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conj ugat ed pgbycsion '|i e pol yneri zahon chem stry shoul d be chosen with the
goal of achi eving o @ﬁ% o ensure
good .t her mal stab?ﬂgg‘“%& néffggtﬁllg ?ﬁ%g%?ﬂhx a\%%}émb]-l gh gl ass
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High photoluminescence (PL) cfficiency: In an efficient luminescent
polymer medium, radiative recombination is favored over non-radiative
recombination. PL efficiencies in excess of 10 % are preferred; PL efficiencies in
‘excess of 25% are still more preferred; and PL efficiencies in excess of 50% are

25 still more preferred.

o - Good film forming ability: The emissive polymer should have high
molecular weight; polymers which can be cast into high quality pm—hole free films
by processing from solution, for example by spin-casting, are preferred. Solution

- proccssabihty can be achieved by introducing flexible side chains such as alkyl or
30 alkoxy groups onto the backbone of the corj jugated polyiiet, The polymerization
' chemistry should be chosen with the goal of achieving high molecular weight.
_ Good thermal stability: ‘To ensure good thermal stability, the polymer
should be designed to have a high glass transition temperature (T ).
‘Balanced carier injection and transport: High eﬁimency light emitting .
35 | .diodes (LEDs) require balanced carrier injection and transport.. Ideally, the
| injection of holes at the anode and slectrons at the cathode should be equal, and
the transport mobility of electrons and holes in the polymer should be equal. For
o these condmons to be realized, certam electron withdrawing (and/or electron
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injection of holes at the anode and el ectrons at the cathode should be
equal, and the transport nmobility of electrons and hol esu@c{c,t;@[m@‘iyrrer

should For these conditions to be realized) n electron
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. 30 © Unfortunately, the molecular weight of the polymer obtajned using this method i is
' ' low. E.P. Woo et al. used the Suzuki coupling reaction for obtaining polymers
and oligomers of alkyl-substltuted fluorene (U.S. 5, 777,070 and U.S. 5,708,130). .
Although rclatxvcly high EL efficiencies have been achieved Tor green and red -
_ polyﬂuorene-based LED dev:ces with promising lifetimes, ‘similar results for blue
35 LEDs have not been reported (W. Wu et al., Meeting of the Society for
' ' Informatxon Dlsplay, 1999, San Diego, CA). -
' " Asaresult of the electron-withdrawing character of the 1,3,4- oxadiazole .

ring, certain low molecular weight aromatic 1,3,4-oxadiazole derivatives facilitate
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the injection-and transport of electrons. These oxadi azol e derivatives have
been used in organic LED devices fabricated by the vapor gdepgsibb@n net hod
(C. Adachi. T. Tsutsai, and T. 5aito, Apps Phys Lelc 56, 799 (1990); C_
Adachi _ T. Tsutsui, and T.~. Saito, Appl. Phys Left. 57,'531 (1990); U.S.
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~/ (2) whef& ah IW ﬁ“(&ﬁ y independently be the sane or different)
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ttiazolyl, cqxsmzﬁthbalan@ﬂmiry&uoﬁamhmm pyr| dazinyl, pyrim dyI ,

pytazinYl, t<iazinyl, tetgsapiiRy OF onNpenzot hi ophenyl i ndol yl ,‘
i soi ndaw yI benz] nj dazol €nzoiri azo %nzoxazol yl, qui nol yl,
i soqui nol yl, ci 'Eﬂdypﬁnthlﬂi%%‘%ﬂow therf&ﬁ‘l‘ﬁ"ﬁ%ﬁs& fhe pRgfaRhlYEsy | | phet ~i azyl

ben~ot et rammttmgcagmmilpplymech Hygmedding biacrgnlld vmjblbéaglztemmutmg)henyl acridyl, and

phenazyl-; € lab a substit ut ed
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group consisting.of h en , .alkyl a yI IaIkyI and all ey wherein
none ox one or ‘gﬁrséas %ﬁi??g'ﬁ F’F?‘t e‘Et‘r?8p¥ ?PC%%aﬁeéﬂ?&’@@d by a noiety

sel ect ed f9oBWYISIEE at leagf abo@ 20 rdpbatamits, whinhonayNiRlependiaglyienhesamb R, whi ch may

| ndependenyr diffeht, Ttﬁ't&eﬁeﬁf@ut@?ep?@s&ft&ﬂ@rtﬁéfoﬁﬁm“ ses a C~_| p~ saturated
acyclic hydrocarbyl group; vvherein’each x 1s the nunber of hydrogen atons
of Ary capable of substitution by R In a preferred enbodi nent, a

conj ugat ed pol yner may be provided which can include from 20 to 300 r epeat
units, which may independently be the sane or different, represented by the
formula: NN -r LArom~v~- J-. wherein Arommay be a noiety selected from
Formulae ( 1), (2), (3) and (4), and at | east one Arom may be sel ected
fromFornula (4): 3a




11 Cctober 2004 ~x (1) M-. . ~C ~X (2~ ~~~ RKRR~A 1. Al (3) . R 1~
. (4~ Each Ary, which may |ndependently be the sanme or diff@ctebr 20@an be
selected froman aromatic hydr ocarbon ring and a CZ+ aromati c heterocyclic
ring; L may be selected fromas ethynyl group and a substituted ox
unsubsti tuted ethenyh group,, each R which may independently be the sane.
or different an hy y be unsubstitutsd ar substituted by a substituent
sel ected fron1cyano gl t4 o, and hal ogen, may be sel ected from hydrogen,
aryl, alkylar aI al.kyl ,  wherej e or one or nore -CHz-
units of the ‘%&‘9""%‘?‘ %9‘%"‘%@?%4‘5)”@2 ected from-0O; -S-,
C2 | 4~ax3' 1, and =NR' - whereln each R, which may i ndependently be the sane
or different, may include a C, _,,~0 saturated acyclic hydrocarbyl group; and
each x may be the nu r of hygrogen atons of .Ary capable of substitution
by R. In further enbddi nents,|leach, R may include from1l to 100 car bon
atons, nore p(BferabF@Vfrdn11AVo 20 carbon atons. Each R nmay include from
1. to 20 carbon ato The aromatic hydrocarbon ring nay be selected from
phenyl, ffuvrenyl, bi |, tetphenyl, tetxaphenyl, naphthyl, antbryl,
pyrenyl, and . phe he aromati c CZ+ heterocyclic ring may be
sel ected fromthioph ,L pyrrol Yl, f,,~tanYl, ;,uidazolyl. triazolyl,
i soxszol yl, o&gzolyl oxadi azolyl) , fuiazanyl; p3'ridYl, bipyridyl.
PYndazi nyl , PY=dyh PY~Yh ~~Yh tstrazinyl; benzofuranyl, benzvthi opheayl;
i ndol yl', isoi Mmlaydh,Aryb&hclzmyﬂnd@mdeyﬂy bdjhmsmierdrdrffal-e;at js selecizdxazi il yl ,

b e oy L
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units ha\ﬂcﬁ@’»@ﬁam Foznaul a (4) may range from about 0.1:1 to about
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t he presen ti

i rOV|des.a process for repar a wherein
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hydr ocar daﬁfr#&t ﬁnﬁcﬁrb .wherein the
aronat i cq%y r%@g? oﬁ‘e@ll %mﬁjs seﬁg@{ asnic?ﬂorenyw Lg’hcn?ﬁ),
tetrnphenYl , pyRemrmcachx 1 the munbes obhydrog enyitoms ofAryrsapihle BIHORDE ring is
sel ec~bed Brom pym yl, furariyl, im dazol yl, triazolyl, isoxazolyl,
oxadi azol yl , furazanyl pyri dazi nyI pyrim dyI pyrazi nyI , tx~lazu~yl,

tetrazinnyl, %é‘gfe}‘ff@&xgo’dfmﬁnp %Egalte%g)ogm}/‘maagg ]'i)?rl ?{g?d | soi nda~ol yl ,
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car bazol yl;a,medirldﬁ‘ﬁzfmf me;ﬁﬂyﬁtcdlﬁythef&mmbi ophenyl aoridyl) and phenazyl;

Aronl-{ )—-——

wherein Arom may be a moiety selected from Formulae (1), (2), (3) and (4),
and at least one Arom may be selected from Formula (4):
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wherein L is selected froman ethynyl group aad a substituted or
unsubstituted etheayl ~ group; wherein each R, which may indepeadenily be
the sane of different and which nay be unsubstituted or substituted by a
subst |l tuent selected fromcyano, vitro, and hal ogen, is selected from

hydr ogen, aryl, alkylaryl, arylalkyl, and al kyl, wherein none or one or
nore -Cue- units of the alkyl ®.e replaced by a noiety selected fromthe
group consisting of -0-, -S, qZ i~ aryl, and I ~R - wherein each R, which
may i ndependently be t saHEunm—d+#ferent conprlses a CH~- sat ur at ed
acyclic hydrocarbyl group; andg5 L@ Oct ober 2004 wherein each x is the
nunmber of hydrogen atons of Ary capaﬂne of substitution by (ii)
pol'ymeri zi ng said di cafrboxylic;acid th said hydrazine salt; and (iii)
recovering a conjugat ef@poly Y TrAYr ot her enbodi nent, a process for
preparing a polyner as descri béd. above be provided.. The process may

i nclude the step of providing reaction{ m xture including a hydrazine
salt, an acidic reacti - mediAimT—akd—aAdrtarboxyl i ¢ aci d) wherein the

di carboxylic, acid, which may. i ndently be the same or different, nmay be
represented by one of For mul ag_. ' (f), (3') and (4'), and at |east one
di carboxylic acid may be r Formula {4') {I ~). HOOC -~ COOH
HOOC- Ary- - - - - Ary- COOH, . ~-~) l -Ary L Ary COOH, ~d (4.) . R
wherein each Ary, whic, )nay i rRlepeirdent |y be the sanme or different, may be
selected froman aromati'c | hydrocarbon ring and a C2+ aromatic heterocycllc
ring, wherein L may be selected froman ethynyl group and a substituted or
unsubsfitutegmgnheaﬁ&hgmpmmmaWhewebmeeaehrEﬂhﬂhkmmbmmymhhﬁﬁmﬁndentIy be the
same.‘or diff ok chg&Pweﬁr B Gih RBY CR %Hﬂ%ﬁdcm&esig %awps%ieg&aﬂ ed by a

substituent m cyano, nitro, an e selected from

hydr ogen, aifgam amethymd gyqup sad i subsayted W‘AIPW“? %H@?Yéigﬁ’“ﬁaﬁ”é’ one. or
nmor e - CHZ-  wiliiétbmey iddegendehdy behy sdige ordiffarenchudywhiclhmiagby sel ect ed

from -0- e |ndependently
be the sane‘fﬁm£%P+£x ﬁ%ar>ay n%ﬁ“yg&ah%d%aﬁaﬁg?lPﬁhbghagﬁﬁﬁ|c hydr ocar byl
group; and \hhlegeelnlayévamdcddialylhb@%cn@rym&bbwl ofylaiytiansgbinl, whaseis of Ary
capabl e. .of" %Ulkb&i} bﬂel& hﬁfé @Mz- Bnits bh@e ﬁlWai]'bé‘@plﬁJe@Bﬁa @bieth BecREOCESS NHY:

o ude, POl g1 19 E0S, SYE RRPC e i\ p SRS { 1,
process, thé)Cﬁymd@?@etlmawm%}u%écsmsééﬁa@@aqyﬁlﬁwdrwmwyﬂﬂa’z@ﬂe chl ori de,
hydrazine Sléhcfh@(tr&ybaﬂﬁnﬁhb&blﬂ‘r@drbﬁeﬂh@ﬁlﬁofAr'th)aﬁebﬂubsumﬁénhyrR medi um may be

sel ected from an _organi c a id, an i xtures thereof. The
aci di ¢ reaction MRBFlFH Wﬁ@FJﬁQJEI HF ogﬂﬁ@ﬁﬂ@ﬁﬁ% met hyl sul furic
acid and at atoerasmoralpmﬂ@rahlyﬁwm 1/to B erspivcatanss. pféhla Bxhayancludedromple 55 11
Cct'ober 20040 20 @&ktiod a®imst TBe BlofialidIydckiGoRfhgimiPod Rizcley domzi ne salt may be

at | east abouyt 1:1. Th L] I hESS‘than
About 12 hodhealigront ket e Fpebi bRy C R SRR Rty flen
congentrati (pnena{thxgll &‘hedmngtichhatgmdydmmtgmawbesnlﬂﬂcéﬁomﬂmnl}@‘éﬂ may range from
about .20 rmig 1,30QH Lﬂﬁiﬁaﬂﬁl iaddIf, Qbﬁéﬁty@w&cﬂy@ﬁﬂﬂwmm include a
mxture of d gqe rboxyl 1.c .aci d .% ]
| furazanyl, p)"n y blpyn yL pyridazinyl, p yl, pyrazinyl, trszinyl,
| o _tetrazmyl benzofuranyl, bcnzothmphenyl, mdolyl isoindazolyl, benzumdazolyl
'benzomazolyl bénzoxazolyl, qumol)l 1soqumolyl cmnolyl, qumazolyl, iy
-_ _naphthyndyl phthalazyl, phentnazyl, benzotetrazyl carbazolyl, d'beuzoﬁn'anyl,
'dlbenzothmphenyl, acridyl, and phenazyl. Where Arom i n:prescnted by '

o Formula (3) the ethenyl group may be of a formula:

\ ___/.
R,/ i h



Formula (4') and at |east one dicarboicylic acid of Fornulae; (1'),'(2")
and (3'). The nole ratio of dicarboxylic acid flf Fornmul ai Odiopert2004

di carboxylic acid of Forrmulae (1'); (2') arid (3') may range from about
0.1:1 "to about -10:1. In yet another enbodi nent, an el ectrol um nescent

devi ce may be provided which may include an anode | ayer, a cathode |ayer
and a polyner |ayer as described above: The anode | ayer may include a
conducting nateri al havrng a work function hi gher than about 4.5 eV or rnay

be -selected.fro W, nductrve
pOI yam i ne, hgrem U% % \glg{: ylggrltno%pcéh&lnﬂy Bé)ﬁ)iggme Osf% f?é?érf't'rﬂlay%

nauc,
pol y( et hy| erfeleptsd from g@ﬁé?““Wﬁﬁ“hh@ﬂ@”*ﬁ@@Paﬁ?¥59dc?h@VEde an oxi de
conpound, for exaﬁalf@—rhetadbwmltdtnh@ydlﬂﬁerﬂdyen&ﬁetfmezdtamo may include a

]Enra'grenr ;?Lmhﬁ\lj:# t UIIII'[S or rrlr(ﬁ:l}]: lflm u%l'e '9 rlr}}{)lea?mu,r%t w}'ter%?l A@QB'{S re%]egengg di umb € tst61“ Ieﬁ';ned |
magnesi um  dadenum(4). B&Fﬂwﬁpﬂl@f cm‘aﬂﬁlm@ﬁtoﬂlF WO qfr!eBPéE unitsdieming di nent,

the thickneggofd of H6reR ghumaéeyenz @lo%chtdrﬂtﬁﬁa% AreRQfFokfR@ Nm nore

preferably I'ess than about 200nhm he t hi he ‘anode | ayer may
range from BEXTRYEANEESTN 2bopt vl (Q2benbik - %%ﬁfﬂﬂ%@“t%ﬁr WENESS of the

cat hode’ IayeqqmﬂynﬁaﬂngMcauﬂbéhmeubmammmgmupmmybcG@ma@mﬂhazoo nm The
device may gddihi@9ahd,y i nclude a hole transport |ayer,. wherein the hol e
transport’ Iayer S posrtroneg bet ween the anoﬂgﬁla er ?nd t he

pol yner . | ayer. Tho stondapet 56 PIesTa yFIYMP IvVHEr AARCSS 'Ur yI at ni ne or . .
pol yvi nyl carjpragehga pdipder, whekinegid pofcedsirembindes: t r ansport | ayer-nmay be | ess
t han aboutt .104 pun: The,, elect | um.nescent tio y
i ncl ude a support )] payiding, a1 8? a“FW%%Eé %Yornf gﬂ¢ e%%%%le a
gl ass organi crcqotimymsilwmmﬂ sadicqrlxylics acid, - wheysést w*mhtpm@ igfompnt e;
pol yol e . fininfpchaafly b8 HXhRd\G different, is represonted by bRy FFGAMA Y and (2°): | i
~ L tany e~ ipe e e S, .~ . L . . . _ ..~ . In
fwther preferred errbodirrentR t he a‘%de | ayer may include a first anode

~ lajrer .and -2l de_taxe _Vr&bgein the second anode .layer is
positioned . bet en the fii'st anode’ | ayer afi% the .polyner |ayer; and
wherein the, second . anode "layer includes a different material than
the first anode layec. -T kness of the . . second .anode | ayer may
range from bout ~0 niHoOG Gbowm : The first anode .l ayer may
"“include indiumtin-oxide e second anode .layer may. be selected .
front conductive2fol yanili uctive; pol ypyrrol e; and conductive .

pol.y(et hyl enedi oxyt hi ophene). The cathode | ayer may be a first cat hode
| ayer -and a ~ mre@mbéw,m@mm@mﬂu@amwemdmwmw second

| ayer can bﬁomﬁeiatnl chﬁmnhbﬁﬁ& &[G&afbﬂiaﬂ@ riff) hhbdem RO ymer

| , and, di f t
rmtortar ¢ hERCH bR or R0 el B Sunidifile @%a%ﬁ%ﬁm L EHED e
sel ected fr phnnanthmt. audtheﬁz@etewychamw glontpd from pymolyl, émvbn@ldamlxlm um
fluoride, didabdlf gmmy@mmfmww%d@néﬁh akifil, second

 al
T °*stgtr§”f°rr2 rrtJa’c iPhode | ayer

may be sel ebengeiriazolyly benzoxaselyd iqninglyli mmqomapmna%mm@t%mhﬂwd f
t he. present mﬂmm,lpnamﬂyl Gefd@iradyl) @itRgY]] dibendRindngt)i digneiMogiRnyla t hi n

filmmetall. origg%dﬂg%%ﬂ devi ce, an electronic devi ce, an optical device,
and an optoel'e I C_deVice including the poh%;er descrrbed above may be

provi ded A thi rdwlwsepebtw seflected dromy ansethyny] expum an
conprising thénybgbaiyer described above. A fourth aspect of the present

doscri bod SLSX'J‘&%@“#V?Q el 1y 3PN 6 SGRIH ABbils Sl YR
metal or nemay balumepstived g strmbmn%tbrttmnt eﬁl@bdtﬁmmcmmm gV, The
devi ce may Eau@n,aismécmxdmﬁa@eﬂaﬁvlmm taﬂﬂalksﬂcﬂnwmz wh&eifﬁtohears a. thin

buffer |ayer srtuat bet pol ode | ayer,
where the b5 &My F’Wg@) Q‘@fl @E@fl%&éﬁo@?p Fl?o%o "Pan

.al kal i ne eenmhtﬂiglqt'o@i,c%, Can apillend -NR'x iwdereineach R “&ich@ayn@depmdpﬁl)'oxr de. A
fifth as pecbe @b sdoftr BfRRAN ConpidaalC) Qd) sdtiratéd atgslichyHooirbyl @tdupj endcel |
conprising the polyner described abgve. The cell may |nclude a cat hode

| ayer including a netal or netal allFoy: having a work function | ower than .
about 4.5 eV. The cell may have a polyner | ayer .including the. polyner, as
wel | as a thin buffer |ayer situated between the polyner |ayer and the

cat hode- | ayer, ~. where the buffer |ayer may be selected from an al kal
fluoride, an alkaline earth . fluoride, an alkali oxide, and an al kal i ne
earth oxrde ~ A srxth aspect of the present |nvent|on provrdes a

o o o o o .1




7 11 Cctober 2004 In a further enbodi nent, a nmethod for preparing an

el ectrol um nescent device may be provided. The met hod nay1 Daebetd@opr ovi di ng
a pol ymer as described. above, . preparing~a solution of the polymer in an
“organi ¢ sol ventwhereieack x isthenymberof ysrogen etome nf Aryzapablelnd sutmtimtiontsr eby
formng a pR}ynmer Iayer on the substrate. The organl c solvent may be
selected fromt rof .Jran en t ober 2004 WO 01/ 77203
PCT/ US01/ 10026 e(ti Pﬂémcﬂﬁ?}@ﬁﬁ?ﬂfg it i P8 er eof . The

di ssol ving step (miy rmwcuneammvgnginoﬂ}mopol ymer to the solvent, stirring the
m xture until a clear solution is fornmed, and filtering the solution. The

di ssol ving step fgaa%ot%erem uct ed at agout rqom tenperature. The casting
step may include & casting MEth8gsess U PEP PR By Bgsian desashedng,
di p- cast i ngaboye @aybca@pwﬁ - Thd preceasmiynigcludattie stepkofl et printing. The casting

step may i gsg),chbng ubstrate at a cast
speed in t%wgglbe .Of aggﬂiﬁ%o giPp t@gllba%%lhggt’%ﬂ&c‘rdbrﬁe poI ynmer | ayer

may range iAUHYe Abe dcubexplicmciipohich mBR EF
DESCRI PTI Oidegendenity BRRAMaNEST diffedehtGnaylbe(represéhicdbype ofFotraglhd @), i ne) and

phot ol um nS%CB'j Gl (@5 Qhd ﬁqeakt' oﬂ@&wa’i&ﬁ&ﬁé ﬁldc}ﬁaﬁ F@% /&b ?'Formula

of . pol y(f | UGF éne- oxadi azol e) from Exanpl e tion (dotted l'ine)
and phot ol dfrescence (soI id. li /32( spectfra of a film of '
pol y(phenyl ene- oxadi- @zyi e HOQGmT ampCeols. . FI G 2 ‘El ect r ol uni nescence

em ssion of a pol yrre s |g|9,¢ootpa_t ng._ﬂ \u_cgo S made of - pol y(fl uorene-
oxadi azol e) &oiri |l e Curre t -Vol t age dependence for a
set of light em tt| n evﬁczz)es w'gh diy Her@?ft tﬁ?%emd

Lumi nance- Vol t age depepdence forRa sét of ht em tting deV| ces vvlth

di fferent um ef i enc S nction of drive
current fowg&léet %Wcﬁﬁé%%d%&dﬁ%ﬂﬁg Wh& f’%{%’g‘?sgﬁf@(go t hi ckness.
FIG 4 Ext SPAT SRmefic Wﬂmy'ﬂéscmwmewcmhqm odicraint f or

pﬁl y(fl uor Enenyb sdiced Gbe)an bhgyl gr@IprahdlML&)ﬂﬁlt&%Yhﬁé%mfué@ G ed wit Pf Ca as

t he cat ho m efficienc
as a functlﬁmgﬁg‘?m%?\ﬁéhc rre%m%g?ﬂ@g& @%ﬁﬁtﬁ '%° %gﬁ%ﬁg "g | i ght Y
eni tting dEIBIRaYfegsbshged o tsH'Eﬂ’E‘%W% !yemwlentyﬂ@anbmub,e and

pol y(et.hyl sivedndhajopé, mpﬁmel)ctdﬂ%frﬂiyd:bgwam ah@lﬁaﬁ&ﬁﬁ@]am(ﬁeanaamylel ectro_

um nescen@vh&aﬁydx@&&gmn&bm el te%lﬂ%l 6 Phot ocurrent as

gereq Ceg
a function | §9g 1N a P?‘n %’ﬂ VFY uor ene- oxadi azol e)
from Exanpi EF%@WF(?‘G PIM)WE@F\%TNRV n‘dhzbmaaf “wavel engt h in a

phot odi 0 d eindepélRently b the. sd! oY fitkrdmy lﬁﬂﬂn&ﬁ&@g bal%o%latﬁx)ateé heythe
hydrocarbyl group; and wherein each x may be the number of hydrogen atoms of Ary
capable of substitution’ by R. The remaining steps of the process may 1nclude
. polymenzmg the mcarboxyhc ac1d with the hydmzmc salt and recovenng f
: conjugnted polymer. U : "
_ In a further embodiment of the process, the hydrazme salt may be selected ﬁ‘om
' hydrazme ch]onde hydramne sulfate, and mlxtuxu thereof. The acidic rcactlon
medium may be selected fmm an organic acid, an morgamc acxd, and muctun:s
thereof. The acidic reaction mechum may include oleum or a solutwn of |
N _methylsulfunc acid aud at least about 4wt. % phosphorus pentoxide. The mole

ba



FIG 8 Electrolum nescence spectra from devi ces nmade according to the
procedure- described in Exanpl e 29. DETAI LED DESCRI PTI ON! [GBetdthdi= 26REFERRED
EMBODI MENT 3 5 The foll owi ng description and exarrpl es illustrate a
preferred embodi ment of the present invention in detail. Those of skill in
the art will recognize that there are nunerous variations and nodifications

f thi t t Ol £ 203
O Tl e kB0 SRR nd CRARBES ERPROR 08 F1E0
enbodi ment . polgnietizingistepanayceneadduced foriless than aboup¥2 haurs heatm esent
t | lar .
Sty uct ure ol LR iheE e a0 SRE Dl f?‘%eﬁ&&"%&ﬁék‘e?;r A
pol y( f' uor ethe-reachion aniniug mayarqmb Jiomr ghous 28 mm & ébous)ﬁ%n}m/éf fed
embodi ment:,. dlﬁﬁrb%gﬁi%é&ﬂ“gyin Cf,lu rﬁg%o’faﬂeast on@@laﬁlrﬂoxﬂlgaéig Jfn a preferred

enbodi ment, fferent, are

sel eclt ed fermyd(%genﬂatdmyonc@wbcx mcalqtfﬁ (&|)k{2| hangd (3 Jhe al kyl
aryl, ar y't alrky hol@ﬁ@lo%l’hléh%bxlh&édwaﬂmlb@t yt&tﬁ&zirbm%ﬁii de?]cit ome or or e
cyano, nitro, .or gQ r e.s chai n,
b)r/anched— cﬁﬁl‘l\“a‘tw ?% H&FOEWMW&QSW&WQW ogboy ﬁé{?oups preferably
cont ai nol;]rom ! tﬁnletéloﬂﬂépexﬁtﬂﬂbﬁbﬂt aﬁaeair,omamﬁeecdafﬁvelealaybef rom | bt 0 20I car 3on
atons. One or may be repl ace
by anot her axip&gv d Y/lhlolr may mclu an an%{eqaﬂgﬁlﬁ%thodega@mapglyﬁlép y g ap C ~ i
00 sat ur at elhyacgaﬂesmbcﬁdbowr’ﬂwlangdower myy;qlndq:@qondwtmgdnmaal carboxylic
acids, di bfﬁ%@ll{@fcﬁ?m cfiod hights (ATMEIRAS b9 & nfdy B RIed rngbld prefer abl y

usi ng” about ercen reater i um T esiumis
pl aced in asnl‘l@smc@hcpopp@h@éﬁﬂélém petiveo); Y l‘lﬁe@‘?l‘dPSUY Pﬂfﬁ‘éle:pr ocess is

Cnder an | i coifl mg‘g”éh%‘%@?z%ﬁg‘ﬁgﬁﬁl‘%&?’ﬁ’g“e Al By nitynclie anp o1 o1 201 ¥

i odi ne, - pr ef’éldﬁlSP?lPP% foriexamplooindiy t'l‘i‘gox“g%eﬂ" ‘};ﬂdgi*ly“f gxagrlgglgﬂ?al n the

Em egct I OPl m l&la‘tlérl%% hdvifg mdrlaﬁmgﬁoramgﬂ temfaboat 4. ﬁchbrthemerle’cled(frmme 25 . t=
ronof | uorene (prefera aboy percen

and nore preﬁlg‘r‘a "g‘d bltéh %‘gélntcli\ﬁ#)%rrgﬁﬁgﬁﬁ] t Y OHi d@bﬁg%n sol vent -

(preferabl ysmaammyhﬂrmﬁunabgnumoaldd-ed in-tw porti ons The first portion of

t he ’ SOl ut I on I | %gano CI'C l)OrHl en?lth lCﬁﬂI?ig of?l%c%ly%li].ﬁla% ”g%l::cat eqj by t he

di sappear ance of e ¢ ST oT T om ¢ e’ renai nder (,l)f t he
di br onof | uoﬂ@n@msdqou'tl()@%nmsmg@ Ptmlbaldﬁé@nc!b%\%?% to the mxtu

General |y, qqlekﬁal‘élesd-OMb'ﬁnodéllﬁ dinﬁiayrﬁﬁ ﬁémbiewéenhbumsmlgﬁw ebdutxi ng is

To' prepar ot AOPRMEHBRKESR 6 s’h%ca 098 er i e gfom Aeivigkp ERRl GRS

di br orof | uort@aleoutaoenmt ddletdevncemaytaddpmnallwmhulndlmlp earspes lajeount of dry
ice 35 (pref tike i s shaken
i Dt o5 ateRlh Yo TR b 10TBL & pRSAGRE] Borher B Soaeifertidie e | S

m xture. Af tpetymﬁéamc&ehdmwodflaxﬁrmydeclﬁﬁ%%Ml?@?l&?86 ‘about 5000 nol e
percent..of - szleaqthlhicﬁn&G%ﬂletlfbléﬁﬁxsbeﬁllaiywma lbelessltldad i ed residue

hr ot s sbewa 00T BN e TRy Rty AEE R, | o

t hree tl mas
dried over: ll@ﬁ@maﬂ@ld&fra&lb&llﬂé &imn?fo:feﬁcanbh: aglaseatan drgasiopolsnarddeld and the

product . pr; em lattgr poalsyst%sl'réll/(eH t(lyr: ngte \f\)’gly(ollﬁh,saxldl?dlyétﬁﬁe&e ed by :

filt rat | on
terephthalate

In further preferred embod1ments the anode layer may mclude a ﬁrst anode
o 'layer and a second anode layer, wherem the second anode layer is posmoned S
N between the first anode layer and the polymer layer and wherem the second. anode __'_ '
B 'layer mcludcs a dlfferent matenal thari the ﬁrst anode. layer ‘The thlckness of the _
R second anode layer may range from bout 50 nmto about 300 nm. The first anode _'.— o
. layer may include mdlum-tm-oxlde and the second anode layer may be selected -

¥, from conductive polyamlme conductive polypyrrole, and conductlve . o
D poly(ethylenedmxytlnophene) The cathode layer may be a ﬁrst cathode layer and a | L



Furificarion of the fluorenedicarboxylic acid is inportant in obtaining
hi gh nol ecul ar wei ght and pure polyners "this purificatidOaetrer @4carr i ed
out, for 10 exanple, by recrystallizativn fromen organic solvent,
preferably from nethanol. Suitable fluorenedi carboxylic acids that_ may be

prepar ed accsafodd%oﬂé’layéﬂ&vlﬁl%@lftﬁeﬁ%nb er‘c@ﬁbé’ﬁb oned etwe teﬁrt

5 oo (- oyl hel el ekl CHRER S It s |

5-trimet hyl hexyl} uoxe éb’ﬁ? 4 6rrfmb‘f Non- f | uor enc

Aryl Di car bdIoidr @ diffsieatanatasia) thangiefirsticathodedaypw ITh Secardreathededayedi azol e)

Cont onpl at ca™afBERHETEL frgfla el 807 R R obbBhNad. Bi5aRER, Flnishoy | o

aci ds and noﬂuqudfoﬁlélﬂéumrw cdhmlabammymldc atheithicknbss ofthesgbed cathddect ur es of -

(2" and ?g‘aiﬁ*"’**%# e RORIEL AR BPU . T Jalote Wt iyt )

" Ary- COON ( ~§ Elurmmny a@d)@lrlerzsd the Sac‘mdeqa&mdelhyenbmyl beseltcte® whi ch

may independﬁsﬁﬁllc)gslbﬁ;g,,hq,aﬁgﬂie or. di fferent are sel ect ed from bydrogei a,

al kyl, aryl, arylalkyl, ad Ia| the al kyl, aryl, arylalkyl) and

al kyl arvyl groups&?ﬂ%‘“ﬁ ?&E@l"?‘ 'l‘.lt°§ qﬂfﬁ%ﬂ@nwntmedwéymlemwe or

hal ogen, groam:hm@dwiccgaﬂutpﬁlm%om@ﬁrww débié?rhnégf&r‘%ﬁle&@ a% Lty

307100 car boPseERE I R Rcoan ey B R e ot diteiss e Fom 1t

of the - Zﬁb@;‘fcdl}ﬁ)@x@ro‘tld?é al kyl group may be replaced by another group .
| udi . Is:a & _100 Saturated acyclic

i ncl udi uag p

hydr ocar byl grouﬁﬂ'&lﬁll\gpeﬂ&n&?ﬁfﬁl‘t‘Q‘GBHOW‘O‘ES?TIZUSCWIS%G&G/ 10026 The

subscri pt x nobmreedegsonbksl abére. nunber of hydrogen atoms of Ary capabl e of

substitution by R In a preferred enbodi nent, Ary conprises an aronatic

hyd b aronatic
hydr ocar bon dS? oups ﬁluﬁéQﬁrﬁ&%@*w&%}ﬁ"ﬁ%@%ﬁﬂ“v‘fqe%rﬁa%ﬁwﬁ% AP phenyl)
e e et
aronatic e et 1 avee ineQeli

d [yl z a xagol xadi a ura
oyr iyt b ﬁfl@g}. o bt SRR 8,50, PRl piay BEGE 2 Bolmer laaypmf g
tetrazinyl, mlmr,amywell ab etizio bhffeplaperysitnated tietiveen thepolymiardayey bnd
benzi m daZO'tyéoatha&erm%mmlrwk}ye R gc‘tEIdXilom Lln&n?ha/olndT pg0gui nol yl,

ci nnolyl, quinazolyl’, naphthyrid t ha azy entrlazy benzotetrazyl,
car bazol yl , aH‘iab‘éﬁﬁﬁfﬂhﬂwe a“allﬁ‘b@ﬁ 6talfl iap phka rihcoXidey| | and phenazyl

groups. The I nkl&@?tlﬁisﬁéé?oﬂ-th&ﬂé:;ﬁﬂ nb?r?pr@ﬂflt%tarp%g%yoﬂlc up or an ethynyl

group. The ethen ro R~ Rx V\,herel n RL .
and R2, whi Cchmpgxgngﬁl% éneég?ﬁ‘-i aa?‘fef dhefall mayripclydeaact ed from

cathode layer including a metal or metal alloy having a work-function lower than
- about 4,5 eV. The cell méy haye a pOlynier layer -.irleluding the polymer, as well
asa thin buffer layer situatec_l between the polymer layer and the cathode layer, -
" where tbe buffer layer niay be -select.ed from an alkali -ﬂuoi"ide, an alkaline earth
. fluoride, an alkali oxide, and an alkaline earth.oxide.
A s1xth aspect of the present 1nvcnt1on prov1des a photosensor
. comprlsmg the polymer descnbed above. The device may further .
. “include a cathodc layer mcludmg a metal or metal alloy-having a work fllllCthIl o
lower than about 4.5 eV. The:device may have a polymer layer including the |
'polymer as well as’ a thin buffer layer srtuatcd between the polymer layer and the
cathode layer, where the buffer layer may be selected from an alkali ﬂuorlde an
alKaline earth fluoride, an alkali oxide, and an-alkaline earth oxide. -



hydr ogen, cyano, vitro, halogen, C~:20 alkyl, and CZ+ aryl. 20 The aryl
di carboxylit acids described above are avai | abl e connerciﬁé&meg&Mnay be
prepared according to synthetic nmethods well known in the art ew
exanpl es of suitable aryl dicarboxylic acids.include, terephthallc aci d,
2, 5-di al koxyt erephthalic acids, 2,6-naphthal enedi carboxylic acid, and

2, 5-thi ophenedi carboxylic acid. 25 In a preferred enbodi nent, a

2, 5- di al koxyt er epii Dajriner épfodintRY a AR héd ek prépaRfigpar e certain
poly(aryl oxadi azol.es) .. The general fornula la for a -

2, 5- di al koxyan eleeifohuntiaeseent devipemayseprnyided. Jd swthodomey i providing@OH, RS0 In the_-
for mul a, R5. Bl mBﬁa@d&cﬁEddadb@b\é ﬂ @s&lunotropﬁlcqio@ther iRfaReRRE-Cchai n C ~

ot the “ab 'e,ﬁplg,%?fs\ns@ Blngre e&utwree?(tg@kﬁ s e o &&&@x@afﬁ@ergrno{“ﬁ .

group sel ecighebiiRite. @hcoxgﬁncsotv@ﬂmayﬁé@leazd d frdeft teBhykirofuldn, toferd, ST T ai ght - Ch&}l n

Ct _t oo alkyl, branched-chain C~ _~ oo alkyl, or cyclic C 1 ~ 00
al kyl. One or nore of the hydrogen atons of the 11 11 Cctober 2004 O -1o0
~kfl ['1"muP may be replaced by a CZ 14 alkyl or CZ la aryl, Preferably, the

C~-app al kyl groups conprise C~-Zp al kyl groups. To synthesize a
2,5-diallcvxyterephthalic acid, diethyl-2,5-dihydroxy terephthalatc is
first oxygen-al kyl ated by an al kyl halide, e.g., alkyl bromde or 5 allcyl
chloride, - in a non-pntonic polar solveant such as D vl 50. The m xture of

2, 5-di al | soxyteraphthalic acid, alkyl halide and potassium carbonate in
DVBO i s heated under as inert atnnsphere such as dry nitrogcn or argon. The
al kyl halide end potassium carbonate are preferably present at 200 nul e
percent or nore. The reaction is preferably conducted at a tenperature is
preferably between 80-110C. 10 Preferably, the reaction mxture is heated
20 hou~rss or nore in order to conplete the al kylation reaction. The
reaction mxture is then poured into water and extracted by an organic
solvent; preferably ethyl acetate, at |east three tines. The organic Layers
are conbi ned, washed by an aqueous sol ution of potassium hydroxide (5

wei ght 15 percent or less), then dried over MJS04. The etude product of

di et hyl z, 5-di al koxy terephthal ate’'is obtained after evaporation of the

sol vent. The crude diethyl-Z 5-di al kQxy terephthal ate gay be, converted to
2, 5-di al koxyterephthalic acid without purification. To do so, it is first
di ssolved in ethanol (preferably present at 1000 wei ght percent), then 100
wei ght percent of 20 . potassium hydroxide is added to the solution. The
m xture is then refluxed for at least 2 hours before ii is .mxed with

wat er preferably present at 200 wei ght percent of reaction m xture. After
the aqueous solution is filtered, it is acidified wwth SMHC and the
resulting precipitate, which is the crude product of

2, 5-di al koxyterephthalic acid, 25 can be isolated by filtration.
Purification of 2,5-dial koxyterephthalic acid can be done by
recrystallization froman organic solvent) such as ethyl acetate, or a

m xture of . ethyl acetate and hexane. This procedure nmay be used to
prepare a variety-of 30 2,5-diel ko~:-yteiephtlialic acids. Preparation of
the Polyner . The polyners and copolynmers of this invention have from 20 to
300 repeat units, which may i ndependently be the sane or dlfferent
represented by the f ormul a:
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35 J 12 11 Cctober 2004 wherein .Arom which nay_independently be the
sane or different, is a noiety represcnted by one of Fornmubaebéroo4 (2),

(3) erein at |l east one Arumis Fornmula (4): t R~ Ary
ﬁ?(’ry Mry Rx: Rx Ary L / \ (4) 10 and wherein eacﬁrlg/l,azga ,

and each X are as des above. D|ff rent [ ons of rep unlts

based on 't he X}ls8¢de ?fﬁ‘?ﬁi? p fid mixtures £ ‘ir?PfVﬁ‘EBEF? YHBoTRR $rap e 'ﬁi‘i’d

fo)pol ymers. bﬁdih@lehdf fiakr tlurrhé scﬁﬁﬁ‘w rstxsﬁﬁg &ergi;thac (il mbar solufion is -

uor ene-vxadi azvyl e 0 nd om 9D

{1 tior ene. ox ad?ih End AR Rl TS Gty S b G B S abons

prepared. Pr eécﬁn admhperatutee Thercasting ste;t inay driclide recastiee methddazletied fronmon

fluorene aryl - ] xn about -

0. 1 1 0o aneiPigeind dcssling Hib-LARRETRIPRR KRR b ofBREE BRED OV

non-fl.uorene castyigaktmjnaozmbbldmpm camngi polymer solitiomoadio thelsubsttate gt axéast he

polynor if t Iy %rr@lf b

fl uorcne-vxa ae?o éhétqoaH on- abeuordeb(r}gm U°§‘g§2§’<§§'§zgf‘gg%&f‘f&S?Y\Q}Iemé‘ym uer

col or eni ssi ngefin thiekngpsfromaboy 309 AD08A-anot her | ower band gap

nononer. The process for BRIRF Immowlgpm{gm\mlq@gdl azol e) polyners

and co ol ymers of i.nventTon | H strated by. the Tv o equati.on,

whi ch 1 ep| cts the Fﬁg ﬁd@i%‘?@ﬂ?m& (FCQHJd %@Bﬂé’ﬁ@%{‘x‘&?s‘:@ﬁo&i R%)dl azol e

and. a non 2Spédtrawfarfiimaofipolygflastene-ok&liazle)dqm BEdamglet R (lE)ad;mdrpudnl ) above:

EB 11 Cot O?&otte%qgl%) ¥Q &%tgl&%?nescenc/ kj%%l/lm%?gpectrgoﬁa Bhﬁ ofx) HOOC ~ =~ ~ ~ ~ '_

COOH _

poly(phenylene-oxadiazole) from Example 18. _
FIG. 2 Electroluminescence emission of a polymer light emitting dev1ce [\)
- 15 made of poly(ﬂuorene— oxadiazole) from Example 7. '
"FIG. 3 (a) Current-Voltage dependence for a set of light emrtnng devices
with dlffere_nt thickness; (b) Lur_mnance-Voltage dependence for a set of light
- emitting devices with different thickness; (c) External quantum efficiency as a
function of drive current for a set of lrght emitting devices wrth different
20 thrckness ' s
FIG. 4 External quantum efﬁclency asa functron of drrve current for
poly(ﬂuorene-oxadrazole) light emitting devices fabricated with Ca'as the cathode
and with Al as the cathode.
FIG.5 'External quantum efficiency as a function of drive current for
25 - poly(fluorene-oxadiazole) light emitting devices with Ba/Al cathode and with -
polyvmylcarbazole and poly(ethylenedloxythlophene) buffer layers between the .
electrolummescent polymer and the indium-tin-oxide anode. . ;)
| FIG. 6 Photocurrent as a functron of bias voltage ina device comprrsmg
_ poly(ﬂuorene-oxadrazole) from Example 7. _ : '
30 “FIG.7 Photosensrtxvnty as a function of wavelength ina photodrode made
' wrth a poly(ﬂuorene-oxadrazole) film. '
- FIG. 8 Electrolummescence spectra from devices made accordmg to the
: procedure described i in Example 29.
| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

35 - . The followmg descrrptron and examples illustrate a preferred embodiment

-

- of the present invention in detail. Those of skill in the art will recognize that there
* aré numerous variations and modifications of this mventlon that are encompassed

8



(x+y) NHZNH~.HCl _ Rk RRacid L L\ ~~\ (~ NO-~ x ~ AAy~O-~Y ~n Rx RR
(y) HOOC- Ary- COOH To prepare pol y(aryl - oxadi azol €) honopal yeber 200¥ |

di car boxyhpfrgs d and hydrazine salt are preferably pres he reactlon
m Xt ur e)“:/n fe%qua nol e 5 percentages. The hydrazi ne salt W@F}é

hydr azi ne hydrochl oride. To prepare pol y(fluorene-oxadi azol e) honDponner,
f 1 uor enedi carby)itysmpeae,%doralhlglhyh&dasbmmﬁa meferipd efnbodinent slicedénat i n t he
reacti s~n m Xx | %@Iﬂ hydrazi ne salt is
preferably hy%irg%ég tﬁquﬁ egdﬁﬁ ?e?lgggr;e[p&l copol yner of

f | uor ene- oxadLepaator cida 10 mi xture of

f1 uor enedi car bOXY'TﬁeﬁfbﬂéiuPaE‘@tré’JttYﬂeo@ﬁafeﬂéﬁibféﬁbt‘}xﬁ&'e{éld laﬁfn§§’ by %&r Al

hydramge salt. In a g ?tiuerre nbodi ment ercent

di car boyl i c direRars polyfilyqrenaspxadiazols), atPSIX(ﬁ'é’l'ﬁﬁP‘E%?)ﬁﬁtPfﬁﬁﬂh@dr azi ne
salt, which |&nbdic&ﬁ1eﬁaliﬁshobmdfem ne hydrochl oride. The reaction solvents
suitable for use in thin process include those organic 15 or inorganic

aci ds which can diss@glveg drying agent and the resulting

pol y(aryl oxadi azol e) pot . Exarrpl es of suitable solvents include fum ng
sul furic aci dHO ul furic acid with at | east 4 % of P208.
The solubility of M ng material in the solvent at room tenperature
is not critical to the refction. Vihen a suspensi on of the reaction m xture.
i s heated, a honpgeffeous Bolution is 20 fornmed that drives the reaction to
conpletion. The m xture of methylsulfuric acid and P205 can be obtained in

Ca i erhyl sﬂ'aysr TR RIS iboRiert B ‘“é‘?‘ﬁg{aﬁ%%fﬂﬁ%‘fyﬁ?é% o he
m xture of .~ Fe“étaﬁi/f"g‘iﬂte%/qﬁ thé(&%@ r?ﬁf‘yfb'm asytalkyl, and alknlamylpn fhe’
vacuum di st | ailhylL anyl,airyletdyhand alkyRbylrgeags may bddubbtifuted I9aR ot inddrky

i car boxyl 1 ¢ ey Hisforatodsn sloupdt AR BtovS ity e SSplabePein, Shnchely . o
test fpr degreim,icpelicr corabigatensishorgof, d\lkylagroupsrmafméﬂy céhtaig fafm 1 to

di car bgyylic ?@&rmﬁﬁﬁ ﬂlgrc\?d éfﬁneaﬂli fPox?x I"tﬂx 2@ ﬁfﬂoﬁtdteljrﬁdoﬁéng&br%ofr eagent

and the suspen5|on 'S suspensri on
remai n col or | ©&§sCHe- groyns °§/@F rbxl gqorupmw ‘?@GFEJPCQS‘betmthﬁrthlmﬂdadNens

during heatinQ.PSQCHRS, ard®, [JRRAMR’ ib §c?qE) ﬁtﬁk&lalaeyémhytda&a%vl ¥P&Ip. zati on
o e SR ey %%”fiwom' e Syicases SThShahib %Lfg%“&é&?ﬁé' .
nmononer coaccenvettédto a Gngtmd rexgent] prefarabiy osing akowti 208mhalx pefcentaazi d or

e o, DR Bl B AR O e
preferably ab infé prﬁ@swlpﬁfetabb'aﬁqndhctp@atﬁlp@hsqypeeémenap| dly.
Preferably, "t 4 hémiré, MRoreipieTerab gbﬁwpﬁnnabauﬁoskhae%c@&dd%x@% Mor e

preferably, it is between abo ours, ai.d nost preferably
about 5 boorsarg‘?*FteRé'FﬂﬁeﬁP\S’HBt?d? ‘Pﬁé”ﬁglas&at’sstthﬁ%a W A0 ong a§v|"@‘I“F‘tab’ét Bi t her

the carboxy gp:esqnt or the heactipn négtuete THedodine isnddedd befoes thediilohoduorat., t he
end- gragps are

leromoﬂuorene (preferably about 30 weight percent to 60 weight
o percent, and more preferably 50 weight percent) in dry non-protomc polar solvent
. "'(preferably tetrahydrofuran) is added i in two portions. The first portion of the
solution is added to initialize the réaction, as indicated by the disappearance of
. S 10dme color: from the solution. The remainder of the dlbromoﬂuorene solution is
: 30 | then added dropwise to the mlxture Generally, at least 1 hour, but more
R preferably 2 hours, of reﬂuxmg is needed to completely covert the
) dtbromoﬂuorene to the Grignard reagent |
' ' To prepare the ﬂuorenedlcarboxyhc acid, the Grignard reagent of
. _ dlbromoﬂuorene is cooled to room temperature and an excess amount of dry ice
35 (preferably about 5000 mole percent) is added. The mixture is shaken ur_ml the

9



| O capped. Benzoic acid can be used to cep the hydrazide ead group, and _
benzohydrazi dc can be used to cap. the carboxy end groupli Dbebgabygsrer can
be purified by cooling the polynerization reaction mxture to room
tenperature) then auring it into an approxinmately 20 tinmes excess anount o
deionized ("D.L'~ water with stirring. Polynmer fiber is then 15

preci pitated fnn1the mater and isol ated, then washed alternately by water

and net hanol {delis eréitﬁoﬁﬁﬁxﬁlfd, ngfqrohe/sxessspimmintof dry t hen

vacuum dri ed & ab ut 60 for ut 12 ho 0, t hen

di ssol ved i n‘%ﬁ’b"&r" apprate gﬁ*\?&?ﬁ‘% %PE@OQH&E g‘ﬁflgsaindﬁgﬁo#‘ér

concentr at edr&iduetIIGnaciﬁiﬁ:dammﬂmm@edM m\oxgemsﬁelwertemfﬂ ¥it ai ns $om

about 1 to 1Qu ‘%5%@&1 ok ci§ithree Rhids. ”‘?ﬁ@o&ﬁﬁ%%ﬁ&'dfe%ﬁe&%h@%tﬁexce“t
so

of the polymer utron 1s_p ss ter .and then
pour ed § i st o WateTasAst 8% FradvT Mg eé)?ﬁ%“?gﬂ%’l’ﬁt?g “8 Wﬂ'{allhﬁ’éﬂﬁ’&l with
stirring. ’?h@d@aiatm&hepﬁd@a@c&cﬁpﬁaﬁdﬂ!ﬂaw}uwsahé,dwhmlhsrthmshbudém ernately by
wat er and rre'ﬁ ol . Preferably, this process should be .repeated for at

| east two ti N beforethe&lyrrer is.finally dried under yacuu

Opt oel ectroni ¢ DeWucifigatonedithsr QTWWWhW‘EWM%F&i%P@mgh g
Pol y(fi uoren%@m%mhnjp&go rrmlp)af[ﬁ&moarndnb@paﬁydmusfc&s descri bed

b be used t t
Gevi ool neutinRl, PHTE Splpe i cifint; SARSH PRy B, ARIARLECT T o1 ©

di ode, 30 phot ovolSuitalde ﬂubncaedxmbnmbeﬁeﬂﬁgmaew be grepared asqarding tatheg
de-rices, var beraemmbmcudmsme aﬁs!ml_u\m:ryi)%ioﬁnedﬁ:wmﬁﬂm awmmgrmxe

Because t hes | yners are _ organi ¢ solvents, e.g., .
t et r ahydr of u?%rﬁ%(’g‘?“@)lh P‘f{&% ; c%“gﬂ’gﬂ,g or "t et rachl amet hane, opti cal
quality,  pi nPpépesdtionef No 3100304 ke 8188 ed on rigid or flexible

substrgtes s uc h agn §&%@@%§y(ﬂm@§5-bﬁﬁ,&aﬁ) gbllnbpaymbﬁe ml}qm:s bf ng,

di p-casti ng, tin casting
thin solid f"f‘ﬂ*s° Mﬁ%ﬂh?’l‘%ﬁ#ﬁ% <) %ﬁ“ﬂﬁ Pi%‘e&“’ﬁ’fh ‘g %814 WO
01/ 77203 Pﬂhﬁﬁﬁﬂskﬁﬂmﬁrenadmmﬂssamsmm@bﬂ@rpﬂwl ‘}%‘l‘ﬂ?@'@lﬁ aeds. i ncl ude
pol yesters, ¥ foétﬁa%ﬁaﬁé ary? Al o lid ¥ridsiat s thwkeor
t er epht hal ate (5 “E’ﬂ fv %E a preferred enbodi ment, the polyner is
di ssolved in PHPEFéﬁ ’e"E’F‘é 1 oroet hane; nore prefer ably in tol uene. For
filmcdbsting, the concentratr on 5 of the solution is preferably-from about
1to 15 ng/mmM, nore preferabl )ﬁ{*about 10 ng/ M. Cenerally, the polyner may
be di ssolved in the soI roo jofrper ature. However, under certain
conditions it may (b2 de'sr rabI & eat the solvent so as to increase the
rate of dissolution of the po yrrer Rero prepare the pol yner solution, the
polymer is stirred in the selgcted 10 solvent at roomtenperature for
several -hours. Af gy a HOQG— A TrATT§9%¥t ned, it is filtered through a 1
p,mfilter. Pinhole-free, unifrRrmfilnmsRgan be obt ai ned by spi n-casting
the solution at roomtenperatuye. Prefer,ably, the cast speed is in the
range of about 40%,§pm|—tcm : —+pm—HAgh—u@PPHY filns with thicknesses
rangi ng from abou 00 Ato about 5;006 ~ canme obtained by varying the spin
speed and 15 the concentration of the“solution. Filns having |arge areas
and thiscknesses r &mgprferfedemimdomentR.Oghich may mchpwlenﬂyzbe the sRBA AT be
prepared by S i SHaeent. to
it St p?ﬂﬁ%%?ﬂﬁﬁ Il a0 el

vi si ble i ght rorm r <t n. Suchfllms.

0
exhi bit bl uea]iﬂxbta@fhmlﬂ’é%’béﬂ%élkw gﬁﬂi‘&ﬁf‘lﬁh “E‘chge‘%""rc&ﬁﬁ?tﬁg f r om about
30 %to abour;:y,ﬂg dpsth penes mae be straight-ahbing bfabehednt ar yl

groups ("Ary"-in Fo rrul ae f from
sol ution t hatbHB i Ff 578 a%%‘sté#da;}g ﬁgur‘?s#fgﬁm&n%x tgglafff%lr}etgem ssi on
col or 80 n t hd0@ kadbbh etospembreaireferablycfrom do 28 icawos Atomse QA MPROEF a :

EO”’ u?atU ed paiey z@oﬁesemea;rghgmﬁbm %Er@ﬁ‘déﬂlbic dbbrgaolmincDaig-al - f -
owes noccu %?gg gap o

t he polyner- it %S é4ﬂ%&é?%§%ed%gcggﬂe éﬂ actors: the
ener gy reIated to bond length alternation Esr, the rnean deviation.from ~~
planarity Ee, the aromatic resonance energy of the cycle E~"es, the

i nductive - 10 : ' ' _




el ectronic effects of substitution Esub, and the internol ecul ar or
interchain “:-coupling in the solid state E~~t (Jean Ron¢abDctob&l?etd Rev.
97, 173- 997)). 30 . Eg =-Esr + Ee.+ E~'es ~- Esub =, FEint In
PFO ESC&Q%E@AME es results in the band gap falling i nteFYHIBNZ [ egi on.
The substituents on t.he 9-posit| Lluoreehavellttle effect in

det erni ni ng t H&HY righy COEESHE St %9“’& & of hydrogan atomsf Ary capabledf n chai n:
In the solid 3ﬁ5§tmtldﬂl-'@lemts bot h v ~ihite Ilght and bl ue Ilght because of

interchain couplin ol ymer with | gap, the
proper aryl dicar bgmp.rzfege# Efnh?fﬁ@ g"é?&“ ‘)é‘feé@{‘éff”gﬁmt é‘f"céﬁlé’“(ﬁm%ver al
ener geti ¢ contr abatonmticheterbeycliegonpd Suitdifle arohiatiohlydivearba @ﬂodﬁﬁuﬂﬂddy 203

PCT/ US0L/ 1002 f h ted h
sot ht arapht helg T Hid, b E‘e}&y?éﬁfﬁmnﬁ(yéﬁﬁﬁkeﬂ Rl dhEhd e e
bi t hi-enyl areP mthmlegrouwu ilahlg aromatiedretéraentlig gpoups ialede thibphedyyer . For

l e, wh 4 bel th
color of the YEShEftal, S‘*‘F"é‘é‘?‘ik"%ﬁ?‘qg&%%@‘x&%&%% PR P o
homopol ymer ( §¥aranyEpxrgyl binyrigeh pywydazinyiynyriaeid pyrazmyl triazinyl,

pol y(f1 uor enetmaamyazuahﬁ)ﬁuaa i, péerploltopte h}i‘lﬂi&{d@quﬁﬁdb zleaenammz di1ui sh
£

Gap i's 1T ondh 'orréq%oi’vﬂpvegaw&azaa@ﬁqwﬂo@wm@yﬁﬁﬂme ABRB, 10' The i n

reducti on of ea;dnlymd)d phshxdlazyh, phentriazdybenaoetrazydearbezo bl Jdibenzsfutkny,hai n on
t he phenyl ri r nati ng character of al koxy -
pheny amenglﬁlobﬂ&{ﬂhagpam Hﬁqb@{ g&%ﬂ \ﬂ;@ g y

group. Anot her factor of the C-O bond is |onger
than that of the CThebigking gmmhcmsommm caytEnyn @r peethysylaroum| | y

hi ndered so t ITag emgﬁyl?raﬁ@e&{mv@fﬁ,et@gnmgl y(al koxyphenyl ene- oxadi azol e) is
better gshan that of pol y(fl uorene-oxadi azole). The polynmer materials
disclosed in this i nvent| on ,can be used to fabricate thin filmdevices in
t he .anode- sem condu t/ﬁode sandwi ch configuration well-known in the
art (see, e.g., J. C BT "bu DO D. C.. Bradley, A-R Brown, R N .
Mar ks; K. Mackay, R1 H Fri d "P. L. Bur ns, and A. B. Holmes, Nature 20
347, 539 ( 1990); D. Braun.and A: .J. Heeger, AppL Phys.. Lett. 58, 1'982 (
1991 ); U.S. %h%&?nﬁi%dR}é‘?%cﬁféﬁnﬂ?ﬁ@%aﬁx@%rﬁﬁféé&ﬁ%@@é’l@ctg%m)ﬁ% ent work

functi ons, ﬁrgt hi 1 ces function as di odes whic

rectificati on BeILCYRR MitQ, halggen, Ghizpdleylcand Gps af¥led for el ectri cal _
swi tchiaog appl i cat Thearyl dichrisaglit acidé dexoribed dbogbhreeumnablagoﬂmdﬁaly, er g., as

hot o=det ectin odes a ot o tal eI I l. ar ker ,

hopl Phys. 78ty Tl ifg%fb‘%‘g%ﬁ%\}ﬁ{‘ é‘“ﬁ&"‘fég ))

Metal I'ic mat elcxahlslcsvof sumbtclarﬂLdmba)nyhc at:ndg huiudcharcphtlﬁhe\dclds uch as Au, Ag,
N oo, 205 BalRsAcldpRhalic BN, D6 fhublertaRdRREORignage el oct rode in

these devi ces. orm a sém t'ranspar ent ode from such netal,
t he thi ckness éﬁ@%ﬁﬂ%‘éﬂm%ﬁi’é’ﬁlaﬁl be | ess than about 100 nm. If the anode

[‘ﬁEd rigt :)e ?g ”gﬁ‘ﬁ préferéd erhbelimeRy, Qb%tdlaﬁ(bﬁf&feﬁﬂlﬂhaﬁ@ﬁmg% gﬁd}sé&)tcﬁ?”y

e curren ere in e rode referably, an
| ndi um Ti n-.OXIPEFé’f'IquF@a Riﬂ}éfﬂ%’t"ﬂ‘ﬁ °§?S§ @'EF&%“%%?W‘HS % ¥ %. gl ass substrate
is used as th@diakkopgtemphtimtioded idMtown Bewr ot her nmetal oxi des are used
as the anode | ayer, the preferred thickness of the Iayer ranges. from about
20 to about 200 nm 35 Pol y(ethyl enedi oxyt hi’ qp{hene) ("PEDOT") and PANI 'ar'e' :
conductive polymers which are sem -transpgrent as thin filns (see, -e.g.

U.S: 5,470,505). Conductive pol ypyri AR : o,pe used as an anode. For

sonme applications, tiilayer electrodes co 5| ng | TO PEDOT or | TO PANI are
used as the 17 _

. RgO
In the fonnula, R5.and R6 are stralght-cham Cl 100 alkyl branched-cham :
. Cl 100 alkyl cyclic Cy. 199 alkyl, and C,_; 4 aryl groups One or more of the -CH2-
30 groups of the C;_;gp alkyl group may be replaced by another group selected from -
O-, -S-,-NR’, and C,_;4 aryl. R’ is a straight-chain Cy_;qq alkyl, branched-chain

Ci-100 alkyl, or cycl'ic Ci-100 alkyl. One or more of the hydfogen atoms of the -

11



11 Cctober 2004 WD 01/77203 5. 10 is PCT/US01/ 10026 transparent anode (G
Qustafsson, Y. Cao, G M Treacy, F. Klavetter, N Col anerpcoburdods J.
Heeger Nature, 357, 477 (1992); Y. Yang and A. J. Heeger, Appl. Phys: Lett.
64, 1245 (1994); U.S. 5,723,873; Y. Yang, E. Westerweele, C. Zhang, P. Smith
and A J: Heeger, J. Appl. Phys. 77, 694 ( 1995); J. Gao, A J. Heeger, J.
Y. Lee and C. Y. Kim Synth. Met. 82, 221 ( 1996); Y. Cao, G Yu, C zhang,

R hEnon 20 G skfFgges may ppkeli2eyty  Capy il or 3 STLBRTIMY e e
conduct i vi ty%f'@%@k%ltegg%‘%flﬁ’glg Bi‘g‘boéﬁy]%%gce the I TO as the anode. In
t hose cases wher e Tolsgnthesizh a2, 5+dialkoxyterephth &bQWd@hdhﬂ*m&Opyl mary
and | mor ove (PP 48 ef‘f‘“nﬁ"ﬁ&d%“%‘zﬁ%ﬁ%é“"‘“‘ﬂ“’%‘ﬂ"%"pﬁo?ﬁv;ﬁe
anode and a &4&h ‘YQWP‘&V "’FrSB %P%@W&Fdﬁ} '§§"§ 8fpol yner
t akes care oﬁjbdlalkomeknphthahqmchn&yblmmesdPMSm carbonatethDMS®lie one cl ose
to the el ectygl nﬁf | X1 e and
surface pr opielr'%les jt:i’tfilétl%é%a‘ls &?% re erre§ enbo c?lrrgh?*o thgﬁael TO PANI
bi | ayer el ecwdne@assx%earbwiw PRofTR Y DS QPemplraerC%Péﬁn% Bout 1. 40
Inm and the t yqai@e isiphifersblgsandictedue a Riiperdtayds pm&wapwtweammmmmhe PfANl ]
ayer ,i-n suc ess of the
|7 s ace Bt B GRS Ty 850 A0honH el oo BAHARREDS ' "
Tn a preferrﬁ@mmmonrretalllc materials with relatively | ow vvork
fugct Isons (IOWer Thé\feadttRihixfur® isShen ﬁ&nBatert Aﬂldexﬁﬁctecﬁﬁsadn&ﬂgatﬁ’@ (|Y I\D/g)
an mare erre s ca n;aer al s e _devi ces )
Par ker, J. "Fﬂﬁ‘gﬁq’gﬁf’tﬁa Eiﬂéiﬁfﬁﬁ“f: R [ta T be :
senmi t ranspareombmed;evashndﬁyrmuqumusmhnomgépotwm hb’db@tlﬂlﬂe@swﬁllghin about - 100
nm | fisthe cgﬁ? RS9 R biriPover rqthgmidg (ﬁc{@ . el ectrode may be
s

used to carr curren h re m-zi ance in the
114 tEF?P E%E‘Fn%ﬁh?f “ng?@“p&gl? bariumis used

el ect r ode.
as the cat hode el Hmma:emyt-z,éidnlhoxydemphlb&lat#enayabe&oa\'@udItp as Ba0 may al so

e used as e GaLO0ACelRlaR ISl Bty LARRGON TOUESHA8 Artticfipdrinbed [n U

S. Ser. er suli I ncl ude Li F.and Li 20.
The 't hi cknes%ﬂl%ﬂ“l{ "Eﬂbbtﬂlﬁi’l“ﬁ?ﬁ ﬂb&@@#ﬁ“ﬁﬁ%ﬁ‘@é@g?‘mf@ EpsresntPhnl y | ess
t han ‘gbout 14sshii hydsid@isaiddédtoltie sobstiont mmmmimhmﬂ]m(eﬂior&t Ser. No.

081 872; 657) alteﬁ'g%%o sq;e?cfrgﬁ:qs %?I’e‘&%ﬁ?@&w ﬁayéh?% ﬁ%gﬁl&t' ﬁfv?ex e utilized.

The first c ayer rises a neta a wor funtlon about: 4.5
evVito 4.6 ewer@ngOf“am r silver. The second cathode | ayer, which

coul d conprise a ﬁﬁenhe dquebad sohetionds fiwred dt isacidiffsdovitod8M#Qlladd e posi ti oned
or use | n ey BRLARAE, WU ts 5Ll FrolelFRs NAGhereAELEE oY,
and L?20. |gan be lspiat@:'?)bﬁ ¥rtiono4 WO 01/ 77203 PCT/ USO1/ 10026
Purification of2,5 -malkoxytcmphthahc acid can be done by
receystallization from an’ urgamc solvent, such as ethyl accl:ate or a mixture of
ethyl acetats and hexane. -
: This procedure may bc used to prepare a vanety of
.30 2 S-dmlko:qrterephthahc acids.
- ' Preparation of the Polymer
The polymers and copolymers of thlS invention have from 2010 300 repcat
units, which may mdepeudently be the same or dlfferent, tepresented by the

. formula:
35

NN
Laon {31

o
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The efficiency of light emtting devices ("LEDs") fabricated using

pol y(fl uorene-oxadi azol e) may be i nproved by inserting ailhokevéiaosport

| ayer into the structure. Such a | ayer preferably conprises an aryl am ne,-
nost preferably pol yvinyl carbazole ("PVK"); and is situated between the
anode layer 5 and the pol y(fluorene-oxadi azole) |ayer. Such a device
structure is as follows: |ITQ PEDOT (80 .nm/PVK (30 nm/PFO ( 100 nmBa (5

nm /Al ( 100 @Hdrein A i) whikdi raay ndepn demlydmebesmfelmdiﬂ'&rha. isamhoigly t hi ckness

o ston w fﬁx"“%k%b%ﬂfaﬁﬁ?@?@ﬁ% QR L LA

achi eved wi t hFdriiidda @sed on 10 PFO. ' The CI E (° " Conmi ssion International e
de f$clairage” or International Conm ssion on Ill'um nation) col or
coordinates of the blue emRBsion are x=0.18, . y=0.15, close to the val ues
recommended for col or displ ]ay applications. These el ectrol um nescent
devicesgcan be opeqt ed—atAtyow i as vol tage. Light emission is typically
observed ~tbov'e ~4-volts, rgeachpg about 100 cd/nR at about 8 V, and 15
reaches over 103 cd/n2 at JOV. These nunbers are conparable with the best
bl ue pol yner LEDsS(gsrmner_ hed 14 date. Polymer LEDs with relatively high
efficiency EL em ons nay, al so abricated using a stable netal as the
cat hode. One such device stjﬁ cture i%ﬁ gl ass/ 1 TO/ PEDOT (80 nm)/PVK (30
nm / PFO (100 nm/ cat hode. variety of 20 nmetals.nmay be used as cat hode
materials) includi@y Ba S Taand®N T To evaluate the effect of the work
function -of the different e netals on the device performance, Ca and
AL were selected for conp s cathode materials.. The work functions of
these two netals are 2. p ev, respect| vely. Relatively high

el ectrol um nescence quant U£ ef CI ency ("EQE"), on the order of 25 , about
0.15 % to about 0.@) % ph/ el mayRbe obtained in devices nmade. with an Al
cathode. The ratio of EQE for the Ca devices to. that of the Al devices is
approxiqately 3Sire b Jds @ of about 1.02 to
10~ ty d|Sn§al |y gl%}?%}éghﬁn‘&%ew ce aﬁpgéclhcat eg fr%?noegt%gr ?jl)ue | um escent
pol yners synt hesi Z&HF ?5558“&5% 0 327).
This differ eﬁﬁgﬂlﬁﬁho&ﬁﬁﬂpo&mﬁ@ﬂ&@bb&m Ifthepcmtumattonappbs cations,

since Al is §g@&qhg@aph6%% n@éﬂé%°ﬁlﬂ Igﬁﬁ‘éﬁ)ﬁ sﬁﬁ'kallﬂlﬁi‘“ in the

art as alter al s. efficienc y al so

be achi eved prmﬂfﬁbﬂmﬂe@xﬁ dipele rrshngontiprenn Aylraxadicgles BR%AS 281 )
layer. 1Fhe sigiipdred AProfestbly , SieafGomer ritio dfﬁuommmmbmlu\mo:ﬂﬁmrm

constr uct ed u5| n PVK [ k f §"‘ RrEVi nction
5.2 eV) sugg 4’ S‘H:héﬁlréh%id%c pr ed lgeﬁar OI’%I ta o%ksadtgltlio IS
cl ose to aboul0: 15 E\m afhiigitratio of flurepepxad !96 P59 eonrgueners oty mer s

descri bed abqy@diiBile ¥l k&l igentiahcedronibilitpof the @olympe if theayl mhnomer
phot osensi ti vi t jober 2004 WO
011 77203 PCT)%%%‘?F% ap{iﬁ“é@ 3@%@%@%‘8&%@&{0@0&& %b% By selecting
a mategdal wQJdad.umlamblgplelﬂ(hiWngf 3111155'6’9;51:@2%3’&“9 IYBIPPRARAT short er
vi si bl e- bl | n%g%epmb%@g@aﬂom,@bt ained. In appli cations i nvol vi ng:

el ect rol-um nescent hot av I tau g)gyd may be
desirable to incl. BO%H %Fz‘?gatg’ % ﬁ%ﬂen {H tlﬁ\@e pol ymer and the
cat hode | ayercopmmm@umgxﬂm@éém# @H@%f“ﬂé@“qnawhi ncl ude, for .

exanpl e, al ka(Le'p Q%xﬁﬁﬁon aﬂs?dnuﬁﬁ c8psliRef s Mivkheoxadibksle indxhaes, and
al kal i ne eart OXI H &g i cati chgﬁ ;ﬁ/ol VEII:Q %g‘;tm um nescent .devi ces,
it is 3§5|rabqh§’r‘f‘}5”’t5§1e°x&’ﬁé FORFP \)lngaworkfunctlon | ower
t han about 10 4.5 eV as the cathode. Blends conprising PFO as host and
green or red emtting species as guest can be used as el ectrol um nescent
materials to generate light .with [onger wavel ength emi ssion. In such
materials, electrons and holes are injected into the n* and ~i bands,
respecti veI y, of the host PFO. Longer wavel ength em ssion 15 fol I ows
excitation transfer to the guest species (M D. MGehee, T. Bergstedt, C.
Zhang, A. P. Saab, M O Regan, G Bazan, V. Srdanov and A~ J. Heeger, ildv.
Il ~later. 11, 1349 (1999)). EXAWPLES Exanple 1

13




20 Synthesis of 9,9-di=(2-ethyl hexyl)-fluorene A solution of 40 g fluorene
in 200 M of THF was cooled down in a dry ice / acetone bapdobadens

nitrog 0. i (2.5 Min hexane, 2.1 equiv. of fluoreng ded to the
sol uti 3&_03?’3?%5% by syringe. A yellow lithiumsalt of fféngﬁ@g?‘sor med and,
was precipitated fromtheg solution: After 1 hour of stirring, the 25 ~
tenperature of the re Ion m xture had recovered to roomtenperature. The
reaction rrixt(wﬁo 1 pcosed i)n i?"?b;’*gﬁ' {Fvvaf{ Hat h_a' A solgtion of_ 104
g of 2-ethylhexyl brgnhi dg”in | dgyNH Ciry ) DVl gb_wie ]t he
reactiom . ‘mxture ofer R 5 hours. a&fter corpl ¥ on{f Q{l_gomjg?ti@n;l Ythe
reaction mxture was sgirred at roomtenperaturre unkler nitrogen overni ght.
30 The react.i nxjlure_ poured into 600 mM of watef and extracted by
H8o8 rri)&.%%h

ét hyl acet at éy)( e organic |layers were conbined and dried over
MyS04. evaporation of the organic solvents afforded a crude product, which

was purified b~ vatoprepate poly(draltexadiazolEhhombopolgmef, arflelicapbogilic tacideemd67 ¢
(74 9% . Proten ver i i 54 & ; 1 Cct ober
2004 WD 01/ 7?‘%8‘?%%@% ﬁ%@g" ﬁﬁ%iﬂﬁﬁ&?é%%k}ﬁé?f‘*@%&%ﬁ%ﬂ}p%‘% 7.68 (d,
J=7.5H5, 2H, peicentagese Therhyylrazine3elt inprefarably hydrazine hydioghloride30 (t, J=8Hz,
2H) fluorene ring)yo dre c%Bly(ﬁfo?&?e-o:&b'iazfniezﬁbﬁﬂﬁol?hﬁﬂ)ﬂuokn%icﬁfﬁox?ﬁb
H al kyl); 0.64-0. 931( .2 I—‘a H-alﬁéyl } '0.45-0,54 {m 8H, H5 al kg ).
Exanpl e 2 Syseidcddygrazinesalars pipisrabloprgsent 3 Ledgaation jixtre iusak A
sol ution of 9fble pSrcentdies( The hipshiabions whl} i prefecabhehydraZi® hydrookilofitié.or of or m was -
cooled'in an ice /-.water bath., 90 f _bron.n S d taq. solution 10 .
dropwi se in the dél&;_)re%r?gfo?%gmg.ﬁ% _t?lfod' "eﬁa@?%ﬁﬁn%}?%?ﬂéoxﬁgg%%q% m xture
was stlCred fixture bbfluorepedicarbaxylic acidaad aod dicsrbaxylic 8ol isrsagted avithaa ur at ege
aqueous .sol Utﬂgﬁfhzﬁ{e ﬁR.dINEP&%r&G@ﬁ%diﬁﬁﬁl {heeaal meRYerddnEsf Apnat e was add
to the mxturg ugtl | . thﬁ 0 ggp.l- I%ﬁg[ beca col orlgilg'. The or nlﬁ | ayer
was then -- <ShEboRylig agids is e@%’!ﬁé F‘h@éﬂ“ pergsat,of Bydrazing sl hisk or m t wo
times (2 x | iSpeifétablly hydrabime biyd@ohloridayer s wer e conbi ned and washed by a 5
% sol.uti-on of sodiqm hydroxide and. the PR di i e0; [ 4.
Evapor ati on of 'solﬁlfrff%c ‘81“1586"8@3 S‘é’@l’%@’é%@%@fé} 8€ﬁ§” é@%@“ﬁﬂ'@%ﬁ@
purifi sl by padisergenioweids whichean dssélve a dggihg egéngand thei rgpltiegpoig(aagl-t he
el uent. The yjeghs i Jid o Q N . D
verified the ‘#"gb‘qé@mg%%&g't“?ﬁ%ﬁﬂ Br Sg’-'-t%ﬁig‘llr(’%gs @c&dﬁht;%& 'g%%ﬁmfgi’?ic I>‘{3§@C13) S
ppm 7.51 (d,prefegbimethylsulfariciagid wathyat begsy 4 7o afP2Qs. The sppybilitygyfighe | yor ene
B i gg) N _9;- ?4 s@zﬂgn ﬁ%_tg'nla}{ i'ﬂl_'ihc E_d(»)w%qgﬁ)ggﬁ Mpcrﬁu&‘is_ﬁ?ﬂkcrﬂda'l 1%5& l@lﬂl:t)i%n.
m. 22H Ha m.: : anpl e
Synt hesi s of ‘y%g“ aﬁuipznﬁgméﬁbsmswﬁ BTE %%Eéts&(':ﬁw )'(‘?/‘I“isc?gﬁg'io& 7 g of
i ri agng@i um Wasmed thaedrives the fe@diom to cbmpletimoi d preheated to 100C 30 under.
dry nitrogen. 5 ng}.]gg 1.0dj )@?ﬁ , I-gy\@d. i f a
solution (20 M) o 45'6"‘3‘9183? , _élﬁfgﬂg%c%d i2- éﬂ?ﬁ??ﬁ'gﬁ(ﬁsﬁﬁfﬁﬂtﬁ%ﬁgne in
100 nl of .dr yofways. Kor erampie onegan digsplvea spasifiq ameund @f PaQsihdi cat ed by the
di sappear ance., ic Sdi@BY hBRIneO | AllcrRitivelyl, BRd. pRIGABIY Sthe Alixfu€oS 0l Ut i on ¢
was added d_rg‘Bg&i‘ ¥§%‘Q‘E%£%@%r?ﬁ‘£, AA“fter _tg} adgi'ti 0@?.@& 'l;(_ﬂ%%c?i Qn m xt qu
was ref | uxed methylsulucie acid andiR,Qpcandhe ebtejped by wreuwm dstiligtion S added.
The reastion @hydndIehivies dofiffercially avhilabld RenAldrwer ature. 500 g of dry ice
nas ad@gd. tc_.) t he i3 itnllp%rxlrtam t)(()tnlljafk%’céﬁglg.tﬂﬂ%hg &icarboxy_lic acid monomer does
- not de'gradé'in the reaction solvent. To test for degradat_ibn_ of the dicarboxylic
' acid monomer, 5 mg of dicarboxylic acid monomer is placed in 1 ml of distilled
Eatoni’s reagent and the suspension is heated with a hc'at._gun;'Ihe suspension
30 should remain colquesé or light yellow. If the color of the mixture darkens during -
o heating ptbccss, the monomer is not suitabl¢ for the polymierization reaction.
| * Preferably, the upper limit of the t_empérature_ for this reaction is about
~ 130°C, and more preferably about 110°C.

14



11 Cctober 2004 WO 01/ 77203 PCT/ US01/10026 . flask was shaken until the
dry ice was well m xed. After the excess anount of dry i g¢echr8e08por at ed,
800 m of 18 % hydrochloric acid was added to the residue. The acidified -
resi due was extracted three tinmes by ethyl acetate {3 x 200 ml). The
organic | ayers were conbi ned and washed wiith 400 mMl water and then dried
over 5 MgS04. After evaporation of the solvents, 200 n1 of hexane was

added. The product i I d by
filtration. Furthe Jp‘ﬁ%@i‘%%’?%ﬁ r“gm §°%P+ 444% ?%?’r*ﬁﬁ cgnol

af f orded 25 g:réwdpmamwdroabloadmwéershlrﬁamwm@mvbm abevduct was ST %
Proton NI vl Rmrmﬁbﬁﬂ:ﬂd?@ refird &gaswmtmmm 8 mmdl/,\add hEH. . . . .~
H NVR { SOOVHz, %d%q q0 (t; J=6.SHz, 2H, f1 uor ene rlng) 8. 06
(d, 2H J=gHPrefEragly dHout § ﬁgﬁ“ 7 89 (d, J=SHz, 2H, fluorene ring), 2.1,3
(d, J=S§iz, 15 : 4Hhe|poah1kqdz):uorﬂeﬁﬁwﬁ pﬁﬁc(ds]m;ﬁallyt Pi-d:fahlbdyJ the ré@ctiéir0. 54 (m
8H, Hal kyI ) | t

of .9, 9-bis- (?@% b’?ﬁ‘%{a‘t R&%ﬁ H%ﬁ%n%f%“uhgpresneM%egﬁfe?blg itis beEftsﬂ"en—"fbf"’uorene in
200 Ml of THR 5&9&@&?‘?%%@@9??&5@“%@?%5@&% under nitrogen. n-BuLi
(200 nt, iS Mlni{p@magioupﬁfrmdga??em odﬂld&ﬂﬂbétmibrﬂiélﬁm by g
syri nge. yel | ow alt o ugl ei reC| pltate
fromthe sol #IEX th?Fyd[fa@i u'?PJfl e‘if"dn"é“%“&%‘ﬁg%? fo' t he
reactith m xtcepn;dhafnz@ewépadbqvcdmmip@rmdﬂeedm mﬁact ion mxture
was then pl a%ﬂzdhpmaﬁde@ﬁxﬁemw aﬁébar&b@%w p. of 82 g 3,5;
5tr|rrethlhexyl idel be (2’6’5 P&ﬁﬁad ed to.the reaction
nmi xture- dropw se‘dyEPYPHEIN e~P ‘8@"?’8‘&? SRIEAGUGN ¢ ol etion of
t he additi onmiktuge wqacmutmpmme.xﬂunmmm;ut mtcean @prqumtye%panm ure

of vt o1 a1 ey L apR A Reiodiah (-DR0) WAt Sl R B i | ayer s
vere cohbi ned egHigE %ﬁgﬁ%ﬂngé F@vﬁlﬁ’é?@fﬁ gﬁﬁ?}?‘aﬁ”h)ebyo‘?‘%ﬁ?ﬁ‘ldgsol vent s
af forded ~a c<thaiel ytd deatralizkd. CThevresiltingCpalym erfprmiﬂcbythmwutmmidsbd b ati on.
The yield. of agg;ﬁ ch@fw%om;h%grsg (90 % . Proton NWR ver| fied

t he~fol I ov~-nng s cture: ber 2004 WO
01177203 PCT/ USOl 66’2‘899%%(‘@66%21"% B%“‘p-?ﬂi’(enﬁ F&E’ oH, J=6 Hz,
J=1Hz fI uor emhydrgiﬁnaﬂtceﬁmi aZ8n¢antra@dfyolition rBwaoncentpited $olgGe2. 04 (m 4H,

it al kydo Thrallg ob n;mumo)m i8R BB, ifdhpord et Wk,;,t 0.7-0. 85
(EQ]aﬁI%' 2 5 %% e‘ tpemi?:’gf polymer mmfis pﬂsscd %n'ouéhnAS P-n'iﬂ yI ) 5

* then poured ifito an spproximately 20 times excess amount of methanol w1th
stirring. The polymer is precipitated, isolated, then washed alternately by water
' - and methanol. Preferably, this process should be repeated for at Jeast two times
25 before the polymer is finally dried under vacuum. . '
Optoelectronic Devices Incorporating Poly(fluorene-oxadiazole)
Poly(ﬂuorcnc—oxadmzole) (“PFO”) homopolymers and copolymers as
desmbed above may be used in a variety of optical, electromc and opto:lectromc :
devices, including, but not limited to, electrolummescent devices, diodes, |
30 - photovoltaic cells, photosensing dcwces electrical smtchm, deiqce.,, vanous thin
film metal/pelymer/metal dcvmes, and the like. - '
Because these polymets are solublc in common orgamc solvents, e g, :
: tetmhydroﬁmm (“THF"}, toluene, xylenes, or tetmchloro:dxzne optical quality,
. -'pmhole-ﬁee thin films can be fabncated on rigid or flexible substrates such as
- 35 glasscs plastics and silicon by spm-cashng dxp-cashng drop-casting, ink-jet
printing, or other methods of casting thin solid films from solunon. Non-hrmtmg
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Synthesis of 2;7-dibrono-9, 9-bis-(3;5,5=trinethyl hexyl)-fluorene A solution
of 70 g 9,9-,bis-(3,5,5-trinethyl hexyl)-fluorene in 400 rHO@fobcrrﬁOO‘toform
was co ' nice/ water bath. 67 g of brom ne was d

sol utig*ﬁgg}/zwse in the dark.. After the addition of br ’H%MPIP% reaction,
m xture 10 was stirred for 1 hour, and then was poured into 500 m of a

sat ur at ed agecmlesof suitable pdﬂstlssubsumesambmmeswﬁ, aolystyrengsl anount of

sodi um car bOa fatBta:a §Et ol fink o1 BRIk Phblalc En®GAKEC | ayer became

col orl ess. e organi c 'fayer wa ate *ﬁ ﬁgueous | ayer was
extract ed by chl o?%ﬂ@?ﬁf?ﬁ%ﬁmbmeﬁtﬂ‘ﬁp? GFiig dis %CC{J'P(}S Be Payers were
then combi: ne@tﬁaﬂomg R¥redpréferablysialtoluens) Edr filaddasting) e eoticastrationen
orude’ froductt ecehtind ?r%fe?%i%m#ﬁﬁ&?%“’ Paedl e BREP 3081 o1 e
gel col um ugd mg/imexéinaeraliy,tthepdymenmayBhdlsywlewlrot?lelsﬁe!ctprabm was 83 ¢
90 ¢ Pr Ot k 1H=NWVR
(Socir, | CocPRRRlC i, iy dopbir i opt “?f%‘“?i%%%?‘%é‘% et 7 (m
4H, fluor enes¢lwg)soa§t‘3u@rqasqmeramo dissolugjon of the polymeros (m ' 2H, 25
'("‘ma| ;I)"? gl ESI ﬂr%&aéggkg ﬂ&ﬁhéﬂébhloﬂ the o%eﬁi@tm’-’e@*ﬂn ﬂh‘és’é‘ldﬁbﬁd)t 28;5'80- 6
of , 9, 99bi s- (80! gergaﬁqc}%ﬁmqq%msz)r ﬁVﬁ@?Lﬂ%rsQAﬁeaflE%ggﬁﬁg,q?r&ls&n%% .0 g of
magnesi um wags flied througtea 5Qth filterf [Partolefrde, pmifoera fidois can bOOBaized byunder dr y.
(0 ot 0P afﬁ@éj*}@%’“bmnM@%‘ﬂ%‘ﬁ&“ﬂ@dpﬁ‘*ﬂ%‘mﬁt S%ﬁ%% e in
60 m of dry ratge of abowsr400 ppmrte 4000 spmydtigh Apa ltalfﬁhiléb‘/l(hd CKARSSOSIABENByY the

di sappear ancg.af abdi® BGQA% a‘BButtf@O@ﬁ'cﬁﬁ“b@%tanﬂeb%erh@ﬁﬁr spiif spgeB@ asd! ut i m
was added dropw se-wth a_syri Ttgwn @ ter |t|03#‘dhp eactlon m Xt U
a

was 3595 ef| u%@f%?“tlatw&ﬂf F‘tsl}@t‘{éﬂg l?c’@ﬁ arfas F¥Swas added.
Zﬁ 11 loc'éobﬁ{ gk 6m\iBo0d0.67 &Qﬁto'%gﬁﬁtlm&\lﬁﬁﬁe pil‘diﬂrefddﬁcdlp@mtmgmur e \C/i\/gsd
t hen cooled to roomtegperature and an exce lce a e
The flask wadrgheastipe: uﬂ?ﬁs ﬁ?ﬁ@"dﬁ'@%"ﬁm\&gs anryw}aEg‘n E?'n&‘? |on |
m xture. Aftap manamyem o Such ﬁihxmmbuﬂﬂudnphbtehaapmsaclm mﬂO@amtumf 18 %
hydrochl oric zﬁm he @éﬂgﬁh al}olﬂ? 6ﬁ;s£0 ‘Sut S acidified residue was

ext racted thiS ate ( 00" m ). The organic |ayers
wer e c2hbi ned and wmmmwpem@cmn oﬁdrﬁcreah@ry! soHPE( ATy BVBOTMUREdda - Af t er

evaporation. QfZ) W thﬁQﬁﬁﬁ?'gg V\ﬂ'lng?d fiim Qﬁ%ﬁﬂ@tﬂ&@ﬁa\%@ﬁ&erﬂ&ﬂwﬁr oduct

precipitated @ te so was 1 sol ated, flltﬁatlon Furt her
purification cbnraateasm%%ﬂg&n%wml%ql@wt IVig] tsﬁ?céra 408%afBein a 4:1

[ﬁt i 0 az tthe c%ﬂ:r@fmmi@&&@bﬂ@goﬂj?@twmpﬁlymbr dependsién the Highest Ocdinsied i elt d of
Hoocs iy WiBlefitaf btk Ehmegiodd L%@b@i‘éﬁ?y'@%@“ﬁm s
{1 uor ea® ri ncgap amad(ga;ipfﬂidpoﬂwﬂer hwlswveﬂ"‘f’b"d“@“m““@’ys? o

oH) J=8Hz; e -
N kyl ), 9*12J bfD el g%f"\%hﬁa%%ﬂg%ﬁz%th "ﬁ’a{‘%{sg‘e Ale&pdéw%%n(f?namzw oy

H al kyl ), Q)laﬁn:my therpropaticiresonryde)enerzy of tlm:m % the inductiyea| ky| ) . .
xampl e 7 SYOfthit dfecnift dﬁ’ds i K% Gl Yhd Bierinbtdclildp befRereheagli azol e) 3.0

S’M th Et“."?Pf‘ﬁ;c‘fq%nﬂ‘i‘a”ééﬁ'mummg e Woaselb el ey 7oL 1-3hS ok ?oé‘é'nd A
) %I x1 urE =@hr 2:1 -gpet +95b di gift2- et hyl hexyl ) - f| uorerie-2;
7 Siicar oxyI e -aCI d %(gi EBr + E® + Eves results in the band gap falling into the blue region.
- The substituents on the 9-posmon of fluorene have little effect in determining the -
. -\.band gap, since they are not conjugated to the main chain. - In the sohd state PFO

o ,-emlts both white llght and blue. Ilght because of mtercham couplmg _ |

35 .- To bunld a'copolymer with lower band gap, the proper aryl dicarboxylic

' o acid monomers are selected so that one or several energetlc contnbu_tlon can be

- reduced.
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286 mg of hydrazine hydrochloride was added to the solution. The suspension
was stirred over 5 hours arid a honbgenous, viscous sol uli Otov&20640r nmed.
After the soI ution had ctooled to roomtenperature; the solution was poured
i nt o, 500VHOVIR03 wat er. The pol yner was precipitated as a RERUSIIfI0026r whi ch
was isolated by ~30 ~ f ltration., The crude pol ynmer,was washed by an

a?ueous tsol ution ofPr&&dblynbseadrbﬂ@etoemlbmembgimteahm g@{ehanol and gg I ?ﬂd
a roomte er agure vacC S I SS in

of ThE The’ SboHHBRhieds ShisisiteeSOiananfifte, S48 fripeiens; andhitfictivh af o
pol ymer was t hexl \phandepnghaigmjomnhaxﬂegaprconjﬁgeteﬂpblynmr %ﬁcxmqlle,t\elsbnarl d
washed by vat g a&l%@uérﬁbhFQﬁbph&@gaﬁl%%mp% lfg%lgg'),flﬁe golor of g

t enper at ur e. I on €SS WasS 'r epea I nmes and

af forded the pmns,smrlsw st fyel ‘lOemnwl@n commerepluv@ﬂdthefPFm@ommdmer fsaén 1.5 g.

(78 9. ltxgﬁkl@bg@ %}94 WO 011 77203 Proton NVR verified the follow ng
structure: Cl/ U

X 10026 5 ~ THF-dg) b ppm
8.42 (s, 2H, Tl uor&?&‘PPleﬂg}y“h Qé{ &ne%adwgslgpb’%*ﬁl‘ww enylenes (4, J=8Hz,.
2H, fluorene obkadidzole) emitd bﬁusl(green Hght (45 ial Bxanple 07 8nd 18, shbwn id 613, 1) al ky! )

golsg(g SSdl(erEJa[%Eé 'It{%xyll%éb uoreneh%%glcl?é%g@ﬁ% o?(?%ly(ﬁlHoreg Bé‘?‘l'?ﬁﬂ\?) of

Exanpl 407 was Thep@en wductinnmf encrgeti¢ eondributiosoay eame from the alkokp sidees ent

Exanpl e, the ghsReAM<PheRl ﬁ@%ﬁ@ﬁcm 15! (HE Ble¥@n a(sda&lhg@h&%texl@fllw,s The
rest of the procedure for” wo roduct was

same as in Ex8yPe Anot hﬁﬁéa%llill‘l’égth&@’f’ ff@ﬂti\/‘? aFK? feOthrad Eﬁle‘é‘T'féh%" %\abcedures
(Exanplle f7 andf thealvpl lﬁmﬁ)wﬁlchInhlytrﬁﬁkesthﬂd-alboﬂ&ﬂés@&ﬁéﬁﬁﬂ NYﬁ&ﬂe&S@dxai@S a 1dS
mat erial for Ph9 re.coltecte
and the resul khsc%\?v%erlagl #t}'ggﬂﬂf glgoxiylg &éf%\l?plYle 8gl s of

pol y(9,18- di - ( poly{fiyar¢rexguatiiarplehbr ene- oXadl azol e) The experi rrent in Exanple 7
was repeated USi NgThe @ blklld’el‘ ﬁmerﬁl%l dl%seg u'i‘tlgg)mtvgﬁléi‘f @cﬁ%tusg?%bﬁcatgat on's

reagent (obtaine rych) was use Teactlon solvent, and
purified. by vaegilrmdavlg?s in the ameﬁemeﬁoadvqtomhwéanqlwobwenﬁwerﬂ%n The
rest of the: pmnadmmlm&h@eeeg JaBl, Bilrrﬁliglllﬁf’DEWC Br&ﬂl@ﬁANNRBl@M wer e

coI I eg;ﬁ?hey g W%@%@%ﬂ%%{ g?nbenﬁ ﬁem %ﬁf F{? lé‘fe(éé?aiol e)

0 g @0 phosphtri39 (K)o Braunasd AL $3d¢eger] Appl. FhysiLedf 58:5119!82I(ls€t911)ur| c acid
by sti rri ng ) 0.8 S4R05! Withthehdde ula bifisde 18 REALRMSRTuRichs! T00EN- A

m Xture of 2.

9, 9-bi s- (3,5, wa thiefilny dendees fngtionas sliedes which shampsstification cheragigristicrn. ny
of hydrazine Bu@li @féhésqrahd,e @b for dReficaildtch! tatibnédnddah figdioadsover 5

ol ST 2o REROGhRR AR IOLs s Shalbinlr Y 45 s bR e gher oS

vat er . 20l yrre(I BaParkes ol giplaPhy. 75, 165641994) Gb¥u SpmﬂemsMbaﬂ.e%D a3
ration.

Chr bonat o ¢ LYl MeRfie rHitat RSO o AOWRAM AR SR Shetlehu o Pp! U

wacuo. The cr e Nodly; iBey angepol Bilitie SBANEY) tan bs®sed asghe Ihdﬁle ernmoslellmt i on was

filtered thr Orlgage fevices! '.l‘nf) cle{ Efdfoﬁﬂg sElﬁ?tﬁeﬂlgf)%@Ffan%éfrbnl%cﬁ'iﬁe%lpihteat ed from

wat er. The polynmer-was is
thickness of the layer should be less than about 100 nm.. If the anode need not be’
30 t_ransparent then thicker electrode may be used to carry the current, thereby '

minimizihg resistance in the electrode. Preferably, an Indium-Tin-Oxide (“ITO") . |
. or aluminum-tin-exide coating on a glass substrate is used as the transparent -
* ‘anode. ‘When ITO or other metal oxides are used as the anode layer the preferred
o i thickness of the layer ranges. from about 20 to about 200 nm.
S35 - Poly(ethylenedloxythlophene) (“PEDOT™) and PANI are cdndllctive
‘polymers which are semi-tfansparent as thin films (see, e.g., U.S. 5,470,505).
Conductive polyp'yr'role may also be used as an anode. For some applicaiions,

' bllayer electrodes comprising ITO/PEDOT or ITO/PANI are used as the
17 —_—



11 Cct ober 2004 WD 01l 77203 PCT/ US01/ 10026 by water, then nmethanol, and
vacuum dried at room tenperature. This purification proctksOctaks 20@peat ed

tw ce and afforded the polymer as a white fiber. The vyi e product
was 1. XPPYE208 - proton NMR verified the fol | owing strui@@gmér&%‘; SN,

/ On ~ H NWR ( SOOVHz, THE 8.3 |
(broad peak, “?.‘HPWPW@FI@ 8%?‘55‘%)?1(:@8 82@“ 1L1zlzt I#Jlla e 4 p??\ 025
2.2-2.5 (br, Cé}ldnexﬁfraaule)HeageUNhn% -357, 387 (llﬂ92)21HYdﬂgednld)A)J Heegde2; 1 10 (br,

2h Halkyl) 9 Dl 612456504 s, 57433 95 48 YinG O (WesteAlteldHcl kY1)

Exampl e -1 Sy
pol y( 9, 9- di - ZRarg, RySinethphd Af Uiideames Jodppli Rhys. 37 %81y 92Ne). Gap, A. ﬂandom

copol yger 15HI9 & JmYX%,gE/gncPE jr g"ﬂfs z;g Agét é%;z?yawdzgxg % ad, 'GW@

7-di catboxyl1’c &t ere hydr azi ne

hydr ochl or i dhaugs Ralvéeaan sad An. 16¢°8E%1t4ﬂﬁ’ s"’%a!gféfn?o 3dBtl &1%’7&) f |f 8}?. Al drich).
The Eaton's &&mﬁme ;Yd@l%epcérg fddpdd PEDCIEC %ﬁhﬂd bt BANOYhdaaf ore it was used
unde .

in the reaction; stirre Itrogen at_ 110C for 5
hours, aft erC%ﬁ’i“E‘r'lV‘FX mﬂ%?swéi@’m@!?“t‘bcal“cf qAnods I sk 3¢S nt o

?—080 il V\ﬁf \r/]\/aﬂl@fe thd’ balmdiau;@lg a]ghiypelymr &mquptmﬂr)f m(pnrtmbenheapnlyamwhl te

i ber ich was isol ate [ r at [ th |,
and vdQuum dfimEF eT‘ﬁ ot ﬁ%erotikﬁgd%\yxgelﬂ] "5% \Wt&gdﬁynce%qﬁﬂ ﬁyl ane
chl ori de. Thin bitdyet eloctrmbs havmg bothcantanodeigid acBhede, thiel layer awapidrommthesol ut i on

was poured | gltegt{giﬁ?:%égtcnﬁmw& 'Ea]ﬁey\@érﬁ of Y %H&?}cﬂ}itgy d\ iR fieduplechat ed and

25 isolated Yrrer was arge anount of
wat er; then. mhl la thecangsrlessite e(ﬁk%lfo wearssentelyBeentimigesthe fhatge t hen

\r/rg'; |h ?Pglj t ﬁﬂ?’n Scor afY Gﬁt‘cfﬁé pr IBB?trné@S ?}rl ﬁh@éasé Bﬁigdéﬁ#ﬁtemﬁﬁhﬁam%f affr Ot on NI \!"“52
iy @@&“—E‘Pﬁ @Iﬁi‘i‘éﬂ@ typt if’gﬁti‘g‘é?‘eﬁs the TO layeyds %f?é’ i ng)
8. 17 8 31 ( djl 4@hlm afnldube typ&cat tmu@cneﬁwa thBANI emer isi abojt 20080101 Thel PANIbHz, 2H,
fluorene ri n%)y’er in'such an GO%&L 0% nt ga?noée LY\Qd Qolgngtg%ut the roughness of the ITO
. surface and modlfy the work function to improve carrier m_]ectlon '
: - . In apreferred embodiment, metallic materials with relatively low work
20| functions (fower than about 4.5 V) such as Ba, Li, Ce, Cs, Eu, Rb, Y, Mg, and
' Sm are preferred for use as cathode materials in the deviccs-'(l D. Parker, J. Appl.
‘Phys. 75, 1656 (1994)). If the cathode is to be semxtransparent the thickness of
the layer should be less than about 100 nm. If the cathode need not be transparent,
then a thicker electrode may be used to carry the current, thereby minimizing
25 resistance in the electrode. For light emission, calcium or, more preferably,
barium is used as the cathode electrode. Ultrathin metal oxide layers such as BaO _
‘may also be used as the cathode for efficient electron injection, as described in _ {j} _
U, Ser. No. 09/173,157. Other suitable metal oxides include LiF and LiO. o
; _ The thlckness of the electroluminescent polymer layer lS preferably less
.' 30 .. than about 1000 nm, more preferably less than about 100 nm (U S. Ser.
" 'No.08/872, 657). | S
' In a preferred cmbodlment two cathode layers are utlhzed The first
" _-_' cathode layer comprises a metal having a work function about 4.5eV to 4. 6 eV,
" e.g., aluminum or silver. The second cathode layer, .whlch could qomprlse a_ |

35 s metal, an"alloy,' _of a compound, would be positioned between the first cathode
o layer and the polymer layer. Suitable compounds for use in the second cathode
" layer would include, for example, BaO, LiF and Li;0.
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PCT/ USO1/ 10026 2.10- 2.37 (br, 4H Halkyl), 0.71-1.1 (br, 16H H alkyl),
0.45-0.70 (br, 14H, Halkyl). Exanple 12 Synthesis of 11 October 2004

pol y(9, i - et hyl hexyl ) - fl uor ene- oxadi azol e- phenyl ene) as a 5 random
copol yrre%l'gl’ygéo %ixture of 1 g CT/US01/10026

9, 9-di - (2-ethyl heXliJ )-fluorene-2, 7-di carboxylic acid,' 173 ng of
terephthalic acid, heaffiviencgf lighteymitting dewices (LEDS bfabdeatwhm@ded 40 m of

Eat on’ s reagepany(ﬁmeﬂee@zado&oreyﬁmpu:e%glmed b fnsbfir 16 Bk Byl 1 9 the

o (I;?lcj)tc onl SNthhﬁa-S e sy, fﬁr@msgrifsoblymrﬁfrm me,mosr\p N NN ~~--~
2 ~ ; 02'2' prefératily o NVEh | GOVl (“P'HK”)i@hd&maled&e%eﬁfihe dhidde n@@gene

e rling
A Qg) (d> J= 8l—énd ‘jh'p"l’l(ﬂ%gﬁeg‘°ll‘pn%}"°) v5e. S’ %l”&é&“ﬁé‘é‘k‘s ﬁﬁl” Sal kyI)
0.75-1.1 (br)ImﬁED@BK%m)/PUKHGOW@RQ(LOOZQH/BHM)/A)(105>mﬁp|'1§1313 20
Synthesis of Rghyéd. 1@pﬁhﬁ&3§e§l§l}@chﬁé¥1’o)mrlall HREIGIREs Sr e AT NSt ykRe) as 2

random copol yner m xt ure

9, 9- di - (2pet Kyl hex% %emoaﬁraéﬁ’eméhezEmreal%wll@t smisgionwith egerpl 2

GdSaght halm enequamin @ffdientiaadh dxcessloR1% i ?1Qfanwdélﬂévdaamtmmg%ale§rdndte was
adde 0 gAQgEN Xt U under ni trogen
at 100 %for SI)llgul’@ ccl’[ﬁe(¢ ‘%?fm’tlﬁg“bg‘ &Féﬁ%lra%r‘l{qﬂlﬁnﬁﬂo d purifying
t he- product weemntiésiermon Ilblmamm)ﬁabnpbmdmatesﬁﬁﬁnewlmd dnmﬁlohbxemr&lct was
30 0 1 H MR (o o%yu'%z % “‘é‘%“*%'?&&'%%"“‘é%?%%lﬂ BB SRPIEAEh Thers) ™ 5 25"
(bra 2H naphtRereR@inesees e‘ec%zca(!bﬁ opespfe ﬁll%\fblﬁév@l ngltsmm(swms 8Hz,

§H12 6 ”‘(”‘p ht hal e@?lo%ll obﬂelrv@&ﬂbb@ﬁﬁﬁwreachmwul l@@@@nﬁqﬂm %/VL 0493 6 r i ng),

I orene rin 5 (br
8H, H §|5ky| ). regchag oyen ‘l’tf?'%% E'HOJ‘EL l&ﬁ%ﬁ Fl)’mbe“@lijﬁ ¢pmparahle %'“bs'w bqat BloRy | ) |
Exanpl e 14 Sypolyest EEDE demonstrated to date.

poly(9,9-di-(2-eth I di,azel e-t hi phene as_a andom
copol yrrer To a ni xlq)l? p&lﬁ \blll{l%l]a%v%elughc icréncy EE emissions may also {)e _

- ( 2- et higbrieatod wsing l@tableenetpﬂasdheembmWIOrm sach devies@rurtprefs .
h h 2, 55 I de was
t i ophene- gﬂhﬁﬁ@t‘ﬁﬂdﬁ %ﬁb/ﬁﬂﬂ (gﬁﬁmgﬁﬁvsabagfgﬁagsd@éﬂfvgﬁwy%

added m of Eaton's reagent
| %% metals may %e used as cathode materials, including Ba, Sm, Ca and Al. To

evaluate the effect of the work function of the different cathode metals on the
device performance, Ca and Al were selected for comparison as cathode materials.
The work functions of these two metals are 2.9 eV and 4.2 eV, respectively.
. _ Relatively high electroluminescence quantum efficiency (“EQE™), on the order of
25 _ about 0.15 %'_to about 0.2 % ph/el may be obtained in devices made With_ an Al
' - cathode. -The ratio of EQE for the Ca devices to that of the Al devices is
approximately 5. This is in sharp contrast to the ratio of about. 102 to 103 typically -
- observed in devices fabrlcated from other blue luminescent polymers synthesxzed
_ | using other approaches (see, e.g., U. S. 5,900,327). This difference is of potential
30 1mportance in practical apphcatlons since ‘Al is an air stable material. AgMg -
" alloys are also well known i in the art as alternative stable cathode matenals |
ngh EL efﬁcxency may also be achieved by i 1mprovmg hole i m_]ectlon into
. poly(ﬂuorene oxadiazole) layer. The sxgmﬁcant dxffercncc in iEL efficiency
between devices constructed usmg PVK (work function 5.5.eV).and PEDOT
35 (work function 5.2 eV) suggests that the highest occupied. molecular orbital of
PFO is close to about 5.5 eV or higher. - : o
Materials comprising the polymers described above may be used as the .

photo-active layer in high photosensitivity photovoltaic cells and photodetectors
- 19 :



nitrogen at 100C for S-hours. The rest of the procedure for working up and
10 purifyinng the product was the sane as in Exanple 11. ThectybeelRob4of the

pr oduc % . Proton NVR verified the foll ow ng tructure:
VAR }Wm?,g?s "' nt HNWVR (SOOMHz, THF=dg) b p%ﬁ%“%&e J=9Hz) |
2H, fluorene 5 - J=8 fl yuorene r 8:13 '(d; J=SHz;
2H, fluorene (Ursng%?ﬂd%é gnd gldsfl*ﬁls“b%%opéﬁ SeleFtinga ma@nggwgbpn absqrpliqnp) |

0.7S-1. 1 (br eage apisroxikfidtely400nky by shotteR visible-blind UMittedtomlcaiby. 20 Exanpl e
15 Synt hesr S 8 295 di hexoxy-terephthalic acid . A mxture of 20 g of

di ethyl = oxy terephthal ate, 32 g of n-hexyl. brom de and 27 g'of
pot assi um car bonaﬂmapphcﬁ&ﬂxsnhvdbbrﬁ@c&m&ohmnmdcmplﬂ(ﬁﬁ}lbltamder ni trogen for 20

hour's, 521t phiBsdlisipdeSicte s HAPLEGAMID inchlac P BiES fhyer Bl 0 500 I

of a 5 0 aqueou h%erXI _ : ree . _
.times by~et Hd activepalymet sniﬂlg@empd«r Jayerr n@blgamtenalaﬁumemhebucfnbi ned and

. washed by Wq@ vent
af f orded di eﬁfl{mﬂd&?&ﬂe d“??ge '?l \élngehp alﬁyaglgegﬁhgggo%d(yso&rrgﬁl ?:’Flagepr oduct .
The crude pr ekka(m esthroxides annircetmsanvmg glectralupingscemalemices it 30

et hanol and 20dadirgtle pOhiR%SnbtE] Métﬁk&lﬂﬁ hallig 4 weild fuhdbnTowkrtthen Wesut! ef | uxed
for 2 gours 4?%? &‘g ture had cooled; 300 mM of 8M hydrochloric acid -
d A%

was added. 2 ‘?epht halic acid precipitated, was isolated by
filtration, then -Blam!slcenhphymm@ras Heecandsgredn orzed emrttnﬁg spacidshy lguestet at e

o e BB AR P Akt 0B R e\, 1

t he foLI owi ngvaytleongth gmissidaCTh 98hlmacaak, ele¢tikauvand Baehate, injeeted digp tise ppm

11. 2- 2H, 4H,

o CHZ§ 1.65(m ﬁa"ra-i iﬁ?@ VC%H"E’Q‘?%W@ Egﬁ‘" a%'f%‘ﬁ g"% H al kyb))
0. 77( t15 J= Byiollmcxcganq@mqs rlcathg@p:ﬁgq:ogeqﬂ% D. Mchhee T. ergstedt C.

2, 5- bi s- (3 5751aﬁ 'AUEF BH&H"MCU’B)C hie ' BB V. Srasiov afd ™ 9t He e?anﬁp
drethyl _ gﬁéz tha at'e, 30 g of 3,5, 5tiimethylhexyl chlorrde
;i %rsg ot

and 27 g of te in 250 mM DMSO was heated at 100C under
nitrogen for: 20 hours After the ‘m OXEXAMPRIRS ed down, it 10" ‘was poured
into 500 m of % aqueous sol uti-on on of sodi um hydrOX| de and extracted
three tines ~acetate three. times (3 x 200 .n). ~ The organic

| ayer 20ver e Synthiesie df QAdli{R<thythaxyl)vluoeene t hen dri ed over . NgSO~
Evaporation of th? %ﬂgﬂ&%f‘@f%ﬁ{iﬁg% in 200 ml of'{;H]F']was cooled do di 1ce '

di et hyl - 2, 5- bi s-( xox -tere al ate as ar col ored

crude’ pr oduct/acq@ﬂb@mdmeltmgmum&wl@élmuah«;xapesrztrqsavmfrﬂuna@em xed with
200 m of et kw&aqhd&n@tﬂ@scﬂutmn dﬁ@?s@'b%}rﬁﬂéb’% a%wihﬂurh%§wbrﬂn&eﬂbxture

was refluxed for our e m xtyre copo
hydr ochl ori cf%‘E‘?"o‘ swaa@m“a? ‘5“%‘ 45 “rﬁat HE%BW&‘P& epht hal i ¢

aci d seci pi tahpeiammbﬁahswasthahedmbmaﬂ irddovered o:nroohhtem peeatired Thy, wat er .
o L1 R R B PR e et e
acet at e/ hex aﬂeeth;ylhﬂwl hromide ¢ 1A0hm] Oﬂ’ﬁHFw@Iw of dpopwitedo theasaction g ( 52 % 23
' miixture over 1.5 hours. After completion of the addition, the reactlon mixture
was stirred at room tcmpcrature under nitrogen ovemlght
.30 The reactxon mixture was poured into 600 ml-of water and extracted by
' " cthyl acetate (3x 300 ml). The organic layers were combined and dried over
- Mg80,. eVaporatlon of the organic solvents afforded a crude product whlch was
purified by vacuum distillation. - The yield of the ‘product was 67 g (74 %)

o Proton NMR verlﬂed the followmg structure:
- 35 _ o
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11 Cctober 2004 Proton NWVR verified the follow ng structure: ~H NVR (400M+
CDClg) 8 ppm 7.88 (s) 2H, benzene rink 431 . (i, J="|Hz, 1} Odtbber@@H) 1. 93
(g, J~71.7 7%& Hallryl),1.74 (n) 4H, | ~ al kyI) .27 (dd, 2H

J~l 4Hz, 1= 3al kyl)) 1.18 (dd, J=Il1Hz, J=6Hz, 2H, I—I—al?Cﬂlj/U§01m0m (s, 6H,
Hal kyl'),1.02 (s, 6H, Halkyl), 0.91 (s, 18H H aI kyl). Exea~le 17 -

COVPARATI VE EXAMPLE . Synt hesis of pol y(~, 5-di hexoxyphedyl enc- oxadi azol e) |
0 To a m xt ure‘I-bNMRQSQPMHz,ZCBGli) ) Bppmx §.68¢d cle715He, RH, Rabnéefifg)l 8.36/(E,of

hydr azi ne hydr t e, m xture was
stirred at 65 unfﬂd'falié e%fwejdﬁ%[%iﬂé nutrg‘g)'ﬂ)ﬁﬁﬁ g'fn}l'gdd flyprene
Eaton' s reagerin8ad. 93(({!’@6 > Hdkyh, IOMQSWBSZH{,IH'I&B@I)‘, 0459.5mSHdiore it
was cool gd dovdiIp roomtenperature and poured into 500 .m water.. The -
pol ymer preci rEtat Edé and 15 was isolated by filtration. The crude polyrrer'
was washed by nd net hanol alternately until neutral, then dried in

vacuo. 'fhe drSyathesiswd2, Mbwm99&ﬁ(mmyﬂ¢xw)1ﬂaoﬂ&,erm of 50C12 for.0.5

hour. The honobgenou, d,thr filter and then '
precipitated fr om 6&%“%\2@1)@/\@ ’? h‘ﬁﬁ&ﬁlﬂ'&f"xﬁiﬁwﬁ%{’@ﬁow of chlorefprman and
washed by wat evasgedled o amisel avatdr batht &0rgadfdiryminetwds added toauhemanml ymer was

dri ed truct 11
e 0 e BN e oy BB e 0
rink), 4.18 (/IsHrredfor ldlcman Q;lgtrvmpom intg-5QQ tay bf » saturagd(dqueoutH,

EFO(E\IILEX:??A) f %’y é%o(ulﬁbn of kbdrlﬂn%hﬂbﬁhﬁte Addrtrona@s&ﬂurﬁtcarbbn%as@%ed to thganpl.e 18-

VPLh nt hesi s
pol y(2, 5- bi s((§"EX€\ '&B‘Eﬁ&ﬁﬁw&yﬁ Bgecﬁ{nﬁé?ﬁbﬂeé%eﬁ&@awacéayewaathauxt uxe of
1.8-g ~ZCS andematad bndthe GHEGEs Hypr wheaitadied by GAGrufsmaddetha (Pixxt ure of 15

gt 2{/drzaizssl lrﬂasgry rochwé@g%wert&f@%&a&] “Qm’ﬂﬁﬁ%%g%f‘%aé @Haagfm trogen

for 20 hours. Spdiuarhydsexide and then watet, dhenctivied aver MgS0,t Eveporatinef it was 10 -
oured into 5 I, olated b
Pt rati on pioveh WibRleq  EneROKEE Wi FRLPRIAES A M ReliBR b Bire, it el y

filtration. z

until neutral Sh th,gklrpa adtceﬁlmrhusmshmanemethqpluem Theyisldof therprodueswheat ed
with 40 mL of i l@0%6)x . 0.5 hour. The hvonogenvus sol uti on was passed

t hroug a5 ~m |Iter t he itated I5 from 500 rnl water. The
solid rv}%% i sol at ed PB?/“’?%&’FFE?F’E‘H%%‘EH&& Ufgat er- and met hanol o
alternately until neul xal . The pol ynmer was drl ed tn vacuo: Proton hlI MR
verified the foM-Qw ng ructure: 1 H NVR (400Nl Hz,- CDCI ~ b ppm  7.76 (bt ~,
ZH, benzene rinp= (br 4H, O CH, 1.90 (br) 7.,H Halkyl),1. 74 (br,
4H, Hal1~yl), : 2H, Hallcyl), 1.1 20 (br, 2.H Halkyl), -
0.90-1.02 (br)B'l S/n) 0.81 (br, 18H, Hallyl)_

_ - TH-NMR (SOOMHZ, CDCl3) & ppm 7. 51 (d,J=8. SHz, 2H ﬂuorene ring), 7.48 (d
- 25 ~ 2H, J=5Hz, fluorene rmg) 7.44 (d, J=8Hz, 2H, fluorene rmg) 1.94 (m, 4H H- E
_ 'alkyl) 0.64- -0. 98 (m, 22H H-alkyl), 0. 45- 0.56 (m 8H, H-alkyl)
_ Examgle 3
_Synthesrs of 9, 9 dr-(2-ethylhexyl) ﬂuorene-2 7—drcarboxyhc acrd _ .
7 g of magnesrum was placed ina 500 ml flask and preheated to 100°C
3(_) _ '_under dry mtrogen 5 mg of iodine was added followed by the ﬁrst part ofa
' _ solutron (20 ml) of 50 g of 2, 7-drbromo-9 9-d1-(2-ethylhexylLﬂuorene in100 ml
of dry THF.. After the reactron was initialized (as mdlcated by the disappearance .
of color from the solutron) the remainder of the solutron was added dropwrse with
a syringe. After the addition, the reaction mixture was reﬂuxed for 1 hour and an
35 additional 100 ml of dry THF was added. The reaction mlxture was then cooled
o to room temperature 500¢ of dry ice was added to the reactlon mlxture, and the
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11 October 2004 -WD 011 77203 5 10 15 20 25 30 PCT/ USO1/ 10026 Exanple 19 The
pol ymer disclosed in Exanple 7 was dissolved in toluene ﬂDOptﬁ)bdlIOQﬁla .

sol ution w pol ymer- concentration of 8 ng/m . Sol uti t '
concentwa)tqlbﬁ@% | nmg/m to 15 ng/mM were al so prepar egg’?/?%’@gt%tions
were stirred W|_th.a magnetic bar at roomtenperature for several hours. A
cl ean, col or Iffask was khdken natilehe dryf ioe wasiweRinnilted.eAfteethe excest aimuﬂtidfrﬁsywer e

obtalned, b 38 BEAAAR IR AP AR S ETRE LA G TRga P
thi cknesses dhe30idlified tesid6O0@s éxtracted throe times by leyhyl acstate §3 k200 s@l).nThpeed and
the solution, ‘Eg&]ﬁ@ﬂg&:@%ﬁ’é‘co:ﬁbrhE@%ﬁﬂo&r&hE&‘ \»ﬁtﬁ%ﬁ%ﬁﬁw%{ef’{tﬂ&)rhgﬁ’ afrd %G‘Qr""er €

al so prepare ast
measur énent s Me§@4 cAfter. e@pgmnomnfﬂmnégleems,.m mmﬁheximawghmdt fae absor pt i on.

and phot ol um,ﬂ@mg g(tﬁ’ten a8 Q‘%ﬂﬁt@%olftd fich J;Asl @alatfedtbtmﬁatmtnﬁatnt hesi zed
in Exanple 7.” The he absorp'ti proxi mately 400 nm

a
The PL eni ssiRyfifisatuan lpserepeseﬂaaaeq @szrefaﬁegpl §Ef9E4°§|25\H ‘beRSﬂql‘tCté?%I@’hHﬁnds in -
t he bl ue reglsgnd(mgytew&qgom&w%shw tail extendi ng to | onger

wavel engt hs. The SSI col t ur at lue with ClE coordi nates
x=0a19, y=0. 16, c I@&Bh ngif‘gl B‘V‘"@ﬁg"ﬂlﬁ&‘ﬁ%t es that the CIE recommends .

for coiQ)r di spl ays The PL eff ciency of these filns 'was measured with a

L11 lanp at :3 Gy —d-cal i brated i ntegrating sphere detector. The PL

efficiency was 13:20 Ln f I ms and 40-65 %in: THF solution: Fig. |Ib shows

t he absorption ang m-« uni nescence (PL) spectra froma film.o the- -

pol ymer synt O A 9Pl e 18. Exanpl e 20 Pol yrer solutions were

prepared and filns vvere spi n- cast as d| sclosed .in Exanple 19, but with the)-
L

To ow he or HENRER SNRRTRTE oS pal: 8 17 10 Fro SR AFE Ml ey €66 (42"
Lum nescence 3Hy JeBHEdflunnenecring)r, 3: 8&r(dd=8HZb2hiaﬂMQIamjrm@L 243 &diiJs8Han were
observed o1 Jiaraihl l6st DG VIR folki5 I A3-08UlhE IsEN & ARy yer @ rreasur ed

the results rarige 10- 30 hi'n” solid fiTmand’30-60 % for t he
sol ution i n TExmpled data are sumTarlzed i.n the fol l owing Tabl e. .y 4.

11 Cct ober 2%3\%]&,}‘/97923@%3 'geyaﬂrﬁneh“lﬂ,exﬂ)tﬂ@dr&wl es for t he Pol yrrer s
A solution of 40 g fluorene in 200 ml of THF was cooled in a dry ice / -
acetone bath under nitrogert. ‘n-BuLi (ZOd ml, 2.5 M in hexane) was added to the
© 20 solution dropwise by syringe A yellow lithium salt of fluorene was formed and
precnprtated from the solution. After 1 hour of sttmng, the temperature of the -
reaction mixture had recovered to room temperature ‘The reaction mixture was
~then placed in an ice / water bath. A solution of 82 g 3,5 S-trtmethylhexyl
o chloride i in- 100.ml of THF was added to the reaction mlxture dropwnse over a
; 25 C -period of 1.5 hours After completton of the addmon the reactlon mixture was ()

- stirred at room temperature overmght under mtrogen
_ The reactton mixture was then poured into 600 ml of water and extracted
| by ethyl acetate (3x 300 ml) The orgamc layers were combmed and dried over _
S _. o MgSO4 Evaporatlon of the orgamc solvents afforded a crude product which was
- 30 '_ o punﬁed by vacuum drstrllatton The yleld of the product was 90 g (90 %).
Lo Proton NMR venﬁed the followmg structure o=

2 -



PCT/ USO1/ 10026 Pol ymer inPL peakPL Efficiency 'Exanple~. (nm843249%

' 1399432499%4.3. 94043036%8%4.143047%45%4243039% . 11% 343047P0&¥H450061
(VBO(V&745@5)0(V%845$10% . ,yY-__ 5.Exanple 21 Thin filmdevices wer. a
fabri cat 3sandwi ch configuration with | ayers in t h&GTWI0BAPe2g or der

anode/ pol y(fl u zol e t hode. | ass _substrate was used
as the transpa %W&%@gﬁ Dé{ﬂ?rgpﬁﬁ\ﬂ@@sfd ’IJT@%"EET}'H ‘I‘Qi?'éﬁ‘"@g)ect rode
g/glsyléz reolf :als mt hkfs-ﬂaﬁs(ﬁﬁﬁHOﬂum@dﬁng)PEDtﬁiﬁ 045(n@, 4H, ahall ermA 182 ganglyct i ve
pol y(fl uor enevyg Q‘ﬁ??lze(fﬁw@fieﬁaﬁ aﬁg@dﬂ 8?%2’%2@ @ th(&\ﬁﬁszﬁhat
described in Hialkyle0A-0.Cahc2Hnbwligl). used as the cathode el ectrode. The
thi cknesg of t Lymer | ayer was approximately 100 rim The active area

was approxi mat 5 cn2, which was defined by the overlap area of the
two el ect r odesSyntiBsisieé L Trdibgemo-P-biad3, 5(5 {rivethylbergdafle@enst i ¢ of the device

di cat f bi d
b the forward g ie“é??‘f‘)‘%&'?ﬁmﬁés’“’ i Ee s 9‘%%?“"35%“&9’%3“ #66.faen o ase
rectification Crh&{ng’"leaé °°°lle én ?ratcpé“@feribe T efhremine was aﬂéﬂbwstbecur rent
at a given voldoh@ich df@;ﬁmhé’iﬁl th@lark. A«’Heg tHe afdhﬁi’t‘mmgrorﬁinm th@feab @S infuMer €

observeg, in deV|c S vmth t rrers dIS 20 i n anpl es 8-14.
Au; Ag, P(Ni , gﬁ%fe] RE 'g‘f' QR inte; d %Wt@ ég¥s%aes,
yi el di ng sim Isatutnoayﬁ_lsdxchumlaa:bohate &n,addiionAlamdiing oﬁmde cabondtowagr e al so

d h
obser vedl  ExariiaB8b Bt BB 196 dectmE UORE ThErhid Bhery (e
pol y(fl uorene- Wémmﬁ@ﬁd@hd @h&msdousdaﬁtmleaﬁmtedmoeddom&mm tvaee t he

foll | &opt
bt oeonT 108)21221 e} F‘%%OT( %grga%% 1?5/&32‘5%%“ Epg?g% Mt B0 | e) (100
nm) Ba( 51 hm-Al {Selision of sodrwra hydraidesthen wafes, @déhkle@fse oMer MﬁS@JE he nom nal

t hi ckness of- t%@@ﬁb@smedmemb affsrded aM'ﬁi'od?x\{Kwhi%}iQﬁas‘ﬁ‘ﬁhér?xﬁﬁﬁE@d
between the P fl uorene di azo] e ove the hole

and. po ers t
5 injection i mYPTHES Hg)wg}y@hogrfglcla&eggﬁg@ﬁ%@g M‘% lfen"g“@ &eld fcom
coni ng out of dfltiee protdyat Was 88 gr(80 &®adi azol e) | ayer. Blue i ght em ssion with

an external quantu i r I s obtained. FIG 2 shows
t he el rol um nescrperﬁ{&mgf%g (;(rﬁlgnf;%"o‘%ﬁg g&%g%(ie The CIE col or

coordi nates are x=0. 18, y=0. 15, which are close to the nunbers recomended
by the CE for dlay applications. FIG 3 provides a sunmary of
data from devi<es erent thicknesses ranging from 600A to 1000A."
Data include 1-V g Rl | st| cs, em ssion-vol tage (L-V) dependence, and
.the EQE as a fBL'm y~¥he dri vi ng current:: The data indicate that high
effl ci ency blue LEDs can be fabricated using the pol ynmer disclosed in

Example 7. ThAXEKAAE AOMUARINED, 18 ol 71 9k RIS EQUBRRE LT ol ¥ 1 %

ph/ el over a broa current rang raréel n-rn r LEDs with

bl ue col or. ThHe¥e7.4é(meced, ﬂmr@ledw),at 8d. (h(m,lﬁivfbﬂﬁ&yl)vdutﬁb% (rm Ht
en ssi 0y Was.Hhhil) cabb;o %?Qﬂe@l ARGNL04-0/86 (1R goé 1 d;‘H ngﬂ(g[)oés{;% @lﬂyzﬁoo

cdf n2 - at appro r eachés over t” 10 ese g
nunbers are ari’@ﬁ'g)ﬁbﬁé ‘b%%(m’d%ﬁﬂ'%lkﬁgt ed for blue polynmer LEDs. 20 Exanple
23. - Polymer LM@ al so fabricated with the polyner di scl osed in
Exarrpl e~7. Th vi.ce ruc a W5 s/ 1. TO E (80 '
nm)/-PVK( 30 nr‘r)ec}y#3 °§’€PF§§#§%§’%§ Qyﬁ?ﬂ'b °ﬁ?ﬂ°?)e§§waﬁw ¥tal netals
wer e used as t he ca@ihgdEmapnesivnaivas Blacedinlafliongl sk an]prdBaated/to 100°€nd Al :
FI G 4 gpnpar rr and A) .
devi ces. The \;\anp &nﬁﬂ @g@ﬁ §n$é’§ﬁ5&18@vﬁ£a&5b@afd'ﬂo\{\%d%g aﬁ@{ya&fhﬁ 2 eV, -
respect i vel y: -sebttign (1&m)) ofi3gie HE-(ibrames9P-biso3 Siy-simethylbexyl)-fleprers ired i n
t he device. nﬁfbﬂﬂﬂéﬂﬁrﬁi‘[ﬁs Aﬂ?&tﬁ@iegaﬂﬁnw@iﬁnt(aﬁ&é@(a@fnd%dﬁﬁim@e” the Ca
devi ces and tgﬁ devi cg&\ I.S; ap?r oXi Bg‘lt ely 5 ﬂ shown in FIG 4,
30 ~i n. cont r astS3PBEARES 0 egolor of e OP}éhfcr&mayldgéeﬂ f 8o H@%B’é% made of
other bl ue- - added dropwise with a syringe. After the addition, the reaction mixture was

3 .-._reﬂuxed_ for 1 hour and an additional 100 m! of dry THF was added.

23



pol yners synt hesi zed using different nethods. Exanpl e-24 Devices were
fabricated with a structure simlar to that disclosed mno&zg&mzbm 23 A
thin compound . buffer |layer of BaO (as disclosed in U S: Ser. '

09/ 173, %‘)”W&@ i ntroduced between the pol y(fl uorene- oxaBFEﬂ@PH}W&ﬁd t he

cat hode nietal contact. Organic conpounds; e.g:, anionic surfactants, were °
al so used as the tﬁhﬁrqgemqrmuxtwerras themecooleddp reain temperatniecanid@n excess

sur f act ant s- hagolmefidey {Qwaqu@éammf&g Wak Sk ber 2004
WO 01/ 77203 PCT/%SO%?WSZG Restasiesds fken unithe fry iod hal ”eS‘r esent s

al kyl or al kym&f 1eachpR SuKfuEe. Aflerdhe excessamouny of dry-igerhad um
counterion, aevhporate’508gidos 1894 r@dhl@id’&dx&%@dﬁed&otﬂc&f@hﬁ@é"l’hé‘ 240. Use

pol yrer o orkaiA AR Bt <§ 4 G sihi] Aeeinels X 1. e/ B8, 31 b, By
i nt roduci ng t orgavicilayerswérecombired a(xd)«{aslmﬂlbycMOQkhwsmrarm than@dedbvé. 3- | O
10 wi'th work PESSG é‘s%%gﬁﬂoﬁéfﬁe@éﬂ%@%ﬁf R el e e e
reduced and tPpreductipsedipitatesk gsiacwhitecsel nd/a«dud:tnwawehtqdcbyaﬁltraum Eunthdrar to that -
of the corres T,

o facﬁ e ﬁ\gg‘(ij&ﬂ&;%'ﬁ%hicg%ggﬁ\}gﬁgHﬁrgegxgmut%%ﬁ(ﬁéln eg«? 138489 fire

pol y( f oreneQ d‘fg égpPrPGWtﬁﬁahﬂ‘@ solig.nThe yield ofghegmeducamias 1dfg
surfactant topakyner. -Light emtting devices vvere fabricated in tlhe)
followi ng form |TQ PE VK(30.n (fluorene oxadi azol e

bl end( 100 nm/Al . %?éWMH%ﬂT%Eﬁmwmn%f BBy was approximately 0.8 %
ph% ; simlar to that observed in devices made with a Ca cathode. 20

Exarrple 26 Two{ji.ght em tgi devices were fabricated in the formof (a) .
| TO' PEDOT( 80 nej ™oy f™Novene oxadi azol e) (100 nmBa(3 nm /A (100 nm; (k)

| T PVK(30 n ol y€e erene25 oxadi azol-e) (100 nmBa(3 nm /A (100 nm. The
di fference bn%Q&e @‘ﬂ'@ &Ofdvi ces is the buffer l'ayer, either PEDOT or
PVK, begsween the I TO contact aid the |um nescent poly(fluorene-oxadi azol e)

o St that BN O HIF S Bppine 0 G 0 3. b Sy A By as
function of 3@dd2Hyl=85Ha)i+R6Hz] Queren®eng)l7i88 (&) 2H, JS8HZ Budrbnefing) ﬁ gﬁyt Ih gt
o tovi se (o202 e Hadl) BroPRRGERHIR Bl B ol i o |
fol | owi ng conkH5glz 3t Bralkyly & 6oEOBY (18 026H)H-pthy)) msofor@nen O dH-aliol)e) ( 100
nm) Ba(3p nm~Al § 40 U@dm 2H, H-alkyl).
Example 7
. Synthesis of poly(9, 9-d1 (2-ethylhexyl) ﬂuorene-oxadlazole)
:3.0 g of phosphorus pentoxide was dissolved in 50 ml of methylsulfuric
o acid with stirring in 110°C oil heating bath under the protection of nitrogen. A 5
25 ' mixture of 2.0 gof 9 9-di- (2-ethylhexyl)-ﬂuorene-2 7-dicarboxylic acid and ( ) _
-0 286mg of hydrazme hydrochloride was added to the so_lutmn The suspen_snon
- .was stirred over 5 hours and a homogenous viscous solution was formed. After .
o - the solutlon had cooled to.room temperature, the solutlon was poured into 500 ml
s e o of water. The polymer was' precnpxtated asa whlte ﬁber which was isolated by
.30 ﬁltrauon -The-crude polymer was washed by an aqueous solution of sodium -
R “carbonate, then water, then methanol, and dried at room temperature i1 vacuo.
:'_The crudeé polymcr was dlssolved in 25 ml of THF The solution was filtered
-7 througha 5 pm filter, and the polymer was then pI'CCIPItath from water. The
- polymer was isolated and washed by water, then methanol, and vacuum dried at
© 35. - room temperature. "This purification process was repeated three times and
' | afforded the polymer as a white fiber. The yield of the product was 1.5 g (78_ %);
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3 ~ The current voltage characteristic under white lanp illum nation was
measured. The results are shown in FIG 6, wherein the mapotibwgeoef the

phot ocur plotted as a function of biasing voltage. short circuit
current "é’?’rh}/gk%mbl as is approXimateiy 1.5 pAlcnR. The |ntP&ﬁ$§ 18§26 pe
radiation in the t 004 ' WO 01l 77203

PCT/ US01/ 10026 reg%g%tEEW%ﬂ)enﬁ%%thgbfé%or&%ggﬁ tg%d of the polymer) is about
200 pWcnR. The photosensitivity of the device is thus approxi mately 7.5
mA/ Watt: The phot i ity inproves under reverse bias to 24 mA/ Watt at
2 V bias.: The opé voI tage (‘as indicated by the m ni num point in
FIG 6) is 5 a It is much smaller than that .observed in
devi ces made w Np yl gpe vinylene {"PPV') derivatives {G Yu et
al ., Appl. Phys. Lett. 68, 1540 ( 1994)), suggesting that the |owest
unoccupi ed nol.ecul ar orbitai ("LUMO') of f | uor ene- oxadi azol e) . from
Exampl e 7 is rHchM %WM%JAE‘I@S)\MH(“ f&:ﬁi(sli‘% fiworepe (ing)5826)(d, Hlince i n

t Q' s Exarml ebtm@r&eemﬁpl 8.¢3(d, J¥smem fludrehe rﬁl.gs fzrzrmqér E&% tmﬁltkc;()er 9y .

i fference e wor unction o e :
| TO (appr oxi nz)téﬁ\jr}hr’ gﬁ H ﬁ @ngﬂﬁﬂﬁ rPhor eneoxadi azol e) can be -
inferred to bExampleki nmat el y 3 S eV, much |ower than poly(fluorene)s '
synt hesi zed vi t-her 070 and . S, (5, 708, 130). Combi ni ng
the LUMD energ(s' ﬁﬁflgpfg@ywm-{%&gyl%ggibﬂgorgﬂa% azledhest 15 occupi ed
mol ecul HF orbi t al W@oﬁﬁmeﬁefﬁyampibﬂavmdpdamﬂnsﬁlmﬂf&r@ﬁrezt:hen timect r oni c
structure of I %ﬁ]g |S|nthe
vicinity of apg&ojﬂk%ﬂ??xd:@l%qgﬂ@ﬁ&sgﬁ}#}gf%xﬁ ta%e viclinity of
3.5f0.5 eV. THés!@uxﬁal'I&@se%pétl@mﬁ@,qeéwérf@r wprking mmmqrtfwng-tban@dg@tpvashom in
FIG 1. 20 Exan@éaﬂl&é 15Ex§:ﬁbl%07t Im mﬁéﬂbﬁaialwﬁaﬁreqm%ﬁmhe rodédffesan
absorpti-on ed 4&/&‘”‘ E‘g E@? A s bl e-bli nd detectors can be
Sbtal hed. Fi GUEREplg and Jrexbrbite e PHOPAFGVHRR ISR nade wi t h
such a materi ahatchdWoxdmhaemﬁmg tinde devicsie Praten NNiRatata were.colledted,had
- photovol taic 4 n he .devi ce wa co ructed 25 wth a structure simlar
to that of" Exéfﬁﬁ gﬁfﬂﬂ H@’sgﬂlgealsl% ?’[ﬂ@g hot oconducti've response is at -
approxi matel y Bs@ple . sinmilar to that of the absorption spectrumin the

sane material . “‘mﬁ‘%*’?@ng‘ﬁ?2'%‘3‘@5*8"*%'2?%’4%‘%““3”@%ob' ind W detection.

The ratio of -t oto onse ‘at nmis |larger than
1:104. 30 ~ ~ Exarl |e§pez”9nentmExmyeﬂqugﬁmweqﬁwqg@d@@m%éom M epar ed

as follmys: ~nhépk e§dn@Eka(mﬂ%thﬁ6ﬁ?§<i‘englQ (dBtﬁm‘é&%nﬁAﬁdt&h?%lsQEbd)is the

pol yet hyl ene dIOX.thIO Md in vvatg g 9 iri for h120
seconds.. The IFa} PSW;{ 1ed DY VATHH f1sH :@qnot;e ore it &8s psdigtheang ¢ he
resul ti ng fil treacnbhu '(f‘kcnmslsoﬁ/thSpﬁﬁé)duﬁe WalsldrersamnasneExamplﬁﬂs fhretoa, NER a (BOO
~. layer of PVt EPH§ yer ~by spinning
al %w./vol. s%aéfcgfd&tgpwrésﬁﬂiwﬁrefnge ag‘(lh or ogﬂ%%ze at 5,000 spin
for 60 secondﬂagm!gﬁ_ﬁ. s comercial Iy available from Al drich, and was used

as recepyed). H?:Ens@f 61'9 ﬁbxsﬁ@g 8- Rfméth%lﬁb'iyp) ﬂu@t@ﬂe-ﬁx&cﬁme)o‘c the pol ymer
in 36 V\O 01/ 203 ober 0 /USO1/ 100i2
o _ p osp orus pentoxide was dissolved in40 ml o methylsulfurlc

o 'acnd by stlmng in a 110°C oil heatmg bath under the protectlon of mtrogen A
. mixture of2.0g of 9 9-blS~(3 5 5-tr1methylhexyl) ﬂuorene-2 7-dxcarboxyllc acid

_ 'and 270 mg of hydrazme hydrochlorlde was added The suspenswn was stirred
300 . overS hours and a homogenous viscous solution formed. After the solution was
o cooled to room temperaturc the solution was poured into 500 ml of water.

- Polymer was preclpltated as a white fiber and isolated by ﬁltratlon The crude

- polymer was washed by an aqueous solution of sodium c_arbonate, then water,
... thenmethanol, and dried at room temperature in vacuo. _The crude polymer was
35  dissolved in 50 ml of THF . The solution was filtered through a 5 pm filter and the
- _'polym'cr"was then precipitated from water. The polymer was isoldted and washed
_ s - o



Exanple 7 was laid dowmn froma 8 ng/m solution. A |ayer of

tri s(benzoyl acet onat o) (nonophenant hr ol i ne) eur opi un(11) (BIOOéthdraOMo by w.)®
was spin- cast on top of the PVK layer at 5, 300 rpmfor The

| ayer WHEOMFR8Y under vacuum at anbient tenperature for %&H&%

dual -l ayer cathode was deposited as described in U S. Ser: No. 08l 872, 657:
Fi gure 8 showg wiabee, ﬁb@ﬁtetlﬂhunambmnmeirﬁdmtmmntdmpdnmreeéﬂhs pmrgﬁaimmces (

10 and ~2fl % h Eu( l). €0 sion is
obser ved fromc’[cﬁ%s %ﬁr%ﬁﬁﬁﬁwéﬁ ‘{%&ﬁ%k’i’? ‘6 atuﬁ'éfg%ﬁgh Jflbele‘n’zlmacll‘;ove
description afithegradyst wss &iAgttVb%é several nethods and materials of the
present inventionp, %f«Mﬁ%@{ipéme'@ %%étm e to nodifications in the
met hods and materi al as we era ions in the fabrication nethods -

and eqdi pnment. Such nodificatjons will become apparent to those skilled in
the art . fromyg considerfti}xn of this di scl osure or practice of the

i nvention di scl0S€0 n. Consequently it is not intended that this _
i nvention be | jntge e spge& fhc enbodi nents disclosed herein, but that,
it cover all ’ |t grnati ves com ng V\nthlnthetrue scope
and spirit of the invent i on as enbodl ed in the attached cl ai ns. 1

1 .
Cct ober 2004 ] yogat ed’ C SI ng at
| east about 20 I}JM&&W@?@&I@!{}ES 'ﬁﬁ'éy3$ﬁdggeﬂg%'ﬁf‘? E}Bg) %ﬁs ’éﬂ?gp -
different, tRH, flapeas ring), B?lr(dmmsleﬂﬂeﬂﬂlbofeﬁ@fmgmaz -2.5(bHH, N- aikyl)O wh/er e} n
Ato oL ety c E ooyloyl o
(2 vvh@c ~el nlég ]h§§b§ 5@%‘@?}‘8’%;}% L‘g@’ﬁﬂen’tllqn‘ﬁilsﬁﬁzoh%s(égprgy%?s@i fferent) is.
sel ected froM-alkyls @#&0i66 (by @Hadlalbpl). ring and a C~+ aromatic heterocyclic
ring, wher e| @x 1eaﬁorrat| c hydr ocarbon ring is selected fromfluorenyl, {
terph~a~l, Y~Y~ ~d Ph~enant hryl rylpzotlhe G + hetentyclic (i s}

is esel ect ed Sﬂﬁ@ﬁﬁlﬁpf@ﬂlw) 2:dir(2-ethyiexy))- ﬂu?‘FPﬁ'?ESP ?'gb‘i’('!ﬂ?ﬂ &) ps & oxa~azd yl ,
furazanyl, pyi{dd@mcg,mymd?wl m dYl ~ pY~Y~ ~Yh . tehazinyl, benzofuranyl
ol

b l.uophenyl lyl,
A AT
= o
di benzot% opE A%k g i R,@,g from
gd&ly ra;i"Bf E é s r?z{%t nt1866 Rt fro &I{l@?eg‘l nsﬁ éﬁé&ﬁ

as ethynyl ar unsubsti oup;” wherein’
each )r, 'w mpnnﬁmgvby ma@m@e&:ﬂat»pn bigfore itavasared mthaurmép@n mugtum ch may

ond i o sired Ak ‘E“%?Sﬁ““?%ﬁi’?i%‘i"?{“%rw‘ﬁpﬁ“"’52‘?6‘“ B 1]
o a0t S ey HHGasF THOMDOD gt oA e T8 Bignerprkripitgied | o

- ﬁ'lg}" 3}:} e I gRina0ater Bya white Iifir?bﬁwmaﬁ}vm‘heldte&wyrﬁltr@wn V&shedb_)lld/awr,y I ar![d

- er e| eac | C ly, N eren
conprises a e"tmetz‘ﬁ?cdr%ﬂ\ﬁhv&cu%n?glﬂ ‘Pﬁggrugggugﬁel?%vars%?ssﬁgrg& "Pi(imébgober
2004 at Gms. tmnuymmndec The solutiom wiab Sitexsd thwg gérurat dws, apfl the spletigimbl e of
substi tuti Ona@aé p%*heﬁhﬁtoﬁ@'oﬁmr fQJaté}l W ol @fﬁba‘ &J?ccﬁpi@aﬁ&pﬁﬁ@es from 1

to 100 carbo mer o el n- eadt: rlsesf|~ulﬁ:@

20 cardon at dsnlatedby fi ti%l yieg polymeg I"'*’GI’W??’s @b)(/\h@"%? pmeurtp N’at"doWﬁPl ses
from1 to ~0 smag BeusabREBA oﬁso%xuﬂ hsruaﬁétu 'MBEn Watef) thémminkthafblyBhd Saduath by

For rrul a (1~ a}f‘ledv%ggield opt?xe pro ucywasg§203}p I's of a formla:
N Proton NMR venﬁcd the followmg copolymer structure

e

30

lH-NMR (SOOMHz, CDC12CDC12) 8 ppm: 8.4 (s, 2H ﬂuorene rmg) 8.17-8. 31
(d 2H, ﬂuorene ring, 4H phcnylcne rmg) 8.01 (d, J—6Hz, 2H, fluorene nng)
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"c Rwherein Rt and R-, which may indepeadently be the sane or different,
are sel ected from hydrogen, cyano, vitro, hal ogen, - Go0 ~1HOctober 2060 The
pol yrer oé claim1, conprjsing from20 to 300 t~cpeat units. 7. The polyner
of clai® OI/ZB%H sing a repeat twit whec~ein Ammis r epPEIEROLHRY
Formula. (2). $. The polymer of claiml, wherein the polyner contains
repeat units Bal\ﬂ-ﬁé7 6o H-dtbyl)0. 21 - Q.ﬂ)(bavItGHI Hegkyl), 046-0 901y ilaH, Ar om of
Formula (2)) W Qﬁz |n the -ratio of repeat units having Aram of Formula (1)
to repeat units Vi ng Arum of Formula (2) ages from about 0.1:1 to about
10:1. 9. The Exemplerl2of claim 1, conprising an hydrazide end group that is

capped with a s6ls 6f - . conpri sing
a carboxy endsbgg&u lg\&y?sglgia(gp@lym%whﬂgﬁ xgl;x]ez gtﬁg{rgg %IWR Weﬁil aaA process
for pr egarl ngr%{‘ B&W@yme\hlner ein said process conprises: (i) providing a
reaction mxture Cmrrhﬁthﬁr@oﬁl @M-azmawmbk;«na%%& Q'ﬁdxhﬁ%ﬁhﬂﬁf dcidredi um

and a di car b‘”iﬁ. G i @g&é‘nj‘id' Cciffqy@ Vineydiagh byldsms@dd%rwl ae

i ndependent |y
(1'.) and (2’ #0ni9f Eatoh’sResgener TROMS dmpﬁcyddre fo%rwbrmgldpaad rifyiigeG ~ ~

~-COO-|(2) e sel e m,the an
aromati c hydr(t)lg' rB%uﬁt}S the sa¥ne m@zxam_p?eaforih lf:lﬁ'e"? 5‘1“3‘%5 QA’V\/(’IGI’GI n
the ;ad@matic hydrB&i@lbUg’lR ivengﬁctdsths@blmmg ct)pcrlymmmye ‘terphcnyl ,

te~ raphvttyl pyrenyl, and Phenanthryl, sect the Cz+~et'ec-ooyct_i cringis
sel ected from pyrr ol yI , frrranyl ) imdazolyl, triazolyl, isoxazotyl,
oxadi azol yl , tutazanyl, PY~Y~ ~ tetrazinyl, benzofuranyl,
be~ot hi opheayl, indolyl, ' , bennzi m dazol yl, beuazotriszolyl,
benwxazol'yl, nuinotyl, is G-RN qui ue};gl na~hYridyl ,

pht hal azyl, ph~yl, be~oteH- a0 )\dabeE.z-a@a.rt(y t hi ophenyl :
am dyl) and phenazyl; whekEin G IS sePect'@d™~firm as %%t hynyl, group and a
substituted or unsubsti tuted ethenyll. ~uP: wherein each R which may

indep tIy r.ent nd whi ch .may be unsubstltut od or
substlt t ed b%ﬁ@@@&mﬁﬁ%ﬁ %Wﬁhﬁ’aﬁ“&lf{% 4, #Hl ogen, is
selected fi rnﬂhdx‘én@ﬂﬂ@,8&6X&fJ=?Pky4Hrﬂﬁoretﬁt{ngﬁ)| KY3 (d, JagHRl 4y |ﬂuo\°éh%re' n ?Oge
or one or nore e cre.replac y, octe
fromthe gr ou n%)chszlss%"gné’ %q% eﬁkesﬁé)éh%fif b%ﬁ}l Ph’ ﬁq{ yﬁﬂ‘égoh%b(o ?Qi/m ch
may it~d~epe~(en28H, lbelkybe same or different, conprises a Ct.t~ satutated

acyclic hydm:g;(m eggoup; and wherein each x is the nunber of. hydrogen
atons of Ary of substitution b merl'zng. said

di carbdQyl i c Spethesis ofipoby(P §-diy(@reshylhexy: i)aﬂuorem-.@xa@lazo%)pheeﬂev@ras Ag a
conj ugat ed potandBm-copslymehe process of cl ai m 11; wherein a said hydrazine

I I d f 4h hI | f
salf v seLeet e TRRT LRy 59 0 Bl e Aahana A5 RS ot
reaction nedi 226 ing of @|6endphthatenedicarbexylicaid aaiBlidahg ofhydrazifie.or gani ¢ sai d,
an i norgani ﬂgdrgchém WasdddEE S0 hn%rf%‘atonlsl;gagépﬁ '?h@r%?ﬁﬁre% q\e e@rﬁnéir sal d

acidic _reactio npri ses ol eu Process O when

sai d- a@fdi c r BHISEEDHR WQd? fﬂﬁ5d!m'p? i Blesrest rsfdhwmmdum fonmqnlgmsapfaudc acid and
at | east aboufmﬂfyidgtthe ﬁ/?oﬁh&%%é‘&:ﬁ@ﬁ ﬁPE)Qﬁ)plé‘pl The yleld of the product '

- was 85 %.- o - .
S Proton NMR venﬁed the followmg copolymer structure

30
1H-NMR (SOOMHz THF-dg) & ppm: 8.90 (d, 2H naphthalene ring), 8 45 (br 2H
naphthalene nng), 8.42 (br, 4H, ﬂuorene nng) 8.32(t, J—8Hz, 2H, naphthalene
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11 October 2004 16. The gnu of ~ 1 I, vvherein the nole ratio of said

di carboxylic-acid to said hydrazine salt is at toast abolit Odtolder 20084 The
process._of claim 11) wherein said polynerizing seep is or | ess
than aB¥@P¥f2%ours. 18. The process of claim 11, wherei %iﬁ 3P yreri zi ng.
step is conducted at a tenparature of |ess than about 1104C. 19. The
p~occss of clnmg) B126 (bhatthiflwotene ring) 83t (bat4H, fluofendiring), b2)23256)ra81i{d-l+ n the
reaction nmteg b jciﬁw ; 20 The process
of claim 11, g?srjl ls{atpg L}Eaﬂ‘gl)?gggé’f g(r)rzpstrHt ﬁsglgygr m xt ure of.at |east
one di car boxﬁlﬁmulﬂ:ﬂi of Formula (2') and at |east one dicarboxylic acid of
Fonaul a(l") . Synthesis of pal}(9, XBROPERFREY] fusteaé-BkaflazoMidiikend) 48 aM0! € ratio
of dicar boxy g a(:llS p %: tﬁg 5365[)3 di car boxyiic ac(lﬁﬂd Sf Fgrrml a (1)

r anges>f r om Eﬂ%‘&f"@l’? YI“"cro about 10 1 . 22. A diode .conprising tho pol yner

of any one or nor gof minte vt | 919-dt-eﬁethﬂmiaymmetetaatzw-ai@uboﬁytta)atdx@I ng the

pol ymer of a acre cl al sensor conpri sing the
pol yner of a%gfﬂﬁe(’f ’oﬁg‘%ge)ogdﬁaﬁl? “iacll% a"%é“ mgpog"%é{g{arzm funi nescent
conpri si ng t hgdmpohlpride wa$ addzd 50nnl afiEater’ ereagend! Themigtuge was hebled under

5 7S o LSRR A Gip ok il e oF h Prots e it Rl e 29 A G4

u@ A%I8s, . A5 pummﬂmcwmwm the same Agin, E/xamplv 1 hnEhe m}ld of the pritiet =761 | 45

6C | was 80 %.
LLTL (11 #. #. 297300~~222222~2222222~2222~22222220822~22222~~~~~~~~n _5992929~72
~>9279~ 99~~~?????é’£0l01’b 3 vorified the fol @Op@¥9§b9&mfl§9>o |p>>’> |>>'> ||’>>>’>

X4X4(4X# #. XX77||>77<~7||>7; Q2 A~ ~~~ >7777 ?27~ 77~ 7 >>>777 2~ 22>7>>>[0 |
>| >| >| >| >x?<???788~~7?ply]| [/ 1202 ’M‘<I | ~~| plI'| ?x>>| | <=?| ~
?>~?| >~?| >>0??| | >>~<~<>5=K3 —>< ~s<||p9|x9?px>>?|?
7?7~ 7>~~||7x~~9970xxxx<< <>?????~~9 ?????>~?????> <9 ?...???? PP7>?>7-?7?7?7.

0~: "~ 3845 >C

gﬁ?ﬁ”?;ﬁ%’?’@g@?%w oA e T
:

2>20<?| 2" | | | 378Hz,2H, fingrens sing), 3:13dgk=SHz, 2% ﬂﬂorenﬁﬂng)*&%is,’ﬂl,e MR245 2C
(#. #. pp??~?? Abphend ringf, 24270, 4H<ct=r27’b 75213 {broad peall, 16H, Hralk), 0580727 722>y ??

77|97 ~P~P~>7>7> >?>?>> ﬁ>|X>~X~??>??877p7777|>|< >X|~>X|X7|7|~>7|~7>??????? :
><<| | | <077 i Halky )<p') ~~<00>~" | ~~>>>22222222>~002~~2| ~2222>] xx?~~"" 00
?| > 0Q6~7'y BxXdnple MC . '
# #. 00088800 0089 s d4ihex330Qerenhthiic aci 4 0xx” ~ 0000 ° OO‘ Lo 00 " 00° CCOO
AR %9nthc51 E ,,} dlhe 898“85}89%&0%%0 \\\\\\ ~0Q0ppQ’ “x* * pp’ 0000°

p
88" 0000" ° o 08 o*omeruo‘qugofshetbyl ~2;5-dihydreyy feBB fate, 32'g'ofn-heyyh n0000x 0x

0080000 0° 8 bQorggngtﬂd2 RBAGt9R20Th 030 ml DMSONABAR 181090 | 0 038
p .

$ 000 e'd“tsog%* bg“fs 086%%66“"68“@ was °°‘§e‘g§‘?‘§“ ‘PXVB%)P"%‘LOpp - 36X
?25#80825 “into 500 mloo’f ";1 5% aqueous so)lgt’l)on of potassium hydroxide and _e)gtta‘cte‘d‘tbr‘e; “““ B
0000] * 88" og‘ég"*sgﬁ ‘vl 4 5?38'66 %Bé Lo Bhbg%g%oé&é‘%‘g%w'ﬁd 494+ 000000100

0000pp* ° ppppoma@dwwaeoto@mommom@m@wthesolvemafbotsa@ooooss 0°0

0 0°°'8 ¢ RREA ark-c 00p0; app000’ 8| |
| 0<o000000808’3"‘*‘@(}95‘%“"98%9%8%“ PR Bark co%%r@&)g%g%?d&u& ““““ PO
050 8 xx hgcsrude prodisd Batbo W@uﬂg"ﬁ fbwob'weéwébz%’o'gl ©60000" " * 000

000000 0" * OQthan@PaHA ZUJQQQ}%&mm hydiﬁﬁiﬁ@ The resultid@ raififire was refluxed QS}OOOOOO 0
000000 u ZCEO%rs After tﬁe mlxture had cooled, 300 ml of §M hydrochlonc acid was .
- added. 2,5- dlhexoxy-terephthaltc acid preapltated was isolated by filtration, then
‘wasied by water. Recrystalhzatlon from ethyl acetate two times afforded pure

2,5-dihexoxy-terephthalic acid. The yield of the product"\_avas.- 15g (52 %)
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| wr | gb\ W caV] ca] ca] caV] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]c”a] ca] cfa] ca]ca U c”a]cal ca 11 October 2004
>Muc&?r 3t zupke® ZU] caV] ca] caV] ca] ca] ca] caV] ca ca calcaJcalc
aU] ca] cs‘]%é?%’% }av] cg] cal (L:J]a] ca/] cal/] ca/] ca] cal/] c!a] ca/] cal/] cB T@%?l’l 0026 Joalcal
TN U &&&' ' (A(7(DXGEV(Z(s(u({(zuojd_zU] ca] c2a] cal] ca] cal] ca] caU] ca] ca]
calU] ca] c, al] ca] ca] eedterelNME & fied|the follMlisgstarhaa] ca] c”a] caV] ca] caV] ca] caV] ¢
a {((7/H K X/ 001>2k2n253; 3=3?3X3\ 3i 3| 3261 68889 9(QOx99; -

; @C;,~ytoje [UU ca] ca] ca]ca]ca]ca]ca]ca]cajca] caUca]ca]cal]ca]calca]calc
aU] ca] caU] ca] ca] ca] caU] ca] ca] cal] ca] ca] caUlxca C, G m
; 0>X?h@ANAA<CI J] JKLLLMPr PPVWVWWEXCXSX_XnXpX{ vql ga[ VU] caU] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]ca] ca]c
ca] ca! pXXZ[ R\~ - a&b) b6b9bBbQobbcLccccceeee o
ff}hj kkknet oj e” [ Ml ga[ VU] ca] ca] ca] ca] ca]:: c-_a]acaU] cal] cal ca] caU] ca) ca] ca] ca
] ca] c”a] ca] ca] cal] ca] cal] ca] ca] c’\a] ¥ cal ca

ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]

mmi ooppgaaqad( q2q4q<q@CqUg”qaqr ssssst t r tedbwwww{ vl gb] Xl ga[ VU] ] ca] cal ca]jca]ca -

] ca] cal] ca] cal] ca] ca] ca] ca] caU] ca] ca] cajgal] ca] caU] ca] cal] ca] ca] c(a] ca] ca] c
na _

\?\]%I\A?\AN?!(;?]Zg?} ng V|} >d"$*: zt oj e [ UU] ca]-c§] ca] ca] ca] cal] ca] ca] ca] ca] cMalcalc

a] ca] ca] ca] ca]ca] ca] ca] cal ca]ca]ca]calc ca] ca] ca] ca] cal] ca] ca!

$hy! & 135} wpk BH-XOARASE0N Hz BHF «lR) depgnt:al] (b, 2H, -COOH), 7.34 (s, 2H, benzene

ch)] ob] cal] o8 T@?LS%&%]&%QW@W‘” %ﬂﬁﬁ LS pic ool

a] ca] ca] ca] ca 8&1@a§ﬂa‘]1@3])’éhpfﬂ tc-h‘-] ] ca] cal] ca] cal ca] cay ca] cal ca] ca

U] ca F>gWX Exam
ol o5] 82%“%3{%5—]@% RN ey beyctsfecephiaio acid o o cal calealca

5]D0(%\zu§3kf a][ V] e’ [ Wimixave 6630 abEdikae]-2 31 diRy &a}& ferdphendlalzoavens gaV] cal cav]
calcCalCajC aleca ca

ol ool ol o oL ealanihas SPbsRl s 27 el ERL SR 250 md DML bt o) cay ca
((:3?] ca]zgg]zi:a] c??dﬁ]ﬁ&iﬂ]@ab%g&mﬁjraﬁh;%zca’}]fmﬁmhogﬂﬂm&]cgla%g do[\i%n 1t] 1 cal

r vvrrrg moclfglﬁ}é@ﬁgcacacac"
a

%32;”5?,?1;3%} gé" e']}fr‘ié!}r ga @ga gf@alccjg};g%d}mw aqﬁqma] dhF etgavis]leygre~a] ca] c
a] ca] cal] ca] cwéﬂecba}rfbalea&bea]asﬁad ]ﬁﬂl&ﬁieﬁ“d&ﬂea%vér\f% Eva oration of the

U] oa] ca) ca) coEmMIGHEA SRS et s PRy L Seichs o) o

| wgl fa[Vje []qcﬂa]ed’ca]dcmtd]duat] calU] ca] ca] ca] ca] ca] cBal] ca] caU] ca] ca] ca] ca] ca] c

S?{l\gg}#gg!)fgw ca] T Tcaﬁ%%ca?ﬁfﬁy ca ca(] w@é’j"é‘e{] it a%ﬂocla‘] 8a] ca] ca] ca]

cal] ca] ca] ca] eresulting migtaoxawesitefbixed\for 7
riw {!~11zuoj ﬂthﬂii Aﬁ{ei s@kﬂm}&@dléaaho@m sak mhm’dkmah@aéﬂh%%a&&ﬁ] c”a] ca] ca

oo e 2L St SRR AR G il meq apaves st ony cop ca

] C?J]D] caj C?J]D] cﬁlltmabn,ahuﬁwmw byt]»\ggagj Paﬂxﬁedtgm]vm]@ﬁ?(]iy gdcg)l&lalﬁ%?g%&ﬁ] ﬁﬁtﬂ] ;:( a]j
cal] calgalca.y '+ " a Xr

YTje P?ca] ca] c%lj KA czf]‘cae]’ cp §1 8. IIELJ%EIO]“E ﬁf?a?ﬁ]gsla‘]%éﬁ‘%gﬂ]%aDX{] cay
ca] ca] ca] cal ceth}'kﬁ&]i tze]'l@’xal]ecfa] @a]eba]lt;émésibwa?lérﬁduct was 17.g (52 %)

c"a] ca] ca] caU] ca] caj ca] ca] ca] ca] c"a] caj ca] ca] ca] chaj ca] cal ca] ca] caU] cal] cay
ca

5G4A | | >JJJJJ KLL PPPQQSSS) SUUUUUWIZZZZ| wnh' [Vje [] ] ca] eaD+] ca] ca] ca] cajcalc -
a] cal] ca] ca] ca] c"a] cal ca] ca] ca] ca] c"a] ca\/] ca] ca] caU] ca] ca] ca] ca] ca] caj c"a] c
ajca

ZZZ\ [ [ [\\\\}’\’\’\$ & T Eaaaaaaa b. bObbzuol drYSj eU] ca] caU] caU] ca] cal] ca]
cal] ca] caU] cal] cal] ca] ca] ca] cal ca] caU] ca] ca] ca] caV] ca] caU] ca] ca] ca] ca] calc
a] ca] ca] ca bbbbbccccc=eBeeeff gg _

g' g) gog7gieiiltmllznn{uoi d_Zy d*YSj el ] ca] ca] cal cal} caU] caU] ca] cal ca] caU] c
a] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal] caj cal] ca] caU] caU] caU] ca] canoo$
0&000pqqqSr Ur rsss0g7giei i | m'1 1 znn{uoi d-ZUj d*YSj eU] ] ca] ca] ca] cal)] caU] cal] ca]
cal] ca] cal] ca] cal] ca] cal] cU] ca] cal cal] ] caUl ca] caU] cal] callcaU] cal] ca] caU -
] ca] ca] ca UIfE ‘!10%&' O)-"- I10%0[0& ()-'3 yl0%& ()-'109%& () - YlO%E& ()-
s S10%&' ()-'c"N?","109R& ()-!, " 109& () - lelO%}& ()--SFMLO%& () - T1109& () -
f 110% =-=& ()-' >8 azX9a210%& -

I @+"109& ()-\!+"109%& ()-\X*109%&" ()-!30"#109& ()-!" #10%/\](/\& ()-

{\ =f 109%&' () - s! S10%&' ()- 10 10 10$>10%&' ()-!# 93@*10%&' () - 'q93@#10%8& ()



1., 810%EEQ ()- °, 810%& ()- !, &L0%Y& () -

'S"100& ()- @rzzX6{\ =! 810% ()-!-0, CO#10%& ()-!, CO#10%& ())OBobct 00 () - !
109 ()- '-3 '109%& ()- .{uVv7! S10%@& ()- " 10%@& ()- 10%@& ()- 'yl0%e& ()-
10]] 10]] 10]]!810%]& ()- wU6+7 10@; s10%@ ()-!Lf 10%@e& ()- ! & f

100@a& ()- ' f 10%7& ()- 1 f 109& ()- 'f 109& ()-° ICN U H 10@;

$109% 9L109& ()- & 109& ()-9910%& ()-!) 10%>& ()-fL!, 10%& ()- 10@

10@) 9B$&EE z[ <H7 10@, 109& ()- , 109& () - Y+109& ()-!0s3109%& () -

1 053100’ () - '331%/ ( SHER@:10 10

109: 10%& () - 6S1098 T Mﬁ'ﬁﬁé% ?é“.°"’5 ; 0 ]

[QSH:O@IC(V()iOfV& ()- p%ll%iofy &/O(X B :%10031 /6 ()" 0109 (). A(D(KZ(u((+)})
¢ (& ()-p.

I&' ()-p,!s% % 0%b& ()-_p, 9109%I&' ()-s! S109T&:

_ ‘ )-+)d**] 4=, , . - WBSH0@ Q" | %40%&
()-p, L Ol 940%& ()-p, ! | 9409 ()-p,! | 9%40%& §)-p,! 0l %40%"& ()-p,!" Oq/&O% &
()-p...-./ 7/ E/FI G H X xj\N s! S10% W& ()-

| 9%4.00& ()-p,!c | YA0%& ()-p,!c | Y0%E ()-

10$$ 10$$ 10$$! ¢ f 5f &1OO/$$& ()-3
/201>2; 3\ 3} [\ N/ ! f 10%& () -

' NMR (400MHz, CDCl3) 8 ppm: 7. 88 (s, 2H, benzenenng) 431, J=7Hz,
. § _  4H, O-CH,), 1.93 (g, J=7Hz, 2H, H-alkyl), 1.74 (m, 4H, H-alkyl), 1.27 (d4, 2H,
J=14Hz, J=3Hz, H-alkyl), 1.18 (d4, J=1 1Hz, J=6Hz, 2H, H-alkyl), 1.03 (5, 6H, H—-
‘alkyl), 1.02 (s, 6H, H-alkyl), 0.91 (s, 18H, H—alkyl)
Example 17— COMPARATIVEEXAMPLE =
. ~ Synthesis of po]y(2,S-d:hexoxyphenylenc-oxadmzole) o -
©10 - To amixture of 1.0 g of 2,5-dihexoxy-terephthalic acid and 187 mg of
hydrazine hyd:uchIOnde was added 10 ml of Eaton’s reagent. The mixture was
stirred at 65°C under nitrogen. After 30 minutes, 10 ml of additional Eaton’s
. reagent was added. The mixture was stirred for 3 hours before it was cooled down
. to room temperature and poured into 500 ml water.. The polymer precipitated and
15 | was isolated by filration. The crude polymer was washcd by water and methanol -
alternately until neutral, then dried in vacuo. : -
The dried crude palymer was heated with 40'ml of SOC]Z for 0.5 hour.
The homogenous solution was passed through a Spum filter and then prec1p1tatcd
: from 500 ml water. The solid was isolated by filtration and washed by water and
20 methanol alternstely until neutrsl. The polymer was dried in vacuo. '
) Proton NMR verified the. followmg structure:
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1f10% U U& ()- !f10% U U& ()-T "10% & ()-9! "10% 8 8& ()-90" 10%

ﬁ'gg-g}gllg!yegssssweg/ 10 10! “$10%& ()--! $10% U u&'8n®ét$a@%zm4
'()--! oU U& ()--! 10% U U& ()-8889 9QOx99uV4/! 10%00& () - %L () -

10908 () - @O%& () - & ()-8 1090

1THNMR (500M'Hz, CDCI;_) o ppm: 7.65-7.90 (br, 2H, benzene ring), 4.18 (br,
- 4H, O-CH,), 1.89 (br, 4H, H-alkyl) 1.48 (br, 4H, H-alkyl), 1.29 (br, $H, H-alkyl),

. . 0.84 (t, J=8Hz, 6H).
Example 18- CO ARATTVE LE
5 Syunthesis of poly(2, 5-bis(3.5 S-mmcthylhcxoxy)-phenylene-oxadxazo!a)

To a mixture of 1.8 g P05 and 30 ml of CH3SO;H preheated to 60°C was
" added & mixture of 1.5 g of 2,5-bis(3,5,5-trimethylhexoxy)-terephthalic acid and
228 mg of hydrazine hydrochloride. The mixture was stirred at 60°C under
_ ~ nitrogen for 20 hours. After the wmixture cooled down to room temperature, it was
10 = pouredinto 500 ml water. The polymer precipitated and was molated by filtration.
- The crude polymer was washed by water aud methapo] alternately until nentral,

then dried in vacuo.
' The dried crude polymer was heated with 40 ml of SOCI; for 0.5 hour.

. " The homogenous solution was passed through a 5 pm filter and then precipitated
15 from 500 m] water. The solid was isolated by filtration and washed by water and
i methanol alternately until neutral. The polymer was dried in vacuo.
Proton NMR verified the followmg structure:

$

€50

NMR (400MHz, CDC];) 5 ppm 7. 76 (br, 2H, benzene rmg) 420 (br 4H,
. _ -CH;;) 1.90 (br, 2H, H-a]kyl), 1.74 (br, 4H, H-alkyl) 126 (br, ZH, H-alkyl) 1.1
20 (br 2H, H-alkyl), 0.90-1.02 ('br, 12H, H-allo, 0. 21 (br, 18H, H-alkyD).
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10%& () - -! C! alosrptedn( z)nd@lmtojmm&te(lge @L) qu:@%ﬁ'om a filmof the polymer
_ o synthesized in Example 7. The onset of the-absorption band is at approximately
15 _'_400_ nm. The PL emission profile is characterized by several vibronic side bands

" in the blue region (400 to 500 nm) with a tail extending to longer Wavelengths
The emission coloris saturated blue with CIE coordinates x=0.19, y—O 16, close
_-'to the blue color coordinates that the CIE recommends for color dlsplays
- - The PL efficiency of these films ‘was measured with a UV lamp at 365 nm
20 and a calibrated integrating sphere detector The PL efﬁcwncy was 13-20 % in
' ﬁlms and 40-65 % in. THF solution. _ '
_ ‘Fig. 1b shows the absorption and photolummescence (PL) spectra froma
y ﬁlm of the polymer synthesized in Example 18. '
~ Example 20 _ _
25 - - Polymer solutions were prepared and ﬁlms were spin-cast as disclosed in _
_ Example 19, but with the materials descnbed in Examples 8-14, 17-18. Polymer o
_ _ﬁlms were cast following procedures similar to those described in Example 19. - \3 '
S Lummescence in different colors and i in broad band white emission were observed
o for the different polymers ‘When PL efficiencies were measured, the results
T30 ranged .fr__or_n 10-30 % for the thin so_hd film and 30-60 % for the s_olutlon in THF.
R | The data are summarized in the following Table. |
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5 Example2l | )
 Thin film devices were fabricated in a sandwich configuration with layers
in the following order: anodc/poly(ﬂuorene-oxadlazole)/cathode ITOona glass
* substrate was usedas the transparent anode. F or some devices, an ITO/PEDOT
bzla_yer electrode was used as the transparent anode. PEDOT is a transparent,

10 conductive polymer film with bulk resistivity on the order of 1 Qcm. The
'pOIY(ﬂuorene-oxadiazole) material used in the present Example was that described
in Example 7. Calcium was used as the cathode electrode. The thickness of the
polymer layer was approximately 100 nm. The active area was approximately

| - 0.15 cm?2, whlch was defined by the overlap area of the two electrodes, o

15 - . The current-voltage (“I-V™) characteristic of the device is indicative of

. -reetiﬂcation, wit_h a larger current observed when biased in the forward direction
(hig’hér potential 'applied to anode). - The rectification ratio (i.e., the ratio of
- forward current to reverse current at a given voltage) was typically larger than
- 102, Similar results were observed in devices made with the polymers disclosed
20 in Examples 8-14. ' '
' ' Au, Ag, Ni, Cu, Se and PANI were also used as the anode electrodes
yleldmg similar results Ba, Li, Ce, Cs, Eu, Rb, Sm Al, and In were also used as
“the cathode electxode and slmllar I-V characteristics were observed.
Example22 . o -
25 ~ Light emitting devices were fabricated using the poly(fluorene-oxadiazole)
o disclosed in Example 7. These devices have the following 'layered-struéture:
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injection into the polymer and to effectively block the electrons from coming out

of the poly(fluorene-oxadiazole) layer.  Blue light emission with an external
quantum efficiency over 1 % ph/el was obtained. ‘FIG. 2 shows the -
electroluminescent emission from such a device. The CIE color coordinates are
x=0.18, y=0.15, which are close to the numbers rccommended by the CIE for
10 color display. applioations. FIG_. 3 provides a summary of data from devices with
different _thicknesses ranging from 600A to 1000A." Data include I-V
characteristics, erriiSsion-Voltage (L-V) dependence, and the EQE as a function of
the dnvmg current.. The data indicate that high efﬁcnency blue LEDs can be
_ fabricated using the polymer disclosed in Example 7. The external quantum
15 efficiency remained approxx_mately 1 % ph/el over a broad current range, which is
'rarely seen in polymer LEDs with blue color. These devices were operated at low
“bias voltage. Lrght emission was typically observed above 4 V, reaches
- approximately 100 cd/m? at approximately 8.V, and reaches over 103 cd/m2 at
- 1OV These numbers are among the best demonstrated for blue polymer LEDs.
- .20 ‘Example 23 ' | _
Polymer LEDs were also fabricated with the polymer d1sclosed in
g Example 7. The device structure was as follows:
- glass/ITO/PEDOT(80 nm)/PVK(30 nm)/Poly(fluorene- .
oxadlazole)(IOO nm)/cathode Several metals were used as the cathode material,
25 including Ba, Sm, Ca, Y, In and Al: FIG. 4 compares the EQE as a functron of the
o _ drive current in Cad and Al devnces "The work functlons of these two metals are
- 29eVand4 2¢eV; respectlvely Relatively: hxgh EQE (0.15-0 2% ph/el) was
- Gbserved.i in the devxce made w1th Al as the cathode. The ratio of EQE between
_ ' the Ca devices’ and the Al devices is approxrmately 5 for the data shown in FIG. 4,
o 30 . incontrastto the ratio of 102-103 typically seen in devices made of other blue
| | polymers synthesizod using different methods.
- Example24 Lo
, Devrces were fabncated wrth a structure similar to that dlscloscd in .
N | Example 23.-A thin compound buffer layer of BaO (as disclosed in U.S. Ser.
g 35 ' No. 09/173, 157) was mtroduced between the poly(fluorene-oxadiazole) and the
' L cathode mietal contact. Orgamc compounds e.g., amomc surfactants, were also’
used as the thin buffer layer. The ether sulfate anionic surfactants-had the

followmg common structure:
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polymer. Light emitting devices were fabricated in the following form:
: ITO/PEDOT(8O nm)/PVK(30 nm)/poly(ﬂuorene-oxadlazole) blend(100 nm)/Al.
- The external quantum efficiency was approximately 0.8 % ph/el, similar to that
. observed in devices made with a Ca cathode.
20 Example 26 _
Two light emitting devices were fabricated in the form of:
(a) ITO/PEDOT(80 nm)/poly(fluorene- '
oxadiazole)(100 nm)/Ba(3 nm)/Al(100 nm);
(b) - ITO/PVK(30 nm)/poly(fluorene-
25 oxadiazole)(100 nm)/Ba(3 nm)/Al(100 nm).
- ‘The difference between the two devices is the buffer layer either PEDOT
- orPVK, between the ITO contact and the luminescent poly(ﬂuorene-oxadlazo]e)
layer ‘The CffCCthC work function of the PEDOT layer is approximately 5.2 eV,
_ - | and that of PVK i is approxxmately 5.5 eV. The device EL efficiency as function of
30 driving current is compared in FIG. 5. The EL efﬁclency in device (b) is close to
BRI 1 % ph/el, approx1mately 103 tlmes higher than that in devnce (a). | ‘
Example 27 . _ _ . C
_ ' Thin film devxces were. fabncated in the followmg conﬁguratlon
ITO/PEDOT(80 nm)/poly(ﬂuorene-oxadlazole)(l00 nm)/Ba(3 nm)/Al(l 00 nm).
35 . ‘The current voltage characteristic under white lamp illumination was measured.
' ~The results are shown in FIG. 6, wherein the magnitude of the photocurrent is
-plotted as a function of biasing volta‘ge The short circuit current at zero bias is

_ approxxmately L5 pA/em?, The intensity of the radlatlon in the UV spectral -
' 35 —
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3.540.5 eV. These values are con51stent with the optical band gap shown in’
_ FIG. 1.
20 Example 28 . _
| By selecting a poly(fluorene-oxadiazole) with an absorption Iedge at
" 400 nm or shorter, visible-blind UV detectors can be obtained. FIG. 7 shows the
spectral response of a photodetector made with such a material. ‘The data were
'ta'ken under zero bias, i.e., in the photovoltaic mode. The device was constructed -
25 'w1th a structure similar to that of Example 27.
‘The onset of the photoconductwe response is at approximately 400 nm

o .'.' ~similar to that of the absorption spectrum in the same material, -Suchadevicecan -
_, | . b used for wsxble-blmd UV detection. The ratlo of the photoresponsc at 380 nm
| - to thatat 450 nm 1s larger than l 104, - S
| -3'0'-;._.:'-'-'“-:.'Examgle29 Coe e o
- A llght-emlttmg device. was. prepared as follows On partlally patterned .
ITO was spun a suspension of polyethylenc droxythtophene (“PEDOT’ ) in water o
“at 1,000 rpm for 120 seconds. The’ layer was dried under vacuum at 85°C for .
e 1 5 hours, and the: resultmg film: thickness was 600 A. Under an inert atmosphere
35 . a 300_A layer of PVK was laid down_ on top of the passivation layer by spinning a
) S % wt./vol. solution of PVK“in- l,l,2;2-tetrachloroethane at 5,000 rpm for -
60 seconds.. (PVK is eommercially available from Aldrich, and was used as

~ received). After drymg at 60°C for. 1 hour, a 600 A layer of the polymer in "
_ 36 '
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--whemn Atom is a moiety selected from Formulae (1) and (2):
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wherein cach Axy, which may independently be the same or different, is selected
from n aromatic hydrocarbon ring and a Cy. aromatic heteracyclic ring, wherein the |
aromatic hydrocarbon ring is selected from fluorenyl, terphpnzl, tqtmphmyl pyrenyl, and
' phenanthryl, and the Cy: heterocyclic ring is selected from‘pyrrélyl, furanyl, imidazolyl,
 triazolyl, isoxazolyl, oxn&aznlyl, furazanyl, pyridazinyl, pyrimidyl, pyrazinyl, triazinyl,
_ tetrazmyl benzofuranyl, benzothiophenyl, indolyl, isoindazolyl, benzimidazolyl,
benzotriazolyl, benzoxazolyl, quinolyl, isoquinolyl, cinnolyl, quinazolyl, naphthyridyl,
. phthalazyl, phentriazyl, benzotetrazyl, carbazolyl, dibenzofuranyl, dibenzothiopheayl,
acndyl, and phenazyl;

whetein L is selected from an ethynyl group and a subsututed or unsubsumtod
ethenyl group;
whcremm&whlchmaymdepcudenﬂybethesamcordiﬂ:'etentandwhwh
may be unsubstituted or substituted by a substituent selected from cyano, nitro, and
‘halogen, is selected from the group consisting of hydrogen, aryl, alkylaryl, arylalkyl, and
‘alky wherein none or one or more -CHj- units of the alkyl are replaced by a moiety
selected from ~O-, -8-, Cp1« aryl, and -NR’- wherein cach R’, which may independc

be the same or different, comprises a Cy.(o0 saturated acyclic hydmcarbyl group;
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5 wherein each x is the mumber of hydrogen atomus of Ary capable of substitution by
- | .
9. The polymer of claitn 1, wherein cach R comprises from [ to 100 carbon
atoms. | |
3. Tho polymer of claim 2, wherein each R comprises from 1 to 20 carbon atoms.
4. The polymer of claim 1, whercin cach R' comprises froo 1 to 20 carbon
‘atoms.
5. The polymer of claim 1, Arom is represeated by Formula (1) and whesein the
" cthenyl group is of a formmla: |

\c:c/
R1/ &,

wherein Ry and Ra, which may indepeadently be the same or different, are
selected from hydrogen, cyano, nitro, halogen, Ci.20 alkyl, and Co« aryl.
6. The polymer of claim 1, comprising from 20 to 300 repeat units.
7. The polymer of claim 1, comprising a repeat unit wherein Arom is represented
by Formula (2).
8. The polymer of claim 1, whercin the polymer contains repeat units having
Arom of Formula (1) aed repeat units having Arom of Formula (2), wherein the ratio of
repeat units having Arom of Formula (1) to repeat units having Axom of Formula (2)
ranges from about 0.1:1 to about 10:1.
9. The polymer of claim 1, oompnsmganhydmzndccndgroupthatmcapped
w1th a bcmzolc acid. :
' 10. The polymer of claim 1, wherein comprising a carboxy end group that is
3 capped with a benzohydrazide.
11. A process for prepanng a polymer, wherein sand process compfises:
() providing a reaction mixture comprising a hydrazine salt, an acidic
roactlon medium, and a dicarboxylic acid, wherein said dicarboxylic acid, which may
independently be the samo ot different, is represented by oric of Formulae (1) and (2°):
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b the same or different, comprises a Cy.10 saturated acyclic hydrocarbyl group; and
. wherein each x is the number of hydrogen atoms of Ary capable of substitution by
R |
(i) polymetizing said dicarboxylic acid with said hydrazine salt; and
('m) recavering a conjugated polymer.
12. The process of claim 11, wherein said hydrazioe salt is selected from the
group consisting of hydrazine chloride, hydtazmc sulfate, and mixtures thereof.
13. The process of claim 11, wherein said acidic reaction medium is selected
: iiOmthegm!mconmhngofanmgamcmd,mmorgmncacxd,andmmthmﬁ
14. The process of claim 11, wherein said acidic reaction medium comprises
© olearn. " E | |
15. The process of claim 11, wherein said acidic reaction medium comprises a
* solution of methylsulfuric acid and at Jeast ahout 4 wt. % phosphorus pentoxide.
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HSU& () *+, - ﬁomchﬁﬁi”@mﬂnwdpolymmnng step is conducted for less
than about 12 hours.
~18. Thoprocess of claim 11, wherein said polymerizing step is conducted at a
temperature of less than about 110°C.
: 19. The process of claim 11, whetemthcooncentratlonofmeatboxyimwdmﬂxe
,._teactlonmmumrangesﬁomaboutZOmm/ltoaboutISOmm/L
20 The process of claim 11, wherein said dicarboxylic acid comprises a mixture
of at least one dicarboxylic acid of Formula (2°) and at least one dicarboxylic acid of
Formula (1°). ) —_—
' 21. The process of clalm 20, wherein the mole ratio of dicarboxylic acid of
Formula (2') to dicarboxylic acid of Formula (1°) ranges from about 0.1:1 to about 10:1.
22. A diode comprising the polymer of any one or more of Claims 1-11.
23. A photovoltaic cell comprising the polymer of any one or more of Claims 1- -

1L
24. A photosensor ¢omprising the polymer of any one or more of Claims 1-11.
25. An electroluminescent comprising the polymer of any one ot more of Claims
1-11.
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