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RELATED APPLI CATI ONS [ 0001] The subject matter of the
instant application is related to U S. Patent
Application No. 11 /777362 , filed on even date

herewi th, and entitled "HETEROCYCLI C FUSED

SELENOPHENE MONOVERS"; the disclosure of which is
hereby incorporated by 5 reference. BACKGROUND OF THE

I NVENTI ON [ 0002] The present invention is directed to
conposi tions of matt er TMUEDEIHEINVENTHON:

l[imtation, electrically conductive pol yners

conpr |SﬁhEngMdMI GONTANINGHLEC TUCALLY GQN@UCTNE] FOLYMERS AND
monormer s MERHOR QF MAKING ELECTRICALLY EONBICTIVEROLYMERS
matter, and to applications 10 utilizing such

conp05|t| ons of matter. [0003] Polynmers forned from

t hi ophene andCEQS{- NGH §QHEIATRINRBLICATIANS:
possess relatively | ow band gaps (Eg), denonstrate

md@@Q1] aihe subieet matter|of erigsiant appligationdytafated 1o W Latgns Application
.of i/emfsr%zf efnb&‘émte%ﬁa daré\mm %ﬁh'e tit H@:SCY LIC FUSED

po mers. The term refers to

QﬁHEl&E MQMOMEﬁﬁeethe @lnsesletsur@mf whighds gyrqbwwrated by
cghb@ﬂ éhe 15 conducti on band and the val ence band.
The band gap exhibited by a given polyner = depends

upon a variety of fmﬁﬁowﬁgﬁlmm@ﬂwture of

the nononer making up po yner For exanpl e,
p
(DO0SL O BRBCABRITENT, ffoctBumRuats of ra®, inBio, without
gypltajpnoelggtn@a}iymadm;wg pgtymers compnsmg polymerized heterocyclic fused
0
DEHobB SRSl YRR Sl apSHcn o rnd a Bpptcatns
aufdwmsucm eprapesitansaiimatiern the pol ymer backbone are

pically not soluble in water. Consequentl|y, such
p%ipgﬂgr Bolymersifopmedirom thlppl@ﬁfpﬁ@@ubgtltntgddhlggh@r@ monomers, which
S
TSSEEN ety RAP palPOIREQ] WeoRSaRe HipsBleis bltctioal conductviy
peHojrRlENers a@aﬂwgfeir pias I@UDSJ@W§OHMIHQ polymers. The term, band

gap (Eg), 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
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-
phenyithienof3,4-bJthiophene) demonstrates a band gap of 0.85eV.

[0004] Conducting polymers having only aromatic repeating units in the polymer
backbone are typically not soluble in water. Consequently, such polymers are typically
processed using organic solvents. Several methods have been employed to increase
the solubility of intrinsically conducting polymers in various organic solvents. Such
methods include (1) forming a derivative of the monomer to increase the solubility of the
side chains of the monomer in a given organic solvent; (2) modifying the polymer
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nmet hods include (1) form ng a derivative of the
nmononer to increase the solubility of the 25 side
chai ns of the nononer in a given organic solvent; (2)
nodi fying the polyner -1 backbone by enpl oyi ng
ol i goneric conjugated systens and fl exi bl e spacers;
and (3) wusing charge conpensating dopants. [0005]
Haokbare Lt ennpleyimg DigumesicI0njugaed(sybiemssae fleaibinspacers; and (3)
i .Ch i | .4 ated by reference inits
qgﬁ%é%ﬁiﬁgﬁﬁé% %@géﬁggggﬁrsions of pol yt hi ophenes
{ch a . i . Y >
B0, B Sy gt a0p 37 B PR e ST oot
hyrrefesered ibjts potirptyediseloses disigersions elspaiyttiiopenesvdnia arersuitable for
| . | .
GRS Coflbof DM, RHR PRt 5e e oo
reskyyprizingrthaicorrespontiieg pnareeres én thefpresemok phoxidiaing Rigents typically

B PEBRERSS hot i 5 7B Bl 74 e prosoce
dias;)ogiyanlﬁgu. dteZolytvpheh@es [cOBReH 75T Hetlepblhwera: @pmigalié;ovmfig of 1.7 eV
t : 4-

et BBl BRI R R B R E o' 001 Ui Sty ene
Btoe1r e RfibonsllEg &R Beenk pRREpdE HTEIbrizing 3.4-
athydereidivxythidpheny irethe psedenos at poly(styraressulfonia acklar glee resulting
ARG 8RB o TR B8t cBllon BRLAREE i
rmly(stgrmpes)l!fd)r:ats)cﬂeumS@slaSchqngemmpemdn@ldpmﬂrm.t {Taneesstating
AR Fol B ORRLRA My B SR BB i o
is evatkrand g mupokiyates 8 stiong fonixihiepadtion svthdhe catnidgaghsnérisy

' ial applications, which can be readily
B(?:eg%@rerﬁed in water and which are stable in solution

f f : A f o T
R PR bR A oA e M
ksindgaps fan oidpsirighappiicatioospehiciiean ke raadily tispersed ngwater and which
a{}gtgfa:b%ﬁiégslog@om@émﬁd a Uetl B¥&Aisbon further relates to

BRIEF SUMMARY OF THE INVENTION

[0008] The invention relates to novel mono-, oligo- and polymeric compounds
comprising fused heterocyclic groups. The invention further relates to their use as
semiconductors or charge transport materials, in optical, electro-optical or electronic
devices. The invention further relates to optical, electro-optical or electronic devices
comprising the novel compounds.

[0009] The present invention includes compositions of matter formed from polymerized
units of heterocyclic fused ring monomer units. In one embodiment of the present
invention, the invention provides monomeric, oligomeric and polymeric compositions

having repeating unit having formula P1, as follows:




sem conductors or charge transport materials, in
optical, electro-optical or electronic 25 devices. The
invention further relates to optical, electro-optica
or electronic devices conprising the novel conpounds.
[ 0009] The present invention includes conpositions of
matter forned from polynerized units of heterocyclic
fused ring nononer units. In pne enbodi nent of the
present invention, the invention provides nononeric,
ol i goneric and polyneric conpgsitions 30 having
repeating unit having fornmul as follows: -2 RA
Y Pl where Xis S or Se, or Se, wherein one
or both of X and Y is Se, is afsubstituent group. R
may be any substituent grou bl e of bonding to the
ring structure of PL. R5 y i ngl ude hydrogen or

i sot opes thereof, hydroxyl [ [
primry, secondary or gr oups,
aryl al kyl , al kenyl, perfluoroal kyl, perfluororaryl,
aryl, al koxy, cycloal kyl, cycl oal kenyl, al kanoyl ,
al kyl thi o, aryl oxy, alkylthioprlikyl, alkynyl,

al kyl aryl, arylal kyl, am do, aIkyIsquinyI

Kk al Kyl K f . .
Ao 3R S St PRY Poth gt REr i fea i g substivent
gibly;};.t h:n?ay Hitfaaw mﬂusﬂﬂuentagrﬁh;lﬁ dhgabiey of, btohamglté( theyrtray siauiure of P1. R
aryl s n a
B e Pioner B S3obss 18-t dnegD) el THERELC o G prmary
smendur;(/) BPtegtiary hﬂ(?lrgmum; iaﬁyla(llfyl, alllemtyﬁ @Eﬁmfematldyle pedmy)foraryl aryl,
ereo i C
AP eioafisgk Bt baty anedl skug. arish RlsyREIRE Aoy
dllyn%hrgl_xwylaﬂqd'adeG)ralleﬁmlmﬂﬁnyI;ralkekyaﬁleﬂ dlkylsutfory] aryl arylamino,
FrpEIne BIRENES <ARGRHER SYBNaie; sl R BRyhaneuion
akdxycérbbm ar?lsblnyﬂ,Eaﬂnekﬁnmalmemhttm Oyam suitfomic acid, or alkyl or
UCt

V'u%’ sﬁy@% &hone qr@qrglsyﬁom%??)? é?rw%nvatglleg?heracf) phn'gghonc

dm @r dariydtivesthetenf)Ctarbpxylicaacid (os denvatieasythereof), halo, amino, nitro,
hydroxyl, cyano or epoxy moieties. In certain embodiments R may include alpha

reactive sites, wherein branched oligomeric, polymeric or copolymeric structures of the
selenium containing ring structure may be formed. In certain embodiments, R may
include hydrogen, alkylaryl, arylalkyl, aryl, heteroaryl, C, to C, primary, secondary or
tertiary alkyl groups, which may be mono- or polysubstituted by F, CI, Br, | or CN, and
wherein one or more non-adjacent CH2 groups may be replaced, independently with -O-,
-S-, -NH-, -NR'-, -SiR'R -, -CO-, -COO-, -OCO-, -OCO-0-, -§- CO-, -CO-S-, -CH=CH- or -
C=C- in such a manner that O and/or S atoms are not linked directly to one another,
phenyt and substituted phenyl groups, cyclohexyl, naphthalenic, hydroxyl, alkyl ether,
perfluoroalkyl, perfluoroaryl, carboxylic acids, esters and sulfonic acid groups, perfluoro,
SFs, or F. R and R" are independently of each other H, aryl or alkyl with 1 to 12 C-atoms
The polymer may include end-groups independently selected from functional or non-
functional end-groups. The repeating structures according to the present invention may
be substantially identical, forming a homopolymer, or may be copolymeric nature by
selecting monomers suitable for copolymerization. The repeating unit may be terminated
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tertiary al kyl groups, which may be nono- or

pol ysubstituted by F, d, Br, | or CN, and wherein

one or nore non-adjacent CH2 groups may be repl aced,

i ndependently with -0-, -S, -NH, -NR-, -SSRR'-,

-6, -Ccoo, -0CO, -0CO0O, -S CO, -CO S, -CHCH

or 20 C=C- in such a manner that 0 and/or S atons are

imaty bhltdbmimdhmerdmbwnﬁmtmrwt anbhhg mcludplﬁmmlbnairw non-functional end

o) oo fierErnde i ion Babyto LR PelufBlfgri copec

obﬁfdf@lsmyhs of R M&)ne@ﬁmmmdtdmwoﬁmsmommmdgg an ﬂlqueOL;S

erfl uor SE5,. or. F. R'and R' are | endently o
Seers ot s potingtiy Rg Honpk RVt aedbrding 7R ot ons * The

pol ymer may include end-groups independently sel ected

[DOTOh fAIbGiolymed acoordirgnto2he gxelsenﬁ mrmirt]lom nchydmahugesa mbhemeric,
repeat.i ng, str ctures accor to the. .pr

JIEBERE A0 RegPirmelcBReUnRs APTgS faematBa AT faying fpgmyla having a
rbpémmgltmmwnglforn'ﬁr}a O¢, aopidwareri ¢ nature by

sel ecting nononers suitable for copolynerization. The
repeating unit may be ternRnated -3 in any suitable

manner known in the art anydl may i nclude functional or
non-functional end groups] In addition, dispersions

and sol utions containin d pol yneric acid doped
conpositions of P1. In odi nent, the conposition

i ncl udes an aqueous dis of a polyneric acid
doped pol yner accordi ng 5 [0010], A copol yner

nononeric, oligomeri
havi ng a repeating
repeating unit havin :
(M~" O 10 wherein®*X, Y and R are defi ned as above
in formula P1, n and mare independently selected

integers having a total n+m ofgqgreater than or equa
to 2, and in sone cases greater than 4. End groups

o PR SRR S T S—
KRABbkdd ihtegBrd Favirea ﬁﬁd’!ﬁwﬁﬁoﬂdﬂ@at@f BHR9r 8qddl 6eg, &Ad in some cases
greater than 4. End groups are independently selected from functional or non-functional
end-groups. In one embodiment n may equal 1. R is the same as the groups defined for
formula P1. The n-unit substructure and m-unit substructure of the copolymer may be
arranged in any fashion making up the copolymer including, but not limited to random
copolymers, graft copolymers, block copolymers, and dendritic structures. Mo in the
formula C1 structure may be any electroactive or non-electroactive monomer
copolymerizable with the n-unit substructure of formula C1 including, but not limited to
thieno[3,4-blthiophenes, and substituted thiophenes.

[0011] One polymer consists of poly(selenolo[2,3-clthiophene). The polymers of this
invention may include copolymers further comprising polymerized units of an
electroactive monomer. Electroactive monomers may be selected from the group
consisting of thiophenes, thieno[3,4-b]thiophene, thieno[3,2-b]thiophene, substituted
thiophenes, substituted thieno[3,4-b]thiophenes, substituted thieno[3,2-blthiophene,
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formula P1. The n-unit substructure and munit
substructure of the copolyner may be 15 arranged in

any fashion maki ng up the copol yner including, but not
limted to random copolyners, graft copolyners, block
copolynmers, and dendritic structures. M in the

formula Cl1 structure may be any el ectroactive or
dimienel%bﬁbﬁsi]ihin@hmmmnoplwmsl substiiutetbdatendphined pyrrole,

FpisBheng. SHBSEl R, hBREG, el Rl e Rienct hofhpiene.

stub*slnipiedmaphtha@m[eéxmlnr]enﬂquetpyneyl substiutadsteghenyl, phenylene

Jﬂﬁ)léﬁ%ts %tgsrﬂﬁg%ﬁ @%y&k@%ﬂ&ﬁ% ﬁ%ore %1%}1?%} l)rﬁggglﬁ%r%ﬁeé hfnsaddltlon to

qlmﬂtmaeﬂvemmmnérssthefcoamiymetmomtguO\thae mmemtenventnon may include

DR ?f“t%'ﬁf {HEERET e HoeRBes L b « hi ophone "
B8 AR SRR oot RBULAEY i ORIERgo urivs o

selenelufi?, 3-ckhiophéneoqritbmay further comprise an oligomer comprising selenclo[2,3-

ABhFRE IS osHe R o R o BB RAR 6o 0
ethylerddiaxtythibphene aheé polypieengd amits, of pyitvsiel t ut ed
phenyl enes, napht hal ene, substituted napht hal enes,

[Bﬂtﬂieane [olyinére b thimiplentoolesinibeidoped with p:bevqritipn?l p-dopants or n-
AR IR i R A A

58 R RRBABI s pOFmEP BRIy 8% Eodone tomoo
tbéreﬁommnetieeaeddemﬁy\m:rmaedqwlgich [:OJWJEIIVEFMyrpeHSWQUSerI For

ol G g B 0 IR ACK S MR LA 768Dkl n o

sel h

\anetyl af gtedmetnal:awnhcatmna mmenrgei:ctf@hasm icland ielqr@trglzmumemt
i d , '
PSR EH AS A G PSRl o goes,
qepdudiive polyd @t Bpudings foo EMhSh!Eld)Iﬂg ofmemsntms/ elecironic equipent such as

; i t - ; . .
HERETS ook B, R eRp L it AR s, ool
qlénrict) canductihgcenniectars, ycombmﬂue bearingsobrysires arfd semiigonducting

dﬁsa\éogngbl?&or@n&cﬁ8ﬁg)%§éc$rbgé§ F:-f?#ﬁg ?raa%ﬁéﬁérﬁforrﬂ SARsRfent

Or any purpose tor WS rve po yners  are
agsresion- prmntlng coatings for corrodible materials such as steel, antistatic materials

and optically transparent or non-transparent coatings for packaging or protecting
electronic components, carpet fibers, waxes for floors in computer rooms, antistatic
finishes for displays, coatings for windows for automaobile, aircraft, and building solar
energy control, electrostatic dissipative packaging and handling of containers for
electronics and the like.

[0015] Another embodiment of the invention relates to polythiophenes and
polyselenophenes formed from monomeric or oligomeric structural units formula M1, as

follows:
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15 exanpl e, the conpositions of matter according to
this invention can be utilized in a variety of

i ndustrial applications including el ectrochrom c and
el ectrol um nescent displays, electrolytic capacitors,
optically transparent or non-transparent el ectrodes,
conducti ve pol ynmer housings for EM Shi el di ng of
sensitive el ectronic equi pmenii such as

m croprocessors, infrared, radio frequency and

m crowave absorbing shields, jlexible 20 electrical
conducti ng connectors, conduCti™Nwe bearings, brushes

el ectrodes, optically transparenf or non-transparent
corrosi on-preventing coating X corrodible materials
such as steel, antistatic ng al s and optically
transparent or non-transpas ai i ngs for packagi ng
or protecting electrofiic comerients Wcarpet fibers,
waxes for floors in conputer roons, antistatic 25
finishes for displays, coatings for w ndows for

aut onobi l e, aircraft, and buildi ng solar energy
control, electrostatic dissipative packagi ng and
handl i ng of containers for electronics and the |ike.

ROl SIS EEBSR b ahl ABHEFARY 15, e uostuen
groumm nBmhay tog am)j_ supstiteentogretp capalbieadt honding td tl'remMQastmture of P1. R
&y gk di3hEn o Roffoe EWretiniohoy A o €45, GF primary,
sseondary sr ertianp akyltgrewmts, Iag«laﬂ]fg,;l),.aII{?x.l-rl_srta)zjeljlelomajllcyl, perfluororaryl, aryl,
RGOy ORGE T NeFrodh 28 AR ey gy
alkdargloarylatikytl ramdgtdx.,allqdldujﬂnyl, atkokyatkyh glkg|sutfonyC20ylpanylaamigg,
TGRS b6 ol finS ey BB FYi08 ffgroan, aryisutiny,
akdgysarbomyl,carglabitioniyl, cagpokyl ahdiegerl, nitral &yamoy sylfoalcacid, lor alkyl or
;ﬁ\re%bI%u%stitﬁ%e%%iﬁ%n%adrw&re sﬁ'ﬂm{@%id (or derivatives thereof), phosphoric

acid (or derivatives thereof), carboxylic acid {(or derivatives thereof), halo, amino, nitro,
hydroxyl, cyano or epoxy moieties. In certain embodiments R may include alpha
reactive sites, wherein branched oligomeric, polymeric or copolymeric structures of the
selenium containing ring structure may be formed. In certain embodiments, R may
include hydrogen, alkylaryl, arylalkyl, aryl, heteroaryl, C, to C,, primary, secondary or
tertiary alkyl groups, which may be mono- or polysubstituted by F, Cl, Br, 1 or CN, and
wherein one or more non-adjacent CH2 groups may be replaced, independently with -O-,
-§-, -NH-, -NR'-, -SiR'R'-, -CO-, -COO-, -OCO-, -0CO-0-, -S- CO-, -CO-S-, -CH=CH- or -
C=C- in such a manner that O and/or S atoms are not linked directly to one another,
phenyl and substituted phenyl groups, cyclohexyl, naphthalenic, hydroxyl, alkyl ether,
perfluoroalkyl, perfluoroaryl, carboxylic acids, esters and sulfonic acid groups, perfluoro,
SF;, or F. R and R’ are independently of each other H, aryl or alkyl with 1 to 12 C-
atoms. W and W’ are H, halogen atoms, e.g., F, Cl, Br, and |, metallorganics, e.g., MgCl,
MgBr, Mgl, Sn(Rz)s, where R; is Cy.¢ alkyl or Cy alkyl ether, boronic acid, boronic ester,
vinyl units, e.g., -CH=CHR; where Rj is H or C alkyl, ether, i.e.,-OC, ¢ alkyl, esters,
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10 al kyl aryl, arylal kyl, am do, alkyl sul finyl,

al koxyal kyl, al kyl sul fonyl, aryl, arylam no,

di aryl am no, al kyl am no, di al kyl am no, aryl aryl am no,
arylthio, heteroaryl, arylsulfinyl, alkoxycarbonyl,
aryl sul fonyl, carboxyl, hal ogen, nitro, cyano,

sul fonic acid, or alkyl or phenyl substituted with
ieneCOOChpalsyls t8-COM.andc COR: avhedeRi igdt onEss alkydr-€5CH, and

pg@ﬁﬁdé}&gﬁfe é?rﬂéfg?n@ suf! a'séﬂ*etuﬁ mﬁrlegﬁr h%r’r&%irap%?ﬁoh@ene.

hydr oxyl, cyano or epoxy noi eties. In certain _
[eatfdi Aretay eRbesiiment of theeprasgit inventiercintludessa peagess for preparing

A ARSI PR oy BRI T B OB BRE ot v

menyoners describgd abave may dake padsoliroughtone ORSﬁwal reagtionde

rﬁ%g{é%%ﬁ% i%érf:%ﬁsr Hlitab rf¥ L?éeIWﬁq th@tp\‘ésenpﬁbéﬁtr?)ﬂrlﬁfélude% aqueous

Yy, Secon
phiase/oxidayt fnlyresization 12) pcga;nmmmnt pmmmydant pmme&atlon. 3)

5L PR il i R B b RF oyt
5)Ndligctrocidihical pofiinieriRation argB), solide@te pelpderizatioaCo- O

-S- CO, -COS, -CHCH or - C=C in such a nmanner
[Patf] cArmembodimgnhofdhe prasentioverition knetlides pelymeyized unitscof

%ﬁﬁmﬁﬁﬂ%ﬁ 'L ﬁd}f‘jp H’@%ﬁh% g%f/ rgé% %{Slf( tﬁéﬁ’ck’ﬂﬁs clthiophene in the

presdricaof watekya polpmtbn aiant @laoylﬂantcmmwpbimsamnd@ons sufficient to

65 AR 0 B W PBI U SpPRp R, Pyncns

for usel ke agueous phaselwaalorameyrbe svleated froanr @ergrownattcu‘gtatmg of

%@Z@hc %BEP polf@ﬁ%@w%s@% Vdgh %Iid é&%%'&g/f) ?ﬂ:ﬁ”‘oﬂc acid,

fOprinatad kylfonit &cd polpmeas isuctaas NAFHRN? oty mesddie acid, mlygtyrene

% hﬂig ECE ag’d po&fcﬁ’ %_'lﬁgpmgscfer S, AC]Q’% li'sgg W&Wﬂggﬁe&%ﬂ weight to

afBrc[:dﬂéreahdhysﬁMnd/\blecthMpnogeHes.r Futhemarek thie, sulf@vaidn level of

RS 2078 R s NIRRT Y Ay B WAl g pieronie

ropartieswefithe deperIsmnpr ©sidants forwesetin e aguebusipisase gnddbe sgganic

5 ERRRE e BRI e 0 540800 PR .

e Gy, Bl.Og slc;ndrhb,d sadiav @enayfaten petapsiameerdulfatey Amoromiumh

SRR, POBRBL MRS s BRI LB B omen.

[0018] An advantage of the polymer compositions of the present invention is that, in

one embodiment of the invention, the composition may be easily prepared, readily
storable and reduce or eliminate environmental problems associated with use of
dispersions formed from organic solvents. For example, water-borne dispersions of the
compositions of matter of this invention can be cast by conventional methods to provide
uniform, thin films that possess utility in numerous applications including electrochromic

displays, optically transparent electrodes and antistatic coatings.

[0019] Another advantage of the present invention is that the polymerization reactions

take place with desirable alignment of the monomer components during the
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phase/ oxi dant pol ynerization, 2) organic sol vent

phase/ oxi dant pol ynerization, 3) aqueous

phase/ or gani ¢ phase/ oxi dant pol ymeri zation, 4) netal

catal yst polynerization, 5) electrochem cal

pol ynmeri zation and 6) solid state pol ynerization. 10

[0017] An enbodi nent of the present invention includes
nuynyérmailmﬂbauﬁrm @r@}ﬂdmgaﬁ'ir eninsidally denducting pblgmers having desirable

%%‘i é(fr%?’a% "@:cTE'HSEBQ‘éﬁfE t?qupﬂgg presence of water, a
it e i BRuatiaden o Plrsert iE&TIPR B gt BB PoERTs atine

prasdrs irventie map be fahmaddntd lai vaipbiyrd prchnjc;eamlomiag, Huo noumated to,
[eactl on

r&ﬁ‘%{gge%ggrﬂ E‘%{_faﬁp Ig@qsr(ag gaaﬁ%gg{}ﬁg@ bsjed'ﬁlgor?clcuc{aors an%/or conductors
i obymtdmmbmal acéldctranid yehsesppslypmeriagd emlttlng diodes (i.e.,

Y RERol il S50 e 8 PR RS 9 RSB NSSioR (8- FET or OFE)

ﬂa@ bansémrs@my ap@uttéu@ns e.q\¢ LOD@ndamolfaewuemdy igentifioation (i.e., RFID)
npl. ec

B84, Grinted e onite W Sarabioraioatie BRotGrtaR Ab%ﬁ?"’ééensors

I&sbrs Repiaian Slecdld er polyihenbdsedmérnyig|devices, talectdiytit @apacitors or as
0 va[sy widely to again tailor physical as
2

id
I&@hg%g%?%ﬁg%ﬂagﬁﬁa 0 properti es of the dispersions.

(a2 et Botkenan bvabitas BLIre FERE gy Be EhBaent rom
the fallb&trigngorefdeteiz 8@é6rﬁ)t|oﬁeﬁ:éi'tam Fee{sto@grils, tiii2n conjunction

207, sodi um persu i um persu
DR Ao FaESs Wi uRTARS By A EE Ritap®. B papciples of he
itwdntiefi] uor oborate, iodine, air and oxygen. [0018] An
advant age of the polynmer conpositions of the present
invention is that, in 25 one enbodi nent of the

0 B BESEAEAEN OB BETRRASY S R ncs
P TR o4 RSP, P 058 o gy o v

asatpEisingdhamventiveqrobinters of the conpositions of matter

of this invention can be cast by conventional nethods
[0023]r dhigute 2 isai schemmtic ofi pliotbvaitaictdevicp decdurding oé bii igre layers

' f [ ns including electrochromc 30
é&%sdg#@géeg%ggwglq%%e?anspar ent el ectrodes and

antistatic coatings. [0019] Another advantage of the
present invention is that the polynerization reactions
t ake pl ace w DETAIED SHSCRIPTHINER THE INVENFEN ner
conponents during the

[0024] This invention includes compositions of matter that comprise intrinsically

conducting polymers including polymerized units of fused heterocyclic ring structure
monomers. Polymer, as defined herein, shall mean a composition of matter having
pelymerized units of heterocyclic fused monomer structure repeating units. The
polymers according to embodiments of the invention may be linear, branched or
crosslinked polymeric structures. These compositions of matter can be prepared to
exhibit a variety of properties desired for numerous end-use applications.
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-7 polymerization reaction, providing for

intrinsically conducting polynmers having desirable

el ectrical properties, including useful bandgaps.

[0020] Still another advantage of the present

invention is that the polynmers of the present

invention may be fornmed into a variety of products
[0028]udViorg, pdmmllanlgt sudhrdotredsitions oﬁnmérendlwdeembh@menc oligomeric,

terials, e trans t, 1t er semcond
sl ol peo P Ee ChRPSARIsnaoG sBeRing /ARG G P1, as
felloast r oni ¢ devi ces, polyneric light emtting di odes
(i.e., PLED), electrolum nescent devices, organic
field effect transistors (i.eRr FET or OFET), flat
panel display applications (elg., LCD s), radio
frequency identification (i.e RFID) tags, printed
el ectronics, ultracapacitor %gani ¢ photovoltaics
(i.e., OPV), sensors, 10 |X smal | nol ecul e or
pol ymer based nenory devi ceg gctrolytic capacitors
or as hydrogen storage nat grts [0021] O her

0
\

features and advant ages of esent invention wll
be apparent from the fol | & re detail ed
description of certain-e aken in
conjunction wth the accorrparXu ng drawi ngs whi ch
illustrate, by way of exanple, the principles of the
15 invention. BRI EF DESCRI PTIBN OF SEVERAL VI EWS OF
THE DRAW NGS [0022] Figure 1 is a schematic of a |ight

b 8B S T ML VRSB Snr 33 Bt 245 e i B 1 2 oubstien

o hig meetyi ke arfy substitaeohgrbtacapatiis/ofd@nding lto themingosteicture of P1. R

HRkRel BY Firouh® SRS RRREIH G DB} St Bl fle 35 ey

deccmndane sr tedignp akkyli grospso Bryfeakyl, ekeniia pedloopalkyke perfluororaryl, aryl,

Wb RIS, Yo B0 ARG RN By St b, g

aikylmnleawlall@blaymm,,allqisudmﬂ alixdxyatityb iatkylssitianyl, argaarylamino,

FRVBRI feRind Ui, BB Ea Y ERS fiRbanf apsuttiny,

aTkaycarbonyI arylsulfonyl, carboxyl, halogen, nitro, cyano, sulfonic acid, or alkyl or

phenyl substituted with one or more sulfonic acid (or derivatives thereof), phosphoric
acid (or derivatives thereof), carboxylic acid (or derivatives thereof), halo, amino, nitro,
hydroxyl, cyano or epoxy moieties. In certain embodiments R may include alpha
reactive sites, wherein branched oligomeric, polymeric or copolymeric structures of the
selenium containing ring structure may be formed. In certain embodiments, R may
include hydrogen, alkytaryl, arylalkyl, aryl, heteroaryl, C, to C,, primary, secondary or
tertiary alkyl groups, which may be mono- or polysubstituted by F, Cl, Br, | or CN, and
wherein one or more non-adjacent CH2 groups may be replaced, independently with -O-,
-S-, -NH-, -NR", -SiR'R -, -CO-, -COO-, -OCO-, -OCO-0-, -S- CO-, -CO-S-, -CH=CH- or -
C=C- in such a manner that O and/or S atoms are not linked directly to one another,
phenyl and substituted phenyl groups, cyclohexyl, naphthalenic, hydroxyl, alkyl ether,
perfluoroalkyl, perfluorocaryl, carboxylic acids, esters and sulfonic acid groups, perfluoro,
SFs, or F. R and R’ are independently of each other H, aryl or alkyl with 1 to 12 C-

-9-



pol ymers according to enbodi nents of the invention nmay

be linear, branched or crosslinked polyneric

structures. These conpositions of natter can be

prepared to 30 exhibit a variety of properties desired

for nunerous end-use applications. -8 [0025] Mire
particul arly, such conpositions of matter include

atemsanbr addjtion| digpersions and polutjores ¢ontaimidg €4 Eold \polymearic acid doped

ERPBBHBAE oY Hfior SrREh ik olprOia felue8Ht Bnluys
dispeBson ofeepalymednacio doped polphevacnodding tosPSe, R is a
substituent group. R may be any substituent group

bl ' J : R
AL o nptE 3 o Bt 2 -l SRl Bl cRtiobffencig Htked
5 Hhemgih shah gne@n the fdllBwingrstmmetuyg: secondary or tertiary
al kyl groups, arylal kyl, al kenyl, perfluoroal kyl,
perfluororaryl, aryl, 10 al koRy, cycl oal kyl,
cycl oal kenyl , al kanoyl, al kyl thi o, aryl oxy,
al kyl t hi oal kyl, al kynyl, alkyl aryl, arylal kyl, am do,
al kyl sul fi nyl, al koxyal kyl , Al sul fonyl, aryl,
aryl am no, diarylam no, a®kyl am/no, di al kyl ami no,
arylarylam no, arylthio, he{eroafyl, arylsulfinyl,
al koxycar bonyl, aryl sul fony boxyl, hal ogen,
nitro, cyano, sulfonic aci | kyl or phenyl
substituted with one or ic acid (or
derivatives thereof), 4 15 id (or
derivatives thereof), carboxylic acid (or derivatives
thereof), halo, amino, nitro, hydroxyl, cyano or
epoxy noieties. In certain enbodi nents R may incl ude
al pha reactive sites, wherein branched oligoneric,
B Sl BANABRE D, 2 Sl A HeRmoRts oo ek Thiized
henéjo.oshall mean the fallpwingratiuatdiee:hy dr ogen, al kyl aryl ,
arylal kyl, aryl, heteroaryl, C to C 2 primary,
secondary or 20 tertiary al kyR groups, which may be
nono- or pol ysubstituted by Ff C, Br, | or CN, and

10

[0028] Selenolo[2,3-b]selenophene-2,5-diyl and selenolo[2,3-b]selenophene, as
utilized herein, shall mean the following structure:

-10-
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wherei n one or nore non-adjacent CH2 groups may be

repl aced, independently with -0-, -S-, -NH, -NR -,

-SRR'-, -CO, -COO, -CCO, -CCOO, -S CO,

-CO-S-, -CH=CH or - CC in such a manner that 0

and/or S atons are not linked directly to one another,

phenyl and substituted phenyl groups, cycl ohexyl,

napht hal eni ¢, hydroxyl, al kylRether, 25

perfl uoroal kyl, perfluoroaryl| carboxylic acids,

esters and sulfonic acid groups, perfluoro, SF5, or

F. R"and R' are independen each other H, aryl

or alkyl with 1 to 12 C -%Batons./ In addition

di spersions and sol utions cpntai hing P1 and pol yneric

acid doped conpositions of n one enbodi nent, the

conposition includes an aq di spersion of a

pol ynmeric acid doped poly ding to P1. [0026]

Sel enol o[ 2, 3-c] t hi ophe

sel enol o[ 2, 3-c] t hi ophene, as ilized 5 herein, shal

nmean the follow ng structure: R Se S [0027]

[wggncﬂ:@{o&nﬂﬂerbe]ts Béfmhei@mlri?, Shatl melanambmposmon of matter having

e 2he s S ORIE A e Fondier shicture ) Shhthg s and
e Fﬁ P PITIIGIgoxale d@PHF’é°“°ﬂ‘e’§ i ”Efdeééa [§d28F 2

pﬁwnmabo mbndriefseitferrapihan ehé’.héemcyd:hcéiusbd monomer structure. The

S i en ?Z’fo‘ﬁF gl;asagte@? @B e&,ﬂ‘e not |t_[?j{ ed to qgg%p%ly%enc s‘:tlructures

above and may include hetereopolymeric or copolymeric structures. The copolymeric

structures may be any combination of alfernating copolymers (e.g., alternating A and B
units), periodic copolymers (e.g., (A-B-A-B-B-A-A-A-A-B-B-B),), random copolymers
(e.g., random sequences of monomer A and B), statistical copolymers (e.g., polymer
sequence obeying statistical rules) and/or block copolymers (e.g., two or more
homopolymer subunits linked by covalent bonds). The copolymers may be branched or
linked, provided the resultant copolymer maintains the properties of electrical
conductivity.

[0030] The term, substrate, as defined herein, shall mean a solid material (which may
be flexible or rigid) suitable for deposition of the compositions of matter according to this
invention. Substrates can be formed of materials including, but not limited te glass,
organic polymers, plastic, silicon, minerals, semiconducting materials, ceramics, metals,
oxides, alloys and the like. The substrate may be electrically conductive or insulative.

[0031] The term, electroactive monomer, as defined herein, shall mean a monomer
which is capable of polymerization or copolymerization resulting in a polymer having
electrically conductive properties such as electrical conductivity, semiconductivity,
electroluminescence, electrochromicity or photovoltaic properties.

[0032] The term, non-electroactive monomer, as defined herein, shall mean a
monomer which is capable of polymerization or copolymerization which does not exhibit
the properties set forth under the definition of electroactive monomer.

-11 -



[ 0029] Copol yner, as defined herein, shall nmean a
conposition of matter having polynerized units of

het erocyclic fused nononmer structure repeating units
and polynerized nononers different than the

het erocyclic fused nononmer structure. The 5
conpositions of the present invention are not |imted
[0833]h eTH&mUp,ctbwtgapcasdermﬂmeeejn, shiath weeaantoe essrgy differatee

OB AR L5y PRESI o Al R A B Bt gpenco bana
Iﬁ&r’é‘ﬁs N t@ﬁn |t§l£§lb?s éé’f}n%d (he"flé ih ee{snt?ste'dr\]r@thﬁeeﬁgt Ba composition

peri’o
((f,mmA ﬁaBmaA-aA -efedi-oB-righ or electram defiierd godupraapended to such

5 cofgotioh BEFR SRR Sondth PRERG P3G Ehiming o 1 nyromy,

arwepherg'l,s:yeibalkyu alkyl, malbgen) atkoxy, atkylthiogierthapodligylrpesfiuoroaryl,

Bt ot iRie G SRR A iy 4 Stk e, amico, ana

darmdogyt, provi ded the resultant copol ynmer maintains the
properties of electrical conductivity. [0030] The
[0835] TEhedstm diateroasyl, dsfdefinel hereimi, shalshedr a cempoandsitdvirg the ring

10 bRl BorpdtPlitR B eutieyBacs ol Buflonlibfed o b i,
thiophdnes imidazaletar @ther Simhikar ring ebuctares bEhd hetewdnd group, while a

%‘?g@k%@l 'tgﬁleH% %’dgg)tlﬁ%llcgu%§tl lu'eﬁ% AS 8 n#'% esgégtgﬁents disclosed under

tlardeﬁaitim)ctl ng materials, ceramcs, netals, oxides,
all oys and the like. The substrate may be el ectricall y
[0836])u cThevterroraryinasiHefiriedehereif 0d@ll nelne ¢caampaund having the ring

15 S PR BB S0 858 o050 BB o 00,
the ﬁcdaybmmrgambenzermxlthé pondensed p@lagbmrnrlgawi‘ thg other aromatic

BrRAEEr Do SBRR Bh alf oG bEBnaN b £ IEt At .

@;Héi)t rT d)elandlgrmlm white a shiostibweit tan [tsqtfrh.qye radditional [sObgRyents (e.g.
t Qguﬁs%'itmnﬁg]ﬁ?gclﬁ%e%cﬁr{dgﬁ%é d&finiHidn as defi ned

nonomner |ch i s capabl e of

20 BBl o AL BBl S ol i pPtbaroon aroup
whi¢h miay ibe dedvedirerotancdianiey dmmmaone hyidrogeyofsah thiehfermula.

éx%HBI %Q??&ﬁﬂ ACﬁa-- deh&Péﬁsﬂirp%ﬂh (éﬁiﬁﬁzcﬂﬁ-"’-‘ﬂ istolﬂ?opyl

energy
((CHg)2CH--) and tert-butyl ((CHa)sC--).

[0038] The term, halogen, as defined herein, shall mean one of the electronegative
25  elements of group VIIA of the periodic table (fluorine, chlorine, bromine and iodine).

[0039] The term, perfluoroalkyl, as defined herein, shall mean an alkyl group in which
every hydrogen atom is replaced by a fluorine atom.

[0040] The term, pertluoroaryl, as defined herein, shall mean an aryl group in which
every hydrogen atom is replaced by a fluorine atom.

30 [0041] The term, sulfoxyl, 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 methylsulfoxyl, phenylsulfoxyl, and the fike.

-12 -
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bet ween el ectronic energy levels called the conduction
band and the val ence band. [0034] The term
substituted, as defined herein, as used with respect

to a conposition of matter, shall nean an

el ectron-rich or electron deficient group appended to
such 5 conposition of matter. Usefull substituents
[0042]u dEhe tierrh, suifenylpas défimet derdim,shill mepad gl of @nyposition

BRI G BHF R afhon B el BERpo Rl o adh 8rob Goup.
Exanqigsainelude, ut tireonotdimitad to alekhylsatfomyd,, pre@aylbulfewl, pesipubnesulfonyl,

%]gj[tbgn%% am do, and carbonyl. [0035] The term
8 'yl , as defined herein, shall nmean a conpound

BBATITHE 09, KSR IR 15 Aoup n i e

-Bydrondylof the ba?rgpm gmUpiisr'relhlammb dy anotrm?t Fl&histi&ieln't t:emrm thegstructure
t T t i s
Sl R Bt R 3 odrRieR e AR Cofhzogt BFi et

R, SR8, KRB PR opd. G bston,
sutstitatentgtoapion gthieh af)lymeg pmﬁgﬂmgﬁ?m::]ign (IT: ;pﬁ?gigi e}cgymerization by
%{ycﬁ%%%%ﬁfmﬁﬁg{ﬂ@h@gﬁrﬁg%e Plf ng of benz én e or the ’

GBI FihByrePl90.5 A oonlily O AR o BEATRY b i e
felenotp[2,36H6iopbena) ayiithhiptludext tbrge al@iz0p&sjtions ier famying a linearly

oitPrint ahuBr Brah{fed bR, SBrhirh BecorBR T K DRI ert of e

invendiod efayrbet propagat@&Dfrrd AR $eldhalo@ed-cithigrhlene to fem polymerized

of el N, I paraf fini roc
s 3 ¥AeRaeRers R v FPOE By REIS e et ARG atne
roomorhgratepipted informuld M2f as folibas: Exanpl es are net hyl
(CH3--), ethyl CH5--), propyl (CH3CH2CH2--),
i sopropyl ((CH3)2CH-) and tégft-butyl ((CH3)3C-).
[0038] The term hal ogen, a fhed herein, shal
nmean one of the el ectrone 5 el enents of group
VI1 A of the periodic table {fluorine, chlorine,
brom ne and iodine). [0039] term perfluoroal kyl,
as defined herein, shall negn an\al kyl group in which
every hydrogen atomis repl «a fluorine atom

M2

[0046] The reactive alpha positions of the M2 monomer can react with additional M1
monomers to form a homopolymer of polymerized units or can react with one or more
additional electroactive monomers or non-electroactive monomers to form copolymers,
including random copolymers, graft copolymers, block copolymers, and dendritic

structures.

[0047] The three alpha position structure shown and described above with respect to
selenolof2,3-c]thiophene monomers is equally applicable to selenolo{3,4-blthiophene
and selenolo[3,4-b]selenophene. In addition, the above structures may include
substituent groups and/or copolymeric structures.

-13-



10

156

20

[0040] The term perfluoroaryl, as defined herein,
shall nmean an aryl group in which every hydrogen atom
is replaced by a fluorine atom 30 [0041] The term

sul foxyl, as defined herein, shall nmean a group of
conposition RS(O- where Ris an alkyl, aryl,

cycl oal kyl, perfluoroal kyl or perfluoroaryl group.
[B481p| Esctroactivalmonbmtrsanay betelbcted freth the group consisting of

TR e ) T A,

smbatltu'adghleua[am‘ b]trmnmaes isobstititsd Bieno[sR2<b]ihidshese, alithieno[3,4-

| kyl , fl | kyl o
SR b SYPaten YRSt 3eRnmterios g, bifgiophere.
dubsiittizd pyerokss] ;bt)drmhépmmstntutdwndnylehész mgaphthalene, substituted

a8 s FeeiC st il ierelierat picimeEsRytene,

sgbstupteurph\ehylehe Vlhﬂene hwdrmybubsintmétenmmxyh addiuﬁ@rptd S

repl aced by anot stituent to formthe structur
ioBp ndiiFs e sPaNRerCo thbe PiepriATgon may include

mmm@flzedhamwé nomBRclrbgtivé kdnof@t4] The term al pha

posi tion, as defined herein, shall nean a bond, ring

[p049]t | Ome embodisient oﬁth@ﬁr@empvmuonﬁﬁvlmdep@ gopelymer Qavmg a
o atin at, permts pol ynmerization by

'%Beﬁﬁ}ﬁ‘g H&\%}ﬁ'"gg Wr@ﬂ?i f8ﬁ P¥&chni que. [0045] A

nonomer useful in one enbodi ment of the present

i nvention includes selenofo[2,3-c]thiophene, which

i ncl udes three al pha posit{ons for formng a linearly

propagating and/or branch ol yners. Pol ynmers

according to this enbo f the invention may be

propagated fromthe sel , 3-c] thiophene to form

pol yneri zed 15 units by ing reaction at the

al pha positions (repfeseffted\py an astgrisk) of the

nmononer depicted in as folljows: * Se \ *

/1 . x
(Mo}

Cc1

wherein X, Y and R are defined as above in formula P1, n and m are independently
selected integers having a total n+m of greater than or equal to 2, and in some cases
greater than 4. End groups are independently selected from functional or non-functional
end-groups. In one embodiment n may equal 1. R is the same as the groups defined for
formula P1. The n-unit substructure and m-unit substructure of the copolymer may be
arranged in any fashion making up the copolymer including, but not limited to random
copolymers, graft copolymers, block copolymers, and dendritic structures. Mo in the
formula C1 structure may be any electroactive or non-electroactive monomer
copolymerizable with the n-unit substructure of formula C1 including, but not limited to
selenolo[3,4-b]thiophenes, selenolof2,3-c]thiophenes and selenalo[3,4-b]selenophene as
well as any other heteroaryl or aryl.
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S WM [0046] The reactive al pha positions of the M
nmononer can react with additional ML 20 nononers to
form a honopol yner of polynerized units or can react

with one or nore additional electroactive nononmers or

non- el ectroacti ve nononers to form copol yners,

i ncl udi ng random copol yners, graft copol yners, bl ock

[0oha] vy Snbstltutad dhlelmniﬂ ml'_t]ihmphenesmatJmay be [uﬂma]m Woein formula C1,

e ha tr
4B R PR pREFoloRed e el s K5 v p bt sk 1o orm o
copolymer are tepeeneateld;byapelformbd eto
sel enol o[ 3, 4-b] t hi ophene and
sel enol o[ 3, 4-b] sel enophene. [rMRaddition, the above
structures may include substitpent groups and/or
copol ynmeric structures. -13 048] El ectroactive
nononers nay be selected fr group consi sting of
t hi ophenes, thieno[ 3, 4-b]t hi\ophepe,
t hi eno[ 3, 2-b] t hi ophene, subs ed t hi ophenes,
substituted thieno[3,4-b]thi es, substituted
t hi eno[ 3, 2-b] t hi ophene, dit K enol3, 4-
b:3',4'-d]thi ophene, sel enoph S, Substituted
selenophenes pyrrol e, bithiophene, 5 substituted

pyrrol es, Iqghegﬁlene substi tuted phenyl enes,
5 ﬁ'i’h'ﬁl-e 10 lerta AIMALY . SRCORE RNt Pralediaes alky| Bf%lﬁylph% substituted

ﬁr%rnﬂh @%bhexw *ﬁﬁbhﬁ&ﬂéﬁfé hﬁfr@ﬂﬂ’ "bikyl eﬁ’rﬁ@”é’érs&@h& lagidl Sﬁ'r%oxyllc ester,

su stl t ed 'ﬁb | ene V|n% ene, fluorene, substituted
rilksreafied. Py oamk apthasylfonie é‘é‘i’f oactive nononers, the
copolyners according to the present invention may

[0051 U d&dditisHay SRstif s tﬂl@iphéné%fthét Meybe |uﬁ|i32‘éﬂ GRfAd it formula CH,
NONONEr. S e enbodi nent” of the present

qt}?\‘/@ﬂtﬂb@ﬁn‘?%E‘i}”ﬂ@gJ‘tg the, pelyaes ofihg pPiegent '"Y‘-’é‘B@'&N fogm a copolymer
10 aiBiréprBgariteby Mefoinsuigzl, as follows: R An ()m C

X

A

o 0

H

S

where X denotes S, O, Se, or NH.

[0052] Additional substituted thiophenes utilized in Mo in formula C1, above, to be
incorporated into the polymers of the present invention to form a copolymer are

15  represented by the formula:

Rl ORZ

/
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wherein X, Y and R are defined as above in formula P1,

n and mare independently 15 selected integers having

a total n+tmof greater than or equal to 2, and in sone

cases greater than 4. End groups are independently

sel ected fromfunctional or non-functi onal

end-groups. In one enbodinent n my equal 1. Ris the
vemreindd, ik Rg rape irdegehderdlyl detected iommitha grdup TorsistingriftH, C1-C4

SRS Sy Ry 5 G

copol ynmer including, but not limted to random 20
[6053]] yihercomppsidibhs cbmattgmascerdirtg todhis inveotigmalss cortanhplate

Ry : i.Q . f . e
SR Sy bR D oo ¥ P T
fongiiohglimed iandlimeorparatedtifte eithenblecksaopslymacs ar @upfed with difunctional

a8dis Ropn 1T iR @8 moaderm Bl Fidom o e goupred vin
diadcyaeateelanr afid chilonfles)l Suohlobgamers providd a asmeemiend triegirod for

i . -14 .[.00 [ . .
REElBF e cofuoRficn waator i omag R of hefiEiot tig mygntion. he
doojugatien ehgth i bevaigomiedc _stm;tuﬂe_e:ahmwed &b achievet desirbe properties
BRI oLondi 5 T e formi e RS 8 whorein R 2 C

12 ' . ' .
] LR PSP ATAE e S5 Ao oy By recatin

umyjtd 0brgm-glealréadtive trioapmecsawhiol e capabledyf beangtpmiynhérized with

3o SRSbEGI Pl BE e HBLORRY 3ot e
manonhers dbes nateativerselvtatieot theratactreadive profeoties, ofttioe rasulting
40%8’%@%? ?%ﬂ%'m o the polyners of the present

orma copolynmer 10 are represented by
[bB@S]f Ofﬂgjéo%pcéitiog&a mgﬁér of this invention can be utilized as dispersions by
forming or dissolving the desired palymer (including copolymers and oligomers) in water,
a mixture of a water-miscible organic solvent or an organic solvent. Dispersions
containing the compositions of matter according to this invention can be applied via
conventional 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
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.

[0056] The dispersed films may be dried by conventional techniques including
evaporation to remove the solvent to provide the desired film. Drying may be effected at
room temperature or any temperature which does not adversely affect the 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. However, depending on processing conditions and the
specific polymer or oligomer higher temperatures may be desirable.
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where X denotes S, 0, Se, or NH [0052] Additional
substituted thiophenes utilized in Mo in fornula C1,
above, to be incorporated into the polyners of the
present invention to forma copol yner are 15
represented by the fornula: RI OR2 -15 wherein R, and
R2 are independently selected fromthe group

[995€] sThacoroposiion€bf Rattendiidipis impeotiprs canbe utilized in a variety of

ST B o DB 4084 S cBEYpoe

electtdohroniodevicés) lphaios'oltamdemqsl lighd ematting divdes, flat panel displays,

ARl Ae PR TR P 0 B PRE oyiieh, BanBi tectica

tWitmbEs cnapad:igamoatlrrgs cartgsiondesistant chaftings talextramagnetic shielding,

510 bR ORf o ertbcrec i (DPORRAIE 6 3 of gemmology

thlat mntuie@ the phgsicodf ligotwitls electnmtyd ©poalectronitseantompadsed the

o RBh B sy B By SRl OB Rl Bcica signats o
patgrusighals andri] _cmgtvla:jsianAnylge\ﬂd:e thahepdrates tas antaleotricai to-bystical or
tl
38 ol 5553 SE BR B sofbreshBnis oo 3o Blebura
¢dnelughivitg ehthei omvrmsmons ofaylataérmcorucigud the prpeaitiim@ntion can be
MDNOMES S

T e R S S e G
pentiangd @pplmamonéwby popEisg theee cbmpusitionsoof-nedtiee ivth gohventional acidic
{;%%ﬁ Bprachap i b%ﬁéﬁ%%ew'a aSrREls) S P A  or

h

B8 P 2BE81 RURe orALAREs e RS 80, e
[dBs $1b] orgamjc shifoniteaidseslich@sydoeecyl |benienfd=| sutfosio poidy lamary$ sulfonic
G0 PR IPhilaB Bl oS, ol o ac tape suronic
dniics melymemnmlf@rgmaadm suh asheolp(etypens stu'lfonlns aoid) and tegolymers;

[ \Y; o -
SEHc P8 P HSacsll 80, ERpBRR 25, BER b S5 hPregc acid, adipic
a0id, @zalajoraaid, iomglic acid, lant @olyaidric polynaibogylic acids such as poly(acrylic
acid) poly(maleic acid), poly(methacrylic acid), phosphonic acids, phosphoric acids,

fluorinated ion exchange polymers (e.g., Nafion®) and copolymers containing these
acids. Conventional mixed dopants such as mineral acids/ organic acids can also be
utilized to impart desired electroactive character to the compositions of matter of this
invention.

[0059] While p-doping is can be employed , the compositions of matter according to
this invention can also be n-doped with conventional basic dopants including but not
limited to Na, K, Li and Ca. Other suitable dopants include |5, (PFg), (SbFs), and FeCls

[0060] 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
hole transport layer, a light emitting layer, an electron transport layer, an electron
injection layer and a cathode. The p-doped compositions of matter of this invention are
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processes, spin coating, neniscus and dip coating,

spray coating, brush coating, doctor blade

application, curtain casting and the |ike. The anount

of polynmer (including copolyners and oligoners) to be

i ncorporated into the solution or dispersion may vary
dependi ng upon a variety of factors including the
pastiedanyssuitee tayverd odplading therimdismttinaxidef andde msatrteelIEl:anUhe p-doped

A T AL T PO
lbls prgacsion fayes ofrthad EDy umiopeawmﬁosmddwﬂrnmd gEthis mventlon can be

‘g‘ﬁ?%{; gﬁnbgﬁb%ﬁlﬁp %9 &Lﬁn %ﬁ%oewéonﬁhe el%ctron transport

layerod thee LED. The ps domeoecdrhm@i@hy eﬂtnat't@r girtiay irfl@ntidreare particularly

ﬁduztﬁ,grg?evgqra Ir%om%?m%h?nﬁ%%é&n félge\sﬁt ed uﬂ'é@;mﬁcﬂrnotovo!talc cells. The
mdumcﬁ@inypositfoas ©of inattensfanie invieRBorPare3isd Hifticuteniy duitdd toward use
H DRl 558ln b e bl RS L eS8 5l o
mhﬁﬁr o Uﬂﬁllnt/émmr@hlﬂeaﬁllhﬂéd inQhe ﬁdlé&faﬁ@bdﬁ I&S{éretﬁe Ifdiﬁabsorblng
oper e resu
BYEPaRGs Bl etastienropon Bvanis aranc BRIGYaiels GsiBy e gpped
mdmnpgmmbns bl mharer df eP fivehtivresre PatichrRyrif eGitdcPtdWard repfacing the
rbOOS The cog)fm t] %r; Eyematter of this invention
S¢,PYife 2legUpde I glegtiolytic cpacitoftyent i onal
L1 {
8980 AR e h Rt s SR Bt i oor
elmuoaetwe rlpbiahal\s autinas la@ew?ysssothbr @Fétr@aﬂwé pdtﬂgmdrso He18 transport
ane S 0 e circu
dr e et t BeRliars indiied ¢ RRFFaRaLS oftahoielalic sompounds are

dhsnerabodisd inghigdtventien. 5 swi t ches, capacitor coati ngs,
corrosion resistant coatings, el ectrorragneti c

[6062]| dThegzompositisns of mh&'@ df itlghtﬁvegum%hrﬁlﬁ?z uti!}zed to prepare
t roni ctronlcs IS ie 0
PR RERHAR0F GrobigRerarelies BT i i cbulal fangptons eipetroces,
t@mpﬂrenbwdrﬁucﬂe}aﬁhbavés GtBadIB ceam@spmd réni Etl:llﬂﬁhilélaing, touch
manu evi ces that .
LR 35T Ao Jfef BB o8 it Am i Pansaggent capacior
plates anelrtb?uskeAnydcﬁtmnatmmlbatone w@rp&ﬂ)fmeraaciwrdmg to the present
al. 0 cal.-to-el ectr
A R i B elimien @ boE e B ot arop vanspor
nMaterial$, esemicaraluctors) add/or coridugtors, in bptical m&bbptmsoﬂflectronlc
Fg%? %eg{cqﬁgggem?tfr%grfﬁ%@g@t?;[%{iﬁy reggeg{tr%[ﬂﬂﬁnescent devices, organic
fetsheﬁecemmmgiorsf(l anFEDbr OFETRIMAY pans bisplay applications (e.g., LCD’s),
radio frequency identification (i.e., RFID) tags, printed electronics, ultracapacitors,
organic photovoitaics (i.e., OPV), sensors, lasers, small molecule or polymer based
memory devices, electrolytic capacitors or as hydrogen storage materials.

[0063] Photovoltaic devices have specific similarities to LEDs and are likewise capable
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.
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menti oned applications by doping these conpositions of
matter with conventional acidic dopants (p-dopants)
and basic dopants (n-dopants) known in the art. 15

[ 0058] Suitable p-dopants include mneral acids such
as HCl, HNG3, H2SO»4, H3PO4, HBr, H; organic sulfonic
aci ds such as dodecyl benzene sulfonic acid, |auryl
lsghtframresting orgainics anpblgmesutdnaprise amdnigrmedigienayer adthdole

Do PR3 FrfthertBksta B6lchany BedBd Bofidel i nadiiartigatnoce.
Biwa ehmpositions pbimatter of this dravehtiory tarcbediilided as the ardacpidinole
i BLERL AR BE e Rtpos BT Fred TRt

BSbA™8 BRI EIGEN S AHRrRYARA R B
@b@ﬁmugnietic FEdiai'ﬂDn tp btastnioalrér?_rg;c [ wailedncﬁtlwlsrlfim@m lﬂillbcbuml by theory,
{38 S PATHAFaB Myl Aecb nfitieciiaya b BAthe “HPRIBR i that oocurs
after Absarptiomefrzaphaion, dehichoesges thesreationas analxsitedostate, which may be
Birdeif o e BRE oyl e sEmrohpRSiAoalt HATas pipe
§ediEa]dudior ireinth?dtem'to;nmrci gitﬁ a:l nitlﬁp@?%}hh?ﬁ@hsctci)rmf staingvr\:iched in one
G otV e et o b S hdatistain ob ledst heclaciade i
suffidiendly trgnspdremdd allbw forttieslpassatya of the ghiotomnd Ca. Ot her

sui tabl e dopants include 12, (PF6)-, (SbF6)-, and
[08653]3. The lxfidjoltdiceetincarosimprizesat tdastidut esmpdnetnks, $wo of which are

SR B BrBbln Ty s BRI L i in o

layeDontayplastidl drglasssubsteatau fraisqag&r fdlr?uemsaé gchaugé ﬁgrm’ typically
te, { .

FUSERA ookl B oA RSB abLIERL 258K gl Sancter

@mponentin¢lages a secondletectrode typicalig fabritated yrom matal, such as calcium

SSFEAOR, J10 ),y XG0 SOSROAG sl BB st o

glasstsheet. afieysexond etbctrodaaldo capigachmgltt mmmt t_hgsi élg?trodes are

D. Th - dope conpos ti
i REP Corh el o U i S e e R a1 2 Bl rtype
femvicordiuatmes. akhe preypemadterialmache @ferteatorasaf lighbkalkésling component

QLIRS P Bl o Pl Sy g retes
state in whigh laayetectrands pronidted 18l zecdxcoed energy platd. The promotion of the
electron leaves a positive charge or "hole" in the ground state energy levels. As known
in the an, this is known as exciton formation. The exciton migrates to a junction between
p-type and n- type material, forming a charge separation or dissociation of the exciton.
The electron and "hole" charges are conducted through the n-type and p-type materials
respectively o the electrodes resulting in the flow of electric current out of the cell. The
p-type semiconductor may include mixtures or blends of materials including the
oligomeric, copolymer or polymeric materials according to an embodiment of the present
invention, including but not limited to selenolo[3,4-b]thiophenes, selenolo[2,3-
clthiophenes and selenolo[3,4-b]selenophene containing cligomers, copolymers and
polymers. The n-type component may include materials with a strong electron affinity
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5 layer of the LED. The p-doped conpositions of matter
of this invention are particularly suited toward
replacing the indiumtin oxide electrode in organic
photovoltaic cells. The p-doped conpositions of
matter of this invention are also particularly suited
toward use as the hole extraction layer n organic
|pd:10dhng',db|t aimpla:ldaﬂ:onlﬂnmm Otanmmﬂbklde,scadf‘mum&bteﬁlunﬂfand
his iny

el S el R n e 45 B8 %ﬂgtﬁeg{ﬂﬁﬁﬁ PRBATPTHE benavior
ofi et’e“r“%gtsigﬁ%ﬁﬂefs oBaERg RN 5% Baf e8 Poigiefiap lavers in

drgardo lightrereitiag pivdes.CTHese Idpvises aretndsiwamehanbbest rapgedemeed in a
acltors.

FOBRE SRS et R HGHES JoRp SR RLY B Seiice i Contain a
|arlgiesamduneot laymg \of Vdricois hhﬁatenaié mbtrtam;deisw@ rélemw. IWSSEommonly,

a r es er oacltlve rs 0,
FkA DR o b sPSTte dDr Shatod izl A ol Fution! BVer ) Wight
enl‘ilﬁingcijrcr)btygldeﬁ (&) an® achthode (8 l?mmétsl rhag b€ plipedi betwvean ¢he various

SO € o) I n
RS 68 PBPGIe0 o ikl b aieh, & Yo Biefim 08 3\ mey af functon s
anodé i(2)eh well 5 Ieg@ infectiopldyen(d) Yedultivgsip armedre simpliisd deviee

{%ngs for use in optically transparent el ectrodes,
$arent conductive adhesives, stealth coatl ngs

rent EMF shiel din oych 20 scree fla
[ééeﬂe %%egv§dlspgrglongﬁg§qu§§ cap be ysg as hole m;ectlon layers in
phepvioltait devises. mhamnarlmﬁarearmbbmmonnl t@se&prmdtetjhnea sandwich
cor

) I

e a6 St Aoy ROE dlo R oRueE Ba Bxtin 3Ecbrt of tayers
df |vm|¢usdnat@na|h0¢ ebtall duired Pegiits. Mosticomnuinty, aalelicarensists of a

)" an BTkl Ao ) Gl tprsteRs) G fatg lection (note
gxtriagtion) !aye_f (@Mptleﬁaltuhteﬂ@ye% (Bj&@ctl(/e lefyer (rhkiokd of electron donor and
R A N T T M M N
pgigedi bedwéeemitie (varigus laydéeB as Xepicteaidn Figureguency
identification (i.e., RFID) tags, printed el ectronics,

[0068]a CElzacuinipassitions of matiercagebalingvtolthigineniion ean bédiileed in

| ) | | | | e. | b d . )
RRREN00 Hlegfrachucmic dRvices WG Peep 8k PreYpdt e rABSsPn ghfiont
tbtoughgans@rantisabstraté@ﬁﬁ aﬂ;pueam;mfgi \toﬁag? deross esm{:egﬁ?bal
ritl n alr e

SBSEHes Kl pit, St isms R 4 o detins & i SEE8RIg to the

mpesse inventioneintlude elebinerhagribtio fshigldirag andcdimmable mirrors.

[0068] Doped compositions of matter according to this invention can be utilized as
antistatic coatings applied from water-borne or organic¢ solvent-borne solutions or
dispersions to substrates enumerated under the definition section. Such antistatic
coatings can include admixtures with other polymers including emulsions to achieve a
balance of conductivity and film properties such as adhesion to the appropriate
substrate. The compositions of matter of this invention can also be utilized as coatings
or additives to various articles of commerce to render the article conductive including the
various substrates noted above for antistatic coatings and electroplating processes,
printable circuits, photoimageable circuits, semiconductor devices and the like.
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vol t age pl aced across the device to produce |ight 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 simlar but not

equi val ent. -18 Light harvesting organics or polyners
[0079]r | B iaverntion dunthetinatecreladgssio phiotdvolait devices which contain, the

: t t | [ i | 1 | ace .
AR e G ShE ST AE Rl M BB B, SRt B B HEes o s
tyee @y cofmptise thei foNowvig struatare: be utilized as the anode
and hole injection layers (doped) or in the |ight
har vekst laygr:| ayers (undoped). 5 [0064] A photovoltaic
cell includes an el ectrochenical device that converts

el ect j tation.to [ , ' .

5 ot iSRRI S Pide Bl i EBREE el pBtpstc or
be acglasgdubshiatd. t hr ough a charge separati on event that
occurs after absorption of a photon, which causes the
creati pf,0- an excited state, which may be referred
to as an exciton. Typically the sem conductor domains,
such as a p-type 10 sem conductor in intimte contact
wi t h Aponductiyastilmdprmerhtiontanraquaeces disperaioo isentainingrmdoped
or ' es, wherein
at 1 BB YRy g R O BB parent o
al low for the passage of the photon. [0065] The

10 phot o¥diePeicE4cHYEE can conprise at |east four
conponents, two of which are electrodes. One
CONPAREEtbte ifyeds oF AMHIRRE 8Np- drd ﬁhp@'s%ﬁﬁéoﬂ@@cté{é? Anéirfhe p-type
indiumtin oxide 15 layer on a plastic or glass ) ]
substhaieaal inglydes| moramernien eligames. copolymarig g SO Eer material having
typi afé kot @p&sfg stric@rfdpili on, the anode all ows
anbient light to en?er t he device. Another conponent
i ncludes a second el ectrode typically fabricated from
metal, such as calcium or alunifhum This nmetal may be
coated onto a supporting surface such as a plastic or
gl ass sheet. The second el ectrogle al so carries
current. Between these el ectref e 20 the third and
fourth conponents including d b | ayers or
m xtures of p- and n-type sery guctors. The p-type
material nay be referred to a ght harvesti ng
conponent or |ayer. The p-type mat\eri al absorbs
photons of a particul ar enekt gengrates a

15 P1

where X is S or Se, Y is S or Se, wherein one or both of Xand Y is Se, Ris a
substituent group. R may be any substituent group capable of bonding to the ring
structure of P1. R may include hydrogen or isotopes thereof, hydroxyl, alkyl,
including C, to C,, primary, secondary or tertiary alkyl groups, arylatkyl, alkenyl,
20 perfluoroalkyl, perfluororaryl, aryl, alkoxy, cycloalkyl, cycloalkenyl, alkanoyl,
alkylthio, aryloxy, alkylthioalkyl, alkynyl, alkylaryl, arylalkyl, amido, alkylsulfinyl,
alkoxyalkyl, alkylsulfonyl, aryl, arylamino, diarylamino, alkylamino, dialkylamino,
arylarylamino, arylthio, heteroaryl, arylsulfinyl, alkoxycarbonyl, arylsulfonyl,
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state in which an electron is pronoted to an excited
energy state. The pronotion of the electron |eaves a
positive charge or "hole" in the ground state energy

| evel s. As known 25 in the art, this is known as

exciton formation. The exciton mgrates to a junction
between p-type and n- type material, form ng a charge
separcarhayl, baloges,siiod, @yamm sofortihacidxarialkyhor phEmgl substituted with

e i L AT 508 B AT DRI B

el ecttherdel, caabanytic acjd i(or denigatiies\iherbofi| headd, mrmanas unitrog hiydroxyl,

i xt avahO Br SRl mdSes. D PRI R GEREHE o pl RoulB btreactive

ol i gceites, whereiaboancmed obgom@iojpalymenuat empod#rmermcstmctﬂ:rmof the
i,nvention, .inc

.of . th
but *RSENUREDBAN rir SRS Ty bg ik HE Ragain emibSaRtents, »
sel eroayinziude R:mayllrmlnldemwdroged alkylaryl, arylalkyl, aryl, heteroaryl, C, to

copo ok Brad, ST aERS AR iR B BRI ey o
| nc: Lpébdijsn’astelnﬁealbg FWD’ Bral MGMr@deéln@ne’@ft frioné hyn-adf@cent CH2
i ncl udj n

0 carbon. full S, il 1,801 UR oy
i o R0 map be R AERC aRRErRNY Wi SPere e SRR SRe, -co-
ol ecO0ES, 1OB0-,a0ECsPecE! CAal-CP-86sCHaCH- bD-CEG}Iith)isi]chamanner

n-ty hayj o 0066 he us di spersio

RS RS kAo R TR e BB e ane

or garsubsﬂltutgbtphenyltgmutg cyotshesyl, ﬂ'atmmmleiﬂmmemxyt alkgiosther,
connnnl esented n 5 sandw ch qgr
howpeibobalty SHRERGH ko AGRE Saie Angatiays add oroups,
can Cparﬂlmran, $:5, breff.gR’ anitRiTdre tidepenydently of eacty dtiersH, aryl or alkyl
rraterlﬁ\ll1s f%@ ttal n d sired results. Mobst commonly, a
devi C8TChiRs AYPS8Qypstrat e (1), an anode (2), an

hol e injection Iayer (4), alight emtting polyner

(6), 4mbhyar:cat hode (8). Interlayers may be pl aced

between the various |ayers as depicted in fi gure 1.

In a n :
f unc??%é}dog]g eit%fli}sdg ng?c(agyj *a%%étgﬁ fIJOﬁ'y rﬁ%taf éb?lﬂjg% Ceik lﬁﬂ'n or aluminum.

| ayer (3) resulting in a nore S|an|f|ed devi ce
[80%1 ctThednventios riermaoreqalatassio ghetoweltdiodevickssehictheentain, the

J?%ufﬁlt @Céﬁ% éﬁ.lclﬂ%rlﬁ.ldltgjo?ﬁfe' OIS ?Dhb[bvglct)a%%Ylges of this

ovo evl ces. ese devi ces are nos
tmmavgwessmmedollqwirm gieugliwbch  graphic as shown in
Figure 2. A photovoltaic device can contain a |arge
amourst gyer: ayer s

An electrode comprising an oxide, such as indium tin oxide layer on a plastic or
glass substrate.

2nd layer:

A conductive film formed from an aqueous dispersion containing doped
polymerized units of Selenclo[2,3-c]thiophene and fluorinated sulfonic acid
polymer.

3rd and/or 4" layer:
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15 of various materials to obtain desired results.

Most commonly, a device consists of a substrate (1),

an optional anode (2), optional interlayer(s) (3), a

hol e injection (hole extraction) |layer (4), optional
interlayers (5), active layer (m xture of electron

donor and acceptor materials) (6), optional

i nt er Dsgeta lay@ls aumuixtoeeshas ge agd n-typendernitendecorsraghebain the p-type

pl ace E’. %% i . i ct g’. . .
Ei gurg]a ?IEI%&PB %T)X%SR%E)H%%}S‘% ?ﬁyrﬂ?@é n%tq% rn'\é} material having
accor therigllawing repsaiingvainictuse Pdan be utilized in
fabricating el ectrochrom c devices which permt or
prevent the transm ssion of ligh t hrough transparent
substrates by application of a vgltage across
conventional substrates known in the art. O her uses
for the conpositions of nmatter fa\arding to the
present invention include elegfromynetic shiel ding
and di mmable mrrors. 25 [ 0069 ¢
matter according to this invenki an be utilized as
antistatic coatings applied frgm er - borne or
organi ¢ sol vent -borne sol utiors or \\di spersions to

[ rir+ion section.
Such antistatic coatings can i ngude adm xtures with
ot her polyners including ermulsions to achieve a
bal ance of conductivity and filnﬁﬁroperties such as
adhesion to the appropriate 30 substrate. The
conpositions of matter of this invention can al so be

uti | i weereasisdoat degsis or Jeldvhersie one or hathiad Xsarah Y ischa R is a
of  CofBhift@nt @Sg&”ﬁg@s Beﬁ%r;’ive %ﬁﬁggﬁeﬁ&ﬂgyﬁ ggg(al%é% gﬁdgﬂln@% the ring

the various Str ove
coat i stgstuadf BN e & may Ingluda diygioger o isstopes thenecibhyslroxyl, alkyl,

G cnbognd e8I Cadeoh By o 1Rty oI HGES arviaty, ey
f ur t heerfreorealkyl perfisoromry haryl atkbxya icyclaaliyl ceysloatkieoil, alkanoyl,
taj Bt f | .
i t SRy Erg B, AT Byt BRI ST SR, pkyuiting
t ype aikgxyatiuihalkyisulfonyl, faoyl| asyiamincs tiandamine; alkyamirgy dialkylamino,
5" An I ) B )
SYEPIAAIS SRS FE0A0 B it SR GFb R R LRy,

oxi de Fayer on’ a
carboxyl, halogen, nitro, cyano, sulfonic acid, or alkyl or phenyl substituted with

one or more sulfonic acid {(or derivatives thereof), phosphoric acid (or derivatives
thereof), carboxylic acid (or derivatives thereof), halo, amino, nitro, hydroxyl,
cyano or epoxy moieties. In certain embodiments R may include alpha reactive
sites, wherein branched oligomeric, polymeric or copolymeric structures of the
selenium containing ring structure may be formed. In certain embodiments, R
may include R may include hydrogen, alkylaryl, arylalkyl, aryl, heteroaryl, C, to
Cy2 primary, secondary or tertiary alkyl groups, which may be mono- or
polysubstituted by F, Cl, Br, | or CN, and wherein one or more non-adjacent CH2
groups may be replaced, independently with -O-, -S-, -NH-, -NR", -SiR'R"-, -CO-,
-CO0-, -0OCO-, -0CO-0-, -S- CO-, -CO-8-, -CH=CH- or -C=C- in such a manner
that O and/or S atoms are not linked directly to one another, phenyl and
substituted phenyl groups, cyclohexyl, naphthalenic, hydroxyl, alkyl ether,
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2nd | ayer: A conductive filmfornmed from an aqueous

di spersion contai ning a doped conducting pol yner and

a polyanion (i.e. PEDOT/PSS); 10 3rd and/or 4th |ayer:

Di screte layers or m xtures of p- and n-type

sem conductors, wherein the p-type material includes
nmononeric, oligonmer, copolyneric or polyner materi al

havi ragriluanealkyd peoihionepryle parbokylig asit:ls,ueatersanasulf@ia\aafd groups,

15 P Q oY Q
gﬁ%rffm?{: S‘é hgrsﬁ(sﬂ Jrgljf a&g ildo% f%f %geﬁn tﬁ%% uag'ﬁ %alkyl
nay betherhtio BGstomsieand, gr oup capable of bonding to the
ring structure of PlL. R may include hydrogen or
ISOtQﬁﬁ Epereof hydroxyl, alkyl, including C, to
C20 prlngry, secondary or tertiary al kyl groups,
aryl al kyl, al kenyl, 20 pertluoroal kyl, perfluororaryl,
aryl ,A aggoog\electrpde Mdliqajlv fabctiy@ﬂedémmyta,l, st aseglicium or aluminum,
al kyl'thio, aryloxy, alkylthioalkyl, alkynyl,

B0 arne mYémMI" ﬂLrF'bélrrp? ‘%?es tﬁ'ﬂﬁlﬂ{o%llteflé Hé(\!rlces which contain, the

al koxyal k ,

Rﬂlwqutwm un)froralﬂkfwmﬁtufal urunsaxf m fam\uﬂ@ P1. ﬂwptcypwadewees of this
.finyl, al koxycarbonyl,

tgéillnéglc?mﬁ % %ﬁé;%ﬂ%’\lgpgg%{;tﬁ nal ogen, nitro, cyano,

sul f id, or alkyl or phenyl substituted with

one g@f%?ﬁ sul foni ¢ acid (or derivatives thereof),

phosphorlc acid (or derivatives thereof), carboxylic

aci d ATbelegteqde camuyisingtancaxids: ‘fucrh%ﬁ '@d'UH}ﬁ'ﬂw@X'dﬁ |layeioon a plastic or

hydr s subSifABO Or epoxy noieties. In certain

enbodi ments R may include al pha reactive 5 sites,

mhereln branched ol i goneric, polyneric or copolyneric

strucG'®€rof the seleniumcontaining ring structure

may be forned. In certain enbodinents, R

A conductive film formed from an aqueous dispersion containing doped
polymerized units of Selenolo[2,3-c]thiophene and fluorinated sulfonic acid
polymer.

3rd and/or 4" layer:

Discrete mixtures of p- and n-type semiconductors, wherein the p-type material is
a polythiophene and/or polyselenophene and the n-type semiconductor is a
fullerene and/or a small molecule and/or cligomeric/polymeric n-type
semiconductor.

4th layer:
A second electrode typically fabricated from metal, such as calcium or aluminum.

[0073] 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 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 result in loss of

-24 -



10

15

20

may i nclude R may include hydrogen, alkylaryl,

arylalkyl, aryl, heteroaryl, C, to C 2 primary,

secondary or tertiary al kyl groups, which nmay be nono-

or polysubstituted by F, d, Br, | or CN, and wherein

one or nore non-adjacent CH2 10 groups may be

repl aced, independently with -0-, -5-, -NH, -NR -,
rr@gRarNCy as @Rl as val@dB condOCkive, paid@@pplidationss- P@ded circuits employing

1 B R e RS "% 0
AR TREER, BRI ROFR b QP RSN o)

palysdiermpbansd (e.@ afobowls A1} assolitheleatsdlye i elactralyte fcapaditors, and to

SR s RS EE A By B g fores

SjSd_]eZecIroMemsln_parthtulad,tderthmymnbodknemaxbm m’esmt!immion include
SRR apeo BBy BORRr et ol BuPRer BouGuah npyimtes, o
sdlencie(8)4tGithiophenes, asslenbiof2)3-clinibplhenestand s2@nplo{3;3elselenophene
g dfee MR BEFEPL “hpe rmy compri e the
(RSP A8 A ot T RSB S0 ygnpong

soligl edexttiotytes, thegpalgsershulilsup trom. the Stristaral anyitsrof the formula P1. Solid
[ . f.or L.spersion

B0k A Bacsh b ATy e BTG RU ARG el

Sel en?ét%)é'r-& c] t hi ophene and fluorinated sulfonic acid

pol ynmer. °3rd and/or 4'h layer: -22 Discrete |ayers or

m xtures of p- and n-type sem conductors, wherein the

p- t y pEoil efeareodidizabilnmetaldor exampie aluginush, nietriem or tantatum;

copol ynmeric or polynmer material having

2nd layer:
Oxide layer of the metal;

3rd layer:

electrically conductive monomeric, oligomer, copolymeric or polymer material
having the following repeating structure P1:

g

X

/

Y

P1
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the followi ng repeating structure P.. RAY 5 P1

where X is Sor Se, Yis S or Se, wherein one or both

of Xand Yis Se, Ris a substituent group. R may be
any substituent group capable of bonding to the ring
structure of P1. R may include hydrogen or isotopes

t hereof, hydroxyl, alkyl, including C, to C20

pri mavhere ¥ds Srmtaiey Yds StaxiSel, whyrein diyd ogpatipEX and Y is Se, Ris a

ar 1 Sebtlpue PR iy BRI o ki3 ottt to e rng

al kylstrociore afrB1.0R ymaydhélydd hydragdanybr, isatbpgathkereof, hydroxyl, alkyl,

al kyl, . r | ky. ' I I f1Lpyl

o 98m € M &t RSPl ST A gums,arvo,aer,

di alr )dep‘ltiornr?lkmldeyﬂw:rlchraqj, aﬂjrladllllf(q)tyaoy'omalit(yl,a:yylbalggmﬁlrdlkmoyl,

aryl t . roa . a i,n a car .

o1 <Aibnia AR, Skaurikard) SRGR R0, ayisuiting

sul f atkoxyatkyldalkyisutiahidy aryh maryidraing| diantzsting, Ldligdamind Jdidlbylamino,

one qr e .sul fapic.aci or derivatives thereof

ohos AR lame Arij pBfeGarti o niE i RatbRlE Bidsuireny.

aci d cadioxgle hategén, \niteo, chance slifonidadia, or atkyhor, pheinyr substituted with

hydr oxyl cyano or_epoxy noieties. | ertain_ . I

enbod RO ad (i elyativgs et pROSRL{AYiE cid (or derivatives

wher eherebf) acatthmdioadid oredericatives ltheresf), hatw, aminay Initroe hydroxyl,

structures of the. seleniumcontaining rjng structure .

e P e ipie, o CABRERic S B B 08 b reactive

I ncl wites, Rvhengin ibrarichde oliguanere polymk Ky bacopolynearigl siiubtykes of the

aryl,__het er oar,yil t C 2 primar caondar -

t er t iSEIRMIUL &Wt&aingﬁglgs?%ﬁu%nﬁgyg&%ﬁ%ﬁjr_l C n?aln )ém%odlments, R

pol ysudpsincludé Mnay/inlélud@lhydrlagen,lallqﬂarﬂl\larywnql,}dnﬁ,r lgéte\roanﬁ: C,to

or e_non-adjacent CH2. grqoups. na ere ce

e n BEA, kR P Eriad MR 3ol picH TRl BE Foano- o

- CO- ,polys(dBtyted 626, Cl, Bod@rQN, ang-wHetkin on&0or Bore néidadiakcent CH2

or -C=C-_in_such nner_ 25 that. 0 and/{or L ONSE &,

ot RS Ra D EarfroR o aPRe A -Gy TN, AT SHA, co-,

Subst-CO@-e-O@Rhe APCOgD9UPSCOEY-ClOsEe XGH=CHaphJED- émsuch a manner

hydr ‘E%Xt'o aﬁ‘é/léy é a%rrrm]se fre not linked directly to one another, phenyl and
substituted phenyl groups, cyclohexyl, naphthalenic, hydroxyl, alkyl ether,
perfluoroalkyl, perfluoroaryl, carboxylic acids, esters and sulfonic acid groups,
perfluoro, SFs, or F. R and R’ are independently of each other H, aryl or alkyl
with 1 to 12 C-atoms; and, if desired,

4th layer:

Contact, for example a thin layer of substances that are good conductors of the
electrical current, such as conductive silver, copper or paint filled with carbon
black.

[0076] While the above capacitor has been described with respect to polymer formula
P1, copolymers may also be used. The present invention includes polythiophenes
obtainable by oxidative polymerization of specific thiophenes that are particularly suitable
as solid electrolytes for electrolyte capacitors. These specific polythiophenes can be
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- 23 perfluoroal kyl, perfluoroaryl, carboxylic acids,

esters and sulfonic acid groups, perfluoro, SF5, or

F. R'and R' are independently of each other H, aryl

or alkyl wth 1 to 12 Catons; and, 4th layer: 5 A

second el ectrode typically fabricated fromnetal, such

as calciumor alumnum [0072] The invention '
appliet @dhencetly sl eaparticularlysimplevoanrer cwitfeout imgmacting their conductivity,

6130 S 0t bspB R Aot citet dBed FCHOR 1L 480 Kietttprg which are
digtirguirdngd by rgoed stectrival propérties, ior extampte ahigh, sm:fste:jrpiyﬂy frequency-
; . . | :
PHePRRESIRROAY o @*fﬁ@@% g tieffera€ WTetind Pl e8age curens.
(OYEL; T CODBIPLNES aid BvidRBnoneo 38, A% BPGigina to the
iSeemimldllmﬂbemputed)qﬁm:ﬂg parﬂrnb itlel _ofa'l rrwtaédct)ilstbm‘is nba:tegau'(i)t? an oxide
g ahiTeo 46 dn AREUE i Soe, G B R e R o aitmioum,
niabiem aritantaluma TheIpphythiogieans aad ﬂblgselptrnmeb:eam/edmed by
- . ren nd/.
Bfchn}ve e PaIGIF RS Bl ik edont eI f Bl gonomer,
&mhﬁascemdhmiaﬁ@,&c]thbphérwﬁ,ﬁediﬁ Ws,a#thdm-2,5-diyl, or
AV d L . suC iumor. . .
L8R B e T B P i 680 Bl . cosroc
inrthe farinodd solotiahsy eihersepafatélyene gitcfrdbé bthener, dfsuitatsié ttegether onto
. ctive .
3 RO B (3RS bt TBh e Bxle cFRNGLI omising the
ofidatire pelymerizatiors ifiappepriaten dé@engingtonl theactivitysp ée éxidant used, by
@Qr%ih& fﬂe’ coo%nél\.‘]ﬁtre?natively, a dispersion containing polymers according to the
invention may be directly coated onto the metal oxide surfaces to form the conductive
layer.

[0078] Additives such as dimethyl sulfoxide, ethylene glycol, diethylene glycol,
mannitol, propylene 1,3-glycol, butane 1,4-glycol, N-methyl pyrrolidone, sorbitol, glycerol,
propylene carbonate and other appropriate high boiling organics may be added to
dispersions of the compositions of matter of this invention to improve conductivity.

[0079] Additional additives include conductive fillers such as particulate copper, silver,
nickel, aluminum, carbon black, carbon nanotubes 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.

[0080] Depending on the final application of the material, examples of additional water
soluble or dispersible materials which can be added include, but are not limited to
peolymers, dyes, coating aids, carbon nanotubes, nanowires, surfactants (e.g.,
fluorosurfactants such as Zonyl® FSO series non-ionic fluorosurfactants (e.g., available
commercially from DuPont) with structure R{CH,CH,O(CH,CH.-0),H, where R; =
F(CF2CF2),, x = 0 to about 15 and y = 1 to about 7, acetylenic diol based surfactants

I™ and Surfynol® series (e.g., available commercially from Air Products and

such as Dyno
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transparency is not inportant but electrical
conductivity is inportant. Certain applications such
as antistatic coatings may require pignentation which

wWill result in loss of -24 transparency as well as
vari ous conductive paint applications. Printed
circuits enploying these materials will also

GJemscals,| Iyc)notganieqnidrisorgario spraduetiveyinks A6 gastdsyeharge transport

A P S oS el RO m el RFaR BESimple
redleatiesdnypatymersebampies gt sitabipather water sahuble or dispersible polymers
b4 R ELRRAS 958 PR sEE SO bRE8 e poannes
pelyaatines, polgpyrrdies, palybcetuenss, andicombimatiomoitierapht of t he

present invention include aqueous dispsersions of
[0081] o e, disppsionseirtie aowdpesitionset matiec biutlisrigyentiont maytalso

clg'gﬁ;él%% %chtﬁ‘?d‘?niﬁekﬁp%lﬁﬁﬁéé ég# tanr'fé)&apn?g When required for specific
applicatiohs [SrBcthtdre nypiuty eddedini the ispersiarsita bentha eiabity,
shitfs BoPn"uic s yRBARln cFtARET B el HE TR ciols:
\dsdosity mlodifiersolsydleas agsoeiafiad thivkendrs) ¢an alpo be addéde such

dzt ruct ur.al Pl. Solid electrolyte

L ury dunl ts oft 1% he f o&rml(ﬂ
S&Pﬁﬁcﬁ’q of £G4 Y’ﬁ??'*’ﬂfépﬁg SNBSS0 | owi ng structure:

I r: Foil. of an oxidizabl tal . f.or exanple
19042, TR confrgsiiaf ofeldl b afina o figse JyeRif Barboe prepared
Hyayarietf oftrhethods. alfhe casmmbsitioyie of mattercdacbdirlg tp the present invention

uctiye Qneric, oligoner opal yvneric, or pol ymer
RS et TRARG bh dowousTRRE oBBRE G LB Rty
selefo(2, X-c]tibphene-2,5-diyl, selenolo[3,4-blthiophene-2,5-diyl, or selenolo[3,4-b]-
selenophene-2,5-diyl containing compounds, a polyanion and an oxidant are reacted in
the presence of water under reaction conditions sufficient to form poly(selenolo[3,4-
blthiophene). In another embodiment, selenolo[2,3-c]thiophene, a polyanion and an
oxidant are reacted in the presence of water under reaction conditions sufficient to form
poly(selenolo[2,3-c]thiophene). The temperature for conducting the polymerization is not
critical but may affect the rate of polymerization.

[0083] Another embodiment of the invention relates to the use of polythiophenes and
polyselenophenes which are formed from structural units formula M1, as follows:

-28-
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-25 where Xis Sor Se, Yis S or Se, wherein one or
both of X and Yis Se, Ris a substituent group. R
may be any substituent group capable of bonding to the
ring structure of Pl. R may include hydrogen or

I sot opes thereof, hydroxyl, alkyl, including C, to
C20 primary, secondary or tertiary al kyl groups,
aryl al kyl, al kenyl, 5 perfluoiRoal kyl, perfluororaryl,
aryl, al koxy, cycloal kyl, cycl|oal kenyl, al kanoyl,

al kyl thi o, aryl oxy, alkylthiod| kyl, alkynyl,

al kyl aryl, arylal kyl, am do_7a | sul finyl,

al koxyal kyl, al kyl sul fonyl X aryl ;] aryl am no,

di aryl am no, al kyl am no, di m no, arylarylam no,
arylthio, heteroaryl, aryls |, al koxycar bonyl,
aryl sul fonyl, carboxyl, ha nitro, cyano,

sul fonic acid, or alkyl or ubstituted with 10
one or nore sulfonic a®W i vatWves t hereof),
phosphoric acid (or derivative thereof), carboxylic
acid (or derivatives thereof), halo, amno, nitro,
hydroxyl, cyano or epoxy noiejies. In certain

enbodi nrents R may include alp reactive sites,
wher ei n branched ol igoneric, polyneric or copolyneric
wherec isrSeor 8¢, Y i36S 0s$é, avHensin ©na toabathrd Xramby & $¢) @ israesubstituent

Fpu Guhdy REGny Rl BB EaReo Pl o Pig piygture of P1. R
@ay inclutetrednayeylor isCtores thdtddf, hydrowyl,yalkys,eandiag €, &y C primary,
e ot R B e SR e e av
alkoxyp cycloedky, aniciaaikehyl Giilkanogt, alkpkhio®arylbry, latkyltisioaldyl, alkynyl,
SRR R ARG a5 et koot SRV TS ifppyi A, Apjdrpino,
diary+a|iﬁ_qifa‘?(, élkyéa_;miab, tlﬂialiiﬁamﬁib, a@'larvlﬂmir@, aigdhiolr héiegiaqmaarﬂs@finyl,

tly t t her .
Db, S s 050 i, ISR s e
plyahybsybistitusddayith enéder morepsitibhio acidgbkgerivaghessfther@od ashdsphoric
R85 R B din S ieteor RuRighyNichtSr 4Bl SR drabh HR: g, nito
iyl tdyamo bt epoxy Imadetiesl kiplcertaintdmidodimerit® AGnay inghide alpha

%ggt’ive' sfiteg,e\ﬁrlménea%’brgr?chééh %né,&%&ﬁé, polymeric or copolymeric structures of the

selenium containing ring structure may be formed. In certain embodiments, R may
include R may include hydrogen, alkylaryl, arylalkyl, aryl, heteroaryl, C; to C primary,
secondary or tertiary alkyl groups, which may be mono- or polysubstituted by F, Cl, Br, |
or CN, and wherein one or more non-adjacent CH2 groups may be replaced,
independently with -O-, -S-, -NH-, -NR'-, -SiR'R -, -CO-, -COO-, -OCO-, -0OCQ-0-, -S-
CO-, -CO-S-, -CH=CH- or -C=C- in such a manner that O and/or S atoms are not linked
directly to one another, phenyl and substituted phenyl groups, cyclohexyt, naphthalenic,
hydroxyl, alkyl ether, perfluoroalkyl, perfluoroaryl, carboxylic acids, esters and sulfonic
acid groups, perfluoro, SFs, or F. R and R’ are independently of each other H, aryl or
alkyl with 1 to 12 C-atoms. W and W’ are H, halogen atoms, e.g., F, Cl, Br, and |,
metallorganics, e.g., MgCl, MgBr, Mgl, Sn(R,)s, where R; is C.s alkyl or C,.s alkyl ether,
boronic acid, boronic ester, vinyl units, e.g., -CH=CHR; where Rs is H or Cy alkyl, ether,

.29.



10

15

Contact, for exanple a thin |ayer of substances that

are good conductors of the electrical current, such

as conductive silver, copper or paint filled with

carbon black. (0076] Wile the above capacitor has

been described with respect to polymer fornula 30 P1,
copol yners may al so be used. The present invention

e ci0giaalkyhlegtens, b.oh eDOOC; glatkel, RBIICGR yhdoKiORathege Ryis H or Cys

Ly zation of specific thiophenes that are
R EEGH ANg PRlyTexgrllS arpmiaty ngS Sk A B appthalene, pyrmole,
ahcfmtdphbwé.eoemfa@ioﬁs ofatae siﬂbrmiaﬂeqs plaimdd @mslmhis cahes e?rmed prior
can he -26. applied adheren in a.particularly sinple
it afr Akl e secdoten iantary heBaBR it 5 Vo the
netal foils used as anodes in electrolyte capacitors,
[@084pi Mencrapacduitable farproducirigehonmibpilynngs iaptl edpdlymeeatte those

el ectrical, propgrtjes, for .ex e a hi.gh .
ShB o Ann Yy 8 Frand Rtaemion Bi 3R tobmiiecd s elpwei ng
furthernore by low dielectric sses and | ow | eakage
currents. 5 [0077] The pol yt Miophenes and
pol ysel enophenes to be used acgording to the invention
may be produced directly on eNsi de of a netal foi
that is coated with an oxid coating and used as an
anode. In sone cases, these f/pi are made from
al umi num  ni obi um or tantal ﬁl\ he pol yt hi ophenes and
pol ysel enophenes are produce oxi dative
pol ymeri zati on of nononers of the present invention,
by applying a nononer, 10 such as
sel enol o[ 2, 3- ¢] t hi ophene- 2, 5- M3yl ,
sel enol o[ 3, 4- b] t hi ophene-2, 5-diyl, or

- e 5 sl Pl
AR Re” 9 ¥ R EREebure dulltea 50 iy Behecttg fopmula M1,
sol utions, either separately one after the other or, _
[0083),; Palymers. aerpsding to hetrsesent inventiag, Fcludpdomepglymes having a
Fe?é&tidg%rﬁt%ﬁa iriudta PACapbliGes:COat i ng, and conpl eting
the oXi dative polynerization, if appropriate,
depending on the activity of the oxidant used, by 15
warm ng the coating. Alternatively, a dispersion
cont ai ni ng pol ymers accordingfio the invention may be
directly coated onto the netal| oxide surfaces to form
the conductive layer. [0078] Additives such as
di met hyl sul foxi de, ethyl en di et hyl ene

gl ycol ,

P1

where X is S or Se, Y is S or Se, wherein one or both of X and Y is Se, R is a substituent
group. R may be any substituent group capable of bonding to the ring structure of P1. R
may include hydrogen or isotopes thereof, hydroxyl, alkyi, including C, to C,o primary,
secondary or tertiary alkyl groups, arylalkyl, alkenyl, perfluoroalkyl, perfluororaryl, aryl,
alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, alkylthio, aryloxy, alkylthicalkyl, alkynyl,
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manni tol, propylene 1,3-glycol, butane 1,4-glycol,

N- et hyl pyrrolidone, sorbitol, glycerol, 20

propyl ene carbonate and ot her appropriate high boiling
organi cs may be added to di spersions of the
conpositions of matter of this invention to inprove
conductivity. [0079] Additional additives include

atiomattyic A iviatkyl, idnhide, allsdsulfingls alkaxyalio | atitytsutfoybearyl, arylawdng,

S, BT AR bR R B3 ot

alicdxyesrbomyi t @rylssifdnyl; @arbokgyhaldgei? nitidy eanopsyivaitt aidy iod alkyl or
the |ike.c

25 be added he, di ' :
PSR i g BB o L0 kBB eG Rgapnore
avid forderivaives teseof)s arbaryic @eldaor devilatives theleef), hl68dhino, nitro,
XTI TR X T
reattiveisites witeirgih besrichbe ofigtaeaticl potymeec obetpolterieatructures of the
SR TseuSinans St ey peifted (o dgiin fbodionts, A may

ihdlude Bsndy incluaa hgdroger) aikyladnaryialkyl, R0 Mtero&yl, C, to Ci. primary,
non-i oni c, fl uor@surfact ant '

SRR L ATy PBYAGsaien Pty B fnght prsoiystbstiuted by F, CI, Br, |
deGBH%ﬁH&mt ki erin Ghe OF Xidre mheatejaﬁént{:Hfgrlﬁﬁaﬁ?@_ g_yoe ré%lacéi:l,t 0
.abou an = a e ACE e i a
'Qi?ﬁﬂeggf-‘%l‘m‘%'g“ éc#abﬁwﬁ\ﬂ# ‘rnvg' 'vsﬁﬁr’y'?rué?%l'r )‘9@8?4'@?%'0" -S-
cc%}, gco-$vya¢|4|1£cbﬂ14leorconsme iméL&:!hla/mégth‘éth E’l_‘ld)’dusfagorﬂe{ldre not linked
- em ca C organi ¢ and .i norgani c ¢ uctiv .
Girdguy e anaiier, SHahi 4 sl hhenplaaiiss pEEHeEXSH. hahtnatenic,
reidasngl, ialrkiyl' étge@gemhﬁrnaﬂkvld pémltlbﬂoar}ﬁl,idambxymtﬁd#, esfEheand sulfonic
mat eri al s can [ e_. nol ecul es or po rs

GonBs e, SEs W ot AAMAL s MOgResRgHY, Preach other H, aryl or
ailiq?i path qitb e Graloynse rmeh@p@aﬁrnbwuemre}mqumget_ ot prestniMavention
By YR nae iAeReRira pinaRd B iopBiee e dydiive R independentl
Sitd et @a@cmsurtiifj Gés@??g inf Qf@&t&%]lyrﬁb@c @Hrﬁ?@m‘dl ahe rqlﬁeattihg unit may be
conposi.tions q er [ S inventjon al so..
(BETIBRtEe " 8 slePRaRpater Kyows Kbnp AANS MAkNGHPE Jtetipral or non-
fuhetionakesnd gredpd. or specific applications. Surfactants
are typically added to the dispersions to control

ility.... surface tension, .and surface wettability.
B, o afpof,dh® Brdel G R jitiiied B Ea Y oBRlnkat Bigomers
pubhondrs @and cOpelyieas Fas erample] Rastdefiodaine? Sandchin nadysiaclbde an
aq&daeéjltet, %hgr%?nhthe branching or crosslinking may take place. The following structure
shows a branched polymeric material according to an embodiment of the present

invention:
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di spersions to adjust viscosity for specific end uses.
[ 0082] The conpositions of matter according to the
present invention can be prepared by a variety of

met hods. The conpositions of matter according to the
present invention can be prepared utilizing an
aqueous phase pol ynerizati on nethod wherein 15

sel enol o[ 2, 3-c] t hi ophene- 2, §-di yl,

sel enol o[ 3, 4- b] t hi ophene—=2-5d+yl, or sel enol of 3, 4-Db] -
sel enophene- 2, 5-di yl contai niJgg conpgunds, a pol yani on
and an oxidant are reacted i =y pregence of water

under reaction conditions gufficilent tg form

pol y(sel enol o[ 3, 4- b]thi oph&pe). ln agbt her

enbodi nent, sel enol o[ 2, 3-c] t heephieng” a pol yani on and
an oxidant are reacted in the presence of water under
reaction conditions sufficieas to form 20

pol y(sel enol o[ 2, 3-c] t hi opkhehe) Y he tenperature for
conducting the polynerizatyon is/f not critical but may
affect the rate of pol yneriygati @n. [0083] Anot her
enbodi nent of the inventionf/relayes to the use of

pol yt hi ophenges| and Yoolyse/énoph: es whixh ar¢ forned

from struct urapyghi ts Yorm a M8 6l | OWS; 8 R
AW WY ML eke X1 & S or*¥e, Y is\S or Be|l] wherein
one or both oftX ¥nd is Se, Ris a SQubsti bnt 5

group. R may be gny substituent group fapail e of
bonding to the rfng stYucture of P1. R may \ ncl ude
hydr ogen or i sot’opes ereof , hydr oxyl, qL, I,
including C, to C20¢pri mary, secondar tertiary
al kyl groups, arylalkyl al kenyl , perfl uoroal kyl,

“@’?@%‘ogﬁ Gﬁlﬂ Sek‘g‘ﬁg?f’ a%l %%‘/Ftlfﬁ?%mugq? b’:fglx'g/he present invention is not

ligditied | t)htl’niabkmydtureaklhqmy labovealaad| may | incladey |ligtepkric samddegpolymeric

sﬂju@ﬁ l\élh&}l‘éskﬁ@gthﬁ%ﬂ%ﬂr% al kyl sul fonyl, “aryl,

aryl am no al kyl am no, di al kyl am no,
aryl aryl am no, arylthlo heteroaryl, aryl sul finyl,
[0087] x \Festtically cpnducying oligarmsrs and @Dlymew corhpriisegent copolymerized

dﬁiitg bPmofdBY arg %Btﬂgli gsp%‘c‘:{ &’thg fnvghllﬁ%l arf may be represented by the

formula P2, as follows:

X

*%(A)a v (B)d—(D)d—(E)e‘]‘*

P2

wherein X, Y and R are defined as above in formula P1, and n is an integer. A, Band D
are independently of each other, and in case of multiple occurrence independently of one
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phenyl substituted with one or nore sulfonic acid (or
derivatives thereof), phosphoric acid (or derivatives
t hereof), carboxylic acid (or derivatives thereof),
hal o, am no, nitro, hydroxyl, cyano or epoxy

noi eties. In certain enbodi nents R may include al pha
15 reactive sites, wherein branched oligoneric,
apothereCZt=C¥>%- 0BG} gnat aylentronhbteremylohe hloap teatligoptiomally

containing rin structur be f orned. | ertain

St el one R miye ek S eristgy o e dhyli Bl Bhh otner . F,

calokxcll\larag b, dp¢ gledihieyers, melidinghetegerepingéper@entlyof@azh other being 0,

1 y, secondary or tertiary alkyl groups, which

w&; nono- or pol ysubstituted by F, C, Br, | or

CN, and wherein one or nore non-adjacent CH2 groups

[00@8] b heapbalymér o%rmmdmdpmmnam intany taanneBknowrNin-the art and
-0CO- O, -S CO,

e Zaflogiym pivpazaiSH ﬁn@a@wps ranner that 0

tons are not rect
(8550 PTG RS, BeAoRi 0 e OBRERD PGB he presen
imseatio dénoflide tha idllodrigestructuredrydr oxyl , al kyl et her,
per fl uoroal kyl, perfluoroaryl, carboxylic aci ds,
esters Fand sulfonic acid groups, perfluoro, SF5, or
F. R and R' are independently of each other H, aryl
or 25 gl kyl with 1 to 12 Catonms. Wand Ware H,

hal ogeh™atons, e.g., F, d, Br, and |

met &€ [ e.g., MG, MBr, Myl, Sn(R2)3, where
R2 i orgC, _6 al kyl ether, boronic acid,
bor on vinyl units, e.g., -CH=CHR3 where R3 is

j.e., -0OClL_6 alkyl,
-S-COR4 and - COR4 where
and pol yneri zabl e
napht hal ene, pyrrole,
t he substituted clai nmed
Har to or after addition
unctionality. 5 [0084]
bnoners suitable for pfoducisaag honopol ynmers and
copolynmers are those phere Wand W arﬁgﬂ)and
represented by the fornula M3, as follows: " R Y MB

- (C3)
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Xis Sor Se, Yis Sor Se, Rare the groups descri bed
above with respect to fornula ML. 10 [0085] Pol yners,
according to the present invention, include

honopol ymer having a repeating unit having formul a
Pl1, as follows: RAY Pl 15 where Xis Sor Se, Yis
S or Se, wherein one or both of X and Yis Se, Ris a
substituent group. R nmay be any substituent group
capabl e of bonding to the ring structure of P1. R may
i ncl ude hydr ogen i sot opes thereof, hydroxyl, alkyl,
including C, to primary, secondary or tertiary

al kyl groups, arylfalkyl, al kenyl, perfluoroal kyl,
perfluororaryl, a al koxy, cycl oal kyl ,

cycl oal kenyl , al kyl t hi o, aryl oxy,

al kyl t hi oal kyl , , -30 al kylaryl, arylal kyl,

am do, al kyl sul f\ nyl ,/ al koxyal kyl, al kyl sul fonyl,
aryl, arylam no, I & yl am no, al kyl am no,

di pl kyl =1 no, a amino, arylthio, heteroaryl,

' yl, aryl sul fonyl, carboxyl,
hal o ] syl fonic acid, or alkyl or
pheny tituted with one or nore sulfonic acid (or
[ t hereof ), phosphoric 5 acid (or
derjAatives\t hereof), carboxylic acid (or_derivatives
t hBr eof ), halo, amino, nitro, hydr oxyl , {€4)ano or
epoxy noieties. In certain enbodi ments R may incl ude
al pha reactive sites, wherein branched oligoneric,
pol ynmeric or copolyneric structures of the selenium
containing ring structure may be forned. In certain
enbodi nents, R may; include R may include hydrogen,

al kyl aryl, arylalkyl, aryl, heteroaryl, C to C 2
primary, 10 secon y or tertiary al kyl groups, which
may be nono- or bstituted by F, d, Br, | or
CN, and wher ei nor e non-adj acent CH2 groups
may be replaced,\ independently with -0-, -S-, -NH,




directly to one another, phenyl and substituted phenyl
groups, cycl ohexyl, naphthal enic, 15 hydroxyl, alkyl

et her, perfluoroal kyl, perfluoroaryl, carboxylic
acids, esters and sulfonic acid groups, perfluoro,
SF5, or F. R'"and R' are independently of each other

H aryl or alkyl with 1 to 12 C atons. The repeating
structures accordiRg to the present invention nay be
substantially idenfical, formng a honmopol yner, or may
have R i ndependent | sel ected for each unit,
resulting in a CvooN\s‘riC conpound. The repeating
unit may be 20 '%rnin.ted in any suitable manner known
in the art and mpy inglude functional or non-
functional end g,---\ [0086] In addition, the present
i nventiqp i ncludg#s brgnched og cros I|nked ol i goners,
pclyne ‘nd c.uolyne S For d,» R as defined in
Pl 3 i %* pha atqg, wherein the
branc\l :r crossl nklng \y t}'e jl ace. The

fa | oMnggtructure 25 shows—alranghed pol yneric

mat eid al acgordi ng to an egbodi nbpt of the present
ingntion: -8 x Y/ XxgY/ \'Y H Y 1 [ogX X/
wherein X, Y and R are defined as above in fornula Pl.
The present inventionis not Ilimted to the structure
shown above and ma¥§ include oligoneric and copol yneric
structures includipng substitutent groups. 5 [0087]

El ectrically condugting oligonmers and pol yners
conprised of copel yhegized units of nononers are

anot her aspect W i nvention and may be represented
by the fornula ¥ ag follows:

(C7)

(C8)
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R X\ (AayY(B)d-(Dd-(Eje * P2 10 wherein X, Y and
R are defined as above in fornmula P1, and n is an
integer. A, B and D are independently of each other,
and in case of multiple occurrence independently of
one -32 another, -CZ =CzZ2-, -C=C- or an arylene or
heteroaryl ene group that is optionally substituted
with orfé or nore groups R Z' and Z2 are independently
of eachlother H F, d or CN. a, b, d, e are
i ntegerk, including integers, independently of each
1 ,20r3. 5 [0088] The copol yner of
e in any manner known in the

knowg pol ynmeri zati on

rC structures, according

t

hventi on,
r R Se S SR

(C9)

[0090] Additional copolymeric structures, according to other embodiments of the
present invention, include the following structures:

(C10)
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Se/ SS(C) -33R SesSe/ |/ Se R R (4 R Se
Se Se /| Se R RR R R (C5) 5-34R SeS/ \ S \/
Se\'/ R R R R (C6) RSzAR " (C7)

(C11)
R
< X
s
\ / 58 |
al R (C12)
5 (C13)
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RSe x\ Se (C8 5-35R Se R R

Se 1 (C9)

[ 0090] Additional copolyneric structures, according to
ot her enbodi nents of the present invention, include
the followng structures: R SR 'Se S SR (Cl10)

5-36 R SR

(C14)

(C15)

(C16)




/ " R.VSeS/ 1S(Cll) RS\ xSe/ 1/ Se R R
(C12) RS SeSey / S5R R R R (Cl3) -37 R
SSS 1/ SR R R R (Cl4d RS S/ /'Se R R
( C15)

(C17)

[0091] Still addition copolymeric structures, according to other embodiments of the
present invention, include the following structures:

R

(C18)

-39 -




RAse 5 (Cl6) -383 R S\ R R Sel (Cl7) [0091]

Still addition copolyneric structures, according to
ot her enbodi nents of the present invention, include
the followng structures: R Se\ " | \ :R; SR (

Cl8) 5-39 R Se R S S S (CL9)

R

- - (C19)
R
Se \\\
1 s
\ /
R’ R" (C20)
R R" R' R" (C21)
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s R R (C0) RSe Se/ \ Se/ S5
-0 R SseSS / sR RR R K
R R (C3) RSe S 5 (C4)

(C23)

(C24)
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-41 R Se R R S1, (C5) [0092] Polynerization of
t he nmononeric or oligonmeric conpounds descri bed above
may take place through one of several reaction

mechani sms. Possi bl e reaction 5 nmechani sns include 1)
aqueous phase/ oxi dant pol ynerization, 2) organic

sol vent phase/ oxi dant pol yneri zation, 3) aqueous
phase/ df gani ¢ phase/ oxi dant pol ynmeri zation, 4) netal

catal ysf polynerization, 5) electrocheni ca

pol ymerlzation and 6) solid state polynerization.

[ 009 cal reaction conditions for aqueous phase
pol ion include 10 tenperatures ranging fromoO

to about 100C. The poly "rlzaﬁlon is continued for a

[ i me until the cattion is conpleted to

2 yation. The

cal el ement of
ng upon the end
—*pol yneri zati on
adily det er m ned
t undue
experinmentation. The polynerlzatlon tlne range
between a few m nutes up to about 48 hours and depends
on a nunber of factors including the size of the
reactor utilized in the polynerization, the

BT o PR A g v

may zkeipace drdugix onaaft severdh ecaetion mgebianisms. hBosgsiple caastion

Al BFRESGUAAE R BEE ol POk et B 80 Ry
Mpe/pkidamttmﬂymuaﬁm 3 aqugrius dhase/argaglctphaae/oridat polymenzation,
4) metal catalyst polymerization, 5) electrochemical polymerization and 6) solid state

polymerization.

[0093] Typical reaction conditions for aqueous phase polymerization include
temperatures ranging from 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
polymerization shall depend upon the end use as is readily determined by one of
ordinary skill in the art without undue experimentation. The polymerization time may
range between a few minutes up to about 48 hours and depends on a number of factors
including the size of the reactor utilized in the polymerization, the polymerization
temperature and the oxidant utilized in the polymerization process.

[0084] The amount of polyanion and oxidant to be employed in the aqueous
polymerization method may broadly vary and can be determined for any given
polymerization without undue experimentation. For example the weight ratio of a
selenolo[3,4-b]thiophene monomer to a desired polyanion typically ranges from 0.001 to
50, and in some cases 0.05 to 1.0. The molar ratio of selenolo[3,4-b]thiophene
monomer to a desired oxidant typically ranges from 0.01 to 12 and in some cases 0.1 to
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sel enol o[ 3, 4- b] t hi ophene nononer to a desired

pol yanion typically ranges fromO0.001 to 50, and in

some cases 0.05 to 1.0. The nolar ratio of

sel enol o[ 3, 4-b] t hi ophene nononer to a desired oxi dant
typically ranges fromO0.01 to 12 and in sone cases 0.1

to -42 8.0. In another exanple, the weight ratio of a

8.0/ laramiotie2 eSarople hthe peighd rationafracseldrolad2, 3ebdthiopbene monomer to a

B3 o RS, Q¥R ST} 56 Shp o 288 bis o 1.0. T
iSelae nauilolaif Ee&no]o(ms?hlﬁepleenmnmmertto addedred pxidambtymieally ranges

[ 0,01 tp.12 '
0T g AR kS0 2, on 1 sore ceses
PR T oo g fofige el R TPl tig el e srength to
fotm fengjidns iredudir<n bo? nd lionited aﬁacid ﬁuémglhsk ef %chdfga:mils Suitable
AL & Pt of « B ReRRRBG Aot St he¥Bifeposi aci
paiyoamteaxylic acia,ciudh ap olyeaeryhaaciy, polyraethatryljzdcidypolynmaleic acid, and
AirheidhonR AadEofed St B Sibic A Sl Py suopic acid
d:ﬁ;egipwdcinlg,l sueh iad;:glystyadrneeellfclpgx% %d(?-y:m&u latianared cci>lloid-forming

- CO- ei.c_agi n -

SeivherCad Def af HhpnnaREa Bnierast et A s NARIDEE  fre
Pedatbitaylic archpolysufoyic ackiexydy alsabel copdlyraersfod ping! eatbakylic and
BBl 2GuEaRE oY binamelR, Rish FE A Rles e Miipyd ot molecular
weightsdftheacids disiying thelolyanioneicghbe oh thdimngeifrde 1,000 to 500,000,
4801545 0t 00 BB QRO st S BHRD: T Beics from which
he poB@nioas drd derived iarecorainerdially dvaitible diveaybe pgeoducedby known
i DR B T Bl S A Bt (o
inely Vaigrsignificantiyie avbieve tlondesied wiactrohiy peogeriiesssed as

equi val ent weight (EW may vary significantly to
[OB6E vene pelydrisn saithbid foc use N the prageeat invertion[it8f)s agueous

B0 Sk 58 PP SR BE DT R aci

solrhensi avaieblglcoramgroilly asNation & dispéngionis fedre &. & dufRont de Nemours

i ombanl B dioRebe: Aaieegnie ol riieb S eV Eshgmgrices o
¢opiolymen giading alluciure:An exanpl e of a suitable FSA
pol ynmer conprises a

- (CFz'CFz)x_(fF CE)Jy~

O-[CF, Cfi‘O]m—CFz CF, SO;H

CF,

[0097] The copolymer comprises tetrafluoroethylene and perfluoro(4-methyi-3,6-dioxa-
7-octene-1-sulfonic acid) wherein m = 1.

[0098] Another embodiment of the present invention includes dispersions and solutions
of aqueous and non-aqueous solvents, containing compositions according to the
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copol yner having a structure: - (CF2-CF2)x (F CF2)
O[CF2 C1O-CF2 CF2 SBH 25 CF3 [0097] The copol yner
conprises tetrafl uoroethyl ene and

per fl uoro(4-nethyl -3, 6-di oxa- 7-octene-1 -sulfonic

acid) wherein m= 1. [0098] Another enbodi nent of the
present invention includes dispersions and sol utions
striictacpuBbasd polimeda aciduieped compesiinns, of ©dntPolymery acid doped

SRR AaTREEHEN ot Belif rigrBeSairdiiites) SRUARE poymerized
reaation goqriziits resutfimgsfromdines rmt’aomdrtp?mmbmes ot dligomien m hdgresence
| P1 . .
) PEATERE bt ornsh Tes e BBty SHboid RS he s o
Lo o o E Lo | Dt el Sl o e e e suloni
Rt or lidkenait g Bued) eartiBh BRRER o SomaPurosieiep, spyprenty.
ierdcaly do perwiea]ioshd monsmeng; oligarhertts pslyirfedinioc copolymeric structure
BRI B2 B SR04 B o) ALy prsion o
d polyrhericnapioh depedcpolyrhérgaaoerding togdl. ymeri ¢ or copol yneri ¢

structure according to P1. In one enbodi nent, the
[0@99] 0 Drtidzorts suitabledfes usewitly thequresaht spventionoinclodle oxidants known to

R 5, At BT o8, AR bl dfescroee.or
examel®, inh AmChene Soc 85,8 (tBE8)N Inexpebsives oxitarits eshfcbrare easy to
AP Rl b o R G TSR R Eraccions
ahB4h¢ 196 Q)). sdlts X pegasic\eeidsxdnddndrganibiackls aoetamamgyorganic residues,
A SOt hal By WEAPbl o3 T UG el HordSh,
petrhangamate anchéoppegsatiscsuak iad soppat tetraflugenbiocate.c Inceddition iodine, air
Sl P 5 Bk R B b DG, AREIARE Bl o s
gb erganitgids #andanorganip @eids cahtamirgorganis resiypsrare useful because

D AR Iss T be used as oxidants. Persul fates .
[66%0‘1 rE%(aHp?&(\lrljliJ:ﬁ m%@lbtesmentioned of iron(lll) salts of organic acids are the
Fe(lll) salts of C,.3 alky! sulfonic acids, such as methane or dodecane sulfonic acid;
aliphatic C1.o carboxylic acids, such as 2-ethylhexylcarboxylic acid, aliphatic
perflurocarboxylic acids, such as trifluoroacetic acid and perfluorooctanoic acid; aliphatic
dicarboxylic acids, such as oxalic acid and, aromatic, optionally C, o-alkyl-substituted
sulfonic acids, such as benzenesutfonic acid, p-toluene-sulfonic acid and dodecyl
benzenesulfonic acid and mixtures of the aforementioned Fe(lll) salts of organic acids.
Examples of iron(ill) salts of inorganic acids containing organic residues are the iron(lll)
salts of sulfuric acid semiesters of C,.5, alkanols, for example the Fe(lll) sait of lauryl
sulfate. Itis also possible to employ mixtures of these above-mentioned Fe(lll) salts of
organic acids.

[0100] For the oxidative polymerization of the monomer according to an embodiment of
the present invention, 2 to 2,5 equivalents of oxidant are theoretically required per mol of
monomer (see e.g. J. Polym. Sc. Part A Polymer Chemistry Vol. 26, S,1287 (1988)). In
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of organic acids and inorganic acids containing

organi c residues are useful because they are not

corrosive. 20 [00100] Exanples which may be nentioned

of iron(lll) salts of organic acids are the Fe(lll)

salts of C,_30 alkyl sulfonic acids, such as nethane

or dodecane sulfonic acid; aliphatic C, _20 carboxylic
practite, hewever abie Dxielhyik lappliddda mluextwini excess, @,g. &l apbedess of 0.1to 2

St SR eRrcci o ol phat i ¢ i carboxyli ¢
@55 14 Enstioriofit Sect U sl oo S0 AR organc

ool eomeaining organicradidalsphak dhaigreat applitationcadvantagaes that they do not

odecyl benzenesul fonic . acid.,a m xtuyres.qf the
ARG AGR Hpd. i blrEfiag 13l biliatloR e feuhBRomers of the
foxaoip MG proteédsost( Sibwly vhehttseyodreiused gaonamersiaild oxidants can be
contai ni organi c (tasi dﬁfs are.the

SPMEG b BB e liE Hicrofth S SSibiar? Rt s priipd Baste. 1n this
@xbogiinent, bterFagiplitdtion of ke stlutioalor e paste, ftind exidationi cain be

BLSRoRRE PO AT BRES 00 15 ¢ acigs
T S bk B borts

&etused, the eridatvel ponrseridatiox pagpédsseqlitkhpthat sepirhtg application of
required per nmol qf .. nmona ee e . q.. J. Pol Sc.

i i, Fohetathing PRl 038 Solielencega) hut Fipontast,
wdrnipg Baia loegermeoessary. t he oxidant is applied in a

certain excess, e.g. in an excess of 0.1 to 2

€303} abamplepehichmhaydie mentioned.of [rodil)|salté ef insaak acids

tsul phates and _jron(ll.l | t f, organic acids and . .
SFvtind BRFE Alicels 2P e tohyFt1B, o Ine oS Piierd oL S e acia win
€ h€ g raficnolpfur ezahplethafediltsattes ldunAsulphatg. do not 5
have a corrosive action and, in particular, that the
[0 04]at Paymefs, inckidmgrramepselyefers ey fberformed byl thp folfoedrdsaqueous
a%sglrgggﬂgn_v\hen they are used, nononers and oxi dants
can beé applied together onto a netal foil in the form
of a solution or fyoma printing paste. Iﬁthis

enbodi nent, after Japplication of the sol utjion or the
paste, the oxi da can bg accelerated war m ng
t he coated rretal/\l. water —
polyanion
w Se w oxidant E Se E

[0105] Copolymers according to the present invention may be formed by the following
reaction:

-45 -



10

15

10 [0102] Wien the ot her abovenenti oned oxidants such
as FeCl 3, H202 or perborates are used, the oxidative
pol ynmeri zati on proceeds so quickly that separate
application of oxidants and nononmer onto the
substrate to be coated is necessary, but, in contrast,
warmng is no | onger necessary. [0103] Exanpl es which
may be nentioned of iron(lll) salts of inorganic acids
15 containingorganic radicals are the iron(lll) salts
of the nonoesgers of sulphuric acid with Cl1 -C20

-al kanol s, gO0ryexanple the Fe(lll) salt of |auryl

sul phat e. ] Polynmers, including Bonopol yners may
be forne Ef.ol | ow ng aqueous pase reaction: R
R ~ water EeéA W Se 0) ddant Se '

[ 0105] Copol yners ac e t he pyregent ent]i on

maybe for byCfee fQllgwing red& —T-u s R/
\ 0 Ww PSe pe\RHO water R O OR BBl yanioh M\ E

S

[0106] Although the above copolymerization reaction shows a substituted thiophene as
the copolymerization agent, any number of compounds (i.e. any aryl, heteroaryt}) may be
used to polymerize in the reaction according to the present invention.

[0107] The oxidative polymerization of the monomers described above in the organic
solvent phase is generally carried out at temperatures of from about 20° to about 250°C,
in some cases at temperatures of from 20° and 200°C, depending on the oxidant used
and the reaction time desired. Polymers, including homopolymers may be formed by the
following organic phase reaction:

R R
_ofgaric solverf
W/S;W oxidant E/S;nE

[0108] In another embodiment, polymers, including homopolymers may be formed by
the following aqueous phase reaction:

R R
Se” X A Se” N
water
w— Y.\ Tpolyanion el d Wl
[ oxidant S

[0109] Copolymers according to the present invention may be formed by the foliowing

reaction:
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j 2 oxidant En S/ \ S [0106] Al though the above
copol yneri zation reaction shows a substituted

t hi ophene as the copol ynerization agent, any nunber
of conpounds (i.e. any aryl, heteroaryl) may be 5 used
to polynerize in the reaction according to the present
i nvention. [0107] The oxidative polynerization of the
nononer s descri bed above in the organic solvent phase
is generally garried out at tenperatures of from about
20 to about 2350C, in sonme cases at tenperatures of
from 20 ands , dependi ng on the oxidant used and
the reactionyti/nme desired. Polyners, ﬁhcludlng

honmopol yngy fma we faned by the
organic phaseSreactlon RR AN
E/\ E Se Se n [0108] a|“. e
i ncl udi ng fh p thrs %t oe for
aqueous phasg; ry actlon R R e AS
pol yani on E oxi dant S 15 [0109] Copol yners
according to ﬁ%e present invention nmay be forned by

reaction: -46 R
[(pﬁ 0] A thoughqhe above copolymerization reaction shows a substituted thiophene as

the copolymerization agent, any number of compounds (i.e. any aryl, heteroaryl) may be
used to polymerize in the reaction according to the present invention.

[0111] The oxidative polymerization of the monomers described above in the organic
solvent phase is generally carried out at temperatures of from about 20° to about 250°C,
in some cases at temperatures of from 20° and 200°C, depending on the oxidant used
and the reaction time desired. Polymers, including homopolymers may be formed by the
following organic phase reaction:

R R
Se” N A Se” ™
organic solvent
W 1\ W' oxidant E 7\ E
S S

[0112] Like in the aqueous phase, copolymers may alsc be 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
inert under the reaction conditions: aliphatic alcohols such as methanol, ethanol and i-
propanol; aliphatic ketones such as acetone and methyl ethyl ketone; aliphatic carboxylic
esters such as ethyl acetate and butyl acetate; aromatic hydrocarbens 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 and
dimethylformamide; aliphatic and araliphatic ethers such as diethyl ether and anisole. In
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el R WW Se RIO OR2 water R10O OR2 polyanion E\ E
oxidant S n Sm d S [0110] Although the above

copol yrmeri zati on reacti on shows a substituted

t hi ophene as the copol ynerization agent, any nunber

of conpounds (i.e. any aryl, heteroaryl) may be 5 used

to polynmerize in the reaction according to the present
adaitiont water of ixtures dhwatex vith thevabqrvementionedadrgamic eblvedts can also

qgré;@o%s ?Ies ri bed above in the organic solvent phase

r%WeQSCarri ed out at tenperatures of from about

BT I SHRERharto timapis f8r 3T i8R0 areSERFatdl Bagfhp inolude the
ddnee Oxidanttisoitattie mie ude i the diquétmisyphase oxidatidrudiaotipn, discussed above.

honopol ynmers may be fornmed by the 10 foll ow ng
[01 §4ini Whph ¢reemoreroénsan oligdniersant the Gadants geenapplied semarately,

WhsttareSEa0 B nialy sRr el i BT I Rifseauenty with
tad dblutiomed thepmawerer.s Whett as suitabio| the manhoser eadbeidamtrare applied
5608 ko SiGeER, HE S dheRpie Sl oo s rtsEanamely a solution
contaiting & md_momdie_ramd anioxigaht. UBides atpbeionexdiititd maonomer evaporates
SR S poPlidspn i ofsrd R ashuehits el Rb W i mthoo of
@Eoeddune incardamednitywhieh syledieddin @ccartamdeavitrctheanticipated doss of

monomer.

[0115] In addition, the above solutions may contain organic binders which are soluble
in organic solvents, such as poly(vinyl acetate), polycarbonate, poly(vinyl butyrate),
polyacrylates, polymethacrylates, polystyrene, polyacrylonitrile, poly{vinyl chloride),
polybutadiene, polyisoprene, polyethers, polyesters, silicones, and pyrrole/acrylate, vinyl
acetate/acrylate and ethylene/vinyl acetate copolymers each of which are soluble in
organic solvents. It is also possible to use water-soluble binders such as polyvinyl
alcohols as thickeners.

[0116] The nature of the polymerization and the desired polymer may be controlled
depending upon what W and W’ groups are present. Carbon-carbon bond forming
reactions may be completed following known methods. Known methods suitable for use
with the monomer of the present invention include, but are not limited to the Suzuki
Reaction, the Yamamoto Reaction, the Heck Reaction, the Stille Reaction, the
Sonogashira—Hagihara Reaction, the Kumada-Corriu Reaction, the Riecke Reaction,
and the McCullogh Reaction.

[0117] Monomers of the Formula M1 lend themselves to metal-catalyzed
polymerizations as described in the open literature. For examples see, Heck, Chem.
Rev. 2000, 100, 3009-3066; Stille, 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.
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esters such as ethyl acetate and butyl acetate;
aromati ¢ hydrocarbons such as toluene and xyl ene;

al i phati c hydrocarbons such as hexane, heptane and
cycl ohexane; 20 chlorinated hydrocarbons such as

di chl or onet hane and di chl or oet hane; aliphatic nitriles
such as acetonitrile; aliphatic sul phoxi des and

[etA q:]hoqirealtesnmla naethatl foe pleplarisg blidooers and polgmetd, ghch ase;

BTN i S RRRPhEl TRlET af B tacherm B B RES S
seumbloqaafd:i]tlabbydznws Ipelyrraandecami aoélectrdcherdtal ee:lblnslingmthree

t
SJétre Southupthe % SirehBubleciiid dhobl SoAER L onteregs 3 gptton
»irdwmng»lert&oue selgtted liom the graupeconsistitge ofqylgtinuing gohiaem V|treous
0 on re Ctl%ﬁgl nclu

2B VRS 5B, Bireb UG aEttoR: PEaRbeEANd T AgiAg+ non-
aﬁhueomsmdea&mmectrodé [SultaBlk eWoerdlvtdscaragbleorRAIrom the group

Son e SetmaRmenni Be PyBilaRBilonfits, i Sirkldacstonire and
tofraiutga@miodund he@adusiophesphaty/agetomitrile. t he sol ution of
t he nononer. \Wen, as suitable , the nononer and

[ox191amo|ﬁnersainp!udmg hotropelyhers may besoinsid Bt the féllbaing
IS onlny coated with one solution, nanely a

at e
ei%qkfwﬁ%rﬁlca AU ng a nononer and an OXi dant. Since a

portion of the noppmer evaporates 10 duri this joint
application the oxjdant is added to the sqglution in
this nethod of g edure in an anount, g his
reduced in accor e Wt hejebBicant i ci pat oss of

monorer . [ 0115),-h \adgi t i OBurrdnhe above gns may
contai n organi c brsiders which are sol u% eS| orgam c
sol vents, such as poly(vinyl acetate), polycarbonate,

[BPiO]( VSéIéﬂoi&{Etsydlﬁd%ené ﬁ\aBQJn}d XQEétttr%éhemacal oxidation at a peak
ymet hacryl at es, yrene, B)F%acr onitrile

ﬁ@@b’?(‘\ﬁantyl pfe\h%thecpérjvmerpmlx&@alea@ip clthiephangben ;_rpesurface of the

wkinglehRtrdde.pol yesters, silicones, and
pyrrol e/ acryl ate, vi nyI acet at e/ acryl ate and

012 edivehtioral @I%@Fr@lhﬁ: B ehy BBILEIIRATH pFB‘ctu&‘é‘tHé"bl@dt:%chemlcal
soluble in_ organic solvents. It is also possible

GRS d0raPaling (e COMAORTBRS O AKEr o therasenty1vention: G HRs working
eldctiodb EaRAtisg the compositions of matter of this invention can comprise platinum

electrode and an effective electrolyte comprises hexafluorophosphate.

[0122] 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.

[0123] The oxidative polymerization of selenolo[2,3-c]thiophene may be carried out in
aqueous solution utilizing poly(styrene sulfonic acid) or NAFION® as the polyanion and
ammoniumpersulfate and/or iron{lll) sulfate as the chemical oxidant.

[0124] The above described polymerization has been in terms of a homopolymerization
but it is also possible to conduct a copolymerization of the selenolo[2,3-c]thiophene with
another monomer such as 3,4-ethylenedioxythiophene or pyrrole.
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20 [0116] The nature of the polynerization and the
desired polyner nmay be controlled depending upon what
Wand W groups are present. Carbon-carbon bond
formng reactions nmay be conpleted follow ng known
met hods. Known net hods suitable for use wth the
nmononer of the present invention include, but are not
limted to the Suzuki ReaEXAMWLEShe Yanmanoto
Reaction, the Heck Reaction, the Stille Reaction, the

0 a- [ - :
(1283 BRI TR AR R Pl A6 prdy Bl TR HEkibl how to make
aResei the compasitignsvis mater andaret o irftemded ta livilt the scbpe of the claimed
, sel al. - | Lzat :
HIAGHDA, iesh S RENE: s phA tng BElaBbEE 7P 3RaBis are given by
wiight, Chem Rev. 2000, 100, 3009-3066; Stille, Chem
Rev. 2003, 103, 169-196; Suzuki, Chem Rev. 30 1995,
95, 2457-2483; Sonogashi r a Example hara, Chem Rev.
2003, 103, 1979-2017; and Kunada-Corriu, Chem Rev.
2002, 102, 18g@escusdynthesisrg Holy(salenada{2Breltbiophetalr ence.
Conditions can vary greatly depending on the nature

W v ot LS . _
[r?gﬁ]o dﬁij @P\A}fn 3 ég'gg‘?.&’rﬁgy@m“’;%‘ r?é‘é? "é{%ﬁé g’loq %@é F)SI&{J&@{;S%%sulfomc
3sifl) yyader sohusiop i1 @ md pt deiopreshwiter wag @idedtom25 mi 1-neck flask. The

ifid WAS SRS ot BRE T 1210776 .98 mmo) of (NHy)-8:0n and 2 mg of
@z@@d:ﬂ‘dﬁérﬁd@iad tcctﬂe!rea,@iongjlaak.t Thnecexidative polyorasization was carried out
i [ e . - .
11 8%ach Bhb ABur, A pbezp b o gfiblidSution was purifed by fon
eehangeceplymamiAnkeriie o 26 andiMRE2) gesritingl iarideemblagkiaqueous
B elbAd TP Soribh RS U CORRIRAG aBluPGEHILBA; Thansparent fims
wRia drRRAred Py sRIN GoatiIaLbe PoliEelepalolziBickhiepeene)pplytsiyeas sulfonic

- O, . .
2 TR PO e Sy P PR BFcRio an incaty goqgyorve
surfage.at e/ acetonitril e and t et rabut yl ammoni um
hexaf | uor ophosphat e/ acetonitrile. 10 [0119] Pol yners,
i ncl udi ng honopol yners may B¥ampler2red by the fol | ow ng

el ectrochem cal reaction; RR _
Aqueous Synthesis of Poly(selenolo[2,3-c]thiophene)

[0127] 50 mg of selenolo[2,3-c]thiophene 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 Fe,(SO.), 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-
djimidazol-2(3H)-one)/poly(styrene sulfonic acid) dispersion. Transparent films were
prepared by spin coating the poly(selenolo[2,3-c]thiophene)/poly(styrene sulfonic acid)
mixture onto glass substrates at 1,000 rpm yielding an electrically conductive surface.

Example 3

Aqueous Synthesis of Poly(selenolo{2,3-c]thiophene)
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e k Se electrical W we current EE S S [0120]

Sel enol o[ 2, 3-c] t hi ophene nmay undergo el ectrochem ca
oxi dation at a peak above 1.1 V to provide the

pol ymer, pol y(sel enol o[ 2, 3-c]thi ophene) on the surface
of the 15 working electrode. [0121] Conventiona

el ectrolytic cells can be utilized to practice the

ET@B] r 60 mgm')fc‘ad;elerwlm{eﬁs@h_fdmenahhmg 4td1ef WI@N% psrfluorinated
0 ter t re ent he, wor
BreBhatie Bor iR EPTREn SLHE BL pLGkionteAs W 1aF egged 1o 100 mi
il mesk lﬂa)sde ﬁ[heonuxm? was pired at 1R0Dt oMU G?(I) elge@ tgr?oﬁmoalw F&J1S0.);
tro te conpr i a u sphate... ..

SRS BT Bl ool ware Q05 B 18 redtthd MBSk DT Sridative
phlgmenrata?ws cranﬁw @ ik gx&smﬂﬁ@e heur. Afteepdlpwerization ke aqueous

I OCESS r.res S to the re ct)Jon an
BOIREE Fat Pttty 0T BRRGEGS FO Ry RevIbgg, oea fskb biagk Aqueous
ﬁblgz(stereﬂgromw-l@]tmabmmmilw didprediowdeplaling agM of 4bb2B2.0.

OXlI | ve I QN

BreRaEDf g S35 o SRting dbe pelH(sglgnololR.
ammeynhmmn‘?]mlm’elohtm@awéodsﬂhnee@ﬁe 080lrpanididing ad electrically
or | O\I% as the pol yanion and 25
g?ﬁldd\lr'ﬁf'mu i fate and/or iron(ll11) sulfate as the
chem cal oxidant. [0124] Th? abgvg descri bed
pol ynmeri zati on has been in €8f a

. copol yrer | FabbE sYithens ol FafsfBrdsa X Shibargrehe

with another nononer such as

m129¢t BY |mgmcﬁemny>td[ﬂ 8{itkiophane and 8.41 gof 1299 NARIORE p&rfluorinated
The
PG harsdeb Pt bkl LA IO R el agosego @ oo m

d:meploﬁash o mikturreawae stizediatat200mpin. i 13. emm:gam 48)mh10h)1ctf (NH,4)2S:0g

EEp PO RlSO i 2l o B SRR Rasc i bl ierzaton

yhas earrieg ouﬁln\macgss of one hour. After polymenzatson the aqueous solution was
purified by ion exchange columns (Amberlite IR-120 and MP62) resulting in a deep black

aqueous poly(selenolo[2,3-c]thiophene)/NAFION® dispersion. Transparent films were
prepared by spin coating the poly(selenolo[2,3-c]thiophene)/NAFION® mixture onto glass
substrates at 1,000 rpm yielding an electrically conductive surface

Example 5

Solvent (in-situ) Synthesis of Poly(selenolo[2,3-c]thiophene)

[0130] 280 mg of selenolo{2,3-c]thiophene were dissolved in 15 mL anhydrous n-
butanol. 2.25 g (3.3 mmol) of iron (Ill) p-toluenesuifonate hexahydrate dissolved in 5 mL
of anhydrous n-butanol was added to the monomer solution resulting in a deep red
solution. The mixture was drop cast on glass substrates and allowed to dry. The dried
film was cured at temperatures up to 120°C for up o 15 minutes. The resulting film was
conductive as determined by the four-point-probe measurement. The formed polymer
film appeared grey to the naked eye absorbing weakly and uniformly across the visible
spectrum.
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Exanpl e 1 Aqueous Synthesis of

Pol y(sel enol o 2, 3-c] t hi ophene) [0126] 50 ng of

sel enol o[ 2, 3-c] t hi ophene and 830 ng of 18%

pol y(styrenesulfonic acid) water solution in 10 m of

dei oni zed water was added to a 25 ml 1-neck flask. The

10 m xture was stirred at 600 rpm 113.0 ng (0. 48

mol ) of (NH4) 25208 and 2 myawmpleF®@2( SO4) 3 wer e added

to the reaction flask. The oxidative polynerization

wa Electochamical BynthesiseanddSmaradteriaation otiPoly(&kteaplo[2,3-c]thiophene)
poI ymerization, the aqueous solution was purified by

bR, SaERAGS, 3%34;1&5@%?4 WEDSIRLblEl Iletaflapndaiim
hexshafjeprmsphatpacatooitile |so§ut|em@ d pariog(isatanesténi infapeimer and 100
A SRot OGS 0 pieblrBERAALH) polyrdfed Bl ot SR&G0ae

qw?!gt(re’@re nising [aaqlawm]n buttgeheorking plecirode (2 mmedigmefash iptatinum flag
BRI B B0 AR R TR RIS ol lR D 1.2 v ver

\vacuu deet asyeteeiobd by talkoationowitren tdrujcenad solliidn) o fhe nenomer
St EA30L 30afth Bl AR B R IS0t aparn

frctn the aurredtalespormdnwaam inegulanidtedvalata lb@er rddog patenkial upon

) m xture was stirred at 1200 rpm 300 ngy
r%h&@vgesgg}fs). of Fe2(S04)3 dissolved in 7 nL dei oni zed

543 S ol 396 0l bW Sp AR S
bairtge‘rOQmNymﬂatrmylammonhm Iamaﬁmjspm:ipbaiepScav_aa@ﬁependency was
B S5 e Ak RARIS 08Dy a0 R 1 THE BebibuREiifor e
rdflirctivel amﬂeSQ @Bth)a polye)e/r palséuwidtosnaledinedrbnwith theisdan rate indicating
t@%r}{bﬁ‘;{%&%éo[%@&%hﬁﬂé) Widd Shefd £ thB 5GP 1Y eigBirdlie. The
fpwhed sayreeoiay evabiat¢d by oyfie nelldrpoyy ang displaysdiarn bIIMO of -4.1

6 P oplta B4b o301 2s 5 B4E00 P\ BRI 3RS e oo
rBe30 aAoMOS -$yhteNesi s of

Pol y(sel enol o] 2, 3-c] t hi ophene) -50
Example 7

PLED Device

[0133] 3 patterned ITO substrates with surface resistance of 10-15 ohm/square were
cleaned by ultrasonication sequentially in de-ionized water with detergent, de-ionized
water, methanol, isopropanol, and acetone; each for 5 to 10 min. The ITO substrate was
allowed to dry between different cleaning solvents. {(The substrate used in this examples
refers in Figure 1 to layer 1 and 2. Layer 1 being glass and layer 2 being ITO) Then the
ITO substrate was treated with oxygen plasma in an SPI Prep |l plasma etcher for about
10 min. After that, the ITO substrate was spin coated with the dispersion derived from
Example 3 at 1500 rpm for 1 min on a Laurell Model WS-400-N6PP spinner. (The
dispersion refers in Figure 1 to layer 4, and if desired, in order to improve performance,
one or more inlerlayer materials designated in Figure 1 as layer 3 may be deposited
before layer 4 is being deposited.) ITO substrates were then annealed at 180°C for 15
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[0128] 50 ng of 1 selenolof2,3-c]thiophene and 8.4 g

of 12% NAFI ON(r) perfluorinated ion-exchange resin

wat er dispersion in 42 m of deionized water was added

to a 100 M 1-neck flask. The m xture was stirred at

1200 rpm 300 ng (1.98 mml) of Fe2(SO4)3 dissol ved

in 7 nmL deionized water were added to the reaction

friira ¥ter Heearmealitay, & \layed opaﬂ:qummnrratHKMLUMATm Girexgh 1804 (supplied

hgﬁgﬁf}g%% emw:aﬁﬁ!1 eihan ft§e %@ﬁ%g%tmﬁ l’,"ﬁﬁﬁ aglﬁ? ion (The
l:U{\MITmll\l Gresmhamm@orregsﬁan@hﬁmna&%rm’\g A d)uTsryls layer has been directly
0 en i ophene i s

Bt IS oo A S BRI TIoRever dhdomit ana B TR dReriayers
mra9 mardeﬁokuedsbytwwoiayemaﬁdwe tpatkaih mbmqie@ﬂoan&ces). The samples

ibreh B0 Bk L 301 G AL ot o Pefhia oS, raRRlT T8 samoles

wure‘ taeetraﬁmarmdi tgHhaghamber Sydvdrsirsed@iporator, which was located

310 512559 SNSPRP ek yeh oS B s RS ygepym deposies

&ﬁEéIoW HRIO M Pbe throligHa Maskans fate L1 5\0@& einddHnefr fdy@ﬂof 120 nm
in 42 n of deionized water was added to a 100

15
thigkcAg was Yaguumrgepasited ap tonefdhe Ba javeraka d‘i@?ﬁf'qnﬁﬁ\e of ~3.0-4.0 Ass
Elzﬁs e é%o@r@sﬂ&dﬁ@'k?eﬁé il hliite 45203 o%méegvﬁﬂa fh@n encapsulated with

2(S were added to the reaction flask

gRssiavel bd 3BH L¥couratle eBery iRdke aren glaye hgK. The Wanicasavese taken out

@ﬂﬂe RvE - boAfaha Ehé?ﬁh&é‘ﬁfré@ﬁir'l@ eurvte@ an@an%g%@ssswh@ae\ﬁébs exhibited
pur i f

P'Rﬂﬁlét?”ﬁhaf Wézg’mraééew FW@‘ b ﬁf 1a°- @e@/ﬁ %&é@@ cd/miu@nslief 12.3 cd/A at
PODY EFRE. %@:@ﬁe?cr%r&dtémaﬂsn qn@héh@éii m@nm BR&In eDT Ecllpse

Transparent filnms were ared s I n coating the
BbE?MSF’BﬁJIeéFQfGE-Qﬁ Ffﬁ'i"aﬁitﬁsﬁé ?’N&I‘i QW“QﬁSH §PR0 63fmo- The

Gé\?k?éihahﬁli#@$5t dléih@é a8theltiROH tél@%‘fdﬂ tﬁé ki Iﬁlnéé‘s of the dewce to reach
el ectrical cond uctlvesr ac

p9%- 0%#'1%')““ ¥alyReafi S00Q cdisy y? s?éoé’ﬁ&ﬂ 2Tbe 8?\"?@ Bﬂh@ﬁ &jas 660 hr.
[0130] 280 ng of selenol o] 2, 3-c]thi ophene were

di ssolved in 15 nL anhydrous n 25 butanol. 2.25 g (3.3
mrol ) of iron (111) p-toluenesul fonate hexahydrate

[b13&]3| V\ﬂﬂelthie vértionHasdabl @éﬁ%m)eﬂvhhtréféﬁéncw cétkie eribddiments,
it well be un stooé) L!llj %hlogg ski eSéJ mtthg grtltr?at%ariouJJ changes may be made and
equivalents may be substituted for elements therecof without departing from the scope of
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. Theretore, 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
claims.
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solution. The m xture was drop cast on gl ass
substrates and allowed to dry. The dried filmwas
cured at tenperatures up to 120C for up to 15 m nutes.
The resulting filmwas conductive as determ ned by

t he four-point-probe neasurenent. The fornmed pol yner
30 filmappeared grey to the naked eye absor bi ng
weakly and uniformly acrossCLAMSI sible spectrum -51
Exanpl e 6 El ectrochem cal Synthesis and

Characteri.zatian ol el en

{oReieeh 8 HbindRa 3 clsftntal paReflealrtd pRRRRAR bomprising
t et r abut proeidingra mmuréeﬁmbhslng ophosphat e/ acetonitrile
solution tgo a concgntratt oner .and 100 5
mM el ect r oAPEPRHEC GRIARING 4 FGBSH‘@}H‘HB YNIIPIRER zed
enpl oying a 3-electrode configuration, using a

pl ati num button working el ectrpde (2 nm di aneter),
platinumflag counter electrofde (1 cnR), and a Ag/ Ag+
nonaqueous reference electrao .82 V versus vacuum
| evel as determ ned by cali wth a ferrocene
solution). The nmononer exhi | ow oxi dati on
potential with an onset at 5 Pol ymeri zati on was
apparent 10 fromthe current/res nse increase in
regular intervals at alo redo otential upon
repetitive scans. [0132 mer S~el ectronic
properties were evaluated in aN acetonitrile solution
bei ng 100 MM in tetrabutyl ammoni um

hexaf | uor ophosphate. Scan rate dependency was carried
out at scan rates of 25, 50, 100, 200 and 400 nV/s.
The peakX @8 beBE, ¥ & S bh8e khdreinishel of ®ofi 6foeand ¥iis 86cand R is
pol ynmer s found to scale |inearly with the scan rate
P ChpithguentarBop 6 SREEPESPTERTS” o]t hi ophene) was
adher ed t o atdomventisd vagter.of the el ectrode. The forned

oSS GRS Y 2 SUBbeSfeb H3FRE PGS ymporare

was ftoynstuce aqmhfnéticaWatelhiffaingrleéddicaly tomiuding prspeitiey.
gave rise to a HOMO of -4.15 eV. 20 Exanple 7

2. The process of claim 1, wherein R is selected from the group consisting of hydrogen,

isotopes of hydrogen, hydroxyl, alkyl, arylalkyl, alkenyl, perfluoroalkyl, perfluororaryl,
aryl, alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, alkyithio, aryloxy, alkylthioalkyl,
alkynyl, alkylaryl, arylalkyl, amido, alkylsulfinyl, alkoxyalkyl, alkylsuifonyl, aryl,
arylamino, diarylamino, alkylamino, dialkylamino, arylarylamino, aryithio, heteroaryl,
arylsulfinyl, alkoxycarbonyl, arylsulfonyl, carboxyl, halogen, nitro, cyano, sulfonic
acid, and alkyl and phenyl substituted with one or more sulfonic acid, sulfonic acid
derivative, phosphoric acid, phosphoric acid derivative, carboxylic acid, carboxylic
acid derivative, halo, amino, nitro, hydroxyl, cyano, epoxy moieties and combinations
thereof.

3. The process of claim 1, wherein R is selected from the group consisting of hydrogen,
alkylaryl, arylalkyl, aryl, heteroaryl, C; to Cs, primary, secondary or tertiary alkyl
groups, which may be mono- or polysubstituted by F, Cl, Br, | or CN, and wherein
one or more non-adjacent CH2 groups may be replaced, independently with -O-, -S-,
-NH-, -NR'-, -SiR'R -, -CO-, -COO-, -OCO-, -OC0O-0-, -S- CO-, -CO-S-, -CH=CH- or -
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PLED Device [0133] 3 patterned I TO substrates with

surface resistance of 10-15 ohm square were cl eaned

by ultrasonication sequentially in de-ionized water

with detergent, de-ionized water, nethanol,

i sopropanol, and acetone; each for 5 to 10 mn. The

| TO substrate was 25 allowed to dry between different

cl €xd- irgsuhl a/mahser thath@ aad/bs Sratdes aeatht linkdddiectly to one another,

oo P A SaTlited, BuerBolsies £yPiobsXinahhFRfenic, BRI, diyi etrer,

s ubstfluatoalkyh petfluoriaed, cartbdxylicxycds) esters amd sulfoalt €5k groups,

Prep.l |l pl cher. for bou f1.er

£ B8l e atd Sotitinadiin Yote el Hian s Epegenty of

deewedth’érlanarymm @itB 1ab 12%Patoem for 1 mn on a

Laurell Model WS5-400-N6PP spinner. (The 30 di spersion

4.efTae proces§obelaien 1, viteréiaies mikture farthidr comprisiagla polyanion.

order to inprove performance, one or nore inlerlayer

srafnae ipadc?ssi esdglgmaa e/d'lejrelnzlh@ploslgar_ﬁoraeomams abBioma seleeted from the
osite ore layer i i ng. 0Si

B Bsisfi & hAdorift rnd el Hish BOF Bl 53

Af belyphdi@hemn @aid, poyplteosphyrer acd, flabontdted Sulfomid duid, Ipolymalelc acid,

CoNBuHengs it 300 Aoy P%s'fﬂw%%%Sﬁgpglxwﬁfﬁcﬁﬁ'ftv?rﬁaerboxvhc acid

L UNifsH [aC It eestydepi@dvinygl isuBemo adids ivih besytate 6r stprehie gande

1. This_ |.a has been directly deposited onto |ayer

4 Fﬂmbﬁ'ﬁk @h g However, if desired, one ore nore

L nterl ayers de dbetvveenla nd 6

G0 1B PRERSS o L Mere B sayen SiiBbss aecdiauslont of he

t haniohakepplying tzGodydnions 2Ofromrabont HOOM toodtiue 500080. N2

protection. The sanples were then transferred into

71.h@he lpeodess obdlaien 4,avhensin eveamixtare durthenicombrisessar adddrdd

i nside an argon atnosphere gl ove box. A layer of 5 nm

8.hiTbé pBxessmsf claiout,wioegio $hd miktura tfurthelr comprdds-ah ddadant.

through a mask at a rate of -1.5 A/'s, and anot her

9.aybe pajces2 0f claml 0, whereik thgmindise camprisesieatesi t ed on

top of the Ba | ayer at a deposition rate of -3.0-4.0

. $he priciess bbglaim t,ovhesaip theimixture lcampris@ amorgagigrselvent.

The devices were then encapsul ated with glass cover

11i. dhapdeoess olelaibl & vipesin thenmidiwe gogprises avergaoik soivhat and water.

devi ces were taken out of the glove box and then

e dbe peatesd of ¢lainc Lirwhesein thie Oxida campysestheondpaunskaslected from

exmebérﬁﬁfsj consisting of iron () salts, HO», K.Cr,0O;, alkali persulfate, ammonium
persulfate, alkali perborate, potassium permangate, copper salts, iodine, air and

oxygen.

13. The process of claim 1, wherein the reacting includes providing a current through the
mixture to polymerize the compound.

14. The process of claim 1, wherein the mixture is reacted for about 5 minutes to about
48 hours.

15. The process of claim 1, wherein the mixture is maintained at a temperature from
about 0°C to about 100°C.
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an efficiency of 12.5 cd/ A at 5000 cd/nR2, of 12.6 cd/ A

at 2500 cd/nR2, and of 12.3 cd/A at 15 1000 cd/ nR.

After the characterization, the devices were then put

on a CDT Eclipse PLED Lifetinme Tester for DC lifetine
test at an initial brightness of 5000 cd/ n2. The

device half life is defined as the tinme it takes for

160Thé p'rcg:bkmersdamf 1, Wierele Hecmixture hetheh compfisesfa ddpant compound

L | f 5000 2, . . 5 .
L Bk o R A S o PSS LG, 41, dodecy
i ngemiene BuliGsic BeieNadgbsuliohietci, bﬁmpﬁér@uﬁﬁme atid, 6rgahiaiagid dyes,

e e Ao il SR 238 b Bl R SE i b Huorinated
eqgulmiﬁdi@pmmebeoﬁmhﬁérstwse@hémb agldeadipic acidnaze@it acid, oxalic

W t hqut departin 0 he scope, of _the_ invention

B A Bl A aPP RIS AC bR hUBe e BdLes Cipobers o
patirbexlliaackl dnddjontbihadibngepgdfal to the teachings of

the invention wthout departing fromthe essential 25

150 TRE pidtes£of clairE Meicldi® thd mixtuie fuithen deipiidtata élé]ﬁ\nt compound

[ t be | t

o Sepgedfordh p&w&%sx%%& aiﬁﬁgﬁr@réa@d%s@*m i haCk
T AT e e b A s
t haciapplaeed claims. 30 -53 CLAIMS 1. A process for
form ng an electrically conductive polymer conposition

190The pricess ofdlaim Tiwk@réin texhixiee Gatier csmp$esqaommammshlfonlc
cont ining a repeating unit having forml a:

X P¥Y%s or Se, Yis S or Se, wherein one or both of X
substituent group or al pha

s
)8 Drissiin gPRgHE RBRG or et o

a monomeric, oligomeric, polymeric or copolymeric compound containing
a repeating unit having formula:
R

X

/

Y

Xis SorSe, Yis S or Se, wherein one or bothof Xand Y is Se, and R is
a substituent group or alpha position.

21. The composition of claim 20, wherein R is selected from the group consisting of
hydrogen, isotopes of hydrogen, hydroxyl, alkyl, arylalkyl, alkenyl, perfluoroalkyl,
perftuororaryl, aryl, alkoxy, cycloalkyi, cycloalkenyl, alkanoyl, alkylthio, aryloxy,
alkylthioalkyl, alkynyl, alkylaryl, arylalkyl, amido, alkyisulfinyl, alkoxyalkyl,
alkylsulfonyl, aryl, arylamino, diarylaming, alkylamino, dialkylamino, arylarylamino,
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reacting the mxture for a sufficient tinme and at a
sufficient tenperature to produce a polyneric

mat eri al having electrically conductive properties. 2.

The process of claiml, wherein Ris selected fromthe
group consi sting of hydrogen, isotopes of hydrogen,

hydr oxyl, al kyl, arylal kyl, al kenyl, perfluoroal kyl,
pelafylttumr Detarqdryl arS;EulanyIl aIk@ch@rbpnylpalwlsowd)dyy,Icarboxyl, halogen, nitro,

| ke kylth , . .
o Gyt PO SN aft Bl et Pl e or marecgyifonic acid
al lsMifenid é¢|@ﬁb:lvmlbk,<pmabw1c,acai lphb§pHoﬁ0 aylld deﬁvaﬂlve carboxylic acid,

aryl am m no Ianlno
o S aci, S8 Arts, Sitbe lar SiorSo,yHag, BBy moieties and
al kompmatibwbrecar yl sul fonyl, carboxyl, hal ogen,
nitro, cyano, sulfonic acid, and aIkyI and phenyl
22 Thbichhpesition diclaine2 wherdie tiuddntpbufd alulies she following repeating
aci d. 20 derivative, phosphoric acid, phosphoric acid
dePP@atlve carboxylic acid, carboxylic acid
derivative, halo, amno, nitro, Rydroxyl, cyano, epoxy
noi eti es and conbi nations there¢f. 3. The process of
claim1, wherein Ris selected ffomthe group
consi sting of hydrogen, alkyl aryl al kyl, aryl,
heteroaryl, C, to Cl2 primarySe seconjdary or tertiary
al kyl 25 groups, which may be or pol ysubstituted
by F, d, Br, I or CN, and whe one or nore
non- adj acent CH2 groups may b ced, independently
with -0-, -S-, -NH, -NR -, -CO, -COO,
- OCO-, OCOO -S CO SN or - -54 C=C
in such a manner that 0 and/or Ssatons are not |inked
directly to one another, phenyl and substituted
phenyl groups, cycl ohexyl, naphthal enic, hydroxyl,
al kyl ether, perfluoroal kyl, perfluoroaryl,
23 MheXxyhiposition disclairs2(s; whefditl theldontpoiund aiudies tieeHofiowing repeating
perfluoro, SF5, F and conbi nations thereof, wherein R
and™® are i ndependently of 5 each other H, aryl or
alkyl with 1 to 12 Catons. 4. The process of claim1,
wherein the m xture further conpfising a polyanion. 5.
The process of claim4, wherein {he pol yanion
conprises anions selected fro group consi sting
of an anion of a polyacrylic ol ynmet hacrylic
aci d,

24. The composition of claim 20, wherein the compound includes the following repeating
unit:
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pol yphosphoni ¢ aci d, pol yphosphoric acid, fluorinated
sul fonit acid, polynmaleic acid, 10 pol ystyrene
sul fonic acid, polyvinyl sulfonic acid, copolynmers of
vinyl carboxylic acid wth acrylate or styrene, vinyl
sulfonic acids with acrylate or styrene, and
conbi nations thereof. 6. The process of claim4,
wherei n the pol yani on conpri ses & nol ecul ar wei ght of
the anions supplying the polyanions is from about
1,000 to about 500,000. 15 7. Th¢ process of claim 4,
wherein the m xture further co S an oxidant. 8.
The process of claim 1, where$& the'Jm xture further
conprises an oxidant. 9. The procegs of claiml,
wherein the m xture conprises 10. The process
of claim1, wherein the m xtur ri ses an organic
solvent. 11. The process of ¢ in11, wherein the
m Xture conprises an organfc s ant~ water. 20
12. The process of claim1, mheré?n t he oxi dant
conprises a conpound selected from the group
consi sting of iron (111) salts, H202, K2Cr20O7, alkal
sulfatq |un1 ersul fate, al kali perborate,
%g P r salts, iodine, air and
oxygen. é%emﬁmdwmgeﬁmmferel aigmmbncvwwreieric drtvepolymeric

i xt f RS dpes B S o Uit A Hh KEtog ptoios

cl ai nedntainihg aerepedting umithaving fortnulszact ed for about 5
m nutes to about 48 hours. 15, The process of claim

1, wherein the mxture is nmai njflained at a tenperature
from about OC to about 100C. {55 16. The process of
claim1, wherein the m xture fLaggther conprises a
dopant conpound selected f group consi sting of
HCl, HNO3, H2SO»4, H3PO4, H dodecyl benzene

sul fonic acid, lauryl sulfonkc acfd, canphor sulfonic
acid, organic acid dyes, ne sul fonic acid,

tol uene sul fonic acid, poly(styref\e sulfonic acid),

fl uori nat ed

XisSorSe, Yis S or Se, wherein oneorbothof Xand Y is Se, and Ris
a substituent group or alpha position; and
a solvent or water.

26. The composition of claim 25, wherein the compositions is an aqueous dispersion.
27. The composition of claim 25, wherein the composition is a solution.

28. The composition of claim 25, wherein the composition comprises an organic solvent
and water.

29. The composition of claim 25, wherein the polymeric acid is poly(styrene suifonic
acid).
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5 sulfonic acid polynmer, copolynmers of sul phonic acid,

adi pic acid, azelaic acid, oxalic acid, poly(acrylic
acid), poly(maleic acid), poly(nethacrylic acid) and
copolynmers of carboxylic acid and conbi nati ons

thereof. 17. The process of claim1, wherein the

m xture further conprises a dopant conpound selected

30. dime tcbmpgsitionp otcaiaiai 28, iwhgreh tHéepolymerid acidis, flubfnatéd-6ulfonic acid
SbFS and FeCl 3. 10 18. The process of claim1,

whé) Qrwhthe m xture further conprises fluorinated

HhiaratenStag of Qe T ikt EOF sPeBEE Rarbeflohsistng o
sulhiydrogen, isatopes Ghydrsgen/ipasaiyi, atkyh faryialkyl calkenyl, perfluoroalkyl,
OB Bl B3y RO Sl A SR SO BRo Sons
halkytihibalkyipalkynyR akyMryl 24rylkdyk aBidy, alglsulinjisalBoxyalkge,

V\h%g{ei nf@r?y? orI bofh.of dﬁq{gnd.Y iﬁ”Se, alad R irr‘?‘lnoaa larviamino
suBLy[stteny: aiylryiaging, digrdaming, akyigming, diajkylamino, arylary -
corpdibid, heteradrylcagisaifidg, alkivgcaibonit, aryissbred, toacbdxylo halogen, nitro,

t he group,.consi.sting . of hydrogen, .isotopes of o
hy &y%boe ﬁg'f%?‘aiﬁ", Imwpd }Sg rg)? g%#u?eiw&% HW Pr more sulfonic acid,
persltnlqurlm arla’id Idpfiva\ltive,;i;r(rfdspllmcﬁrmrafuli(q; Iphosﬁh,drilc aaildldr?(iyative. carboxylic acid,
cycloal kyl . .cyclo n al kanoyl , . al kyl thi o -~

o SRERE asic dv3va PRy apiho, AV, RSk qrbi, Appry moieties and

ar yomblmgtionsatieckaf. al kyl sul fi nyl, al koxyal kyl,

al kyl sul fonyl, aryl, arylam no, diarylam no,

22. Ak aomposition af daime2s, wherein YHeaconhEound includeSahe following repeating
aryl| @_hi o, heteroaryl, arylsulfinyl, alkoxycarbonyl,

ar i;‘f‘ ul fonyl, carboxyl, halogen, nitro, cyano,

sul fonic acid, and al kyl and pheRyl substituted with

one or nore sulfonic acid, sulf¢nic acid derivative,
phosphori c acid, phosphoric acid]derivative,

car boxylic acid,

33. The composition of claim 25, wherein the compound includes the following repeating

unit:

Se
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carboxylic acid derivative, halo, amno, nitro,

hydr oxyl , cyano, epoxy noieties and 5 conbi nati ons

thereof. 22. The conposition of claim 20, wherein the
conpound includes the followi ng repeating unit: R Se

S 10 23. The conposition of claim 20, wherein the

conpound includes the follow ng repeating unit: R S

$e Tha 4ompbsitierooisisimt 25) whefeirt thai coniduniMirneieles thdellowing repeating
congﬁund includes the followi ng repeating unit: -57 R

Sel 25. A conposition of matter conprising: a

sem conducti ng nononeric, oligoneric, polyneric or
copolymeric 5 conposition dopgd with a polyneric acid

of sufficient strength to formpcolloids containing a
repeating unit having fornul2: I ' Y 10 Xis S or

Se, Yis S or Se, wherein 8ee or~poth of X and Y is

Se, and Ris

35. The composition of claim 25, wherein the compound includes the following repeating
unit:

w

wherein n and m are independently selected integers having a total n+m
of greater than or equal to 2, Mo includes an electroactive or non-

electroactive monomer.

36. The composition of claim 33, wherein Mo is selected from the group consisting of
selenolo[3,4-bjthiophenes, selenolo[2,3-c]thiophenes and selenolof2,3-
c]selenophene.

37. The composition of claim 33, wherein Mo is selected from the group consisting of
thiophene, thieno[3,4-blthiophene, thieno[3,2-blthiophene, substituted thiophenes,
substituted thieno[3,4-b]thiophenes, substitued thieno[3,2-b]thiophene, dithieno[3,4-
b:3',4'-d]thiophene, pyrrole, bithiophene, substituted pyrroles, phenylene, substituted
phenylenes, naphthalene, substituted naphthalenes, biphenyl, terphenyl, substituted
terphenyl, phenylene vinylene, substituted phenylene vinylene, fluorine, substituted
fluorines.



a substituent group or al pha position; and a sol vent

or water. 26. The conposition of claim25, wherein the

conpositions is an aqueous dispersion. 27. The

conmposition of claim?25, wherein the conposition is a

solution. 15 28. The conposition of claim25, wherein

t he conposition conprises an organi c solvent and

:mtr be codposifidreofaraima®d, whereimMods$ a¢lett2d fromhtbe @roupt domsisting of the
meric acid rene sulfonic acid). -58 30.

EM8HHE ?F?@RoﬁFﬂgfﬁ®h¥25 wherein the pol yneric

aC|d is fluorinated sulfonic Rcid polyner. 31. The

conmposition of claim25, wher¢in Ris selected from

the group consisting of hydrggen, isotopes of

hydr ogen, hydroxyl, alkyl, kyl , al kenyl,

perfl uoroal kyl, 5 perfluor |, aryl, al koxy,

cycl oal kyl, cycl oal kenyl yl, al kyl t hi o,

aryl oxy, al kyl thioal kyl, |, alkylaryl,

aryl al kyl , am do, al kyl sul f{{_nyl > al koxyal kyl ,

al kyl sul fonyl, aryl, arylam ?l di.aryl am no,

al kyl am no, di al kyl am no, arylaryl’am no, arylthio,

heteroaryl, arylsulfinyl, alkoxycarbonyl,

aryl sul fonyl, carboxyl, hal og¥n, nitro, cyano,

sul fonic acid, and al kyl and phenyl substituted with

one or nore sulfonic acid, W fonic acid

derivative, phosphoric aci phnsphorlc acid

derivative, carboxylic acid, [

derivative, halo, am no, ni hydr oxyl, cyano, epoxy

noi eti es and conbinations t eof. 32. The

conposition of claim25, wherein the conpound includes

the followng repeating unit: R Se 15 S

5 wherein X denotes S, O, Se, or NH; and
Ry OR:2

/

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

10  39. The composition of claim 25, wherein the compound includes the following repeating
unit:

B DB
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33. The conposition of claim?25, wherein the conpound
includes the following repeating wunit: R S Se 59

34. The conposition of claim25, wherein the conpound
includes the following repeating unit: R Se Se 35.

The conposition of claim25, wherein the conpound
includes the following repeating 5 unit: R AnnY

(wher ei nwhergindn,m, by @, &, ackeineydes) A, B anel @ ateciddepandgpthysselected

havi ng a,total n+m. r eat el.»t h or ual to 2. Nb
"ol el b Bn st E2 R, Bl i helboetyield
monongubstitlfed3 €2 IZ- csuptitatedi GEGa,fsubhlﬂUm&Bylewmanei n

Vb d fromth
vl eraEr St et R Rlendr b BBiREER L , Rbsthed sgEC-
and ssbstitate] atyldne Oe]rﬁi@w@ﬁtm@dﬂteterairyleﬁb,and@:rmanﬂy loging

of cl ai e|nl\/b cted from¢th

consi %chnhﬁ'%&f Wﬂl h! %@ﬁe ’Hf% ng Ed?ﬂ‘:{"ﬁi%ﬁh%ﬁ%cqu from the
t hi engrbBp 2omdistinig@d ke FECI dbSNI t ut ed t hi ophenes,
substituted thieno[ 3, 4-b]thi ophenes, substitued

miThe@bBLpasm&ﬁ bi @aihe:ma whatdit trenadndhobind includes a repeating unit
ql] phene, rrol e, bithiophene, substituted
yrsPE‘?F‘T(?Q kﬁ'ﬁrg‘l‘% ONSRYBY Ptut ed  phenyl enes,
napht hal ene, substituRed napht hal enes, bi phenyl ,
ter phenyl, substitute t er phenyl , phenylene vi nyl ene,
substituted phenyl ene]vi nyl ene, fluorine, substituted




fluorines. -60 38. The conposition of claim 33,
wherein Mo is selected fromthe group consisting of
the following the conpound forrmulas: R S X 010 ds\
5 wherein X denotes S, 0, Se, or NH, and R OR2
wherein R and R2 are independently selected fromthe
group consisting of H Cl-C4 al kyl groups, 1,2

cycl ohexyl ene radi cal, phenyl substituted phenyl and
conbi nations thereof. 10 39. The conposition of claim
25, wherein the conpound includes, the foll ow ng
repeating unit: R (AayY (B)d-?b)c_(E~- -61 wherein
n, 1, b, d, e, are integers, A and D are

i ndependently selected fromthe oup consisting of
-CZ =Cz2-, -C=C-, arylene, he% oa ene, substituted
-CZ' =CZ2-, substituted -C=C-, gubstiguted aryl ene, and
substituted heteroaryl ene, the \substfituted -CZ =Cz2-,

substituted -C=C-, 5 substitut , and
substituted heterparyl gge, ind bei ng
substituted wt i,ng

i ndependent |y sellec
H F, d and CN

Hl RII
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40. The conposition of claim25, wherein the conmpound
includes a repeating unit selected fromthe group
consistingof: R Se R Se S S1I0R, R R Se S
b4l S -62 R Ae Se R R R Se Se Sex /| Se R R R
R* 5-63 R

; and
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SeSS / SeR RR R R SeS/ |/ Se R RRR Se
Seand 5-64 R Se\' R [/ \ Sel/ \ / wherein Ris
sel ected fromthe group consisting of hydrogen,

i sot opes of hydrogen, hydroxyl, alkyl, arylalkyl,

al kenyl , perfluoroal kyl, perfluororaryl, aryl,

al koxy, cycloal kyl, cycl oal kenyl, al kanoyl, al kylthi o,
aryl oxy, al kyl thiRpal kyl, 5 al kynyl, al kylaryl,
aryl al kyl, am do,| al kyl sul finyl, al koxyal kyl,

al kyl sul fonyl, arjyl, arylamno, diarylam no,

al kyl am no, dig am no, arylarylam no, arylthio,

HI

* o

wherein R is selected from the group consisting of hydregen, isotopes of
hydrogen, hydroxyl, alkyl, arylalkyl, alkenyl, perfluoroalkyl, perfluororaryl, aryl,
alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, alkylthio, aryloxy, alkylthiocalkyl,
alkynyl, alkylaryl, arylalkyl, amido, alkylsulfinyl, alkoxyalkyl, alkylsulfonyl, aryl,
arylamino, diarylamino, alkylamino, dialkylamino, arylarylamino, arylthio,
heteroaryl, arylsulfinyl, alkoxycarbonyl, arylsulfonyl, carboxyl, halogen, nitro,
cyano, sulfonic acid, and alkyl and phenyl substituted with one or more
sulfonic acid, sulfonic acid derivative, phosphoric acid, phosphoric acid
derivative, carboxylic acid, carboxylic acid derivative, halo, amino, nitro,
hydroxyl, cyano, epoxy moieties and combinations thereof, wherein R and R’
are independently of each other H, aryl or alkyl with 1 to 12 C-atoms.

41. The composition of claim 25, wherein the compound includes a repeating unit
selected from the group consisting of:
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heteroaryl, arylsulfinyl, alkoxycarbonyl,

aryl sul fonyl, carboxyl, halogen, nitro, cyano,

sul fonic acid, and al kyl and phenyl substituted with
one or nore sulfonic acid, sulfonic acid derivative,
phosphoric acid, phosphoric acid 10 derivative,
carboxylic acid, carboxylic acid derivative, halo,
amno, nitro, hydroxyl, cyano, epoxy nvoieties and
conbi nati ons thereof, wherein Rand R are

i ndependently of each other H, aryl or alkyl with 1 to
12 C-atonms. 41. |The conposition of claim25, wherein

t he conpound i udes a repeating unit selected from
gof: R SR Se S S1I5 R -65R
SR SeS/7\1 S S\ Se/ /] Se R R 5

R
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R SSe Se /| SeR R R RR -66 R SSS / Se R KR
R R R SS/ 75/ Se R R RS\ 4 Se and 5
-67 R S\ R R

Rl RII

; and
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\ Se \/ wherein Ris selected fromthe group

consi sting of hydrogen, isotopes of hydrogen,
hydroxyl, al kyl, aryl al kyl, al kenyl, perfluoroal kyl,
perfluororaryl, aryl, alkoxy, cycloalkyl,
cycl oal kenyl , al kanoyl, al kyl thio, aryl oxy,

al kyl t hi oal kyl, 5 al kynyl, al kylaryl, arylal kyl,

am do, al kyl sul Ri nyl, al koxyal kyl, al kyl sul fonyl,

aryl ,
di al kyl am no,
aryl sul finyl,
hal ogen, nit%o,
phenyl substi
sul fonic acid
acid 10 deri vg
derivati ve,
epoxy noreti es\and coib
R are independ®ftly of
wth 1 to 12 G atons. 42
wherei n the conpound i ncl ude

aryl am n¢, diarylam no, al kylam no,

ajyl aryl am no, arylthio, heteroaryl,
AINRE ycarbonyl aryl sul fonyl, carboxyl,
sulfonlc acid, and al kyl and
1re sul f oni ¢ aci d,
Hci d, phosphoric
carboxyllc acid

sel ected fromthe oup consi sti ng ofl 15 R
Gotgd

S/ S gvkereinRis g¢

ftom the group conS|st|ng of hydr%ger\'n gotopes of
hydrogen, hydroxyl, alkyl, arylalkyl, alkenyl, perfluoroalkyl, perfluororaryl, aryl,
alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, alkylthio, aryloxy, alkylthioalkyl,
alkynyl, alkylaryl, arylalkyl, amido, alkylsulfinyl, alkoxyalkyl, alkylsuifonyl, aryl,
arylamino, diarylamino, alkylamino, dialkylamino, arylarylamino, arylthio,
heteroaryl, arylsulfinyl, alkoxycarbonyl, arylsulfonyl, carboxyl, halogen, nitro,
cyano, sulfonic acid, and alkyl and phenyl substituted with one or more
sulfonic acid, sulfonic acid derivative, phosphoric acid, phosphoric acid
derivative, carboxylic acid, carboxylic acid derivative, halo, amino, nitro,
hydroxyl, cyano, epoxy moieties and combinations thereof, wherein R and R’
are independently of each other H, aryl or alkyl with 1 to 12 C-atoms.

42. The composition of claim 25, wherein the compound includes a repeating unit

selected from the group consisting of:
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RSe xSe/ / SR R 5R Se * Se Se
R 69 R SeSS /| sR RR R R SeS
R R R Se
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S; and 5-70R Se R R S 1 ~ wherein Ris

sel ected fromthe group consisting of hydrogen,

i sotopes of hydrogen, hydroxyl, alkyl, arylalkyl,

al kenyl , perfluoroal kyl, perfluororaryl, aryl,

al koxy, cycl oal kyl, cycloal kenyl, al kanoyl, alkylthi o,
aryl oxy, al kylthioal kyl, 5 al kynyl, al kyl aryl,
aryl al kyl, am do, al kyl sulginyl, al koxyal kyl,

al kyl sul fonyl, aryl, arylpmno, diarylamno,

al kyl am no, dial kyl am no, prylarylam no, arylthio,
heteroaryl, aryl sul finyl \ggxycarbonyl
aryl sul fonyl, carboxyl ,Sehal oggn, nitro, cyano,

sul fonic acid, and al kyl phenyl substituted with
one or nore [ ; qul fonic acid derivative,
phosphori fic agid 10 derivatjve,

car boxy! i S / 9t i ve] .hal o,

am no, nifqro % 5 eTl|es and
conbi nat i ‘

i ndependent |y 4 ? wth 1to
12 C-atonms. 43. : iti i M\25, wherein

t he pol yneg‘has the kol |l owi ng faof ; fLox.X Y/

X\
R

Se\

/



Y/ V'Y N/ Y XX 44. The conposition of claim 25,
wherein the conposition includes an additive sel ected
fromthe group consisting of particul ate copper,
silver, nickel, alumnum carbon 5 black, talc, mca,
wol | astonite, silica, clay, TiQ2, dyes, pignments, and
conbi nations thereof. 45. A nethod for formng a

pol yneric coatimg conprising: providing a dispersion
conprising a compound containing a repeating unit
having formula:] RA 10 Y Xis Sor Se, Yis S or Se,
wherein one gBg{h of X and Yis Se, and Ris a
substi t uent Sg pr al pha position; and -72 MM~ a
sol vent; appNyi ng ft he dlsper5|8‘ to a substrate; and

conductiv
wherein t
from 5 -tfie ¢

pol yners, | pl ast?c,
mat eri al s| ceram cs,
47. The net hod of cl ai m 45]
conductive polymer forma device selected from t he

group CQiher&h ANE sBfecd AR th%tgfl\burﬁc&%ﬂittﬁgi oﬁh‘ﬁﬁégéﬁ Gsotdes of
electrically conductjve coated substra

el echydreaedhvaraxl akyl, aryialbralirsyt Rptugalkyb pediuprogayl an,
alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, alkylthio, aryloxy, alkyithioalkyl,

alkynyl, alkylaryl, arylalkyl, amido, alkylsulfinyl, alkoxyalkyl, alkylsulfonyl, aryl,
arylamino, diarylamino, alkylamino, dialkylamino, arylarylamino, aryithio,
heteroaryl, arylsulfinyl, alkoxycarbonyl, arylsulfonyl, carboxyl, halogen, nitro,
cyano, sulfonic acid, and alkyl and phenyl substituted with one or more
sulfonic acid, sulfonic acid derivative, phosphoric acid, phosphoric acid
derivative, carboxylic acid, carboxylic acid derivative, halo, amino, nitro,
hydroxyl, cyano, epoxy moieties and combinations thereof, wherein R and R’
are independently of each other H, aryl or alkyl with 1 to 12 C-atoms.

43. The composition of claim 25, wherein the polymer has the following formula:

-71 -




5

10

10 emtting diode, a flat panel display, a
phot oi mageable circuit, a printable circuit, a thin
filmtransistor device, a battery, an electrica
switch, a coated capacitor, a corrosion resistant
coated substrate, an el ectromagnetic shiel ding
material, a sensor and other optoel ectronic devices.
48. The net hod of cl ai m 45,7 wherei n applying conprises

one of the foll ow ng applicidtion 15 techni ques
selected fromthe group consy\sting of ink jet
printing, screen printing, y§o o rgll printing,

spin coating, neniscus and/sip cpatingy spray coating,
brush coating, blade applixcatiop, cyftain casting and
conbi nati ons thereof. 49. The=ret hoo“of cl ai m 45,
wherein renovi ng conpri ses eyaporation at room
tenperature. 20 50. The nethad of claim 45, wherein
renmovi ng conprises heating tﬁ>\eispersion. 51. The

met hod of cl aim 45, wherenn thejpol ymer forned
conprises electrical propekxties 52. The net hod of
clai m 45, wherein the el ecyrical\ properties include
properties sellectegdr fromffhe gryup congi sting of

el ectrical corduefi vi Semi coperet i vt Y *
eIectrqunine*c-(ce, effectrO om ci iy, phgyqgvoltaic
properties and c®bi ngtions 25 thereof\. 53/f A

el ectroni c devicg conprising: a subsyrate material;
and at | east one/ | ayen di sposed on at/ | easy a portion
of the substrat& copm i sing a nonon¥sic, @ligoneric,
pol ymeric or copolNgeric conpound 30 ws@ffaining a
repeating unit having formula: -73 AY X is S or Se,
Yis Sor Se, wherein one or both of X and Y is Se,
and Ris 5 a substituent group or al pha position.

44. The composition of claim 25, wherein the composition includes an additive selected
from the group consisting of particulate copper, silver, nickel, aluminum, carbon
black, talc, mica, wollastonite, silica, clay, TiO,, dyes, pigments, and combinations

thereot.

45. A method for forming a polymeric coating comprising:
providing a dispersion comprising
a compound containing a repeating unit having formula:
R

X

/

Y

X is S or Se, Y is S or Se, wherein one or both of Xand Y is Se, and R is

a substituent group or alpha position; and
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54. The device of claim53, wherein the device is a

devi ce selected fromthe group consisting of an

antistatic coated substrate, an electrically

conductive coated substrate, an electrochromc

device, a photovoltaic device, a light emtting diode,

a flat panel display, a photoinageable circuit, a
printabl@selvemtuit, a thin filmtransistor 10 device, a
battery, ; t &l : | ed capacitor, a

corrosi o%ﬁdrhé'ﬁé g%a%%ﬁ%ggye%g%%%ﬁ gﬁ é, an

el ect r omegrwingcthe spleenti to formeareeleelrically copducive patymer fayer.

opt oel ectroni c devi ces. 55. The device of claim 53,
4thdheimethocbofsaidjet 45 wetein the subsicateicomiprigesca material sejected from
nma . | | . | J

sl kg coistnOTf oSy, GGar pOlRelt, pRett! 165 Inh6Rls

57 seMiveondestingenajérial$, aierandigs, metalseind combirdgions therenf.a
photovoltaic cell. 58. The device of claimb53, wherein
4hdheongioechaf glaimadsy whersin therantisioate ot conductive palymer B9m a device
Th [ [ (ot IS e .

- oSt ine AT hobisthfbf i by SRl cogletuBat ¥ in Hectrcally
cogpaduttive coathe sehatate, aneleddochrdmic devidec @ phibtayblidierdedce, a light
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tantalum 62. The device of claim®60, further
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Sl InfUiRSd bt Wheret fefbving comprises evaporation at room

temperature.
50. The method of claim 45, wherein removing comprises heating the dispersion.
51. The method of claim 45, wherein the polymer formed comprises electrical properties.

52. The method of claim 45, wherein the electrical properties include properties selected
from the group consisting of electrical conductivity, semiconductivity,
electroluminescence, electrochromicity, photovoltaic properties and combinations
thereof.

53. An electronic device comprising:
a substrate material; and
at least one layer disposed on at least a portion of the substrate
comprising a monomeric, oligomeric, polymeric or copolymeric compound
containing a repeating unit having formula:
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Xis S or Se, Y is S or Se, wherein one or both of X and Y is Se, and R is
a substituent group or aipha position.

54. The device of claim 53, wherein the device is a device selected from the group
consisting of an antistatic coated substrate, an electrically conductive coated
substrate, an electrochromic device, a photovoltaic 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.

55. The device of claim 53, wherein the substrate is an electrically conductive material.
56. The device of claim 53, wherein the substrate is an electrically insulative material.
57. The device of claim 53, wherein the device is a photovoltaic cell.

58. The device of claim 53, wherein the compound is a p-type semodconductor material.

59. The device of claim 53, further comprising a layer of n-type semiconductor materia
disposed on one of the compound or the substrate.

60. The device of claim 53, wherein the substrate comprises a layer comprising an
oxidizable metal, the device further comprising a layer comprising an oxide of the
metal disposed on at least a portion of a surface of the substrate.

61. The device of claim 60, wherein the metal is selected from the group consisting of
aluminijum, niobium and tantalum.

62. The device of claim 60, further comprising a layer disposed on at least a portion of a
surface of the layer comprising an oxide comprising a conductive material.
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63. The device of claim 60, wherein the conductive material is selected from the group
consisting of silver, copper or carbon black.

64. The device of claim 53, wherein the layer is a hole injection layer.
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