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AbstractAbstract 
Alkoxy, alkyl,alkyl, andand cyanocyano derivativesderivatives ofof poly(p-phenylenevinylene)poly(p-phenylenevinylene) [PPY] are usedused asas thethe emissive layerslayers inin light-emittinglight-emitting diodesdiodes 

ILEDs] WeWe presentpresent thethe luminescenceluminescence efficiencyefficiency forfor thesethese solublesoluble PPY derivatives,PPV 
Alkoxy. [PPV] arc emissivc 

ILEOs] toto obtainobtain luminescenceluminescence fromfrom redred toto blue.blue. derivatives. 
electroluminescencecomparingcomparing thethe photoluminescencephotoluminescence [PL][PL] yieldsyields withwith thethe electro luminescence [EL][EL] yields.yields. PLPL efficiencyefficiency increasesincreases withwith thethe fractionfraction ofof 

non-conjugatednon-conjugated units.units. ELEL efficiencyefficiency dependsdepends notnot onlyonly onon thethe radiativeradiative recombinationrecombination efficiencyefficiency ofof thethe emittingemitting materialmaterial butbut alsoalso onon 
carriercarrier transporttransport toto andand withinwithin thethe material.material. LEDsEffortsEfforts toto improveimprove thethe efficiencyefficiency andand longlong termterm stabilitystability ofof thesethese polymerpolymer LEOs areare 
challengedchallenged byby efficientefficient andand balancedbalanced carriercarrier injection.injection. 

I.I. INTRODUCTIONINTRODUCTION 

TheThe highhigh ELEL efficiencyefficiency observedobserved inin redred cyano-PPVcyano-PPY 
derivativesderivatives withwith highhigh electronelectron affinities[affinities[ I] suggestssuggests alsoalso thetheI ] 
cyano-PPY derivativesderivatives asas candidatescandidates forfor efficientefficient greengreen andand 
blueblue EL.EL. WC 
cyano-PPV 

We reportreport thethe synthesis,synthesis, PLPL efficiency,efficiency, andand ELEL 
efficiencyefficiency ofof greengreen andand blueblue cyano-PPY derivatives.derivatives.cyano-PPV 

2.2. DEVICEDEVICE FABRICATIONFABRICATION 

FigureFigure II showsshows thethe synthesissynthesis ofof thethe cyano-PPYs. Oevicescyano-PPVs. Devices 
are preparedprepared onon patternedpatterned ITO substrates.substrates. PolymerPolymer layerslayers are 
spun-castspun-cast fromfrom toluenetoluene oror toluene/THFtoluene/THF solutionssolutions containingcontaining 
arc IT0 arc 

OS2.0 % polymer.polymer. TheThe firstfirst polymerpolymer layerlayer isis aa holehole transporttransport 
layerlayer consistingconsisting ofof dialkyl-PPYdialkyl-PPV whichwhich isis thermallythermally cross-
0.5-2.0 o/ 

cross
linkedlinked toto preventprevent itit fromfrom dissolvingdissolving duringduring spin-castingspin-casting ofof thethe 

cyano-PPV spunxasttoptop polymerpolymer layer.layer. TheThe cyano-PPY filmsfilms areare spun--cast next.next. 
X00,& IndiumIndium contactscontacts areare depositeddeposited onon toptop byby vacuumvacuum2500A 

~xIO-~ yielding activeevaporationevaporation atat pressurespressures belowbelow 2x ICr6 mbarmbar yiclding activc 
2mm alkoxy-devicedevice areasareas ofof 44 -- 8181 mm2. LEDsLEOs mademade fromfrom thethe alkoxy

PPVs alkyl-PPVsPPYs [2][2] andand alkyl-PPYs [3][3] havehave CalciumCalcium contactscontacts andand nono 
holehole transporttransport layer.layer. 
nitrogennitrogen atmosphere.atmosphere. 
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3.3. PHOTOLUMINESCENCEPHOTOLUMINESCENCE SPECTRASPECTRA 

TheThe PLPL spectra, recordedrecorded usingusingspectra. aa PerkinPerkin ElmerElmer LS50LS50 
LuminescenceLuminescence Spectrometer,Spectrometer, appearappear inin FigureFigure 2.2. AlthoughAlthough 
poorpoor colorcolor puritypurity mightmight bebe expectedexpected fromfrom thethe broadbroad emissionemission 
bands, thethe CIECIE colorcolor coordinatescoordinates (see(see FigureFigure 3)3) ofof thethe cyanobands. cyano-
PPV IhcPPY derivativesderivatives comparecompare favorablyfavorably withwith the cornerscorners ofof thethe 
triangulartriangular regionregion desireddesired forfor aa j-color3-color display.display. WithWith thethe 
presentpresent emissionemission spectra,spectra, thethe requiredrequired colorcolor rangerange isis almostalmost 
accessible.accessible. 
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FigureFigure 2.2. PLPL IntensityIntensity ofof cyano-PPY derivatives.cyano-PPV dcrivatibeh 

FigureFigurc I.I. cyano-PPVderivativesSynthesisSynthesis ofof cyano-PPY derivatives. 
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FigureFigure 3.3. CIECIE colorcolor coordinatescoordinates ofof cyano-PPVcyano-PPV derivatives.derivatives. 

4.4.	 LUMINESCENCELUMINESCENCE EFFICIENCYEFFICIENCY 

ForFor EL.EL. externalexternal quantumquantum efficienciesefficiencies inin photonsphotons perper 
electronelectron areare measuredmeasured withwith aa calibratedcalibrated siliconsilicon photophoto diode.diode. 
TheThe slightlyslightly non-Lambertiannon-Lambertian geometrygeometry ofof thethe emissionemission patternpattern 
isis correctedcorrected byby comparisoncomparison toto measurementsmeasurements performedperformed inin aa 
calibratedcalibrated integratingintegrating sphere.sphere. 

PLPL efficiencics areare recordedrecorded forfor solidsolid polymerpolymer filmsfilms drop
castcast ontoonto glassglass substates.substates. 5 14 

efficiencies 	 drop-
TheThe 514 nmnm andand 458458 nmnm lineslines ofof anan 

argonargon ionion laserlaser andand thethe 413413 nmnm lineline ofof aa kryptonkrypton laserlaser areare usedused 
asas excitationexcitation sources.sources. TheThe luminescenceluminescence isis collectedcollected withwith aa 
calibratedcalibrated integratingintegrating sphere.sphere. correctedcorrected forfor thethe spectralspectral 
dependenciesdependencies ofof thethe luminescence,luminescence, thethe collectioncollection optics,optics, andand 
reflectionretlection atat thethe samplesample surface.surface. 

TableTable 1I 
ExternalExternal ELEL efficiencyefficiency andand PLPL efficiencyefficiency ofof cyano-PPVcyano-PPV 
derivativesderivatives 

[%I PLPL EfficiencyEfficiency [%][%IPolymerPolymer ELEL EfficiencyEfficiency [%] 

pI 0.80.8 14-2014-20 

P1 0.0050.005 12-1812-18i 

P3 0.20.2	 2626 

TablesTables 1-31-3 comparecompare thethe ELEL andand PLPL efficienciesefficiencies ofof thethe 
cyano-PPVscyano-PPVs toto thosethose ofof alkoxy-PPVsalkoxy-PPVs [2J andand alkyl-PPVsalkyl-PPVs [3]. 
TheThe presencepresence ofof non-conjugatednon-conjugated (higher(higher bandband gap)gap) segmentssegments 
improvesimproves PLPL yieldyield byby confiningconfining thethe excitonsexcitons toto thethe conjugatedconjugated 
segmentssegments ofof thethe chainchain andand preventingpreventing thethe excitonsexcitons fromfrom 
recombiningrecombining non-radiatively.non-radiatively. Similarly,Similarly, thethe non-conjugatednon-conjugated 
segmentssegments impedeimpede electronelectron andand holehole transporttransport alongalong thethe chainchain 
and, IfIf thethe trendstrends observedobserved 

[2] 131. 

and. thereby.thereby. impedeimpede excitonexciton formation.formation. 

inin alkoxy-PPValkoxy-PPV andand alkyl-PPVsalkyl-PPVs applyapply alsoalso to cyano-PPVs,cyano-PPVs, 
partialpartial conjugationconjugation toto enhanceenhance radiativeradiative recombinationrecombination shouldshould 
improveimprove ELEL efficiency.efficiency. 

1.0 

TableTable 22 
non-ExternalExternal ELEL efficiencyefficiency andand PLPL efficiencyefficiency asas aa functionfunction ofof non

conjugatedconjugated fractionfraction forfor dialkoxy-PPV.dialkoxy-PPV. 

[%I PLPL EfficiencyEfficiency [%[?&IINon-ConjugatedNon-Conjugated ELEL EfficiencyEfficiency [%] 

[oilFractionFraction [%J 

<s 	 78-137.8-13<5 0.26-0.610.26-0.61 

6.56.5 0.34-0.500.34-0.50 1414 

8X 1.0-1.4I .0-l .4 1414 

15I.5 0.71-0.840.71-0.84 19.619.6 

31.5 0.26-0.3 I 23.623.637.5 0.26-0.31 

TableTable 33 
non-ExternalExternal ELEL efficiencyefficiency andand PLPL efficiencyefficiency asas aa functionfunction ofof non

conjugatedconjugated fractionfraction forfor dialkyl-PPY.dialkyl-PPV. 

[%,I PLPL EfficiencyEfficiency [%][%INon-ConjugatedNon-Conjugated ELEL EfficiencyEfficiency [°lc, 1 
FractionFraction [%]I%] 

55 0.210.21 4747 

IS 0.17 555515 D.17 

4545 D.D70.07 6363 

5.5.	 CONCLUSIONCONCLUSION 

TheThe widewide discrepancydiscrepancy betweenbetween thethe PLPL efficiencyefficiency andand thethe 
ELEL inin thesethese PPV thatthatefficiencyefficiency PPY derivativesderivatives indicatesindicates 
optimizingoptimizing carriercarrier injection,injection, chargecharge transport,transport, radiativeradiative 
efficiencyefficiency andand devicedevice geometrygeometry cancan leadlead toto furtherfurther 
improvementsimprovements inin devicedevice performance.performance. 
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