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Summary

Novel class ofp-phenylenevinylene copolymer with sulfonylene group inrien chain
(PPVS was synthesizedhtough the Wittig reaction of bigbromanethylp-phenyl)-
sulfone triphenylphosphoniumals with terephthaldeyde. PPVS was highly soluble in
common organic solvents and showed strong blue-shifted fluorescenaask the polar
sulfonylene group providedelier solubility and limitedwrconjugation in polymer chain.
A single layer device withPPVS sandwiched between indium-tin-oxide (ITO) and
aluminum eleabdes showed a bluelectroluminescence (EL) peaked 4t0 nm under
the threshold voltage of 14 VMOMO and LUMO levels oPPVS were found to be 0.46
and 0.28 eV, regztively, lower than those of polyphenylenevinylene)RPV).

Introduction
Since the first report oelectroluminescence (EL) d?PV (1), polymeric ELmaterials
have attracted much attention because of their applications as large area full-color display
(2-4). One of the key @tlenges in this field is to achieve aghiefficiency blue emission
to realize a practical polymer device. Two different molecular design rules were
suggested for this purpose only witmited success. One of them is to angorate a kink
or nonconjugted chemical structure to the main chainpgfhenylenevinylene polymer
for blue lightemission, which inetably prevented charge carrier injection and tpams
in EL device, leading to the much lowered EL efficier{y8). The other is tattach a
pendant group with gooelecton affinity for the enhanced &ffency of electron
injection and trarport like in poly(cyanotereph#iidene) (2). Although the latter
approach was very soessful to increase the EL efficiency, particulafty the red-
shifted emission (2), ittdl suffers from the difficulty in okaining hgh-efficiency blue
light emission.

Combining these two design rules, we came to consider that tomydehe group
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could be very promissing for the high4eféency blue EL, because the orporation of
this group to themain chain ofp-phenylenevinylene polymer provides not only the
molecular kink but also the Varableelecton affiniy.

In this contribution, we report the synthesis and progerof a new class of
sulfone-comaining main chainPPV polymer for blue light emitting diode (LED)
applicaton. Sulfone meety was intoduced to otain predictable blue emission and
exciton confimments on molecular scale by restrictggtonjugation length through
molecular kink structure. It was also expected that the reledatjection and transort
propeties are enhanced by lowering of lowestoccupied moleculaorbital (LUMO). In
addition, the kinked structure and polarity of sulfonylene group were considered to make
the polymer more soluble than PPV.

Experimental

Monomer Synthesis:

Bis(bromanethylp-phenyl)-sulfong1):

A mixture of p-tolyl sulfone (10 g, 41 mmol) and N-bromasinimide (22 g, 123 mmol)

in 500 mL of CC)was refluxed in the presence of benzoyl peroxide (0.1 g, 0.41 mmol).
After stirring overnight, the reaction mixture was cooled and cudtitered. The
transparent yellow filtrate was washed with distilled water and dried over Mg3$®@
solvent was removed under reduced pressure to gile yellow solid. The resulting
compoundl (11.8 g, 70% ield) was used in the next step without further peeiion:

mp 134 - 135 °C {H NMR (CDCL, 300 MHz) 5 4.46 (s, 4H), 7.53 (d, 4H), 7.91 (d,
4H) ; IR (KBr, cnm') 1303 (S=0), 1151 (S=0).

Bis(bromanethylp-phenyl)-sulfone triphenylphosphoniuralis(2):

A mixture of compound. (5 g, 12.4 mmol), triphenyl phosphine (9.6 g, 37.2 mmol) and
30 mL of DMF was kated to refluxfor 2 h. The eaction mixture was cooled rt@om
temperature. Thébrown solid was iftered, washed with ether, dried in vacuo and
recrystallizedfrom ethanol to give 7 g (60%ietd) of yellow nmonomer2, mp 239 -
240 °C;'H NMR (CDCL,300 MHz) 5 5.58 (d, 4H), 7.38 - 7.80 (m, 38H); IR (KBr, tm
") 1411 (P-CH). Elem anal. Calcd: 34.66; H, 4.56; S, 3.45; Br, 17.21. Found: C, 63.91;
H, 4.26; S, 3.64; Br, 18.18.

Polymerization:

A solution of potassiuntert-butoxide (0.6 g, 5.28 mmol) in 10 mL of ethanol was added
to a stirred solution of terephthaldehyde (0.3 g, 2.2 mmol) and mon@he& @ g, 2.2
mmol) in 40 ml, of chloroform and 20 ml, of ethanol at rommperature. The mixture
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was stirred at roontemperaturefor 12 h. The pecipitated yellow solid FPVS was
filtered and washedobroughly withmethyl alcohol, and then dried in vacuo.

Characterization:

IR spectra were taken by transmission on a MIDAC MIRTspectrometer.'H NMR
spectra were recxded with a JeoUNM-LA300 smctrometer. Elemental analysis was
carried out with a Carlo Erba 11Elemental Analyzer with a LECO HINS 932.
Differential scanning calorimetry (DSC) measurement wagopeed on a PERKIN-
ELMER DSC 7 under éating rates of 10 °C/min. Theogravmetric analysis (TGA)
was condated with a Du PonR950 at a bating rate of 10 °C/mimnunder nitrogen
atmosphere. The molecular weight was determined with a PerseptosgeV
Biospectrometry (MALDI-TOF). UV-visible spectra were measured on Shimadzu UV-
2101 PC Sectrophotmeter.

EL Device Fabricatiorand Measurement @lectroluminescence:
Single layer EL device of IT®PVIAI was prepared. Active elgcide area was 12 My
and the thickness ¢fPVSwas 40 nm.

Photoluminescence (PL) and electroluminescence (EL) spectra werdaeowvith
an ISS PCI Fluonmeter. I-V-L characteristics were wmded by a Iithley 236
Source/Measure Unitfor voltage-airrent elationship and by a Negwrt 818-SL
photodiode for vitage-EL intensity.

Cyclic voltametry measurement:

The ionization potential oPPVS was measured electrochemically with an acetonitrile
solution containing.1 M LIiCIO, by using a EG&G Model 362 Scanning Poteméter.
The HOMO engyy level of PPVS film was calibrated with that of feocene which is-

4.8 eV with respct to zero vacuum level. Band gap myyewas taken from the edge of
UV-visible absorption spectrum #PVS The LUMO enegy level wascalculatedfrom

the HOMO level and band gap.

Results and Discussion

Synthesis and Chacterization:



16

o

O
Il I
OO 2 s (O—Or-awm
o cCl, &
1
Br 0o

@ = W (@) S
DMF (Ph);P CH, i 2 3

N o

Y

potassium fert-butoxide
2 + OHC—-@— CHO
CHCl; / EtOH

\ v
N -4

L ~'n
PPVS

Scheme 1. Synthesis of monomer and polymer for PPVS.

As shown in Scheme 1,anomer sal2 was prepared in two steps fropatolyl sulfone.
Through a ragtal reaction using Mbromoswecinimide (NBS) and benzoyl pexide
(BPO) in CC], p-tolyl sulfone was converted to bis(bromethyl-phenyl)-sulfonel in

70 % yield. Reaction of with triphenyl phosphine ilDMF led to the bibromamethyl-
p-phenyl)-sulfone triphenylphosphoniumals2 in 60% yeld. In the FT-IR spctrum of
monomer sal2, characteristic alegption peaks due to sulfone group appeared at 1300
and 1150 cm ‘H-NMR signals of the benzyliprotons shifted from 4.46 ppm df to
5.58 ppm of2 as a result of the successful phosg@tmm. The structure of monomer salt

2 was further verified by thelemental analysis.

Polymerization was achieved by the welown Wittig reaction between the
dialdehyde monomer and the diphosphoniuait 2, as shown in Scheme 1. The molar
ratio of terephthaldeyde and2 was fixed to equimolar quantity. The obtained polymer
was highly soluble in common organic solvents such as chloroimethylene chloride,
1,1,2,2tetrachbroethane, although it was insoluble in hexane amethanol. It was
speculated that the bent and polafesutlene structure in the rigig-phenylenevinylene
backbone enhanced the salitp significantly.
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Table 1. Polymerization yield and polymer properties of PPVS

Yield ] ] EL A
((1;) M, T.(C) Tp(CT) UVA, (um) PLA, (nm)
0

max

max max

(nm)

370 (solution) 460 (solution)
PPVS 68  5400* 180 397 470
343 (film) 470 (film)

* obtained by MALDI-TOF analysis.
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Figure 1. (a) TGA and (b) DSC thermograms of PPVS.

The number-average molecular weight of the polymer wamuta5,400 as was
determined by MALDI-TOF. Glass transition temperatureP&VS was measured to be
180 °C. The polymer gradily lost weight by 5% on heating ®15 °C showed a fast
decrease in weight starting at about 400 °C as shown in Figure 1 (a). Tallenarszes
the results of polymerization and thepeties of PPVS

Electroluminescence properties:

UV-Visible spectrum ofPPVSin 1,1,2,2tetrachbroethane solution and that of thin film
coated on quartz are shown irg&ie 2(a).PPVS solution showed absorption maximum
and edge at about 370 nm and 450 nm, eetsgely. Compared to the solati, PPVS

film showedca. 30 nm blue-shifted absorption maximum as shown in Figure 2(a). It is
speculated that there exists sorggragtion of polymer backbones in the soltdts.
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Figure 2. (a) UV-visible absorption of solution ( — ) and film (- - -) of PPVS,
(b) PL film( - - -) and EL ( —— ) spectra of PPVS.
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Figure 3. (a) Voltage-current-EL intensity (V-I-L) and (b) Current-EL intensity (I-L)
characteristics of PPVS.

PL emission maxima in solution and thin film were 460 nm. and 470 nm,
respectively, with the wealkheulder at 530 nm when eixed at370 nm. Such a blue PL
of PPVS compares well with the green emissian (PL 560 nm) ofPPV. It is evident
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that the blue-shifted PL oPPVS resultedfrom the reduced length oficonjugation
through the miecular bent structure of dohylene group. The Elemission spectrum
from the ITOPPVSAI device was identical to the PL emission spectruniPB¥S film,
as shown in Figure 2(b).

The current-vbiage (I-V) and EL intensity-vtiage characteristics (L-Vjrom the
ITO/PPVSAI device are shown in Bure 3(a). Tygal diode characteristics were
observed and a blue light emission was visible above the threshtddes@f 14 V. The
external quantum efficiency of this device wag x 10' % (photonfelecton) at the
current density of 146 mA/chin air and at roomtemperature @ndition. Considering that
the reported EL efficiency of ITGPV/Al is4.0 x 10 % (9), this single layer dtfiency
seems to pport our meecular design oPPVS Figure 3(b) shows that the EL intensity
increased very linearly with current density.

Table 2. The HOMO-LUMO levels of PPV and PPVS

HOMO (eV)' LUMO (eV)’ E, (eV)
PPV -5.10 -2.60 2.50
PPVS -5.56 -2.88 2.68

* relative to zero vacuum level.

Table 2 summarizes thelOMO-LUMO levels of PPV and PPVS measured by
cyclic voltametry and UV-visible absgption. Compared with théilOMO and LUMO
levels of PPV, those oPPVS were lowered by 0.46 eV and 0.28 eV, exdprely.
Evidently these are due to the eteat withdrawing eféct of sulonylene group. Higher
amount ofHOMO level lowering than that of LUMO level rdsed in the increase of
band gap and consequently the blue-shift of emission, which is undoutedly caused by the
restrictedreconjugation inrPPVS

Conclusion
Novel main chain EL polymer containing farlylene maety for the high-effciency blue
emission was successfully synthesized and characterized.
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