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Synthesis, Optical and Electrochemical Properties of
Polyfluorenes Containing Tetrachloroperylene Bisimide as
Bridging Moiety

Student: Weng-Chon Wong Advisors: Dr. Sheng-Hsiung Yang

Institute of Photonic System
National Chiao Tung University

ABSTRCT

The goal of this research is aimed to synthsize hyperbranched
polyfluorenes containing tetrachloroperylene bisimide as bridging moiety,
and to investigate their molecular weights, optical properties, and

electrochemical properties.

The GPC results show that I\/I_nand M_W increase about 83% and 150%
after incorporating tetrachloroperylene bisimide as bridging moieties;
however, the PDI values also increase. On the other hand, the growth of
molecular weights is smaller by introduction of bridging moieties
containing alkyl spacers. The TGA and DSC data reveal that
hyperbranched structure improves the thermal stabilities of synthesized

polymers. The UV-vis absorption spectra are blue-shifted in thin film due



to the decrease of planarity of polyfluorene by introducing bridging
moieties. However, the difference in PL spectra of three polymers is
insignificant, showing emission maxima at 438 nm in thin film. The
HOMO level of three polymers is very close since it is mainly determined
by polyfluorene main chains. Besides, PL spectra and EL spectra are
similar, it means that they have the same luminescence mechanism. The
current yield and brightness are increased by introducing PBI as bridging
moieties. PBI IS a electron transport materials , it makes that the

hole-injected rate and the electron-injected rate are became near.
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R = alkyl chains or
functional groups
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5 Hc
() iz .

L

by

it * L3RS g BT LAt Rl r e 7 3

6x10° torr = 4 > i T A 4eif § 0T n i AR (Y TR (T R AR o

2-4 HRPBEg L2 &5
HE M1 ~ M4 2_3%m & =0 i2 j& 4 Schemes 2-1 ~ 2-3 #7577 ° & 4 &+

P1~P3 z_ & = £ j$ 4 Schemes 2-4 ~ 2-6 #777
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2,7-Dibromofluorene (1)

#- Fluorene (5.0 g, 30.11 mmol) ~ N-Bromosuccinimide (21.0 g,
118.68 mmol) ~ Hydrobromic acid (3 mL) % Acetic acid (120 mL) % *+ g
FEHELY o N F R T HEE R R oovernighte F OB R A {8 e 2 X B K 0 iF
TS EDHM LU AL SLMSI T ¢ HE 967 g (A F
50%) - *H-NMR (600 MHz, CDCls, & ppm): 3.79 (s, 2H, -CH,), 7.47 (d,
2H, J = 8 Hz, Ar-H), 7.53 (d, 2H, J = 8 Hz, Ar-H), 7.62 (s, 2H, Ar-H).
BC-NMR (600 MHz, CDCl;, & ppm): 36.49, 120.89, 121.09, 128.20,

130.06, 139.60, 144.72. MASS (El): m/z 324

2,7-Dibromo-9,9-dioctylfluorene (M1)
#1t &4 (1) (5.0 g, 15.43 mmol) ~ n-Bromooctane (9.0 g, 46.60

mmol) ~ Tetrabutylammonium bromide.(0.5.g, 1.55 mmal) ~ Toluene (60
mL) % Sodium hydroxide (50 wt% » 160 mL) % ** gEga#g @ » 3> 60°C F
F J&overnighto k &= s fe * ¢ BT fig 2 /K 5 B0 T 00 @ K Al d i
ko B AU RS AR AT e IR B hHHT > F 4
=48 5.37 g (& & 63%)°'H-NMR (600 MHz, CDCls, § ppm): 0.57 (t, 4H,
J=8Hz, -CH,-), 0.82 (t, 6H, J = 7 Hz, -CH,), 1.05~1.16 (m, 16H, -CH>-),
1.19~1.26 (m, 4H, -CH,-), 1.89~1.92 (m, 4H, -C-CH,-), 7.44(d, 4H, J = 9
Hz, Ar-H), 7.51 (d, 2H, J = 8 Hz, Ar-H). *C-NMR (600 MHz, CDCls, 3
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ppm): 14.05, 22.58, 23.61, 29.16, 29.85, 31.75, 40.13, 55.68, 121.11,

121.46, 126.17, 130.13, 139.06, 152.56. MASS (El): m/z 548

2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,9-dioctyl
fluorene(M2)

#-iv & 4 M1 (3.0 g, 547 mmol) & ** 5z gt ® > A F B
&k THF (A5 mL)jF » -3t -78°C T 4L 5 » 4592 {6 M 4 F 40 B~ 1.6
M n-Butyllithium (6.5-mL, 10.4 mmol) 1 & i » » 2~ -78°C = M # 4=
1 }oBE o B o7 g 3 B~ 2-|sopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (6 mL, 29.40 mmol);z » > & » Bk v 4 1 BT
F Jovernight o = = 75 L4 *&ﬁiﬁéf{‘ﬁ‘éﬁ—i THF > 2 (8% ¢ fic
fig 2 KE B~ 3 RATpRAR YRk £ I Ik 52 G RGacl I 2
Ul R e A s B ¢ F4E 1.83 g (A & 52%) - 'H-NMR
(600 MHz, CDCls, § ppm): 0.55 (t;4H, J = 7 Hz, -CH,-), 0.79 (t, 6H, J =
7 Hz, -CHs), 1.00~1.13 (m, 16H, -CH,-), 1.16~1.20 (m, 4H, -CH,-), 1.39
(s, 24H, -CHj), 1.98~2.00 (m, 4H, -C-CH,-), 7.44 (d, 4H, J = 9 Hz, Ar-H),
7.74 (s, 2H, Ar-H), 7.80 (d, 2H, J = 8 Hz, Ar-H). *C-NMR (600 MHz,
CDCl3, & ppm): 14.05, 22.58, 23.59, 24.93, 29.13, 29.19, 29.70, 29.92,

31.77, 40.07, 55.17, 83.70, 119.35, 128.90, 133.63, 143.91, 150.47.
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MASS (EI): m/z 642

4,4’-Dibromo-2-nitrobiphenyl (2)
#-4,4’-Dibromobiphenyl (5.0 g, 16.03 mmol) ~ Nitric acid (30 mL)

% Acetic acid (75 mL) % > gEgg#g @ » > 100°C ~ #4425 J& overnight -
FRASEAr » 2 Barko ek 2 AR e fhe fig 2 REB> T 0 &

RERRRAR S ko 28 IR I R Sty S R R GUR B A T

i

(e phe il 1:10 5 deir) A% ¢ AMA - 5039 (&
% 88%) > 'H-NMR (600-MHz, CDCls, § ppm): 7.14 (d, 1H, J = 8 Hz,
Ar-H), 7.27 (d, 1H, J = 8 Hz, Ar-H), 7.55 (d, 1H, J = 8 Hz, Ar-H), 7.74
(dd, 2H, J = 8 Hz, J = 2 Hz, Ar-H), 8.02 (d, 1H, J'= 2 Hz, Ar-H).
BBC-NMR (600 MHz, CDCls; & ppm): 121:78;123.01, 127.21, 128.43,
128.46, 129.37, 131.97, 132.98, 134.08, 135.25, 135.52, 149.20. MASS
(El): m/z 357

2,7-Dibromocarbazole (3)

#-iv &£ #(2) (4.0 g, 11.21 mmol) ~ Triphenylphosphine (7.2 g, 27.45
mmol) 2 Chlorobenzene (45 mL) % »* gEggsg @ » 3t 1200C ™ * &
overnight o ¥ 2 {8 * ¢ fhz fig® K 5P~ ¥ 11 & ,](mﬁgﬁ;;x;f ko

2 AU RS h A R YA TS (2 F TR

L =12 5&R) Fd ¢ AHMAS 1869 (4 F 51%)- 'H-NMR

29



(600 MHz, CDCl3, & ppm): 7.35 (d, 2H, J = 8 Hz, Ar-H), 7.58 (s, 2H,
Ar-H), 7.87 (d, 2H, J = 8 Hz, Ar-H), 8.10 (s, 1H, -N-H). *C-NMR (600
MHz, CDCls;, 6 ppm): 113.83, 119.73, 121.45, 121.79, 132.29, 140.29.
MASS (El): m/z 324

N-(6-Bromohexyl)-2,7-dibromocarbazole (4)

#-iv £ 4 (3).(2.0 g, 6.16 mmol) ~ 1,6-Dibromohexane (3.0 g, 12.30
mmol) ~ Potassium hydroxide (0.4 g, 7.13.mmel) 2 N,N-Dimethyl-
formamide (40 ML) > Y AR T E R 24 L o F RS
fs 2 1 R R A 3 Kﬁ:t % 4 1,6-Dibromohexane » 4 » ¢ f& 2 fig % -k &
Br o il @ ’Hﬁﬁ-‘rs“:é;%",lri ko A1 R R A2 A 2 fo & 5%
FHERSL(CF 7% i@ =15 2@ r) Fd & B AT
0.93 g (2 % 30%) > ‘H-NMR (600 MHz, CDCls, & ppm): 1.36~1.41 (m,
2H, -CH,-), 1.47~1.52 (m, 2H, -CH,- ), 1.81~1.88 (m, 4H, -CH,-), 3.37 (t,
2H, J =7 Hz, -CH,-Br), 4.17 (t, 2H, J =7 Hz, -N-CH,-), 7.33 (d, 2H, J =
8 Hz), 7.51 (s, 2H), 7.86 (t, 2H, J = 8 Hz). "*C-NMR (600 MHz, CDCls, &
ppm): 26.34, 27.84, 28.61, 32.50, 33.56, 43.12, 111.92, 119.72, 121.28,
121.49, 122.60, 141.29. MASS (El): m/z 486
N-[6-(2,7-Dibromocarbazoyl)hexyl]phthalimide (5)

#-it £4(4) (0.1 g, 0.21 mmol) ~ Potassium phthalimide (0.042
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g, .0.23 mmol)% N,N-Dimethylformamide (5 mL) % > g sg® > 3+ 70
CT™ F Fovernighte ¥ = = {6 * ¢ fee fig 2 R 5B~ 3 @ KEnfis
efok o AU Rk kA h Rk 0 W6 ¢ FRE 0089 (2 5 71%) -
'H-NMR (600 MHz, CDCl;, & ppm): 1.37~1.45 (m, 4H, -CH,-),
1.65~1.70 (m, 2H, -CH,-), 1.82~1.87 (m, 2H, -CH,-), 3.66 (t, 2H, J =7
Hz, -CH,-Br), 4.18 (t, 2H, J = 7 Hz, -N-CH>-), 7.32 (dd, 2H, J =8 Hz, J =
1 Hz, Ar-H), 7.51 (d, 2H, J = 1 Hz), 7.69 (dd, 2H, J =6 Hz, J = 3 Hz,
Ar-H), 7.83 (dd, 2H, J =6 Hz, J = 3 Hz, Ar-H), 7.87 (d, 2H, J = 8 Hz,
Ar-H). °C-NMR (600 MHz, CDCls, & ppm): 26.75, 28.43, 28.70, 29.69,
37.75, 43.26, 111.97, 119.72, 121.30, 121.48, 122.58, 123.19, 132.13,

133.87,141.32, 168.41. MASS (El): m/z 553

N-(6-Aminohexyl)-2,7-dibromocarbazole (6)
#-iv & #(5) (0.1 g, 0.18 mmol) ~ Hydrazine (0.01 g, 0.56 mmol) %

Ethanol (5 mL) % >t gEgpsg ¥ » 2 70C T A R A4/ PFF o F RR>{s®
CpEe fia % KX Bo £ ECKERRAES K 0 R I RS %0
Ao 2t AR E A TS (7RG IIR) T AR R
0.02 g (& % 27%) - 'H-NMR (600 MHz, CDCls, & ppm): 1.37 (m, 6H,
-CH,-), 1.84 (m, 2H, -CH,-), 1.95 (m, 2H, -CH,-), 2.71 (s, 2H, -NH,-),

4.17 (t, 2H, J = 7 Hz, -N-CH,-), 7.32 (d, 2H, J = 8 Hz, Ar-H), 7.51 (s, 2H,
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Ar-H), 7.87 (d, 2H, J = 8 Hz, Ar-H). *C-NMR (600 MHz, CDCls, 5 ppm):
26.55, 26.96, 28.73, 29.67, 43.22, 111.95, 119.68, 121.26, 121.48, 122.54,

141.32. MASS (El): m/z 424

N-[6-(2,7-Dibromocarbazoyl)hexyl]-2,7-dibromocarbazole (M3)

#-1v &£ #(3) (0.1 g, 0.31 mmol) ~ 1,6-Dibromohexane (0.05 g, 0.20
mmol) ~ Potassium hydroxide (0.08 g, 1.43 mmol)% Dimethyl Sulfoxide
(2mL)*BEgEHge - A3 BT F R24 [ PF o F RREE Y L e fiy
Z R EPo TV ’Jimﬁ-’rﬁiéé",f Pl £ 41 R 52 sl T H
ke ks @6 4 B4 0.056 g (A % 48%)° 'H-NMR (600 MHz,
CDClg, 6 ppm): 1.38 (m, 4H, -CH>-), 1.82 (m, 4H, -CH,-), 4.16~4.18 {(t,
4H, J =7 Hz, -C-CHy-), 7.32~7.33 (d, 4H, J = 8 Hz, Ar-H), 7.48 (s, 4H,
Ar-H), 7.86~7.88 (d, 4H, J = 8 Hz, Ar-H). *C-NMR (600 MHz, CDCl;, &
ppm): 27.05, 28.76, 30.89, 43.16, 111.92, 119.73, 121.29, 121.51, 122.64,

141.30. MASS (EIl): m/z 730

N,N’-Bis[6-(2,7-dibromocarbazol)hexyl]-1,6,7,12-tetrachloro-3,4,9,

10-perylenetetracarboxylic bisimide (M4)
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#-iv &£ ¥ 1,6,7,12-Tetrachloro-3,4,9,10-perylenetetracarboxylic
dianhydride (0.1 g,0.19mmol, ¢ F %z HFHEEFFFRE)- £ (4)
(0.32 g, 0.75 mmol) ~ Acetic acid (1 mL)% N,N-Dimethylformamide (10

mL) % >t EEEFLY > 3 80°C T £ & overnight o & % = {83 3 i iF

A

credx =1

Mok B EREE Y R R (2 F 7

e

2 ERR)TN 2 HME o L2t - 2 922 e

/J

(7R K
i ¢ 740,015 9 (A & 6%) - 'H-NMR (600 MHz, CDCls, & ppm):
1.49 (m, 8H, -CH,-), 1.75 (m, 4H, -CH,-), 1.88~1.89 (m, 4H, -CH,-),
4.19~4.24 (m, 8H, -C-CH;-), 7.82~7.33 (m, 4H, Ar-H), 7.54 (d, 4H,
Ar-H), 7.87~7.88 (d, 4H, J = 8 Hz, Ar-H), 8.67 (s, 4H, Ar-H). *C-NMR
(600 MHz, CDCls, & ppm): 26.61, 26.79, 27.80, 28.57, 29.70, 43.42,
112.00, 114.23, 119.72, 121.31, 121.49, 122.58,123.18, 123.28, 128.62,

132.99, 135.39, 141.34, 162.23.

Poly(9.9-dioctylfluorene) (P1)

#-1v £ % M1 (0.2742 g, 0.50 mmol) ~ M2 (0.3213 g, 0.50 mmol)
3 Tetrakis(triphenylphosphine)palladium (0.02 g, 0.017 mmol) ¥ >t 5
WRFA CGRrupiha R g R b KRS o I £
& w3t~ f -k Toluene (6 mL)%2 K,COs(ag) (2 M, 4 mL) » »* 90°C ~

FRT2/ Pk er=fsde Bk »? pp&-k(50: 1) £ 507 ¢
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Lok o BEREE 2 THF 3 /% > 2 t55F » THF 407 @ (2:1) 4R &
AT BIEFR KA S0 BE %4 FH 0259 (A % 65%) - 'H-NMR
(600 MHz, CDCls, & ppm): 0.79~0.89 (-CHs), 1.14 (-CH,-), 2.12

(fluorene C4-CH,-), 7.68~7.70 (Ar-H), 7.83~7.85 (Ar-H).

Copolymer P2
#-iv & 3 M1 (0.2742 g, 0.50 mmol) » M2 (0.3213, 0.50 mmol) *

Tetrakis(triphenylphosphine)palladium (0.02 g, 0.017 mmol) & ** 57 %k &
FFL L (P U ap e A g e Rl Fak R SRS ) o JIF £ A BT
~ & 2k Toluene (6 mL)% K,COs; (aq) (2 M, 4 mL) » > 90°C T+ & 72
] e 20§86 4% M3 (0.0037 g, 0.005 mmol)i% %>+ & -k Toluene (1 mL)
P R AR R RIF ~ LY 020 90°C e F R A8 o £
RS RRF»E/BEKGO DR ERR? LK > < H
RE 0 THF 3 f2 02 t6F » THF 407 AR (ul)imR £33 % ¥ 27 £
BRS S BN % ¢ FRE 0229 (A X 56%) 'H-NMR (600 MHz, CDCI;,

5 ppm): 0.81~0.83 (-CHa), 1.14 (-CHy-), 2.10~2.12 (fluorene Cg-CH,-),

4.85 (carbazole Co-CHy-), 7.68~7.70 (Ar-H), 7.84~7.85 (Ar-H).
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Copolymer P3

#-1v & 4 M1 (0.2742 g, 0.50 mmol) » M2 (0.3213, 0.50 mmol) %
Tetrakis(triphenylphosphine)palladium (0.02 g, 0.017 mmol) ¥ > 37 %
Espine (g ¥ %«Enxﬂf e B RARBE) o I A
w4+ ~ -k Toluene (6 mL)% K,COs (aq) (2 M, 4 mL) » >+ 90°C * &
s 72 /] B o 2_ 15 4 M4 (0.0067 g, 0.005 mmol):3 #%** & -k Toluene (1
mL)¥ & & % & F iR iE ~ ALY 02 90°C M 5k 48 /) pE o
F = =de e 5 ko~ PRt R (50 D) £ 5 e ik 0 B
T4 L0 THF 3 i 2 (55% ~ THF o7 s (2:0) iR 2 3 p P e 7 £
THA R TR B 02 g (2F 51%) - 'H-NMR (600 MHz,
CDCl3, 6 ppm): 0.81~0.89 (-CHs), 1.14 (-CH,-), 2.12 (fluorene Cy-CH-),

4.97 (carbazole Cy-CHy-), 7.68~7.70 (Ar-H), 7.83~7.85 (Ar-H).

35



NBS Br 0.0 Br
O O HBr O n-bromooctane
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Br Potassium Phthalimide Hydrazine

1,6-Dibromohexane N

(3) DMSO
50% KOH

DMSO

B ——

Ethanol

ﬁ
Br o N._O
(©)

®)

G =08 CIS o,

CgHi7~  CgHy7 CeHyz
Pd(PPhj),
K,COs4
(M1) + (M2) + (M3)

Toluene
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Scheme 2-5. & & F P2 2. & 204 % o

(M1) + (M2

A4

* =

AEFTZPDE LS f B DL s F G #4‘%’;95?%‘

|
P
N
!

A

EEFRRESR A B AT Y
(- ) # * Suzuki Reaction :£ 7R & & o e & B4-%F - fedy iR &
FRea2 vk R E R SR L R TEREF R A F R
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(=) &2z 4% 3432 NMR &% %4 - ¥ {|* GPC~DSC
2 TGA % » F e 3 &2 # P74 47
(Z) BBECVREZLInE L2ERT = ¥2-8 4 HOMO ~

LUMO % s F¢ £ o

(=) % UV-visefc k2 2 PL stk 2R £ 8 A F A E W2 307

PR EE- S EA RS SER IR S F | RN e

R R k7 S

31 EARA 3 A3 BEEE

JE_Figure 3-1 ¥ 4> M2 &t & 5 O = 1.39 ppm e 4 » g 5 F
foy b en® U 0 @ A P3P B 4 0 Bp g d LES B A
F oo P A g BB @R R o & d Figure3-2 97 > M1 ¥ % F (S
=7.4~76ppm) & MEISEH T 5=7.65~7.85 ppm 2z F > » d
FIR P Arag o 8 ¥ F MR A @4 3 down field ® 2 3

METEERTE > 8 AF2 3 HFke
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32 FAFAF R
GPC %% %7 P1~P2 2 P31 M, A 5] 5 2.21x10* ~ 2.86x10* 2
4.05x10* g/mol » M, 4 %] & 5.70x10* ~ 8.92x10* 2 1.4x10° g/mol » 4

-

+ & 4w (Polydispersity, PDI) # %] 5 2.6 ~31 % 35 17} #icdp B¢
Fooslr Fw § B S Rl Rd Eahs b R E AN 0 )3 PR AE
AR A S AR A PDI G A 40 # P P3 i M, $ £ #iT -
o MR AE15% ;2 PDIH + 5 35 b2 gh 3 43 Kb
2B RERBAFLFTE s Gl g R o P2 223 L W3 =
X5l R H R B Lok A APk T e HEW M3 AiER R L
TR AR EEMRY AFEED MA B ER F Y M3 M4 AR
Bz P34+ R 0 5 GPC RiRIEE o it BB K > M4
Fej dE A pidac P W F B F Dl i B G e B Y
Rd Bt BHAGRR M 4 F AR EF R A R R
HEMLZE M2E SRS xr M3 (& M4) fa#1i82 & 4 5
BB o AF B 2 6000 g/mol s & M3 (& M4) 73 M1

2 M2EEZ 2R 4 r o 73 GPC #icdy B 12 4e Table 3-1 #7771 o
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Table3-1. % 4+ # 4~ 3 £ 2 PDI #c¥; -

Polymer M,x10* (g/mol) | M,x10* (g/mol) PDI
P1 2.21 5.70 2.6
p2 2.86 8.92 3.1
P3 4.05 14.0 3.5

3-3 HEBF AT
j¢_Figure 3-3 ¥ 4t s P1 ~ P3¢ Ty A M4 277298 2 321°C - 3l

* W PR S T R s o P3 en Ty B EH® T 50 °C 0 3

SRR

Figure 3-4 ~3-6 = P1~P3 enDSC w &[] » ¥ 125 41 P1 '3
% 125°C» @ P2 2 P3 ervip BEA W) & 152°C 2 175°C» “g %
i\g%t}- 51 » Zg %ln\—ﬂ-fga%’rslé,g\_g-éém%fh g\ w B
P2 2 P3 avsats b5 1 25 °C 2 50 °C o4 TGA % DSC %% v

Fo 51 r BIAL SN £ 5RF Rl OREAG EARZ (80T R BAR LA e
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3-4 kE B
3-4-1 w gk L 47

B 4 PLP2 2 P33 0% 2 W0 2 v Je % 3§ 4 W) 4e Figure 3-7
~3-9 #7177 - d Figure 3-7 ¥ ¢ i P1 & = 4% #| Chlorobenzene - DCM
2 THF Howojosk 3 £ %) 2 p9 &7 > f 4 s joik £ 7 385 nm it %0,

WA T Ha gk #2394 0me 2 £ g A a2 1D U

=t

Bord i AE Y Pl eni BAREOY AR G PR B
20nm)o ST AT R B AT BIBRE O BRAT A F A S22 T
A2 B enpedr g < > 7 5 & 4 dadp (Aggregation ) o e fe i Mk

PG A S R o BRI e A A0 A ko

%+ 382~383nm e H ENCAET 2 BAEES (H95n0m) fp$E

BRE A XA N4 e F A B SRR A R e+ a2 B en

e 5 P

JE_Figure 3-9 ¥ &> P3 i3 i 2 EWAL P ST RFH AR T A A
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Mo B AFARAZA R Ak AL B B R T AR AT 0 O B T

ZfEF A F E R T 2 B e k3 4o Figure 3-10 #7510 P2 2 P3

sriojeit i PLEEEEH » Beofid s i > F P s
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-

B3 PL-P2 2 P332 i & EWCAL 2 PL x4 628 A Bj4e Figure
3-11 =~ 3-13 #r7 o Pl 2 & sk k4o Figure 3-11 #r7 » H &
Chlorobenzene 2 DCM i /% e PL 2 5 P &g £ w5 e THF 73 7% @
o~ 425 nme &G 48z Spp > Spp T EtdE > % 441nm § - P
BR A % > LA 4fi2. Sig > S et O i Figure 3-12 2 3-13 7

-

o P22 P3 Aiaia? cnPLATET A W2 P A > A AENA Y IR

kS

(915 nm) B FIE AR kAt A 2 o ke

ik ism A4 g
Z BB AT AR T 2 ¥ kst sk 4e Figure 3-14 #rm o A

& 500 Nm ¢ 3 — pds A T gk sbiE > i 5 oaggregation shdi A A
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4 U arsdss R ¥ 3 BAcstiE (423 2 467 nm) Apt B33 5 o
Bl RN EEY & "gﬁﬁx:ﬁ%«&r Table 3-2 #7171 o

B 1A A S Keto defect 2 38 A W= 5% A 5

u>i

%> Chlorobenzene ¥ % f# &5 » & % *M£45 200 °C T 4c 44 2 /| BF > B

FAeF s H Lk od Figure3-15 7 &> RMEE A F P1 fte

ez

#1715 500 ~ 600 nm A 4 P Ep2cidiE > H Keto defect - 4 P &g o @

Hih AR AT P2 2

P

5 RN § BF D BT RiE
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B o B3] w g BRE o AR RIS 5 R 2 RHIE RN S o 1Rk 3y T

#] Keto defect“>™) .

1.0 |-
S
g 08 —=— Chlorobenzene
\5 ) —o— DCM
o —a—THF
§ 06 L —v— Thin Film
b
-
o
g o4t
N
©
£
o 02
z
0.0
T T T
400 450 500 550

Wavelength (nm)

T

Figure 3-11. & & &+ PL1 M3 7% 2 & %85 pF e b sk 2 o

™

49



10 A

= —=— Chlorobenzene
< 08| —o— DCM

> —a—THF

2 —v— Thin Film
2 06}

=

—

a

T 04t

N

©

1S

5 o02f

2

Vv
OO SV Ty PP
LAVAvEvAVAVA Vvl

Wavelength (n

Figure 3-13. % & 3 P33M3 7% 2 & %o P e b & 2§ o

50



Normalized PL Intensity (a. u.)

ensity (a.u.)

Figure 3-15.

B

51



Table 3-2. % A 3 P1~P3 2 UV-vis(hma) % PL(Amay) °

(@) UV-Vis(Amax, NM)

Chlorobenzene DCM THF Thin Film
P1 382 378 374 394
P2 383 383 382 385
P3 383 377 373 385

(b) PL(Amax, NM)

Chlorobenzene DCM THF Thin Film
P1 425 423 428,441 439
P2 424 424 425 438
P3 424 423 424 439

3-5 ¥ k& F »cF (PLQuantum Efficiency, PLQY )

EEPFRE IS = AR A F g LK 5 360
NM> U f st sk 2 btk A AR SE 4p-P1~ P3 1 400 nm ~ 600
nm VLG IcEE o

PLQY #12+ 5 g Al 4o T :

PLQY = (A3 /Al — Ag) x 100%

B¢ A Gk & 320 nm ~ 400 nm 5 f#
Ay 5 ek i 320 nm ~ 400 nm Akt ST s S A

Az 5 = 8% &+ 400 nm ~ 600 nm =3k G ff

FEEPL-P22 P3 AaR? chEF 2 2wl i 249% - 12%
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Polymer |PLQY (in THF) | PLQY (Film)

P1 24.9% 66.5%

P2 12% 50.6%

P3 14.4% 57.6%
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Table 3-4. % ~» + P1~P3 2 HOMO, LUMO i F# 2 Band gap #cdy

HOMO (eV) | LUMO (eV) |Band gap (eV)
P1 -5.85 -3.13 2.72
P2 -5.83 -2.95 2.88
P3 -5.90 - 3.02 2.88

3-7 ~igplx EL k¥
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