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(57) Abstract: This invention discloses 2 class of soluble poly(arylene-oxadiazole) polymers and copolymers ‘comprising from 3

ta 300 repeat units, which may be the same or different, represented by the formula: {I) wherein Arom can be a fluorene group,
an aromatic hydrocarbon ring, an aromatic Cy+ heterocyclic ring, or two aromatic rings linked by a singfebond, ethenyl bond, or
ethynyl bond. A process for preparing the polymers and copolymers by reacting dicarboxylic acids and hydrazine salt is provided.
The polymers are useful in electroluminescent devices, photovoltaic cells, and diodes.




et hynyl bond. A process for preparing the polyners and copol r
reacting dicarboxylic acids and hydrazine salt is provi degfozgﬁ"és%@/yners

are useful in electrolum nescent devices, photovoltaic cells, and di odes.
11 Cctober 2004 TITLE SOLUBLE PCOLY(FLUORENE- OXADI AZOLE) CONJUGATED
PCOLYMERS FI ELD OF THE | NVENTI ON Thi s i nvention discl oses

el ectrol um nescent, soluble, conjugated 5 pol y(fluorene-oxadi azol e)

honopol ymers and random copol yners and thod of preparing sane. The-
pol ynmers are pswmctmwaﬂwmmﬁimnmmpcwmmwmds with
~a hydrazine salt. The pol yners may ‘ < ol um nescent devi ces,

di odes, photovoltaic cells, and tH B3 CoNB- OF THE | NVENTI ON 10
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f or mi ngisabi | i sghicétdnctng palinmers podvydes a pathowaly do heweosh ihigh volmhecul ar wei ght ;

pol yners vvhic %Q?&? cast into high quality pin-hole free films by
processing fromso

Bor it 1o “pro ceasdBt FATRAS HE SEREBTE o BT A St SFFERF SR de
chains such aggh éitting{devices include high photclummescence (PL) efficiency, good film
' " -forming ability, good thermal stability, and balanced carrier 1njectmn and

20 transport.

High photoluminescence (PL) efficiency: In an efficient lnminescent
polymer medium, radistive recombination is favored over non-radiative
recombination. PL efficiencies in excess of 10 % are preferred; PL efficiencies in
excess 0f 25% are still more preferred; and PL efficiensies in excess of 50% are

25 still more preferred. .
_ Good film fomﬁxﬁg'ability: The emissive polymer should have high
e _ molecular weight; polymsrs which can be cast into high quality pin-hole free films
| by processing from solution, fox example by spin-casting, are preferred. ‘Solution
‘ processability can be achieved by introducing flexible side chains such as alkyl or
30 alkoxy groups onto the backbaze of the onijugated polyiiet, The polymeérization
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 (Tp). |
‘Balanced carrier injection. and transport: High-eﬁicigncy light emitting
35 diodes (LEDs) require balanced carier injection and fransport. Ideally, the
injection of holes at the anode and electrons at the cathode should bg equal, and
the transport mobility of electrons and holes in the polymer should be equal. For
these conditions to be realized, certain electyon withdrawing (and/or electron _
1




30 al koxy groups onto the backbone of the conjugated pol ynfg) g

pol yneri zation chem stry should be chosen with the goal E{S}Fﬁr 094 ng hi gh
nol ecul awondigis CGood thermal stability- To ensure good »¢EUsSEI10626abi | ity,
the polyner should be designed to have a high glass transition tenperature ¥
(T.). Bal anceddorﬁaﬁg)l si shb@lditeGRcapétatet s R polyineoid iafpkd el ddsvtion! | ght
emtting 35 d &F &Ff& .require balanced carrier injection and transport

' Ideally, thean A B cBf’nhol es at the anode and el ectrons at the

cat hode shoul'd be eSgiatal chissks oifhﬂnmesmsqqmlymmsbawbgcnmﬁschjsedirrthnartand hol es

inth | | '

e Pl YT bR P Mide, BB Bo S b B R e

PCT/ US015 10026(JdHnBurrn@hs;gDon§ Btadlayd AbR. Brasw, ;Beﬁ*htl\é@rks,riid\’lﬂﬂ@m%l Hper to
. inprove electr nd( P“E'/ miGhEA. B“HSﬁﬁéSONﬁmfﬁ%ﬁ %b9?i@9ﬂﬁ)%§oﬂiale' uni nescent

pol yners have di'scl osed In the art er et ése include, for
exanpl e, pol y[ eﬂ%“b??é?fﬁp o 8uch ahy(Ranethoxyp?- (2 ppiyt thex)gop@ PRY (@ iMEfghs, D.
D. C. Bradley, PP‘V“)RU Srnven, 138); l-%&ﬁﬁlted@?%ﬁ(ﬁ%&ﬂi&dﬁ axiarpremd P. L. ’

T henas(ombrias R st e Bl e A
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Mebranch, @Bfé‘ally?y’iﬁ thtfj ﬂb’i’@ﬁ:eﬁ% %Qm Wi ORNO FRleHIP &R Gedth i gLt ra of

these polyners ty spec regionp with colors
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pol ymers. t hat' Whyseabdhefor ateeﬂ'rgmdbhlmtnagtm‘gh&:tmhumnmbl}t &L Pni}’n@d“mhnber :
showed roms | |
al kyl - 2 stitu eg%r[f ﬁf&g}r?lg(n?se%@?egbeen | sc ll gﬁjﬁgﬁgeﬁgﬁ%ﬂ}g Fukuda o

et al. pr epar egolymers that have been designed and synthesxzed only a limited number showed

promise for stable blue EL emission. Polymers and oligomers of alkyl-substituted
fluorene have been disclosed by several groups.” Fukuda et al. prepared
9-alkylated polyfluorene by treating the monomer with a large excess of oxidizing
25 metal salt such as ferric chloride (Fukuda et al., Japanese J. Appl. Phys. 28,
| 1433-1435 (1989)). This proée'ss suffered from crosslinking and mislinking - -
reactions during polymerization and resulted ina low molecular weight polymer "&)
with hlgh polydlsper51ty Pei et al. disclosed polyﬂuorenes containing polar-alkyl
. substituents using dibromofluorene as 2 monomer (U. S.5,900,327).
30 Unfortunately, the molecular weight of the polymer obtajned using this method is
B low. E.P. Woo et al. used the Suzuki coupling reaction for obtaining polymers
- and oligomers of alkyl-éubstituted fluorene (U.S. 5,777,070 and U.S. 5,708,130).
Although relatlvely high EL efficiencies have been achieved Tor green and red - |
polyﬂuorene-based LED devices with promising lifetimes, similar results for blue .
35 LEDs have not been reported (W. Wu et al., Meeting of the Society for |
' Information Display, 1999, San Diego, CA). .
' As a result of the electron-withdrawing character of the 1,3,4-oxadiazole .

ring, certain low molecular weight aromatic 1,3,4-oxadiazole derivatives facilitate
5 ‘



9-al kyl ated pol yfluorene by treating the nononer with a Izﬁge SS of
oxidizing 25 netal salt such as ferric chloride (Fukuda ﬁmr panese‘J
Appl . Phys. 28, 1433-1435 (1989)). This process suffered from crosslinking
and m slinking reactions during polynerization and resulted in a l.ow

mol ecul ar wei ght polymer with high polydispersity. Pei et al. disclosed
pol yfl uorenes cont ai ni ng pol ar - aIkyI substltuents usi ng di bronof | uorene as

a nononer ( %ééi |u¥nrﬁ dp\%b;&\ﬂék Weilght of the
pol ymer obt gf]%e gﬁhgolg%ﬁﬁ Oﬁq’fhng LB% %g et aI used t he'
Suzuki coupl PIF§ IR BEEERIC LY dicspibnrte )b P R depogitign istifdrer s of

al kyl - subst i (@Jtmcml VOTRBRi, bl B, Sdito] AApI0F s ahxe. 55,359 B19008.CL 3@hchiAl t hough
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for blue. 35Hb¥Beerithese ligoid mmmesqmdmes(aaﬁbmd moralhermaﬂmmg of the -
Soci ety for g@ﬁtlﬂs %%é,mﬁfza goul t of the
};ﬁ b b e@éﬁ&ls%yfleéﬁ&?ﬁ oxadi azo I n certain

el ectron-wi't ngc aracter_ o
| ow nol ecul aqggvsv@a@% b@?&%reeuiedanéhmwcﬁém%ﬁvmwm litate 2 11
Cct ober 2004pA;BeChdn. 9G) 6240 (983)) r ansport of. el ectrons. These oxadi azol e
derivatives have f y ‘the vapor
deposition met hodﬂ%é}a%géo%%#on&ﬂg‘%qutsw %%gﬁ%ﬁalﬁ&%oﬁ ys. Left.
56, 799 (199@pou€polma@mﬂ-Per, Tangs Ghem. ddererT 75H186 §199ApH- vE- Lett 57, °
531 (1990); £, DIBreifddn, Synth: mem,,mqm jrlaﬁalzducw@zlﬂrl ne

%
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WEGERAEddR. and
hence resul tibid groupsiee tlﬂwevnb@maﬂntmmw(dk(og whent &Uonnjm@}nad Phys.

Chem 97, 624Go{ 1.9 sthalar whilh: 'E’LZ &taeﬁ@&@é o ¥E tidviieOkR@Lat ed i nt o
the main chal n f varlous s (Q. Per, Y. Yahg, Chem Mater- 7, 1586
(1995); S SBARE cwow ap | mﬁﬁﬁﬁayeéyn| k Met -84(1-3), 449 (1997);:
and Z_ R Pang, zrommwox&mmmmmmmswé@ﬂmﬁ% 684(1998) ).
The pol ym::ril g;angJPsP&rcH’Lﬂ_weggjﬁug’ @egm%{ gl p,,y tdrigzl Y -conj ugat ed,
or, when ful'ly a{ | ow no] ecu‘lg%gmo EL quantum -
effici enci eéy%fg)nipé'glr 1928): k3% st el E ‘&‘V?F@rs was used as

the em ssi v@ﬁeazyMaterPtﬂ(s')mm (1P28)).t he oxadi azol e gr oup as a pendant group

%’ltn;];ﬁ;?ggfl ml\/{agono SH%B%MO%’% ZEEE c nJ %&ﬁg’ f% eng, M E PGal VI n,
and E A ngﬁ?&l{y nglbIe hgyht emitting po ymers at cxlublt PL efficiency, goad .
film formmg ablht)’ good thermal stability, and that have clectromc sf:mctures ' '
cousmtcnt with balanced carrier injection and tran5porr_ _
‘ ' SUMMARY OF THE INVENTION
Embodiments may overcome the shortcommgs of the prior aﬁ blue-

emitting conjugated polymers by providing blue-and visible light—emitting
polymcm cxhlbnmg high PL eﬁi01ency, good film forming ablhty, and good
. 'thennal stability, and that have c]ectromc strucmwe consistent w1th balanced
 cariér injection and transport. '
A first aspect of the present invention provides a conjugated polymer

comprising at least about 20 repeat units, which may independently be the same
or different, the repeat units represented by the formula:



Chen. Mater. 10(5), 1201.(1998)). Thus, there is a need fﬁ{ bl ue- tting
conj ugat ed polyners, and nore generally, visible light e 9??%@ §€1yners.
that exhibit high PL efficiency, good filmformng ability, good thernal
stability, and. that have electronic structures consistent wth bal anced
carrierAinjectio andNbNaTsport SUMVARY OF THE | NVENTI ON Enbodi nents may
overcone the s &0mﬁ£ &s—e# the prior art blue- emtting conjugated

pol yners by providing 8l ué-and visible light-emtting polyners exhibiting
high FL effici qtein A0@Gs a thbibtisdiddiffeh Fdinlthd (1) ardg@): good t her nal
stability, and that have electronic structures consistent with balanced
carrier injection and transport A first aspect of the present invention
provi des a conjugated gl yner Ronprising at |east about 20 repeat units,
whi ch may independentlyl be the $ane or different, the repeat units

represented by ihe ormp-a-1-3—hl-Ost-0ber 2004 O wherein Atomis a noiety
sel ected from Igc?rmjl ae (1) and (2): (1) (2) wherein each Ary, which may

i ndependently be the s r different, is selected froman aronmatic
hydr ocar bon ring and =—aromati c heterocyclic ring, wherein the

‘tetraphenyl, pyrenyl, phenant hryl, and the CZz} heterocycl Ic. ring is
sel ected fronr @rrdl yI rauyl i mdazoiyl, t triazolyl,

riazimyl, | oraelis UA‘Heﬁ%]? b orsafat b e iR Gy

i soi ndazol frém abaroniafiy Mkmz;bpnrmg othi acookid het%@fm mngo Werendhe nol yl |

aromati ¢ hydrocarbo & \1 el ected fromfluorenyl, terphenyl,
nd

L soqu It n ?I y&mm&icrh?&wdrboluqﬂg &gsagdtad frofnilﬁﬂmdw e;@ﬁr;ig, Ayl apdpent 3 i ?zyl |
enzotetra L DEeNzZor ur a t-ophen acri Yy an
phenazy[ ; @%’éf‘gﬁ"@’ ??’%ﬁﬁséﬂ&é O%I?WZB? E’dﬂg&éﬂﬁlst ituted or
unsubsti t utwlyleSMMYlM@olﬂ fwacanyd, pyridaginy ynmb@wymylb Auepdndent |y be

the sane Opgrghf { eLebfuif, hinsdthiopiyLb SindddU bisdihdabidipd %mﬂ,@g{,t tuted by a
Strjgﬁltol E:gﬁs S‘?‘Iﬁ,ﬂg’ﬂ%ﬁq’ﬁ%om cKano ggg&k %nd tlall ogen[ o (& ed fromthe
' phthalazyl, phentriazyl, benzotetrazyl, carbazolyl, dlbcﬂZDﬁlI&ﬂyl d.lbenzotlnophenyl
acndyl and phenazyl;
wherein L is selected from an ethynyl group and a substituted -or unsubstitated
ethenyl group;
wherein each R, which may mdependcnﬂy be the same or different and which
may be unsubstitated or substitafed 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 -CHp- units of the alkyl arc replaced by a moicty
selected fiom -O-, -S-, Cp14 aryl, and -NR’- wherein each R?, which may independenily
be the same or different, comprises a Cj.1o0 Saturated acyclic hydrocarbyl group;
wherein each X is the mumber of hydrogen atoms of Ary capable of substitution by

R
In a preferred embodiment, a conjugated polymer may be provided

which can include from 20 to 300 repeat units, which may independently be the
same or different, represented by the formula:

e 31
L Yo J

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):

3a



al ky wherein none or one or nore -CLi2- units of the al kyL @r ebrgﬁdlaced by
a noiety selected from-0-, -S, C4-14 aryl, and -NW wher BFHRPE

whi ch may i ndependently be the sanme or different, conprises a Cwtao
saturated acyclic hydrocarbyl group; wherein each xis the nunber of
hydrogen atons of Ary capable of, substitution by In a preferred enbodi nent,
-a conj ugated pol yner may be provi*ded which can include from20 to 300
repeat units, which may independently be the sanme or different,

repr esent ed by the formilJa: N LAmm ~O~_wherein Arom nay be a noi ety
selected fromFormulae (1), (2)% (3) ‘End (4) and at | east one Arom may be

- .sel ected fromFornmula (4): 3a 1L Cctoper 2004 (ry (2) (3) f x ~x - Ary Each

~Ary, which may i ndepend Iy—beAWhew&Bm‘e-or different, can be selected from
an aromatic hydrocarbon ring apg a C2 argmatic heterocycllc ring; L may be
- “selected fromen ethynyl group nd a subs}ituted or unsubstituted ethenyl
. .group, each R, which i ndep, denily Rg-the same. or different and.whi ch
‘may’ be unsubstituted ofJsubstitiuted by a substituent sélected from cyano,
nitro, and hal ogen, nay be sel ety€t from hydrogen, aryl, alkylaryl,
~arylal kyl, and al kyl, wherein FF\ one or nore -CH2- uni ts of the al kyl-
-may be replaced by a noiety seipf from- O, -5 C2 laryl, and -NR -
wherei.n each R, winch may i ndependdntly be the same or different, may
. include a C1-100 saturaf®d acydtic Bydrocarbyl. group; and each x' maybe the
. nunber of hydrogen atons of Ary capable of substitution by R. In further -

_ S;ﬂ;?glr gE ln;s fr lgaﬁﬁ MRWF@%I’HBY ml%%gx%ex{t@%mhg‘ i;éatrr% oggﬁer%ﬁrcgm sr:l@%éﬁ%}noaﬁo rle to 2 0.
‘carban at ons. areticAydpRattPRTIRE AR 6@&@[98\%“?}1‘3??@0}‘?&8/% gey beeleeted r om phenyl, -
f1aorenyl, 'EH?EE:YEthyﬁﬁ la,a shwmb@wimumnmd%myaaﬁohwéachw enyl, and

phenant byl - S, 9 e BB e Rt Rudfndfhe T Ol | 0 a0 1
- oxadi azol yl mﬁuhsawr subgtmid@/by a ﬂlh;?fmﬁﬂwplﬂﬂp@ﬁpmlmmpfp% udyl ,
. Pyraziinyi; thHl%één%iy be selected from hydrogen, aryl, alkylaryl, arylatkyl, and alkyl, wherein
o - " none or one or more -CH,- units of the alkyl may be replaced by a moiety selected
from ~O-; ~S-, Cy_14 axyl, and -NR’- wherein each R’, which may independently
_' be the same or dif'ferent; may include a Cy.100 Saturated acyclic hydrocarbyl group; and
each % may be the number of hiydrogen atoms of Ary capable of substitution by R..

In further embodunents each R may mclude from 1 to 100 carbon
* atoms, more preferably from 1 to 20 carbon atoms. Each R'may include from 1
- 10 20 carbon atoms. The aromatic hydrocarbon ring may be selected from
~ phenyl, ﬂuqrenj_rL bipheny}, terphenyl, tetsaphenyl, naphthyl, anthryl, pyrenyl,.and _
. | phenanthryl. The aromatic G+ heterocyclic ring may be selected from thiophenyl, '
- pyrrolyl, fm‘anyl, imidazolyl, trszolyl, isoxazolyl, oxazolyl, oxadiazolyl,
... furazanyl, p)'ndyl b1pyndy], pyridazinyl, pyrimidyl, pyramyl trazinyl,
. tetrazinyl; benzofuranyl, benzuthmphenyl, indolyl, isoindazolyl, benmmldazdyl
| benzotnazolvl, beénzoxazolyl, qumol}I 1soqumoly1 cmnolyl, qumazol}rl,
' naphthyridyl, phthalazyl. phenmazvl, benzotetrazyl carbac.olyl, d'benzufuranyl,
, | -'dxbenzothmphenyl acridyl, and phenazyl. Where Arom 15 rcprescnted ‘by
s Formula (3) the ethenyl group may be of a formula: _

\___/
/
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tetrazinyl, benzofuranyl, benzothiophenyl, indolyl, isoi ng]oé %{5?9(?4

benzi m dazolyl, beuzotriazolyL benzoxazol yl, glunolyl
ci nnolyl, quinazolyl, naphthyridyl, phthalazyl, phentrlazyl
benzotetrazyl, carbatolyl, dibenzofuranyl, dibenzothiophenyl, acridyl, and

phenazyL Where Arumis represented by Fornula (3), the ethenyl group may
be of a formula: 4 11 October 2004 wherein R, and R2, which may

i ndependent |y be the sane or different, may be -selected from hydrogen,
cyano, nitro,wirsdinBesmd Relwlhich mlalki}ﬂﬂepﬂafi?éﬂlc‘zeﬁhﬁﬁw o qifferenty KEE  enbodi ment ,
t he pol yner r&lbctcﬁﬁoﬂﬂ@diﬂgﬁm:%ﬁnd,mtﬁﬂﬁalug@péﬁnﬂlkyh sndb€o eyl i ncl ude a

repeat unit wherei r epr For yet anot her
enbodi nent, the ra | %dgrgrﬁ ‘f%o %Wé’ ﬁ%?%oglgm%%@ nore of
For mul ae (1) re@@)um(s@ymﬁblm é@atepmv@tthrq‘:ln@umwrrﬁmseme&rrul a (4) may range
from about 0.4y Bardnfla3p Uh é&némeffaﬁb&mdém,zmdm@mi ¥iAg Axgpped with

a benzoic acid The ca be e th a ben ohydra2|de
A second asp tOBBPEW%%‘HFeam;ﬁ{% ?F%H@EE n%%o(’xgggf"?rgpﬁ prepari ng
a pol ymer, wh@)eayrasgd brpaloned s:1coitpni Kels Th(mh);dm«bamndlgmypalawéact ion m xture
conpri sing: a Y jnﬁ{jé aa di carboxylic
aci d, wherei naégéda‘ﬁaﬂ]%gé%oxfc@c ng}:%b%éna%wal ndeagendent l'y be the sane
or dlfferent bﬁé‘@f’-’é%ent ed by one of Formulae (1') and (2'): R ~X

HOOD- - Ary L Ary 00@Headéd bspedt ofithe pedsent exedtioApyovidahia plocasgfor i ndependent |y be
the same or dif Eyﬂn Alpolys eé%Jh@I%ﬁlesqldpMc@g@cmﬁls@@ aromati ¢ hydrocarbon ring.
apd a C2+ aro Ic”hetérocyclic ring, wherein the aromatic hydrocarbon
ring is selected f(ipm frroniding | readtion hisgsel Gompélﬁlﬂ&rﬂﬁbl’@@ﬂﬂepsﬂheﬁylwdﬁ’nd
phenant hryl , gpgibd fclid; M@&i@&u@m&aﬁd,mefeﬁl SRl «ﬁeamtyﬁama,wah

el gt Sy B RSP 3 Pt (5 BT Ly a1

benzat hi ophenyl , i ndol yI | s ndazol yix, benzi m dazolyl, benzatriazolyl,
benzoxazol yl , quinolyl., i soggl nol yI ICI nnol yl , qui nazol yl, naphthyridyl,
pht hal azyl , phent(li’)azy'loocbé‘ adl yl, di benzof uranyl,

dibenzotblophenyl “acridyl , apd phenazyl, mhereln L is selected from an
et hynyl group and a substitu or unsubstituted ethenyl group;
HOOC \If \I/ COOH
@) ;

wherein each Ary, which may independently be the same or different, is selected
from the an aromatic hydrocarbon ring and a Cz+ aromatic heterocyclic ring, wherein the
aromafic hydrocarbon ring is selected from fluorenyl, terphenyl, tetraphenyl, pyrenyl, and
phenanthryl, aud the Cyheterocyclic ring is selected from pymolyl, furatiyl, imidazolyl,
triazolyl, isoxazolyl, oxadiazolyl, furazanyl, pyridazinyl, pysimidyl, pyrazinyl, tciazingl,
tetrazinyl, benzofuranyl, benzothiophenyl, indolyl, isoindazolyl, benzimidazolyl,
benzotriazolyl, benzoxazolyl, quinolyl, isoquinolyl, cinnolyl, quinazolyl, nephthyridyl,
phthalazyl, phentriazyl, benzotetrazyl, carbazolyl, dibenzofuranyl, dibenzothiophenyl,
‘acridyl, and phenazyl; '

wherein L is selected from an ethynyl group and a substituted or unsubstituted
ethenyl group;

wherein each R, which may independently be the same ot different and which
may be unsubstituted or substituted by a substituent selected from cyano, nitro, and
halogen, is selected from hydrogen, aryl, alkylaryl, arylalkyl, and alkyl, wherein none or
one or more -CHy- units of the alkyl are replaced by & moiety selected from the group
consisting of -0-, -§-, Cz.44 aryl, and -NR’- wherein each R’, which may independently
be the same or different, comprises a Cyjgs saturated acyclic hydrocarbyl group; and

5 .



wherein each R, which may i ndependently be the sanme or dIL (Srent d whi ch
may be unsubstituted or substituted by a substituent sel eth ‘HOl?etr cyan

i tro and hal ooaeih sl el i AR 98 Tor 25 hpap Bk bl I 21 1

and al kyl erein none or one or nore
repl aced by *moi ety selected fromthe group con5|st|ng of -0, S— CZ.E4

aryl, -and NR - -whi@) ei mlyaﬁiﬁ@saidﬂhhmmhagcldmmﬂﬂmh@/saltma he same or
different, conprigas mhg G"Eﬁ'ﬁmﬂg cyclic hydrocarbyl group; and 5 11
Cct ober 2004 Whe(l‘%gl n each Xis ﬁ%‘e? of hydrogen atoms of Ary capable
of substitution by R, (ii) polymerizing said dicarboxylic acid with said

hydr azi ne sal t; ahnlanO(hpn¢rr)b0dmmt19prongssa)r@mpﬁm@ad@&; gy&@‘gl beh N anot her

enbodi ment , abd%aﬁmpmﬁecpr@p@grb&gsﬁamémqﬁ scri bed above may. be
provided . ‘The process may .include t tep of rovi ding a.nmacron mi Xt ur e

i ncl udi ng a FSPYIEARE HEagion anixire '&Elﬂlémgalbé@t&-lneﬁﬁlt, peefidinreaction a di car boxylic
aci d, wher ei inctilns, ﬁﬁl&ﬁdzbﬁhqiyhea&ﬁ,ﬂherﬁﬁimmaxyhb%% &E y be the same
or dl ffer entlﬁc‘egn%)fe{nggbé ﬁ@ga%%galﬁgregym%h% r&) es!:: ?{31% one o L{lae & (3"} and

(4'), and at ne di car y Forrrula(4) '
R HOOG Prepk4),apg) at leaghope dicarkepsrfg ac bmpsﬁsqr}feﬂ\byl?@@@h and wher ei n

each Ary, - \M‘(ﬂC)h may i ndependently be the same or different, may be sel ected
froman arematic hydrgf,zr b%dd_ugq,@.n.d_@o + aromatic het erocycl ic ring;
wherein L maybe sele _aniet hynay gro and a substituted or
unsubstituted ethenyl (%;Boufilr ner Qﬁxch may i ndependently be the
sane or .different an \AhiH@ﬁ’QTa'yﬁrbe—uhgu-b&yﬁu-mubmr ogubstituted by a
substituent sel ect ed m cyano Rnlt o,” and hal ogent, may be selected from
hydr ogen, -aryl, aIkyI yl al kyl, ~and al ki, wherein none or one or
more - CH2- OHFIE eash %éVh&hWYmﬁwyndbélybeqhtmdrdm&emt,maymsylensal ected from

-0, -S , E2nildi arayic hydestaddit ring Whes €5 Dadashc Ret 3,@ pdependent |y
rmFude a501 1oocsaﬁjor atlfe'z:J %hflle

be t he s ane

hydr ocar byl . %agﬁye SJIB%{eg %\Aﬂemﬁ‘y&;‘&% apd 4 substipged opunsyhstified Eﬂt‘ﬁly hydr ogen at ons
of Ary. capﬁ’fﬂ“@ ‘Hb‘*f%‘%‘é?h Ruvighmey indepeptentlydrecthnsany stdiFsentantihe process
may i ncl u d e which’ may be unsubstituted or substituted by a substituent selected fmm cyano,

nitro, and halogen, may be selected from hydmgen, aryl, alkylaryl, arylalkyl, and alkyl,
- wherein none or one or more -CH;- units of the alkyl may be replaced by a moiety
- sefected from -O-, -8-, Cp.14 aryl, and -NR’- wherein each K, which may
independently be the same or different, may 1nclude aCym saturated acychc
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 mc}ude
- polymcnzmg the mcarbuxyhc ac:d with the hydrazme salt and recavenng 8
. conjugated polymer. _ - )
. Inafirther embodiment of the process, the hydrazme salt may be selected ﬂom _

' hydmzme chlonde hydxamne sulfate, and Imxtum thereof. The acidic reac’ﬂon
medmm mey be se]ected from an orgamc acid, an murgamc acxd, and meuxrcs .
thereof. The acidic reaction medmm may include oleum ora solution of -

' _methylsulﬁmc acid and at least about 4wt % phosphorus pentoxide. The mole

Sa



-~ di car boxyl.i c. acl

. polymerizing the dicarboxylic acid with the hydrazine sal db over| ng a
"conj ugated._ polyner In a further enbodi nent of the process ?l g azi ne

salt may be selected from hydrazine chloride, hydrazine sulfate, and

~m xtures thereof The acidic reaction nediummy be selected fromau _
_orgam c acid,-an inorganic acid, and mxtures . thereof The acidic v
reaction rredlrwin nfadae dmﬂbudﬁmnoemmthe hpdreziheisdlomapbe atteashgbaui|lf ur The aci d and

-"at | east . about %ﬁ;ﬁ%@?@@&gﬁ@@{ll;o‘ld{:]élghanﬂlb%ul*?i 1&9011 Oct ober 2004

rat.i o of the Fazine sa e at | east
about 1:1. Thempqaaﬂuwmﬁ'lcssmm aboepl 108G, Bbe e@twanmtm qfdﬂcarlaa@helaaud iabout’ 12

| hours or ! - Gy IEURET AR Ao IoR 20 imA 1OBGT IS0 fRECTRE 2L N o

: ction mxture pay range from ahout 20 i | to
“about 150 rmidicartugtic asid maydnglpdea mrtarepfypt lcﬁill%ﬁél"&ﬂl?ixldl‘ﬁ?@ 6f at |east.

. 0 png'r mr ggxndrﬁuaquq a8l at lefs‘%ﬂéllh@axl)dxyh@dﬁll @lthrﬁ@l?de éme(zgjoa;ar(g?g: th?m d-
Fornula (4 )%‘l?fﬂ?lﬁﬁ?"@dﬁydlqa@%ll‘da‘dgoﬁgo laégt{ho ‘?war DK Hiy((th ). may' range
“forom about 0. mutaeéapqgt) ana@z, {may ringe)f&ﬁn almnitbelrl dbodt Med:, an- .

el ectrol um-nescent. -devi ce vi ded  wh | nel gde an anode I ayer

" a cat hode’ | ayer arf®y% 2y Odffa“fﬁ é‘nFleet%l%““a’éeé‘éein ove: The anode |ayer °
may i-ncl ude @rmdmtchngyIMﬂem@bdelhwwangtheﬁe\lmkalﬁ@mebfmeh hi gher than

= about. 4.5 eV, %;(fug?}{&%np&#a%%ygﬂdﬁmdg?dﬁrma IIIIICY ea&lnﬁlgftln rﬁQtQH%rconductl\./e,

:sel enium co Ve yani | i ne, con ypyrr

pol y(et-hyl endavingywiork Sunstic gherihgn ab 4.3 &Y éli' drom gollj de
conpound, f orgiekanRka, cdfpisell hlélbﬁlhrﬂ eaﬁddeaveT aﬁﬂtd&odetctuauﬁpdtpgyrmsl ude a
mat eri al havin n [, owe eV . or -sel-eet ed
from al um ntﬂ'lgceﬁ‘x\‘@l‘ "Ll‘ﬁli“’t‘,‘ F “‘Qu Pﬁ?ﬂe ‘?m!i.“aﬂy ??‘?l um

- magnesi um Sﬁtﬁﬂﬂ‘dou{pound tf&r dxaniplep indhdnitinroxidé. dFhe. daldto;deﬂay&nntalyeneledeaa)dl ment ,
t he thi ckness f . l a 0 nm nore.
preferably Iégé)t E‘ﬁ‘"ﬁ g&ﬁﬁﬁtn]ﬁr@tﬂ% a{<r?3!'s£§§yt({}%g Sg@ggd&f ayer. may
range from beﬂnmemm a:liautn Bﬂummtteemab@umpuﬂ_mcumum hétrir, chagassumt  t he

cat hode | ayer H?l‘l Eﬁcl"ﬁ eri-about 20 rim to about 200 nm The
devi ce may: ad onalTy . ncP kﬁﬁl e.transport 1ayer, _ wherein the-
hol e transport | ayleyetiagothasinbodimerd,. thdietcmft&molyamolaeerMyéc and' t he

pol ymer |ayeriess g ahft n)obaenﬁlaerpteferlnyessthaaaxouta@dmme an aryl arnine or

P ﬁ;ﬁw nyl car blahz Otltﬁ:knels_;g ol' R‘lﬂ anode ayer may range l'romtb outlﬁly tdmlyoul%e -less
200 nm. Thie’ thlckness of the cathodé layer may* range from between about 20 nm
to about 200 nm. The-device’ may addltlonally include @ hole transport layer, .
wherem the hole transport layer 1s posmoned between the anode layerand the
polymer layer The hole transport layer may mclude an arylamme or
polyvmylcarbazole Th thickness of the hole ﬁansport layermay be less than
about 100 om The electrolummescent devxce may addlttonally include a support
layer iia ngtd or’ a ﬂex1ble form; for example, a glass or-an organic polymer such
as’ polyester polystyrene, polycarbonate polyoleﬁn, and polyethylene
terephthalate

In further preferred embodnnents the anode layer may mclude a ﬁrst anode
layer and a second anode layer, wherem ‘the second anode layer is posmoned
between the, first anode layer and the po[yrner layer and wherem the second anode
layer 1ncludes i dlfferent matenal thasi the fu'st anode layer The tluckness of the
second anode layer 1may range from bout:50 nmto about 300 nm. The first anode
layer may include indium-tin-oxide and thie second anode layer may be selected

from conductive polyamlme conductive polypyrrole, and conductlve
poly(ethylenedtoxytanphene) The cathode layer may be a ﬁrst cathode layer and a |
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about 100 nm The el ectrol um nescent device may additiona % é(ib
support "layer in a. rigid or a flexible form or exanpl e, &kfeé or an
organi ¢ pol yner such as polyester pol ystyrene; pol ycarbonate, polyol efn,
and pol yet hyl ene .t e t hal In further preferred enbodi ments, the
anode | ayer nay"i ﬁ%tf“i?g VY q%‘lﬂ%ﬁ'ﬁ‘él@llyﬁwb%mltlmedémﬂ&rﬁme | ayer :
wherein the s@&@#ﬁﬂa@n@déhenomrlayes apd Shdréin the ecoldRhitBRNayeNgay f1rst anode

I ayer and t heing@de\#rferdn 0 | ayer includes
"a different mat erl al .?ﬁ?ﬁm@%&}%‘?ﬁ{ﬁ%ﬁ%déﬁ ﬁ@?e% dd'lcﬁtgl c?ﬁ’l‘y{f"kness of the
second anode Mgyde Sﬁﬁ?tﬁdlf-@ng%mfetaomllaﬂuy,aﬁﬁarcmﬂpoumd)doﬂexaﬁ@le hﬂm,m The-first

d I d ‘ano er ma
be sel ec?éﬁrfg?ﬁ]"‘éﬂﬁ‘flﬁ‘éﬁﬂv@ﬁ’é %‘gf biflb8iile. SR eSS bR e G ™

conducti ve Yﬁ{@@ﬁ%ﬁ&?ﬂb@@l‘ Bﬂlﬁérﬂb?mﬁﬂ@m}aﬂmﬁmt ¢alyoeie Eaiymyrrb@ba first- .

cat hode Iayersaeaecaﬁ&njalwﬁmjﬁ.b@ﬂ ﬂ%&m rei-n -the
second | ayer %an be\kﬁgsmloned best ween the ??rst cat%‘l@{ﬁ{a ésgl etﬁ((il t he

pol ymer | ayer), ?I@ltf‘l“' Bt second caf hode | ayer |ncI ude a o
different material I dnﬁmthlEhﬁnBodimtanmﬁ&msehﬁm%nuo'ﬁhﬁdﬁﬂ@oﬂldelt%‘ﬁ&‘?de | ayer

T hi am £ uonr "‘?%1*% b i SO a8 i B S Cernioglsicaes Gt the
=second cat hotfical dgpage, man‘ang@emmcbbmundludmgrtﬁecpogbmtdemeam The = -

first cathodewbay@sy FBoREd Sel ected from al uni num.and silver and the L
second cat hode | ayer may be selected " from cesiumand barium -In a further

embodi ment of the prigskmpect oiBrbent inventish @6RdesaNRAL BGhfrGRlthe SWi t ching
device, and a fdNherlibdcRbaELald POl ymer/ metal device, an plectrohic device, an
optical device,” and an optoelectronlc devi ce including the pol yner
descri bed above may be provided A third aspect of the present invention
provides a di ode cOAPIFhSrRee af ke prosentynvertiodeseidebateledrolnginesecibur t h aspect -
of the presendevicavanirising tipr @Vinthe desaribedlabsikr Thelddvitesagnt  devi ce conpri si-ng
t he pol yner [ b aboy he deyice urt-he ncI ude a cathode | ayer
i ncl uding a dﬁﬁﬁ 0% 9?11%? %ﬁtﬁ%qe-liwr “H%‘lff El)élﬂiﬂ(m" Yl&ﬂ’l“lgcﬁ/\)é’Pfkt Han about .
4.5-eV. The cf@mptmlqurmaveb(mtﬁdleﬂre'l'hddwmema)dlwdalpglyntdﬁeayleﬁlmltﬁﬁng as well .
as a. thin buyffgs %Ew%ll [-a cat hode -
| ayer, where t%g gh@/ atagrgtﬁgyb}agg }&%J)Pr oma eﬁ&ﬁ‘ﬂ?’l 68? de, an
.al kal i ne earthaﬂP@FdPYeﬂéVher&rﬂleal’P ‘a'llﬂrYCUR@Yd?é Sel%@ﬁ'd framn 2 lalkali flvpoide an t h oxi de.
alkaline-earth fluoride, an a!kah ox1de, and an alkaline earth ox1de '

A fifih aspect of the present invention prowdes a photovoltalc cell
comprising the polymer descnbed above. The cell may include a

cathode layer including a metal or metal alloy havmg a work function lower than
. about 4.5 eV. The cell may have a polymer layer including the polynier, as well
asa thm ‘buffer layer s:tuated between the polymer layer and the cathode layer, -
" where the buffer layer may be selected from an alkali ﬂuorlde an alkaline earth
. ﬂuonde an alkall oxxde and an alkalme earth oxide.
A 31xth aspect of the present 1nvent10n prowdes a photosensor
. compnsmg the polymer descnbed above. The device may further
.7' include a cathode layer mcludmg a metal or metal alloy having a work function
: lower than about 4.5 eV. The: device may have a polymer layer mcludmg the - .
polymer aswell as'a thin buffer layer 51tuated between the polymer fayer and the
cathode layer, where the buffer layer may be selected from an alkali ﬂuonde an

alKaline earth fluoride, an alkali oxide, and analkaline earth oxide. . -



A fifth aspect of the present invention provides a photov dbq S
conprising the pol ynmer described above. The cell may inclu M ode _
| ayer including a netal or netal alloy. having a work function Iomer t han
about 4.5 eV. The cell may have a pol yner | ayer .including the polyner, as
well as a thin buffer |ayer situated between the polyner |ayer and the

cat hode | ayer, e Wao! R

fluoride, an. alkalﬁﬁg earf&“&%ﬁ%?+§¥ ﬁﬂ%ﬁ?ﬁpﬁﬁ%&ﬁd?@eﬁ%ﬁ@hﬁﬂéﬁgﬁglne o
earth oxide Assilsetrilumingwset deyfec mhbymresidest Thermathot moningindsyraidinga phot osensor.
conpri si ng thq;@ﬁhmrdeﬁ%ea WBRE, AR 2 MR\ Bk Q;@yméﬁhtaﬁ%ﬁ a*nqtpl ude' a

cat hode | ayer cludl or netal aIon- unction-

| ower than abogﬁ vept: @%ﬂiﬂ%gﬁcﬁ@iﬂﬁ@go  frdviEate, th %‘P YT@“T‘I"%/%POIVW& lagerng t he
pol ymer, as el Phdbr EE&%&@%@&&H%&%&Q@H%Q Jpol ymer Tayer -
and the catn§5%6&§§%r mhe%glthe fer |l ayer may be s%?%@%éd from-an :
alkali fluoride, an .alkaline earth fluoride, an alkali oxide,.and
antal kal i ne earth oxide. 7 11 October 2004 In a further embodi ment of the
present invention, a nmethod for preparing an electrolum nescent device may
be provided. The nethod may include providing a .polyner as-described
above, preparing a solution of the polyner in an organic solvent;; and
casting the solution onto a substrate, -thereby formng a polyner |ayer on
the substrate. The organic solvent nay be sel ected fromtetrahydrofuran,

tol uene, 7a 11 Cctober 2004 WO 01/77203 PCT/ USO1/ 10026 xyl ene,

tetrachl oronet hane, and m xtures thereof. The dissolving step nmay include
addi ng the polynmer to the solvent, stirring the mxture until a clear
solution is fornmed, and filtering the solution. The dissolving step nay be
conducted at about roomtenperature. The casting step may include a
casting nethod selected from5 spin-casting, dip-casting, drop-casting,
filmcasting, and ink jet printing. The <casting step nmay include spin
casting polyner solution onto the substrate at a cast speed in the range of
about 400 rpmto about 5,000 rpm The polyner |layer may range in thickness
from about 300 A to about 5,000 A ‘BRI EF DESCRI PTI ON OF THE DRAW NGS 10
FIG 'l (a) Absorption (solid Iine) and photol um nescence (dotted |ine)
spectra of a filmof poly(fluorene-oxadi azole) from Exanple 7; (b)

Absor ption

7a



(dotted line) and photol uni nescence (solid Iine) spectra of m of

pol y(phenyl ene- oxadi azol e) from Exanple 18. FIG 2 El ect rUi%ﬁ?Ef?é%%oénce

em ssi orwofor/arypsl yner |light emtting device 15 nade of PperyUShi/tseene-

oxadi azole) from Exanple 7. FIG 3 (a) Current-Voltage dependence for a set

of ' light em tt)éyﬁgledl%ﬁh&ﬂtﬁ'oetﬁﬁehmfa M;eﬁesrhe&éufch*ra@aﬁsomg slepmdiAneRaYol t age

dependence for-a, set of emtti n(le devices with erent 't hi ckness;
(c) External qéﬁwedhseqlrrﬂerfeﬁbeywé@nas ygng the gpixe Eﬁtl\?é"@ﬁ?? Btien 1or g set

of Light em tthigedand ﬁeemg ﬂl@sdluﬁdrﬁr'ﬁiﬁ dig€dbl¥ihg @tkplﬁﬁ@ befbfuctedit aBomal
quantum efficiency as a

- pol y(f !l uorene r89<'§c§?'82%f?@56 Pﬁ@rﬁsr}%#?ﬂ’ﬂ b(lf\l;‘fdéé’sca?t%rflﬁtg?%aeWﬁt?%frﬁﬁl as the
~cat hode 5 and WpinhcaAting slig- Imtm@,tdnopieastlﬁg&ilnﬁeﬁnhg,ramdlmlqmaptmtmgf'fhec| ency as

et on o BT R B RS e Bk o
pol y( et hyl enedpesdyinithophenedabiouf 408 rpiatpaaboub s ONkmpm. t'ﬁé3 P@Ymemlﬂmnmmescent
polynmer and th En%eqﬂrtm ehs‘fr%'a‘ﬂ@u@b@q@togﬁ @ofRot ocurrent as a function
of bias voltage 7n a device _conprising éffl uor ene- oxadi azol e) from
Example 7. 30 FIG 7 Phow&m_QMWavel ength in a
EP‘“ ?dirlme nede  WIHL(, @(gpA k{iﬂﬂuﬁ ésamm%%%ﬁbemlgéﬁeﬂ@ﬁe& line)

ect r.ol um nescence c evic acgor di n e _procedure
‘described in BREHA %1532@ ‘[ﬁ’f’ ﬁ\‘éﬁe’l?kgﬁ‘f# O&E 15% RREPTRE0BODI VENT
35 The foll ovm(dgteﬂielm:e)amipMolanﬁeemw(ﬂﬂxdrﬂde}rs;tecmefaaﬁhmeferred enbodi ment
of the present o?ﬂgﬁ@nﬂe%n-okgdrgﬁ)tlei from ERES: §1e0f8 skil-l in the art wll

-recogni ze t hat? us variations and nodifications of this
i nvention that are.FIGngdipeimiwningscencegynission opapalympplight/epmittng device

PCT/ USO{l{ 1002 - gescriptiion of a preferred
enmbodi gﬂednt shgﬁ%&cﬁz df?%lﬁﬂﬁ)d}gne 'Sﬁﬁdléﬂilé)%dfn Efxbﬂ. t he r esent

o I'im-t the sco
i nvention:. Prepar atFIQnBJP)é‘i‘ g’ﬁ’i’&ﬁ%ﬁ?ﬂfé‘ﬁwqe(fo%%ﬂogﬁﬁmﬁﬁ}‘ ©8195Y1°€s r uct ur e
of fl uorenedi cxarltlbebfﬁekereﬂaﬁdrﬂss (ﬂ)lmﬁmmebieolt@edepéilde:meﬁbepeatef light

poty( 11 wor ene- otk AROLeN i ol itk ) BRGKS qfioni BRI 58

enbodi nent, i<

function of drive current for a set of light emitting devices w1th different
20 - thickness. : '
FIG. 4 External quantmn efﬁc1ency as a function of dnve 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
polyvinylcarbazole and poiy(ethylened1oxythlophene) buffer layers between the
electro!umlnescent polymer and the indium-tin-oxide anode. D
FIG. 6 Photocurrent as a function of bias voltage ina device comprising
poly(ﬂuorene-oxadlazole) from Example 7.
30 - - FIG. 7 Photosensitivity as a function of wavelength ina photodlode made
with a poly(ﬂuorene~oxadlazole) film.
FIG. 8 Electrolummescence spectra from devices made accordmg to the

procedure descnbed in Example 29.
DETAILED DESCRIPTION OF THE PR.EFERRED EMBODIMENT

35 The followmg description and examples illustrate a preferred embodiment

of the present invention in detail. Those of skill in the art will recognize that there

are numerous variations and modifications of this invention that are encompassed
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.10 In a preferred enbodi ment, R, which may independently be the sanme or
different, are selected from hydrogen, alkyl, aryl, arylallkyfiobcaadp4

al kyl arylwotkwe7rzoal kyl , aryl, arylal kyl, and al kyl aryl gr omrQs/usBiy1008s
’substituted by one or nore cyano, nitro, or hal ogen groups. Al kyl groups

may be straighi-chain ranched- .chain, cyclic r_conbi hations thereof.
Ayl ar oups pPefiapbe, ABRANEY. HeRRine5Y 08 binsSef S ARsnRO WY
preferably frohededned20 livzit thesceremfthe foeseninvendion. of t he - CH2- groups of

the al kyl gr OUPrg@tiQﬁofg%b%gg&icgﬁo@mtﬂ% group including - O, -S-, -NR,
and C2. 14 aryl~* urated acyclic hydrocarbyl group. To

Sd
synt hesi ze f1 uor enedheamolrsular pleuciur @f fluerem axybie epid, whichimaytbeasader t ed
to a Gignard feaeent poﬂ(ﬁi&éxﬁbé%diéﬁélgﬁaggﬂk'érylz%dgﬂsikl%g BF4 g%g%néar 20

greater magnesi um _The pmagnesiumis pl-ac 'n"a fl eat ed,
preferably beFWE%ﬂ“WBLfﬁ%GW“fﬁg}'rOcess is preferably conducted in the
absence of oxygen and noisture, nore preferably under an inert atnosphere
‘such as dry nitrogen 8« & gon. A trace amount of iodine, preferably |ess
" than about 10 ny, as.a 2lyst is present in the reaction mxture. The

I odi ne i s addeHiOQer H-00@rof | uorene. 25 - Di bronof | uorene
percent. to 60 weight percent, and nore
_ in dry non-protonic polar solvent
(preferably tetrahydrofuran) is added in two portions. The first portion of
the solution is added tg initialjze the reaction, as indicated by the
di sappedPance of i b pefewdsmbodionnt.fe vhighmpy inderendentdyrbe fgspmefort he

di.br onof | uor engifepdntarOgelécted3Rorh MGBroEitl ATy PAVAIT BRI, dlAQIEINYH Bhe
General ly, at | t 1 houy , bué e preferahly g hour%, of refluxing is
needed to corrp?@?ﬁf‘?’ ’@53(0)1@{1&5'1131‘1 ?ﬁ%{?ﬁflé P oY fgSubsiitited biyopg AEFYTS eagent .
'(Ij'pbpr ep;alr e t hecfanupsienpeli Imdugenpydups. Alliyll groupemay ibg Batighi-eegs Hrarched- g

i br onof | uor eng,_j: LOus r ‘a exgess, ampunt r
Lce 35 (pref or A "2@2‘%{%g8%8@“%@4%%%?"?@%‘W‘%@%@%@#ﬁewwnﬁf’@ 1€ shaken

~until tHé 9 111Q¢kcasbarato®eamare\préferablysfranel ito 30 xadbonjatoms, H3ner @avdrc of

m xture. Aftergiherex hGEn abeHin» 000
‘mal e percent o%hegﬁogﬁﬁg? ?{:mg?:%k Hpérgqagigje(gg'?%ﬁ?%g%y%ggfbgtgguq'he acidified
residue i s theR-eRtrN& ethdfy. wrirdr Fans & Coavossfirated peydicdwdipcadbyhgioupcet at e,
at least three tinmego syiBesdiedibréneiRi®oylRS Rids0dbidihshudtasd e th 5 water,
~and then dried over SOé.. Af?er eva&o&a on .of trhgzamﬁ/ nt, hexane is
added and the B‘?%’&ﬁ?:%\/g’pq Eepird Zrasantaireierably piing ghqu MHPITEEREREN i sol at ed

by fil 20at i ongreater magnesium. The magnesium is placed in a flask and preheated, preferably

between 70-100°C. The process is preferably conducted in the absence of oxygen
and moisturé, more preferably under an inert atmosphere such as dry nitrogen or
argon. A trace amount of iodine, preferably less than about 10 mg, as a catalyst is
) : ' present in the reaction mixture. The iodine is added before the dibromofluorene.
" 25 : ", - Dibromofluorene (preferably about 30 weight percent to 60 weight
li-ercent, and more preferably 50 weight percent) in dry non-protonic polar solvent
- (preferably tetrahydroﬁli'an) is added in two portions. The first portion of the
 solution is added to initialize the reaction, as indicated by the disappearance of
_ iodine color from the solution: Tﬁe remainder of the dibromofluorene solution is
30 then added dropwise to the mixture, Generally, at least 1 hour, but more
S preferably 2 hours, of feﬂuicing is needed to completely covert the
dibrdméﬂUdrené to the Grignard reagent. ' '
" To prepare the fluorenedicarboxylic acid, the Grignard reagent of
 dibromofluorene is cooled to room temperature and an excess amount of dry ice
35 (preferably about 5000 mole percent) is added. The mixture is shaken until the

9



Purification of the fluorenedi carboxylic acid is inportant jn obtalnlng
hi gh nol ecul ar wei ght and pure polyner. This purlflcatlohlgﬁﬁ‘%@m% arried
out, for 10 exanple, by recrystallization froman organic solvent,
preferably from nethauol. Suitable fluorenedi carboxylic acids that may be
prepared according to the above nethod include

%ﬁH%rene Ary1

9t 9-di . - (2-athyl heXyl)-fl uorenedi carhoxyl.i c_acj %

tri met hyt hexy! dryfigaia Meh atKedvitlo B rPactge Fupers, dHiGr ‘ﬁ"a‘ﬁésé

hD| car bloxyl i ¢ A@éﬂ&e bfated(ighiolst S000tmolp ekt off bydmehionartidisciddyd to fhel
onopol yners, capol V. r % a;)m@ o)

“contenpl at ed it g‘r\ ﬁ%aﬁbﬁﬁégg@&o%%%eﬁé%i ?ﬂ?l%%ggﬂe {f&al iC

aci ds and non-dthylaresefe. ﬂiigﬂﬁtthﬁéamﬁéx%ﬂ" PIEARIF dAYSTS 21, 8PTRR) maéf'eds ctures

‘ ?1‘2 ;)t her%Sl(JIBt aPheer aﬁa/éheﬁaﬁafmxm 0 a@;ﬂiﬁe kaﬂdrﬁofﬂﬂsalv@ﬁt,hﬁmnmd ae (| ),
and (3'):.20 (2.) (3 ) HooG - - -
Rix "HOOC-A L %ﬂflﬁ‘?éé#’gé’ F%]t ngeerre hE SSS mnfﬂéﬁt%bl%xﬁgy

i ndependent | y fileafitte sane or different, are selected from hydrogen al kyl ,

aryl, arytallcyl, %M&&'Méﬂuo%m&%&&hcﬁm ?wﬁrﬂﬁﬂwtﬂmﬁ@%@iky' aryl

- groups may be substl ut.ed one en groups-
Al kyl groups rﬂ?‘eﬁ}éﬂfs‘ﬁ‘?‘%ﬁtéﬁ PRI RN %rﬁﬁé’aﬁ&#&aﬁﬁn{’%" %m%bfog

conmbi naggons tdxeimphi byﬁc@iaﬂgﬁtﬁ@m&o:prmmaaiﬁ syl\@ghwmfﬂﬂﬂr Mmp@m@o 100

- carbon atons, nore Qf %}@Fﬂﬂgroe&éﬁ%ﬂlgaaﬁsﬁﬁfﬁﬁﬁb@ bRpEced GXtQrddhg tiXhe of the

R SICR Wi R e AR

hydr ocar byl gr@usps-friindiy RatyDfhror@esitabeaolis/a6%203 PCT/ US01/ 10026 The

SugSCf i pt x cqgresnonds N e Ry Phiditik AgEAcaS ons of Ary capabl e of
stitution by—%iﬁn-ﬂwgﬁra“iﬂrﬂ (i n'grrlses an arfomatlc
hydr oc aii)on gr oup In eddition to PO]}’(ﬂﬂOrEnE-OXEdIEZO e} hom polymers, copolymers
: with other poly(aryl-oxadiazole) are also contemplated which are derived from
mixtures of fluorene dicarboxylic acids and non-fluorene aryl dicarboxylic acids,

Thc molecular structures of other suitable aryl dicarboxylic acids mcludc those of
Formulae (1), (2°), and (3°): -

- bi s-

20
Ry
(1 :) HODC——Ary——COOH
R Re
) HOOC—Asy——Ay——COOH
T; - Tx
| £ | . (3% HOOC—Ary L——Ary COOH
25  Ina prefemred embodiment, R, which may independcnﬂy be the same or

different, are selected from hydrogei, alkyl, aryl, arylalkyl, aad alkylatyl. The
alkyl, aryl, arylalkyl, and alkylaryl groups may be substituted by one or more
cyano, nitro, or balogen groups, Alkyl groups may be straight-chain, branched-
-chain, cychc or combinations thereof. Alkyl groups preferably contain from 1 to
30 100 carbon stoms, more preferably from 1 to 20 carbon atoms. Oune or more of
the ~-CH,- groups of the alkyl group may be replaced by another group including -
0-,-8-, -NR’, and Co_jgaryl. R’isa Cl-lod saturated acyclic hydrocarbyl group.

10



-or an aromatic heterocyclic group. Suitable aromatic hydrﬁeﬁr bon_gr.oups

i nclude 5 phenyl, fluorenyl, biphenyl, terphenyl, tetrap S}P er J0nt hyl ,
ant hryl , Wereefigae3 and phenant hryl groups. Suitabl e aromat |p@Th;shg[a@§5/cl iC
‘groups include thiophenyl, pyrrolyl, furanyl, imdazolyl, triazolyl,

i soxazol yl, OXﬂ&x@subscn@t(ﬁdd)@és@bﬂds,thc ﬁdiﬁl@e%@ﬁ'}i&dro o atdirls ofb.rpu 2Bl of
pyr.i dazi nyl , ﬂ, Wgﬁ’l yp[¥ra2| nyl, triazinyl, etrazi nyl, benzof uranyl,
benzot hi ophenyl subst rw i soi ndazol yl, benzi ni dazol yl, 10 benzotri azol yI ,

bﬁ tnf\ gr gz o: Yyl hqw nolly b.,prefemqbémhddMentpAnnaing%nsgﬂm m&dty |hygr08@:gl?lﬁ qu'pdy I,
z Z Z
' 8| benzot KI oplﬁe%ijlg‘lli 5‘:‘@‘4“8 h?%p&&éﬁé &8%29?&% oﬁBglayﬁ'H%éerF%E?rh%roﬂpsb%‘ﬁiuﬂecan
conpri se jan et mémwl @J@@p’ioblphﬁnybtt&lyhmyl detophenyl Traphthyh enthrylgpypempylcand have
the formula: 13neanfry rom%ﬁﬁs 'afbn%w%&r&%mhx\gfo%gs ﬁﬁpldlg?hlgf)]l% gﬁrre or |

~-different, are selecte rogen cyano,
al kyl , and C2{ PEFQIYL fg@nxhynalawyldﬁ@aﬁlwbxsqx@o alepwobé,s@qadmé@lyhbove are

- avai | abI e COTTTW}/! pyriyl, biﬁﬁdﬁepﬁqkﬁﬂﬁ (ibyﬁﬁﬁ&y‘]dﬁﬁgaﬁﬁ fpinet i ¢ net hods

[l k Af | d
el ude. t er opHIRZE: bgfiiany %B@?%&Ewli%é{aﬁf et I acids

2,'6- naphtthal enébdizaridroky) benzazolyl, guitholy2, x%qdmmﬁhemﬁdyl;a]ﬁ:bﬁxom c acid. 25

| f d dt
orepar e cer t ot R ittt BBt SHh b ERIME ot B, Aoy o 1 ©
2, 5- di al koxyt edéshzathiop rafé,ua@ndﬂ ariphentral sWQupR50 I n the formula, R5 and R6
are .straight-chain @helxﬂlax |fdlp L BaPQiNG e GH@tHRNY I%réuﬁ-gpar?étk)}’t{é% g&bﬁg' icC

1.100 al kyl, a One or nore of the ups of
1 he CL_100 al k g&’&ﬂg Bg‘ﬁga‘&f@amﬂ? anot her group selected from O,

-8, -NRY and C2-14 aryl. R is a straight-chain Cl-100 al kyl,

branched chain C 1ﬂ\00 al ky¥, or cyclic C 1.100 alkyl. One or nore of the
hydr ogen, at ons of the cﬂ‘;’l‘—flc\Oct ober 2004 Cl-100 al kyl group may be repl aced
by a C2-14 al kyl or Ré- 14 ar¥., Preferably, the d-100 al kyl groups . '
conprise Cl-20 alKkYl groups. ‘To synthesize a 2 5-di aI koxyterepht haI Ic acid,

diethyl-2, 5- d|h dr ox
A wherein Ry and R;, which can be the same or different, are selected from

hydrogen, cyano, nitro, halogen, C| 5 alkyl, and C,; ary!. ,

20 ‘The aryl dicarboxylic acids described above are available comrnerclally, or
may be prepared according to synthetic methods well known in the art. A few
examples of suitable aryl dicarboxylic acids include, terephthalic acid,
2,5-dialkoxyterephthalic acids, 2,6-naphthalenedicarboxylic acid, and
2 5-thiophenedicarboxylic acid.

25 In a preferred embodiment, a 2 S—dlalkoxyterephthahc acid may be used fo

. prepare certain poly(aryl-oxadiazoles). The general formula fora
2,5-dialkoxyterephthalic acid is shown below: '

ORs
HOOC —COOH .
, VR50 : _ _ : _
In the formula, RS and R6 are straight-chain C;_; ¢ alkyl, branched-chain |
Cy-100 alkyl, cyclic Cy_;qp alkyl, and C,_y4 aryl groups. One or more of the —CHQ-;
30 groups of the Cy_1¢g alkyl group may be replaced by another group selected from -
O-,-S-,-NR’, and Cy_j4 aryl. R’ is a straight-chain Cy.,gg alkyl, branched-chain
Cy.100 alkyl, or cyclic Cy_gg alkyl. One or more of the hydrogen atoms of the -
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terephthalatc is first oxygen-al kylated by an al kyl halide,

brom de or 5 alkyl chloride, in a non-protonic polar solb%ﬂfogﬁeﬁ) s DNBO
The m xture of 2,5-dial koxyterephthalic acid, alkyl halide and potassium
carbonate in DMSO is heated under an inert atnnsphere such as dry nitrogcn
or argon... The al kyl halide and potassiun1carbonate are preferably present
at 200 nole p

cent o nmore. The .reacti@n at a
tenperature.i sélp}ﬁé?]é?' W%Y&Eéeﬁlagﬁfﬁxlb .2'1‘1 @rlé%f% ?’%ﬁ"g (rf}té’gg%l on
mixture is hedlego alkybgranss aompriss @1.b,mﬂlbrlmunso conpl et.e the al kyl ation
reaction. The reacts ggé,y{ ﬁ:i gaé t L25_qdRgogxt ract ed by
an organic sol vent Oggnﬂ?era 1? H{Eﬁ i cﬁf%gst th?eg,g%l nes. The
organi c | ayer $ergplghelgs E‘?ﬁlg St WA BB Bbt assi um
hydroxi dg (5 hﬁloﬁ&e Elﬁﬂﬁﬁﬂbmﬁfmdﬁg&)splvbhﬂncmas DMS@zéFhel‘ﬂgpS@e offhe crude

g\r/ggg(r:;t |O](c)nd1) %{tveﬂif‘wd’%&??m@p %@fﬁﬁggﬁ% ox%h;l%heéz;t hal at e

may be converﬂié%teibﬂ@fgﬂmeﬁl% esphere Spth a5 Sy BItT9EFHOT 2o b tion. To
do so, it is fgh gétaékilﬁﬁeérhﬁ@ﬁtéﬂepfﬁféﬁlﬂ?bm@mtﬁfﬂl(hhbh pﬁfcéﬂ&iﬂ'mo@é TRO0 wei ght

‘percent), then 1 of. ot.assi-u ed to the
sol ution. The r?ﬁc§?%pg EH'P cﬁng%cﬁdﬁggewfgfﬂiﬁewﬁjn;gﬁ% le@dee it is
-ni xed Wt h wireferably; th evagtitny mprtecs dnheated 200Qumaeir gare lmﬂ@réhﬁﬂlmle’ﬁeeact i on
mxture. Afteg,d g aeessionol ution is filtered, it is acidified with 8M

HC and the resul recipitate, which,. the crud uct of .
2,'5-di al koxytereph'%rk;}%?‘?a Ej)‘ cture gthen, povred & oﬁ%@dﬁ%&? V8 Pgenic
Purification. @:ﬂv&tfprdfeﬁdblgoothyleumhtdtﬁasnhmmeeafhetmngﬁtwm
regrystall i Zaﬁ;b;ﬂﬁn] , sk 'uEmﬁ%MﬁEﬁofﬁdﬁé@uﬁls ﬁ&l&iﬁe @opligh e, Oor a

m-xture of . %y 'S oce be used to
prepar el?a var P%TF“,?'“‘(S’F es@é)&‘fﬂ %‘r’"‘k%gﬂ‘ﬁ iPEC

eparation of the
Pol yner The pQJWﬁﬂkExmﬂemmphlwebmﬂaﬁénwapmmﬁmhemhwsatfrom 20 to 3 00

;ggregtsenggijt Eithe orrrulﬂﬂl?gg%dﬁak)’%ztg Rﬁ@ zoog{r&{eﬁl’t@nt

5-dialkoxyterephthalic acid without punﬁcatxon_ To do 50, 1t 1s first dissolved in
" ethanol (preferably present at 1000 weight percent), then 100 weight percent of
20  potassium hydroxide is added to the solution. The mixture is then refluxed for at
' least 2 hours before it is mixed with water, preferably prcsent at 200 weight
percent of reaction mixture.
After the aqueous solution is filtered, it is acidified with 8M HCl and the
resulting precipitate, which is the crude product of 2,5-dialkoxyterephthalic acid,
25 can be isalated by Hitration.
. - Purification of 2 S—dia]knxyterephthalic acid can be done by
) - - recrystallization from an crgamc solvent, such as ethyl acetate, or & mixture of
B ‘ethyl acetate and hexage. ,
This procedure may - be used to prepare ) vanety of
. 30 2,5- dmlkoxyterephthahc acids.
B Preparation of the Polymer
. The polyraers and copoiymers of this iavention have from 20 to 300 repé_at
units, which may independently be the same or different, represented by the

S formula:

35
' r . N~N " .
—phrom—{ S

O
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wherein Arom which may independently be the sane or dlffg]:(g 3 a noiety
represented by one of Formulae (1), (2), (3), and (4) #Rb 2044 ast one
Aromis Formula (4). Rx (2) Ary Ary Rx 1- | (3) (4) Ary L Ary 10 and
wherein each Ary, each R and each x are as descri bed above. Different
conbi nati ons of repeat units based on the above Fornulae' will result in

(@) onty, T normHeER ARSI ST AL Uit R ag o ™

copol ymers of - feprusestad by mmoifFoahelaa (1), @3}, mwn@hmath&ﬁ@naé\@@gs may

al so be 15 pre 4? eferably, the nononmer ratio of fluorene-oxadi azole
to non quorene aryg oxadi azol e in such random copol yners will range from
about. 0.1:1 to about 10:1. In general, a high ratio of

fl uor ene- oxadi azol e to non-f Uorene aryl oxadi azole will result in
enhanced sol ubility of t he_p if the aryl nononer has no
substituénts_ A hlgﬂ-ratlo qu rene- oxadi azol e to non-fluorene aryl 20
“oxadi azole will give a que coIo em ssion if the aryl group is thiophene
~or anot her |ower band gap noned The process for synthesizing the

‘pol y(aryl - oxadi azol polyméps—amd—Topol yners of this invention is
illustrated by the toll ow ngrgequati onRgewhi ch depicts the formati on of a
-rrandom copol yner of fl uorene}oxadi azolje and a non 25 fl uorene
~aryl - oxadi azol e cor 3$spond-i-n y-t-o-LForpm-a—(1' ) above: 13 WO 01/ 77203 (x)
HOOC R R.i, | Cctober”2004 / @S01/ 10026 R COOH (x+y). NH NH HC

N\ Z
- a @ 1L l

10 - and wherein sach Ary, each R, and each x are as described above.
' Different combinations of repeat units based on the above Formulae will
- result in varjous homopolymers and copolymers. If the repeat unit comprises
Formula (4) only, then a fluorene-oxadiazole homopolymer will result. Random
copolymers of ﬂuoreﬂe—oxadiazole and nop-fluorene ary}-oxadiazoles may also be
15 prepared. Preferably, the monomer ratio of fluorene-oxadiazole to non-fluorene
aryl-oxadiazole in such random, cupolvmers will range from about 0.1:1 to sbout
10:1. In general, a high ratio of fluorcne-oxadiazole to non-fluorene aryl-
" oxadiazole will result ip enhanced solubility of the polymer if the aryl monomer
, has no substituents. A high ratio of ﬂuorcne-oxadiazole to nop-fluorene aryl-
- 20 oxadiszole will give a bluer color emission if the aryl gmup 1s t}uophene or
| ) | . another lower band gap monomer.

The process for synthesizing the poly(aryl-oxadiazole) polymers and
copolymers of this invention is illustrated by the following equation, whlch
depicts the formation of a random copolymer of ﬂuorcne-oxad.tazole and 2 nnn-

fluorene eryl-oxadiezole conespondlng to Foxmula (17) above: .

o
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--~O- acid L LO~1XLAyYy Rx (y) HOOCAry-COOH R To P (ﬁare

pol y(aryl - oxadi azol e) hom)pol ymer, aryl dicarboxylic aci gt Obeﬁﬁ%ﬂ'azr ne

salt arewgr@f7gzoabl y present in the reaction mxture in equalmsmhmzﬁ

- percentages. The hydrazine salt is preferably hydrazine hydrochloride. To *
prepare poly(fluorene-®xali azol e) honopol yner, fluorenedi carboxylic acid
and hydrazi ne salt are eherably present in thergeaction m xture in equal

- ol e per cent ag®s HOHA

y k|2 fianer, peef drbalr Eg dr:mr | de.
To prepare a copol yneg of #f| uore(ﬁgloxz;mzv!o il q% )gj I]
t

m xture of fluorenedi car boxylic aci &&nd ary dr car xylic acr d i s react “ed
with a hydrazine salt.®In a preferred enbodi rrent e total nole percent
of -all dicar hgxyPPe—abvds—¢®Hpreferably equal to the nole percent of
hydrazi ne salt, whi ch is pref er abl y- hydrazi ne hydr ochloride. .The reaction

| ts i t abl f '
Thor gant o aci ds. whi SHPERe AP SeBHRARST Y Beedtiel R cid il
pol y(aryl - oxdyideazilesplt prel grn@rabI}Epramt betho freastion mivkturesio leqed treole nc| ude

fum ng | furi | east 4 % of
P205. T?\éje sol LP%F%&%:S ’H{eq@‘a E gﬁ art| ngé} ﬁ}fae?%ﬂrlf ]gfdr?ﬂaflﬁgdr%l}leréﬁ L ?
‘tenperature is not ¥4PepPEsPolyiiyoReneraxadiazeis) ftmttyracrs ASHEAH P Fhe

reaction mxt Laeaiarﬁiﬂwatzﬁdsan sﬁﬂhﬂﬂtb@d&hctt&nﬁﬁxtfmh nilhat drives

the reaction to co | et i on .xtur nd P205 can
be obtai.ned i r{n%t gtiages le.\‘K/gvng'ﬁSFa lsap {“gatbﬂyr?gd%%{éﬁer d‘}:ssoIO é&a specific
amount of P205 in TmpﬂﬁyarsaICﬁmlymCJa@ﬁﬂimbWeh@@dlaﬁgle angl el oxediezdls, a and '
preferapy, ! TRk o iouBhediLaRBNIHE Aeil ol iyl ardafboazﬁc R20% £aledfimlat ai ned

by vacuum di st tion r.eagen is commercially _
avai | abl e f r orivAraginecRlt. F‘taP’ée%F (ﬁ"tb&ﬁtm?‘ﬁ lﬁrﬁ@alde?lﬁ&rr?etmﬁa't he 0
di carboxyl i c afitfibomyteneids ik)rﬂsferdw eqiﬂgt’o&ﬂe niole pdreertt efihydrazins sdly evliich To
test: for degr adat .on lof t.he. di.carh %(léc aci d mononer, 5 ng of :
di car boxyl i c dSPH %Rgrtgp:agglegryggggﬁlx 4 .t of distilled Eaton's r eagent
~and tHe suspensi on Tl teedioedolvents seitabimfor yeninTthis prosspeinsiuds tigge Qt'gﬁlmcd
‘remai n |l orl e

m ?ﬁe oﬁ'%n&rgaxlut;gahf %ﬁiclh%%d SEOI%"Q d.gﬁhgﬁ%éﬂi %tltnmfegar:éﬁltﬁfgepo@f(y

during ati (fer.i zat i on
“‘reaction. Pr eﬁl@daﬁplﬁ) p@lmeup@@mnhtsmftsum le priventsinshude duming su ftlﬂ? acifeact i on

i's about preferably methylsulfuric acid with at least 4 % of PyOs. The solubility of the
‘ starting material in the solvent at room temperature is not critical to the reaction.
When a suspension of the reaction mixture is heated_ a homogeneous solution is A'
20 formed that drives the reaction to completion. ' '
The mixture of methylsulfuric acid and P,O5 can be obtained in a number
of ways. For example, one can dissolve a _spe_cxﬁc amount of _P205 in _
methylsulfuric acid b)r heating. Alternatively, and preferably, the mixture of )
methylsulfuric acid and P,O5 can be obtained by vacuum distillation of Eaton’s
25 - reagent, which is commercxally available from Aldrich.
| Itis nnportant to make certain that the dtcarboxyhc acrd monomer does
not degrade in the reaction solvent To test for degradation of the dtcarboxyhc
acid monormer, 5 mg of dicarboxylic acid monomer is placed in 1 ml of distilled
Eatori’s reagent and the suspension is heated W1th a heat gun.- The suspensmn
30 ~ should remam colotless or light yellow. If the color of the mixture darkens during -
o heatmg process, the monomer is not suitable for the polymenzatlon reactlon
Preferably, the upper limit of the temperature for this reactton is about
130°C, and more preferably _about 110°C.
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“water and nethanol - Prefer: Lhi, )
Jleast two ti mE¥cessaweneof depeiziti Pre) wrier pith siwiped Folsger b s PeRuum
‘Opt oel ers r or | ipeecidsateticfsonh theovgiamad isnteBothéd ivashed niternatelg ibg ailt«r and

-

11 ke.

130C, and nore preferably about 110C. D 14 11 Cctober 2004 The onmer
concentration in the reaction mxture for dicarboxylic acl CtBIPCgﬁ razi ne
hydrochl oride is preferably fromabout 20 nol /| to about 150 mmol /I, nore
preferably fromabout 50 mml /Il to 100 mmol /I, and nost preferably about
80 mmol A. 5 The polyneri zation reaction proceeds rapidly. Preferably, the
reaction. tine is between about 1 hour and 24 hours. More preferably, it is
bet ween about 2 holhesmemuner @onveufration ahthe pesctompmadtar iy dicagytic Beidour s.  The

end group for 4hgiRoinéMpirobilbdddis prasady HbinlbB& 20idiliey b RBmkar boxy group
or .the hydra2|£l5% rng. Ju a{.fgsré’f rrg&ﬁeg‘ﬁodl nt 0the ﬁgd roups are 10
capped. Benzoi a‘gﬁnﬂ TwrHEre gu gyt EW%F%&QQ‘B“’@ a@‘?ﬁﬁ’ . and
benzohydr azi deprefereblyeatnsedD mmobBp t he carboxy end group. The pol yner can be
purifiedzby coolin _ i 4 r | T/l LAR
terrperatar.e, t hen, %%@%ﬁ%ﬁ%%ﬁ%ﬁﬁ?%%% g}e .tlﬁgrééés) ‘exg}ess anount
of dei oni zed (tim@isibetweepgbeyt 1 hordangt2d holug Mare prefasably, iitis betwsen pleent 15
precipitated f1emd & Mﬁs,%bﬁ%feﬂérﬂﬂya&&i@ﬂhﬂﬁﬁ.hed alternately by water
and nethanol until.neutralized, The resulti ol r..product is then
vacuumdried at a e“é\ércf“B or vy Wg&‘gﬁ‘ﬂgﬂ{%ﬂﬂl%&ﬁépxy s then
di ssol ved i n" agmowgr gathé bydatidegroyp. jn e perferidyembodimeat Yk aidigraups aro f orm a
concent gt ed Sabpldl Hhy,dhb 8oif SALEN st Mot BR HykiaRide e&’@%@ﬁﬁfeﬁ&abl y contains

fromabout | to 1 | ght percent, and re preferably about = 5 wei ght
percent, .of th’&“@%ﬁ%ﬁﬂ?%‘%&&‘?%&%cg&ﬁﬁ ¥-ough a 5 umfilter and

t'hen poured into afhapplymer pat el pprified by eeding fegslynsenaativn redctivet hanol wi t h

SLTTING. [The kORI ob (AL Rel AR urinBl Blo ¥ aphbatephadpht e nat ol y by

pr ocess b epeated for at

Pol y(fl-uor ene- oxadi : ' . YR SRS
descri bed above mbfﬁgllﬁé%t&l%gfg%érl eE %%18%%?70?2#§%ngt ronic, $hd
opt oel ect r oni @POYSN &Y 2bpHdeRE™Eg. but not |inited to, electrol unm nescent

devi ces, diodes, . 30ephdt puigtdenisthepelidsslvedinainapgnii solyeae prefasblyel ectri cal

‘swtching devig@yar it ol s Sondedrifed T onP ¥ Wiceffhad soigiydaCes and the
20 i

preferably contains from about 1 to 10 weight percent, and more preferably about
_ 5 weight percent, of the polymef. The solution is passed through a 5 pm filter and
then poured into an approxiinately 20 times excess amount of methanol with
stirring. The polymer is precipitatc’d, 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. | 7 '
Optoelectronic Devices Incorporating Poly(fluorene-oxadiazole) = -

) | ' Poly(flucrene-oxadiazole) ("PFO”) homopolymers and'_copolyfuers as

described above may be used in a variety of optical, electronic, and optoelectronic
devices, incjuding, but not lm:uted to, electrolumineseent devices, diodes,
30 photovoltaic cells, photosensing devices, electrical switching devices, varicus thin
_ film metal/pelymer/metal devices, and the like. - = . o
Because these polymers are soluble in comnion organic solvernts, e.g., -
tetrehydrofuran (“THEF™), toluene, xylenes, or tetrachloroethare, optical quality,
. ‘pinhole-free thin films cap be fabricated on rigid or flexible substrates such as
35 glasses, plastics and silicon by spin-casting, dip-casting, drop-casting, ink-jet
printing, or other methods of casting thin solid ﬂlms from solution. Non—lim.itiﬁg
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t et rachl or oet Fﬁﬁ?éhiorﬁﬁl@ﬂ&rféﬁi@rpﬁfﬁab‘mﬂt@}‘%n OTﬁHF‘ casting, theconerptratipg

concent sati onof ﬁle%h&m 1§p:bfaraw frofm dbb&tf Ptoal mg/nilomordrefrably tibout> no/ i,

nor e preferabl t nera I e dissolved in
the ‘sol'vent atgr"‘?&ﬁ?‘ﬁ’hJ 9 }ﬁﬁ%o %’e dﬁﬁog‘éé%qgwegéollﬁer%g HEPE ons i t may
be desirabl e tempeeaturet ﬂéowesmf wadéer csﬂaxa&ondltmm:lrt mé)ctdtrsratdﬁ@lwht iessol ution
Of 118 POl Y et 1T Rl rchl B Uy BE ot e pAISmep! yIer s stirred in

t he sel ect ed room tenperature eral hours. After a
clear solution is ﬁ@rmeﬂﬁpolﬁnﬁ |591ﬂ1§9@>d ?H‘P%ﬁ’ﬁhlsé“mﬁﬂ thepsglecte

P't nhol em{ ree, shivkhah mFgfm ]téﬁpe?elﬁ&etf&héébérﬁl msst b&ﬁeﬁ@dzl@aﬂ‘s@ﬁkﬂoﬂ@s fdﬂﬁe&?k u:) | on

at room errper ure, Prefer S n abou
400 rpmto e ihrepeha g 5{‘ ?F&lﬁg“’ W"{)H ?l"‘b@@% eroé%a 6y from
abou}] 300 A t@pmtnnumnéﬂﬁ@ﬁ}uﬁonmoemahnperam bRrefezably.the caseslzquusmﬁhed and
15 the concentrati@n F )
t hi cknesses rr"mr’ﬁr’g‘;3 o?abﬁtggag%rggé §§9b@gp B Hlﬁq%%?%%ﬁtﬁ?ggiﬁfe pr %ed by
di'p casting orfrondabj.plt 38@ & taghbowrao & mhe? @bt@ma%bbaa@mg the Sl?rlps‘P?ﬂdeaﬂdl ght )

wi th anabsor pid Qi cEdaRioR of AR TRIAIhatRE 188t artushnd thidkResudi bi t bl ue
phot ol um nescence w.th quantum efficiencies’r Q&e@%ﬁf éy;é}labout 30 %

about 60 % 2@agRgITemAbSRGHES HEHPSbeTAN HIR Cof P GsBaRer (- Ary in
Formul ae (1), dréplasang PBO)GImE iate Eanspatetieo Visibietglitrwith anhhisbimiontedgt ahave -

51 bl o 'spent Pzl g iy R 1 BRI AR W By Te) s
depends on t h&fﬁhxgﬁm&tm@nyﬁbembohbl{bmbabo@r&ﬂl %al - Lowest Unoccupl ed
V\NA?: gﬁu: 26 bg Piaflglj t%’%d‘gyégm Hea gf%?@?pgrgﬁékofkr} kﬁeﬁgﬁg%;lfgi at ed
to bond | engt H2pandeBPafilronmerbe formsd ﬁ@ansqi@wréﬂmfc}mﬁ difgrent optical
characteristics with various emission colors in the visible spectral range. The
color of the emission of a conjugated polymer depends on the Highest Occupied
Molecular Orbital - Lowest Unoccupied Molecular Orbital (“HOMO-LUMO™)
25 - gap, or band gap of the polymer Eg, which is believed to be determined by several
' factors: the energy related to bond length aiternation E9T, the'mean deviation from - o
- planarity EB, the aromatic resonance energy of the cycle ETes, the inductive )
8 electr;)hic effects of substitution £5Ub, and the intermolecular or interchain
' f.:coupling in the solid state Eint (Jean Roncali, Chem. Rev. 97, 173-205 (1997)).
30 - ESr+EB+Eres+Esub+Emt IR :
R - InPFO, E3 + E® + Eres results in the band gap fallmg into the blue region.
| The Substltuents on the 9-position of fluorene have little effect in determining the
~* band gap, since they are not conjugated to the main chain. In'the solid state, PFO
- emits both white light and blue light because of intcr_chain coupling. '
35 . ~ To build a'copolymer with lower band gap, the proper aryl dicarboxylic
acid monomers are selected so that one orseveral energetic contribution can be

reduced
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planarity E$, the aromatic resonance energy of the cycle Fres, th o
i nductive electronic effects of substitution Esub, and tﬁe&ftﬁlieé?(fpél ecul ar
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reduced. <16 11 @q%ﬁn one
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el ectron onat i C cter,. o1 al Ko e

" band | ength of ert]ﬂ'é@ %ﬁcﬁoﬂ’gnﬂm Erﬁ’aén‘ﬂé%é tp% '?’ﬁ&fl ?esﬁftef’ﬁ@g’é‘ Pﬁ%‘c’)‘iﬁo 3hi ch may

‘rrake the GO bmimjplhmsy of the pohz[dllgnﬂyphdqnlm oadiabele) isthietertham that bﬁ/ of the

pol y(al k yphe I's better than that of 15
~poly(fl ug)r(ene ?gozrg aﬂﬁa%ln@ olynmer materials disclosed in this

invention can be usé@ePQ a@%tab disqhesed fin fhis myenticascanberuged to fabricate
~.anode- sem condlﬂﬁ&hqnmccﬁm@siie thE O SBmEQRHEAN-HthaHe sal@Wich & hﬂibri he art

ackad WL i o A, B B L
, R.N. Marks, K Mackay, R. H. Friend, P. L. Burns, and A. B. Holmes, Narure
- 20 347, 539.(1990); D. Braun and A. J. Heeger, Appl. Phys. Lett. 58, 1982 (1991);
U.S. 5,869,350). ‘'When the anode and cathode have different work functions,
these thin film devices function as diodes which show rectification characteristics.

Such diodes can be used for electrical switching applications, and can function as
light emitting diodes, €.g., as photo-detecting diodes and as photovoltaic cells

25 (I. D. Parker, J. Appl. Phys. 75, 1656 (1994); G. Yu Synthetic Metals 80, 143
(1996)). Metallic materials with work functions higher than 4.5 eV, such as Au,
Ag, Ni, Cu, Se, and polyaniline (“PANI") can be used as the anode electrode in

CE
N, Lok

_these devices. In order to form a semitransparent anode from such metal, the
thickness of the layer should be less than about 100 nm.. If the anode need not be
30 transparent then thicker electrode may be used to carry the current, thereby
minimizing resistance in the electrode. Preferably, an Indium-Tin-Oxide (“ITO”)
or aluminum-tin-oxide 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
thickness of the layer ranges from about 20 to about 200 nm.
35 - Poly(ethylenedioxythiophene) (“PEDOT”) and PANI are conductive
polymers which are senii—trensparent as thin films (see, e.g., U.S. 5,470,505).
Conductive polypyrrole may also be used as an anode. For some applicaﬁons,

bxlayer electrodes comprising ITO/PEDOT or ITO/PANI are used as the
17 .



20 347, 539 (1990); D. Braun and A. J. Heeger, Appl. PhysIl tt. (ﬁ)t 1982
(1991): U.S. 5,869, 350): Wen the anode and cat hode have''d?¥¢%F &R work

-functi oRgp ortfrese thin filmdevices function as di odes Wyicahossiomw2e
rectification characteristics. Such diodes can be used for electrical

switﬁhi ngdapp N, Lﬂcg%gder@.%}aﬁaﬁswg&m ga?,a@._Ml.irgelaby,mwdagr,qu.odes, e.g.,
Aop! . Phys. - 7Eolangigng rodabiecast Nofure, T nti] LoREE-Y 788 g ds . [iGsE)) |
I\N/Et aICLi csmat eﬂjépﬁ. Fhi, Lber VgL k%atmempnrss.rﬂ,'m@sb 73 WaiYadg 3 .eWesteneklea€. Au, Ag,
N, , Se, a ol,yanilin “RAN " n us - a | ectrode in
t hese devi ces®™f ’kr g@thtaggﬁogﬁ%eggérﬁ?gpghgﬁygr Zﬂt@gég%%)fﬁﬁﬁ%sﬁb  netal,

the thicknesHeederth. Lagerd EhBuKimpSyntfe ddett @28 0H96), 10 CannG. Yivt Gt he anode

need not be 39nki2R° RASHnd NS HEALE BT PhFC A0, TaY1 PRIPedrie carry the

current, thereby mn|m2|&% resis | ectrode. Preferably, an

| ndi um Ti n- OxFerslugtiyergylymenfe. g doped BRPQ T pelipyeokett FAYLISE gl ass =
substrate is usRRcASitf 86sd toaTOD e M candbslalee thWWTPO ak THe dbde! histhodtrsagds OXi des -

are used as the anpdé€ |ayer., t. referred hi.ckness of the | ayer ranges
rom about . 20W PR enbGHsg! e BPSIFT BTy PEREER B RFERTfo N POIDOT )
and PAND ar e - canstinad o\pdanapiod thesusfacdvithe devdeesand indpraveshadevite’slifetimen fil ns

(see, e.g., US.5 47 0 - i ( e 1sed as an
Code. SFor " solbbilays AR RRER pevitf BotCh HEIE R PSSl & w88y BERIBEC 20
| TO' PANIL are ekeliolamindseent polymetiakobeare pbthe comdurctivity 208 catis egrenn26

transparent -a 3 . tter. N.
o SO U B s e

| ), Y. Yang and A J.
Heeger, - Appl inigmipg and susfacequoperyess Ip fpouape of 7 E'.C%QS‘{W?Q[B’%@WPP $ng, E C:)
: }Nfgg g; VB?' e,GaﬁoMm&A ¢ layEi‘i_eb}&mddB, 't?édyp?cal ﬂhiclhlﬁ:egd 6f the ITO ARk is Moys. 77, 694
‘  J. &g, A J... 5. Heeger, J. Y.L C Y. Kim Synth,.Mst. 82,
221 (1996); Y.?‘*%&Bl,”‘é .WP‘%p%%ﬁﬁ\fﬁm FAND lvsris aEf’“‘?dRHE&gEL‘? Pﬁg& . Phys.
Lett. 70, 319layedB3S0rh an Efabbdienent cancheatsed & pmbdothent the rgughnesspd dhePEROT,
pol ypyrrole, -or. PAN _ _ FRUNS : Q] then it can
replace the | FoStace af‘hé“@?\%&@? wﬁ%{'ﬁ.ﬁg{&n %’a%@@&%ﬁé%@%@?%hduct ivity, of
the polymer is not lnf pmfemetsmbodimentametallia matepalsyrity reladivelydowsyark t o |
planar i-ze the gk £r hieatlay 4 \ANdch BPBOVIS, CBacd®Ni RS, ¢, Mgl gid me.  In
bi | aye‘rj_)gl ectro elsﬂﬁge‘?nr bozti]ﬂﬁlan ar}gdecancf g’ gét hqde, f;SeRﬂl a eg%@vvzly from
the electrol @m-?iéﬁ@fﬁltmg@%%?s ¢athads mpaterialym the deviessdLdy- r]p%)/', Pearries
the current, 'P/ﬁ%'&.'?%,- 1655 @994)5! HXBe Eahddeds &) BeientitrbmSpARAG ey thivkhysswif
optimzes the ¢ arége : . S
' the layér 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, cal_cium' 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 injec_t_iqn, as described in )
U'S. Ser. No. 09/173,157. Other suitable metal oxides include LiF and Li;O. '
: The thickness of the electroluminescent polymer layer is preferably less
30 than about 1000 nm, more preferably less than about 100 nm (U.S. Ser.
' ‘No. 08/872,657). c o
| " In a preferred embodiment, two cathode layers are utilized. The first

~ cathode layer comprises a metal having a work function abouf4.5eVito4.6eV,

_ e.g., aluminum or silver. The second cathode layer, which could comprise a
35 - metal, an alloy; or a compound, would be positioned between the first cathode
' layer and the polymer layer. Suitable compounds for use in the second cathode
layer would include, for example, BaO, LiF and Liy0.
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metal, an allo nd, ,wo I rst

‘cat hode | ayer %igiﬁ?h%’%seﬁ%#é?& rea?gf’&‘g’é’ ?Fg’b"gﬁﬂé qup Vyged i n t he
second dat hodereathesaivemtOdl d/mped 1048, These nember bt coigfarablé Withfiek BesPPluet _) a
18 11 Cctober ég)@%ﬁ B%’dZ%%Oé’hat%ﬁ’ggS 1/10026 The efficiency of |ight

emtting. devic sing poly(fluorene-oxadi azol e) nmay
~ be inproved by lnsePolyn@réaEﬁblmﬂtmmmngh dﬁetency BLentissiorstmayasorte  Such a

Lgﬁ. ﬁ;ff; 3; gggasgpe&ghg;ﬁgase‘mcgﬁgtgpgtﬂ@cat Or[%rsﬁf:ﬁﬁﬁ%é’strugtur? s, o 5 and
the pol y(fl uor 95%5‘? nmyRYK (%BW)’BF@&%E@/FF@@@W@ vprgetagff ol | ows:
1 TQ/PEDGD (80 ity béﬁsdarda)da%@ HARPaRMHBRd{nE BASAICAHaAINT  The

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 fabricated from other blue luminescent polymers synth_ésized
' using ofher approaches (see, e.g., U. S. 5,900,327). This difference'_is of potential
30 importance in practical applications, since Al is an air stable material. AgMg - -
alloys- are also well known in the.art as alternative stable catho-de_matcrials.‘

High EL efficiency may also be achieved by improving hole injection into
poly(ﬂuorene oxadiazole) layer. The sxgnxﬁcant dlfference in TEL efﬁc1ency
between devnces constructed using 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 ¢V 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
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el ectrol um nescenc uant um.ef f on,the..order. of. 25 bout
0 35 et o hbout 0. BIENERbMPiShE PO Ahos! rBrech ordBy baTfE itbicRes Zes

cat hode. The rcan bouskd asgieciroumimsced nuteriaen genemtaitghbmmﬂmg%k devi ces is

appr ox1 mat €)Y wyelEhl chsidh, SH308: GARHERSH ek ok B4 AL e GficBE8 o 02 10

103 typically I'n devi ces rom ot Ui hescent
pol ymer's synt wéﬁn,d@robmm@spe@m@ly, aphedwstiEO( Lerger avayclength eeussemgoo 327). 1§

Thi s difsf er enggldves QlcitRGdeRddsfk to 8 @R%é&&i{ﬁfl im ME@&I&W'B&E&E&C@ I ons,
since Al is an.air Sta%%’ﬁ#ﬁ“al fAI\/gaI are glso wel | knownlnthe
art as al t er ndtR0% Adane 37,V .- @}WVE'B & HF%bﬁ%y al so be
achi eved by i mggreniingl J4ol(@99j.ection into poly(fluorene-oxadiazole) layer. -
‘The significant difference iii EL ef fm between devi ces constructed

using PVK (work function 5.5 eV) and (work function 5.2 eV)
suggest s t hat ‘Hxampld bhest OCCUpI ed nol ecul ar orbital of PFOis close to

about 55 eV ?YPEMQ%ES’ 9%5{ h@lﬁi 29%&&1 cNg the polynmers described above

may be “used a In high hotosen5|t|V|ty

photovol taic cells Aaﬁﬂiuwfcf@eﬁ Buerensin 209 mbof we codedidanm 014 drpos
PCT/ US01/ 10026 acetone bath under nmitrogen. n-Buli (2.5 M in hexane 2.1 equiv. of fluorene)

was added to the solution dropwise by syringe.” A yellow lithium salt of fluorene
formed and was precipitated from the solution. After 1 hour of stifring, the
25 °  temperature of the reaction mixture had recovered to room temperature. The
reaction mixture was then placed in an ice / water bath. A solution of 104 gof . -
2-ethylhexyl bromide in 100 ml of THF wae added dropwise to the reaction . )
' miixture over 1.5 hours. After completion of the addition, the reactlon mixture |
was stirred at room temperature under nitrogen ovem:ght .
.30 -~ .~ The reaction mixture was poured into 600 ml-of water and extracted by
' ethyl acetate (3 x 300 ml). The organic layers were combined and dried over
- MgS804. eVaporatlon of the organic solvents afforded a crude product, which was
purified by vacuum distillation. The yield of the product was 67 g (74 %)

Proton NMR verified the followmg structure '
35 : ‘
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(U S. 5,331,183 and U S. 5,454,880). By selecting a nmaterj i t n
absorption edge at. approxinmately 400 nmor shorter, vi S*l?({)cg%q?%@ w ,
det ect or swimew/re03 obt ai ned. In, applications involving el ggtggloygigescent,
‘phot ovol taic, or 5. photosensing devices, it nmay be desirable to include a
thin buffer |ayer between the active polyner and the cathode |ayer.

Sui t abl | ' ff | ' . for . l e,
Akalt 11 uor  dedNNIRFUMHE LOEE) Bt 68 (EURYSHE s facrete ifaly £BR& ne
_earth oxides. |3H=éb}9F¢f@dtﬂgbﬁs3q (teB i, dluectne oingi 2GR 7HICYH CRSorehd | S

desirable to us | daC i g ti0n | th
about 10 495“3??%?’5 TR ain, 1, PR, Dica o tht, 2L ILURYS, 0 43340 SRR con o

red em'tt?ng S s as guest can be used as electrolum nescent materials
to generate |idibdamplé D | onger wavel ength emission. In such materials,

el ectrons and are,inj.ected.iLnto.the 71* and it bands, respectively,
“of the host PFQ Pﬁ}s_egﬁﬁz?’?ﬁ\%@%%?%'@?@é’lhﬁﬁﬁi’@“PWFows excitation transfer
to the guest speci edA outian o\ GEH8ali-(T-cthBliegsl) Silorere.in 5FRR11 81 cdorofarnSaab,

M O Regan, G Baz3BiedYs JeepHeeger ?g : yﬁter. .11, 1349
(1999))  EXAMPLES Exam %‘ﬁfg?SB!%???‘ﬂe?Pé% r‘ﬁﬁ%}g&aﬁ dedig SS9 £ | uor ene
A sol uti &h of 4woryise idhedeki Afledtheraddition DEBromise,dhotedtiatomixtine vasdry i ce

/ acetone bat h stifg@Forni KduP3RA thed-iPhhd pdufeintd 5(@yﬂ§§$€%&gﬁé{%&ia§ ‘%:{u‘g’w f’f Chi um

- fluorene) was ale.ged 0 Lhe solution dropw se
salt of fluoreﬁgulf)BPw“Hﬂa Rate, Additignahsedaum cerbppate was pdddddn theAf t er 1
hour of stirri myjxturéentiiGhd erppec ﬁwrBe_,c@ﬂheEbbrléﬁaqtﬂe%gélﬂié(fagéﬁum%ﬁ ecoyered
to room tenper r ion mxture t hen placed in an ice
water bat h. A%E u F%%&g ef&%ﬁ:ﬁﬁ%ﬁr wﬁgieé{PﬁWmﬁE&ﬁFloB?ngﬂ‘.@@OF‘Hleiébxm of THE
was addelP dr opwi08§ ent}.dhelveganisdlayers wereriontbined and evashedb N §1% solMidesf
conpl etiron of "ﬁlqgj | ' ' : Aas stirred at. room
“tenperature untgtgtﬁ nit rdéd)%d%b a(;‘t\glg?%l{ gﬁttg’ lﬂ%g dﬁ?ét"?éefg\élﬁ off mvﬁlquéo'\/ﬁfs pour ed
into 600 m of SNAEwWs affpried 2 cruse peatlusty whighiwyas fugheraneified by pagmgwver aThe

organi c | ayer s su&t §ilic® pilicoRehrARho xSk AURE eludi SEY | . st he .
organi ¢ sol venﬁ af %@Fﬁ%d a crudﬂ)roduct, c\‘/\/Ri- ch V\eﬁ%i% pur |,€#[g§ﬂ%3£a\?acuum S
distillation. %ﬁ “of the product was b7 g (74 Proton NWVR verified the

fol | owi ri2f struct ur ePr@bn NMR verified the following structure: - '

. lH-NMR (SOOMH;, CDCl3) & ppm: 7.51 ‘(d,_ J=8.5Hz, 2H, ﬂ_uorehé ring), 7.48 (d,
'--'“f:th _‘ : 25_ ~ 2H, J=5Hz, fluorene ring) , 7.44 (d, J=8Hz, 2H, fluorene ring), 1.94 (m, 4H, H-
. alkyl), 0.64-0.98 (m,‘_ 22H, H-alkyl), 0.45-0.56 (rh,_ 8H, H-alkyl). '

Example3 o o
Synthesis of 9,9-di-(2-ethylhexyl)-fluorene-2,7-dicarboxylic acid
T of magnesium was placed in a 500 mi flask and preheated to 100°C
30 under dry nitrogen. 5 mg of iodine was added, followed by the first patt of
~ solution (20 ml) of 50 g of 2,7-dibromo-9,9-di-(2-ethylhexyl)-fiucrene in 100 m!
- of dry THF. After the reaction was initialized (as indicated by the disappearance
of color from the so_lutioz_i); the remainder of the SélutiOn was added dropwise with
a syringe. After the addition, the reaction mixture was feﬂuxed for 1 hour and an
35 additional 100 ml of dry THF was added. The reaction mixture was then cooled
to room temperature. 500 g of dry ice was added to the reacﬁon mixture, and the
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20 1 1 COctober 2004 WO 01/ 77203 PCT/ US01/ 10626 1H NWVR (50 3) 8
ppm 7,68 (d, J=7.5Hz, 2H, fluorene ring), 7.36 (m Elil\ﬁ%?téec%l ng),

7.30 (t woAHz2032H, f1 uor ene ring), 7.24 (t, J=7Hz, 2H, fﬂmmgogml ng),
1.97 (m 4H Hal kyl ), 0.64-0.95 (m 22H, Halkyl), 0.45-0.54 (m 8H, H5 =

A sol Uit on of 5k 85 SR SnaL 8t e o el FisE Pt BB BHeHT SBr LT BPb1 o m
was cooled in xamhackmrapomﬁeSO(hatdsf 1894 tgdmi:hbmmcmle«vawaddadimetﬁet'mddee
sol ution 10 dr‘lﬁ'@%ﬁﬁécﬁ egxgﬁe g@{é{trapfe %eé H&c@gg ﬁ&thr?gcée?gtc 2 %@ﬁ'ﬂ

reaction mxtu |rre ou and oure o 500

m of a satur atrgamtahuensu'@re swhbingdhandorashedimitmAd68momaterand rdfrf@lrrarer sodi um
carbonatg was I\ﬁg g Iﬂt?te orahasﬂyr e S0t 1000 rﬂr(%q{yxﬁ‘lé @é/sf‘{ dbgcene

- colorless. The nic r was sépar at e gueous | ayer
was. extract edredu Céntesw&réﬂﬁﬁm@ﬁ@ﬁmwm kvafBSf’i@Bthﬁltfam@ Byrthshi ¢ | ayers

were comnbi ned ﬁ@ic&@cﬁi’l@dr mrﬁaﬁ/exﬁﬂtnﬁtm&mt afferdil Q9B eRtictlss AnHitd hen
~water, then drlﬁg % %Sf Wpog_g on of " sol vents afforded a crude
product, whi ci© Gy etee HSBW“F & %passr ng over a short silica gel .
" col um usi ng hexanePragonNieiReleriiad the Tbkowinglsttuctird: he product was 114g(909% .
20 Protgp NWR verified the follow ng structure: 1H NWVR (500MHz, CDC13) S
ppm 7.51 (d, J= | uorene ring), 7.48 (d, 25 2H, J=5Hz, fluorene
- ring), 7.44 (d, J=BH JH, fluorene ring), 1.94 (m 4H H alkyl), 0.64-0.98
(m  22H,. Halkyl) —0.45-0.56 (m SH Halkyl). Exanple 3 Synthesis of
9, 9-di - (2- et hyldee @Q@ oc@ne- 2, 7- di-carboxylic .acid 7 g of magnesi um was
placed in a 500 m ask and preheat ed to 100C 30 under dry nitrogen. 5 o
-of iodine was added, followed by the. first part of a solution (20 m) o?g)
50 g of 2,7- dr’H—bMQSMa(HiEﬂhmpmyﬂ V7 €t} Ireir. Hidg, 2Hh fluoenairing )y 18.06r (d, THF.

After the reaciﬂqnsrtzgg%o@trtehrﬁtgpw@g&@%-sﬁgﬁgtfﬁstr 4d, sl sappequance | of

color fromthe Solu émaij ’dr opwi se

with .alsyringdl Hplkyd), 0.68-0R5m,28H, Hralleyl), &:41-0 56 (ﬁ%ﬁHuHea s refl uxed for
-1 hour and an @éﬂgtronal 100 nml of dry THE was added. The reaction
m xture was tHen coo to.roomte rat rfeuorSOO g of dry I ce was added to

t he reacti on ryetigsis, O%gﬁd 1614, -trimethy hexy

A solution of 40 g fluorene in 200 ml of THF was cooled inadry ice/
acetone bath under nitrogen. n-BuLi (200 ml, 2.5 M in hexane) was added to the
20 solution dropwise by syringe. A yellow lithium sait of fluorene was formed and

ene

precipitated from the solution. After 1 hour of stirring, 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;54trimethylhexyl
chloride in-100.ml of THF was added to the reaction mixture dropwise over a

25 period of 1.5 hours. After cotﬁpieﬁon of the addition, the reaction mixture was
" stirred at room tempcrature overnight under nitrogen.
The reaction mixture was then poured into6 600 ml of water and extracted
by ethyl acetate (3 x 300 ml) The orgamc layers were combmed and dried over
| MgSO4 Evaporatton of the orgamc solvents afforded a crude product which was
30 ‘ punﬁed by vacuum dlStlﬂathn ‘"The y1eld of the product was 90 g (90 %).
- Proton NMR verified the followmg structure : - -

E7 | -




21 1 1 Cctober 2004 WO 01/77203 PCT/USO1/ 10026 fl ask was E gke]ﬂ: ﬁ@g t he
dry ice was well m xed. After the excess anount of dry i T akgr por at ed,
800 m of wiBow&7kesdr ochl ori c acid wds added to the residue.pcthisdiaghgi fied
*residue was extracted three times by ethyl acetate (3 x 200 ml). The -

organi c | ayers #@NMBqSOGVEY, @Ddl3\)\/a$bﬁd 7V98t(0d A9 Jeb HaplerHAMebréamng)y | ed

The product  pr BeT i P Atk et tatis b0, T8PPI G 4L i Bon Q?ﬁgﬁogmmﬁi added
filtration. Furkfadyl), 0u62:.986dd; 2H, Hialkyd); 0y750.85 (inz 26H,Gi-aflaytyn0.5ed. b anp2H,

~afforded 25 g L lid. The yield-of product was 57

Pr ot on- NI\/R ver?]{ila?ﬁﬁg? le%m% &ﬁﬁcture 10 H-NWR (500MHz, THE-d8) S
ppm 8. 173 (t, Bxagnples fluorene ring), 8.06 (d, 2H, J=8Hz, fluorene
H ggiylg 8(9) é g 'S ,of2r*7 diﬂryﬁbﬂmb{sl(g% tn?mét%dﬁgxyl)lﬂéoraf_le 15 4H)
Exanpl e 4 Synt heS| s ’gﬁo@tg“ﬂfﬂiﬁg SbISC’t ﬁéﬁemewmﬂ))ﬂwmn@ﬂao mlobl uti on

of 40 g fl uor enghlérofo2@0w4aE codled TiHm W8 $ watp badh. 167 LofbrymireSvds adé@aettoQH@ bat h
under .ni trogen.

L dded th :
sol uti on dropwi Ssogu%) dg@m%%@%%d?& r‘%‘ﬁe@ﬁﬁﬁmﬂé’i fosnal?'e’ft ‘EIE?%‘&H&‘ R%H‘é“rfeor med
and precidit at edad stmcdtfbrel bair anddhen wWés mrurdd intuS00ahl offd satirmgd agledus
tenperature of g, o?@ﬁalhﬁrz:ramoﬁ%@r %@%ﬂxtfoﬁgpﬁﬁ%@g of %Odgl.ﬁl? n%%g%%?%{w%%ﬁr g ; gge

reaction nixture was nan | c
g 3,5, 5-tri met Bddadigthe ﬂéﬁmtﬁﬁrﬂléthemr&w hayerdtecamg colgdlessd Jbd otganichleyereact i on-

m xture dr opw SQaauex se%a%ﬁd%ﬂ 'tﬁléjaq(ﬁfaoﬁ's 12y P UHs Sxtr e L6y QAORERI (W Bhed NE
%ltlon the r a% ture_ stlrred at roomtenperature overni ght

er nitrogen. ‘PBa f BFR2C ?X?F%W%§ henyrombiendraad washed B0o5 % of wat er
and extrasted doyutivhtofodiaailydfox{dd, thed Wt dnd REEARMANRE MéS@yerS were

nbi ned d d d t f
e N e o RSN AR A o BBl e P SRR o e
yield of the prigtpassingtovea shoftailicgel Etrlmnmsiﬂyﬂaexmelaﬁ:lﬂmbltm Thel 3helw| ng
structure 22 %tggwgg&‘%g%gv&%/wzos PCT/ US01/ 10026

Proton NMR verified the following structure.
20 : , .

TH-NMR (500MHz, CDCl5) 6 ppm: 7.51 (d, 2H, J=8.5 Hz, fluorene ring),
: . 7.42-7.47 (m, 4H, fluorene ring), 1.8-2.0 (m, 4H, H-alkyl), 1.14-1.24 (m, 2H,
) 25 . H-alkyl), 0.90-0.98 (m; 2H, H-atkyl), 0.7-0.86 (m, 26H, H—aikyl), 0.5-0.6 (m, 2H,
: alkyl), 0.38-0.48 (m, 2H, H-alkyl) |
- Example 6 : :
SyntheSls of 9,9-bis-(3,5,5- tnmethylhexyl) ﬂuorene-Z 7-dicarboxylic acxd
' 3.0-g of magnesium was placed i m a 500 ml flask and preheated to 100°C
30 under dry nitrogen. S mg of jodine was added, followed by a first part of a
solution (10 ml) of 30 g of 2, 7~dibr0mo-9 9-bis-(3,5,5-trimethylhexyl)-fluorene in
- 60 ml of dry THF After the Teaction was initialized (as indicated by the -
. disappearance of the color of the solutlon) the remainder of the solution was
added dropwise with a syringe. After the addltlon, the reaction mixture was
35 . refluxed for 1 hour and an additional 100 ml of dry THF was added.
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| H NMR (500MHz, CDC13) 8ppm 7.68 (dd, 2H, J= 6Hz J= IHzf e ring), ]
7.25-7.35 (m 6H, fluorene ring), 1.90-2.04 (m 4H H al k¥ °° @41 22 (m -
2H,  H aMkybi77268 92-0. 98 (dd, 2H, Halkyl), 0.7-0.85 (m B6Husétabiy! ),

0.5-0.6 (m 2H, Halkyl), 0.4-0.5 (m 2H, Halkyl). 5 Exanple 5 Synthesis -«

of 2, 7-di brono-9, 9- tmeréaam&ranatmfermgmen%&wdhoiémf&%am%&%%&@ 70 g

99b|s(355tr| | hex | .u I n 400 of I or of or m was cool ed
inan ice / wat@PURfAf Iz% B‘Fléegrgtﬁ‘l‘?%@slﬁki’és M@H“{‘W ﬂc“héry 1gowas wsH dr opwi se
in the dark. Afriesd whletlﬂd&chbﬁ)mmﬁud)rmemﬁe eldass dreatit bPdryTtehad € 10 was

t df t 0,500 ed
S0l ut fon of - sodAneraial Soh I Br 165 Bt HeriCacty ik aileg o Lh%a G aHBonate. vias
added toS5the naocidified residuelwastestrasterhibies tingschy dibylanetaedB ard063sl). 'l'he organi c
I th I b hi f
| ayer.  vas (Zegrg%ﬁﬁ%ﬁw ﬁ%gm%ﬂx%d%ﬂ&'%ﬁfed B4 Mfﬁats&r{dﬁg%&'%eafo& oroform

organi c | ayer "washed
by a 5"% 15 soM&SQunAder %WP@HP%?Q%)@WG@IG{mnnl/ﬁﬁl‘@mneaﬂ@ addedh @Thé ed over

MgSO4. 20 Evap@foahuqﬁe@ﬁudté”@as%%hﬁMda&m&{ @@ﬂsalafealu}%&ﬁ Gy YRS Ch vas -
further purifi aSSI |t 0 a.s ort SI @%a%m um usi hexane .

as the el uent. p“\rﬁ@%‘f’ IOHaS atgﬁ]ec HeiRe Ry P badip

~verifiedot he feubmuiffogdesittheiprodne as hww&n@mweldm?ﬁo&cpm 17 g0l (d

2H, J=8.5 Hz,, J)lu,}) ene‘ri ng), 7.42-7.47 (m 4H, fluorene ring), Jgf

(m 4H, Hal ky '1.14-1.24 (m 2H, 25 Halkyl), 0.90-0.98 (m 2H,

H al kyl ), 0.7-0.86 Pro@mNEﬂl—lyer&ﬁe&iltkqfo)Lo“ﬁh@stﬂxcﬁJrém 2H, -al kyl),.0.38-0. 48
(m 2H,.Halkyl). Exanple 6. Synthesis of

9,9-bis-(3,5 5-tri -fl uorene-2, 7- dlcarboxyllc acid 3.0 g of
magnesi um was pl aced _iq 4 ( flask and preheated to 100C 30 under dry =
[ yas added, followed by a first part of a solutioi
@.m.. ,9-bis-(3,5 5-trinmethyl hexyl)-fluorene in
60 M of.dry THF. Arter the reaction was initialized (as indicated by the
di sappeafance of the color of the solution), the renminder of the 'solution

was added dr opNMRVSOOMEzSTHF ritgpd padnt 8101(B2HJeD1S K fluokeme Hegd,t8.0M
o o825 1 S kS 215=1 510 rudlle A 9480518 1380, WlorBle r%gs THE was -
12.05-2.2 (m, 4H, H-alkyl), 1.16-1.26 (m, 2H, H-alkyl), 0.94-1.01 (dd, J=14Hz,
. J=5Hz, 2H, H-alkyl), 0.66-0.84 (m, 26H, H-alkyl), 0.50-0.62 (m, 2H, H-alkyl),
20 0.40-0.50 (m, 2H, H-alkyl). o
Example 7 _ :
Synthesis of poly(9,9-di-(2-ethylhexyl)-fluorene-oxadiazole)
- 3.0 g of phosphorus pentoxide was dissolved in 50 ml of ineﬂnylsulfuric
acid with stirring in 110°C oil heating bath under the protection of nitrogen. A
"25 . mixture of 2.0 gof 9,9-di-(2-ethylhexy[)—ﬂuorerie;2,'7-'dicarboxy1ic acid and )
- 286 mg of hydrazine hydrochloride was added to.the solution. The suspension

. was stirred over 5 hours and a homogenous, viscous solution was formed. After
the solution had cooled to room temperature;, the solution was pouted mnto 500 ml
of water. ‘The polymer was pfeéipit_ated as a white fiber which was isolated by
-30 - filtration. The crude polymer was washed by an aqueous solution of sodium
S J'carbOnatc then water, then methanol and dried at room temperature it vacuo.
" The crude polymer was dissolved in 25 ml of THF The solution was filtered
througha 5 pm filter, and the polymer was then precipitated 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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WD 01/ 77203 PCT/ US01/ 10026 The reaction m xture was then ﬁ108 e%f é&) room
tenperature and an excess anount of dry ice was added. T $PeFE

‘shaken unwio eitmz3dry ice was well mixed with the reactiorPOIVUémummnﬁAfter
"the excess anpunt of dry_ice had evaporated, 500 ml of 18 % hydrochloric
aci d was added to t RsotoadNReerifipdths following stractimssi due was extracted three
tinmes by ethyl acetate (3 x 200 m). The organic |ayers were conbi ned and
washed by 400 ni ! nen dried over MSO4. After evaporation of the
sol vents, 200 m of__hkeyeRe was added.- The product precipitated as a white
solid which was | at-ed.by fr}l—,lnt ion. Further purification on a silica

E f

gel - col um usi ; ane in a 4:1 ratio as the 10 el uent
afforded the product as a vvhlte sol 'd. The yield of the product was | 1 g
(419% Proton NVR verified the follow ng structure: 15 1H NMR (500MHz,

]Hg gﬁ)z $ ppm la-m??{ cﬁoowmz,mlag) tzppni: Im@p@mﬂm&m nd)58.26 ¢d, 2HZH)
uor n
2.05-2.2 (m 43&% ng bl 613 (- ﬁHﬁeﬁ"mﬁ‘ "’HB?;F%%?({’%%EQ?Q&'M{)( dd.

J=14Hz, J =5HA.8-2H (bt—l-léHkaI-zjlkle O@-@GB@br(MHZ&-Idlkyﬂ-} al kyl), 0.50-0.62 (m
2H, H-aI kyl), 4@-0 50 (m 2H, Halkyl). Exarrple 7 Synthesis of
pol y(9, 9-di - ( 2- )-- f 1 uor ene- oxadi azol e) of phosphorus

pent oxi de was cﬁyg%ﬁlﬁéﬂpﬁlﬁ(%dmz'@hy h@%&ﬂ%@rﬁﬁ%ﬁ*&dwz&lﬂ?d with stirring in.

110C oi | freat i ng bat’[*lhclé mén'@%fEiﬁﬁﬁEW'v%r ea@dtﬂsﬂﬂ%lfféren?%%dﬂﬁ%@ of
2.0 g of -9,9-di_- Iuorer;eq% -di carboxylic acid and 286 ny

ex
of hydrazine h)}H FQ?FXF tagFHspensyn H@%PHP’(‘%‘FF wahgIrgddBensi on  was
stirred over 5 I6Gieuss, amérestbﬂma@wvea@rcMw@x&uﬁgmpwnymgshéﬂbaﬁéiwas\fter

t’he sol ut h | ed t yt d int

500 m - of wnils e ERRER 7, b e e p R BRRen as

i sol ated by 30 (Exémplaf/iapd Exampférﬁé eghibided golilanperfovamnomeheduded aam aqueous

sol ut i onyf so%aeﬁal%&rlgﬁpam%%&%a? d8Vicks: PHAOGH NI RalereBfleditd, Gfig 2L T O0M

"t enper at ure I n va mer was di Sso I'n The
sol ution was fuﬂl@@ﬁlé&W%rﬁﬂwgmeaswﬁmplefh lter, and the polyner was then

precipitated f The - pol yrrer was i sol at ed and washed by water,
Shen ot hanol . 40 S3Chuth ool 5L oh oL sBeratirg T pur 1 catlon
fiber. The yield of Theexpsrimkntin Brangle 3 vgms(rél&a%d.usmg a different solvent. In
‘ 20 the present Example, Eaton’s reagent (obtained from Aldrich) was used as the
reaction solvent, and was purified by vacuum distillation before it was used in the
reaction. The rest of the procedure was the same as in Example 7. Proton NMR
data were collected, and the resuits were the same as in Example 7.
Example 10
' ) 25  Synthesisof poly(9 9-bis-(3,5, S-trimethylhexyl)- ﬂuorene-oxadlazole)
- 30gof phosphorus pentoxide was dissolved in 40 ml of methylsulfuric
acnd by s’amng in a 110°C oil heating bath under the protectlon of nitrogen. A
mixture of 2.0 g of 9,9-bis-(3,5,5-trimethylhexyl)-fluorene-2,7-dicarboxylic acid
‘and 270 mg of hydrazine hydrochloride was added. The susiaenéion was stirred
30 over 5 hours and a homogenous, viscous solution formed. After the solution was
| cooled to room temperaﬁire, the solution was poured into 500 ml of water.
Polymer was precipitated as a white fiber and isolated by filtration. The crude
polymer was washed by an aqueous solution of sodium carbonate, then water,
‘ then methanol, and dried at room temperature in vacué. The crude polymer was '
35 dissolved in 50 m] of THF. The solution was filtered through a 5 -p.m filter and the
polymer was then precipitated from water. The polymer was isolated and washed
25



24 11 Cctober 2004 WO 01/ 77203 Pr oton NVR verified. the fo%ﬁv%n g @)tructur e. .
PCT/ US01/ 10026 5 1H NVR (500MHz, THE-dg) S ppm 8.42 (s, ?]? % ene

ring), 8&aeéi(mes2H fluorene ri n'g), 8.13 (d, J=8Hz, 2H, »dMusoen@26i ng),
2.2-2.5 (br, 4H H-aI kyl), 0.8-1.1 (br, 16H, Halkyl), 0.59-0.65 (br, 14H,

H-al kyl ) Exa : . .

pol y(9, ex%%ﬁhg{rl%ﬁaémwadé‘ eéiza(t) 2 miedn pleﬁ%tu%ex 'I;ahrlsi %elt}cah?n
Exanpl e 7 vvas pr@p@hwwep@tmcechlﬂfaéfoedﬁd th@a@lwmnasamte tber. t e yieldsent
Exanpl e, the ueaed QN mxture was stirred for 16 hours. The
rest of the p?ggie%?gre&?g@g\%\gga /9 and purifying the product was the
sane as in Exanpl e Pyo tOITWBd’PSIﬁ@?ﬁ@@?]éR%@ESW%“’% he, two different

: procedUrSes (Exanmpl e 7 and Exanple 8) exhibited simlar performance when
used as a 15 . ngterial fof Iyght emtting di ode devices. Proton NWVR data
were col |l ected, 2ng e Ts were the sanme as in Exanple 7. Exarrple9
Synthesis of poly (9 g. 2- etrayl hexyl ) -fl uor ene- oxadi azol e) The

- experinment in-E£ga --@ @ epepteg—using a different solvent. In 20 the
present Exanpl e,” Eaton's reagent (ot"al ned from Al drich) was used as the
reaction solvent, and was purified by vacuumdistillation before it was
used in-the ﬂHaIdMR)(SOOM’Hz TEER-dg)6 prne §3OGe2H | Buorase tihg), Saﬁt{bmd [paaleExarrpI e
Exaﬁ{)f)teog NNR2Hd?ﬁ19rf€@fZ1§g %'11 Stﬁ%' J—?ﬁg filited R, 82985 o B8, BAHIByIFS 1N
pol y( 9,14 bi s- (13651 B8 {bri 2 ;ﬁlllﬁ'é)dl(?jl 16T 28, Boelioih £180.98 (g, 2818
phosphorus pe@;_%%geomggl(gﬁgwmalkﬂﬂo m of methylsulfuric -acid by
stirring in a_110 Q{| heating bath under the protectlon of nitrogen. A =
m xture of 2. ) :
9, 9-bis-(3,5, Syhfhleﬁebfly&ibmﬂn}f?ﬁéth}ﬂh&f}&)-ﬂu&redt-@ﬁﬁdi@@d-pber@@ﬂné) agnd 270 ny

of hydrazine ha/n%ro C@o gwnge was added. The suspension was stirred 30 over 5
"hours and a hé geno vi.scous solution forned. After the solution was

" cool ed 50 roomt errﬁ'@raamm’ﬂ@e of b SO Utli-Gretiplbexsdirfladreney/-8o@bekylid  wat er .
~Pol ymer was preqi pif @ g%@t&@e}m'abﬁ badsde %f hz&la?ﬁxﬁ‘i’igﬁbbcﬁfo%%%abon The
sodium car

crude polynmer was_ wa &ueous SQ t|o onate, then

wat er, then @fdadi{bml obRdows reage t(@@éﬁ*ﬂt@%éﬂ‘&lc@emﬁ%@&ﬁe@ﬁ%wﬁ ude .

pol yner was purified by vacuum distillation before it was used in the reaction. The mixture

was stirred under mtrogen at 110°C for 5 hours after which it was cooled to room'

20 . temperature and poured into 1000 m! of water. The ¢rude polymer precipitated
from water as a white fiber, which was isolated by filtration, washed by water, N
then methanol, and vacuum dried. The crude polymer was dissolved in 40 ml of
thiony! chioride. The solution was filtered through a 5 pm filter, and the solution
was poured into 1000 ml of water. Whlte polymer fiber was preclpltated and

25 isolated by filtration. The polymer was washed by a large amount of water, then
7 an aqueous solution of sodium carbonate, then water, then methanol, and vacuum
dried. The yicld of the product was 82 %. |
' Proton NMR venﬁed the followmg copolymer structure

o)

HNMR (500MHz, CDCLCDCl,)  pprm: 8.4 (s, 2H, fluorene 'ring)_, 8.17-8.31
(d, 2H, fluorene ring, 4H, phenylene ring) , 8.01 (d, J=6Hz, 2H, fluorene ring),
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-35 dissolved in 50 M of THF. The solution was filtered tp]Tﬁ ?
filter and the polynmer was then precipitated from water %glﬁ) 9/ r vvas
i sol at ed wWodimeebed 25 | 1 October 2004 WO 01/ 77203 PCT/ pg@Aiséf) s by
"wat er, then nmethanol, and vacuumdried at roomtenperature. This

i e fiber . The s e o R e M AT A8 7B TR Ve 1 o

the foll ow ng Halkybure: ' H NWR (500MHz, THE-dg) 6 ppm 8.36 (s, 2H,

~fl uorene rlng),E (Qbroad peak, 2H, fluorene ring), 8.11 (d, 2H, J=8Hz,
fl uorene rlng) 10 1.26-1-38 (br, 2H Halkyl),
1.02-1.10 (br, eﬁlrs R‘gb’@ 9‘3‘ '?53?15 Y(lijﬂuorzmqoxa%lekghe)lyleoe)@ao 66 (br,
2H, H al Kyl ) . Em’dmm pilyrder Synt hesi s of

oly(9, 9-di - (2-ethylhe fluor o) hen ne random
'(F:)op)cl)l(yrrer 15( To a Br/n"lh a\ﬁég&lﬂ' F ? E&?dz-@etlhyﬁxexy uore c glcarlsaoxyhc acid,
9, 9-di - (2- et hyllAdxyd c)ftemuha:lmeacm andiiza:arrtgoomydfazmmydmcmﬁdma@ﬁdded

terephthalic agpqy o%asﬁre%?f’lﬂ%%a“ c %‘-’l[fg’%@l eg‘@l’ﬁéeﬁ?ﬂgd gngSO m

of Eaton's reagent al ne rom
purified by vaéhﬁﬂfp c& 15 the sameas indixempld 1. V\Hmnsldcbflﬂte prbduct @ac80G6. The

fter which as
m xture juas sti rre@r&&dﬁmm%ﬂiﬁ&meurléﬁéﬂg {))ﬁq%rgszr%ﬁE%Fe_a ter which it was

cooled to room 20 tenperature and po ( wat er. The crude
pol ynmer precipitated fromwater as a white fiber, which was isolated by -
filtration, washed by water, then arefbhanol, and vacuumdried. The crude
~ pol ymer- was di ssolved in 40 Ai onyl chloride. The sol ution was

fittered through a 5 mfilter /apd\the sol ut | on was pour into 1000. M of. -
water. Wite polyner fiber =0r pei piN it 6 |("s§Ia by filtration.
The pol yner was washed by I rmun a aqueous _
sol ution of sodi um carbonat’e, then water, then nmet hanol , vacuum dri ed.

The yield of the product was 82 % Prot on NVR verified the foIIovvi ng
copol ynd5 st r udHeeIR (5 OGMIHL\/H{FW QLA AN 1hzche RiRED, 84 24(s( 81, 2H,

19T E 05 02 - B i B B9 1
S rmg) 2.25-2.45 (broad peak, 8H, H—alkyl) 0.75-1.1 (br, 32H, H-alky!),-0.50-0. 70 '
(br, 28H, H-alkyl).
Example 13
20 Synthesis of poly(9,9-di-(2-ethylhexyl)-fluorene- oxadxazole—phenylcne) asa
random copolymer '
To a mixture of 1 g 9,9-di-(2- ethylhexyl)—ﬂuorene 2 7-dlcarboxyhc acld
226 mg of 2,6-naphthalenedicarboxylic acid and 214 mg of hydrazme ,
) : ‘ hydrochloride was added 50 ml of Eaton’s reagent The mixture was heated under
.25 mtrogen at 100°C for 5 hours. The rest of the procedure for working up and
' ' pm'lfymg the product was the same as in Example 11. The yield of the product
. was 85 %.

Proton NMR verified the followmg COpolymer structure:

By

TH-NMR (500MHz, THF-dg) 8 ppm: 8.90 (d, QH, naphthalene ring), 845 {br, 2H,
naphthalene ring), 8.42 (br, 4H, fluorene ring), 8.32 (t, J=8Hz, 2H, naphthalene
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WO 01/ 77203 PCT/ US01/ 10026 2.10- 2.37 (br, 4H, H-alkyl), glﬁg%¥&. Lodor. 16H, .
Hal kyl), 0.45-0.70 (br, 14H, Halkyl). Exanple 12. Synt hesrs of

pol y( 9, Swdie1208t hyl hexyl ) - fI uor ene- oxadi azol e- phenyl ene)pcIsusay/i26 andom
“copolyner To a mxture of |

9,9-di-(2-eth 1
tereplht gal ?c ﬁ:l QJ ﬁrfﬁﬁ?e"%’rﬁ g:ﬁg@?%g eglrnl ezéai;yggbs%’ H- .40 m
of Eaton's reé@}@ﬂloﬁhblﬂlfsi’ fH-alkeDpp §8d4} r,fQﬂH WbakyRg up and purifying

the product |§%E@§WE as in Exanple 11. The yield of the product was 80
% 10- Proton verified tlae foll ow n)gr copol ynmer, structure: ~F ~---~ ~0

n 15 1H NMVR ( 500fesis of pely@y-ds(Goethy thexylk flpereneoxadiasolesthionteng)yas ag_ 42 (s,
4H,  f1 gor enneandongopobymér (d, J=8Hz, 4H, fluorene ring), 8.13 (d J=8Hz,

3ok, Halkyh) ”g)&"cna R R e LR R e L S
pol y(-9,9-di - (23-59u1rg/bf‘lmoph¢nef-2 ﬁdn@rlﬁ}xgkadcldmﬂé%hﬁg’gﬂlqdm)zms a random
3080|d|ym(3r2 -er'?h exyﬁ—lﬂ? lld(ﬂtd 59 r91 %f Eatorbs re Fr(':t éféle émxtuﬁezgas heaterd under '

2, 6- napht hal erﬂé‘mgﬁarabb(i@?plf@f ébwfsamie mnomeofocnwpiqn Wklﬂﬁy-!iﬂr'@dhl ori de was

added 5@ ofpuEiBfiRR iR PrERREWhs thEREMELX HELNAS 1PeThe Jiel\Githe gé,daett rogen at -
_100C for. 5 hours.’ The rest of the procedure for working up an puri fying

- the product wé’_%astglq %same as in Exanple 11. The yield of the product was 85
Proton NWVR veri f i edrblos NMRIverified e dpRdwiRcopblytiet swturd0 1H NVR (500MHz,
THE-d8) S ppm .8.90 (d, 2H, naphthal ene ring), 8.45 (br; 2H  naphthal ene
ring), 8.42 (br, 4H, fluorepe ring), 8 32 (t, J=8Hz, 2H, naphthal ene 27 1;1_
.Qct ober 2004 WO 01/77203 P 0026 ring), - -8.26 (br, 4H, fluorene )—

ing), 8 .13 (br, 4H fl 242
ring), r, 4H, fluor "?ﬂ)———w—kﬁ)—j—#%—

TH-NMR (500MHz, THF-dg) & 'ppm: 8.40 (d, J=9Hz, 2H, fluorene ring), 8.25 (4,
J=8Hz, 2H, fluorene ring), 8.13 (d; J=5Hz, 2H, fluorene ring), 8.06 (s, 2H,
thiophene ring), 2.32 (br, 4H, -CH2), 0.75- 1 1 (broad peak, 16H H-alkyl) 0.5-0.7
(br, 14H, H-alkyl). :

20 Example 15

' Synthesis of 2,5-dihexoxy-terephthalic acid
A mixture of 20 g of diethyl-2,5-dihydroxy tcrephthalate 32gof n-hexyl

bromide and 27 g of potassium carbonate in 250 ml DMSO was heated at 100°C
under nitrogen for 20 hours. After the mixture was cooled ddﬁn, it was poured

25 into 500 ml of a 5% aqueous solution of potassium hydroxide and extracted three

- tifnes by ethyl acetaie (3 x 200 ml). The -organ'ic layers were combined and

washed by water, then dried over MgSO4 Evaporation of the solvent afforded
diethyl-2,5-dihexoxy-terephthalate as a dark-colored crude product.

15

The crude product without any purification was mlxed with 200 ml of
.30 ethanol and 20 g of potassium hydroxide. The resulting m;xture was refluxed for
' 2 hours. After the mixture had cooled; 300 ml of 8M hYdroéhToric acid was :
added. 2,5-dihexoxy-terephthalic acid precipitated, was isolated by filtration, then
washed by water. Recrystailizatibn from ethyl acetate two times afforded pure
2,5-dihexoxy-terephthalic acid. The yield of the product was 15g (52 %)
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~«alkyl), 0.75-1.1 (br, 32H, Halkyl), 0.50-0.70 (br, 28H, Exanpl e
14 Synthesis of poly(9,9-di-(2-ethyl hexyl)-fl uorene-oxadi {z;i_zél tg%f%|(|J()(‘)4phene)

as. a 5 neddomizedpol yner To a m xture of.l g PCT/US01/10026

"9, 9-di - (2-et hyl hexyl )-fl uorene-2, 7-di carboxylic acid, 359 ng of

t hi ophene- 2, 5-di car | ' of drazine hydrochl oride was
added 50 nl of Eat OW&XA%%‘%&%&% ﬁqq@“ﬂng%&ngﬁeat ed under nitrogen at
100C for 5 hours. The rest of the procedure for working up and 10 purifying
the product was the same as in Exanple 11. e yield of the product

was80% Proton NVR verified the follow ng cqpol yner structure: n 15"

H NVR (500MHz, THE-d3) S ppm 8.40 (d, J=9Hz, 2H, fluorenering), 8.25 (d,.
J=8Hz, 2H, fluorene ring), 8.13 (d, J=5Hz, , fluorene ring), 8.06 (s,

‘214, thiophene ring), 2.32 (br, 4H, -CH2) 75-1.1 (broad peak, |6H,
Hal kyl), 0.5-0.7 (br, 14H, H-al kyI,)Hoofa@anpbie 15 Synthesis of

2, 5-di hexoxy-terephthalic acid A m xture 20 g of diethyl-2,5-dihydroxy
‘terephthal'ate, 32 g of n-hexyl. brom de and 27 g of potassium carbonate in
250 m DMSO was heated at 100C wunder nitf{ogen for 20 hours. After the

~mxture was cool ed down, it was poured 2Xinto 500 m of a 5% aqueous

'solution of potassium hydroxide and extrafted three .ti mes by et hyI

tate (3 x 2 | b
acetate (3 X CrRmk (sl SRR |t 18 Ron 80008, 790, JHSIcRY
di et hyl -2, 5- di HB%eR Y2/ eHle L & Ha)sléSC(m,léI‘hHl-aikﬁldL lc.'iﬁidle’lerHehlkyl) The

crude product W20 Ry EHAHYHBAY, 0f770¢ aj-lgy, m?_ mxed with 200 M of ...30
de he resulting m xture was ref | uxed

?E}?angl ‘h E?sZQMEa;S;{JH} Qyﬁggxcool ed, 300 m of 8M hydrochloric acid
‘was added. 2, Symthémbsabys- bar(eﬁtﬂ-hmtnylmwtypm@hmamraad was isolated by
i mes-af fof déﬂe”ur oA AL o B S e N R g St he
pr oduct was 1 5@1{1@@]@1@9}{)@ ghlmudmddﬂ@ oP@assium carbonate in 250 ml DMSO was
' _ - heated at 100°C under mtrogen for 20 hours. After the mxxture cooled down, it
10" ~ was poured into 500 ml ofa 5 % aqueous: solution of sodium hydroxtde and
. extracted three times by ethyl acetate three times (3 x 200 ml). ‘The organic layers
. were combined and washed by water, then dried over MgSQ, - Evaporatlon of the
solvent afforded diethyl-2, 5-b13-(3 5 5-tr1methylhexoxy) terephthaiate as a dark-
colored crude product. _
15 - The crude product vmthout any punﬁcatlon was mixed with 200 ml of
- ethanol and 40 g of potassmm hydrox:de The resulting mlxture was refluxed for
1 hour. After the mixture cooled, 300 miof 8 M hydrochlonc acid was added.
2,5-bis- (3 5 5-tnmethylhexoxy)—terephthahc acid precipitated and was isolated by
filtration, then washed by water. Punﬁcatton was done by recrystaillzatlon from
20 - ethyl acetate/hexane two tnnes, then filtration through a silica gel column using
ethyl acetate/hexane = 1/2 as an eluent. The yleld of product was 17. g (52%)
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WO 01/ 77203 PCT/ USO01/ 10026 Proton NWR verified the foll ovxhn St rg&hur e:

H NVR (500MHz, THE-d8) 8 ppm 11.2 (b, 2H, -CCI]—D, 7.34 enzene
ring), 3.92 (t, J=8Hz, 4H, OCH2), 1.65 (m 4H, aIkyI) 138(m 4H,

Hal kyl), 1.22 (m 8H H al kyl), 0.77(t, J=8Hz, 6H) =Exanpl e 16 Synthesis
of 2,5-bis-(3,5,5-trinethyl hexoxy)-terephthalic acid A m xture of 20 g of
dlethyl =2, 5-di hydroxy terephthal ate, 30 g of 3,5, 5- trlnethylhexyl chl ori de
and 27 g of pot assi um car bgnat ﬁ%&%‘:i‘{‘%&m DVSO was heated at 100C under
nitrogen for 20 houfrgtonAfBrves vEng §EE ®down, it 10. was poured
into 500 M of a 5 % aqueous solution of sodigum hydroxi de and extracted
three tines by ethyl acetate three tines (3 200 mM). ' The organic | ayers
“were conbi ned- and washed by water, then dri€y over MySO4 Evaporation of the
'sol vent afforded diethyl-2,5-bis-(3,5,5-tringthyl hexoxy)-terephthalate as a
dark- col ored crude product. 15 The crude prgduct w thout any purification
was mxed with 200 ml of ethanol and- 4ébcgl Op—~q@eit assi um hydr oxi de. The
resulting mxture was refluxed for 1 hourD After the m xture cool ed, 300
'm of 8 M hydrochl oric acid was added. :
2,5-bis-(3,5,5-trinet hyl hexoxy)-terephthal{c acid precipitated and was

ISO| ated by filtration, then washed by, er. Purification was done by
recrystallization from 20 et hyl acetate/h ne two tines, then filtration
through a silica gel colum using ethyl dcetate/hexane = 1/2 as an el uent.
The yield of product was % 29 11 October 2004 Proton NWVR verified
the fol | owi ng ‘HMWWHQ%!@%&X&EW—E“ Gt dengossige). #3345 057HaH, penzene

ring), 4531 (t4 @:%ﬁ% H..an«y%wq(mﬂm,mzqgﬂzﬂ(ﬂm) 1.74

N B (ﬁ%ﬁ;scd@ie]ﬂ%af—%ﬁf‘fﬁlﬂ@%gﬁaﬁﬁ Bl

C1HZ, J=6Hz,
0.91 (a, 18H, Wyll)ﬂZ(ﬁﬁﬁqﬂ-ﬂkﬂlﬂ% (smmmm& EXAMPLE  Synt hesi s of

pol y( 2, 5- dlheﬁgéM: ngg PrTo a mixture of i-0 g of
2, 5-di hexoxy terep allc aci d 187 razi ne hydrochl ori de was

added 10 ofsmvgpvléeg%#bequw ‘ErPﬁ”dd\ﬁgigsti rred -at 65.C under
mtrogem After 30 mmﬁeomorgofags-amdmayamphﬁm@m@nd137mgof

hydrazine hydrochloride was added 10 m! of Eaton’s reagent. The mixture was
stirred at 65°C under pitrogen. After 30 minutes, 10 ml of additional Eaton’s
Teagent 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 washed by water and methanol -

V alternately until neutrsl, then dried in vacuo. :

The dried crude polymer was heated with 40'm! of SOCIZ for 0.5 hour.
Thé homogenous solution was passed through a Spm filter and then precipitated

D from 500 mi water. ‘The solid was isolated by filtration and washed by water and

20 methanol alternarely until neutral. The polymer was dried in vacyo, ‘

' Proton NMR verified the following structure: '
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reagent was added. The m xture was stirred for 3 how befofg ttbv\@a}cooled
down to roomtenperature and poured into 500 m water.. e pol yner
precipitated and 15 was isolated by filtration The crude pol yner was washed
by water and methanol alternately until neutral, then dried in vacua The
dried crude polynmer was heated with 40 'm of SOCl2 for. 0.5 hour. The
honogenous sol ution was passed through a 52n filter and then precipitated
from500 nil water. The solid was isolated by filtration and washed by
wat er ‘and 20 nethanol alternately until Reutral. The polyner was dried in
vacua. Proton NWVR verified the follow ng §tructure: 3.0 11 Cctober 2004
EH- NVR (500MHz, CDC13) S ppm 7.65-7.90 (pr, 2H, benzene ring), 4.18 (br,
4H, O CH2), “1.89 (br, 4H, 14-alkyl),1.49 :br 4H,  H -al kyl ), 1.29 (br, SH
Hal kyl), 0.84 (t, J=8TH, 6H). Eara ARATI VE EXAMPLE Synt hesi s
of poly(2 5-bi s(3,5,5-trianet hyl hexoxy) Wyl engnoxadi azole) To a m xture
~of 1.8 g P26 and 30 ml of CHSOBH prehe3ted to 60C was added a mixture of
1- 5 g of 2,5 bis(3,5,5 trinethyl he~roxy}-terephthalic acid and 228" ng of
hydr azi ne hydrochlorlde- The m xture wa§ stirred at 60C under nitrogen for
20 hours. After the m xture cooled dowmn’to roomtenperature, it was 10

]E)oijred into SQQ.M@)WHJUBQQQBW 765-5c900(bt, 245 Herpmue xims, 4.39(tat ed by I
. trat t t t
nt 1 et al A OFGHI R L MBI LU o M M0 [0 GRS S ed

with 40 n ofﬂsﬂﬂLZFﬁﬁﬁf@ﬁS_hour The honbgenous sol uti on was passed

t hr ough a 5 p@&mgghngrcgmdn&hgqunzm@gﬂg_ﬂed 15 from 500 mM water. The
: SO|Id i sola t hanol

| R oo oAl a )

terna er u mer “was

cu on NWVR
vem. ed the foll o{rpngnmmﬁmsl’z +Endvi® mly 0 313‘33‘%‘ bﬁ w296 (br,
2H, -benzene rh&tﬂ&i,a xﬂ&Gné bf]5@Hfz,s@:@ht’a‘)sruﬁnwn(dmxy)ampmwwi@qndl 74 (br,

(B e Tgéﬁ Fylpligs, I i b et QP ERBED 011 77203
PCT/ USO1/ lOOZﬁltmalnﬁllré’.U gurs. After the mixture cooled down to room temperature, it
10° . poured into 500 ml watcr. The pelymer precipitated and was molated by ﬁll:ratmn.
The crude polymer was washed by water and metheano] alternately until nentral,
then dried in vacuo.
The dried crude polymer was beated with 40 ml of SOCI; for 0.5 hour.
- Thé homogenous solution was passed through a 5 pea filter and then precipitated
15 from 500 m] water. The solid was: isolated by filtration and washed by water and
. methanol alternately until neutral. The polymer wes dried in vacuo.
' Proton NMR verified the following structure:

L. o "
/ Q—— é‘";_)‘

1H-NMR (400MEHz, CDCly) 5 ppm: 7. 76 (br, 2H, benzene ring), 4.20 (br, 41,
0-CH), 1.90 (b, 251, HealkyD), 1.74 (br, 4H, H-aliyl), 1.26 (br, ZH, Healicsl), 1.1
20 (br, 2H, H-alkyl), 0.90-1.02 Cor, 126, H—alkyl) 0. S](br 18H, H-alkyl).
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The pol ymer  di scl osed in. Exarrpl e 7 was dissolved in tol ueppoétgbaﬁQ&gluce a
solution with-a polyner concentration of 8 ng/m . Solutions wt '

concent re0icarz203of | ng/mM to 15 ng/mM were al so prepar e®CThsdiaei26t i ons
~were stirred with a 5 magnetic bar at roomtenperature for several hours. A -
cl ean, col orlmmmgmions were formed. Pinhole-free, uniformfilnms were

obt ai ned by spin- c r oo rat re. The spin speed
was in the range of %FB §5’f°s‘3‘gt§‘0€ ﬁl"ﬁ’ﬁ%@iﬂp‘g eﬁ%t%"rf’ fluce a '
tﬂl Cknlesses ofsoRftidn Avithoa ﬁ:ﬂ@@eﬁcmmaﬁbm af&ﬁtg/mhySulaﬁymmtﬁ Em:csmailo%@eed and
t he solution e 20 mwere

al so .prepar ed%gggg%@éég?ﬂlﬁéﬁ g%r%glﬁ pré]eamfl hgﬂg\fe 103%”5” sg]ﬂnggsw‘t%ect r al
measur erfent s m@etxabm aédoqmtenmramrei@ sevémbhours.GA clean, ms sdlations
absor pt i on_ andyph Rl dMPRASIEFRE ukfelrh SRS Sk obta By khinBQingl g POl yer

synt hesi zed in Fxanple 7. The ohset_o sorptlon
appr oxi mat el y S‘?L‘?)‘“&B%)atr{ﬁ?mfﬁéquﬁm?m%ﬁaw peed wegin eéWé’éf‘@Q R by

severg! Vi brolrslooo spxdemqu@my ﬂhﬁsh?_lrt]lbﬁhlﬂm'é%k eﬂSQ(ﬂﬁQo_tSOO@ﬂQv@%btgiﬂgF a tai Ih -
extending to lLonger. vel e e.em ssion ¢ .S saturate ue with-
C E coor di nat &% V%%ngg' Wf%f%jsa’@l%gﬁolu?%’ FIECHF I’IBTs SHIFKRSTSES ¢t hat

t he Cl H& ecomimmi8.08e20 }unlvmre alss plepared bSF dip-&4stieg Di: d:roqamytinjovteh&sg filns

‘was neasured pi;th a UV l'anp at 365 nm 20 and a calibrated integrating
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in Exanpl e 19 white

em ssi on were o servé]%%&?lggﬁ?hﬁ@'ﬁg‘?@ﬁ%tﬁp‘lf)@@#@%\}\hn%&%%q%?@g?enm es

wer e measur ed,! heganissian galer igeatprgied B cogrdimatesar=0¢ 19 yThi ey cesei d fi | m
- and 30- 60 %f@csttfehﬂué&lwltddammﬂesTﬁﬁ théf 0FE Stbomnidils FoH BT ?@hggn t he

following. Table. Syl ol GREERS) orthed a0 Gl HLSal Wik SOVA00E0: pite ! P

20 and a calibrated integrating sphere detector. The PL eﬁimency was 13-20 % in
films and 40-65 % in THF solution. . o
. Fig. 1b shows the absorption and phetoluminescence (PL) spectra from a -
- .. 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 descrlbed in Examples 8-14, 17-18. Polymer -
_ films were cast following procedures similar to those described in Example 19. ;\)
" Luminescence in different colors and in broad band white emission were observed _
~ for the different polymers. When PL efficiencies were measured; the fcsults
30 ranged from 10-30 % for the thin solid film and 30-60 % for the solution in THF.
The data are summarized in the following Table

32
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Thin film devices were fabricated in a sandwieh configuration with layers
~ in the following order: anode/poIy(ﬂuorene-oxadlazoie)/cathodc ITOona glass
substrate ‘was used as the transparent anode. F or some devices, an ITO/PEDOT

bilayer electrode was used as the transparent anode. PEDOT is a transparent,

conductive polymer film with bulk resistivity on the order of 1 Qcm. The

poly(ﬂuorehe—oxadiazoie) 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

15

0.15 cm?, which was defined by the overlap area of the two electrodes.

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

(higher 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

rectification, with a larger current observed when biased in the forward direction

102. Similar results were observed in devices made with the polymers disclosed

20

25

in Examples 8-14.

Au, Ag, Ni, Cu, Se, and PANI were also used as the anode electrodes,
Vyleidmg similar results Ba, Li, Ce, Cs, Eu, Rb, Sm Al, and In were also used as
the cathode elcctrode,‘and similar [-V characteristics were observed.

Example 22

disclosed in Example 7. These devices have the following layered structure:

- 33

- Light emitting devices were fabricated using the poly(fluorene-oxadiazole)



WO 01/ 77203 PCT/ US01/ 10026 | TQ' PEDOT(80 nm)/ PVK(30 nm)/ poir]ly(g{%,j)b%pé@dgre
oxadi azol e) (100 nmBa(5 nm)/ Al (100 run). The nunbers in the brackets
i ndi cat ew@ dg770@8m nal t hi ckness of the correspondi ng | ayeP€T/USO 0 PVK

| ayer was inserted between the PEDOT and pol y(fl uorene-oxadi azol e) | ayers

to inprove thelrmlbﬁn'?ﬁ(gbg@é}tﬁk&?@bﬁlgbg%@%#ﬁ@r and to effectively bl ock

the el ectrons Trom-comnng uor ene- oxadi azol e) | ayer. .-

Blue |1 |1t conadinzole)W00 ndBatsarmy A0 tianThomembrrsiie theybraskets indivath el
was obtai ned. ﬂeﬁopﬁnﬁ'ﬂ%ﬁg&é@t‘th@b&fésﬁ&idj@ R9SSE HAIP IR IaferiARMhered a

device. The Cl E col or coordinates ?{ug x=0. .. ﬁzo. 15,. which _are close to
the nunbers rcodwremtedEROT ped rglptugrenggxadipaleldprsss iimppys badpbns. FI G
-3 provides a siafereby inth tkicyrhéran deyifetiveiHltick tie efeefremn frédiiconassas |

RECICRIFRE TNCN LR i RN e

driving curreMuannifhefﬁcﬂalcaoWﬂ;li%&ﬂl&lwagpbtai@ﬂ;l:éﬁf ehewmctpebl ue LEDs can be

fabricated usi Q&&ﬁ&nﬁ%&é&ﬂ?émﬂéiﬁﬁ h‘&ﬁ?ﬁc@ﬁdﬁfﬁﬁpﬁﬁe z}IE-EEI% é&rﬁfngfék affiantum -
a tely 1 % ph/e

15 efficiency renmal ne ppr oxi nat e over a rég current range,
which is . rar&Q/1&aeN- lisnwhishyprmesloserpihe pumbess reopmested iy e CIESOr ces were
Zps/r 'at‘-eqlozﬁt |%loﬂi§;ﬂé¥g@é§lﬁﬁl‘fenglﬁm.;3 videk @ BuBfary _?Pdiiai@ﬁbl\{/l dlﬁiiﬁém ﬁbove
, reaches r 0x ely. 1. a Xi el y. and reaches
over 103 cd/r2® rcnfgg"w%mﬁﬁ‘ﬁ&%’% %@t%mg"tﬁgmﬁﬁél’gﬂé%nstrat ed for
bl ue pol yner LéHasacterdficEeanysion-Rtafo(ly-Np depdibenceeamsd thie HOE aba funatieofv t h
t he pol yner diggl ' ' -7 o Car Sl fol | ows:
glass/ 1701 PE @i&@ﬁ%‘%‘*&, A ‘*f-nﬁ%l_é%ﬁ%??‘}aﬁ%?%’n%ﬁ%%é*éf@%%&g%icaﬁ% -~
rim)/ cat hode. fSbricated ustag Hlepolnes disslogechin Expmaple?hdie ektermal paanumps . )

incl uding Ba, §ficichsy rofaaindd @ptbxfthatcly! 1G4 /A GBS Bevall errEarse, Fhinsti on
of the drive current i.n an " devices. T wor k .functions of these two
us%‘gb

metals are 2.GUYSeRdnpOlmey. blpg eplor- hepedeNjensate grerpieg 2t W 15.0. 2
% ph/ el ) was dbiaswykgpel Lighenisionoasitpgsically siseAled abotd e VG adablede. The rati o

f E bet th deyd 5. th dev} ' } 5 f
Che dat a. shown ARty T80 A poiGupley L6, 36T SRRSO RYE N, 0, 7T
seen in devi ce$0Vmdbessinuottserarbhmeng the bystelemongtrated firbdet pedymer IdEPS.er ent

et hods oo Exanpkg, 44i.B8vi ces were fabricated with a structure simlar to

t hat di scl osed nmple 23. A thin conpound buffer layer of BaO.(as
disclosed in U S SBelymer LEDs were also fabricated with the polymer disclosed in

Example 7. The device structure was as follows:
glass/ITO/PEDOT(80 nm)/PVK(30 nm)/Poly(fluorene-
oxadiazole)(100 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 function of the
' drive current in Ca and Al devices. The work functions of these two metals are
29eVand4.2eV, respectively. Relatively hi'gh EQE (0._15—0.2 % ph/el) was |
- Gbserved in the device made with Al as the cathode. The ratio of EQE between
the Ca devices and the Al devices is approximately 5 for the data shown in FIG. 4,

30 in contrast to the ratio of 102-103 typically seen in devices made of other blue
| | polymers synthesized using different methods.
- Example 24 ,
_ | Devices were fabricated with a structure similar to that disclosed in
| Example 23. A thin compound buffer layer of BaO (as disclosed in U.S. Ser.
35 No. 09/173,157) was introduced between the poly{fluorene-oxadiazole) and the
' " cathode metal contact. Organic compounds, e.g., anionic surfactants, were also
used as the thin buffer layer. The ether sulfate anionic surfactants-had the

following common structure:
' ' 34



a35 No. 09/173,157) was introduced between the pol y(fI uor enen QX ?b&ﬁol e) and
t he cathode netal contact. Organic conmpounds, e.g., anionic Surfactants,
were al sovo9ed7208 the thin buffer [ayer. The et her sul fat PCafisedo26
"surfactants-had the followi ng comon structure: 34 | | October 2004 WO
01/ 77203 PCT/USO1/ 10026 R(OCH2CH2) 10S03- M+ wherein each R represents al kyl
or alkylaryl,. M represents a proton, netal or 5 anmmoni um counterion, and n
represents nol &{OiTH£Hy|@$@;-oMtde, typically n=2- 40. Use of such ani oni c
surfactants as additives for inproving the performance of polymer
light-emtting diodes is disclosed in U S. Ser. No. 08/888,316. By
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Exan 2l e- 26 Tweotrépbhdiegalkblimgeadhags were fabricated in the formof. = (a)

| TQ PEDOT( 80 n@x 1 | uor ene oxadi azol €) (1 00 nm/Ba(3 nrn)/Al (100 nrr)
(g% | TO PVK( 307#5?1(-yﬁl uor ene- 25 oxadi azol'e) (100 nm/Ba(3 nr n)/A (100

The di f f er ence Theemiepis suifectatousiaiiin Example. Mheerb biehded Witlialie -ei t her

PEDOT PVK,. ]
pol y(fl Sgrene og ?%g%hjgma%?gfﬂ%he e eZ:H%%a vaq’/c[};arl %tﬁ%%fsurfaa? mttﬁ PEDOT ,

| ayer is appr oRPHEIE gmgte,ng e¥erS eae Tabricatddin the follovang farmel y 5.5 eV.
The device EL ETOIRBIOT0am)RIGIMmolAfudich LRl £461€) Okind{ D0GRPEY ed i N
7 FIG 5. The EL Tﬁfe fe)'ct%}n%[]c(fl}ﬁn{um d&%lency (,va; approxnma%e?y b% % 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). .
Ty B The difference between the two devices is the buffer Iayer either PEDOT
- or PYK between the ITO contact and the luminescent poly(fluorene-oxadiazole) -
layér. The effective work function of the PEDOT layer is approximately 5.2 eV,
| and that of PVK is approximately 5.5 eV. The device EL efficiency as function of
30 driving current is compared in FIG. 5. The EL efficiency in device (b) is close to
1 % ph/el, approx1mately 103 times higher than that in devxce (a). |
Example 27 _ .o
Thin film devices were.fabric'ated in the following qorfﬁguration:
ITO/PEDOT(80 nm)/poly(flucrene-oxadiazole)(100 nm)/Ba(3 nm)/Al(100 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 voltage. The short circuit current at zero bias is

approximately 1.5 pA/cm?2. The intensity of the radxatlon in the UV spectral
35 _—

.8 % -



1 %ph/el approxi mately 103 times higher than that-in dey1 Ol;ea%OMExarrpl e
27 .- Thin filmdevices were fabricated in the. follow ng cont ation:
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energy- . n
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el ect rotn:tﬁ c st rdé%ﬁ;%lé&nﬁflechbﬁ oﬂQ{aY(“HOM@”) Eﬁe?g)f@tﬂalaéd ot Efdrh wa%et he HOMO
isin e Vi ci ni

of a mat el n t he
vicinity. of O\élcesyucg‘ﬁ%g ﬁ’GQPU@ér éf'r‘@fegﬁﬂ@? gtcg'gl(lowr{gh ﬁsd'?al band
gap shown in Fthéivlcimty?dfaﬁpﬁiﬁxhﬁe@%iﬂ)é Sehmtthe ngMOpelnyﬂi‘eIMne;ﬂef oxadi azol e)
with an absor g Q0. nmor s i bl.e-hli UV detectors
. can be obtai n%g@? &9 (;rhfﬁev ugsee c%"&ftc]? gﬂ%’rﬂé iﬁgi b%‘? gﬁpﬁh%%ﬁ'et ector ..
made with suclFl&. dmaterial. The data were taken under zero bias, i.e., in -
the pho%)vol taﬁz&!]@gg The device was constructed )
By selecting a poly(ﬂuorene-oxadiazole) with an absorption edgc 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 -

C)

U

taken under zero bias, i.e., in the photovoltaic mode. The device was constructed
25 ‘with a structure similar to that of Example 27. _ |
The onset of the photoconductive responSe 1s at approXimately 400 nm, | j»)
- similar to that of the absorption spectrum in the same material. .Such a device can -
B be used for v131ble-b1md UV detection. The ratio of the photoresponse at 380 nm
" to that at 450 nm is la:ger than 1 104,
30 .'Examgle29 | ST _
A hght-emlttmg device was. prepared as follows, On partlally patterned
ITO was spun a suspension of polyethylene dioxythiophene (“PEDOT”) in water |
*at 1,000 rpm for 120 seconds. The layer was dried under vacuum at 85°C for ‘
, 15 hours, and the resulting 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 spmnmg a
' 1 % wt./vol. solution of PVK'in 1,1 2 ,2-tetrachioroethane at 5,000 rpm for -
60 seconds. (PVK is commercially 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



.25 with a structure simlar to that of Exarrple 27. The on§eét erE(?ﬁl
phot oconducti ve response is at approximtely 400 nm si m at of
t he absorgbican7mpectrumin-the same material.. Such a devrpcem(gaﬂwoﬂe used
“for visible-blind UV detection. The ratio of the photoresponse at 380 nm

to that at 450, I light-emttin
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tri s(benzoyl agg?%%gémgr%mmeﬂdgﬂtl% PB’nIg gﬁésosbqlnuat 13f'm(80 20 ratio by w.) .
. was spin-cast on tgfgve@go Y%S@WOP&%FX@PSS@@@OWW rakmefhodsaanénds. The
~layer wa® dri eshiéHulesf thapwshmt aiventidd. eTtis in&Biedneik @lﬁ@eﬁtﬁﬁlc to h&dkficatfons

dual -1 th
0816727557, °F IR e BEBRIRL ool B et s iR mefiods i ¢ ng
‘devices -(10 anqulsz:% Buchimodificatitns ‘ﬁli(bemme appdrent)to thdse sluﬂétbm theartbl ue

em ssion is ORSE Y Ehside g{ﬁohtagﬂﬁ%g&g{)gsﬁg% bp@,actml 3%0613 nm

The above description an severa
nat erials of thetH:LaweauentB it saat interded that tig inyention bs';dweqsittp thee t o

nodi fi cafsi-ons ;ﬁalﬁmnmh@m dBBIdsdiBHRSih, Bus tha@& c%éﬂalﬁﬁocﬁhéﬁfo% bpfs in the
fabrication nmethods.and e Such fi ca ons w C appar ent
‘to those skil | AdETPptiyas&omyRE W ’Bﬂ?eafntecf’ﬁg?%@'}‘faﬁ 6Ipe Wﬂ?‘g“’&laééi'“g'ng’leé or
“practice of théntheattatliedrlaiihscl osed herein. Oonsequently, it is not
intended that this invention be linm-ted to the 15 specific enbodinents .
di scl osed -herein, but that it cover all nmodifications and alternatives -
coming within the. true scope and spirit of the |nvent|on as errbodl ed in
-the attached clains. 37
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| | Cctober 2004 What is claimed is: CLAIMS 1. A conjugat g 8@5 ﬁ?{
conprising at |east about 20 repeat Units, which nmay independently be the
sanme or different, the repeat units represented by formula: .wherein Atom
1S a noiety sel ected from For mul ae (1) and (2): E (2) r wher ei n- each Ary,
whi ch may independently be the sane or different, is selected froman
aromati ¢ hydrocarbon ring and a C24. aromatic heterocyclic ring, wherein
theé aromatic hydrocarbon ring is selected fromfluorenyl, terphenxl
“tettaphenyl, pyrenyl, and phenanthryl, and the C2+ heterocycl cringis

sel ected fron1pyrro|y|,' furanyl, inidazolyl triazolyl,

| soxazal yi, - oxadi azol yl, furazanyl, pyridazinyl, pyrinidyl,

pyrazi nyl, tr|a2|nyl teirazinyl, benzofurauyl, benzothiophenyl, indolyl,

|30|ndazolyl ben2|mndazoiyl, bengyiaRmM8zol yl , benzoxazol yl, quinol yl,

i soqui nolyl, cinnolyl, quinazolyl, naphthyridyl, phthalazyl, phentciazyl,

benzoteitrazyl, earbazalyl, dibenzofuranyl, dibenzotbiophenyl, aeridyl,

and phenazyWhat igelainagdis:| j s sel ected from an ethynyl group and a substituted
* or unsubstituted et henyl group; wherein each p, which may independently

"be 'the same or 9A°§{;@%‘1gﬂﬂn %ﬁ:ﬁlgkmg M g{@qﬁ%@&nm GlicRmagubsti tuted by

a substituent sé€l yano n| tro, I's selected fromthe
group consiigdepengendly the ggpR3 mYs,Fe Wﬁp%qebl fagnulas o nd al ky wher ein
none or. one or nore -0H2 unlts of the al kyl are replaced by a noiety

selected from-0-, -S-, C-14 aryl, and -NW wherein each R, which may
i ndependently be |t‘he S “pr different; conprises a Cl-to saturated acyclic
hydr ocar bol gr oo’ ber 2004 wherein each xis the nunber of
hydrogen atons of Ary capable of substitution by 2. The polynmer of claim1,
wherei n each R wheyinAsmsishmsintyiscleoed fom Fominp (Dand@s. 3. The pol yner of
claim 2, wherein each R conprises froml to 20 carbon atons. 4. The
pol yrer of claim 1, wherein each R conprises froml to 20 carbon atons.
5. The polyner of clai MIM Arom?»xs represented by Fornula (1) a?d wherein
t he

! @ TAYTTEAY Y

: wherein each Ary, which may independently be the same or different, is selected
from, an aromatic hydrocarbon 1ing and a Cp. aromatic heterocyclic ring, wherein the .
aromatic hydrocarbon ring is selected from fluorenyl, terphenyl, tqtraphenyl pyrenyl, and
“phenanthryl, and the Csy hctcrocycltc ring is selected from’pyrrslyl, Ruranyl, imidazolyl,
* triazolyl, isoxazolyl, -oxadazolyl, furazanyl, pyridazinyl, pyrimidyl, pyrazinyl, tiazinyl,
fetrazinyl, benzofuranyl, benzothiophenyl, indolyl, isoindazolyl, benzimidazalyl,
benzotriazolyl, benzoxazolyl, quinolyl, isoquinotyl, cinnolyl, quinazolyl, naphthyridyl,
phthalazyl, phentriazyl, benzotetrazyl, carbazolyl, dibenzofuranyl, dibenzothiophenyl, |
acndyi, and phenazyl;
wherein L is selected from an ethynyl group and a subsunmad .or unsubstituted
ethenyl group;
wherein each R, which may mdependently be the same or different and which
may be unsobstituted or substituted by a substituent selécted from cyano, nitro, and
‘halogen, is selected from the group consisting of hydrogen, aryl, alkylaryl, arylalkyl, and
‘alky wherein none or one or more -CHp- units of the alkyl are replaced by a mojety
selected from -O-, -S-, Ca 14 aryl, and -NR’- wherein each R’, which may independently
be the same or different, comprises & Cy-100 sauuatcd acyclic hydmcmbyl group,

4
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-ethenyl group is of a fornmula: . wherein RE and | mhlcplgag
i ndependently be the sane or different, are selected from d?ogen cyano
nitro, halogen, d w alkyl, and CZt aryl. 6. The pol yner of clalnll
conprising from20 to 300 repeat units. 7. The polymer of claim1,
conprising a repeat unit wherein Aconmis represented by Forrmula (2). S

~ The polymer of claim1, wherein the polynmer comataills repeat units having
~Arom of Formula (1) and repeat units having Aron of Formula (2), wherein
"“the ratio of repeat units having -Aromof Formula (1) to repeat units
havi ng Axon of Formula (2) ranges fromabout 0.1:1 to about 10:1. 9. The
pol ymer of claim1, conprising an hydrazide end group that is capped wtha
benzoic acid 10. The polymer of claim1, wherein conprisi.ng a carboxy cad
group.that is mwww%ﬁm@i&}uﬁleam&awpreparI ng a
- pol ymer, ‘wherein sald process conprises (I') providing a reaction m xture
conpr|5|ngBh hydrazine salt, an acidic reaction nedium and a dicarboxylic
aci d, mhereln saJﬁhﬁm@n&bﬁxhnlhVQewmcwmﬂlﬁmum&yﬁﬂmddéyghﬁéﬁﬂly be the sane

or differei is represented by one of Formulae. (1') and (2'): 39 11

Oct ober 20 1'), Hoof - ~Ary ry-- nd wher phi ch may
i ndependent |y b& o fSP*’:‘Hﬁf‘%@F’@ﬁf“’hl? g&a’:} t(q??&om 'Eahe an aromatic
hydr ocar bon ri ng lemerdf;hml,mm cpoprises fram } 1079 cashfer ei n t he

aromati c hygdracarbon ri ng is selected fromfluorenyl, to phenyl,

t et.raphenyl, pyrenVil E% n hr an greTo ring is
sel ect ed from pyr FisRplym ‘{fl% FMM%MF%&W%O%%{;?@, | s%(%lgol yl,
. oxadi azol ylcﬂwﬁylrgﬂmpmﬁfafqn;mhﬁam nyl, pyrimdyl pyneiftyl, trlazinyl,

tetrazinyl, be luiranyl, be 1ophenyl i ndol yl , isoindazolyl,

benzi m dazol yl , be:tri w yl, benzoxazolyl qulnoiyl, i soqui nol yl ,

ci nnolyl, quinaz apht hyri tdyl, phthalazyl, phentriazyl, ,

benzot etrazyl, gékbazol , di beazofuranyl, dibenzothlophenyl, acridyl, and

phenazyl ; mhereln L is selected froman ethynyl group and a substituted or
unsubstibitcd ethenyl group; wherein each p,, mhich nay i ndependently be

SUbsttuent. sel 3BHER By i iy agn F trﬁ%eé%ﬁﬁipﬁ% ogen o b Fom
hydr ogen, aelptted fubtk brydeogph, cyampyited, kajegen, d Gk ei n none or
' 6. The polymer of claim 1, comprising fmm 20 to 300 repeat units.
7. The polymer of claim I, comprising a repeat unit wherein Arom is represented
by Formula (2).
8. The polymer of claim 1, whevein the polymer copfains repeat units having
‘Arom of Formula (1) and repeat units having Arom of Formula (2), wherein the ratio of
repeat units having Arom of Formwla (1) to repeat units having Axom of Forrhula (2)
ranges from about 0.1:1 to about 10:1.
9'HmpdmmnoﬂmmmlcmmmmmganhwEEMcmﬂgmmﬂhﬂmcqm«l
- with'a benzoic acid.
‘ 10. The polymer of claim 1, wherein comprising a cacboxy end geoup that is
;cqnmd“mhabmudndnmme
11. A process for preparing a polymer, whercin saxd process comptises:
(@ providing a reaction mixture comprising 8 hydrzine salt, an acidic
reaction medium, and a dicarbosylic acid, wherein said dicarboxylic acid, which may
independently be the same or different,is represented by orie of Formulae (1°) and (27):

39



one or more -C units of the alkyl are replaced byarmle e d from
the group consisting of --0-, -S-, C2.14 aryl, and %/%%ér:tgtf ngéa(%ch It
whi ch may independently be the same or dlfferent, corrprl ses a (.too
saturated acyclic hydrocarbyl group; and wherein each xis the nunber of

‘hydrogen atons of Aty capable of substitution by .l: (u) polynerg said
dicarboxylic acid with said hydrazine salt and (iii) recovering a
~.conj ugated polyner. 12. The process of claim1 i, wherein said hydrazine

"salt is.selected fromthe group consisting of- hydrazine chloride,
hydrazi ne sulfate, and m xtures thereof. 13. no process of claim11,
wherein said acidic reaction nmediumis selected fromthe group consisting
of an organic acid, an inorganic acid, and m xtures thereof 14. The
process of cla|n111 wher eifd said &% dic reaction nedi um conprises ol eum
'15. The pr.ocess of cIa|n11ﬂ wherei h said acidic reaction nmedi‘fum conpri ses
“a solution of r@yhyHeEETTAYT deToMnT SO ambt about 4 wt. % phosphor us
pent oxi de. 40 11 Cctober 2 4 16. T1 process of claim1ll, wherein the note
rati o of said dicarboxylic’ d to said hydrazine salt is at |east about
1:1. "17. The processrﬁ{)c 1 erein said polynerizing step is
conducted for |ess an l ours. 18. The process of claim 11,
wherein said po”x ri zing ftepgi s conducted at a tenperature of |ess than
-about. 110C. 19 e process of cla|n111 wherein the concentration of

di Car boxyl i C aCiheketh dalAEAry} @Gk indyindipuiiddety lealRgREclof GRARD i seRAed | {0

onpri sos. SR o T, ﬁf&%ﬁé% SR (5 ) and

at | east oneromuehyﬂmqimﬂama@isd%ﬁd yl, getraptyngl, prrenybaad of cl ai m

50 \Mgere: n Eéﬁﬁhtﬁi?i,w I f lyl,&‘ﬁﬁﬁgli,lmdai’ol}l,tolo .
I car oxylcal rmJ.a r es I. ut
22. A di ode"b"aﬁiﬁlrfsg’ ’9'1 ;*fr%ﬁ’m g%?"d"”“‘r??m"g’gﬁ%@y‘]“?’;@ g‘."’gm’i 11. 23. A
phot ovol t ai tetrezinyl, dvmﬁmﬂhg brprimidgrolyy ai ns 1 11.
24. A phot OBWWEL olﬁimﬁibfykomﬁnﬂblynmﬂ@hdﬂl aims 1-11.
25, AN el ecti enif] sy, SelBhail M1,£0&mmﬂaa&mogﬁmw e of
' ‘acridyl, eud phenazyl;
wherein L is selected from an ethynyl group and a substituted or unsubstituted
ethenyl group;

wherein cach R, which may independently be the same or different and which
meay be unsubstituted or substituted by & substituent selected from cyano, nitro, and
halogen, is selected from hydrogen, aryl, alkylaryl, arylalkyl, and alkyl, wherein none or
one or more -CHy- units of the alkyl are replaced by a moiety selected from the group
consisting of -0-, -8-, Ca.1¢ aryl, and -NR*- wherein each R’, which may independently
be the same or different, comprises a Cy.1eq saturated acyclic hydrocarbyl group; and
wherein each x is the number of hydrogen atoms of Ary capable of substitution by
:R; _ |
' (i) polymerizing said dicarboxylic acid with said hydrazine salt; and
(i) recovcnng a conjugaied polymer.
12. The process of claim 11, wherein said hydtame salt is selected from the
group consisting of hydrazine chloride, hydrazine sulfiate, and mixtures thereof,
13. The pracess of claim 11, wherein said acidic reaction medivm is selected
- from the group consisting of an organic acid, an inorganic acid, and mixtures thercof.
" 14. The process of claim 11, vherein said acidic reaction medism compriscs
oleum. | - '
15. The process of claim 11, wherein said acidic reaction medium comprises a
 solution of methylsulfiric acid and at least ahout 4 wt. % phosphorus pentoxide.
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. 16 The pmcess of c!annll whezein the mole ratio of said dmarboxyhc acid to
smdhydrazmesaltlsatleastabom 1:1.
7. The process of claim 11, wherein said polymerizing step is conducted for less
than aLbom 12 hours.
' 18. The process of claim 11, wherein said polymerizing step is conducted ata
* temperature of less than about 110°C.
' 19. The process of claim 11, Wheremthﬁconcentrauonofdlcatboxyhcacldmﬂle
... teaction mixture ranges from about 20 mnvl to about 150 mm/L.

20 The process of claim 11, wherein said dicarboxylic acid comprises a mixiure
of at least one dicarboxylic acid of Formula (2°) and at least one dicarboxylic acid of
Formula (1°).

‘ 2. The process of claim 20, wherein the mole ratio of dicarboxylic acid of
Formula (2%) to dicarboxylic acid of Formula (1*) ranges from sbout 0.1:1 to about 10:1.
22. Adiode comprising the polymer of any ene or moxe of Claims 1-11.
1 23. Aphotovoltaic cell comprising the polymer of any one or more of Claims 1-
n.
24, A photosensor comprising the polymer of any one or more of Claims 1-11.
25. An electrolumingscent comprising the polymer of any one or more of Claims
1-11.
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