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alternating donor acceptors. Also important is a method to convert an otherwise water insoluble
polymer into water soluble or water dispersible polymer. A method is also provided to purify the
substance of free sulfuric acid by passing through strong base type anion exchange resin (OH
form). Another benefit comes from a method by which the resultant sulfonated polymer is
highly water soluble making it easy to clean the reactor. Other advantages include processable
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Figure 17 illustrates current-voltage luminance performance.

Figure 18 illustrates current-voltage luminance performance.

Figure 19 illustrates luminance decay under passive matrix testing conditions.

Figure 20 illustrates current-voltage-luminance performance.

Figure 21 illustrates luminance decay under passive matrix testing conditions.

Figure 22 illustrates current-voltage-luminance performance for SMOLED devices.

Figure 23 illustrates comparison of luminance degradation for SMOLED devices.

DETAILED DESCRIPTION
INTRODUCTION/CONDUCTING POLYMERS AND POLYTHIOPHENES
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accor di ngibstirenixidisae firmZbmpyikigg 8curtdtonl €acting results in a degree

of sulfonation of at |east 10% . Enbodi nent 26. The met hod
according to Pgﬁ%’d‘?‘ﬁ‘ﬁﬁt ¢ CORpRsitianpeeqiding inernbodimensduwhereinthasulfogated

of sul f ondktiteeht &f indhit fRATbmpHAMg gic%uﬁtﬁgﬂogﬁéfgﬂtthez&unfgl:]& %ﬂg}%g%%r anig

according to enbodi nent 21, wher reacting resu
of sul f ogfaepson of at |east 75% Enbodi nent 28. The net hod

according to i t erein the sulfonation.reagent. is
sul furic acid aér%@'hgﬁg ' @ég?ﬁ\éﬁ(gﬂ%@s@ ﬁﬁrg‘mfgﬁo gnolb"g’té‘?‘" 10?’%%5%“6‘?1%%’8?{3%
at | eastsub&¥uent is in sHtvfoodicomptisiz®a cdipterival Wedeia tgdodhtegon SorfprRedid ®Binic
21, wherei.n th(f' ulfgnat 'lJon reagent is sulfuric acid, and the

reacti ng*HBR ARG 'S RO mg@ ree of sulfonation of at least 75% and
wherein the pohdddihenBenae odmBosieRhRedi e k@é%%@km&nn%ﬂ&&ﬂ (ROt Bl
0

degree of regioregularity of a east about
. substitient is in salt form comprising a counterion, wherein the counterion comprises a metal

cation.

Embodiment 7. The composition according to embodiment 1, wherein the polythiophene
is a regio regular head-to-tail coupled poly(3-substituted thiophene) having a degree of
regioregularity of at least about 90% apart from sulfonation.

Embodiment 8. The composition according to embodiment 1, wherein the polythiophene
is a regio regular head to tail coupled poly(3-substituted thiophene) having a degree of
regioregularity of at least about 98% apart from sulfonation.

Embodiment 9. The composition according to embodiment 1, wherein the polythiophene

is water soluble.



Enbodi ment 30. The method accor di ng to enbodi nent 21, wherein the

reacting results in a degree of sulfonation of at |east 50% and
wher ei n t hWOF8IW7ki4dphene is a regio regul ar pol yt hi opH&ieURA%Y?%
degree of regioregularity of at |east about 98%. Enbodi nent 31.

A coating conpabsdimert 100 MRE csmpekitidnAkcoidingkio ethifdiRetal She3l tid! € or
wat er - di sqer Si bI e regi oregul ar pol yt hi ophéne conprising (i) at |east

one orga]’ﬁ)ft wpbeciis densd. and (ii) at least one sul fonated substituent

COTDL L LTS, Uk oA NS R e e RO A B8RO O

coating sxbm;tusltmompnasabkmhtngem@eremm nment 31, further conprising an
osition

organi ¢ co-sol,vent. nbodi nept 33. ' The coating co

accor di ng to%ﬁ%@ﬁ’gﬂg glﬁc CPIIPQSHn acenriing & srbastiment dawhereindheerganiet |
wher ei n shiB@ht\A@it%a%lEH%‘yr&aH@I MBLifliedtS 9reater than the wei ght anount
of the organic co-solvént. "WO 2008/ '073149PCT/ US2007/ 015927

Enbodi ment 34Emipiimendsi dge compodioniagenrdiog tr ethigliment dpiheteinaing 31,
furt her cond s etic polyrrer different from (B) and
(C). goqﬁg{r%ﬁ%’%%’seaqa%?anﬁgg i‘ﬁ?? Thg conposition according to
enbodi rrent 3IEmbhimientN 4! Mhe SYAHARARINGCBRREMBRS erhBodfm¥Rl SR ©

pol yne Enbodi nent 36. The coating conpositi onh accor di ng to

enbodi ne?ﬂlﬁélfph%?éﬁf @FPWF%@O@%IWWﬁ@WW has a carbon backbone
W th a polar ghsidihenak. %QEJ}nﬁd}it@H%c@dr&%ﬁ%%%ﬁ?odlm%nté wherng | ment

37. The coating conposition according to §n the
anount 0N01ﬁh@qumtih@h¢mom>d)}lmmrf a (i@ypliese, atcopalgmer ¢onpeBiniitiephehl anits, or a

anount |ore ular th| h Enbodi nent 38.

The coa%lﬂég]m%gﬁ% agfeﬂgrf’é'e%) EHEB@W% wherein the

amount of thEEYﬁWI’ﬁéﬁ’t'lG raé Wﬂi‘lﬁos{tﬁh abéordihg icﬁe‘%ﬁﬁodﬁrhé&ﬁlt\bﬁ@&ntﬂ%ewﬁ%%ie
of the re oregular pol yt hi ophene (B). nmbodi nent 39.

coating ¥ Spphicegiorelsg pelythiopbers imima CfSiShﬂWefp@iln t he am)unt of
the regi oregtﬁlasodmﬁémtahl TROESHpd oK Telordif 1d %ﬁ?ﬂ%%@t?eyﬁem@ﬁﬁe about

25 wt. % with respect to the tota anount
Enbodi metvdythiophenséds choractenigedimpdrgrac cxfmul@maoommoumoe«mzmmm% 31,

further conpr r co-sal ve erel n th ht a unt .
of water is gér“?"ﬁ ll'&{aﬁgnqﬁa&%osﬁlﬁ’?a‘é%{]m ROHBN&‘Sa EBO QRbRe is
wher ei n witer ﬁmbmme@folﬁMep}&naishawr@pBWMd M):reirﬁthébrg}aﬁ%ﬁbshﬁﬁé‘fﬁls an
tines t anoun f the regi oregul ar pol yt hi ophene (B), d wherein

the anp oxéfforf‘ e‘e‘ PB§fitBs®gul ar pol yt hi ophene pol ymer (B) |s about 5
W . %t 0 aboUtEmRRdfherto i {I'Heécﬁl%gﬁﬁonta&o}&]ﬁ%fo%odmw witdeih Rle 2Nd

(0. Enbodi ment 41. A neth a coat1ng comnposition
conpr i sinethipphens isgyaten sebibita ard whers thy lmh’thlop@en& isvatselt fml cohipeisiap a

wat er - d'éﬂ&éﬁérﬁkﬁefeﬁ%@c&gﬂé E‘ %pﬁ%e@'oo hene corrprl sing (i) at |east

one organi ¢ suBsttuent JE° AP sul f onat ed substi t uent
conpri si ng s UBnibodinbomn d0.nFhoéamgositipn becotdisg ﬁ%ﬁ%ﬂinﬁﬂh@%e‘?@iﬁhﬁone (O

oL AR G ELE eh hte  Bhe o
polythiophene having a degree of regioregularity of at least about 90%, and wherein the
polythiophene is in acid form.

Embodiment 21. A method for making a composition according to embodiment 1
comprising: reacting a soluble regioregular polythiophene comprising (i) at least one organic
substituent with a sulfonation reagent so that the polythiophene comprises at least one sulfonated

substituent comprising sulfur bonding directly to the polythiophene backbone.



Enbodi ment 42. A coated substrate conprising: a solid surface, a
coating disposed on the surface, wherein the coating conprises a
conposi t i oWORMIF 3P ng: a water soluble, water dispersi¥iTEUSZH ey
swel | abl e regi oregul ar pol yt hi ophene conprising (i) at |east one

or gani ¢ substEhbeithent2nd The nkthdl ab@adihg NI QP81 SehesdiPBleishi¥G ation
conprising sul fur bonding directly to %he pol yt hi ophene backbone. WO

2008/ 07 3reagms/sudaiacidy 15927 Enbodi ment 43. A coated substrate
i si ng: . ter-di i bl .
Coel hol o9 o hndeh a5 SR il 8t Ghe f SRRHRME 71, lerqiE i suigontion

or gani ¢ "=ageat istasalfhte cangownidi ) at | east one sul fonated substituent
conprising sul fur bonding directly to the polythi ophene backbone, (C)
a synthetic %‘I‘Welﬁizﬁf & Aethod afqordyg to embOdE@éaﬁﬁﬂm&mmﬁﬁcﬁévi ce
conpri si RiobRerRlis rising the conposition according to enbodi ment
1. odi nent 45. The device according to enbodi nent 44, wherein
the |ayer is Embnslimentaedbé oethodpesording & dndiodinienh Rk peiretein thgeeacting results
Enbodi ment . e device ordihg to enbodi nent 44, wherein the
devi ce ilgaad%gr&égsué%\l}?%oé’.o l‘:’ﬁ%ﬁ%iqbrg’nt 47. The device according to

enbodi ment  4Embdikrneitr26} The HRAH0E Gcdosding PLdatBodRiven€ 81, wherein FERORHABAults
48. The devj ce according to enbodi nent 44, wherein the device is a

SMOLED d&idearee of sulfopaiininfgbleest26%. The device according to embodi ment
44, wherein t i i Al i En i t 50,
The devi ce acﬁ(;dcsf).?(gli(?aréglﬁt9 s Zhnggﬁfhrg}g%%l&hﬁﬁé @heglﬁ)\éfigﬁetnﬁél’J'éh\?feg%&%ée%ﬁ?%r&uhs
at | eastintasgrsk of sultodetonaafdt lkbst78%st one |ight emitting or
phot oacti ve l.ayer,. odj,nment 51. device ¢ rising t )
conposition a ec(%ordéfpﬁiﬁ??b%g?g’iemgg ?C%Cé?%fgﬁﬁﬁ}qgi%?ggvhegnhg@é‘ggq;qat,xoxh
super capesgendis sulduriadeid) And the RGOS I iflh Hig%ré@t%ﬁﬁﬁ"&la@tﬁx\{ bE& leadi75%.

ield e

el ectrochrom ¢ device, a transistor, a f fect transistor, an

actuator, or Fd“‘f‘?%%‘ﬁ&?eﬁ?‘e wethed pesgeding to embpdisesat b rithesin tha sdéoriatien
conpri si@gpeft RhRurld e RE hhdPiRe Iré}f@ﬂrg dISEUI@ g ngréé rrég{r;ﬁﬁ&{aﬁioﬂ gﬁﬁrl%aaﬁt ‘}B‘gﬁ ta.nd

| ayer conprising a sul fonated co cting nb
53. The wWesr¢in theaqwbohidphage ive waoocguiamolylisophehehsiing 4 dereafdeptdregidarity of
pol ynmer J:$..a alBSStho%y(:l i ¢ conducting polyner.

Embodiment 30. The method according to embodiment 21, wherein the reacting results
in a degree of sulfonation of at least 50%, and wherein the polythiophene is a regio regular
polythiophene having a degree of regioregularity of at least about 98%..

Embodiment 31. A coating composition comprising: (A) water, (B) a water soluble or
water-dispersible regioregﬁlar polythiophene comprising (i) at least one organic substituent, and
(ii) at least one sulfonated substituent comprising sulfur bonding directly to the polythiophene
backbone, (C) a synthetic polymer different from (B).

Embodiment 32. The coating composition according to embodiment 31, further
comprising an organic co-solvent.

Embodiment 33. The coating composition according to embodiment 31, further

comprising an organic co-solvent, wherein the weight amount of water is greater than the weight

amount of the organic co-solvent.



Enbodi ment 54. The devi ce according to enbodi nent 52, wherein the
conducting polyner is a polythiophene. - Enbodi ment 55. The

devi ce accWOFWP31d? enbodi nent 52, wherein the conduct i Hg/BBPRRP2T s
a regioregul ar pol ythi ophene. WD 2008/ 073149PCT/ US2007/ 015927

Enbodi ment 56EmibdiRemas! The BoaEREmBbsNbn RcHBingto &ﬁbd&%@m?ﬁ NRh&"
di spersi bl e regi oregul ar heterocyclic polynmer conprising (i) at |east

one or gayPMPrSRBStseend synthefirpolymer differprd deom dHand (CX onat ed substi t uent

Enboai ment. 57 baAERSeT BRIk cHnhR A B RUAERS enBiPEN ayisrein he

di sper si dyhthetiopolymbeis asvaedrisalubk poahedr equl ar pol yt hi ophene conpri sing
(i) at Ieastﬁgnffa organi c_substituent, and (ii) at |east one _
sul fonated s Gy QGCa'ﬁﬁF‘?aé‘F‘Eﬁo@Eﬂsﬂlﬂn agemding & embasimeny 31 owhenein the
pol yt hi opheRE: Eélgx'ﬁbﬂ% a carbon badkBBRA, AER ol§18%) éio%%@\% B de eroup.

e Pe, or T FaBe

conprising: a water soluble, water dispersi er swe
pol yt hi opheneEnmdimengi3ig The poading cerapdsitneacarrding tcermbdiméit 3 heréin the

(ii) at ]eas e sul f.onat ed hstituent conprjsing sulfur bonding
G ot |y RS s BB s TR RUGHE Do PG b RO of U Feespsriis
backbonepdtatppha@iBpn alternating structure. Enmbodi ment 59. A

conposition conprising. a water soluble or water dispersible
regi or egul ar W‘Vlﬂrﬁﬁ%gﬁeﬁhe BAPE CampRyitonaceprding tsemimdgment aywieerein the

substit bkt ot [,tuent conpri sing
sul'fur Do N b hol ARFLORDR 19K SRS S hib Y Atred R
or gani ¢ polpskiopheneB). (i ) provides the regioregularity apart fromthe
sul fonated s tituent (if). .. Embodi nent. 60. conposition
conpri si ng: ?n\?%otdg?‘?‘g_g?'uE‘b%"o@fm%é?‘g?osm%ﬁé‘ioéélﬁﬁ_5’ ?’Q&dﬁf“_‘é&ﬁﬂ’a‘?’hmm the
pol Yt i apftaneofneRElcssihr bblytAloHoRasdyRBABYLARBS FLASH LbtRRS wi dMith
(i1) at least one sul fonated substituent conprising sulfur bondi ng
di r ect | yespsetitpheetal appusb REED 2pd®bone, wherein the regi oregul ar

pol yt hi ophen ' LOE: - f - - HL- 1. pol -

substi tuted ﬁn opﬁe%%?é'aggg%&glﬁgFnér‘g%qsb@ﬁghogﬁ?g o éﬁ%bo%gﬁ%éﬁ,ﬁgﬁlgerm_ A
devi ce comprising ay organielcessblvest; whereindhasweiphtt antun( ESDter B REteAthan S iviight
ESD mat er.i al risi.n atll ast ane water s gubl qQr water .

di sper siw@nb%fﬁgﬁ%rﬁa%ﬁw ¥F’ﬁgW‘?eé‘aP g}"é&tﬂ“aw 6% W%e%ﬁ@ﬁ@ebw atdeasty:

(i) at |testineseeob@an &Mgbk@ﬁ%@lﬁ%héﬂé&}s),%d%@ﬁ B88mount of the
sul fonat ed substituent conprising sulfur bonding di rectrfy to t?’ue

pol yt hi JpFewREvsLRAlIEIvehene polymerfiiliapba V626 torheudRi vk vafh resteoidp thent

61 mherqgtglmnmgmgfé_l further conprises at |east one pol yner
wi t hout regi oregul ar polythi ophene. Enbodi nent 63. The device

of enbodi mentEnBRdinmst é1.nAmhethatofimekirgeematg comiresitibacomerighy: (@ ptdialing

A e R SRR MM N

one pol yiyat lehst oné opsniclsubskia@nt, and (ii) at least one sulfonated substituent comprising sulfur
bonding directly to the polythiophene backbone, (C) providing a synthetic polymer different
from (B), (D) combining in any order (A), (B), and (C) to form a coating composition.

Embodiment 42. A coated substrate comprising: a solid surface, a coating disposed on

the surface, wherein the coating comprises a composition comprising: a water soluble, water
dispersible, or water swellable regioregular polythiophene comprising (i) at least one organic
substituent, and (ii) at least one sulfonated substituent comprising sulfur bonding directly to the

polythiophene backbone.



WD 2008/ 073149PCT/ US2007/ 015927 Enbodi ment 65. The devi ce of
enbodi nent 62 wherein the polyner conprising regioregul ar

pol yt hi oph®®200847814P he pol ynmer wit hout regi oregul ar polREATWBHHEKE27
forma conpati bl e bl end. Enbodi ment 66. The devi ce of

enbodi nent 61 h risi.ng er io ular .. .
pol yt hi opheneliliﬁ,gt?%f?1 el %}Qo%le‘égﬁﬁsu%%%,@%%gn@ dg’e'eﬁglsﬁqmble

enbodi meot wdr selipisle regﬁdiegmlpwmnomﬂ@cm?mmgt(b%t resgloﬁé 8:@4hid kubstituent, and
polythloahene is a o ol ment . The device of

enbodi oD abiEesiRes eilfensls S‘H’@I“}‘ﬁ‘ﬁ@@ﬁﬁiﬂ% 8ilivwg bendingdieegtly torthe polythiophene
pol yt hi opREh&hel @;S)ahs bhetc +rm " ﬁ“@%e segment of the bl ock
po yt |

copol yner conpri ses’regi or egu hene. Enbodi nent -69.
The devi ce ofEmbishuientett Aodevideepmpnisingie layerionpeiging aire qalpyiitibwahening to
has a de%go z%nt egioregularity of at |east 85% Enbodi nent 70.
The devi Ce dfl enbodl ment 61 wherein the regioregul ar pol yt hi ophene

has a degree EhbddigemegThabédise Rbordin It@aﬁbo&%e/ﬁt 44, wherERRRML & ”ﬁt a ol
The device of enbodi nent 61 vvherel n the amount of the regl oregul a

pol yt hi opifshen layeriora helsdtansngrilayeress t han about 50 wt.
O o “EmiBindf Yl Ao ViR R o lifEE 2 ﬁg?{elg s 4"

regi or egul ar I ophene | e coa ess t
Enbodi mne@bLEDR3levithe devi ce of to enbodi rrent 61 wherein the poI yner

whi ch does n ris oregul ar. pol yt hi gphene is a synthetic

pol yner . rﬁﬁ‘ﬁlgrg rﬁéﬁt L[gg devigreacor n&éo%/ff' bdiertidtevhergin therdegire is a PLED
wherei n gdcematerial is organic, inorganic or anbient doped.

Enbodi ment 75. The device of enbodi nent 61 or 62 wherein the

regi or egul ar Fabsdimengfedbe feviepdcenrding to embodimeisdd] weertin 116 deVhee is a

devi ce oo t 61 or 62 wherein the material is doped with Br,

I, d or any conbi nhation thereof. Enbodi nent 77. The device of
enbodi nent  61Embodifentdr Fhadévie avedrding & erhbodiape d4)hdrein theQidvice is a
trichl or|d t.richloride, arsenic pentafluoride, alkali netal
salts ofPI yd6’8gﬂF FY'€%, protic acids , benzenesul fonic acid and

deri vat | ves tmﬂwcﬁmﬁentgoom‘h@m\@ceaa%b&dmg taRbsdifatt QQXMﬂ:ér&n %{}:Che%éle tSbifses
aci ds, rosoni um salts, NOPF6 organi ¢ oxid
tetr acya"ﬁ i Y8 sectrodes and at least one light emitting or photoactive Iayer
Embodiment 51. A device comprising the composition according to claim 1, wherein the
device is a sensor, a supercapacitor,‘a cation transducer, a drug release device, an electrochromic
device, a transistor, a field effect transistor, an actuator, or a transparent electrode.
Embodiment 52. A device comprising a hole injection layer or a hole transport layer, the
layer comprising a sulfonated conducting polymer.
Embodiment 53. The device according to embodiment 52, wherein the conduc.ting
polymer is a heterocyclic conducting polymer.
Embodiment 54. The device according to embodiment 52, wherein the conducting
polymer is a polythiophene.
Embodiment 55. The device according to embodiment 52, wherein the conducting

polymer is a regioregular polythiophene.
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WD 2008/ 073149- PCT/ US20071015927 di chl or odi cyanoqui none, hyperval ent
I odi ne oxi dants, iodosyl benzene, iodobenzene diacetate or a

conbi nat i oOWOt2R¥0E9 Enbodi nent 78. The device of REisuPtsi?261
or 62 wherein the material further conprises a polyner conprising an

oxi dative fungiidanaddt sy, A%hﬁ‘»bﬁtl&&l&ﬁﬁﬁrf%ﬂ%l 'aWaterQquﬁfe%ﬁWa Bis é&iagni c

acid) or a conbination thereof nbdodi ment 79 eV|
enbodi mERgioBguler hebgogilie polymeheomprisig (alat feast oheorgauinputistibentaanideiii) st least

acid, ir {richi.oni i,C af | de or a
coi nat G LR Spbsifent Qs el e ime AP (BT ResretoRE 61
or 62 wher ei Enitodinmait 67.i alcompbiifiet mg;mmgsawwr@bmsle%aeﬁd@pee&szg%r water
I norgani c ﬁCIdS benzenesulfonlc aci ds and derivatives t hereof

pr opi onis¥elableregigregiar polythiepheps amprisingdi) aslenst on¢ erganic gebstinienfeand (ii) at

aci ds, nidf x?es% ‘f’ﬁhd[z

Enbodi ment th%e es\};lﬁ%:{gﬂ%!# %ﬁ?@ent %ﬁg{ﬁ%kt\?&ﬂgﬁ}é&aﬁd%@m‘?ﬁ?en al
further hadi’q@neses t et racyanoqui none, di chl orodi cyanoqui none,

hyper val ent e, mgglo yl benzene, i odobenzene di acetate_or

conbi nati on t BBt eompising, @ waksrselublss W@ﬁ%weﬁ@ﬂ?, ater
or 62 wheveRible f)ckl?th[@hﬁ{c' c%lnp’n%m@?i?%fjleﬂt bie &é%ﬂ@ghbsff‘t%xg %dﬂfﬁié&gt one

noi sture, or a conbination evi ce of
embodi neHiforted gubstisnent t:mrmwifm bandingsiirestlycto viepatythiophane backhond, nk

jetting, rintin coa or zone
casting wr[e?élﬁﬂ%%%&iﬁm%hegég%c%&h Oglé’vf%sghgﬂ lg‘ R:Wﬁﬂf 61 wherein the
mat er i aI i s iBmbedinoentrs9. OAhamoﬁlmméﬁﬁ!’;ﬁﬁmgf aafiatdr sblaBle oiﬂfaf&frdlspemble

Enbodi nment. 85.. Th g ce of aingnt 61 wherein the p

conpri si ﬁ%"rﬁsﬂﬁfoﬁﬁg enﬁ&P’S?Pﬂ?‘B% # eqsts‘”ﬁd’ﬁ%fﬂ*cs%*’?q%@d 1)ta(t)1east one
provi de shﬂ@ha‘f@tsﬁbétﬁﬁen%& ridih V,

about 1040 sienmens/cm nhp g@uﬁﬁ%ﬁdﬂﬁig%tdﬁg%{%%%e %%f?@éh&%bk%ﬁ%e ment
61, whervdicrein e osgaaia subsiiteent Ghprorideyihe yegiregubasityrapast freth thessubfbuaied 1043
si enens/ ﬁﬁgﬁm:n@@‘?“t 10-3 sienmens/cm Enbodi nent 87. The device
of enbocfl nment Wherein the material is able to retain electronic
conductivity Emfbodimdneé&tAl:ﬁmﬂ:&sm‘i@)rcoa’ipnlsﬁgsh whED Gollabl8 or water dispersible

Enbodi nent. 88., Th ce of enbo nt 61, wherejn the material is
o b TRl ay B PhE e paRS (5} A1kt or oRHbe subgibient, and (i) at last onc

2008/ 07 3hH&Heel/ sstaAf bmitihg sulfur bonding directly to the polythiophene backbone,
wherein the regioregular polythiophene comprises regioregular HH-TT or TT-HH poly(3-
substituted thiophene) apart from sulfonation.

Embodiment 61. A device comprising an electrostatic dissipation (ESD) material, said
ESD material comprising at least one water soluble or water dispersible polymer comprising
regioregular polythiophene comprising: (i} at least one organic substituent; and (ii) at least one
sulfonated substituent comprising sulfur bonding directly to the polythiophene backbone.

Embodiment 62. The device of embodiment 61 wherein the ESD material further
comprises at least one polymer without regioregular polythiophene.

Embodiment 63. The device of embodiment 62 wherein the number average molecular
weight of the polymer comprising regioregular polythiophene is about 5,000 to about 50,000.

Embodiment 64. The device of embodiment 62, wherein at least one polymer is cross-
linked.
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Enbodi ment 89. The device of embodi ment 61, wherein the material is
applied to a surface of said device, said surface conprising: glass,
silica, poMPReys/gsI4d combi nation thereof. Enmbodi nent 9FCTHRRIGEIS TR
of enbodi ment 61, wherein the pol yner conprising regioregul ar

pol yt hi ophenegd,s, SRR Es Mrhild&Re- Ut ABL AR | thiphigg, W th
a het eroat om En%‘gh?rrerlltqul. mfﬁgggew c%é%c}g m@%ﬁ%?\#ﬁﬁ%

wher ei n tepioragelgr polgtidphenepaidtht pdpmeneithait ehpjveesuldr pblythisphienofoem a
conmpound_and .E)}heb cgati ng has a thickness of about 10 nmto about 100
nm and SHREREPISBIRE pol ymer which does not conprise regioregul ar

pol yt hi opheneefryihén 85. FhoMWelofemBdinniel dll%éré{ﬁ%‘;m éﬂé@:ﬁ{;é{ ng A
pol yur et hane, a poly%acryl ate, a polypyridine, or a polyvinyl p e%oF.
Enbodi negioszularpelyi@giophene ivg hempradymernt 61, wherein transparency of

the material 4 t Vel wavelengt h regi on of 300.nmto
800 m - imRR5; THEARTE chGulRE 0B Ko R o e
wher ei n regieragakaepélgthidpierddpe dopsigrhersol i ds, |iqui ds, gases, or a
conbi nati on thereof. Enbodi nent, 94. The devi ce of enbodi nent
61 wherein s:ﬁﬁ’@éﬂ}?&égi Eh%d%f&?ﬁgﬁgig?élmteﬁls@ﬁr%Hmn?!merawp@%ag

di spl oy s R . . ;
I splay ggioRSHlar p&wg@a{e is @bfo%%%%}g}%ﬁééﬁ%né%ﬁu@%eﬁ?&tﬁé’ﬁiﬂ&k wrpgﬁrrl]ngert o

screen or CRI screen _ evi ce acco
enmbodi mesempgises regieregilar paipthiephenci al is a coating or packagi ng

mat eri al . ' : t hod of r.educi.ng el ectro icC
char gle on a den% gg% 3?}%??@% ?\%ﬁ%‘c‘)’?{a{%ﬁ%&g’gﬁ’%ﬁf I%W%%hﬁgfﬁorﬁg@ﬁqﬁ%lwhme
conpri silmg adegot yf degiopdpendtycaipleasisgt®y. (i) at | east one organic

substi tuent; r% gii tﬂse st one sul fonated substituent conprising
sul fur bondi n‘%ﬂ dirg |7§- © Y5vice b EpPodiBsAH eV iisavin Bisriegioregular polythiophene

Enbodi nepk a%zgreggﬁe?;%}é%ggﬁ@fof%mggigg%nt 96, wherein said coating

further conprises at |east "one pol ynmer which does not conprise

pol yt hi ophend&mbggitheni3! + Ehewdevineof tmbodimentdd selrerdie theharoentdfeharegioregular
"Al kyl " ; . i ght chaj n. and branched nonoval ent

al kyl gr%} pslgﬁégxrlllg%’g&??%n%“fltggs%&c%%@ %%rns or from1l to 15 carbon
atons, or frdmbbdinent02. Dhe devivarof eibodiments 1fwinmeid tHeQmdusRITH vefibREBlar

e ey
i sopentyl, arEntdd@nént B8 The device PRI dritidlrhdht 8Y %Hein%ﬁﬂc'g?r%xoddﬁéh 654 nBE

for exanple functional groups that nmay be substitute
unsubst i ©IPESe Iwgiosdar pelwBiopheansds p syRibetigmobp®r. For exanpl e, when a

group is  WOp Q0GB 44 KT dVRR P EnBdRR: 61 or 62 wherein the material is organic,

inorganic or ambient doped.

Embodiment 75. The device of embodiment 61 or 62 wherein the regioregular
polythiophene is oxidized.

Embodiment 76. The device of embodiment 61 or 62 wherein the material is doped with
Br, 1, Cl or any combination thereof.

Embodiment 77. The device of embodiment 61 or 62 wherein the material is doped with:
iron trichloride, gold trichloride, arsenic pentafluoride, alkali metal salts of hypochlorite, protié
acids , benzenesulfonic acid and derivatives thereof, propionic acid, organic carboxylic and

sulfonic acids, nitrosonium salts, NOPFg, NOBF,, organic oxidants, tetracyanoquinone,
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unsubstituted by an additional group it can be referred to as the
group nane, for exanple alkyl or aryl. Wen a group is-substituted

Wi th addi t WOrzas/7gidet i onal groups it may nore generi calAGI 0 €81382 T ed
to as substituted al kyI or substituted aryl. "Substituted

al kyl " caighibf df9indu Sidn e

preferably 1 tod92 c@sugg(%l uen?érhgéedlug{:t ed ?aig%@w gr Oégg%gﬁ%?gtﬂﬁﬁetatepr
al kyl , s%mblﬁﬁlmdhquyl al koxy, substituted al koxy, aryl,

substl tuted XYy, ubst r X dr.oxyl . .

"Aryl" can bgé i(’)(%d"@i't'ﬁa/tn%I %ﬁe thﬂ”@ﬂ&ln‘gp&‘g‘f%g %ﬁ’&%&?‘#@m&ﬁgﬁ‘ﬁr of
from 6 teonipHsesd pulymét FEprisiaY iaf 9xidatsve Wh&iohdlNg, dCRli OfunctRERY! dolfStyrene
mul tiple c ndensed rin (e.qg., naphthyl or anthryl) which”condensed

S
rings masfl Plcrﬁ*ﬁﬁd)ﬂbﬁc iBgtiopdiareofpr ovi ded that the point of

attachnment i sgg r r Ism ude
phenyl, napht {)od@xﬂe 7?@% Sﬁ‘ﬁgém&b%aghbﬁtgtﬁt@bcg ﬁé h’éﬁl‘F

exanpl e ¢ompmesaa Ltwig neidpiros mbh]bfldn;ngdld&ﬂclﬁorﬁ:tb&hdnﬁd{%ﬁtaﬂuo@de &Qtdoﬁiﬂﬁiah?{n
froml t?l? ﬁnubstltuents or optionally from1l to 2 substituents,
sel ect ed"F¥8m t he group consi sting of hydroxy, alkyl, substituted

al kyl, al kOXYEmMEﬂttSUt e ALK enbiiRIRN 61 &J@%He}éfﬁ gﬁﬂtﬁﬁ?ﬂrﬂm

substltut ed aryl, aryloxy, substituted aryloxy, and s
" Al koxy' ' COMPYISEREDTPIG ors%aﬁmlés, tosgagicRgpis;' mwstdfohlcm:ds nd derivathes thesaof,

\rllva)l;ufill ok hl‘é’amﬁ;(frg %ﬁé’ car%)&ﬂéx?l serfc%? 3(sy W 27 9? 8%9}@11 %QSCVPMC acids

i sopent yindhydroghidri¢ bmdd i ke. Substl tuted aI koxy can be for exanple

th t | be f |
Stratgntchal HSSHIMBY She ALOSH AT ERPOUMED O L G heri IR gttt 20
car bon ado@ifisesabtrddy@ibqkinbRe, BRhfR6dIOAnSd M he, I¥helvhR iddihe 1?&3}{}9@n§gﬁ&)m

| to 5, or froml to 3 carbon atons. This termis exenpl’i
gr oups s‘ﬂ@?beﬁéenﬁéiaﬁﬁﬁﬁtéﬁéaC@Pmﬁfmﬁéherﬁ‘)fpropyI ene, iso-propyl ene,

opent y1 ene, angHpERSp, TuPBRkE S URppdindl 1R PR R RGRI S daped wit
al kenyl apygerp cpberd épaidb,ynmmurmgrdcmhlﬁatbﬂt}&r@ar bon atons and nore

f bly 2 t t 1 and f bl
From 1.2 4 t dutephnb B8 e ARl arbitimes st et mpiod ve oo
by Vvi-nylcoatidg, Ytlk. jetbinig, r8H @dihtﬂng,y avxﬁé‘?nﬁth@ Jhb'é@atmg, or zone - kS, é' tuted

al kenyl " can be for exa kenyl groups having from1
subst i t uent s, Emhodimené fd, ‘}chetoé embediment Gludierein theahateriab oh if acﬁumt todhave

group conRksdst Baref thah k®uy, substituted al koxy, acyl, acylam no,
acyl oxy, am no, substituted am no, am noacyl, aryl, substltut ed aryl,

aryl oxy, subs Etntb(a@lmnfa%y I "Bw;devmy af‘mnbddahm éh whhmdrtha(ycblman doiprising

cycl oa WypORERKyERbRE 1 gl RGN Syt e Bt il gqelectronic
het er oarophdudieityofn Yeabt aboutalnd® sivlasisidmit ed heterocyclic with the

provi so that substitution i's not attached to a vinyl
(unsat ur at ed) E@é?‘g%ﬁ“%é(orﬁhe device ofeapRodigmept 6 bayhersin theclesienip panduptivity of

gr oup arhd meterid@hboup ¢ U@%&enmm\e@h(bdat 1@Xé}a§é1ﬁ/cnphenoxy1 napht hoxy,
and the like. "Substituted aryloxy" can or exanpl e substituted

aryl - O gr oupEmbodiment 87. The device of embodiment 86 wherein the material is able to retain
electronic conductivity of at least 10™ for at least 1000 hrs.

Embodiment 83. The device of embodiment 61, wherein the material is applied to an

insulative surface of said device.
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"Al kyl ene oxi de" can be for exanple the group -(Ra-0),,-Rbo where IV
is alkylene and Rb is alkyl or optionally substituted aryl and n is
an int egerWPrZ8W319 6, or from1l to 3. Al kyl ene oxi de F&APBYREPZ7
exanpl e groups based on such as groups as ethyl ene oxides or

propyl ene oxi . ' s@l tyh . f | e.der i . trom
variety of orgéﬁ?%mgﬁtds 9| ?i@re éig‘r'\l?%g%%gor?fi g’?enl?g?f;ml we 1?%%%13?5@3%%%1
and i nclsurfece digaidedyvicd, s&id angiice compiising @thss) Rilich Hoddsdr o carabigatibMthereof.
magnesi um am&gigm t etraal kyl anproni um and the 1ike; and when the
mol ecul e cont EM{edimeptd). dhedaties hodiment §] rwheggin thepglymer gpmprising

I NOTr ganiygy: gl h -0 j ;
05 BB A Sl RAATe EL  Eproon
groups descr i Badodienid)]. pdieyireics ofantiodinkna 61, byhedis theirbgiorggular polythiophene

bstit i.th furth t| ts.tq th | .
Cubet 1 ¢ IF B Y SR B BFRGeLS% G0 tappot 100
whi ch i s, taa@whesinhié bélyinewiich Hoed ndtidusi frist tefbragu¥dr pBlyeHidhhefé SompritkLa

not i ntended for inclusion herein. In such cases, the naxi mum nunber

of such POLISSTSIE RPRLEStYTENG derivativern aelypsthepe, ¢ pplveeraiate: a pplyayriding cadove
descri ptd constrained by a limtation that, for exanple,
substi tﬁogﬁrﬁqﬁwnggoups are linmed to - substituted aryl-(substituted
aryl)-subst it binbodisweyti 92. The deBrerof ambodimdnh 81,atdmwen temparenpdy of tise rasterial is
not intended to include i m SSi substifution patterns (e.g.,

net hyl ﬁ%@gigpd‘t%v '%GFWV§@%6%°%&3§B§%P%Q§H§Hr oxyl group al pha to
ethenylic or R@RUMh@RDS. VRSVt EABIdimMY] dr 6 YhEfeiSthb hfaterial is doped with
substitution patterns are well known to the skilled artisan. All

r ef er encelds Hgues, Bases Epspmbimatomibespy | ncor porated by reference in
their entiret . i4d.).ed i | the foll ow

ref erences i ngt bgdnﬁ}reg@tlﬁc%légfe J“tg %%f%l;rﬁla%@%é}m%g ieﬁlergr%{dg%a’ggésr% Bet fitnt 3 a
her ei n. semigoadidtaulerice, displayrsadeen, pfgectncascrafewideisbeer ovetlicalar wifle screen or
pol yrner ,gol gtnhi ophenes, regioregul ar polythi ophenes, substituted

pol yt hi g%}ﬁ ReS™and OLED, PLED, and PV devices prepared fromthem

and these canEbdodigret 93 THeRlePit@&dcoRitngab eRBEdidlent Y, ¢ hedkin themaldBal is a
2008/ 073149PCT/ US2007/ 015927 present enbodi ments. In reciting a
conducticl‘?@t"tﬂo‘?ryméﬁagﬁ’&ﬁ’éﬁte‘% e nane can al so include derivatives

thereof For exaXBhifhentsy. YA Hi-eﬁae %?Fedg&fé'% LBGldddge Ql%lr%égﬂ é)@%?c@%oxlngléis&jng .

derivatives. El ectrica conductive polyners are descr

The Encycobigtcmidadeyice Pathyanestigriompeisingngobtiyophens congprisinigt €i) at [£890ne
298- 300, . | di ng.. tyl | yv{ p- phenyl . .
oo B PR A X e SRR RE S e sy

her eby itodergpbnibpittnbpadkdbsy. ence in its entirety. This reference al so
descri bes bl epding and CQHPIyneriaation of polynmers, including block
Rabpd

copol ymer for frent 97. Themethodptem§pdimepi s, winergiy saidpoating further comprises

appl i catz: stSRE bhal heR/36d%00 ' 4, 2004 to WIllians et
al . (" HETERSOATO?/I REG OQEGJLXR@I&EYS% ﬁlﬁ%ﬁ%WEDTHI OPHENES) FOR

EL ECTROL UMLNES s teymg|agESttheralescriugd herginbelewappl i cati on serial no.

rof erence i n (RO TR HE Gk a Pl s, a0t Bt DR RAGR oL bups having
pol yner sfrort héo 20 gub@satoras @r fbm IctodiSrearbon atoms, drfeon $ kTR br famand 5, or from
appl I(Cﬁltill'r@ seri %Ensg. 60/6125, 641 fiif:ld(d Se tﬂc_zﬁﬂé?é%004 to WIIlians Met
al . %d&%‘% GPEREE s AxeTpR %Qy%g Wﬁ@m, oty -
PHOTOVOLgAE, i pﬂggyf) 3-%8%1,@5ufy@%e%fyl,%lﬂﬂ‘lﬂe&§l§ USHkcPICTsbgdntyOandlihé R4, 373

filed Septenber  are here y incorporated _by ref'erence I n
their entir et {piiprallygnbiuteds srews caphe fonexsmplefangsionglraseups thahgnay be

figures, g a0fudd i . . | | i erial. no.
117 350, S7ETEI G friRned by gacioh pfvub s PR ERME Ren WEERD
various enbodi nents described herein for hole injection and transport
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WD 2008/ 073149PCT/ US20071015927 1998, Chapter 9, by MCul |l ough etal .,
"Regi oregul ar, Head-to-Tail Coupled Poly(3- alkylthiophene) and its
Deri vat i veWO20§#4Jald? 225- 258 whi ch is hereby incor poratl’é‘&/‘%ﬁ?"m’“lﬁ”
reference in its entirety. This reference al so describes, in chapter
29, "Ele MR o j ; h - ,

whi ch is%lsg?sgby Foy e oRiond! WS Bireleel fFdsthe %h?"??%ﬁ/ ketai alky or
Pol yt hi optikn¥enpgraless substmiiedfvath aidaipsldundtiondRgrmab it may. morSgenericABIbe

1992, 92, .711:. Schopf e I Pol yt hj ophenes: El ectrically Conductive

Pol yner stef it%ﬁsesf”.g&%ﬁ‘;ﬁtjf’%ﬂqéﬁ%t%%@ta’gfso for exanple US Patent Nos.

4,737,557 and'shbft@e®BRyl" can be foPexanifRE &Pal%@r&.@']ﬁ%’ﬁ%%o& ﬁfof_’»,gﬁ@ﬁl"e PRy
y

in, for exanple, "Organic Transistor Sem conductors Kat z et ar.,
Account s! &2, cHshiueats sreciedifrem the/goup gsisting ofalkypcobstitgedelk@sgkoxy,

i ncludin - , i i [ Lhgorporated, by reference in
its enti %{1&&3{9 fed aﬁ(@?y,é%t%ﬂ%}g%%? Sﬁ%g@ Ich e“ﬁ’éﬁ%‘fﬁ% O}fyﬂ,hy(%;B’fﬁex anpl e,

Bl ock Copol yneirgl" cévis for exaniilela Sonbiatent aSHaue Yarbdychosbay o 6to 14
MG at h, Acadeni c, Press,, é97_7. For exanple, this text describes A-B

di bl ock T AJorRt Ravingmsinals ring (e.g nhenyl) or mplgple cordsosedimings (g rraphibyl or
6), and anthABMAi ' : YR : [ ; rm

t he basi gn éﬁﬁbl 5%%?%%%‘5%%5 t pers I r?% % Eﬁﬁg’?‘é‘g‘é%ﬂaﬁdﬁ@@ﬁ@%ﬁ%t &0

Addi t i onattackment ks @ @p efopratic saibor htath. Rpfaned\atyis mphidaplsenst, @aphtisd,rant ek like.

2 no per S RLESl S be P ARl A B 83080 5
Macr onol eptishaidy ftQ@A3 to 26ubslihfdBts 1drIPtiondIgdeski ted subbtitueiB eledted LEGRN) |
vol . 369, June 2, 1994, 387-3(219;Su\lenek e et al., Science, 279, March

20, 1998ZTOYREPISEBREOT Iigxiee bstijuted alkyLalfewry, ssbgitutodalisoxy; akkenyl,
6855- 6865kbsthtlite@tal , = : npeni us
et al., J. StAnge Cﬁgﬁn)\d’ Sélg%ﬁﬁt%gglgﬁ%ﬁyzl%@’ %%g%%gézlwé@%n?gﬁ oW ng
article descriAkexysevehedor exapwpie the grospi'dkdg" avhichyistleds, ewhyof axample,

page 97 f.Rer e Lfed.therein:. "The, Chenm stry of Conducti
bor'yt i oLRebE SoED SEF RO o ARy r MR SR 7 peoipabeiper
2, pagesl-9Bx$dodedyioxg, segnolegylaad theddkgner, including a

pol yt hi ophene,, t he d ee of regioregularity can be, for exanple,
about 90% or ﬁﬁﬁ%lmtﬁgg‘ﬁ@u?a@g@/g’éf*x ethe grouppebstiopdaiy!-fbl e, or

about 99% or ‘ﬁ%&;e’%m@(ﬁr &Qﬂp@ gh@#ﬁ%aﬁrﬁld %tbﬁbh@%ﬁvaﬁ%éa]?ﬁ%&tﬂ%gﬁﬁyg

can be used to neasure the deg regioregularity.
can ari skomy tod earporeatoms.r fioy 1 toxidngatten atams; anfrem il 3@ 16,ronfiom 1 to 5, or from

pol yreri zat4 f L.C: uch as 3-al kyl t hi ophene to
brovi de headoieh st RS el i BARERAG DR R h S shetitiene cBina -
Al t er nat propslsne, iso-poapyleas,i rsleut§lensyy-polyieae m-geatyl @iz, @hylhExye, dodvdilénb,

have a pllsésmgt ef ﬁéﬁ“@t [JK WD 2008/ 073149PCT/ US2007/ 015927 bet ween two
porti ons St HononEt® '€atkheas for exanpl e a bi-thi ophene, providing for

exanpl e regi ongiguyRIcatbt IoF eRdishld %-n bikbrR bo(i pRARIY h?ﬂiﬁ@fl‘r&ﬂg% BRABS -

In particular, substituents which can be used to solubiliz
conduct i #YPHHRe refprably 2ited carthan aloms aud haengdtiessly] andoprefetelly from 1-2

i ncl udi . L0 S . | .as..h rLoat om syst
whi ch | %ﬁ%@%ﬂlﬁ? efamilgﬁ'&%%wgg it @@é@%bwﬁn%aaﬁyﬁ@ﬁﬁ% n-1- Jand The
substitdiets having at |east three carbon atons, or at |east five
carbon atons ,.gﬂt.g‘g&#@ed. M xgd substituents can Ee_used. The )
substituents Can BEHORES! &7 bpEF srapple piensl semas hayingelror 1 to 3 substituents,
subst i t uinépteferablne 6 2 debsHRRER, ééﬁ:@teb‘i’roﬁﬁt'h{a efbup c§ﬁls:i&$ihgbiﬂﬁla§xl2)§§d>@4§ﬁt‘a&dca“

be for exanple al kyl, perhaloal kyl, vinyl, acetylenrc, a
aryl oxy, 3kAx¥yacyle poylaming cacylpry, aning srbatinitedeanyino, antinasiew; galyl, sabstituted aryl,

opt i onal RutRGrusedlSib kv ' g% t hydr.ogen.

Thi ophen@%@ﬁy‘rlrer s cg% Beﬂsﬁéahro \’,\g}ﬂa egﬂ Spo?"g’%"?‘g"’ \%\?r? ﬁx%l’hcérbﬁgﬁbeéﬁgrsof

branches being for exanple nore than three and conpri sing thiophene
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SULFONATI ON AND SULFONATED POLYMERS The af orenenti oned pol yners
can be subjected to sulfonation. Figure 1 illustrates a general.

sul f onat i oWOS8¥&YTE4® or di fferent conducting pol yners arf§THEREYEEYE] i ¢
types of conducting polyners, including those which have a

het er ocyg).i T I [15.00 rticularly
L og Glloddt osiex %ﬁ‘g%vlﬁﬁgémb%“%ﬂ%@&%v. SaGoeRR anl" ng
funct i onsubstithted betedokydlic avithath&peoyiso that anyiygtox®] subktithticH i€ abestached to a vinyl
pol yt hi o(l%hene system For exanple, sone enbodi nents provide a

conposi t§ B??“l‘fﬁtﬁ%)rqa ORGTy wat er sol uble or water dispersible

regi oregul ar i QIQ:% IR /

conprising (i walfxiﬁhedggg;ggﬁgx%%%m C subs ?‘tﬁ)%é#,ﬁag%’ W?;{gﬁexﬁgg&
one sul fE¥aexyEnepwry;andnhe lenpri si ng sul fur bonding directly to the

pol yt hi ophene, : e, o en_a reqior.equl ar, polynmer is

subj ected to ssu lﬁﬁg{%]r??(yt%me]b\é\gﬁ’rfﬁfﬁ?’plg%w&lﬁﬁ W@aﬂ%ﬁ%“ yet called

regi oregul ar ‘Mkylafeeﬁ&l’t_t’ citlbepfds ecample the groap| f(Rﬁ.@)A_Rhwh&eg@M%hédé and
wherein there is an introduction into an organic

known in_fhe art,

nol ecul gko'ﬁ a%ﬁ@Of@PPW@H@@Mer&IS an integer frem 116634 fromh & taed. nAlkiyksne
» . ; i

The pat cog g (oh oF MR efR0Bkel bn MG S0 RARES f Gk nfoes SEATPNER | 0

Al | cock @tdeal .; 6,365,294 to Pintauro et al.; 5,137,991 to Epstein et
al.; and 5, 99 4 to.lto et gl. Additional sulfonpatiqQn nethods are
described in %%E’gcﬁéﬁﬁqrgxﬂglegﬁ'??d m gyvangty gﬁ)ggaglmyfiéleprgamc counter

t hi eno[ 3ods Wt kicephiariee FOindREde, PRIWAPET SamPRIINDY st UsRastilgr, eof |
US2005/ 0124784 Al ; (2) Lee,. B.; Sgssahagri . V. Sgtggi ng, uﬁGﬁas 1Ri ng

Sul f onat @ PR TRERTWRAMaNiuE] tehpalodanayniumgend thelike; andwben the7, 1792,
The sul fgmat.ed.subsdd ; ' |.ous  f. . xanpl e, the
sul f onat ed subgt It uenl%ag%a%]n %lgﬂ?iﬁﬁgéll%da@ Er)%a%% oé‘rng)dt’r‘%%ms%? bﬁlacﬁg%)

subst i t uedtochleridedyilrobmatite, tartrate coesylates bertpta noadeard, exdlate andihe like

sul fonated s il t can . be .n salt formconprjsing a _counterion,
wherein the ggg‘%\"tséﬁ?egrg%ué)ﬁ*gﬁcghgd %’P&%W@"ﬁ%ﬂﬁn@?& %h’ygﬁséng’t‘j‘gfonat ed
subst i t uabgtihcars wich furthaadubstingenes t6 CHERTsEISES @, 28 sﬁ&ﬂﬁﬁ&fdxﬂﬂmvﬁﬂ?%r ein the
counteri ogs x&(é)tna)ri es an organic E»%ic' on_including for exanple al kyl
groups aneeiied FYLETBEP fiet Rostityent phechduitrelipabstigntedinyh p suhshfutadaryln” sal t
f or m COMgabisS bRY afb SRUMED R ind T 3leRif N SEOVLEY MR 8 Berbe
nmetal cation. _Sulfonation of polyners can be carried out by

net hods Skefosestithenthis three. That isgo sal thatreath ofithe dmyedessriptions came cases,

it is deg| t nt.s. of...sulkfonating agent, needed and
the ampagr el oy 3ARHEE uhh Sor BBl S Bhirdids LB BouP e ik 8 C
reduce tsobstibutediatyl-Ghbstitutéd arpl)Restiaded a1gll udi ng t he amount of wor k- up
sol vent such as.lvv?t rL#’o r(%m)ve, for exanpl e excess acid. Sulfonation
is represent &fiH kﬁlj Q¥ CESERRYODS FHPOCBIRBRd( P Mylyde ippesmissihlsrubgitption
and for paakst (Hophanasubdliniad #its Yibro sailips &r RRYHERH agﬁ.a%@&ﬁ& Qor
sul fonation reagent in filmor powder Torm Specialize rocesses can
be used 25&VisBis Maspiwaiion) aSueh impernpissibld substitution pattermsfard welhkioom to the skilled
includi ngsddse of ultrafiltration menbrane filters and use of

conti nuous processes. For exanpl e, pol ythi ophene can be treated
with fum ng ulfeferéncesadsisctibet hereinee héreyeiacaporbied be xefeiehe iakiRittenfrety

about 100 degrees.,cel sius, or ahou t o abqut 100 degrees cel sius,
or about 50 tg%’eggi iﬁ$ mitbﬁa'ag?j’r%"@g%&‘lei‘?%l?é‘{m ?"éﬂﬁﬁﬁ ‘“8@%8“&?6@? thg yarious
cel si us.embd@inNBHCLABIFRESCH USPLAANL] 9] referencesBertR08&cRhg polymers,
sul fonati Mﬁgﬂbe controlled to for exanple about 5%to abou% 9%[‘%

or aboutP? ehErgtorgiar pelythiephsprsysubstisuted polxthénpherrsoend LED, PLED, and
sul f onatpyofevit: t f i ks sol ublized
and/ or di sper gggfelﬁ%\%?ﬁrgmst??%ﬁ%ﬁhg%@ %Eﬁdoe%é&/{?? hé;@?ﬁlggﬁ?%oer nﬂ)%? %@?s
can be treated with ion exchange resins or treated by
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After sulfonation, the sulfonated polynmer can be nodified as
illustrated in for exanple Figure 3. A variety of bases can be used;
exchange oWOR044731d%y of counterions can be used. This RANRMIEIP] n
for exanple (i) neutralizing acid, and/or (ii) tuning the energy
| evel s %%e@d chftltfifkn®! 19 ileH c%ﬁ&ﬁc@i?g BOlvhict domd fafcdah bl Rohiah €5
for exanple nmetal 1on, ammoni"um i on Ing alky and ary
subst i t Wieowdtivepthorshd rﬁmmmpie,(mﬂ)gmoplhdny k:aromCEdypolsthhmhmaﬂea‘datives

i m dazol i ni d ficat
brovi de. bet t SrecselbFridRst ol R A Bt R Kot G eiedy EEpmE e
organic as;alEhgmtegn@J mlegwsmr ]F\I@ésam -SOCRRIcRIding @Wauaykmu@tp ﬁ?enylene)i

N, Ndi et h or mam de |rrethyl acetam de

pyrrol i dio henyigng su ﬁpaepﬁypmltt,@xd delyihpBeye, whivh mlfrr@ebm@rpwe@ er

exanpl e I

oyt | ar e Ber phabteal, s GRERE MR R PRl R B R eflon o
Pol ynerq)omrhéndi&ﬁ%dclb%pa@di&f&l%a@én a varl ety of forms of
appropriate base_.in approprjate quantit

be observed fP 8¢fiterygroykqng| Pﬂjertsfapnlvﬁétﬂab%?lﬁﬂq éﬂfﬁé? ﬁﬂ%éleééﬁph%t2ea4 to
pol ymer . Walllmsetgh?“ﬁﬁmgg@%ﬁgf%é’@g ﬁhfsm!ﬁ d can be varied as

illustrated in for exa phene nononer.
D ners c%i’BSiHTUQ"@@TPHOﬂ?ﬂEN’@) E&WEEE@TR@HNHNHS@NMDBEI@ESS ‘aandds regular

used. s_includ d. to _he tall
CoC e | PpREEn bGLIG T 12354 flteRi e A Hosle hRE b EpPRRH vy sdgfence
for sul figeair etirety inclifling tiy c&fs@{m@d oemacpdlymm, thetﬁgerd@OA:Mrmé clﬁlh@VI des
one position for suI f onati on. nMer  m crostructur

r egi or egul ar ifEgViganal Bi‘tﬁ%tl%@‘%BP?WENW@@ﬂ@%Iﬁ@@W |2692Q96r‘i‘b?3§1héﬁ‘(§ et
accept orgg é@ﬂETPﬁO[KEI@ﬂAICﬁ'\‘EgE@R‘ GO ARFOLE (P8 TBDTEI'T@P}QENE FEOR

conj ugat e sor ption spectra can be used to con 1'rm
that t hé’Pﬁ@TQH@rLTméCﬁEHLSdbpwJS F&gulaexlaﬂpbtmn sshaloopt 1/254, ¥R rfilek S eptanber

into th be .er.s ble in the

el 1 - dopataBarersreby npr e el B HiRrefrRmuetEent b Bt disbfiop petne

pol ymer mbyindds tigeofidur €, Jmaﬂthsy;am;&, and acid content as illustrated in

Flgure6for1l%§HRa|S|ng a particularly inportant forpulation
t

strategy. Ti SO EHARPRE e&t&oai seﬂaltr}%hlfé%n%et% ifprgg etlican ps glsppsed to

of aC| d 50
BTisE e Vafl s tifhodimer O Rbertla ke g ﬁ'géclt’g anartporl %gég

NSO o g J6HOAE INSECRION/FRANSRAR Try AW@W@SE@N&ANMDE&I(EEﬁ”)eAampbie

for 3 N8l Ghicitat f AEO WERRRTR AANE 30 CGPOLIMERR HE SRR |
i s desi rEQILETHOMEENE W TACIMPROVEDELBET IREWI P ESEORBM AN CB) filepMatchn 6,

vary w t@oéhe per cent age of solids. The direct bonding of the
sul f onat ul fur atomto the pol ythi ophene can provide tunability of

band gap str yely#iSphenes can beRoMBPNyRE3IEDpodRRE, i BRE& c%‘pQPyHeI-sy S'yﬁthenc

desired. Both water soluble and water dispersible polynmérs can
used andn¢thodsednping endprdpser qhamtynmxonbeclu&ag régiqyegulapolytidephenes wnh side

f |
Py et or 1 aao s Bl len st TP Rk, Ul BRAE B2 SO lough et aga
Iregl 1(:) rg@lﬂﬁaﬂZpoNﬁnﬂa@mel hﬂ\étmgeaeﬂbgrm&pﬁfatddeg:refe&g% ﬁ:[ﬂrllc_tm/erﬁl‘ﬁret?.t
eas a e 0 en regil Inio ene
et ng. AR destioR et b ioad 1 e sricl TR emidn A Conpiphe "

pol yt hi qm]r%ﬂ@phesmmbﬁkmﬁ%@lmecﬁmgmwtm@ph@% 1I08N90p?§lgesb§1qw and

organ|c substi1 t ut ent conpr|ses at | éast one heteroafonj he organ|c
subst i t UetErncescitgd therdim whidy is heeby insorperatadbymeferenpreingtsleptitelyo phrotier i s

| t
b1t i opiienenegBRASh [ifca 1 BELaKaL ARRERGdrBo oA ES R b (el g1 ¢
t hi ophene, a copol yner conpri sing thlophene units, or a block
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In sonme enbodi ments, sulfonation may also result in substitutent or
si de groups al so conprising sulfonate groups. For exanple, an

aromat i ¢ oWORKesAB149roup in the substituent coul d be sAGTAHaR0EH13927
ADDI TI ONAL EMBODI MENTS FOR POLYMER I n addition, an enbodi nent

for the, ] S QN&

o7 e B8k XTR 1S/ BaTIE, 3481 SELER- SRR RIS |
formul a a(ldy)thio(ah@nc) and its Denmmee;”rpagésdaﬁ—%&, winth Bhateby irguipstatddiiyadference
al kyl, optionally |tut | koxy,. and optigonal ly substituted
arnyoxy R slﬂﬁftésTﬁ r srﬁgqueqa?ﬁ Shebin ShetSaps i PEGE fidronjugated
i ncl ude Pyya Qv ﬁa@@g@y [B4s %nﬁhrﬁgﬁe&bpm%rp&raﬁmg%ﬂeeénwm& lehfitefd

al koxy groups. koxy groups can be in turn optionall
substituted Rebthiephanesayd despriteedy for ewnr&I:,kzoRyncghoh;ﬁtenoRev 1992 YRHBrei n

Eecl?gr b ?)g%(%)f%?!ﬁh?@&iiz e}zjel?ssﬁecr c%ﬂ a']o?% §e< 3})31%%6 Spgpgésrt Egrﬂg\?\’:?é? e?ﬁ R

can be alsblfmblkxyleilﬂt)Béteﬁtmo@m eﬂu&mme 4@99999 or optionally
substituted E))ropyl ene oxi de or other, | ower al kyl eneoxy. units.

Subst i t uent s TELICHE serpicondugion ase Acraribsdyin, fopexanipie, “GreaRiclaampisi oups :
or se&&ﬂau&&saﬁw&ye f12l4 l:é’ouﬁl&llﬁ"bhg MicGPRALS Y, SOE 3&%;?@)9%% 359

exanpl e methylene or” eth ene stituents ’bel'n
opt i onallmll,lufhue)lsagﬁs iﬁSe%IS'!aINhy:hmm isereporated by I'E;fd:remmmx Wts entirety.

pr opyl eneoxy; bsti,tuents can.b o exa I ro |, enyl, o
B Koy BxanBIES BpoIHFR oG Ao incity e R, Blo Copopipesyheriny ohe
subst i t Wil &Ir@éypbebﬂ)asr ahd MRGrAR, Adadkar Ptréhstﬂﬁﬂ hborbs Pl% NS téﬁ
oxygen atom as al koxy henoxy, Wherein the substituent can

char act &escFibes B {hhléwk, 69 hfnARiec AHRYA toblogh eapslymarshenieri G)eangi

Th I

©,3) CORBY;; AP Eaneh eyl o BERTIEASS: ATELCAToALE
exarrpl elmtheaylrésyrhtlmwnbbml or an ethylene glycol, or a propyl ene

I |, 08/ 073149PCT/ [US2 07/01 927
i or opyl ane (R oG oSpot s e iy BOPRena e dResilrd B prad o an
be rmnoétrmcble reealg Syl Mext l“ﬂ%§69}ﬁ€3-&6@tvﬁilﬁﬁls irftofloRitddelere ftkene@in Gl dBFeSy;

and acetates, .triethylen | ye et hers and acetates, and the |ike.
el o et Maerariaifanin 105 Sl R BR Wisant of iy, Sarendanforgy voL 369,

t hr ough rhher qwa%m—ék@%hékﬁwdﬁ bﬁ ;f?@' m'zbem@o 01'90‘?”%@?&‘&{.', .

carbitol, Dowanol nB, phenyl car cel'l'os but'y
car bi t okm. KBaenic. mo, 124, 68 HhedGL LCtetrabIMgdrrpmaleatthSIS‘éxgﬂ 3034 Md) |

met hyl }Peﬂﬁ: n 9? v PnP, Dowanol PPh,

propyl car léb%% éIiléx;‘/‘ir"?cC:;ihreg" \te@ci %Qfﬁ) Iﬁ%ﬁaé@l car bi tol, Dovvanol

DPnP, Dovvano II‘ha'RMowm dntitle d&tﬁbés@bverﬂoym of regiondgulaf Emmgﬁﬁm@ral?page

wel | g\yn énft his art. See fo Sﬁ I;)ONP—serl es and E-ser

gl ycol 1ad zeferences cited therein: e emlstry of Conducting Polythiophenes,” by chhard D.
McCullough, Adv. Mater. 1998, 10, No. 2, pages 93-116. In a regioregular polymer, including a
polythiophene, the degree of regioregularity can be, for example, about 90% or more, or about
95% or more, or about 98% or more, or about 99% or more. Methods known in the art such as,
for example, NMR can be used to measure the degree of regioregularity. Regioregularity can
arise in multiple ways. For example, it can arise from polymerization of asymmetric monomers
such as a 3-alkylthiophene to provide head-to-tail (HT) poly(3-substituted)thiophene.

Alternatively, it can arise from polymerization of monomers which have a plane of symmetry
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The structure shown in (I') can stand al one as a pol yner or it can be
part of a bl ock copolynmer w th another segnent. In Figure 15,
the n val uR'OF898/478d9 pol yners la, Ib, Ic, and 1d can refBEHS2HG0EERT ar
wei ghts known in the art and in references cited herein such as for
exanpl €, pedveen two PORionObf mOnomet sOG% InB1dlaGi- f

la-1d can _beeenf o?gexrgprpf’e 0,0ml, Bg@% .fé%xgngfélanlé]ﬁ%%ﬂregg’fg?\x@gg ?otrﬁgimplc
pol yrer segigreghlor HHeTT amdTTH pély(3asubsiituted aopheees).or exanple 0, 1, 2,
3, or 4, or even, higher ch as.for exanple 6, .11, or 16 (e.g., as .
Found in Car BbRE MRS heBltes Shichgay B2 B508 S sqlipiifrppduchig bebfhcisah side
pol ymer schhids irlchude lalkox Bt d1Ry] incléde 1R ek MpICERMPESS BYHFL8ER el & hefBoat
al kyl, optionall _subgti tu?}éd CI% alekenpyl , and Q%If? I'n tzaiddi tei o?ﬁon\l/
can be fsyftemg Hyderfogerampbpexyaemandynitsegsst in paretlari supstituats hayinglak y

bstit ! b | A t vl
henyl - 5 L cibon iy br arfbagtive AR ome b B bosde M B et rpioe
prop- 1-uskd. Teesubstitydnts dnabe Zoypolaryeiardr VinctiO®il ofgadit sulGitutedtsy | The side group
oct-3-yl, %ct-4-yl Co éﬂ},Fi gure 15, for the poléﬁners la, Ib, Ic,
and |d, 8% Psfefledn subsisyranBathieh can b forexample elkyli pemalonlkylvimgh aceivienic,

e obch T bagi s iviE BiGNG Loy, 396 Mok Ay Dftiondly ARl heiRla

hydr ogeriwigthefoms othgnthpehydsogepl . METHODS OF MAKI NG SULFONATED POLYMERS

Descri bed hergi S r e nethods of ki ng conpesi tipns .and net hod
of using conpqgléﬁh?%enﬁs)o.l or °%“x‘éerﬁg"ir5f?)ap8§§°@ﬁ%6w ’@ﬁf nB'PE iotﬁgganﬁhﬁéﬁlﬁggor
f or makiexgmpleanorp deinthrenaaloeatpriising tiophzhaimmits] Towphérieonthers @atel Ng a
soluble re i.oreggl aé) Eo%ﬁhi Oﬁhen cor‘rpri Si ,n(g at .| east one_organic
subst i { (AT RS for PrATHRS ABMHOPaleset al SAPPIRAPPYSHE LSBrS: 3pHep0, 2003,
Copr | Se2aus2Hehd AMHOTAIASRET USRALL NS e cast one sul f onat ed

y

substituent conprising sul fur bonding direc to the pol ythi ophene
backbone. | n Hstespwickiepolumiprs arepantialartypeefomed. oh pertiowlanl eprgfented sgstem is the

sul furi - ' eagent .i.s.a sul f at onpound; e
react edcpggﬁiflltg %}?e}a’gﬁ%s?\éé’l‘u S g%%%ﬁ?%ﬁi% bp é/g’é?l?hﬁae %L"m- &Q?Wr@%w&‘gd roéga“?ffi
sul f onatfreomPlekiraticd, tras PitlsBUbgh] P inchaidig fogeaaild podythidplend S@5edeoBimers such
sul fonat i gn of aﬁe 1east 0% the r_ealcti ng.results in a degree of

sul f onat®® &% BmBle Flexgare, Vigygoat, gad similprmalrialy, reagent is sul furic
acid, and t hexdoBRE binBHimeRUhdSdes Ret@rod 6l 28nA ' iv8gst
75% the sul fonation réa ent is sﬁlﬁ‘uﬁ;g aI(I:Ji ?t%%ﬁ?ﬂ%@e&g%h%gnha?
resul t s TRgioTegdar. for gxample.flomdasrasof edgicregul iy tanssgbowt P%nbrdessi or abbnat
pol yt hi ggp S ) I | 4 NI ene, hawi degree of
regior egull')}g(?iq{3 gf %I?abgﬁgdoé’assr?géaéb%atbgﬁﬁ/ﬂgﬁggt%@b?gg%g‘ﬁgesls‘esuI ts in a
degree of sulfonation of at |east 50% and wherein the polythi ophene

is areg i i egree of regioregularity
of at |§é§tﬁ§%§tﬁ%§%ﬁwt%ﬁ‘g‘%§e€%2@@‘§m fonati on can be for
exanpl e aboufThé @fdrémentibaed pol PR cArbedBdbted R0l fBnaABAU LI BR% i11QétraAaqut
50%to 90% The acid val ue or acid nunber ;gghK g polyner) can

be adaptBERerflonifanatiop sthemedfprdifiengnt conduabiag pelymessant heterbyslic tads ofy
KOH' g pebXdlRfing £6] ; ; {
o about 05 ne AP Socplink AT RHLREark {Bk i el BOIB as SN SR T o0
pol ymer SiTRiigne partiselatlp dimitet but oo bp éiriekample p gropperichptovidesa dohubilizing
exanpl e i as.651 ng KOH g solid. A solution formul ated
for, forfsaeégggrg‘lm\ep{?asé{rffy rLa“faoﬁ‘ﬁl ication can have an acid value of for

exanpl e abouFigre? illustedien s pddytBiopBenéGhiters. Fbrlexa@blet dofft enfodMROttpride a
ng to about Q. H L %Jilbiti on. The pH of the fornul ation
Ll

6 rgg] KOH g . ) ) ,
can be F8PPRIBGRIORGISEEE 2 aleh oYfUTater dispersiioiggiopegplar polyihénphers: 0,
or about 2.3 to about 2.7. This can be less acidic than a variety of
conpetitive materials such as for exanple Baytron A14083 which
exhibits a pH of about 1.7 and CH8000 which exhibits a pH of about
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The condhcting pol ymer and pol yt hi ophene conpositions, uIFonated as
descri bed above, can be fornul ated and bl ended by net hods known in

the art toWMORWEN8®rs including, for exanple, varying AA&SIMNBURPY of
the conponents, varying conbinations of different structural types,

honl i oG B KR8 GASELEREm ol Ch ST S BRI WBstvent |

condi t i omsnprisiigRglfistitohding diredilyns fhcpalytigsphere baetlsoneand t he I i ke.

Forrmul ations for specific applications in hale  injection techngl ogy
are particul aV¥hsn 3 egoFeealar polymer is subjgcted tafulfengtion dhepnbnsricamposifiiifap be
IS not kARl Wi ase separation and forns

functi oﬁ%?l y us%]&%,gﬂg o ni ca#’%osggt]abl e filnms which can function as

a hol e i nj ectSublonitiopes gen@raﬂip&nmhhmtm amdeheamiethereasan introddndionirito arSer@anic
for exanple at ept . Nos, 4,387, 18 5,706; .4, 485, 031,

4. 895, 6130 egIEBEaG e Giberoiyor s s, o8 Sumeessh SR BPR Bbemied o
not haVGcaEKbnbﬂ'tHBcﬁr? Rokh@8 dBxarkpiks iR iR patehi litelaBié |nkivae %ﬁ@xﬂﬂﬂe%@bﬂt@t
to provide useful tunction, particularly in thin filmformsuch a

for exandP-&. 2486010 Alleork ef 8l Spi951294 troPintaurot el h?g 998t Eprieingial ; and
i ncl ude £643U5d4qP ylepRd] 1t9>fn asui%r%%ﬁﬁ{% gﬁgar‘é%s@%éd B%rgé%@ﬁ?fér(lf%&ﬂﬁé

in neutral "dr oxidized |S|nte rated 1 nto nanosize S
(t ypi cal GyAfSubsiituted shiemp[ hé%dﬂ\@@hemfpo}yawmmtemod)of miaking amdlmnhermfal

Dol (w1 n 2 PR LT b el Y 1 850t G A Rie SRl et o

bl ends ms]qmlﬂﬁné);m M1y, ofo. i | mfor m ng subm cronic particles
of stable _éger matri x solutions. Filnms can be prepared and

anal yzed f or spifenatad subsjituspt &9ibe i wagioup §orms. For expmplenihg sylfanaiedi on,
a matri Xsu%a{maﬂ@mbmramﬁ%m%ﬁth\e@hﬁ@a&@ Reifle pefaaﬂ%eammsﬁr@ &ﬁprfsmga
ation (0]

properties, such anari Z e Injection or
t r anspor ¢oubhieyien;or tlﬁwlfmmﬂ subst oo cearite, in Baicfor nmgpr}mllmmuntengn agentis the

when bl end hol t f | te th

ormati cpuaeriph btudbes page ethEE ot R sSRGRSR L G birm i, py

devi ce. ddmpaisinlg aadoattetien, shktel tBe bdhntdﬂ@n%@rhﬁﬁé%ﬁ aft Bigghnib gatu?‘iﬁﬁlc]:clﬁdingiibm y
rr se 0 or

the HIL s he planr|2|n agent

exanpl e, ’émﬁgq lﬁl s g a&ﬁ%Pfg IgatelhOa@eawf%ﬁﬁéﬁ%t%wﬁ@rsagm Goanprising
pol y( sty ef@lerioh, m,lre,iﬁ ak%@mwommp\ﬁeésla\&ﬁaaa gy (vinyl acetate) or

its derivatives, pol y(fet hyl ene I ycol) or its derivatives,

pol y( et hyl enes%'@ﬂ%tiqw’l Pa]d@tcéﬁt‘-‘@yi e pastied enp by distidn kyover injthesartiesing sl fonasion
|
(e. g, gi%%r : ] Slng}q{ 9«%5 ﬂjlé g&ﬂ?vl?% I“éh\?ﬁ% li)ea&?c{‘u% asgo)rf)sll’llfcﬁlgi iNg & eH%lrleeded and

pyr|d|n |va ‘ives
deri vat i thegmopglo§ edrlmm heegled. ylnan:m)y cases] it & dd@rabledt radase thh/bmemge:lﬁ eoek-lyy

L& Gt RS RS SRR s b R Bt
i socyanaacaﬁ SutfoRyi e repieselted inFodiresddnac i mﬁetmgﬁa%@eﬁmg @nﬂm =

al kyl , ){ or alkyl/aryl functionalities and R =
F, OH, )étblophwam rerticalanePolid pokymerican be added ﬁesulfgnatmamgnt imfilm ArrRP

The for bl et wam e ahBa oS ordae! ARS8y M Ric S AR g o 17

i nvent i owlrafiliretiqn iaclading bsqpfaaymﬁitraamd mdndrinel fdteisrnd osd mfrconmmoommtesses
could be repr ) h .C r.th [ ai ns nent. and
a non- conj ugafegyégég ?’(@é%y%]v{? i gg&%ﬁﬁ%&%@ iwdtﬁ%?]ﬁlg Sgﬁ?ﬁ‘i agjd at%gg?ﬁ?éﬁmes of
dFS cr |b befbr b:emqﬂ«ﬂabout 0 to abbott ltd(lld‘&gﬂeéb?/@mﬂsgﬁh abbite22pb atstfut llb(llﬂ MGgry ﬁél&m& ah
al so be it cu at is soluble in the
appl i cat? SHP@}P\?@&W 10%3?@%55"8%0@6%@5&526@5%3 Bifoval of the

solvent. It may possess al kyl, aryl, or functional alkyl or aryl
character. In addition to facilitating the providing of a
snooth surface to the H L |ayer, the matri x conponent or
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Surfactants can be used including for exanple ionic and non-ionic
surfactants, as well as polynmer surfactants, fluorinated surfactants,
and i ononeWe. 200843 BY08/ 073149PCT/ US2007/ 015927 REGTALS 213991

i nks can be dispersed and/or dissolved by any nmethod known in the art

i ncludi ng for,exanpl e. sqgni cation. | f desired, the forpulatjon
can be fornu ILFQ? éﬁfg"n?%(’fi SH&S‘EPE‘Q“ ﬁ%nges?opﬁﬂlileﬁid" S pnpigaPe, %p{? ‘8@8&5%% or
crossl i nkeg 1994 fdGbot 8% ©hbBR2 5B labolt s 9d1 O s S f68MoM Propp@tes, the
crosslinki ng. Preferred enbodi ments i nclude for exanpl e a

coat i ng seléensésdineldirophsnp is sofubljzed anyl/ondispersed(imfhestrang anid.sol ubl e or

wat er - di sper s} i .oRph risl I | east
one organic Z{J‘géglt??dé ﬁ%ﬁ%?ﬁ%#%%%%%%ﬂ@%ﬁ&%ﬁé&% F#Szdﬁ%? ggi%%%;st i tuent
conpr i siultgafdwationr bondi ng directly to the pol yt hi ophene backbone, and
(C a synthetic yner different from (B); optionally further
conprising af-fif E}%ﬂeﬂ%ﬂwpkf@?ﬂ%ﬁmmq&%@me Apt assifligrated 16?‘5&%‘?&1’16
CO- SOl Ve BNANAKBy P Badte L& He tﬁ@@,ié%haﬂée dd Gaied < £ObGRRIns ERARL JsBE This

wei ght anbunt of thé organic co-solvent; or further conprising a
second wpmrdselt incfopotample (Ithedufralizing acid, end/¢mR)i) amihg(tD) enevgydpedlsandhalering of
synt het i | yoer . i.s. apwat er 1,59l uble pol r: .or_wherein the, :

synt het i RIeSGH abHRy EiERee 3 Rstietes forsample petal Sop, rmopiyy op Sinsldige aliy
in the sinderysudfituted), phbstionivmn foRgalsdrlkyltor afyl §Jb§tit%téﬂ{,ﬁ&ﬁ{diaﬁliﬂﬁir¢’,”er (O
is at least three tinmes the anount of the regioregular polythiophene
(B); whdPerqliniue andxarelipim: Aoditicrting eancaliparrgyide b% sqhability inclyding for ve
tinmes t i | i ; J

the. AL e A el s K AP aptBh g B B R
Wt . % t o dipetbylfamamidedDM I NNe-dpeahyl aeetarhide (DVAC), afnetity] pirrqlidjnoasn (NMP),
(O or,a f her i Sj .an organi ¢ cqa-selvent .. wherein the
wel gt SRR PR SR 1RE RERG el SPPSE Mt W foR faton e

or gani ¢ solfersiohse i an alkydfagyl sulfdhateasietWhich toudld Be Sirthehabbttuted! Folghers €in be

is at |east hgreg times the ampunt of the regi oregul ar, pol yt hi ophene
(B), andiaeaxﬂ‘P& ¥ addifen %ﬁ%mﬁ‘tetycﬂ’ P é@?%?%"’éilgaé? ”b‘%ﬂpﬁpﬁﬁg’ﬁ%fﬁﬁl%ow :
(B) is %Q&H,Eﬂéﬁ i b&BBservad A i Miftid 3 B the aﬁs%?pgir%ﬁ bf {ne cﬁgﬁgﬁgﬁﬁlpﬂwu nt

of (B) and Addi tional enbodi nments _nateri
pol yner st hatThe &meloé pelompetiioths sulfienatedrcambavarisd ai Hbistated inffor exemaleHigyre 4

ol y(vi i di ol v{vinyl alcohol,) whigh_is, 88%%.
Poat ol y At B SfiRshe moRGmt hoR A b 40 i BERE Bk Sl dimers can
po: yE i- dmmycltchrﬁ)«dmlpﬂag irefuelttosp mrzmee HHlor @mi (ﬁcalﬂ(ﬂ() dcaﬁQtlaﬁftt_)’ gcxﬂﬂl%)spectivelly)
pol y(1-vin rol i done- co-vinyl acetate), poly(acrylam deco-acrylic
aci d), 68}1}3}/5‘? g‘%ﬁﬁ‘ﬁ%‘“ﬁ?@b@}eﬁ%‘ﬂ,& aRsnyfps Sd‘?f%”éatt’é’? di sper si on,
pol y(styreneis aprEded 2apbairchd RRIRSR pHviRE on@ﬁsﬂs}f{oﬁ-ﬁ(xi SMMbnation.

phenol ) - co- PMMA, pol y(vi nyl acetat€-co-butyl mnal eate-co-1sobonyl
acryl ate), pdihgpalychrigsosuevrrand segloregiidith st pravide pelywers whereis one
cases, tj Ay ol ot provide as good results as
Coher” manemRaachol B s bl OF LERMAE B O 8627 I'n anot her
enbodi ment, Shldomtibh camabecbrioohgdver the seutiabsmijugattd polydiesper sed i n
water, or a m,xture of water and a er,so] ubl.e or,gani¢ solyent, o
an organi c sgqb\si%rﬁ{“.m iﬁS?‘f%??&ﬁ%‘?eda‘a&&?‘f%tB?* t#%ﬁ‘#?ﬂ?‘égf‘*gh‘g%ﬁg‘b ONfXIBRC:
i n i ncl uliohgtidnwan ext@ndint @e 58&eIRA type of pol ymer. The

conpositions_can conprise a first saolvent and a second sol vent. For

exanpl e, t he Thf palymssicar he very stable inhesel-dpppdistate asdlusiated dn Fignee S afhde
an organy Toll ] t l. c

o 092l e bl ZASSD M EEP R PR o
appl i catptbrRaisipg pld e paati@darlyompodam farmutrtion steategy. Jitoioanhd adutylization can

el i m nat f] solvenpt ..or .elimnate or. sub ially elimnate

the sect) 3&21%1\9%%%‘3% SPE?%‘% ?Q?éengfpﬁnh’ﬁ? at(elﬁ t&\i?’&ﬁa%g%lf gt gﬁtghé"g

first solvent to second sol vent can range fromfor exanple 100 parts
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Al so provided is a coated substrate conprising: a solid surface, a
coating disposed on the surface, wherein the coating conprises a
conposi t i oWOEeN731dP ng: a wat er sol ubl e, water di sper siBUTES2¢7/04E%er
swel | abl e regi oregul ar pol yt hi ophene conprising (i) at |east one

conpr i oi AR pHENae 1P fod s NaBiy ik SARE, QR API6RH DO PR E S8l dsiiiing for
Sur f a;:esexam@feull() g NGDHR sulids (OR¥oaiBs0int@lNaOHA ©Hds. B W6 .calrbé for example
exanpl e,

he_ solid suyrf can be for example an_el ectrode jncluding
atr ansp]a% é%%~8,eqfég‘%tp§éeraiﬁw-§-s&Iﬁmwasqss 1 sgiesigble torbe less peidisghandhe be
a |'ight EEpOTIPRS RAkHICEH aY By Yith | ayer. The
thi ckness of the coati nlgsg gan tl).}é%to?he a(%gfag@gﬁ%?%to 5 mcrons, 10 nm
to 1 mcron, DB dimeeitbondiog of thasulfmasGulfumatdm @66 polythidphenaksalpraddes ent
may be pr at . JIhe coating may be crosslinked or patterned. WO
2008/ 073@%@@P6§5@ﬁ?5 7 Al so provided i s a coated

substrate coOrMpmaaBgkes,(@dbd disp@bibBitid Gbae8. BaMH WlerdoRBRIAnA ;:Jva%ieir aRpasdie
e

thereon conprising (B) a water soluble or water-dispersib

r egi or egRAlERETp EAn e Hseh Achia meagistagresgt mpy neftbe thes gnpastant for perfireance
substi tqggggj [ I t sul f onat ed substituent conprising
sul fur bon ?eﬁg{kﬂﬁoé%%%rlfﬁsoat é‘"’%@?ﬂ}'t hi ophene backbone, and (C) a

synt heti ¢ polBreferredierhiosiimmerits fnclude (dB)exartirle flepeby/thisgent isiarefb mfguand OPV
applicati . can be .used. For.exanple,  the solid surface can be for
el o BpioBRGhe BAURE A ores TycorEuAL A BN ot Dl aehieserat am
tin oxi degio te@lapolyBficpHeAdhdien ddggéatof?ég]dr&gu%tp@fém@agt 4bBUEIReA thed :

hol e transport layer. The thickness of the coating can be for exanple
5 nm t o Blythiephsng is waersoluble; therrobythiaphensisrdepeds tlBOBLamg substitaentrdomptises at
250 rimResidupl V. JIRY . i i be .
crossli n_ﬁed or pé?%@bh@ggr S%R%Sﬁgﬁ’iaﬁké’ IS}gr{) F%a ltsggsﬁ]?%ét’%ée[%o%hmphene
known i nis gheltamadtinganpdemes ée povtidogirnais@repared fRass bitidogizhé @oNOME; Ghérein

be carried gut.to farm nanostructure aor mcrostructures,. on the _
sur f ace.t'Iaie P((ﬁyﬁ“qﬁ?’ﬂﬁ‘? %OIBP gogst aé%zﬂﬁ?‘*ﬁawaolmﬁf e0tsing thiophene units, or
f 1 exogr agblyck dopblydier @drﬁ[ﬁ-%gingi@ietast' dnk BREK %Myth%ﬁéﬂé! fhe pBSthiopAEASS!

| it hography, screen, and in inti e surfacé can be the

et CPri nt 1 ng.
sur f ace GprastergRiRyAdegies of ﬁ'é{‘%%gwf@bwﬂ O to ehiputioN %y the polyiopheneis

Substr at&&aﬁﬁﬂzé&%}%e%@ﬂf&n%&{ éﬂb&ﬂ.ﬁ}y‘%éﬁ&ﬂ lo§%;: m%:ﬁ%gﬁﬁ'%h%ﬁe s hter
be for exanple plastic, glass, netals, including Sitve fd gol d.
FI LVS Anplub@athenclythinphepRBRERToESymer, and vherehi the ongaen tubstitutenhis ahlalkoxy

system i rJ i can.be applied spi asting, drop,castin
i b cont AP A S e GBI GReRR wafehsoliy® ol BB Bl o e o
pri nt i ngform témprsinger touhienign, veterdily th chirsdnRiomProGReSeni 7%611;%3@{@%@,
ink jet inting is described in US Patent No. 6,682,175 to O suka
and in rﬁ’ﬁ?ﬁf@w}é@?‘eéﬁW%tefﬁﬁshibiwd%‘}@ieésvﬂe&m thegolyftgopheae is3 regia praylery 2,
1998, p3@eshi i b S ' .l f an
HI L system lélg%l%ggg%ﬁlg%/? g%%e%ﬁégg?fg‘g%?g? Tf_bltggar?%%g{_%(t%’%d?&fkaﬁh?n
t hi ckneswlxthippheng s i apidtfeint Keswateraniybleer fwatamdabasibleg0 Iytinoptenea boi e if
gm In qg@sgﬁﬁ{ed?éﬁhogqipgr&mertg%igﬁ%%Tess can be about 10 nmto about 500
Icu u

nm and nore par arly, %90 nmto about 100 nm Good surface

snoot hness aritheipalyatef edn bl copvearred td fils formeyiniaisds &Rbwn RN SEfor
FABRI CATth]\l AND .TES;[' NG . . .
characterization of for example UV-Vis-NIR properties and electrochemistry for the tuning of

energy levels including HOMO and LUMO. Stability can be examined.
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WD 2008/ 073149PCT/ US2007/ 015927 Vari ous devices can be
fabricated in many cases using nmultilayered structures which can be
prepared bWOXWSERHEAP| e sol ution or vacuum processi ng, HS/WREP7/05927
printing and patterning processes. In particular, use of the

Crbod Tent S, 5GBSRl FELL BN TR

Layers, mmprishﬂgeurfasrmrtsgonﬁs Fay eqample, es peaiatiy et phenyllgloupdh theGubdituent could
applicatjon | nc ude hol e injection |ayer for OLEDs, PLEDs,

phot ovol ¥&iHoR¢d s super capaci tors, cation transducers, drug

rel ease, electrochronics, sensors, FETs, actuators, and nenbranes.
Anot herd@g%@l cation is as an el ectrode nodifier including an

el ectro BION AL EMBOBEMBN@&FQR POBYMER f ect t ransi st or (CFETS)

or i nt ed ol et Parg b gh B Rr RabBfist iR i nbtibitHEA «EribaetRss ™

For exangbéuce pﬂ@dr@tealsnmmedts\omﬁsp@ﬁﬂermamm &ntHéQeﬁéienf%ﬂ by lférﬁﬁﬂar@)t ed
in for exanple Figure 7. The devices can conprise, for exanple,

mul ti-layer structures including for exanple an anode such as I TO on
gl ass or PET; a hole ingrection layer; a P/ N bulk heterojunction

| ayer; a conditioning Jayer such as LiF;, and a cathode such as for
exanple Ca, A, Devi ces can be adapted to allow for current

density versus asurement s. Simlarly, OLED devices
are known int illustrated in for exanple Figure 9. The
devi ces can r f prexanple, multi-layer structures including

for exanf)l e an nod% sucdh as I TO on glass or PET or PEN;, a hole
injection layer; an electrolum nescent |ayer such as a polyner |ayer;
a conditioning layer such as LiF, and a cathode such as for exanple

Ca, Al, or BawhereinR cal/®t bﬂ%akﬁ@lﬁ@htﬁ&d%h%@%ﬁoxﬁﬁ? siRtikeRAIKoRy, and
fabri cate devj ce i ncl Udh@,‘g for exa OPV devi ces. Met hods

known i nPRtiqgal rSP Hitpieharylpxyq Examplenef substigientsiorfhe epticapk substisuiiap inelude
lifeti E?&g}%ﬂ L §ddlﬂ@ﬂa‘}'9ﬁ1c¢n9ﬂy ﬁfﬁ?tmegm% Pgrtoﬁ]?‘k[ m%ﬁoﬁ%ﬁ%é&g be

and 4, 53 5 Conduct1 ng pol yners
descri beid tam opwaélxauh;n@twmmmmm@@cm @4lkot P Groaps] ob, 401 827

(Carrbrldge D| T, e raft.

"El ectrol uni nescég%%{ %ﬁg é’&gé%fu;?ﬁ%et?@d? af ﬂ’&d‘?’o%iapﬁrét?"gmf’ fanpepry
Li ght, " exameie hy@vam, phemtyl oEﬁllkoxyIQ%ps o/, 402-428, including device
architecture, physjical  princi sol ution proceSS|n
nul tilayeri nd”tp%%(’éhcf@ bgﬂEF‘% BfY %gqﬂgteg)ﬂ:hyﬁgg Pide AroRtigR#HY sybstigited whi ch
i's her ebp{'ot)}ﬂ&ﬁrdmfe%ﬁ'%ﬂwﬂbv@é@ﬁlﬁﬁl@ﬁ%ﬁy 'uﬁ‘it§ ts%bﬁﬂﬁén'i be for ex I!rlb ﬂg& oxyl,
emtters known in the art and commercially available can eus cf

i ncl udi ridendr PrAlkoxy @FPSAtng pol yners as wel | as organl c nol ecul es,

Aot can oy e Rearbe BN BplAIS stk MR R R e Rl e Pl
2008/ 07311&9%%291%@&)5 eﬁhmqmoﬁhldy subltittited BlkaendxkisudARY cthiplensidyass

of such o ni c el o um n ncl ude; (1)

pol y( p- pHERGTERE \W ﬂté)c ﬁ?}lﬁ’ Xﬁé@iy\ié’ ibiss@lkosY-ed at vari ous
positions on Etxtaﬁxplbbeﬂvére@ﬁawfpﬂnqii%ne 15. (ii) poly(p-phenylene
vinylene) and its derivatives s

stituted at various positions on the
vi nyl ene noi epgddition, the SUPfitWtyntﬂﬂlgv(fbuﬁMbehekemtﬂweéﬁephmnuyamgxygen

derivatiyN&gs as %l??ijt gﬁ-‘@ﬁiox@t wﬂé&h%suﬂ%lﬁﬁén't e axlaagn e:a%n }lncec%%—emsmgmg

and al so subs at various posi on t e vin € nol e
(iv) polaigodeldrahenoti mspecime)y, Wc@i@hblh@rum;ﬂqem’a@'hm siistinched, ahd em

as napht e th C , | ene, .t hi enyl ene, qxadi azol e, and the
kor L B3 ARG AE NS o (e Sty RS TRe e e or e s an
aryl ene aitey abﬁh(ﬂ,Sorlaﬂ eftiylene @B@Ul?or SpdpAckd dlyanak bﬁleh@w&ewgﬂ bidlents
at various positions on the aryl ene;
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(vi) derivatives of poly(arylene vinylene), where the aryl ene nay be
as in (iv) above, and additionally have substituents at various

posi ti ons W WOTF4PY| ene; (vii) derivatives of BAYYREPIEHe
vi nyl ene), where the arylene may be as in (iv) above, and

ddit b i it th
e BB By L OB SR AR RRE R B Ao Hep
((:0) pol ynethas afd a(tbl}atee detityleyd gipeo] etheg raitwg&talt@u@lhthgﬁené @@sa etHbrs(dn\zl}apete)ltes,
\' | n-conj ugat.e | goner s I X
pol yp- ph%“ﬁ)}ﬁ ﬂ%" g%‘ﬁ‘“?fmé OE@F ét"(‘f’@%}ég@dﬁé’t"g? i%é}ée @tOPbﬁﬁfmgéhﬁ?B&h é"F@?ﬁEeﬂ
th .
015, ST SO St DRI 000 SAKATEl LA R
where t riultﬂrcyllmberwyltmrmtub @omncdtméé disotnaylleatbirlob2ecthyiheyt alcatod, methyl

furyl ene thle z the |ike: and hei.r .deriva |
subst i t UPLRYTYCEp a'g%% g’ﬁ%'h% eg%‘?’%otﬁéh Ty garbitol, hexyl

co- pol yr@hyhéxyl @rblﬂﬂﬂDszﬁﬁﬁBPﬁPlebvé’a%ot’imembﬂi yI(catbithh, DowAas . um&eed
ollgoners (XII) ponqU|noI|ne and |ts derivatives;

(xiii) CI@I%PWIL‘WDF}@ et n%qeu fﬁ@cww DOPhRssries aed Evbriesilyrobethers
S kb ?n:l;lhgl Iﬁcm‘fe%?@v rigi %‘h ﬁa%y?réﬁh% uf:toggge %g{a%og(e

sol ubility;

pol y( p- plepolyheneitR afiethaneghémst hi azol e)

ol henyl obi soxazol e
Dol b bheny| REIBIELHARE RS 50165 PN fandh o ded kg refest molpglar weights

2008/ 073&&%@4%341@%&7&3 c:1ted heFiEhRh %§ﬂ>r @iﬁl‘?ﬂ?& ®5€M9 Gl %50 — 1 000
pol ymers include SUVATION Light Emtti n? ynmers (“LEPS") that €mt
qr

green, red, Hné’egur@}5\mﬁn‘éalmet@hia-@rca@he eﬁmlbﬂelsor%opolyrrers
derivatives, gaﬁé&éiﬁ%&%héﬁag@%mﬁmc it LS A e AYRLLRR 1,2, 3,

from Sumati o rs 1’nCl ude pdl yspi rof 'uorene-

pol ymner soraly ar ¢vab hightr sooh ﬁbfor exan@lgé,nilcorIeénte @g as fonhd irsC4sdlhx PEG 350, 550,
Fr ankf ur Ger many (now owned by Merck). Al ternatively, rather
t han pol‘{ﬁr% smal | organic nol ecules that emt by fluorescence or

by phosphoresg D5} forSBE Mlyaers 14)6b, qe GAdIE Yol Ak oY ABnPREGE erl B3
Exanpl es of small-nol ecul e Oﬁ?am c el ectrol’'um nescent nateria

i ncl ude: al‘(ﬂ)"ﬂ@ﬂ%‘b@ﬂhi}tﬂ%@(% Orrdkaniaeed aryl. Jriaddition, Al epn;befor ey(axnple
1,3-b 0] 8

13-k Llsgr(l\}g%rggh f@}@ﬁ(é&%ﬁlﬁ A O@%} «g}atféné‘quﬁzagﬂ?@h Sif1 h &y Bty 1{ hlob, butyl,
bi s( 2- mehehyl oayhydphmqu Wilteratimely oY cart benfonenampl{adydrogen, methyl, ethyl, prop-1-yl,

bi s( hydr,oxy.b

o1 o(d pHEAI Ts bh Brsmah ahis S bbeet L oram artrsat! - (Y1)

aryl am ne- sulis Figues B3] fehithé yolyhak ¥4, @) 4c, (aH@m amaa@)u inde endeﬁw&nnﬁlsme&éd
and s_rraetlﬁonggculeaélgaterlals are well known in the ar are

descri b AYdPE ¥, Proyided %tonlwe%RéMdB@ﬁmé@mledﬂt@dMcanbe
VanSl| ykegaciefgh gée‘ﬁd%l,caﬂ be kethyDhddaey can'%ehy&@gen %%ﬁﬁ{ﬁl@?&? S Gin be

Kl uwer Academ c Press, Dordrécht (1991) mpl es evl ces
i ncl ude;methyl.

METHODS OF MAKING SULFONATED POLYMERS

Described herein also are methods of making compositions and methods of using
compositions. For example, one embodiment provides a method for making a composition
according to claim 1 comprising: reacting a soluble regioregular polythiophene comprising at

least one organic substituent with a sulfonation reagent so that the polythiophene comprises at
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1) Hole injection in OLEDs including PLEDs and SMOLEDs; for exanpl e,
for HL in PLED, all classes of conjugated polyneric emtters where
t he conj ug‘é’ﬂ’@?ﬁm?’i&;‘&l ves carbon or silicon atons can b&@GT§E30EEP2H L
in SMOLED, the follow ng are exanples: SMOLED containing fluorescent

em Ut er S, MR GR0E AR e&gﬁﬂggsgl%@gﬂ@g FIR dule8ifsPro (R phiene ne

conpri sing one or nore organic i on
and SMOlHaEkbonheheptfeaed ambd:dlmeﬂne,ahﬂ aulfoaytn ré@eﬂn@ﬂﬁeﬁx&e deifly theswfonetidron

I e rocessin t hodol Qg In addltlon
ot hor  oxEMSTES SHEHBARTPIAE: e AN PEIP Bt GORFa: e e3P UpFRIS 1
sem condiéetRiof Qﬂﬁfﬁ%m ieaﬁ" 1 b%' Hw%g%h @it 1h ght @Bit Sl 108t bF &t le

where the H L is used to nodi fy charge ?nj ection as an fectro
in 2) HVe texreactogirennlts yeedegios oORIfonatiyn cﬁ‘raahn&iIT’S%aﬁ"ersu%nahm reagent is

transi st ne | c at i, on
of 1t r anciifpy g oA MGeocBl oy ing tefel Bl Br QR EATERT 20 B SuRAkhch
transi stredgent i6 bul€iicerclday®t the PeadtinpaBalts 08 deg¥e of sulfonation of at least 75%, and

2008/ 07314 9PCT/ US 007/015927 7) Chem cal sensor where nodification of

dopi ng 1Y8RFEsin the polythiaphene i aregis ramudas pplythienheas having ajrgrdeof ragipregularity of
sensed vutiéasttaheut%m@uﬁa th\é‘%caléﬁh%f@?ﬁlts ade O{?f@%ﬁb %n OF aRBR Rg/g}a&,}fe

| ayers can be used i'n OPV dev oto al ¢ devi ces can

pr epar edwhgrgin ﬂp‘h@!)@b@hme iy zrpgiogegbarpolyshioghehebdvargentegrte oif vepidrogdarity of
m xed w %f etﬁ%l e conducting polynmers as described in for
exanpl e U 5,454,880 (Univ. Cal.); 6,812,399; and

6, 933, 436 Cornwaegret efdulforfioiRbebe B Sxamde ﬁwﬁslm&@&muﬁlﬁm@, lok attut 30% to
encapsul ating materials can be used. OLED MEASUREMENTS Met hods

known i rEPPHe Vg o byt R0 1e 80F%t 0 measure OLED paraneters. For exanpl e,

oSS L A e e o b MO A

exanpl e babeant bedor exagipbasbost 250 mg KOH/g polymer, or about 50 to about 250 mg KOH/g
polymer, or about 75 to about 200 mg KOH/g polymer, or about 100 to about 150 mg KOH/g
polymer. This can be less than competitive polymers such as for example CH8000 which has
651 mg KOH/g solid. A solution formulated for, for example, an HIL application can have an
acid value of for example about 0.1 to about 0.8 mg KOH/ g HIL solution, or about 0.2 mg to
about 0.6 mg KOH/g HIL solution.

The pH of the formulation can be for example greater than about 2, or about 2.0 to about

3.0, or about 2.3 to about 2.7. This can be less acidic than a variety of competitive materials
such as for example Baytron AI4083 which exhibits a pH of about 1.7 and CH8000 which

exhibits a pH of about 1.3,

FORMULATION AND BLENDING

The conducting polymer and polythiophene compositions, sulfonated as described above,
can be formulated and blended by methods known in the art to formulators including, for
example, varying the amounts of the components, varying combinations of different structural

types, use of different mixing conditions, using different solvents, applying different film
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Bri ght ness can be, for exanple, at least 250 cd/nR2, or at |east 500

cd/n2, or at |east 750 n2, or at |east 1,000 cd/n®. Efficiency
can be, foWOBRRIPH® at | east 0.25 Cd/ A or at |east 0.FAF/EFPOE01YE7 at
| east 0.60 Cd/ A, or at least 0.70 Cd/ A, or at Ieast 1.00 Cd/ A, or at

| t | .00
| cast 10796 Ghp £ohiTons 6L Pt S MmBhods SRR UE iRt
hour s angpedifinapdicatians irehalefijetiontechedsdy Dpditieiialy idipoRint) east 100

hours, or at t .about 900 ur.s, .or at_|east 000 hours, or at
| east 1100 h 3’? "Srﬁa%ﬁe ?%%@PE@ e%a%ch&ra?te%e%|bé§§fesavw@3wﬁwar§non

Conbi nat dndfemef fuldtio8iIlynassi, Iﬁcﬁma@@%zmﬂk thcﬁ%hﬁﬁn@ﬁ(%h 26 REdinRxesh

For exanple, brightness can be at |éast 1, I Cl ency can
be at | da¥y: Compatizle Mendsre knovein te &E'arﬁebefoacmh@é&sUSJPmoNha&ﬁé? 187,

| east 2 u t RV, NT d
known in ?ﬁé@f%aﬁ%gﬁbgtsgg g?tz‘o%ggij{%&? %%%y patsbig/gffﬁgs do
val ues (nubhavelo be atiscide blendsehanpd wiffediedtloasik ePand@kabid to pRAsde vhefuPfundtion,
| east 8, Or§t§I|GSt or at |l east 10, or at least 1 or at |east

52 e ety ly B T B1% GPmCRER 5 BF SESTHIe P08 210 i abost 106y JBleRdigs ( o
bout 1

o, ROt Mgt AT R o
about 0.®idigad farm riéméagrmbmo r@nas,zzadrpaatcids éfapmalabﬁmh téhs 8y moxdreals of east
bout O. t 0.5 ¢
oo $- o bedl i FOShaBRRH ol LISh AR s S i) ©

exarrpl e @MMajgolygaytaciaid) (FMARby h&ﬁ&tmgta@n&noﬂ é’rshearr 8hcH BaRts papad
c‘%l?d* east about 0.5, or at |east about 0.6, or at |east about

ispgrsianql flmrfomnipgpItagppigPaticlss pﬁstaﬂ@mlmeranatmc selbtiens. (Fins
to about{,a{;)bzglr tpared and 513%%?@2?5%?&%%‘32 %grc%%qjﬁgrrpl e at | east about

1% or at |east about 29 east” a or at | east about 4%
or at |east ébﬂu& ingegtionr a matrixeamponnb cin BXMsedowhiab htlpasbvidb tietnedddd

i ncl udi about 8% bout 1%t o .about 7%
or abou{}g T‘% % 8'3?91 %géonag? ;i }f@e’f’ecé%%?ft olgtransportlgyers. lag mggrix
about 3. c’b%pommt abdtﬂm@%ahmz&tpigbnt& wién blended wﬁhﬁﬁe%ﬁ%ﬁ%@ct%' bMpbSen@ Rl
f or mul at E}n eof .a qfdes %ﬁr@ﬁfel n can be made into an ink that
can be J'é%ﬁ %" 6‘&}6%‘5* E)"nﬁ{}e?rf EanRseEceRich a8 81 GREPLFEV deyice. It
or gani ¢ pilalsewelsbRble il gi¢issRent s @é@mgﬁisy thélﬁn%}s e, eﬂ%feﬂmfanépgggé’gi n

t he wor ki ng exanpl es was essentially th ane as t e Baytron
cont rol BXAecempaisedf, 5 sraminle ripobmes ar ®1mmeHB@hlaayleomamamobm¢dumh as

hol nb

not e, TRl D BE e e PR BB B e
mat er i al Syawdsr its kiauivatmeiJﬁol?@t}Q'MG-l‘do-wrM %&ttﬂﬁlﬁblj{@yﬂ&mﬁﬁe)@r itgderivatives
Baytron rrat er fromH C Stark. Carbazol e

conpounds aP%lygle%‘B?’l?’B%‘g qoﬁe'f:%ly “’é( agsisted). Pelybomd Purrdine)r it desivativess et
al . ol%gmﬁﬂlﬂbﬂlﬁtﬂylh@§ 6r 1‘?&%&:{1‘?@0\@5 %@Eﬁlﬁﬁﬁ' a@ﬁﬁiaté)%? Bis BHvaf¥@&RIGre

Fi gure 16) Degradation tinme until norralized power output I's zero
for a celenerally, &tcanpr sprprised of p@mf:r@ of pligonests hnulg from ménoaveds fuoh as GE,CH

condi ti oS wHES Wi BF lfich AR §ig&2 QoM

or at |eadt 300 hou f}ﬁ’}hor a?t ! ast %@(ﬁg ﬁ%’ﬂ% Ltgsa?ﬁ" P’fgg ?mg‘ffﬂccf%‘iﬁagea
dienes, CH,CHR;R (where R: =alkyl, aryl, or alkyl/aryl functionalities and R = H, alkyl, Cl, Br,
F, OH, ester, acid, or ether), lactam, lactone, siloxanes, and ATRP macroinitiators,

More than one non-conductive polymer can be used in the formulation.
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O her types of devices which interact with |light and or
electricity/electric fields can be fabricated including sensors and
transi st or WOiH38li4hg field effect transistors (e.qg., RTALOEYIES
or as active channel material, e. g , for use inlogic circuits and

ot her el ectrqpi t - I or._sensqr.s
whi ch are se(rjltglltﬁlS \gdé’% ltq%ﬁ n(ﬁl{eht@encl: TR éeéﬁ%%&%@yﬁﬁgﬁgﬁ(%%mmt ol be
funct i onapieséntesi bytd aipolyarer thahebntainseani IGP Gegmdae antbsigoraathjusard segindn®with a

exanpl e an opt.ic sensi ng, t ool er, device applications include
for exanfi™&° ‘&BE?%% E@ﬁ@qgatéi@s%"b% F?faﬁt wei ght power sources
functioni ng ag tigk pfveRf TG iphan ‘éﬁilﬂ% %@ca‘ﬁr}%gﬁ a0a6R rgflt}ﬁ)e" SRl 8 ecule that

transducers (e.g., devices featuring a catlon bindi event causi ng
an opt i cialsolgbledn &)@tapplmtlors$c§l;mt Yout dhres gotrevhmaate upen xgm,ovairolﬁgfe solvelt. It may

ionic filneti lities.ca th ol ymer and a redox
chenlstr?”Eﬁﬁgﬂatgf%§§fﬁ$§Tﬁ§ﬁg% §§% ﬁ§§827 trigger the rel ease of
the drug i nt dntabéitib® eyfacibtatiag 1R PAOIAEE ofd ﬁﬁ&ﬁmxﬁfa\éb thh& PeL RObY TR MR
hel p trigger the release of the drug Into changing the

dopi ng pfasRonE) or glaperizetiempashi ¢a alsa@m}/atimtser@eefgl %n@mes; such@heasistvly
d /d
opi ng/ d&s, ggpéJﬂQraﬂl;t | rl}’l%?@Ol'ﬁ.ﬂ){ﬂ”ﬂﬁﬂ&]‘H?C en% fnel Eg meslngg%ar?

the basis for actu nism 1'ons
i nvol ve iachuding AEM rnwsmd:mentactl vat ed by eI ectrical puI se or also
ficatjon of solvents),

smart nenbrangs th tunabl e pore &ize for i
transpar ent gﬁ’eeém"sate% L&F‘B ?resﬁﬁfﬁﬁté fgr shispgts EVT’P%C%W WS Qhwater and
Addi t i ongrgariesatvdnplihdidih®ivaRPRiliscibdd doPRfts| éidﬁ;bﬁ/\éhtﬁlﬁfit comprise ok@en, carbon
el ectrochrqom cs appl.ications and devices, includ |}¥8 mrrors, see fo

4

exanpl e #dyArogen. shch asApr examplean alopholar an sthenigalgohod4Additipnal pmmqfc
el ect r ocRLENhGciBR\oRRES indiffe a | zecgi&gl Oatrs %%Fﬁ)ﬁilm;o? @%aﬁgl Ql‘[f’ci ﬁﬁ%gno?xaﬁhb Its

very good stability in the OXI ear
vi si bl e ethdénsrglycold mﬂ@r@ywnblglygobdromﬁmldhbmlaahaddr&smiaﬁﬂheﬁﬁ@t eSdec’fdir

be made. th i nt PP

mrrors W%Y%M@&?ll Va aga%{\# & r??@B% F}W? ﬁl‘f%@&?@?ﬁf l Eﬁm
toits Oeurmleh&ﬂdfn@a“nm,bmahioaﬁﬂ cffWa&er@a[nb@@ea«armm&wﬂb&g%@uﬁgaﬁxa solventt 4l
require ower o return |ts normal state. Since it absorbs

strongl y¥ dFE(F%%H £9mbiRgtRn ofAelkents epnibr aseddnelnding remaguepusrincludingiaiahols
coat ed V\éddh)tﬂeli‘b&aPQJhYéﬁ%r T6800R) éﬁmn'ahwmgﬁs%pd ﬁrgt%ﬁﬁg&%hﬁfse&hd Gent,
sane tinme allow n% to pe etrate I nt g, spacecrart’s
etc., podierentthant mﬁrﬂtmlnrﬁg the load on the ACs and |ights. For
sensors cha h e tra sport propertie and/ or
optical pr opgg fnlélgm%g% %Mdlte){?sbn%c?%%g?ueaﬂse fl%rssodléfi”? GUsefl éﬂ'éﬁ?PF ons
Sf mat e(rjdrqiermmwsbm befos exhmplé boly{aejrd:rﬂels;ﬁff@ﬁmm@)t(lQﬂ’fSStd‘l@e&lcﬂ aiagﬁan be
etected,.in sensors. vol tai cs, see for exanp e Zhang et
al . (pol SHRSFIPHE EowBifenzted @PF@ R‘onP@Wn%}aﬁmﬁ A dspsTioss. Adv.
Mat er .  200plebbf wake séifile polymers 15&ﬁde’¥b@ﬁ)ﬁ%ﬂ;§yrolﬁ@ﬁoflegﬁndﬁ% yﬁal %)ﬁﬁly et

al . (Flexi bIe and transparent organi c f1l m speaker
conduct |9@emmleps§rea@s élcé@ﬁrcd se aggtm rpsmvéeA QaBsprB&%asm) 461.

ELECTROSTATI (ﬁ | tro tJ c
di ssi pation co%ﬁ%gfgarnggéesc gﬁg in S‘rlrfaecféerrlr%r gc&gﬁ ?6\/’( dijrg fogmation,
appl i cat aombllgg,rqr@dshmng, ﬁﬁ)’rﬁlﬁmqg%ﬁlni aticl, é}amuh:rapp%noﬁ% spifl cbAtSiER jett

al. (see %130 PCéT a 1'03@0 E /' US2007/ 001245 filed January 18
2007) WHEURE T e’ég '3 lk&or porated by reference in their

entirety inclSuefabtgnts celbARed HlcRIdE, foPSEmPRIikhiB nEridMBhie Surfact¥its, as well as
2008/ 0731419PCT/ US20071015927
polymer surfactants, fluorinated surfactants, and ionomers.
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I n one enbodi nent, regioregular polythi ophene conpositions as
described and claimed herein are enployed in or as electrostatic

di ssi pati oWQEEWN3WBat i ngs, packagi ng materials, and otBedfUSEY/EAhd
applications. Electrostatic discharge is a conmon problemin many

i [  nel uds i.c_devi i.ch b ] |l
and more i nt Pl B BIEELT SR e AR, ARG R SRR pitye ™ e

coat i ngsinclatiag ficreaumplasom&iiogoat i ngs, can be used to coat numnerous
devi ces and c&gﬁl ce cor%onents. Conductive materials can be al so

bl ended i nt o bH¢aEd. g rnulpdonscaatbe darnpiatsrte ireluds crasplinkingagarss whith

packagi ngroab efokdnged m‘é‘mf&%ﬂﬁ&{ :ﬁ%ﬂév@al b&?h&%ﬁ%&@@ ﬁgbﬁﬁcr%snmh% mer s
conprising regioregul ar polythi opfienes describe rein nay be used
as the only dbbfyweé ¢mbaslimpuninindo for ararkidba coating ngmpositinm compbbingdA)

(i.e. bl i,5.h or re.polymers. which do.not conprise ..

r egi or egﬁﬂgfg%)o%%tﬁﬁ S%g‘%éen%swg??ftﬁ‘{f’ﬁ@ﬁ%ffwf%@r P‘géﬁh&p §RFI cqmprising (i) at least
pol yt hi oplengmicsabstiveeng ahd (IDHROlxRhe s\Bfohee bubilfe compRYifg Kilfur bonding
copoly imti n&ggxanpl e of this enbodi nent™ invol ves a

ner.. A non-|
devi ce c‘{iﬁﬁﬁlwthapgﬁﬂwé%fterhﬁg f.and(Ska patheinpqglEsp) differgnt fram (Bai d
ESD coaty S : gﬂa&rg i . wat er )
di sper si %qﬁgn%%{tr%e?cg% ﬁgl’llnél ng ?‘gg?%\é@gﬁﬁ’aoﬁ?%gﬁbg%ﬁ%nﬁp%ne ¢ arlrlfacrcloéﬁohvﬁm’
at | eastwharein thregeeipld amobst dftwatants greater thin the asighbasouwmtibf the aigasic co-solvent;

bstit i Si. | di directly. t h | yt hi oph
backbone’t IS BRI fstnd el tdififencionnah Balh g e -
mat er i al synthetic poljmerdn @ ack-sGIbR GoAIRE; or WherefiOat :bﬁﬁ)e'f@}ﬂm%e@hﬂ:a%oﬂf
ul ar

one or nore polynmers wherein at |east one conpri'ses regioreg

pol yt hi gﬁﬁ@?@? W&m&r i;gﬁow@rmom;gnﬂwd@ @@upmwmemmmmogntmglme sy?thetic
regi or egyys e} ¥bhionheps: [ [Se | east .
one pol yrref}ﬁ{\:/fnRt#]out er eqgl ortélaa% a§ p(%;a ﬁ?{gﬁ %rgg'n?rﬁ)%%géﬁgg@)’ Whérein the
coat i ngsamaynteighesypielinpolymeb{@nglatileasufredimestite aodupnef the sigtdregular

prefera i) .+ The | ecul ar wei ght. of the | yners. in
Phe. coati nyFRERAL LRl St phersin e UFolty g Bhost e priy s FvRr ABbis

mol ecul aabowe ghts tobhbdun2s PORYWRN re@pEPtd thé fofal ARGIRIEIBY AH (Cﬁ or, and further
pol yt hi ocohene., theWpo.I ynmer. wit hgut_ regi or egul ar pol yt hi ophene, or
both carBRTBEERR ARG SAtC Ll Honher thivstiehtamopuie! Water dogrraterdhan the weight

nuber e uABE! tHObREME 86-s¥Réi heddin tHaemRahydFRle s‘%%n%ﬁc%’ﬁof%rﬁ%‘égﬂ ggagleé%r

pol yt hi ophene can be for exanple about 5,000 to a
about 5,068 timss His@mount @oke mgigregular polythicghsnedB). ahé whéreindheahduwnh efthESD

coat i NgSee; I A s-linked far, vari ous
reasonssrgﬁlg}r? éﬁ%@?gﬁgﬁgﬁn{% 8 ertgo&:ﬁgﬁv?.c/%{o a@?‘?tglseott/l” it respect to the
proper t ite®! amount of@)iand €gul arity of the pol yt hi ophene may be, for
exanpl e, at lgast about .85% or at .l eas bout 95% or at |east about
58% | 1’ sore MBS Eodimenls fot aterels ghd palynes gk reiegdeddn hisdommulatian
2008/ 07 INABRCTor URRONE/RERARY! dI@AsH, ilﬁilgiﬂg% FOig1 asl%&gzii)g\?ﬁf:h Rlagyt 80%

For exanpl.e, in sone instances, inc e "ES pplications, cost
may be %@%ﬁtpob}ﬁ%“aﬁﬁmﬁkg%@ﬁhﬂéﬁomeﬁulfOél'gi agid ol y2-atrylamago-ratethyd-
needed t10n5@64H e mer | T Lhg al eferably .

Cont ai e T SBte Biforic i 5 S3AeS BEYMFUTTRIRER-LE By el SO @R dmice.
r egi or egatasrylisarid), molyptedrae gispersien, aciflie latexndispersianrrpelpistyednetrte pol yner

can be f . 0.1 . % or. about . %.or . about 10 Wt . %
The pol yaDIEAITEAIS oD sbuthv R BonBRT St 3y PSRRI R be
a sy nlt henfﬁﬁat@ﬁ'i!sn’ﬁ:mﬂmdll'y;lﬂe)ﬂﬁﬁljtf)-ﬁaﬁﬁ)’lﬁgld@ﬂ &‘nld dglfﬂbﬁr@ﬂ?ns| ther6s Irb?onflf{)(fases,
exanpl e ermgpl.astic. can be a water sol uble polyner or a polyner
capabl e ! ?Pﬂga'e"é?}’il’md“ﬁi ngh groyids s seodyemlis 8s pther maferials gani c

pol ymers, synthetic polymers polynmer or oligonmer such as a pol yvinyl
pol ymer having a polynmer side group, a poly(styrene) or a

pol y(styrene) derivative, poly(vinyl acetate) or its derivatives,

28



t he pol yt hi ophenes. For instance, a polynmer conprising an oxidative
functionality, acidic functionality, poly(styrene sulfonic) acid or a
conbi nat i OWOHEEHH can be al so included in the coati nCHHRYY7/015927
conmpounds that provide a doping effect include: certain Lew s acids,
iron trichlonj Gﬁbthﬁ%hﬂ)oﬂi‘iﬂe%h|t1%duﬁ6maté%ﬂ%lﬁﬁ&%‘&§so%ﬁ§?ﬁfs Clﬁwa&"r QriaC
organi ¢ acids, inorganic aci ds, benzenesulfonic aci erlvatlves
t her eof mﬁﬂﬁﬁp%‘ﬁ@téf @émdwat@rrsghﬁiecprgmm@m, or arcérganic salvdnénOptiamllgs,

m ner al I cids drochl ori cids
tetr acyaﬁggﬁﬁﬂdﬁ%%%ﬁs % orod llxg(?}iéhn%égél%ﬁ ﬂg}%ﬁ@%ﬁog?lnkwfé’ﬁ?ﬂémer
i odosyl benzerge comgladitnzenecatpieadire. soleiiagdh sebopd Svény.PFé&rakhifple, the
occurs Vi ecies in the anbient air such as oxygen, carbon d|0X|de

and noi fﬁﬁsepvefﬁ@n 56 W7t And thigspgoad ejvent §irol ee@mraamwﬂ\gmhm@pnbmlth water
prefera JQred L LV,

in the lrarin;t%égr I al %‘?Hggtcwgigyegﬁ%gt (a%%fg@so?ga rtrié IEIS {e(a?g %%%uﬁl S8R

about 1CGn%@meisrw0st can dliniadie ot substastiatiyelisimam thd figst SoHRng (b:’rl'élnﬁmate or

f er ab| I d.ret ffi the lifeti f the d
Pougnt 3 bty Sl e Seond ERtal) Mesr8tranmounh by et Agvalun Cq?rhe
el ect r orfirst s@mdustseeohayoloémaan 4aﬁ§e$ﬁorﬁ%r1e§mﬁ1 e 18D %jxgﬂzrgt s])%ﬁt Jﬁ%ﬁ) arts

In one exanpl e the regioregul ar pol ythi op hene IS I 'none
conpoundeeand splentclodt parg fing solyentiand R%wsﬁccoabemlvcmr@ﬁmhm ﬁﬂsmaﬂveint)ﬂld

nm and j (.56 Jegl 0

pol yt hi ciEng SEohbEARBLNETS sl i SNER: 48 o0 p0RPlrrd Bl S B,
pol yur etshiveet, and Zﬁ(phxysamtyﬂcb&ohrena tq:)’m y@wﬁrﬂlsmeent@ﬁd 80 pQ{sWd:dthsolﬂBﬁnm arts
Appl i catﬂrotn {)e to"’&? ESE)Hcoatl can achieved via | n coati ng,
jetting, POl R & %%?R ref’hfq artyfigst selyent QB‘H@ sggglgl,sg]gentoqo
a conbi natts Gt tdiemeaid 40\{9&@&&&)&%&%@%&0%&1&&@&@%& a%ld%%&%eckﬁlﬁ”
10 nmin thickness. Oten, the coating is applied to I nsulatlng

sur f aceSONEBth as gl ass, silica, polyner or any others where static
charge build YA‘FL% | | a o

into materi a?gpﬁlg%d toh%aﬁrﬁl c%tagltoggt Cfggﬁ?&nhé{e? \ﬁﬁ%%%%}e/s”? 68$Ct E?‘gﬁe“étt’?

of for emmgtlt@ﬂs@nlsdcontmtel ectroni c equi pnent. This may be achi eved

by typical pracessin es h as f r exanp bl own film
ot et on. OEpr e ibafEbedle StRie peismenien B piorn i Banposig fotal Sl
t r emendausieyt A ahandiwvioy.Q0 abdie 10 %R, of althued ot 80Q BEHiEeRLo,r ati o of the

pol yt hi ophene polyners. Preferably, transparency of the *coat | ng i s at
| east 90% over the wavel ength region of 300 nmto 800 nm The

ESD coat¢mgseo3uEaraPiid ed to a wide variety of devices requiring
static charge dissipation. Non-limting exanples include:

seni conduct oAlspearpvided iandoatedpisteatt somprisiney rassolid smrfa"ce,w dostingdisbsél/on the

R scr Sut S e b0 Gta U RoB RO sopbrsng Wit spgble v~
enbodi nelispersivle, BSDatenatdllableirsgidreguti @nﬁmoﬁmw@ﬁp@qwﬁ 1638 ok bPAnief
sul fonatﬁ?sp ondlé%ébégfcpo ynmer. The can be adjusted to about

neut r al eqt lopst Sun 3 Bnatad %}@Sfétﬁefﬁ PrRrsigggutiur bending direatdy tarthe

aqueous paBAIbpHRAe safckaorfee%%ﬂﬂce@%émﬁﬁ oL@ b Gde m@ﬂ céndh% 2 SFor
sol vent can be used to inprove dispersion. See K exarrp € ‘below.

The wei gramplesthesplidgurfade canhe fmtemgplp@n yhetrodsummm esnndufspdraﬁteﬂzctrode such

pol yt hi be. f or e abau

Pbout 30r g fl kB, Tho @Bt 1R Bk pe R SE e it Grnibr e
sol uti oﬁ"hbéﬁdﬂmssrcﬂ"rﬂm/@latmg cmdie\feﬂtxampltﬂ)&nid)s n@fﬁ@l@nﬂb@l‘h:&@n M504 to
to abou?ogo Wt 9% # In addition, the sulfonated

pol yner $- o8& @e‘ﬂn ?ﬂe ’Hn chF“[li@I Sedvept may b BisssHhr B coalingmpybrecrosslinked
appl i cabt patfernedORKI NG EXAMPLES Further description is also

provi ded by way of the follow ng non-limting working exanpl es.
WORKI NG EXAMPLE 1- SYNTHESI S BY SULFURI C ACI D Preparation of
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WO 2008/ 073149PCT/ US2007/ 015927 The aci d equi val ent was
determned to be 74.4 ng NaOH per gam of sul fonated pol yner. )

El emrent al WPA00%7314P CHS) of the pol yner was done at GalX¥T4iep7/015927
Laboratories Inc. and the CHS content was determ ned to be 43. 22,
3.37 and 23. 444 ME] i s ratioL. the
sul fonati on I%eiS\/@ellm’s‘\//\I/aﬁgd reaicg?tﬁn&%}e?) &%tggﬁgy%sé@%e%ﬂl@}s%ﬁgsh g’i&g%\:ﬁ&fn k
WORKI NG dispadddltiergon SYIVTIESIB) OF aldNOTHIRoP@LU T pERiEAFE gRutdubu ablytitopbine

| y( 3- (et hyl.oxy. h h hi -2.5-di y1). .
o Y B P 1 b R G B S i BRI epsthng sl pated substignt s
pr epar eGophptisigg fulfir Bohdifig BERAGHhe p@l?rth%}ﬁ\%l? Ea@k&?ﬁ@%ﬁﬁcgﬁ syr¥ieME ﬁ%@

spectra resenbles that of for the polynmer o Exanpl e aracte

by a st rdsfeentdins: Ghn Surfeers yerfblon OLERAnd PV eppilisarians garche vsed Bdr example,

DILPOY ar Qi Lon8RAALIEH be HPRKIANTe B AHRe fictuiny farlsshr BY b RN M

,Fa)fl y(3- quﬁuTyinamj(Tet e yatdvoxyy um? l‘bgﬂngmﬁtiﬂg ﬁqiﬁgg‘rﬂhyer ora }(;(_)le trarllsp_ort layer.
ternativel. su nat j.on can SO arried, out i ssolvin

P01 y( 3. B EeEA s BT Bl BE FEAK or MG CD 15 GG B S FGT R ARt

addi ng 0@, o550 Ardt®25ERAL REsi M8 B @ nad béHbFeHedt.”Tﬁ@ébﬁﬁﬁg’hﬁy be crosslinked

) g .

1, 2-di chl oroet hane as reported by Mkoski S. and Lundber
Patent IT8#r®d1, 1975. 1.0 gm

pol y( 3- (et hyl | v - 4j 2at ed. to
refiux with &%&%@ﬁg@%ﬁg%{%ﬁ?%g@g 812%’? F‘%ﬁ@%\‘%%i‘ ‘g‘?"r%%glteﬁ nanoscale
sul f at e patteraipy cabgemticd\as t@fbeka chandEhrecti@ae riiQbstidcitrésion thegirfaed.| uxed
for 27 h and a.d{jed to 200 nL thanol, faollowed by filtering, washing
with de-ioni g EPEPEsEss %lﬂc[@? Wisxanpe Alerearanhy,lettes Pﬁeéﬁ,ﬁaﬁgrhos@pby,e
dryi ng te@avard biE oboMdEo. a\@%}gb , iRk e ingYNTHESI S W TH | ON
EXCI—|ANC;T—_§a d Tetra-n- t%ty anﬁ%% sal Pi{h’(})ﬁcl 3MEET- S was prepared by
addi ng 42. 3 e strface Bebheche 99t8Re of vh@nezTcays dfetdo BHecague ousti IPGEED I Se.

This represe f . gC] . vi.ous titratio .
resul ts, see@@%%%eggaf& %Efeol{safﬁlgﬁsn gﬁd%?el% %ﬁm\%ﬂ}sﬁ ast?JSrcgﬁE? gort%arﬁﬁgﬁlasm’
af t er adgiisagnetils, inclBlidg\GiteS@idadid.cal led Ti). pH of as prepared
P3MEET-S was 3.165. Simlarly, another solution with 88.8 ngy

n- Bu4NOH. 30H20 was added to 5.002 g of 0.6% aqueous P3MEET-S. pH of

thi s solRILMSPAMBORTRNGEANDOPROPERATRS(Ccal led T2). WO

2008/ 073149PCT/ US2007/ 015927 See Figure 3.
In this invention, the HIL system is preferred and can be applied by spin casting, drop

casting, dip-coating, spray-coating, or by printing methods such as ink jet printing, off-set
printing, or by a transfer process. For example, ink jet printing is described in US Patent No.
6,682,175 to Otsuka and in Hebner et al., Applied Physics Letters, 72, no. 5, February 2, 1998,
pages 519-521.

In this invention, an HIL as a film of an HIL system can be provided that is about 10 nm

to about 50 pm in thickness with typical thickness ranging from about 50 nm to about 1 pym. In

another embodiment, thickness can be about 10 nm to about 500 nm, and more particularly,

about 10 nm to about 100 nm.

Good surface smoothness and interfacial properties are important.
DEVICE FABRICATION AND TESTING
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WORKI NG EXAMPLE 5- SYNTHESI S OF BI STHI ODHENE PCOLYMER Sul f onati on of
pol y(3, 3' - bi s42- ( 2- met hoxy- et hoxy) - et hoxy] -[ 2, 21bi t hi ophene-5,5" -diyl
). . WO 2008/073149 PCT/US2007/015927
Pol y( 3, 3' - bi s42-(2- met hoxy- et hoxy) - et hoxyl - (2, 21bi t hi ophene-5,5" -diyl

)) was preparg 'o‘d?hékg?@ ci B faBficabldaf SEMY e @Tsind MLy Rre8 X RIRLRs Whick s

Fi 4. Synt

3I, g'ltJ r SI sbe[mZI?ach?éIt ﬂiom&ﬂo hahytionet hmuyﬂn—;{r@qeﬁ:}img, amve]ﬂ) heprénting and patterning
o e o ook RO R e S T Mo SRS
- Bi s( 3, 4rabfur enedicexict Buoghenely (HBILERRINTLE RRHoBMnRtiSIPLA) Fh?a:ﬁil—l@lla

(Adv. Mater. 1997, 9, 795). 3-[2-(2-Methoxy-ethoxy)-ethoxy]-thiophene
was | it hiranspartdayery.gespedivebie in paytiadnipipplieations ngludnhsld mestiomiagentor The
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(iii) poly(p-phenylene vinylene) and its derivatives substituted at various positions on the
phenylene moiety and also substituted at various positions on the vinylene moiety;

(iv) poly(arylene vinylene), where the arylene may be such moieties as naphthalene,
anthracene, furylene, thienylene, oxadiazole, and the like;

(v) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above, and
additionally have substituents at various positions on the arylene;

(vi) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above, and
additionally have substituents at various positions on the vinylene;

(vii) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above, and
additionally have substituents at various positions on the arylene and substituents at various
positions on the vinylene;

(viii) co-polymers of arylene vinylene oligomers, such as those in (iv), (v), (vi), and (vii)
with non-conjugated oligomers; and

(ix) polyp-phenylene and its derivatives substituted at various positions on the phenylene
moiety, including ladder polymer derivatives such as poly(9,9-dialkyl fluorene) and the like;

(x} poly(arylenes) where the arylene may be such moieties as naphthalene, anthracene,
furylene, thienylene, oxadiazole, and the like; and their derivatives substituted at various
positions on the arylene moiety;

{x1) co-polymers of oligoarylenes such as those in (x) with non-conjugated oligomers;

(xi1) polyquinoline and its derivatives;

(xiii) co-polymers of polyquinoline with p-phenylene substituted on the phenylene with,
for example, alkyl or alkoxy groups to provide solubility; and

(xiv} rigid rod polymers such as poly(p-phenylene-2,6-benzobisthiazole), poly(p-

phenylene-2,6-benzobisoxazole), polyp-phenylene-2,6-benzimidazole), and their derivatives.
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Preferred organic emissive polymers include SUMATION Light Emitting Polymers
(“LEPs”) that emit green, red, blue, or white light or their families, copolymers, derivatives, or
mixtures thereof; the SUMATION LEPs are available from Sumation KK. Other polymers
include polyspirofluorene-like polymers available from Covion Organic Semiconductors GmbH,
Frankfurt, Germany (now owned by Merck).

Altemnatively, rather than polymers, small organic molecules that emit by fluorescence or
by phosphorescence can serve as the organic electroluminescent layer. Examples of small-
molecule organic electroluminescent materials include: (i) tris(8-hydroxyquinolinato) aluminum
(Alq); (ii) 1,3-bis(N,N-dimethylaminophenyl)-1,3,4-oxidazole (OXD-8); (iii) -oxo-bis(2-methyl-
8-quinolinato)aluminum; (iv) bis(2-methyl-8-hydroxyquinolinato) aluminum; (v)
bis(hydroxybenzoquinolinato) beryllium (BeQ.sub.2); (vi) bis(diphenylvinyl)biphenylene
(DPVBYI), and (vii) arylamine-substituted distyrylarylene (DSA amine).

Such polymer and small-molecule materials are well known in the art and are described
in, for example, U.S, Pat. No. 5,047,687 issued to VanSlyke; and Bredas, J.-L., Silbey, R., eds.,
Conjugated Polymers, Kluwer Academic Press, Dordrecht (1991).

Examples of HIL in devices include:

1) Hole injection in OLEDs including PLEDs and SMOLEDs; for example, for HIL in PLED, all
classes of conjugated polymeric emitters where the conjugation involves carbon or silicon atoms
can be used. For HIL in SMOLED, the following are examples: SMOLED containing
fluorescent emitters; SMOLED containing phosphorescent emitters; SMOLEDs comprising one
or more organic layers in addition to the HIL layer; and SMOLEDs where the small molecule
layer is processed from solution or aerosol spray or any other processing methodology. In
addition, other examples include HIL in dendrimer or oligomeric organic semiconductor based
OLEDs; HIL in ambipolar light emitting FET’s where the HIL is used to modify charge injection
or as an electrode in

2) Hole extraction layer in OPV:

3) Channel material in transistors

4) Channel material in circuits comprising a combination of transistors such as logic gates

5) Electrode material in transistors

6) Gate layer in a capacitor
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7) Chemical sensor where modification of doping level is achieved due to association of the
species to be sensed with the conductive polymer.

A variety of photoactive layers can be used in OPV devices. Photovoltaic devices can be
prepared with photoactive layers comprising fullerene derivatives mixed with for example
conducting polymers as described in for example US Patent Nos. 5,454,880 (Univ. Cal.);
6,812,399; and 6,933,436.

Common electrode materials and substrates, as well as encapsulating materials can be

used.

OLED MEASUREMENTS

Methods known in the art can be used to measure OLED parameters. For example,
measurements can be carried out at 10 mA/cm?.

Voltage can be for example about 2 to about 8, or about 3 to about 7 including for
example about 2 to about 5.

Brightness can be, for example, at least 250 cd/mz, or at least 500 cd/m?, or at least 750
cd/m®, or at least 1,000 cd/m?,

Efficiency can be, for example, at least 0.25 Cd/A, or at least 0.45 Cd/A, or at least 0.60
Cd/A, orat least 0.70 Cd/A, or at least 1.00 Cd/A, or at least 2.5 Cd/A, or at least 5.00 Cd/A, or
at least 7.50 Cd/A, or at least 10.00 Cd/A.

Lifetime can be measured at 50 mA/cm? in hours and can be, for example, at least 50
hours, or at least 100 hours, or at least about 900 hours, or at least 1,000 hours, or at least 1100
hours, or at Ieast 2,000 hours, or at least 5,000 hours.

Combinations of brightness, efficiency, and lifetime can be achieved. For example,
brightness can be at least 1,000 cd/m2, efficiency can be at least 1.00 Cd/A, and lifetime can be
at least 1,000 hours, at least 2,500 hours, or at least 5,000 hours.

OPV MEASUREMENTS

Methods known in the art can be used to measure OPV parameters.

Jsc values (mA/cmz) can be for example at least 6, or at least 7, or at least 8, or at least 9,
or at least 10, or at least 11, or at least 12. The values can be for example about 5 to about 12, or

about 5 to about 15, or about 5 to about 20,
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Voc values (V) can be for example at least about 0.5, or at least about 0.6, or at least
about (.7, or at least about 0.8, or at least about 0.9, or at least about 1.0, including for example
about .5 to about 1.0, or about 0.55 to about 0.65.

FF values can for example at least about 0.2, or at least about 0.3, or at least about 0.4, or
at least about 0.5, or at least about 0.6, or at least about 0.7, including also for example about 0.5
to about 0.8, or about 0.5 to about 0.73.

" E (%) values can be for example at least about 1%, or at least about 2%, or at least about
3%, or at least about 4%, or at least about 5%, or at least about 6%, or at least about 7%,
including for example about 1% to about 8%, or about 1% to about 7%, or about 1% to about
6%, or about 1% to about 5%, or about 1% to about 3.4%, or about 2% to about 3.4%.

Sulfonated polymers and formulations thereof as described herein can be made into an
ink that can be used to produce high-performance hole-extraction layer for organic photovoltaic
devices. For example, the efficiency of 3.38% in the working examples was essentially the same
as the Baytron AI4083 control device in the same fabrication run. HIL layers can conduct holes
and mediate hole-extraction as well as current incumbent materials.

Control materials can be formulated such as PEDOT materials described in US Patent
No. 4,959,430 to Jonas et al. Baytron materials can be obtained from H.C, Stark. Carbazole
compounds are described in for example WO 2004/072205 to Brunner et al.

Degradation rate can be also examined (see for example Figure 16). Degradation time
until normalized power output is zero for a cell substantially similar to that of Figure 16 and for
the conditions described therefore can be for example at least 250 hours, or at least 300 hours, or
at least 400 hours, or at least 500 hours.

Other types of devices which interact with light and or electricity/electric fields can be
fabricated including sensors and transistors including field effect transistors (¢.g., as electrodes
or as active channel material, e.g., for use in logic circuits and other electronic circuitry). In
particular, pH sensors, or sensors which are sensitive to detection of compounds which have
functionalities which can bind to acid can be made and used in for example an optical sensing
tool. Other device applications include for example supercapacitors (e.g., light weight power
sources functioning as storage media with good charge capacity), cation transducers (e.g.,
devices featuring a cation binding event causing an optical or electrical signal), drug release

(e.g., drugs with ionic functionalities can be bound to the polymer and a redox chemistry can

35



0.93 0.030 --- 0.017---- 11S 8.07 6.60
WO 2008/073149 PCT/US2007/015927

trigger the release of the drug into the body; or an embedded microchip with the polymer can
help trigger the release of the drug into the body by changing the doping profile),
electrochromics, actuators (e.g., electrochemical doping/de-doping also can change the volume
of the polymer which is the basis for actuating mechanism. Applications basea o‘n this can
involve artificial muscles activated by electrical pulse, or also smart membranes with tunable
pore size for purification of solvents), transparent electrodes to replace for example [TO, and
membranes.

Additional description for applications is provided:

For electrochromics applications and devices, including mirrors, see for example Argun
et al., Adv. Mater. 2003, 15, 13381341 (all polymeric electrochromic devices). For example,
the sulfonated polymer exhibits very good stability in the oxidized form (i.., very clear in the
visible region). Mirrors with good stability in the clear state can be made. Only when a car with
intense head-lamps approaches will the mirrors will be activated to become dark. If the polymer
can return to its oxidized form by itself it can be very advantageous as it will require no power to
return its normal state. Since it absorbs strongly, through the NIR (which is the heating radiation)
windows coated with this polymer can potentially keep rooms cooler at the same time allowing
light to penetrate into the building, spacecrafts etc., potentially minimizing the load on the ACs
and lights.

For sensors, change in conductivity, charge transport properties, and/or optical properties
can be made to occur due to specific interactions of material to be sensed with the HIL
formulation; the signal can be detected in sensors.

For photovoltaics, see for example Zhang et al. (polymer photovoltaic cells with
conducting polymer anodes) Adv. Mater. 2002, 14, 662-665.,

For speakers: see for example Lee, et al. (Flexible and transparent organic film speaker

by using highly conducting PEDOT/PSS as electrode), Synth. Met. 2003, 139, 457—461.

ELECTROSTATIC DISSIPATION APPLICATIONS
Electrostatic dissipation coatings are described in for example US provisional application
serial no. 60/760,386 filed January 20, 2006 to Greco et al. (see also PCT application
PCT/US2007/001245 filed January 18, 2007), which are each hereby incorporated by reference

in their entirety including figures, claims, and working examples.
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In one embodiment, regioregular polythiophene compositions as described and claimed
herein are employed in or as electrostatic dissipation (ESD) coatings, packaging materials, and
other forms and applications. Electrostatic discharge is a common problem in many applications
including electronic devices which are becoming smaller and more intricate. To combat this
undesired event, conductive coatings, also known as ESD coatings, can be used to coat numerous
devices and device components. Conductive materials can be also blended into other materials
such as polymers to form blends and packaging materials. The regrioregular polythiophenes or
polymers comprising regioregular polythiophenes described herein may be used as the only
polymeric component of an ESD coating or be combined (i.e. blended) with one or more
polymers which do not comprise regioregular polythiophenes. Furthermore, the regioregular
polythiophenes can be a homopolymer, a copolymer or 2 block copolymer.

A non-limiting example of this embodiment involves a device comprising an electrostatic
dissipation (ESD) coating, said ESD coating comprising at least one water soluble or water
dispersible polymer comprising regioregular polythiophene comprising: at least one organic
substituent; and at least one sulfonated substituent comprising sulfur bonding directly to the
polythiophene backbone. In another embodiment, provided is an ESD packaging material.

In another embodiment, the coating may be a blend of one or more polymers wherein at
least one comprises regioregular polythiophene. Further, in addition to one polymer comprising
regioregular polythiophene , the ESD coating can comprise at least one polymer without
regioregular polythiophene. In these ESD coatings, where a polymeric blend is used, the
polymers are preferably compatible.

The molecular weight of the polymers in the coating can vary . In general, for example,
the number average molecular weight of the polymer comprising regioregular polythiophene, the
polymer without regioregular polythiophene, or both can be between about 5,000 and about
50,000. If desired, the number average molecular wei ght of the polymer without regioregular
polythiophene can be for example about 5,000 to about 10,000,000, or about 5,000 to about
1,000,000.

In any of the aforementioned ESD coatings, at least one polymer may be cross-linked for
various reasons such as improved chemical, mechanical or electrical properties.

Regioregularity of the polythiophene may be, for example, at least about 85%, or at least
about 95%, or at least about 98%. In some embodiments, the degrec of regioregularity can be at
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least about 70%, or at least about 80%. For example, in some instances, including some ESD
applications, cost may be important and the highest levels of regioregularity may not be needed
to achieve the performance. The ESD coating also preferably contains less that about 50 wt.%,
or less than about 30 wt. % regioregular polythiophene polymer. The minimum amount of the
polymer can be for example about 0.1 wt.% or about 1 wt.% or about 10 wt.%.

The polymer which does not comprise regioregular polythiophene can be a synthetic
polymer and is not particularly limited. It can be for example thermoplastic. It can be a water
soluble polymer or a polymer capable of aqueous based dispersion. Examples include organic
polymers, synthetic polymers polymer or oligomer such as a polyvinyl polymer having a
polymer side group, a poly(styrene) or a poly(styrene) derivative, poly(vinyl acetate) or its
derivatives, poly(ethylene glycol) or its derivatives such as poly(ethylene-co-vinyl acetate),
poly(pyrrolidone) or its derivatives such as poly( 1-vinylpyrrolidone-co-vinyl acetate, poly(vinyl
pyridine) or its derivatives, poly(methyl methacrylate) or its derivatives, poly(butyl acrylate) or
its derivatives. More generally, it can comprise of polymers or oligomers built from monomers
such as CH,CH Ar, where Ar = any aryl or functionalized aryl group, isocyanates, ethylene
oxides, conjugated dienes, CH,CHR,R (where R; = alky], aryl, or alkyl/aryl functionality and R
=H, alkyl, Cl, ,Br, F, OH, ester, acid, or ether), lactam, lactone, siloxanes, and ATRP
macroinitiators. Preferred examples include poly(styrene) and poly(4-vinyl pyridine). Another
example is a water-soluble or water-dispersable polyurethane.

For proper dissipation of static electricity the conductivity of the coating can be tuned.
For example, the amount of conductive material can be increased or decreased. In addition, in
some cases, doping can be used although the self-doping nature of the sulfonated polymer
provides doping. Further doping may be achieved via organic, inorganic or ambient species and
in forms of solids, liquids, gases, or a combination thereof. Oxidation is a useful method of
enhancing electrical conductivity of polythiophenes. Useful halogen dopants include Br, 1, Cl.
Inorganic dopants include compounds that may be represented by iron trichloride, gold
trichloride, arsenic pentafluoride, alkali metal salts of hypochlorite, protic acids such as
benzenesulfonic acid and derivatives thereof, propionic acid, organic carboxylic and sulfonic
acids, nitrosonium salts, NOPFs or NOBF,, organic oxidants, tetracyanoquinone,
dichlorodicyanoquinone, hypervalent iodine oxidants, iodosylbenzene, iodobenzene diacetate or

a combination thereof. Including certain polymers in the blend can also lead to a doping effect in
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the polythiophenes. For instance, a polymer comprising an oxidative functionality, acidic
functionality, poly(styrene sulfonic) acid or a combination thereof can be also included in the
coating. Other compounds that provide a doping effect include: certain Lewis acids, iron
trichloride, gold trichloride, and arsenic pentafluoride, protic organic acids, inorganic acids,
benzenesulfonic acids and derivatives thereof, propionic acid, organic carboxylic acids, sulfonic
acids, mineral acids, nitric acids , sulfuric acids, hydrochloric acids, tetracyanoquinone,
dichlorodicyanoquinone, hypervalent iodine, iodosylbenzene, iodobenzene diacetate. Ambient
doping typically occurs via species in the ambient air such as oxygen, carbon dioxide and
moisture. The polymer comprising regioregular polythiophene is preferably doped sufficiently
to provide an electronic conductivity in the material of at least about 10™'° siemens/cm (S/cm) or
between about 10" siemens/cm to about 107 siemens/cm. The ESD coating preferably should
retain efficacy over the lifetime of the device. Roughly, in certain cases it is desirable that the
coating retain electronic conductivity of at least 107 for at least 1000 hrs.

In one example the regioregular polythiophene is doped with a quinone compound and
the coating has a thickness of about 10 nm to about 100 nm, and wherein the polymer which
does not comprise regioregular polythiophene comprises a polystyrene, a polystyrene derivative,
a polyurethane, a polyacrylate, a polypyridine, or a polyvinyl phenol.

Application of the ESD coating can be achieved via spin coating, ink Jetting, roll
coating, gravure printing, dip coating, zone casting, or a combination thereof, Nommally the
applied coating is greater than 10 nm in thickness. Often, the coating is applied to insulating
surfaces such as glass, silica, polymer or any others where static charge builds up. Additionally,
the conductive polymer can be blended into materials used to fabricate packaging film used for
protection of for example sensitive electronic equipment. This may be achieved by typical
processing methodologies such as for example blown film extrusion. Optical properties of the
finished coating can vary tremendously depending on the type of blend and percent ratio of the
polythiophene polymers. Preferably, transparency of the coating is at least 90% over the
wavelength region of 300 nm to 800 nm.

The ESD coatings can be applied to a wide variety of devices requiring static charge
dissipation. Non-limiting examples include: semiconductor devices and components, integrated
circuits, display screens, projectors, aircraft wide screens, vehicular wide screens or CRT

SCreens.
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AFM) . The substrates were then transferred to a vacuum chanber in
whi ch, by means of physical vapor deposition, a cathode |ayer was

deposi t ORKINGERARIAI! S5YMIBERTS BYASL AYElC XBfp Pr epared by the

sequenti al deposition of two netal [ayers, I'rst being a 5 nm

| ayer ofPreparaion of suifonated poly(3-@vathbxlygthax y2(i0x y)thioghaye?, 5afl yINPIMERET-S, or
run/secé‘dp&ih the base pressure at 5 x le Torr. The devi ces thus
obt ai ned "wef'e encapsul ated with a glass cover slip to prevent

exposure to &rildigofinente) qbbty'(.bnﬁetbmyemamm&ywb{s&ehé-gﬁtdéﬂw gﬂmg: £9600Y PDI

_rrggl_nn N%u=r le% \gzgs s%rqr atCSIB@SS% ig )fE(()) %%rfgm?ngn;qu:ljrgg afc'id (E’féﬁ)l\glf_'or 2% h-ourgz;/d added to 6
L de-ionized water. The aqueous dispersion was stirred for an hour and centrifuged. The clear
supernatant was removed and 800 mL fresh de-ionized water was added to the centrifugate,
shaken vigorously and centrifuged again. The clear supernatant was removed and the process
was repeated two more times. The wet polymer was diluted with de-ionized water to make the
total solids content between 0.5 and 1 % and sonicated for 30 min. The suspension was then
passed in 2 lots through a glass column (1” diameter) packed with 30 g of fresh Amberjet 4400
(OH form, Aldrich) ion-exchange resin, for each lot. This process removed any residual free
sulfuric acid. The aqueous suspension of the sulfonated polymer thus obtained did not show any

aggregation or precipitation even after several days of storage under ambient conditions at these

concentrations.

40



The OPVs fabricated in this exanple are representative of the formt
they may be used in actual applications all of which are considered

to be coveWORMBPTEMPs invention, linited only by the préd&dne¥’813%he
H L di scl osed herein being present in the device stack. The testing

exanpl e as demgehileduitelMistetsBie®R be 14U AgMNaOPSer lohifn SV dALEPn of

the OPV performance and is not considered to be the only nethodol ogy
utili zedPohangs) Eamanisd pralysi§HES) of the@olamgr was doncrih Gatbrith Iedamtdrise Inc. and

pi xel s | d tend out side t.h
R e TR L R R R G B
por ti on withe¢ 0¢S piixeahs sulibhatidnyipiet alas d¢temindd tede i3 pi.xel was 0. 09 cnR.
The el ectrod re contacted with a current source neter such as a
Kei t hl ey 240%533 (BVEss \A8fér with a bias applied to the indiumtin

oxi de el ectrode while the alum num el ectrode is earthed. The device
was then hel d under the plane wave front of an Oriel 300W Sol ar

si mul at oW ORIINSPEYAMRLE 21— RYMNITHEHSOFANQTHIER BOCETHIOPWENE from t he

WO 2008/ 49P [ 015927 optics, of .t he, Sol sijrul ator. The
opt oal SRRt Rt oA bR S4B U0. i cre,

whil e the actufongeRgdl yldxDethd:iyaihbx GeRL RAB -2t r i
sinmul ator ap roxlilmat gs“’?& Pi_gEt ggﬁerét ed ER),}; 1t ﬁ%egguh%]&\yﬁ%&% prepared using
cor r espch&i8itiap praseduse Aphewn AR example 21, HVEVsAIR miactre resomblapthat 566 for the
spectru i X el A1 um [ l.i gh .
gener at er?sd}gﬁec{t %{::Jﬁrﬁfﬁgﬁpte. ?-ﬁl‘?l %U%ﬂ%étdog ra{r]ggr{?&c %?r%??agges df)rggé’l}ol%g ce!het AR gEsgion
(hol es) indidativegé e bipelacdrde gesacfeel ect rons) which are coll ected by the

el ectrodes depending on the electrically applied bias. This
photocurrent was in turn read by the Keithley 2400 source neter. Thus

t he geneWaRKINGhHEXAMPUENL SYASTHRESS ByedL RERNAMIVE RENGIRGTt he vol t age
applied t he pixe The short circuit current éthe current

gener at ?@Hﬂ&n @PPGH'H‘&?@%W@E“%%WM@@W% i¥B. i ndi cative of the
efficiency WAmaLaY, éﬁxﬁbﬁﬁioﬁ%ﬁ‘n 8% OGS Y bb Hﬁfﬁ?{lhgp@ﬁﬁ action

| ayer. Besides this, the open circuit voltage an | factor
t oget her(mghytoxyetboxsiethoxy)diiephene-2 Sediylpint chiteo formiandaddives avesmt allfate reagent

efficie : evi .. Figure 7 illustrates pi cal
conduct 1R 35 R ou L i BreRe e foper haReRy§Eand Lundberg &
r epr eserii$iPaterst 308084 1,TI%6 55 0l0lgapdl g3 ety dxyethonsiethR sy RH6HHh QD 3L di fiitas
TABLE | Jegt nAﬁmzzv V%S(m\Q | F Ef% _PEDOT
heated to reflux with chloroform: To this solution 3.4 mL of acetyl sulfate (1 eq) reagent
was added. The reaction mixture was refluxed for 27 h and added to 200 mL methanol, followed
by filtering, washing with de-ionized water to neutral pH and finally with methanol before

drying to a fine powder.

WORKING EXAMPLE 4 - SYNTHESIS WITH ION EXCHANGE

Tetra-n-butylammonium salt of PAMEET-S was prepared by adding 42.3 mg of »-
BusNOH.30H;0to 5.027 g of 0.6% aqueous PAMEET-S. This represents 0.95 eq of free acid
based on previous titration results, see Example 1. pH of the solution was measured to be 4.30
after adding the n-BuyNOH.30H;0 (called T1). pH of as prepared PAMEET-S was 3.165.
Similarly, another solution with 88.8 mg #-BuyNOH.30H,0 was added to 5.002 g of 0.6%
aqueous PIMEET-S. pH of this solution was measured to be 11.2 (called T2).
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See Figure 3.

WORKING EXAMPLE 5 — SYNTHESIS OF BISTHICPHENE POLYMER
Sulfonation of poly(3,3’-bis—{2-(2-methoxy~ethoxy)-ethoxy]-[2,2’]bithiophene-S,S’-diyl)).

) Poly(3,3’-bis-[2-(2-methoxy—ethoxy)-ethoxy}-[2,2’]bithiophenc-S,S’-diyl)) was prepared

using a similar procedures as shown in example 1. See Figure 4.

Synthesis of 3,3"-bis-[2-(2-methoxy-ethoxy)-ethoxy]-[2,2"]bithiophene.

3,3"bis-[2-(2-methoxy-ethoxy)-ethoxy]-[2,2"]bithiophene was prepared by a procedure
adopted from the preparation of 2,2 ,-Bis(3,4-ethylenedioxyﬂliophene) (BiEDOT) reported by
Sotzing ef al (Adv. Mater. 1997, 9, 795). 3-{2-(2-Methoxy—ethoxy)—ethoxy]-thiophene was
lithiated at -78°C followed by coupling using anhydrous CuCls. The final product was isolated
via column chromatography using 1:1 (v/v) ethyl acetate/hexanes as the eluent, | H-NMR
(CDCI13, 8 ppm):

S;nthesis of poly(3,3"-bis-[2-(2-methoxy-¢thoxy)-ethoxy]-[2,2]bithiophene-5,5 *-diyl).

2.5 gms of 3,3'-bis-[2-(2-methoxy-ethoxy)-ethoxy}-[2,2"Ibithiophene dissolved in 25 mL
chloroform was added to a 1 L three-neck RBF. To this solution 2.5 gms of FeCls (2.5 eq)
dissolved in 350 mL chloroform was added dropwise over 2.5 hrs. The reaction mixture was
stirred at room temperature for 14 hours. The oxidized polymer solids were filtered, and stirred
in 200 mL 9:1 (v/v) MeOH+Conc.HCl for 1 h. The next step was to filter and repeat process to
remove any free iron salts, The solids (~ 2 gms) were added to 100 mL chloroform followed by
15 mL of aqueous solution of hydrazine (35 wt %). Reflux was carried out for 30 min. Addition
of hydrazine caused the polymer to dissolve in chloroform. The solution was poured into 1L
methanol + 100 mL water, and stirred for an hour and filtered. The filtered solids were stirred in
150 mL water at 50°C for 1 h and filtered. The solids were added to 180 mL water plus 10 mL
Conc. HCI and heated for 1 h at 50°C, filtered and dried in oven at RT for 2 days. Conductivities
of jodine doped 337 nm thick drop cast films were measured to be 1 Sem™. GPC analysis using

chloroform as eluent and a UV-vis detector (A = 420 nm) gave a Mn = 12707 (PDI = 5).
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1034 0.69 0.55 3.38 Exa:rrpl e 10 6.72 0.59 0.29 1.16 . 'rll'he
efficiency reported in Figure 8 (3.38%..was essentially the sane as
t he Bayt rgwomomgueom rol device in the same fabricat iy (e’

i ncunbent material). Figure 16 illustrates degradation of power

out put OWQRIENG EXPIMPION 6 HCH AR ACTERIDRUHNORFICME000 and Exanple 11B
as the hole extrgiction | ayer.. The devices are placed under a | anp

generating 2 ¥unkigee 3 shgwt the ¥istiR spertmmeofesioped filmyotthe sulfosatpe pelty(3r e
Fabr i cat | on sy oRes - punaiere iU ety s pares R AIBE Wi 1 1
any way dmmpiled ¢tHS0YC fiirtldmiio aftefspinmatirgy eFHeboRintsexhibied adrd staip dbSatbarie
PrOCESS, o gl\é;ncgemt%rtﬁehlLIhflgetgluorn,etypical of oxidized conjugated polymers. The spectrum
underwent little/no change even after 7 days of storage under ambient conditions demonstrating
the excellent stability in the oxidized form.
6B. Figure 6 shows spectra of thin films prepared by spinning the above solutions of T1
and T2 onto a glass plate (form working example 4). The films were annealed at 150°C for 10

min before obtaining the spectra.
WORKING EXAMPLES 7-11 - FORMULATIONS

Example 7: A solution of Plexcore MPX in water (about 0.61% by weight) was prepared
as described above in Example 1. This solution (4.92g) was added to a vial along with water
(4.81g) and placed in an ultrasonic bath for 30 minutes. Poly(4-vinylphenol) (0.27g) was
dissolved in 2-butoxyethanol (6.00g) and heated with stirring until the polymer dissolved
completely. The two solutions were then combined and mixed thoroughly. The solution was
then passed through a 0.22 micron PVDF syringe filter (Millipore).

Examples 8 and 9: The procedure was similar to that of Example 7 except that an
aqueous dispersion of polystyrenesulfonic acid (PSS) was added after the addition of poly(4-
vinylphenol).

Example 10: The procedure was similar to that of Example 7 except that PSS was added
in place of the poly(4-vinylphenol). _

Example 11A: The procedure is identical to Example 7 except that an aqueous dispersion
of NeoRez R-966 (an aliphatic urethane dispersion from Avecia) was added in place of the
poly(4-vinylphenol) (PUD is polyurethane dispersion).

Example 11B: The procedure is identical to Example 7 except that Nafion®
perfivorinated ion-exchange resin (10% dispersion) was added after the addition of poly(4-
vinylphenol). See also Example 11C for use of Nafion®.
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WO 2008/ 073149PCT/ US20071015927 (sequence, nunber of |ayers etc.) or
materials other than the HIL materials claimed in this invention.
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The substrates were then transferred to a vacuum deposition chanber

i n which by neans of physical thermal depositi.on the organic i

mat eri al s WONPEB/E3l4hol e transport |ayer and ALQB3 as el d&ilygig007/015927
transport and em ssive |ayer - were deposited. The thickness of 70 nm

was achi @uafrhtdsQrer®atied Wi Anegenliddy, |f<ﬂ)6%ﬁ§% WERR el wedd YeatelNh S U"@@lzone

fol l oned by deposition of the cathode in the forimof a sequentia
deposi t | damber apgesting e300 Wyfer 20 minhtesf i r st | ayer being the LiF | ayer

of 0.5 nmthi r,of Al.. The fQqllown
O s st 35 SRR Y o 0V B eyl i AU B2
f abri catprodess Wwypda@lonkapi qruesbuticen bé similadly adieved &/ith dpray deddink, ihl?—%ét@rié,
Material Depositjion Rate* (tun/See) Final Thickness (n NPB 0. 486 -
0. 48 70 SRPESt BINipg opamysothey depgsittpngpetbodragaplgotregylting in an HCL film of the

desired thickness. An HIL ink (from Examples 7, 8, or 9) was spin-coated and then dried at 175
°C for 30 minutes resulting in a 170 nm thick layer. The active layer (a 2:1 weight ratio blend of
P3HT / PCBM (methanofullerene {6,6]-phenyl C61-butyric acid methyl ester) was applied by
spin coating in a nitrogen atmosphere and annealed at 175 °C for 30 minutes resulting in a 200
nm thick layer. This film was spun on top of the HIL film with no observable morphological
damage to the HIL (independently verified by atomic force microscopy, AFM). The substrates
were then transferred to a vacuum chamber in which, by means of physical vapor deposition, a
cathode layer was deposited. In this example, the cathode layer was prepared by the sequential
deposition of two metal layers, the first being 2 5 nm layer of Ca (0.1 nm/sec) followed by a 200
nm layer of Al (0.5 nm/sec) with the base pressure at 5 x 107 Torr,

The devices thus obtained were encapsulated with a glass cover slip to prevent exposure
to ambient conditions by means of a UV-light curing epoxy resin cured at 80 W/em® UV

exposure 4 minutes.

EXAMPLE 15 - OPV TESTING

The OPVs fabricated in this example are representative of the format they may be used in
actual applications all of which are considered to be covered by this invention, limited only by
the presence of the HIL disclosed herein being present in the device stack. The testing example
as described below is used only to describe the evaluation of the OPV performance and is not
considered to be the only methodology utilized to electrically address the OPV.

The OPVs comprise pixels on a glass substrate whose electrodes extend outside the
encapsulated area of the device which contain the light harvesting portion of the pixels. The
typical area of each pixel was 0.09 cm® The electrodes were contacted with a current source
meter such as a Keithley 2400 source meter with a bias applied to the indium tin oxide electrode
while the aluminum electrode is earthed. The device was then held under the plane wave front of

an Oriel 300W Solar simulator equipped with a Xenon lamp at a distance of ~ 20 cm from the
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the other Keithley 2400 connected to the photodi ode. Thus
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generating 2 suns o ght output and are operating at a temperature of 85°C.

WORKING EXAMPLE — OLED DEVICE FABRICATION
The device fabrication described below is intended as an example and does not in any

way imply the limitation of the invention to the said fabrication process, device architecture
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The performance of different HILs in different exanple COLED types is
described. Note that typically performance is quantified by a
conbi nat i oWOSP07$Her ent parameters such as operating \}’&Tt"i%@"'(”é?%hl d
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Figure 22 illustrates current-voltage-lum nance performance for
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Effici enc‘y ( C%ébﬁybgg M@L%g\%geso escri Jf)ed Eerem were fabricated on indium tin oxide (ITO)
surfaces deposited on glass substrates. The ITO surface was pre-patterned to define the pixel
area of 0.9 cm”. The device substrates were cleaned by ultrasonication in a dilute soap solution
followed by distilled water for 20 minutes each. This was followed by ultrasonication in
isopropanol. The substrates were dried under nitrogen flow, after which they were treated under
a UV-Ozone chamber operating at 300 W for 20 minutes.

The cleaned substrates were then coated with the hole injection layer (HIL). The coating
process was done on a spin coater but can easily be similarly achieved with spray coating, ink-
jetting, contact printing or any other deposition method capable of resulting in an HIL film of the
desired thickness. The spin-coated HIL was annealed at 200 °C for 15 minutes in an inert glove
box environment resulting in a 60 nm film thickness.

The substrates were then transferred to a vacuum deposition chamber in which by means
of physical thermal deposition the organic materials — NPB as hole transport layer and ALQ3 as
electron transport and emissive Jayer — were deposited. The thickness of 70 nm was achieved for
both NPB and ALQ3 layers respectively. This was followed by deposition of the cathode in the
form of a sequential deposition of two metal layers, the first layer being the LiF layer of 0.5 nm
thickness followed by a 200 nm layer of Al. The following Table summarizes the deposition

parameters for the device fabrication:

Typical base pressure at start of the run: 5.0 x 107 torr

Material Deposition Rate* | Final Thickness
{ nm/Sec) (nm)
NPB 0.46 - 0.48 70
ALQ3 0.41 - 0.55 70
LiF 0.02-0.03 0.5
Al 0.4-0.6 200
* Typical Range
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The devices thus obtained were encapsulated with a glass cover slip to prevent exposure
to ambient conditions by means of a UV-light curing epoxy resin cured at 80 W/cm?® UV

exposure for 4 minutes.

Device Testing (OLED / SMOLED):

The OLEDs fabricated in this example are representative of the format they may be used
in actual applications all of which are considered to be covered by this invention, limited only by
the presence of the HIL disclosed herein being present in the device stack. The testing example
as described below is used only to describe the evaluation of the OLED performance and is not
considered to be the only methodology utilized to electrically address the OLEDs.

The OLEDs comprise pixels on a glass substrate whose electrodes extend outside the
encapsulated area of the device which contain the light emitting portion of the pixels, The
typical area of each pixel is 0.09 cm®. The electrodes are contacted with a current source meter
such as a Keithley 2400 source meter with a bias applied to the indium tin oxide electrode while
the aluminum electrode is earthed. This results in positively charged carriers (holes) and
negatively charged carriers being injected into the device which form excitons and generate light.
In this example, the HIL assists the injection of charge carriers into the light emitting layer. This

- results in a low operating voltage of the device (defined as the voltage required to run a given
current density through the pixel).

Simultaneously, another Keithley 2400 source meter is used to address a large area
silicon photodiode. This photodiode is maintained at zero volts bias by the 2400 source meter. It
is placed in direct contact with area of the glass substrate directly below the lighted area of the
OLED pixel. The photodiode collects the light generated by the OLED converting them into
photocurrent which is in turn read by the source meter. The photodiode current generated is
quantified into optical units (candelas / sq. meter) by calibrating it with the help of a Minolta CS-
200 Chromameter.

During the testing of the device, the Keithley 2400 addressing the OLED pixel applies a
voltage sweep to it. The resultant current passing through the pixel is measured. At the same
time the current passing through the OLED pixel results in light being generated which then
results in a photocurrent reading by the other Keithley 2400 connected to the photodiode. Thus
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the voltage-current-light or IVL data for the pixel is generated. This in furn enables the
measurement of other device characteristics such as the lumens per Watt of electrical input
power to the pixel and candelas per ampere of pixel current.

Figure 9 illustrates a schematic representation of an organic light emitting diode (OLED).
Table II and Figures 10-14 provide device testing data.

The performance of different HILs in different example OLED types is described. Note
that typically performance is quantified by a combination of different parameters such as
operating voltage (should be low), brightness in nits (should be bright, luminous efficiency in
units of cd/A (reflecting how much electric charge is needed to obtain light from the device) and
the lifetime under operation (time required to reach half of the initial luminance value at the start
of the test). As such, the overall performance is very important in a comparative evaluation of
HIL performance. Below, the description is classified into different sections depending on

device type being evaluated.

1) OCICI10: As observed from the data in Figure 10, depending on the composition of HILs
performance in voltage equal to that of PEDOT and in case of efficiency even exceeding
PEDOT can be attained. Note that in these devices the efficiency is limited by the
emitter and not the HIL being used. Brightness of the devices were as high as 1200 nits
in case of Example § at 7V.

2) Commercial emitter 1: The emitter layer used in these devices has a much higher
intrinsic ability to harvest light from charge carriers due to 2 high quantum efficiency. As
a result, the efficiencies in this case are as high as 8-11 cd/A as shown in Figure 11.
Figure 12 also indicates that depending on composition both voltage and efficiency of
example HILs discussed herein can be tuned to equal that of PEDOT.

3) Commercial emitter 2: In the case of commercial emitter 2 (Figure 12) a three iayer
device architecture where an additional buffer layer is utilized between the HIL and the
emissive layer is used as a test device architecture. As observed, the operating voltage,
luminance and efficiencies for Example 7 are comparable to that of PEDOT.

4) SMOLED Devices: Figure 13 provides a summary of the performance of different HiLs
in hybrid devices. The operating voltage of the example HILs compare quite well with
that obtained for PEDOT. Furthermore as is evident from the efficiency data the
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performance of all example HILs exceeds that of PEDOT. The most important result
which clearly demonstrated the superior performance of the Example HILs is depicted in
Figure 14. The graph shows the luminance decay over time as devices are stressed at a
constant DC current from an initial luminance of 1000 nits. As observed, thereisa
dramatic difference in lifetime performance of Example 7 being used as an HIL
compared to PEDOT. While PEDOT has a half life of not more than 50-60 hrs, the
device with Example 7 as the HIL shows no loss of luminance on these time scales. As
the device is tested for a longer time it is expected that the luminance will eventually
decay. However, even with only 50 hours of data collected it is already apparent that the

performance of Example 7 far exceeds that of PEDOT.

Figure 17 illustrates current-voltage luminance performance for OC1C10 based OLED
devices comparing PEDOT and HIL 384.1 as described herein. An improvement in efficiency is
observed over PEDOT.

Figure 18 illustrates current-voltage luminance performance for a commercial emitter 1
based OLED devices comparing CH8000 and Example 11C. Comparable performance to
CHB8000 is obtained for this HIL as evident from the data.

Figure 19 illustrates luminance decay under passive matrix testing conditions at 70 degrees
Celsius for devices comprising a commercial emitter 1. Lifetime for the Example 11C
containing device is observed to be better than for CH8000.

Figure 20 illustrates current-voltage-luminance performance for commercial emitter 2 based
OLED devices comparing CH8000 and Example 11C. Comparable performance to CH8000 is
obtained for this HIL as evident from the data.

Figure 21 illustrates luminance decay under passive matrix testing conditions for devices
comprising a commercial emitter 2. Lifetime for the HIL 665 device at room temperature is
observed to be better than that for PEDOT. Even more dramatic is the lifetime performance at
high temperature. While the performance of PEDOT degrades at high temperature that of HIL
665 remains almost equivalent at 85 degrees Celsius compared to room temperature

performance,
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Figure 22 illustrates current-voltage-luminance performance for SMOLED devices
comparing CH8000 and Example 7. Improved operating voltage is obtained with some loss in
efficiency.
Figure 23 illustrates comparison of luminance degradation for SMOLED devices including
CHB8000 and Example 7 at an initial luminance of 1,000 nits under DC current at room

temperature.
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Table 11
Measured at 10 mA/cm2
Brightness
Voltage (cd/im2) Efficiency
HIL System | Emitter {Volts) (Im/W) {Cd/A)
Baytron 0Cc1C10
CHB8000 3.4 59 0.59
Example7 | OC1C10 35 38 0.38
Example 8 | OC1C10 2.8 34 0.34
Example 9 | OC1C10 2.6 20 0.20
Example 10 | OC1C10 3.7 66 0.66
Baytron Commercial
CHa000 emitier 1 4.2 712 7.1
Commercial
Example 7 | emitter 1 4.9 799 8.0
Commercial
Example 8 | emitter 1 4.3 817 8.2
Commercial
Example 8 | emitter 1 4.6 733 7.3
Commercial
Example 10 | emitter 1 5.0 822 8.2
Baytron Commercial
CH8000 Emitter 2 3.8 1140 11.4
Commercial
Example 7 | Emitter 2 3.9 47 0.5
Baytron Commercial
CHB8000 Emitter 2 (with | 3.4 1406 14.1
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interlayer)
Commercial
Emitter 2 (with
Example 7 | interlayer) 3.6 1268 12.7
Baytron SMOLED
CH8000 5.1 209 2.1
Example 7 | SMOLED 55 253 25
Example 8 | SMOLED 6.7 237 2.4
Example 9 | SMOLED 6.6 235 2.4
Example 10 | SMOLED 7.0 258 2.6
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2008/ 073149PCT/ US2007/ 015927 WORKI NG EXAMPLE FOR ESD COATI NG
FORMULATI ONO Weg/0a3120 nL vi al was added a 0.57% aqueous RIVE3HH{0&®2T CP
solution (4.93 g) and the pH adjusted to neutral with

gingegh)pl)lol m@%& I spersi onDS(gb’gZ nggﬁg) ! 2\2%; e\r/vi gﬁ Zgng% ant

agitation. Butyl cellosolve (5.45 g) vvas then added and the sol ution
wa t d I | ate f %
s st :flque;jggw g, gxgsasgd(%q aaO ?7(8}0 Ecgf.j[u(’jlaolﬁf‘s su onated f&p soﬁutlon% 9Zg) and thglla

solutio
adjusted to neutral with dimethylethanolamine. To this solution was added DI water (3.78 g) and

a polyurethane dispersion (0.84 g, Witcobond W-240) with constant agitation. Butyl cellosolve

(5.45 g) was then added and the solution was stirred vigorously on a hotplate for 10 minutes at

75 °C.

% in solution % in solids
Sulfonated polymer 0.1875 10
Witcobond 240 1.6875 a0
DMEA 0.0154|
Water 61.319
Butyl Cellosolve 36.791
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WHAT IS CLAIMED IS:

1. A composition comprising:
a water soluble or water dispersible regioregular polythiophene comprising (i) at least one
organic substituent, and (ii) at least one sulfonate substituent comprising sulfonate sulfur

bonding directly to the polythiophene backbone.
2. The composition according to claim 1, wherein the sulfonate substituent is in acid form.

3. The composition according to claim 1, wherein the sulfonate substituent is in salt form

comprising a counterion.

4. The composition according to claim 1, wherein the sulfonate substituent is in salt form

comprising a counterion, wherein the counterion comprises organic groups.

5. The composition according to claim 1, wherein the sulfonate substituent is in salt form
comprising a counterion, wherein the counterion comprises an organic cation and is free of

metal,

6. The composition according to claim |, wherein the sulfonate substituent is in salt form

comprising a counterion, wherein the counterion comprises a metal cation,

7. The composition according to claim 1, wherein the polythiophene is a regio regular head-to-
tail coupled poly(3-substituted thiéphene) having a degree of regioregularity of at least about
90% apart from sulfonation.

8. The composition according to claim 1, wherein the polythiophene is a regio regular head to
tail coupled poly(3-substituted thiophene) having a degree of regioregularity of at least about
98% apart from sulfonation.
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form 3. The conposition according to claim1, wherein the sulfonate

substituent is in salt formconprising a counterion. .4, The

conposi £ CEBPRAIHRY acaording;tpflpim essin th@f@iﬁ%}PP}éﬁﬁsﬁé@Eﬁsti t uent
is in salt formconprising a counterion, wherein the counterion
conprises organic groups. 5. The conposition according to claiml1,
wher ei n tlhdhsgbipomtien asatrdingtto elaim il swhaneis dietorgamisubstitpert sdmprises at least
counterion whe{ei n the counterion conprises an organic cation and is
free of MEPECTOME The conposition according to claim1, wherein the
sul fonate substituent is in salt formconprising a counterion,
wherein the counterion conprises a netal cation. 7. The_conposition
accor di ng- t'decpapeasition agrerHmgrio elan howharein srsganis sibstitpeny isamradepxy aF alkyl
head- t ot@jligyp!l ed pol y(3-substituted thiophene) having a degree of
regioregularity of at |east about 90% apart from sulfonation. 8. The
conposition according to claim1, wherein the polythiophene is a

regio regular head.to tail.. coupl ed.pol y(.3-,substj.t uted.thi ophene
havi ng :l%d §8m8?s”l’°é]gqc89rgﬁﬁl(%%&a‘fr'§lb‘f'oh%%m Iﬂ?ﬁ?ﬁ@B °mai%’a‘ﬂ€“§ rom
sul f onatdopslymedO 2008/ 073149PCT/ US2007/ 015927 9. The conposition
according to claim1, wherein the pol ythi ophene is water soluble.

14. The composition according to claim 1, wherein the polythiophene is prepared from a

bithiophene monomer.

15. The composition according to claim 1, wherein the polythiophene is a homopolymer of a
thiophene, a copolymer comprising thiophene units, or a block copolymer comprising at least
one block of polythiophene.

16. The composition according to claim 1, wherein the water soluble or water dispersible

regioregular polythiophene is in a crosslinked form.

17. The composition according to claim 1, wherein the polythiophene is characterized by an acid

number of about 250 or less mg KOH/g polymer.

18. The composition according to claim 1, wherein the polythiophene is characterized by a

degree of sulfonation of about 25% to about 75%.

19. The composition according to claim I, wherein the polythiophene is characterized by a
degree of sulfonation of about 50% to about 30%.
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10. The conposition according to claim 1, wherein the polythiophene
is doped. 11. The conposition according to claim1l1, wherein the
organi ¢ sulOPWISHH conpri ses at | east one het eroat om PUMUS244015927
conposition according to claiml, wherein the organic substituent is
an al koxy or al kyl substituent. 13. The conposition according to
claim11, wherein the polythiophene is an alternating copolyner. 14.
The conposition according to claim1, wherein the polythiophene is

prepare r i t-hi 5 er,. .15 The .c osition odi ng
P e B R RS TRAGR . v GTRE R BB

t hi ophengolythiophieliy aRemeguiaférs whgteinhhogpigenie subsiifufent Bran alkekP6Kalkyl
copol ynmer conprising at | east qne bl ock of polythi o%hene. 16. The
Conposi tﬁuéﬁltﬁ%(ﬂnﬁiv\g{ﬁ H'ém%aﬁt efrabey| QP ebwit 25mer

reipthe palythigphepmbasangeid
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The corrpos?[tlégnhgcéor ding to claim1, wherein the polythiophene is
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pol ymer. . The canpositjon accordi 1o, claiml, wherein
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t he pol yt hi ophene 1s characterized by a degree of sulfonation of
about 50%FMPISEHIENIOEUAPS.WO 2008/ 073149PCT/ US2007/ 015927 20. The

conposition according to claiml, wherein polythi ophene is water

sol ubl e, the pol ythi ophene is a honopol yner, wherein the organic
subst i t u2ZriThe composidabkaocyrdirg talckayth 15 wWherkintthepdlythipHenohewalensdlidi®e and is
polythiqfhene has an acid nunber of about 50 to about 250 nmg KOH g
pol yer . 40Ps4, wWhergin M@%blpp € BAtsEireglar pobrhiprhene hajng adggreed

pol yt hi oRBRAGuIasity Gl £ leastUbbir| 98y, 30E WA EHEHS ﬂ?ﬁﬁio@ﬂérbéti?fn%{a%ﬁn.' S 1N
salt formconprising a counterion, wherein PhEcount e 1or conpri ses
organi ¢ groups. 22. The conposition according to claim1, wherein

ol yi ni oohen aibebiiat BBl sag 470 Rek B AERE e R s Paes g oot
r egi or eqatleatkyiane@iycal udikast about 90% and wherei n the pol yt hi ophene

isin acid form

24. The composition according to claim 1, wherein the organic substituent comprises a plurality

of alkylene glycol units.

25. The composition according to claim 1, wherein the organic substituent comprises at least

one ethyleneoxy unit.

26. The composition according to claim 1, wherein the organic substituent comprises at least

three oxygen atoms.

27. The composition according to claim 1, wherein the organic substitutent comprises a

methoxyethoxyethoxy unit.
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23. The conposition according to claim 1, wherein the organic
substituent conprises at |east one al kyl ene glycol unit. 24. The
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conprises a plurality of alkylene glycol units. 25. The conposition
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substitutent conprises a nethoxyethoxyethoxy unit. WD

2008/ 0731 49PCVE2007/ 015927 28T ition. ding to.claimi,
aher ei n2t hE GRS R 3792 YO Dk op BB R A oRBHgr
and t heafd @8 biganR¥lSsihleHeMmEREPIk &R0 R} K¥ilseneoxy units.  29. The

conposition according to claim1, wherein the pol yt hi ophene conpri ses
a honopol yner and the organic substituent conprises al kyl eneoxy

units. T ROSIL LI C i I i e

pol yt hi S0 ELeigeRR bkt At Weich i B oohBIeES FoolesbE i foraule
at | eas(I) awdtha Rkgrbwnempyrisernitieast o altydenesxy ditgonpri ses a netal ion,
amoni umion (al so al kyl, aryl substituted), phosphoniumion (also

al kyl, aryl substituted), imdazolinium thiazoliniumand oxazolinium
31. A ngyhod for meking a conposition according to claim1l

conpri si ng: reacting a sol ubl e regioregul ar pol ythi ophene

conpri si NngCl4y at | east one orggﬂi@§ubstit Bnt with a sul fonation
reagent so t t he /pol yt hi ophene’ ¢ i at | east one sulfonate
substituent co ding directly to the

pol yt hi ophen

wherein M compriseé a metal ion, ammonium ion {also alkyl, aryl sgb'stituted), phosphonium ion
(also alkyl, aryl substituted), imidazolinium, thiazoliniurm and oxazolinium

31. A method for making a composition according to claim 1 comprising;

reacting a soluble regioregular polythiophene comprising (i) at least one organic
substituent with a sulfonation reagent so that the polythiophene comprises at least one sulfonate
substituent comprising sulfonate sulfur bonding directly to the polythiophene backbone.
32. The method according to claim 31, wherein the sulfonation reagent is sulfuric acid.
33. The method according to claim 31, wherein the sulfonation reagent is a sulfate compound.

34. The method according to claim 31, wherein the reacted polythiophene is doped.

35. The method according to claim 31, wherein the reacting results in a degree of sulfonation of
at least 10%.

39



32. The net hod accordi n_g to claim3l, wherein the sulfonation reagent
is sulfuric acid. 33. The nmethod according to claim31l, wherein the

sul fonat i oWX2HYEA | s a sul fate conpound. 34. The net F6d/HEHEHOHNY
to claim 31, wherein the reacted pol ythi ophene is doped. 35. The

met hod i j . r.ai.n. cting,results i .
degr ee gfﬁcgffﬂ% Ona#d?agﬁér?#n@é%éift%})ggﬁ %E'/%ll% Wa%@ng resﬁts m aHegree otnsuﬁ"onatlon of
2008/ 07 3 4QRCGNPAIS2007/ 015927 36. The net hod according to claim 31,

wherein the reacting results in a degree of sulfonation of at |east
50% 37. The nethod according to claim 31, wherein the reacting

results im ﬁe%&ﬁc@érd%'t& oRt 8 PRvHfeifthe Ir@a_%ﬁ'ﬁg reRles i§§dcé¥pé§%f{§§ff&féﬂon of

according to claim 31, erein the sulfonation reagent 1S uric
aci d, arddleapfe/S%eacting results in a degree of sulfonation of at |east
75% 39. The method according to claim 31, wherein the sulfonation
reagent is sulfuric acid, and the reacting results in a degree of

sul f onat3goIThefmetliod sasting 39elamn 8l Wt the silfonatdy telk PRI Sachl, RO
regul ar pol yt hi ophene  having a degree of regioregularity of at [|east
about 90cting resyiginpedegrsg oh sl onatigipiableest 6% 31, wherein the reacting
results in a degree of sulfonation of at |east 50% and wherein the
pol yt hi ophene is a regi o regul ar pol yt hi ophene having a degree of

r egi or egifl. dhietmyetlnfd amtortimgse clatnodil, vBRséin thé dulfohatiaatehgemt Geulfindd deid) and the
conpri sing;. . ( wat er . ter soluble or . )
et or - i SRPE LS palflesagh riorgimatal Biwdal wehuiea f robhisehens s
one or ga®gio regulh polyttshen@Rdlidd 4 degede of ebidre iRty bf 4t 0at Moddpss,i t uent
conprising sul fonate sul fur bonding directly to the pol ythi ophene
backbone, (C) a synthetic polyner different from(B).

40. The method according to claim 3 I, wherein the reacting results in a degree of sulfonation of
at least 50%, and wherein the polythiophene is a regio regular polythiophene having a degree of
regioregularity of at least about 98%..

41. A coating composition comprising:

(A) water,

(B) a water soluble or water-dispersible regioregular polythiophene comprising (i) at least
one organic substituent, and (ii) at least one sulfonate substituent comprising sulfonate sulfur
bonding directly to the polythiophene backbone,

(C) a synthetic polymer different from (B).

42. The coating composition according to claim 41, further comprising an organic co-solvent.

43. The coating composition according to claim 41, further comprising an organic co-solvent,

wherein the weight amount of water is greater than the weight amount of the organic co-solvent.

44. The coating composition according to claim 41, further comprising a second synthetic
polymer different from (B) and (C).
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42. The coating conposition according to claim4l, further conprising
an organi c co-solvent. 43. The coating conposition according to claim
41, furtheWOo8M#738P ng an organi ¢ co-sol vent, wherein tHd/GR@IGRESZT
anount of water is greater than the weight anmount of the organic
co-solvent. 44. The coating conposition according to claim4l,

further conprising a second synthetic polyner different from(B) and
(0. WAROM/cORBEAORPIitISL ARFIdRO 214im 45, whthen deayntheticmiypoaii¢ & oater-
accordin claim4l, wherein the synthetic polyner is a

wat er-soﬁ%ﬂ%’?%p%l“ifrrer. 46. The coating conposition according to
claim4l, wherein the synthetic polyner has a carbon backbone with a

pol ar functional group in the side group. 47. The coatin
conposi t4eThgceding cogppgitien adearding towhém dil mhdnenmsgmeta:m%ymer@ﬁs & hasbon

synt heti.¢ I ( i t l,east .three tinmes the anmount of the
regi or egtmcgk?onég\ﬁ {%arﬁ%%)aﬁr@r}\cgio?aé)g%%piéhwfhdg B4t ng conposition
according to claim4l, wherein the weight anount of the synthetic

polymer (C)_.is at least five tinpes the anount of the regiorequl ar .
pol yt hi dphefhe cpgjne cowpmﬁ%a%aﬁ%@ YRSV RSTER ﬂ&c%ﬂaiaﬂ)@u@t&%z\r%hm

41, mer;ﬁi&ﬁgﬁrf{?) RR WAL tRrke LGS fh%%ﬁﬁﬁ%ki%re@@{%ﬁigﬁ fghdnel(HTer (fB)

i s about to about 25 wt% wth respec the total anount o
(B) and (C). 50. The coating conposition according to claim4l,

further risl.n n_or.gani ¢ - sol yent er.ei,n the wei ght .anmount .
of wat ex 4 o B OB AR Ao R 1, AFEEHE 0 G AR o B B
wher ei n pdensveCYistat Bastdive tinfes theaansonnt ditthé Rgloedgyhie polfBlophénedB).| east

three tines the anount of the regioregul ar polythi ophene (B), and
wherein the anount of the regioregul ar pol yt hi ophene polyner (B) is

about 5 ¢ -]%etcgatﬁ%éhégﬁti% acld éﬁghto B3R AG [ wheih R dnfhufl o ARDKBIor&ulat B)

and (C). 51. A nethod of nmking a coating conposition conprising:

(A) provpdythigpheneaolymer (B) is ay®)t Spvtdo taibayt 25 wilhevithsredpettite thertotal amount of
wat er - di erg'tj | e regi oregul ar pol yt hi ophene conprising (i) at |east
one orga v &'SUpsti tuent, and (ii1) at least one sulfonate substituent
conprising sulfur bonding directly to the pol yt hi ophene backbone,

(Q pr OV%O(.j | 'Hl% o%at?r}:gn(}orr}x%%isi%oﬁ) %C&E‘fnrg t(cj)ic{a]}n@l réﬁ,nig.lrt.{)gr%g]mgaggihg an organic co-solvent,
wherein the weight amount of water is greater than the weight amount of the organic co-solvent,
wherein the weight amount of the synthetic polymer {C) is at least three times the amount of the
regioregular polythiophene (B), and wherein the amount of the regioregular polythiophene
polymer (B) is about 5 wt.% to about 25 wt.% with respect to the total amount of (B) and (C).

51. A method of making a coating composition comprising;

(A) providing water,

(B) providing a water soluble or water-dispersible regioregular polythiophene comprising
(i) at least one organic substituent, and (ii) at least one sulfonate substituent comprising sulfur
bonding directly to the polythiophene backbone,

(C) providing a synthetic polymer different from (B),

(D) combining in any order (A), (B), and (C) to form a coating composition.
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(D) conmbining in any order (A), (B), and (C) to forma coating
conposition. WD 2008/ 073149PCT/ US2007/ 015927 52. A coated substrate
conpri si ngWoRH B9 sur f ace, a coating di sposed on t he B{yYs3edd/015927
wherein the coating conprises a conposition conprising: a water

sol ubl e,sonaf i r

Dol yt hi Sanana R cfprisil, MR cofthE, b SRR S thAlirtce, wheein
(ii) at thmtmgmc&npmleé mncanposﬂwbs:bnmmang aceatgarsb biblegwstat dispeatible.sarlvater

bondi ng di .to h| o hene. b 53. A ed ..
Subst r st el ek ler el USSR g o (Y Gpe SRearE FERBHE g () a
wat er svedst et a5 %@ﬂﬁbﬂkoﬁﬁhﬁﬁ@émhﬁe @ulﬁﬂ'ﬁﬁﬁdaﬁ% Higectll Yo fe pbE&Rdphene
one organi ¢ substituent, and (ii) at |east one sulfonate substituent
conpr i sibagkbopef onat e sul fur bondi ng directly to the polythi ophene
backbone, (C) a synthetic polyner different from(B). 54. A device
conprising a layer conprising the conposition according to claim1.
55. The dew mt@lcsubsndter@mp@ismga'(m) Daterdohitbbe, vatchdispéryidle, biswatelmletiable

i njection |ayer | e transport |ayer. 56, T e, devic rdi ng
to clai ﬁ@ﬂre%w%ﬁﬁlwﬁ CFaMPEENg K) alleasi ¢S e stftserlt opf 61 iegieone

accor di %l%&t&é@ht’iﬂlé_}ﬂco ﬁsﬁﬁg fiifolste Qlﬁi{ir%ndﬁ @ird hF'R) gﬂ‘é‘ék/l%ﬁn hefe The

devi ce according to clail , Wherein the de Ice deV|ce
59. The taektione, (8¢ e oyrdheiy potymyr differsu from(B).ei n t he device is a

photovol tai c device. 60. The device according to claim54, wherein
t he device conprises at |east two el ectrodes and at | east one |ight

e tti ng4orA pdvadendaiphiving hdgser compiikingAheleommeition aRdokdihd® didig 1.
conposition according to claim 1, wherein the device is a sensor, a
supercapacitor, a cation transducer, a drug rel ease device, an

el ectroosy %Qie@i@é’h&@rdnﬁ% tBrcP&'ﬁﬁ'Sﬁt\Qﬁerelﬁ il 18yed 164 Adi€injdctig i ?r&to(?ra’hoﬁ:n
el ectrode nodifier el ectrode’ nodifier for an organlc 1eld effect

t ransi stitanspaanlagest uat or, or a transparent el ectrode. WO
2008/ 073149PCI 7US20071015927

56. The device according to claim 54, wherein the device is an OLED device.

57. The device according to ¢laim 54, wherein the device is a PLED device.

58. ?he device according to claim 54, wherein the device is a SMOLED device.
59. The device éccording to claim 54, wherein the device is a photovoltaic device.

60. The device according to claim 54, wherein the device comprises at least two electrodes and

at least one light emitting or photoactive layer.

61. A device comprising the composition according to claim 1, wherein the device is a sensor, a
supercapacitor, a cation transducer, a drug release device, an electrochromic device, a transistor,
a field effect transistor, an electrode modifier, an electrode modifier for an organic field effect

transistor, an actuator, or a transparent electrode.
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62. A device conprising the cornposition according to claim1, wherein
the conposition is a coating on an electrode. 63. A device
conpri si ngot2es/@9posi tion according to claim1, whereidy 67015027
conposition is a coating on a gold electrode. 64. A conposition
conpri si ng: a water soluble or water dispersible regioregular
het erocyclic polymer conprising (i) at |east one organic substi tuent,
and (116284 dbAdSEonBi Qo8
sul fur bondi ng direct In;gldtl% t he %%H;!/ﬁég&ﬁg Cbﬁﬁrﬁpwhg%m}lé%% ls h
conpri s¢q9r§ﬂg0nanele%ﬁ‘0dat er soluble, water dispersible, or water
swel | abl e regi oregul ar pol yt hi ophene conprising (i) at |east one
organi c substituent, and (ii) at |east one sulfonate substituent
conpr i séNoA ﬂWlE@éb@i;ﬁlsﬁnlghﬁwonhﬁﬁﬁibﬂgcdé!rdlﬁé:{oldfa11tnq WE@rcHﬂhé(%}h nﬁ)ﬂqs 3
backbone. , 66. A conposition conpri sing: a water so
di sper s798i1RS O g%ﬁtelﬁfﬁtf@%el | abl e pol yt hi ophene conprising (i) at I east
one organic substituent, and (ii) at |east one sulfonate substituent
_conprising g4l Aehal ?gmﬁghf;wh Rgneti ng directly to the pol yt hi ophene
backbone, wherein ﬁlop ene backbone conprises_an alternating
structure. .67. awatébm@@m wteédwpﬁrﬁ@im@gloregular hgteyeayelic BIJYEBT e or
wat er di sperS| bl hi organl C
subst i t uent’ “FAR %((B ldé éfeasgﬁgﬁgeﬁggﬁ ?ph%tlé % Efefl%tt%glghltd?conprl si ng
sul fonat e @ubtituéntbmgnmgdulfmd 3ulfue botding diradtlyi to peerdyrhacidokiume.
wherein the organic substituent conprises at |east one heteroatom
68. The conposition according to claim®67, wherein the sulfonate
substituent dzS,i 69. The conposition according to
claim 67, grélcﬁn@&l:éﬁg%%ﬁha e®substituent is in salt form
conpri sing a coawhier salnble, water dispersible, or water swellable regioregular

polythiophene comprising (i) at least one organic substituent, and (ji) at least one
sulfonate substituent comprising sulfonate sulfur bonding directly to the
polythiophene backbone.

66. A composition comprising:
a water soluble, water dispersible, or water swellable polythiophene

comprising (i) at least one organic substituent, and (ii) at least one sulfonate
substituent comprising sulfonate sulfur bonding directly to the polythiophene

backbone, wherein the polythiophene backbone comprises an alternating structure.

67. A composition comprising:
a water soluble or water dispersible polythiophene comprising (i) at least

one organic substituent, and (ii) at least one sulfonate substituent comprising

sulfonate sulfur bonaing directly to the polythiophene backbone, wherein the organic substituent

comprises at least one heteroatom.

68. The composition according to claim 67, wherein the sulfonate substituent
18 in acid form.
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70. The conposition according to clainS 67, wherein the sulfonate
substituent is in salt formconprising a counterion, wherein the
count er i oy cRAINEAH®S Or gani ¢ groups. 71; The conposipams2867mes9d? Ng
to claim67, wherein the sulfonate substituent is in salt form

conprising a counterion, wherein the counterion conprises an organic
cation and i %-fihggoppositipnpccordipgto cipig ¢ Sipwbereinghe selfenath wgstitoens| ai m

67, wherei ﬁih@%t?éﬂﬂ%r%%%ﬁ?%ﬂn&'ﬂ%m isin salt formconprising a

counterion, whereln erion conprises a nmetal cation. 73.
The conposition according to claim67, wherein the polythiophene is
wat er solubleg, . 74. The conposition according to claim 67, wherein
the organic gg?l"f’ﬁ'@ﬁf‘“?%%ﬂiﬂ&wa@‘ a§|7kV’ger§HH§F pelfgte subgtifuenthe

conpositiomn: i &l Al : i J I.S.:an

R N

sol ubl e or gwaper di spersible heterocyclic polynmer conprising (i) at

| east one organic substituent, and (ii) at |east one sul fonate

substituent conprising sulfonate sul fur bonding directly to the

het erocycl i c7ppahy ; p:n, t [ +S

regi oregul ar quthh ggﬁlgggﬁglgg%f%rdrﬁé%ﬁ(?gg]ul ?15? i %&%@Qg?@g%gﬁ%g%ﬁeﬂt

77. The coispgosilt foom ecopistigwedunterioaj whédein theruitericnvenpoisgsaer

.conprises polythigphene. 8. The conposition according to claim
76, wher ei rgla.ﬁlg cﬁ‘%@ﬁ% 15 &% regi oregul ar pol yt hi ophene. 79.

The conposition according to claim 76, wherein the polynmer conprises

regi or egul ar 2poI yt hi ophene having a degree of regioregularity of at

| east 90% 72.3be composibapacsiordivmtoadaior dibdgwherei the sulitBiateubstaientt he

pol ymer is.a f] | vier, and the copposition further conprisjnpg at
| east one ﬁﬁ?fs éellré iowcgoén NeP B o QRS 00 WH%.&LI.M %0‘%‘6%85‘%091136%%%@8 i ng
to claim 7ggtionherein the polyner is a first polyner, and the
conposition further conprising at | east one different second pol yner,
and at | east one third polyner different fromthe first and second
pol ymers.

73. The composition according to claim 67, wherein the polythiophene is

water soluble.
74. The composition according to claim- 67, wherein the organic substituent

is an alkoxy or alkyl substituent.

75. The composition according to claim 67, wherein the polythiophene is an

alternating copolymer.

.76, A composition comprising:
a water soluble or water dispersible heterocyclic polymer comprising (i) at
least one organic substituent, and (ii) at least one sulfonate substituent comprising

sulfonate sulfur bonding directly to the heterocyclic polymer backbone, wherein the heterocyclic
polymer is regioregular with a degree of regioregularity of at least 70%.
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82. The conposition according to claim 76, wherein the conposition is
formul ated in an aqueous sol vent system optionally conprising at
'east one vah 9@ 180! vent . 83. The conposition accor ghpgetigrfsiym
76, wherein the organic substituent conprises al kyl eneoxy un|¥s.

84. The conposition according to claim 76, wherein polynmer conprises

regi or egul ar | osihtign i.s fornulated in an
agueous sol vgﬁﬁ%%/%%gg%ﬁ a%ﬁcgrfifn ek%%%%ﬁi sﬁidﬁéﬁfel?élbesﬁo%ﬁr GIFARFE

sol vent, anmltthiephergani ¢ substituent conprises al kyl eneoxy units.

85. The conposition according to claim 76, wherein the polyner
conprises regioregul ar pol yt hi ophene, the degree of sulfonation is at
| east 30% a i i comprj.ses_al |l cyl eneoxy units.
86, A devi co Sor iy alteh AA3ile Bl R URES M PRl R o
sai d ESD naegpieglilac pojythisphegeat | east one water sol uble or water

di spersi bl e pol ymer conprising regioregul ar pol ythi ophene conpri sing:
(i) at |least one organic substituent, and (ii) at |east one

| f t bsty &d i t ' ' tly t
SuLTonal e, sube! THd@MpdsRio=bal e LaARA! f SHllutt sRADMAE el v 10

t he pol yt hi ophene backbone. e devi i'n the
ESD mat er i aegipiggulaepolytnpplienebadtg b degte ofregiondgntarity whatdbast S0%0Ot
regi or egul ar pol yt hi ophene. H The device of claim86 wherein the

nunber average nol ecul ar wei ght of the polymer conprising

r egi or egul ar SQ.OrHEtJOHIRRIE absoraiph claird 0074, Qvlﬁ%{heﬁ%iﬁlqg:is ¥ii AL

device of claim 86 wherein the polymer conprising t regi or egul ar

pol yt hi oph@sbymes, sndibarspropysiden furthenconrsingst lest afe diffedem B6onsher ei n

t he pol yner ofé/%{@ri sing the regioregul ar pol ythi ophene is a copol yner.
91. The device of claim 86 wherein the regioregul ar pol ythi ophene has
a degree of regioregularity of at |least 85% 92. A nethod of

reduci ng el ectrostatic charge on a device conprising coating
1. The composition according to claim 76, wherein the polymer is a first

polymer, and the composition further comprising at least one different second

polymer, and at least one third polymer different from the first and second

polymers.

82. The composition according to claim .76, wherein the composition is
formulated in an aqueous solvent system optionally comprising at least one

organic solvent,

83. The composition according to claim 76, wherein the organic substituent

comprises alkyleneoxy units.

-84. The composition according to claim- 76, wherein polymer comprises
regioregular polythiophene and the composition is formulated in an aqueous
solvent system optionally comprising at least one organic solvent, and the organic

substituent comprises alkyleneoxy units.
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said device with a coating conprising a regioregul ar pol ythi ophene
conprising: (i) at |east one organic substituent; and (ii) at |east

one sul f ofg) Rek/EEtst i t uent conprising sul fur bondi ng dpceoddoyr it he
pol yt hi ophene backbone. 93. The nmethod of claim91, wherein said

coating further conprises at |east one polymer which does not
conpri se polgy. The ephgosttion according to claim. 76, wherein the polymer comprises

regioregular polythiophene, the degree of sulfonation is at least 30%, and the

organic substituent comprises alkyleneoxy units.

86. A device comprising an electrostatic dissipation (ESD) material, said ESD
material comprising at least one water soluble or water dispersible polymer
comprising regioregular polythiophene comprising:

(i) at least one organic substituent; and
(ii) at least one sulfonate substituent comprising sulfonate sulfur bonding

directly to the polythiophene backbone.

87. The device of claim - 86 wherein the ESD material further comprises at

least one polymer which is not regioregular polythiophene.

88. The device of claim- 86 wherein the number average molecular weight of

the polymer comprising regioregular polythiophene is about 5,000 to about 50,000.

89. The device of claim 86 wherein the polymer comprising the regioregular

polythiophene is a homopolymer.

90. The device of claim 86 wherein the polymer comprising the regioregular

polythiophene is a copolymer.

91. The device of claim 86 wherein the regioregular polythiophene has a

degree of regioregularity of at least 85%.
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. 92. A method of reducing electrostatic charge on a device comprising coating
said device with a coating comprising a regioregular palythiophene comprising:
(1) at least one organic substituent; and

(i) at least one sulfonated substituent comprising sulfur bonding directly

to the polythiophene backbone.

93. The method of claim 91, wherein said coating further comprises at least

one polymer which does not comprise polythiophene.
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