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polymer medium, radiative recombination is favored over non-radiative

recombination. PL efficiencies in excess of 10 % are preferred; PL efficiencies in
excess of 25% are still more preferred; and PL efficiencies in excess of 50% are
25 still more preferred.

Good film forming ability: The emissive polymer should have high .
molecular weight; polymers which can be cast into high quality pin-hole free films
by processing from solution, for 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 backbone of the conjugated polymer. The polymerization
chemistry should be chosen with the goal of achieving high molecular weight.

Good thermal stability: To ensure good thermal stability, the polymer
should be designed to have a high glass transition temperature (Ty).

Balanced carrier injection and transport: High efficiency light emitting

35 diodes (LEDs) require balanced carrier injection and transport. Ideally, the
injection of holes at the anode and electrons at the cathode should be equal, and
the transport mobility of electrons and holes in the polymer should be equal. For

these conditions to be realized, certain electron withdrawing (and/or electron
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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 process suffered from crosslinking and mislinking
reactions during polymerization and resulted in a low molecular weight polymer
with high polydispersity. Pei et al. disclosed polyfluorenes containing polar-alkyl
“substituents using dibromofluorene as a monomer (U.S. 5,900,327).
30 Unfortunately, the molecular weight of the polymer obtained using this method is
low. E.P. Woo et al. used the Suzuki coupling reaction for obtaining polymers
and oligomers of alkyl-substituted fluorene (U.S. 5,777,070 and U.S. 5,708,130).
Although relatively high EL efficiencies have been achieved for 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
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film forming ability, good thermal stability, and that have electronic structures
consistent with balanced carrier injection and transport.
SUMMARY OF THE INVENTION

25 The present invention overcomes the shortcomings of the prior art blue-
emitting conjugated polymers by providing blue- and visible light-emitting
polymers exhibiting high PL efficiency, good film forming ability, and good
thermal stability, and that have electronic structures consistent with balanced
carrier injection and transport.

30 In a preferred embodiment of the present invention, a conjugated polymer
is provided which includes from 3 to 300 repeat units, which may independently
be the same or different, represented by the formula:

N-N
—EArom—(o )

wherein Arom is a moiety selected from Formulae (1), (2), (3), and (4):
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thermal stability, and that have el ectronic structures consistent with

bal anced <carrier injection and transport. 30 In a preferred enbodi nent of
t he presawo oi/meenti on, a conjugated polymer is provided mirwkol/metcudes
from3 to 300 repeat units, which may i ndependently be the sanme or
different, represented by the forBula: NN tArom () O 35 wherein Aromis
a noiety selected from Fornul ae (i), (2), (3), and (4): 3 WD 01/77203
PCT/ US01/10026 Rx Al () ry=—tAy—x-t2) AryArylx Ix (3) AryL Ary (4) 5
Each Ary, which may independentlygbe tigg same or different, is selected
froman aromatic hydrocarbon ring and ja C2+ aromatic heterocyclic ring; L
is selected froman ethynyl qro R‘anqA substituted or unsubstituted

et henyl group; each R {#ich may i ndepéndently be the same or different
and which may be 10 unsubstitut edRer substiffxuted by a substituent sel ected
fromcyano, nitro, and hal ogen, ds sel ected from hydrogen, aryl,

al kylaryl, aryl al kyl, angnalky+r%nhe+ebﬁ—-m@he—0r one or nmore -CH2- units
of the alkyl are replaced’by a nokety,selected from-0-, -S-, C2-14 aryl,
and -NR - wherein each R, which K i ndependently be the sanme or
different, includes a Cl1-100 saQaﬂalaﬂb cyclic hydrocarbyl group; 15 and
each x is the nunber of hydrogemiat ong7of Ary capabl e of substitution by R
In further enbodi nents of the present li nvention, each Rincludes from1l to
100 carbon atons, nore pVBferany from1l to 20 carbon atons. Each R
includesg from1 to 20 carbon atons. The aromatic hydrocarbon ring is

| ected f h |, fl |, Dbi |
napht hyl . ant hEgi gy urgh e ger SO BRI the P OF ftrenh 31 SRR hm an
hydr ocar bon ri mgmatic hgtiectredn fingad aiCop Aremyatic hepyc_yqyglicytir,lg;flulséﬁlyptpd
i mdazolyl, tragol Vmydyl B¥ipahd la subbaRed ¥ unsBBaHed eh¥hyl group; each R,

which may independently be the same or different and which may be

10 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 -CH,- units of the alkyl are replaced by a moiety selected
from -O-, -S-, Cy.14 aryl, and -NR’- wherein each R’, which may independently
be the same or different, includes a Cj_jgq saturated acyclic hydrocarbyl group;

15 and each x is the number of hydrogen atoms of Ary capable of substitution by R.

In further embodiments of the present invention, each R includes from 1 to
100 carbon atoms, more preferably from 1 to 20 carbon atoms. Each R’ includes
from 1 to 20 carbon atoms. The aromatic hydrocarbon ring is selected from
phenyl, fluorenyl, biphenyl, terphenyl, tetraphenyl, naphthyl, anthryl, pyrenyl, and

20 phenanthryl. The aromatic Cp4 hydrocarbon ring is selected from thiophenyl,
pyrrolyl, furanyl, imidazolyl, triazolyl, isoxazolyl, oxazolyl, oxadiazolyl,
furazanyl, pyridyl, bipyridyl, pyridazinyl, pyrimidyl, pyrazinyl, triazinyl,
tetrazinyl, benzofuranyl, benzothiophenyl, indolyl, isoindazolyl, benzimidazolyl,
benzotriazolyl, benzoxazolyl, quinolyl, isoquinolyl, cinnolyl, quinazolyl,

25 naphthyridyl, phthalazyl, phentriazyl, benzotetrazyl, carbazolyl, dibenzofuranyl,
dibenzothiophenyl, acridyl, and phenazyl. Where Arom is represented by
Formula (3),the ethenyl group is of a formula: '

N
/ \Rz

Ry




furazanyl, pyridyl, bipyridyl, pyridazinyl, pyrimdyl, pyrazinyl,

triazinyl, tetrazinyl, benzofuranyl, benzothi ophenyl, indolyl,

I soi ndazav@bi/7henzi m dazol yl, benzotriazolyl, benzoxazol yptT/U§0i/10016Y |

i soqui nol yl, cinnolyl, quinazolyl, 25 naphthyridyl, phthalazyl,
phentriazyl, benzotetrazyl, carbazolyl, dibenzofuranyl, dibenzothiophenyl,

acridyl, and p%{&&ﬁﬁ/k Ta}MRr ewﬁeﬁmdysnd ﬁ@é;ﬁ?tbe%ebéame%mmém (@, the
et henyl group is 0 / US01/ 10026
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o G fierent | PobmspeleRtiled Sy V8 irarited T et MEREDRE, o D¢ LNG sam®
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different, is from ar ona rocaroon ren
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and a substltu (g b)stltut ed et henyl group; wherein each R, which
e the

may |ndependently fgma,_gj @J_f. Le.mcﬁm 25 whi ch may be
unsubstituted or substit substi tuqnt 'se|l ected fromcyano, nitro,

and hal ogen, is sel ected(@)om OO8f; "W_:{Iﬁqgﬂ aryl, arylalkyl, and
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wherein each Ary, which may independently be the same or different, is selected

from an aromatic hydrocarbon ring and a C,,. aromatic heterocyclic ring; wherein
L is selected from an ethyny! group and a substituted or unsubstituted ethenyl
group; wherein each R, which may independently be the same or different and

25 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 -CH,- units of the alkyl are replaced by a moiety
selected from -O-, -S-, C,_14 aryl, and -NR’- wherein each R’, which may
independently be the same or different, includes a C_; g saturated acyclic

30 hydrocarbyl group; and wherein each x is the number of hydrogen atoms of Ary
capable of substitution by R. The remaining steps of the process include
polymerizing the dicarboxylic acid with the hydrazine salt and recovering a
conjugated polymer.

In a further embodiment of the process, the hydrazine salt is selected from

35 hydrazine chloride, hydrazine sulfate, and mixtures thereof. The acidic reaction
medium may be selected from an organic acid, an inorganic acid, and mixtures
thereof. The acidic reaction medium may include oleum or a solution of
methylsulfuric acid and at least about 4 wt. % phosphorus pentoxide. The mole
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materi a aving a wor unction | ower than a 4.5.eV sel ted from
al umi num cal cium yqﬁ,a%tﬁercfgg ‘lilh‘f‘e‘g&fglﬁ RIFﬁ%“F GBI, ﬂiﬁ‘!‘%“ff‘ﬂ ﬁ@benem um
sarr?r [ urmé) bar i gotyner ldyar iis less chanddout 1009 &im, amvoe peeferabiip debs thentabofit 2(0enm.
preferred inventi t he é@&( I t han
about 1000 nm ﬁ}&ﬁgélﬂ;g efltg%??nfraﬁiaz’sephgb&%g&npg% ﬂoﬁ%’_g ‘t‘ﬁﬁ ca(lgﬁgtss of
t he anode | ayeR00ram. Badkicknessobibe wetbadalopermarangs fromdisbrgen apout HhamThe
thickness of t{e.eat HRFEm! GHE UeTBY nha? R8&ibAAR iRGLYEL R0 1B BAHEpo2Ola T,

wherein the hole transport layer is positioned between the anode layer and the

25 polymer layer. The hole transport layer may include an arylamine or
polyvinylcarbazole. Th thickness of the hole transport layer may be less than
~ about 100 nm. The electroluminescent device may additionally include a support
layer in a rigid or a flexible form, for example, a glass or an organic polymer such

as polyester, polystyrene, polycarbonate, polyolefin, and polyethylene
30 terephthalate.

In further preferred embodiments, the anode layer includes a first anode
layer and a second anode layer, wherein the second anode layer is positioned
between the first anode layer and the polymer layer, and wherein the second anode
layer includes a different material than the first anode layer. The thickness of the

35 second anode layer may range from bout 50 nm to about 300 nm. The first anode
layer may include indium-tin-oxide and the second anode layer may be selected
from conductive polyaniline, conductive polypyrrole, and conductive

poly(ethylenedioxythiophene). The cathode layer may a first cathode layer and a
6



to about 200 nm The device may additionally include a hole transport

| ayer, wherein the hole transport |ayer is positioned between the anode

| ayer andvohe7283 pol yner |ayer. The hole transport |ayer payuUsocioome an
aryl am ne or polyvinyl carbazole. Th thickness of the hole transport |ayer
may be | ess th@é&on@éﬁh@deﬂ@fkr“@her&h&h@ée&@ﬁd cﬂthuﬁeﬂs}&@wosdmnbd:betmyn the

ddit |1 | ud

xanpl o, a4l b oot BV RN el bnond Bt b b ot Sl AT e
pol ycar bonat e, inohidyoh different mmbrmbtmathwﬂimmﬂ&@leﬂ@eeplﬁhhsdcanécathmﬂeflayetrher

D en oo ool s8R et d BoANOREL 4 Sllod Ak UU6oBuld, Foh xdipflouta®’ a0 2

second anode | 'S p05| I one bet ween

the first anonUd)ra!,ﬂedlléhidmtmdq;@n@/hmum axide. Thn IW@éfiSé? the yeeordeatisieanode
| ayer incl Udesﬁgexdrhs)t g@ffrofﬁaéb%ﬁ{ ﬁhmttbﬁﬂodtBQOfnhf theaﬂ@ﬁ@tlﬁ&%%yer a9 be

t hi ckness of t 35 sec ano range from bout 5 t 0, about
300 nm The fi pedgcteg ibera alymipum *Wﬁ)?%?’ ﬁeﬁ‘lﬂdtﬁ‘ﬁllqdﬁ layer H’@yg’ﬁ(ﬁg]}eﬁgdsecond
anode | ayer naﬁoﬂegeglghﬁg{dqﬁnuﬁ{ om conduct i ve polyaniline, conductive

pol ypyrrol e, and copdugctjve et enedi thia ne t,h

| ayer may a first c gﬁé‘ dl % 3%“%66%'%‘9&9 @I‘?‘%’Sﬁi&%ﬁﬁ% Osecond
cat hode 1bayer , swittehimg dem@emlamﬁﬂxd mall‘m@eneréy@al deyiqeodi ¢ledsroir drvicgeam t he
first cathode Laygladntk WPaPGlisOiBldnfty@hvicedfidy R LRI fiier RRGRRA cat hode

| ayer includes erial an the | t cathode | ayer. The
second cat hodeabwyeﬁfproﬁﬁiydbe sel ect ed froma rret al, an alloy, and a

compound, for exanpleyer hbhbkiibdihuior d prébchi fnhértonoxi dlectraitdlineadentim
oxi de. The thi %ness of thﬁ elcond cat hod ay nge. from about 1 nm
to about 500 nAgvietiackidingithe pelymgrdgseribed Hé’ro‘é‘gﬂ%c{‘ G&W}C&W%{/ | uni num and
E i1ver alrsd th?fﬁﬂﬁﬂﬁﬂluﬁghﬁﬁd@dé hiyer inclagtinga rﬁﬁhlantmfdal dlloghaviagiauwwnrknd

arium In a e | h |

el ectrical 10 {]%rMower & ce{]t ‘Pg g %h?d?éig@[n[ gp}}(‘e@ t}@gmf ggllqgggg/il% e,

el ectronic devtlwepol)amer apwveltada ﬂwenvb@féer layied s@wtqddqe@we@cth? polyme lyprand

i ncluding the pal ViRHe IR3E MiHRGhe @Qﬁé’rela e?lﬂe%étéa%m hA alali fReAHN SN
enbodi nent of the present i nvent l.on, ql %chtr um nescen devi ce
1 eSa

i ncl udi ng the pésplnasa dipe eprh oilei ce mmy 15
further Jdonclude a cgf @ﬂoﬂh@x\/@ﬁbdd’lﬁkmdif K@ present ﬁhlvexﬁfonnﬁphd)toad)ltai)g/cdikaVI ng a

ol uding t neisBIgHs Q%ngam%é’ descipe Riee b Bab ey Tag B AR el X veen ™ he
pol ymer | ayer aatHodet lagerdatihdidg alnzeyalror meted abdoy havimgid fvork ﬁmymn losveg dlagct ed
froman alkali al];(lull! WS' g?.’ TROcell may have a polymer layer including the polymer, as well
as a thin buffer layer situated between the polymer layer and the cathode layer,
25 where the buffer layer is selected from an alkali fluoride, an alkaline earth
fluoride, an alkali oxide, and an alkaline earth oxide.
In yet another embodiment of the present invention, a photosensing device
including the polymer described above is provided. The device may further
include a cathode layer including a metal or metal alloy having a work function
30 lower than about 4.5 eV. The device may have a polymer layer including the
polymer, as well as a thin buffer layer situated between the polymer layer and the
cathode layer, where the buffer layer is selected from an alkali fluoride, an
alkaline earth fluoride, an alkali oxide, and an alkaline earth oxide.
In a further embodiment of the present invention, a method for preparing
35 an electroluminescent device is provided. The method includes providing a
polymer as described above, preparing a solution of the polymer in an organic
solvent; and casting the solution onto a substrate, thereby forming a polymer layer

on the substrate. The organic solvent is selected from tetrahydrofuran, toluene,
7



al kaline earth fluoride, an alkali oxide, and an al kaline earth oxide. 20
In yet another enbodi nent of the present invention, a photovoltaic cel

i ncl udi ngvohe72ed yner descri bed above is provided. The cepCTmmyl/ionm ude a
cat hode |l ayer including a netal or nmetal alloy having a work function | ower

than about 4. 3ygie t&%hﬁ)?&ét%ﬁ?%’ﬂ&%ﬁnﬁeMEﬁéﬁFrTﬁ@di?srol\hf{%étt b 5&&1%

pol ynmer, as we | ayer. situated betwe mer | ayer
and the cat hodadding &ie popymeipe the Sloh‘@nbﬁ?‘mg the, etugedingipp é'@?’e?ﬂ’l‘#q"@rfﬁ an al kal i

fluoride, an alfialednghdefidring thd soditiohe Therdissblalg stqm@bebe adifdiuated at Asduit ne
earth oxide. In %:another nborrret of tglg res i nventio

phot osensi ng dé mﬁeﬁ%?‘iﬁdr gt lggﬁ Py 10 gg??‘ﬁ 48 815 Leg’ldc;a{ﬁnaed The
devi ce may fur's;lslercastmgcHlpﬁk&sﬁng;dtd]ﬁdﬂtlm@fém aasmig;dndrglkqetrmhmhgorf heret al
o110 vt 0.2 e Sl a0 VRl N Qb S Yo SBRCAEY PR,
si tuated bet vveepﬁedhlethmﬂwf gat}telrooapmto ReoutSi0Rap®. [Ty @elymdrdayst may buf f er

| ayer is sel ec}ig.% ehif m@@ssq}&ﬁgbogtbg@r& RSbods, 0@ kal i ne earth fluoride, an
al kali oxide, and an alkal]|ne e%rthoxr de. I nTa further enbodi nent of the

present i nvention, a methos ! 12)m nescent device
i's provilged. The mertod (d)@lbéd@ﬁloﬂ(@\ﬁddinﬁgalﬁi pl‘mﬂlmlﬁﬁfes@ﬁcd@ﬁ)&édi beeh above,

I d h
Sl ut 1 on-ont o SPtia0f A4 o pREIAET e Pfe e RS db ABfrfEr ' "0 1"
substrate. The(dntigddhine) ad phetoiumimesrehesciselad fing)speattaradiayfdmaffur an, t ol uene, 7
WO 01/ 77203 PCi%lggﬁT%%l Qggxadﬁébf’e')‘ﬁ'onf}?ﬁdir@@@g@roet hane, and m xtures
nc

t hereof. The d ste ding the p I mer tothe

sol vent, stirring tEK elurrﬁmsperzfe@m%ﬁorlsqﬂwsaﬂeru ght ejtiipg devdery

filtering the mﬂabfp@y(ﬂmeelﬁr5)eaaia_¢bmgfrsﬁﬂpxarme e conducted at about room

Spi P casti ng. di pe RIS R GPERe Ll PR Brach A el e oM °

printing. The withstiffergntsthispnessy(b) humudlecsyrohagra@pem@np&)foymct ddighrtr on onto

the substrate ghifin gaérlces%a@mfferenr (feknBRI6) B hadll JrRtkag Ahout S, 000
a ran

rpm The poly eint |CI’< out 30 to about
5,000 A. BRI EFﬁwESQRpfxlmmwn Eammrhra@serwurg @gvices path differsrint i on (sol i d
| ine) ampg phot glitkHesescence (dotted line) spectra of a film of

Phot ol um nescence. ( BT GEFISHE JBILER Eaicinel 4 pfiRgpR of e (R B 111 ane

pol y( phenyl enepolyéftiicaee-eadfazan) kgt epiitting devib¢sGabizcakddegith Chusithrantedee
em ssion of a Qr% %ﬁﬁ%l'ais%tcaﬂmd&“ ng devi ce _

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 poly(ethylenedioxythiophene) buffer layers between the
electroluminescent polymer and the indium-tin-oxide anode.

FIG. 6 Photocurrent as a function of bias voltage in a device comprising
poly(fluorene-oxadiazole) from Example 7.

30 FIG. 7 Photosensitivity as a function of wavelength in a photodiode made
with a poly(fluorene-oxadiazole) film.

FIG. 8 Electroluminescence spectra from devices made according to the
procedure described in Example 29.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

35 The following 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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15 made of pol y(fluorene- oxadi azole) fromExanple 7. FIG 3 (a)
Current-Vol tage dependence for a set of light emtting devices wth

di fferentwohi/ckoess; (b) Lum nance- Vol t age dependence f orpar/@st1/wb26 i ght
emtting devices with different thickness; (c) Ext er nal quant um efficiency

as a function of drive, curren t of, ht em ¢t Vi W th
different 20 t Y ERFEPS. Aﬁ?‘iﬁdm:giyEﬂe q,eﬁ%{}p 188%?85&%??(19 %9#6?9'5[3533“1? %ﬁétlon of
drive current bodeenmdty (fditthe scopemt di meseheinventgpnt eni tting devi ces
fabricated w tpre Sn b ALPAISbo IQA"YMh Al as the cathode. FI G 5

Ext ernal quant of drive current for

pol y(f 1 uor ene- oxadi Aomejechiagpiructire of flngrenrdiqasteaxyliF esidpahish ntaé{tt}?dﬂéd and
with pokyvi ny{o%épﬁésb@(me&%&aﬁmw ﬁ%sgfkﬁﬁyéﬁdﬁﬁblé%faﬁéﬁrﬁfd layers

between the electyrolunmn pol ymer an e indiumtin-oxi de anode.
FIG 6 Phot ocufRefimsat & §‘8W6‘t el‘%"’ of bias voltage in a device conprising
pol y(fl uorene-oxadi azole) from Exanple 7. 30 FIG 7 Photosensitivity as a
function of wavel engt RypRa photodi ode made with a

pol y(fl uor ene-oxadi a \Ilm FIG 8 Electrolum nescence spectra from
devi ces nmade atlo®Ceh je-CQ@tbcedur e descri bed in Exanpl e 29. DETAI LED
EVMBODI MENT 35 The foll ow ng description and
exanples illustrate aﬁ prefgrred enbodi nent of the present invention in
detail. Those of skill in the art will recognize that there are nunerous
vari ations and rmdlflcatlons of this i nventlon { e npassed 8 WO
01/ 772030pPCT/ US01/ 1bv@prefgstediembodprgng R, xtd ?h@?)ﬁg‘!‘@r’eli B%E%&‘:SWFSH of a

preferred embogiffepiit, aséwaédﬂemﬁa@m h?&ro@eﬁ;rﬁﬂ(jzcli tadyll abnyidlll(ylj‘ﬁd&algpagbfﬂﬁe:ﬁe |
present inventi re 0 or enedi car boxyl.ic The nol ecul ar
structure of f’f‘lggké é(ﬂeglﬁﬁ%”) ?iia]g( Eﬁ’ﬁ& ‘Wﬁ.“&%a‘%?&yé%‘& ﬁggﬁ Ong o Orger epar e
pol y(f | uor ene- oyaadj sizo) m)halczgepcgkq@a.r Nky@gmﬁpamb'é))e strhight-phag, dransbied-
enbodi nent, is I iﬁqq%; BraB] {a% 586 1 ¢
enbodi nent, %n@WRCI?Ce 0%\6 g%ngtrll ent ﬁ?r&ﬁn&& ra@&“‘r erent, aroe
sel ect ed5fr om h%qﬂ@b@hatoﬁllskfypfe m¢f9labl}’aﬁf<gmdltftﬁp cathn a&l“ksyl%‘?%r marg of

the -CH,- groups of the alkyl group may be replaced by another group including -

O-, -S-, -NR’, and C,_j4 aryl. R’ isa C,_jqq saturated acyclic hydrocarbyl group.

To synthesize fluorenedicarboxylic acids, dibromofluorene is first
converted to a Grignard reagent, preferably using about 200 mole percent or
20 greater 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 moisture, 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
percent, and more preferably 50 weight percent) in dry non-protonic polar solvent
(preferably tetrahydrofuran) 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. The remainder of the dibromofluorene solution is
30 then added dropwise to the mixture. Generally, at least 1 hour, but more
preferably 2 hours, of refluxing is needed to completely covert the
dibromofluorene 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
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al kyl, aryl, arylalkyl, and al kylaryl groups may be substituted by one or
nore cyano, nitro, or hal ogen groups. Al kyl groups maybe straight-chain,
branchedw@haim3 cyclic, or conbinations thereof. Al kyl grompsopnedeer ably
contain froml to 15 100 carbon atons, nore preferably from1l to 20 carbon

oo, e Or IR e ol s U S LORB Gl b BLOUTEY BEal =P e
sat ur at ed acycllciedlahydﬂwaﬁ%yabog?iﬁﬂ@ m01¢®e@?mithél§ﬁ®5hlprlgé¢lén%@ﬁd§drt@6)©yI ic

aci ds, dibr Oanrés‘t’chee Me Iaadfﬂeasftem&mmetneeshrhae@b@ﬂ 8iahid sbRRFE PleferhbIgf er ably
usi ng about 200

percent or ter nesium The n
placed in a fl ﬁglng%“r?&at ﬁ’ sfithrge “Eﬂegf iﬁ%BTg}?nlcg@W&a"éﬁ C%E%&g 5$‘F|‘5e gt]lhocess
is prefersably mr&imtd&den driddnevea VSO e mﬁerexmﬁnonmmmlx&tnurtexamse
pref erably unde n i he I r
trace anount ofadd% nqu e%rlpg\acqr%ggcllpl{aféi:ag @?\e sgggu‘?ﬁ %%gtﬁ?n g(s)laée%c aI IS
present in theﬁriteaimml on m xture. The iodine is added before the

di br onof | uor ene. ugfmtgﬁ%ffkm&d}sne@maﬂa‘o%mbwd ﬁhﬁ@&)n%} 1%b91|i}¥m£ﬁfgﬁent to
n er In

60 wei ght percent nore pre erf g i’ﬁ
non- pr ot oni ¢ p@roé'%cu&aéwe%wan%vr@we YAy Thist %FFQS‘f‘@F‘ )ca‘irbedé’d‘déﬂr in two
portionsio The kkdrfiple ﬁet@@tanfzaﬁ&efromdmﬂrgm $0$V@Cl(iﬁéfeltaely| mmhﬁéthﬁﬁ)lt he

reaction, as indicate r ance..,o i odi_ne ¢

Coruti on. The rom Sitgott bl BRAREE ARES b mel B pRERTA s G e
dropwi se to t hebonexnhethed inGhide 9:8-diy(2-ethylhexyd)fldorenedicartverylicracid ang P Sttes-abl y 2
hours, of refI %}ﬁm ert the dibronmofluorene to
the Giignard r %gg%& Zaﬁr@r&ﬁwh%gg*lgcnée\cﬁlcar boxylic acid, the
Grignard reage®Renssationiob Noadiuorene Myl DicarhoxyieiAeds r oom t enperat ure and an
excess amount of dryn h&ﬂtloﬁ?@ ;(oW(ﬂﬁ@feﬂ@bXacﬁm h5ﬁ)1@ olyBless, PEiE pollfaryls added.
The m xture is sh(ﬁ ice is

>
wel | mixed witR*¢ ?@i“emoBﬂlymeﬁﬂ}d °P5&1WPI§FS f{fﬁg gﬁgxégrgpg#%u\ﬁlpcl&ar dry ice
has eVapor at ed dentnahfrorﬁ @Gﬂﬂmteae peil deatboaklihywdso cRieanolecwarn strucwiresdded t o
the residue. €] o

sol vent, pref ernﬁf Qﬁ{ag ddé%:%?%)g}g% abﬁs?%gsmte%t S%g)gttgﬂnn@ge aT%igégfagllgm C

| ayers are com¥’ hed vvashed with 5 water, and then dried over MgSO4. After
evapor atdon of the soI vent, hexane is added and the product precipitated
as a white solid, which is thenRssolated by filtration. Purification of
the fluorenedi carboxylic acid i sTi nportant in obtaining high nolecular
wei ght and pure pol yrpr. HRQG DAY TT&&Q%n can be carried out, for 10
exanpl e, by recrystallization fgrgm anrprgani c solvent, preferably from

met hanol .

(2)  HOOC——Ary——Ary——COOH
Ry R,

|

(37) HOOC—Ary——L——Ary——COOH

25 In a preferred embodiment, R, which may independently be the same or
different, are selected from hydrogen, alkyl, aryl, arylalkyl, and alkylaryl. The
alkyl, aryl, arylalkyl, and alkylaryl groups may be substituted by one or more
cyano, nitro, or halogen groups. Alky! groups may be straight-chain, branched-
chain, cyclic, or combinations thereof. Alkyl groups preferably contain from 1 to

30 100 carbon atoms, more preferably from 1 to 20 carbon atoms. One or more of
the -CH,- groups of the alkyl group may be replaced by another group including -
0-, -S-,-NR’, and C,_4 aryl. R’ is a Cy_jqq saturated acyclic hydrocarbyl group.
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Sui tabl e fl uorenedi carboxylic acids that may be prepared according to the
above net hod include 9, 9-di-(2-ethyl hexyl)-fl uorenedi carboxylic acid and
9, 9- bi s- WBpBH7Ae1 ri met hyl hexyl ) -fl uorenedi car boxylic aci deCcBUs@aets on of
Non-fl uorene Aryl Dicarboxylic Acids 15 In addition to

pol y(fl uorene- %ét@lmé t@()cd?fé@ﬁtﬁﬂlsﬂm{mbeﬁbﬁWdr@gﬂM@hybfA@X@@hﬂéMe)
honmopol yners an s are al so contenplated which are derived from
non- f | uor ene a?‘%s“ yI ic acids. The nol ecul ar structures of other
sui tabl e aryl dicar hoxpielfm@kﬂnﬂmdmmituﬁ@ dohqmmesodn dromatit hydroddrhon grdip, and

g g g Hé%CR?A(\r y(L 1A% %%ué‘bet lic é‘?lgr(rélﬁta%le %yﬁ%a %‘ﬂuﬂ?ﬁnélﬁde

i ndependént |y bbexiyhéh@aﬁml (buphedylt feepheny], teénaphqmrl @@P}@hylt Iﬂlaiht}’hynj’lf@g’érﬁndal kyl ,
aryl, arylal kylyeangd éféﬁllﬁr ¥hitabi® Gronfhil Bbter Ry Mo grdlipd idbiayé thlélﬂ'@nﬂ' kyl aryl

groups may be %stltute y..one or, nor yahq, nitr al .ogen groups.
Al kyl groups nByT¢l urapyl gﬁ’ﬁldé?%ﬂntrlalé‘?l&h&"?é%lzobéh%?faﬁ(’lygféﬁ‘ihéz"lblr
conbi nat i ons thﬁa@ﬂm pfh&r)ml blgyﬂ&bnSpﬁrdeilaylapwmmmtm&amm Qfidinylo 30 100

b f
The. o _or oulbegr st fesieRior roghhinaernt aUVRRal B0y, ShRaRIPRE
i ncl udi g - 0 benzStr;azeNRbenmmlzcﬁgl- qwnakyjlllsoqRinoil)sl an@dyl] Qaingzalyls at ed acyclic

hydr ocar byl !{kﬁﬁh njdrg’l ??t %H{#F %Re;hng %({tét%p car_ggﬁlﬁlu?&%io@lraﬁ 1,

corresponds the Ary” capa substltuti on by
R In a prefer ﬂ@@n@ﬁlﬁéﬂh%hﬁcnwy&@cﬂ%?% 8O4PS- ar omat i ¢ hydr ocar bon group

or i’indar ogat th th ell‘ﬁ@]dﬁhhg %Wcan%dﬂnip@i@é@nﬁth@xﬁ@fﬂgk@ﬂbfdih&@l@fh nF)Dglrogpﬁuﬁsl
i ncl ude phe t erphenyl, tetrapheny napht hy

ant hryl , LYY enﬁ4 'Qﬁ%P’ ﬁﬁ%”f’ﬁ/‘ﬁ’f‘ ‘?Bﬁ%ﬁﬁ?}g Suitabl e aromatic heterocyclic
groups ilRci ude’ t hi ophenyl, pyrrolyl, furanyl, imdazolyl, triazolyl,

i soxazol yl, oxazol yl> oxadl 9/20I yl, furazanyl , pyridyl, bipyridyl,

pyri dazi nyI , pyrimdyJc—pyrqzinyl, triazinyl, tetrazinyl, benzofuranyl,
benzot hi ophenyl, ingolyl, is®& ndazolyl, benzim dazolyl,

wherein R; and R,, which can be the same or different, are selected from
hydrogen, cyano, nitro, halogen, C_5 alkyl, and C,, aryl.

20 The aryl dicarboxylic acids described above are available commercially, 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 2,5-dialkoxyterephthalic acid may be used to
prepare certain poly(aryl-oxadiazoles). The general formula for a
2,5-dialkoxyterephthalic acid is shown below:

ORs
HOOC COOH

RsO
In the formula, R5 and R6 are straight-chain C;_jqg alkyl, branched-chain
Cy.100 alkyl, cyclic Cy.jqg alkyl, and Cy_y4 aryl groups. One or more of the -CHy-
30 groups of the C;_q¢ alkyl group may be replaced by another group selected from -
O-, -S-,-NR’, and C,_y4 aryl. R’ is a straight-chain C;_g alkyl, branched-chain
Cj-100 alkyl, or cyclic Cy_jqg alkyl. One or more of the hydrogen atoms of the
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10 benzotriazolyl, benzoxazolyl, quinolyl, isoquinolyl, cinnolyl,

qui nazolyl, naphthyridyl, phthalazyl, phentriazyl, benzotetrazyl,

car bazol wo odrhenzof uranyl, di benzot hi ophenyl, acridyl, poaTDUptenezyl
groups. The linking group L can conprise an ethenyl group or an ethynyl

group. The ethenyl gr can
wherein RL andlaf‘%?,oo 9\‘1%?’184{8%%??&% Q%(%lécggn&%r@u’daa%l?yé?{an? 14 l‘“lyl Rpre?é ‘f‘%aﬁ‘ rom
hydrogen, cyan€,.jpj elkpl grhepsogerpris€Ciogelkal gphps. and C2+ aryl. 20 The aryl

di carboxylic acids I b
prepar ed according (¢ q83ght @ﬁetfl%@%l%)?tamthmateldceism%wﬁam droRfy ey be

I n’t f
exanpl es of sufdr t]éal%{?}ﬁﬁré'i CepRRY }aéedalgy Qi’sal{‘()ﬂg’\lgﬂ% c-& é?@aﬁfq{ﬁﬁf’@?\gci d,
2, 5-di al koxyt eﬁﬂt}?h&l’ﬂ&hd@ uﬁélh&iipro?orﬁc ﬁ@ﬁhidhéﬁnemmﬂlaﬁwmy ITihe nﬁ&tuﬂe ofand

2, 5-t hi ophenedi lic
2, 5-di al koxyt e?éa ‘?}Pﬁ‘a tgeg@tﬁahwﬁg&cy}ég@d %gsﬁglpe%g’éf? S DMSO is
pol y(aryl - oxad he&texl ader ail nertgémesphkrefsurhnad dryfm)trogn 0P atgodli HIIEkaikylt}@hépht hal i ¢

acid is shown F%gg?ﬁ—g r e
strai ght-chain %&‘%ﬁgﬁ?ﬁar ran fgﬁﬁﬁadr&ehhﬁ 26@&% Eercé?ﬁgsgﬁr?Tﬁé 100

al kyl, and C2_zepctienis pg@"é@bb copgectes} atAdeBPERIUEhis PI@F@ é@tﬁ?% W he
C1-100 algky! QPEEfé}aUB}’th@Qearcﬁ&h atadrdly hadied Dehods otmofesiheede@do Esapleted-, - S-,
-NR , and C2- 1§}e ¢ 8,03 strai ght-chain Cl-100 al kyl, branched-chain
Cl-100 al kyl , a&%"&?foé‘rﬁic 80 al kyl. One or more of the hydrogen atons of
the 11 WO 01/ 77203 TRETauSmba@26s e pdRd stk watay mod pxtrapjeddey aregrigamied by a

C2-14 al kyl or &%&49{@1% ;{E&gﬂ‘ &R, ) 1&{5 .ftoﬂqeél%e%lr%%kc QYRR conprise C

1 -20 al kyl groups, I Zze a xytere |c acid

di et hyl - 2, 5- di Rg@bERY, WasBedhhahaquspus %utfan%ftp%%@ﬂwr HOREBY an al kyl
ha: I dei 18 gh, gkﬂ@yﬁt&n&m (h%anhed5véHMgSO h1mf f(td&e pioduét ofdietipylot oni ¢ pol ar
sol vent such a I al kox t acid, alkyl

hal i de and pot 255%5@05%1&5 i: (%I(%Efdlsaégr BlapBialoR P GRIE act d. alky

The crude diethyl- 2 5 dialkoxy terephthalate may be converted to

2,5-dialkoxyterephthalic acid without purification. To do so, it is 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 present 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 isolated by filtration.

Purification of 2,5-dialkoxyterephthalic acid can be done by
recrystallization from an organic solvent, such as ethyl acetate, or a mixture of
ethyl acetate and hexane.

This procedure may be used to prepare a variety of

30 2,5-dialkoxyterephthalic acids.

Preparation of the Polymer

The polymers and copolymers of this invention have from 3 to 300 repeat
units, which may independently be the same or different, represented by the

formula:

N=N
—{Arom—(o )—3—

35
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heat ed under an inert atnosphere such as dry nitrogen or argon. The al kyl
hal i de and potassium carbonate are preferably present at 200 nol e percent
or nore. Wiher/7nenction is preferably conducted at a tenperpalr/use/i0826
preferably between 80-110C. 10 Preferably, the reaction mxture is heated
20 hours or r der t.

reaction m xt u?vgereglxﬁ %‘8}} e g?%@g&deﬁgsbﬂhg%ég If)ggltf%? ? i g?]m%&gam c

sol vent, pr ef erepidsynted bybnagfe‘fmlaee(ﬂ) (Dakd), andr(@k ti nes. The organi c | ayers
are conbi ned, washed by an aqueous sol ution of potassium hydroxide (5

wei ght 15 percent or less), Rhen dried over MgSO4. The crude product of

di ethyl - 2,5-di al koxy terephthal ate is obtained after evaporation of the
solvent. The crude |eth-y+- 5=t al koxy terephthal ate nay be converted to
2,5-dia|koxyterepht%allc acigl mnth@ut purification. To do so, it is first

di ssolved in ethanol (prefefably Eresent at 1000 wei ght percent), then 100
wei ght percent of 20 potassi um hyg oxide is added to the solution. The

m xture s then ref(Qxed for" ‘¥ast 2 hours before it is nixed with

wat er, preferably present atR200 wei ghtx percent of reaction m xture. After
t he aqueous solution is filtgred, it i acidified wwth 8M HC1 and the

resul ting precipi tagﬁ, Wh-etarys—+re—eAyde—pr oduct of

2, 5-dial koxyterepht lic acid 25 can be isolated by filtration.

recrystallizati on from an ' ol vent, such as ethyl acetate, or a

m xture of ethyl acetate fne. This procedure may be used to prepare
a variety of 30 2,5-dial koxj ter dgpht hal i ¢ aci ds. Preparation of the Pol yner
The pol yners and cog‘glymsrs of this invention have from3 to 300 repeat
units, which may i ndependently be the sane or different, represented by the
formula: 35 N&hdéfﬁé@fﬂ_éa(:ﬂumjeacl\/\@ &H&mﬁ&@ﬁﬂehﬁﬂﬂeﬂwﬁ% wherei n Arom

whi ch I ndependeFt l gre?%édhe?%t)s 1r3en fél@%&f &;mpljis%s FrofPABWY 20 fSRIesent ed

by one For mul ae
repeat units. Different combinations o

repeat units based on the above Formulae
will result in various homopolymers and copolymers. If the repeat unit comprises
Formula (4) only, then a fluorene-oxadiazole homopolymer will result. Random
copolymers of fluorene-oxadiazole and non-fluorene aryl-oxadiazoles may also be

15 prepared. Preferably, the monomer ratio of fluorene-oxadiazole to non-fluorene
aryl-oxadiazole in such random copolymers will range from about 0.1:1 to about
10:1. In general, a high ratio of fluorene-oxadiazole to non-fluorene aryl-
oxadiazole will result in enhanced solubility of the polymer if the aryl monomer
has no substituents. A high ratio of fluorene-oxadiazole to non-fluorene aryl-

20 oxadiazole will give a bluer color emission if the aryl group is thiophene 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, which
depicts the formation of a random copolymer of fluorene-oxadiazole and a non-

25 fluorene aryl-oxadiazole corresponding to Formula (1°) above:
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I (1) -Ary I X 7x 5(2) -Ary-Ary I x I X (3) AryL Ary(4) and wherein
each Ary, each R and each x are as described above. 10 In a preferred
enbodi mewo ot/freopol ymer conprises from about 20 to 300 rPOPEBOLNDLGS.

D fferent conbinations of repeat units based on the above Fornmulae wll

result in various honopql rs and copolyners. If the repeat unit conprises
Formul a (4) Onlﬁ%’ t he or ene- oxadi azol e ho olgymer wil | resul t.
\

Random copol yfer®°5 8 x adli adh a
upleperagiglzﬁm SSickng-p \|| reme ]a fl r*oxl j I es

may al so be 15 prepare;b. my
: 'ar%,ol eqin such random

fl uor ene- oxadi azol e to non-fluorene “aryl -
copolyners will range fPon1about 0.1:1to about 10: 1 In general, a high
rati o of quoremeHQQGnhNMnﬁﬂ§0@b non-fl uorene aryl - oxadiazole will result
i n enhanced solubility of the polynmer if the aryl nonomer has no

substituents. AN ohoLodda0. Bydy %&gd?gzo?é%ghl%ﬁ?{yﬁne}cﬁ:{}%ca%&%’h@@&d%w 20

oxadi azole wll giv é)r%)lm em ssron I'S thiophene
or another | ohmmamwlwppm@biwreswenﬁm@e@@nfr@%tlwmmgh wplg t he

PP R T e s o
random copol ymer of If Ipﬂ‘?ﬂaéerﬂé) 38'1'389 BT‘@Im%ﬁ?ge)éloﬂ’(?ﬁoag’ef Ifﬂ"@feélr‘?glcartbox}ohc
aryl - oxadi azol gcié and agdrazidé st dre pfeferablly prestnt)in dizoeaction T3ixWE: Oil¢qnal03
T DI pl oF fEGdgl  RE Bi st
HOOC- Ary- COON To pr Ep Prepapsol apakypmer ok ﬂewr&z%rpéa 137SHOPS| e xadﬁtiz‘;/ £, 2
f"eg 2{ Ibgﬁwrr: >C<t 35%&;.1%!’&5 ﬂd%ygfﬁgilégﬂngﬁ?réclcﬁéxﬁl a@ymlgre@iyylg RERS S Rdacted V\tmfa
preferably hyd hegpsiae ?ﬁjﬂ rIB@rﬂrﬁfFT’ngemg%‘H 8‘p§}°é°§gﬂ9{ I?reg?zf’rngﬂfg]gx ad: azol e)
homopol yrer, f Hicarberglik achdsiie pyeférably equal to the mole percent of hydrazine salt, which

is preferably hydrazine hydrochloride.

The reaction solvents suitable for use in this process include those organic

15 or inorganic acids which can dissolve a drying agent and the resulting poly(aryl-
oxadiazole) polymer. Examples of suitable solvents include fuming sulfuric acid,
preferably methylsulfuric acid with at least 4 % of P,Os. 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

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 specific amount of P,Os in
methylsulfuric acid by 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 commercially available from Aldrich.

It is important to make certain that the dicarboxylic acid monomer does
not degrade in the reaction solvent. To test for degradation of the dicarboxylic
acid monomer, 5 mg of dicarboxylic acid monomer is placed in 1 ml of distilled
Eaton’s reagent and the suspension is heated with a heat gun. The suspension

30 should remain colorless or light yellow. If the color of the mixture darkens during
heating process, the monomer is not suitable for the polymerization reaction.

Preferably, the upper limit of the temperature for this reaction is about
130°C, and more preferably about 110°C.
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acid and hydrazine salt are preferably present in the reaction mxture in
equal nole percentages. The hydrazine salt is preferably hydrazi ne

hydr ochl w0 de7720® prepare a copol ynmer of fl uorene-oxadi azpCEUSNA0026

aryl - oxadi azol e, a 10 m xture of fluorenedi carboxylic acid and aryl

di carboxylic acid is reacted with a  hy drazme salt. In a preferred

enbodi ment, the totdhe mnemﬁte?%ﬁmraémamr e TeActign BN for dicrehoxylic agidf er abl y

ﬁqgal L f) thg mfﬁy&@ilﬁ@ﬁydr@éhlmw@prmam Iffom ¥¥iue DO mnﬁomrt@awmbl y hydrazine
ydrochl ori de. ction rocess

i ncl ude t hose (ﬁ@ (ﬁﬁ %re@rrefﬁéfyg% %taﬁmﬁgﬁq@gﬁnﬂ?@s Oﬁt dryi ng
agent and the peﬁerbblyragomcﬂwﬁmoyl - oxadl azol e) pol ynmer. Exanpl es of

sui t abl essol vents i g‘?"{é‘sgg%‘[w‘f%?“g& |r(§_ ?tfstrqpld rI%i%Fa%W Xhéri%g&ycj sul furic

acid wth at |east ting material in

the sol vent at tlmdﬁb@ma%ﬁ%ﬂéougw haurs: Ma!e nrefetahéy #@&é@%ﬁna Wen a

suspensi on of Qh@ufs%ﬁ%%@um %ﬂd&h@stlﬁef&ﬁaty%outas mﬂpgeneous solution is 20
formed that drives

et hyl sul furic acd S S Ea0kb 20 hepSSTRL Bl ik, Wil et e gapory o
exanpl e, one camugios stel hydrazideggroud. i In agmreferrtd efmb&di6Eni, the endtgrgrhsiard uri ¢ aci d

ati o and 205 o Be ercks s CuBCR BN Btk nf Rt iyl B V55" cagen

acid and P205 ¢ t al ned vacuum on's 25 reagent,
which is commepenzgh Y‘f}f%l%?ar“alkﬂ‘@eﬁcb?ﬁp,&hﬁ?a}réqufld g'eUl-nportant to make

certain that the di ga¢ p@vyuier 6arﬂl§‘d lshrmacw&bomﬁge&e pGinndﬂﬁ&ﬁc&ﬁx%acttfbnt he
reacti on sol vent. Tot tes ﬂ}%ﬁt ion oft r'gthe di cg)r(bo%éﬁ ) aeC| d
nononer, 5 ngy B}IXthe QF%W)WT%C% d RoHRTE 14 F%@%%f N 8’1‘m di stilled

Eaton' s reagentx@ssamdent stidgenigédiD. Is”)hw@retiﬂthtrhn& Relamegfiber iy Hen
suspensign 30 ?Fé@l(yltgte[i% eGPt @ dn@ 0188, |tl'1é31h§/aslﬂé‘d hiehatélly b%rh@at&oin@r of the

m xt ure darken ring . heating process I.s _hof suit for
the pol yneri zafesinpkupti pewralized. o flag repyliing P?\le‘émﬁbbrg’ﬁu?t IMthHPC"tuI% ried at
t enper at ur e f oabdMies°C Arabow@n2iwusabout 130C, and nore pr ef erably about

110C. 14 WO 01/ 7720%5%@%@8&/ 100 gﬁ? g‘ss%‘mi}&rrﬁa%{]"ceﬂ%f anabf' the

reaction mixture fo T or
preferably fromtabpdrofieen, rtmfdrmla qucabtmﬂtd sbBgiomrdhe h?nmﬁéeéséﬂml’abl y f rom

about 5@gmmol / bréf&aﬂipfeomg/f}om 2t 'i"?é‘io “erl_g,%tgreah mﬁbﬂm efdBB) dbout 5 The

pol ynmeri zati on’_react roceeds_ rapi erab act on tinme |s
bet ween about §WP&WH“@@%[RPBW%FBCERB‘F%W&BPVGXF}F é“bgt“\‘i&a Rerapdut

hours and 16 h@iehpourddntidRatapproimeataly|2 thhsuikcdss AMBust of methanol with
stirring. The polymer is precipitated, isolated, then washed alternately by water
and methanol. Preferably, this process should be repeated for at least two times

25 before the polymer is finally dried under vacuum. |
Optoelectronic Devices Incorporating Poly(fluorene-oxadiazole)

Poly(fluorene-oxadiazole) (“PFO”) and other poly(aryl-oxadiazole)
homopolymers and copolymers as described above may be used in a variety of
optical, electronic, and optoelectronic devices, including, but not limited to,

30 electroluminescent devices, diodes, photovoltaic cells, photosensing devices,
electrical switching devices, various thin film metal/polymer/metal devices, and
the like.

Because these polymers are soluble in common organic solvents, e.g.,
tetrahydrofuran (“THF”), toluene, xylenes, or tetrachloroethane, optical quality,

35 pinhole-free thin films can be fabricated on rigid or flexible substrates such as
glasses, plastics and silicon by spin-casting, dip-casting, drop-casting, ink-jet
printing, or other methods of casting thin solid films from solution. Non-limiting
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The end group for the polyner thus produced will be either the carboxy
group or the hydrazide group. In a preferred enbodi nent, the end groups are
10 cappedvoBerzes c aci d can be used to cap the hydrazi de padugsiowpe and
benzohydrazi de can be used to cap the carboxy end group. The polymer can be

purified by Coﬁlam s dERuRAY BRIl 1RAGAL yeéf’ér&‘ X (el Rtrenes 00M

tenperature, ouring into an appr oxi tines excess amount
of dei oni zed (pczbycparbqnamt Efrlywpfnl*ﬁ’ §?ID’FW’§§€ teﬁﬂ ’faPBél?e like-t hen 15
precipitated fromtfe, mr&fed%ﬂ%odﬁﬁﬁnﬁtﬂ&dpolyxheﬂs\d@éshl&édﬁiﬁoﬁfeﬂabel y by water

Vacuum i ed ateteCHREE0R TR Pl ISP FobfisY ERlinl BE S eehFaddil
di ssol ved i n aof the galntion sqirefersbly foorefabouttl tp 15tneg/milmareghreierably about orm a
concent rat ed SRl . oHiRIRENESRNAl Seby SR U RRA T URTBIRyfont  ns

fromabout 1 to prefera
percent, of t h@n}PGTaJﬂFféf H(TW?é‘ers BRASF CeftRin §°‘1¢é‘é‘§l§dt RY Bgéwlrgﬁ’@ t?nh?*}tm@‘er and

then poured i n§dl'vé:ms@B@fdlﬁbrﬁE&thd’ra?&oﬂdlmﬁmex@ﬁﬁ& p@llmnmt of methanol with
stirring. The poly '

IS itate tely b
wat er and net hanol . IBFe rtﬁgp@ym[em Smbornogje %'slﬁe“ gt ééﬁ?lgﬁéeisae?ééﬁ%na at
| east twO ti rres;oh’Zdht befoonetetriperapué forsevaral hoursalAfjer @roleag SQJH@I@? isvfersnAgerit

Opt oel ectroni c;q dtggﬁ?rlg%%depgplﬁﬁ&lx(fiéeumlm Q%RAEABObBhined by

Pol y(f 1 uorene- oxa |azo and ot her

honopol yner s afRincayimehesadution "ﬁé%? eraé%vg) %é?%’eﬂ%)s(cgﬁflsgégéa‘s%meet y of

?pt I ggl | el ?tha@lgé 6fawmd4@@m@toe5:ommn§ HighiqueBty filnslwidi thipknénses maginki ni t ed
o, el ect rol.uni nesc evi

devi ces, el ec% Pi“c%h"“‘sm%ﬁ? APy g§\90§ X evéa’rol%gagltée V‘?(}J ‘;a?*lﬁg%el <ol sROFLRE N1 N
rrelt aIb{ deSyrrer | thetcahcabératicresf thesolutioh eF 1lmkbav1@bmeaswe§ ¢higlgieyseer s are

soluble in co r I

t ol uene, xyl errHeI‘;l[sP]El gfﬁﬁﬂthfr;%@%[oroet glﬁjeugz@gt @dtnrb% Etfa?éd%)ﬁ&ngaJiﬂ'é&r

I.cal pi nhol e-free
thin films candisp cnsting FHQ Hirenare trgnspatsnt 10 dsiplsi! @%W&@P&P&P%%Wgaé

gl asses, pl astaﬁpﬁoﬂ%@ DG AR lsacﬁmrﬂs &asbit Plile pHohuMHREIcBke VAHDanash | N,
ink jet printi of O

. her castin in solid filnms from
sol ution. Non-Ff mepm@raf@wag #t%?‘l‘iég‘l/]&ooze exanpl es of suitable
pl ?st : cfzgubst rates Wi thdrgpet yaednensf d;ﬁ&kqmawi greps (“Aoyl ycBorbodet @3,
pol yolef i ns, pj, Sggmeﬂe PR AL S Bilfoh By hh&edlffmnﬁ?ﬁrcaferred

enbodi nent , or oet hane, nor e
preferably in thﬂrar&mtlcFmthf\aatlnmmmSSlwgCOlolﬁen @lm%lhkersagqt@hrange

color of the emission of a conjugated polymer depends on the Highest OCCUpled
Molecular Orbital - Lowest Unoccupied Molecular Orbital (“‘HOMO-LUMO”)

25 gap, or band gap of the polymer E, which is believed to be determined by several
factors: the energy related to bond length alternation E3", the mean deviation from
planarity E®, the aromatic resonance energy of the cycle ETeS, the inductive
electronic effects of substitution 540, and the intermolecular or interchain
coupling in the solid state Eint (Jean Roncali, Chem. Rev. 97, 173-205 (1997)).

30 Eg = EOt + E© 4 Fres 4+ Esub 4 gint

In PFO, E3 + E® + Eres results in the band gap falling into the blue region.
The substituents 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 interchain coupling.

35 To build a copolymer with lower band gap, the proper aryl dicarboxylic
acid monomers are selected so that one or several energetic contribution can be

reduced.
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5 of the solution is preferably fromabout 1 to 15 ng/m, nore preferably
about 10 ng/m . Generally, the polyner may be dissolved in the solvent at
room terpeoatizoe. However, under certain conditions it negrAsoid®sier abl e to
heat the solvent so as to increase the rate of dissolution of the polynmer.

To prepare the pol yger | ut i 1S S L d L. the selected 10
solvent at roomte %e;eé%tﬂy,eonfe%?%oéggggfdrﬁlgﬁ{g{!ﬁSRﬁfg%JrﬁlgO%gF%ér solution is
formed, it i sisbibianepksbienehsuhstitited isothiznaphthene, fupgdthispbere; ard bithiewsd e fi | ms
can be obtaine leBiphiag bhilfWerll HA8d $8) BoAjBghtd pdlRAER. IFRRTBRAMAHIE! When
Preferably, thgsegg%&?ggéga?tg.i%@?t h? %F%n é@;%hf i)%fﬁ? ﬁ‘tg"o Iﬁi?o 5,000 rpm
High quality fiheREyereup 25 kierhens %Séﬂ&?‘%@? &14 o cgg)g%]gl{eo about
5,000 A san becldtiahnesdiiined79inng whee cappared pith dhealPED hombhalyoensiitr at i on
of the sol utioE. Fill [?Bbh \{\i,ng | arge areas and thicknesses ranging from
about 0.03 tm 2 aBGdt 2 r%can be prepared b¥ dip casting or drop
casting. PFO fil ms Gpmparedvgihenody(fluprsne-oxadinzsle); ply(alkioryphenylgbeor pt i on edge

at  approxi mat gl iH8fk) Bifits BHsdh drédn Mo (Y iR iExambléel TRAt18] gmmﬂﬁqe%v%%wi th
guantum efficjencles raa%m frorﬂ%t 3t? %10 *albqu 60 % 28. 1t t he
proper sel ect i BFFaBC i tand Ean{s ngrpvey ang gap of o Pf{ﬂ'“r?{ﬁnﬁ'é)xﬁ iazole} 5y " and
(3)), filbms nmayhémafmietdudiohrotenagétic dontritutiah ntagcemeiffdne therdkaqytsidzal

- terieti may ionroDEnegen | e ng | |
The “coror of M RiedH OB IR BaE R Seqtbn SRSl L BRPRAGRY [ O00¢
Cccupi ed Mol eguoupr Aothier fictor is thakthe borrblengipiod theNeriQbenddp langgr than that

f)" HdOVtD LUMD 21 8Pthd@H H&Fld,b»faﬁiéltu ey n%{kﬁttﬁbec@ bb(ﬁ@reisf?erid&f]& %Emdbﬁédf&@'thzt&\éed to
e determ ned hy severa ac S: e energy.related to bo ng
alternation Es 131,‘3 ijH@I l%%fﬁh%lB%’éﬁl‘foé‘ﬁp?%fﬁnei??‘é‘?ﬁ?qléjS E%t?er flf?é‘qg?té’ﬁat ic
resonands ener gyly(fludidie-axudiagole). es, the inductive electronic effects of
bstituti Eg t})l d ' I ' ' ' LA th
substitution Esub, : . Ok ; : e
solid state Eint (J ggnpﬂgﬁ}ggﬁ’%{%ﬁ edﬁr?n&' gé/ o tgu; IH%%@Q 8?{]%%8%%) Iﬂn}glghﬁg = Bsr
+ Ee + Eres + Hiwblm deviaes inghermode-semiconductor-qathode pansighscqniighiraéiopand gap
]t ftl ling i Et 0t PE}[I?JlnH%n][h?%e?ﬂt (seeT@.%.,SJ!JH.SBhFré\?‘%E,SDgD. cd.hBraareppm Ri Bm@f,
uorene have li e effec n de m n e ba si nc ey are
not conj ugat edRe B Masksmi Ma@k@f%ﬁﬁrwﬁg& st e g@ﬁ@l“’é’ﬁ’n YUfoth white
l'i ght ard bl ue3s7,gho (bEOXUBB@in bid Ar L Hdegercdppl Phg. L& SBo1982 (1698H);
copolynmer with h l, gl ' L0 nmononer s
are sel ected SHI '@#2%6&3%@90%‘%3\%%%08%%‘g‘féaéﬁ% hég%@?‘feg‘ﬁ‘mfiﬂgﬁ“é‘%ﬁ%ej reduced.
16 WO 01/ 77203 tHeeTthishi do0es fumtiohas disidgs whith sbeweatidication ¢liamstrsistics.
substituted thikQaN§B8es can be used for electrical switching applications, and can function as
light emitting diodes, e.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
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 semi-transparent as thin films (see, e.g., U.S. 5,470,505).
Conductive polypyrrole may also be used as an anode. For some applications,

bilayer electrodes comprising ITO/PEDOT or ITO/PANI are used as the
17
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Ni, Cu, Se, and pol yanilihe (" can be use node e ode in
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are used as the ano er re kness aye ranges

from about 20 PbVSa%dﬁSQ(otP%ba Iﬁ@xemetwe@tsrtg)béﬁ@mtr@;ewm%ﬁ & HugknesspoT™ )
and PANI are Cﬂf&d@% 'lecﬁxldB@ie){mEaﬁ aIéI(ﬂJtQUOﬁfneI§ﬂi@m§h’b@@§é@ﬁftﬂbe%n§ﬁﬁtd\tfl | s
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25 resistance in the electrode. For light emission, calcium or, more preferably,
barium is used as the cathode electrode. Ultrathin metal oxide layers such as BaO
may also be used as the cathode for efficient electron injection, as described in
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).
In a preferred embodiment, two cathode layers are utilized. The first
cathode layer comprises a metal having a work function about 4.5 eV to 4.6 eV,
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 Li,O.
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utilized. The ‘ﬁ“hé %rk RALRALR fHIRYE twE RIBRIY #€3.92 VR, 2 BRY tdfectivigr kK functi on
about 4.5 eVt ﬁelatlvely Xlgh 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 synthesized

using other 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 cathode materials.

High EL efficiency may also be achieved by improving hole injection into
poly(fluorene-oxadiazole) layer. The significant difference in EL efficiency
between devices 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 eV or higher.
Materials comprising the polymers described above may be used as the

photo-active layer in high photosensitivity photovoltaic cells and photodetectors
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formed and was precipitated from the solution. After 1 hour of stirring, 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 g of
2-ethylhexyl bromide in 100 ml of THF was added dropwise to the reaction
mixture over 1.5 hours. After completion of the addition, the reaction mixture
was stirred at room temperature under nitrogen overnight.

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
MgSO,. eVaporation 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 following structure:
35
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of 9,9-di-(2- egdwlhrhe,ﬁwio)udelandrtleamew;zaelsﬁieutlne@ooér M@S@ﬁEwmmmﬁ 200 m of

THE was cool ed ce ac itro n- BuLi
(55 Wi n nexaftverds affufied § igf Sradye? BRSR WasdBrbsbiimea BY e el
dropwi se by syshqngshca,ageyeblluum Usirtgtienanesaithe eferft! Tior geld offtlor preducvchs was
precipitated fy Fﬂgr(gtpoiol ution. After 1 hour of stirring, the 25

t enper at ure of reaction m xture had recovered to roomtenperature. The
reacti o0m xt ure waBratereNMR serlded the fnllovarg strughirer bath. A sol ution of 104
g of

Br O‘O Br
IH-NMR (500MHz, CDCl3) 8 ppm: 7.51 (d, J=8.5Hz, 2H, fluorene ring), 7.48 (d,
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 (m, 8H, H-alkyl).
Example 3

Synthesis of 9,9-di-(2-ethylhexyl)-fluorene-2,7-dicarboxylic acid
7 g of magnesium was placed in a 500 ml flask and preheated to 100°C
30 under dry nitrogen. 5 mg of iodine was added, followed by the first part of a
solution (20 ml) of 50 g of 2,7-dibromo-9,9-di-(2-ethylhexyl)-fluorene in 100 ml
of dry THF. After the reaction was initialized (as indicated by the disappearance
of color from the solution), the remainder of the solution was added dropwise with
a syringe. After the addition, the reaction mixture was refluxed for 1 hour and an
35 additional 100 ml of dry THF was added. The reaction mixture was then cooled
to room temperature. 500 g of dry ice was added to the reaction mixture, and the
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2-et hyl hexyl bromde in 100 m of THE was added dropw se to the reaction
m xture over 1.5 hours. After conpletion of the addition, the reaction
m xture was1/s0sred at roomtenperature under nitrogen orer/msghton2630 The
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fluorene ri ng) OTEFMG dAYEFS Wel?lq,omﬁf\ﬁéla%é’a?heﬁd’i?h 4003pl Wﬁt:er Qnihthir} dﬂﬂi OYaryor ene
B I 291)’0 5324 (tlg HBZ;HZAflteﬂélvaﬂdrM%Qﬁ%e solvedlds, 200 @7 of Haxaddtvashddelly The
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the dark. After brom ne, the reaction mxture was stirred
for 1 hour, and theProtan MR perifteddh¢ fellowsgostrdctugé: a sat urat ed aqueous

sol uti on0of sodi um carbonate. Additional sodium carbonate was added to the
m xture until t or gani er becane col orless. The organic | ayer was
then separated and ueous | ayer was extracted by chloroformtwo tines
(2 x15200mM). T nic | ayers were conbi ned and washed by a 5 %

sol ution of sudeR ic@eéHand then water, then dried over MgSO.
Evaporation of solvents afforded a crude product, which was further

purified by passing over a shor ilic el colum_ using hexane t he
ol uent . The yi SR GAeMBeoBHEsnasoms §.4d (6898 SHERPBRERRMBINEIT € od t he
f2 a A ]9}/»1 ng str U_EIH,UJ’=%H7Z, Eﬁox@ﬁe ﬁirg)lgm%(ﬁgﬁmﬁ, 2BDNicEncTinde. 13 (§I=6Hz, J=8. 5Hz,

) uqrene r e 3 , ne ok .44 (d, J=8Hz,
24 f1udrene r %‘Iﬁé’%—,aﬂay_lb@-é%ﬁ?-9aﬁe, ﬁﬁ:ﬂ]@% O%%.'gg{“g.“%ﬁ( E\%E&‘ H 0 kyl),
0.45-0.56 (m Bkémpled| kyl ). Exanple 3 Synthesis of
9, 9-di - (2- et hyLNiaXuid 61'd 91888 %, SurfméthfiRbB At drEntC

A solution of 40 g fluorene in 200 ml of THF was cooled in a dry 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 salt of fluorene was formed and
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 3,5,5-trimethylhexyl
chloride in 100 ml of THF was added to the reaction mixture dropwise over a

25 period of 1.5 hours. After completion of the addition, the reaction mixture was
stirred at room temperature overnight under nitrogen.

The reaction mixture was then poured into 600 ml of water and extracted
by ethyl acetate (3 x 300 ml). The organic layers were combined and dried over
MgSOQy,. Evaporation of the organic solvents afforded a crude product which was
30 purified by vacuum distillation. The yield of the product was 90 g (90 %).
Proton NMR verified the following structure:

e
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7 g of magnesiumwas placed in a 500 mM flask and preheated to 100C 30
under dry nitrogen. 5 ng of iodine was added, followed by the first part of
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t by et hyl t d and
e ot oo e A ulonh DR s S BT o i BRI e s o
t he sol vents, g2RlOrafornofvabecdetinvemscatiaater balhe67 gloﬁummlnq:)was:adﬂe'daodtt as a
whi te solid mg&t}nmww eh 8 e AL @t b@d]tlofyfﬁrgﬁléne A ORThiRY

recrystal lization hanol white id.
The yi ell@ of prvs@amredmslsmun/oanqbﬂ@nmsmwedemtpﬁﬁﬁmltoﬁé S@t@rqt%bﬁwgowruct ure:
10 HOOC COOCH 1k % 6§Q)QMFH carE_HFa’téjSAn 8ddRBAal Bmbint(df sodinh &H?ona%'%asf | uor ene

ring), 8.06 (d, J= | yorene rj , fl uorene
ring), 2.13 (dadchedaﬂihe @B‘“&HUHFL%F Rgaaywq%;es@ewwogqﬁesm e %galplfemer
0.45-0.54 (m 8Hs tHdn%bﬂSatbt):d andih&ﬁﬁﬁ@uéla@&ﬂﬁvhﬁ&tﬁc&ﬁ by chloroform two times

9, 9- bi 3,5, 5- t 200
o Sor T ey b PR, R reAid LYo SFe fhoh Bolbind aft withel ehiai0bene L0
(200 m ,152.5 Ntsmlutxbre&ﬁsod)umvhgdramﬁde,dhemwaﬂqe an@ thepalrigd iower Meg8Pyi se by

syringe. A yel gggbdrawhour iber artd 40T £HBBRINANIREh AAdARLECHRIAAL ed T rom

t he sol uti on. stlrrlng, erature o reaction
m xture had rebpPassis if qur@@hpﬂéws@g@hqs#@m trfﬂ@g eape poie gluentyddewidd t hen

pl aced in an Igf&t}{eﬁf@dl@fwbﬁgj'lg(% &9l ution of 82 g 3,5, 5-trinethyl hexyl
chloride in 100 he reaction m xture dropw se over a
25 period of 1.5 hog’chol_EM@yergg«?pgtgg&(ﬁ VIBE SYYEUE Y di ti on, the reaction

mxturedfas stirred at room tenperature overni ght under nitrogen. The
reaction m xturg was thenypaddred into 600 m of water and extracted

TH-NMR (500MHz, CDCl;) & 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-alkyl), 0.7-0.86 (m, 26H, H-alkyl), 0.5-0.6 (m, 2H,
alkyl), 0.38-0.48 (m, 2H, H-alkyl).
Example 6
Synthesis of 9,9-bis-(3,5,5-trimethylhexyl)-fluorene-2,7-dicarboxylic acid
3.0 g of magnesium was placed in a 500 ml flask and preheated to 100°C
30 under dry nitrogen. 5 mg of iodine was added, followed by a first part of a
solution (10 ml) of 30 g of 2,7-dibromo-9,9-bis-(3,5,5-trimethylhexyl)-fluorene in
60 ml of dry THF. After the reaction was initialized (as indicated by the
disappearance of the color of the solution), the remainder of the solution was
added dropwise with a syringe. After the addition, the reaction mixture was
35 refluxed for 1 hour and an additional 100 m! of dry THF was added.
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by ethyl acetate (3 x 300 m). The organic |layers were conbi ned and dried
over MSO4. Evaporation of the organic solvents afforded a crude product
whi ch wasvo807puwsified by vacuumdistillation. The yield péTwB®/pPomduct was
90 g (90 %9 . Proton NWVR verified the following structure: 22 WO 01/77203
PCT/ US01/ 10026 1H- Wré&@&i\ﬂﬂixtu@%l‘fiherﬁzdéwto fodi® tenfifératdie, anéaﬁ ekloss J=I Hz

fluorene ring), 35 ne ri H,
Hal kyl), 1.148P0 E‘é‘ iy ?ﬁ,éaslﬂé‘gqqkﬁlﬁe%aéﬁé‘ﬁséh@g‘)‘%‘é tg%i{y y@%wq
0.7-0.85 (m 261-rl;(ed-wah Kyel rpaction miRtube. (Afier tBédexcebs ahdunlt pf dff.ide Radd (m  2H,
Hal kyl). 5 Ex 0 .

> 7. dly bz ono- 9. o?at%%%ﬁ@é“%? hg /O c}rﬂchlorluj acfuii was %(%]déed the reﬁldue Tl}e 70 g
9, 9- bi s- £3, 5, 5a@1d1fwétrmdu¢exa,s|eyctra¢t ﬂwetlmes uoghyl acespte (@HI?@ﬁolerthv\/as cool ed
inanice/ Wab@anﬁ%}kbrs @Zreg:oﬁ{blrﬁﬂ‘&mi %smﬁ%ﬂl Wikel 4RI thePiled Qferdr opwi se
in the dark. AMOt dition ot bro t he reaction thquilre 10 was
stirred for 1 r?‘f?é’ﬁraﬂﬁgo thsrse ePﬁ%t%QOS‘BbOf exge Wassadded-at B8 aqueous
Sgld u'é i on OL sogmdnmqgedmw&aﬁ a%hx&ﬁlsijlfdl»?lﬂalh wasrmntedqu ffl&dﬂlmﬁn Eiﬁﬂfﬁﬁnate was
added to the mxtur t he anic la colorle The organic
fayer vas t noRudsfioliPha suicd b iR GunB iy ARUHEESG0F A L] i BREr of or m
two tinmdd (2 xlueﬂ(hffwde.d thhprodnganiacviimyselid. "D]Er}eeldbémequans ahd washed
by a 5 % 15 so|4 2n of sodi um hydroxi de, then water, and then dried over
MySO4.  Evapor t| oh_of the solvents afforded a crude product which was
further purified byrosersNMRyverifiedbe follosving strugtureca gel col um using hexane
as the eluent. The yield of the product was 83 g (90 %9. Proton NWR
verified the follow re: 20 Br Br 1H NVR (500MHz, CDC13) 8 ppm
7.51 (d, 2H, J=8: ring), 7.42-7.47 (m 4H, fluorene ring),
1.8-2.0 (m 4H, .14-1.24 (m 2H, 25 Halkyl), 0.90-0.98 (m 2H,
H al kyl ), 0.7-69 qod| kyl), 0.5-0.6 (m 2H, alkyl), 0.38-0.48

(m 2H, {k+al kyI) Exanpl e 6 Synt hesi s of

9, 9- bi s-(3,5, tr| met hﬁl hexyl 2_{ fl uorene-2, 7-di carboxylic acid 3.0 of
magnesi um was HzobHtdg) p pem: §r1<9 (éf%éa'pé % dluepmeringd 8Qrder dry

nitrogen. 5 mg(dalf 2HOSHgsHMas] 3HEE Huoreé HAWEJ. slsxdazH 'JESHZW&er&fn ), sol ution
(10 m) of 30 g.0f) f(m ﬂktﬁ-aff&) 1 964! 2%&?2?1 -G . R, )J—§4H°re”e in
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).

Example 7
Synthesis of poly(9,9-di-(2-ethylhexyl)-fluorene-oxadiazole)

3.0 g of phosphorus pentoxide was dissolved in 50 ml of methylsulfuric
acid with stirring in 110°C oil heating bath under the protection of nitrogen. A
25 mixture of 2.0 g of 9,9-di-(2-ethylhexyl)-fluorene-2,7-dicarboxylic 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 poured into 500 ml
of water. The polymer was precipitated as a white fiber which was isolated by
30 filtration. The crude polymer was washed by an aqueous solution of sodium
carbonate, then water, then methanol, and dried at room temperature in vacuo.
The crude polymer was dissolved in 25 ml of THF. The solution was filtered
through a 5 um 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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60 mM of dry THF. After the reaction was initialized (as indicated by the
di sappearance of the color of the solution), the remainder of the solution
was addavodr/opes se with a syringe. After the addition, therTweactodzn
m xture was 35 refluxed for 1 hour and an additional 100 m of dry THE was
added. 23 WO 01/ 77PegorPSMRUserifiedabe éollowieg stawbire:on ni xture was then cool ed
to roomtenperature and an excess ampunt of dry ice was added. The flask
was shaken unti | was well mxed with the reaction m xture.
After the excess anpe f dry ice had evaporated, 500 m of 18 %
hydrochl oric acid ed tnont he residue. The 5 acidified residue was
=t »a-r:;mte (3 x 200 mM). The organic |layers
wer e conbi ned and vvashed by 48 Wat er and then dried over MSO4. After
evaporation of the solvents, 200 rri of hexane was added. The product
prec :c pitated aSHaJNI/I{: (tseorstelzll TBH\F/Ctlsc)B ppas 842k, Eﬁfﬁdlubsenf: irinigy, Bt 260, 2HYr t her
purification o a sil.l et ina41
ratio as the 10Y"¥FUEMHPE af391§5 @e@%zﬁs%‘%ﬂe% gﬁ f@’rs‘@*nﬁ ﬂ‘P’ yi el d of
the product wa6.84111 ¢pr, [6H, Heplkyby 01556+0.00\Rr \VidH, Hdﬁylt)he foll owi ng structure:
HOOC \ / COON g9, NNR(SOOM-lz THF d8) S ppm 8.10 (d, 2H, J=0.5 Hz,
fluorene ring); (dd J=1.5Hz, fluorene ring), 7.88 (d
OH, J=8Hz, fl uSynthesisofrmgly(S, 92d1€(@ eﬂlyihtmﬁ) fiyqreneoxadigrgle) 1. 16-1. 26 (m 2H,

H-al kyl )jo 0. 94- 1. 01Tq&lekpedimbAtBf Exatipd 7 wad l“épeﬂeéﬁuﬁﬁé h differB@rlac®ifn tite. 26H,

H-aIkyI),050062 | kyl al kyl)

Exanpi e 7 Synt%@ﬁgr%?ma%@wg @#&%ﬂ@?ﬁﬁ%&%wwr Sessttred i oy azol e) 3.0
g of phosphor us6 heutt. oifhd&sv\@ﬁhdpﬁﬁeduteﬁorlvvbrﬁagmib andl pumfying thelptaduccwasaci d

25 mixture of $ecAROE TRt ooty RODRERS e ishhe bE MR brdSk P e
and 286 ng of (’E}«an@ia 'henmﬁmmmihISbcxldbtqdmnd@tdmforroaItCheNf@oluacd@ma The
suspensiign - vag bl fopf Hcve?ﬁmﬁ]gmyaéd@ms apIOUIDIRIIOUSa WekSEMSted! Ozlnﬁt' on was
formed. After the sol u% cool ed to_roomtenperature, the sol ution
was poured i nt Beseyltsiverene spmeas i {mer was precipitated as a white
fi ber which wag xarﬁlg_lb gted by 30 filtration. The crude pol ynmer was washed by

an aqueous sol n. of sodj t hen water hen net hanol, and
dried at room %’gﬁﬁ fLHD nggﬁgﬁ% yef) fluoréne-oxadiazble

The experiment in Example 7 was repeated using 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 results were the same as in Example 7.
Example 10
25 Synthesis of poly(9,9-bis-(3,5,5-trimethylhexyl)-fluorene-oxadiazole)
3.0 g of phosphorus pentoxide was dissolved in 40 ml of methylsulfuric
acid by stirring in a 110°C oil heating bath under the protection 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 suspension was stirred
30 over 5 hours and a homogenous, viscous solution formed. After the solution was
cooled to room temperature, 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 vacuo. The crude polymer was
35 dissolved in 50 ml of THF. The solution was filtered through a 5 pm filter and the
polymer was then precipitated from water. The polymer was isolated and washed
25



The crude polynmer was dissolved in 25 ml of THE The solution was filtered
through a 5 mfilter, and the polynmer was then precipitated fromwater. The
pol yner wesoi/subat ed and washed by water, then methanol, paTuUsa@cwow dried
at 35 roomtenperature. This purification process was repeated three tines

and afforded I t he was
1.5 9 (78 %. ‘bgiv a\% téﬁ%%ﬂ%%@fﬁ%i@(ﬁggt rotohgﬂﬁ?k vzﬁls gyﬁ]

fol | owi ng st r upragess: wag-regentad tyice aadmﬁfmqeédmwymwadth@lmm%@y@d (s, 2H,
fluorene ring) of&e%@odu@twgé"l 4g(-}vm|)ene r| ng) , 8.13 (d, J=MHz, 2H, fluorene
ring), 2.2-2.5 (br, kyl. 0.8-1.1 (br, 16H, Halkyl), 0.59-0.65
(br, L4k, H al kyl ) . MWSCY 'hé&?lkwmg structure:

pol y( 9, 95di - (2- et hyl hexyl ) - f | uor ene- oxadi azol e) 10 The experinment of
Exanmple 7 was repgated using d/different reaction time. |In the present

Exampl e, the suspe SN action mxture was stirred for 16 hours. The
rest of the proc &1 Ki iju and purifying the product was the
sane as in Exanp C »o%}a'rned via the two different procedures

(Exanpl e 7 and Exanple 8) exhibited 'simlar performance when used as a 15
material for light emtting di ode devices. Proton NVR data were collected,
and the resul { §-NWRe(500Hra B Fady) SrppmEx 8361 (s 2H, fRosangiringd S3ffohesslipsalof pol y

(9, 9-di - (2 et hylihaitke fibdios 0%, %ﬁdkm%ﬁ%remm XPELbBBE 4 LEXRDPL € 7 ves

repeated using a Faton's
r eagent 100bt ai heb- lf}&)ﬁw,@}ér}i é]rlfyl)vxégzﬂs]é)dbégﬂ Ili%alk}"éaQ:?$ Qr?og(g’f’\?gﬁt and was

purified by vaplalkyldlies48-0aibopHPHEMKH).it was used in the reaction. The
rest of the prgced re,was the sane as in Exanple 7. Proton NVR data were
col | ect ed, and—%&ﬁééults were the sanme as in Exanple 7. Exanple 10 25
Synthesi s of p8yythesiveftnody(0P:&;E-cthylmatyhyfluvesnergxatliagele phendsredianaol e) 3.0 g
of phosphorus %BB&%P&%M§ di ssolved in 40 nl of nethyl SU|fUI’I c acid by

stirring in a 110C qi eati ng bath under the ecti on_of en.
mxture i8f 2.0 g of To a mixture of 1 g 0of 9,9- cﬂ (2- ethylhexF))' uorene-2, 7-d1car oxy g

9, 9- bi s- (3, 5, 5adid,j Fthy bhexeph)halit deid ciR-226 mgbiaidaeine hydradhildtidearsd 270 ng
oyl e, AL 1 5 AR s RO IR R °
purified by vacuum distillation before it was used in the reaction. The mixture
was stirred under nitrogen at 110°C for 5 hours, after which it was cooled to room
20 temperature and poured into 1000 ml of water. The crude polymer precipitated
from water as a white fiber, which was isolated by filtration, washed by water,
then methanol, and vacuum dried. The crude polymer was dissolved in 40 ml of
thionyl chloride. The solution was filtered through a 5 pm filter, and the solution
was poured into 1000 ml of water. White polymer fiber was precipitated and
25 isolated by filtration. The polymer was washed by a large amount of water, then
an aqueous solution of sodium carbonate, then water, then methanol, and vacuum
dried. The yield of the product was 82 %.
Proton NMR verified the following copolymer structure:

{3—]—[—@@—]{—

TH-NMR (500MHz, CDC],CDCl,) & ppm: 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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cooled to roomtenperature, the solution was poured into 500 m of water.
Pol ymer was precipitated as a white fiber and isolated by filtration. The
crude povgoer2ems washed by an aqueous sol ution of sodi urcTasiomete, then
water, then nethanol, and dried at roomtenperature in vacuo. The crude
pol ymer was 355dins tingo T C { V Il ed t hrough
a5 mfilter ar%' Of%gwglgf‘?ngﬁﬁl\??s Oft?fhle%wgtr)rél?lgi ?%@é”??ﬁ@?\%{ﬂé’r?%he pol ymer
was isol ated afdalElhed 25 WO 01/77203 PCT/ USO1/ 10026 by water, then

met hanol , and ¥gempl@@dri ed at roomtenperature. This purification process
was repeated t d

ce and. aff arded .t he .pol r as a white fiber. The yield of
t he product \Nagy‘it.%ﬁﬁs ?9%013@39' F@f%lﬁﬁﬂyﬁ?qr?’f%ﬁ‘ ’r?é"lFtﬂhF’@aF'ﬂfé a8 fr uct ure:
5 N N O5n i H kMRotnSopdlyimer THF-d8) 6 ppm 8.36 (s, 2H, fluorene ring), 8.25

(broad peak, 2H, f rene [i 0 Bald (don2H, d=Mdz, £l yorene ring),
505 s Cor . a1+ APymed o5 Pk Rac e, didfpen pAORERRS AR )
2H, Hal kyl), 0758gmnf9gegtshgliczeld, akd 21 kmpig)of h@dragin® hgdro¢hdprid@was ddideldkyl ) .
Exanpl e 11 Syni§esios E9fon’ £ ; e
poly(9, 9-di-(2- e?ﬁfﬁﬁef&l%@ ?%eﬁ%r_Te}heer-e ?)txoaélll1 eapzr(())feed-f1 E%fe%wloékr%relj U%gn%p urrlfghn om
copol yner 15 Ttheproguet isrthe gﬁmelasgn@p(ample 11. The yield of the product was 80 %.

9, 9-di - (18- et hyl hexy Pjotbrl NMIR&riffed/thél FSIRFAAX Ydpobym@Glrtletudd 7 Ny of
terephthalic acid, and 286 ng of hydrazi ne hydrochl ori de was added 50 m
of Eaton's reagent (obtained fromAldrich). The Eaton's reagent was
purified by vacuumdistillation before-it was used in the reaction. The

m xture was stirred under nwhrogen—at 110C for 5 hours, after which it was

cooled to room 20 tenper at d Poured into 1000 mi, of water. The crude
pol ymer precipitated fr aye “\A&ijlg_l?i b@ Wm\ b s isolated by
filtration, washed by wate met Aanelk,Lan ac@lﬁsL ryegd. The crude

pol ymer was dissolved in 40 ml of thionyl chloride. The Solution was
filtered throu&{h a5 mfilter, and the solution was poured into 1000 m of
wat er. Wi te poHyMR GEOOMHzWEHFplge &ippint 8t4dds,a4k) b2azeine aing), 82y, 4H, t r at i on.
The pol yner wa b L her
sol uti on of sog}lﬁxﬁqﬁ%gg@b%&@ é(l;l’qt Egﬁ’%ﬂo r Q{eﬁgﬁs’ﬁe{%gn%ﬁHéﬁgagggﬁﬂi dri ed.
The yield of tFHB2kPEaRAS (heradgrake 8o AN DNVES ] el (bF.i 324, Hhalky By 0. 5079
copol yner strugrlzsH, H-alkyl).
Example 13
20 Synthesis of poly(9,9-di-(2-ethylhexyl)-fluorene-oxadiazole-phenylene) as a

random copolymer
To a mixture of 1 g 9,9-di-(2-ethylhexyl)-fluorene-2,7-dicarboxylic acid,
226 mg of 2,6-naphthalenedicarboxylic acid and 214 mg of hydrazine
hydrochloride was added 50 ml of Eaton’s reagent. The mixture was heated under
25 nitrogen at 100°C for 5 hours. The rest of the procedure for working up and
purifying the product was the same as in Example 11. The yield of the product
was 85 %.

Proton NMR verified the following copolymer structure:

{”T;'HJT

TH-NMR (500MHz, THF-dg) 8 ppm: 8.90 (d, 2H, naphthalene ring), 8.45 (br, 2H,
naphthalene ring), 8.42 (br, 4H, fluorene ring), 8.32 (t, J=8Hz, 2H, naphthalene
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[ \V/ \V/ NO- \ / NO- 30 I H NWR (500MHz, CDC12CDCl1l2) 6 ppm 8.4 (s, 2H,
fluorene ring), 8.17-8.31 (d, 2H, fluorene ring, 4H, phenylene ring), 8.01
(d, J=6HayoBt#77203 uorene ring), 26 WO 01/77203 PCT/ USO1l/ 1802@S012100- 2. 37
(br, 4H, H-aIkyI) 0.71-1.1 (br, 16H Halkyl), 0.45-0.70 (br, 14H,

H al kyl Exa
pol y(g g) di - (rzrpie élzzr?%ln iﬁ?h&eﬁéﬂgg)ogyl(grigfl fluorene ﬁlrég?é2225(br§ I’andom

copol ymer To a2byki Qt?é'lolf 1, 3gH, H-alkyl), 0.50-0.70 (br, DM, alk)’l}
9,9-di-(2-et hth%Mk)mfl uorene- 2, 7-di carboxylic acid, 173 ng of

terephthalic a an raz dr oc Jor| de. was added 40 ml

of Eaton's reasghtp Sr?@q})é(ggg%f&t qlﬂf‘r’%be@lﬂ’ \%‘l’ R‘Itli‘fa\,\%b‘e}a?ﬁja puri fying
t he prod6ct isrankiemmpelyﬁ&rl n Exanple 11. The yield of the product vvas 80
% 10 Proton NWR vep tr C-

1H NVR (500MHz, THET “? gtuwgff gbﬁp & @gﬁtﬁ‘aﬁgﬂéﬁ%oﬁénerﬁé#ca?@xiy %‘u 4H,

fl uorene ring); 598m86>f61d0phpﬂ8-|§425 dm&a\‘boﬂlmdﬂ%gl)lg ofihyiBazing J 8Hz 4H,

fl ; i ; 2H,
h g?)rksln)e, B' gghydrgc}a&' & Was 4dAE® 30 n 98 KatoBH: re{%ﬁ{ Wile) mixty Z%v % géellté@g?de’%

pol y(9, 9- di - ( 2MEPREH T’Fe@&olg quSJB’rué%éhWE%h EXQ}S’IFEOWBWPE}Y@?“%“%“@ andom
copol yngo To apurifyingrtke pfodlictgvas the same as in Example 11. The yield of the product
9,9-di-(2-ethy (yl, -fluorene-2, 7-di carboxylic acid, 226 ng of

2, 6- naphthalenealcar oxylic acid and 214 ng of hydra2|ne hydr ochl ori de was
added 50 m of Eat oRrotory MiRewerifictilibe followimgcopatyniee atrecturender 25 ni trogen at
100C for 5 hours. The rest of the procedure for working up and purifying
the product was the same as~in Exanple 11. The yield of the product was 85
% Proton NVMR verified the fo g copolyrrer structure NLNN 30 n

1H NMR (500MHz, THF-d8) S d-N t hahe \ ng), 8.45 (br
f )53 J=8Hz,

2H, napht hal ene ring),
napht hal ene
15
TH-NMR (500MHz, THF-dg) & ppm: 8.40 (d, J=9Hz, 2H, fluorene ring), 8.25 (d,
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 terephthalate, 32 g of 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 down, it was poured

25 into 500 ml of a 5% aqueous solution of potassium hydroxide and extracted three
times by ethyl acetate (3 x 200 ml). The organic layers were combined and
washed by water, then dried over MgSO,4 Evaporation of the solvent afforded
diethyl-2,5-dihexoxy-terephthalate as a dark-colored crude product.

The crude product without any purification was mixed with 200 ml of

30 ethanol and 20 g of potassium hydroxide. The resulting mixture was refluxed for
2 hours. After the mixture had cooled, 300 ml of 8M hydrochloric acid was
added. 2,5-dihexoxy-terephthalic acid precipitated, was isolated by filtration, then
washed by water. Recrystallization from ethyl acetate two times afforded pure
2,5-dihexoxy-terephthalic acid. The yield of the product was 15¢g (52 %)
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27 WO 01/77203 PCT/US01/ 10026 ring), 8.26 (br, 4H, fluorene ring), 8.13
(br, 4H, fluorene ring), 2.2-2.5 (br, 84 H alkyl), 0.75-1.1 (br, 32H,

H al kyl ) wOob0=03 70 (br, 28H, Hal kyl). Exanple 14 Synt heBCHUS§1/10026

pol y(9, 9-di - (2-et hyl hexyl)-fl uorene-oxadi azol e-t hi ophene) as a 5 random
copolynmer To a mxtyre o . . )

9, 9- di - ( 2- et hyl hexy:#f‘%?ﬁ‘E‘B&%%&r}@‘f“ﬂ’&f‘é%“ﬁ%f}‘ﬁ"é“%t:i d, 359 ng of

t hi ophene- 2, 5-di carboxylic acid and 286 ng of hydrazine hydrochloride was
added 50 m of Eaton's reagent. The m xture \Was heated under nitrogen at
100C for 5 hours. The rest of the procedure{for working up and 10 purifying
the product was the sane as in Exanple 11. e yield of the product was 80
% Proton NVR verified the follow ng copolyner structure: [ \ / \' / NpNL
/IS / OV n 15 1 H NWR (500MHz, THF-d8) ppm 8.40 (d, J=9Hz, 2H
fluorene ring), 8.25 (d, J=8Hz, 2H, Hdcgse e-copng), 8.13 (d, J=5Hz, 2H,
fluorene ring), 8.06 (s, 2H, thiophene r¥mg), 2.32 (br, 4H -CH2),
0.75-1.1 (broad peak, 16H, Halkyl), 0.5-0.7 (br, 14H Halkyl). 20
Exanpl e 15 Synthesis of 2,5-di hexoxy-teregphthalic acid A m xture of 20 g of
di et hyl - 2, 5-di hydroxy terephthal ate, 32 g{of n-hexyl brom de and 27 g of
pot assi um carbonate in 250 m DVMSO was heated at 100C under nitrogen for

20 hours. Aft ergiueIRisSOMIES, PRF-R9Y ﬁﬂ%g,gh,v@éoﬁlﬂw.ﬁfﬁg%g}ﬂf ﬁérde%g%)o. m

of a 5% aqueous sol ution of potassium hydro e and_extrac tinmes
by ethyl acet atiggk 3-9%¢ (bdosip.*H. theHa) o @144 &h-alkyy b38BnithEhalkrld.  washed
by water, then]dei(@d8HYHrallgH047(Ey-q1, 8Hhon of the sol vent afforded

di et hyl - 2, 5-di Eexox%-l%erepht hal ate as a dark-col ored crude product. The
crude product any purification was m xed with 200 mi of 30 ethano
and 20 g of poSusbesimnofd;sboxBces-trithethylbexdxty)-teyephithelicraeidnas refl uxed for 2
hours. After the m xt l@rd ikd was
added. 2, 5-di hexox Atde{{xgtgﬁ'? %gggkgfglmﬁ g%e%%?{ogfewé@ﬁ%gﬁgggléa‘?fe%igy
filtration, t h@ﬁnetéﬂbﬁw chiprideard 27 geEpetassiin carhenaihine 350rmePMAO wedt ate two

tinmes affordedh@iedat 180%C Ghde@nAoteh B5r@PMHNA, | Lfidthdmixthe cvbRH do®h, £ he
product IY)\BS 159/a§ gozurg/g into 500 ml of a 5 % aqueous solution of sodium hydroxide 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 MgSO,4 Evaporation of the
solvent afforded diethyl-2,5-bis-(3,5,5-trimethylhexoxy)-terephthalate as a dark-
colored crude product.
15 The crude product without any purification was mixed with 200 ml of
ethanol and 40 g of potassium hydroxide. The resulting mixture was refluxed for
1 hour. After the mixture cooled, 300 ml of 8 M hydrochloric acid was added.
2,5-bis-(3,5,5-trimethylhexoxy)-terephthalic acid precipitated and was isolated by
filtration, then washed by water. Purification was done by recrystallization from
20 ethyl acetate/hexane two times, then filtration through a silica gel column using
ethyl acetate/hexane = 1/2 as an eluent. The yield of product was 17 g (52 %)
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28 WO 01/ 77203 PCT/ USO01/ 10026 Proton NVR verified the follow ng structure:
0 HOOC COCH 0 H NWR (500MHz, THF-d8) 8 ppm 11.2 (b, 2H, -COOH), 7.34 (s,
2H, benzeweoirizog), 3.92 (t, J=8Hz, 4H, O CH2), 1.65 (m He&i/URbiadokas ),
1.38(m 4H, Halkyl), 1.22 (m 8H Halkyl), 0.77(t, J=8Hz, 6H). 5 Exanple
16 Synthesis of 2,55 { i hexo terepht halic acid A m xture
of 20 g of diet hyI %to?j VSQ{} 42“3 %‘Y{%a o) g of 3,5, 5-

trimethyl hexyl chloride and 27 g of potassium carbonate in 250 i DVBO was
heated at 100C under nitrogen for 20 hours. Affer the m xture cool ed down,
it 10 was poured into 500 mM of a 5 % aqueouS\sol ution of sodi um hydroxi de
and extracted three tines by ethyl acetate ree tines (3 x 200 m). The
organic layers were conbi ned and washed by ter, then dried over MgSOH4.
Evaporation of the solvent afforded 0

di et hyl -2, 5-bi s- (3,5, 5-tri met hyl hexoxy) .t er thal,ate as a dark- colored
crude product. 15 The crude product wi t hout y purification was m xed with
200 m of ethanol and 40 g of potassium hydroxi de. The resulting m xture
was refluxed for 1 hour. After the m xture/cooled, 300 mM of 8 M

hydrochl oric acid was added. 2,5-bis-(3,5,»trinethyl hexoxy)-terephthalic
acid precipitated and was isolated by filtgation, then washed by water.
Purification was done by recrystallization-“rom 20 ethyl acetate/ hexane two
times, then fil trati on through a silica gel colum using ethyl

acet at e/ hexane gk ? bm%)s - YREL dzgfbé?{ZM V\@§1 /1 GHP2 N 29
WO 01/ 77203 PCT/ USOl/ 003@({ verified th t@ structure: 4

0 Hooc eéooH ik m4z7HeD%isf)I-a§(Y&pW4ﬂraéH< El-alllei) lerisldnéty i ng) ,
4.31 (t, J=7Hz,r—145124tﬂ,=3m GHRky1),11. 98(c{d9J—lJlfH72HZ 6}214,2H|-|Hazilkylb)l, 03L(s76H(M 4H,

H al kyl ), 1. 273&@@ §5‘(%ﬁﬂ{_h4§%yl)‘bﬁ% léﬁ% 1.18 (dd, J=l |Hz, J=6Hz,

2H, H al kyl),
Example 17
Synthesis of poly(2,5-dihexoxyphenylene-oxadiazole)

10 To a mixture of 1.0 g of 2,5-dihexoxy-terephthalic acid and 187 mg of
hydrazine hydrochloride was added 10 ml of Eaton’s reagent. The mixture was
stirred at 65°C under nitrogen. After 30 minutes, 10 ml of additional Eaton’s
reagent was added. The mixture was stirred for 3 hours before it was cooled down
to room temperature and poured into 500 ml water. The polymer precipitated and

15 was isolated by filtration. The crude polymer was washed by water and methanol
alternately until neutral, then dried in vacuo.

The dried crude polymer was heated with 40 ml of SOCI, for 0.5 hour.
The homogenous solution was passed through a Spm filter and then precipitated
from 500 ml water. The solid was isolated by filtration and washed by water and

20 methanol alternately until neutral. The polymer was dried in vacuo.

Proton NMR verified the following structure:
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al kyl), 1.02 (s, 6H Halkyl), 0.91 (s, 18H Halkyl). Exanple 17 Synthesis
of pol y(2, 5-di hexoxyphenyl ene- oxadi azole) 10 To a m xture of 1.0 g of

2, 5-di hewoayvtroepht halic acid and 187 ng of hydrazi ne hpdrastl/wnicde was
added 10 m of Eaton's reagent. The m xture was stirred at 65C under
nitrogen. After 30 mnutes, 10 m of additional Eaton's reagent was added.
The m xture was stirred for 3 hours beforeyt was cooled down to room
tenperature and poured into 500 mMl water. The polyner precipitated and 15
was isolated by filtration. The crude pol yner was washed by water and

met hanol alternately until neutral, then dyied in vacuo. The dried crude
pol ymer was heated with 40 m of SOClZ/ fo .5thur The honopgenous

sol ution was passed through a 5mfiltd @ ipitated from 500 m
water. The solid was isolated by filtratijon an d shed by water and 20
met hanol alternately until neutral. The | ymer was dried in vacuo. Proton
NVR verified the follow ng structure: 3Q WO 01/77203 PCT/US01/ 10026 O _
NN \/ / A\ O~ OlH—Nl\/R(SOOM—Iz CDC1 S ppm 765790(br 2H,

benzene ring), ( r Halkyl), 1.48 (br, 4H,

Hal kyl), 1.29 éﬂﬂ“‘%@oo FQ%ISH St Bp@47 gjﬂ_@ﬁ?‘l é’FﬂzenEiléﬁial“elgl LG5

Synthesi s of paHyQA'Hybil 803br 4H; Hrdlkg), h)ASi'(exw}yH-allkgl)yl encorpgiddianelly) To a

m xture of 1.8 P205 0O mM of CH3SG3H preheated to 60C was added a
08472928 %11

m xture of 1.5°Q (3,5,5-trinmethyl hexoxy)-terephthalic acid and
228 ng of hydrEzampledgdr ochl oride. The nixture was stirred at 60C under

ni trogensfor 20yfautiSof RIJ@Is-8i%8, T8 HirkéiRy RARhO L pAGbre bRz E e At Ur e,

it was 10 poured in r r |tated and
i solated by filtrat &BHm‘x*ﬂﬁ%o g29@|@ﬁ§8“&§2%ﬁ)@h{0 mgheatadep 6 Qr@%ﬁ‘ét hanol
al t ernat el y unaddednenixnat of 1.5hesf 205-bu(B,3 Sl-tl\naelhgllhei'dibq)déneﬁlﬁihﬂidkdﬁi pal yner

was heated wi tﬁ‘fol g%lfn?{i a?igglhgdrfogﬁlgﬁdé "ﬁ%%txturgt!\fa gﬁ%@ﬁ%ué un éru“ on was

passed t hrough™a reci
nitrogen for 20 hours. After the mlxture cooled down to room temperature, it was

10 poured into 500 ml water. The polymer precipitated and was isolated by filtration.
The crude polymer was washed by water and methanol alternately until neutral,
then dried in vacuo.

The dried crude polymer was heated with 40 ml of SOCI, for 0.5 hour.
The homogenous solution was passed through a 5 um filter and then precipitated

15 from 500 ml water. The solid was isolated by filtration and washed by water and

methanol alternately until neutral. The polymer was dried in vacuo.
Proton NMR verified the following structure:

3

° N
{
o n
0

TH-NMR (400MHz, CDCl3) 6 ppm: 7.76 (br, 2H, benzene ring), 4.20 (br, 4H,
O-CHy), 1.90 (br, 2H, H-alkyl), 1.74 (br, 4H, H-alkyl), 1.26 (br, 2H, H-alkyl), 1.1
20 (br, 2H, H-alkyl), 0.90-1.02 (br, 12H, H-alkyl), 0.81(br, 18H, H-alkyl).
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15 from500 m water. The solid was isolated by filtration and washed by
wat er and nethanol alternately until neutral. The polyner was dried in
vacuo. Rvovom2bVR verified the followi ng structure: 4 o PCT/OSdi/tdedVR
(400MHz, CDC13) S ppm 7.76 (br, 2H, benzene ring), 4.20 (br, 4H O CH2),

1.90 (br, 2H, E‘X%Fww’ 1.74 (br, 4H, Halkyl), 1.26 (br, 2H, Halkyl), 1.1
20 (br, 2H, H alky 0.90-1.0 r, -12H, al kyl .81(br, 18H, H al kyl).
31 WD 01/ 77203 PCT/ U%E?IYBG26155E§8§%FémTBIe h%asp%ﬁ%ﬂ?@% i fdpgnsde ar9dNcER anpl e
7 was di ssol vesblution withape!ynter ot ation of BahgtmioSohitions wvith@bydedtrations
concentration ' j 1 n : | : to 15
ng/ M were al sg%E lprglgég{r{e81 .5 'ﬁg)gﬂ é%ﬁ?%?lls%"h}seg am%?’e%gglgél?%%%v? eirﬁgtgrr%i %ghmeti c bar
at room Penper Bregnaicthgr akiepwrtamperaursior severa Aaursc &4 Jeang selodetsplubinss wer e

formed. Pi nhol grfe fefmed! PifHdHrbd, MiFoMET BnORERIBEANdDLYSPic£4saa I t he
sol utions at roq%lggger ature. The in.speed was inth e of 400 rpm

the r
to 5000 rpm FQomy temneraturg; { Re SR SRGSESAS N Hie Tapgs gr@@de A were
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spectra from agkid m of the polyner synthesized in Exanple 7. The onset of

the absorption band_is at approximtely 15,400 rim The PL_ em ssion profile
is characterized bysEWéiQF%@f%?eﬂFﬁ‘ﬁergF@@egé?Hﬂ%“ thesp glﬁﬁ E‘Qrelars BIVSHE( 400 to
500 nm) with aalisaiptioaxhé pHotouninescentg€PL yapeetrefrginisiilm dfvke golyateron col or i s

turated bl it h: i = = | |
col or “coor di napidielaE iy ERRLIETR 188 byt B a¥ctpdih bud R apbRrdlief U©
ef ficiedéy of #4fwm. fTheRE apissioreprofitedd charadierized\py| sgygsalaiboe® sida bapds and a

cal i brated i nt garebiueFeEiONEI0D t6 SD@ A kvith bNAil Bkiefdihi ¢ RAEH WiRlchgthd0 %0 i n
filnms and 40-6

oo )
(e and 40 G e B B Gyt e AR e
Exanpl e 18. Extarthé blu@olor coordinates that the CIE recommends for color displays.
The PL efficiency of these films was measured with a UV lamp at 365 nm
20 and a calibrated integrating sphere detector. The PL efficiency was 13-20 % in
films and 40-65 % in THF solution.
Fig. 1b shows the absorption and photoluminescence (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 described 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 results
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.
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25 Pol ymer solutions were prepared and filns were spin-cast as disclosed in
Exanple 19, but with the materials described in Exanples 8-14, 17-18.

Pol yer
Exanpl e 19.

em ssi on were observed
wer e neasur ed

for the differeffypqgl yners.
the results 30

wobng72eere cast follow ng procedures simlar to poD®soId®sn i bed in
Lum nescence in different colors and in broad band white
When PL efficiencies

, régg%g_fromm-% % for the thin solid film
and 30-60 % for the solution i 1cie & P mrari zed in the

foll owi ng Tabl e.

the Polyners

11 jim 8 432 49%
13 430 4%

39% 11%

Pol 'P’%gynhé? il pe
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V. HaVal 470/ 4l'0
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2 WO 01/ 77203 PCT/USQ1/10026 Table 1 PL Efficiencies for
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Example 21
Thin film devices were fabricated in a sandwich configuration with layers

in the following order: anode/poly(fluorene-oxadiazole)/cathode. ITO on a glass
substrate was used as the transparent anode. For 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(fluorene-oxadiazole) material used in the present Example was that described
in Example 7. Calcium was used as the cathode electrode. The thickness of the
polymer layer was approximately 100 nm. The active area was approximately
0.15 cm2, which was defined by the overlap area of the two electrodes.

The current-voltage (“I-V”) characteristic of the device is indicative of
rectification, with a larger current observed when biased in the forward direction
(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
102, Similar results were observed in devices made with the polymers disclosed
in Examples 8-14.

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

Example 22

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

disclosed in Example 7. These devices have the following layered structure:
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forward current to reverse current at a given voltage) was typically |arger
than 102. Simlar results were observed in devices nmade with the pol yners
di scl oseavo 8077203 Exanpl es 8-14. Au, Ag, N, Cu, Se, and Pedii/usew®om so used
as the anode el ectrodes, vyielding simlar results. Ba, Li, Ce, Cs, Eu, Rb,

SmA, and In ectrode, and simlar -V
characteristi cm@éﬁégwﬁmb%)@%&gﬁ% 4 ght emtting devices were
fabricated usi ngpdlmle()GIOQ(rﬁﬂ)(H?(%nm)/di(dQO amy| éf)le nulinbersmtin@ bracketganditase 7.

These devi ces uraes Ji
s e i I g T

nm / Ba(5 nmnj/ AP§tygen HW)PEA(HE %H‘E}e‘é?@‘oft’r’i‘et d‘B?"JéJéY"é'S fimreayethe pale nonmi nal
t hi ckness of t h@eo@x@h G lemeﬂ afnyieds sffectivelyi blodRMiKe kRy@onsfesm comarg @d

bet ween t he PE xad| ers.t rove the hole
5 ecti on 1 nborEREDSRsroRieER® BRC e e oot viB bRt ¥ ns T om
comi ng out of qmdm@rp@ﬂ‘}&(leﬁﬂcu@wenle‘?/@m|V@§@Ibt§1)ne|da)FéG 2 phayes the ght eni ssi on
with an exter n@ll&ctrcﬁﬂﬁme%@n%ﬁﬁsgﬂoﬁ% Q%8 d%vPéep%@tm@élopbé&m%s afedl G 2

shows the electrolumnescent em Ssi on fromsuch a device. The CIE col or
coordi nat es ar8-0-%3¢=0g5, yhichate cigss tohepumbgrs eecommenied by e &1E Tl comended
by the GDE f orcdiér display apblﬁ:ﬁh@)s zm@lwmtvidesa suinhfary Bfatmftbﬂ&&v&e§wmry of

data from devi gv%r%\n%gp%lg%i%{esanlegg@ %b&g s?éooq@ng rom gOOA to 1000!.

Dat a include | v dependence, and
the ECE as a fchmeadtasisties, emlmmqlmgnﬁwodcmmenwhw @£QE1@& hmetiethefl hi gh

efficiency bl Uﬁle%gcéﬁ'reﬁﬁ Tﬁea&'id ﬁéifcﬁfé thb‘i'hi'gh dthBicRQ) MUBLEDs 2k gsed i n

Exanpl e 7. The_ext ernal m 15 e re ned approximately 1 %
ph/el over a b Hepied prigadh p&fb@’@ I rd prsExatagle fy lféeeﬁtema[w%r LEDs

with bl us col oefficihep ﬁerﬂwﬂe&@@rmae@ple‘r/@lﬂd o&tr 4 brvad burdent vaige a@Rich id ght

t appr oxi mat el 915 e in AR TRIE G Eptls Sorok D Gy AR ERE HUBBe < e e
anong t he best bidemoltager é.ngd efragsidpl was tppicalleobseimed aboveGt Exmagies 23 Pol yner
LEDs were al so,f mlh&%&go%&mﬂwg‘qﬁ% @'uﬁ%@ﬁe%ghesrbveﬁwea%ﬁz 4 The

devi ce struct UI’ was as

nm) / Pol y(f | uor M8 dRessimumiees)are amongihe %ﬁtma@nstga%@amwb}f%ermlés used as
t he cat hgde rragggm k.23 25 includi ng Ba, Sm Ca, Y, Inand Al. FIG 4

conpares the E Pglyme itEb%QNecr)e also ?abncated 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
2.9eV and 4.2 eV, respectively. Relatively high EQE (0.15-0.2 % ph/el) was
observed 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:
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served in devices made with a Ca cathode.
Example 26
Two light emitting devices were fabricated in the form of:
(a) ITO/PEDOT(80 nm)/poly(fluorene-
“oxadiazole)(100 nm)/Ba(3 nm)/Al(100 nm);
(b) ITO/PVK(30 nm)/poly(fluorene-
25 oxadiazole)(100 nm)/Ba(3 nm)/Al(100 nm).
The difference between the two devices is the buffer layer, either PEDOT
or PVK, between the ITO contact and the luminescent poly(fluorene-oxadiazole)
layer. 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, approximately 103 times higher than that in device (a).
Example 27
Thin film devices were fabricated in the following configuration:
ITO/PEDOT(80 nm)/poly(fluorene-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/cm2. The intensity of the radiation in the UV spectral
35



(b) 1TA PVK(30 nm/poly(fluorene- 25 oxadi azole) (100 nm/Ba(3 nm/Al (100
nm. The difference between the two devices is the buffer |ayer, either
PEDOT omwe@VK772bet ween the |1 TO contact and the | um nescenPCT/US01/10026

pol y(fl uorene-oxadi azole) |layer. The effective work function of the PEDOT
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and t he hi ghest 15 occupi ed nol ecul ar orbital HOMO') energy obtained from
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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

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 is at approximately 400 nm,
similar to that of the absorption spectrum in the same material. Such a device can
be used for visible-blind UV detection. The ratio of the photoresponse at 380 nm
to that at 450 nm is larger than 1:104,

30 Example 29

A light-emitting device was prepared as follows. On partially 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 spinning a
1 % wt./vol. solution of PVK in 1,1,2,2-tetrachloroethane at 5,000 rpm for
60 seconds. (PVK is commercially available from Aldrich, and was used as

received). After drying at 60°C for 1 hour, a 600 A layer of the polymer in
36



20 Exanple 28 By selecting a pol y(fluorene-oxadi azole) with an absorption
edge at 400 nmor shorter, visible-blind UV detectors can be obtained. FIG
7 shows tWeor/spextral response of a photodetector nmade w POT/EEI026
material. The data were taken under zero bias, i.e., in the photovoltaic

mode. The devi ge, #aR 70\9£L515 d%%%&?a‘%‘rﬁ@/nﬂ séltuﬁH&tPlHde?'oW ! ar tO that of
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The above desc%*?eg{i%%% C e i e e Shcalha Bt R In Ty BB
material s of tidhpptdached claimention. This invention is susceptible to

nodi fications in the nmet hods and materials, as well as alterations in the
fabrication nmethods and equipnment. Such nodifications wll becone apparent
to those skilled in the art froma consideration of this disclosure or
practice of the invention disclosed herein. Consequently, it is not
intended that this invention be limted to the 15 specific enbodi nents

di scl osed herein, but that it cover all nodifications and

W)
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alternatives comng within the true scope and spirit of the invention as
enbodied in the attached clains. 37 WO 01/ 77203 PCT/ US01/ 10026 CLAI M5
What is ov@bneoi s: 1. A conjugated pol ynmer conprising frpar/Bstioio8s0 repeat
units, which may independently be the same or different, the repeat units
represented by 5 fornula: N-N 4Arorn-(gjapngerein Aromis a noiety
sel ected fromthe group cansisting of Formulae 10 (1), (2), (3), and (4):
Rx (1) Al |x Thatisclaimedigry Ary Ix Ix (3) AryL Aryl5 (4) wherein each
Ary, which may i ndegendestinjugated golendraoRipeising iffoh£3 N300 fepeat 2altEGHEEL from
t he group consi stl.n&ﬁof %ﬂ ar mat i c h;adéfréeoc rbon ri l%and a CZeét aromatic
heterocyclic iy PgsRapdsntly peithe sameqridifferenty, etrT‘P(fag BEREHY % g of an
et hynyl droup dorchwda: 20 substituted or unsubstituted ethenyl group; wherein
each R, which may independently be the same or different and which may be
unsubstituted or subsi4tuted-Ry—a substituent selected fromthe group
consi sting of cyano,{k%p,(a ogen, is selected fromthe group
consi sting of hydrogef; arylQ kylaryl, arylal kyl, and al kyl, wherein none
or one 25 or nore -CH2- units of the alkyl are replaced by a noiety
selected fromthe g : ESt 1 s Qs o= Do . - -
wherein each R V\h%&#}a‘&?&ﬁh%pg%ggéﬁﬁcgedb%o@ﬁ%e éﬁ‘ﬁ%é%rrm%'}lgfo g?grrlﬁu,h@
conprisdd a c1(Do@)<@h#rd{®d acyclic hydrocarbyl group; and wherein each x
is the nunber of hydrogen atons of Ary capable of 30 substitution by R 38

Tx

() —AYT—
Ry Ry

|

@ —AvTAY

15 4)
wherein each Ary, which may independently be the same or different, is
selected from the group consisting of an aromatic hydrocarbon ring and a C,,
aromatic heterocyclic ring;
wherein L is selected from the group consisting of an ethynyl group and a
20 substituted or unsubstituted ethenyl group;
wherein each R, which may independently be the same or different and
which may be unsubstituted or substituted by a substituent selected from the
group consisting of cyano, nitro, and halogen, is selected from the group
consisting of hydrogen, aryl, alkylaryl, arylalkyl, and alkyl, wherein none or one
25 or more -CH,- units of the alkyl are replaced by a moiety selected from the group
consisting of -O-, -S-, C,_,, aryl, and -NR’- wherein each R’, which may
independently be the same or different, comprises a C,_,,, saturated acyclic
hydrocarbyl group; and
wherein each x is the number of hydrogen atoms of Ary capable of
30 substitution by R.
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WO 01/ 77203 PCT/ US01/10026 2. The polymer of Claim1l, wherein each R
conprises fromlto 100 carbon atons, preferably each R conprises from1l to
20 carbowabomro3 3. The pol ynmer of Claim 1, wherein each RT@eepizxes from
| to 20 carbon atons. 5 4. The polynmer of Claim1, wherein the aromatic

hydrocarbon ring is2 sghe lgzﬂhexfdstt(matnhe Whertip eacRicdinphigesttorRNasY o

fluorenyl, biphe ter r aphen anthryl, pyrenyl,
and phenant hr yfa}rgé?a? I%wa e%;#x% éﬁ?gﬂsfyhaﬂ’gf&%%’aﬁ%‘) LAYRE i ¢ 2+
hydr ocarbon ring i s3. sEheptlgaef ofdPlainh é, Whereip ecadnBi semprises frotrhl apenyl |

pyrrolyl, furagybon gug]ﬂgazol yl, 10 triazol yI i soxazol yl, oxazolyl,

oxadi azol yl, furazan pyr.i dyI bi pyrid yridazi nyI rimdyl,
pyrazi nyP, triazi nyI4 E@P%lilinﬁw B’é‘hio‘l"%ﬁf@ﬁﬁg aroa@ﬁﬁbrqlrp%é@hyng 1§ ndol yI ,

| SOi nplazlol ?/I Méaédmr&am doup lbmmhg bﬁﬁl?]dnyl ,ﬂuoiEBilB}lZ %ﬁ:ﬁé@&ly{elrpmuwnolt yl, 5

i soqui nol yl, cj; z0 na al azy entriazy
benzot et razyl , &Eéﬂ)l"%ﬁgktﬂ %Q'bfpﬁf‘%ﬁbax gé/"(ﬁ‘f’g’@ﬂzot hi ophenyl acri dyl ,
and phenazyl. 6. Thé. pﬁhqlpmlymetfoﬁmalnni,lwhemnrﬂm Fomapc E@mﬁdmbam()nﬁmgrml a (3)

and  wherein t &‘fec%m&}{lth d%r%H]P cérglsml% af {h(?(?%i'éh)? gfx}'cﬁgl fﬁ?nﬁ%mla& g{’]er einR

and R2, which may I ndepen are ected

from t hdOgr ouptriaaely}. dsoxaepl v owa bgeadiaze)yn Sirazenyk pyrididl bigeidylc, 20 al kyl |
and C2., aryl. 1%)7r1daI 1@9&%1@}1 C?’raﬁl i fiadiny G QMRS 1, Bendor@and0 to 300 repeat
ne

units. 25 8. The po r aim I‘ISI eat. upi.t wherein Arom
is represent ey l m(jﬁ})y @md%ﬁ%lyg ‘Pag‘f’]?’élbﬁﬁ?ﬂtriamg%er ein the

pol ynmer cont ai beswzoeqrebtl, quindlgl, ishquinolgl, Arrmmytb,fqumaeokyt naphittyiddylfFor nul ae (1),

(2), (3) and r i 19 rein the ratio of
repeat units v?%gz}i%heﬁtr@%l 9&20%85) cfarﬂé%lgt’or M gfura\(@@f (2), (3) to
repeat ddits h@b?lﬂg’ﬂmmmlf afridybaand pheazylanges from about 0.1:1 to about
10:1. 10. The pol yngr ?lfle 1%_31?1'11@?(9{ Cl%?[%x%nﬂs*?b!ﬂé%ké&%y%mﬂfa% an® capped

with a benzoic ﬁ‘ ) ('aim’l, wheréin a carboxy end
group i s cappeWhs tnht es%‘le%y tﬁé‘?ﬂi’o‘ﬁy ?

N/
o] o]
/ g,

Ry

20
wherein R, and R,, which may independently be the same or different, are
selected from the group consisting of hydrogen, cyano, nitro, halogen, C, ,, alkyl,
and C,, aryl.
7. The polymer of Claim 1, comprising from 20 to 300 repeat units.
25 8. The polymer of Claim 1, comprising a repeat unit wherein Arom is
represented by Formula (4).
9. The polymer of Claim 1, wherein the polymer contains repeat units
having Arom of one or more of Formulae (1), (2), (3) and repeat units having
Arom of Formula (4), wherein the ratio of repeat units having Arom of one or
30 more of Formulae (1), (2), (3) to repeat units having Arom of Formula (4) ranges
from about 0.1:1 to about 10:1.
10. The polymer of Claim 1, wherein a hydrazide end group is capped
with a benzoic acid.
11. The polymer of Claim 1, wherein a carboxy end group is capped with
35 a benzohydrazide.
12. A process for preparing a polymer, wherein said process comprises:
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12. A process for preparing a polyner, wherein said process conprises: 39
WO 01/ 77203 PCT/ US01/ 10026 (i) providing a reaction mxture conprising a
hydr azi nav@al/t720an aci di ¢ reacti on nedium and a di car boxpeT/wsaciozé wher ei n
sai d dicarboxylic acid, which may independently be the sane or different,

is represented by o ) (1)
HOOC. Al COOH 11X 1% 15, ?J"ﬁ@ﬁ%@@‘&’“é%‘&%WP@ %‘y ﬁﬁ%@%“l&an al_ldig(

and HOOC / COmection lyledlumen%éwamchwdwher%Fetm dwasbowmku@@md»d@lm: y be
the sanme or di ffaghedtpendenitly $6k1RCaAR o UFBrEMSs Fepebentd ) Silel JTF ophuRB
aromatic hydrogﬁ5Q2n @%ha C21 aromatic heterocyclic ring; wherein L
is selected fr ’ é@r)og‘lpa sisting of an ethynyl group and a 15
substitutted or unsubstituted ethenyl group; wherein each R which may

i ndependently be the sane or &fferent and which nmay be unsubstituted or
substituted by a substituent 4e|ected fromthe group consisting of cyano,
nitro, and hal ogen, (|, H@@ICectﬁeﬂ—f—POGOHhe group consisting of hydrogen,

aryl, alkylaryl, arylalkyl, aﬁld al k,y ’wherei n none or one 20 or nore - CH2-
units of the aIkyI are replac d by nnlety sel ected fromthe group

consi sting of -0- §% and _-N wherein each R, which may
i ndependent | y be thé’l )sg or 'L}ﬂ’ffef\@(nt ngﬁprl ses a C1_100 sat urat ed
acyclic hydrocarbyl group; aRd wherei nR,each X is the nunber of hydrogen
atonms of Ary capable of 25 sybstitutioph by R (ii) polymerizing said

Lre—-apgt——GooH %ﬁJ i) recovering a

di carboxylic acid mtb Hear
erein said hydrazine

conj ugat ed pol ymer. The procegs of Claim12,’
salt is selected from

HoOC @.@ COOH

4’) A R ;

10
wherein each Ary, which may independently be the same or different, is
selected from the group consisting of an aromatic hydrocarbon ring and a C,,
aromatic heterocyclic ring;
wherein L is selected from the group consisting of an ethynyl group and a
15 substituted or unsubstituted etheny! group;
wherein each R, which may independently be the same or different and
which may be unsubstituted or substituted by a substituent selected from the
group consisting of cyano, nitro, and halogen, is selected from the group
consisting of hydrogen, aryl, alkylaryl, arylalkyl, and alkyl, wherein none or one
20 or more -CH,- units of the alkyl are replaced by a moiety selected from the group
consisting of -O-, -S-, C,_,, aryl, and -NR’- wherein each R’, which may
independently be the same or different, comprises a C, 4, saturated acyclic
hydrocarbyl group; and
wherein each x is the number of hydrogen atoms of Ary capable of
25 substitution by R;
(ii) polymerizing said dicarboxylic acid with said hydrazine salt; and
(iii) recovering a conjugated polymer.
13. The process of Claim 12, wherein said hydrazine salt is selected from
the group consisting of hydrazine chloride, hydrazine sulfate, and mixtures
30 thereof.
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t he group consisting of hydrazine chloride, hydrazine sulfate, and m xtures
30 thereof. 40 WO 01/ 77203 PCT/US01/ 10026 14. The process of Claim 12,
wherei n saddi/aenzli c reaction mediumis sel ected fromthe BeDUBIKCONEI St i Nng
of an organic acid, an inorganic acid, and mxtures thereof. 15. The

process~of O aim 134, WFﬁé Sfo@es%%‘f@lﬁﬁx' 1@ théx%ﬂpéa'i&ébl@i@i'éa‘éﬁbn Ee@f?ﬂpfs' ses
ol eum 16. The Pﬂroﬁfﬁﬁ Claim12, ?rel n said acidic react on medi um
gqt B‘F‘t e

conprises a sof SWP%PSF%’I“E a1 Pegagiqcidh an nprg ;apdyt . o
phosphorus peniigstedeherdof. The process of Caim 12, wherei n the nole ratio
of said dicarboxyli acid t h razine salt i S..at ast about 1:1.
18. The process of 1%1 a%ﬁ? R’é’ce%mg@?‘ﬁ‘dlﬁa g;er&ﬂ sﬂ%?c“}’l ﬁ“gaCE?’éB‘e Y™ onduct ed
for | ess5than ewopriseiRlduwours. 19. The process of Caim 12, wherein said
bolyrerizing step 1§, CORALRLE] of Haifh 12 WhE: ﬁ%éﬁﬁ@a&&cr@a%aoﬁgga ypout 110G

15 20. The process of concentration ar boxylic
acid in the re8QmpBsgisglutien OfWQWQSU’ffPB‘Fr@%%éEﬁ atdeastabqut dovta Yorhospisgusmy | |
21. The procesFerQ{mg} aim 12, wherein sal d di car boxyl i c aC| d corrprl ses a
m xture of at

east on d| car bo of Formyl a ast one
di carboxylic acid df F ‘hﬂq"ﬁ%ss }Q)a‘m( 85‘?8‘ %'”)ng.lle é’f Sa‘aﬁécag?%éfg%s of
Claim 210 vx/neremmdMdhjzdrezmakalolsrafleabtcaambdxyl ic acid of Formula (4') to

di carboxyl i ¢ aci d F?f:n o%gss(o}ddlm 1% %vhgr@ﬂ‘ s(a”e%olgrﬁn Zﬁl}?}g trﬁorg co%ﬁg%tgd gf 11

to about 10: 1. 23
Clains 1-11. £ less than about 12 hours

19. The process of Claim 12, wherein said polymerizing step is conducted
at a temperature of less than about 110°C.

15 20. The process of Claim 12, wherein the concentration of dicarboxylic
acid in the reaction mixture ranges from about 20 mm/! to about 150 mm/I.

21. The process of Claim 12, wherein said dicarboxylic acid comprises a
mixture of at least one dicarboxylic acid of Formula (4’) and at least one
dicarboxylic acid of Formulae (1), (2’) and (3°).

20 22. The process of Claim 21, wherein the mole ratio of dicarboxylic acid
of Formula (4’) to dicarboxylic acid of Formulae (1°), (2°) and (3’) ranges from
about 0.1:1 to about 10:1.
23. A diode comprising the polymer of any one or more of Claims 1-11.

25
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