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Synthesis and Characterization of Non-Conjugated Polymers with
Hole-Conductor and Red-Emitter in Side-Chain
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Abstract: Into ano-conjugated polymer chain we haveintroduced side chains with astyrene-linked triphenylamine ssgment as
a m-dectron donor, syrene-linked aminobenza detyde segment as atunable reective -CHO group, and PM (4-(dicyanomethylene)-2-
(tert-butyl)-4H-pyran) moiety as a m-electron acceptor for red emitting materias. The thermd stability and the optical
properties of the statistical copolymers have been studied. All the polymers were dectrochemicdly active and showed
dectroluminescent emisson a around 700 nm. The EL device of P5-PM based on the dtructure 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 externa quantum efficiency was devel oped by incorporating bifunctiondity.

K eywor ds: polymer light emitting diode, non-conjugated polymer, red emitter, hole conductor.
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4-Diphenylaminobenzal dehyde(1),” (4-diphenylaminophenyl)-methanol
(2),” 2,2,6,6-tetramethyl-1-(1-phenylethoxy)-piperiding(5),2 2 2-(2-tert-
butyl-6-methyl pyran-4-ylidene)-malononitrile 2% Z& o] el wle}
A= ATt

Diphenyl-[4-(4-vinylbenzyloxymethyl)-phenyl]-amine(3) :
Sodium hydride (60% dispersion in minera oil, 223 mg, 5.58 mmol)& 2
A A9 AT ST Yu dxkow 3 A)F(weshing) El T
ALE o]gdle] XA F, THFE 718k 40 CollA 2087+
AA AT} THRE0 mL)ell 521 315h= 2(2.18 g, 558 mmol)} pvinyl-
benzyl chloridg(1.18 g, 558 mmal)E A& o]-gste] 23] 71813
th E3ES 70 CollA 1A B¢t unkst & FHRFE AR8-3to]
S-S FEAAT 89 & ehyl acetate(250 mL)E Al H &
Y}, 2ozl §7] T8 TH4(250 mL)9} bring(250 mL)S o]-8-3}]
AFe & MgSO= AZRAIZATE SlE 7Hetste] AlAgE 5, dof
7 14 BAS hexaned} ethyl acetae(7:3 in volume) 2] E3H8-1S A}
S3ko] A Ay g 2vrlE 19 (slica gd column chromato
graphy)= “AISH T Dol BAES 78S 8%tk A4
A= miz 39L6M7 Q3 'HNMR Z3-= (300 MHz, CDCOls): § 4.47(2
H, s), 457(2 H, 9), 5.24(1 H, d, J=11.0 Hz), 5.74(1 H, s, J=17.5 H2),
6.71(1 H, dd, J=175 12]1L 11.0Hz), 6.99(2 H, t, J=7.5Hz), 7.07(6 H,
m), 7.23(6 H, m), 7.33(2 H, d, J=8.0Hz), 7.40 (2 H, d, J=8.0 Hz) 1 >,
BC-NMR Z3}+= (500 MHz, CDCl3): § 147.9, 147.6, 1381, 137.1,
136.7, 132.5, 129.4, 129.2, 1282, 126.4, 1244, 124.1, 122.9, 114.0, 721,
72.0. CH2sNO Andl. Caled. C, 85.90; H, 6.44; N, 3.58. Found: C, 85.10;
H, 6.55; N, 3.36 it}

4-{Methyl-[2-(4-vinylbenzyloxy)-ethyl]-amino} -benz-
aldehyde(4) : Sodium hydride(60% dispersion in minera ail, 312 mg,
781 mmol)E AAE FHE 4 Zeka3el Wil hexanes AHE
sto] 3H AlF T daAE o]&dte] AXAIX F THFE 7}shaL
40 CollA 2087 FAA1FTE THRGEO mL)oll =591 4(2-hydroxy-
ethyl)-methylamino]-benaldehyde(2.15 g, 7.81 mmol)2} p-vinylbenzyl
chloride(1.18 g, 7.81 mmol)E FA|E o]-&3te] Hx3] 7kete] 31

L EES 70 ColA 12A13F oF kel & SHSE o]83t
WSS TEAIZATE TV dold F, 89 Z5 ehyl acetate(3
*x250 mL)YE AMg-&te] &3 RolAl §7] & FF(250 mL)
9} bring(250 mL)S ©]-8-3te] AlH3kaL MgSOsE AR8-3te] 11x3)
ol &S At AAT &, Boixl 1A EHS hexane} ethyl
acetae(20:1 in volume)o] 3-8 E AMESte] Az A9 =0}
E2)|7)(slica gd column chromaography) 2 3 #15H3it). dolx A3}
B £88 5%t AHFEA AdE miz 2054 [M]G H-
NMR Z3}= (500 MHz, CDCls): § 3.10(3 H, 9), 3.66(4 H, m), 450 (2 H,
9), 5.24(1H, d, J=10.0 Hz), 5.73 (1 H, s, J=17.5 Hz), 6.71(3 H, m),
7.242H,t, J=75Hz), 7.36 (2H, d, J=75 Hz), 7.71(2 H, d, JI=9.0 Hz),
9.73(1 H, 9921 “C-NMR 2 3}=(500 MHz, CDCly): & 190.4, 1537,
137.7, 137.2, 136.6, 127.9, 1264, 125.4, 114.1, 111.2, 73.2, 67.6, 52.3,
395 At}
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2R P-TPA : 33 Zg}~Z(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
7hct Al 9] freeze-and-thawoll 2J8] 83} A4S AA s}
3125 CollA] wkglich 2447 Fofl = kg Zekaa U] 3159
AMES} oF7E EolAth o] AL THFel &38A17]a wWgheS A}
|ato] JAAZATE AAES oHg Fol|, kS ARE-3te] Sox-
hlet extractionS 48417t &<t Al ek Ah2ellA 74}, AZRAIA A
S wehdlo] AWE(0492 g & 78%)S VU FHEA EAEH
£ M,=131x10"g/mol 31 £AHA = PDI=12% T}

2R P10 0 ZEAF P10 4(0.313 g, 1.06 mmol)<} 5(0.0132 g,
0.0505 mmol)& Al-&-ste] 322k P-TPASH 22 Wl o3l 3
AERem, A Ak e e] AFE(0150 g, & 500 &
At

23AIBN JHAIMIE ALBE S58

2K} P5 :3(0.391 g, 1.00 mmol)Z} 4(0.295 g, 1.00 mmol)=S Hl#l
(5 mL)ol -&8)A]7]a AIBN(7 mg, 0.042 mmol)& 7AAAZ ALg-3}
o] 48AZF Bt 72 ColA FF w35 st vhgo] T2
H % s AASIe AHES A4 THR w59l & wehs
S AHgate] FAAHTE AAES ARG Fol, Wehe-S AR5l
Soxhlet extracions: 48417k St AlgT) 1 %, A2ellA 24k 1
ZA17 ATHE(0335g, & 85%)= Ilth

JEX}P7 @ 3(0.235 g, 0.600 mmol) ¥} 4(0.413 g, 1.40 mmol)E A&
shod LA} psel 242 WO R Ao, A%k Al 4
HE(02769, & 43%)S LA

24 PM[2-(2-tert-butyl-6-methylpyran-4-ylidene)-malo-
nonitrile] & AFSSH £& HtS

T#K} P5-PM : 3132} P5(0.200 g)©} PM(0.067 g, 0.313 mmol)S
chloroform(30 mL)°ll =°]3L piperiding(0.10 mL)& 7}ate] A4 £
71l Al 36AIZE St SFAIFEE o s WhE gulE AASkAL

ANEES HATe THR =530tk HeE&S AR83ste] HJAAIZ &
Hoj7 AAES o7}slal Wek2-S A}83lo] Soxhlet extractionS:
48AI3F Et Atk AEe] FAE A EAES M, =4.99%
10*gmal Qa1 FAEX = PDI=29%

31 S &Y

Eggdolyl t=EAQE Al ©Ale FARRSS AR 2|l
E915%th DMFelAl Egjgdolrl @) phosphorous oxychlorideE:
WS A]7 Holxl 4diphenylaminobenzadehyde(1)S NaBH,S AH&a}
o] hydroxyl groupS 2 IA71a12), 9714 9171 3SlellA 4vinyl
benzyl chlorides} FHSAIZILE® o] WHE-S Falo] Aka Aol o]
2EJdlol] B9, EFdd olnle ¥dehe dEAQS S
At Scheme 1) 3HH, 2 =gtE TS = PM =908 918
B =rE AAAIZ17] 18, 4{methyl-[2-(4-vinylbenzyloxy)-ethyl]-
amino} -benzaldehyde(4)E 24~ 9171 3toll A 4vinyl benzyl chloride®}
WS A F T

32 AEA Y H 54

ZE|Rlo] Add Egwdorl SEA|(3F} 2,266teramethyl-1-
(1-phenylethoxy)-piperiding5) = Fd= 1% 124} P-TPAE BAE
o AF AEVE Ztal = HlFY FAREOUL? 3§HE 5= gt

7 e 2Es] A AANAR AREH AL, A P10 &
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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.
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densation sFITEY FAE 1EA P5PM, P7-PM, ¥ P10-PMS 3
A, o3 2 Soxhlet extradtionol] ©]3f EA 02 A= 2™ chioro-
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Scheme 3. Copolymerization of monomer 3 and monomer 4 leads to P5
and P7.
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Figure 1. UV-Vis absorption spectra of the polymersin solid states.

LI I O O O B

PL Intensity(a.u.)

550 600 650 700 750 800 850
Wavelength(nm)

Figure 2. Photoluminescence spectra of the polymer thin film.
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ITO/polymer/BCPIAIGAIS] 22 A2t Axle] AF{-S-87]
(eI3k 1v-L) =& Fgure 50l YERASICE 3184} PSPM R -4
¥ A= PT-PM I PIOPMET O & AR “E‘EE 7Hiek a1
B2 p5-PM 2210] A9- At 20 cd/m’(30 V)] =S Hel uhA,
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3} PI0-PM 2] 739-HT} 2~48) Aol & ol a3t
O 2 o 4R 58S 471 $18k, poly(phenylenevinylene) (PPV)
£ 4T A T2 AEE ITOPPV/polyme/BCRIAIAl 2715 7+
*é’é}“t‘rm o] S PPVE ARSI g3hS wEo) Axjol] s2+=
AfE wheole Belal PSPM ko] 749 A 3% 20 edim?
o4 120 cdinP= Z7}elgichFigure 6). old] Hd 9% A} FES
067%= JEeldor PIO-PMoE TAE 22R= 014%33t) PPV U
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Figure 3. Differential scanning caorimetry (DSC) traces of homo- and co-
polymers (under nitrogen at aheating 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 (1-V-L) characterigtics of the
LED device based on I TO/polymer/BCP/Algg/Al.
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Figure 6. Current density-voltage-brightness (I-V-L) characterigtics of the
LED device based on ITO/PPV/polymer/BCP/Algs/Al structure.
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Figure 7. Cyclic voltammograms of the polymers recorded from thin
films coated onto platinum plate electrodes (Scan rate =50 mV s7).
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Figure 8. The energy level diagram of the side-chain functionalized
polymer.
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