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Fig. 1 The synthetic route to the diarylfluorene-based polymer: PHDPF-DPA.
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1.1 &Rl

P01 (Br-CgH ,-DPA):  £E T = 1 [ JEE B
N — 2K (1.40 g, 8.00 mmol), 30 mL
BRI, A E N SR AL (1.60 g)
AR 6 % i A0 ) DY T 2R R AK 42 (0.80 ) I 78 43
P #F 30 min, ZkEE M 1,6- IR S kE(2.75 g»
11.27 mmol). & My 7E 100 °C N LRI, &
Ni24 h, SRR RN FEEER, H & PR
(CH,Cly) F1 7K (H,0) % 8 43 ¥, FH TG 7K Bk R 40
(Na,SO,) T H, ZJE A NUZ AT R 2818 2%
HHUER, AP AR A 3R A R (PE) AN
CH,Cl, )R & ¥ W3 AT 32 46 (V(PE): V(CH,Cly) =
6:1), 1FEIH G, =% 80%.

FE2: KA1 (0.65 g, 1.96 mmol).
“J#(20H: 0.50 g, 0.98 mmol) }2 K,CO5 (1.00 g)Jill
AP RJRE, 85 NI ER S g, JRAE
30 CCHNFAIRFE A T P24 h. RN 5ERUE,
H,0 PR A4 9 1 CHLCL A< HL . 4R )5 F 6 /K
Na,SO, TR BIANLE, WUk 2R L7 . M
FEMNATE IR FE(V(PE): V(CH,Cly)=6: 1) #2411, 155
A, =23 85%.

MC6-4-DPA (74 3):  FHA5 24 2 ¥ R AE
FEE CH,CL A, A =54 £ 8%(0.20 mL),
TE25 °C N+ 24 h 2R J5 FH KB KN, H
CH,CL A 3K, FH /K Na,SO, TIAHLZ,
IR ZE AR 22 WUAT . R A R FE(V(PE):
V(CH,CL)=3:1)4lifk, 53] E g, =23 90%.
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SCRRA, i & A5 B 2R A N R
J&, 7% FAE 70%~80%. PHDPF-DPA ) % 13 7
¥ & (M,) F1 2 43 B 45 % (PDI) 23 73 4 20 kDa
F12.65.

1.2 MR

¥ i 35 1R &% ("H-NMR) A1 5% 1% (13C-NMR)
K F 7 [¥] Bruker 400 MHz 74 #% i JE 4% 4338471
W, PUTARIATR CDCL NI 71 . A& 438 4y
T (M) R Bk B (PDI) /& DL 58 203 (PS) 4y
T, T g% DY SR W (THF) e i 7, >k A
%15 13 B AC(GPO) 15 B . 5B A W i
I3 IR R FH A B 93 BT (TGA, TGA2, Mettler
Instruments), £ % (Ny) R T A AS 2 . 3%
A AR IR PR AR Z R E vk, 7 DSC214
Polyma (NETZSCH Instruments) 8 715 72 $9 4 & #4
0 Ny fR$ 43 20, 358 ¥ [ 30~300 °C,
FHRIHEZE 10 °C/min. 58 5h-1] WIS (UV-Vis)
F5E 661 (PL) 43 %l K A Shimadzu UV-1750 A
=] UL 435 )6 B AN Hitachi F-4600 B 5¢ 566
TEACEAT IR . 29Ok B T RCR (PLQY) B it
C11347 it (H4< Hamamatus)3k75 . PLQY %¥#&
A U (Xe900) 152 T £ FLSP920 ¢ )t 43
FECEETEIRAT . 9 Al it FLS980 W 25 %<
FE A AT 2 R S e ) R
(Bruker’s Dimension 3100 Icon)illl i . ¢ A\ & X 4t
L2 AT 5 (GIXRD) £ 4% 8 it b i 7] 20 48 49 O IR
(SSRF) BL14B1 £l . A6 (DLS)# T
ALV/CGS-3 — PO GHURAGEEAT I
1.3 REVEMFHEXTLE

PODPF (ZtbAtkh: MIBE N IEFHE, EHiEd
F, BRSNS, 23 B PHER TS .

PHDPF-Cz (Z bt ). 55 e e Ik 4],
HAWIHEF i, WRE BB, FER
PLERASOIRE, Aefs— e RIS FRERSE, H
S PP TESR . SRR R 2

PHDPF-DPA: %% H — Kl Fk @, EAN|
PEAEPI S, H2ANRIRESE L2 iR
JETF . HA R b 9 R AR 3 K T 1 T 2R e
B 2N IEIR SN —C B R A S, REH
R BHLR A [F) 7 1) (R TR 20, 72 3R 2 3
U A 3 o T BRI 2, #ie bl i
KRR BHL I 43 1 % 1) T 0 T HE R S O 45 S
AR

14 EXEBENH &

T 56, FREC10 mg ff PHDPE-DPA [ {4, ¥
HIET 1 mL B2 TR . ISR
fiE % PLED #3441l #) 8L AR (T ASE i), fin
A L 80 Otk B e &R, HEK R
TERI(10 mg/mL). 25, LU@RIEE 1500 r/min,
JIIEFE 1500 r/(min-s), HELR60s, KA RIGHEE,
FEEESARIAEE T 80 °CiB K 15 min, FAT )5 %:
D
1.5 WMKBEEZBEIASE)MX

K T A I S R U TR TE A A R
ey SRR AR AR UK B (Clark-MXR,
CPA-1) ] VB (355 nm) XA S iE AT 22T
DA 1 kHz [ 5 52 A2 42 i 150 fs H¢ 22 ) 18] ik ot
FARETHNE B ARSI e A, I T = 4 R xf 34
AT AL E, TEREN B 110 um x 3 mm B3
ROGHE . LA TR A ) 2% B 1) BETH(SP2500,
Acton Research) K £E MAE il 2% 5 (1) ek . ]
E(Ea) 5 5E XL, 285 K6 55 (FWHM) 2 ik 21
— IR R ZR G R
1.6 PLED 23 4#l&5RIE

PLED 2% #f 1) 45 # 4 :  1TO/PEDOT: PSS
(40 nm)yEML (40~50 nm)/TPBi (20 nm)/LiF (1 nm)/
A1(100 nm). 1, 1TO FHBFSAEMN, PEDOT:
PSS N % E N Z (HIL), TPBi N H T & 4 )2
(ETL), LiF AHETENZEIL), AN, fil &
RN VS OFE. AR, SRR
FRA KON ITO BB AR UG s e, A S
W3R VA AR L AMT #6 AR 10 min. 15 %%,
¥ PEDOT:PSS 7£ 7= <+ LUE I 1 F£ 3000 r/min,
DO BE 1500 r/(min's), JELR 60 s, F7E 120 °CF
1B K AL FE 20 min. 8 )5, # PHDPF-DPA f£ F %
H R R(10 mg/mL),  DABERRIEEE 1500 r/min,
JNEE BE 1500 r/(min-s), BE¥k 60 s, 3K K
B, REmER BT T, EEESETE T
80 °CiB/K 15 min. fitJ5, fEFZEIN 131073 Pazk
R, ARG MPT TPBI (0.03~0.05 nm/s).
LiF (0.02 nm/s) 1 Al (0.05~0.15 nm/s), 5% % 2e 4
4%, PLED #8110 RO G AN 4 mm?,
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Fig. 2 (a) TGA and (b) DSC curves of the polymer; (¢) AFM image and (d) GIXRD pattern of PHDPF-DPA pristine film.
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N Y WF 5t PHDPE-DPA (1) W Wi Al 75 o6 kit
PRI, A SO St e 2R v WORD AT T
UV-Vis BRI PL AR . 40 B 3(a) BT, ¥ W
IR I AR BRI SAT A, RS 43 T T
305 A1390 nm, FH A1, 305 nm &b FIUUR I R T
TR - BT RAE . PL IR R (B 3(b)),
PHDPF-DPA # ¥ ¥ 52 30 3 A4 53 B 5 (1) R 4 0
WA 73 AL T 424 448 F1488 nm, RKIXKIAJET
B EHEM 0-00 0-1 F10-2 IRBNBELR K 0T . 4%
(10 mg/mL)FEUR Ul f5, 3 PL it g Y 5 4
WRHEA B, WA IR T 436, 458 F1498 nm,

FH B CE B 408, (H IR R H B B
RAEERIAA KA. 8 R AR Oh BT
F, B HPLQY {H N 41.5%. 7575 fr il ik %
], PHDPF-DPA ] 75 i (2) {8 4 0.35 ns. L4t
X} PHDPF-DPA 7E & /i ¥ 771 HF (1) UV-Vis W Y A
PL #E47 7R, & 3(a) Al 3(b), o8 A 7E H
M ARV, IS 5 2 I AR AL PR
WO % S 1, %6 B PDHDPE-DPA [ 5% 4 B 4%
JRAS BA AR .

N T ik — 4R 5T PHDPF-DPA i I 24 i
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Fig. 3 (a) UV spectra of PHDPF-DPA solution and film in different solvents; (b) PL spectra of PHDPF-DPA solution and film
in different solvents; (c) UV and PL spectra of PHDPF-DPA film with different film thicknesses; (d) The film thickness of the
films prepared with different concentrations of PHDPF-DPA solutions.
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Fig. 4 (a—c) PL spectra of PHDPF-DPA, PHDPF-Cz and PODPF

spin-coated films with different aging time; (d—f) PL spectra

of PHDPF-DPA, PHDPF-Cz and PODPF spin-coated films after thermal annealing at 220 °C for different time with solution

concentration of 10 mg/mL.
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FoE TR R S I gt
24 HFHHEHRR

T VEA B R R R AR M R o T

1709, O HH 2R F VA (0.5 mg/mL)#E4T 1 DLS
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Fig. 5 (a) The hydrodynamic radius (R;) distribution of PHDPF-DPA toluene solution (0.5 mg/mL); (b, c¢) Ultrafast time-
resolved PL spectra and image of the polymer; (d) Two-dimensional TA spectra of the film and (e) the corresponding A4/4

spectra at different pump-probe delays of the film (the differential absorbance change (A4/A4) is defined as the relative change

in optical absorbance induced by the pump pulse, normalized by the probe pulse intensity); (f) Normalized time-decay dynamics
for the SE emission signal and the PA signal in PHDPF-DPA film.
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Fig. 6 (a) ASE spectra of PHDPF-DPA neat film; (b) The FWHM and output intensity of the film versus pump energy.
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Fig. 7 (a) The current density (J)-voltage (¥)-Luminance (L) curves of the PLED device; (b) The curves of current efficiency

(CE) and external quantum efficiency (EQE) with current density; (c) Electroluminescence (EL) spectra of the PLED device;
(d) CIE coordinate values of the device (6 V); (¢) The CIE coordinate value of the PLED device under different driving
voltage; (f) The turn-on voltages (¥,,) and the maximum external quantum efficiency (EQE).

Table 1 Summary of PLED device performance data.

Sample Vou® (V) Lo ® (cd/m?) CE . (cd/A)  Jo @ (mA/cm?) EQE,.x ¢ (%) CIE f (x, )
1 4.4 965 0.55 508 0.58 0.170, 0.107
2 5.4 855 0.56 447 0.60 0.164, 0.100
3 5.0 853 0.53 482 0.55 0.162, 0.097
4 4.8 942 0.44 642 0.53 0.164, 0.091
5 4.8 800 0.45 446 0.51 0.163, 0.095
6 4.6 865 0.54 440 0.59 0.166, 0.101
7 4.6 872 0.55 426 0.58 0.167, 0.102
8 4.8 820 0.59 407 0.65 0.165, 0.098
9 4.8 766 0.55 409 0.59 0.165, 0.098
10 4.8 805 0.57 447 0.64 0.165, 0.097

2 The voltage (open-circuit voltage) when the luminous intensity is 1 cd/m?; ® Maximum luminous brightness;  Maximum current

efficiency (CE); ¢ Maximum current density; ® Maximum external quantum efficiency; f Color coordinates at a voltage of 6 V.
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Steric-hindrance Encapsulation for Stable Deep-blue Polyfluorene

Semiconductors and Improved Optoelectronic Properties

Ning Sun, Qiang Gao, Dong-yang Zheng, Li-yan Sun, Lu-bing Bai, Jin-yi Lin, Ya-min Han"
(State Key Laboratory of Flexible Electronics, School of Flexible Electronics (Future Technologies),
Nanjing Tech University, Nanjing 211816)

Abstract To address the issues of molecular chain aggregation and film thickness-dependent luminescence
encountered by polyfluorenes in practical applications, a novel polyfluorene-based deep-blue semiconductor
material PHDPF-DPA was designed and synthesized via a steric hindrance encapsulation strategy in this work.
The results demonstrated that the steric hindrance effect of the diphenylamine side chains endowed the material
with excellent thermal stability, which could effectively suppress interchain aggregation, reduce low-energy defect
emission, and prevent erosion by water and oxygen, thereby significantly improving the stability of blue-light
emission. The photophysical properties of this material showed no obvious dependence on film thickness. Transient
absorption measurements further revealed that the steric groups can efficiently weaken exciton annihilation and
enhance exciton utilization. Under optical pumping, the film exhibited deep-blue amplified spontaneous emission
(ASE) with a threshold of 6.17 pJ/cm? and a full width at half maximum (FWHM) of only 1.4 nm. Polymer light-
emitting diodes (PLED) fabricated with this material as the emitting layer achieved stable deep-blue electroluminescence.
This work verifies the effectiveness of the steric hindrance encapsulation strategy for constructing high-
performance and stable polyfluorene-based blue-light semiconductors, and provides an important foundation for
the application of printing techniques in the preparation of organic optoelectronic devices.
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