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Abstract: Novel carbazole based copolymers were synthesized by Suzuki coupling polymerization. (Diphenylene)vinylene
and n-octyl was introduced to carbazole as pendants for reducing band gap and improving solubility, respectively. Ther-
mal, photoluminescence and electro-luminescence of copolymers were studied for applying the emitting layer of polymer
light emitting diode (PLED). Maximum UV-vis absorption and photoluminescence (PL) emission wavelength of copoly-
mers showed 333~340 nm and 409~464 nm in solution state, respectively. The relative quantum yield using 9,10-diphe-
nylanthracene as a reference was 25.8%. These copolymers exhibited high thermal stability (7, =350 °C) and good film
forming ability. Good luminance was obtained at voltages lower than 8 V and the onset voltage was observed at 4.0 V.

Keywords: carbazole copolymer, blue light-emitting, diphenylene vinylene.
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PLEDe| 2§ 7Fs?h &9 A= B (0) FE ©l
€% Suzuki &Y WHEOE FE AJEIL Ak Eet
w 0 wksel #71 sheibEol] ¥ e olfre 7t
A& o] Az 5= S, Ade 22k S0 A%
7Fs 28l Bha-ga Agoly ea-da A9S 47
Fdstd Aol 72 BY T Jdue oy, EAe 4
oA o= wheEdlA dske Aot R8s Btk
sigtee Al T vk Holvk?

AL, 7HEES FAKEE Add"ste] PLEDY A& 7hs et A
S sl 1 35S ARSI A e
3= 3,6-dibromo-9-(4-(2,2-diphenylvinyl)-phenyl)-9H-carbazole
M1 9-(4-(2,2-diphenylvinyl)phenyl)-3,6-bis(4,4.5.5-tetrame-
thyl-1,3,2-dioxaborolan-2-y1)-9H-carbazole(M2) 22| THFA|
£ I, 771 Erfell &3ix1717] flal ThkEel S
717} Adrd FEA| 2 3,6-dibromo-9-octyl-9H-carbazole
(M3)3} 9-octyl-3,6-bis(4.4,5,5-tetramethyl-9-octyl-3,6-bis(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole(M4) 2% <
e &, DA o FEA| o] BlEeS 2Elsted Suzuki 7
=9 TS Sk FNE FSHAE Az S
oAl EA, FEEA, U A &S I8
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M. 2-(4-Bromophenyl)-1,1-diphenylethylene, n-bromosu-
ccinimide= TCI A& AFE3F AL, 718}, potassium
carbonate, copper iodide, 1,10-phenanthroline, r-butyllithium
(2.5M in n-hexane), 2-isopropoxy-4,4,-5,5-tetramethyl-1,3,2-
dioxaborolane, trioctylmethylammonium chloride, 1-bromo-
octane> AldrichAtollA] FFuljste] 218319t} §vll 2 DMF,
=72, THF= AldrichA k] AlFS= A glo] ARS-ZoH,
HEEEve, A olH|2, ot EAY, p-3it, vekE, od
oprlElo|E= HA| $- ARESIITE! T FvlE 2291 tetrakis
(triphenylphosphine)palladium(0)3} PLED &~#} A| &}l Alg-
# o]zl ITO(indium tin oxide), PEDOT:PSS{poly(3,4-ethy-
lenedioxythiophene):poly(styrenesulfonate)}, lithium fluoride

(LiF), aluminium Aldrich A3%-2 ARS8 23 A=2w}
Eagjgiel] AREE A7 MerckA o] AlE-S ARESISAT.
9-(4-(2,2-Diphenylvinyl)phenyl)-9H-Carbazole &4. 2
2 B9)7)8lllA 7HE 3.7 g(24 mmol), 2-(4-bromophenyl)-
1,1-diphenylethylene 8 g(24 mmol), potassium carbonate 0.97 g
(7 mmol), copper iodide 0.05 g(0.26 mmol)3} 1,10-phenan-
throline 0.05 g(0.27 mmol)2 DMF 20 mLol| &35}, 557
T 3mLE ¥ 5 150°ColA 48417 Bt hF wRke &
AeE HEEEMES SHRTE ol8sto 4 Ealsiinh
F71% 52 magnesium sulfateS ©|-&3lo] FE-S #7150
F Az &, SE22Hea A dHE2E o]&d HY
AzrtET I E Fol PRbES AlAskaL WA ko] 9.
(4-(2,2-diphenylvinyl)phenyl)-9H-carbazoleS- A},
3,6-Dibromo-9-(4-(2,2-diphenylvinyl)phenyl)-9H-Carba-
zole(M1) . A4 #9171 3tellA 9-(4-(2,2-diphenylvinyl)
phenyl)-9H-carbazole 6.3 g(15 mmol)3} n-bromosuccinimide
5.4 g(30 mmoly E7<1 20 mLell 83l8kaL, oHIEAT 60 mL
B WK 5 gL SARE SN F RS oo
HOlES ZRFE ol gatel 4 RS 4718 3L
magnesium sulfateE ©]-&-3l] 8-S A AL g AxsH
T, HEE2vgd ks o) 83 Ay ARt dE §
] wj Al B ko] 3 6-dibromo-9-(4-(2,2-diphenylvinyl)phenyl)-
9H-carbazole2 AT}
9-(4-(2,2-Diphenylvinyl)phenyl)-3,6-bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-9H-Carbazole(M2) &4. @4 &
$71 3ollAl 3,6-dibromo-9-(4-(2,2-diphenylvinyl)phenyl)-9H-
carbazole 5.7 g(10 mmol)S THF 20 mLel 83)81aL, -78 °CE
AL, 8.8 mLY] n-butyllithiums 2 &A1 ZATE 1A17F 5,
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 4.6 mLE
Aafslal 2olx 24X7F AT =S cldobAH|
o|ES} FHTE o]&sld A EEletal, f71E S5 magne-
sium sulfateE ©]-83t] & AA AL g =3
ol WgtEol MAAYs dHe =T TE 9-(4-(2.2-
diphenylvinyl)phenyl)-3,6-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-9H-carbazoleS AUt}
3,6-Dibromo-9H-Carbazole &4, 24 £9]7] 3ol 7}
vl 2.5 g(15 mmol)3#} n-bromosuccinimide 5.4 g(30 mmol)
S E79 20 mLoll &85k, oM EAL 35mLE F1e &,
Zd2ollA SAIZE wREEHATE o] & oldoMAH 0| ES} SR
£ o] g3t A B, 4718 F2 magnesium sulfates
183t S AASL W AxEUTh o]& HEER
ek} ke o] 83 AY ARnEIYE Faf wa &
o] 3 6-dibromo-9H-carbazoleS AT}
3,6-Dibromo-9-Octyl-9H-Carbazole(M3) &M, 224 #-9]
7] slollx 3,6-dibromo-9H-carbazole 3.25 g(10 mmol)} sodium
hydroxide 4 g(100 mmol)2 DMF 20 mLoll &8 5}53t}. 14]

]
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, 1-bromoocatane 1.6 mL(10 mmol)S ¥ &, 12A]7}
StATh AEES odotrE|o|ESt S/RTE ©]&3to]
2] ob_ #71% & magnesium sulfates ©]-§-3to]
Z519} e o) 48t AY F=n)
EayyE %EH wj Al Bakol 3 6-dibromo-9-octyl-9H-
carbazoleS AT}
9-Octyl-3,6-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-9H-Carbazole(M4) &HM. Z 4 £9]7] stollA] 3,6-
dibromo-9-octyl-9H-carbazole 2.6 g(5 mmol)= THF 10 mL
o &afstaL, -78° = FA18 A, 44 mLe] n-butyllithiumS:
A3}k, 1A]7F & 2-isopropoxy-4,4,5,5-tetramethyl-1,3 2-
dioxaborolane 2.3 mLE Z3F3E 3 AFeo| A 244|178 wukE}
ATE AR =S EotMElC|ESt S/HTE ol&ste] A &
23, F71% S-S magnesium sulfateS ©]-8-3lo] SRS
AAsIA HAAS 7= ==t AP 9-octyl-3,6-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-carbazole S A%t}
35} T H1E-((M1]:[M2]:[M3]:[M4]=50:50:0:0, 20:50:
30:0, 50:0:0:50, 0:0:50:50)S F4E3} Suzuki AZH THI|
STk A F917] stellA 2 DA 9} potassium carbonate
02 gS EF4 10 mLol 83lA17]13L, 575 2 mLe} trloctyl-
methylammonium chloride 0.5 mLE ¥ {53l 30
tetrakis(triphenylphosphine)palladium(0) 0.3 g(1 mol%) S
3, 100 °c0ﬂ*1 277 5 wkeich Wk F8
HhSEo wEke 3 ZRF(vv=10/1)0] HA 0}1 ¢E =
RS AV floH HEhE-S o] 8-sto] 24417F Soxhlet
AREL 2477F B3 60 °ColM FlgzAxate] 459 35
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=4 & FH. % dFA o 729k EAFS NMR
spectrometer(Bruker 400 MHz)9} GC/MS(Agilent, 7890A-
5975C CD/MSD)E 27t o]-&-ate] SAHiet. g Lzt
o] ¥t AF A ZvtE 1 I (GPC, Waters Alliance
2000)% ©]&3ste S7gstA e, Sl THFS ARSI S
o, EAE B ZaEAS o8t AT

FEE AL 4 A TGA(TA Q600)E =731
o, F3/8% EAL UV-visible F34 =4 (Jasco V650)
o} 333 = A (Jasco FP-6500)S o]-&3lo] ztzt 2435}
Act.

PLED &XIM|Z siEisle ITO 22 ¢lel PEDOT:PSS
o} TYAE 40 nm, 60 nm =¥ IS, FFF27gH] ol 4
LiF(lithium fluoride)®} aluminium<- 10 nm, 150 nm %] <3}

o] PLED &A= A &35t
21t ¥ EE
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Scheme 1. Synthetic procedure of 3,6-dibromo 9-(4-2,2-diphenylvi-
nyl)phenyl-9H-carbazole (M1).
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Figure 1. 'H NMR spectrum of M1.
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g 2UATE M1¢] NMR S ER S o] 83l 7HE ¢
28] a8t b X9 ATt 2:19] HAHE EAfske A
< ERIglon, W= 29 a 1R $4a8} ¢ fIXS
_1_7]- 19:29] H|& EAlsh= 2102 Ml +2E 1A
(Yield : 80%, Mass : m/z=577).

B M2 &, @A M29] 443 'H NMR &)
E7S Scheme 29} Figure 29 22t e SITE. NMR 2~%)
EdoNA 7.0~7.8 ppmell WIS 2] o] i) o7 ¥4,
6.9 ppmol| Era-gha °I% A3 4 932 2 1.2 ppmel 7l
g71¢] 4 9aE g9 F AUATE M29] NMR & E

Buli (2.5M in hexane), THF
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Scheme 2. Synthetic procedure of 9-(4-(2,2-diphenylvinyl)phenyl)-
3,6-bis(4,4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole
(M2).
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Figure 2. '"H NMR spectrum of M2.

HollA Wl argje] pae) Wgr]e] At 5:69] HE &
A= Ao 2 M2 25 15 tH(Yield : 65%, Mass :
m/z = 673).

CH| M3 &, AR ARS M39] M3 'H
NMR ZHE&-S Scheme 33 Figure 3ol 2Hzb YR ATt
NMR ZAZo| A 7.0~82 ppmell W& 2]9] 4 A E
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& RIS M32] NMR S ERofA 7RIS a 9
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o] H|&2 EAfske 21 SRIFom, 7HlE a 91X]9] 40t
Za719] e IR 47t 2:1¢] HIR EAjek= 1 0E M3
TZZ 213k tH(Yield : 85%, Mass : m/z=435).
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Scheme 3. Synthetic procedure of 3,6-dibromo-9-octyl-9H-carba-
zole (M3).
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Figure 3. '"H NMR spectrum of M3.
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Scheme 4. Synthetic procedure of 9-octyl-3,6-bis(4.4,5,5-tetrame-
thyl-1,3,2-dioxborolan-2-yl)-9H-carbazole (M4).
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Table 1. Molecular Weight and PDI Values of Copolymers

Proportion of

monomer 3(((i)z)l)d M, M, MJM,
M1 M2 M3 M4
P1 50 50 - - 80 23000 30000 1.3
P2 20 50 30 - 75 16000 18000 1.2
P3 50 - - 50 80 20000 24000 1.2
P4 - - 50 50 60 14000 16000 1.1

s B2

S

a ) {
AL b e

B8 7 6 5

4 3 2 1 o
Chemical shift(ppm)
Figure 5. '"H NMR spectrum of P2.
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FAI7E 50 TA ofskE EAbRke] HlawA W] wiEll Al
2 A7

THEgA| o} FEEEA| vl7E 7:39] ¥I2 FRtet P2 S Al
NMR Z#E Figure 50 YERAATE T o] BHA-ghA o]
SAG b AR Ao} FHFA ¢ YIRS FA7F 119 |
AuE Yeptom, W] b 91319 ot I d 914
o] F47) 169 FAH|R EAsk= A1g IIFAL, WAl b
AR ] ool FHLFA L e AR FATF 2:39] HAHR
Ak AR vehtt o] ARE A e tad
dnjddl} S Xg]e] 2AdHlE 20190 AS RIS

et o obMM. FEFAI d gAS BklE] 9
#A TGAE 43It A4 917184 30~1000 °C7F
A 20°C/ming] =2 7183l 2 A3E Figure 69 L}
WATH

PI~P4 T53A B5F 340 °C7HA] A W37t gle 22
2 Hol PLEDS] w3502 2837 SE3 WIS A
21 ERIsITE 5% dF #4858 YepllE PI-P4 ¥
SEA Bl =7t 522, 418, 341, 394 °CE YESTE & <t
gAde] 9k g danddl X379 TRt S SR
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Figure 6. TGA thermograms of P1~P4.
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WS B, ol wEAel M1 A &4 wgel
342 nm¢} A9l dRE8t DE AdEiolM= packing® 3
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PL(Photoluminescence) Z[cH #& &, 35319 &
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Figure 7. UV-visible absorption spectra of copolymers in THF solu-
tion and film state.
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Figure 8. PL spectra of copolymers in THF solution and film state.

Table 2. Optical Properties of Copolymers

Aw max (nm) A, max (nm)
sol film sol film
P1 340 359 448 458
P2 340 361 459 468
P3 341 361 464 479
P4 333 357 409 430

Figure 8¢l YERHAL, F53HA9] UV-visible Ht| 5 9
@ PL o] W= 9732 AElste] Table 20 VERA ST

SA3 D A2 =4 UV-visible S 3 U3 =
7oA A8t

kSl £9717F X $He IR 2R o] Fol X P4 F
FTHAE Alstal G dejoll A= 450 nm FellA Hof v
Z S Bled], 9 M19] Hol w=g 3421 394 nm
B} Aupg Zo) eyttt T3 2 E 470 nm 2H4TH
oA Ho] &g RAth AU WE I fedmdA
28727 o]Fo)Z P1HTE M1z M49] wdl] 358 7%
£ 7= P39 A% 7P =4 YeRTE Pl P2 Hed
Al X|3k719] PRGN FARES] FHEHES o7 IAA
FAREO] 22 ol RIS @Al =71 el blue-shift
o] veRt Zle s AzbeEnt

S| MLl LRt S8, FFTA ] W 58S Yo}
17 9Ei 71 Edel g S uv A 5 9
7d=ot PL Hu) W 3 AAnE Bl Ao A 28
243t Table 30 VFERAQITE.

71 B 2% 9,10-diphenylanthracene S Al 2 Z 3 Ao
24x10"M TE= gallair] AMgall e, ¥53A= THF
o] 1.0x10"M T2 &3llste] S Th”

Table 3. Relative Quantum Yields of Copolymers

P1 P2 P3 P4
(o8 - 0.97 0.97 0.97
Ar - 0.11 0.11 0.11
F, - 332 174 238
A - 159 159 159
Fr - 0.87 2.36 4.56
ng - 1.42 1.42 1.42
nr - 1.42 1.42 1.42
@D, Partial soluble 25.8 5.0 35

2
ArF,
ors- a0
s n

O=71FEA %} g s
Ar=71FE4 UV &F e

m=1EEd = §rjel 24E

P2 FF3HAOA 25.8%2] FHo] o) A & S HA
owm, P3¢} P4 FFHAE M7 5.0%9} 3.5%2] AT Ak
288 Btk 4 Al T A 28 2
A BalEjozl A wgA o] A} &8 7k 40%HTE Tha
w2 ks Holed], o)A Avket A7ix 9] tudAnd
277} FAFRe] HEYOR A3} o]Fo] oY e &
2 EEHE TR E Aoz Helg

deidandal X371 77 G| =5 o]Foi Pl F
A= f7] Sufol] ARk mol ) g 288 ST
T ion, gudav)dal v go] =&5E ] A &
&o] wskon, 977t X3 FuEkA| vl go] &
= f7] goljol] tigh 88l=rt =T P4 TEA Q] A %
A && W, P2 TEAA] ) A &8 3k vl B
A, X37)ol tudeiuddle] =9lo g i oide] Yrlw
& M a9E I = ASdh

SEEHe M7|1H 4. dudandd X3 E 7
FhE dEAel SE7I7F X3k Tl yaEA o] 249
7} 2:191 P2 FSFAY M =2 AEES TR E e
2 ZIgo], P2 I3FTAE TFFO 2 AMES 1A 77
kg tho]  =(PLED)E Figure 99} o] A|&ksar, 714
£ [-V(current-voltage)¢} L-V(luminescence-voltage) S
2738l Figure 100 LR AT}

P2 35S BF5 02 ARES Ax= 4.0 Vol A
sFo] v 5 Q) o W (Figure 11), 432nmollA] A whsgo]
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