HETEROATOM C REG OREGULAR POLY( 3- SUBSTI TUTEDTHI OPBENES) | N

ELECTROLUM NESCENT DEVI CES RELATED APPLI CATI ONS This application
clainms priority to provisional application serial no. 60/612,640 filed
Sept enber 24, 2004, which is hereby incorporated by reference in its
entirety including clains and figures. BACKGROUND Organi c
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I ncl udi ng;: nsport |ayers and processing nethods. EP 1,279, 691
(Heeneyegfﬁgﬁ(?ﬁ%g?%k) descri bes fluorinated sem conducting materials. US

Pat ent Publication 2005/0080219 (Koller et al.) purportedly describes
met hods of maki ng pol yt hi ophenes. tent Nos. 6,602,974 and
6, 166, 172 to McCul | ough et al. deBACKGR regul ar pol yt hi ophenes
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appl i cathappodude ligittiwigntirinkfetrod irto el exoiiedistate by dnsikterra power source. The
excited state is created when positive and negative charges flow from opposite electrodes into
the electroluminescent materials. Frequently, in multi-layer devices, hole injection and/or
hole transport materials between one electrode and the electroluminescent material improve
the efficiency of the device. These devices are being designed for use in, for example,
monochrome and colored flat panel displays, signage, and white lighting. With incréasing
commercial demands, however, better devices are needed which have better materials suited
for particular application and which can be tailored, commercially made, and provide good
stability.
WO 2005/081335 (Gambogi et al., DuPont) describes multilayer devices including
charge transport layers and processing methods.
EP 1,279,691 (Heeney et al., Merck) describes fluorinated semiconducting materials.
US Patent Publication 2005/0080219 (Koller et al.) purportedly describes methods of
making polythiophenes.
US Patent Nos. 6,602,974 and 6,166,172 to McCullough et al. describe regioregular
polythiophenes including homopolymers and block copolymers.
A need exists for better control over the synthesis of new materials for particular

device applications including both the doped and undoped states.
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substitutedthiophene), wherein the 3-substituent is an alkyl group with an oxygen substitution
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in the alpha position and the polymer is doped with an organic oxidant.

Another embodiment provides an electroluminescent device comprising an HIL/HTL
layer which comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene), wherein the 3-substituent is an alkyl group with an oxygen substitution
in the alpha position and the polymer is doped with an organic oxidant sufficiently to provide
stability at 110°C for 10 minutes as shown in UV-Vis-NIR analysis.

Another embodiment provides an electroluminescent device comprising an ELL
material and an HIL/HTL material, wherein the HIL/HTL material comprises at least one
polymer comprising a regio-regular poly(3-substitutedthiophene) in which the 3-substituent is



Anot her basic and novel feature is the material has netallic inpurities at a
| evel sufficiently lowto allow for electrolum nescent applications. In
addition, the use of the heteroatom provides tunability to the
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Figure 7 illustrates enbodinment 1 for an EL devi ce having two anodes between
t he el ectrodes. BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates regio-regular poly(3-substituted thiophene) with o and 8 positions
of the 3-substituent indicated

Figure 2 illustrates poly(3-[o-thiaheptyl]thiophene), poly(3-substituted thiophene)
with a hetero substitution. -

Figure 3 illustrates poly(3-[B-oxaheptyl]thiophene), poly(3-substituted thiophene)
with § hetero substitution.

Figure 4 illustrates poly(3-[0,8,n-trioxaoctyl]thiophene), poly(3-substitute§

thiophene) with multiple hetero atom substitutions including an o hetero substitution.

Figure 5 illustrates poly(3-[B, &, 0-trioxanonyl]thiophene), a poly(3-substituted
thiophene) with multiple hetero atom substitutions including a § hetero substitution.

Figure 6 illustrates a schematic representation of different types of block copolymers
including (A) AB type copolymer, and (B) ABA type copolymer, of regio-regular poly(3-
substituted)thiophenes; wherein the B unit is a block polythiophene and the A unit is another
type of copolymer block.

Figure 7 illustrates embodiment 1 for an EL device having two anodes between the
electrodes.

Figure 8 illustrates embodiment 2 for an EL device. |

Figure 9 illustrates embodiment 3 for an EL device.

Figure 10 iliustrates embodiment 4 for an EL device.

Figure 11 illustrates embodiment 5 for an EL device.

Figure 12 illustrates embodiment 6 for an EL device.

Figure 13 provides UV-VIS-NIR spectral data for doping of ICP with DDQ (Example
D).



Figure 8 illustrates enbodinent 2 for an EL device. Figure 9 illustrates
enbodi nent 3 for an EL device. Figure 10 illustrates enbodi nent 4 for an EL
device. Figure 11 illustrates enbodinent 5 for an EL device. Figure 12

il lustrates enbodinent 6 for an EL device. Figure 13 provides W-VIS-NR
spectral dat Figure 14 providesdfV+VIS-MIR bpetize) datatardboping JCP with DNNDSAire 14

provi des UV- VIE NI R spectral data for doping I1CP with DNNDSA (Exanple 2).

Fi gure xgp §des UV-VI S-NIR spectral data for illustration of inproved
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hereby incorporated by reference in its entirety. U.S. provisional
application serial no. 60/612, 641 aI so filed Septenber 24, 2004, and US
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US regular application serial no. filed September ___, 2005, for “Heteroatomic

Regioregular Poly(3-substitutedthiophenes) in Photovoltaic Cells” are also hereby

incorporated by reference in their entirety. These applications generally describe
photovoltaic applications of heteroatomically-substituted regioregular polythiophenes.

U.S. provisional application serial no. 60/651,211 filed February 10, 2005 (“Hole
Injection Layer Compositions™) describes additional embodiments which can be used in the
practice of the present embodiments and is hereby incorporated by reference in its entirety.

In the nomenclature described below for substitution sites for a heteroatom, the two
systems can be used equivalently: (1) a, B, v, etc. is equivalent to (2) 1, 2, 3, etc.

One embodiment is an electroluminescent device comprising an HIL/HTL layer
which comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene) in which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with a
heteroatom substitution in either the a- or beta-position of the 3-substituent. Multi-layer
devices can be fabricated with many different layering designs. For example two functions
can be achieved by one layer providing both of the two functions, or the two functions can be
achieved by two separate layers in which each layer provides one of the two functions. As
described more fully below, the HIL/HTL layer ¢an be a layer which provides the device with
hole injection or hole transport in a multi-layer device. The HIL/HTL layer can be an HIL
layer, or it also can be an HTL layer. In addition, as described more fully below, the
HIL/HTL layer can comprise materials used for ELL function or anode function, in addition
to the regioregular poly(3-substituted polythiophene).

ELECTROLUMINESCENT DEVICES AND CONJUGATED POLYMERS GENERALLY
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puri fi caf chigemobilitydhtetfaciul arphbgyretfects vidhaisphadesepiragion, addpkidetién @ as
H L/ HTLs for el ectrolum nescent devices. These materials can be nade

as ol i gaeauctiomal the pelyamer dato@anore Aughly anugontreledeanductiyestate which is not

Punor _SHabER EGtoRininekoht Bphatbnd st BERLARIAGho ALY IR lpledids?h |
11- 350 amdy Beirghoved froin 4 eunjigdataeolyihearand bfoughtosiceéptable Rivels. Misst of thedeue of

50-200. HETEROATOM | N ALPHA PGSI TI ON .Regi o-regul ar pol y(3-substituted
t hi ophegessipeilitated by theyability tq dissodyrthe prlymes in/sorampn orgenicand petad selverts-er o at om

iMr:] CL Pfof}éﬁ@%fé@ pf @fg%e; @gtggiu 3 ;fipcﬁ]lgfa{gg Rk J@ﬁicﬁﬁ&? subf $hat Qt'ie?'pc%%g et e
2- br ono-shitdbiefie ShedPdpplivatioredd /AL fotleldotrollincsbemddvicty. M (G i gnar d

met at hesi s of a 2, 5-di bronp- 3-aheteroal | cylthiophene) followed by a nickel

cross- coupl i Agesematerials carbe made as eligomer chains suphias £3-atkythiopheae)add- of

ial_s J.nclud | - I hj ' i_.ahe l.
Subst | + GERPIOHAGar (el AR BE) s WBRATS s bty SEERBARRE Mitbor ot om
ot her t Rameleberoastag ?biym@sdﬁi Whieh nt=0] 1235PARY Kighdrobtifor thes matB@ss hinwist The
anmount of regio-regular 2,5% couplings for these materials can exceed 95%

Regi o- r dypitadly has ayaBieafisdt200ut edt hi ophenes) with al kyl, aryl, and
allcyl/aryl bstituents.and.a.hetero atomin the ag.position of the.
3 subst |t uenit TR RS oF IeSPRuai] % bR 5% BBal PO OTR S o phghoul s
regi o- r gwloné, op abiit 984 Ethblelit ed) thiophenes with alkyl, aryl, and

al kyl/aryl wth regard to processability, defect-free electronic structure,
hi gh extinction coefficient high electronic nmobility, inproved solid-state

nor phol , the heteroatom functionality increases the
sol ubi | W&%MIS“ al in polar organic solvents |ike tetrahydrofuran,
di net hyl f or mayhatié Mods,jcto?fﬁigbMpcﬁyﬂépﬁﬁmkerﬁﬁ&&f}ﬁﬁhlﬁd?ﬁ@}egic?@glﬂﬁh| orof orm

whi ch enhanceS the processing options for this material and allow ng the

sel ect i pelytiiophsings with heteraatoms inthe pide graupe, ip proyideddn,dbr example,d68i Rasent

o o o3 60hATH G R o 165 022 KESICERSh beE ERR aBE e c
ions, i indoRpdrat@ b réfetent@in theiy entirefy. QUEiiHabi&cipticn &nltRAbENDM thd &rticle
performance of polythi ophene-containing electrolum nescent devices. These

ef f ect s “EhnChemistraof Sivaduestingdlalythiophanss. by Richand D- Mr&%@l@ulglbm{' Mat.i Bh or
| ntor  adiear Aaeh A8 36y bR B A LR PGSR, Bl o,

reduct i gnitoéntirby. 18 pyfRlat, 3e&tion duseribs FThymeahSythésicofH @t@atoftiieh i s not
suitable for el ectrolum nescent applications. There are several nethods by
whi ch i Fpbetionalizedfupstiments pp\Pds: Recognision Sifes fatSelf-pesembbyr and\ghemiesl t hese are
faci Iitgtggﬂ by the ability to dissolve the polynmer in conmon organic and

pol ar s ¥ 's. The solubility of these materials facilitates their

purificati on AziggHer béfedentdRiich die BIG1IBREFHS bt AP L& i e H&ﬂﬁoo@@f@bﬁ&kﬁﬁ? as
S

H1L/ HTLs for el e;;t rol urni nescent devi ces. These materi a can be made

as ol i gfebimerna nEd.s1998, &hapter 4 bydvieCuiaugb ¢t alhi“Bepioregutar, Hend-ta-Tail
-heteroaryl t hi ophene)., or (3- a-heteroal kyl/arylthiophene) nin which nis
the nunber of repeat units with a value of 2-10 or as polyners in which n =
11- 350 and higher, but for these materjpls n nost typically has a val ue of
50- 200.
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HETEROATOM | N BETA PCOSI TI ON Regi o-regul ar

pol y(3-substitutedthi ophenes) with al kyl, aryl, and al kyl/aryl substituents
and a hetero atomin the [3-position of the 3-substituent has al so been
prepared by the | | ough (nickel cross-cqupling_of e

2- br omo £Supled A 85’2%8%%901’13@’}?% g1y Deriyatives.o Bh&ﬁ%%%a?éé’ whictnis k§te®har o

met at hegl el R L ni ckel

Cr oss- o Soaitresed By REbiehl s SoBiR). oot de Vo UT eocribp RO M |

mat er i aksbstituehtsda HD PA(T3-iselbdihg etheegiohpogtdehima)kyhgtdup®- t hi aoct yl

substituent. I n sone instanceg, the 3-substitutent, may contain a heteroatom
ot her than t ABisHefersnsaasmdesery %Tshﬁi’@ﬁéiligi }#ri?c Bmm%memgmgs%@dregm ar

2,5 -cowpi ) € j : % . i egul ar
poly (5. SRR s Bhedk ERR AT RertfinPOBBRA by Reprence fp JRPANRET 021 Pl
and a het er oipadiition) elebtrically porductivepalimeiserddesotibéd inuket Endpsiopestia of e t he

sanme enhanced perfornpnce as other re io-regulqar (5)(2| y(3-substituted)
t hi ophedeymgr Seientagn ,E@I@qermanWﬂ&Mﬂ%PaPa;FS&? -300,dnelRding polypestlentbi 1 it y,

def ect - [ el | j ieie i gh

el cot r oo rEgEFdES rETh BHERE ol fBYrvBSls, B SR RE A", |

het er oahergby ititetpoedted by yeferenccindgentifety. SDisibiferehse alfo ddscabewtl@dirg) andn pol ar
organi ¢ solvents |ike tetrahydrofuran, dinethylformm de

S ( DVF)
1- met hog9Palymerizaian of Relymers Inctuding blaskicopehanesfermationnBlendedpalymes ¢ he
pr ocessi i r this material and allow ng the selective dissolution
of thi ss?sgv]gf&tnn%tﬁﬁé&presence of ot her device conponents. As is the
case with the use pol y(thiophene) as an HLL/HTL in an el ectrol um nescent
device, the Bresence of inFurities, notably metal ions, in this material may

have selQ%YGENINoABPHAROSIFION s on t he perfornance of

e ude one. 51 BB BaG o R g Eh ARSI SR il DASE o, a8 ©, D"
quenchi 'aﬂcyﬂﬁl?'l SibstiRens dne %k ok Pith atdrf ik io0postiorCéahe 8-siBdithdnt ¥an 4158 B¢ f aci al

nor phol ogy effects such as phase separation, and oxidation or reduction of
t he pol praparedivydheMebullobghy(iicket cnoskieupling of 2:beomnSe(magnesiahroma)-8abl e f or
el ectrol ym nescent appl,i ions. There .are several, nmethods by, which

S | ¢ (o opEne 8RB0 M et Reluios o1 0 Aorompre o HPLEIe) o
facilit t Indd ool m' QTP i icc and
pol ar Sﬁl%e??y #ﬁg@s?g* Sgbléﬁﬁgﬁor?édtﬁhgggkggggﬁ al s cféédg}n Pl t at g}glegg,ﬁﬁ

puri f i catatevialssinclnd¢ pely(3-huebstitdedtliephenels) vath t-akdhepfyband hdiZtrimgpodtydat i on as

H L/ HTLs far e] ecirol um nescent .deyi ces. . . . These materjals can be made
as ol | gSWSTIIERt 1 Sang Hisiacess the enbsttutenk ney o rqatoppther ghan

- het j ", - P . . ; . .
the. nunBerene EESERHtion  ah SiyRchakdth A bddted "IRARRAL of ebloHEUER, " | 2
11- 350 apsdcbupsltigs forlthiéseimatetidle 64n empeal 95%.s n nost typically has a val ue of

50-200. DOPI NG |, The use of a regio-regul ar pol y(3-substitutedthiophene)
in which t heRsgiormsewlar palpersubstitedtiianpenes) igth allod, ayk gnd alkylarghi ety with an

St or gkt B Ry Eini Al ih B aoffied o B8 3isbbftucth bffusteR R berkd Lo '
as CopokNKERESd Prfdrihanee mtﬁérireéié-re@l@@og@Js'hl&m%@wthio@ha{es Widhadlkyl, aryl

el ectrol um nescent device can conprisé control |l ed oxidation or "dop’)i ng" of

t he pol yndalkylargbwith regatdtoduecassabiliprdefest-fice electioric strugtures highysstinction f or

per for mange,. n.oxi dation,..el ec ns are. f. ed fromthe val ence band.
Tt s changgeent BRnFREHPop o B Mo oS hortPayy FrilfeBRes o

st at es, heetdatih RindAbmdlRy crebhes tBe Qﬂﬂbﬂig%ﬁ]ﬁs n@dtériad &€ PSlaF Sriganit SolgentE1iRE t he
remai ni ng el ectrons in the val ence band, allow ng the polynmer to function as

a condu ydrpfuran; dimethysampsmide OME),0-mphexy-drprapano) acetate (BMA)andcan al | ow
t hi ' A ' . I | upd t

dovi co. ERarmh St Fisies Yo BRchlirarbhons for hin b Al bAng ey o Sbou
1025/ cmedledtivedssdsolusibh 6£tHiy1aiér ih $he predehee 6fdtHe delvicakompodétd Stabifidah 10- 3
S/'cm In the case of regio-regular pol &B-SUbstl tuted thi ophenes) in which

t he 3- sheimprovedparticwarhy insthg dppedsfopmn withthe hetgroatangic spbstisutionniAnethen oxygen
bstit i i ith - 13- it f the 3- bstit t
hoter o S hFseont ¥ palcbenBened oyl S RBRARRERE. | 0°° PUPH Lent he.

i mportant characteristics of the conducting H L/HTL |ayer are that they
retain their conductivity for thousands of hours at anbient tenperatures and
neet suitable device stress tests at el evated tenperatures and/or humdity.

Anot her value is that, in the doped st@e, these materials show a high
transmissivity that is areater than 80%in the visible region and a | ower ed




There are many oxi dants which nmay be used to tune conductive properties.

Mol ecul ar hal ogens such as brom ne, iodine, and chlorine offer sone

advant ages. By controlling the anpbunt of exposure of the dopant to the

pol ynmer the resulting conductivity of the H L/HIL can be controlled. Because

of their hi gisisthercage with thecussof pely(thisiphensy) as an Bllghlileinsan vent s, hal ogens
may be a ied.in th as .phase or i.n solution. ,Oxidation. of.th | ymer can
educe. EERBRipRP Sette. e PRSP of Pupdeth, g HehRiom inihis el "o ot
Never t h@ldsehouglP¥Rels faytiaQs Seritii deRtdioad effedls amtheGRefoRflaieiof devi ces.

O her exanpl es i nclude brom ne, iodine, chlorine, iron trichloride, gold

t ri chl opolyghiophenewortaining ele¢traluminssceat devicesndhese effectssaninalydscngiopmiore,
ti i,d h b | f onj i d . derd,vas i th fo

D opr | o eTeliing? Shersoseliaton Sk oriid, SRR ol ek fpp§ecuction

ni trosopy %g@hbsilﬁjgg@eﬁﬁcimcﬁsﬁherogw@ﬁ‘é&s sth 28 pHAR sep%iioka ah8 ofidatiorfsr

t et racyanoqui none, hl or odi cyanoqui none, and hyperval ent iodi ne oxi dants
such as rédudtiay bfithe pelymea into iaguiard yeonduetive state which is ngbsuitablevioss aci d

oxi dants, such as iron trtichlori,de old trichloride,. and arsenic

pent af i GW&B@“H%‘??&e‘gQBﬂlqﬁggﬁs'tth%ﬁ‘g Ssmfﬁ(’%‘i&g?f%s% ‘FB‘P@&“PW%?H%‘W&") via a
redox r i \Y; : | s mat i on
of ot apranoYeTzonl A¢5SugREA BT MARFONEBN Lelitd bF B¢ dbilic)sd Bl 12

t r eat methe pdlymércincemmdn drganio and palhusal ventso fThetselubilitylof thesomatksialsal bei t t he
casti ng .of_ . doped,fil .S possihle but is rarely.r rted ., . Protic

or gani gf%’&“@ﬁ@ﬁg‘éﬂ*’@é@?‘ﬂ @&hﬂﬁ% %@ﬁf&?@gﬁ%‘? @Q'gléqlﬂal%ﬂ%a%a}svati ves

t her eof iyl éﬁ?%ﬁc@&hﬂl&n&&é}ﬁﬁeﬁ?&@m c carboxylic and sul fonic acids, and
S

m neral acids such as nitric, sulfite and hydrochloric can be used to dope
pol y( 3- subst iThesearatetials plrebempade as oligomir chainosiichmas $3vatkeoxgthidpherse) \N(3F6 and

N oo ki Sete B e L olenes by oE et on i
Or gani ¢ Q¥ %cisoisﬂ‘f@ of & n]%cﬁ%@ﬂ?ﬂ WHRN = 1413301204 ﬁghg% ?B?%gg% Bt o

hyper val ent 1 odi ne oxidants” such as 1 odosyl benze nzene di acetate
can be wnswstitypioaliphasa valiielafifG-20Gwher psedas agdyppbemicandutorlin awkdaniv ¢ aci d, a
benzoqui pone, derivative, or a quinone oxidant. M xtures can be used. One

m xt ur e SiGFHrelmingscet dGWeet i s p- TSA and BQ Non-aci di ¢ organi ¢ dopants can be
used. Although the present description is not limted by theory, it is
believed that it is good for stability to have irreversible doping reactions
t o proviOXYGENINBETA POSITION he doped state. Exanpl es i ncl ude pTSA

EE:EL:??ﬁiaﬁe"mEﬁr‘c o P Bt s ooRsAeR) aT B A < e o Bl TNDSA
Di ' AR : 4.5- ' . TF

(2 50 SRRl BRER v A oAl b otind sah Bl A R Gt o
aci d) ; BgﬂéJgN@un&;g% (RicRkel @bisaédupﬁﬁ%oﬁz-ﬁr&a@ﬁnﬁ SGiyBroab-3-AndkpidpaaRr); and

TCNQ (7, - tetracyanoqui nodi net hane) . ping can be carried out in

sol ut i oandGRIM ingtathesisof a Rhiedibramord-aboxythiephene follavesd\hyra nickel o

det ermi ne_how nuch d t s .,negded.to achi eyve.the best or .the Xi mum

oxi dat | GiPes B usE s AR AL mgdgS g ic SeBipiie oY it Bfer T berfbk B5LR can be

noni t or pely(ReElstihid¥ihiopiiéael) With3 S-dioxahexyiafitl 2;9,8&idxdhonyl substituents. In

pol y(3-substitutedthiophene) in which the 3-substitutent is an alkyl, aryl,

or al kylspmejnstangese the Inpubstitutent maycantsinashetergatonrother than peygentiraddition to

13- posi tion. of a&he.B- subst.{it uent or ath?t ero_at i ei tlher tgﬁ a- or

f1-posi CFGRYESR q9E ibthe o ROsitioR  Thegmount of regio: 58@{/ r SOPRINGS fIdNGSE: or i al s

can be ysh&idScanexbled/d9¥. | ayer in an organic el ectrol um nescent device.
Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl

substituents and an oxygen atom in the B-position of the 3-substituent demonstrate the same
enhanced performance as other regio-regular poly(3-substituted) thiophenes with alkyl, aryl,
and alkyl/aryl with regard to processability, defect-free electronic structure, high extinction
coefficient, high electronic mobility, improved solid-state morphology. Furthermore, the
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A copol yner of these materials can be a hono-, block-, alternating-, and
random copol ynmers of which incorporate one or nore of the materials defined
as a regio-regul ar pol y(3-substitutedthi ophene) in which the 3-substitutent
is an al kyl, aryl, or allcyllaryl noiety with an oxygen substitution in

ei t her héteroatono fundtipmlity inereasds thé soldbitiboft thisueateriad in polacorganic sdlvents like ei t her
the a- or |d-pgsitign of the 3-substjtuent or as a c?pol yner of a

regi Fk r teghygro %@@C@MK@@W@%@WMW@OXVTQ'WP@W ﬁ%at_S@M_kﬁQtﬂdut ent hi s
Fhe” .’ R, AieBLkedihe bBeEing oot A7 S KRERPURFLIGWIn BR, | P POT

or (3- pecledtiverdissblutive oBtisslagérih tlenpresdntdoDotherdevivenpapederns. pol yners built
fromnononers such as CH2CH Ar, where Ar = anéaf)é_i/ﬁnpr functionalized aryl
an

group, i socydds & casa Witk Bieaise ephyéisiopbent) g bsan elegirolprmingitepe R = H,
alkyl, ~Gloigr tl?észgeggﬁe h@%ﬁﬁgeg %%E&Wmeﬁ]l ioglg,ﬁﬁﬁ%ia nﬁh@%ﬁ@é& HIRS Edops L1 ators.

A copol yher ’a ndom or’ we rconprising a

r egi or edelegionotfdct criibs peifoinemhict b poigthégphiene-vétitaiinghle clrofumipbscentt ent is an
al kyl, aryl, or alkyl/aryl noiety wth an oxfyg@en_ substitution in either the
a- or (deyiess: thhese effectsranincludasereqranare of the falowing: chasen lopaligatioRer t he a- or

(3-posi t.i f . 3- ' | faa,red pregul ar

bol y( 3- bepHlpg bl LS Kokl akofinalRaflutG oG oyl FRRBEREN T )
or al kyhlozphdlogyoe fiticts sath hs plinse xepaeation dilt dxidation or reduetiéhef the pelyarer @ito a
(3-position of the 3-substituent or a hetero atomin either the a-_ or

( 3- posi mosnhighlyiqeaductiveistats whishds Detsuiteble fos electreluminessentapplieations. Thare

subst | ¢ ARt P BRSO fnd o B e B efitnRy B UM il rost,
al kyl / apgthesaire Facilivatell b3 thOabIEE 0 Yibaslve thel podyinérin @binkfdn drpghi@andpolar
(3-position of the 3-substituent or a hetero atomin either the a- or

f 3- posi solyentsf Theeolabilitysdithese axaterinls fasilitatesabeir pumticasion suehethatthey gan ber

| y(3- _subst.itutedthi ophene) i ich t -substitutent .i | kyl , |
e %1 oy e Hitabl F bt bR Hon o) SR T A B e RalRtes b flricfne oo or © © )
(3-position %eée*lﬁat@ﬁﬁb‘@ﬁﬁéﬁi&d@ as%lig%rd%?&ﬁ‘e}i& SR gﬁﬁ%ﬂkﬁ@iaﬂﬁiﬂﬁxeﬁe%nf(g-ef ' ned

f3-position the 3-substituent as a copolymer with random or welT-

copol y m-agioxathicphene)f,, ar8-falkybargloxathigphens) , imivhivh n is the nuinippbtepeatr can be
a regio-regul ar pol &3-subst I tut edt hi ophene) in which the 3- substitutent is

an al kyPnitswith a value 9f Ryl 0/ adyar aprpplymprsinovhielhn 5yl g3 andihigher it &1 theseei ¢ her
the a- %Eedaﬁ‘fﬁ%&ttt?ﬁpﬁg%ésr}% S3ERLIdouent or a hetero atomin either the

a- or ( -position o substituent or as a copolyner of a regio-regular
pol y( 3-substitut edt hi ophene) in which the 3- substitutent is an al kyl, aryl,

or al kyI/ar%I noi etﬁgw'th an _oxygen substitution in either the a-or
( 3- posi ATOM BN ALPHA POSA a hetero atomin either the a- or

(3-position gf the 3- ti \: I : r J; - def-i ned
pol yner corrp?fegléggg@ moﬁ%p@réukoy@g{efl \#ﬁléﬁ%ﬁgﬁ%?é%ll’ %%WSI which is
al so r agefRtivehts\Wal b héetd Aefh in the a-postlios o€ eHer bl MEHIRS Talsdfb\éé&?reﬁﬁ@d Bp

fabricated which can be a device which emts photons through fluorescent

and/ or theddpCuliepbénicke coasscoeplingwfi2-bromex§-eragaésichromerd-at s appl i ed. The
devi ce can have,. atf a_m ni two e] ectrodes_across which a potential is
appl i edh?tsrogﬁw@hmﬁ@%w @%@W&Wﬁ@é‘éﬁ@%&r%&%oﬁﬂ%et ween which is
responsj W ' ! | Vs i i can be
fabri cabge{gl% m ([:thﬁghén&e?)g& lef gvl%fcagﬂ?%eé K ﬁ%‘fpéﬂ‘gég‘*r"@n@%f’é%% ﬁe/e% ting di ode
pi xel s ekenslesdBthisetass bffindietiailinglidespol y(3-substittied aliiophdays)noide t itligheptyl peci f i ¢

strip of anode and cathode wherein the chosen pixe] fonns the intersection

of the SuhstiBient:tlpseme instances, the3-gehstititentmay;con hatenoatom etherthamnhi ch is a

i vi PRl RO b tilerd R inh bincRftoll 148 aRob il 37
col | ocat@shlinpoRsR thdae hfdtérialy can@ixased®5%.0 the pixel which acts as a switch to
control the ﬁlgxel and supply the necessary current to power the pixel.

A top e tti RegiotreguarpalyBrasbesintedthiaphercss withisliofzanyl, aad slylekh | s an
active tr.J x device jn i ch the light | mtted in the direction opposite
fo the Pokylhuénaha s el Hiop the Grmostton af teibsiencieuerer fiengDer ant ot or
Ci rcul t gphanced performance as other regio-regular poly(3-substituted) thiophenes with alkyl, aryl,

=
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A bottomemtting el ectrolum nescent device can be fabricated which is an
active matrix device in which the light is emtted in the direction of the

| ayer or |ayers of the device that contain the controlling transistor
circuitry, shining either through or adjacent the circuitry. An HI L
can be andcakyifarginwitivfegard ol prodessability,rdefeve-fitce diectromic stra¢tureahighextipeiiont | ve
charge fr .an electrode either direct]y to an el ectrol um nescent_ nateri al
or to acgez’g]@e%fu@aﬁ clesronisTasbiLY. HIPRIOY%J %ﬁﬁrqt%@@r&oﬁ%ydi@éﬁhs@@rﬁﬁhm i thic

| ayer, ] f : téH’aY | L0\ .

functi oﬁéfl?)? @%ﬁ%ﬁ&gs: i%f%?&nt%%‘hg%‘f‘ rrcgfrtﬁl?: ?%ar m&%ﬂﬁrﬁr‘é.h}l%{)l@%ﬁs H(?_ W th
an el ectetrahydrofuesr; divhethpifertrantide (DME), I-inkthoky-2-propanol sestaty PMA ) emdconduct i ve
filler of processing aid. If may al so he ope qr nore HI L active materials
that ar elﬂewé%rmdéuéh ?ﬁ@nedefl%Eme@Sémgt%e%ﬁammaﬁma% anghgllowing the conbi nat i on
of HL e RSBk I Is REs Bf&tﬁe [ bound to a

non- act %é&dﬁ\gggam@?%gbﬁ%%ﬂay@slﬁc ¥ as e‘{al&a’po yné;@gﬁggupigﬁn%ﬁ%écul ar scaffold.
An Hit can bdsds thercpseneith thefusa pols{thivpheie) as acHIEMI TId@kncdedtivhiminagcente s

positive charge fromap H L or an HIL ejther, directly to an .
el ect r oPeiise: adapsenaa O bimpuritis, notably welakions,dn thigmaterial may BAVGSEIops conpri sed

of a di . j ! e 26 .erj.al.s that have
Che 1t of PEEHEu{ RS ol the pebittance bt folfiSehl o dthit S1d ol BS | 2

HTLs, adevideEh Thedédeffoatsadatidhclade dtiere atcee bf thetfelleviing: charglothlizatior b a
conductive or non-conductive filler of processing aid, It nmay also be one or

nor e HTirapping.auerghing ofthe farmed exeitons, igdvation o charge mobilify inteelagiel uct ural unit

mat or 1 ool SHREARE: Blost Knalily g FaRE 3 Fedullidh e OGmEERR "
supr anoheédhighlysoafiictive state which T&gotSuitdbid for RR¢trbRiniThésdé R @bplietiony, Fhitre

casting, drop casting, vapor deposition or sputtering, dip coating, or by
pri nt i naretsevernl methedsshie whieh impuritiestmayng regioved Epm siepnjugatedpplymaer. gdwess, or

b ra | icath . E |, Tl | Afir nbodi nent
of ¢ < Of B e it PAiEa eV sl PRI Sommon kBt Mt oty
conpri sgslvénts. eThedsohdlityast tRak WaterflfatilitawdsaHéin pificitionh sich thii &by Edifbe
3-substitutent is an alkyl, aryl, or alkyl/aryl noiety with an oxygen
subst i t madesuitahlesfor their applicationgs HILAFHss for eleclsglumineseent dpgiedst uent or a

hetero atomjin either .the a- o 3-positi.on of 1he, 3- Sti nt .as well as
copol yners o?ﬁ?sﬁé’% ctials gqq@qlga 45&%&0?%%@6‘0 ps (‘é@ﬁ"(‘?g&éﬁ’ﬁl{‘lﬂﬁ’é@}\ﬁ@h, for
exanpl e by agi oo . D . ! . i ohl opide.

o soni cCoerREiREyAgHREe).S 8 AL oD feteo R A b RC in B 1 6 BUBRES,
NOEF4 , ofrfepedt @it ovitha vhiuet of. 2- F) orasepolyners iti whitharr 11-350 askhhigher; betefoond

enbodi nent of this inventiqgn is an_electrolum nescent device wherein the

HI L/ HTL thesmmatesials namest dypicallychas avapsiof 68-200pst i t ut edt hi ophene) in which the
3- substitutent is an alkyl, aryl, or alkyl/aryl noiety with an oxygen
substitution in either the a-or (3-position of the 3-substituent or a hethro

at om i NHETERODATOR BN BBTA BOSDREION on of the 3- substituent as well as
copolynmers of these materials which, is undoped _or has been doped with, for

i h
exanpl e, br oRegie-regWan plyGoswbsfitnigdthiopheres) pithiallon ard, agdbalkylarylhl or i de,

Ncera  Eh Ry ARG i GrerSaPl s FpSpfbh bR CRAHTLGR oS aRe BB o
appl i edRMECUTGBA(HICRE ch@R¥ RouplHe 6TS0brdh UL RlagREkeshrEhb -Q-Tlﬂ an unbl ended
HI L/ HTL or anode. propriate EL materials include both small nol ecul e and

pol ymer hettralkyhthiophere3 amd GRib (©rignhsl métathesie oBa BySedibrbaso-34f-i | | ustrati on.

Anot her_ thir odi t.of this .inyention i,s an el ectrol ym nescent device
wher ei nh?tﬁr@aﬂw%ﬂmﬁ?@h@é&mm ~Y6tq5%rg@m.hngrssqcpeel@e@95$-téheeﬁichi ophene)
in whic 5 i . g LWRFY Wth an
oxygon. Subatesof BUTHs, bERERHalsIn AR sulle BlorRbles) s e MREB Lent or &
het er o substituent. dhsbwae instamces, ther3-fubsfitutent may cohtairheh&eroatonsothenthm thes wel | as
copolyners of these materials which is uyndoped or has been doped with, for
exanpl ehetproatemnia the epasitione ihg ameunt of regioregulan 2 repuplingn fgr thepemptstinlse

ar seni cc&eé%?gd%ga}i de, a protic acid, nitrosoniumsalts such as NOPF6 or
NOBRI or-organi’® oxi dants that has been fully blended with an EL materi al
and applied directly on an H L/ HTL or
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anode. Appropriate EL materials include both small nol ecul e and pol yner

el ectrolum nescent materials. Figure 9 provides an illustration.

Anot her fourth enbodinent of this invention is an el ectrol um nescent device
wherein the HLL/HTL conprises a regio-regul ar poly(3-substifutedthi ophene)
in which the Sglosfﬁs‘élﬂmli’@nﬁu Htutgdih WPCS H‘Ft}‘lakﬂraréﬂ I@WP’&H’&I iety with an

et or o SURReh ShTA Hefbed ol in hE BBy Bop of B “Epdpifled ekl PP sl Ve o8
copol ynehisaneéd lsdamm@et &' dthdrTeyibirégulirpolitdepbgitaed thfophesi vatnarylvaryl), for
exanpl e, bromne, iodine, chlorine, iron trichloride, "gold trichlori de,

ar seni ¢ apdalkglfarylowith eegard forprocassability, delf%ff'rfiﬁg glectremis struetuze, bigheatingtions or

, d ded wi /
rat or i aPoSR e Bleh PR o tiRR! imBiRvaba oAl RERAOR, AP RGReRabe g an
unbl end@eterdatenifilnc@bnAitp HRreabbithe 9(51115511%’ dﬂh{s idteril il pblat Srghmicsoigentd ke smal |

mol ecul e and polynmer materials. Figure provides an illustration.

Anot her tdttahydrofustrg dimethylformanpide @Wénk-mﬁlokx-%mopm necsata PMé9candt devi ce

wherein 1L/ s.are [ i t.ut edt hi ophene)

in whi cﬁf‘JPFPJH%n’ ‘gﬁé?‘ﬁ%‘fﬁ € Procesy Iq@‘f’ WE"‘(#%&} fo‘ﬁiﬁ iety with an
oxygen §él@<§:f\ﬂetd55sb1%ﬁoh Bfﬂiﬂf&?ér1h'ﬂl§éﬁ'e%c@oﬂﬁﬁéﬁde9&e%n§pﬁﬁer§sSUbSt' tuent or a
hetero atomin either the a- or n-position of the 3- Substituent as well as

copol yrrer S oﬂstlh’és@ascawﬁhﬂwluse\phlyéﬂmphenﬂ)dmmmbﬂ{"li’iam dcalectrblyeinesdenth, f or
exanpl e, bro i_odi orin iron. tri.chl.oride, .gold trichloride,

ar seni cdﬁ%‘ﬁec’ RIS%‘P&%OP’&”W@FF’&%@H WP Eli“ﬁ "g%ﬂaﬂ Ke $EIONPF6 or
NOBF4 ', defleteRibBReifcet or #hPeffothatce B8 pol h@h@@&ﬁm ékc%oﬂﬁﬁﬁi@%&htc anode

mat er i aI and applied as a transiti on ayer between an unbl ended pol yneric
anode adeviegs. (Ihosecefthets danlinéiude one cEInLoreAf)ﬂ:ecfpﬂm\ame dtalrgampaltzaamdle mat eri al s

i ncl ude highly co duct lye .and trans nt condyctive ch as those
based offd %’W%‘Ltéﬁ&qqefi qu;’é’ﬁ H?f qufrsaﬁ'tagd) t hi enyl ene
vi nyl enggyp m@y%&éamm epiil éewﬁaﬁvwdmonraﬂa&&ﬁéﬁl@%eb Bg hol es,

and pol yacetylene. Figure provides an i1llustration. Anot her sixth
enbodi marre h]fghtyrnoaduatmrstat@whwh imnotesuitatile frehdctrohimeinescemhapphcations. eThere he

the 5. SSEVFELREHRY  RicapRitcy Ry DAk oM § POt Pt oSy gen
SUbSU i ¢ st 4 2 13EH s, i taa%ﬁd@a%t?mteﬂ@bgﬁeﬂlﬁeo&mgmm ir @ hetero

atomin ert e a- I't p0|t|ono substituen
copol ymeolsent$. Thesodubitityeofithéss mdieridls fasilitatebctheid pmﬁantsueinﬂxdbﬁheydcam bd”l for

D S t B  5 TET  Bred LC"res
NOBF4 |, !
e G b AR S PR,

ELL. Apgs- caomeaf&rﬁqhamheﬁ, aﬂ@d&heﬁf@mwwm@ha@ i Gick nCiS BtfArbee ofiNd

transparent conductive polymers including those based on PEDOT, POl y(3-
subst i t tepeat)unifs sithearealye o210 8r spdymensimwhichiren i 1 $56 and highen dut for these

pol yani | i ne po enyl i nylen (N-substituted)pyrroles, and
pol yacefpssials #%@x lgyn%s efaer%O%/ust ration. Anot her sevent h
enbodi ment of this invention is a passive-matrix el ectrolum nescent device

wherein the H L/HTL conprises a regio-regular pol y(3-substitutedthi ophene)
in whi cPQMNG-substitutent is an allcyl, aryl, or alkyl/aryl noiety with an

hoy Sro ot om The Lot el tegﬁlasﬁ%@a%%iwgsﬁgia eheln Prict e FHHIEALED) | %hs”
copol YT, kg, at/)S KRR calisty Wikicdh b1yt ARRAFIOR if aithed AR o AR odtfid)

brom ne, iodinée, chlorine, iron trichloride, gold trichlori de arsenic

pent af | uﬁﬂjedasubautpemtdrca heteirolaton inreithenthei o eaB-qmsmun of the INQBEttuent abl@kH4, or

or gani ¢ oxi d?nts Anot her Ebg{l h eﬂfs’odl ment of this _invention is a
bot t om ahfaPOFRETs afthescamatsrials,es an }II'BHU PRl 4, Or RS, fleciralpmingsqent he HI L/ HTL
conpris I k i

S subs; Ptife b oRin e o uaidly 07 dritid e ARIGHEY o it bbb

subst i t gbndutivestate thue is itn’fpbrant fbr p&fmﬁnée CIﬂp(ﬁ'f oxtitietions elub@énstauenmo@ed a hetero
atomin either the a- or p-positjon, of the 3-substituent as well as

copol yniem the velgpesbardt Ehi%qhgngmmcqmdayo& ataweraﬂéﬁs inthe fapstichniagwianergy

brom ne, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosoniumsalts such as NOPF6 or NOBF4, or
organi ¢ oxi dants. Anot her ninth enbodinent of this invention is a
top-emtting, active-matrix el ectrol unjgnescent device wherein the H L/HTL is
comprised of a reaqi o-requl ar pol v(3- substitutedthi ophene) in which the




In an tenth enbodi nent, the 4 position of the thiophene ring can al so be
substituted. The substitution at the 4 position can provide the sane
substituent as that at the 3 position, providing a symmetrical substitution
pattern. O the 3 and 4 substitution can provide different substituents and
an asymstates; eallied bipotaronsut Therenprgytlevels arExreeessible tosorge ofiths rompining elentrons used

as a substituent at t 4, | tihon i nhgd ude al kyl ryl .. a al kyl.aryl _groups
i ncl udi Hb&ﬁﬁﬁﬁwe g%ﬁomaﬁ%%@poly%?%m 8??%%‘?‘%&*' &ﬁgﬂ‘w V%S Bncl ude
any of R corsdtive SRk that@a@lloRadisiedterid té finctitieasarMEI/HTEN, including those
Wi th het'eroat ons. In an el eventh enbodinment, the H and ELL materials

are bonded t dn emclactreltminesqens dpvieeithegondustivity pbie HIbHTEL wan tange ORI ng.

Coor di nat e #di 2 sed. [. exa €,.,.0 i alyn8an _have,a

el copRpritdS A AP Shm Bt raost RpieBBP I fun® e BE RBRIOT RN 1 o0
whi ch C%Vcnﬁ.eﬁﬂihe\éhsferbf?@gib—r@%dl;ﬁrpo‘lﬂﬁsﬁbdﬁuﬁe@ﬁ@ﬁﬁﬂés) lin Whittighe SRWBEt@REntbONdi Ng
met hods are known in the art including, for exanple, reactions of am nes
with al desyaky, anyhobabkyl/axyl smiety withranexiygerssubstitution Boeithep theforranfiqositioh an

el ectrol ut ni nescent device contnjni,ng an H L/ HTLconpri sing a regi q-regul ar

pol y (3- i@.ﬁ Biot3-substétyent; o5 ghstreg afom it the &- ot Bupssition of ik 3-pubstifierl lp | “ar vyl
73- pos! it Cplrdisle B¢ AR BAATRL JARRYLL WheOle bt thoviBld ", 0,

(13- posi thaductbity i tRousatdtdfthoaritat ambivat lemperab@poandmes saiblodevicdtryed when
the p-type material is in a controlled conductive state éwv\hlch may i ncl ude

t he unddgstscat slevited trmperatuees end/oehumidityt Avothet velne isfthetnin thedpped state.chesal wit h

metal lic_ i rities, .apd other. ippuritie coptraolled so that it does
not excé%aﬁe%oﬂ’towf %‘ggqrﬁﬁfﬂuswl_ élsﬁ?at%?fgtﬁ*f}’ag‘f{? ,m g’gev mh@tre@%@é @ about 500
PPM  EVehiwéred Bardf giipe TheifatBitAes dndhetdtiotall ravg ofbbidd ehtirgd RIGbART AL all 69S -

I mpurity levels can be neasured by atom c absorption sgectrosc_opy,

phot oi- ndhectsding-of agoperties by santielling thesamountianst identityrof plagspecienandhe art .
PREFERRED QD] NENT.S,. The follow epresent . addi tional preferred
enbod nERPENRRPEI htielo par Bteaiongtts i GERFRER e phmary PRl T 0 (00 o
a regi o-r equiThereRfd iady Skidahts WHiGHIBY BONRAY tink cohdwdlive propertiadd Mdlediant s
an al kyl, aryl, or allcyllaryl noiety with an oxygen substitution in the

a- posi t halegers supleagbroming ioding and ghloting-piferspme; advantagsse By eomtrolling sheent

L ks
substi t @ BEcdritrollBe, Bécdﬁ@%fﬂ@i; r?ggh Vap6r lgress%kéo&fdi Jolifbilityds ofgakilclsotfEhtsi N an

el ectrol um nescent device. 3) use of a regio-regular .
pol y( 3- halogenstmaybl driplioh émthe gas phase oh int dodutRns (hddationtafithe palymer canireduce aryl |

et HH L T B A R s

may be prepared and coated onto devices.

Other examples include bromine, iodine, chlorine, iron trichloride, gold trichloride,
arsenic pentafluoride, alkali metal salts of hypochlorite, protic acids such as benzenesulfonic
acid and derivatives thereof , proprionic acid, and other organic carboxylic and sulfonic acids,
nitrosonium salts such as NOPFs or NOBF, , or organic oxidants such as tetracyanoquinone,
dichlorodicyanoquinone, and hypervalent iodine oxidants such as iodosylbenzene and
iodobenzene diacetate

Some Lewis acid oxidants such as iron trichloride, gold trichloride, and arsenic
pentafluoride have been used to dope poly(3-substituted thiophenes) via a redox reaction.
These dopants have been reported to result in the formation of stable, conductive films. This
is primarily accomplished through the treatment of the cast film to a solution of the metal
chloride, albeit the casting of doped films is possible but is rarely reported
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4) Preferred Enbodi nent #3 in which the heteroatomis "S" or "0". 5)

Enbodi nents #1-4 such that the regio-regular pol y(3-substitutedthiophene) is
a copolyner. 6) Enbodi ment #5 such that the copolynmer is a bl ock copol yner.
7) Enbodi ment #5 such that the copolymer is an alternating copolyner. 8)
Enbodi nent #Brafigsitgariaand inergasisaicydsestch &s keneenssdfanioptid ynd derivafivenbodi nent s

4o sucnibrat> PR ARy DIFeL At ook tul s BRCARE, BerRine A bl BRE A7 <

any aryhs girid, isakbridl Hﬁ%i:h%ﬂé'dcafﬂrﬂél\hﬁed b HopEpEIR (s -sERtifutéPihidphbndshat t he

non-t hi ophene units aré derive roman i socyanate. 12) Enbddi nents #9 such

that the nonNitwsophemsalisisiclsassNOPHeand NOBF, otanche usediia dope poly(des. 13)
Egﬁfﬁéggﬁﬁﬁm Bf):lrl]entes at;[y afrrégct{]o%n\;vltﬁg 81% 08 the'sthible AtHe %}eﬂr A eéurlé) i dh
irreversible redox reaction.

Organic oxidants such tetracyanoquinone, dichlorodicyanoquinone, and hypervalent
iodine oxidants such as iodosylbenzene and iodobenzene diacetate can be used. Organic
oxidants can be, for example, an aryl sulfonic acid, a benzoquinone derivative, or a quinone
oxidant. Mixtures can be used. One mixture which can be used is p-TSA and BQ. Non-
acidic organic dopants can be used. Although the present description is not limited by theory,
it is believed that it is good for stability to have irreversible doping reactions to provide good
stability in the doped state.

Examples include pTSA (p-Toluenesulfonic Acid); DDQ (2,3-Dichloro-5,6-dicyano-
1,4-benzoquinone); NQ (1 ,4-napthoquinone); DNNDSA (Dinonylnaphthalenedisulfonic
acid) DNDSA (Dinonylnaphthalenesulfonic acid); TCQ (2,3,4,5-tetrachloroquinone); TFQ
(2,3,4,5-tetraflurorquinone); BQ (1,4-benzoquinone); MESA (Methanesulfonic acid); F4-
TCNQ (2,3,5,6-tetraﬂuoro-7,7,8,8-tetracjanoquinodimethane); and TCNQ (7,7,8,8-
tetracyanoquinodimethane).

Doping can be carried out in solution or in the solid state. The amount of dopant can
be varied to determine how much dopant is needed to achieve the best or the maximum

oxidation. Disappearance of a large absorption band around 500 nm can be monitored.

ADDITIONAL EMBODIMENTS

Regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an alkyl,
aryl, or alkyl/aryl moiety with an oxygen substitution in either the a- or B-position of the 3-
substituent or a hetero atom in either the a- or B-position of the 3-substituent as well as
copolymers of these materials can be used as an HIL/HTL layer in an organic
electroluminescent device.

A copolymer of these materials can be a homo-, block-, alternating-, and random-
copolymers of which incorporate one or more of the materials defined as a regio-regular
poly(3-substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety

with an oxygen substitution in either the a- or B-position of the 3-substituent or a hetero atom
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14) Enbodi ments #9 such that the non-thi ophene units are derived froma
| act one. 15) Enbodi nents #9 such that the non-thi ophene units are derived
froma lactam 16) Enbodi ments #9 such that the non-thiophene units are

derived froma siloxane. 17) Enbodjnments #9 such that the non-thi ophene
units admeigher thecr qrrfbpesitipropfthe disubsitpent or 43 a copolymstiad @iregintreguler m%t(ﬂ- t hat

t he non-t.hi. £ Its are rived..from. R renRiis,;OH.

Enbodi né‘ﬁ‘?sélaﬁg“e‘@\‘ﬂ?ﬁéhebmé‘t Shith B A Bl A g Al "#"#%ﬂhg@f&z R
wher e Rolodi suBQituEoPRcitierthe off 9r BLsoRitoNJF tHeBRsubRtituehl G G0 it i ar e
derived from CH2CH2R where R is 21) Enbodi nents #9 such that the

non-t hi ejtherrike anot B-pasition ef the Sesubstitaerthiti-tleckstoempobtd of pobymérs bliligranp. 22)
Enbodi ments #9 such that _the non-thiophene upits are derjved from CH2CH2R
wher e Rmapomerssuch s GECHAR, svhere Atc Any #rxl of Wactinlized aphereup.isncyanaisse

non- 1 gty S Sopiaated . CRRLCHER wiGHBRCS B RAGL G BRE O e,
mor e t hijgpdiensiloxahéss and ATRP macroinitiators. |

A copolymer also can be a random or well-defined copolymer comprising a regio-
regular poly(3-substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl
moiety with an oxygen substitution in either the o~ or B-position of the 3-substituent or a
hetero atom in either the a- or B-position of the 3-substituent or as a copolymer of a regio-
regular poly(3-substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl
moiety with an oxygen substitution in either the a- or B-position of the 3-substituent or a
hetero atom in either the a- or B-position of the 3-substituent with a block comprised of one
or more functionalized thiophene derivatives, or as a regio-regular poly(3-
substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
oxygen substitution in either the o~ or B-position of the 3-substituent or a hetero atom in
either the a- or B-position of the 3-substituent or as a copolymer of a regio-regular poly(3-
substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
oxygen substitution in either the a- or B-position of the 3-substituent or a hetero atom in
either the a- or B-position of the 3-substituent as a copolymer with random or well-defined
copolymer comprised of one or more thiophene units.

A copolymer can be a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygeﬁ substitution in either the -
or B-position of the 3-substituent or a hetero atom in either the a- or B-position of the 3-
substituent or as a copolymer of a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o~
or B-position of the 3-substituent or a hetero atom in either the o~ or §-position of the 3-
substituent with blocks of random or well-defined polymer comprised of one or more
functionalized oligothiophenes which is also random or well defined.

An electroluminescent device can be fabricated which can be a device which emits
photons through fluorescent and/or phosphorescent processes when an external current is

applied. The device can have, at a minimum, two electrodes across which a potential is
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25) Enbodi nments #9 conprising non-regi o-regul ar poly(3-substitutedthi ophene)
units derived fromone or nore finctionalized oligothi ophenes which is al so
random or wel | defined. 26) Enbodi nents #9 conprising non-regio-regul ar

pol y( 3-substit ut edt hi ophene) units derived fromone or nore functionalized
ol i got bapygliedie powtr thi dewiceand adethinesteht metirialin)betméendiiiemiss#dpopsibeifoh t hat
the H L/HJL | as been doped with an oxidant. 28) Enbodi nent #27 in

whi ch t &t %g@gent i s bromne. 29) Enbodi nent #27 in which the doping
agent is iodiAg, s139)na§'i‘$b9€U1693&§1 bg%zbﬂc'atewfﬁéh EdibetOpivIE: #Pffing!aY 'asmaﬁk%fl ne.
31) Enbodi ment” #27 1n which the doping agent is iron trichlorid

Enbodi miight exsittinigrdiode pikels Mdlemmryrugleatgbwdualsplm mllummedaby ;mNerBIg)a Enbodl ment

o PRI BT 5 kSRR

electrodes.

An active matrix can be fabricated which is a device including a matrix of light
emitting diode pixels where any one individual pixel is illuminated by controlling one or
more transistors collocated above, below, or adjacent to the pixel which acts as a switch to
control the pixel and supply the necessary current to power the pixel.

A top emitting electroluminescent device can be fabricated which is an active matrix
device in which the light is emitted in the direction opposite to the layer or layers of the
device that contain the controlling transistor circuitry.

A bottom emitting electroluminescent device can be fabricated which is an active
matrix device in which the light is emitted in the direction of the layer or layers of the device
that contain the controlling transistor circuitry, shining either through or adjacent the
circuitry.

An HIL can be a component of an electroluminescent device that carries positive
charge from an electrode either directly to an electroluminescent material or to a subsequent
HTL material and is comprised of a discrete monolithic layer, or a blend or mixture of
materials that have the following functionality such as: two or more polymeric or molecular
HILs, an HIL with an electroluminescent material, or an HIL. with a conductive or non-
conductive filler of processing aid. It may also be one or more HIL active materials that are
organized into a discrete structural unit or array or a combination of HIL active materials in
which one or both materials are bound to a non-active organizing matrix such as a polymer or
supramolecular scaffold.

An HTL can be a component of an electroluminescent device that carries positive
charge from an HIL or an HTL either directly to an electroluminescent material or to a
subsequent HTL material and is comprised of a discrete monolithic layer, or a blend or
mixture of materials that have the following functionality such as: two or more polymeric or
molecular HTLs, an HTL with an electroluminescent material, or an HTL with a conductive
or non-conductive filler of processing aid. It may also be one or more HTL active materials

that are organized into a discrete structural unit or array or a combination of HTL active
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35) Enbodi nent #27 in which the doping agent is a nitrosoniumsalt. 36)
Enbodi nent #35 in which the nitrosoniumsalt is NOPF6. 37) Enbodi nent #35 in
which the nitrosoniumsalt is NOBEL 38) Enbodi nent #27 in which the doping
agent is an organic oxidant. 39) Enbodinents 1-38 in which the H L/HTL has
been bl erderthlsantwhichnome ombetle matdrialsrate bppidi te d neg-astive organizingmatsy suchoast ween
an unbl endEﬁ“ ELL and ar &g.}plq%gtg? H L/1TTL or anode. 40) Enbodi nent #39 in
whi ch t BPORIMETLF PRTAOIECUAT § smal | nol ecul e or pol yrer

el ectrol um ”%@Sﬂt&%%ﬂﬁe-mﬁ&hﬁﬁ@@%iﬁgkgﬁgxﬁ;&%ﬂcﬁs |, Gibdr AepdaitlehldtL has

been fully blended wth an EL materi al I ed”on anm unbl ended HI L/ HTL
or anodeputte?ingFdip cdating; br byt printingdechriqueks sudhl asrink-gatiing, offssetiing; e transferal |

nol ecul e or pol yner el egtrqlum nescent material. 43) Enbodi ments #1-38 in
whi ch t RECOEHS PTRY SHTRY aBRICAUISanded with another HI L/ HTL material and applied
as a transition | ayer between an unbl ended ELL and an unbl ended HI L/ HTL or
anode. 44) Enbodi nent #43 in which the another H L/HTL material is PEDOT,
cupr ous MORE| ADPEAONAL BNPBBPDIMENTSNPB, PVIC, TPD or other organic snall

TR T NCTCHE RO T e e MO P
layer beiyaefy 20mpils aesE- Lo EI1) G -aBaHteaRtbphtnd) IR Whidile Blshbdithitetr ELL.

is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the a- or B-position

of the 3-substituent or a hetero atom in either the o~ or B-position of the 3-substituent as well

as copolymers of these materials which is undoped or has been doped with, for example,

bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic pentafluoride, a protic

acid, nitrosonium salts such as NOPFg or NOBF,, or organic oxidants. Figure 7 provides an

illustration.

Another second embodiment of this invention is an electroluminescent device
wherein the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o-
or B-position of the 3-substituent or a hetero atom in either the a.- or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF,, or organic oxidants
that has been blended with an EL material and applied as a transition layer between an
unblended ELL and an unblended HIL/HTL or anode. Appropriate EL materials include both
small molecule and polymer electroluminescent materials. Figure 8 provides an illustration.

Another third embodiment of this invention is an electroluminescent device wherein
the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o-
or B-position of the 3-substituent or a hetero atom in either the o~ or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosonium salts such as NOPF¢ or NOBF 4, or organic oxidants
that has been fully blended with an EL material and applied directly on an HIL/HTL or
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46) Enbodi nent #45 in which the polyneric anode material is PEDOI, poly(3-
substi tuted)thi ophenes, polyaniline, polyphenylenevinylene, polyacetylene,
or a conbi nation thereof. 47) Enbodi nents #1-38 in which the H L/HTL has

been fully blended with a polyuperi ode ri aI nd, applied to conduct
char ge #89Gfn ‘%PHSPM%ELI-W@-F‘F# H!S’F“él?@ {T% RBAPOWMET| n whi ch t he

pol yrer i.f..R5REE A AlridlS g@?ﬂ@prg glg 1l ét{dnt ut ed) t hi ophenes,

polyan|I|ne Pyp enyl enevin yacet yl ene, or a conbination thereof.
49) Enbodi rrerﬁmtl&ifdl&th embodimbnttdfehis énventioni 15 aa dedttolumirshdent deyjice wherein
active-nat ectro| urai nescent device. rtbodl nts #1-48 in which the
devi ce e | QUINRTISES § Xe8L9- aSPGMié%@H%‘E}é‘Q “ments #1-48

wh
dovi ce. SRR B ahch, Bl A RSl Sl e § mhﬁ%ﬁ hih UBERRIET! |
cont am RARLEYRIth of ik RsibsHtuefiPores helro Widn i&ithat ﬂk@-ldﬁwésﬁﬁ&foﬁn%-ot her

inpurities does not exceed about 1,000 ppm and nore particularly, about 500

ppm andubatltt@npas welt as eapoyymerb oﬁtheaesmappnlus whigh isfunslogedrenbas bedn dapedn whi ch
ubst 1 t it ton EmPlen O oA b HER: Py FiSCIREFr b EIBlrbe BAS al ky! and
mgpg(rj%ADDl TI oNA?%% E;&E%%&rdéémﬁﬁw sa!t@ sﬁcw a3 NOBFHdriNOBE, | p¥Bganicon@aths al or

that has been blended with another HIL/HTL matena.l and applied as a transition layer

between an unblended ELL and an unblended HIL/HTL or anode. Appropriate HIL/HTL

materials include both small molecule and polymer materials. Figure 10 provides an

illustration.

Another fifth embodiment of this invention is an electroluminescent device wherein
the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o-
or -position of the 3-substituent or a hetero atom in either the a- or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF,, or organic oxidants
that has been blended with a polymeric anode material and applied as a transition layer
between an unblended polymeric anode and an unblended HIL/HTL or ELL. Appropriate
polymeric anode materials include highly conductive and transparent conductive polymers
such as those based on PEDOT, poly(3-substituted)thiophenes, poly(3-substituted)thienylene
vinylenes, polyaniline, polyphenylenevinylene, poly(N-substituted)pyrroles, and
polyacetylene. Figure 11 provides an illustration.

Another sixth embodiment of this invention is an electroluminescent device wherein
the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o-
or B-position of the 3-substituent or a hetero atom in either the a.- or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic

pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF, , or organic oxidants
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Priority provisional application serial no. 60/612,640 conprises 65 clains
whi ch are incorporated herein by reference. In these clains, an enbodi nent,
called herein "ABC," conprises an el ectrol um nescent device conprising an

HI L/ HTL | ayer, which conprises at_ | east one polyner conprising a .
regi o- r & &?b%BImebg&ﬁtMt‘ palymesis areds matgrighAndisuetnthabit copdistsidivgetly i s an

the o & duntiéndb it Y or BEL® Aopfodrepdl e CRARE RR IéaB gy O PP,
oxygen e@bndudtivélind @i\fﬁ&eﬁw@d@af%ip@wnﬁrs mehueihghthosesbased b BEDOTE pdly(3-ce

accordi ngqt.o ABC:, erein the substitutfion is wth oxygen. - wherein the
subst i t sebstifntedythipphenes, pelyf3-substimtadithienyleae yinylanes, polysniling, i n t he al pha

Cinst | apPBRREERYRyIGHE, SO Ar S, WFRIFRBOTER. iRl LR oo on | o°

oxygen i illdyeratigi.a position. - wherein the regioregul ar poly(3-substituted
t hi ophene) is a honopolynmer. wherein the polyner is a honopolyner. -
wher ei n t he @aoihes seventherabnsimentof this invention is a passive-matrix electroluminescen

device wherein the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in
which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in
either the a.- or B-position of the 3-substituent or a hetero atom in either the - or B-position
of the 3-substituent as well as copolymers of these materials which is undoped or has been
doped with bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic pentafluoride,
a protic acid, nitrosonium salts such as NOPFs or NOBF}, or organic oxidants.

Another eighth embodiment of this invention is a bottom-emitting, active-matrix
electroluminescent device wherein the HIL/HTL comprises a regio-regular poly(3-
substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
oxygen substitution in either the a- or B-position of the 3-substituent or a hetero atom in
either the a- or f-position of the 3-substituent as well as copolymers of these materials
which is undoped or has been doped with bromine, iodine, chlorine, iron trichloride, gold
trichloride, arsenic pentafluoride, a protic acid, nitrosonium salts such as NOPF¢ or NOBF4,
or organic oxidants.

Another ninth embodiment of this invention is a top-emitting, active-matrix
electroluminescent device wherein the HIL/HTL is comprised of a regio-regular poly(3-
substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
oxygen substitution in either the - or B-position of the 3-substituent or a hetero atom in
either the a- or B-position of the 3-substituent as well as copolymers of these materials
which is undoped or has been doped with bromine, iodine, chlorine, iron trichloride, gold
trichloride, arsenic pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF,,
or organic oxidants.

In an tenth embodiment, the 4 position of the thiophene ring can also be substituted.
The substitution at the 4 position can provide the same substituent as that at the 3 position,
providing a symmetrical substitution pattern. Or the 3 and 4 substitution can provide
different substituents and an asymmetrical substitution pattern. Examples of groups which
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wherein the polynmer is a block copolyner. wherein the polyner is an ABA

bl ock copolymer. - wherein the polynmer is an AB bl ock copolymer. wherein
the polymer is an alternating copol ynmer. - wherein the polynmer is a random
copolyner - wherein the p

IS a c r conpr|3|ng non-t hi ophene
units. 33‘%\]3@\139 rﬁ‘sf‘ﬁB WW?%P§PQSIEPB&@ p?ilg& laryl §TOWPS- t hi ophene

units. in ymer .
- whereit n po ? Fﬁqsﬁéﬁﬁ} @ﬁ%ﬂ?ﬁ&ﬁ& eag?ﬁeéﬁg&g#ﬁgﬂﬁll%rl g?@l& |y
conduct iswisstinehisrdescribedesein for thd® peuitionyincludingthosewith hitetdutemhene un| ts.

- wherein non-thi ophene nlts are present_ and the non-thi ophene units
conprise aryln aseleyenh ﬁng}%ﬁmatenas ¢ bapdaddp s ¢thi ophene

ni s e %BEcﬁﬁEEaxf‘E@lohﬂeor’b%alEﬁFb%BHExBe C4Bldifntt BORERS Cat bSIRA"PoPT U €2

example, one material can have a nucleophilic group and the other material can have an
electrophilic group which can react with each other to form a covalent linkage. Covalent
bonding methods are known in the art including, for example, reactions of amines with
aldehydes, carboxylic acids, or esters.

Good performance of an electroluminescent device containing an
HIL/HTLcomprising a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent
is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the a.- or B-position
of the 3-substituent or a hetero atom in either the o~ or B-position of the 3-substituent as well
as copolymers can be achieved when the p-type material is in a controlled conductive state
(which may include the undoped semiconductive state). Contamination of the p-type
material with metallic impurities and other impurities can be controlled so that it does not
exceed about 1,000 ppm, or more particularly, does not exceed about 500 ppm. Even more
preferred is an impurity level of about 150 ppm or less. Impurity levels can be measured by
atomic absorption spectroscopy, photoinduced x-ray emission analysis, and other methods
known in the art.

PREFERRED EMBODIMENTS
The following represent additional preferred embodiments which can be practiced by
one skilled in the art:

1) The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an
alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in the a-position of the 3-
substituent as a HIL/HTL in an electroluminescent device.

2) The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an
alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in the B-position of the 3-
substituent as a HIL/HTL in an electroluminescent device.

3) The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an
alkyl, aryl, or alkyl/aryl moiety with a hetero atom in the a-position of the 3-substituent

as a HIL/HTL in an electroluminescent device.
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wherei n non-thi ophene units are present and the non-thi ophene units conprise
al kyl ene oxi de units. wher ei n non-thi ophene units are present and the
non-t hi ophene units conprise ethylenically unsaturated units. wherein

non-thi ophene units aje present .and the non-thjgphepng, units conprise units
derived rBW?qrqga“ilP Pt 3,00 whie g‘ethetemmﬂ%iﬁ Yo't hi ophene units are

br esent. gtk 4124 GRICHE: O kel FRIRE pOS(RIURKARGIIbhGe) jsa | - Vherein

non-t hi ophene units are present a | ophene unfts are derived from
CH2CH2R, weepobymerR is G, OH, H CH3, alkyl, F, or Br. wher ei n

an ATRP S Embptenk S sictlthai e comphiper ha BRek sBPIRBRT: < copol ymer which
Corbr) 29 hgh i R G Ul bl SRS iDL T ST,
functi orgyl iBmssbdihent#5esneh that the dopolyimer jsal random coglymer. - wherein the
ror o 1i<Bp Rexvedimentsats-§ such'that i conalymenrampeRgt GigpbeRe s, o
non- pol vig ga;%!ﬁ:%ﬁ:hléﬂggﬁfe%h 80P HRSbnthio ferd 2l &} detiF6 BOM CILERAS, where Ar
is any aryl or functionalized aryl group.
11) Embodiments #9 such that the non-thiophene units are derived from an isocyanate.
12) Embodiments #9 such that the non-thiophene units are derived from an ethylene oxides.
13) Embodiments #9 such that the non-thiophene units are derived from a conjugated diene.
14) Embodiments #9 such that the non-thiophene units are derived from a lactone.
15) Embodiments #9 such that the non-thiophene units are derived from a lactam.
16) Embodiments #9 such that the non-thiophene units are derived from a siloxane.
17) Embodiments #9 such that the non-thiophene units are derived from CH,CH,R where R
is CL
18) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R where R
is OH.
19) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R where R
is H.
20) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R whére R
is CH;,
21) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R where R
is an alkyl group.
22) Embodiments #9 such that the non-thiophene units are derived from CH,CH,R where R
isF. ' |
23) Embodiments #9 such that the non-thiophene units are dérived from CH,CH,R where R
is Br.
24) Embodiments #9 comprising non-regio-regular poly(3-substitutedthiophene) units derived
from one or more thiophene units.
25) Embodiments #9 comprising non-regio-regular poly(3-substitutedthiophene) units derived

from one or more functionalized oligothiophenes which is also random or well defined.

25



- wherein the polymer conprises non-regio-regul ar

pol y(3-substitutedthiophene) units. units. - wherein the polyner conprises
non-regi o-regul ar pol y(3-substitutedthiophene) - wherein the

pol y(3-substitutedthi ophene) is further substituted at the 4 position. -

wher ei n 26hBmbiedifiemnts #%opmprism Tesengiver gulanpaly(3esubsttited thiophene)anits derieedan
Che- dopi ngfEEBGHE oF BBt B HeRa Y HE LiGPLeRY SPiTHaS AP WelghBAERn e dopi ng
SBept, ) Etpdlntlic oAU oA oo b bk o o 05

28) Embodlment #27 in which the doping agent is bromine.

29) Embodiment #27 in which the doping agent is iodine.

30) Embodiment #27 in which the doping agent is chlorine.

31) Embodiment #27 in which the doping agent is iron trichloride.

32) Embodiment #27 in which the doping agent is gold trichloride.

33) Embodiment #27 in which the doping agent is arsenic pentafluoride.

34) Embodiment #27 in which the doping agent is a protic acid.

35) Embodiment #27 in which the doping agent is a nitrosonium salt.

36) Embodiment #35 in which the nitrosonium salt is NOPFg.

37) Embodiment #35 in which the nitrosonium salt is NOBF} ,

38) Embodiment #27 in which the doping agent is an organic oxidant.

39) Embodiments 1-38 in which the HIL/HTL has been blended with an EL material and
applied as a transition layer between an unblended ELL and an unblended HIL/HTL or
anode.

40) Embodiment #39 in which the EL material is either a small molecule or polymer
electroluminescent material.

41) Embodiments #1-38 in which the HIL/HTL has been fully blended with an EL material
and applied on an unblended HIL/HTL or anode.

42) Embodiment #41 in which the EL material is either a small molecule or polymer
electroluminescent material.

43) Embodiments #1-38 in which the HIL/HTL has been blended with another HIL/HTL
material and applied as a transition layer between an unblended ELL and an unblended
HIL/HTL or anode.

44) Embodiment #43 in which the another HIL/HTL material is PEDOT, cuprous
pthalocyanine (CuPc), NPD, NPB, PVK, TPD or other organic small molecule or
polymer materials.

45) Embodiments #1-38 in which the HIL/HTL has been blended with a polymeric anode
material and applied as a transition layer between an unblended polymeric anode and an
unblended HIL/HTL or ELL.
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- wherein the doping agent is a protic acid. - wherein the doping agent is a
nitrosonitun salt. - wherein the nitrosoniumsalt is NOPF6 or NOBEt. -
wherei n the dopi ng agent is an organi ¢ oxi dant. - wherein the HHL/HL' L
| ayer conprises, H L/HTL material which has been bl ended with an EL nateri al

and appl46pBmbediment #4%in which the\polymericanede meatariabisd2@Tepaly@nd an unbl ended

H LTHTL or_an Nl - er e h | i n terial and
the EL mat %"r%ﬁg‘l%ﬁd%th?ﬂ’lﬂﬁéﬁs’ I\é\\éﬁgﬁ@&’ %@gﬁﬂe%g?’ﬁg@%n@?fa&?‘&%b Um nescent

mat eri al . ¢combination'heregf N t he device conprises an H L/HTL material which has
been fulli/ bl ended with an EL material and applied in direct contact with an

unbl endéd) Embodimenty# lad®inewhich dhedili/HTLthas been Bllxiblanded withrmepalymesicecul e or
PoL YT ! S S SRS GOl St s RO B T, oo
oo v pEUAE b oL IO
pt hal ocyansubstifutadithiophaes, polmilivey golyphenytanevintilene,qofieasetylengsora nol ecul e or
pol ymer na}:c?nrali)i%alat?dn thereof.
49) Embodiments #1-48 in which the device is a bottom-emitting, active-matrix
electroluminescent device.
50) Embodiments #1-48 in which the device is a passive-matrix electroluminescent device.
51) Embodiments #1-48 in which the device is a top-emitting, active-matrix
electroluminescent device.
52) Embodiments #1-51 in which use is as a p-type material and the contamination of the p-
type material with metallic impurities and other impurities does not exceed about 1,000
ppm, and more particularly, about 500 ppm, and more particularly, about 150 ppm.
53) Embodiments #1-52 in which regio-regular poly(3-substitutedthiophene) is used
which comprises fluorine substituted alkyl and aryl functionality including perfluorinated
alkyl and aryl groups.
54) Embodiments #1-53, wherein the HIL/HTL layer is neutral or undoped.

ADDITIONAL PREFERRED EMBODIMENTS:

Priority provisional application serial no. 60/612,640 comprises 65 claims which are
incorporated herein by reference, In these claims, an embodiment, called herein “ABC,”
comprises an electroluminescent device comprising an HIL/HTL layer which comprises at
least one polymer comprising a regio-regular poly(3-substitutedthiophene) in which the 3-
substituent is an alkyl, aryl, or alkyl/aryl moiety with a heteroatom substitution in either the
o.- or beta-position of the 3-substituent. The substitution can be with oxygen or sulfur. Other
more particular embodiments include the device according to ABC:

- wherein the substitution is with oxygen.

- wherein the substitution is with sulfur,

- wherein the substitution is in the alpha position.

- wherein the substitution is in the beta position.
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- wherein the device conprises an H L/HTL nmaterial which has been bl ended
with a polyneric anode material and applied as a transition | ayer between an
unbl ended pol yneric anode and an unbl ended HI L/HTL or ELL. - wherein

t he pol yneric anode is PEDOT, poly(3-supstituted)thi ophenes, poly(3-

subst i t ut ed) r AWHSFRIR isesubstiyieis Oxyern ip Abg 4lphaposifigny nheny| enevi nyi ene,

pol y(nsubsti t r s Qr s - wherein the device
conprises Hi L%Meeﬁgﬁut\}\ﬁlgﬁgk%ésiﬁgﬁe%énﬁé‘%ﬁms;n%rf'ended with a polyneric
anode nat er i alwherein thepegietegutar poly@:substitutedythiophens) id & hdrnopolymeh| ended

H L/HTL or ELL., - ,wherein the gevi ce is a bottomemtting, active-matrix
el ect r ol uni ned¢hersi obymer 1s ghemepalYISE device is a passive-matrix

el ectrol urni r_lggq%ec tlﬁeﬁ’dl eris a\g?ﬁ@%ﬁrét he device is a top-emtting,

active-matrix rol*umnesce rein the contam nation of the pol yner
with netalli ¢ whepin thel pdymerds abluek copglymet.i es does not exceed about 1, 000
ppm - wherein the contam nation of the polynmer with netallic

i mpurities and"}@f%&qwgﬂpﬂtlﬁé%%?loﬁ%@l&&‘é% about 500 ppm Mot her

enbodi nent | §%@ﬁ#ﬁ§ﬁ1¥@°fig%ﬁﬁy@9%§§noﬁ%*g 3-substi t ut edt hi ophene) in

whi ch the 3-su an a or alkyl/aryl noiety with an

oxygen or sul-fwherenitiwtpalytherds an altemgtiny dopolynek. t he 3-substituent as a
H L/HTL in an el ectrol um nescent device, Anot her enbodi nent is the use
of a regi o- r e§vhersin s Rl ENeR ip 3 TMAQMRAPRIYBIEene) in which the 3-substituent

is an al kyl, _ . . ' ' 0 .sul fur
substitution %}Hék%l%ﬁ{r?@ﬁ%{lgéxé?%g}%@éﬁ&%&m&%n% L/HTL in an

el ectr ol um nesgRfdin d@Midtymer is a blockRbpsiymentumiprisiiy ndrbthidphensanil a

regi o-regul ar pol y(3-substi tutedthi ophene) in which the 3-substituent is an

al kyl, aryl, -avhesgin{he/polymenis mixed with pt lgast onepbeEpd PR either the a- or
beta position gl dibehedoiptRelis iR with afieddt bhé Tthet ReRicaliy ShAICHPE nescent

devi ce.

polymer.

- wherein the polymer comprises non-thiophene units.

- wherein non-thiophene units are present and the non-thiophene units comprise aryl
or functionalized aryl groups.

- wherein non-thiophene units are present and the non-thiophene units comprise
urethane or urea linkages.

- wherein non-thiophene units are present and the non-thiophene units comprise
alkylene oxide units.

- wherein non-thiophene units are present and the non-thiophene units comprise
ethylenically unsaturated units.

wherein non-thiophene units are present and the non-thiophene units comprise units
derived from a lactone or lactam.

-wherein non-thiophene units are present and the non-thiophene units comprise
siloxane units.

- wherein non-thiophene units are present and the non-thiophene units are derived
from CH,CH,R, wherein R is Cl, OH, H, CHj, alkyl, F, or Br.

- wherein non-thiophene units are present and the non-thiophene units are derived
from an ATRP macroinitiator.

- wherein the polymer is a copolymer which comprises at least two different

thiophene units in the polymer chain.
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Anot her enbodi nent is an el ectrol um nescent device conprising an ELL
material and an HI L/HTL nmaterial, wherein the H L/HTL naterial conprises at

| east one pol ynmer conprising a regio-regular poly(3-substitutedthi ophene) in
whi ch the 3-substituent is an al kyl, arﬁll, or alkyl/aryl noiety with a

het er oat om s ulydterdintheopolymeris alvopolymer whichrcomprises at feast twoodiffefent he

3-substituent,.. ein the,HLL/HTL materi.al bonds with the ELL | ayer. The

bondi ng oBglz\ggg%\?Bﬁeéﬁtun%HHﬁ’ﬁémyﬂ%c /HTL | ayer can be neutral or

undoped. STABliHefern the polyri€r wﬁyﬁﬁkﬁﬁ&-ﬁagw-ﬁm@tm&uﬁﬁ@eﬁa HERehived RyRd
sta

stability including inproved thernal Iity. Stability can be nmeasured

by, for cszanploes thidgphepeunitsa a property of the pol yner such as conductivity

or spectral absorpti,on iin filmform Spectra b ti.on can be. ured at
one. Ptvo, “or “HAFEAS BEh Hnet saf Bt borsbotfioL s RpRaLRb R Re (s AERERIR 1
exper i Mk or fdfe RmeNbsifized HidhHené Bhi. | ower stress, longer termstability
behavi or through kinetic nodeling. One useful test conprises heating a
sanpl e at 110®Hewsin i@ prlymereomEisennesregio-regulap pgly(T-substitutgsithiophenah be, for
exanmpl e 30% or |less, or 20%or less, or 10%or |less. Conpared to a
benchrrarq??ts't he stability can be inproved by at |east 10% or at |east 20%
or at |east 3IQ¥ferdifHePdNimbr @iz féﬁ&%w-ﬁguﬁ@%))@(ﬁsdﬂaﬁmwtﬂi@ﬁneae)
non-limting working exanpl es: 'EXAMPLE pr ng of

pol y( 3- (ubjts, 7-tri oxaoctyl))thi ophene) (ICP) with

i vol umet 11 & YHEERR Sk SESRSRH RS i bt pel R e ot " 01
i s S0l Ut 00 RReiFREFAVEATL i b BectBREPARED dopineiiacht MR iarbyidant

di chl oro- 5, 6-di cyano- 1, 4- benzoqui none was [ d out into a vial and
5 m chl or of erwhereis thei HH/HIW. layex has beem doped withiapteping dgenianidrtke dopihg
DDQ CHC13 sal gti Qn waqs'}pgiogeh‘]te.d in 20 p.1 aliquots (0.05 eq relative to
repeat (f8FRL 13 profyps, 10 CRHOTI®ATCHCh solution in a quartz (1 cn) cuvette.
A W-Vis-N R a4 : : bt ai ned after each addition of
dopant sol uti gﬁ&?%g{ﬂawﬁ r %%ﬁ?gé{oggﬂﬁgﬁlﬁ?éo 5 nol e equival ents of dopant
per repeat unriwhereis thesdoplirgiagebhis gokictrichloridat a are provided in Figure 13.
Data acquisitiqn wa rfornmed on a Car del 5000 UWV-Vis-N R spectroneter
with a scan r’é’\(’}@ée]%a@%@@%a%b@ %Wﬁmﬁg‘%‘& rate of 2000 nnfnin operated
i n doubl e- be@%ﬁ%mﬂoﬁﬁﬁeﬂtéeﬂﬁs‘&%é%&” scan was obtained for each run or
change of solvent syste

- wherein the doping agent is a nitrosonium salt.

- wherein the nitrosonium salt is NOPFg or NOBF; .

- wherein the doping agent is an organic oxidant.

- wherein the HIL/HTL layer comprises HIL/HTL material which has been blended
with an EL material and applied as a transition layer between an unblended ELL and an
unblended HIL/HTL or anode.

- wherein the device comprises an EL material and the EL material is either a small
molecule or polymer electroluminescent material.

- wherein the device comprises an HIL/HTL material which has been fully blended
with an EL material and applied in direct contact with an unblended HIL/HTL or anode.

- wherein the EL is either a small molecule or polymer electroluminescent material.

- wherein the device comprises HIL/HTL material which has been blended and
applied as a transition layer between an unblended ELL and an unblended HIL/HTL or

anode.
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EXAMPLE 2 Doping of poly(3-(1,4,7-trioxaoctyl))thiophene) (ICP) with

di nonyl napht hal ene-di sul foni ¢ aci d ( DNNDSA) . | CP was wei ghed out into
a 50 m volunetric flask and chl orof orm was pipetted into the flask until
full. This solution was made such that the ahsorbance = 1 at A nax. DNNDSA
was wei ghed ouhersinghedexieg compgises H&MWB?NM 1ISPEROTeerriow a 1 nd

T § ont JedlGeyafi® (ERFoNED, NPHLPER, Trbior cifiénbru e W HOREIG phitngd

e Db L R it o of danm ooy TP L e o Loct od
\ﬁﬁf iIO 50 nol & VERID s drvicefompsisesAn g Eig@%ppnwmﬁi‘s beeﬁ?#@é.ef YW‘ﬁ§pec]'E r al
ol y/( 5. CPMFRYIAL hafertit iy dblictrie bty 1l VEAREE o'\ llac pOMELiL Y O

i odi ne dmpdeanddn wiblendeHIL/HTL or BLY.) | m of | CP doped with DDQ (0.25 eq) was
cast froma chloroformsolution (3.0 n%/ nd allowed to dry under a

L
sat urated at my¥pweipdhepolymerie apadeas PEIROT B%W?%mhﬁﬂ@tqdamhpn@hpol&& er

casting. | | : I : : for 10 m nutes
under a Sﬁgé}ﬁ%tg@rﬁﬁg?%‘?ﬁ%ﬁ?@n‘%r gﬁi&ﬁ%ﬁgoggé%@é%gmﬁfg %’é%%lgwnned. The i odi ne
control sobgtithted)psirroles, ot pobgliceglen@por exposed neutral film which was cast
froma 3.0 nmg/nL solution of chloroform This iodine filmwas exposed to the

same anneal | mgvhsseinithe davicepompsises HHJH L gpateridl @B?b%&n%blén edwidlpect r al
2 A inddd et S fnd Bonticfi % bOlfERbaletitoelty Yo WPGIE S RIEATRET © 10

substi t WriBLL. 1. An el ectrolum nescent device conprising an H L/HTL | ayer
whi ch conprises at | east .one polyner conprising a regi o-regular .
pol y( 3- subst i-twheseinheofavigeds a battomrentttingeactiveumaitix eleshplumineseens dryice. ary| |

or alkyl/aryl_  pmi h Ik at Qe ' | i i,ther the a- or

bet a-position 0 r%éh%‘ﬁ%%ei@ P&%&@%%&@%ﬂu@ﬁ%&tﬁfﬁayer has been doped
with a dopi ngm@hmmdisaa@zp-anitd@gqfacﬁ@ama@mmq@dnmesdeh@t t he dopi ng
agent is an organic oxidant. 2. The device according to claim1, wherein

t he substi t ut-ivehereis thggantamination of the polymer with metallic impurities and other

impurities does not exceed about 1,000 ppm.

- wherein the contamination of the polymer with metallic impurities and other
impurities does not exceed about 500 ppm.

Another embodiment is the use of a regio-regular poly(3-substitutedthiophene) in
which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen or sulfur
substitution in a-position of the 3-substituent as a HIL/HTL in an electroluminescent device.

Another embodiment is the use of a regio-regular poly(3-substitutedthiophene) in
which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with an 6xygen or sulfur
substitution in the B-position of the 3-substituent as a HIL/HTL in an electroluminescent
device.

Another émbodiment is the use of a regio-regular poly(3-substitutedthiophene) in
which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with a hetero atom in either the
- or beta position of the 3-substituent as a HIL/HTL in an electroluminescent device.

Another embodiment is an electroluminescent device comprising an ELL material and
an HIL/HTL material, wherein the HIL/HTL material comprises at least one polymer
comprising a regio-regular poly(3-substitutedthiophene) in which the 3-substituent is an
alkyl, aryl, or alkyl/aryl moiety with a heteroatom substitution in either the a- or beta-
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3. The device according to claim1, wherein the substitution is in the al pha
position. 4. The device according to claim1, wherein the 3-substituent is
an al kyl group with an oxygen substitution in the al pha position. 5. The
device according to claim1, wherein the polyner is pol yéug- 1, 4, 7-

L11 oxao@ogiion nf Seerbptitucs, wheeintbe FIL/HEl metrialbonsisorith the ELLkpsre The  he

pol ymer i s..a ho ol r.., 7. The dewvi accor di tQ claim1 wherein the
pol ymer bonding S%ng‘f% ﬁéyrﬁenté)pndmg. E@%ﬁﬁéﬁg}b@ﬁﬁ ‘??BI?’?&GB‘F i9uRdoREler ei n t he
metallic inpurity level is bel ow about 500 ppm and wherein the

3-substituent is an al kyl group with an oxygen substitution in the al pha
posi ti oBTABIRITYhe device according to claim4, wherein the netallic

Tt o o b bR B e R SRV LA B BRI e
devi ce FpapLHstEIES AR &an_b\eﬁwagahecli bg,efo?*eﬁix‘ﬂﬁ&,iéhﬂﬁ‘éb's iﬁgpg@e%%ﬂhegr oup

wi th an oxygen substituti'on in the al pha position and th r i's doped
wi t h an polygeearisuchoas apaductivitiyfar spestral absoxption div fithe form bSpeictrgl absorptioCedobe 10

m nutes n?esasgrgg \onﬂefl twuéf_o\rﬁms&eN Isp%cggla \!VX\;'Sellesn'gths. High stress, short term stability

experiments can provide insight into lower stress, longer term stability behavior through
kinetic modeling. One useful test comprises heating a sample at 110°C for 10 minutes.
Changes in the physical property can be, for example 30% or less, or 20% or less, or 10% or
less. Compared to a benchmark, the stability can be improved by at least 10%, or at least
20%, or at least 30%.

WORKING EXAMPLES

Also provided are the following non-limiting working examples:
EXAMPLE 1

Doping of poly(3-(1,4,7-trioxaoctyl))thiophene) (ICP) with 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone.

ICP was weighed out into a 50 ml volumetric flask and chloroform was pipetted into
the flask until full. This solution was made such that the absorbance = 1 at A max. 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) was weighed out into a vial and 5 mi
chloroform was pipetted via a 1 ml micropipette into the vial. DDQ/CHC]; solution was
pipetted in 20 pl aliquots (0.05 eq relative to repeat unit of ICP) into 3 ml ICP/CHCI; solution
in a quartz (1 cm) cuvette. A UV-Vis-NIR spectrum (250-2300 nm) was obtained after each
addition of dopant solution. Data were collected until 0.5 mole equivalents of dopant per
repeat unit was reached. UV spectral data are provided in Figure 13.

Data acquisition was performed on a Cary model 5000 UV-Vis-NIR spectrometer
with a scan range of 180 to 2300 nm with a scan rate of 2000 nm/min operated in double-
beam mode. A baseline correction scan was obtained for each run or change of solvent

system.

EXAMPLE 2
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Doping of poly(3-(1,4,7-trioxaoctyl))thiophene) (ICP) with dinonylnaphthalene-disulfonic
acid (DNNDSA).

ICP was weighed out into a 50 ml volumetric flask and chloroform was pipetted into
the flask until full. This solution was made such that the absorbance = 1 at A max. DNNDSA
was weighed out into a vial and 5 ml chloroform was pipetted via a 1 m] micropipette into the
vial. DNNDSA/CHC], solution was pipetted in 20 pl aliquots (0.5 eq relative to repeat unit of
ICP) into 3 ml ICP/CHCI; solution in a quartz (1 cm) cuvette. A UV-Vis-NIR spectrum (250-
2300 nm) was obtained after each addition of dopant solution. Data were collected until 50
mole equivalents of dopant per repeat unit was reached. UV spectral data are provided in

Figure 14.

EXAMPLE 3: Increased thermal stability of poly(3-(1,4,7-trioxaoctyl))thiophene) (ICP)
doped
with DDQ as compared to iodine doping of same ICP.

A film of ICP doped with DDQ (0.25 eq) was cast from a chloroform solution (3.0
mg/ml) and allowed to dry under a saturated atmosphere of the solvent. A spectrum was
taken right after casting. The dried film was placed on a hot plate at 110° C for 10 minutes
under a nitrogen atmosphere blanket and a spectra was obtained. The iodine control was
based on an iodine vapor exposed neutral film which was cast from a 3.0 mg/mL solution of
chloroform.

This iodine film was exposed to the same annealing conditions as described for the DDQ
doped sample. UV spectral data are provided in Figure 15. The thermal stability was better

compared to a similar polythiophene with hexyl side group and no heteroatomic substitution.
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WHAT IS CLAIMED IS:

1. An electroluminescent device comprising an HIL/HTL layer which comprises at
least one polymer comprising a regio-regular poly(3-substitutedthiophene) in which the
3-substituent is an alkyl, aryl, or alkyl/aryl moiety with a heteroatom substitution in either
the a- or beta-position of the 3-substituent, wherein the HIL/HTL layer has been doped
with a doping agent which is an oxidant; characterized in that the doping agent is an

organic oxidant,

2. The device according to claim 1, wherein the substitution is oxygen.
3. The device according to claim 1, wherein the substitution is in the alpha position.
4, The device according to claim 1, wherein the 3-substituent is an alkyl group with

an oxygen substitution in the alpha position.

5. The device according to claim 1, wherein the polymer is poly(3-[1, 4, 7-

trioxaoctyl]thiophene).

6. The device according to claim 1, wherein the polymer is a homopolymer,
7. The device according to claim 1, wherein the polymer is a copolymer.
8. The device according to claim 1, wherein the metallic impurity level is below

about 500 ppm, and wherein the 3-substituent is an alkyl group with an oxygen

substitution in the alpha position.
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9. The device according to claim 4, wherein the metallic impurity level is below
about 150 ppm, and wherein the 3-substituent is an alkyl group with an oxygen

substitution in the alpha position.

10.  The device according to claim 1, wherein the 3-substituent is an alkyl group with
an oxygen substitution in the alpha position and the polymer is doped with an organic

oxidant sufficiently to provide stability at 110°C for 10 minutes as shown in UV-Vis-NIR

analysis.
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