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White Light-Emitting Electrochemical Cells Based on Single-Component

Polyfluorene Electrolytes

Student : Bo-Cun Liu Advisor : Hai-Ching Su

Institute of Lighting and Energy Photonics
National Chiao Tung University

Abstract

A series of polyfluorene. (PF) electrolytes bearing BF, , or PFg
counterions were used in light-emitting- electrochemical cells (LECs).
2,1,3-Benzoselenadiazole moieties were incorporated into polymer main chains
to produce single-component -white ~light-emitting polymers. The optimized
spin-coated LECs showed.a maximum power efficiency of 1.56 Im/W at a low
operation bias of -3 V. The single-component LEC device exhibited pure white
light emission with CIE'1931 coordinates approaching (0.33, 0.33) and high
color rendering «index (CRI) =85, referring to its. potential use in

solid-state-lighting application.
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211 st i
1. &L (vibrational relaxation)

XpE T S FIRES R F S S 40T B o SRR FE S T d )1 D
b PR TR AR L P e SN B 2 Al 10

2. p @3 (internal conversion)

B PR T M JEPE s Ak S Ba P2 ¥ BT R
L R e B R § 58,0 8 Ty -

u‘ »’L*F'&E?é\f'\ );?/ ,&‘A]\
PSR G RE L 2 EEIRE A AT ARy
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1. ¥hiFH

FELET I ELRF ARy AL RN 0 R 2t
BERAL A KK FIH €S G R T F Rk R A 107~107 )
Z_fF o

d = Ed B w R EPFrig s S gk o d N A #
\\%ﬂ?ﬂéﬁﬁﬁ’ﬁ%%?4%?&5€$%@¢%@@
oo kR 100 ~cdy 0 M 3T o] BF o
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Singlet Excited States Triplet Excited States

Intersystem Crossing

Internal Conversion
/ Internal and external conversion
> _f\ji /
S | T:
Engrgy
Absorption Fluorescence osphargscence
S
Ground State
@ 14 ~ Jablonski- 4 = 5% F @]
THRFLEERmREROE € s i+ 82 s S gt b
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HOMO — e

electron 1 hole

MOLECULAR EXCITED STATES
AFTER ELECTRICAL EXCITATION

25% S N

Singlet Triplet
spin anfi-symmetric spin symmelric |
oy o | IPRN L TN
1 . : & ISC L ".-'zl b ¥
|JF:|I] - ;'z'hl--"' |,|,| — |I'.I-.‘“ ™ = |"T' =

\ / [ == ek =
Relaxation allowed Relaxation disallowed
fast, efficient slow, inefficient
Fluorescence Phosphorescence

MOLECULAR GROUND STATE
spin anti-symmelric

BI\15- 2 5 T B2 3 4 ik
22 LEC = # 5pf B 12

Pawokii» LEC ~E2SH& 3 &4 58 < A0 @7
(electrochemical model)f= 3 & 4 £ #iC3] (electrodynamic model) -+ & A #%75

B EHR o GIL%[26-29] ¢
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PAE N ABRTH T WBr 20K P IFL A B F Pk
BRP- TR ’ﬂ%ié‘ﬂ—% PR RF I NERCR N AR T
LR AR BB ERAER - ponBREE

FBmcRAf & % B
ik 5 [32]

i -

(n-polymer) + [(D*A™)sow > [(@-polymer)*t (A7), ] + xD* +xe™ (1)

P i

(n-polymer) + xe= + [(DTA) )ty = [(m-polymer)*~ (D), | + xA™ (2)
Step 1 Step 2

7 n

=
VEERE G UERE  pESEE 1 UHRE

O B&LAT ©aBT OEH
O BEEsT OERT ET

B 16~ £ - FHAIT LR
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B 17~ 384 FH3
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Potential
|

, ;- 5
HESE Positon Nmma PAUSHE
: HeE
Electrodynamic model Electrochemical doping model

egRTuERN OERFeEYT [ M

18~ & I T =% 17 L

Nege= A °* Y ° Nex * Ppl (3)

ke EF e BN i 8 R gl oy ok (8
Wk il AN A 1@2nY) s n a TS > H i X 5 20 9% 0 TR
19 5 8 kRS T RF -

LECTT 4
- ——— .
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/ N
B 19~ & L ELJET &
2. vy:
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3. Mex:

po g KR o R v SRTIOT S R B4 L E LR £ (25 %)
léi?i:a‘_;‘,éér%ﬁ‘ﬁg; (T5%) ¥ LAt ks THERFETF L TLmEA
o2 R LTS T U R e e A L R PR e g 25
9% 5§ TR EHER AR N, HrE 2100 % -

4, Ppl .
PR A ik e £ B 3 oek o F B PR n e R
BE o

FEM e R B ek L AR EA R P NE F ok
WIRIUE S 5 96 0 Ak L gk AR aE 20 96 07 L W4 20 -

charge carriers

triplet excitons = ‘\_\
75% —_—
7 & d _f_:_ _,..‘| \
\\\ //' 100%
._l Photons
Photons
20% |* Outcoupling losses > | 20%
'y \_,'
light out 5% light out 20%
Fluorescent emitters Phosphorescent emitters
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24 & $38

241 ¢ pi

H* 1931 & W% EP £ i ¢ (Commission International de I'Eclairage)*t

S

’“ﬁﬁﬁ&@%ﬁﬁwTﬁmlwf’?ﬁﬁ*wrzkr&%%&vgﬁm

WP - KRR A BT RPN T A G TR Sk agEd o 2
?%ﬁmAﬁ$ﬁ~ﬂ\£gfﬁ BB R E S % 2 d =

-

gy

Bk Nz BRI EARRBIFES hR L E 0 B E S N Ede

|27

X =X/(X+Y+12) (4)
Y=Y/(X+Y+7Z) (5)
Z=7/X+Y+Z)=1-X-7 (6)

\ Yellowish

Green

B 21~ CIE1931 ¢ & &%
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i ¢ AR (chromaticity diagram) @ 8 gF3|FFIp 5 7 2 k91
e oA BEAEGR L EfcE S ks APT AR 21 - AR
FAAA S ks @ v kR hY B 9(033,033) gy d
L FARET e AP T aF 2GR0 BT BRS FRLLT
Bﬁm%ﬁﬁévék’ﬂ%é?ﬁnﬂkﬂﬂ@&Mﬁﬂ@ﬁé%,@ﬁmg

242 Fwé
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(0B E k) T mppd gt i o kd §d 3 spk kg p g ot
A el kI Tl F S Vk&@ﬁ3%%ﬁﬁadcggﬁ%§1%
@iﬁgﬁéﬁv;zﬁ&‘]ﬁgﬂo:i[a;;fgpa;le&;rh;l-;;‘)%zg Fofe ek e A, 7S
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B R R R ERE o do SRl S Pl LR R T AR ek L pE o €
Rppd A2 P RS L (colorshift) o & AR 4 < kiREZ GuFd 1
B AW ¢ dp i b (Kaufman, 1981) 1 2P an = &k iRiw ¢ 132§ chf b
=2 > @&41F e (Philips lighting) 7] & 1993 &3 Mic 215 chig & » £ %
Lo LTF N ””‘Fwﬁ & a

1. ¢ 4p% & 3 (color rendering index, CRI)

FREG B AFd BT A G 1000 ARG BBk R o gt ks
MBI R BB R Rk AT R 220 W AEPRRERRT E LR
R AR RT 5 g 84 nifhdk (deviation) £2 A 0 1R E K RaNE 4
Fadic o BT I0i A E Ra 20~100 (% 2) > 12 100 5 $F o T4 L~ o
Ra & A 1 > #2020 ense sl § 7 30— A i o

2. ¢ » & %3 (color rendering vectors, CRV)
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243 WHEdE

T ¥ &4 g AL TR 2 M4 (blackbody radiation) o — 4 %8 &%
iR R P2 R BT P T e CAR RN 2R

295548 (full radiator) = 2 A8 &k BB A g5 F a2 f L¥a T E

e WP RRAI FLM e Ad RB TS 22 g

. (blackbody curve) - 4=F ] 24 ¢ Gldhed HE (HOFE S Hl k2 E 2T

w%@)’imﬁﬁéﬁ%%é2%6Kﬁ%mij5~&’%ué%%1
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bl pEd PE2E R NP 7&#“ ¥ k%2 Ap4td 8 (correlated color temperature,
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CIE 1931 x,y Chromaticity Diagram
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A2 @ *nF AF 9 kiR Pl-BF4£ P1-PFs - & & % * k& 50 % &
A2 15025 /2 2 kg wmadk o By 3R L ¢ 5 (acetonitrile) -
3.3.4 £+ (Ag cathode) :

E O ERTOE P S B Y R g kR nE MR R A S U T R

SRR R Tl IR Er K aiks f é??ﬁ’%
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FACE Mo § 0 W ron kR E M B B AL - HE T KEEER
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341 af kR

A 3 d R TR F i kiR EE A %k ZLBIR = (polyfluorene, PF)
fo¥ £ H o0 %¥ 1 @ -« (2,1,3-Benzoselenadiazole) » & &g A F A2 P
FPL-PLA W+t afar g+ BF, 2 PRg » &~ fL s P1-BFy 2 P1-PFg >
T @ 27 % PL-BF, - PL-PFg 1M -

342 PEDOT:PSS

SRAFTRESF I ERFTEE AVRBR T IR F B e 2N 5
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3.5

Poly(3,4-ethylenedioxythiophene:poly-
(styrenesulfonate) (PEDOT:PSS)
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Yr ¥ RHRERELS
4.1 T RAHhE A1

A org ki ok LEC A2 i E K R 2 B Y
ITO/PEDOT:PSS/emitting layer/Ag » # * P1-BF, % P1-PFa fadp+ 1+ 3 &
Foo kR iFLERE > A2 Il @Y PL-BF, > HkAE A w5 50 /
A 150 F s /EL A A I~V iR * PLI-PRg» HikR A w5 50 % 5/
A 150 o /EH o By REEREIRAF AT A 3 TR E

BB R E T RPEII AR RS A okF o T HHTRE R ES
4

\
\_,.
o

03~ A~ U S IV g g ok [44]

- Bias tax Jmax Limax Text,max Tp,max Lifetime CIE h
Devices 4 5 ot S . CRI
V) | ()| (mAem™)® | (cdm™) %) | (ImW™) Ok (xy)

3.0 30 11 54 0.29 0.55 550 (0.321,0.323) 86
|
3.3 30 69 297 0.24 0.42 170 (0.254,0.244) 94
(180 nm)
3.5 20 116 440 0.24 0.34 140 (0.234,0.207) —!
3.0 540 2 17 0.40 0.79 1540 (0.241,0.327) 60
|
3.3 130 53 151 0.30 0.43 700 (0.332,0.429) 65
(370 nm)
3.5 60 120 226 0.17 0.31 320 (0.220,0.279) 65
3.0 550 28 4 0.04 0.09 910 (0.273,0.251) 86
1l
3.3 160 52 30 0.09 0.14 250 (0.247,0.230) 81
(170 nm)
3.5 140 56 43 0.11 0.15 110 (0.245,0.213) —!
3.0 990 1 13 0.69 1.56 2130 (0.360,0.383) 72
v
3.3 500 10 113 0.66 1.28 790 (0.360,0.383) 72
(380 nm)
3.5 320 30 231 0.55 0.95 440 (0.309,0.344) 71
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