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Abstract: As a new class of eectroluminescent (EL) polymers, PPV-based polymers containing sulfone group in the
main chain were synthesized through Witting polymerization reaction to control rt-conjugation length and energy levels for
predictable light emisson and enhanced device performance. These EL polymers showed good solubility in common organic
solvents and high thermal stability with initiadl decomposition temperature of ca. 400 C and glass transtion temperature
around 200 C. Emission colors were tuned from green to deep blue by reducing m-conjugated length between sulfone
groups. It was dso noted from the cyclic voltammetry (CV) measurements and semiempirica caculations that sulfone
group with high electron affinity effectively lowered HOMO-LUMO energy levelsto enhance EL device performance.

K eywor ds: eectroluminescence, sulfone, charge carrier balance, PPV.
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Figure 1. Electroluminescent polymers with sulfone group in the main
chain.
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Bis(bromomethyl-p-phenyl)-sulfone (1): p-tolyl sulfone(10 g, 41 mmol)
7} N-bromosuccinimide(22 g, 123 mmoal)E 250 mL2] CCl,oll =olal
benzoyl peroxide(0.1 g, 041 mmol)E FY3IITh ©] &S 2473t
Bob SFANG F WA 7 oftol os) ojzl &o
ko] B2 A33la anhydrous magnesum sulfae®™ 71%31 &
e A7Ete] =] uAE Ak Holl A= o] o
Aol T dAle] Whgel AREEITE 'H NMR (CDCls, 300
MH2) 7.91 (d, 4H), 7.53(d, 4H), 4.46(s, 4H); IR(KBr, cm) 1303(S=0),
1151(S=0).

Bis(formyl-p-phenyl)-sulfone (2): 1(5 g, 124 mmol)¥} hexamethylene-
teframing(5.2 g, 37.2 mmol)S SE2Z¥E 80 mLol o]l 1247t F
ob FFWANIAAL. FLo2 Y2 T SRS ofjste] g

= Ak A7 8-S %7 |tE HOlodtic a:Id(JJl
viv) 60 mLol| =olal 24117k Fet ShFwHkel 5 5 mLo] HClS
Y3hadek AFHE o wkgEE 2o ® W7ska BEke] E él
AAZEE ©)5 1 N9| NaOH ﬁoﬂj 'gﬁ}d-_ﬂ SEEXSS ALE
slo] FESIGICE st 2 B2 Ak doxl AdES
column chromatography(silica gel, ethyl anetete/n—he(ae— 1) = AA5
048 g(Y =14%)¢] 34 114 22 LA} 'H NMR(DMSO-ds, 300
MHz) 10.09(s, 2H), 8.23(d, 4H), 8.13(d, 4H); IR(KBr, cm’®) 1710(C=0),
1330(S=0), 1157(S=0O); Elem and. Found(Calcd) : C, 61.65(61.30); H,
3.57(3.67).

Bis(bromomethyl-p-phenyl)-sulfone triphenyl phosphonium salt(3): 1
(5 g, 124 mmol)3} triphenyl phosphing(9.6 g, 37.2 mmol)S 30 mL2]
DMFell 0] 2A17F E7F SHFalslgict. 20w WAl & o]
A& WFE A1 Q1= 300 mLe] o E| 2ol AAIE] Fof IS A
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Scheme 1. Synthetic scheme of monomers.
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oerE® AAATI] 7 oY =60%)2] =T 1A 38 3]SIt
'H NMR(CDCl5, 300 MHz2) 7.38-7.80(m, 38H), 5.58(d, 4H); IR (KBr, cm™)
1442(P-CHy); Elem and. Found(Calcd) : C, 63.91(64.66); H, 4.26(4.56).
(4-Methyl-benzyl)-phosphonic acid diethyl ester (4): 4-methylbenzyl
bromide(12 g, 64.8 mmol)= triethyl phosphite(20 mL, 117 mmoal)ell 0]
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o] olite] AT glo] the @l ARSEIATE *H NMR(CDC,
300 MHz) 7.18(d, 2H), 7.11(d, 2H), 3.95(q, 4H), 3.15(s, 1H), 3.08(s 1H),
2.32(s, 3H), 1.25(t, 6H).

1,2-Di-p-tolyl-ethene (5) : THF/DMF(4/1, viv) 100 mLell sodium hy-
dride(60% oil-dispersed, 3.6 g, 90 mmol)S #4HAI7] 31 4(15.7 g, 64.8
mmal)E FU5FIT o710l ptoluddehyde(7.81 g, 65 mmoal)S F<
0]:1_ 55 C& /STQ:?} = 11\]7]. Eo]— H]—,O_}\]?ﬂr,]_ /\1—&_& L£7]—‘<5]-
% & 500 mLoll Hste] 1 No] HCl =& o= F3tsi3itt. 47
H AAE oFE S ek e == AFLIT. ol XE
AzTVNA AZAZ 5 oekez AAAste] 82 oY =61%)2] 214
AAE A0tk 'H NMR(DMSO-ds, 300 MHZ) 7.47(d, 4H), 7.18(d, 4H),
7.15(s, 2H), 2.31(s, 6H); IR(KBr, cm) 1516(C= C); Elem anal. Found
(Cdcd) : C,91.60(92.26); H, 6.23 (7.74).

1,2-Bis-(4-bromomethyl-phenyl)-ethene (6): CCl4 150 mLell 5(3.0 g,
14.4 mmol)E 5°]a1 o]7]ell N-bromosuccinimide(7.7 g, 43.2 mmol)
o} berzoyl peroxide(0.14 g, 056 mmol)E FU3ISIL] o] §4E 244]
b Bt BFamteh & P73 oo ofsf Hojxl o] of
A slepel B2 ARk olF Axa $uIE AFse] w
se] 3AlE P9lek Polxl ;A tolgel Al Fgglo] vhe W
ol AFEEATE 'H NMR(DMSO0-ds, 300 MH2) 7.65(d, 4H), 7.49(d,
4H), 7.47(s, 2H), 4.73 (s, 4H).

1,2-Bis-(4-bromomethyl-phenyl)-ethene triphenyl phosphonium st (7):
6(5.6 g, 15.3 mmol)} triphenyl phosphing(12.0 g, 46 mmol)-S- DMF 40
mLell 50]aL 2A12F FF SRRk givh A2 o R WZEAIZ] & gk
SNS WE I gl 400 mLe olH 2ol AA3] Hof M
AAZT o5 AAFste] 4 Ao IAE ] olH =R Al
o & olehe R A At 29 oY =21%)] 2 4] 78 AUk
'H NMR(DMS0-ds, 300 MHz) 6.93-7.91(m, 40H), 5.15(d, 4H); IR (KB,
cm?) 1516(C=C), 1443(P-CH,); Elem andl. Found (Calcd): C, 67.34(70.12);
H, 4.94 (4.98).

2,3-Di-p-tolyl-acrylonitrile (8): 180 mL <] tert-butanolol] potassum tert-
butoxide(10.1 g, 90 mmol)E AFAI713L o] 7]¢l 4-methylbenzyl cyanide(8
g, 61 mmol)¢} p-toluadenyde(8.4 9 70 mma)E FY3 ¥ 55 CE &
23T 283 Bk wkEgk § ko] Bl JAAS AL
Ne] HO =& 0w F3lsigit) o3ts S8 48E AE EHO}
I 7AzE T ooEle g AAAst] 7.8 g(Y =55%)9] 8% 3|43}
St} 'H NMR (DMSO-ds, 300 MHz) 7.95(s, 1H), 7.84 (d, 2H), 7.65(d,
2H), 7.35(d, 2H), 7.32(d, 2H), 2.37(s, 6H); IR(KBr, cm™) 2218(nitrile),
1516(C=C); Elem and. Found(Calcd): C, 86.83(87.52); H, 5.00(6.48); N,
5.98 (6.00).

2,3-Bis-(4-bromomethyl-phenyl)-acrylonitrile (9) : CCl4 50 mL¢l] 830
0, 129 mmol)S *50]aL o7]of] N-bromosuccinimide(6.9 g, 38.7 mmol)gl—
benzoyl peroxide(0.12 g, 0.5 mmol)Z F3te] 2447k &9 257
WA & YA AFE FEA e AE FFe] == *ﬂ
H3slar Azl ZAstell 8Hig Ast] wAe] TAE A
A g olake] AN glo] vk vl wkgol AREEATE H
NMR (DM SO-ds, 300 MHz) 8.08(s, 1H), 7.96(d, 2H), 7.91(d, 2H), 7.61(d,
2H), 7.59(d, 2H), 4.76(s, 4H).

2,3-Bis-(4-bromomethyl-phenyl)-acrylonitrile triphenyl phosphonium
sdt(10): DMF 30 mLll 9(4 g, 10.2 mmol)<} triphenyl phosphine(8.1 g,
31 mmol)S 5o]al 247 B9k SRRttt Ao R WA
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Scheme 2. Polymerization of EL polymerswith sulfone group.

5300 mLe] eflE|2ol] ] Fojx S AL s F
3 o] ZAE F|Faiginh. dolxl AAE g oH =R AlHstaL
oete® AAsl] 23 oY =250)2] = 1A 108 LAk H
NMR (DMSO-ds, 300 MHz) 7.07-7.97(m, 39H), 5.24(d, 4H); IR(KBr,
cm’) 2214(nitrile), 1516(C= C), 1439(P-CH,); Elem anal. Found(Calcd):
C, 67.23(69.52); H, 4.10(4.73), N, 1.68(1.53).
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Bis(formyl-p-phenyl) sulfone (2) (0.6 g, 2.1 mmol)Z} bis(boromomethyl-
p-phenyl)-sulfone triphenyl phosphonium salt (3) (2.0 g, 21 mmol)S &

REFONEE, 21) ZFEmll =3k A 71F3elA po-
tassium tert-butoxide(0.6 g, 0.5 mmol)E o EH& 20 mLol| =54 o]&
SREEF 20 mLo} A whg-bol] AAE] Hslsliin). A2olA 12
AIZE BRF WRAIA SRS 8 $- 500 mLo] HghSo]
IS AR o5 FAsHATel o) 34t o]
2] THROl 591 - wghZol] A3l st 3-8E 33] Whsigich

i

ol#EA M FFA PPVDE 039 oY =77%)S Ao PPVSL,
PPVS2, PPVSCN 59| th2 ARAELE o)et fAkehAl S3slalth
(Scheme 2).

23PLY} EL AH2| H|=H & £E

B A}efoll 42| photoluminescence(PL)+= 1,1,2,2-tetrachloroethane S
Sz slo] 7} A1) 10°Me] g8 whEo] At AE
AEfe] PLE ZF SIS 1,1,22-tetrachlorogthane®l] 1.5 wi%=
A& 02 pm syringe filtr 2 A28l A7S: quatz EH
Azgste] S4EATE EL $4L ITOindium-tin-oxide)”} 3317

€
AR S 2
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9ol
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2 Axsigt

PL3} ELS] =3 lli= monochromator(Spex 270M)<} current/voltage
source(Keithley 236), optical powermeter(Newport 818-SL)Z AH&-3+S)
o RE AFL AL aE A}

2.4 Cyclic Voltammetry(CV) &3

A5 o] &3}ol| A= EG&G Princeton Applied Research®]
modd 3625 o] &3lo] Ag/AGC =3 HAXFAIER ferrocend/
ferrocenium redox system(-4.8 eV)= A-8-310 =20l 4] 20 mV/s2] scen
rae= 433t
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Figure 2. IR spectraof PPV S2 and PPV S2CN.

Table 1. Summary of Polymerization Results

PPVSD PPVSL PPVS2 PPVS2CN
Yield(%6) 77 42 60 69
M, 1700 2000 6200 2100
My 2400 3500 8200 4700
PDI 141 1.75 1.30 2.23
Table2. Thermal Propertiesof EL Polymers
PPVS0 PPVSL PPVS2 PPVS2CN
TLC) 198 180 187 198
T«(C) 407 420 414 410
A g 8 FRlskla v Ee e 2 deRl witg 5
S AR-3I3ITE Aldehyde THEA2} phosphonium sait THgA ] H]
O
= 1:

12 33lat, SuEs Eiiji_% N ELE(Viv, 4/3) E3-&n)
= © uke o] 2 YEHY|/) 28

S IRZ gelaksd e v(Figure 2), 'H NMR2] 7
%xﬂoﬂﬂb doehyde ¥2FA2] 1009 ppmell A <] proton 3]
.9} phosphonium satE2] phosphine proton 3] 7} AR = A 58
FEo] AFA R o]FolHeS RIS FRHAIES &8l
A "olxx SREAE, oHE, oehe Foll= 54| &3kem, THR
DMF, DMSO Boll& FE4o=2 =9k} ey, NMP9F 11,22t
trachlorogthanedl] = -&-3l1/d0] Fobx] A& vh=w= Fout aidxt
J]EFE‘ dede & Zﬂ7} At GPC(geI permestion chromatography)
o) gste] EAS AL o] gk AXHE Teble 190 4]
o}OﬂE} FAE A =9 x}aw woro} ~7aes FaiA
TA3 FehE TS ke uEA ES drldle SRtk

Poi7l FEAE] DA Ao ot

5l 1

St} TGA(thermogravimetric andysis) S4A] Z718-2%(Ty) 7 <F
400 C AEZE w9 52 €3 S 7S ERlsgla

fferential swnning cdorimetry) = 180 C

o] 2 FhS BT AR rdgaAte] A-sA] E(Joule)

geo] WA= Q3 Aol At FAMde W o

e WeETE 2E 1EE B 2 ATl e R AEY

A7V ARG aRA2ZAM ) A 949E BT 52 YAT?
32 A2 3'5*34—". f“

_w:% PPV S0l A PP\/SZi 7}“%1 A
A Fao) 7} ‘z‘OMUd 1 /'LWQ} Aaeat”t FIFZOZ oF 30 nm
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o] AL LEA] m-F A2 oA F91¢] vibronic sructuree]] 7191

----PPVS2CN

Absorbance(a.u.)

300 400 500 600 700
Wavelength(nm)

Figure 3. UV-Vis. spectraof polymersin solution.

Table 3. Summary of Optical Propertiesfor EL Polymers

UV-Vis Abs. PL

- EL (A
Solution(Are)  FilM(ms)  Solution(Ane)  FIlM(Am) (o)
(nm)
(nm) (nm) (nm) (nm)
PPVSO 324 326 400 449 -
PPVS1 358 360 452 472 478
PPVS2 384 384 450 526 528
PPV S2CN 378 376 463 522 586
1.0 —— PPVS0
————— PPVS1
~ 0.8 PPVS2
3 === PPVS2CN
= 0.8
%]
c
[J]
€ 0.4
— : N
o 3 \, "
0.2 yo
0.0 e
350 400 450 500 550 600 650 700

Wavelength(nm)

Figure4. PL spectraof polymersin solution.

&

oH
1

miApe] G SR 361

EL Intensity(a.u.)

400 500 600 700 800
Wavelength(nm)

Figure5. EL spectraof polymers.
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Table4. Summary of Energy Levelsfor EL Polymers

PPV S0 PPVS1 PPV S2 PPV S2CN
Caled.  Exp.  Caled. Exp.  Calcd. Exp.  Caled.  Exp.
LUMO (ev) -147  -303  -147 290  -144 -284  -157  -3.16
bandgap (eV) 7.92 3.20 734 279 710 254 731 2.67
HOMO(ev) -939 -623  -881 -569  -854 -538  -888  -5.83
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Figure®6. I-L characteristics of PPV S2 and PPV S2CN.
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