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BACKGROUND OF THE | NVENTI ON 10 Hi ghly conjugated polyneric materials have
been taught t oEBBECTROACTEEE POSWMERS AN BE VICESMADE TRERBARGM

6, 204, 515. Burroughes et al. discovered that certain conjugated polyneric
materials, specifically polyphenyl ene vinylene (PPV), were -
el ectrol um nescent and thus could be used in light emtting diodes.
Burroughes et al., "Light-emtting diodes ased on conjugated pol yners "
Nat ure, FIBLD®FTHEINVENIION, 15 Cctober 1990. Extensive work has occurred
since this initial discovery. This work incl ucies use of i/ari ations of PPV
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Pol y. Scblock p6lymess., 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
taught. See e.g. WD 00/46321. Finally, blends of conjugated polyners have
been tau ectall f jve as they may all ow adj ustnment of the
overal | g%@%@ﬁﬁﬁ@ﬁ&ﬁ%@@?. ous desired properties, such as

eni sgj on wavehesHly Bonjugitéd o19hec matéridls hsve tjes tauphit ®tbeaiseful a&nhanced

el ectrol um nescnence from sem conduct i ng$ 25 pol ymer bl ends", Syn. Met. 72
(1995) pyemigarglupes. $ees.otU.8 Patent G2046H Y. o Busjoughgsieh al. disceyeredifhat eertain ng

Copol ymer _and.its . Bl ends" SPIE vol 1 - 158 al .,
"Effici e?mjuga&ifpoémer&; E‘ﬁbeé’-a’sl’ %t%l%r?ﬁ Y?ﬂ%}?’g&g’? %é'ge;vn:ngg 7Qe§ itr;‘;yglleexci tation
ener gy tglaaedlamidesesnt Bhd/gub cotild-beised in hightentiftingaliadés p Busroagles ePhlsi cal
Revi ew B, The Anerican Physical Society, vol. 56, nq. 8 (1993(?9%%0.

4479- 448%:ightnemitting dipdese ptedmmenjugated REdympss|"dNatbivevValod 4/ RRSS sdone
usi bl@gkb&oﬁy mers, these bl ock copolyners have included bl ocks that
are not tI?SI sténtly conjugated al ong the backbone of the pol yner

Extensive work has occurred since this initial discovery. This work includes use of

variations of PPV as well as other types of conjugated polymers - e.g. polythiophenes,
polyfluorenes. See e.g. Fukuda, "Synthesis of Fusible and Sluble Conduscting
pol)"ﬂuorene 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 polymér 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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charge carriers in the electroluminescent polymer layer to generate light.

As disclosed in USP 6,204,515, herin fully incorporated by reference,
semicondﬁcting polymer field effect transistors can be prepared by forming 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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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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br oadest scope, t I nstant invention is a organic block polynmer useful in
an el ectrolum nescent polyner device, conprising: (a) an em ssive pol yner

bl ock L1031 1 S 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 OT 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.
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(see, prafemsdang|fuovpemasorr sraupsaabattemating or ragiorg copolymes, of flgprene,
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pr ef er r pelyaydicarometiegronn (e 8= papfitbalene enmanthieceaneher amayometi¢ ahdom copol yner s

of uogen . - i ' I r . g. D dijoctyl
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unsubst pi18-BehzAkfiadiaiote)0'WhHeET slevting8BEh partienlarly preféreedensivsibe Blocles, the _
pol ycyclic _ aromati roup_(e.g.,, naphthal ene or anthrecene) or an aromatic
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(e.g., feggrim 'd:{#eéﬁgeefgz%gﬁg s;ifsxfagge’agf By dmit?@gﬁt)pref%%w A9E5C14:89 AYGRver,

particularly pre ock5,
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 mbnomers 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 or
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 diocty! fluorene or 9,9 dihexyl fluorene) with a substituted or

5
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selectin sSuc al C a. reterre pasitive cnarge carrier OCKS, e
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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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no nore tWANZ®7¥S. The nole ratio for the the third to fCwuSommemers is
preferably at |least 10:90, nore preferably at |least 20:80. The nole ratio
for the tHP62,68bandUSPIS, 7830 and mchides subdityted esensubstituted addmativosre
preferably |less than 80:20. In nany in ces, alternating copolyners
functi on Rgenoapmatigeroups, %’é@?rﬁ\l@n&%ﬂféép‘g&@fb’kéﬁ VHIydsaRs, thiaphenss Aad

bove caryteneiafed AR 1t B0 inatch, MBRARD et te M RE I ioRier < °°

consi st engroup s@rﬁﬂiltéﬁﬁhﬁé ot4a86m! ddPoRATEEH 6N Huéené, Qﬁcﬂ‘&%zpﬁhbﬂ{%rdlg’l'kﬁpk The
host pol yner bl ock nay perform one or nore of the followi ng functfons:

enabl & utfludreng (e 909 dm@tyé fluprepner 8,9 dihexyd ffluorens) wish afsebstmtedwr band gap
or ol esyepifiied e o etetpriempt BT PhheRer 0o Bri Rostg charze | O
di pol e- didaglié& propdticete éiel) 4 Wemekd A, 4-digfd Jvitﬂ(ﬁltt BleERS-UAthPhRE ! ON from

the adj acent I ayers (e.g. anode, cathode, hole transport Iayer,-etc.),
facilit atsabs;timt:nts; teglaa{y bmimdd,MN ’M#te&aauﬂlél-(kmhmhenzené EN:N Nt,Are
nDrphoIo rol, |l ass. transition t at ur hase

cepar at | Shraagyperzidigs WraStubescudeanes. LSl w@ Fiowheh Yagropmoin of
the jgst %ﬂihdu@\éﬁ@ﬁ’br‘?Wlﬁﬁ%lh%ﬁ%sﬁuﬁéﬁtihIt ?k?&é@oguaﬁé’metsﬂ&

nmononer groups known in t for t nctlon see exa

PCT/ GBO Olrmﬁ@mgr mb’ \&E@Bﬁlﬁkﬁmﬁmt kiderted from tié@rougSten6istin®ofl6Ry allSls, €3¢ 3 DEC

2005 WO O /00 5 /USOZ 08. 5, 96 d USP 5, 708, 130 d
o udles a5l 04 A IaR o PPUATELIR Sor RS ATL o 1EORYS Ao Caes SHloBEL APTefETeds.
and nor e s hidﬂHhﬁP Edmpriey 8t Argnité g?ﬂlﬁﬂ?a%mgt ik g@.@ﬁﬂargﬁ‘;\ﬁ -ALNIQIIRRER

used alone or in conbihation. Partic rly prefe uor'ene nononer
groups andchaAr i thesameondiffecanti and om:ppmmsybsﬁtufeﬂmuamﬂnsummdmﬂaaﬁc 8 7-

i nk 5 £l ... 9,9 dioct fl 9,9 dih |
f : Eofﬂne%‘ rg gq,gr@{ﬁ' &égfe%ed SB&‘.‘%H}?%’L%?‘%%%%‘P?@ p@g or het lar gg%lomat iC
si xth ma&*&skoﬁumbxﬁ;ﬁaeﬁmmzm tAﬂ&h%r‘J?’eBﬁred(‘sﬁ&ﬁ h%oﬂ{epgx‘?fu}n:'l\?ﬁ Fi@-

desired) a stil bene or 4-diene with el ectron-w t hdr
substitu mﬂncgc,yph@ml) laﬂf-yhmrlqneéxammw Whenseleetingsch paﬂtl,culadyaomfmbcbhas& ne,

R T TR
It may bprdféﬁbry@d@ lleast 10:90) RAE nidst preifétgolsd atldast 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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_nmononer group with a substituant selected fromthe group consisting of

Cl. 20 al kyls, C6.20 aryls and alkylaryls optionally substituted with Cl1.6
al koxys and C6.12 aryl oxys. A preferred sixth nononmer conpr23eBEC 2008
triaryl amiYh@ 0PHEY havi ng the general fornula - Ar3N- wherei P’CTRJ%%zﬁosi s
the sane or, different and conprises a substituted or unsubstituted aromatic
or 15 het &idzatesand isi-gewbpred Aejerastyeles ecntsinigiminatinierges ERdAasipyrithidds di ( 3-

car boxone nyl) benzi di ne.. Anot her preferred sixth nonomér group

N, N - di (459’(?”%%2@%%%@“@56& DYTRHRSSy riagings Andrietrazopes psyeslbast bengo-Sused

parti cul ahétéraefEleeboR indk : ' tho of the fifth to the
sixth m)nomer( ghoul d %e t |‘%§i§‘?&§;§§'§?m§8}ﬁ§hﬂ%§§1§§«Qsﬁpﬂyezqﬁgast 10: 90, and
most pr ef bengizhidazoles, emirtolinb; iSdquitsliMey,innoMies) qﬁﬁiaﬁ&l’iﬁé@?qlﬁﬁ&{bfﬁ?\?

partlrsul ar | referred host blocks, the weight ratio of "‘the Tl Yh to the

si xt h rmnB*Hé?l Rt Panzogiadiazoles, benantninzirtssphenasines, pherantiatiiyes)gndror € t han

40: 60, ang. preferably no nore than 20:80. The nole ratio for the the
fifth to sixth nononers is preferably at least 10:90, nore preferably at

| east 20:80. TPreferably, thaki ; s -pref er abl
eas 9, thamchohfér giduds Bffhtefbrﬁles;jééz gpa&gagﬁggaﬁg% Bl anty

| ess than 90:10,. nore preferably |ess than 80: char ge
carri er pRYPRION; e essentiallysnat eemprisad dfasstiliparieyord (4-dikne Withvyt elédiohead have a
or, a negative charge

i xt h i el ectron wthdrawi
oy i oSl LB e, fefery s N e Rait- S ainobenaepart . Such
el ecidon N,N,NhNI’Mwlb&ﬁ&né,ms@&tiﬁﬁ&ﬁemgzcﬁésomﬂlﬁlﬂeg?ﬁﬁgco”5i sting of F,

cyano, sulfonyl, carboxy; noieties containing an 1'm ne age, condensed
pol ycycl itkiophaesiforans/pyreoles withowrelestrohevithdra@hgsabstitutehifse Pecfe@Bly) HIRC ENe,

fl uor ant ~cRervlene, rubrene,,chrysene,. and corene as well as
five- rren‘grgir?‘ ggl eﬁé@&%@fl‘ ceeééméﬁﬁ? B?lmbgll%ﬁ‘kﬁée SSentialy ot emprased of a

oxazol estizphkanné hbvingihé pdnek# dorhil i e8r i
t hi azol e/ ja:gt hi az%llsbg? oxa i,az%l es, %%mﬂﬁﬁﬁﬁégé%&ﬁéh%ezﬂ WO

03/ 007398 fFsrentapdeomprisesen substitesl aransulbtitited amniatic of hbeioar HHME HBup

contg ni I »| 4: 3k as L di nes, ridazi nes, pyrinidines,

pyr al?'! nggs"g:hpdrggwdgql rgé@ @ﬁ‘%‘ﬁﬁ%ﬂ@&%ﬁ‘%@m 052\}: égk(ﬁﬂﬂ?}b@éb’l’%ﬁ@déhécycl es

cont ai ni plgenyhdnediahiind aphen Is_ElGl:tiﬂé_Q;u@EB&%ﬁ?&ﬂyﬁﬁ@feﬁ@@ﬁ@éaﬁb@%ﬂ&g carrier

benzi m dl?lzol e%‘,? Eilgﬁol ine, i so$| nol I nes, cinnolines,” quinaz it 5%

qui noxal RES: g bratigiof dhae fiffle by the ixsla monotmes shaubdhebt least SIS more

phenazi f i} Fintd acridines.. Preferably, the nmononer

gr oups (’;&?:% t?krlgmg mﬂ;%%}vlgq%q’]g@ﬁ nﬁogfj%rﬁ% é\b&{ atﬂa St lﬁsl{sg owever, when selecting such
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  nomore 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
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_invention are essentially not conprised of a stilbene or 1,4-diene wthout

electron- w t hdravm ng substitutents, tertiary arnines,

N, N, N, Ny I-14d|amnobenzene 10 NNN, N, N-tetra‘fé,%%%mne

N- subst i t ecf car bazol es, diarylsilanes, and thi ophenes/f PPl es

wi t hout S = r_groups
B S0kl %gﬂr BME@B%CE%E My etléa é }'é?ﬁ'ﬁlglnlo thé&t BlA010, hidge 8?8&;%% nd

of the em ssive sent i not conprrse

triaryl amoregian8p: Zmdm@stbﬁf@dﬂgmalmdmrﬂwimaa\rSN- wherein each Ar is the
sanme or different and conprises a substituted or unsubstituted aromatic or

het er oar omat i dhghestplock, whemused, Nef@fahiy compaisesak tnast Ko moph preferpblyrat igishe or

N, N -d hox \WWh
parti clul( gp’ln%phﬁ?%#lgﬁ%géb&@égﬁt\/ ﬂgﬁb{}%ﬁg%ﬁ@ﬁwﬂ&uﬁ&éﬁ ?eﬁéll’ S’htﬂ’%t i o of
the f4 ftﬁosﬁt@oiyﬁfér%féf&@bl’?%ﬁfﬁrsessl@%ﬂl be, rﬁbre'ﬁ@t%xtab : 18s% tha® V\g mbyeef erably at

| east” 10: 90, and nost preferably at |east : wever, 'en sel ecting
such par pnetfe:hlﬂy Istill ﬂnset}mnrwdarkd)mbstbircfemly tebsathae i7Q Intol e%taf theofohbveefié finits t 0

th th | d h 50: 50, f bl
than' 40: %6,5;1) 5%& caB e ATGHOTR R ko relershiy coupats, COTRBHSTEAGITOTS heh ¢ he
the fiftgg fﬁra Hhiore tha b%@f}t@ﬁ%%}[eﬁﬁy h&afbre Har3d mofldh 6t H{e% jably

at | east 20 80 e ratlo or t th to sixth nmononer I's eferably
| ess t hamoRS of irdnomerie upiteiehabdpolymeas than 80: 20. The nole ratio for t he

the first to second mers is preferably at, | east 10:90, nore preferably
at 1®ast 20: ghhe Wé“‘ﬁgf@%mmff oF theyinstant inyention mayhepads yonedisying gny

pref er abﬁ%g é‘th\?ﬁ %Efﬁgg %g?t xégmtdmf r Qfo%eﬁf@x@u}ﬂhh%?ﬁgﬁcﬁga&QS Oléi(rh?swei ght

rati o of tot positive'c arrier
pr ef er abpolymeritationt diSclosed foperampplefie eSB! B/atatt 3 yaanoma Qﬂafemeﬂ methiod for

refera at t. 15: 85. t he ot her he. wei rati o of the

gm SSi veflo%‘PB’(%{‘? ock segmenty F&‘Bﬁh?‘ﬁ&“&éﬁ?fa tg? ] aa&wvealtgbnprleftléusmt dno mor e

than 90:4 6@ JRbEtigHREE] ﬁlﬁhbfm&@ aPPf ctEB% lﬁ@ib&g& AR urRR al%@rfuﬁ'ﬁ 0 no
81 T ght P e I'nstant

nor e t han e wel rati o o ost ock used int

i nvdst i qnesencuxéabasei eaphasehgjlsfexodataltm, aﬂdoa;katqﬂghgmaoumtmflarpaﬂadlaiﬁ qom;ile)k east
5: 95, e .nr erabl st, 1 nmost f ra I east 15: 85.
ot he ol locks ey b asScrmblEn either hychtst ot isiogl the HopEmEE WD
03/ 007395, a@’gém%gaa%e Iéﬂ@ncirpﬁmﬁltux‘é’efcﬁfbtwéafbytslaﬁuéh'tﬂ%i nvmg bpers |
preferably no nore than : , hore preferab nor e 8

nost pr gbeadditignahblocks i dtehemi 7dte30ativEha ehch;blom: vk ﬁrsﬁharassmidtpd ;npafm]ybl y
east  agorighayEaed Ha aiits BufkE pEFRRtn The RSty e oo fgicBd Block ™™ Y
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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5 host pol yner preferably conprises |ess than 99, nore preferably | ess than

90, nore preferably still less than 80, and nost preferably | ess than 70
nol e% of the nononmeric units of the block copolynmer. Additional bl ocks,
preferably conmprise cunul atively not nore than 89, nore preferably not
nore than 50, nost preferably not nore than 30 nol e% of2 3 IpgctW0®ml nol es of
nmononeric units in the copolyner. 10 The organic bl ock pol ynmers of the

i nst antywphyesséson may be nmade by nodi fying any prepar apiphgodRbggod that is
suitable for aromatic coupling polynerizations. Suzuki polynerization

di scl osg@dtHep50 tikafpdlgenewakladdedraat hedtedanbiier O Houtsso ebtpinef s emdtingt hod f or
formng the bl ock segnments and_bl gck polyrners of the instant invention. In
this ngil?ﬁifcﬁsa“&abﬁ%wmbml‘é‘t"ieo%? ?Oilé’éf’l% ds for therANS emiting bleckii bor onat e
ftinctional nonomers in the 15 presence of a base, a phase transfer
catalyst, and a cata of a \pl ex. The bl ocks may be

assenbl ed either @‘1‘ 4Addi ng t he nononers for
pact O 1K ty sequential addition
of mononers for |addjdi'omd bEAGRSH] 88nat i vel y, each bl ock
may first be assenbl ed separately and then reacted ®th ot her bl ocks
prepared in the sanme manner to formthedesired bl ock 20 polynmer with two or

nore distinct block regions. | i ther qf .these processes, the averaged
bl ock | engt ﬁr"n‘g algye QJRURN Wip @gﬁf?%‘l’ 81‘?6”19%%‘?“ oi chi onetry, base

addition, or aci addi ti QA Th ani c ck polymers of the instant
invention cgy N-F @/ 2 [ tgt i ng di ode, as the
phot oconverter i pdot Ok As tlhe conductor in a polyner 25

field effect transi EXAMPLE 1 ( OCK BLUE EM TTER) To a stirred
solution of 2,7-dibr 9, 9-di hexyl f ne (3.18 g, 6.46 mmol), 9, 10-

di br onbant hr ace®@ 112" ng, 0. 34 nmmol )~ anCOzEt

9, 9-di hexyl fl uorene-2, 7- bi sboronate (3.32 g, 30 7 nmol) in 60 nL of

tol dene under ni trogen is added Aliquat 336 (phase transfer catalyst,

regi stered (atddéfws k40mnkd); ked c@oppodafihefprmiuas g),

tetrakis(triphenyl phosphi ne) pal | r-e um .6 ay) and 2M sodi um car bonate (20
m.). After refluxing and stirre @ oy @\ B9 2 3 DEC 2005 WD 03/ 007395
PCT/ US02/ 22308 anot her 50 nlL of YAENE MRS added and heated anot her 3
hours to obtain ANS emitting bloc @, aear solution in toluene. The
followng formula is for the AN5 en‘iRati ngHE)I ock.

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.

COOCH,CH,y 7 COOCHCH,

CeHiaCeHa O O\ 147 CeH1aCeHig ¢ s
CHg

OCH,

10



. To the above solution was added conpound of the fornmula 5 (at 1.162 g, 1.47

nmml ), and conpound of the fornula RB =nel faxY (at 1.091 g, 1.73 mmol) and
9, 9-di hexyl fl uorene-2, 7- bi sboronate (1.518 g) along with Aliquat 336
(phase transfer catalyst) (0.6 g) and tetrakis(triphenyl phosphi ne)palladi um
(8 ng) and 10 the reaction continued for 13 hours. D -br @pDECERMSas t he
formul a: The di bl ock pol ynmer was end capped with 0.5 g of phenyl boronic
acid for Wolsussesof refluxing and isolated as pale yellow fibers (6 g) by
precipitating from 2L of methanol. Further purificati onf GHHSR#%8i onal
precipitation led to pure polynmer which weighed 5.74 g and had an i nherent
viscosity of 2.04 dL/g (THF, 25 C, 0.5 g/dL). The followng forrmula is for
the positive 15 charge carrier block. 10 23 DEC 20 WO 03/ 007395

PCTI US02/ 22308 k | | ock pol ymer, is used in a standardi zed
pol yner i ght &gﬁgﬁvl%ﬁgy‘%;bg‘ggﬁ%ggl%grﬁruéf)(g}" _ ‘W”&%@B@lmﬁ@}@t emjtting dfode
or ol 905 Lol Fones: oy oo auEn by e en PRl laliuion infbpRiled o JRlifsBa "
Exarrp? e, OXifg |°P?§&§Bﬁnﬁ3?fglaf8aé’i‘f>we¢ by alasien af thvgbcéptﬁlb’mieenqyepafedtih ehisl BYArh Bt
100 Cd/ ngdiRfwdipiag s 1o e half-ljfe of the device'is
50 hours at 100&&%t€§?‘12€“§& T&?‘ﬁgfﬁﬁﬁ)%ﬁﬁ? ﬁ‘;g)s?cse a('ﬂfllb(S Edj Toyightness 3 i3

obt ai ned CdtAmperg.oTheshalflifeaf the device irit0 lbarsatt10 CH/mAE. N Bnurk %rigg}@é%ﬂ VE

EXAMPLE ) 4 W%M .Exa e I § repeated except that gll theé nonomers

are react’egl at onelBts ilgﬁalr%?ragg%"w&@lna.atafﬂ’ée‘}tg%WPE@O(’r%@% co- pol yner has

an i nherent viscosity of 0.85 dL/g. The random co-polynmer is used in a

st angar dj ight em tting diode device prepared by depositing a

Iayeﬂjaosz’g&%ﬁ%ﬁwp&@l MRONREM B3VEN i ndi um tin oxi de coated pane of

gl ass, fol | oveniile Rislra)ated RkcehPiraf\Sl1 Bl VIRl Pl oued by a | ayer of

cal cium_The effici encglyofe t h%édev@eagﬁ%&%%ﬁ%?gf(gm oﬂ\é\?‘ﬁ’r‘?tf hqugs.g. 4

Cd/ Anper Bhe reppitingsiandam eepelymetisas deinhweerit viscasitg of 0.85 dDARE Thb mﬁﬁ@nﬁéo-ﬂo(gﬂneﬁ

Cd/ et er; ' 3 'QP; ss.0f. 1190. Cd/nmeter2 i s obtained at 15 volts

and at alggfjefrﬂgggéggar@%?{yﬁ 0 %8@%“ W”éﬁ?#’."ggdeme 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 (2M, 48 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:

l 17HC CgHyp Nl \N I
s

30 To the above solution was added 2,7-bis(1,3,2-dioxaborloan-2-yl)—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-transferrin;

11



2 20 EXAMPLE 2 (TR -BLOCK GREEN) To a stirred solution of

2, 7-bis(1, 3, 2-di oxabor| oan-2-yl)-9,9-dioctylfluorene (99.4% 2.45 g, 4.59
mol ), 4, 7-di brono-2, 1, 3-benzot hi adi azole (1.35 g, 4.59 mmol) in toluene
(38 nl), under nitrogen is added Aliquat 336 (O. 64 g)2

tetraki s(triphenyl phosphi ne)pal | adium (6.0 ng, 5. c% BEDIZ% 11 nol %
and aqueous sodi um carbonate (2 M 4.8 nL). The reactl on is 25 stirred and
heat edWOw3®7395| -bath at 95 C for 16 hr. An orange, vFPSESEE23tion of the
em ssive polyner block is_ obtgai . The follo la_js for t

o Lt | rpgbitlanai336 (e endieRake Gghenyghosp§ne i o dd Dot S o e
2,7-bis Iht! st bhc g mmol ) ,
2, 7-di Sé%e?guegeé(@%xyl gtﬁ%ﬂn\gﬁs a?io%gﬂlwgdi%kg ?Thrgq?mlﬂa?%ﬂ-ﬁe glebr orcr:gsl'f'l | bene
(0. 25 giveRadfolloWirlg) , aqueous SOdI um carbonate (2 M 32 nl),
phase-transferring 11 2 3 DEC 2005 WO 03/ 007395 PCT/ US02/ 22308 r eagent
Aliquat 336 (2.2 g), @ y palladlum(90rrg

7. 85 mcronol), and
hr.” The fornul a of 3 S v
added with 2, 7-bis « H&HQ yl)-9, 94 oclt yl f1 uorene (99. 4%
2-01 10 g, 3.77 mml)

N, N - di (4- bronophenyl )-N, N -di ( 3- et hoxcar bonyl phenyl ) - benzi di ne (99. 4%
2.62 g, 3.30 mmol), aqueous sodi um carbonate (2 M 8 nl),

hase-transferring rea o
ltoet rakl s(t rﬂ‘ﬂﬁbﬁﬂﬂ%b%g ez)A} b‘g“%a%’% c%%% 2% %g%&cwlﬂuode?e aér{%i (%’5 n).
‘g ? N"‘% & oﬁl@p&ﬁyf)w Nl-‘lll(bfetﬁdica’:lbbiiylﬂhemnpmdzldﬂ& (@hap/ge enrrier
ét | ock as ~gi Vén bel ow. 15 CY%ct Et The g - bl ock
poI yrreg, m& mmd), a@mowswmmc@b%tedZd‘ff %Wé%)ﬂhb’iirqﬁ‘ﬁ_fé“ﬁ’&rﬁa%e@rA%q% ¥& of

ot han6h8 ehpd 1Rkl pnRY el S8R Ghnb LRI, LR bR CORD). T e
pol yegeachiéti Bhillowedifoan farll 4hrgo addithe pdsitive chirgsrcamier blppls tagbe hgst flock age dL/ g

(THF, 25 C, 0.5 g/dL).
given below.

15

1HC  CgHy

Y

COgEt COEL

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
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. 25 The above-described bl ock polynmer is used in a standardi zed pol yner
light emtting diode device prepared by depositing a |ayer of polyethyl ene
di oxyt hi ophene on an indiumtin oxide coated pane of glass, followed by a
| ayer of the block polyner, followed by a | ayer of calci ug& @Aﬁfflm ency
of the device at 200 Cd/neter2 brightness is 5.0 Cd/ Arper

(TRl - BLOGK - 30 To a 250 nL flask is charge with

2,7-bis(1, ? Ydr oxabor | oan- 2- yl)-9,9-dioctyl fluorene 9RUBPSR22¥8g 4. 59

mol ), 4, Ali quat 336
(0.6 g), {aélgﬁrn% g?){ r |6]rﬂ %Q@Qﬁl%%@ﬁgt éahﬁ ge]a Ctiq g“ﬁ“ﬁ%"dée"ée in@nipb ath
aqueous s&jd’ﬁlﬁ@]uh&ermﬁrdQECfci‘O4%@4@3A%&&%g9@§bdd§@&h€&3@§s oaveL#he (2 M
4.6 nL) andtol g%dm_dz ggere ction is stirred and heated in an

oi | - bat h SUIRN&S "afﬁ the spiptignt emisskis Hlack palyme isdeaha$OVCamders

sol uti on nigsgepbserved. The stirring is then stopped, and the solution of
em ssive bl ock polynmer is kept at 50 C under nitrogen. 5 To a separated

250 nf fl as k Ty ashpargedi2 30 mb sk isicharpad @itk 2(Hhs(3-dierdbodoat-2-y 5. He-

di t 1f 9

NI N - )éu( gﬁ%"d&(&ﬁé?%ﬁ ﬁ? 4° *3%8 %@M%&Nr%ﬁ)&wmp&f@wﬁmﬂ. -3¢ 99. 4%
2.62 g, Eﬂaﬁcmy)pheﬂl)-w@tdlﬁé@(m,5 g, 3B30tHARN), Hlidu m%fzyk%gpsphl ne)
paIIadlum(4 m crono

ueous sodi um ca onat 3.3 m)

in tol ue@*ﬁﬁnmejlylﬁmpmplmﬂédm4 mg, SThmicreraet),iaguecius scsilmnltaﬁoﬁenéi(i'lp@,t ed
1 2o B3ty BTS8P s B oy

vi scous 50l U1 0N of posit?ve c it
sti r k9 ngunder ntteuezsat@p BE€dor lemhburheA ightbrown vnssods%btunaﬁ oﬁ&sfﬁv@ QR&Ee ctibs 0gen.

To a 500 sk . s, char.g

2 7-bi s(Rmﬁk bOISEc i BB T6e mﬂ“’)""%“é*’ﬂ'? YerRpdrand dhesolutiopdokepbat 50, *Clunger13. 33
mml) Zm?rogmbrorm 9,9-dioctyl fluorene (7. 31 g 13. 33 mml) aqueous 15
sodi um car bo ate 33 nL), Aliguat 336 ) g%

tetrakis(tri Hﬁ%"ﬁhﬂ hprged wi an?is 193 g dm}ab@ ‘Tén-t%r)d) -9 Auligctyfldorend uene

(90 ni). (95'1%,r7eﬁ¢gt 1953 }n'?ncﬂ‘j, P%groﬁ% lgo%ne (%1%&‘% %em%ijt ght - br own

vi scous sol ut’i on ‘of host serve PHOYher
bl odi® f | s@diumeashenater(? M;Wenlbl, MhqudBﬁl@z g};(ahdjtetrahs(amemﬁhdspmﬁe) char ge

carrier lllQ&le I rred, 5 nL of toluene
and nor e;B 5¥1|§%<8 fsrgicg&%@gk;"a 8r oa ﬁ’ r?"ﬁ?’b’é%‘?“l’? (9PERfReed 63 49
0.23 g, & m_ara:mdgg;xt-bgowmmwa«smﬁmio;smestpbxyam plock &)obpetbddadi um (1. 0 ng) are
added. The reqapi Rade ;laoﬁymer ﬁ“ﬁ(dﬂ a cr>\9e0§n?issweob]ock 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 8, 0.42 mmol) and

tetrakis(triphenylphosphine) palladium (1.0 mg) are added. The reaction is allowed to proceed fo
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,

OUO
17HC CaHyy ‘ | ,C Q !
30 s ' o @
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. 16 hours. After .which phenyl boronic acid (0.2 g) and toluene (50 nL) 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 gﬁ & i tating
from4 L of methanol. Further purification and addition [@'{ Mitation [ ed
to pure WRMYTS, which weighed 12.0 g. The fornul a of xdreusdoniz3as ock
polymer is given as follo 30 0-0 CC2El 13 23 DEC 2v3 "' O 03/007395
PCTI US02/ 22338¢ weaﬁfmc@b@%f PUisdietis vedd ip @l siandardized polprder lrghaersitﬁﬁgidiaabz ed

pol ymer ar.ed epositing a | ayer of

pol yet hy%egl{%gb d oxyw]g%pgihggg]ax psﬁ'&{ﬁgﬁc}%f djpx O(Eg ePANRAIPANER QXdey| ass,
f ol | ovedoltyd ay glasy) follolved by & tlyedstl ivéBlock HElvhavvest ci um
The effi park ga;e 0dew cey a?ygoo £/ n%tfe)r Hnbrl gogﬁ%géhwhﬁaé&%nper e.

5 EXAMPL CSH-(‘BPCBE et 0o hd/ “@me\?nmssﬁfﬁﬁ Apisre i s repeated except
thatsthe host and positive charge carrier nononers are charged together at
the sane tinme. The resulting di-block polynmer is used in a standardized
pol ynmer EXAQMPLE fi(DI-BhyCQK GREENpVi ce prepar ed by depositing a |ayer of

pol yet hyl ene 0 di ox§ t,hi %ghe e.qQn an i d| |n OXI de coated pane of gl ass,
fol | owed by t of frxamplg 2js repept thadast and pasitixg ehargsf camdgrci um

The ef f mohexery aff chifbed €R¥ihecat dle s200 tiwd, nme & I / Anper e.
COVPARATI VE EXAI\/F?LE}% NDOM GREEN) T Thg %ﬁ%grd??rfé’ﬁi%@?“‘ﬁ’i‘sgs‘?sd‘gd

r epeat e¥farderdizsd mba@erézlght egfitting diode d@\netr prepared b)héﬂpgsdng a byert df@blyathyldne same

t T, t d | i ght
e %1 res e o n AR B LT R o OB SR A eBRblocke |
di oxyt hpadphembllowed hy ailayer efvalcium. o’I&ne:hfﬁmemtyectf tlpiadw:ce‘at mmmekélﬂé%ﬁg ]?Ey a
| ayer of Eﬂgq/ I ock polymer, followed by a layer of calcium 20 MPL

Random 3R c0po| ynmer red emtters were prepared fromthe foll ow ng
nmononers: 9,9 al kyl substituted fl uorenes,

COMPARATIVE EXAMPLE 2 (RANDOM GREEN) -

15 The experiment of Example 2 is repeated except that all of the monomers are charged
together at the same time. The resulting random 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.

20 EXAMPLE 6

Random and block copolymer red emitters were prepared from the following monomers:
sf—Q—ar Br—{ /7"§ }‘&\ Jer
— R
NySoN N\soN
9,9 alkyl substituted fluorenes,

o~ OO

-

R7

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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R7 = nmethyl .Br B. Wile devices nade with these polyners displayed simlar
initial |Ium nescence val ues, the block copol yner was easier to process and
di spl ayed 25 significant lifetime benefits over the rand@8 0B MBrer. 14 2
3 DEC 28033/00W993/ 007395 PCTI US02/ 22308 5 10 15 20 WHAT p8Ta@iséb/bidos! S: 1.
An organi c bl ock polynmer useful in an el ectrolum nescent pol ymer device,
conpri SWHAT (SUCLAIMED Esi ve pol yner bl ock that is consistently conjugated
al ong the backbone of the em ssive polymer block; and at | east one of the
fol lowi ng: (b) 4n preanicibleckaodymer usafud iran glecielumingsernt polymeridevicensi st ent | y
conj ugat ed alg .41§$,backbone of the positive charge carrier polynmer block
for transporti pl’éd ‘tive charge carriers to the em ssive polyner block so

that the positivg) shamisive PolynfdrdlSA theOR RbASst¥htly onRAldd 4§ r@n@@ge
carriers to generate light (C) a negative charge cartier po? r bl ock :
thaf is consi stent | hackboneigbthe émisaiverpplymer bladkaadet lehstiohe ofidgat i ve char ge
carrier polyner bl O@&klleor _transporting negative charge carriers to the
em ssive pol yner bl WL that the negative charge carriers can conbine

PO Sl VR LSRR ol s P,
for providing a natalong therbaekbdneaif thehpdsitife charke daaiespelymee ddsdtfol r ansf er
and m nim zation of concentratjon quenchinpg effects..
transporting positive charge carriers to the emissive polymer block so that
10 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 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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. 2. The organic block polyner of Claim1, wherein the em ssive pol yner bI_oC

conprises a first nononmer conprising a substituted or unsubstituted :

aronat\*,sogr{ﬁ . [)"l_et eroaromatic group. 25 3. The organic bl ot& DE6I 208%r of Cl ai m
2, Wwherei YR& tirst nononer conprises a substituted oPCUS03130$ ut ed
fl uorene g:?gu of Claim3, wherein the first

4. Th i ¢ bl.aogk. | )
nmonomer corpr i S&8r&gmc ,lgcfk%%ﬁ%‘d’fgﬁaﬁﬂi& ‘X’gg‘irﬁ@rtbﬁgﬂgﬁck@ diglkyl Sudi@fe 3/ 0 2 3

DEC 2005 0739 ' K I f O aimd4,
wherein the ZQ‘?BEH #E%gé%ﬁ%ﬁ QP P%g&esg{et&gl!ﬁﬁ gl%ggfﬂegrggég?%@%émgr oup

consi sting of9,8 dhéytfloereyd groiplor ene group and a 9,9 di hexyl fluorene
group. 5 10 6. The organic bl ock polyner of Cains 2-5, wherein the
em ssive polymer block conprises a second nononer conprising a substituted

Ors unsubst kt ' he oar ti roup. 7., The organic bl ock
posl ymer of Bﬁuglférjﬁ’%?‘r%\%ﬁiedrcgipﬁ%eé Oig%%ﬂﬁ%h‘ﬁﬁfégm 1sgive polymaribbackt ut ed or
unsubst i t ut eccopgirisey & kécond idRBHeE cAhPHfng 8- suld | ol yrer of
Caim?7, wherein the substituted or gﬁsﬁ%stsiut utﬁletgagg%‘}s%g%/}iztﬁ%? 359'8%% ic
group is napHrhgteseasomatiagnonpacene. 15 20 25 9. The organi c bl ock pol yner

of Claim®6, wherein the second nonomer conprises an aromatic or
het eroaronmati ¢ di azine group fused to a benzene or thiophene group. 10.

The organi 7. iedfg@ft BIGRK pSlynier 8F (laim SR LR ﬂ*ekk%c&{doxg%&rﬁeroéompﬁses

heteroaromatic
10 a substituted or unsubstituted polycyclic aromatic group.

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



. diazine group fused to a benzene or thiophene group is a 2,7- linked 2,1, 3-
benzot hi adi azol e. 11. The organic bl ock pol ymer of C aigg pecl@eSwherein a

positive charge carrier polynmer block is present whic i athird
. monon0 ¥WEIPsi ng a substituted or unsubstituted ar o%ﬁg‘g?@‘ﬁ?&

het eroaromati ¢ group., 12 The or I.c bl oGk f | erein
the third r’rﬁnﬂ!ﬁe‘?‘g@gﬁﬁl}"f’g 88 Y&‘efggggft‘ﬁ ?évg'%e?’?gﬁzifs%cdgtdg%allj‘ﬁigf %}%e gr oup.
30 13. -The organi § F’[ff‘ﬁ? cdisRtifAg d2a 9\ EbENIhdtend Bioug af@ROMTEY
conprises a %@fslsﬁﬁg‘géﬁgﬁl oxﬁ uor engggr oup. 1%5'V\D 03/ 0%7385 23 DEC 20
PCT/ US02/ 223089 dthexylftaopérgagroap.bl ock pol ymer of O aim 13, wherein the 2,7-
| i nked di al kyl fluorene group is selected fromthe group consisting of a
9,9 dioctyl fluorene group and a 9,9 di hexyl fluorene group. 5 10 15 20 25
15. The or I.c bl ock, po rof Al115 11 | J3: R charge
carrier pggy OrE?%ERi%fkilﬁn&"%eggfgl?‘ uﬁtlhﬁﬁ%vﬁyglr.réewage r#p%}tf‘}sgrdr}g&% céﬁ;egt i tuted
or —unsubsti tﬂ&lﬁ?eﬁl@é@é&n@prﬁes hghtPMoacmeEr congirisindy a Sbstifived o gani ¢ bl ock
pol ymer of Cllaim 15, wherein the fourth nononmer conprises a stilbene or -
1, 4- di ene wi tumsubstitdted arooratigior heterparergatiuBOUPt ut ents, tertiary ani nes,

N, NN ,N -tetraaryl -1, 4-di am nobenzene, N,N,N , N -tetraaryl benzi di ne,

N- subst it ut ed- carbazol es, diarylsilanes, and thiophenes/furans/pyrroles
without el Wik BRYCR WoREn& WS Al 5 Rilsereint The foaethan@mnice chinpeikespol ymer
of Claim 1&6%%)(?}5% t_ﬁ;g }H&[}Eg't‘_h mononer is substituted with a substituant
sgj ect ed fr ona $tilbergrovd pt-diene msthontelegtraptwithdrawing sbstitutents, tertiary

amines, N,N,N’ N’-tetraaryl-1,4-diaminobenzene, N,N,N’,N’-tetraarylbenzidine,

O=

N-substituted-carbazoles, diarylsilanes, and thiophenes/furans/pyrroles without

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.50 alkyls,
Cég.20 aryls and alkylaryls optionally substituted with C,.¢ alkoxys and Cs.)2

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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. C6.20 aryls and al kylaryls optionally substituted wth Cl-6 al koxys and
C6_12 aryloxys. 18. The organic bl ock polyner of d ai mi{; wherein the .
fourth nmonomer conprises a triarylamne group having th @@E@r%forwla
- Ar 3N- WR83/8739%each Ar is the sane or different and conmpCTASS2@2308
substituted or unsubstituted aromatic or heteroaromatic group. 19. The
organi ¢ bl o). Pb¢ gnganicdfload palymersf Glaimnse1-301 fuether comprising nRogmpolyimérs N, N -
di (3- car boxonet h enyl ). benzi dine. 20. Th rgani ¢ bl ock polymer of Claim
18,( wherein th ooiﬁfér Wé\#ﬁ@né}t Gmugaée 1lﬂng?heoba% bone of the hos@poﬁfmer

di (3- oxymet hoxygheny! ) benzidine. 30 17 2 3 DEC 2005 WO 03/007395

PCT/ US02/ 22308 21. The organi c bl ock polyner of Cains 1-20, further
conprising a host polymer block that is consistently conjugated al ong the

backbone of the host polymer block. 5 10 22. The organi c bl ock pol yner of
O a m 21, wiér Bagoresric bitek npebymeraf Glaige R1, whareinithekoss polymen biaxkoner

conprising a s | or_unsubstituted apomati.c or . heterparomatic
group. 23. Th e%%?%"as%#é ?ﬁﬁh&ﬁ%?rfmgpn&nga %'1‘1%%"?%,‘1 Wﬁﬁsﬁi‘{tﬁga@maﬁlﬁ Qononer
conprises a Zheferodrofitadid gfwip). Kyl fluorene group. 24. The organic bl ock

pol ymer of Claim 23, wherein the 2,7- |inked dialkyl fluorene group is
sel ected fromthe group consisting of a 9,9 dioctyl fluorene group and a

2120, wher 31 EHEBRUE PSR ppnerpie sTatm 2t Sn bl Riomorion sompriesior f i ng
a 1gubsti t ut ed 207- liked Asdlky1HhRFerR'@HR.| ¢ or heteroaromatic group. 20

24. The organic block polymer of Claim 23, wherein the 2,7- linked dialkyl fluorene
group is selected from the group consisting of a2 9,9 dioctyl fluorene 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 Cy.59 alkyls,
Cé-20 aryls and alkylaryls optionally substituted with C,_¢ alkoxys and Cq.15
aryloxys.

30

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

triarylamine group having the general formula —-Ar;N- wherein each AR is the

18



. 25 26. The organic bl ock polyner of Caim25, wherein the sixth nononer

conprises a stilbene or 1,4-diene without electron-w t?cyﬁgﬁn%
substitutents, tertiary amnes, NNN,6N-tetraaryl- benzene,
N, N, NWelo3/oeBesaar yl benzi di ne, N substi tut ed- car bazol es, pdrakyl/sishgnes, and
t hi ophenes/furans/pyrroles without electron-wthdraw ng substitutents. 27.
The organic bkmorpﬁf&rmtauﬁcdﬂlmism 2 Gubstieted bnundubstitutet ArdTRARGY | S
substituted t substituant selected fromthe group consisting of C -20
al kyl s, \A%egmogn Ayl aryl s optional | y substituted with CL.6
al koxys and C6-12 aryloxys. 30 28. The organic bl ock polyner of C aim 26,
wherein the sixth nononer conprises a triarylamne group having the
gener al f oROUTRe orpaRidbldkeIotyerad@aif2 8, swhéteinkBe & t [ 007395
PCT/ US02/ 22308 sane or di ffo?r,ent and conprises a suaﬁ}gtg:étgﬁtggswmw
unBubst i t ut eddit-esrhemethoxypheayberaidinmt i ¢ group. 29. The organic bl ock
pol ymer of Claim 28, wherein the triarylamne group is NNN- 5
di ( 3- car bonet hoxyphenyl ) benzi di ne. 30. The organic bl ock pol ymer of Claim
28, wher ei pot g g@},h | enedi
am ne. 10 gg h%h% g’?g?ﬁ?‘%ﬁ%‘g&mﬁglﬁﬁ ??heéggl(ﬂ?ﬁ g? M%N}Epit h
mononer is Sligemethokpphenyt)phenylesbdiomimsn wi t hdr awi ng group. 32. The organic
bl ock polymer of Caim 31, wherein the electron withdrawing group is
selected fromthe group consisting of F, cyano, sulfonyl, carboxy; noieties
1yp cont ai nspmrgmlesldck%geﬁerotf@mﬂ@:ednm&m ﬁéxkfﬁ SRR ¢S such as
acenapht hene, phenant hrene, -ant hracene, fl uor ant hene yrene peryl ene,
rubr ene, chrsybsm'etedzmdl mmlec:tmramtlvdrhwmgxbupe menber ed het erocyl ces
containing imne |inkages include oxazol es/isoxazol es,
N-substi t ut ed-i m dazol es/ pyrazol es, thiazole/isot hi azol e, oxadi azoles, and
N-subst i t uyR Aol dradiit Bﬁ)cﬁ'ilgly%kéfo?@lﬁiﬁ{ﬂd wtbrdlfs Ui QEtOnSRidRiN AL el ' M Ne
| i nkages such as pyridi nes, “pyri dazi nes,

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, peryleﬁe, 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-carbazolesl,
diarylsilanes, and thiophenes/furans/pyrroles without electron-withdrawing

substitutents,

19



. pyrimdines,. pyrazines, triazines, and tetrazenes as well as benzo-fused

het erocycl es containing i mne |inkages include benzoxazol 3 D?E hi azol e,
benzi m dazol es, quinoline, isoquinolines, cinnolines, quinazolrn

qui noxaYA&¥9073%ht hal azi nes, benzot hi adi azol es, benzotri a¥cT&S92B388%azi nes,
phenant hri di nes, 25 and, acridines. 33. The organic bl ock polyner of Cains
1-10, wherein the nononer groups of the em ssive polyner block are

essentially nogt i seg. of j 1 j i t t

ci cotr on- w ¢ idr T¢ Pgafita nitanblor R Lab: dnBeiife ol gores ot 1 50
1, 4- di anm nobenzgnRsiv&lpblyMer Mockafe @séntidlignit dbmprisd sfubsiahllathfd-gatpazol es,
diaryl silanes, and thiophenes/furans/pyrroles wthout electron-w thdraw ng
substitutents. Haying the @E@rabiosmyla Velrgem QCTAusothez20edr 8 fferentine
organi ¢ bl ock polyner of d ai 1- 10, wher.ein the noner groups of the

o 51 ve pol y meROTHITISER 2 SyESHENELoR YSRbS/EH LOMHG SRFIIPAIRTIAIC U e
group having the general fornula -Ar3N- wherein each Ar is the sane or
different and conprises a substituted or unsubstituted aromatic or

het er oar onat 3§, THeMtpanié blockpolypieg i Claitds@ik3 poiheiein 1l mohameb grdlips 8f the
wherein the nononer groups of the em ssive polyner block are essentially

not conprised ®mmissivg polymeeblock aresessinsially nat coraprised|of @tstithenaior heft-disnag
substitutents, terti am n NN N ..N,-tetraaryl 10 = di,ani ,nopbenzene,
NN N et r atiPia e haRR i el S B s N RRERRE e
t hijgphenes/ f ur ancaRWIH b pSend, NIOIN' - @bt h6/Tb sHzidiek, Aubutdtintsthedrbhzilent s.  36.
The organic bl ock polynmer of Clalins 21-32, wherein the nononer groups of

the 15 eni ssi diarplsilynmsy and thinphenes/feransipyiralgsyvithout eloetpon-withdmwing
triarylam ne groéjﬁi&navi ng the general fornmula -Ar3N- wherein each Ar is the
sane or differé&h §Sconprises a substituted or unsubstituted aromatic or
het eroaronmati c group. 37. An el ectrol um nescent pol yner device conprising
an anode, a cathode and the 20 el ectrolum nescent polymer of any of the
precedi ng cl3i The prgsni¢ bloekipolymee efiClaime 23 ik avharein theanomarerdgroups of the -

15 emissive polymer block are essentially not comprised of a u—ia.rylaminé 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.

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 of any of preceding

claims 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



- 38. A polyner field effect transistor that includes a sem conducting

pol ynmer positioned between and in electrical contact wwth a drain and a
source, wherein 25 the seni conducting pol yner conprises a [@30EC0g%o! yner
of any OVOM3®e®dsng clains that is consistently conjugat 9@1%5?9%23'0&5
backbone. 39. A process of making the bl ock polyners of Claim y reacting

t he nononers 4Qddprocess dfmakihg the block grolsimdrk of Brirm sy Rh&loh FhSPER of
conmbi ning and reacti n%] t?ﬁmg‘gé ndi vi dual bl ocks toforma single conponent

bl ock pol ymer. SPnomeryip 19ichloch. doliawel IpoRqustIip2aametnd ré‘aqﬁhgcess
f making the bLggk nal im.l b tion of a first set
monomer 5 t o or SatfoR sHEt hoBomek oAbt ERE bl S 2 singierg. and

reacting addit compdnengtbtockipotipi@ers for each subsequent block to forma
single conponent, block polyner. 21
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