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Abstract: Into a no-conjugated polymer chain we have introduced side chains with a styrene-linked triphenylamine segment as
a Teelectron donor, styrene-linked aminobenzaldehyde segment as a tunable reactive -CHO group, and PM (4-(dicyanomethylene)-2-
(tert-butyl)-4H-pyran) moiety as a T-electron acceptor for red emitting materials. The thermal stability and the optical
properties of the statistical copolymers have been studied. All the polymers were electrochemically active and showed
electroluminescent emission at around 700 nm. The EL device of P5-PM based on the structure of ITO/PPV/polymer/
BCP/Algy/Al showed a maximum brightness of 120 cd/m’ at 50 mA/cm’ with an external quantum efficiency of 0.67%. It
was possible to enhance the external quantum efficiency by balancing the charge recombination. A red-emitting polymer

with high external quantum efficiency was developed by incorporating bifunctionality.

Keywords: polymer light emitting diode, non-conjugated polymer, red emitter, hole conductor.
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Az 1%}t B33 ARKpolymer light-emitting diodes, PLEDs)7}H
7hatd olg) T mEA] et g2 A7vh JaAEch wF 1
PASEe QA By 249 Az PHEc AP 2wy
(spin-casting)ioll 23} AZ2 % Ur}h Eastman KodakAH] 9=(DCM
dassye= AEAe] A g 542 & dEA v’ BE DCMF
o] 2 dg= A} Wl (electron acceptor)ZA] 2-pyran-4-ylidenemal-
ononitrilePM) =S T3} gt o] GREES GuHAHOZ Alg,
Zol =5e] AHggh a2, Algel AEE =BAA AR &
e e Agd T4 B2 M £ VIt 2 58 sl
£ &go] Yoy, ¥ =% FEoAE AlgelA A =R EH
(red dopant)Z.¢] o|\U]X| M o](energy transfer)”} &5k ¥alch 2
sHHoz, HA BPE AlGEFEY 54 AP B F3
Ao e o)’ wepr, A Pzt dPFizPLED)A &
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7t B
H FAANA, AF A B4 A4
g H| aEA7F Hasjrl o)A e
AE-R} WhSradical polymerization)of] &J3 353
o3 W Q79 #2(¢), indium titanium oxide) AFo]ell
(hole transporting layer)& AHESTH B3 ASTHE AMRS 5
o] 2ol BlE] Axke] e MHAE = JukP EEidorw
(TPAYS- 713 Bo] o858 AT Ag &2 F shjo|ckt 14 o
3 23 Agdd 182e AF F/l(dononE TPAE ARESIL A
W7l (acceptonE PMS o] &3t UTh
AN B A AE718 PME TFeRs EA
P B4 sl =3taiz) gt 3l o]E AMEE BT 1L
Aol 42t Asa Ariges 47 9 FEYH 4As 7
o]E mEx}Y] ©]%&7]%5 A (bifunctionalized) S LEA}S] AF o]
A7) T A A DCM ERE(dopant)] A & 3hL2l self
quenching® 7AAIZA AoZ 7|}
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4-Diphenylaminobenzaldehyde(1),7 (4-diphenylaminophenyl)-methanol
(2] 2.2.6,6-tetramethyl-1-(1-phenylethoxy)-piperidine(5),* % 2-(2-tert-
butyl-6-methylpyran-4-ylidene)-malononitrile-&>'® #-&9] el wa}
KRl el=

Diphenyl-[4-(4-vinylbenzyloxymethyl}-phenyll~amine(3) :
Sodium hydride (60% dispersion in mineral oil, 223 mg, 5.58 mmo)E 2
& FHY AT Zgagd ¥ @z 3 Al H(washing) 3T
AxE o] sl AZRAZ F, THFE 7I8laL 40 TolA 2083 #
Z| A1k THRG0 mLyoll =< 31 2218 g, 5.58 mmol)#} p-vinyl-
benzyl chloride(1.18 g, 5.58 mmol)E FAE ol&3s}e] HH3]| 713l
o} EIES 70 ColA 18A1ZF B w & FFTE AR
129 Z@AZT) F8% S8 ethyl acetate(250 mL)E A ¥ &
gt} FolA §7) & ZF4250 mL)%} brine(250 mL)E ©]-8-35}]
AR F MgSO. = AZANRAY. 40iE 7t AAS F, Fol
2 1A 22L hexaned} ethyl acetate(7:3 in volume)2} 3B HE A}
g3l AItA AP F2ulE T F(ilica gel column chromato
graphy)2 AABIATE dojA AFE9] $8L& 2%t AHFEA
A= mvz 391.6M'] R, 'HNMR Z3= (300 MHz, CDCL): 8 4472
H, s), 4572 H, ), 5.24(1 H, d, J=11.0 Hz), 5.74(1 H, s, J=17.5 Hz),
6.71(1 H,dd, J=175 28] 11.0Hz), 6992 H, t, J=7.5Hz), 7.07(6 H,
m), 7.23(6 H, m), 7.33(2 H, d, J=8.0 Hz), 740 2 H, d, J=8.0 H) 1 2.1,
BCNMR Z#E (500 MHz, CDCL): & 1479, 147.6, 138.1, 1371,
136.7, 132.5, 129.4, 129.2, 128.2, 1264, 1244, 124.1, 1229, 1140, 72.1,
72.0. CosHasNO Anal. Caled. C, 85.90; H, 6.44; N, 3.58. Found: C, 85.10;
H, 6.55; N, 3.36 it

4-{Methyl-12-{4-vinylbenzyloxy)-ethyll-amino} -benz-
aldehyde(4) : Sodium hydride(60% dispersion in mineral oil, 312 mg,
781 mmohE HAE FAY 47 Zek=30] ¥ hexaneS AHE
sted 39 AFFE A4S o83l AxAF F THFS 7lstx
40 CoNlA 2087 F-AAZ ) THRG0 mLyol =<0 4-[(2-hydroxy-
ethyl)-methylamino]-benaldehyde(2.15 g, 7.81 mmol)$} p-vinylbenzyl
chloride(1.18 g, 7.81 mmo)E FAP|E o] &3te] 8] 7hate] 9]
ol BEEZ 70 TN 12413 B9 witgt & FRGE o] &sld
-2 ZaATh ARE7F dold & 8D S5 ethyl acetate(d
%250 mLyE AHgste] & Bokxl f7] 58 FF(250 mL)
<} brine(250 mL)Z ©|-&3ke] A& 3l3 MgSO.E ARE3ste] B
o} g st AAT 3, o 1) 28E hexaneT} ethyl
acetate(20:1 in volume)?] E3-&uE AMg3le] Aelskd A9 F=2v}
E129silica gel column chromaography)Z AASI T Vo7 AR
B9 & 75%90 2FEY A miz 2954 ML H-
NMR 23+ (500 MHz, CDCLy): 6 3.10(3 H, ), 3.66(4 H, m), 4.50 2 H,
s), 5.24(1H, d, J=10.0 Hz), 5.73 (1 H, s, J=17.5 Hz), 6.713 H, m),
7.242 H, t, J=7.5 Hz), 7.36 (2H, d, J=7.5 Hz), 7.71Q2 H, d, ]=9.0 Hz),
9.73(1 H, )% &1 PCNMR Z 2H=(500 MHz, CDCh): § 1904, 1537,
137.7, 1372, 1366, 1279, 1264, 1254, 114.1, 1112, 732, 67.6, 52.3,
39.5 Stk
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X} P-TPA : €893 Z2}2H(Schlenk flask)oll 3(0.245 g, 0.626
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mmol)# 5(0.0197 g, 0.0754 mmol)E ¥ 3L diphenyl ether(0.25 mL)E
7Hck Al M9l freeze-and-thawHoll 23] F=#I} g AAS)
T 125 Colld ok 24A7F Foll ¥hg EFad W] EFEY
AAETE 47 Foldth o]AS THRO £8iA)7]3 HEhES A
&3l AN AAES A7 T, AlE2S A8l Sox-
hlet extractionS 48A|17F B¢t APk Aol 7L, ARAA F
3 @Al A9E0.192 g, T8 8% ATk FHT A
€ M,=131X10* g/mol A3 AR 4= PDI=1.2%1t}

TEX P10 : 22X} P10 4(0.313 g, 1.06 mmol)$} 5(0.0132 g,
0.0505 mmol)E A}g3led TEXR} P-TPASH Z-& Wl o) &
AERen, 9A 4% =] ANE0.150 g, TE 0% 2
ei= 8

23 AIBN 7HAIMIE AM2EH 338

THEX} P5 1 3(0.391 g, 1.00 mmol)¥ 4(0.295 g, 1.00 mmol)Z WA
(5 mL)oll £31417]3 AIBN(7 mg, 0.042 mmol)2 7WAIAE A}-83}
of 48X17F B¢t 72 CollA £ &S APt g 8
H F 8vE Arstn AFES J4FY THP 35U £ veS
S ARgsie] AN AR o3 Fof, S AREEHd
Soxhlet extracions 48A|17F Eet AFTE I F, AdolA] 73k, A
ZAA ARE0335g, T& 85%)2 AUtk

TEK} P7 : 30235 g, 0.600 mmol)3} 4(0.413 g, 1.40 mmol)E AH§-
3te] nEA pso} 7L W R A, A% ndae] 2
HE0276g, F& 43%)S 43Ut

24 PM[2-(2-tert~butyl-6-methylpyran—4-ylidene)-malo-
nonitrile]& ARSI K& IS

AL P5-PM @ S22 P5(0.200 g)$F PM(0.067 g, 0.313 mmoly&
chloroform(30 mL)ell °] 3L piperidine(0.10 mL)& 7}aled A 4
71| 36Xt Bet BFART. A2oE Y4F £uE AAS L
AREL HAe) THRY) 590} oeeS A8t AN F
ol AHEL o3l HE-&S AHE-5to] Soxhlet extractions:
4871t Bk N @Egich AR FAET EAFE M, =499X
10" g/mol §13 EAEX & PDI=29% T

3. Y ER

3.1 Gl e

Egddol dEA@E A gAY FHEE AA 2E-
=950tk DMFelA Eg]#del? 3 phosphorous oxychlorideE
-2 A7 Yoizl 4diphenylaminobenzaldehyde(1)2 NaBH,Z A}&-st
o} hydroxyl group Q.2 371302, 714 E$17] 3HelA 4vinyl
benzyl chloride$} BHSAJHTL! o] WF3-& F3lo] 4bh Axlel] 93
2E]do] 2olgl= Edud olug IR GRHARS & F
A2 ThScheme 1). 3, A =RE Jeg = PM =YL 98
aE| =l AAEAZ7) $18l, 4-{methyl-[2-(4-vinylbenzyloxy)-ethyl]-
amino }-benzaldehyde(d) 2 22 £9]7] 3}ollA] 4-vinyl benzyl chloride
b=

32 DEAEM Y EY

2E|dlo] AZ¥ EgHdolyl T3 2,266 tetramethyl-1-
(1-phenylethoxy)-piperidine(5)2. g4 |01zl L&A} PTPAE ZAME
o AF ARVE 3 Qe HFY FAlEet” 3E 5= g
ZF 2% 2487 A% AXNAR ARHYD, SIEA P10 &
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E]dlo] ¢12% aminobenzaldehyde@ S TRAR 8l R4} PTPAS}
2o o g AU THScheme 2).
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Scheme 1. Synthetic route to the monomer 3 and monomer 4.
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Scheme 2. Synthetic route to the P-TPA and P10-PM.

Za|H, A20d As5E, 20053

o Pew 3x Yore uFEwg
BE & YokP EE, ol ESAE

sl golsich @

}_4

1EAE BF FTY W=

A, uExAe pMT EFddolile] AEv|el) abE e A
A A AL BF37] 1314, 2,2-azo-bis isobutyronitrile)}(AIBN)

&4 Apg 3 Thket A FEFAE AR doE FH S T
st FABAT UO|EBAEE olgdle] date TEAS JO
H1 ATsg o pMite 3 Wk Fofl dojr EF IFHA
7} chloroformol] =2 ¢kgkch 282l PSE Ar] $i8] EglHdor
7} aminobenzaldehyde HEA ] ¥ £&S 552, ALEA PT 2%
Eo] 299 372 3o AIBNS AREE gz AA] whgol o8 F
=832 4351 THScheme 3). ' non-emissive) LA PME
2347171 93, 284 P5, P7, 2 P10S Z}2} Knoevenagel con-
densation 31ich” &4€ 1EA psPM, P7PM, 2 P1O-PME
A, o33} = Soxhlet extractionol] <3 &E}H oz AR S chloro-
formel] PlA & igh:} g 223 A7 B4 9] URE
WP L e Bl ¥R 4H3| =77} APk Jol 918
& 'HNMRS %3 2% 4 AU

'HNMR FEAS] oxymethylene”]9] ZZH1E E3] L&A} P5-PM
Ue Egsdol?la} aminobenzeneZ]2] T4 HlEo| 11YE I

stglon, o] ghe wkAlY] £ B&3 dxskn Ik’ 2y, 2
Ex} p7PMS] 7% aminobenzeneZ]9) HlE £ EgHU E 15 A
=2 Btk YolESA=E 53 F4E 1A P-TPAY] F3HT

ERM)S ok 13X10° g/molo] THEAMAG PDIE 12). L&,
AIBNS A3 2 gz dhg-e viay ge 2% Bxs u

EMAQIEHPDI > 2). TEAF PS-PMT P7-PMS] HT FARHM,)>
243}

oF 1.7x<10*@DIE 2.9)3% 1.3%10" g/mol(PDIE

AIBN
benzene

x=50 y=50 P5

x=30 y=70 P7

piperidine / CH3Cl

x=50 y=50

P5-PM

x=30 y=70 P7-PM

Scheme 3. Copolymerization of monomer 3 and monomer 4 leads to PS
and P7.
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33 deie ME

uEAe] B AAE 43 Y8l ARlHd-sAd 2%
Wi} B33 BPyo) AU Figue 12 29 Aeje] HAA F5
2"9E8S Jeiith 242} 302~340 nm$} 490~500 nmollA F 7
9 &4 W} EAF) Al TPAS] mr Aolol] 2% Aol +3t
B 333 AAE 71 TPARYH AAp) 253 DOMoRe] s}
A Ho|(charge-transfer transition) At 719307 Hd) s=a=
PMY] Ego| AASE o7 71 sgo 2 o] F3ar vk

ututad e o] pLAREHL Fgure 29 VFERASIEE 670 nm 23 o)A
Yehds Hd g3 220 Aapl 5% Eduidord
A7} BEF PM Alo)9] 23} A o)(charge transfer)ol] &3 Ao|c}."®

34 AEM

gd SEA9 FFEAY 84 AF L EF5F ¥4 (thermogravi-
metric analysis, TGA)? A| XA} A %A (differential scanning calorimetry,
DSOE ol&sle EAsIgitt E5% 4 ZAREFH 18R P-
TPAS] 3 B3] ¥ho| WUolihs 7] 25= 230 ColH ol Y
olEZAL wrirlo] 4 Esald o3 Aoz FASGITE 300 Tl
N 5% F% ZAE 2o vl $& 97 A4S Vi

Figure 3& ArLE] 715414 71K w13 31859 DSC curve
g RoFw 9o FA A 7t FE AIE vepdth 1EA P-
TPASH P5-PM A= 292 C 2AA AR 4 F4do] veht
i glon, ole Egddolld} #eo| gtk 1EA P-PMI P10-
PMOIME 390 T 2A M FaA0l sldshs &9 F4o] vehd
3 2™ aminobenzaldehyde®] €91 AT HBHT AAo] §)
o} BE :mEAE 460 T IAAA Auid 2 F4E Bolx 9l
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Figure 1. UV-Vis absorption spectra of the polymers in solid states.
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Figure 2. Photoluminescence spectra of the polymer thin film.

o 953 $Y4 A8} vmslelnd o] WAL wF Y W3
s 2] glo] Yen 31e] crosslinking™ 2& Aol Yol
Aoz spEn

35 ®Moludy 4E

v FgR AREAZ o283 WG A21= ITOMpolymer/BCP/Algy/Al]
T2z AFEAY Algs A A FoF AMEEgleH, BCPE
AF At 2O E2A Algs9] BFE AAIBY) sl ARSI A
7]+ (electroluminescence, EL) 2~ E#L Figure 4949} Zo] B
Ao A H4 @3e JeEITh PM F&o| AZFE 1 o
Zo2 o|%3lm glom, 700 nm =] wge Ez)Hdopule) A
PMO.2¢] A3} o]Fo) 23 Aoz Helth

ITO/polymer/BCP/AlGyA1S] 22 AZE 27| AF-HAY-H7]
(¢13} LVL) F4& Figure 59 YeRRITE 1184} PSPMOE T4
¥ A2k PI-PME P10-PMET} o 52 AR/ UEE /HHY. 1
Bz} p5.PM 2244 A$ Hl 20 cdm’(30 V)9 FEE B uHE,
FEA} PT-PMY P10PME] Z5-E o W2 BY|E RYT aE
2 PSPM A3 AU )2 =} &2 045%0|9, o] 32 PT-PM
# P10-PM AR 48T} 244 F=o) F& T TP

o L 97 %A 588 A7) #1314, poly(phenylenevinylene) (PPV)
£ AT AY Fo02 AME3) ITOPPV/polymer/BCP/AIGYAl &S T
AL o] S PPVE AMEEIR E3kE WEch &Ate s2E
AFE FLoE B85 PSPM &9 44 Ao 35T 20 cdim’
oM 120 cdm’2 Z7V51ACHFgure 6). oW Ao &7 ¥t 58S
067%2 VERE.oH PIOPMOE FAE &A= 014%%{th PPV W

T T T T T T T T T T T
§ (b) P5-PM
é __/\___,—J\
z
2
- {c) PT-PM
] —_’_/\_/\
5]
I
{d} P10-PM
F T T SN RN AN TR SN T S N SN S NN S S 1
200 300 400 500
Temperature(C)

Figure 3. Differential scanning calorimetry (DSC) traces of homo- and co-
polymers (under nitrogen at a heating rate of 10 C/min).
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Figure 4, EL spectra of the devices with the configuration of ITO/
polymer/BCP/Algy/Al
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Figure 5. Current density-voltage-brightness (I-V-L) characteristics of the
LED device based on ITO/polymer/BCP/Algy/Al.
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Figure 6. Current density-voltage-brightness (I-V-L) characteristics of the
LED device based on ITO/PPV/polymer/BCP/Algs/Al structure.
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ek TR PSPMOIAME o 70%7F W84 FEoIA, PT-PMS
739 F 90% H=rt vEA R &Itk 2F, uEA PS-PMLS
2 39 229 A4S d U &zt AsS VeI

3.6 M7| &=t® M

2= A3t 3+ ABL cydic vollammetry(CV)YS E3l tetra-
butylammonium hexafluorophosphate-& acetonitrile®] =2 £90.10 M)
& ARgale] AR Ug Ay A=, giHS, 28 A, Ag/Ag (001
M in acetonitrile) 715 AFHE AMESI o™ Y- 7|E 2ERE femo-
cene©] AFEE I} Figure 7(a)ye 11822} P-TPAS] 7} Q) 413} 3}
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Figure 7. Cyclic voltammograms of the polymers recorded from thin
films coated onto platinum plate electrodes (Scan rate = 50 mV sh.
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o] A whg TEAR] PS-PME 055 V&F 065 VoA 38 5 7)
o} g TMS HolFEa glom, EE 058 VI 047 VollA pdedo-
pinge] Lotz Yrk? dutzlo g {718 WIS dHFE FE
Ae ¢k 17 VilA &89 93 Holx A ), o] Afd &
4 nz—*} Ao FA7 BEHR] itk oA dd)F|=r|7}

A Ao et oz 8PS HolA g ofe S
6& %5\} W3 mEolt). pMAe] F3ugol FodshA] ¥ H
-CHO7|9] para Aol &A1= oPlaFel A F702 2Eah)
g7l Aoz AzbeE)

283} ps-pMe] A7) &etAe] Akgl WAUES thed ol A
BE 5k ARAZ) tiarylamine¥} FAFEHA] EZluldowly)=
TS MA3] B FA W 27)d oz oz ol

o] Hli, A&MOE dication . WIFTH AT A 718 £}
= 2] gzt 9Fo| & FRE acetonitriled] & = 3tk wEl
A, TER] Bhato] Rajs] 7] AlFslaL ot 4l W38 Hole A
oz AAPrt® o3 Ane s B33t ZAEE A4S
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Figure 8. The energy level diagram of the side-chain functionalized
polymer.
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