (3000 r/ min, #riE/E /&7y 25nm); Kixf PEDOT: PSS
JZ ) 1TO BEIE /78 120 °C FIE K 30 404, SR J5 45 1TO BEI T #88 BI R ST
WTFEMT. RIREGE R BoRakEEy 10 mg/mL SRR, 3000 1/
min, FREEEJ 35nm), fieiRseE, K ITO B Fin#G £ 120°C iB-k 30
B, FREBEANAEEAEDTARNZ (TPBIJE 35nm). Z&#E5E/E, #HiX
BANE=ZIESG, K 1TO B4 L TPBI Fl 2i—#, f# 1TO #REE HR A F 2 {FBH
PO i, RIRZEESJZ (10nm) FNEYZE (100nm) JgRARR o s s S A i
A D

BAFMERERAE: ARSI SE T, CP-OLED #8f4 i) L ift 55 i - i JR - 3 JiE
(J-V-L) $5PE7r 7 PR-655 Jtil s fE ik A&l PR-655 vk A Ak AR E
Keithley 2636A Sourcemeter J5 2 Ml R Gtk 47 13K
2.3 WEWE R

Hbrfb &9 (FHERZEMATEYD & s, Scheme 1. M KT
A R 2) R, I McMurry. BIBRER G S N AT Suzuki SN A RAS R T A
AIE J5 HEFAE 225 1) R-6/S-6 W5 F o

o

¢~ Pd(dppf)Cl,, KOAc ~_N
Br 2 TiCl,/ zn \/N O O N_~  1,4-dioxane O
+

e ™ oor, Teet VM
o 4 04 Pd(PPhs),, K,CO;,
/\N N/\

/ ! K 1) NaH, MOMCI > Toluene/ H,0
L, ameis
3) HCI, THF
4) K,CO3, n-BuBr

R/S S

Scheme 1 FHELZEMATAI(RIS-6)7% 65 T I H Bk

2.3.14EW 3 Bk
76 250mL = #Uf 0 in N & K5 (2.54g, 40 mmol), 4-7R — 2K H R (2.59g,

10




10mmol), KIKHEH (3.24g, 10mmol), J&/K THF (160 mL), B FRE ALY 14K
RAEVKER IR HEFE N 15min, BN TiCla W, 4RSL0RR B 30min; 1
JeKs R SR R NFA, AR IENR 12h (80°C A2 44); il 10% KoCOs A K R
FI CH2Clo ZEHUR B (3x50mL); & A HLAH, FH/K BV, Jo7K. NaSOa. T
BRI, KRR RN A ChE &5 10/1 viv,), 3 EITR IS
& (L& 3), 2.32g, WLHE: 42%. *H NMR (400 MHz, CDCls) 6 (ppm): 7.20 (m,
2H), 7.10-7.04 (m, 5H), 6.92-6.84 (m, 6H), 3.3(m, 8H), 1.15-1.10 (m, 12H).

401
357
3.299
_~1.151
1099

el |

T T T T T T T T T T T T T T T T T
85 80 75 7.0 65 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 ppm

el -

B’ 5 1k&4 3 1) *H NMR i

2.32 1LEY A KB

BARST, fE 100mL =HUEHIMAALEH) 3 (1.359, 2.44 mmol), FEEERHH
(0.84g, 8.54 mmol), BXHHERATMFELRE (0.93g, 3.66 mmol), Pd(dppf)Cl.(88mg, 0.12
mmol) FJE/K 1, 4-"%/N3 (30mL); 7E85 T TN 24 h, A=, N
A CH:Clp. (50mL), ## /K (3x50mL) ¥k, AN IEK NaSOs T/,
BRI, MR GEAEENT B Al CRbid & H kG 7/3 viv), 13313 E AR (1
&Y 4), 1.359, ILF: 92%. HNMR (400 MHz, CDCls) 6 (ppm): 7.54 (m, 2H),
7.06 (m, 7H), 6.87 (m, 4H), 6.39 (m, 4H), 3.29 (m, 8H), 1.32 (s, 12H). 1.12-1.09 (m,
12H).
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o m=T o - 0~ o
8 85 & & a=g
~ ~N© © L] -
WA NV

J_Lu I} Lul’

| ARRAS AASAS RARRS RARAS RAMSS RARAS RAMMS RRARS REAMS RARMS RARAS MAAS MARSS MRS RARAS RAMS
85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 ppm

& 6 L& 4 1) *H NMR i

2.3.3 &M R/ S-5 1A

WA Rl S-5 K& RS RS SCIUE IR, 7= 5O IR B 74(3.35g, Y.
52%). 'H NMR (400 MHz, CDCl3) & (ppm): 8.51 (m, 2H), 7.80-7.76 (m, 2H),
7.41-7.38 (m, 2H), 7.24 (m, 2H), 7.13 (m, 2H), 3.84-3.79 (m, 2H), 3.32-3.28 (M, 2H),

)

1.32 -1.16(m, 4H), 0.95-0.90 (m, 2H), 0.77-0.73 (m, 2H), 0.60 (M, 6H).

ERET L L 588K 2885888
e ONN - @ AN QOM
€0 P~ P~ = = P~ P~ Lo o Il s —_mm oo oo
| SN NV S

L

T T T T T T T T T T T T T T T T T
85 B0 75 7.0 65 6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 ppm

A FseR AR e

B 7 1595 1) 'H NMR i
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2.3.4 FHBRERTEDK SR (L&Y R-6/S-6)

£ 50mL M T IIAALE Y Rl S-5 (0.32g, 0.49mmol), 1k&4) 4 (0.65g,
1.07mmol), Pd(PPhs)s (0.023g,0.02mmol), Jt7K K2COsz (0.68g, 5mmol), YT
RAE: (0.064g, 0.2mmol), HZE (20mL), Z&WE/K(6mI). 2854 RN AR R E
95C 1R I N 24h. T JG K S SR R A E1 2 55U, SRJG NN CHAClo (50 mL)#i%E
AHAEFZK (B0 mL) ek, Jo/K NaSOas T4, KL= fh&AE E T 7 28 A4k (f7 JHi ik /
LFR TS = 50/1, viv), 1533t [FH{4(0.35g, yield: 53%). *H NMR (400 MHz,
CDCls) 6 (ppm): 7.87-7.84 (m, 4H), 7.50-7.47 (m, 2H), 7.35 (m, 2H),7.19-7.06 (m,
20H), 6.95-6.90 (m, 8H), 6.42-6.37 (m, 8H), 3.40 (m, 2H), 3.28-3.23 (m, 16H),3.12(m,
2H), 1.12-1.07(m, 24H), 0.98-0.90(m, 4H), 0.76 (m, 2H), 0.60(m, 2H), 0.36 (m,
6H). *3C NMR (100 MHz, CDCl3) 6 (ppm): 152.80, 145.38, 132.59, 132.04, 130.53,
129.84, 128.88, 127.78, 126.95, 125.44, 124.89, 123.65, 109.62, 70.97, 43.33, 30.67,
17.47, 12,52, 11.42. LC-MS: ES* m/z calcd for CosH102N4O2 1343.5 [M], found
1344.45 [(M+H)]*.

. Ll

f T T T T T T T T T T T T T T T T T
85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm

= B gl

Bl 8 L& 6 1) 'H NMR i ]

2.09
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LY IZRNELITS S 8 o ~ar
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N\ I V4

[L.LM[ l Al | I | |

I I
160 140 120 100 80 60 40 20 ppm

B9 1h&4 6 1) °C NMR i K]

<Spectrum>

Positive+Line#:1 R.Time:-—(Scan#:-—)

MassPeaks: 199

RawMode:Averaged 0.133-0.200(9-13) BasePeak:1344.45(11362)
BG Mode:None Segment 1 - Event 1
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& 10 tb&Y 6 B
3 E&R5WR
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AR, FATEFEY) S-6 ITNIX 5118, R &Y S-6 M R IER
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FIH, MR BRSNS B 11-a Fioc. DMLEY) S-6 1 IE Ll IR 1R
WOGTE I BER , 725 MRS A 4 A g, 73 AL T 252nm, 280nm,
320nm A1 380nm, AT = V)& TR By T I, JEH AJE T 5 UK 24 oo
. MIE L (Hexane) 2| N,N-—HEEH iz (DMP), Fifidg 4 7R P36 K,
AP ETE IS e s B AR A T B, FLRAEIR - 208%, 1X 1 BH B A T AR PR 1
R, R EIIR) i o BRI g, JFHRALR . B 11-b Bontb &Y
SR AN S 1, LR R U 43531y 262nm, 290nm,  330nm Al 395nm, EEIK
WG AR TSR SO G IS T 5 A 50 4082, XA LUHE A n— o BRIEH
EWAER], EHBES SN o o PTG SRR MR

2.0 4

——DMF
THF

1.5 —CH.CL,
Toluene

—— Hexane

Abs

0.0

T T T T T T T T I ' I
250 300 350 400 450 500

Wavelength (nm)

(@)

- - compound & film

ato-
=

00 T T T T
300 400 500
Wavelength (nm}

(b)
B 11 &) S-6 MR AN LG : () TEA FIAR AR s (o) ] 4k 78 s
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B AT TS S-6 1Y AIE PRSI EE 110° M/ L; 5511 Aex 365 nm, ex
/emslits 5/ 5 nm)., £ THF/ H:0 B & FIA RS (THF AR H.0 AR
WD, BEEKERIR D E ARG, BT &Y S-6 A&k, 1k
E) S-6 TETR -G IETIHIEHT R AR, R RUEHRIE 2 I SRR E 58 Can
12 iR . REEIRIR RIEK MR HU T 80% B, JLTPRZRIGKRS: 1EK
R AR 20T B0%HT, ZeotHR/E 2RI TR TE/KMIRF UL E] 99%HT, 5
W EAE THE WAL, OGaREEG R | 785 fif. UL, REARELRIMT
RS T AT O S SR SR A 38 (00, XML R AT LIHIE iz & BA AIE L
Rio [EJEF, X ECla 74 S S-6 TR OGRS (LB 13), Him KR STIE
£ F 532nm b, SIRG IR R K 5K 02

——H,0 99%
H,0 95%

800

600 -

400 -

Intensity(a.u.)

200

0% 99%

. , .
450 500 550 600 650
Wavelength(nm)

& 12 1th&W S-6 B AIE 4 5 it
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