06759 USA TITLE OF THE | NVENTI ON: ELECTRI CALLY CONDUCTI VE POLYMERS AND
METHOD OF. MAKI NG ELECTRI CALLY CONDUCTI VE POLYMERS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] The subject matter of the instant invention is
related to copending and conmonly assi gned USA Patent Application No.

11/ 446,075 entitled "HETEROCYCLI C FUSED | M DAZOLONE, DI OXOLONE,

| M DAZOLETHI ONE AND DI OXOLETHI ONE 5 MONOVERS'. The di scl osure of which is
hereby incorporated by reference. BACKGROUND OF THE | NVENTI ON [ 0002] The
present invention is directed to conpositions of matter, nore Q&5 arly,
10 el ectrically conductive polyners conprising polynerized heterocyclic
fused ring nononers, nethods of producing such conpositions of matter, and
to applications utilizing sucATEEQFOEHEINMENGIOM®at t er. The conpositions of
matter according to this invention can be utilized in a variety of

i ndustrial appli cELECTRICACLYGONDUC BYE RRKYMERS AND MEEHED Qff ectrol ytic
capacitors optical |'y MAKING ELECTRICAIILY CONDUCTHVEROQYMERS coatings. 15

[ 0003] Pol yners formed fromthi ophene and substituted thi ophene nononers,
whi ch possess relatively | ow band gaps (Eg), denonstrate neasurabl e

el ectrical conductiviCROSSIEREBENCEETQ RELATED ARPLIEATIONE t o as
intrinsically conducting polyners. The term band gap (Eg), refers to the
energy di[00&r])erheaubjettunster of the instant mventiongy relatedstiosopendingandicemmashuct i on

band and t he val e bapnd... The han xhi. bl § &eb-Rv \ Eyyver 20
depends LPﬁE)‘ﬁne&]W&’éWt &ppl}cgﬁ%ﬁg- ﬁr/%%g)glg r?Bh{?%dte% I UC(?E?EY,?)(? Ftﬂfr?e nonomer
mfaki ng UpMIDA lzmngEeDa IO'{EQ%ONEJ} MBA%]QQJEﬂhIPHONWh BEWEETHl@NEabbagd gap
of 2.L eV, poly (2- decylthieno[3, 4-b] thiophene nonstrates a band gap
of O. j9”2 eMOS?QME SY.( Zhe %‘ﬁ‘éﬁ%}‘ﬁ ﬂ‘{‘éﬂﬁlﬂ&h&!‘m’ OWH%ﬁ‘gﬁyffg‘Ffﬁﬁ?trat es a band
gap of 0.85 eV. [0004] Intrinsically conducting polynmers consisting solely
of aromatic repeating units in 25 the polyner backbone are typically not

soluble in water. Consequently, such polyners are typically processed
usi ng organi c solvents. Several nethods have been enployed to -1 06759 USA

i ncrease the solubility of BAGKGROUNR OF THEINYENTGNpol yners in vari ous

organi ¢ sol vents. y .
[0002] The present invention is directed to compositions of matter, more particularly,

10  electrically conductive polymers comprising polymerized heterocyclic fused ring
monomers, methods of producing such compositions of matter, and to applications
utilizing such compositiohs of matter. The compositions of matter according to this
invention can be utilized in a variety of industrial applications including electrochromic
displays, electrolytic capacitors optically transparent electrodes and antistatic coatings.

15 [0003] Polymers formed from thiophene and substituted thiophene monomers, which
poséess relatively low band gaps (Eg), demonstrate measurable electrical conductivity.
Such polymers are often referred to as intrinsically conducting polymers. The term, band
gap (Eq), refers to the energy difference between electronic energy levels called the
conduction band and the valence band. The band gap exhibited by a given polymer

20 depends upon a variety of factors including the structure of the monomer making up the
polymer. For example, polythiophene demonstrates a band gap of 2.1 eV, poly (2-
decylthieno[3,4-b] thiophene) demonstrates a band gap of 0.92 eV and poly(2-
phenylithieno[3,4-b]thiophene) demonstrates a band gap of 0.85 eV.

[0004] Intrinsically conducting polymers consisting solely of aromatic repeating units in
25  the polymer backbone are typically not soluble in water. Consequently, such polymers
are typically processed using organic solvents. Several methods have been employed to

-1-



Such net hods include (1) formng a derivative of the nononer to increase

t he sol ubige76g USK the side chains of the nononer in a given organic
solvent; (2) nodifying the polymer backbone by enpl oying oligoneric

conj ugated systens and fl exible spacers; and (3) 5 using charge

conpensati ng dopants. [0005] United States Patent 5,300,575 (the 575

Pat ent) di scl oses di spersions of pol ythi ophenes which are suitable for use
as anti st angreaseotheisolybilityoof intriasically condutiting polymEinemevapiols digaoisiselvestsar e

pr epar ed | [1zin caorrespondi n n | r .. Of

oxi di zi ng%ﬁgﬁ?gtﬁg%'ing&ﬁ? 3“38'&!”9 gld%ﬁYlag'VSg’f g'%t'ﬁ&gg%%lr}?/L@??azsgttﬁgg&gﬁhﬁyr rol e
10 and/ or ofthersioe glygins of thaimonomer firea gives ergamicosoivient o{2) anoddying Tespolymer

pol yt hi ophengs of, the 575 .Patent have relative [, ow, f eV
Corar e CBCRRR M TBRRUAR PGSR sellohieisStels et sbtefy ann

pol yt hbophsingschaftge dempdnéatingpiepantsar e typi cal |y prepared by pol yneri zi ng

3, 4- et hyl enedi oxyt hi ophene in the presence of poly(styrene sulfonic acid).
The resul t[00@5] InifedrBtates Ratem 1300575 thiel 5 Z25IPatent) gisbloses dispersioaadf cat i on

companaat 00 MERIARES Wkt He Sl Rasth £ Us s RPRR o hUERy Bhste MR si on i
wat er becdlese pplygmmh,engmaresprbﬁmdtbg)polymesigzingblheacor’regpmdieg memamee irmgeE (r) 85 <7a]s
The. o oot cenrep B PHEEoHetlsvot G Bl 1 Rt Rol Frer BRSPS ORG b oo
by dlrJ g?:a:} eamdgnlr V\[‘rlrtg(rlisi@d;eﬁl' gneaiei)n('nitl_seb ipresegcb ?flrﬁ pdlb};mica'; tTHﬂﬁlw?bghms@Iﬂhq‘ws

Copi T eat i SASRYAFR A el RGPt | 7 B oeal R IAPhah WA bR 2 B9t ab
in solutiah2tioeVdf ford a useful shelf life. 25 BRI EF SUWARY OF THE

| NVENTI ON [ 0009] The present invention conprises conpounds, conpositions of
mat t er f or0@06] frherpatythippeenesed thenb75 Pafenhatedypicallyl prepdred byl polymgrizingomer

U5, 2o BB BogRR Stk 0 e pleR4S iBoRBSTE et 808, SRR ©
r epeatibng linear pdiyawenig plrdfiedlsingtioth arioh@nb @ation exchafige feBinsSvherein

poly(styrene sulfonate) serves as a charge compensating dopant. The resulting

polymer forms a colloidal dispersion in water because poly(styrene sulfonate) is soluble

in water and demonstrates a strong ionic interaction with the cationic polymeric

backbone.

20 [0007] The disclosure of the previously identified patent is hereby incorporated by
reference.

[0008] There is a need in this art for intrinsically conducting polymers which exhibit
useful bandgaps for industrial applications, which can be readily dispersed in water and
which are stable in solution to afford a useful shelf life.

25
BRIEF SUMMARY OF THE INVENTION

[0009] The present invention comprises compounds, compositions of matter formed
from polymerized units of heterocyclic fused ring monomer units and products including
the inventive polymer. In one embodiment of the present invention, the invention

30 provides a polymer having a repeating unit having formula P1, as follows:



X YYEE Z n Pl whereinnis an integer greater than 4; Zis Se, S, O,
NR,, or PRe7setusse R, is hydrogen, alkylaryl, arylalkyl, or aryl; Yis

i ndependently selected fromNH, 0, C(R 2, NR2and S; X5 is 0, S Se or
NH and E is independently selected from functional or non-functional end-
groups. Ris a substituted or unsubstituted C1-C4 al kyl group. E is

I ndependently selected from functional and non-functional end-groups. The
repeating structures according to the Mresent invention may be
substantially identical, form ng a honogol yner, or may have Z, Y, and X

I ndependent|ly sel ected for each unit, yvre ting in 10 a copolyneric
conpound. The repeating unit may be tqrm pated in any suitable manner and
may i nclude functional or non-functi groups. Exanpl es of suitable
term nations conprise hydrogen, EFU vinél, phenyl , acetyl ene,
nitrite, 2-thienyl, or 3-thienyl™ g [0Q1®] A copol ynmer according to
the present invention may conprise co?oly fAi 15 having a repeating unit
having formula C1, as follows: XX YYYYE\E ZnZzZM .10 d wherein
n and m are independently sel ected integers having a total n+m of greater
than 4 and X, Y, Z and E are the same B3 the groups defined for fornula
P1. The n-unit 20 substructure and munit substructure of the copol yner may

be ar [ ang&thdrdin?i shdbe breat HARS0Z4E8e IO R Rr PR, WRAS R IBydragrili ng,

but not limte yners,
alkylaryl, aryialkyl, or aryl; Y is mdependently selected from NH, O, C(R)2, N(R). and S; X
5 is O, S, Se or NH and E is independently selected from functional or non-functional end-
groups. R is a substituted or unsubstituted C1-C4 alkyl group. E is independently

selected from functional and non-functional end-groups. The repeating structures

according to the present invention may be substantially identical, forming a
homopolymer, or may have Z, Y, and X independently selected for each unit, resulting in

10  a copolymeric compound. The repeating unit may be terminated in any suitable manner
and may include functional or non-functional end groups. Examples of suitable
terminations comprise hydrogen, deuterium, vinyl, phenyl, acetylene, nitrile, 2-thienyl, or
3-thienyl groups.

[0010] A copolymer according to the present invention may comprise a copolymer
15  having a repeating unit having formula C1, as follows:

X X

A, A

Y YVY Y
N e
2" 27 °m

C1

wherein n and m are independently selected integers having a total n+m of greater than
4 and X, Y, Z and E are the same as the groups defined for formula P1. The n-unit
20  substructure and m-unit substructure of the copolymer may be arranged in any fashion




copol yners, bl ock copolyners, and dendritic structures. [0011] Another
copol yner ggye9nUB8Ag to the present invention may conprise a copol yner
having a repeating unit having formula C2, as follows: X YYEf4- E 5 Z
"Om C2 wherein n and mare independently selected integers having a total
n+m of greater than 4 and X, Y, Z and E are the sane as the groups defined
for formula P1. The n-unit substructure and munit substructure of the

copol yner mﬁyng)ap meenpgtydle’r inciuting, Batmat fimitéd tedandgmugepblpmecsy gafly mer

i ncl udi ng,, to randgm Q graft copolyners, block
copol yners opg ,qupp °8°¥W9ﬁc?ﬂ$§§n&%swé$ﬁ§ formula C2 structure may
be any el ectroactive or non-el ectroactive nononer copolynerizable wth the

n-unit sybet t]uoﬁmutlmera:bpblqmuhecoﬁmng tocthe gresgnt inuéntioatmay com@etao
t hi 3, h it h 15 [0012] Usef ul
sulbgtn |O£ ut e&’BHX f@ﬁiaﬂf '83HBR@@‘"F&;qrggé‘nhé%%sqﬂ@g‘fspor aE ed i ]nt o] te hg

pol ynmers of the present invention toxforn1a copol yner are represented by
the formula: R S wherein R = C, toff{Cl2 primary, secondary or tertiary

al kyl group, phenyl, substituted pbﬂgyl, cycl ohexyl, napht hal eni c,
hydroxyl, al kyl ether, carboxylic ¥icidy carboxylic ester 20 and a sulfonic

acid. -4 06759 USA [0013] O her suBstifuted thiophenes that can be
i ncorporated into the polyners sent i éention to forma
o@}% S
m

copolynmer are represented by E
5
wherein n and m are independently selected integers having a total n+m of greater than
4 and X, Y, Z and E are the same as the groups defined for formula P1. The n-unit

Cc2

substructure and m-unit substructure of the copolymer may be arranged in any fashion

10  making up the copolymer including, but not limited to random copolymers, graft
copolymers, block copolymers, and dendritic structures. Mo in the formula C2 structure
may be any electroactive or non-electroactive monomer copolymerizable with the n-unit
substructure of formula C2 including, but not limited to thieno[3,4-blthiophenes, and
substituted thiophenes.

15 [0012] Useful substituted thieno[3,4-bjthiophenes that can be incorporated into the
polymers of the present invention to form a copolymer are represented by the formula:

N

[

S

wherein R = C, to Cy, primary, secondary or tertiary alkyl group, phenyl, substituted
phenyl, cyclohexyl, naphthalenic, hydroxyl, alkyl ether, carboxylic acid, carboxylic ester
20 and a sulfonic acid.



where X denotes S, 0, Se, or NH 5 [0014] Further substituted thiophenes

t hat can bge7rsgggpaorated into the polyners of the present invention to
forma copolynmer are represented by the fornula: RILO OR2 wherein R, and R2
are independently selected fromthe group consisting of H Cl1-C4 al kyl
groups, 1,2 cyclohexyl ene radical, phenyl substituted phenyl and the |ike.
10 [0015] The polyners and copol yners of the present invention nay conprise
pol yneri zepbod a]' t Otiedr shbétmﬁted mbprmésmtadcarﬁ bg mbrpa»eétem o thermolynsérs of the
dloxolamnelJ g%% g)n@F |oxo@one imd g%@l or. di oxol et hi one
struct ur esP &@ INEEHIRR 119 RehoPo BW}'BP[%’@Q’Q?P”@ '@E'@entl ally of

pol y(1H-t hi eno[ 3, 4-d] i m dazol - 2( 3H) - one The polyners of this invention

may i nclude copol yners further conprisi pol ymeri zed units 15 of an
el ectroactive nononmer. Useful el ectroacgiyve nononers can conprise at | east
one nenber selected fromthe group c@asi ¥Ping of thiophene,

t hi eno[ 3, 4-b] t hi ophene, thieno[ 3, 2-b]\hi pphene, substituted thi ophenes,
substituted thieno[ 3, 4-b]thiophenes, ubgtituted thieno[3, 2-b]thiophene,

di thieno[ 3, 4-b: 3" ,4"-d]thiophene, pyriole) bithiophene, substituted

pyrrol es, phenyl ene, substituted phenyl'@es, naphthal ene, substituted 20
napht hal enes, bi phenyl and terphenyl, substituted terphenyl, phenyl ene

vi nyl ene and substituted phenyl ene V|nylene In addition to el ectroactive
nonomers, WherecbgensieessO ’gedﬁﬁﬁ*ng to the present invention nay include
polynerized units of a non-electroactive nononers. -5 06759 USA [0016] The

pol ymerss ofoot 4 Pﬁ%%hbétﬂ&‘t@&ftm@éhéﬁé@tme‘é’ﬁ béﬁhcl@ﬂio)’ﬂ&di irﬂ@ﬂwelbblﬁrﬁerﬁfof theH
t hi eno[ 3, 4- dLl m_dazaol - E% one and further n£r| se an ol i goner

conpri si ngp"f fpt "B‘fﬁ“@ﬁ'ibf%f é]qoﬁ’PUH‘fbﬁ[eZ"@BWGBWQ bWﬁ termelazng group
functionalized, polynerized units of 3, 4- et hyl enedi oxyt hi ophene and

pol yneri zed units of pyrrole. 5 [® mers of this invention can
be doped with p-dopants or n-dopants dify the electrical properties
of such polyners. [0018] Another enbogi mef\t of the invention relates to
pol yt hi ophenes and pol ysel enophenes from nmonomer structural units
formula ML, as follows: X

wherein R, and R; are independently selected from the group consisting of H, C1-C4
alkyl groups, 1,2 cyclohexylene radical, phenyl substituted phenyl and the like.

10  [0015] The polymers and copolymers of the present invention may comprise
polymerized units of heterocyclic fused ring structures comprising dioxolamine,
imidazolone, dioxolone, imidazolethione or dioxolethione structures. One useful polymer
comprises or consists essentially of poly(1H-thieno[3,4-d]imidazol-2(3H)-one). The
polymers of this invention may include copolymers further comprising polymerized units

15  of an electroactive monomer. Useful electroactive monomers can comprise at least one
member selected from the group consisting of thiophene, thieno[3,4-b]thiophene,
thieno[3,2-bjthiophene, substituted thiophenes, substituted thieno[3,4-b]thiophenes,
substituted thieno[3,2-b]thiophene, dithieno[3,4-b:3',4'-d]thiophene, pyrrole, bithiophene,
substituted pyrroles, phenylene, substituted phenylenes, naphthalene, substituted

20 naphthalenes, biphenyl and terphenyl, substituted terphenyl, phenylene vinylene and
substituted phenylene vinylene. In addition to electroactive monomers, the copolymers
according to the present invention may include polymerized units of a non-electroactive
monomers.



YY WW Z 10 M [0019] Zis Se, S, 0, NR, or PR, where R is
hydrogen, gézeol@gsx! ., arylalkyl, or aryl; Y is independently selected from
NH, 0, C(R2, NR2and S, Xis 0, S, Se or NH Ris a substituted or
unsubstituted C1-C4 al kyl group. Wand W are H, hal ogen atons, e.g., F, 15
a, Br, and I, netallorganics, e.g., Mg, MyBr, M, Sn(R2)3, where R2 is
Cl.6 alkyl or C .6 alkyl ether, boronic acid, boronic ester, vinyl units,
e.g., -CH{00R8] Wies pol%efaSofhh@pre@énthvainbryban eorhprrlse rbolwneriz@ﬁhnﬁs af klsH
esters, i.g.,- ere

al kyl , _@ﬁgnom@p%@k&%ﬁbp@e 3’?%%@'%"%’8&@"@%7\" g B?ér‘f?ﬁppﬁ'"g hal ene,
pyrrol e, aiibrio[8,salieiazolZ3HPOROWHiIBNGS &ed greup dulictiemdlized, pohyenegized @nits of

EBYSEEE}%%’%“S“: "°p‘f%§35fg$gn§ rieB2d (it L 296980 of the  monomer s
React i ahs DOT{E,TBY peimasotiie vehusnedts Boper i Brpa e bt fdordE RE ol
phase/ oxi dmatifydieletricabiop8rtied bof aﬁcmmvmnasJ vent phase/ oxi dant

pol ymerization, 3) metal 25 catalyst polymerization, and 4) el ectrocheni cal
pol yner i zafp0a8] m‘i@thenaﬁsmcmeht @ffthé hﬁentwnerelatés tb rpwmmpmnes\ahdndes

pol yneri zed units imd oht d by a
process coﬂ?JY?eé‘?rH’Q ﬁ@PrB ‘?’nﬁfj u%p;atl HP@@%@“@ @Lﬂvgﬂ 2(3H) -
one in the presence of mater at | east QQG pol yani on and at | east one
oxi dant under reactions condltlons suf fgcient to formthe pol yner
conprising polynerized units of 1 H-6 759 USA

t hi eno[ 3, 4-d] i m dazol - 2(3H) - one. Pol yafi on¥ for use in the agueous phase
reaction nmay conprise at |east one nenber/ sel ected fromthe group

consi sting of polyacrylic acid, poly h&crylic acid, polysulfonic acid
(e.g., available commercially as NAWi —WPol ynmal ei ¢ aci d, pol ystyrene
sul fonic acid and pol yvinyl sul fonic aci Oxidants for use in 5 the
aqueous phase and the organic phase reaction nmay conprise at |east one
menber selected fromthe group con5|st|ng of Fed 3, Fe(CO™)3, H2Q2,
K2Cr 230 anmmoni um persulfate pot assi u 'bernanganate copper

tetrafl uoroborate, iodine, air and oxygen.
[0019] Z's Se, S, O, NR, or PRy, where R; is hydrogen, alkylaryl arylalkyl, or aryl; Y is

independently selected from NH, O, C(R),, N(R).and S; Xis O, S, SeorNH. Risa
substituted or unsubstituted C1-C4 alkyl group. W and W’ are H, halogen atoms, e.g., F,

15  Cl, Br, and |, metallorganics, e.g., MgCl, MgBr, Mgl, Sn(Rz)s, where R; is Cy.¢ alkyl or Cy.¢
alky! ether, boronic acid, boronic ester, vinyl units, e.g., -CH=CHR; where Rz is H or C1.¢
alkyl, ether, i.e.,-OC, ¢ alkyl, esters, i.e.,-COOC,. alkyl, -S-COR, and -COR4 where R,is
H or C, alkyl, -C=CH, and polymerizable aromatic rings such as phenyl, naphthalene,

pyrrole, and thiophene.

20 [0020] Another embodiment of the present invention comprises a process for preparing
electrically conductive polymers and copolymers. The polymerization reaction of the
monomers described above may be achieved by using one or more reaction
mechanisms. Reactions suitable for use with the present invention include: 1) aqueous
phase/oxidant polymerization, 2) organic solvent phase/oxidant polymerization, 3) metal

25 catalyst polymerization, and 4) electrochemical polymerization. One embodiment of the
present invention includes polymerized units of 1H-thieno[3,4-d]imidazol-2(3H)-one
obtained by a process comprising the steps of reacting 1H-thieno[3,4-d]imidazol-2(3H)-
one in the presence of water, at least one polyanion and at least one oxidant under
reactions conditions sufficient to form the polymer comprising polymerized units of 1H-
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[ 0021] An advantage of the pol yner conpositions of the present invention is
that, in gyrege/dppdi mnent of the invention, the conposition may be easily
prepared, readily 10 storable and reduce or elimnate environnmental

probl ens associated with use of dispersions formed from organi c sol vents.
The inventive polyners and nethods for naking the polynmers can be
substantially free of solvents. By "substantially free" of solvents it is

mean t hat thueﬁétstdﬂ@}nniabml@ks%érfe aimwmo‘t&%mseeh Waq@oﬁ@bbése eaction may
chl or oal kane conmp r- borne ersi.on

g nds ar mte of .t he
oot § SREwRe B BaSC meBbet Hikcted HR the arops consiios BRGNS By o o
subst anti qidwnéthmymfamlpb@:ewamc 461 (d2§., aveiabletconimidteialieas Nafiona@y, thin
films tha'ﬁq?&ossess util i n numerous applications incl u%

el ect r ochRomalgle §6’F’a9%lY5tW|9f‘P<§H\f<P'9° acid 38 QP'é‘Yl'PY'e?UB%’ﬂ'? 8gids x&%ﬂ'ﬁ%‘f’ét‘?‘%m
coati ngs, tﬁ@ﬁ&@eodégfhése And HY &rgbmel PRASY RaBfbnThay b@npméedtueaw oﬁ@ Aembee S
about 45 to about % wat er dei oni_ zed wat eé{zp{ bout % t o about

10 % pol yriglectegeom g SW%OW'S}W@ £6Ck, Ee(GH04s H02, t%mfﬂé’"'uﬁ‘ to 60%

mononer i ¢ aksuat sSiudpeIMangantd) cdppértBratiorsboraté, ioGin8PdILarfdibxygBhC aci d
or pol ysulq‘égnl cézftglgllea [ﬁﬂon(??]) angpo tcr) 60 %él co|hol s or po)lty?al cohol s

such as et[bezn! A@amwﬁ&m@m&memomshbhgbf mépmmmvé&%z& tHah her

advant age of the Eresent invention is that the polynerizatian reacti ons

t ake pl acé’“ﬁnqnl’\b ent0b the inveniiehethe C@mPPﬁBOWMPE@aéWGH@ﬁFs’GGGW ng the 25

pol ymgoi 2 akdrable’#PAGbd e orlifiaté BAviloAment ptobRintadsbciafdiciat iigadofPol yImer s
having desjrable electrical properties,_ including useful bandgaps. The

i nvent i ve ditRe[sienssiorned fiameoraanic solvents.i £he '"M@HUQ(HOFWPQ’? apg MRS M about

10”5 to ahRaKking PePDofndrs cEKB%hSétaﬁfaugﬁ@éB{‘ sohb@ﬁ’éi B@%b&t‘&ﬁﬁal&@fée%f obt ai ned
by the instant invention range froma bout eV. 30

[0023] St iSelventsdt 'ﬁ@aeambaﬁﬁ%@aeﬁb9m%ptp@§eﬁ&15%9&%%&'@50& ﬂfat t he

pol yrer s %l&&ﬁkaﬂ&%@dﬂunb@ﬁ%fe@ém @Yat&eodraé BRBersitng ofthéadonfiasitiohs Bf oduct s
|nclud|ng, but not limted to, hole injection materials, charge transport

mat er 181 s, Maltarot Bigigvensios, (efﬂndi‘ﬁﬂefsi%ﬂb%‘t%ﬁ substantiaflyfree of S°'\£§ t FILRR i cal

or el ect r @akCtoRNiGE anifd@ WFPT I3 thét%s@@dtﬂnt&%nﬁ'rh@%§ abPhc%tlons ihclafihgd USA
PLED), el ectrolum nescent devices, organic fect transistors (i.e.,

FET or OF I?\%CUOC"P'IOHHC digplays, mpﬁﬁ"aﬁfaaﬁ%f%taﬁ"?%’@ge? @ngstatlcgmtlggs aND
frequency (sdg nh'tﬁbl@éhiéﬁ;@rsﬁdn & -the Rﬁéﬁi}on éoﬁ@bﬁseé’ébéﬁt g t@ bBGﬁtVQQr%%ter (e.g.,
ul tracapacjtors, organic P hot ovol tai cs (I
deionized water) about 1 % to about 10 % polymer and addltlves 0 1 to 50 % such as
20 surfactants, 5 to 60% monomeric or polymeric anions (such as the anions of
camphorsulfonic acid or polysulfonic acid [Nafion®]), and 0 to 60 % alcohols or

polyalcohols such as ethanol, 2-methoxyethanol, or sorbitol or DMSO.

[0022] Another advantage of the present invention is that the polymerization reactions
take place with desirable alignment of the monomer components during the

25  polymerization reaction, providing for intrinsically conducting polymers having desirable
electrical properties, including useful bandgaps. The inventive polymers can have an
electrical conductivity ranging from about 10 to about 1000 S/cm. Examples of useful
band gaps that can be obtained by the instant invention range from about 1.3 eV to
about 3.3 eV.

30 [0023] Still another advantage of the present invention is that the polymers of the
present invention may be formed into a variety of products including, but not limited to,
hole injection materials, charge transport materials, semiconductors, and/or conductors,
in optical, electroopticali or electronic devices, polymeric light emitting diodes (i.e.,
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| asers, snall nolecule or polynmer based menory devices, electrolytic

capaci t or 96759 &BA corrosi on coatings, or as hydrogen storage naterials
[0024] Ot her features and advantages of the present invention will be
apparent from the follow ng nore detail ed description of certain

enbodi nents. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 [0025] This invention
conpri ses conpounds and conpositions of matter which include intrinsically
conduct i ndPLixh))y efectsoluminlesciént geyioés weganiofibldieffdacs trahsistomsdile h EEErav OFET)c ri ng

h d and
comos 11 dRE BE ARl ptlieliondle § oLEDSY shb Heyed aniERerdi 6 AR 2"
Egt e (r) g;:%/tzltagss E]Emedtetlenrtmnice,rultsaoapabltora adrr?dm?phoet%ultgicts $|ae 'I'tgrEV)eatsensmsunds and
o oherti edeeisriRl ppoli e pvBer Hpel s on e e aiter B Eaiotof; .
parti c8l ardnjicorsasidn coatingss ior ashydrogemraﬂot@e matefialde pol yners, copol yners and

ol i goners conprising polynerized units having fornula P1, as follows: X Y
Y E / E Z0024]PIOtRér febtsres andmdmntageis ot the Pregpneimventionhwilh bd apgarient fiam S, O,

' ndependentd (POERGTorg Bralf B Bron ot gmpoliin®s Y 75 0'S e or

and E i s independently sel ect ed fromfunctional or non- funct i onal end-
groups. Ris a substituted or unsubstituted Cl-C4 al kyl group; Eis

i ndependently sel ected f | i i end-groups. -8
06759 USA [0027] Copol y@%@gﬁgﬂbngF%émNﬂ@n a conposition of
mat t ey ha at
ronom? o 08E81E s G8hcnncRiSe St ids 4Dl bPmBosi Al kel Whicnfpdie o
t he heter cuutynslcailyfcoewbtmg polyerers m::ludmrpelyn{emﬁé@].mﬂém fusadhhetenobgdlic sing, as
defined h (o] ri ' exi bl e or
rigid) su?’!tirg gﬁ&@%po?ﬁ'%% %# gﬁﬁ%ﬁ?&%éﬁ\%h&?ﬂ?&@@? ahbcor ding to
this composmon of matter having at least four polymerized units of heterocyclic fused
monomer structure repeating units. These compounds and compositions of matter can
15  be prepared to exhibit a variety of properties desired for numerous end-use applications.

[0026] More particularly, such compositions of matter include polymers, copolymers
and oligomers comprising polymerized units having formula P1, as follows:

X

P1

20 wherein n is an integer greater than 4; Zis Se, S, O, NR;, or PR, where R, is hydrogen,
alkylaryl, arylalkyl, or aryl; Y is independently selected from NH, O, C(R),, N(R); and S; X
is O, S, Se or NH and E is independently selected from functional or non-functional end-
groups. R is a substituted or unsubstituted C1-C4 alkyl group; E is independently
selected from functional and non-functional end-groups.



I nvention. Substrates can be formed of materials including, but not [imted
to gl ass, oemspayes pol yners such as pol y(ethyl ene terephthal ate),

pol y(et hyl ene napht hal enate), poly(ethylene), poly(propylene), or
poly(styrene), plastic, silicon, mnerals, semconducting materials,

ceram cs, netals such as tantalum alum num or niobium 10 oxide surfaces
of the foregoing netals, anong others. The substrate may be inherently
conduct i ve[002Te Coidymer, as definad rEveib cshatl avaant secbmpositioataf ewttedhavingralve a

el ect r oact Fo8 B ReRaE thils IR RERDE heSaRneTRE s o ratalio i ane, <
capabl e of pgyrhgnmedimeridnuers diffecend thanrthe hetetocgdicrfased mongmemstauchwée.yner havi ng
15 electrically conductive properties such as electrical conductivity,

seni condu cnO'DSZB}t yTheeleern} sulistraienas defined, heedin,cshabh ateanra solit ynaserigh I(mlbnolv olayai
non-el ectrpacti ve s def ereln

hal T RoanteNonhi e 31aHe 18 gEnpalioh oEHe T pRaR AR miseg accorting T

copol _yrrer i inedrition. Sobstratdoesn b@tormébbbinhter“atsenmmm:rdut Act mtedftogtdssunder t he

def i [ f el
o | ned nerrnE PERiIerS st 5 AN S s rpriaaiain: pobeBbe NI ABIEE  ener gy
| evel s cal patylethilene)) pdly(dropylerte) st pditydstylene) plaetic; ilibamdninefal)32] The term

b d
tter . sremeSiERg ierelflr bertten Bt atnbe g AR et SUiMMBenaea o
such 10onpaxdde surtace$ oftht feregoihly efetdls Samlix:iﬁgl dthers! The sabsicee n'hwbeamh':eraﬁtty

limted to droxyl en coa

i Koxy. ol SepRLeVE: THE Subetate Hiak s TP Epcad G pietredisy ¢ have a tifhardEver

t hi ocyanatthat cvintacts thenmventiveepdlyeni no, acyl, sul foxyl, sul fonyl am do, and
carbanoyl. [0033] The term aryl, as defi ned her ei n, shaII mean a conpound
hﬁvi ng L he[0029]g Tt term| electrozbtiveambadrer, as deﬁndajam@inemanmﬁniwinenemer

phenant hre

S ANLhracene 6- car hon r zene ar t
P ondensed Wigh BaaRB 38 BoyRefizatiop o sPolyBREzaten s DRl 8 GOV DRVE anp e,
an ar§15 gredeqgtricatly cbﬁdudtiemwop(emeg sugﬁﬁél)ecﬁbalmnhmmlityl( ?eﬁuconduggﬂﬁ759 IUSA
C10OH7 g | subst it uent nits ave additiona
substi tue%ﬁ%cq}(bgunaﬂesc[eﬁgem ':LOFS'SHWE' 58&08%' RIRAETMeEhi s defi nition).
LSS%‘L a?ggﬂb@]m 6é-lte m, no‘f’}\selgI Eif'oarc]: \ge rgglr\gmgf as Ga#irlxe e%lmas aﬁrrr?égn'an 'c
monomer which is capable of polymerization or copolymerization which does not exhibit

the properties set forth under the definition of electroactive monomer.

20 [0031] The term, band gap, as defined herein, shall mean the energy difference
between electronic energy levels called the conduction band and the valence band.

[0032] The term, substituted, as defined herein, as used with respect to a composition
of matter, shall mean an electron-rich or electron deficient group appended to such
composition of matter. Useful substituents include, but are not limited to, H, hydroxyl,

25  aryl, phenyl, cycloalkyl, alkyl, halogen, alkoxy, alkylthio, perfluoroalkyl, perfluoroaryl,
pyridyl, cyano, thiocyanato, nitro, amino, alkylamino, acyl, suifoxyl, sulfonyl, amido, and
carbamoyl.

[0033] The term, aryl, as defined herein, shall mean a compound having the ring

structure characteristic of benzene, naphthalene, phenanthrene, anthracene, etc. (e.Q.,
30 the 6-carbon ring of benzene or the condensed 6-carbon rings of the other aromatic

derivatives). For example, an aryl group may be phenyl (e.g., C¢Hs) or naphthyl (e.q.,



whi ch may be derived from an al kane by droppi ng one hydrogen fromthe
formul a. DeZBg8AeS are nethyl (CH3--), ethyl CH5--), propyl
(CH3CH2CH2--), isopropyl ((CH3)2CH -). [0035] The term hal ogen, as
defined herein, shall mean one of the electronegative elenents of group
VI1 A of the periodic table (fluorine, chlorine, bromne and i odine).
[0036] The term perfluoroal kyl, as defined herein, shall nmean an al kyl
group in viids). Iﬁeawhgpodwdmmgalsubmmmrit san iguifdavd adgitiandlIsubstitments {eogn

[ a CEI*“’mégv@@ﬂa@eﬁ RO e Mo BB 0y *2 "t ior i me. atom [0038] The
RSO - w08 TR 3, . 2X546FBo 3ie, spillPeat a el hydGraish biokB
per f | uor oawhi¢h opay bp .deritéd fromargol alicanerbyl drdgpindame bydrogest from mhet fednule.

ot  med ncreipteHE e R (R PRl E sl G b RRL, & 'R 72 e

al kyl, ar XKCHg)éGl-Il»e)al kyl, pertluoroal kyl, or perfluoroaryl group. Exanples
i nclude, but are not Ii rri ted to methyl suI fonyl, phenyl sul fonyl,
p- t ol ueneq0038]nyThe teamchaidgen, ak defirizd Hebdld,Gihall meananeof eyélecteonedativiened

car boxy S}?%%*‘F 8l EHNSe BB bibole Brogpif b obined Ly c
1 ko { 00d0P58ler TelsBfty feftychiigh, &5 et bEVE SbEmBaf eaio RO wollT, 1 °

t he deyrrEaver)dm:imanrajomos mplaset bgtiafhiotin@tomhe present invention. Exanpl es
of suitable heterocyclic 25 fused ring nononmers can conprise at |east one

of thi eno[[GOW]d]me termoi periloroargh; asrdefinedhesgin, shail eveah@ndarg]group in which

1, 3-di oxo 3-di oxol an-2-one (1 c), 1H
sel enol o] g’&’ﬁ}ﬁ%ﬁ%&)ﬂﬁ %a%%ﬁg?{a%&%nﬁ%ﬁ ;“ ( :
1Ht hi eno d o t C ounds
t hi eno[ 3, E{a%’#] Hé{gc}?q‘@ﬁ(o u“é)g@’!—% S on%‘g E’ﬁﬁn gﬂ%‘ m% Slgga@ﬁc%%gtﬁmp
di oxol an- R3(Riyeneh¢re Ryls, anlalkil sayiecyslaziy), Aped]upmauarkoﬂ perfll@iparyhgrong (1 h),
and 1 t S t he
ol | 0P ng Eibiys indluae’ bybbistAat A6 lea i bl ST30F ol iy Y flpitke
[0039] The term, sulfonyl, as defined herein, shall mean a group of composition
RS(O)— where R is an alkyl, aryl, cycloalkyl, perfluoroalkyl, or perfluoroaryl group.
Examples include, but are not limited to methylsulfonyl, phenylisulfonyl, p-toluenesulfonyl,
and the like.

20 [0040] The term, acyl, as defined herein, shall mean an organic acid group in which the
—hydroxyl of the carboxyl group is replaced by another substituent to form the structure
R(C=0)-. Examples include, but are not limited to acetyl, benzoyl, and the like.

[0041] Heterocyclic fused monomer compounds can be used for forming the polymer

according to an embodiment of the present invention. Examples of suitable heterocyclic
25  fused ring monomers can comprise at least one of thieno[3,4-d]-1,3-dioxolan-2-imine

(1a), thieno[3,4-d]-1,3-dioxolan-2-one (1b), selenolo[3,4-d}-1,3-dioxolan-2-one (1c), 1H-

selenolo[3,4-d]imidazol-2(3H)-one (1d), and 1H-thieno[3,4-d]imidazol-2(3H)-one (1e) and

the thiocarbonyl compounds thieno[3,4-d]-1,3-dioxolan-2-thione (1f), selenolo[3,4-d]-1,3-

dioxolan-2-thione (1g), 1H-selenolo[3,4-d]imidazol-2(3H)-thione (1h), and 1H- thieno[3,4-
30  d]imidazol-2(3H)-thione (1i) all shown by the following structures:
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O0OO0OO0Od SSSe SeS lalb1lc 1d1e SSSS OOOOHNANH HN)~ NH du /
S d-\ Se @deysousalg 1h 11 [0042] Any of the above nononer conpounds may be
used in the process of the present invention to formelectrically
conductive polyners. Mnoners utilized in the polynerization reaction may
be the sanme, such as in honopol ynerization, or may be different, such as

I n copol yneri zation. Mononers suitable for using in the instant 5 invention
can also be folNHl in previowly identiQ ed copend|0g and commal y assi gned
U S. Applicatioff No. , fllegggn even ddte herevmt [0043] A npnoner useful

I n one enbodi At 1 nv
, whi gh i yicl ude Niilpha |t|'3ﬁs

t hi eno[ 3, 4-d] ol -2(3H)-0
adj acent to t espectiv {| fur at f the r. PoI y accordi ng
to this embodifmeny of the { nvent i y be prg@gpagnted fr t

1H-t hi eno[ 3, 4- &f - one to rm poly {zed unit effecting
reaction at the al pha positions (represented by an asterisk) of the
nononer depicted in formula M2, as follows: -11 06759 USA X Y Y * [/ \ Z
M X, Y and Z4a e the grouph descri bet@bove w th tdspect to flernul a PLl.

[ 0044] The reactive al pha positions of the M2 nonomer can react with
additional ML 5 nononers to forma honopol yner of polynerized units or can
react with one 05 nor e S S

A A

o o” Yo
11 19 1h 1i

[0042] Any of the above monomer compounds may be used in the process of the
present invention to form electrically conductive polymers. Monomers utilized in the
polymerization reaction may be the same, such as in homopolymerization, or may be
different, such as in copolymerization. Monomers suitable for using in the instant

5 invention can also be found in previously identified copending and commonly assigned
U.S. Application No. , filed on even date herewith.

[0043] A monomer useful in one embodiment of the present invention comprises 1H-
thieno[3,4-d]imidazol-2(3H)-one, which includes two alpha positions adjacent to the
respective sulfur atom of the monomer. Polymers according to this embodiment of the

10  invention may be propagated from the 1H-thieno[3,4-d]imidazol-2(3H)-one to form
polymerized units by effecting reaction at the alpha positions (represented by an
asterisk) of the monomer depicted in formula M2, as follows:

-11-



addi tional electroactive nononers or non-el ectroactive nononers to form
copol ymer e7sp8AIdi ng random copol yners, graft copol yners, bl ock
copolynmers, and dendritic structures. (0045] One enbodi nent of the present
i nvention conprises a honmopol yner formed by 10 pol yneri zi ng

1H-t hi eno[ 3, 4-d] i m dazol - 2(3H)-one. 1Hthieno[3, 4-d]i m dazol -2(3H)-one of
the resulting polynmer constitutes a polynerizable unit. The honopol yner is
referred to as poly(1Hthieno[ 3, 4-d]inxdazol -2(3H)-one). [0046]

El ectroactive nononers suitable for inclrporation into the polyners of this
invention to form copol yners incl ude whi ch exhibit electroactivity
and can 15 conprise at | east one nenbgr sg¢lected fromthe group consisting
of thiophene, thieno[3, 4-b]thiophene, I eno[ 3, 2- b] t hi ophene, substituted
t hi ophenes, substituted thieno[3,4-jft hi\ophenes, substituted

t hi eno[ 3, 2-b] t hi ophene, dithieno[3,4-k3 4 - d]thiophene, pyrrole,

bi t hi ophene, substituted pyrroles, pheryl ene, substituted phenylenes,
napht hal ene, substituted naphthal enes, ﬁéphenyl and terphenyl, substituted
20 terphenyl, phenyl ene vinylene and subStituted phenyl ene vinyl ene. [0047]
Sui tabl e substituted thieno[3,4-b] thiophenes for incorporation into the
pol ynmers XfY amZ prethergroups/describmabavefwithmespend ko/foemaladtie represent ed by
the formula; -12 06759 USA R S wherein R=C, to Cl2 primary, secondary

vl oexyil8081CYtneReBHive aiatRikoRS o AN il el ot wit Sffonet M1 o,
and subf ormencagrd t@fanmpmhclamémyﬂier?i ipolylriecizedibsits dricas Sleadt :wnb oo es nfave

copol yrrer Aot decti B idie 8 or hafeletrBAEtPR Mosieltlo Gn EBoordi¥ls,

Uni t ed St dnchedifg tandomicapelymEss),grathcapolynserscoleskcapolyovess) rantdalgndiitioc ef er ence

inits entsinfj&tu 'S\O S wherein x denotes a substituted Cl1-C4 al kyl group, a
Cl- C12 al Kyl""or“phenyl substituted

[0045] One embodiment of the present invention comprises a homopolymer formed by

10  polymerizing 1H-thieno[3,4-d]imidazol-2(3H)-one. 1H-thieno[3,4-d]imidazol-2(3H)-one of
the resulting polymer constitutes a polymerizable unit. The homopolymer is referred to
as poly(1H-thieno[3,4-d]imidazol-2(3H)-one).

[0046] Electroactive monomers suitable for incorporation into the polymers of this
invention to form copolymers include those which exhibit electroactivity and can

15  comprise at least one member selected from the group consisting of thiophene,
thieno[3,4-bjthiophene, thieno[3,2-b]thiophene, substituted thiophenes, substituted
thieno[3,4-bjthiophenes, substituted thieno[3,2-bjthiophene, dithieno[3,4-b:3',4"-
dlthiophene, pyrrole, bithiophene, substituted pyrroles, phenylene, substituted
phenylenes, naphthalene, substituted naphthalenes, biphenyl and terphenyl, substituted

20 terphenyl, phenylene vinylene and substituted phenylene vinylene.

[0047] Suitable substituted thieno[3,4-b] thiophenes for incorporation into the polymers
of the present invention to form copolymers are represented by the formula;

-12-



1,2 ethylene radical or a 1,2 cycl ohexylene radical. Optionally, the alkyl
or phenyl gg/ganssA 10 can be further substituted with functional groups such
as hydroxyls, ethers and the like. [0049] Additional substituted

t hi ophenes for incorporation into the polynmers of the present invention to
form copol yners can conprise the foll ow ng substituted thiophenes

disclosed in United States Patent 4,910, 645, which is herein incorporated
by reference in its entirety: RO OR2 R13 06759 USA wherein R, and R2 are
i ndependently selected fromthe group copsisting of H, Cl-C4al kyl groups,
1,2 cycl ohexyl ene radi cal and phenyl sub&§tituted phenyl. [0050] The
conpositions of matter according to t&f vention al so conprise oligoners
conprising heterocyclic fused ring nononerg which are endgroup
functionalized and 5 incorporated into}erther bl ock copol ynmers or coupl ed
wi th difunctional reactants (as an e hydr oxyl endgroups coul d be
coupled with diisocyanates or acid chlprides). Such oligoners provide a
conveni ent method for controlling the cbgfugati on |l ength of the :
conpositions of matter of this invention. The conjugation length in the
oligonmeric structure can be varied to achieve desired properties for a

vari ety ofWwhgigihiR 5tGdn &1z prisparyoseceadsy or tartiary @licy] argues dheny ggdisubstiiuted

i ncreased 4 r j j r I agidd | der to
obtain Iom?eﬁrén? IOQI’SFEI?%:[Q ?’@ﬁﬁ%{ygé’ggﬁb :aalégf_c, W%’ﬂﬁgetgg%gg%t Ifgns of bgn%ﬁ er of
t he presernd sulfeniciagid! grayPsal so i ncl ude repeating units of

non-el ectroacti ve nononers which are capabl e of being polynerized with 1 H
t hi eno[ 3, 40048]™ Sitkle ﬁfb%hﬂjfé?ﬂﬁbPE&{egrfBlsihc&?Blla'tiSﬁde{h%’ pdiytfers of the

non-el ectroact’ive nononer 15 enployed as a repeating unit should not

adver s&l y Riesant inventiorstoderm gepalyrers inciisde the &llowing substitutes thiophgnesonposi ti on
of matter.qdseised in Uhitel GIRBS PhidAP 4,985,438 Wisith %Hwefrélim %doFbﬁfé}Bu B réfdrenide
utilized as _dispersions by conbining a desired polynmer (I ncltuding

copol yner §”§ﬁ6n&emjorrer s) with water, and a mxture of at |east one

wat er-m sci bl e organi c solvent or at |east one organic solvent. 20

Di spersions containing the conposition matter according to this

i nvention can be applied via proces uding ink jet printing, screen
printing, roll to roll printing procdsseg, spin coating, neniscus and dip
coating, spray coating, brush coating,/fdogt or

wherein x denotes a substituted C,-C, alkyl group, a C4-Cy2alkyl or phenyl substituted
1,2 ethylene radical or a 1,2 cyclohexylene radical. Optionally, the alkyl or phenyl groups
10 can be further substituted with functional groups such as hydroxyls, ethers and the like.

[0049] Additional substituted thiophenes for incorporation into the polymers of the
present invention to form copolymers can comprise the following substituted thiophenes
disclosed in United States Patent 4,910,645, which is herein incorporated by reference in
its entirety:

Ri OR:

/
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bl ade application, curtain casting and the |ike. The anmpunt of pol yner

(i ncl udi ngpemgpug;ymers and oligoners) to be incorporated into the solution
or dispersion may vary 25 depending upon a variety of factors including the
nol ecul ar wei ght of the conposition of matter and the end-use application.
The actual anmount of conposition of matter to be introduced into the
dispersion is readily determ ned w thout undue experinentation. [0053] The
di sper sed whéramn Ryeandi®, aheiirdbpendéntly lselegtedsfranmthelgioumcansistiog at HoG1-Cealkylenove

Lemper o oufe 88 Sl BT rhby S RGadBeF, 2 Foct 't he | nt ended

properties of the resulting film However, to obtain higher processing
speeds, t H6050] nTheacorbgositione df mtteeamedimjtottbisﬁmeatim also pompriskedigomers such

t enper at ur Vel ffect the r [1] he I g film
(oo ®ar | GiRing et GHEVAE fioba Hnb Tinen s whlcR B b diomis pforaf A o
aEOUt ggocry\coriidmatetd'lntnketritﬂace54 st%lﬁék bdspblyfnhérsbnomuméd with aﬂgeﬁ?rim ﬁeacwmm (as%m nmto
about e Co Slt matter of this.invention can
bt 11 2 ReFPE AP R BdarPUSs GRIBRS FouFe wih iRt onabiatidhiBah Dot b
cgat | ngls Suchadligomald gromdﬁdtmhvmmwwéthomam; con?imllngcthe oorh)ugatloo lehgith ofthe

phot ovol t ice t..emttin odes .

phot oi mg:éfgfpg’%ﬁ'opﬁaf g\ghgrqu ﬂ?f’?é{yﬁgt'%\ Jlﬁ‘i%‘ ug@h IeBS}Ir'l'r’r{" f'} cﬂ@o@%ﬁp devi ces,
bat t eri es, strickre carcbé vaded bﬁmte&/e casiead propertiesifor Eganety@f apglicationse Fogt ant
coat i ngs net| shi el.din sen or S

ot oel D BaTES, MR Tdeon st tate nRRRERY M arodrdniohith 8RR BAR b s
t he physi ox detrdasgdhin avdehoedbeam rdwrfqmu@nbneise@suﬁesnl cs enconpasses the 10
study, design and manufacture of hardware devices that convert el ectrical

si gnal s i r{0051]phTtheocompasitions ohmatter ofehe present inventide mayaldoiatiuderpeatng as an
el ectrical I optical -to:electric t.ransd ered an
opt oel ect r‘ﬁ%‘?é’?ﬁ‘é %gr?acpp{ manerers WQ’P a% [ ?; btewgo‘}%?ﬁeé'%ﬁ?@‘ﬁ |-Fi ons of
mat t er acdbledo[ﬂg4 d]dmhhmlm(m)eme | For emdstt applicatiorise therremeblégtroaotiviel menlomerf
neces he r uj r. f any of .t ti,oned
oce 38t arbaiBibin  Hpenfil LhESTMEr R schS¥ef rktup SR SHERLY pliberl
aci dic ddpammtmgﬂwbnmsmer) ofwmdttérasi c dopant s (n-dopants). [0055] Suitable
p-dopants can conprise at |east one mneral acid such as HCl, HNO3, H2SO4,
H3PO4, HBr[0052]; Thepeommositiohé ohmattercofdisis invehtiarscanduteutiiizedas dispersionk byni ¢
acid, combining a desired polymer (including copolymers and oligomers) with water, and a
mixture of at least one water-miscible organic solvent or at least one organic solvent.
20 Dispersions containing the compositions of matter according to this invention can be
applied via processes including ink jet printing, screen printing, roll to roll printing
processes, spin coating, meniscus and dip coating, spray coating, brush coating, doctor
blade application, curtain casting and the like. The amount of polymer (including
copolymers and oligomers) to be incorporated into the solution or dispersion may vary
25 depending upon a variety of factors including the molecular weight of the composition of
matter and the end-use application. The actual amount of composition of matter to be

introduced into the dispersion is readily determined without undue experimentation.

[0053] The dispersed films may be dried by techniques including evaporation to
remove the solvent to provide the desired film. Drying may be effected at room

30 temperature or any temperature which does not adversely affect the intended properties
of the resulting film. However, to obtain higher processing speeds, the film can be dried
at elevated temperatures provided that such temperatures do not adversely affect the
properties of the resulting film (e.g., dried at a temperature of about room temperature to
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| auryl sul fonic acid, canphor sulfonic acid, organic acid dyes, nethane

sul foni c agy7dg yHA t ol uene sul fonic acid, polyneric sulfonic acids such as
pol y(styrene sulfonic acid) and copolyners; carboxylic acids such as
acetic acid, propionic acid, butyric acid, hexanoic acid, adipic acid,

azel aic acid, oxalic acid, and polyneric polycarboxylic acids such as
poly(acrylic acid) poly(maleic acid), poly(nethacrylic acid) and copol yners

cont ai ni nGabouh2eer)adindthickAess &f theldii indraltadges Frore BBOULEOI it o As@ARBC aci ds
can also be utilized to 25 inpart desired el ectroactive character to the

conposi ti JAS'YF- matter of this invention. [0056] Wiile p-doping can be

P opea. viPASAIo N RaeReons of Batee 4P MR eIz 3 HEE o o

K, Li and cﬁaveriﬂohalra;?duéémhh ol drtisRlio ceatings) aectl(;iéhlly(cBE@ctive coltirgs; | angi
by viei Bt UFSTRREIOTIC UeyichS. Pho BHoHal iR Jsh eLTG sesisn ot LIPS | cast
1 % dopi nghotdiPadéabléirctEsttdbIPBiFcuRS, thitre trafSisfoh dévicasy BatdriRe, eleétrivall |
suited for yse in fabricatin certain _conponents of |light emif{ting di odes
(LEDs) . L AMichos CaRagoT GoRtERS-coaRon GesSanLipanags, RecRmAgIefc gy o ~and
i ndi um ti nsepsbrdeLED Tightingdother dpfdetedtrdhRS! (OftoblddttdnicsAs afibld éiGééitholdgh hol e
transport |ayer, a lrght emtting |layer, an electron transport |ayer, an

el ectron tl‘%‘f/@&m’lﬁ? thngySl%ﬁf "Sh'g‘&‘fméﬂ%t."c'%QPEQ&?HBB“’%8 W%$Sﬁ§¥%f mat t er
of thi1e i ntedy, desigRaRd maAlfachidé 8f hatdwarel Rlices Wit dorvai é16dtichl B?ﬂal&mﬁibum tin
oxi de anode of the LED, The p-doped  conpositions of tter of t r\is

i nvention é\o@na?f'%’%?'ﬁ)ﬁ’ﬂq Y'E%V%’FF)PVA’:E\U{‘QV&? th ales as ae e{%@cs"tﬂtﬂp@?"f‘ Brecti on
llayer of tdplicaiiblelddfitaPPshsd0paas ohrsidstedan BplobREr&ic H_b\ﬁ&.} The Bletwigaican be
utilized in the hole transport |ayer emttin ayer and/or the

I 18 y the |1 ght
el ectron tGORAYGIY of the wempgsitionscofinpatter Fm@mgmmemﬁeé%' ENYONLaRBosi t i ons

of matter rgidilyth&difigt fHetedbaly, k@ mabiPE reliRfiehRAciany ®f R REVidlgly such as
| aser dyes, ofher el ectroactive | ymers, hole tranSport 10 or el ectron

transpert ’ﬂ%ﬂ@f‘?@?Bp'icﬁwmww&%‘?ﬁ%%ﬁ?wi%ﬁ@éﬁ@#ﬁ with cenveptienalhagidicar e

al so enboQjo@gmisqpmggntgwg%odaqpﬁ(ﬂldoﬁaﬁtsporrposi tions of matter of this
i nvention can also be utilized to prepare optically transparent conductive

coatings f[0058]s eSditabRIP-HEFHNtY cdr cunsptRE i least 61 MMERE acidisUaN &8 MTCHHNO,,
Con e TV G e IPG, HER KT Organis Salfornid aéids Saah S dcdbey! bnzene sutfoniekcid, °1¢"
lauryl sulfonic acid, camphor sulfonic acid, organic acid dyes, methane sulfonic acid,

20 toluene sulfonic acid, polymeric sulfonic acids such as poly(styrene sulfonic acid) and
copolymers; carboxylic acids such as acetic acid, propionic acid, butyric acid, hexanoic
acid, adipic acid, azelaic acid, oxalic acid, and polymeric polycarboxylic acids such as
poly(acrylic acid) poly(maleic acid), poly(methacrylic acid) and copolymers containing
these acids. Mixed dopants such as mineral acids/ organic acids can also be utilized to

25 impart desired electroactive character to the compositions of matter of this invention.

[0056] While p-doping can be employed, the compositions of matter according to this
invention can be n-doped with conventional basic dopants including but not limited to Na,
K, Li and Ca. Other suitable dopants can comprise |, (PFg)’, (SbFs), and FeCl, The
amount of dopant can comprise about 1% by weight to about 98% by weight of the

30 composition, or an amount sufficient to obtain at least 1% doping.

[0057] The compositions of matter of this invention are well suited for use in fabricating
certain components of light emitting diodes (LEDs). LEDs typically possess numerous
layers including a substrate, and indium tin oxide (ITO) anode, a hole injection layer, a
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15 screens, flat screen displays, flat antennas for nobile applications,
transparergg7esgpma tor plates, and the like. Additional applications for

pol ymers according to the present invention may include, but are not
limted to, hole injection materials, charge transport materials,

sem conductors, and/or conductors, in optical, electrooptical or electronic
devices, polyneric light emtting diodes (i.e., PLED), electrolum nescent
devi ces, diolmmnanspdf dyee) dlligHt eaditing lagers aatetectrof) trapsporA&yerpan €IGEIFPn f | at

P reneptidBver e Bindde. ie st comeloRinioRs, bf GA 61 s iANtr £8' ' O
phot ov ont Patticuldrlysuitedtovard seplainigsthe lirtiem sin oxidelanod® bethel LEDD r Theop-goped based
menory devjce

10060} PhoPGRaRaNT otagtecel s FRBGIArHP ol 300 R @R ML, &'
i kewit se dwtmin]eeti%ﬁ&%/eif ?fgtl:?%EogltUrm\?pﬁbmgpd)éitmggd@:ﬁpma gt d;fdhiﬁ imdentiome cam geent
produce | SHiESH Bne FolefaRser e, o AR 4n Ao T Bt ERk)
produces dayeplof t@eLED.f f erence across the device to produce an electric

current. The layers of the LED and photovoltaic devices are simlar but not
equi val ent[0058]i ghkdmilkturessftthe gompesitionsof avatipobithisrisventiopmitb etleem | nt er medi at e

I i th, hol e 30 I I ' I d
botween t tROSIEGIVe TibRaR Ryt 55 EahE Sibsn RORT BRGiacllE hayBls, BR ahsBor

i nventioon or afedren ttansporematesialstincladingl eleetnoadtioé erganometatiicaompayrdsarledoped)
or in the Iliog%%‘baﬁécngtk%g%nﬁ%ers (undoped). -16 06759 USA [ 0061] The

conpositicﬁln 'Pl'gtothisinvention can be utilized in
fabricati bt on ; i ch i~ .
of 11t ORI ote ot Pat BY waRS: b B o s b HBba 1 BrsPRRLS et oo
convent i oropiticallytzspadeatcdnaantivel coatings far tse iBtdpticallytmspanent dlectranieposi t i ons
ohi 61 di ng BnaPoreRaeRelytradhe8es sbtmsh 8 Ratsbaurt EMLSTHGRET BIF ' ©
?ccor d'stng scredng) ﬂatisorteentdisuayeamutlaatemghé 'fozmbbiﬁe fppliwtimsatr'gpspmahtioagaci?opl i ed
rom wat er - hor ne rgapi c.sol vent - borne sol utions ar spersjiqns to
Subst 1 at et edbe Bke) il aglbatien s Pt Ghoordhen I eset <
coati ngs daventios mayanclade, butiarenotirnhedto)aoleijestivarmsatertals, Latiarge teanspertons t o

fo the- apdPapna: rgnaupRis dnciel oot o pBIE HFeciapbiber Srdedat’ Vet on
can al so ieviges, potyeerislight amittivgsdiodes (i.e., PLED), electroluminescent devices, organic
20 field effect transistors (i.e., FET or OFET), flat panel display applications (e.g., LCD’s),
radio frequency identification (i.e., RFID) tags, printed electronics, ultracapacitors,
organic photovoltaics (i.e., OPV), sensors, lasers, small molecule or polymer based
memory devices, electrolytic capacitors or as hydrogen storage materials.

[0060] Photovoltaic devices have specific similarities to LEDs and are likewise capable

25  of fabrication using the compositions of the present invention. Instead of electrical
voltage placed across the device to produce light for the LED device, the input of light
(e.g. sunlight) produces a voltage difference across the device to produce an electric
current. The layers of the LED and photovoltaic devices are similar but not equivalent.
Light harvesting organics or polymers comprise an intermediate layer with hole

30 transport/electron transport layers optionally placed between the anode and cathode.
The compositions of matter of this invention can be utilized as the anode and hole
injection layers (doped) or in the light harvesting layers (undoped).
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or additives to various articles of commerce to render the article

conducti veog7s9luslang the various substrates noted above for antistatic
coatings and el ectropl ating processes, printable circuits, photoi mageabl e
circuits, sem conductor devices and the like. 15 [0063] Wile certain
enbodi ments of this invention involves use of the conpositions of matter
as transparent/conductive materials, conductive nontransparent coatings
based on [0061) oTip@esornpasitionsfof metttee acanidind toesthisrimeantion cambe utiized ibel | eved to

but el ect r PR e GrorfE Beh R POEpd R G aro iy BB higsion8 ight TP, *™
aPt ![ f; zgg [ ;thomxghitrag\spmle?\t Stms\t/r'atre_e byiappticatian b?avakdgeiacvﬁdslco_ﬂ@emipsdl tin In;)zz
o rcurt s cnRfelinpinin Bt OBBCuGRTEHER LioBRRS FFarsy 2bldfifn e

t r ansp&r enpresent@i@hlioOmelugetaiebtromagnetic shielding ard tinumablelnzitrers. t o t he use of

certain pol ythi ophenes and pol ysel enophenes (formula P1) as solid
el ectrol yt[@062] eDepéd compasitions af Mattesacoarding to thislimention garebe afilzedtasr s whi ch

contain th 0l vyt hi ophenes, and pol ysel enophenes, as, , 2 | j. d

o ect r ol yi AStR EaTRRRRRIET raR A Re B SRASE SRyBR ke Sdblidneor,

gl ef:t rol y;@'spmsiﬁns td)stmswlaiesllenumrdted Pndeht?.hfdéﬂmt:oalsecﬁwml S!chmdsanti}siadc pol yner
uilt up omthe structural units, of the fornmu Pl Salid el ect yte

capaci { or SHINPHFR pRlieAGRUITS Wihte Py eLr g e Sy pER G ! 5o

Foi | dfi0 anbalanadi of Zohductiityabind filor propentips suchl asradhesionno tha appropriateant al um  b)

2nd | ayer: r.oed upon the t foil.: 7 06759

L de l.ayer of the tal f al .| -
Con o) 5r {ORlER: TR omioshie Bt A HHE reiER dabrai B8l s cpdthbs o
f rom st r uconadalitives td garivus attivtesf af cominserdéito rander thé adiplercopductive inludihgtheW W
Z S5 M various substrates noted above for antistatic coatings and electroplating processes,

printable circuits, photoimageable circuits, semiconductor devices and the like.

15 [0063] While certain embodiments of this invention involves use of the compositions of
matter as transparent/conductive materials, conductive nontransparent coatings based
on the compositions of matter of this invention are also believed to have utility in specific
applications where transparency is not important but electrical conductivity is important.
Certain applications such as antistatic coatings may require pigmentation which will

20 resultin loss of transparency as well as various conductive paint applications. Printed
circuits employing these materials will also generally not require transparency.

[0064] One embodiment of the invention relates to the use of certain polythiophenes

and polyselenophenes (formula P1) as solid electrolyte in electrolyte capacitors, and to

electrolyte capacitors which contain these polythiophenes and polyselenophenes as
25  solid electrolytes.

[0065] Another embodiment of the invention relates to electrolyte capacitors which
contain, as solid electrolytes, the polymer built up from the structural units of the formula
P1. Solid electrolyte capacitors of this type can have the following structure

a) 1st layer:
30 Foil of an oxidizable metal, for example aluminum, niobium or tantalum;

b) 2nd layer:
Oxide layer of the metal formed upon the metal foil;
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wherein Zis Se, S, 0, NR, or PR, where R is hydrogen, alkylaryl,

aryl al kyl ,o0e769 UBA/l ; Y is independently selected fromNH 0, C(R2, NR)2
and S; Xis 0, S, Seor NH Ris a substituted or unsubstituted Cl1-C4

al kyl group. Wand W are H, halogen atons, e.g., F, d, Br, and I,

netal lorganics, e.g., Mg, MBr, Myl, 10 Sn(R2)3, where R2 is Cl-6 al kyl
or Cl-6 al kyl ether, boronic acid, boronic ester, vinyl wunits, e.g.,

- CH=CHR3 wher e d¥3rd layet:or Cl-6 al kyl, ether, i.e., -OCl-6 alkyl, esters

i.e., -COOCLl-6 alkyl, . -S- 4 and - 4 er heS -

and polyneri za{%?'\gxﬁfr@@?%q ﬁﬁ@%ﬁ'@%ﬁ%ﬂg@"%%gﬁﬁgﬁéﬁgfa?%{i'ﬁrcgl e, and
t hi ophene. 15 thg fettriuld My pand, Gappeopriatef or exanpl e, fornmed upon the pol yner
and conprising a thin layer of substances which are good conductors of the
el ectrical current, such as conductivessilver, copper or paint filled with
carbon bl ack. [0066] Wile the above cafacitor has been described with
respect to polyner formula 20 P1l, copolyners may al so be used. The present
i nvention can conprise pol yt hi ophenesY obt¥i nabl e by oxidative

pol yneri zati on of specific thiophenes igh are particularly suitable as
solid electrolytes for electrol yte capgci\ors. These specific
pol yt hi ophenes can be applied and regd—W't hout inpacting their

conductivity, to the netal foils used &s anodes in electrolyte capacitors,
and produce capacitors which are distingui shed by 25 good el ectri cal
properties, for exanple a high, substantially frequency- independent
capaci Py, and furthermore by | ow diel ecMlic iosses and | ow | eakage currents

While the -18 06759 USA inventive conpounds_can be enpl y?/ed in an
sui tabl e st ructwheseingnis S, iS; Qo NE1 <Ryt wherei Ry is Aydregen édkviany ayisiye f No.

4,910, 645; her efy:; vr@naaeérﬂieﬁﬁy 9é1eét8<§ ﬁbﬁmﬁ d)O@(iqﬁ N(R% a?falytmisqp@mrand

polyselenophenes to be used accord i nventi on_nmay be produced

directly on thdNRi &ds @fSUQSWB‘teaIOWBWbSI'W&d ¢§'Céc?é'iYé9"QMPt I\Néﬂdg\klad% '5

coati ng and US%I@%n%tﬁQ@G Fdeler”ﬁn@Q rﬁ@t%ilér@ﬂm@@ré §0MBCI ﬁme?XN@ﬁS of
tantal um ni oblnéjqr?ﬁ or al um num e anode can conpri se such as foils

made flPom alu o W8 Ralf Gre @'MP&QMW@"‘W?&%"%O‘P‘?}PWF@Eﬁeﬁg@"‘&rﬁ?tef vinyl
pol ysel enophenggitg ag) becn-emmgmfé Rs ﬁ i br en, aIRg, arbeee S BEE Ikl a5téve,

oxi dative pol yneri zation nononer s
i.e., -COOC, 4 aIkyI -S-COR, and COR4 where R;is H or Cy.¢ alkyl, -C=CH, and
polymerizable aromatic rings such as phenyl, naphthalene, pyrrole, and

thiophene.

15 d) 4th layer:
Contact, for example, formed upon the polymer and comprising a thin layer of
substances which are good conductors of the electrical current, such as
conductive silver, copper or paint filled with carbon black.

[0066] While the above capacitor has been described with respect to polymer formula
20 P1, copolymers may also be used. The present invention can comprise polythiophenes
obtainable by oxidative polymerization of specific thiophenes which are particularly
suitable as solid electrolytes for electrolyte capacitors. These specific polythiophenes
can be applied and adhered, without impacting their conductivity, to the metal foils used
as anodes in electrolyte capacitors, and produce capacitors which are distinguished by
25 good electrical properties, for example a high, substantially frequency- independent
capacity, and furthermore by low dielectric losses and low leakage currents While the
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present invention. The foil can be coated by applying a nononer, such as 1
H 10 t hi engg789438 i m dazol - 2(3H)-one, along with an oxidant, typically in
the formof solutions, either separately one after the other or, if
desired, together onto the oxide coated side of the netal foil. The

oxi dative polynerization, if appropriate, is conpleted on the oxide coated
film In sone cases, the polynerization is enhanced by heating the solution
(e.g., toneertieegempbunds cdn Bermplopéintany ahitatile $bdstire, drte $UWABE] stridtlire isves
such as at

N t,. nb f .t h ' [ f t hyl
S £ o ok U BRI EAEARE R By gL of oty ene
1, 4-gl ycol thyl rrolidon sor bi t ol Lycer e ke carbonat e
& Sther meRTL TS RidphSnas i noiBlenohferiesdn Yo 8 acify g f
?586§0nséjhﬁfimsl@d%@wﬁmdm-t.m o b@mi. ottt s 30
t1.on t n I { t n n r
|0065) 00 A3 BE5L b1 453, FAFBIS o' B SHRE IR 1 e
I : ke. _II\_lpnO-zmotlcs}dmcbi an_emin‘u'ni.l mé;?imtﬁ? alfol_st:gﬁhiﬁriee a%irwch\gslfbiﬁhﬁ trergE silica,
clay, Ti es i gmen ( e like. can al so be 9
d AuE, SRS op ol jogGenas andRotisaienadiianss can e us,
S Iﬁﬂ‘o:{::l ﬁg;prd@m&g in ];SIIIIII bamge Oﬂ?@c%a;?;ﬁ%w Oxidtative %th{lézﬁiél]oanimqﬁoams eiu tinas of
t t .mat t t .
ant i oxi HantESSTENtET | Toeiod cah e Zapd Y APl nGRmopaRer Sat 491 peci 1 o
applbi f:i@t i ombno%,n-ﬂmtdamug(aﬁ)eomec la'lcmg:cvi/ith adct&dhritt),qupibailydndﬂwefosh ]?hlsolmtizonfsp ntrol
stability, ..surface tensian, .and, sur e . wettabjlity. e .yse sur f act ant
SO | oy CittBY Semtately QliaATer 1 dngidn, § Seted: fodptber ot e SaiE Eotlpd S ST
]E hi ckener fSt_he Gataldbit OTlﬁneogga?t?d ;f?tra]/nsanizbﬁo'm _if;éppwpriat%eomtohmlaeu s the/oxdeD S| E K
or specific.end uses. e .conpositions o er. according to the
esent - ried f- 5 3o Casgs fua b eheaPh e anges B hetnaiie solufth bue,
The conpostotd tentperitursesf abbuteBoCIodibagt 130C)L he present invention can be
prepared utilizing an aqueous phase pol ynerization nethod 19 06759 USA

wher ei1s 1H0068k nadditivesuchiag at Rlast’dnd-hember, setdctédiaor tlengropp lcgasisting aind at

suf 11 cf et tPyoRs Al omislryiaRe dhvcen giearidlonp R e, be-ciEshputihe T4 SRESL A °"°
t enper at ur mefhgr pye@iidord, isomitbl) glyderol prdpykat icarbonate anekotieér dppeapriatettighaf f ect s

the rate of pol ymer) eation  Suitable terperalues range (L o s

invention to improve conductivity.

20 [0069] Additional additives can comprise at least one conductive filler such as
particulate copper, silver, nickel, aluminum, carbon black and the like. Non-conductive
fillers such as talc, mica, wollastonite, silica, clay, TiO,, dyes, pigments and the like can
also be added to the dispersions to promote specific properties such as increased
modulus, surface hardness, surface color and the like.

25 [0070] The dispersions of the compositions of matter of this invention may also
comprise antioxidants, UV stabilizers and surfactants when required for specific
applications. Surfactants are typically added to the dispersions to control stability,
surface tension, and surface wettability. One useful surfactant comprises acetylenic
diols. Viscosity modifiers (such as associative thickeners) can also be added to such

30 dispersions to adjust viscosity for specific end uses.

[0071] The compositions of matter according to the present invention can be
conveniently prepared by a variety of methods. The compositions of matter according to
the present invention can be prepared utilizing an aqueous phase polymerization method
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5 about 5C to about 90C [0072] Another enbodi nent of the invention rel ates
to pol yt hi ggrtsgngsA and pol ysel enophenes which are forned from structural
units fornmula ML, as follows: XYY Z 11. Wt e ML 10 Zis Se, S, O,
NR,, or PR, where R is hydrogen, alkylaryl, arylalkyl, or aryl; Yis

I ndependently selected fromNH, 0, C(R 2, N(R2and S; Xis 0, S, Se or NH
Ris a substituted or unsubstituted Cl1-C4 al kyl group. Wand W are H,

hal ogen at wherginel Hythierfa[3,4d]imidaizol-2(3H)-one,nattiedst ongpolyanion andjat leagi@ne MyBr

por oni ¢ cstXgent g Gl F ute Sgéfo bt largads conafAY b o R ©

et her, i . ethieno@l-dimimakglt2(3dBome)s The temperalDBDiet condudting the WIyDmRization is- COR4

where R4 | . - | e &= and. pol ' ' i ngs such
s pheny! , lspEH piatec® B8 sicrpoRngReslcR s sUTEb FaRbéfati iRGE bl

subst i tut eaborit 8/CridalioatP0%C t i ons can be fornmed prior to or after addition
of the secondary or tertiary functionality. 20 [0073] Useful nononers for

produci ng (0072 oArctheserabodimeptodf timeingertion relatesdo polythiagphénesandV/ are H and

Y hna 7 ar BoaReg e W A sofed fivn Wiew™ wlilortin N Anibléns 067

Pol ynmers, according to the present invengion, include honopol yner having a
repeating unit having forrmula Pl, as foﬁt)ws: X YY
Y Y
W‘H—Wl
Z
M1

10
Zis Se, S, O, NR;, or PR;, where R; is hydrogen, alkylaryl, arylalkyl, or aryl; Y is

independently selected from NH, O, C(R)2, N(R).and S; Xis O, S, Seor NH. Risa
substituted or unsubstituted C1-C4 alkyl group. W and W’ are H, halogen atoms, e.g., F,
Cl, Br, and |, metallorganics, e.g., MgCl, MgBr, Mgl, Sn(R,)s, where Rz is Ci.¢ alkyl or C1.¢

15  alkyl ether, boronic acid, boronic ester, vinyl units, e.g., -CH=CHR; where Ry is H or Cy
alkyl, ether, i.e., -OC,. alkyl, esters, i.e., -COOC,. alkyl, -S-COR, and -COR, where R,
is H or C,.¢ alkyl, -C=CH, and polymerizable aromatic rings such as phenyl, naphthalene,
pyrrole, and thiophene. Derivatives of the substituted claimed compositions can be
formed prior to or after addition of the secondary or tertiary functionality.

20 [0073] Useful monomers for producing homopolymers and copolymers are those
where W and W’ are H and represented by the formula M3, as follows:

X

X

Y Y

H

y 4
M3
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E/ E Z n5Pl whereinnis an integer greater than 4, Zis Se, S, 0,
NR,, or PRe7rsofigmse R, is hydrogen, alkylaryl, arylalkyl, or aryl; Yis

i ndependently selected fromNH, 0, C(R2, NR2and S; X is 0, S, Se or NH
and E is independently selected from functional or non-functional end-
groups. Ris a substituted or unsubstituted C1-C4 al kyl group. E is

i ndependently 10 selected fromfunctional and non-functional end-groups.
The repeatX,nfjarsd Z acd theagoupscdesciibhetbatbiove With rpspectto foimuiaMt.on may be
substantially identical, formng a honopolynmer, or may have Z, Y, and X

i ndepende S i : i N0 | e npound.
The repeaﬂpﬁ%“]uﬁécﬁﬁf}g& %cgJO{cgr?ﬁbntgggheslehﬁg%ﬁtfgﬂl '{1 glgﬁ%ﬂ%gﬁﬁ%w%gﬁﬁ%m&?n t he
art and nagpeéatingwmné havingtforonud Pbrasfoliowainct i onal end groups. 15 [0075]

El ectrically conducting oligoners and pol yners conprised of copol ynerized
units of nononers M2 are another aspectXof the invention and are
represented by the formula P2, as follQqws: x Y A Y f/ Wn Z P2 20 where
nis an integer, Wis -CZ1=CZ2- or - nd Z1 and Z2 are independently
of each other H F, d or CN. digo ften have n-val ues from about 2
to 10 units and -21 06759 USA these_ pr ts.lend thenselves to the
production of nmenory and field e?(‘)e t i tgr devi ces. Pol yners having
n-val ues from about 11 to about , 100 Y ften from about 20 to about
10,000 units are quite useful in prepari'ng ffhns as hole injection
materials in various el ectrooptical applications. The copol yner of fornula
P2 may55 term nate in any suitable mannBl (e.g., hydrogen, deuterium
vinyl, acetylene, or nitrile) and may include any suitable polynerization

end- gr oupSyHereifl vis h'itbgerdfratst RAR 4; PE8Y]S, O, NR;, or PRy, where R is hydrogen,
alkylaryl, arylalkyl, or aryl; Y is independently selected from NH, O, C(R)., N(R)z and S; X
is O, S, Se or NH and E is independently selected from functional or non-functional end-
groups. R is a substituted or unsubstituted C1-C4 alkyl group. E is independently

10  selected from functional and non-functional end-groups. The repeating structures

according to the present invention may be substantially identical, forming a
homopolymer, or may have Z, Y, and X independently selected for each unit, resulting in
a copolymeric compound. The repeating unit may be terminated in any suitable manner
known in the art and may include functional or non-functional end groups.

15 [0075] Electrically conducting oligomers and polymers comprised of copolymerized
units of monomers M2 are another aspect of the invention and are represented by the
formula P2, as follows:

L
Y Y

20 where nis an integer, W is -CZ'=CZ?- or -C=C-, and Z' and Z? are independently of
each other H, F, Cl or CN. Oligomers often have n-values from about 2 to 10 units and
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pyrrol e, thiophene, fluorene, or carbazole). [0076] Polynerization of the
nononmer deggyspluesh above nay take place through one of several reaction
mechani snms. Suitabl e reaction mechani sms i nclude 1) aqueous 10

phase/ oxi dant pol ynerization, 2) organic solvent phase/ oxi dant

pol ynmeri zation, 3) netal catalyst polynerization, and 4) el ectrochem cal
pol yneri zation. In sonme cases, the polynerization can be conducted in situ
upon a suhhéseapmduaemmhagselmﬁtotthepmddcﬁmﬁof rédreory @and tfielt effechiyarisistor

pretreated, or co or. to I rizati and/ or V.

surface caff E@Sfupﬁ’ﬁé&sb%%%’%ﬁ‘gg%,m *3?6%3%“?@:‘?@885%5 Hf'%ggn be
applied U]Emmut be to dsouraby0BUhits Akt ubbiél Ingreparingfimpas p\ulerimeétmnrred froma
process of one e

t f ' i L] t hat
P enabl neBrals T yariaedlestioobital apdiietins THRSRPEIDA! BRI PRMAT S et ons.
mpendfng ttefmmbe in hnyé eentavie Maméuf (&gqfhtyﬂmgmtﬂ deutdriunt) @inyk tacetylene adr nitritel) f2 8
ener at e ndi ng i.nteract,ion var
gt ructural? ??C% %BO'M@GH%&EPH&"Q&&WR@% %b%qgﬁ q‘u‘éd?%%&h
bondi ng ermbﬂdg)mmmr@pm@an@,s;rda@amb)ed in the open literature. For
exanpl es see, Journal of the American Chem cal Society, 1996, 118,

4018- 4029 [a0we) ePsly@BfiLRioh b Rl Mondviheradsstribed ajové enayethkeplacd thrdugharieysfer
according to the a?}hesent I nvent such.as 1 Hthie

d] i mi dazol SeYgrlLjeagtian meghanisps, g”'ﬁbr'%aaﬁp%ﬂ mﬁﬁtﬁq"sr?%'gflhaﬁa) BAYGRSr act eri zed
as a l1oneashadb/oxiiant pdf'y‘lﬁeﬂlzaﬁeﬂ,@)@gaﬁlc mriophm/a»ﬁdannpdlymlenmx@h 8unetahe

I t | eadi t hat h d
vi dent by AERtPoDEI LAIeM 20y dbeleckBmL Papere=tEny i caMateR Bebol yrrer <
gpog pol yrmyrﬁéﬁzlaﬂdtin bait bé _@ledllECédhld Sﬁlﬁ abﬂ? asgbstente.i m)gppbhdmgl ghon thecemuigese
ondi ng appear and dis | surface roughn
Typica 1 o6 epbriate ARy erenase Bt aus Pt S poSRY7RERR ARIcH % meiigiceg.
t enper at urgpfacacgh beg flirtm?ﬁdb_eué (e, additidnaufiims 4dyersiten eappliediupan then i s
conti nyed period of time until the reaction is conpleted to affect

the ddsir kP f Hﬁﬁfgee of polynerization. The degree of poI yrrer i zation is not
2Bl Tl i Sers e B3 YEe SRBSRGREG 8T e
shal | depeirdentipapobsessaitttivagitios that caueadatiw solet statmemgmebyngnmo@h ordi nary
skill in tt?y%rogrc.atn bontdFI]'I% wﬁteracﬂons e Sﬁénﬁrge 8} cﬁonce P % 3?18 X & chr'n%u a IM)1ntht e may
structural motifs generated through hydrogen bonding interaction may vary greatly. The
20 structural motifs may be varied by adding additives or other hydrogen bonding enabling
molecules as described in the open literature. For examples see, Journal of the
American Chemical Society, 1996, 118, 4018-4029 and references therein. Monomers
for formation of the polymer according to the present invention, such as 1H-thieno[3,4-
dlimidazol-2(3H)-one, can form a structural motif that may be characterized as a linear
25 tape. The linear motif can be maintained through out the polymerization leading to films
of polymers that are highly ordered as evident by their very high gloss. Monomers which
form conductive polymers upon polymerization but lack solid state engineering through
hydrogen bonding appear flat and display high surface roughness values.

[0078] Typical reaction conditions for aqueous phase polymerization include

30 temperatures ranging from about 0° to about 100°C. The polymerization is continued for
a period of time until the reaction is completed to affect the desired degree of
polymerization. The degree of polymerization is not a critical element of this invention,
but shall vary depending upon the end use application. The desired degree of
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range between a few m nutes up to about 48 hours and depends on a nunber of
factors iggAsadigw the size of the reactor utilized in the polynerization,
the polynerization 5 tenperature and the oxidant utilized in the

pol yneri zati on process. [0079] The anount of pol yanion and oxidant to be
enpl oyed in the aqueous polynerization nmethod may broadly vary and can be
determ ned for any given polynerization wthout undue experinentation. For
exanpl e t heolymenigation shaibdegfend ldpoh theceraf sedasd$ ireadilp deterrBinddipy one ofrononer to

a desired I yani.an. typical. ranges _from 10. aboyt . 0,

o cal Ly A0 600e WEad Bt AREE Srp R RlcR e poynerigaforttin ma

t hi eno| f dradge gémgl%t‘iéwahmtgamprm gbommsltrlmuas gb&ﬁdep:ﬂdsnh@armnuejm gmtdlrg )
ranges from out Q. 0 about S about. Q.1 t .2.0. In the
CassCor 1 aPpindRg dhe dze or R Saaiulired 1345 penBELiatet: e kBYMBHAIN o o abou
5 wt % &f lteniperatveahddhe bxidantariited i tRdPolpmerization pfiede$. Sui t abl e pol yani ons
can conprise at | east one nenber fromthe group of an anion of a

pol ycar box[pore] aThelamsustofpslyanion aad yiidantatoibe,enmubdyeddn trecagueious aci d,

fion, lymal ei.c_acid. . and, pol i | f oni i . lyst
Lot om o RanEEiSn Bidad RV oBRONTRE & (i SRS ibed i Ay B8R hg YotV ene
po: ]ys ulfo rwqtyémeﬁi;étsiomnemtamme expgrimhenation. *or gkatmblectliw weight liago @:l diHvi nyl "
oni C | dS 0 r oners SucC a . acrvl ates n S I e. e

ool eoul o et itk 25 REORE onoPHE 1 sl paf il WilcaR Sarklek BRI
r5 88 ggoﬁgr onatsdue otooli ,t@aﬁ%mtq oa%wgl(l)%é&%ﬁoms to &bﬁt?tl yo.f ahmmﬁigtumatia@fwm o about

, and, no LY. 0] . e aclds.1rrrom | C e o) n|Lons are
deri ved ar'S'%B%Fk%@??‘%@ﬁ}'f’%mnﬁmew @%"ﬁf’&éﬂé@ﬁyﬂw‘{l}ﬁﬁaﬂe Rods.
[008 (1} | |S;JI élfzdgllt e.olaitb aApoiitst Otmaléoaﬁt%it ele:| t@téb&amo. ﬂ’(fjlmtemasé)effefri‘o;mlllfbteetn@{ oupf of
1 ron a ,  SucC as e , e |l ro L 1), S S O
or ot ¢ hcahut g6 ki B abauk 0 wiohfoatounS wTk 1 PEnien8f3 dtrba3g

K2Cr 207, a¢@®Hb-oner ammoni um persul fates, alkali perborates, potassium
per manganat e and copper salts such as copper tetrafluoroborate. In

addi t i16n | [0080E, Saitablepslyaniorgesanrsaynpide atlcagicaneshgmber frone theegroop otlamt s.
Persulfates, and the iron(ll11l), salts of organi.c acids, and.i norgani aci ds
Contai nincAnionatn bOyearbGnl aa. Sith Ratveenic autc v managys A H8BbFoar e’ o
E 8882 inst r@dlylérﬁalém]gd@icﬁanu Polyme¥ic l@uifciﬁc?aacﬂs, sathias pugswrbaetsairam acid and olbi um
Exa es of _iron(l Il sal ts, of ..organic ids can conprise at | east
one rrenberrr’mwryrlr??'f@"b?‘é‘?rp]r%? P&&fﬁ"?ﬁ”j&'"gQﬁ‘?go%ﬁﬂf%ﬂfﬁ' I"RSY gfgﬁ Poni ¢ aci ds,
such as ned¢dpalyeneds otividyl cardxylic and vinyl sulfonic acids with other monomers, such as
20 acrylates and styrene. The molecular weight of the acids supplying the polyanions is
normally in the range from about 1,000 to about 500,000, usually from about 2000 to
about 500,000 and normally about 70,000. The acids from which the polyanions are

derived are commercially available or may be produced by known methods.

[0081] Suitable oxidants can comprise at least one member from the group of iron(lit)

25  salts, such as FeCls, Fe(ClO,); and the iron (ll) salts of organic acids and inorganic
acids containing organic residues, H,O, K;Cr.O;, alkali or ammonium persulfates, alkali
perborates, potassium permanganate and copper salts such as copper tetrafluoroborate.
In addition iodine, air and oxygen may advantageously be used as oxidants. Persulfates
and the iron(lll) salts of organic acids and inorganic acids containing organic residues

30 are useful because they are not corrosive to the substrates such as ITO, or oxides of
aluminum, tantalum, or niobium.

[0082] Examples of iron(lil) salts of organic acids can comprise at least one member
from the group of Fe(lll) salts of C,.5 alkyl sulfonic acids, such as methane or dodecane
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-23 06759 USA sulfonic acid; aliphatic C, _20 carboxylic acids, such as

2- et hyl hexpd7s9rugxyl ic acid, aliphatic perflurocarboxylic acids, such as
trifluoroacetic acid and perfluorooctanoic acid; aliphatic dicarboxylic
acids, such as oxalic acid and, aromatic, optionally Cl-20-alkyl -
substituted sul fonic acids, such as benzenesul fonic acid,

p-tol uene-sulfonic acid and 5 dodecyl benzenesul fonic acid and m xtures of
t he af or ensuffohioraed; BligHattic C sadarisoxyfic acigsrsuch aaemlsylhmmmouwicacid ron(l11)

one. nenber IPPER b SEhaRoaR g, {em s el od Bt BRRnE Pert SRTRIENSE My oo
of I Cl- 20 adliphatid dicarboxyliexagits suchtes dxalid 4did and| arométid, @ptlo)nalls @1 bealleyl- [ 0083]
phase. r enctESHirSd SurgRE R s TR gfesp M T SeilnloifereSurBil Beichlots 1O
[ 0084] 5Copdrbd,en¢rtmnwmsludomg atid anbenigueescoithe afmmmnermOnedaye(lﬂa satls nborghbpict he

fol | ow ng % ! eaatle{ ?Iy) sl}qlt? o \lﬂ}owénk?< acidaé ggh%i% oraén}@ |%gidués Egrp

pol yani on @
comprise at least one member from the group of iron(lll) salts of sulfuric acid semiesters

of Cy.20 alkanols, for example the Fe(lll) salt of lauryl sulfate.

[0083] Polymers, including homopolymers may be formed by the following aqueous
10  phase reaction:

L j

Y Y > Y)kY
H,0,

WMW. polyanion e[ ) \/\

y 4 and oxidant L \Z/

[0084] Copolymers according to the present invention may be formed by the following
aqueous reaction:

o,

X H;0,
YJ\Y

polyanion
and oxidant
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z -24 06759 USA [0085] Although the above copol ynerization reaction shows a
substi t ut egg#s0i | 9phene as the copol ynerization agent, any nunber of
conpounds may be used to polynerize in the reaction according to the
present invention. [0086] The oxidative polynerization of the nononers
descri bed above in the agqueous 5 solvent phase is generally carried out at
tenperatures of from about 20 to about 250C, wusually at tenperatures of

f r om about [0D85hnAltidughtth@ BBdve cbpplymerizationreadtionshows atsubstiteted dinidphene as

reaction tjnme desi hao
et ol | o AgoBsama Eatsnagbny atk pufier & AhedO LY BB Ui Pding R Tihe, o,
E \ E Z anaoctiordautording to the pfd@htihvesitioh) ar to reacti ons conducted in the
aqueous phase, copolyners may al so be 10 formed by providing additional
][mnorr:sr st joo86)r Tise oﬁddimrﬁodynwizhw ¢f themonomevs désctibed atavedmthesaquieouse

or mu ant s

ML_and/ o e fo 3
sol vents V\?ﬂq@{lt QE‘QS%'&Q@PQ@'X,C?'H@? P“ﬁﬂd%@?’ﬁ@"‘?%%@ﬁ"&ﬁb%‘g#é?l &%f?g’?g%@) ¢an
Comﬁri sle amsuﬁllyeastbmpgmtmﬁ‘@efroifnramutwaﬁd@wutcmo%,l dqphaunﬂg oalthmbx)dimtsuch as
met hano nol.. an rop | phat i c nes s c as _a
met hyl et hY¥e cﬁ%ﬁc}ﬁ%’eaﬂ'% s‘;{%dc '}S@QW |”8'”§ §’°§8 H’%ﬁ%"@y ﬁ’%lfg ate
and butyl acmbablmwwgon@hiccphbyglrmﬂanhons such as toluene and xyl ene;
al i phatic hydrocarbons such as hexane, heptane and cycl ohexane;
chl ori nated hydrocarb¥ns such as dichl oronet hane and di ciy or oet hane;

aliphatic nitriles sug¢h as acetonit&ile; aliphatic sul phdxi des and
sul phones such as '

V”u sul phoxi de and sul phol ane;

car boxam des such a§ nef'hyl acéTam de 20 and M net hyl f ; aliphatic
and araliphatic ethe uch as diethyl ether and aniso I n_addition,
wat er or m xt ur §g,of/ we er“i(vi t h t hergaiioselventt i one% of gghi c\sol vEnt S

y4 and oxidant

[0087] Similar to reactions conducted in the aqueous phase, copolymers may also be

10  formed by providing additional monomer structures. Solvents suitable for use with the
monomers of the formula M1 and/or oxidants are, in particular, the following organic
solvents which are generally inert under the reaction conditions and can comprise at
least one member from the group of: aliphatic alcohols such as methanol, ethanol and
i-propanoi; aliphatic ketones such as acetone and methyl ethyl ketone; aliphatic

15  carboxylic esters such as ethyl acetate and butyl acetate; aromatic hydrocarbons such
as toluene and xylene; aliphatic hydrocarbons such as hexane, heptane and
cyclohexane; chlorinated hydrocarbons such as dichloromethane and dichloroethane;
aliphatic nitriles such as acetonitrile; aliphatic sulphoxides and sulphones such as
dimethyl sulphoxide and sulpholane; aliphatic carboxamides such as methyl acetamide

20  and dimethylformamide; aliphatic and araliphatic ethers such as diethyl ether and
anisole. In addition, water or mixtures of water with the abovementioned organic solvents
can also be used as solvents.

[0088] Oxidants suitable for use with the present invention include oxidants that are
suitable for oxidative polymerization of pyrrole. These oxidants are described, for

25 example, in J. Am.Chem. Soc. 85, 484 (1963); hereby incorporated by reference.
Inexpensive oxidants can comprise oxidants such as iron(lif) salts such as FeCls,
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can al so be used as solvents. [0088] Oxidants suitable for use with the
present imnygyabiggai ncl ude oxidants that are suitable for oxidative

pol ymeri zati on of pyrrole. These oxidants are described, for 25 exanple, in
J. Am Chem Soc. 85, 484 (1963); hereby incorporated by reference.

| nexpensi ve oxi dants can conprise oxidants such as iron(lll) salts such as
Fed 3, -25 06759 USA Fe(ClM)3 and the iron(lll) salts of organic acids

and i nor gafe(CIGd atdl therion(IN) salts of g@anic acidsdindacrgarfic atite contaiaing2dganic
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t he nono &) rmul a g}i about 2 to about 2,5 equival ents of oxidant
are theoré r% qr qrﬁﬁu?'iee"&fe r nmol of monomer (see e.g. J. Polym Sc. Part
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mononer . T 0050 The s ?ﬁ“”"?‘:ﬁr'@%'*““a"ymmm' e L o gant
ronorTer - PR e Fhe A BEer BRI 3, 310e ROl e o 6
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, 15
ool 140 t RO i os o Fpplands ncFonim SR T gigantt ik e BB or m o

a sol uti oracids cdntdining opganiy nad@al@&&tsehe dreat Applicativnartivartages thiat theyalppiat cat i on

Che coat echYBELOHasIVe 25708 [t B Eesre a1 T Oy anpes. o AFn g e Aoy "t o

t enper at urotsiimpaaditin paAICKIar, KK Hd o%ﬁamntdﬁmmmeabwmntmmaw oxi dant s
at es .20 are used, the ox

h Fed 3 da
o Vo | & TPeReds S0 eBidly SRR g il Seate opaRER A SHANE NS cat i on of
oxi danss adpi)hé@my@ﬁfer@htwa laeal follusrtarraetal dxiddsurfaeatiretheiforndeba selbfien obut , i n

contrast, warm ng..can tte 0 anpl es | ch be, ment. oned of
Con(i 11} 5 BTG Rartain s sFtagment Ater ARGt SRS Sodin. ol iod Bae:
conpri se éahe logidatiorntdn e absvleratedBytwWimirgthe coatet invetdilfbil or the coated metal

oxide surface (e.g., warmed to a temperature of about 200C).

[0091] When the other abovementioned oxidants such as FeCl;, H.O, or perborates

20  are used, the oxidative polymerization proceeds relatively quick such that separate
application of oxidants and monomer onto the substrate to be coated is desirable, but, in
contrast, warming can be omitted.

[0092] Examples which may be mentioned of iron(lIl) salts of inorganic acids
containing organic radicals can comprise at least one member from the group of iron(lll)

25  salts of the monoesters of sulphuric acid with C, -Cy -alkanols, for example the Fe(lll)
salt of lauryl sulphate.

[0093] Examples which may be mentioned of iron(lll) salts of organic acids can
comprise at least one member from the group of Fe(lll) salts of C,-Cy -alkylsulphonic
acids, such as of methane- and dodecane-sulphonic acid; of aliphatic C;-Cy -carboxylic
30 acids, such as of 2-ethylhexylcarboxylic acid; of aliphatic perfluorocarboxylic acids, such
as of trifluoroacetic acid and of perfluorooctanoic acid; of aliphatic dicarboxylic acids,
such as of oxalic acid and, in particular, of aromatic sulphonic acids which are optionally
substituted by C, -Cy -alkyl groups, such as benzenesulphonic acid, p-toluenesulphonic

-26 -



25 salts of the nonoesters of sulphuric acid with C, -C20 -al kanols, for
exanpl e thge7Be(U3A) salt of lauryl sul phate. [0093] Exanples which may be
mentioned of iron(lll) salts of organic acids can conprise at |east one
menber fromthe group of Fe(lll) salts of Cl-C20 -al kyl sul phonic acids,
such as of methane- and dodecane-sul phonic acid; of aliphatic Cl-C20
-carboxylic 30 acids, such as of 2-ethyl hexyl carboxylic acid; of aliphatic
per f | uor ocsuidany bi @ocmcyldenzeaeahphcaﬁc adid.t Mixfuresofdheset aboveanentianed be(lll)

perfl uorooaﬁ;( g c_aci dd of al q',d%itlcl d?ﬁarboxyl ic acids, such as of oxalic
aC|bdt a?dt § Pfqagl‘ﬂ% sa?fk‘aé pineio¥ phoni ¢ aci ds whi ch are optionally
stitu
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t t t t t
added To B B Bratnl et Eieditedin Sectra BB ik Ao BRREL W Th (he
ant i ciipat edoharaer.of 10 nononer. [0095] In addltlon, t he above sol utions

may contain organi c binders which are soluble in organic solvents, such as
at | east 00095k mheadditioomheraboge solptiarfs rpay gantain prganicctindery whicharg salublenat e,

Dol yoer vl dneteaiEScant® RLRSh ot @henalRen BN e dthfi of Ry RdcBRRe).
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SoTunl o F pdvaniotile, Pobi S Solindd). adihilisns. RRB ROV ED R PAerE) sdlfigdts
?LC?EgBrSm fﬁ;l;‘bohgs eanal ﬁyymlt/mylﬁtlél vikgraeetate/aériafd anthethglohelvingirasetate be appl i ed

b 30% by Ve h
ronomer | esnoliiars her oriieh S Hofbiofy Aikitanic soiferdS ber S0Ub SRS Nin Yt | or
01;] bi nder , pdpliryl piebhels can &8 employed@stthibkenees.based on the total weight of

t he

[0096] The solutions to be applied to the metal foil which can contain about 1 to about
30% by weight of the monomer derivative of the formula M1 and about 0 to about 30%

20 by weight of binder, both percentages by weight being based on the total weight of the
solution. The solutions are applied to the substrates by known processes, for example
by spraying, knife coating, spreading or printing. The thickness of the applied coating
after drying is generally about 1.0 to about 500 um, usually about 10 to about 200 um,
depending on the desired conductivity of the coating.

25 [0097] After application of the solutions, the solvents can be removed by evaporation at
room temperature. In order to achieve higher processing rates, it is, however, more
advantageous to remove the solvents at elevated temperatures, for example at
temperatures of from about 20° to about 300°C, usually about 40° to about 250°C. The
removal of the solvents at elevated temperature is also more advantageous since it has

30 been found that the electrical conductivity of the coating can be increased substantially,
namely by up to a power of ten, by thermal after treatment of the coatings at
temperatures of from about 50° to about 250°C., normally about 100°to about 200°C.

The thermal after treatment can be combined directly with the removal of the solvent or
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solution. The solutions are applied to the substrates by known processes,
for exanmpl gg7s0yusSAr ayi ng, knife coating, spreading or printing. The

t hi ckness of the applied coating after drying is generally about 1.0 to
about 500 m wusually about 10 to about 200 m depending on the desired
conductivity of the coating. 25 [0097] After application of the solutions,
the solvents can be renoved by evaporation at roomtenperature. In order
to achi evealtdrgﬁtwelymamasmittagam attersal in timedronhfinishieg therooating. adependingeus t o

renove the,s ts at e t te r e | res
of ' om anBEveRR Bt Fyhe HERE, (ot iBhrEhaTH| fid spak SEbRe

renoval oftotdbousdminutes. at el evated tenperature is al so nore advant ageous
since it has 30 been found that the electrical conductivity of the coating
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er ne reat nent .can arried o of exa c e
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such tipat wheer. residence tinme desired at the selected tenperature is

achi eved, or bringing the coated netal foils into contact with a hotplate
at the desjooed] t The aatiraloithé polyiesizationi anedhe deélmdlmwmdrrcan béfcoatroltegmoval of

t he sol vents ryin n ef t hermal aft [ ea n '
advant ageoé%oeﬁ'g"éa‘&‘tvﬁ@?&zﬁ'ég QYRS e BEEeD qaﬁtéoné‘gaéns?’ﬁuso'ti P’g*‘glo wat er .
[ 0099] Thereagtionsemay bé bempletedreliowing anysuitatilet hethdes i Methogse byitable foansée
controll ed .. dependi ng u at W an are S car bon
bond  or m Wi TEcReoa St Blasen o lreher S Ak ndlGRER ko i S RORT oo
Met hodis suRéeadiios, ﬂw@rYaMnotwRéacﬁdsrﬁ thheoHeckeReadtioh, hlae Stiltes Beactionythiet i on
i ncl ude, byt are not d to the Suzuki | O Y
React i on, gﬂmﬁé‘wmqf%ﬁ‘eaﬁ?& E}%'ﬁf"éa‘geﬁeﬁ"f‘ {- %%Bi}gb%sg?%thagl har a
Reacti on, &aMmethéumeCidlogh Readtigreaction, the Ri ecke Reacti on,

[0100] Monomers of the Formula M1 can lend themselves to metal-catalyzed-

polymerizations. For examples see, Heck, Chem. Rev. 2000, 100, 3009-3066; Stille,

20 Chem. Rev. 2003, 103, 169-196; Suzuki, Chem. Rev. 1995, 95, 2457-2483;

Sonogashira — Hagihara, Chem. Rev. 2003, 103, 1979-2017; and Kumada-Corriu,

Chem. Rev. 2002, 102, 1359-1469 incorporated herein by reference. Conditions can

vary greatly depending on the nature the W and W’ substituents.

[0101] An alternate method for preparing oligomers and polymers, such as poly(1H-
25  thieno[3,4-d]imidazol-2(3H)-one), involves an electrochemical process wherein 1H-
thieno[3,4-d]imidazol-2(3H)-one is polymerized in an electrochemical cell using a three
electrode configuration. A suitable three electrode configuration comprises a button
working electrode selected from the group consisting of platinum, gold and vitreous
carbon button working electrodes, a platinum flag counter electrode and an Ag/Ag+ non-
30 aqueous reference electrode. Suitable electrolytes can comprise at least one member
selected from the group consisting of tetrabutylammonium perchlorate/acetonitrile,
lithium triflate/acetonitrile and tetrabutylammonium hexafluorophosphate/acetonitrile.
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and the McCul |l ogh Reaction. [0100] Mononers of the Fornmula ML can | end

t hensel vea7e9 8l - cat al yzed pol yneri zati ons. For exanpl es see, Heck,
Chem Rev. 2000, 100, 3009-3066; Stille, 20 Chem Rev. 2003, 103, 169-196;
Suzuki, Chem Rev. 1995, 95, 2457-2483; Sonogashira - Hagi hara, Chem Rev.
2003, 103, 1979-2017; and Kumada-Corriu, Chem Rev. 2002, 102, 1359-1469
I ncorporated herein by reference. Conditions can vary reatly dependi ng on
t he nat ur 010%] \Hoiyrderwinslub'mgimmDWme['SmalDemrnmldtm!rtha?®0WEIQhod for
reparin | lymers, such as poly(1lH 25

i enol 3. AereaiEnBaedeit YO0 | Pt

t hi eno[ 3, one), involves an el ectrochem cal process

wherein 1H thieno[ 3y4-d]imdazol-2(3H)-one is polyneriz in an
el ectrochem cal cellfjusing a three electrode configuratipn. A suitable
three el ectrode conf/ngur ation conprises a button workingAel ectrode

selected fromthe
button working ele

a plLatinumflag cognter el ectroge and an Ag/ Ag+

non 30 aqueous r ef e el ect rOdeelecﬁlféaﬁabl e el ectrol onprise at
| east one menbeW 'fromthe_qg L oup consi stil E/| anmoni um
perchl orate/acetonitZile, 1ithi urﬁuf‘F flate/acetonitnil e Znd

t et rabut yl anmoni um hexaf | uor ophosphat e/ acetonitrile. -28 06759 TUsa [0102]
Pol yners, including honopol yners nay be formed by the foll ow ng

el ectrochem cal reaction: XX YYYY Wwe electrical EE Z current Z n
(0103] 1H-thieno[3,4-d]im dazol -2(3H)-one nay undergo el ectrochem cal

oxi dati on 8§03 ﬂ%&ﬁerﬂi{@&%}ﬁudhzyl ?_?Hﬁlbﬁé‘hﬁ? Jnh@rdé@léﬁ%bhemlcal oxidation at a

pol y(1Hthieno[3,4-dlimd surface of the vvorkln

el ect r ode.PeaR@ROYR hiVde |P6?V'Q9fth9 Iﬁ@'Yﬂ't?I’;HPéf(“ﬂé'E'FW?B %ﬂ@'ﬁﬂ%’ﬁ@t"‘) qng) P'érmved
fromthe wRg kiifebeqdt e WokfhgBlect@B! lDﬁorV\bdrhpléuo?péfWélbowehzaa@nametp@mﬁerrI le.

[ 0104] Conventional electrolytic cel can be utilized ractice the
el ect r ochéhfemgved g E'@sWQfES'PQ lactrade by waghing with @; %W@"b?quaé’ret%‘l't"?he

present i nvent ion. One suitable
[0104] Conventional electrolytic cells can be utilized to practice the electrochemical

process for making the compositions of matter of the present invention. One suitable
working electrode for making the compositions of matter of this invention is a vitreous

10  carbon electrode and the electrolyte can comprise tetrabutylammonium
perchlorate/acetonitrile.

[0105] 1H-thieno[3,4-d]imidazol-2(3H)-one was also electrochemically polymerized in
the presence of sodium poly(styrene sulfonate) using cyclovoltammetric polymerization.
An onset for oxidation was observed at about 1.12 V which corresponds to the potential

15  at which polymerization can ensue. Polymerization is evident as indicated by the
increase in current response for the lower redox process which corresponds to the
reduction and oxidation of the conducting polymer that had been electroprecipitated onto
the electrode surface.

[0106] In one embodiment of the invention, the oxidative polymerization of 1H-

20 thieno[3,4-d]imidazol-2(3H)-one is carried out in aqueous solution utilizing poly(styrene
sulfonic acid) as the polyanion and ammoniumpersulfate and/or iron(lil) sulfate as the
chemical oxidant.

[0107] The above described polymerization has been in terms of a homopolymerization
but the inventive process can be used to conduct a copolymerization of the 1H-
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wor ki ng el ectrode for making the conpositions of matter of this invention
Is a vitregrsolsaarbon el ectrode and the el ectrolyte can conpri se

t et rabut yl ammoni um perchlorate/ acetonitrile. [0105]

1H-t hi eno[ 3, 4-d] i m dazol - 2(3H)-one was al so el ectrochem cally pol ynerized
in the presence of sodium pol y(styrene sul fonate) using cyclovoltametric
pol yneri zation. An onset for oxidation was observed at about 1.12 V which
cor r espondbieno[3t4:d]imidazoH2(3H)-onkSwitit andthermgrnomersucizas Bdn can ensue.

Pol yreri zat,i on is eyident as indicated the .increase in current response
for the |ng@8er}eéi§%yt\f}5qp§88§gr AT ‘Fr%%ge%t{%%’rfﬁgcq%gt he reduction and
oxi dation of the conducting polyner that had been el ectroprecipitated onto

t he el ect r%g E{gé%ace. [0106] In one enbodi nent of the invention, the
oxi dative W zation of 1 H 20 thieno[3,4-d]imdazol-2(3H)-one is

the. pol yarte 8l RG-Sl dhpinbBiark PRt e oickbg Rk Sl o
tcgre ?B c g:c caddda;ettt(\)e {:M?ciisitio'ﬁismf ataueteamtbzm_rridb é’trt]br_miebyorﬁmit the scope hn&!hebé@meﬂg
Contucr o ARG LHESE pRBREE iafdl philf b GRbiYSeh WE BRariils B gy

t hi eno[ 3, Aveightm dazol - 2(3H)-one with anot her nononer such as 3, 4-

et hyl enedi oxyt hi ophene or pyrrole, anong other reactions. EXAMPLES [0108]
The foll ov%{&g,‘ 'Iél|ustrative exanpl es are provided to further describe howto
make 5 and use the conpositions of matter and are not intended to limt

t he scope Arfuephe Synthesiedf Polp(iétthiemo[3,4Jd]inilazalt2(3H)ns st ates, parts and
percentages in the exanples are given by weight. Exanple 1 Agueous

Synt hd8i s [6109%0150 mgH®.86 erod!BoistHithienaidi4-sllimiiazply2(8Hypna end 830919 FU8y (0. 36
| ‘ . e _ :
oy st yr SN RAGbuloticHAd e ol o it 10RF o izl BtePhacdbed o 25

added t o aniZbnedk flask.n &b niixtatekwasTstisrediat 600 eprat! 30 mgr(@48aemadof r pm 113. 0

my (0.48 P é%_sz an@%ﬁé?%ggs@b% werdHaddd 4R rRtteh ke TREDRMatice t he

reaction f he “oxI
polymerization was carried out in excess of one hour. After polymerization, the aqueous

15  solution was purified by ion exchange columns (Amberlite IR-120 and MP62) resulting in
a deep black aqueous poly(1H-thieno[3,4-d]imidazol-2(3H)-one)/poly(styrene sulfonic
acid) dispersion. Transparent films were prepared by spin coating the poly(1H-
thieno[3,4-d]imidazol-2(3H)-one)/poly(styrene sulfonic acid) mixture onto glass
substrates at 1,000 rpm yielding an electrically conductive surface.

20 Example 2
Aqueous Synthesis of Poly(1H-thieno[3,4-d]imidazol-2(3H)-one)

[0110] 50 mg (0.36 mmol) of 1H-thieno[3,4-d]imidazol-2(3H)-one and 5.55 g of 18%
poly(styrenesulfonic acid) water solution in 45 ml of deionized water was added to a 100
ml 1-neck flask. The mixture was stirred at 1200 rpm. 300 mg (1.98 mmol) of Fex(SO.)s

25  dissolved in 7 mL deionized water were added to the reaction flask. The oxidative
polymerization was carried out in excess of one hour. After polymerization, the aqueous
solution was purified by ion exchange columns, resulting in a deep black aqueous
Poly(1H-thieno[3,4-d]imidazol-2(3H)-one)/poly(styrene sulfonic acid) dispersion.
Transparent films were prepared by spin coating the poly(1H-thieno[3,4-d]imidazol-

30  2(3H)-one)/poly(styrene sulfonic acid) mixture onto glass substrates at 1,000 rpm
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pol yneri zation was carried out in excess of one hour. After polynerization,
t he aqueouds769 WA uUti on was purified by ion exchange colums (Anberlite

| R-120 and MP62) resulting in a deep black agueous

pol y(1H-thi eno[ 3, 4-d] i m dazol - 2(3H) - one) / pol y(styrene sul fonic acid)

di spersion. Transparent filns were prepared by spin coating the poly(1lH

t hi eno[ 3, 4-d] i m dazol - 2(3H) -one)/ pol y(styrene sulfonic acid) m xture onto
gl ass subgeldagen alectdcallp Gonductive elirfiaeg Theopticatbaridgap lof thecpaliimeriwas sur f ace.
20 Exanpl emga%Algg@ggq 55%\?t hesis of Pol y(1Hthi eno[ 3, 4-d]i m dazol - 2( 3H) - one)
[0110] 50 ng . mitol )" of 1H-thi eno[ 3, 4-d]i m dazol -2(3H)-one and 5.55 g
of 18% poly(styrenesulfonic acid) water solution in 45 m of deionized
wat er was Bxampleo a 100 m 1-neck flask. The mixture was stirred at 1200

300 serial Wgﬁ%ﬂ[ﬁa i hiy 7 mL dei oni zed wat
\r/vg;ne adde%%ejo%‘%%yr eaé%siogﬁl’o ask. e’%@ﬁaﬁ%‘\éggw rizati glno\r/]v:séeca\r,\?i gtrj
e ¢ : F .
oo 155 IR OB Gl b ARG dftiat 2 RIS gophind on vas
Pol y( 1H t WNARKIN® pertijormatesizion-ex¢tBrge sesid watsr gispessiannip 42uniaf deionized water

di ) : . !
pol y( 1ht ¢ nvas SRR il ml - npB R ADIFBRO R BBl PodifiBiedfhdeliar or €1
m xt ur e onPuPeitaebemabrs ard Gempanyl Widingtom DE3The e1hsgreyss stirddt 1§0@in

el ectri cal ' f . ' L :

e o oy SO IE M) AFRASTIE ABONER I PRHECGERHiELG Wt Rte)dtded 16°
Pol y( 18- t hthe medcdion fld$k. nThinexidative Pelymenieatich wasl artiedoutrig exerss ®f an® hpurof
1H t hi - dl.j - - , 0

perfl vor ?L@%ﬂ@?’ﬁ% aﬁ@%%%&?ﬁ gg@ﬂg’} @a.é BE'éfigé’i %Jﬁ ﬁ%h%\lgé@mé’gi oni zed
wat er  wasreaultinglin deeplBlackaqueons pklyf 1HathienoflHdidNidagol-2(3H)-bre)iMafiony

regi stered : ! M gt on, DE.
The. mi xt ur SoRGSOH; rferSharent iy g Brod RESP AR B8R HTBAN H-NIELBLIM o
di ssol ved dlimidazdl-2(3H)eorie)y/diafiommixtureeanto gldsiesubistrates at nd00aptyielding BAsk. The
oxi dayigve {igcj:t}fgﬁ?lyc{)ﬁ&ﬁ&ioe‘é’ﬁﬁa&ﬁ?ﬁ'bé%ﬁti&l’haﬁ@gagﬁﬁé 88!@/mgpﬁla9 asuredfds®
pol ynmeri zatron, the aqueous solutroh Was puritire y’1on exchange col umms,
resulting 1.be¥.deep bl ack aqueous
pol y(1H-t hi eno[ 3, 4-d] i m dazol - 2(3H) - one) / Nafi on

[0112] Several dispersions featuring a wide range of monomer to polysulfonic acid

(NAFION®) ratios (based on weight) were made displaying a range in desirable
properties such as work function, particle size, and film smoothness. The following table

20 illustrates the properties of such dispersions..

PTI / polysulfonic Work Function RMS of Film Dispersion Particle Size
acid
1/10 5.30 eV 4.1 nm 101 nm
1/20 5.52 eV 2.9 nm 82 nm
1/30 5.64 eV 1.9 nm 23 nm
1/50 5.92 eV 1.1 nm 26 nm
Example 4

Aqueous Synthesis of Poly(1H-thieno[3,4-d]imidazol-2(3H)-one)

[0113] 50 mg (0.36 mmol) of 1H-thieno[3,4-d]imidazol-2(3H)-one and 8.4 g of 12%
25  NAFION® perfluorinated ion-exchange resin water dispersion in 42 ml of deionized water
was added to a 100 ml 1-neck flask. The mixture was stirred at 1200 rpm. 113.0 mg
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di spersion. Transparent filns were prepared by spin coating the

pol y(1H-t lpegpolysad- d]i m dazol -2(3H)-one)/ Naf ion m xture onto gl ass
substrates at 1,000 rpmyielding an 15 electrically conductive surface. The
optical band gap of the polynmer was neasured as 1.5 eV. [0112] Several

di spersions featuring a wi de range of nonomer to polysulfonic acid
(NAFION(r)) ratios (based on weight) were nmade displaying a range in

desi r abl e (0g8oaol) oENHISHOaand\@ Mg dfFes(SQajs, weraradded  the zeactiandlask. | The
snoot hness_ . The faol | ow table 20, ilLustr r

G Sper o1 oppidatlps pSlymEielfn v B dus i8iceRt SFoddoun ARRY pdfifeffarat! e
Pa/rt i cl e Siqueousasolutioh/ids gurified &Y ich dxchamgeéddolumns (Ar2iterfite SR- 120 athEMlPﬁB)SZ nm
1 /30 5.64 e

: 1.9 2 1/50 5.9
Synt hes) < 10  Axsprhakassealepon ishon A lrda SIRBAYRON G 52
mrm:c') 6f deép‘em@noTranépaﬂamtmhdamke ﬁ:(eaabedawyspambaﬁng_tr@ pglﬁly(lﬂ%léﬁo[ﬂﬂzl ON( (rj )
er uorln sin water di sion,i [ ze
et er v dine” 2P Ra YRy S B SRpRE okl Fei e PasgaPeuBlesi Mo 500
113 @ didg af @lecicd rQiuéﬁvémm Ofh [Afandgapofitha mraglr

Ir:g?( SH) 3 \F/)\g%el (}jgag {hgﬁ?déact I on fla)a:tgk. egl'mmoxi dg?‘iave pc?r‘grreriwzagt I on
was carri SCHHe Q(,e&ss of one hour. After polynerization, the aqueous

solution was purified by ion exchange colums (Anberlite IR 120 and MP62)
resul ti ng Bxangpled®ep bl ack aqueous pol y(1H-thi eno[ 3, 4-d]i m dazol - 2(3H) -one)/

the paPy( Sokent B33 Shesis T snshod3 ATl BRI EIE” <ol t on - aci o
conduct i vaoLlfl 280 FEIZ RN 1P wiendib ol A Ve et 1K o |
eV. ExanplmeL 5nﬂ;@ir<$1§ n/-butanoll 225|g(0)3 Bynol) g Siom (B p-toluenesulfonate hexahydrate
Poly(1ht rH.issof\)/{eg N5 ?HL gf‘ an%y rous f':?imanorll%s added to the monomer solution resulting

in a deep red solution. The mixture was drop cast on glass substrates and allowed to

15  dry. The dried film was cured at temperatures up to 120°C for up to 15 minutes. The

resulting film was conductive as determined by the four-point-probe measurement. The

formed polymer film appeared grey to thé naked eye absorbing weakly and uniformly

across the visible spectrum. The vis-NIR spectrum displayed a bipolaron band around

1700 nm.

20 Example 6
Electrochemical Synthesis and Characterization of
Poly(1H-thieno[3,4-d]imidazol-2(3H)-one)
[0115] 1H-thieno[3,4-d]imidazol-2(3H)-one was dissolved in tetrabutylammonium
hexafluorophosphate/acetonitrile solution to a concentration of 5mM monomer and 100
25 mM electrolyte and was electrochemically polymerized employing a 3-electrode
configuration, using a platinum button working electrode (2 mm diameter), platinum flag
counter electrode (1 cm?), and a Ag/Ag+ nonaqueous reference electrode (4.82 V versus
vacuum level as determined by calibration with a ferrocene solution). The monomer
exhibits a low oxidation potential with an onset at 5.66 eV. Polymerization was apparent
30 from the current response increase in regular intervals at a lower redox potential upon
repetitive scans.
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[0114] 280 ng (2 mmol ) of 1Hthieno[3,4-d]imdazol-2(3H)-one were dissol ved
in 15 nlogrbydisaus n-butanol. 2.25 g (3.3 mmol) of iron (I11)

p-t ol uenesuf f onat e hexahydrate dissolved in 5 nL of anhydrous n-butanol
was added to the nononmer solution resulting in a deep red solution. The

m xture was drop cast on glass substrates and allowed to 15 dry. The dried
filmwas cured at tenperatures up to 120C for up to 15 m nutes. The

resul ting [6116 e polymiers telectronis pespeetiesi ward ebgluated i aniacgtonitriie polutien

t. T d | fil d

oo bi ng eadtp mih el Ronbin B ARRE SRR HRE st B R REn G Eas,
spect r um cagiddaut et scapi ratdsaf 26, 56 1002200uard 400/48U/sn MheZ@akcamphtdotthe
Elolef/z rla_ctl ﬁg@c@h gﬁ'{c‘:t&?? Sr{ tﬁg%@ﬁ;m%] %{q%fft i Itcz) [ast : I%Té)afrly with the scan rate indicating
ﬁH- t P: BnO[tﬁt?]t/botﬂhi Hitlfieﬁd[BA&._{]iﬂ'ﬁﬂalszE(ath&_nd) washtieated to thetsuethes of taemroni um

exaf | uor ophos e/acetonitrile solytion to a copcentration: nonomer
and 100 f@ecﬁﬁaé%fgﬁp Rolymar \9@%9@%?? B¥ ﬁ‘é‘ﬁﬁfsc‘,’g ‘?’9’“6[9’ 9H§B|S§%¥ég%l oyi ng
a 3;j'e| ect rrmor:clsfn?r/g;v a‘Pie(ubctrbéheiﬁc@IIyFﬁlamigaprwdsl(ﬂittlr(dr:tg\)w kBﬂgVegﬁffmidb (2
nm di anet inumflag. cou el ectro cm2), and a +
nonaqueou?‘ﬂ%@?@ﬂl’@e@ %‘ferg'@&éoegﬁﬁéqpfé&@? vacuum | evel as get gr n ned

by calibration with a ferrocene solution). The nononer exhibits a |ow
oxi dati on Bxatpg7al wth an onset at 5.66 eV. Polynerization was apparent

30 fr t current..resn e incr e.in I Intervals at a | ower redox
pot en'(tw]al meﬁg?téqngfi ﬂgﬁgeggﬁ@%ﬁyaag%gﬂﬂgié [0116] The pol yners
el ectroni @& 0?58 Y[e0gdigeytiopleli€ at ed in an acetonitrile solution bei ng 100
mM i n tetrﬁ%yl ni | 0 € C dependency was
carried OL; a 5%&“@# Soqgfﬁégﬂgfgoﬁgﬁrgﬁgﬁg%@@n@b@%/ s. The peak
current f @thylérediaxttieptiene avasrprepered atcarding poiherprocedace sed dorth indExaowla6
linearly w scan. rate |ndicati t hat i i i
pol y( 1 ¢ HPEr Rt 2o e probar R bflbolch 8 e hiprofp 4 limicsph 23y
el ect n5de.onglamdfSomMesethylehgdimtythigishene d 0 AtM tetiaputylarhmoniuml t ammet ry and
di spl ayed ,an of , -4. electrochem cal | ‘ nd to
be- 1. 65 eVexeudinetonae TREFEWAH. aipRoHEH vER eibeh BT P fR T See S
evV. current of the lower redox process upon sequential scanning and the onset of oxidation

of the formed copolymer as measured by Differential Pulse Voltammetry. The copolymer

displayed an onset of -0.36 V against ferrocene. (Electrochemically synthesized poly(1H-

20 thieno[3,4-d]imidazol-2(3H)-one) has an onset of -0.15 V and poly(3,4-
ethylenedioxthiophene) has an onset of -0.71 V.)

[0118] While the invention has been described with reference to certain embodiments,
it will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of
25 the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling within the scope of the appended
30 claims.

06759 USA.DOC
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Exanpl e 7 10 Copol yneri zation of 1H-thieno[ 3, 4-d]imdazol-2(3H)-one and

3, 4- et hyl egprdoaA hi ophene. [0117] A copol yner of

1H-t hi eno[ 3, 4-d] i m dazol - 2(3H) - one and 3, 4- et hyl enedi oxt hi ophene was
prepared according to the procedure set forth in Exanple 6 except that a
solution was prepared consisting of 5 nM 1Hthieno[3, 4-d]im dazol -2(3H)- 15
one and 5 nM et hyl enedi oxyt hi ophene in 0.1 Mtetrabutyl amoni um

hexaf | uor ophosphat e ( TBAPF6)/ ACN. Pol ¢irAlM&at i on was evi denced by the
increase in current of the |ower redox process upon sequential scanning

i1 erent @F"\aﬁ%%e%é‘v%ﬁbﬁﬁﬁgeﬁfye!éc?%sf'ﬁé%ﬂgﬁ&ﬁh’%%éﬁoﬁﬁggﬁgi“LﬁSeEyof 0,36
\Y [ , j . iz 1H 20 thi 3,4
a1 dazol - 2( 36y - YOl E RhRERERPERIN 15 U and Doty (hoas

et hyl enedi oxt hi Opheng)rﬂ&f%?&%o%gﬁ%ntq{avfnggﬁ%fo}a{%igéiQsilriIJg't rethil e the invention

has been descri bed w't eren o cer ments, it wll be
understood by those skilled in the artxthat vari ous changes may be nade and
equi val ents nmay be substituted for el eijfents thereof w thout departing from
the scope of 25 the invention. |In addi#on, many nodifications nmay be nade
to adapt a particular situation or MaterYal to the teachings of the
i nvention without departing fromthe essgntial scope thereof. Therefore,
it is intended that the invention not//be\limted to the particular
enbodi ment di scl osed as the best copteWpl ated for carrying out this
i nvention, but that the invention wilRZ include all enbodinents falling
wi thin the scope of the appended 30 clains. 06759 USA. DOC -33 06759 USA
CLAIMS5 1. A process for forming an electrically conductive pol yner
conprising: provi gi n%J a mxture conprising: a rmnon?r conponent having the
fol | owi ng st ruct utvaere nZ cqm})mse,sapleas one member selected from the group

consisting of Se, S, O, NR;, or PR,, where R; comprises hydrogen,

alkylaryl, arylalkyl, or aryl; Y comprises a member independently

selected from the group consisting of NH, O, C(R)., N(R). and S; X

10 comprises a member independently selected from the group

consisting of O, S, Se or NH; W and W’ are independently selected

from the group consisting of H, halogen atoms, metallorganics,

boronic acid, boronic ester, vinyl units, -S-COR, and -COR,; R

comprises a member independently selected from the group

15 consisting of substituted or unsubstituted C1-C4 alkyl groups; and R,
comprises a member independently selected from the group

consisting of H or C,.¢ alkyl, -C=CH, and polymerizable aromatic rings;
water;
a polyanion; and
20 an oxidant;
reacting the mixture for a sufficient time and at a sufficient temperature

to produce a polymer having electrically conductive properties.

2. The process of claim 1, wherein the mixture is reacted for about 5 minutes to about
48 hours.
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Wwe z 5 wherei n Z conprises at | east one nenber selected fromthe group
consi sting @;3\:1 S, 0, NR, or PR, where R conprises hydrogen,

al kyl aryl, aryI Ak or aryl; Y conprises a nenber independently selected
fromthe group con3|sti ng of NH, 0, C(R 2, N(R 2 and S; X 10 conprises a
menber independently selected fromthe group consisting of 0, S, Se or NH,
Wand W are independently selected fromthe group consisting of H,

hal ogen atmghe Cogﬁsc@hé efaaim f,wherélR tRNinBt A6 lifmaiPelistl & seiperatireriom uni t s,
-S-COR4 and - rises a nenber independently selected fromthe

group 15 con§P%'{t|°n8t%ﬁb%‘éfH§P|Qut ed or unsubstituted C1-C4 al kyl groups; and
R4 conprises a nenber independently selected fromthe group consisting of

H or Cl-6 sl ié procesébt clainth, HersiR thez gy ahici egimpbrises "at lRESt oneveicH selécted
pol yani on; and 20 an oxidant; reacting the mxture for a suf |C|l§nt time

and at a suf I'P®itBeQrqupRBSISHRg of an anioy cﬂJE@yaé’“ﬂ'SI%‘?WBPO'M@\?m?ﬁW F86Crically

conducsi ve pb@lpéﬁliohﬁ:sacnd? po_l}Hﬁ\lékE Qﬁésﬁolysiyréﬂleasdﬂoﬂuc a&fwbewnymlfmmaume I S
reacted for about 5 mnutes to abou

o eoca of " cPoRaNTmers UM GarbatuhpGle With SRR RSP AN sa'%w%ﬁiawﬁ?e from

about 0C to abfldte d0&refie, atcopibiations BHeredfai m 1, wherein the pol yani on
conpri ses at Ieast one anion selected fromthe group consisting of an

pol yal ei & hahé Prasées 8t it W E fecpaivanion seBney e prhaesiar oy’ abock

copol yners oﬁ,oeomdhb@@rgggmb_l c acid with acrylate or styrene, vinyl
sulfonic acids with acrylate or styrene, and conbi nati ons thereof.

10 6. The process of claim 1, wherein the oxidant comprises at least one compound
selected from the group consisting of iron(lll) salts, H.O,, K.Cr.O, alkali persuifate,
ammonium persulfate, alkali perborate, potassium permanganate, copper salts,
iodine, air and oxygen

7. The process of claim 1, further comprising applying the mixture to a substrate.

15 8. The process of claim 7, wherein the substrate comprises at least one material
selected from the group consisting of glass, organic polymers, plastic, silicon,
minerals, semiconducting materials, ceramics, metals and combinations thereof.

9. The process of claim 1, further reacting the mixture with a dopant comprising at least
one compound selected from the group consisting of HCI, HNO3, H.SO4, HsPO4, HBr,
20 HI, dodecyl benzene sulfonic acid, lauryl sulfonic acid, camphor sulfonic acid, organic
acid dyes, methane sulfonic acid, toluene sulfonic acid, poly(styrene sulfonic acid),
copolymers of sulphonic acid, acetic acid, propionic acid, butyric acid, hexanoic acid,
adipic acid, azelaic acid, oxalic acid, poly(acrylic acid), poly(maleic acid),
poly(methacrylic acid) and copolymers of carboxylic acid and combinations thereof.

25 10. The process of claim 1, further reacting the mixture with a dopant comprising at least
one compound selected from the group consisting of Na, K, Li, Ca, I,, (PFs)’, (SbFe)’,
and FeCls.

11. A process for forming an electrically conductive polymer comprising:

providing a mixture comprising:
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5. The process of claim1, wherein the polyanion conprises a nol ecul ar
wei ght of ggr8giysal, 000 to about 500,000. 10 6. The process of claim]l,
wherein the oxidant conprises at |east one conmpound selected fromthe
group consisting of iron(lll) salts, H202, K2Cr20O7, alkali persulfate,
ammoni um persul fate, al kali perborate, potassium pernanganate, copper

salts, iodine, air and oxygen 7. The process of claiml1, further

conpri sing applyi ng ahRomBmérisommponent githéictiowingstréctutdie process of claim
7, wherein the substrate conprises at |east one material selected fromthe

group consi sting of glass, organic pol Wrers, plastic, silicon, mnerals,
sem conducting materials, ceram cs, netlflal s and conbi nations thereof. 9. The

process of claim1, further reacting xture with a dopant conpri sing
at | east one conpound sel ected froﬁﬂfma{;oup consisting of HC, HNG3,
H2SO4, H3PO4, HBr, 20 HI, dodecyl be e sulfonic acid, lauryl sulfonic
aci d, canphor sulfonic acid, organic /Aci d%ﬁs, nmet hane sul fonic acid,
t ol uene sul fonic acid, pon(styre“é 5% ni & acid), copolyners of

sul phoni c acid, acetic acid, propionic%acid, butyric acid, hexanoic acid,

adi pic acid, azelaic acid, oxalic acid, poly(acrylic acid), poly(maleic
acid), poly(nmethacrylic acid) and copol yners of carboxylic acid and

mxtUre wth a dobhRioEZiee. 5.1 N ERR, Undhs M B yerdcti SRaRERC; 00, | e
gr oup coPsi s]Ei ng efylaikyl, dl(,antl;iYiSGadepBZiﬂelgtWF@_)ec,teC(meF@)eQrOUand_ FeCl3. 11. A
procesg for form . Ve @S g:

provi dl‘s’ng a mxt u?%‘%%'ﬁgroﬁﬁgﬁ(éé' @@}Bgﬁ{l&?é@%ﬁ%@n{gﬁﬁconﬂ%ﬁgﬁt havi ng
the foll owi ng strfromuthe groug comsisting ofcO, S, Senrdiidi W andiW’ &8¢, S, 0, NR,, or

oot 1 ot EXPRARERy ShIeR iy no llddiloing b g '
atoms, metallorganics, boronic acid, boronic ester, vinyl units, -S-
COR, and -COR,; R is independently selected from the group
10 consisting of substituted or unsubstituted C1-C4 alkyl groups; and R,
is independently selected from the group consisting of H or C.¢ alkyl,

-C=CH, and polymerizable aromatic rings;
solvent; and
an oxidant;
15 reacting the mixture for a sufficient time and at a sufficient temperature

to produce a polymer having electrically conductive properties.

12. The process of claim 11, wherein the mixture is reacted for about 5§ minutes to about
48 hours.

13. The process of claim 11, wherein the mixture is maintained at a temperature from
20 about 20°C to about 250°C

14. The process of claim 11, wherein the solvent is selected from the group consisting of
aliphatic alcohols, aliphatic ketones, aliphatic carboxylic esters, aromatic
hydrocarbons, aliphatic hydrocarbons, chiorinated hydrocarbons, aliphatic nitriles,
aliphatic sulphoxides and sulphones, aliphatic carboxamides, aliphatic and araliphatic

25 ethers, aqueous solutions thereof and combinations thereof.
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5 consisting of NH, 0, C(R 2, N(R 2 and S; X is independently sel ected
fromthe oygrdp ygpsi sting of 0, S, Se or NH Wand W are independently
selected fromthe group consisting of H halogen atons, netall organics,
boronic acid, boronic ester, vinyl units, -S- COR4 and -COR4; R is

| ndependent|ly selected fromthe group 10 consisting of substituted or
unsubstituted C1-C4 al kyl groups; and R4 is independently selected from

the gr oupI 10 ThE @to'dgss of ci&inot1, Ghebeintheydxidant E@ﬁbtisarwcmmmmrsiemtdd?rcan omatic
rings; solveqt; an an oxidant: 15 r ti e_ Xt u or i ci ent
e and at - elarpb eofkiRochBarup sAed. FD: il hcalbiiatb el nfodien

el ectri cal | ypemoifate} alNgi garogratd, botassilid. pefinangenate; £oppdr salts)iiodind, aivdmer ei n
the m xture i s reacted for about 5 mnutes to about 48 hours. 13. The
process of cPX911, wherein the mxture is maintained at a tenperature
from 20 about 20C to about 250C 14. The process of claim 11, wherein the

sol veng i sigThe ptaass bbgaihe, durthep compesing apglying theamixtureto a sabstratal s,
al i phatic ketones, aliphatic carboxylic esters, aromatic hydrocarbons,

al i phatic ocar bons, .chl ori nat ed hydrogcarbons,. al i | Ll

211 bhat i o U TR BRicasE St i MRHaS e us Bt ARGl sOb RS ¢ ano
aral i phatic &t‘egrbb;eﬁensistmgfwg&s?,(ﬂrlgarii@pslymbﬁy, plastigsdicommhinerals, ons t her eof .
-36 06759 USA 15. . process of cl.aim erein t. | dant conprises a
compound sl SepEandunB misiEs. Sorslh dhee a0 ghRoRaliphs FEILL s “Thoz)
K2Cr 207, al kali persulfate, ammonium persulfate, alkali perborate,

pot assi um {8 Thapgaess ef claioppk furthedr reacting themaixtune withiacdopart/epepouddl16. The

Slbstrre. © 18elbidront Bk ialdin GorERing phHCE Rfich, Fson BERE ABEHL YoBse ces

material sel behzemhefsulionic abid, Ruytsulfonitsdcid, icamphér syiifesis acid geganic goi gyesr s,

El)ﬁts)it In;t i ilnls 'rrfq(ﬂfgq,ngon%url}gﬁigla%id, to?ueeWe%?J gr%fg gc':iaf]poq)?(gt?/l:én@ sulforfi€ ra@iﬁ),%%pol%‘e@ s and
of sulphonic acid, acetic acid, propionic acid, butyric acid, hexanoic acid, adipic acid,
azelaic acid, oxalic acid, poly(acrylic acid), poly(maleic acid), poly(methacrylic acid)

15 and copolymers of carboxylic acid and combinations thereof.

19. The process of claim 11, further reacting the mixture with a dopant compound
selected from the group consisting of Na, K, Li, Ca, |, (PFs)’, (SbFe), and FeCls.
20. A process for forming an electrically conductive polymer comprising:
providing a mixture comprising:
20 a monomer component having the following structure:

X

X

Y Y

wherein Z is Se, S, O, NR;, or PR, where R, is hydrogen, alkylaryl,
arylalkyl, or aryl; Y is independently selected from the group
consisting of NH, O, C(R),, N(R): and S; X is independently selected
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18. The process of claim1l, further reacting the mxture with a dopant
conpound bg7selusat ed fromthe group consisting of HCl, HNO3, H2SO4, H3PO4,
HBr, HI, dodecyl benzene sulfonic acid, lauryl sulfonic acid, canphor

sul fonic acid, organic acid dyes, nethane sulfonic acid, toluene sulfonic
acid, poly(styrene sulfonic acid), copolyners of sulphonic acid, acetic
acid, propionic acid, butyric acid, hexanoic acid, adipic acid, azelaic
aci d, oxalic aci dfromaahy groupydonsistirg 60, BeydriNH; N anddW'dre pol y(net hacrylic

acid) 15 and copol,yner f carb lic acid and conhi,nati t hereof . 19.
The process of cl Qﬂﬁi@"ﬁbﬁﬁﬁgﬁgﬁg‘éﬁﬁHQOWQ"%HS@EQT&A*\%@@ dopant
conpound sel ect egtohis) metdilerganivspberonisiasidi boronic eser, \Hoyl bnits,€8; 12, ( PF6) -,
(SbF6) -, and Fed 20. ogess for form jcally conductive
pol yner conpri si néOFbra(S‘glép% 'WQ?W‘@GE@%T&QES*‘%‘; é}oﬁgnomar conponent
havi ngst he fol | owcongisting ot subistitutedor DhsYbstitned C1-Cablylagroups; asd 82, S, 0,
NR,, or PR, wherge . R, is hydrogen | kyl ar yl ar.yl al r l; Yis

i ndependent |y sel @d?%@pﬁﬁﬁ’tﬁ?&c&%ﬁﬂn¥Qﬁ)9f§f‘gf:??§djg('89 ‘ﬁm"'@*éﬁ%z, N(R) 2
and S; X is indepaleEHtdnd poymerizatie-atdmafic’frigst)SA from t he group consisting
of 0, S, Se or NHL Wand W are independently selected fromthe group
consi sting of H, hal agefectralyters, netal | organi cs, boronic acid, boronic
ester, vinyl units, -S- COR4 and -COR4; R is independently selected from
t he group 5 consi Silachgg thle rmintueé int coneatt aith anslderolytieicell]l Cl- C4 al kyl groups;
and R4 is independently selected fromthe group consisting of Hor C $

al kyl 10 - C=CH, andrpdtingarcurrebt thraughrthé mixturerig polyemerizé thetmomgroer. pl aci ng t he
m xture in contact with an electrolytic cell; 10 providing a current

through thy #h&biicEsd 8 dRYET trfer EORPARAG ABlying the mixture to a substrate.

22. The process of claim 21, wherein the substrate comprises a material selected from
the group consisting of glass, organic polymers, plastic, silicon, minerals,
semiconducting materials, ceramics, metals and combinations thereof.

15  23. The process of claim 20, further“feacting the mixture with a dopant compound
selected from the group consisting of HCI, HNO,, H.SO,, HsPO,, HBr, HI, dodecyl
benzene sulfonic acid, lauryl sulfonic acid, camphor sulfonic acid, organic acid dyes,
methane sulfonic acid, toluene sulfonic acid, poly(styrene sulfonic acid), copolymers
of sulphonic acid, acetic acid, propionic acid, butyric acid, hexanoic acid, adipic acid,

20 azelaic acid, oxalic acid, poly(acrylic acid), poly(maleic acid), poly(methacrylic acid)
and copolymers of carboxylic acid and combinations thereof.

24. The process of claim 20, further reacting the mixture with a dopant compound
selected from the group consisting of Na, K, Li, Ca, I, (PFe), (SbFe)’, and FeCl,.

25. A composition of matter comprising:

25 a polymer having the following structure:
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21. The process of claim 20, further conprising applying the mxture to a
substrat e.0e788.USihe process of claim 21, wherein the substrate conprises a
material selected fromthe group consisting of glass, organic polyners,
plastic, silicon, mnerals, semconducting materials, ceramcs, netals and
conbi nations thereof. 15 23. The process of claim 20, further reacting the
m xture with a dopant conpound selected fromthe group consisting of HCl,
HNO3, H2SO4, H3P04, HBr, HI, dodecyl béfhzene sulfonic acid, |auryl

sul fonic acid, canphor sulfonic acid, gﬂgﬁnic acid dyes, nethane sulfonic
acid, toluene sulfonic acid, poly(styg, ‘ﬁulfonic acid), copolyners of
sul phoni c acid, acetic acid, propioni butyric acid, hexanoic acid,
adi pic acid, 20 azelaic acid, oxalic a pol y(acrylic acid), poly(maleic
acid), poly(nethacrylic acid) agg f carboxylic acid and

conbi nations thereof. 24. The pr 20, further reacting the

m xture with a dopant conpound sel t he group consisting of Na,
K, Li, Ca, 12, (PF6) (SbF6)-, and Fed 3. 25. A conposition of matter

I sing: 25 h e T 759 USA X
ComPLI 119 25 R oIRGB 2 Benbte Fgne OB 20 o at
| east one nenbeselected feomeaie §roomcohsistingad Sec 8nOi &thtgFtﬁmshereﬁ i®, NR1, or
PR1, wh R, i | | t
PR e R ol A S e o e b ot o5 2
0, C(RB2, N(R Znaepzbndenﬂw(selactemmmpemnjgnmupycowmwcwrf rQnﬁ(BheNﬂRb@pd

consi sting of r
i ndependent |y s )§(§t i@eﬂ%PSWVﬁ"? I%@t?ﬁég@% ?unc'tngongr% gorrNglups and R
conprises at | exomiprises atieasicone merdbgrandipentgntlyesietactestfram functioral gr oup

consisting of  subst hiitngPe-grblpdt"SHPRoMpHESS ttedst ofb knemikr OuPS:

independently selected from the group consisting of substituted or
10 unsubstituted C1-C4 alkyl groups.

aci

26. The composition of claim 25, wherein the composition comprises an aqueous
dispersion.

27. The composition of claim 26 further comprising a substrate.

28. The composition of claim 27, wherein the substrate comprises at least one material
15 selected from the group consisting of glass, organic polymers, plastic, silicon,
minerals, semiconducting materials, ceramics, metals and combinations thereof.

29. The composition of claim 28, wherein the substrate and polymer form at least one
device selected from the group consisting of an antistatic coated substrate, an
electrically conductive coated substrate, an electrochromic device, a photovoltaic

20 device, a light emitting diode, a flat panel display, a photoimageable circuit, a
printable circuit, a thin film transistor device, a battery, an electrical switch, a coated
capacitor, a corrosion resistant coated substrate, an electromagnetic shielding
material, a sensor and other optoelectronic devices.

30. The composition of claim 29, wherein the polymer formed comprises electrical
25 properties.
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26. The conposition of claim25, wherein the conposition conprises an
aqueous djeg¥BYIURMPLN. 27. The conposition of claim26 further conprising a
substrate. 28. The composition of claim 27, wherein the substrate conprises
at |east one material 15 selected fromthe group consi sting of glass,
organi c polyners, plastic, silicon, mnerals, sem conducting materi aI S,
ceram cs, netals and conbinations thereof. 29. The conposition of claim 28,
V\ﬂerei n the. S’blb&brlhpbsitl@rﬂd kY305 he i ﬁnh%telécm‘t:al gl@bemedewnpﬂssleﬂ Ieastfwe}‘ Irom
the group consistin ant i statlcc strat .apn electrically
conduct | ve. cBmPatY Sedtendioat e orafednsbiny o sectt pRRct Mot ovol t ai ¢ 20
devi ce, a i gémcceﬁmadtwmg etbc&dmmueesf:éﬁde E%ﬁﬁborﬂommitﬂmhomvblmt‘. propegissizng
circuit, gﬁg 8 ﬁlrc athinfilmtransistor device, a battery, an
el ectri cal sEPPRRatioNSIB8eA  capacitor, a corrosion resistant coated
substrate, an electromagnetic shielding material, a sensor and ot her
opt oel &ct r32nThe demposition SlairhiBs, wuerrunsihbipuymﬁr furtregr coDPrisesrepeatingt he
pol ymer forned gr @ropertles -39 06759 USA 31. The
conposi tion 8‘(”‘8?'5?%“% a"!mgﬁ% qllloYvwgs MEMIS i cal properties conprise at
| east one property selected fromthe group consisting of electrical
conductivity, sem conductivity, electrolum nescence, electrochromcity,
photovol taic properties and conbinations thereof. 5 32. The conposition of
clai m 25, wherein the polyner furth$k conprises repeating structural units
having the follow ng structure: YEE Zn m10 wherein n and mare
I ndependently sel ected integers hav)% a total ntmof greater than 4 and Z
conprises at |east one nenber sel &¢tedyfromthe group consisting of Se, S,
0, NR1, or PR1, where Rl conprise rogen, al kylaryl, arylalkyl, or
aryl; Y conprises at |east one ' epengi—?tEl y selected fromNH, O,

o

m

C(R 2, N(R2 and S; X conpri s
10  wherein n and m are independently selected integers having a total n+m of greater than
4 and Z comprises at least one member selected from the group consisting of Se, S, O,

NR;, or PR;, where R, comprises hydrogen, alkylaryl, arylalkyl, or aryl; Y comprises at
least one member independently selected from NH, O, C(R)., N(R). and S; X comprises
at least one member selected from the group consisting of O, S, Se or NH and E

16  comprises at least one member independently selected from functional or non-functional
end-groups, R comprises at least one substituted or unsubstituted C1-C4 alkyl group
and wherein the n-unit substructure and m-unit substructure of the copolymer comprise
at least one member selected from the group consisting of random copolymers, graft
copolymers, block copolymers, and dendritic structures and Mo in the structure

20 comprises at least one electroactive or non-electroactive monomer copolymerizable with
the n-unit substructure comprising at least one member selected from the group
consisting of thieno[3,4-b]thiophenes and substituted thiophenes..

25
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at | east one nenber selected fromthe group consisting of 0, S, Se or NH
and E 15 gerpoiuges at | east one nenber independently selected from
functional or non-functional end-groups, R conprises at |east one
substituted or unsubstituted Cl1-C4 al kyl group and wherein the n-unit
substructure and munit substructure of the copolynmer conprise at |east
one nenber selected fromthe group consisting of random copol yners, graft
copol ymers, bl ock copolynmers, and dendritic structures and Mo in the
structure 20 conprises at |east one electroactive or non-el ectroactive
nmononer Cc@30Thgesmpadiich of didim 25) whBrdiiibe polpsdricofiprises atdeastioneng at | east
one nenber selected fromthe group consisting of thieno[3,4-b]thiophenes
and subst it uUP¥BORYYBBhenes. . 25 -40 06759 USA 33. The conposition of claim
25, wherein the polyner conprises at |east one honopolyner. 34. The
conposi ti @3, Phe 6bApHRIESH oMIEMEIS) whBRIPe)poRm e @BMpris&satdéast eas bloeke bl ock

5 copolyner. 35. Arpolyner havi ng pol ynerized units of the follow ng
structdre: SOPOWMETE /" 2\ E n 10 wherein n is an i nteger greater than 4,
Z conprises at |east one nenber selected fromthe group consisting of Se,
S, 0, NR ,350A polymerWaging polymesizby dniepéiithe falbWingastrytturar yl al kyl, or aryl; Y
conpri ses at | east one nenber independently selected fromthe group
consisting of NH, 0, C(R2, N(R2 and S; X is independently selected from
the group consisting of 0, S, Se or NH; E conprises 15 at |east one nenber
i ndependent|y selected from functional or non-functional end-groups; and R
conprises at |east one nenber independeXtly selected from the group

consi sting of substituted or unsubstituffed Cl1-C4 al kyl groups. 36. The
conposition of claim?25, wherein the s dispersion further conprises
at least one additive selected fromtyhe group consisting of particulate
copper, silver,

10 wherein n is an integer greater than 4; Z comprises at least one member selected
from the group consisting of Se, S, O, NR,, or PR, where R, is hydrogen,
alkylaryl, arylalkyl, or aryl; Y comprises at least one member independently
selected from the group consisting of NH, O, C(R)z, N(R). and S; X is
independently selected from the group consisting of O, S, Se or NH; E comprises

15 at least one member independently selected from functional or non-functional
end-groups; and R comprises at least one member independently selected from
the group consisting of substituted or unsubstituted C1-C4 alky! groups.

36. The composition of claim 25, wherein the aqueous dispersion further comprises at
least one additive selected from the group consisting of particulate copper, silver,
20 nickel, aluminum, carbon black, talc, mica, wollastonite, silica, clay, TiO,, dyes,
pigments, and combinations thereof.

37. A method for forming a polymeric coating comprising:

providing an aqueous dispersion comprising
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— A

20 nickel, alum num carbon black, talc, mca, wllastonite, silica, clay,
Ti @2, dyesgg7/Boqigqts, and conbinations thereof. 37. A nethod for formng a
pol ynmeric coating conprising: providing an aqueous di spersion conprising
-41 06759 USA a polyner having the followng structure: X YYEE Z n
wherein nis 4 or nore; wherein Zis Se, S, 0, NR, or PR, where R 1is
hydr ogen, al kylaryl, arylalkyl, or aryl; Y is independently selected from
the 5 group consigpoNehephaliliy tHe foldw@stridtiie? and S; X i s independently
selected fromthe group consisting of 0, S, Se or NH, E is independently
selected from functional or non-functigpal end-groups; and Ris

I ndependently selected fromthe group nsi sting of substituted or
unsubstituted C -C4 al kyl groups; app&yﬂEQYthe aqueous dispersion to a
substrate; and 10 drying the aqueous djspe¥sion to forman electrically
conductive polyner coating. 38. The d of claim 36, wherein applying
conpri ses one of the follow ng appl
group consisting of ink jet print®n C E nting, roll to rol
printing, spin coating, nmeniscus an ﬁf kg, spary coating, brush
coating, 15 blade application, curtain casting and conbi nations thereof.

39. The nethod of claimg36, wherein. djyi c | se vaporation at room
tenperature. 4‘6’.’”?‘_!‘?6‘” ﬁ?{dﬁoﬁfwﬁ?rﬁinﬁ ééleg\ﬁm%di Wfpﬁ‘n&}agfﬁ?r%‘_r ®ses heati ng
It he aqueous di slwdr@gefmnalkyléﬂyl, ahylalgylga@'tabrwt ytigimapamz ghw selectpd frlemrtge a first
ayer conprising at |east on met al.; . g_secon r
conpr i gi ng at |%8BF? C%’?Fésstﬂﬁio&&"gﬁ ﬂﬂégﬁf@l? a“ﬂibcﬁ '?:'5'8%?@‘1%8&)' ?@%@?da portion
of a surface offrérhehd groap comeisting ok S, Se or NH; E is independently selected from
functional or non-functional end-groups; and R is independently selected

from the group consisting of substituted or unsubstituted C1-C4 alkyl groups;
applying the aqueous dispersion to a substrafe; and
10 drying the aqueous dispersion to form an electrically conductive polymer

coating.

38. The method of claim 36, wherein applying comprises one of the following application
techniques selected from the group consisting of ink jet printing, screen printing, roll
to roll printing, spin coating, meniscus and sip coating, spary coating, brush coating,

15 blade application, curtain casting and combinations thereof.

39. The method of claim 36, wherein drying comprises evaporation at room temperature.
40. The method of claim 36, wherein drying comprises heating the aqueous dispersion.

41. An electrolyte capacitor comprising:
a first layer comprising at least one oxidizable metal;

20 a second layer comprising at least one oxide of the metal which covers
at least a portion of a surface of the first layer; and

a third layer comprising at least one polymer which covers at least a
portion of a surface of the second layer having the following formula:
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a third layer conprising at |east one polymer which covers at |east a
portion ofpgrsgyidmce of the second |ayer having the following fornmula: -42
06759 USA X Y Y E\ E Z n whereinnis 4 or nore; wherein Z conprises at
| east one nenber selected from the group consisting of Se, S, 0, NR, or
PR,, where R is hydrogen, alkylaryl, arylalkyl, or aryl; Y conprises at
| east one nenber i ndependently selected from5 the group consisting of NH,
0, (R 2, N(R 2 and S; X conprises at |east one nenber independently
selected fromthe group consisting of O,J]| S, Se or NH, E conprises at |east
one nenber independently selected from tional or non- functional
end- groups; and R conprises at | east nber i ndependently selected
fromthe group consisting of substitut r unsubstituted C1-C4 al kyl 10
groups. 42. The capacitor of clai 0,/ wh@reiln _the netal conprises at | east
one nenber selected fromthe gr ' gEof al uni num ni obi um and
tantal um 43. The capacitor of clai r conprising a fourth |ayer
whi ch covers at least a portion of a surface of the third | ayer conprising
a conductive material .. 15 44 The capacitor of claim42 erei e
conduct i ve rmat eVFEIPNIHES rqr%@ea‘?’h?r@é‘? cgngruseﬁéﬁ%@?{ 8 ’Qél{ﬂggf ?‘?‘i%‘ﬂ‘?‘% ﬁ@mgr oup
consi sting of shégesup conpistirig off Se; &, DY INFR| GCRR;, ABe SR DI8 hydrdgBR alkyldrgl,

arylalkyl, or aryl; Y comprises at least one member independently selected from

5 the group consisting of NH, O, C(R)., N(R). and S; X comprises at least one

member independently selected from the group consisting of O, S, Se or NH; E

comprises at least one member independently selected from functional or non-

functional end-groups; and R comprises at least one member independently

selected from the group consisting of substituted or unsubstituted C1-C4 alkyl
10 groups.

42, The capacitor of claim 40, wherein the metal comprises at least one member
selected from the group consisting of aluminum, niobium and tantalum.

43. The capacitor of claim 40 further comprising a fourth layer which covers at least a
portion of a surface of the third layer comprising a conductive material.

15 44, The capacitor of claim 42, wherein the conductive material comprises at least one
member selected from the group consisting of silver, copper or carbon black.

20 06759 USA.DOC
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