WD 03/ 007395 PCT/ US02/ 22308 ELECTROACTI VE POLYMERS AND DEVI CES MADE
THEREFROM FI ELD OF THE I NVENTION 5 The instant invention relates to

el ect r oacwDws/opubyners, particularly electrolum nescent palryusez/s230¢ hat are
bl ock polynmers, and to processes for making such block pol yners.
BACKGROUND OF THIEECTREANUTINE RPN MIERS AN DgX¥ICES MADRTHERERR@M al s have
been taught to be useful as sem conductors. See e.g. U S. Patent

6, 204, 515. Burroughes et al. discovered that certain conjugated polyneric
material s, specifically polyphenyl ene vinylene (PPV), were

el ectrol um nescent and thus could be used in light emtting diodes.

Bur r ougheBIE&D @QF THE INVENTI@Ni tti ng di odes ased on conjugated polyners "

Nat ure, vol. 539-541, ber.. 199 Ext ensi ve work has occurred
since Xhis i mf'l?%}PEtgPtsleW@Pg} relqtpﬁtbo Ii?a?thvfll’tf? rfjé’@‘t’('ffllaewari ations of PPV

as wel | aée&fohﬁﬁm%é’d@ﬁt}o@gr&@r@%&igﬁé ﬁl‘écl@ﬁ&lyﬁ’i%f arid 8 ploceBRb yarhhmg%%ﬁ

pol yfl uorenes. See e kuda, "Synthesis Fusi bl e and Sl ubl'e

Condusct i blgck padymédtsuor ene Deri vati ves and thelr Characteristics" J. of
Poly. Sci., vol. 31, pp. 2465-2471, 20 1993, and U. S. Patent 5,708, 130.
Pol ymers containing nore than one type of nononer unit have al so been

t aught . %ﬁECK(ﬁ{OW@#;ﬁﬁZﬂNVENTﬁbNV bl ends of conjugated polyners have

been taught to be espec y effective as they may all ow adj ustment of the
over al0l corrpoHnghlmnjugatedpolwmcumtmm]shmsbecretaughtcbqnbc tsefd assuch as

em ssi on wavel en efficiency, li i etc al ., "Enhanced |
ol et 1 of THERAHGRG: SeF 5 GetiFetbntees %W?ugevg}mx? o fé‘ﬁ%?éfefedggﬁﬁ e, 72
(1995) p P ternating
Copol ymer  BhpeA 2o gl spesp TR BELBIGE A e el 21

"Effici erﬁlectrohdmnaswntcmxdnlyes-daugﬂﬁe vesed i1t lighy ednttldgdloldemlengbys @ati t ation
energy transfer fro ht - emtt| conj ated (o) Physi cal
Revi ew B, " Lisd-capit Qé‘ﬁiepﬁ\} ponggated; B %‘HFQ b% g plég%s“g’

4479- 4483, .48hd 1Yo Patent 6, 169, 163. 30 Wi le some work has been done

usi ng bl ock copo?yners t hese bl ock copol ymers have included bl ocks that

are, not cons! Sk AUMIBLATR AR DB BRBIBNE, Ot B PRKIIR! cpecause

at | east part e back one o e pol ymer 1's s tur at See e.
Hei schkel vagfatigths of PPV as well as other types of conjugated polymers - e.g. polythiophenes,

polyfluorenes. See e.g. Fukuda, "Synthesis of Fusible and Sluble Conduscting
polyﬂuorene Derivatives and their Characteristics" J. of Poly. Sci., vol. 31, pp. 2465-2471,

20 1993, and U.S. Patent 5,708,130. Polymers containing more than one type of monomer unit
have also been taught. See e.g. WO 00/46321. Finally, blends of conjugated polymers
have been taught to be especially effective as they may allow adjustment of the overall
composition to maximize various desired properties, such as emission wavelength,
efficiency, lifetime, etc. Yu et al., "Enhanced electroluminescnence from semiconducting

25  polymer blends", Syn . Met. 72 (1995) pp. 249-252; Kim et al., "LED Characterization of an
Alternating Copolymer and its Blends" SPIE vol. 3148, pp. 151-158; Tasch et al., "Efficient
red- and orange-light emitting diodes realized by excitation energy transfer from blue-light-
emitting conjugated polymers" Physical Review B, The American Physical Society, vol. 56,
no. 8 (1997) pp. 4479-4483; and U.S. Patent 6,169,163.

30 While some work has been done using block copolymers, these block copolymers
have included blocks that are not consistently conjugated along the backbone of the polymer
(because at least part of the backbone of the polymer is saturated). See e.g. Heischkel et al.
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1 WD 03/007395 PCT/ US02/ 22308 "Synthesis of ABC-tribl ock copolymers for
light emtting diodes" Macronol. Chem Phys., 199, 869-880 (1998) and Chen
et al., "wopsovBes ef ficiencies of light-emtting di odes rhrasgh22308

i ncorporation of charge transporting conmponents in tri-block polyners"”,

Syn. Met ."Syhfhésif 2DABC- ptblock@@p@@ﬁiearfdr light emireing diodpsfMaarambb £hem. Phys.,

cystens. 10 06381958 and Chnatan cpooasd Fiiengen S rartamigre gace L ve
| ndi um t glﬁm%ﬁh%og@at% JieR Hﬁﬂk PR oeﬁf%n&fts 1ng1‘15}§§ckap% Gsarghevef the

devi ce. en~a "hole Injectl Iayer for exanple, ‘pol yet Ayl ene

di oxyt hi ofi7ghe99)(pav203- m mdMﬂePatemt@ubheaﬂmnéﬁﬁl/BaMmﬁAlP from Bayer Corp.)
can be forned on the anode. Then a | ayer of el ectrolum nescent polymer can
be forsmed on tEipctefluiiiesdeat golifed dgviees carbd myderas wwem, syateinay Eor efanmpihe,
appropriate low work function netal, such as, calciu can be forned ?n top
of the el&Eansprentlavesof ﬁlec%ﬁlwd}lﬁy’érm‘g’émttﬁbmﬁé? sade ‘]G'P"st“ﬁg Of& MRl When
an electr t I eloy s or
posi t 1 ve it B 0L Bl SRR, 1R o BRI 163 BE H AR U0 DRRES D)

| ayer f rQﬁbi}hﬁlobl@éne (anpitadld wider ﬂhamdenmlel&y&bﬂétffomBaWr Cl?‘(ﬁgaltarvl&ae fz)lmae@e
carriers are injected into the el ectrol um nescent 15 poly omthe

cat hode. orviBe aaose: iThen @ hayep el elggtiolwpigescgpt Rf’@ﬁﬁ‘?rr?én\hﬁqun{eﬁé’né%f’{& Qo{echar ge

carri@ers As

di scl ?sedhj} ﬁ%@lﬁ% 5[81595#]%1’ é}herl Eﬁ?rgﬁ 1{1%/{%%18@}5@3{:%&&% llr’g#%rdgr?g%?um’

sem condushibeFopldyirtop bf the@leefrblapiindsten polyirer Ruyerds the cythajeaf ¢k devideor m ng
a layer of an electrically insulating material on_an electrically

conduct i n‘é{hgra@@ elegtyissl popential is applied bgtveeshithesadhndeiand aprdey helps c?rsi’ofsﬁlt"fgre d on
the | ayerch(c)lr € Ca S%eﬁ‘{ ér%%{l‘]leé{ec} ﬂl%d’l hl?teieggol T mcb&%llt Bol %I‘ 1 ?X om ?ﬁe rﬁ%ﬁgg(:’t I ng
pol yner ween’the sourc rain

of the trlafﬁilvﬂillérdecﬂiﬁw @Qata&e chax\é@c@ﬁleﬁﬁe&@ﬁuedﬁ&l’ mtd”thé Hlebty‘oluimamsmx ated by
reference, tauqht a co- polyner for use in an el ectrol um nescent device

conprliSs ed’OéYm@H ayes kom hﬁ@afb@d%ﬂ@ neggli wrrhargesarepTgnieREbImeihthg posifxe
pol ymer cgr%ers Jél;(athé élea}olﬁlgglre?&n fol{r]rgér IE{C?‘% Qa{e}dt?ﬁ%lgegat I ve charge

carri ers second redl on porti ng-posi charge carrier.

The third regA®distldsedan [E@’(me g, H&leﬁaﬁmdbrpwmémbymf&bhceye and negative
charge carriers to generate ght. Wiile nmentionin page, 4, second

par agr apsemigan uﬁmgm@ﬂﬁpmréiﬂ%efé%trwsw@rs can be prepared g)’ forrmng a layer of an
electrically insulating material on an electrically conducting gate layer. A layer of

20 semiconducting polymer is formed on the layer of electrically insulating material, the layer
of semiconducting polymer being in electrical contact with and between the source and
drain of the transistor.

Towns et al., WO 00/55927, herein fully incorporated by reference, taught a co-
polymer for use in an electroluminescent device comprised of at least two or more regions

25  along the length of the polymer backbone. The first region is for transporting negative
charge carriers. The second region is for transporting positive charge carrier. The third
region is for accepting and combining the positive and negative charge carriers to generate
light. While mentioning at page 4, second paragraph that the components could be
combined in the main chain, side chains, in block or random copolymer form, Towns

30 teaches only how to make random copolymers and exemplifies only random coopolymers
and only polymers of two different monomers, See Example 5. Towns also indicates that

the third component may be present as part of the copolymer or as a separate blended
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conbined in the main chain, side chains, in block or random copol yner form
Towns 30 teaches only how to nake random copol yners and exenplifies only
random cowpeByemses and only polyners of two different nomrowass/2Sese
Exanple 5. Towns also indicates that the third conmponent may be present as
part of tdvenpoapetandin Erampls 6bladp dreatueddnh eopbdying ofBx@dibROY @8k another

PCT/ US02/ 22308 conponent and in Exanple 6 bl ends the random copol yner of
Exanpl e 5°ORPBHCEnot her copol yner. The various optinized pol ymers and

pol ymer bl endsl"l%fva]:i‘aﬁ\@(?}?tﬁﬁizﬁds pgggeﬁgﬁgggwfmteﬁhm Rt apglg%sa%vmy tend

to optimze the energy 1eve e polynmers an 5 pol yner
bl ends. Hawk#t bedatisevtheyt @nd e aptimivd the energdy devels and bhindpap of thefpolymers and
el ectrol um nescent_ pol yners, if e brightness, energ fficiency and
i f et iSme ReyrBerlendsy bﬁﬂwgr@gmwif@m Butheradyanie B iheth et Sles Rt SRt

pol Yers 68tk et i ARl BRE B BB R, JHEESMENTLEN A0, Aol | cant s

have fou at certarn speci esl ghe ners surprisingly

functi on rhsdd feomiclecedlaaiinatenripolgrresndouttchd fuether(ibmpirdved. bri ght ness, ener gy
efficiency and Ilifetinme) than: (a) random pol yners of the sanme nononers;
or (b) blends of random polynmers of the sane nononers. Mre specifically,

t he inStaétﬁl\/[il\Ji'Xﬁ?t(i)P‘TﬁEer‘E f5gi ¢ bl ock polyner useful in an 15
po

el ectrol um nescent yner device, conprising: (a) an em ssive pol yner

bl ockiot hat i s Apphirants hevd foynd thaj ctgatrespecilioaily ddsignbdiblobb pelynferstsueprsinghysi ve
pol ymer block (e.g., a copolyner of 2,7-linked 9,9 dioctyl fluorene and

4, 7- 1 i nkdyngtion bstterin glachphmineseent devigesdbetter brightapssoenerst etfipieneyodndowi ng:  (b)

i . . . . . . fod
21 bng 1 na B8 G bR oPLRSHmE Htholer O BREM . 07 2 20
copol ynerpodfméts 6f therkmd ntbn8mdisoct yl f | uorene and 4, 4'-1inked N, N -di (3-

car bonet hoxyphenyl ) benzi di ne), for .transporting positive charge carriers to
the emissive Melospeqifippllysthedpstan fveptien is3a ofgape t@ﬂ%{?bojy@érr‘ﬁ? 3N

e e ssi _ iy _ .
char g8 ooy pReRERRHAAR veRh e RE dofpFsiokl (BRRTHALR e ciber Uk BpllED™, o°

backbone @whsitleatlynagaidave dléray hebackbonesf theotniiveive pblyaier block (¢.gnsporti ng
negative 25 charge carriers to the em ssive pal yner_ bl OCH{SQ t hat the
negat i ve opakyger eb2.rilmked 8Qioctyl fluorene and 4,7-linked 2,1,3-benzothiadiazole); and at

least one of the following: (b) a positive charge carrier polymer block that is consistently
conjugated along the backbone of the positive charge carrier polymer block (e.g., a

20  copolymer of 2,7-linked 9,9-dioctylfluorene and 4, 4'-linked N,N’-di(3-
carbomethoxyphenyl)benzidine) for transporting positive charge carriers to the emissive
polymer block so that the positive charge carriers can combine with negative charge carriers
to generate light, (c) a negative charge carrier polymer block that is consistently conjugated
along the backbone of the negative charge carrier polymer block for transporting negative

25  charge carriers to the emissive polymer block so that the negative charge carriers can
combine with positive charge carriers to generate light, and (d) a host polymer block that is
consistently conjugated along the backbone of the host block for providing a matrix for
emitter that affords Forster energy transfer and minimization of concentration quenching
effects.

30

In another embodiment the instant invention is an improved electroluminescent

polymer device that includes an anode, a cathode and an electroluminescent polymer
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conbine with positive charge carriers to generate light, and (d) a host
pol ymer bl ock that is consistently conjugated al ong the backbone of the
host bl ocwofoemwopedvi ding a matrix for emtter that affor @€TRSE2BDS ener gy
transfer and m nim zation of concentration quenching effects. 30 In

anot her epdsitibned bétwiebie theranbdmandi the eathodenwherearthe npproverderetlcemprisdsuthanes cent
pol ymer device that includes an anode,. @Bcat&ode and an el ectral um nescent

pol ynmer 3leqyobminesesatspobmen ks aosgaic SREGCPRIRNE AN FESHKbde and t he
cat hode, | LM E I
Si’tﬂo%l{‘tﬂc S Y&éﬁ?l@écgﬁlggii’[gc? ﬁlgﬁ%tﬂefb%cwﬂnem%oepgzr?e%%r PtheiPO! yITer

bei ng an ‘organi c ol ymer n em ssive t hat
I s consi shleck and a:pm;tug&hmge ahmngpdslymemlodﬂbﬂmeis obnsistentlyrdoapigeted ploing iy

bl ock and a_positive charge carrier pol bl ock that is consistently
conj ugat ellFCE‘PQiWé’ftﬂPf'd’@tlyﬁﬂﬁéﬁéarBFrE %{E?"i‘ﬁ ve charge carrier polyner

bl ock. 1n yet gna {l}f‘artr}éeg%‘pu%p gféa; thd Etaht1HbHBbn uﬂfﬁﬁg)&&réd'sé AoniiigY ed

sem conducting “poly f'ect transistor I ncl udes a
sem condysdlymer fixdd yffeot transistor thaeidclodéseemicaddcting polymdrpositibnabdtaetn Wi t h a
drain and a .source, wherein the inprovenent conlﬁrl ses: the sem condﬁctl ng

pol ynmer 75d ﬁg eleftrigalcantact mtbelslr%m%ﬁ% the AMPERFDEN, OIS €10

bl ock th Dlglﬂ%.[gg%n& sive
pol ymer b oc ngﬁé}ﬁig? %Qﬁ%r%b.ev n@?&?‘%@%ﬁﬁ#@;&p o(f ymer oc‘ﬁlfﬂtS %g%ap(?gﬁlé
consiigt ertlbgk thatis dg@disehtlyl conmghteéd aloag kizdraektafne of te gnasdivd pdymbrabloek amk ri er
pol ymer bl ock, In yet another enbodinment, this inventi

nis a nmethod o
maki ng t HePQSHBgehaigs samriehRelymeyb 199%{%@@29%@56&49{&%%&1@8 a@@qﬁ%chg{;w qin
time or :%Xﬂs‘i- he 15 bl ocks foll owed by conbi nation
and reactl oﬁgﬁﬁﬁh%}% | 'oc %%BE)IE::E DESCRI PTION OF THE INVENTION In its
broadest scopéen yehgndting embbdintene nhis @iventorsis amyalodCofrhakikg thelapowr usef uI I n
an el ectrol um nescent polyner device, comprising: (a) an em ssive polymer

bl ock t hatopplymees Byosyathesiapig the Eleﬁlf&ﬁgalee@aalé)r Briine frbypscprishesypthesizmedhe ssi ve
pol yngr b%}g&ég 48 (EW%?@ édﬂﬁtﬁ{lét{b?at}tn %cﬁg& fgg)tcggn of the charge carriers

form ng the exci I ngle exciton the subsequent relaxation
of the excitons to the ground state with em ssion of light; and (b) a
DETAILED DESCRIPTION OF THE INVENTION
In its broadest scope, the instant invention is a organic block polymer useful in an
electroluminescent polymer device, comprising: (a) an emissive polymer block that is
20 consistently conjugated along the backbone of the emissive polymer block for facilitating
the recombination of the charge carriers forming the excited singlet state (exciton) and the
subsequent relaxation of the excitons to the ground state with emission of light; and (b) a
positive charge carrier polymer block that is consistently conjugated along the backbone of
the positive charge carrier polymer block for transporting positive charge carriers to the
25  emissive polymer block so that the positive charge carriers can combine with negative
charge carriers to generate light. The term “block polymer” means a polymer whose
backbone is made up of at least one section or block of one chemical composition connected
to at least another section or block of a different chemical composition. Each such section
or block can be comprised of one or more monomer groups. The term “consistently

30  conjugated” means that there is essentially no monomer group in the backbone of the block

that does not contain conjugated double bonds.



positive charge carrier polynmer block that is consistently conjugated al ong
t he backbone of the positive charge carrier polyner block for transporting
positive wbasgersgarriers to the 25 em ssive pol yner bl ock pew/ushzz23ohe
positive charge carriers can conbine with negative charge carriers to
generate |i ghtA “Bloek pelymet’bis aisk dpﬁhqd*&mréinbyahrfspracqwhwdﬁo mvdke dte Thodbddiene i s
made up of | east one section or ock of one mc conposi tion
connect ed®f & O%{‘tquwgrtarﬁﬁﬁlﬁ’ﬂ’épz%%tdﬂ‘%ﬂe%“@ﬂsd’é K e?f“&ﬁ’FFté‘?I@ﬁf &Mfcal

compos ¢ | e oFARIBNAIRES th izl Bl SAImBS SAFRIA 0Ly AR OF 0T e

nononer groups e term "consi st ént conj ugat means that there is
essent i al ihynomerBOUPIEis ggnevalpy poiymblezddanbb@mmuaﬁd tmmetibmilon t hat does not
contai_n conj ugat ed doubl e bonds. t%\4\0 03/ 007395 PCT/ US02/ i2308 "bl ock
pol ynér* i's al 5 eisHKROIHBFEPIACHYT thhmsEnbIyeRInComPrseyAlNesi 4 fitsthe bl ocks

of a block, 1?(9{1%?& e?ec (alﬁ’&ﬁ ﬁio%@glgﬂi)r]p %rnﬁﬁseﬂltowtn' i®5e 81 for 'ﬁugﬁfnfcﬁ&?

| ocations a rre or at t times. In contrast, gbnd’om
pol yner, mm@e&veoommmpcmmwmonﬁspg;m;@go, wUSP gﬂlﬁénéB ILySBoI yrrerl zed
at one time and in one locatio he em_ssive poI bI ocC of

i nst ant |$19@3§310Wd66%5’|79%§3%?a¢@£§‘th1@ gre fully ingRIRe; fnd éncl éd from

w00o! 55025 st BB RgY 'af}&ﬂ*%,03%ﬁe%%?‘*‘%*@%@%e%%@%@%éﬁu%%6§X‘é‘gﬁ' )
and USP Spolffyltadviaflehespthiophieds anddlubtdnky, usedCaomosrdah edmbimatom) Patichlanhe | udes

substituted or unsubstituted aromatic or heteroaromatlc groups,_ and nore
parti cul aMFiprred arsfTupaeIpITaRNONST gyqueh aad alternalingon sndgmeoppiBIeET RIIUOTG ol one

Ol rnat RERGL L 97 iRRE ikl AlofeneR 8L 0T BHCAT Rudrkat6 6 ARRY TRIorfHep YR 2N

al ternati'ng or fandom copof yner s Pllore such as a

di al kyl fd seomheubbtituged.or 9n§irb§1|1t0£eﬂ)a|r01f1itw)freﬁmrﬁn’r01ﬁa@e thohemyrl grovpusckasp wi t h
a second substituted or unsubstituted aromatic or hereroaromati ¢ nmononer
group sudiPlyeychic argsialie geupde-gr BARMthalengs gpihreoere) or ABBIMMACORe or

ant hr ce r r d to a
bonzeto. QEteRiroRACEATRE Efofudkd O FbEHARE I hel BELRT L 3B, iRRe b =

When sel exl Bragnsdthiadiagsle). (Whed ie?ecﬂhg%@dhr;&du&mgqnmn’eﬂ enkssive blueks, wke ght
ratio of the first to the second nononer should be at | east 13f99 nor e
pr ef er abl Yeight rafie gEthe dirg fo thegeeond maenomes F&O‘%‘@ be pt lgast | 99smors myeferablyaty st

pr ef o1 abl %o 85 o7 ofitte ity HANR Bk 508G iRk BRRCANY BB RSS! BHARLLY

preferre emssive rati Irst to
when selecting such particularly preferred emissive blocks, the weight ratio of the first to the

20 second monomer should be no more than 50:50, more preferably no more than 40:60, and
most preferably no more than 30:70. The mole ratio for the the first to second menomers is
preferably at least 10:90, more preferably at least 20:80. The mole ratio for the first to
second monomer is preferably less than 90:10, more preferably less than 80:20. In many
instances, alternating copolymers function well as the emissive block.

25 The positive charge carrier polymer block of the instant invention comprises a third
monomer selected from those monomer groups known in the art for this function (see, for
example PCT/GB00/00911, PCT/GB99/00741, USP 5,777,070, USP 6,169,163, USP
5,962,631 and USP 5,708,130) and includes substituted or unsubstituted aromatic of
heteroaromatic groups, and more particularly polyarylene vinylenes, thiophenes and

30 fluorenes, used alone or in combination. Particularly preferred are fluorene monomer
groups and alternating or random copolymers of fluorene, such as a 2,7- linked dialkyl

fluorene (e.g., 9,9 dioctyl fluorene or 9,9 dihexyl fluorene) with a substituted or

5



20 second nononer should be no nore than 50: 50, nore preferably no nore
than 40:60, and nost preferably no nore than 30:70. The nole ratio for the
the firstwoessesend nononers is preferably at |east 10: 9@cTrmsneE2p0%ef er abl y
at least 20:80. The nole ratio for the first to second nmononer is

pr ef er abl ynstilestgutedharonfA€ic bOheteroamnpitie feurdbhmyndneasutihasm 83:diéhe withomany

I nstances, alternating co&gl ynmers function wel | %}? t he em ssive bl ock. 25

The posi t§l¢dropnuithsawing splstityients, ertiagy piress N.Y AL N &trassy!-LAvent i on

conpri sesy; ' NS : I . I 0 ¢ L the
art T or e N R e TR B MR AR b
USP 5, 77 thidplendsiitans/pyrdolé6withddblelectoB G2thGi@ligshbbiBRtents 7 08may3by desirdble

i ncl udes substituted or unsubstituted aromatic ar Pfgﬁt erparomati c groups,

and ndr e teaRbstityE e third sropamer sweup withA swhgtuant selgeird Fem the group congidingnes,

d al \ ) . .
o oupe. an Gy PR Al alkABhotiBhanky RERIGHRN S S Ik 8 cIpnoTe!
| i nked digllexys. A bttderegiefoufh thonodeBcommrizeys trfarylamararoup Bhvihgthé genydral

fluorene) with a substituted or, 5 WO 03/007395 Pg/ USQ2/ 22308,
unsubst i tioredaafehaiTheran ead At is direoitaei o ditent andrompRses g gubstiggedon 4. di ene

W t hout ] ] | 1 nt i ) :

NN e SRR otSE B SRLL RIS Eprefitel Binth ABLSE R amoup 5,

N- subist i tNNeciGasdhibaxohrthoxgplienyl)bérdzaties , Agokker pedfenahfoneh/mionoars gmppliol es
wi t hout el ectron-withdrawi ng substitutents. It may be desirable 5 to

subst i t uthhN HE(4-methaxyheayh4-phennengiiaming. JYhen selesting suck RReiarkyy om t he
i st . 0 al . . ! anal |
Jubeb ¢ ok eleft ot arlaBic tictic the 58iaft 4113 oA vl G Yodutbadial | v

monomer cHgHdi Heas$ 1aastt 3:95 mydra ptefieralbly atiRasid Vivgariditog eastfe@bly 4t toasnl 5a85. Ar 3N-

wherein each Ar is the sanme or different and conprises a substituted or
unsubst i tHeweves whamselectng fheh PrBPGRN PrecHIdRASItive chires earigtblogkss the mononer

group. s 10 N N.-dif3- L di Rer ef erred
fourEl R no %lﬁ'@rraé? gt%%it@%ﬁf{ﬁ?_ogl J%&n@pﬁgy}&pﬁ%ﬁ%b‘?k@%t}:})@g(é?flgg’n%gleam ne. \Wen
sel ect i ngreféedblypRd niofd thad 460 indfnedst peéfdraisly hb vieore than 6:80arThe eMoldtaiokfsr t he
wei ght ratio of the third to the fourth nononer should_be at |east 5:95,

more pr eftbe disithirdto fourh mopomses is areferadly at bﬁ%fleﬂé?bwreamrg_f%w atjepspg0-80.
bl ocks, " ¢ HE e Tafchr B Bifg o R adtien  AUEEI B RRFAOIS InciRT, B8, G200 R
nor e t hanprefRrdbly 1esPthén 80:20. In many instances, alternating copolymers function well as the
20  positive charge carrier block.
In another embodiment of the instant invention the organic block polymer discussed
above can further comprise a wide band gap host polymer block that is consistently
conjugated along the backbone of the host polymer block. The host polymer block may
perform one or more of the following functions: enable utilization of Forster energy transfer
25  to the narrow band gap emissive polymer block, facilitate transport of charge carriers
(electrons or holes), inhibit or limit concentration quenching (also known as dipole-dipole
induced light quenching), facilitate charge injection from the adjacent layers (e.g. anode,
cathode, hole transport layer, etc.), facilitate attaining a balance of holes and electrons,
facilitate morphology control (e.g. glass transition temperature, Tg; phase separation, etc.),
30  and enhance color tuning. The host polymer block of the instant invention comprises a fifth

monomer selected from those monomer groups known in the art for this function (see, for

example PCT/GB00/00911, PCT/GB99/00741, USP 5,777,070, USP 6,169,163, USP
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preferably no nore than 40: 60, and nost preferably no nore than 20:80. The
nole ratio for the the third to fourth nononmers is preferably at | east
10: 90, nowe opoefes ably at | east 20:80. The nole ratio forcrhusor/tusesl to
fourth nonomer is preferably less than 90:10, nore preferably I ess than
80: 20. | r5,962)§3 1 gt BSR 6508.48 @)eamd andludps sostitutedorsurisubstitutedaromatic as t he 20
positive charge carrier bl ock. In,aqé)rﬁher enpodi nent of the instant

i nvent i orhetesearemgie BOuBS, 3B% Most PIrHsulxRel¥aEgne Xinyiraes tiophsresad conprise a
wi de ban 2kt hab,, i ' t ' al ong the
backbone d%&q?%eggﬁtgg ? B% % ?5%8@@?%‘8&9 %’%‘Jg‘%%lglg? 5%%%%#¥ g}l(g%ﬁé {.r}rlg@&ﬁgre rf orm one
or nore ofrotifteant alte@atingor randdm oowlyeerabl fuetbnd, isadt dsar?, i lirfked diatkyl ener gy
transfer 25 to the narrow band gap egj ssi ve polgma block, facilitate

t r anspor tflugrene{ggg S dipstybiuoreneordsq fihgeyl duorssebwith aspbstigited o | i i t
concentr at | ' ' - di ' ' i

quenchi ngg",sg%é@#?‘??gt‘%g‘é &girlegge}olél%%g@tc ?%ﬁ%?g%ﬁ%lﬂggpggf%ﬂgﬁ?’ ld%lgg%%lléﬂ e.g.
anode, catrf@geopeftidsard daisdar dtilbeay of ],4adiene)withicue elettr@at-withitawing ng a

bal ance of hol es and el ectrons facilitate nprphology control (e.g. glass

transiti onbstEpisBEteTtiany ammpes, AN Netsiieami-b4-dignimopenzepe, hY¥.NeMance col or
e . ! . '. . coLor
rononar <aaPBbnaR s Kttt o Bles, ek ilhnce Ao fherc A fes 11

f unctlioon wilesit efedtron-exthofalvengd¥ubstistealsO0 0Oy bddekirahie % Qibédthte thiSBixth 777, 070,
USP 6, 169, 163, USP 6 WD 03/007395 PCT/ US02/ 22308 5,962, 631 and, USP
5, 708, 130nonawerigieun vish a suhsttuant selegted fromm thereun epnsigting eharm alkyts, Ceo

e e g A

pr ef er r ecsixah endnbbiRf EE1BpridRs @ fidrylafiind@sumhalingd the rgerdralfgrmuila F Antlomhemiol ymer s
of fluorene, such as a 2,7- linked dialkyl 5 fluorene (e.g., 9,9 dioctyl

f1 uor ene e8¢h Aras e mams pr diffgentand copnrivesa substifuted or apsubsti #14 ft ed

aro i C 40 et erpar ti,C S} J : 1an2posi tive charge

car rﬁér phre eacgarr%)ﬁg@@g?) e 'd‘é |r§%§%ggl St ﬁ%%?\%%g(}r;hp%§£“gl‘]gﬁé wi t hout

el ect r on-garBoxemaiboR gphehyiisdnizidities N riother Pdférdedysiaiinm®mer group N,N’-di(4-

N, NN N,N -tetraaryl -1, 4-di am nobenzene, N, N,N ,N - tetraaryl benzidi ne,
N-subst i tmethexyphemdHot-phenylinsdipmine MWaen selecting suchpreicalerly prefemediest ol es 10

oot SGBESRTR ARRRY 1 Moy FENGRE SR G
group consbfetdbNPatQéastl:20) aall kdstprefbablPat least 15:85. However, when selecting such

20  particularly preferred host blocks, the weight ratio of the fifth to the sixth monomer should
be no more than 50:50, more preferably no more than 40:60, and most preferably no more
than 20:80. The mole ratio for the the fifth to sixth monomers is preferably at least 10:90,
more preferably at least 20:80. The mole ratio for the fifth to sixth monomer is preferably
less than 90:10, more preferably less than 80:20.

25 When negative charge carrier properties are desired, the host polymer block may
instead have a sixth monomer with an electron withdrawing group or a negative éharge
carrying block comprising an electron withdrawing group may be used. Such electron
withdrawing group can be selected from the group consisting of F, cyano, sulfonyl, carboxy;
moieties containing an imine linkage, condensed polycyclic aromatics such as acenaphthene,

30 phenanthrene, anthracene, fluoranthene, pyrene, perylene, rubrene, chrysene, and corene as

well as five-membered heterocylces containing imine linkages include oxazoles/isoxazoles,

N-substituted-imidazoles/pyrazoles, thiazole/isothiazole, oxadiazoles, and N-substituted-
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aryls and al kylaryls optionally substituted wwth C1_6 al koxys and C6_12
aryl oxys. A preferred sixth nononmer conprises a triarylamne group having
t he generwb oBoo13md a - ArSN- wherein each Ar is the sanme orcaidsheesm and
conprises a substituted or unsubstituted aromatic or 15 heteroaronmatic
group. A tpnafley anddsivsimetmbered hoterrcygles oqntaisinyyiminedinkages such as pyridines,

car boxomet hoxyphenyl. ) benzi di ne. Another preferred sixth nonger .group

N, N - di (@Jﬂﬁé%lﬁs&yg%%}fﬁ?e)samgﬂﬂ*‘ésnwaéweﬂi ﬂf%?e‘\%ﬁ&wﬁ‘i P%g“’r)l}zﬂg‘%%%‘ch

parti cul A‘g)ﬁ{ R - bolesabdnofazblre fifth to the

si xth mﬁg&%?%ﬁég&%ﬁ e at l?eea}g%%ézﬁélgf,mﬁg%%b prefserélb(l)y aﬁ%  east 10:90, and

most pr eftenaintidazles| qasolinkSis8guindlmes)odmnolinks quinetdines, yyireuelmes)

parti cul arl referred hast bl qcks, .the ight. ratio of the fifth to the

si xth 5m)r{B‘ﬁ%”rlE@I‘Féuﬁ’Wo@@d%oﬁﬁ%@n%%%@%@ygﬁg%@ep}bm dBes 2R more t han

40: 60, a”ﬂﬁﬁﬂ%&. preferably no nore than 20:80. The nole ratio for the the
xt

fifth to si nononers is preferably at |east 10:90, nore preferably at

| east 20: 80. TRrefenably theatooorhergroups of ittfet dmissveshlaekhpolpmenefithe mstanef er abl y

| ess than 90: 10, nore preferably.|less than 80:20, 25 en negati ve charge
carrier dfl}fﬁi\éﬁof‘iaé%esé?lﬁlah)é§P?@H}gﬁsﬁ€°ﬁ%§t§€$’ﬁlo§ rlrér'dlﬁ’i‘%W%‘?'}ﬁfpe_cgﬂ%'t ead have a
Si xth MONoAeRS oo«ing%uﬁéiir&k&g}témwi%,mr}@ﬂ’t@&&@r—L&cﬁ@gﬁ%a@e@jar ge
carrying bl ocf( conprising an el'ectron wt hdraw ng” group nay be used. Such
el ectlioon NM,NhdI aetraacylognaidine dasubstitseld eatbadolés, drarylsidangs,ang consi sting of F,
cyano, sulfonyl, carboxy; nojeties contajning an. imne |in . condensed
pol ycycl ité”&h@??ﬁ‘[fﬁ“é%y%mesa‘é’l%’éﬁf?ﬁ%?fhg drawig SURSHHUEDISy gﬁ%?rgglﬁt acene,

f1 uorant &R SR pdIVREAS] SRy RPfohpiRAeras well as
five- mm@%&“ﬁéi&%%?ﬁ%’hcém%{%ng ?crlr(lér\{ge%éi n<ages I ncl ude

oxazol es/trisgiariat gmup havingtist ganatad tbrmoladAr N -esliqogin @adi Asis the same or
t hi azol e/ | sot hi azol e, pxad%ﬁzol es, and N-suhstituted.,7 WO 03/007395

PCT/ US02/38ersat andrqoginssessa sbatiwfed orupsiibstifyted SEpafta AT hsterQasopaliGE™AlP i mi ne
| i nkages ,p_gﬁ,mlp(;g{,,lp ' :di I gINLL \ 4

tri a?igness,%agtg%ﬁ’?\ét%& jz‘gér{gs asetwe geg@)gg%%?%/iﬂslg%\d ﬁhgﬁg?@%‘%@%@ﬁ?ﬁ\t ai ni ng
i m ne | i niheg@enédiahinee Wienzeleetg sash pordodedyhpefaried negiisrzhaigd sawiees,

qgui nol i ne, isoquinolines, cjn i nes, . qui nazol i pes,. . qui hoxal ines, 5

pht hal aziHeaks, Hhefxigh raite of bt Qg% T maa?fﬂ%fssgob‘ﬂé’%é‘i P“*ﬁ%tisl,-é , more

phenant hr j _dg a61.1.4i 1<khbe ) e

i ssi Ve dbr?fgg@?% %tflgagr% 10:36, dtnﬁ éﬁkﬁﬁgﬁeg&niﬂﬁf HARSY 1585 HERROIEWhET QURSng kudth
particularly preferred host blocks, the weight ratio of the fifth to the sixth monomer should

20  be no more than 50:50, more preferably no more than 40:60, and most preferably no more
than 20:80. The mole ratio for the the fifth to sixth monomers is preferably at least 10:90,
more preferably at least 20:80. The mole ratio for the fifth to sixth monomer is preferably
less than 90:10, more preferably less than 80:20. The mole ratio for the the first to second
monomers is preferably at least 10:90, more preferably at least 20:80. The mole ratio for the

25  first to second monomer is preferably less than 90:10, more preferably less than 80:20.

The weight ratio of the emissive block to the positive charge carrier block is
preferably at least 5:95, more preferably at least 10:90 and most preferably at least 15:85.
On the other hand, the weight ratio of the emissive block to the positive charge carrier block
is preferably no more than 90:10, more preferably no more than 80:20 and most preferably

30  no more than 70:30. The weight ratio of any host block used in the instant invention to the
total weight of the block polymer is preferably at least 5:95, more preferably at least 10:90
and most preferably at least 15:85. On the other hand, the weight ratio of such host block to

8



I nvention are essentially not conprised of a stilbene or 1,4-diene wthout
el ectron- withdrawi ng substitutents, tertiary am nes,

N, N, N , N woasnemey| - 1, 4- di am nobenzene, 10 N, N, N, N -t et r amyiSozezsbgli ne,

N substi t ut ed- carbazol es, diarylsilanes, and thiophenes/furans/pyrroles

wi t hout ethe tataloveigiittof thesbldakgpodymertis preferahly no Bros¢ than 90410, mbee prafsrabieno gr oups

of the em ssive polynmer block. are essentj al ot conprised of a

triaryl anfPff¢ tﬁ‘?’bﬁbhiﬁl?f{rﬁﬁsttpﬁ_ ergélﬁ{é}oéporpél?%%ogﬂ?p\r 3N- wherein each Ar is the
sane or  di f T efiifosPRgcIE WHRD uS&S Rféf&hlﬁ?*cbﬁmﬁﬁ?éﬂ aPleadtNOURSE frifepblP4tqQBRE | C OF
het eroaromati c group 15 such as N, N -di (3-car boxonet hoxyphenyl ) benzi di ne or
N, N - di ( B0yenhowyiyirefasably dt least 4hmnle’eoftie smonnmerigiaits iséheeapohyneudhe

articul arl referred negative charge carrier . bl ocks,. the weight ratio of
Phe. 1 51t mostpdliBogire efeefisiomnses ot it 65 Thire PhefeaoB 165 iR T5f of or apl y at
| east 10: A0 NdsiPREs tRiLSE a8 Hbs?;?refe?a%ﬂ ledPthBP70 HRIEXN BF theihGTbnRBicRmits NY

such particularly preferred host blocks,” the weight ratio of the fifth to
t he si xt hofitimbloek copobyrhat. Aziditloaaltdocksy grefenably S@mptse comubtivelyfnot mioks/than nor e

t han 40: 6 and st. .preferab o nore .than 20:80., T le ratio for the
t he fiftrﬁo% BIO%s REtETRR R BRPae; &{’pibemé’rséﬂfz?ragﬁ?y P‘éé&?fﬂ ilba."g‘& n‘l’)‘ﬁ%“r‘lﬂ%“r il bl y
at | east 2080f méhsndR $hifsdh tHe bpblyldee fifth to sixth nonomer is preferably
| ess than 90: 10, nore preferably | éss than 80:20. The nole ratio for the

the fliorst to SBeomganicblockrpolymiess gfithsf iestaitligveation ey be hirde by nmstifyingranfyer abl y

at | east 20:80. The le ratio far the 25 first to second nomer is
pref er abIRfel?aé%tévetrﬂ%m‘r)g@.‘aiﬁs,Suhtﬁli’lé??Traé‘?ré?técb‘f"&‘/‘pfl%%g(’lmﬁﬂz 'G.nﬁg?lzu he wei ght

ratio of JdinEfiafish Esdlsee ol Sahfpfe AATS! Patent SIANAR0GRS bickérrdilAgkod for
preferabl'y at |east 5:95 nore preferably at [east 10:90 and nost

pr ef er abl fprming|tixalsibckl &ghtents afid bidek potyiears dfithe jnstantinwentipnt In Htis methodt he

em ssi ve ock to the positive charge car.r.i bl oc IS preferably no nore
han: 90 THPTORSy Ene BRI CEH I By DErORE PRSSET B BererEt 85 no
nor e {ha ; P ' ' hiladithf cofpleant

[ nvenltsi o;brg%ngﬁ%fa t o%’\gleﬂﬂ\%g% tgr;{{tg%é? a‘tgfﬁ/é@g‘?{ %%Eﬁ%% %/%gl?mlﬁ??grp g?aedrugglcgﬂxgteal east
5: 95, norkhgbledksmady be amsenttdedeithtObP first forthimpaerte oakf threallgingthd megamers: 85,

On the other hand, .the weight ratio of .such host bl oc 0.8 03/ 007395
PCT/ USOZ/JQ]Q%QC"W@H?%%F}‘%?%WP nb‘f‘t”%é‘ﬂg% yp“@ﬂ?ﬁ%‘?f(‘? TN Ao nor e
than 90: %fgr ad}ﬁ%&ﬁpﬁﬁtzﬁ%gkﬂre&ﬁ AlLRRE VD 3K BiofR Al FirfibRlas Rl & @Bhciteip nor e

t han 70: ost en used, "preferably’conprises at |east 10,
mor e pr efaadabdryreadted with bther blocks prepared in the same manner to form thedesired block

20  polymer with two or more distinct block regions. In either of these processes, the averaged
block length may be tuned by control of monomer stoichiometry, base addition, or acid
addition.

The organic block polymers of the instant invention can be used in a polymeric light
emitting diode, as the photoconverter in a photodiode or as the semiconductor in a polymer

25  field effect transistor.

EXAMPLE 1 (DIBLOCK BLUE EMITTER)
To a stirred solution of 2,7-dibromo-9,9-dihexylfluorene (3.18 g, 6.46 mmol), 9,10-
dibromoanthracene (114 mg, 0.34 mmol), and 9,9-dihexylfluorene-2,7-bisboronate (3.32 g,
30 7 mmol) in 60 mL of toluene under nitrogen is added Aliquat 336 (phase transfer catalyst,
registered trademark of Henkel Corporation) (1.5 g), tetrakis(triphenylphosphine)palladium
(8.6 mg) and 2M sodium carbonate (20 mL). After refluxing and stirring for 24 hours,
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30, and nost preferably at |east 40 nol e% of the nononmeric units in the
copol yner. The 5 host polyner preferably conprises |less than 99, nore
pr ef er ablwoloasersphan 90, nore preferably still |ess thanp8®/Usanek3nost
preferably | ess than 70 nol e% of the nmononeric units of the block
copol yrreranOAwd 50 iminef toblene was adsied fand hésitgd another B deursiprabtain AND wmitting mor e

30° ol 096 WP #i BT 3P LR DO TR RLP A fFRGe i (e AN STyitee DOt Tho.

organi ¢ bl ock polyners of the instant invention may be made by nodi fying
any preparative method that i's SU|tabIe f or aronat'
pol yneri zations. Sugz 5 § ] 3 exanple in U S
Patent 5,777,070 i sfap et ed - bl ock segnents and
bl ock polyners of the ¢/ tgng | rogs _@@95I0 \#&  di brono
functional i zed nononers are reacted with di boronate\fuhd8i onal monomers in
the 15 presence of a base, a phase transfer catalyst, and a catalytic
anmount of a pal | adi um conpl ex. The bl ocks may be assenbl ed either by first

form ng one b|B@ﬂxeabhmoémmnrmaStaﬁéedmmwnéo formHa second bl ock to the

reaction m xture, f owed b eque- ion of nonomers for
addi ti onal bl ocks Sj re < .u | ock may first be
assenbl ed sepaPht e ang t -- \\__4 ger Bl ocks prepared in the

same nmanner to formthegesired bl ock 20 e~ by mer mnth two or nore distinct

bl ock regions. In e|th t hese procqgé '.- the averaged block [ength may
be tuned by contr, h?@ --'0 stoichio -,/» (% e addition, or acid
addition. The org% bl ock polynmers of the Ht i nventi on can be used
ina polyneric Iight entttlng dlode as the photoconverter in a photodi ode

or as the sem el effect transi stor. EXAVPLE 1
(DI BLOCK BLUE Eh- )1 4ol gn g%n%oatnﬁtof hﬁfg ula

2, 7-di br ono- 9, 9- thexyIquorene ) , 1), 9, 10-

di brompant hracene (114 ng, 0.34 / N‘KZ}‘

9, 9-di hexyl fl uorene- 2, 7- bi shboronat e (iéjﬁ g 30 7 mol) in 60 nL of

tol uene under nitrogen is added Aliqu 36 hase transfer catal yst,

regi stered trademark of Henkel Corporatlon) (1.5 g),

tetraki s(triphenyl phosphi ne) pal | adi um %8.6 ) and 2M sodi um car bonate (20
m.). After refluxing and stirring for 24 hours, 9 WO 03/007395

PCT/ US02/ 22308 Rg =methoxy

(at 1.091 g, 1.73 mmol) and 9,9-dihexylfluorene-2,7-bisboronate (1.518 g) along with
Aliquat 336 (phase transfer catalyst) (0.6 g) and tetrakis(triphenylphosphine)palladium (8 mg) and
10  the reaction continued for 13 hours. Di-bromo BFE has the formula: '
The diblock polymer was end capped with 0.5 g of phenylboronic acid for 8 hours of
refluxing and isolated as pale yellow fibers (6 g) by precipitating from 2L of methanol. Further
purification and additional precipitation led to pure polymer which weighed 5.74 g and had an
inherent viscosity of 2.04 dL/g (THF, 25 °C, 0.5 g/dL). The following formula is for the positive

15  charge carrier block.

L CgHy3Cetia

/\N@.@-N

COOCH,CHj4 COOCH,CH,
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anot her 50 nL of toluene was added and heated another 3 hours to obtain AN5
emtting block as a clear solution in toluene. The followng fornmula is
for the ANBoemd39i ng bl ock. 13 C6H13 C6H13 C6H1395 C6H13PCHiEB2/B3d8-\\ CO6H
To the above sol ution was added conmpound of the formula Br ON OON O Br
OO ERC C2Et 5 (at 1.162 g, 1.47 mmol ), and conpound of the formula & .
V. V& 0ReR8 =nmethoxy (at 1.091 g, 1.73 mmol) and

9, 9-di hexyl f1 uorene-2, 7-bi sboronate (1.518 g) along with Aliquat 336

(phase transf ofpoa awégchbé@m@clgbo%érfs%é@ﬂﬁlass&érfdm B HEhGHRRY @idium

(8 ng) and 10 t reaction continted for 13 hours. D -brono BFE has
forml a: devizegirdpacaibyndepysitng ateyereofBaytop é‘cpolyethylﬁleﬁug(yniﬁonﬂtmn ph laomdmum tin

D eci 9 1 didRegeDg OE8aste UINEN oy Riseh &t the Sk poBatet an DHpREred i Eriple,
preci pi t ag10fed ¥ a 18P YHRE efHfdienby Wﬂh@ H@Qc@aﬂl‘bO%@ﬂ&e@%@ﬁws& Bhey ent
PRsd By (bt Sl

viscosity 0 25 C, 0.579/dL). The fol ovmngforrmlalsf
t he posi tC¥/Ampkke. chmrlgaef Iifarof eerdelyice dk50 ontrgaﬂ_ll)omiv‘hm&r imuin ‘brlglitnssscbf

Sbovo. dosbl IR TG BERHA POl 34 SATERtARBSIATAN TbPor |1 gh
emtting diode
10 COMPARATIVE EXAMPLE 1 (RANDOM BLUE)
Example 1 is repeated except that all the monomers are reacted at one time for 36 hours.
The resulting random co-polymer has an inherent viscosity of 0.85 dL/g. The random co-polymer
is used in a standardized polymer light emitting diode device prepared by depositing a layer of
polyethylene dioxythiophene on an indium-tin oxide coated pane of glass, followed by a layer of
15  the block polymer, followed by a layer of calcium. The efficiency of the device at 100 Cd/meter”
brightness is 0.4 Cd/Ampere. The half-life of the device is less than one minute at 100 Cd/meter”
A maximum brightness of 1190 Cd/meter? is obtained at 15 volts and at a current density of 400

mA/cm?.

20 EXAMPLE 2 (TRI-BLOCK GREEN)
To a stirred solution of 2,7-bis(1,3,2-dioxaborloan-2-y1)-9,9-dioctylfluorene (99.4%,
2.45 g, 4.59 mmol), 4,7-dibromo-2,1,3-benzothiadiazole (1.35 g, 4.59 mmol) in toluene (38
mL), under nitrogen is added Aliquat 336 (0.64 g), tetrakis(triphenylphosphine)palladium (6.0
mg, 5.2 micromol, 0.11 mol%) and aqueous sodium carbonate (2 M, 4.8 mL). The reaction is
25  stirred and heated in an oil-bath at 95 °C for 16 hr. An orange, viscous solution of the emissive

polymer block is obtained. The following formula is for the emitting block:

17HeC  GgHyy ‘
S

30 To the above solution was added 2,7-bis(1,3,2-dioxaborloan-2-y1)-9,9-dihexylfluorene
(7.43 g, 15.57 mmol), 2,7-dibromo-9,9-dihexylfluorene (7.30 g, 14.83 mmol), 4,4’-
dibromostilbene (0.25 g, 0.74 mmol), aqueous sodium carbonate (2 M, 32 mL), phase-transferring
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devi ce prepared by depositing a | ayer of Baytron P pol yethyl ene

di oxyt hi ophene on an indiumtin 5 oxide coated pane of glass, followed by
a | ayer oWbotobeobock pol yner as prepared in this Exanpl e, pColusouedody a

| ayer of calcium The efficiency of the device at 100 Cd/ neter2 brightness
is 1.3 GeagempaiiquatBae (halg), -and ftetrakfs(tripkenyéphiosphing psldadia(8.0amg, ZTO®micromol),

Cd/ meter2. A nmaxi r. nes 170, .Cd/ s .obt olts
and at o ore QUaroy T RSBoR s MRS cenpARA U HERAlening s RS
BLUE) Exqu&gmybnéw&gpeated except that all the nononmers are reacted at one
time for 36 hours he resulting randon1co pol ymer has an inherent

viscosity of 0.85 dL/g. mer s used iin a standardized
pol yml% light emtting e Wi deposi tliiing a | ayer of
et’hy 0 i

pol y | ene dioxythiip R
followed by a layer o @mploc 130

calcium The efficieney o t he devi ce at 100 Cd/ nmeter2’ ‘brightness is 0.4
Cd/ Anpere. The half-life of the device is |l ess than one mnute at 100

Cd/ meter2 A maxi mum brightness of 1190 Cd/neter2 is obtained at 15 volts
and at a current density of 400 mA/cnR2. 20 EXAMPLE 2 (TRl -BLOCK GREEN) To
a stirred sol uf4 %vefls dez? Wlﬂa(zh §1s@r ﬂQ%&B&ﬂl%@-%ﬂ 9- d%c%dmo@&{ev@ l4v;p Qeme
(99.4% 2.45 g, 4. Bromo- 2, 1, 3- behzof hi adi azol e (1.

4. 59 1ol 8, 3iH¥ mmlol)eNfN (cﬁ(g-brmn))phemryt)dﬁ Ni+d1(r3eejmca®owlgmhyb}bm}@dme:1984m 26’12

P01 90 et dotiuBH0 < BHHeRH SR PR SO & ) Selepss g (gt Aligat 336
d
stirre 8(@35 %)ﬁgﬁd:@ntr%l{si @%%%P%E?ma paBdfant @'md0.6026),A0d AR5 YAIHC que

solution o bl'ock i's obtained. The fol l ow ng fornmula
is for theaaiontis alfuyedd to gk :ford 417H8 @dCBidposiivSciMrgdcaroert tleckatodheehasp block e was
added 2, 7-bi s(1, 3, 2-di oxaborl oan-2-yl)-9, 9-di hexyl fluorene (7.43 g, 15.57
mol ), 2,8V HBrOHo- 9, 9-di hexyl fl uorene (7.30 g, 14.83 mol), 4,4'-

di brgpstil bene (0.25 g, 0.74 nmmol ), aqueous sodi um carbonate (2 M 32 nl),
phase-transferring 11 WO 03/007395 PCT/ US02/ 22308 reagent Aliquat 336 (2.2
g), and tetrakis(tripheny i palladlun1(9 0_ny, 7 8 mcronol), and
toluene (100 m.). The The formul a of

t he host block is

COgEt COzEt
20
The tri-block polymer was end capped with 0.25 g of phenylboronic acid for 8 hours of
refluxing and isolated as yellow fibers by precipitating from 4 L of methanol. Further purification
and additional precipitation led to pure polymer, which weighed 11.4 g and had an inherent
viscosity of 2.06 dL/g (THF, 25 °C, 0.5 g/dL).
25 The above-described block polymer is used in a standardized polymer light emitting diode

device prepared by depositing a layer of polyethylene dioxythiophene on an indium-tin oxide
coated pane of glass, followed by a layer of the block polymer, followed by a layer of calcium. '
The efficiency of the device at 200 Cd/meter” brightness is 5.0 Cd/Ampere.
EXAMPLE 3 (TRI-BLOCK GREEN)

30 To a 250 mL flask is charge with 2,7-bis(1,3,2-dioxaborloan-2-yl)-9,9-dioctylfluorene (
99.4%, 2.45 g, 4.59 mmol), 4,7-dibromo-2,1,3-benzothiadiazole (1.35 g, 4.59 mmol), Aliquat
336 (0.6 g), tetrakis(triphenylphosphine)palladium (6.0 mg, 5.2 micromol), aqueous sodium

12



given as following. 511~ 111l ~ 13H6C C6H13 13H6C C6H13 To above is
added with 2, 7-bi s(1, 3, 2-di oxaborl oan-2-yl)-9, 9-di octyl fl uorene (99.4%
2.01 10 wo 03007395 ), PCT/US02/22308

N, N - di (4- bronophenyl)-N, N -di (3- et hoxcar bonyl phenyl ) - benzi di ne (99. 4%
2.62 g, Grizmate(@M,4.6qUdauns tductieAd odr)bdhat@ctich ivistiedrand heated in an oil-bath

phase-transferring reagen uat 33

tﬁtrakl s(atrlspﬁé}WF‘p‘HBQg‘?ﬁ frt‘?éfi b‘g‘f‘rFaélrﬁ nOf gﬁﬁls%ls(fﬁg’é‘fnwéﬁﬂbieﬂe@eﬁ@e(ZS m) .

The reac} carrier
T ock' t o itk isdnétl e, dd tg?ffgﬁqot?é(# c?\?f/{lssti‘g 196K phnBS kEpuE 56 AOLAero oL oY
t o - bl ocknifrogenrer was end capped with 0.25 of phenyl boronic acid for 8

h

o?:‘iét shanol - L & RO TG cha@e%wﬁgﬁ bt dabelam D@ o pur e
o r

(T 25 FOugRuORgsFos #%%‘?‘32323232&1?%23‘ R R

st andar dlEtﬁdx@di@ngheﬂxylgbénzmm (99go, . 6iMg, 3.30eminod), Aligpa38d (b gilepositing a

| ayer of pol yethyl ene di oxyt hi ophe di t d d f
gl 255, _f ORI AR B bPaL L LR o FHEPOL o PSRERSErh SR ke Of M.

cal ci um

Gl Amper &3 BTGBy abd ARy, FHErSBudIP Shifrd A ARaRHE oh Sit by
2, 7I §1|Os( J%nﬂgﬂl?;&bgetﬁzhzcﬂfl g]afgr P4 hd)l%]rs QQQrgﬂu-bmvgd fibeoms soletioDEf pikitive chirgg parﬂeBQ
mol ), I br ono- enzot hi 336
(0.6 g), tleskralymeyis opseavsd ghss ﬁ‘?%é? é&m@&wﬁi %93“105 ISzk%nt ew yinder

aqueous S‘ﬁg 12 WO 03/ 007395 PCT/ US02/ 22308 car bonat e (2 M 4.6 n.) and
t ol uene ( % The reaction is stirred and heated in an oil-bath at 95 C
under ni trogeMofad00 L Haskris chageddith 2Hlgie(1)3, 3diwsbcslmlan-12i-yj)}9;ﬂaﬁoctyﬁbwmd

The stirring i s then stopped, _and th t
s Kept  d09986G Hrgids-33 mimol), 2,7-dibromo-9 St e BT SS1 Y3 BISiK BoLale

15  sodium carbonate (2 M, 33 mL), Aliquat 336 (2.2 g), and tetrakis(triphenylphosphine)
palladium (9.5 mg, 8.2 micromol) and toluene (90 mL). The reaction is allowed to proceed for
14 hours. A light-brown viscous solution of host polymer block is observed.

To the host polymer block flask above emissive block polymer solution and positive

charge carrier block polymer solutions are transferred, each with 15 mL of toluene and more 2,7-

20  bis(1,3,2-dioxaborloan-2-y1)-9,9-dioctylfluorene (99.4%, 0.23 g, 0.42 mmol) and
tetrakis(triphenylphosphine) palladium (1.0 mg) are added. The reaction is allowed to proceed fo1
16 hours. After which phenylboronic acid (0.2 g) and toluene (50 mL) are added and the stirring
is continued for another 8 hours. At the end of the reaction a very viscous orange-colored
solution of tri-block polymer is observed. The product was isolated as yellow fibers by

25  precipitating from 4 L of methanol. Further purification and additional precipitation led to pure

polymer, which weighed 12.0 g. The formula of the tri-block polymer is given as following.

ouopyuilgyoiiligy @_N
wHeC CaHyr N N 13HC CgHya 13HsC" CgHyg 17HeC CeHyr
&
30

co Et coza

13



nitrogen. 5 To a separated 250 nL flask is charged with

2, 7-bis(1, 3, 2-di oxabor| oan-2-yl)-9,9- dioctylfluorene (BF9914, 99.4% 1.76
g, 3.30 rwolop/oo™9N - di (4- bronophenyl)-N, N -di ( 3- PCT/US02/22308

Et hoxcar bonyl phenyl ) - benzi dine (99.4% 2.62 g, 3.30 nmol ), Aliquat 336 (0.5
g), tetraki s(tTherbongidpseoibpdbloek pplamenisiuged inda BandgrdiZ:d polyneerdight §mittingidiods

di bonat 3.3 n) i I 3 . d tol 30 n.). Th
" eact | on SRR B rPRUEPER F o PO o R BhoftRge R b FEGUR O ¢

for 14 ho . DIMOR el b§ @ P4ier §PtE bIdRR pof b [digh.
bl ock poléyyr?gerdpi%gé g%%ggrs\’/ed. 'ic'he?,st?i&&r%;i ﬁ!h i'S tﬁegrr%?’g%%%%?dgynﬁhtg’ﬁre&% ution

i s kept dfhesfiGeneydefithe déviceoat@A0 Clltmetet> bbightnedsliag R CdAnipareged wi t h

2, 7-bis(1, 3, 2-di oxabor| oan-2-yl)-9,9-dioctyl fluorene (99.4% 7.11 g, 13.33
nmol ) ,5 2, 7-di bronp-9, 9-di octyl fluorene (7.31 g, 13.33 nmmol ), aqueous 15
sodi um catRARMIE § DMBLHTKERERN) quat 336 (2.2 g), and

tetraki s(tri phenyl phosphine) pall'adium (9.5 ng, 8.2 mcronol) and tol uene
(90 nL). The rEaodxperimest cflBxamptt 2 3 repeated ercdpo that the hiostiand . positive ghargdeasvier

vi scous sol ution of hosh\t’(ggoeh_?/rrer bl ock.i s ser t he host . pol

ved. T mer
bl ock {1 BRIGIBGY arecslcEeq {echien Bhg sty ime s e reowing Airblogk polvipet istiied fie
carrier i ; f , i ne
and mor e SroerGRaRma Yl LRSI SRS WA by RpDethd Pk s en
0.23 19, (did2ythiophdneamdcntindinmktirs¢xidé pdatetypaph of glassn &)llopeet bxdi layar (01 tHe biepk ar e
added. The reaction i s allowed to praqceed.f oi hour s. L, wWhigh.
phenyl borR?rlinBera%ﬂu@W é%Z ad?yeéﬁgcﬁlﬁ)‘flg’e CESHIFRCY Oiﬁlf d%éﬂf&&t MWH@“& F‘?gtftﬂ‘ﬁs
is conti ng_(g é@p‘ngqépé.her 8 hours. At the end of the reaction a very viscous

S

or ange- col ored ution of tri-block polyner is observed. The product was
i solated as yellow fibers by 25 precipitating from4 L of nethanol. Further

purification and LtiLo reci i i ed to pure polyner, which

wei ghed 1§QMPQA.RAF%S%§W§LE1‘2 (ﬁﬁ*@*’#@ﬂ@ﬁ&b polymer is given as follow ng.
I 1 /s 111 ht $AENple 2 RRSeatdddxcdbt it BitoFRE nibnomers AERRargddd 3
7red a7 T expeliteht ShExriple 2 BB xotly Bl B0 nibno s, dbSiamalt
above- destogéthercht Hexakepimey e resultirgrdndom polytren arsed medstpralaydizad palyher

itti i.od ) )
emtting 1(11glh(t) er%itting diode device prepared by depositing a layer of polyethylene dioxythiophene on

an indium-tin oxide coated pane of glass, followed by a layer of the block polymer, followed
by a layer of calcium.
20 EXAMPLE 6

Random and block copolymer red emitters were prepared from the following monomers:

s
BrQBr s /7_€ ave
— R

<« .N
NegN Nes

9,9 alkyl substituted fluorenes, , )

Rs

R7 = methyl
. While devices made with these polymers displayed similar

initial luminescence values, the block copolymer was easier to process and displayed

25  significant lifetime benefits over the random copolymer.
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device prepared by depositing a | ayer of pol yethyl ene di oxythi ophene on an
indiumtin oxide coated pane of glass, followed by a | ayer of the bl ock
pol yrmer, WwoloBouwsds by a | ayer of calcium The efficiency @CTtuse2es30s ce at
200 Cd/ neter2 brightness is 6.0 Cd/ Anpere. 5 EXAMPLE 5 (Dl -BLOCK GREEN) The
experi menWHAT EXERpIRED [S$ repeat ed except that the host and positive

h [ i me.
Feaul'ti g di -bl-ockn BERYIAONPAGE] IHULR A DEOBEO YR TiShT
emtting diode dggﬁlﬁﬁsig%:epar ed by depositing a | ayer of polyethylene 10
in

di oxyt hi ophene on a iumtin oxide coated pane of glass, followed by a

| ayer of the bl ock (apahygmissivefpolynmnbibckyhat id @nsistently cadjagated aldrpethef f i ci ency
of the device at 200 gd/ nmet eer}ﬁ bri ght nes iz 6 gq‘éd/ ,lbms)ere. ARATI VE
EXAMPIE 2 ( RANDOM GRERR§Kb9BE atibe spissivepalymes plagkzandiat lesst apepfheat ed except
that all of the MONOMgLi6, AR charged together at the sane tine. The

resul ting random polyner 1s"used in a standardi zed polynmer |ight emtting
di ode devi ce prepar@®)alppsidepclsirge cagrier pobyneer bixfck plodt yeddmyistenty dorgugdtéd ophene

on an indiumtin oxide coated pane of glass,, followed a layer of the
bl ock pol ymer, fol | owdlPngiRe @Ckﬁif@ﬂf&‘fc ROsIUVE Ghareo e {‘Eeré’lﬁé?ﬁém and

bl ock copol yner red e -ar £ M6 elﬁ)l‘ﬂ.wﬁ& &

~S~ Br N N N. S9N .S%ﬁ%’%ai wl slea/ sctzlﬁg%tagﬂgfsl uorenelss,w Br” ayl gr-N-ed K)
-Br 1® R7 R7 = et hylle pikitive cHarge casienrde combine tithaeggoleyhergs cairepd tay ed
simlar initial |lum nescence values, the block copolyner was easier to

process and di spl ayed8oerdedight i cant Iifetime benefits over the random

copol yrer . (c) a negative charge carrier polymer block that is consistently conjugated

along the backbone of the negative charge carrier polymer block for
transporting negative charge carriers to the emissive polymer block so

15 that the negative charge carriers can combine with positive charge
carriers to generate light, and

(d) a host polymer block that is consistently conjugated along the backbone

of the host block for providing a matrix for emitter that affords Forster
energy transfer and minimization of concentration quenching effects.

20

2. The organic block polymer of Claim 1, wherein the emissive polymer block
comprises a first monomer comprising a substituted or unsubstituted aromatic or

heteroaromatic group.

25 3. The organic block polymer of Claim 2, wherein the first monomer comprises a

substituted or unsubstituted fluorene group.
4. The organic block polymer of Claim 3, wherein the first monomer comprises a

2,7- linked dialkyl fluorene group.
30
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14 WO 03/ 007395 PCT/ US02/ 22308 WHAT IS CLAIMED |IS: 1. An organic bl ock

pol ymer useful in an el ectrol um nescent polyner device, conprising: (a) an
em ssi ve wologoenddl ock that is consistently conjugated al @ag/ushe22388
backbone of the em ssive pol yner block; and at | east one of the follow ng:
(b) a positi ves.clhe gezaomrhldakrpopyongrrad Claimot kvherein the, 2 dinked distyl flueren¢ ugat ed

al ong the backbone of. the itive charge. carrjer pol bl ock for
transporting posPtqupds E%%ﬂ’%’gé?fﬁtﬂﬁ ZPYp f(gls‘(sﬁggg é’&%‘?ﬁe@? FWARIE, ¢ hat
10 the positive oRafigsysansleRE sroGN conmbine with negative charge carriers

to generate |ight (c) 'a negatTve charge carrier polyner block that is
consistently conjugated along the backbone of the negative charge carrier

| bl ock t i V. h iers.t h i §Si
Dol Yoy bl ock o ThSORHHA WP TREGHGHH) S HRAg0 RS LEe s AT HONS h
positive charge  GabfitRhSeldhdIREHINRY Sompdthg a Silstifdd & UASHstiRREYFBakié OCk

that is consistently conjugated al ong the backbone of the host block for
provi di ng a mat r bxhétewammatic grouphat af f ords Forster energy transfer and
m nim zati on of concentration quenching effects. 20 2. The organi c bl ock
pol ymer of Claim 1, wherein the em ssive polynmer block conprises a first

nononer conprigi fge dreaHRHlb & of QIS HS tHebdi @ thedb &HthénoMer comprises
het ercoaromati ¢ group.” 25 3. The organi c bl'ock polymer of Claim 2, wherein

t he fli0r st nononee sulstiprtedesumubstiiiyedt palytystic aromatis ghsipi t ut ed f 1 uorene group.
4. The organic bl ock polymer of Caim3, wherein the first nononer
conprises a 2,7- linked dial kyl fluorene group. 30

8. The organic block polymer of Claim 7, wherein the substituted or unsubstituted

polycyclic aromatic group is naphthalene or anthracene.

15 9. The organic block polymer of Claim 6, wherein the second monomer comprises

an aromatic or heteroaromatic diazine group fused to a benzene or thiophene

group.

10. The organic block polymer of Claim 9, wherein the aromatic or heteroaromatic
20 diazine group fused to a benzene or thiophene group is a 2,7- linked 2,1,3-

benzothiadiazole.
11. The organic block polymer of Claims 1-10, wherein a positive charge carrier
polymer block is present which comprises a third monomer comprising a

25 substituted or unsubstituted aromatic or heteroaromatic group.

12. The organic block polymer of Claim 11, wherein the third monomer comprises a

substituted or unsubstituted fluorene group.

30 13. The organic block polymer of Claim 12, wherein the third monomer comprises a

2,7- linked dialkyl fluorene group.

16



15 WO 03/007395 PCT/ US02/ 22308 5. The organi c bl ock polymer of Caim4,
wherein the 2,7- linked dialkyl fluorene group is selected fromthe group
consi sti nyomB/oer3®y 9 di octyl fluorene group and a 9,9 di hexylushiemoene
group. 5 6. The organic bl ock polyner of Cains 2-5 wherein the em ssive

pol ymer bl ock 14 dhppigseis ockgmdbyrderrad Qdatey 1 3 wipreisthn @, % limbbd dintkyl Sdorene

unsubstituted aromati.c .or teroaromati c. group. ~Z.,.Th rgani ¢ bl ock
pol yner of O ai mgg{up\mgqlgit%{ﬁ% ﬂéee%rWchWﬁﬁgﬂ%PP%%éﬁf?“é@ﬁuog@eg%‘ﬂ’o@giat ut ed
or unsubstit ut edopAliNG¥E HusreRE BFBI C 9roup. 8. The organic bl ock pol ymer of

Claim?7, wherein the substituted or unsubstituted polycyclic aromatic
group i s naphthal ene or anthracene. 15 9. The organi c bl ock pol yner of

Clai m_6, wherej he secqnd.nononer ri n_aromati.c or :

het er dar omat | cfﬂfrhi PF@“&&’&% Hotlﬁ§’_é‘ftf qg&%éi@%ﬂ@’%ﬁmq 'ﬁF BBﬂBﬁeeChabgeo‘l?B?erlo.

The organi c bl oclk,pRey BRkck eI)mg?i@éswf@mmgﬁ&ha dolpridf@Bubsit@ed or _

het eroaronmati c O"diazine group fused to a benzéne Or thiophene group is a
2,7- linked 2,1, 8asubstitatetl kr@oatazwlheterdatomatteegrouyyani ¢ bl ock pol yner of
Clainms 1-10, wherein a positive charge carrier polynmer block is present

whi ch conprises a third nononer conprising a 25 substituted or
unsubstituted g ?H@Bf%%ﬂ&rm&&tﬂﬁﬁém@mﬁl O, WRreirl e fTiteh AbAGHRECcORPRES

pol ymer of Claim-11, ereinthe third nononer conprises a substituted or
unsub€x i t ut ed f| actilbaee gr hdqdien8vithdut lémroorvgithnirawibg salstipsentsygertiofy Cl ai m 12,

wherein the third pon mrises a .2, 7-.1inke pal kyl fluarene.group.
16 WO 03/ 007395 P‘@ﬁf’é)%gg\;’lé’%g’ggeﬁaﬂyi%QIaHPEQH?@B&&gLﬁpﬁY‘WE?en@% m 13,
wherein the 2, 7- Bﬂ-égd%%&ﬂté&'—@ﬁ‘a}éble&'di&?&l‘é‘ﬁ‘zﬁleg,ra% gugﬁheée%ﬁﬁm%y}mwmugr oup

consisting of a 1octyl fluorene” group an , 9 di hexyl fluorene
gr oup. electron-withdrawing substitutents.
15 17. The organic block polymer of Claim 16, wherein the fourth monomer is

substituted with a substituant selected from the group consisting of C;.o alkyls,
Ce.20 aryls and alkylaryls optionally substituted with C;.¢ alkoxys and Cq.12

aryloxys.

20 18. The organic block polymer of Claim 15, wherein the fourth monomer comprises
a triarylamine group having the general formula -Ar;N- wherein each Ar is the
same or different and comprises a substituted or unsubstituted aromatic or

heteroaromatic group.

25 19. The organic block polymer of Claim 18, wherein the triarylamine group is N,N’-

di(3-carboxomethoxyphenyl)benzidine.
20. The organic block polymer of Claim 18, wherein the triarylamine group is N,N’-

di(3-oxymethoxyphenyl)benzidine.
30
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5 15. The organic bl ock polynmer of Cains 11-14, wherein the positive
charge carrier polyner block conprises a fourth nononer conprising a
substi t utwo oeno73ensubsti tuted aromati c or heteroaromati c @Cconso2/4808 The
organi ¢ bl ock polymer of C aim 15, wherein the fourth nononer conprises 10
a stil bene or 21, Zhdoegsickilodkqolyre¢redittlams\ii-2(h further nompudisg & hest olysper

tertiary am nes ,N.,N -tetraaryl -1, 4-di am pobenzen
N,N,N,N -tet raa}’&ﬂ[‘\% Ifopeistenty ¢ W%%@%B%‘g‘g%%@?mﬁp%ﬁtwmeénes, and
t hi ophenes/ f ur angfog)(.r roles without electron-w thdrawi ng substitutents. 15

17. The organic block polynmer of Caim16, wherein the fourth nonomer is
substituted with a substituant selected fromthe group consisting of Cl-20

al kyls, €C6_20_aryls and al kylaryls t.ional Ly substituted with Cl 6

21 Ko andco B i geck psintes o Haimo G Vet e RS RITRBIOHK O ai m 15,
wherein the four b, ROQ B RCABRIh&RDmpRising 2RUbHRATLAE: GHsQbRirhAY hidthatid@r
general fornula -Ar3N whereln each A|P is the sane or different and
conpri ses a subsheterdashatic gnovgubstituted aromati c or heteroaronatic group.

25 19. The organic bl ock polynmer of Claim 18, wherein the triarylamne
group is N, N - di(3-carboxonet hoxyphenyl)benzidine. 20. The organi c bl ock

pol ymer of d g ne i i : y e :
- oxymet hoxyph?r?m % Oreér%tz]fc(}? él% Oélrld;@\}\%h%%’ 8%1 %%Q&E&@Lﬁ%%%%??gglmﬁsa The

or gariioc bl ock poRyritinkeaf dialkgl fieordne2fourd. ur t her conpri sing a host pol yner
bl ock that is consistently conjugated al ong the backbone of the host
polymer block. 5 22. The organi c bl ock polynmer of Caim2l, wherein the

inaubSt i Lt ed o o ORISR oyt o CLIRER WA 27 Tk SHASLILNCRE ©
pol ymer of d ai mgRp inkedeatédnfrdrh ehd grbuphcomsistngof € BPplioctdSlumrene group and a
9,9 dihexyl fluorene group.
15
25. The organic block polymer of Claims 21-24, wherein the host polymer block
comprises a sixth monomer comprising a substituted or unsubstituted aromatic

or heteroaromatic group.

20 26. The organic block polymer of Claim 25, wherein the sixth monomer comprises a
stilbene or 1,4-diene without electron-withdrawing substitutents, tertiary amines,
N,N,N’ N’-tetraaryl-1,4-diaminobenzene, N,N,N’,N’-tetraarylbenzidine, N-
substituted-carbazoles, diarylsilanes, and thiophenes/furans/pyrroles without
electron-withdrawing substitutents.

25

27. The organic block polymer of Claim 26, wherein the sixth monomer is

substituted with a substituant selected from the group consisting of C;.5 alkyls,
Ce.0 aryls and alkylaryls optionally substituted with Cy.s alkoxys and Ce.12
aryloxys.

30

28. The organic block polymer of Claim 26, wherein the sixth monomer comprises a

triarylamine group having the general formula —ArsN- wherein each AR is the

18



10 2,7- linked dial kyl fluorene group. 24. The organic bl ock pol yner of
Claim23, wherein the 2,7- linked dialkyl fluorene group is selected from
t he groupwoen®ishi ng of a 9,9 dioctyl fluorene group and &CTAIS2/zh3bexyl
fluorene group. 15 25. The organic bl ock polynmer of Cains 21-24, wherein
the host pol yner sishookdiffersmparndseompaises xsubshitutedros unsubispiuiesl angmaticarbst i t ut ed
or unsubstituted aromatic. or heteroaromatic group. 20 26. The organic

bl ock pol yner of MEFIAAFABHIC G ei n t he sixth nmonomer conprises a stil bene
or 1,4-diene wthout el ectron-wi thdrawi ng substitutents, tertiary am nes,
N,NN,N -tetraaryl-1, 4-diam nobenzene, N,N,N,N -tetraaryl benzidine, N
subst i t ut ed- c &% ahe besicdilenkyobyrherrod €lainnd8, whiersirnthe dsdrf lanams gnoyp 1oV 28-
wi t hout el ectrﬁﬁ.—%/ithdra i ng .substitutents. 25 27. The organic bl ock

pol ymer of d ai nfi#gcaihiqEe Oﬁg?}ﬁ’@y@?%z onomer is substituted with a
substituant selected fromthe group consisting of Cl1_20 alkyls, C6.20
aryls and al kylaryls optionally substituted with C1 6 al koxys and C6-12
aryl oxys. 30 2R. Theergangdock folyuér qf 6llaime?8, shecimthmt2Gylandies gionp isé,Ns+ xt h
nononer conpri ses,. triaryl amd pe groyp having the general fornula -Ar3N
wherei n each AR ﬁﬁt@@%\%@&ﬁ%%@@%f US02/ 22308 sane or different
and conprises a substituted or unsubstituted aromatic or heteroaronmatic
group. 29. The organic bl ock polymer of Claim28, wherein the triarylam ne
groupdOi s N, N -315THe pacmrtbeckgiohpmemif€iaim) 2e mbiettimthe s@h nibhemerigani ¢ bl ock
pol ymer of Claim 28, wherejn the tria{l | ami ne group is N, N -

di (4- met hoxy phenyOsHAeH, Vih ay plertropwit ({réwglig_gr organi ¢ bl ock pol ymer of

Claim25, wherein the sixth nononer is

32. The organic block polymer of Claim 31, wherein the electron withdrawing group

is selected from the group consisting of F, cyano, sulfonyl, carboxy; moieties

15 containing an imine linkage, condensed polycyclic aromatics such as
acenaphthene, phenanthrene, anthracene, fluoranthene, pyrene, perylene, rubrene,
chrysene, and corene as well as five-membered heterocylces containing imine
linkages include oxazoles/isoxazoles, N-substituted-imidazoles/pyrazoles,
thiazole/isothiazole, oxadiazoles, and N-substituted-triazoles and six-membered

20 heterocycles containing imine linkages such as pyridines, pyridazines,
pyrimidines, pyrazines, triazines, and tetrazenes as well as benzo-fused
heterocycles containing imine linkages include benzoxazoles, benzothiazole,
benzimidazoles, quinoline, isoquinolines, cinnolines, quinazolines, quinoxalines,
phthalazines, benzothiadiazoles, benzotriazines, phenazines, phenanthridines,

25 and, acridines.

33. The organic block polymer of Claims 1-10, wherein the monomer groups of the
emissive polymer block are essentially not comprised of a stilbene or 1,4-diene
without electron-withdrawing substitutents, tertiary amines, N,N,N’,N’-tetraaryl-

30 1,4-diaminobenzene, N,N,N’ N’-tetraarylbenzidine, N-substituted-carbazoles,
diarylsilanes, and thiophenes/furans/pyrroles without electron-withdrawing

substitutents.

19



substituted with an el ectron wi thdrawi ng group. 32. The organic bl ock
pol ynmer of Claim31l, wherein the electron withdrawing group is selected
from t he woeaposensi sting of F, cyano, sulfonyl, carboxy; PowiUust/zs085
containing an imne |inkage, condensed pol ycyclic aromatics such as
acenapht hene, phenanthrene, anthracene, fluoranthene, pyrene, perylene,

rubrene, chryse and ne.as as .fjve-nenbered heterocyl c
contai ning i mk Lhe’FP 6’3’30% V\% %‘msési/q Yhgremn, fhg nonomer groups of the
N-substituted-i ”bx%?s%%?%{aywér%?&k%?e esséritialt gﬁbt%h%’fséﬁ &Pk BryiRdigaR es, and

N-substituted-triazole nd si x-menbered 20 heterocycles containing i mne

| i nkages such ashgying diermserabt])mdlazm@& ,whepgm eadhdAmie the saynean idifésent and
triazines, and tetrazenes ggnzo fused hﬁt erocycl.es containing

i mine 3 nkages | RMBAESBEHOBiS % SUpRINYIES AOTAHF 8T hetgroAsmAtia ZHiPess,
qui nol i ne, isoqui noli nes, C|nnoI|nes qui nazol i nes, qui noxal i nes,

pht hal azi nes, benzot hi adi azol es, benzotriazines, phenazi nes,

phenant hri di ne5, TRS oegadic tdaaki mhilyreer.of 3aini§12¢-32; whedem the ownomet groeps of thel ai ns

cssent 1 ally not  EBRSAERBLTH DSckar BEEABY nat iAriHLor 4 gser 14 diens
el ectron-w t hdra t NN teksaacyl 30
1, 4-di am nobenzewgﬂgﬁsélsl%goh Mh?@%v?lg %Sgﬁelﬁérﬁr?fsd?érfg m%stl tlij\{\lgj tgaéag‘glzol es,

di ar yiiosi | anes, abd-diinopbemesd,NINDNSN piatraatyienaidineoNtsubdtiuted-carbakdlésir awi ng
substitutents. 34. The or c bl ock

03/ 007395 PCT/ 02/ 8
pol yner of d ai né‘aw?il equ3Bd rephenes fﬁﬁ’r‘i’é/zﬁ?l‘é’fr"]@? W&Bgut ec{rﬂg%ﬁ}d&\yl\r}g pol yner

bl ock are essent k@dsg&té}ﬁmﬁ conprised of a triarylam ne group having the
general formula -Ar erein each Ar is the sanme or different and 5
conprises a substituted or unsubstituted aromatic or heteroaromatic group.

35. The organic bl ock pol r of Caips 21-32, erein the nononer oups
of the em ssiiﬁe'lJBBPSgﬁ‘EW %‘ir’r‘g'(ﬂ@%é‘?"é o&éﬂ%ﬂp&éﬁﬁ%wﬁhﬁelrb%ﬁmng@ar goups gﬁ‘? bene
diene w = W m nes,
I\II% N -tetr aa%@%gflv(s%%ﬁﬁﬁ%?gb&wr%i@%%gﬁggn%ﬁm%%\lﬁ %@%%%Eg%pgl ne,
N— subst i t ut ed- cahipdagtheszeneral formula -Ar;N- wherein each Ar is the same or different and

comprises a substituted or unsubstituted aromatic or heteroaromatic group.

37. An electroluminescent polymer device comprising an anode, a cathode and the
20 electroluminescent polymer of any of the preceding claims positioned between

the anode and the cathode.

38. A polymer field effect transistor that includes a semiconducting polymer
positioned between and in electrical contact with a drain and a source, wherein
25 the semiconducting polymer comprises a block copolymer that is consistently

conjugated along its backbone.
39. A process of making the block polymers of Claim 1 by reacting the monomers

under to build individual blocks separately and then combining and reacting the

30 individual blocks to form a single component block polymer.

20



di aryl sil anes, and thi ophenes/furans/pyrroles w thout electron-w thdraw ng
substitutents. 36. The organic bl ock polyner of Cains 21-32, wherein the
nmononer gwouwpmobsthe 15 em ssive polyner bl ock are essemciraishy2asos
conprised of a triarylam ne group having the general formula -Ar3N

wher ei n each A40.iAsprobess ofmakmg thi lblbdtmiymalﬁ@fcg@mbﬁsmcﬂmmibéirbtm efl or

unsubstituted aromatic or heterqarqmati roup. 37. An el ectrol.um nescent
pol ymer devi ce c SHPPTSTSg Tom ﬁﬁgﬁgﬁﬂ%{i&cgﬂlﬁg’ggB}gﬁ%ﬂ"ﬁﬂé&}’ﬂjﬁmg a.nd.reactlng
el ectrol um nesceniidiReha ¥B% 0P mofbeRffor d48h PiREQARNTEIoSE & f8Bm RQRIgld oned
between the anode and the cathode. 38. A polyner field effect transistor

that includes a sempcemmtbiedkmplymdrynmer positioned between and in
electrical contact with a drain and a source, wherein 25 the

sem conducti ng pol yner conprises a block copolyner that is consistently
conjugated along its backbone. 39. A process of making the bl ock pol yners
of Claim1l by reacting the nononers under to build individual bl ocks
separately and then conbining and reacting the 30 individual blocks to
forma single component bl ock polynmer. 20 WO 03/007395 PCT/ US02/ 22308 40.
A process of making the block polynmers of Claim1l by reaction of a first
set of nononers to formthe first block, followed by sequentially adding
and reacting additional sets of nononmers for each subsequent block to form
a single conponent, block polyner. 21
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