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TI TLE OF THE | NVENTI ON:  FI LM FORM NG ADDI Tl VE
FORMULATI ONS OF CONDUCTI VE POLYMERS CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This Application clains
benefit of Provisional Application No. 60/984, 102,
filed October 31, 2007. The disclosure of the

Provi sional Application is hereby incorporated 5 by
reference in its entirety. BACKGROUND OF THE | NVENTI ON
[0002] The present invention is directed to conductive
pol ynmer materials, the nethod of nmaking polyneric

mat eri al and applications utilizing conductive pol yner

materials. [0003] Ele [ \ng pol ymers

have been used in a Vgﬁ%ﬁ@“&%%@ggﬁf@@o el ectronic
devi cEBbM FoHE ' AN

el ectrol um ne@?eﬂngI(TEY_é F@ew cesﬁ)@ 'ggraFugéNPHqva&FOLYMERS
em ssive displays. Wth respect to EL devices, such as

or gani ¢ | i ghtCRO$$-AEFERENCETES REDAFED)AFKIE & Bihad

conducting pol ymers, such devices generally have the
f 0000} Migjs eppilcatior claimsmwenem @ RlRloRal AHpR&HtbA No! 801684, F2, filed

I / 5.[0004 e_anode is typically any
OEBERESH, 2R0F TRl or g pREBRRA Arvliediaf Burefomhacseorated
obyegfereses iniits leptitetyz- band of the sem conducting

material used in the EL |ayer, such as, for exanple,
indium tin oxi de (BAGKGROKMDGOJEE INVENTIGNal |y

S Borted on a glass or plastic substrate. The EL

| Eﬁ’ ¢l i Tha Rrpsemiinventionris dicastrsde icarpuctiverpalner enkteriaim tecmethod of
Nmaking pblymefc mafélriﬂmnasﬁpalic%%}isttﬂmiig@c&%m%wte'r Riterials.

pol ymer such as pol y( paraphenyl enevi nyl ene),

piD0g3] UEisetrieally spnduomey piyriets Aaw: ¥enQsB@n dkarke) of BRjanic
fluor e such a

' Il ..ol ecul e scent d S
g@%cgtf r'j'(;?clxd J?ﬁ%ﬁiﬁ%%dnrg in %%ﬂ%e'(’ﬁ@ﬁﬁt)oﬁ e%cg?}ﬁqn negesnb (gl devices for
Pwﬁ_zsgp hwﬂmm Mygg{ﬂhh espéado EL ng(i&spbtamxdsfvygémﬁ i@ emitting

dibghs o rgi o &8s BOnarARS
gr af t.cLat ?Lvmht*w Eﬁé@ or ggg@ﬁtmgip g ?S? §h‘§7g§%"b°e? ﬁﬁ?%g@rﬂaﬁ? the
tRtovdpponfigeratienit i oned materials, and conbi nati ons.
The EL layer can al so be inorganic quantum dots or
bl ends of seni coH@dePiadestign fyverRatayereathogiet h
i norgani ¢ quantum dots. The cathode is typically any

i such. as,. e.g., Ca or Ba) that has the )
TBb41s T P s el Sy maferghtatnae ina S sl ino the
@ﬂpﬁryvisa’fiuémlndamf ofttheeseribbriabsheThatBtal Q5&PIR tlke BRIaGEM, 8lich as, for
'é?(aFnB%, in%m/tﬁ%‘%&de (ITO). The anode is optionally supported on a glass or plastic
substrate. The EL layer is typically semiconducting, conjugated organic material,
including a conjugated semiconducting polymer such as poly(paraphenylenevinylene},
polyfluorene, spiropolyfluorene or other EL polymer material, a small molecule
fluorescent dye such as 8-hydroxquinoline aluminum (Algs), a small moilecule
phosphorescent dye such as fac tris(2-phenyipyridine) Iridium (I11}, a dendrimer, a
conjugated polymer grafted with phosphorescent dye, a blend that contains the above-
mentioned materials, and combinations. The EL layer can also be inorganic quantum
dots or blends of semiconducting organic material with inorganic quantum dots. The
cathode is typically any material (such as, e.g., Ca or Ba) that has the ability to inject
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[ 0005] The hole injection layer (HIL) is typically a
conducting polyner and facilitates the injection of
hol es fromthe anode into the sem conducting organic
material in the EL 5 | ayer. The hole injection |ayer
can also be called a hole transport |ayer, hole
i njection/transport |ayer, or anode buffer |ayer, or
be characterized as part of a bilayer anode.
Ty?i/ﬂctf ans igtoritie ethendseperhpitrar-banshes| toy semieenducting drggrécmiatenial in the
I Y 94y grncl ude polyaniline and pol ydi oxythi ophenes
such as pol y(3, 4- et hyl enedi oxyt hi ophene)  (PEDQT) .
T'l‘&iib%] Mehe hbl@'nrﬁecﬁl@ﬁ‘ Ia?@r Gl ISF?é‘fyﬁgalg/ya éH?\'dM&Flg (515 gﬂ%r and facilitates the

ni.line or |oxy hi ophe
sml‘iﬁ"%ﬁ hales; frem Hiecasigde @kbwe&ew&pe@uc@m QIgrBic mEteriabinithe EL

ad rT&Elee éctmll s&a&raﬂéteﬁéléénealh% h s
desygr | o e ok éﬁbpé\_}rﬂﬁ) lgo7lt§‘

b
eHF?“J'P’éﬁa"%BBFﬁVﬁr 8p AT WQH@Y% %’rfgav be harackrizad as par of a
ahitayehenadeuTyical berrdating pdwgém/@lgﬁﬁA@hdlﬁi;anF@ﬂﬁyérﬁnciude
b0l Sl ol ohAbioo RS S L ey (3 et apio@yisphnek.
dﬂﬁlDQDeWEeSeumianalmnmpr)aparé& by ﬁﬂ@rﬁ]anﬂgemm‘necm Id!oyythlophene
c %ﬁHﬁBl‘srhg a@ﬂg‘ég@élﬁtadﬁqx \?}]eaﬂrﬁé’engg ofa th aélﬂtfl? BRIYDRS 8§, such

hot ovol t al conver
i ﬁ? Bolylsyranepytonicagish @SSQu@ﬁdeﬁ@ch@s. fgeerarmpld, W.BiRat. No.

t b@00 594 lau‘i’tmea @P&ﬁﬂ:ﬁbl%ﬁe%ép@ﬂsnon@%b ?I / f&nb ‘Pﬁjee?/dﬁ‘&" feraby

extracti on i ght harvesti ng ne

C ebpPisted by Btoeee TS ity .me!bur@wnrpm RASAGwierals
ebagiondae c@rﬂﬁhe&%llﬁ al8rbrR ol 191 NRARK, (?f'nﬁH g%ﬁovfgéFmany)

t he anode and cat hode of EL devices msntl
Tioaosp! Eeanéau@ebmdmuﬂn@wme@ hbVePaISPbdeh Rel W;S%?é\)oﬂ&c devices,

p at .facilitat xtractjion of holes

PR Blne Ao BBianpied e slepcdisnegis: pudBusea seneraly have te
pt@ﬁq&wmgeord@emtlomde The |ight harvesting |ayer or

| ayers typically consists of organic or inorganic

s eniPegtiveLaieatiogehpigtextragtion layer/light harkesting iayeds)regativectlectrode
generate separated charges at an interface. 25 [0008]

Hoeo?) i doﬁltlﬁ@éldéﬁ?dde%d PRYMIVE re%cﬁb&é)cd?\adéeseﬁ’éc#d fFo}(n rhéteraals

nic devices, such

PYSERUO 30T EnaoBrand oo PLEL fevices Ereniipnsscabere e halp extaction
oayggis typrcsma amddmmg Ipﬂ@m%t thait ﬂa&htﬁfe@%@émﬁ@ﬁdﬁﬁﬁ%o@@ %ﬁﬁhe light

AR s Wb e R AISHreeS Tt lomaanegtnerer o

fl@yerg lypise¥ysiongistsrof orgiasis o m@nmfsenﬁmnd%mT Kreat b?oml"lﬁhght
G PR gch SRRt fod boes R AR ERRARRCL L 00 g

F{ObOSIE‘ "Eedtitafy &rduétiiy %Efﬁ'%'f&élf(? Ha\}%futlllti'ag ré%lrctr&?é%%r‘:a%lé&r%mc

mers or sem condUlctin
ég"Hly?ﬁ%tSPeh s thisyfilmigle eéfleetéﬁnéla@és {ressich drangistors; amrpiganic

CRRNTideRtildElg B iRdsenShudNEch RRIrd RRldPdin bRARodES. T Séisatd for the
electrode application, the conducting polymers and the liquids for dispersing or
dissolving the conducting polymers have to be compatible with the semiconducting
polymers and the solvents for the semiconducting polymers to avoid re-dissolution of
either conducting polymers or semiconducting polymers. The electrical conductivity of
the electrodes fabricated from the conducting polymers should be greater than 10 S/cm
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(where S is a reciprocal ohm. However, the

el ectrically conducting pol yt hi ophenes nade wth a

pol ymeric acid typically provide conductivity in the

range of about 10-3 S/cmor lower. In order to

enhance conductivity, conductive additives may be

added to the polyner. However, the presence of such
additives can deleteriously affect the 5

priwoere Sabalrecigrood! ohiid Hawewenr, theadlégjricatinchnauiting polythiophenes made

P BRI ol (hICER) ot TR i BTG EHaeb R 10° Siom o
Fépweasxaeples to enfanceeqnsivetivity xeodungite sxiditivei inity besidded tspipe

| PERIRR HwRVeDihe! (ERINEE 6Fsuch RdkitifesRAhdeRtctioust SFdPERS
t he add I C ' vent in conductive polyners

ition of organ sol v ]
mRERCEFFA0HtY 9f|“?fo?'Pﬁ§?3éu CORSIUGHRG Rythierhengol | oi ds i n
or tq.increase, the film conductivities. However, 10
O | Bu6 FRRG boet mide, DU Save i asonesias of GorcHE s RS mer
t fiilnss ok azamplens.Sopaterit 7260,460 Bauktatteld herbbg irebpoeied by reference

ST Py BB P o bR sgiaoh BN GRTE boipers hade with
Wihuarated podimesio el colididscin order keinedeyse Thaditn pondattistieby However,
meego;mﬁ% JsBd 5r{ tﬁis%”s{do%@teﬁail QiREIc98 B Rabd¥nkibh of tRS formulated
pol y( s, 4-

; ormul ation w
edispersioadpaning 19 rAehwading pupgdy Jurngdieposiiommncsulstrate.
( PEDOT/ PSSCQ)‘ di spersi on where 15 s,ol 3/40[ S were used as
IR0} alkacdiigas W 20R611R3 a1 I(thg YBR 167 Gisclgpyrel whishiighereby
\algc?m?faa@t @,Fﬂeferen%edrﬁ ﬂy\@rﬂh f&{,Qflsdd@.@s BR TnkLétaik f@fhf\&étiohhﬁth poly(3,4-
i scl.osure.,i a e .use id-formn
oPerBPedid RN Sy syt At HatOY PSR paperyon where
; polpols nateabedias amsatatit togétaero@mchmnavmwmﬂmglreﬂh@)ae fsurfactant.
r . . .
| RAEER oL B8 ORIk 08T A2 N Bp 1 gpigoormi
ddispersant ASGA, whigh id natableastya puiially flearinated dispersantythe copductive
lg d ' I
[ BOrhbr I_E?ér)félﬁ{etdﬁa‘ggﬁé{ %tr&l‘e%giﬁag? cah §5’%o¢b %@%@'ﬁ% from the

proceedi ng)_ti ance ime o
L POHONmAD tTiRfg 2y 8aed o lagrsiglamination and ultimately poor device life time.

Plof el retanoiatel G BliclL IEEABONg PSRN abLetme o
(r:] .Bblh/miedl;iglwﬁmin@g quesmfsi 3] Rut;}(ﬂiegﬁpt?b]itﬁ@ﬁe?e[:)sbzse Conductive

- £ 1.uo e ni c.acid. r, o
oo pOHRLIoRB R oMY e S e ot polymertc aci
nodraprises ahighlyefiveriaated eulfsaicetict polyoren (EFSAi potymeol) yhas ibetter thermal
i iy V1 bisfme, RRIZ 8 o6 s LI NE BRIt o water
negjulie pollojsiforpiag eelymBEc #eid sychasdoly(styark suifonio abidh(RESA). This
devi &Il b bRé biRe k%ﬂ%}sﬁbédﬁné‘f&qg{@fg jb%be IkGIMRE o8bdélafly under high

umdity conditions. | wever,

d high h
2%%%’%?@@”6&99%?“%%@?@”% conprising the
21@3@;‘%%%%%3@%}@%?%8@#{%{%# I algsif% q%%&%gﬁé p')%?highly-fluorinated

i sulfooid acid potyheer a8 Gisperking poipgiet sond BLEH aPNAEIORSE| Moduces the

defil.ci i es. ro ic nature of the dispersion,

cRlEng ) o FbeobdGRRAAR s ALbofooit By GBS Gbeioion

| FROSsEEIor avettingfonesubgiode (eagl ER/glans, T BO/PET) and often poor adhesion to
adjacent layer such as LEP layer. b) The highly-fluorinated sulfonic acid polymer is

dispersible in water with limited solubility in water. As a result, the polymer dispersion

-3.
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adj acent |ayer such as LEP |ayer. b) The

hi ghl y-fluorinated sulfonic acid polyner is

di spersible in water with limted solubility in water.

As a result, the polynmer dispersion -3 utilizing only

a highly-fluorinated sulfonic acid polyner has

relatively low bulk viscosity. This limts the

processi ng operating choices during the film

d NG hha bigbly-flupdsie sulipnic agid palyBgetiad relatively le it viecosity.
P rhi&Rriits Mo a6ising obBraliRglcHdid ARG AG tiiny eepd%ﬁi!ox TRepS

that are easily processed, produces high quality

C QO3 t Mt fsine@Bedid ialcdRbig:til® polyrRed Rl deRics il B Cconductive
dr awbacks of

caonponents, and .do not suffer fromth 1CKS .

¢ REVBRfacarE SasilsGrorpsarl PioP RS GURN e AR 4oL kRiims Suitable for
pasein decodicpatpatenty phd dahosuffesif®n fer dhybacks of the prior an.

i ncorporated by reference. BRI EF SUMVARY OF THE

| TREIMTT| The p@vio09y Bipnfifted patestssanid patant applioations laveisereby

prirg:g}p?;g;e@gys@ [g8iad Wi th conventional materials by

provi di ng conductive pol yner conpositions (e.g., a
di spersion), that have inproved processability and
can provide quality conductive filnms that can be

enpl oyed, for exsAEFESUMMASYEGE TREIIQVERTIRINENE S.
[ 0016] Conductive polyners conprising at |east

p#OIBRI Tye hhlﬂgfihﬁ?atiﬁds@l?ésmﬁlﬁﬁﬂﬁ ssspoRwd ‘»Jig: di')lﬁ\/érgienal_materials by
p Y ages for..a e range .o ctronics
DBl irgaf e BV RS Gotrabiodhg Vet A ARtRaED. Fafia e Jbroves
e piocesaailityi and ean pobvidh guelity boreductivddirme that cdnrbeograigoyeaofor
[ EPJrﬁ’M@,_iﬁ Q@ctr&%ﬂrﬁﬁpef}&oce%i bility during the
ge, [

deposi tion stage mformng additive is added to

t 5@1 6T OOBRHINEpIRPAHEBEmSHsHRES \f\dg“aﬁqn@? tflh%{?@'sdgébe?éants show
)

the filmformng ‘additive al’lo

c BRfiteoreriomics RavaniRaesi ol We sansetof alesisonigrapriications such as hole
CERasN Ridrifbiighi dnittilg RRYE ah@ PhottbitaRIa0ESs. 1hQRdeflo Mpfove the
a ct, of the. pr sen% dj scl.osure incl] udes, an agueous
dﬁ%geg?isqrg?{asgﬁ@&f@m% heéJeB%ltfqnaqtql%p, f |er) fMying g&gditive is added to the
?@:@]@ectszarmlymn disparsibni The Inylusi_o? dﬂt?b 'rtim_efopﬁing :jﬁ_ﬁdi_ti%l@lfo&rs film

r . orm.ng addi tiyve . -
TR ab g P Rup s R 8 bt wi copostion
(methops.. |1 n addition, the concentration of the film

forming additive is less than the 25 solubility limt
of001 il “GRRingRegtof the Rasest disqipsure nslidpe an squesye dispersion including

Od phfistyiudmeited SiBpersdit| dAdidstidalMecdridlitivk PoiyaP afdS i #fing
is.|.ess.than fabo_ut __dy_n?s/ cmat 100 ns surface age.

[ %?511‘@’?- Zhe PR PTalan addsngibis iy VDR ebEAIpgor inan about

} SE1QIHES °B). mﬁb@ﬁbﬁ, crlre o;oaeéﬁtraﬂorﬁ%f_ tﬁ@mdﬂahﬁiw@a:ﬂmﬁmﬁegs than the
g SFALBEASH {85 PRttt BBt 67 ne Hidersion

dingpeding therfilm farnindesiditive mdessdnen abonp6ld dynes/cinnat|100linsgsudface age.

[0018] Another aspect of the present disclosure includes a method for forming a
conductive polymer film. The method includes providing a substrate, and providing a
polymer dispersion. The polymer dispersion includes an aqueous dispersion including a
partially fluorinated dispersant, an electrically conductive polymer and a film forming
additive. The film forming additive includes a boiling temperature greater than about

85 °C (185 °F). In addition, the concentration of the film forming additive is less than the

-4-
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30 partially fluorinated di spersant, an electrically
conductive polynmer and a filmformng additive. The
filmformng additive includes a boiling tenperature
greater than about 85 C (185 F). In addition, the
concentration of the filmformng additive is |ess

than the -4 solubility limt of the additive in

wat er. The dynam c surface tension of the dispersion

i Aelbiitfy H@ittohé\efﬁdﬂﬁw wrwaterg The giypanvie spdadedensiomefihengjsparsion

6ehchiang %&mnf'JYBrn%Qamw%% fo8§ fhaf 3Bout 6DNEBHEN AF180 4k B&kace age.

i ncl udes dr dispersion to forma conductive
pd g fethod;f yifer 'r[cw?;@prvmtw d'apﬁfﬁ-ﬁ@mfagbéépn%ﬂ%%owmeffﬂm

d
PIRREL: sllLaauter aioect OFihe ool o s tg s A datits aemaysing a
fG_bthubil\@_adolymmﬂlﬂlm? 1 Vhe %br?&ctﬂz@ﬁirﬁhﬁ@an aean&r eonduttiety of 10E-6 to
VI n.ro I O a | erS|0n cQ
a0 S R ARG SRy hQ b S gl din A PPE o B ARG pipai
c tutine ted\disppsiagiran eteotiicallyfaohdochivs mlyrgemmll d filmdormirighadditive.

fi o
gp-léa tfte'lfflbﬁlﬂﬂ B@We |h<§§déérb°tad§g@%rﬁp$9fua d@Q?{e?{ﬁHﬁ Fﬁ&ﬂ 's8 -

c 6¥88c Rl rlaepdition the enpncentratipn of the filn toording iadditivesis lass ghan the

t Q@lﬂblﬁt{? ﬁmrt lapthﬁ%él'lmé intwatdrl Fhé dPfantid §¥@é%@'té ¥ df he dispersion

wat er . ynam C surface tension o EGTSIOH

i w&ﬁueﬁp ng ft'méo'm'm%qdawm%swén gbout 6P§1vn%sévsn ahtie mpeurface age.

6 at 100 surfac

© g e b A B M e sy PP RRB ) G amgergnt from

gmeaqrmmrgmoé;cmmrl]led b&cﬁﬁﬁdn&)ﬁﬂh@cdﬂﬁh@sﬁ@&tﬁbg @flbodiments, taken in
[ the cert as t. r.e i ntent s

C EqAcRoN R e AR B e R i Ml RlFe RS WY 2 Pragpte. he

V\ptiimjplesldflttﬂin'a&r&pnby way of exanple, the 15 principles

of the invention. BRI EF DESCRI PTI ON OF SEVERAL VI EWs

OF THE DRAWNGS [0021] FIG 1 illustrates an

el evational _cross-sectional view of an el ectroni

devi ce t RBIEF PREFHION QRoPRVERNe VIEVER QF i1tk DB@@BN@ﬁng
t[)@?gﬁ_ E’%BD% n%sqé) %\élg?atgﬁés ?q%@%ﬁ%ﬁos%gff}n gipgironic device that

pinclsded a hidls trjextion Ryercdcadeithgtio angmbodimeni of ey riesers digtlosure.
el ectrically conductive polyners, nethods for

appl yi ng such di spersions, and devi ces incorporating
conducti ve poléger containing filnms. The inventive

conduct i ve pol PREAILEDIRSGRIFTIONS) THRINVENTION

hetg{’ clic fused ri n? nononer units, such as,

but
hegietest diaeipsra rakates ieiasyRusslispersions|of glepgically conductive
pnﬂlw(uérb,l rﬁaa{aéas fér &ﬁdl)h‘h@ﬂhﬁ mbrsuoﬁb ear@lo%pﬂémao@bréﬁng conductive
09 udes % | a_gh @ t uorilnated r% g
AR ORGP imE B Biéan Geabupbie g Hepe/SRpY fay comprise
| hejerocyctie flisedring mopermen ums,ssushl ag s hatimitéd ta, poldienothiophenes,
Ciﬂ&lb&h& p%@it“e%[@ﬁ'-b]{hfbpﬁ&?e%idﬁqbcﬁsﬁl&rst.gﬁ &I&%nétﬂ%%r}:\tn' at lbast partially
fluorinated polymer. As used herein, the term "dispersion” refers to a liquid medium
comprising a suspension of minute colloid particles. In accordance with the invention,
the "liquid medium" is typically an agqueous liquid, e.g., de-ionized water. As used herein,
the term "aqueous® refers to a liquid that has a significant portion of water and in one
embodiment it is at least about 40% by weight water. As used herein, the term "colloid”
refers to the minute particles suspended in the liquid medium, said particles having a

-5-
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the "liquid nmediunt is typically an aqueous |iquid,

e.g., de-ionized water. As used herein, 30 the term
"agueous' refers to a liquid that has a significant
portion of water and in one enbodinent it is at |east
about 40% by wei ght water. As used herein, the term
"colloid" refers to the mnute particles suspended in

the liquid nmedium said particles having a -5 particle

s Dar@'cle 5128 vpad albaut 1 mitron éhg4 abayt 20 abrametars 1o abiB0@ nanometers

lt@%&é‘éﬂ&{‘?&o%fé? ﬁazaﬂfﬂwrga' |y about 30 to

out 0" nanoneters) As ‘used herein, the

gjm] ,&9 [Eb"d r$e$§n ‘the Eé?rﬂ@"‘do?ﬂﬂﬂlges . "cbmhsiﬁ’gefswmcludes “vincluding,"
ot her variation

t H’@F 'Fa"' ey ?'?Vt‘é'i’ﬂfé’é”%‘l?”&@%@?f ETGHB%“Q@QGP Goyey @ ngn-exclusive

| melusidh.ORor é;@mp@( apRdcess, ngiia; 8Risle, diipparhiusahiticomPrisedia list of
aggara us that co 1S not

t
BoBters 1 NBbersatl ImBSB et RPN RPN Bk o Otner
| slenedis not &grressl listeanr inheoint BxuCe picysd, metied, article, or apparatus.
aggﬁeg%éésg egéjr‘é?%ggtgf\e%%? téw gs%égé)r? égg'lrréfegslttg t.':ln(? c{usw{-; or and not to
camexausive orofor exghplesa cendition |m| Buis isatistied bpady ons of_ttlme following:
2§til§f§é té?b%-@eﬁ%and;%és fgéé‘ e p@F&ﬁ’P Qi id fa%% (@' it p{%rshzt) and B is
(twe Wé@?éﬁ'ﬂ E@H@OB A ang ﬁIaSQet"(%Gﬂf pEseRt esent ) Ais

not present nd Bis rue sen
2 Fag 8o Koo L3h aP e Sator wilae svived nfep e dieriapd components
usteth@fnvérhtm Bis Brdon@merély for emﬂeﬂbéﬁ@la &y tdegmra @Sheral sense of the

nts_an nventi on.
GH e, TS S PRB et en derciR o 3o a” ot g b e singulr
selasmcluﬁesﬁne pluralweless itis oblious thi & ¢ mednt otheskisaul d be
read to include one or at |east one and the singular
1E0085) oT hermléatiinadly censluptivernalymen may indludeipslyotevizes iwnits ieht

' ﬁetbr%c{@ﬁ@fﬂse&?rh& Hﬂh%er ILFRQZ%B E&ﬁﬂu@l’h@%f Ly be a p?lyanlllne

conduc I ncl meri zed uni t

h@@'mva'egeé o eofv%@aaenﬁ Hg th%h‘éﬁfb’?*“’@ﬁ iof gomm'oeamm ive

oBedEE ianalen atembara oriap of Genl Bipacaiin maie Fomule !

thereof. [0026] Pol ypyrroles contenplated for use the
new conposition have Formul,a I R, N RZ 20 where in
Formula I, nis at |east ut 4R i s independentl|y
sel ected so as to be the
occurrence and is selected fjomypydriogen, aIkyI,
al kenyl, al koxy, al kanoy
al kyl t hi oal kyl , al kyl ar aryTaIky ™~ am no,
al kyl am no,

where in Formula |, n is at least about 4; R' is independently selected so as to be the
same or different at each occurrence and is selected from hydrogen, alkyl, alkenyl,
alkoxy, alkanoyl, alkythio, aryloxy, alkyithioalkyl, alkylaryl, arylalkyl, amino, alkylamino,
dialkylamino, aryl, alkylsulfinyl, alkoxyalkyl, alkyisulfonyl, arylthio, arylsulfinyl,
alkoxycarbonyl, arylsuifonyl, acrylic acid, phosphoric acid, phosphonic acid, halogen,
nitro, cyano, hydroxyl, epoxy, silane, siloxane, alcohol, amidosulfonate, benzyl,
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25 di al kyl am no, aryl, al kylsulfinyl, alkoxyal kyl,

al kyl sul fonyl, arylthio, arylsulfinyl,

al koxycar bonyl, arylsul fonyl, acrylic acid, phosphoric
aci d, phosphonic acid, halogen, nitro, cyano,

hydr oxyl , epoxy, silane, siloxane, al cohol,

am dosul fonate, benzyl, -6 carboxylate, ether, ether
cargox | at e, et her sulfonate and urethane; or both R

gfy ?93)( atq, Gifier Heiher eagpoKyiatm ethersulignat and urethdoengd teieR' groups

cimgetheﬁrﬂﬁ?foﬂhlaﬁ&u@leﬁe of‘alkényie@ue cﬂém%orr%ﬂ’f? 30' 4 %E%‘? c

or a rin opt I ona "i'ncl

oh&™ bP’ € %T‘a*&q/gl“é/ﬁ'tc % WB'@% Aing iy Pationafly ibRlysdeane or more
aumatsnt ”am@eﬁ%ulf& driedpyeengsng; lag ﬂ@ﬁﬁﬁ&%nééhﬂ?%efeeteg Qo 13s to be

? gér%%'g: aﬁ‘fs Lé}%{agﬁtgﬂ:%tngﬁ%ﬁnd lgpﬁléqrz;gg %’gmg}ggqolgen alkyi, alkenyl,
aarwaaaswqyl alldﬂyﬂmdmmalﬂdﬂaiyi aﬂn&wl aewho aboyy, 3lidne, silokBhd) dicohol,

AP L85, BSE M o e b, et

sAcrwethere. sul fonate, and uret hane. [0027] In one
enbodinent, R is the sane or different at each

quW]r an6Re ambodimentl A isﬁﬁ@??ﬁ@@r‘ﬂrﬁéferﬁ%lt S%Lhetﬂ:ctnrr%e and is

al kenyl

é‘gquaﬁ??{’%'ﬁﬁ?'e&eg f"@'@HUP’OQS'Fn Ay @ kﬁBﬂaﬁ'@XYWﬁ@ylkyl cycloalkenyl,

cacdbol gintdosulfopkteebenzk BQBOW@ @ AtRar cﬁFb‘EWlate ether sulfonate,
sul f onat.e, uret hane,

t
JHrSRE FernarR e Bt Pl T AORSGiRuls it apesy more of
sulferimacd, sartoxylicaciioagriiccachi; posphsrc/adid; phédphonic acid, halogen,

?’QEE%WL B o B SARE aanS poieR o ane malt et es.
e pone gl ¥ Roped Fer ! eREa 5E anb A spostiutea

r\’fyﬁtpé’" or g\?ﬁ?frﬁ“lﬁo%@%d Cé'&obxil%pb!dcacmlcmclchphqdphonmmﬂ

By or oyl ey PREEIRR, By, oia SP Sloratd Aitss

[0029} e Iregriecathraithent,tthe p@ﬂwf@wm Qhﬁmbﬁmiéafaua%fhwta%@ R? are
R@r h R' and R2 are ydrogen. 20 [0030] In one

both R1 together forma 6 or 7-nenbered
t ted
fhasey °"*‘f"e o Bpeimett o5 5 rooberdi.f K37 7 bt ited icvoi ring
mcb dfsfuﬂh‘%frﬁéib@ltu'@@ witly B grwrﬂsmgehamm aueyl Hetgroalkyheicohol,
ﬁﬁaﬁd@@eﬂwnaieeber%&h%rb&%écté’wé? etﬁéf'lcg%ﬁlgte ?tﬂ%dﬁulf?nate sutfonate,

ne. These groups can i nprove t
f"ﬂ ur gelhesg grqu% cqrbgmrqvjeﬁ@e sqiehilin et the monomer and the rasulting

polfradi. iredrie, erfilidimdRt, BoRoR! i&@éthéﬁbﬁ‘l a8 eﬁirg’[mgmgffgg Qfd?/glﬁ: ting,

| | { tit d
e TR IR AT LT A N
foom m Gaor6?- memberee ribeyciirig, Waich lis farthérisaibstittted Rith &n alkyl group
f.évl{sd['ﬁleﬁyp 5%5#%@91 with an al kyl group having

C ar
[0031] In one embodiment, both R' together form--0--(CHY),,--O--, where m is 2 or 3,
and Y is the same or different at each occurrence and is selected from hydrogen, alkyl,
alcohol, amidosulfonate, benzyl, carboxylate, ether, ether carboxylate, ether sulfonate,
sulfonate, and urethane. In one embodiment, at least one Y group is not hydrogen. In
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[0031] In one enbodi nent, both R together
form-O-(CHYYm-O-, where mis 2 or 3, and Y is the
same or different at each occurrence and is sel ected

from hydrogen, alkyl, 30 al cohol, am dosul fonate,

benzyl, carboxylate, ether, ether carboxylate, ether

sul fonate, sulfonate, and urethane. In one enbodi nent,

at | east one Y group is not hydrogen. In -7 one
eomeoenbastimentast i¢ashene Yigeoup iga sulpstituenthavingdt substituted for at least

hSWé %cgggﬁulkﬁ%btemb%ﬁ e, a?kag@%t\’ %@Uﬁis@éq‘rugﬁﬁaﬂed I'n

east’ “one
pfﬁ)ﬁb]u olh'oﬂ@teﬁ%odlmg’ gﬂe ﬁd&;ﬁ}ﬂ@le%@@ Fi'\' th& Rbw cérﬁﬁosntlon is a positively
poy rrol e used iIn new composi tion is

rQQW"?“mk‘!ﬂ fPYyE" \’:’Bﬁ’fﬁ i ﬁ"iﬁé"’ﬁ sharaes a’\ﬁﬁ"n’@laéc?qw'éy the colloidal
p@@yméw&adHEW§m$ are bal anced by the colloidal 5
pol ymeric acid anions. [0033] Polythiophenes
Clo0BBIPatRidphares teftemplatddifonay is Bienee donpasiliay Bave Formula I
Formula Il below R RL s |11 10 wherein: R is
|W%%ﬁendently selected so as to be the sane or
different at each occurrence and is selected from
hydr ogen, al kyl, al kenyl, koxygi\al kanoyl, al kyt hi o,
aryl oxy, al kyl thioal kyl, ylayyl } aryl al kyl, am no,
al kyl am no, di al kyl am no, ) alkylsulflnyl
al koxyal kyl, al kyl sul fonyl, hij o, arylsulfinyl,
al koxycar bonyl , aryl sul f ic acid,
phosphoric acid, phosphonic acid, "hal ogen, nitro,
cyano, hydroxyl, epoxy, 15 silane, sil oxane, al cohol,
am dosul fonate, benzyl, carboxylate, ether, ether
carboxyl ate, ether sulfonate,land urethane; or both
R groups together may form an al kyl ene or al kenyl ene

CligdrginC ﬂ*rw inddpRgdentiy setéctel so @s tdbe the FBMEF Gﬂe%hﬂﬂ&tabﬁ

chreispiiiang e et Fom o A i iy eh O g
aargloxy, allqltrﬁcballkyeaﬁ{yla@b,camalnyl &0ind, GIAEmiha) dtaﬂquammo aryl,

vﬂ‘@?&hfﬁ?f‘é&gﬂ%&b: ,ﬁi!(ylgﬂ%ﬁ hg@tl{% a&su?nyé%@@?gharg?ulfonyl

eanrylic aciduphaspbericacit, pbowhomca@d. Halagen hyide, sgane, hedrixd, epoxy,
%slﬁﬁ@%‘lox ﬂ@ éjfb'ﬂdl faﬁﬁb%%ﬁlfongﬁen zgl E%Q%é Fhifer &ﬁé}%rboxy!ate

car her” sul ur et hane
oﬂ%e’eﬁ%@lﬁt?r@ﬁﬂ ureérparne;{ord?og-u ﬁyBFPB@%ﬁQEthﬁr BefoERBH leﬁléﬂ@ or

t derpehy thai® e&aﬂeur@at. Qloi ys(? o 7%%&»&9@@%& Bi amir&.a eihg, which
a eas

TP BE PO TR B8 A FBFR Ve iegen BLkPr R stans, and

ssbsleasdtabodt aavi ng F

[0034] in one embodiment, both R' together form--0--(CHY)p--O--, where m is 2 or 3,
and Y is the same or different at each occurrence and is selected from hydrogen, alkyl,
alcohol, amidosulfonate, benzyt, carboxylate, ether, ether carboxylate, ether sulfonate,
and urethane. In one embodiment, all Y are hydrogen. In one embodiment, the
poiythiophene is poly(3,4-ethylenedioxythiophene). In one embodiment, at leastone Y
group is not hydrogen. In one embodiment, at least one Y group is a substituent having F
substituted for at least one hydrogen. In one embodiment, at least one Y group is

perfluorinated.




substituted for at |east one hydrogen. In one
enbodi nent, at | east one Y group is perfluorinated.
-8 (0035] In one enbodi nent, the polythiophene is a
pol y[ (sul f-oni ¢ aci d- propyl ene- et her -
nmet hyl ene- 3, 4- di oxyet hyl ene) t hi ophene]. In one
enbodi nent, the pol ythi ophene is a
po“%%gpropyl et her - et hyl ene- 3, 4- di oxyet hyl ene) t hi ophen
oBB)ne| enngimentiibel Polthiopbenetin e pplyEswioniciacidentopylane-sther-
t oner,
%thﬁ@ﬁ%@ A QBX&W%%QEMEMM}%I ﬂ‘?ﬁ bfte emBoditnbMAOE ph&ﬂﬁ"@%ene is a

P/merl C CO repeating uhit
fBP Hﬂﬁﬂ’rﬂp\ﬂ’ft“e&§thYF6913cﬂm@°xYRm¥ enppthigghereln X is S or Se,
YIS R is a substituent group. n is greater

Se
Gﬁb [ ane 2mibegimentiof tBe Srasakinvegtiath diaioyaruPy 9roa@safnomomenc,
5 t oumb ah8 polpmEBy cdIfpaRiibns HAGJ rbb&ﬂing@nh@ Having RPADLP1, as
bondlng to the ring structure of R may i ncl ude
hﬁw @en or isotopes thereof, hydroxyl, alKkyl,
including C, to C20 prinary,Ftecondary or tertiary
al kyl groups, arylalkyl, alkenyl, perfluoroalkyl,
perfluororaryl, aryl, alkoxy,f cycloal kyl,
cycl oal kenyl, al kanoyl , ; i o, aryl oxy,
al kyl t hi oal kyl , al kynyl, a I, arylal kyl, am do,
al kyl sul finyl, 15 al koxyal al kyl sul fonyl, aryl,
aryl am no, diaryl am no, A di al kyl am no,

arylaryl am no, arylthig f X aryl sul finyl,
al koxycar bonyl , arylsulfo-tl abaxyl, hal ogen,
nitro, cyano, sulfonl i A\ oF al Ryl or phenyl

substituted with one or oni ¢ acid (or
derivatives thereof), phosphoric acid (or derivatives
thereof), carboxylic acid ( derivatives thereof),

hal o, am no, nitro, hydroxyl, cyano or epoxy noieties.

| whergingeistSdnbes Yo BionSet, & iRarsestitvect grdep.ah fsroreatertban alout 2

10 Séﬁc?l%ss ¥BF 26 LAg H&ﬁi}ﬁ{ﬂ 590&#’ Ltit% 058U 16 R un‘r?névc%e@{g) s‘iub&ﬁuent 1t group

meric structure sel eni ning

S?W@élﬂf Boneing tgdhe ring staigture of RierR miay inshsle dvediogen ¢ or rsptosoes
NR¥reof) %%le rbﬂ@,ﬁ q}%ngaé ke IRy ;Yrimar?@él:&lldﬁw or t§f'i|¥|1y alkyl groups,

KT ERC LA WA IR G
batkdnoyChlkylia, al‘ylcﬁdy, éﬂkylthiaﬁniyly\él@‘r@l alkgiag|, Qf'ylfﬂﬂﬂ @mido, alkylsulfinyl,
15 nﬁgoxgglh@eﬁ@fliﬁmxl Sfa%%onggwg_mmo ,qkyﬁmlﬁqspgkpgammo
a}@a;ylan@@@e,rylthmtaroary%@l@mnyk Skoxycarbonyfll@ridsulfondi-setbbxyl,
Oﬁaldg%ﬁ%itrja,rbyﬁﬁ& I?iu ﬁ’onm or Elpﬂtor Bhéﬂ}%&%tit&e@t\nﬁﬂsone'o? more
suifonic acid (or derivatives thereof), phosphoric acid (or derivatives thereof), carboxylic
acid (or derivatives thereof), halo, amino, nitro, hydroxyl, cyano or epoxy moieties. in
20  certain embodiments R may include alpha reactive sites, wherein branched oligomeric,
polymeric or copolymeric structures of the selenium containing ring struéture may be
formed. In certain embodiments, R may include hydrogen, alkylaryl, arylalkyi, aryl,
heteroaryl, C, to C,2 primary, secondary or tertiary alkyl groups, which may be mono- or
polysubstituted by F, C!, Br, | or CN, and wherein one or more non-adjacent CH, groups
25  may be replaced, independently with -O-, -8-, -NH-, -NR", -SiR'R -, -CQ-, -CQQ-, -0CO-,
-0CO-0-, -§- CO-, -CO-8-, -CH=CH- or -C=C- in such a manner that O and/or S atoms

-9-
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are not linked directly to one anot her, phenyl and

substi tuted phenyl groups, cyclohexyl, naphthal enic,

hydr oxyl, al kyl ether, perfluoroal kyl, perfluoroaryl,

carboxylic acids, esters and sulfonic acid groups,

perfluoro, SF5, or F. R'and R' are independently of

each other H, aryl or alkyl with 1 to 12 C atons. The
yner can include end-groups independently 5

po
s%ﬂeé@t ke disently imens anatherphenyrand sHbstitulerhphaswgrovrs. prsiohexyl,
TR HIRRARL h{vtﬁo:?}i ra*H&F &thes F@fﬂ&&ﬁéﬁkﬂ SDrfuckdiyl g?tr?n&zﬁc acids, esters

i nvention be sdbst an lally 1dentig¢
vaﬁéﬁ' QBQUPRBRP”B@% SFel S el anthBt %rﬁmwe@@ngsc pf gagh other
nﬂﬂﬁ?ﬁir%ik?mlirﬁb{oa F ClatonfOTRé M@?fhérzc%h' ifdlude - dr@tﬁ)%aﬁde!ﬂ)@ndent!y

- BedPls Rugk by Horciardinal endiirasay Tog Topeating Stuctores
nmofdmgctb Itlmlga'bsm thvgmtidasay Besubg@hfidllg idenfichl db@rmg g1 ons

PR el 1 8 3B R R BRI T @ oGERRor

_ c@wplymeﬂzainm Mmbé repestirgunitquaychesteonissted #i any softatde manner known

alzwm b fﬁﬁ* nhaydg ﬁﬁ@tdm\ 4T fa&&.eﬁéi <hd gFQgPElrn 4.:99%% ]

I'n one aspec osur e, Spersions
Cq;:pﬁﬁrﬁgqsr@d@og@pmq eantaining Bband p@lym@nc acnd doped composstions of P1,

8 [2] |o)ﬁb RPB&HIENhE B [
ol thr oo S e TRRSLREEpsensn aepre depeetn 42 e o
t9APEH BPMMEpRReREI NG STer s i ncl udi ng
t hi eno[ 3, 4-b] t hi ophene nononers, are polynerized
dRne3it]c ah bye aspechaf tiny disclostee, @huadusldmstsma eomﬁr‘ igingélbstrically

Légﬁ%(}%lpg‘hgl% %ﬁ[&ﬁﬁéﬁes Cs@% ?‘?1 Bt-)r P@u d@ﬁg E}@f‘g‘lgﬂ'{ene) can be prepared

dvhan| thisoetbiophenieuderomess including thieriofizd-blttuopHiene mohbmefs, hre

gﬂbﬁ%é?ﬂe@%nﬁtbéélg @8 ?esl@ﬂ&é ) Ie?gl' de dabi a&lﬁﬁu&rﬁgf%aggﬂﬁteric

provi ynam C surftace t'ens
rAcid: i e clismgrsiqna POWan@gupphn@ma@ordim tixpprepent disclasure includes

Qapmmew g éd?:l’hv@f TBE‘ ﬂlnf fohﬁh& Qﬁmlwaﬁ%&uln‘d ®olrt of I§§§1an about 85°

'Eg 0 il tive I n wat .

(B EPViaenp BTG AasecRTeiY DG milRecerrsdmehagsschar pRiem.

I Theaotal conceranrgion siehafilnclomhing doditveds) e tanRRASRUbIlly limit of the

g&d‘f’!}e Fnhv? oI y(thi eno[ 3, 4- b] t hi ophene) and di spersi on-
orm hg tlaInyIuorlnated polyneric acid are

gb&%i Sﬁqﬁ)o? ﬁ!}ﬁé(ééas g ng[tg offé Q%EE‘MBH%? ﬁ%)ln\?e?wﬂéﬁggmpn Ba

Inventron can
Sopliitious aayepys gm;e(uz)wh:ch Ehepoiy(tRiene[3-blthidphene)and tispersion-

forming partially fluorinated polymeric acid are dispersed. Poly(thieno[3,4-b]thiophenes)
that can be used in the present invention can have the structure (1) and (2):

-10 -
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wherein Ris selected from hydrogen, an al kyl having 1

to 8 carbon atons, phenyl, substituted phenyl,

CnF2mt+,, F, d, and SF5, and n is greater than about 2
and less than 20 and nornally about 4 to about 16.

[ 0039] Thi enot hi ophenes that can be used in the
conpositions of this invention nmay 5 also have the
structure (2) as provided above, wherein R, and R2 are

i WhesE TR ErRelepteddsimbydsenen; amatkyi daving t taBozeon Bion) phenyl,
p@mﬂstlﬁztddadheﬁflb@ Ay Mol t%béjl@hé(rf)%?;@?«%ﬁér‘?ﬁ’%e{h?ugg and less than

c ri ses I eno[ 3, 4
cg%?qgg@aﬁwﬁﬁ%@éﬁpa bwda®] Anot her aspect of the
i nvention includes the conductive pol yner

pig0gels eTW%ﬂmeﬁe@ﬂhhhé&hﬂﬁﬂ%@h in the %oﬂﬁbéﬂﬂﬁ% of i inthfion may

I SCl d
Ign?née\}r?e' tﬁ%%&?ﬁ?@g ?)K%dn ge emlﬁef%n é? gf%h :T:riaslndependently
&weﬁm theélshahwms In orfel peticuR@ 6by@mBeR) ﬂﬁ%@tﬂ%ttﬁ@phene

RSP RS SHAH i M k B
tsl‘ﬁb@dll tAHoﬁfé ]‘a%ééps'ﬁﬁ‘ ﬁvelﬁfénﬂckn}dgg ﬁ'l%aconducttve polymer

i eng enes, subs
t AN @}022 chitWPBﬂﬁﬁ'éh eThechalymess fsr Bsetwith Biig disclosure may include

%oyflgﬁgmweﬁ?gﬂgﬁgﬁ@ﬂﬁaﬁﬁenz@a Bk &%%%&85@#09 RIARBGE!.

ARGV menames MaY ke S?Jﬂ‘éﬁ?/ff@ﬁé@? grﬁa@mm@m ef thiophenes,
§UIBB¢[BI4ttI]tG@Phaﬂ1 tHimioEmZ‘-E].thlopiﬁeﬁa eupbtiraad tﬁl@rﬂﬁhﬁ )éhbstltutead

WWJ? gt IR B eSS BB, st bk

dithigalens;, selenaphehasc substitttad\aelenoptenes spyroREbitticHhehs, BRb&tituted

[ vent | C

Ws‘ﬁ% P, BOoR L enl T b, bl appaignes
Mgﬂl apg tayphany, n@s@wtqﬁdamueny\}vmnehyimmwemsmbstlﬁlteﬂfmenylene
RIngRAS iy

e bRHer b Sfe8 A SfEnesh h 3pdich ' PlGrBRit Meppers, e
m%q?m{ s ﬂc?%d'a% 19 the eepsentiinventian may include pelymerizedtungeof a non-
eleomdctivOmbnomérish t he proviso that 25 n+nme5; and RL is
i ndependently selected so as to be the sane or

oo kr quyara!tne&mm:ulouw&mmﬁbeﬂ;sdd iif tﬁ@Fn%lérE%\felﬁﬁBH can be
oa cl oal kenyl |
613@29%%{/ %E)‘R(ﬁ?o%@/r}mné% mya mtll’?'?]‘goal kyl , d

aIkyIaryI aryl al kyl, am no, al kyl am no, dlalkylanino,
aryl, “11 alkylsulfinyl, al koxyal kyl , al kyl sul fonyl,
arylthlo, arylsulfinyl, alkokycarbonyl, aryl sul fonyl,
carboxylic acid, halogen, c o, or alkyl substituted
with one or nore of sulfo id,

(Hy R},

wherein n is an integer from 0 to 4; mis an integer from 1 to 5, with the proviso that
n+m=5; and R1 is independently selected so as to be the same or ditferent at each
occurrence and is selected from alkyl, alkeny!, atkoxy, cycloalkyl, cycloalkenyl, alkanoyl,
alkythio, aryloxy, alkylthioalky!, alkylary, arylalkyl, amino, alkylamino, dialkylamino, aryl,

-11-
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carboxylic acid, halo, nitro, cyano or epoxy nvieties;

or any two Rl groups together may form an al kyl ene or

al kenyl ene chain conpleting a 3, 4, 5, 6, or

7-menbered aromatic or 5 alicyclic ring, which ring

may optionally include one or nore dival ent nitrogen,

sul fur or oxygen atons. [0042] The pol ynerized

mat eri al conprises aniline nononer units, each of the
adliyisutfmyl, etkoxyaikyl, aliysaifongly amytthia, drgsutiirlys atkekymattedyl{ agizuifonyi,

F I . [ \A o

R s Bl Rl of s e GELB t o REb rgpic aci

arasbouylicRaid, ety aitsoreyand or epgoly triotaties;tdn anpto/fih gloupetogether may

i - rg @f at .

o BATSPOL Sk AT 86107 88 romatc o

t HieyGhe ssgwhichingnaweptigrallyrresiudes aretas mare divalent nitrogen, sulfur or
Ghtperi ¢ structures above and may incl ude

het er eopol yneric or copolyneric structures. The

dop4ad)y Mkl polyaishided maREalRyhphSesPahiing PidhoR=Y LRI, B4ch of the aniline

%éf@ ejartulrg Egp%vgf)ggall y@%@; %%g&gﬂ (rgr_%ld%o?r;\ Ulgtl\ll lBglov'%: and B
(A-B-A-B-B-A-A-A-A-B-B-B)n), 20 random copol yners
(e.g., random sequences of gpnomer A and B),
statistical copolyners (e.t.“, p@l ynmer sequence

obeyi ng statistical rul es)f ang/ od bl ock copol yners
(e.g., two or nmore honmbpo\ sdbtni ts |inked by
coval ent bonds). The copol ¥i®rs may be branched or

i nked, provided the resul tmi copol yner maintains the
properties of electrical conductivity. -12 [0044]

Di spersion polyneric acidsontenplated for use in the
practice of the invention are insoluble in water, and
ROV AsIoMei ds when di spersed into a suitable
aqueous nedium The polyneric acids typically have a
nol ecul ar wei ght in themhange of aldyt 10,000 to

about 4, 000,000. In on 4 odi neng=}={ he pol yneric
aci ds have a nol ecm_{ [ Qﬂ%ﬁﬂ, 000 to
about 2,000, 000. O heN _acgept abl olAmeric acids
conprise at |east one nber of mer phosphoric

aci ds, pol ymer carboxyl{®aci ds, afif

v

wherein n, m, and R1 are as defined above. In addition, the polyaniline may be a
homopolymer or a co-polymer of two or more aniline monomeric units.

[0043] The compositions of the present invention are not limited to the homopolymeric
structures above and may include hetereopolymeric or copolymeric structures. The
copolymeric structures may be any combination of alternating copolymers(e.g.,
alternating A and B units), periodic copolymers (e.g., (A-B-A-B-B-A-A-A-A-B-B-B)n),
random copolymers (e.g., random sequences of monomer A and B), statistical
copolymers (e.g., polymer sequence obeying statistical rules) and/or block copolymers
(e.g., two or more homopolymer subunits linked by covalent bonds). The copolymers
may be branched or linked, provided the resultant copolymer maintains the properties of
electrical conductivity.

-12-
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30

polymeric acrylic acids, and m xtures thereof,

i ncluding m xtures having partially fluorinated

pol ymeric acids. In another enbodi ment, the polyneric
sulfonic acid conprises a fluorinated acid. In stil

anot her enbodi mrent, the colloid-formng polyneric 10

sul fonic acid conprises a perfluorinated conpound. In

yet anot her enbodi ment, the colloid-formng polyneric
s(Aokdhi Bisaersion polymerie es:dacqmerh;blaned taxlusy iranestdcﬁmmhe invention

aﬁiednsoldtﬁ@lﬁﬂatérn r'fqt hh%fcﬁ’rﬂ %BI'B‘?J \ﬁl%ocﬁépg?s% éntg a suitable aqueous

| o1 d-form ng I'c acl
hmgﬁlluw» fhey eeivrnaﬂté@mwvmaﬂy@ama mqmugamengm iFS#%e range of about

IO‘PdJ PO®{o about 4,663600. i L rﬁuﬁﬁer}l qﬁépéléﬁgﬁé aci d@sﬁrég? %Shtn%lecular

géSO%Of the tota en an e
a‘f"‘é’)‘ t of 5o S0A00 eraboLt 8,090.809. Qther n@ceatablemolmﬂuimamdenempnse

eatieaski ﬁﬁ@hefﬂbe} &%ﬁyn@b BH&spﬁér@ adidd pblﬁng{]t‘%?%c acids, and

od % |
pg%’qwl%'%ea&&ﬂ‘ﬁ PF'Qgsa“Htm'ﬂg%ﬁh%ﬁ@ m%e&?f Wurﬁat\@aﬂg parﬂauy

ciuogoatad polmen«saacﬂdw & Wbﬁmmb@dmhd tﬂ‘e%blﬁwﬁ%mrshﬁ&lc acid
Su

Rl AAPBle BB 4R e Eooairing pomor
giubfapis agid cembptisesa pesihldnoated canp@hndzm y@t anaiser eafbddiniant, the

o PR Rl I T Bbon G <3Pl 8*’°ﬂ@¥"§8ﬁﬂ3§f§%3@8
lmolé]e I 8iNBHother eRBBAIMARE c;)éﬂ(?(&’ fﬁ?h'ir@ﬁﬁ)fneng Ak F%ngrl§es a

%{Tﬁn wn as a "counterion' IS6°a
3}@‘ Wsiaated spiinicReiq pelymer (fRSApalimerdohighiy flunginatedHneans that
Lait jeablbabolét 5% M IRé étENeTRR) 6fhlo geﬁ@uﬂd Rddrogen atgﬁs aﬂﬂg Rgﬁmer

ane or.di fferent, are inh ohe enb
A8 phig AR AR ooy B ok BB BRRU 7R NG BrFR e
Hmqulmmtt aﬁeasiaboutlge%om Qe mbciiridhit,thé Bolfier dbnidiBes at least one

ﬁ]ugr,ﬁé}%ﬂdprwggu%y al so be nmultivalent, as

pr esen such ions as Cat+, A3, Fe2+ and Fe3+.
I e Il represent ed
g“é"n“ﬂam%‘mm B el e SERUNS B B TR T B
gFeiiqpate [5“'3'10“% grosp’ efersol qithpresuifgnie Acid graupe oxsdls ok sulfonic acid
'gRoups| AHH bnd BmBHRmMEMRARAHPREIY at lédﬁ?%fe% 2R3l YR or  ammonium

co ses a | ymer backbone t O recurrin
'g%)ﬁ'be E{"PE!R! Eg@%t'%'stfﬁ@fem%@\fl]m@e fqrmylas-r%xdmmu I gﬂnx comprises a
catory Bisg ka@wr ama ROONeAGE. X @ﬁ@b@ﬁpns@%'t hr?gr&g&r?{) rf%ﬁn%%ﬁ%elected from
S
ARG LFEIsdninsf I8 BN R Rt Ro B 201 vt o B 208 e are he

fame pediffenaadt, and aeom danentGﬂTOHélom C:h. ﬁﬁéﬂoﬂfbr embodament X
PRI, 5 88 e oS e g Bt
HWHWE'FSV‘Z@W QPE?SQ”TQG by suett Iens asiGa’ okl Fagt ahFe’Foln the case of
ﬁmmbm coG@@%dé”%’p?es@ﬁﬁH "gleﬁérgﬂl & M“*rtﬁé Ppllnﬂgtr of Qﬁiﬁo%gte functional

nononer toget her

9r°H ?p‘?*FrS’RH'PF@FO’h‘é{ Pﬁ@qb\a's?,%thﬁdﬁSﬁﬂCQ Tnuorl de group

f004ﬁ0 )ong %pnbgament %e FSA polymer comprises a polymer backbone with
recurring side chains attached to the backbone, the side chains carrying cation exchange
groups. Polymers include homopolymers or copolymers of two or more monomers.
Copolymers are typically formed from a nonfunctional monomer and a second monomer
carrying a cation exchange group or its precursor, e.g., a sulfonyl! fluoride group (--
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Exanpl es of suitable first nononers conprise at |east
one nenber fromthe group of 5 tetrafl uoroethyl ene
(TFE), hexafl uoropropyl ene, vinyl fluoride, vinylidine
fluoride, trifluoroethylene, chlorotrifluoroethylene,
perfluoro(al kyl vinyl ether), and conbi nations

thereof. TFE is a desirable first nononer. [0048] In

ot her enbodi nents, exanpl es of second nononers

CO@3F) j verechedanl massibsafuently hydedstyzedted suifomate feh(hehal\/yrédp For

cSaBE b bR B BBl R ineep KB 108) i second
Atlgrinatethaihylmomomer bavinga sulidnyldluetideygreue(--SCxFpoen be used.

é?d?%wta%ﬁﬁlr&% r[B?lf SE pr%ﬁ%t ‘?Qatl#?@ ({fﬁt?'e‘? m th%group of

i nvent1 on conmp eas one uor | nate
thaaﬂuemthylene rﬁEFEsnb@@ﬂwnpmpséena wioi fhlatl@i vmalachrmfiuonde

AR BRIt ok Bl Pl PRHESRIR Y S pRA B Bngions

éh@repfn%%meeﬁmpleé@t awned@et.r om F, d or a

‘ng ripnated al kz group having 1 to 10 carbon
ﬁ?é ofyer gmbpdipents, Rxamples ﬁb??@gg menomgrsfoMpHge akleqst one
UluorernI;ed ¥ing retheW?i??ﬁ%h(@é?&r)(ﬁ:%l gidigs BipreBeror@ouﬁ%ﬂﬂmﬁMcan
are sane. or differen

e e A e ol SR pRer AR sl sdngiucing ethyiene,
do ope esbaditentAE SA palyerdrsafioowvss, in the prasendinventloe comprise at least one

'Wéht)l)} fl’LﬁlrlﬁQtEd nggéér%P ﬁ%]ne eﬁb@@mengﬂqrﬁjm%ﬂege ?b ntlﬂl%lgf ﬁe and

ners in nmers 0sé
\9ids, chpigs femnf@imﬁe@mulM 358, 545 and 4, 940 525 (all
hereby incorporated by reference in their entirety).

An exanpl e of a usefQtCRERRIoIQiETCEBMP¥ses a

per fl uorocarbon backbone and the side chain
rvérerahs BRAreR Dare e pémiiently Selectéd fréar BCE( @%efﬂ@nnﬁed alkyl group

F e X | as def j ped above

SEVRg a0 T BRrotP BlofsLard 2% 21 ivd R ESmBes S5t ogB 3By e, Kor

B )Rl Re)R rade RhyR.c Bp @y iR ateztht isame of ditferent and are and in one
e‘?ﬁﬂo Héﬁﬁﬁoé&y %’gﬁ I%Lﬁ@gs@s@?ent g@%ﬂ%g@{.&ated above, X

g@ayralmmglt@!ew oxa- 4- met hyl - 7- oct enesul f onyl ,

fluori de) fol | owed by conver3| on to sul fonate
PRARD s Imgn rembygwnbﬁhet FRA BQIY'f‘%‘ﬁy’I'C'queu@f BXANRIQ. Pelygters

&tﬁyélog@dlm&)( (BNPAOREs. 3P 2BTE S5 968/545 andl, wsefslr(hu hé}SBS} h@orporated

SeSed Flobhor AR ecaipS 8Dy Moo Tofoites s

$peBUiOrob2Boh backbbee sndlbe Ghigichain +épresSnBdiRSRB ¥ rmulaer ei n

X is as defined above. This polymer can be made by

copol yneri zati on of-O--CFEECFaf-OaCFoE . Xne ( TFE) and
the perf luorinated vinyl ether CF2=CF--0O - CF2CF2SQO2F,

where X is as defined above. FSA polymers of this type are disclosed in U.S. Pat. No.
3,282,875 and can be made by copolymerization of tetrafluoroethylene (TFE) and the
perfluorinated vinyl ether CF,=CF--O--CF,CF({CF3)--O--CF.CF.SO,F, perfluoro(3,6-
dioxa-4-methyl-7-octenesulfonyl flucride) (PDMOF), followed by conversion to sulfonate
groups by hydrolysis of the sulfonyl fluoride groups and ion exchanged as necessary to
convert them to the desired ionic form. An example of a polymer of the type disclosed in
U.S. Pat. Nos. 4,358,545 and 4,940,525 has the side chain --O--CF,CF,S03X, wherein X
is as defined above. This polymer can be made by copolymerization of
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pertl uoro(3-oxa-4-pentenesul fonyl fluoride) (POPF),

foll owed by hydrolysis and further ion exchange as
necessary. [0050] In another enbodi nent, the FSA

pol ymers include, for exanple, polynmers 5 disclosed in
US 2004/ 0121210 Al; hereby incorporated by reference
inits entirety. An exanple of a useful FSA pol yner

can be nade by copol ynerization of

ttetrafabtoethyteat MYIFE)rmd(tﬁ'ﬂEQrfhmniateH einysthénGf.+08+-0dCFiGR:50,F,

e ords S EIEY e e R My apd ot

§ql1lémfn9hgéa€umqed@rgroups and i on exchanged as desi red
to convert the fluoride groups to 10 the desired

'[@050] flﬁéﬂ?:thérrbn?d&tnﬁ@ﬁ tﬁ@bgﬁ'pﬂﬁﬁlbrs ihdiGdd; %eﬂ%ﬁl@%o‘?ymers

mers di scl osed

s S 2664 A1 81280 A Doreb R FSPROTIRLY BiPTeBedh B prdiety, An
'6x§mpfé"3f laluBbiGl FEW pERBPES bbfmédél w&g:%ﬁzmh yfrer can

éﬂ@%@f"@&g’leﬁ ﬁ'g’l:e%()rﬂfﬂhlé'ﬁépqr@tfqngmg vigy éﬁéﬁcz SO2F

sccﬁzbegraﬁgeammmmw bi¢Cohveysisrotoystitenadé glohps sy hydostydis of the

it fiferfie 318ps 306 ok e "GHF B Bienal o pstybPice groups to

[tﬁ@ﬁ&qlrempmfosn.dlr&metr@r embodiment; theiFif padirhers ihciude rfonexample,
ﬁﬂ < H%Q@{édqﬁ usbﬂ&éﬂﬁ&ﬂ% E%er&% |¥$%;Fo?ateﬁ 159 'r&f@njehé’e in fts

par Sl Zzes as Shma

sndishe Avoexagirte ofa ugefiil TB4 polxgee @QISbQﬂT@ﬁ% by P@W“%ﬁ"lﬂm of

FE##GPCF@@%@F?S@}Q@ t@t%ﬂ%@!ﬁ?’ehé’ foRSwed by &Wén)slon to sulfonate
di spersi ons

de Nem)ur S an '_P/
(SAFRIEH S by o i sufpmul R OroRPSaS jop AKTBNGRMIN acid t

RRhydrehe potBsLMesH satao @ aoeforthavi ng a structure:
-(CF2-CF2)x (1F CF27 O-[CF2 C IO[rCF2 CF2 SOBH CF3

Thes513 o poLyomr dispergianssemptising ecﬁilolnﬂomh@pd:lgnencsambs including FSA

gu% Jg&e@@fc@lﬂﬁé@ﬂ@%iﬁ%ﬁyﬂ%@ ﬁble 0518' e‘iésw% %tgbte eolloid is
F@#fagdo |Agmecusf disperdiite e £5A TRIYRE0 arkl avaiiaxbIeLJi%iZs(irt)Sm:latlls’éiaa-‘mSF‘ION‘D
SisgBRYtrR, R E21 B Phpt e Qeimb] ofIFLARBERPAENARER Oe). an
Examplewed B ultaia ESA pelimer @mpsisesa cepalymoeravioan structure:
applications is hereby incorporated by reference in

their entirety. -15 [0053] O her suitable FSA polyners

are disclosed in U S. Patent No. 5,422,411; hereby

i ncor por at ed BYCFefdRncdF KFads ent i rety. One such
sui tabl e polyneric acid tjhat

0-[CF, Cl-“iO}m—CFz CF, SO;H

CF,

The copolymer comprises tetrafluorosthylene and perfluoro(4-methyi-3,6-dioxa-7-octene-
1-sulfonic acid) whereinm = 1.

[0052] Aqueous dispersions of FSA polymer from US2004/0121210 At or
US2005/0037265 A1 could be made by using the methods disclosed in U.S. Pat. No.
6,150,426; the disclosure of the previously identified U.S. patents and patent applications
is hereby incorporated by reference in their entirety.
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can be used as counter ion/dispersant for
pol yt hi enot hi ophenes can have the foll ow ng

structure: 5 ~CF2-CF CF2 CF CF2-CF CF2 CF g n X
6XA\ A2 A3 wherein at least two of m n, p and q are
I ntegers greater than zero; A, A2, and A3 are
sel ected fromthe group consisting of alkyls,
hal ogens, CYF2y,1 where y is an integer greater than
Zi9053] (EtReq switeble FRAI polysergateatisciosedin 8. BateotNo. 5,422,411,
C A r -
n@e{?@%ﬁ&{?&r@{;@%&%@&@ é‘nlnﬁwoﬁ gh%ﬂ‘fjab?er éf+lym?nc fcid that
f ¢apae yped ag pgwﬁerd@ngqsgqrsﬁg fqgmoggmqotnumbmes can have the foliowing
PskRirH2PCBH2,  COOH, OPO3H2, OSCBH,  OAr SBH where Ar
is an aromatic nmoiety, NR3'" (where Ris selected from
the group consisting of alkyl, perfluoroal kyl and
aryl noieties), and CH2NR3' (mhere Ris selected from
the group consistin f al kyl erfluor al kyl and aryl
nmoei ties) e F.%i% @ﬂﬂ%fg
| ocat ed iE{?EezﬁCt 6ara | T Ihe
copol ymer may aJso be blna y, ternarly or quat rnary
[ 0054] The co
not limted t the honmopql yneili ¢
may i nclude h ' coRo
structures. The polynerlo\struct y§
conbi nati on of alteXnating coﬁblyners(eAg 20 3
alternating A and B units), periodic copolyners (e.qg.,
(WheeiftaPreBstAwdtof i/, B ) &b, mtedé‘@ﬂféﬁle‘? fHaRl 26 FB A3, A, Cartht A; are
random sequences of npnomer A a B), statistica
s the gropp copgiptnge a!.‘@'&d@?r'@@"&%ﬁm grhereyy jsan iptgger
Lgtb:ﬁév) thﬁﬂﬂHrﬁ,r OIFI @hlsreCR RS eyETRIdrom fhe@rou plobRsisting B afkyl,
0 uni.t,s
T RHalEAnc AR e sl cErEe i o E%@Q‘;@éaeleﬁsd from ths
rgeud ¢omaistingogf @GR POpH, ROGH HGH FARHR ICRRH t DROHf 086:H,
L Gal RS p .
UL SR RO b ol \FOPRUNTE R UGS o
d@nﬁjaﬁmdé, alkwoperémaqjhé andranybmeieties) L AndGHBIRs oiwhgeeeR isrselected
'thifh the GRS ok IKYITBILGIEAI S
R B B a3, T8 o A ana X
tqquﬁteﬁnfgs rz]!abpg IecatsH émtas ortho, meta and/or para posntlons The copolymer
Chiy 195 6d Bindryerhanforqihiefisgphene, pyrrol e,
bi thi ophene, substitued pyrroles, phenylene,
hen napht hal.ene bstjtuted .
T 1 216 RemBOsHAt 3h 8 murRaRU YN 5te nck BERd o fhfipmopotymeri
tstrugthees abovepdrelhmbeinelude hetereopclymeric or copolymeric structures. The
copolymeric structures may be any combination of alternating copolymers(e.q.,
alternating A and B units), periodic copolymers (e.g., (A-B-A-B-B-A-A-A-A-B-B-B)n),
random copolymers (e.g., random sequences of monomer A and B), statistical
copolymers (e.g., polymer sequence obeying statistical rules) and/or block copolymers
(e.g., two or more homopolymer subunits linked by covalent bonds). The copolymers
may be branched or linked, provided the resultant copolymer maintains the properties of
electrical conductivity. The copolymer structures may be formed from monomeric,
oligomeric or polymeric compounds. For example, monomers suitable for use in the
copolymer system may include monomers such as thiophene, substituted thiophenes,

-16 -



20

25

30

vi nyl ene and substituted phenyl ene vinylene. 5 [0055]
In addition to thienothiophene or the

t hi eno[ 3,-4-b] t hi ophene nononers, other thiophene or
sel enophene nononeri c conpounds nmay be utilized in the
present invention, provided that the resultant
polynmer is electrically conductive and includes a pH
adjusted to a value of about 3 to about 10. [0056] In
sebstitotes disiend] B1@-bithisplesries odithtean] 3 4B 4l el]thibpha@s pyraie

oo Aol By s ARG i e

%é@tdnﬁ%uggtlt%tgg éh?rE’F&Pﬁ Ieném d Na+, and

lnations t XI di zer: nononer nol ar

r b58) 118 aH&H@H Jg}fh@P&Hprl%ng%r e tﬁ%ﬂb{? 4- bgfpnopg&'iheﬁlaﬁérﬁer‘s "bther

eraneo out . t o about urin
HoBhenevs SEI8NORASNE MANPBIErE cIpRIUNdS may bejutiized in #h8 present

aRveghiibn, Qfm\f'@d&dhaﬁﬁé‘ré@@ﬂdr?b@m?r i9 @le&@.eagée@n&)etwéﬁnd includes a pH
e i spersion to cationic and ionic exchange
eéﬁ'fsi%‘pg[ad@g'ﬂ E%“ %dﬂ@%lll éol ynerization for the °

ctive ne n _be carried o in th rese
TPOESHC b $5aP EoseE e EiPatriRbiNide X laithne einfla Sy Rb Rst one
vmm)h Bxameles oEmatqﬂ teat caofbesadded bt presemt bh th dispemsign comprise at

lbé’é(' oS e HERF é&t@d ffré» ?ﬁetqrfgﬁ? Eﬁ@gﬁ ofsf%!""e BﬁdK*f 'é\ ﬂ\l&h%nd

oup conS|s erS
eqm@r@tlorksemweé Theu aidizesmonemer mRliRtEgo Isarsdamabout 0.05 to about

W‘gb:‘i@&ly‘?ﬁ‘ﬁaetrﬁﬁéee& éxboutrb SRFarR s die! ruunnggﬁe.gwauw of

i spersing liqui I 'ess than

RAYMRSIZALOR pps)-elhderinedelie amoyat qimﬁmtca@)be !%ﬂﬁéﬁcéﬂéﬁ@wﬂjf by
| dxpoding 1he dispSRsionttd BRiGAICAA iGHIeXBhaNgd 1e8s. | N one

enbodi nent, the anount of co-dispersing liquid is
kIGOME]erT hahhmmrrﬁ?/qmblmemmn ﬁJ@%ehmnmﬂdtlumo!yMGr aAnbe carried out in

UG o L PR o SR A, i
clﬁsulltaé)iEeQOSdls@r&ngqhqwdscmnpnsesa@em ol meadist seteutedieonb e group
h nﬁ‘ﬁf bier, EEQ’?{% %%garé’fc%(ﬂrc%‘r@saﬂeﬂoaeé PRNES RARBAdes, and

ylacet

diOW@tﬂanSdhﬁf&ﬁﬁ H\aoner@m#_qdmrwhe ampers ok co-disperging liquid is less than

;atbailmem B}gvélurﬁé“ if oﬁ@grgsgag@ggts ﬁe%?ndﬂh%?%%@%fé%g%%l& iffess

‘?‘e@’(ﬁF oo gv V@UW& H[)éwgﬂnbpglmeet ya zanoun? of co- dlspersmg liquid is
cbedmynldnemzm esallouDB50% baebldme. IMRINB ABBUITIEA itfe e-dishersing liquid

b B S AR PO RE B EPkl 1508 somprses a
Aéaséomﬂamsmbbryseletcteel feomn the gasuposs mppromamoR isoptopand aHouikdne,
‘?ﬂ%t%{@i g@;& egaqﬁlg ad?rp%ﬂ*%&lﬁé%rdg nﬁ%t@yﬁﬁ%@h@o‘ﬁn d}he o-
GHSPEFRINg| hiqwé cap po'apmmgw aci aucmcﬁsmt iﬁgsmedneraber selected
d!%ﬁ%é Bﬁﬂnp%@ﬁé@mg oFARLEHRSLIRIAT &, 864&E5IbeATEnBS BN Geid,
methanesulfomc acid, trifluoromethanesulfonic acid, camphorsulfonic acid, acetic acid,
mixtures thereof and the like. Alternatively, the acid can comprise a water soluble
polymeric acid such as poly(styrenesulfonic acid), poly(2-acrylamido-2-methyl-1-
propanesulfonic acid), or the like, or a second colloid-forming acid, as described above.
Combinations of acids can also be used.
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[0058] In another enbodi nent, the invention relates to

el ectronic devices conprising at |east one

el ectroactive | ayer (usually a sem conductor

conjugated small nol ecule or polyner) positioned

between two el ectrical contact |ayers, wherein at

| east one of the I|ayers of the device includes the
inventive hole injection |ayer. One enbodi nent of the
5[0068&}s eintanbtireeermbadiment, ik linvehtiont rektdsyto alecidriidelies eBmprising at
a‘%ﬁ&*&% écﬂogéttge 1a§7er (ﬁ?%aﬁl{r s%ﬁwﬁc%ﬁé@cé&ggﬁhﬁ%aé 51115@ grole%ule or

ustr a es a dev
1ﬂ<ﬂ¥m%( ) hesitoned Jbetneleoﬂwo klagtecal tOMactdayers, wherein at least one of the

) ?grg gﬁ{nﬁ{&gﬂt@ﬁ fﬁ%l&ﬁeé ﬁ%Zﬂve ho?é“@g@tl ﬂa‘? d@né @ﬁﬁ&]ﬁdiﬁl@ﬁ'of the
eleééQn* dﬂ’Yeﬂfiﬂ"é%t"P%if?/th !am‘p@kl%D dayies, as 4SDOW'B@tRA@eh Refierring now to
hﬂbe 1, FIG, @‘Hﬁ:bﬁ&teé 8Yi8Vicel A8t Afhris ar?éﬁc!?:‘éq of SYLF injection

ional electron injection/transp ort

iy 13@ TACQUET PESCaT 1ALEE 43 BN saihoda aver 150. Aljacent o the
Atdtiegdeakyey @5y is an dpwedl e@&tr&iﬂmcﬁdnﬂfbﬁﬁséri lagéych 4of Bétween the hole

| bl.acki d
nE i e 185 a0 e cifBhe 18 TR pLontRalalackin grlivianspon
daybrtme) ie Itrea:éleajtotumlmeraﬂﬁyef aJEAltdIatively) @38 er dhtole transport and
(B pEE Rk RGIAES, BB bned RtiRRL b Be [f5aypd Pefeen the
clmimwsmralﬁw 126 @nd WMestledtnolsqirastént layehe3G upport is

ésacent 15 the anode |ayer 110. The support can be
JoITdegleviee giay inchrdgafuppent of subsrta (ot smwrthat bgn be adjacent

Qb Waﬁbﬁeﬂéy%?“l fu & tﬁ’é SaRbde I£y‘s|r {50, Mdst Hﬁ&ﬂsnﬁ? tRe SUHRBRL adjacent

e anl c filmconprisin
F}ﬁ? g?%qﬂweé d éO.?I’é'\e agltt;_e)ﬂex‘g@ gr}.(elg[dh gtgapie or inorganic. Generally,
st eibatie o&gaﬁuc-fﬂih§9rl’ehtééd’ h@h @mpponqe@ RAleXBl Jrgma film

FaeBRd ol Bl lerd 195 5 Pl = oGt 26 Hrabooire)

cadipotysulfomgk Tha Eﬁode'ﬂhferamo dampMS @0 guctrsde 1hat i€ friopé 8ffigient for
GRB&RL Mo Gmggvreglt% h@c’éﬁ?dg%&@ Tsoajl’th g%tgﬁlc?rﬁérhs%g'ﬂ%enals

m xed~ oxl eri
eRBEningmetal, erixed- atat, h@mm@bm@msﬂ rsotemgxndﬁ Suitatel materials

%h@ﬂ% Qtfla§1 '&nﬁe nﬁT%Pséie(ﬁécFﬁ@rﬂhfe éﬁu.ggcqnséﬁrpﬂ M?mxé?ox:d%rs of the

enent s

@arewbg ehemegts &% % MsnaatsreB@fF&ﬂmhsﬁwn Fslementarihe slements in
ﬁmm 5, 4ide, dnb)ﬁiﬂ;CGdetﬁEefo F’fﬁéh%itl@ﬁ'bieh%ntés(‘?ﬁe Mﬁwnbﬂhﬁﬁgr system
S bR RS8R DR 5 e oo e s tom en
@igbtasst- 1 § [GRE HRhgmok f cm&m&hd m?;mcs%i@}@d)tm_l éoogl)en the
ans I, N
B0 I o D TR0 Ay 008 18 ¥
|eiﬁmam Simh- asxdindiem-timepxidecmay bel usols Assisetl hezeiaj the phiase "mixed
Bﬁfﬁé'sr%fer loGes %MH twd @rf ore d reﬂbfﬂ%ﬁ% E‘Qét@@frbrﬁ?ne Group 2

nore ?gren Catl ns se ecte
@IG@iPé'Fﬁ%f g Grawes ER.oBper telements.ciomenat-lisiting., specmmacampies of

Aititerlals Yot Aritde I%ﬁ? ¢id i |h6lu€é( %Hlﬂbﬁs% éiﬁea%p?r@%&ﬁb@r' s%lefcféﬁ from the

anode rrse a east one nenb

ggug@pgﬂgtﬂg&#npwgn tlrbp)g%( la’ ngﬁglfqlw -ip-oxide, doped zinc OXIde gold,
sihe, woppdrnaraixiickel. (The Bebde may) 4150 Bopriser dXtGRive SRARE material

éb& Oﬁi)ly% mné:J poﬂlﬂhlophene or polypyrrole.
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silver, copper, and nickel. The anode may al so
conprise a conductive organic material such as

pol yani | i ne, pol ythi ophene or polypyrrole. -18 [0060]
The anode | ayer 110 may be forned by a chem cal or
physi cal vapor deposition process or spin-cast
process. Chem cal vapor deposition may be perforned as
a plasnma-enhanced chem cal vapor deposition ("PECVD")

gnooeqt dfhecingde lacgveshmms),aﬂne foaﬁét_l by iﬂlemﬁ-cm:oe Physi d&&aﬁr geposition
1 NC e a
cfieskPr B8RS gl Hhos Aoutier Branis Pt e 2

aﬁas;na}emanembﬁmnmal oapmrddpmmwtl%’&mﬂ) ") evap®al erganio chemical vapor

éfé%%ht&%rﬁ M on h?{lé(eﬁ 'v%%r dé@@s% og %:'lufde férﬂ\%lo\"g&uuenng,
phelediag pn@gam@lpuer aamib@ e-beam evamtpmangi resﬁm

eIt Sp R S el Yeber deBRby Rk Rbgnetron
1SPYHERND a5 I@f&@tl\eﬂ'sﬁwp@@mm@aaonvﬁrpﬁdgp%rpwp@s'msb& IMA-8 D") These
Tdtposifiéh RBAHIQISR P@MWely RidraitHiPHb rssﬁucoﬂmﬁtdrwwz.&%sbe
formed in a pattern by, for exanple, positioning a

Heoéyr I’l?é agi&ﬁek!a?ér ﬁe&ha‘% begiaﬂbh%_dfduﬁﬁg afdh@?rhbhle operatlon The
conposite barrier ucture prigor

AR b vy P HFSned TR garbe Bfraed i Batbin ), ol Sxamte,
Alasitioniag &\pattgrned mask anresist anathe lirst flexthdé cempasite darrier structure

%@ggﬁ?g!ﬁf@ﬁ% {'a'%{ SA8ctficH! L&ﬂa& lla?;@?ﬁ%teggipﬂﬁ%rﬂtw%& the layers can be

erne
PPl afeah eueslidayer falsy C’c'dﬁdj blaelsetdhmalttamd mbselcnqent-i! pattenmpd

tL%ﬁﬁnfoﬂ Hfa?npl&% ﬁ{ed RES& ?ém{)\% cﬁ’i@?nﬁc%{/@‘ We&ﬁiﬂb téthhiques.

known i n can sed
éPTEeFt PVB‘FﬁSéesdf@(/P%*@é“'%ﬂ that W@ate@émwm i the ar can algg be uprd. When the

%ﬁk}ﬂ@mb ApAbesldrl ldcht@dgﬁihln%/arn: r=i=‘rra’y°fhE%ﬁk:;déi Fgﬁr(]é}t1 r} g typacally is formed
S4B BBl Fr B Bl by e 4 BfensEn Sitarhuop same

Tirectionl e i njection layer 120 is usually cast onto
substrates using a variety of 20 techniques
v[e962] k Thevholednjedtion dayek 120 ie disially chst cata subFlyates asing a variety of

GESHnidfigs ng? hﬁBvﬂPﬁ%hds@“slng@in tﬁé’ért '@@Egpéagtmpﬂst%ﬁm%@g include, for

casting
seéfﬁ@élﬁ iﬁ'tﬂtmf:ﬁgﬂng ¢rﬁR p@atmprwmlnmgst mchgaﬁngr %Cl‘Wi‘ele'"tlng

tirﬁl@et'ﬁ;ﬂhtﬁ\gl BinBkd btﬁ@rs'WNé?f thé ﬁol@%&éﬂ%ﬁ Ia%r i3 %bBIue%Qﬁtsbfr‘lQ)oatlng, the

Vi SCOS| t solid conten di spers
e‘(ﬁ&oﬁ'Wé*"Q 5Pk %gfe@t%%{ﬁh%@smww@a ﬂi%sp"aaﬁl%qn heranployed to
raeuwt thardsuftart Mrk hidklkess Film$appied ap Bpih QSath”M a‘i@ béherai!y continuous
SRR o ARy R RS HEE TR e e o
mempeat ¢feiepesitinggirompsses, sueher inlofet-piming isticas ¢usodiagisr £),S. Pat.
BF 808P 16 belsBly gkt Hihe®E, 007 ot e by refer ance.
[[&%@?] TFI_@ @le@ﬂr&%hgédém {I’_*F_g %85\113@%3/ {5 bb 3 cdiRYated polymer,
s%:l hlgsapoiy}/(paraphen?;l()ege“ny?ene) abbrevnated as PPV, polyfluorene,
spiropolyfluorene or other EL polymer material. The EL layer can also comprise relatively
small molecules fluorescent or phosphorescent dye such as 8-hydroxquincline aluminum
(Alq.3) and tris(2-(4-tolyl)phenylpyridine) Iridium (lll), a dendrimer, a blend that contains
the above-mentioned materials, and combinations. The EL layer can also comprise
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such as pol y( paraphenyl enevi nyl ene), abbrevi ated as

PPV, polyfluorene, 30 spiropolyfluorene or other EL
polymer material, The EL | ayer can al so conpri se
relatively small nolecules fluorescent or
phosphorescent dye such as 8-hydroxqui noli ne al um num
(Alg.3) and tris(2-(4-tolyl)phenylpyridine) Iridium
(I11), a dendrimer, a blend that contains the
ainorganicenamtomedbtsertbéarida bobsersicshdoctngi ongamaamatena’lhﬂthEﬁhorgamc

Lﬁ%"% oY 9 S a.h,r%e a%%n’%r knsa erlafl&gogﬁr? Fn%yrg?;gern% ?ﬂ&# ?}lﬁecﬂtc apSI[catlon

sem reondue I'ng of
i mjﬁrgaiﬂ used quang eperationsor Otties faudors.i Thel Bdr layenti80 cataining the

COGRIL scgﬁﬁﬁ iCRatels AREE gﬁﬁe‘a f?b?rp% % Bg gny conventional

otentl used uring op erati or 0
méhlmuel. a\y@ﬂmg §9'ﬂr§@ﬁtﬂ?ﬂ ﬁ@?ﬁlggt&m pristing: The Ehrwmmatenals can be

O e Girdboy sy vador Qéﬁbsh%n%%l',‘ebféi &é&ﬁaﬁa péh ﬂ@%am‘e 8he

conventional 5 techni que, including sprn-coatin

cReErAs;, '”éﬁﬂthﬁ’r?WQ%G”‘T%E@O'HP@%W%”%P@F Pap q'@ﬁﬁ”ﬁé"e”
mbem tdltﬁeeﬁdli'merbbj(p?tﬂ@cb”y HéaP&dttidr @Bures 8L &asAEl energy (e.g.,

OB BERARR " T e S bo
SO S 8 B DS o

wa@lddﬂ%sehregMa confitdmerstdayat toqurpveni Qudn@biBd feaCtivrisoat &dyer interfaces.
l Thatls fE %@Qﬂ%b@%&%ﬂ n{oglllfyaa‘h'd rb&tﬁ:te(:t‘heeﬁk%ﬁﬁcfo‘a%f a

injection/tr
cpienchiegisactiandetcan eegr &r@nﬂayqrfe\a@rﬁnﬁg 59 éEﬁ:lﬂ |d6ﬁ@ caotact.

| EnaRipidsits ﬂ{afté?%%sfor op-ﬁhﬁé! I J%r 14@&’&%&6 @t BBt dAk ‘PﬁHPﬁtfer selected
el ectron nobi ce th kel i hood

JIRINESI %@H@Qé‘ﬁi'@fﬂ%@’ Ceslﬂtesééwpld\mawovw(4pg fgq; 2 Sptne like);
“iienatBrolie- mgee@bmﬁ@'m‘ﬁqé g., 2[9dimBingsa, Wfdlpﬁ@ﬁw-ﬁ |18l gheh@ithroline

BRSBTS F 5 comouns 0.

ré{4elbiplumglyxiSeld-t dutyipheoylc b Banxadiazdle ("§BD" 4t e like)a8-(4-biphenylyl)-
T e T L L
(Of BIPANG OF MOrp- c'@mbﬁ@tm&t ereck. fsrh@rn@twpm attiond lqyeom may be

n
lﬁtﬁﬁélg#gﬁde%c;ﬁ/‘ﬁ&is? B‘é@?’@gé %ﬁt t§5/i§Fp%JearC]3)!/|L)tzOlml3xture% ;I('\g o; among

"or the like), 3-(4- b|phenylyl)_ ) )
ATy b0 SRS A bAT8 St
rmjecting @fecirond drowgativeehagb caretee Thatatiiede/laye? 150 @a®tomprise any
(e e QP G R ot BB FRETRA 10155 5t Bl gomtact
[[0/86 07 thitheaseathh adedd layarrt 10156 aserphdrsiosthaterel “oter adik function”
t:f‘i?ﬁenl:l@d RARLAFY lnﬁfér%l l‘?afv[qg%' \%}R fJn%on r’lcpé %%t%l’ Adn n aDopt 4.4 eV. As

ectrons or neg
Ug§@ herging "higher vy@ﬂﬁjun%i@n aa\yltemdsd @me@ma matmahmavm a work function

@pgﬂgésqlappgy,hﬁgm@h@wer wor k function than the first
el ectrical contact

[0066] Materials for the cathode layer can be selected from alkali metals of Group 1 -
(e.g., Li, Na, K, Rb, Cs,), the Group 2 metals (e.g., Mg, Ca, Ba, or the like), the Group 12
metals, the lanthanides {(e.g., Ce, Sm, Eu, or the like), and the actinides (e.g., Th, U, or
the like). Materials such as aluminum, indium, yttrium, and combinations thereof, may
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| ayer (in this case, the anode |ayer 110). As used
herein, the term"lower work function" is intended to
nmean a material having a work function no greater than
about 4.4 eV. As used herein, "higher work function”
Is intended to nmean a material having a work function
of at | east approximately 4.4 eV. 30 [0066] Materials
for the cathode | ayer can be selected from al kali
n@isabe ussd. Gpenific ron-lifiting. exalnples samatériaBifor this cithodd18yer 150

Qdi’r%s% E{Tf%nﬂltoif ('n%rr%ar S%ﬁ?‘ﬁgﬁ?‘g& gr?gp Egn%lslggg S%ICIL@] barium,
dl*h'tﬂnecqmmeyesuamewwrambmudesﬁr(um gnagndsiym|saraariunt, bed alioys
| AH@%mb%hSﬁé RbRof Vm%naasregétHQ]léa\g\gbrk i gmney‘aﬁ éu&h% Ca, Baorli

nmbi nati1 ons t hereof

n
%8&% AB OMYROAtOhR m%'néstmle@caﬁs ﬁmeepr alurginuoy, carie used to

orbleortRe tearife M&El arGWrithE cathodsCrasibt REE member
sel ected fromthe group consisting o? cal cium barium

| [0O8*] urThe mmmaye:emougmmuf fipinbdoy B GRéMicHIna: Myst.édl 4Bor

riu 0 a i ons
TREDE I e R oei, pceaiosS e ol B R Bstets ecusrad above
an raferen@ctodine anods layer tik df thewdeviosdios avithingin airamhs cathedd layer.

Bﬁ?’g?ﬁea tb% eel?necég ﬂt& é@sﬁe mfﬁ) &é@@r%{m# %?lﬁl@%g%feﬁgwg of the cathode
rayer sigmextend ipcebgtantialy thatsanedirectioarand S0bstantiatiypérbyndicular to
f19e IBBEhS ¥t the QREIT lﬁfér 39[[])8 pé\&:ctho%g:eelt?’rﬁ‘@rﬂé caugﬁ ﬁ&%fst r@Rrmed at the

process, |n genera
ﬁéquS@PWé%(Wh% af) aogs davar siie (eersedts a eatmcadassartstﬂptwmn the array

ansutn floay € plan b@toplvfe\\g hl’%rd@/érﬁﬁmlg'u%&cé‘! tal%gr A Ié\fe'i ow work

ghe cathaijl patterne
ELELmeR Py % i %‘W*?l W'MW@"?‘H@Wéfﬁgwﬁéerliﬁoﬂductor
sheh asiMozha bel Bye bs samspaaemaétﬁm Tép ﬁmbﬁfgaﬁ/lcéé b Belﬂgfsmal in

RETE i SbbRRoaRlaR i Ao o 1o BERBE MageH Eamais ot Sion
@QV'F@OEFQ dredriveching’Irftegration A Orgamic LED'®asd pAdbrphsus SHEFTS onto

mxﬁ Llﬁﬁfﬁérgﬁtthﬁétgl #oﬂ%?B&?a%ss C&, rW? & 413 I&g@ﬁ cﬁrgB Device

t array roma an or

- P%?Pf%rﬂct' t1|3nb}°d€wﬁ>@,¢@§1bea19ﬂ¥r yenehy m0¢f99r@tedd:fy refevenser k 15

E L n nmetal such as Ca and Ba conbined with a
W@ qihgr embeAineslss pddiionabAvRIES) Biay be preserkwithinoprgamic

bleamwametsrm%n&ﬁﬁeta ﬁ?éﬂ”(ﬁ?%h)c(ﬁ e%mjntthggglg ﬂé&a@ﬁ layer 120
AAFYREL Il v ) sl kol sl tobRportaserarisveutohing o
thedayersd émctttmsam prothetive ?_taadammg cbméﬂgmcarbn@ BirAifar tRMiokal

X
T e A I
P%EVEF@EW isanspewi wergyﬂemeemmmg between 48 lapdos, idnction as a
g@ &CL Eye]rgéﬂengrﬁﬁﬁ%clpdtraﬁso [Qﬁr Fan@knpﬁﬁ ﬁﬂrtﬁg %ﬁ carﬁgg also be

In oth
Seaditign: anpviof thegheve de%qr'be@ Iaaserusc‘-ad be m@s of fax or more

Ewmfﬁrnaﬁvéiﬁ\mhe(dﬁ al ofihergBnic BRSNS 1HE, thOhSle injection layer
HH %Cté °:2yér"%%8 an%l cathode layer 150, may be surface treated to increase charge
carrier transport efficiency. The choice of materials for each of the component layers
may be determined by balancing the goals of providing a device with high device
efficiency and longer device lifetime with the cost of manufacturing, manufacturing
complexities, or potentially other factors.
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and the EL | ayer 130 may facilitate positive charge
transport, energy-level matching of the |ayers,
function as a protective |layer, anong other functions.
Simlarly, additional 25 |ayers (not shown) between
the EL layer 130 and the cathode | ayer 150 may
facilitate negative charge transport, energy-|evel

mat chi ng between the |ayers, function as a protective

| {0068) 'alnmdlfjerehﬂ‘leyeré mag haansny duaame thidkhags. &ToﬁgdﬁMde Riyer 110

¢ BBl B et ol tomymeBh 2, drnkidgle. sigouPibyio-200 nm:
I hgte ingection taa'ern‘eﬂol, isalsyallysorgreater than apgdroximatey300ng ferdeample,

I Q%}%x@%%!y éd"%) A hoL d'gi/ﬁq‘q%b ag Eé@ﬂ? ho épeg}egs ur %@r&hnately 1000

t PRalos Exangpie, REPBAIMAteIN éiﬁ-@@ﬂ nEaeptiopal layes 4@ isrusually no greater than
ChdrbliRaRkY 100}, qusﬁ.g@f biiinh@ g?o[)éb" B2 Aok faver 1501is

mponent | ayers termn bal anci n

gB%daé!Y B? Q’GPWF%"@QP@"W% éOWmthhewnﬂ%@pemm %ely 1-150 nm. If

efhfala'hbw&yeralﬁd or mmthdde\rayeﬁéo hedlds W@tr%ﬂsﬁ‘rht dt Hb%s@éb‘iﬂie Iigfht, the
conp XlI1les

R ety 0f et 3&pfewe Y A80E £ er ent
aﬁ%ﬁg@s | [g@/ ng‘;ﬁglpgrp ﬁ'nes s h@ﬁaP Iggift%‘?c (ilql){%%r l%erEL‘aayer 130 can

appa ghtrentiting lag@Chatris atﬁwated )ba B]ghal {(swhpason & ightedmyitting diode) or a

1|de?r%(? nﬁf%glal 4 @sﬁd?}ﬁ? td ﬂaﬁf%ng%ﬁ# a]r%oq?nbr%téésauﬁéﬁﬂ wit? or without

ater t proxi hat € [ exa
a@bmﬁbﬁ%@@ﬂ?jﬁf B?(D'C*Z@{:‘)dﬁtﬁFtOELorIpayfevoimweliﬂi)smﬁslmr pRiting materials

Omapbe Hlsbé@&i ﬂ%é’tﬁk BRARHer Wlaf witHlor mﬁ é@@fi\le@ arH T/ay form

ngroxmate% nm optional [ayer I's usua

preaiens: Thé &l ’avabb?%m%ﬁ"b hgs w@ciﬁms méﬂe @rgdrpi approximately
aups@o(mrﬁately 20-80 nm and cat hode | ayer 150 is

usually no greater than approxinmately 300 nm for

efoant]l eExaapiasat bimet ergynid e%@om%\ﬁd‘ets tﬁaima@rm@d@nt kraleraving one
I needas 0
1t L ERABRG e by Uhr e oo hrblnB PRl terfenngpe made
e\xlb‘mvf@ﬁipramd aplicids gonllﬁ&en(m denicefs 0Kt @pn\@apmtIHIqagenwnto
tl’ﬁ@laﬁ&Pﬂe ggaat Iigp‘ﬁf1 en‘ﬂ&tﬂghﬁoo%l ﬁ%’ﬁ reﬁﬂﬁrgq cﬂﬁé c’tﬂ?plae} ngt!iea*tagéé'? (2)
tﬂﬁ\@ﬁ‘@ H‘@F dqu‘a@wn% thrgugh ¢le@mtc§ Pracessa§ (8o @b9tod¢te@tors (e.g.
| ﬁtﬁg{cg?\iucm &k adhoicfr\@dlstérgfﬂ%&{i&gﬁrgésr g&ﬂt&mgsﬁfb?s’ MotBlibes), IR
%ﬂ%fﬁbfﬂ ?@U&% tﬁ%‘ @Ev%tﬁﬂS&aEOfbwfopﬂﬂ%ﬁfrdﬁ%measse (@84 pghotovoltaic

Tdewick iog bdlarcowil), ahd () dBvieds taétsnmmyoriéebr %o?@@lb&&(%d dbnibonents that
out, a 111 VES,

er .mater
TR idglordios RS BRanF BoGHEfioyeitt ord (o p HgtkistGigy dhoaf
aI
Ottt shM SRS Glgheibd M apc ngndrom the
Ehﬁ?d? d5@pedanasiei 190 dayerss easpediinely nintp theFlefayer f30and form
NRghie PBEPosiBelfEH: édaﬁbﬁ’af én et Fi
di glJoersl o% conpr | sa?gn r %I enot hi op helﬂage%afé?&‘é%grate under
the nfiuence of the applled electnc f|e d, forming an excnton with an oppositely charged
polarons and subsequently undergoing radiative recombination. A sufficient potential
difference between the anode and cathode, usually less than approximately 12 voits, and
in many instances no greater than approximately 5 volts, may be applied to the device.

The actual potential difference may depend on the use of the device in a larger electronic
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with polyneric acid colloids conprise: (1) devices

that convert electrical energy into 20 radiation

(e.g., alight-emtting diode, light emtting diode

di splay, or diode laser), (2) devices that detect

signal s through el ectronics processes (e.g.,

phot odetectors (e.g., photoconductive cells,

phot or esi stors, photosw tches, phototransistors,
pumtpinebie ) madyrsmisteireerits) tisg anddd)ayde viCisidsbdto & positbetvoltage
%@ttg\% 8 o&égltaﬁ’e ellsﬁ(fé :St S%BJsta%ﬁy gX}PPé fpamgp]t(ii?f ?réﬁer% gc\a/l}scdéléing the
tmation@r t!raeelentremo |devm é\ Immm orotier powenEowene(s), ndhabov@s may be
[ | ayers
élgéth@:fﬂy EéKnellea1Pine r&gﬁlg giefl@@ést [8&8};%%‘:@5 it.

g., a transistor o ganic |ight

e[ﬁb?é]' r@'séjééb@&sof Qr@ﬂ%ﬁloh FHI&FH% t@bﬁrgd ft%‘a%t B8R BBMiGSin the

fromthe cathode ano l3F/?ers, ' )
r e Puetive palygper ﬁ'ﬁ?%s'% EO'EE"ﬁ'WL*P”ﬁ%@d celleig-tpoRing polymeric
negRirdanes@aded? ohé biv HeVolVigiRBpdtidsidPbe rhét; t he
pol ynmer. These polarons migrate under the influence
of theThepiling teraperstura of the Riditive isighan thanrabensd auy Gvat T60mm
an opggqsmely charged 30 pol arons and subsequently
undergai ng radi ative reconbi nation. A sufficient
potential difference between the anode and cat hode,
usudl |'jrelceaductive polwppr disensienchas aldynagiia surfagsténsion ah@bgut
| NSt angemsA0rEeLReSt 1dsh HanBL k% 5 volts, may
be appli eg to the deV| ce. : Thewgc%gﬁ pot ent i aI_
|d|aJ g glc‘:’go&nqéﬂg Eve in glzeoéllgéﬁ?%%u §ﬁgs%ftm$phﬁ3%§|‘ﬁb;ﬁ§ llmlt of the additive
enbodiimaates., the anode | ayer 110 is biased to a
positive voltage and the cathode |layer 150 is at

t I
8RS Dl A R} o BT ket Bl [l
conemoniosharactasiaed ag s9lventsfhuradetants. These inelude batareinotlinited to
connected to the electronic device as part of a

circuit. 5(]@ErEpiscushasmathyl é'ﬁoﬂ%@th%@'éﬁﬂqlsd‘hpfpﬁﬂ aicphe),

:)Ol USHM:’CIS’;\)S/I élft;hl%g I{}!Q)::ﬂ@i ardelhdl, sse- bh’%él?ﬁ;)tl g-‘%ﬂ@“ﬂ&d:ﬁb? iso-butyl
col I>/0|E’EP g?.)' H@' ﬂB‘?’}PEggP &etragggrﬁf@pggmlc%i ‘at | east one

of the follow ng properties can be net: 1. The boiling
t enper at ur )@olyhixdricadtahvlis veich as lethyteee gtyhaindiathglate §col,

deg Cy

i SpertytéiHRool BurkBrtend Hod 110K fdre GyBE b Evere avcol,
100s G4Gemoh @amnelhy-2ot-perdanedich iR, Brhexaneliol, @yatind-Rdwd®xymethyl-
The wty% | [ an t he

ST ubi [ fhropefiudll 455 pdhidriiol ANl and RIS

Addi tives f ul for t he i nyent.ion ca

conpri so. of daae: meguaniLer Ak Shrs PUecHihibe Sl bwtic alconols:
sol vent s/ hunectants. These include, but are not

[imted to(4)nitrogen-containing compounds such as 2-pyrrolidone, N-methyl-2-

pyrrolidone, and 1,3-dimethyl-2-imidazolidinone; and

(5) sulfur-containing compounds such as 2,2"-thiodiethanol, dimethyl
sulfoxide and tetramethylene sulfone,

6) Ketones, ethers and esters.

-923-




10

15

20

25

30

(1) al cohols, such as nethyl alcohol, ethyl alcohol,

n- propyl al cohol, isopropyl alcohol, n-butyl alcohol,
sec-butyl al cohol, t-butyl alcohol, !so-butyl

al cohol, furfuryl alcohol, and tetrahydrofurfuryl

al cohol ; (2) polyhydric al cohols, such as ethyl ene

gl ycol, diethylene glycol, 20 triethylene glycol,
tetraet hyl ene glycol, propylene glycol, polyethylene

di09zs]l ,Exagipiesasf pblyhydiriceicblydts suithbRaoi gaeetiil® forming additive include,

o plk R ARG b b by e iSRSHERR G pniagpohool
tﬂTDm@dzryecmwol teddaethyioee gryooiopolwatlmylme-wdoy iglyeérok 2anethyl-2,4-
ﬁ%n&a\ém%giﬁf SR ?ﬁmyﬁ:%k{rﬂé’tﬂg 1 @o@gﬁeﬁc‘ élcsergﬁlﬁ 16 Gerianadion 1.2-
Nllqﬂﬁé'ﬂml Rr2, GZ@XWﬂQb Bh@lmlycah cExamples of lower alkyl mono- or di-gthers
ldedvéld fi%h hﬁ:’ri'c@lééﬁ&ig ':Hcmggoélﬁaheaﬁlﬂ lifnR&d to, ethylene glycol mono-

sul fur-contalnin nP
Jnethyhon F@ﬂp@tfmaﬁgﬁr digthyienp glycolgugrioonethie os meno-ethyl ether,

tw 6|5Wé]‘iét7d?bbﬁﬁ8n§hh'efr@ﬂ ﬁ'oon@-)etﬂﬁérﬂj’kﬁ%mfl gﬁﬁg rtlzetgfuklgqee%)fc%f mono-

frB?thhs'EO’éJ ?'iﬁbxf'rﬂfmﬂ”ﬁ]b.w@" §@e¥ &*@éﬁézﬁ?@'e@&'ef‘e glyeo! d-wetht or di-
Ietml tiber, poly(etfiytea@ol Irncnabutyldstreetr me@mEQIMWIérBF@cm

t et [ et h
é/n;%% X(le&ﬁ S?gmna@d g& glldé?tgyl sther ace ﬁvr égmg\ermal
rﬂe(ﬁmahe of sthich compounds include Dow P-series and E-series glycol ethers in the
L1 3-r, .
pent anega %%Réygﬁtﬁggtg%@gﬁ aPeEl@?@gl%g{ﬁ ?ﬂ i oéo'iﬂ%lw
tMiglagd.Mighigarex anpl es of | ower  al kyl mono- or di-ethers
derived from pol yhydric al cohols include, but are not

I[P976d o Gxamples phkAtes o ketearohalntilitablg fonuse afimdorming: adgitive

aNdNRle, bitiaes hb‘t'hﬁﬂ@d &, ﬁ@&bnmw%EWetdﬁe ame%ce{ohu |alcghol
an

Bl o LR s b e P e,
reaamples bf/éstars inchude; futhi lintiedas ethyiHaVRE) sthylbmd dfarb@me and

hyI or di 10 ethyl ether, poly(ethylene
%f%&%n?%hgﬁﬁ%utyl et her (PEGVBE), diethylene glycol

M Ui %rﬁﬁr‘é %ﬁv&ﬂ:séﬁp ‘?orqﬁé) QIYrre%? ﬁ\v?At%ﬁ %a or}x&lu%e at least

acetate. ch’co
iOfie BudRstaId W he-sydactants mey bEﬁ@@ﬂlCegat@ny c@hpmter@rcg nppioripend

@@é@blt é‘leT%foﬁbSQ@%'tﬁé thi EBI@P&% nl 'E‘Jiﬂn"d%s é’f‘(@.b*u?ﬁld%ctants

and an
ISPy DU gt 58 oL IPBPR AseipSa8dn LSSt VoS- 5324445 4,156,616
fand 5/299,684 fwHi¢n 4re lhﬁid?ﬂmé&ﬁbrbtédﬁby rbfafdridel @ thEIHEntiRELp, meu as

L 5 B s, e s
lrmludettmeaﬂuyrtw Dynai¥froin avreProducts) the Zonyls™ from Du Pont and the
Fluorads™ (now Novec ™) from 3M. Examples of silicon surfactants are available from
BYK-Chemie as BYK surfactants, and from Crompton Corp, as Silwet™ surfactants.
Commercially available fluorinated surfactants can be the Zonyls™ from DuPont and the
Fluorads™ (now Novec ™) from 3M, they can be used alone or in combination with other
surfactants.

[0078] Combinations of film forming additives may also be utilized. Film forming
additives can be selected (viscosity medifier, surface tension madifier) within the
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exanpl es of esters include, but not limted to ethyl

| actate, ethylene carbonate and propyl ene carbonate.

20 [0077] Filmform ng additives useful for the

current invention nmay al so include at |east one
surfactant. The surfactants may be anionic, cationic,
anphoteric or nonionic and used at levels of 0.005 to
2% of the ink conposition. Exanples of useful

sholidwing derign spage iruetder th providstdesiratile ditin foomingimoepertiess Ehis can
di.scl i , . :

SR o iy Moy Sy Wit

[ fﬁa'ﬂllif@@\d"eéﬂdﬂ iarksead rapge ofeapplicaions mﬂadgngdrahfe&mmmg display, solid

Sé’cét%%ﬁtﬁ\@ ShotoWNGic cBis dH thih 'anﬁ frdH3isiRgl coating art.

Commerci al surfactants include the Surfynol sTM,

Dynol T frre H@Jlﬁfkg" te%@ﬁé@tﬁré o thb ﬁ@dx@@“ﬁé lh?MM Egﬂh&lﬁ’@a ldegCtht about
anpl es of

the Fl ugéﬁl ;Hn now Novec from
silicon PRA%ANt s are avai I abl e from BYK-Chenie as

BYK surfactants, and from Cronpton Corp, as
Si | wetZl MEbe f:mrh.lam\ates:olyn@m dispersioalhay aaiyaa'duaksh&ace tension at about

fluorina from

DuPont aﬁ}%%w@ggéggéﬁg%satﬂﬁfg?%&ﬁﬂég%/% from 3M
they can_be used alone or in conbination with other

sur f aé’( ahbe W% gbadsiitivedmibe isppesien ivfess inamthesalibity limit of the

addi ti veggdm irwaferbe utilized. Filmformng
additives can be selected (viscosity nodifier, surface

hi h -24 ol | owi desi
R0 B3N St Rl S G o 1
prrogessbllitysof thndispecsion whet depositing pefimiupars tiod subistrate due to its
. t X .
#@ﬁ&@a%tédrﬁeé&%dno&e %‘P%éa‘?nﬁ%géﬁg?l%%%iei%ge‘a{irﬁgélg?q%%mna‘i Stages in
i entybigali spin ¢oatitg proegsst 1)xihe dépgsitiay, 2) spiniug, angt JYtspin off. The

' é\&%@ﬁ& %Q%&&Yu% th:%hgh&f? Hesenﬁ%rﬁwsg JtdélréBytHeﬁaﬁulrﬁttﬁiﬁnmary

t f t
tmwsﬁmn'%ﬂ%@e@r@t ég@cﬁléir}g'ogﬁ@ﬁﬁﬁ‘m@( FZOCG\%?QQIYS"NWC" a portion of
GRS Siselss YEIvER i/ ARbrbdH 16 tHel fohere lfjéi{;\ﬂﬁﬂaﬁt éﬁébﬁéﬁ&w occurs
t ensi on at aBd Lﬂ‘f‘h 10ons surface G%e of .l ess than about
6?59'89%‘{4}7 @m° form o Hre thigsuriace whigh impedgs figsvapgyation of
I SbMeaBtﬁapipba ndidranis ekl Bhd, ivinenlsubjeétedto thi %ntﬁﬂgﬂd@i‘béﬁ dfehe

r{qgsrugattq 079 sqghc%?{}fg {(ﬁeﬁc&,ﬁ%ﬁﬁ%&ry Ealfgler brt]aem E;('Jécmlm

ﬁomm:se,l bmulngttgmm‘ramreeofdmmtwesm thn dispetsipo shaulahbye eonsidered. .

Tedy QAP B8 dsitiBn %‘Pﬁb&& Qhéh QéJI%PtCQatin Snﬁgk{'ﬁmﬁﬁ%%vure coating,

evap oration rat or exa
tfﬁYQiéﬂ eealing rAprayingdseatings eicn th%pftyypalmq)ce%mkmmoewnng the
Rfe?@ﬁﬁé‘n stdp mase GRABRE, hdvidver, e FpbRante of 8B8ctRY a¥BiiTe with

certain bo(?lng temperature criteria is still relevant.

[0080] In one aspect of the invention, a range of boiling temperature of the additive is
higher than 85 deg C at 760mm Hg. When the additive and water forms an azeotropic
mixturg, the lower of the two boiling temperatures (boiling temperature of the azeotropic
mixture or boiling temperature of the additive) is useful to be higher than 85 deg C at
760mm Hg.
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15 evaporation stage occurs throughout the entire
process thereby becom ng the primry neans of

t hi nni ng near the end. Evaporation is a conpl ex

process by which a portion of the excess solvent is
absorbed into the atnosphere. If significant

evaporation occurs prematurely, a solid skin forns on
the fluid surface which i npedes the evaporation of
siP8HNt Therdyppid surfdes tehsiors okstke nomtlvemmemhq igahgttert 0

t

(BB ok b Rerite botRvish o R} R B P 8bBB G =
g@ﬁmsmm nﬁOC¢35rfndprrmng affitsn.| i This isdepausatthe ioteofaceshare produced

&ély ‘:E%uc'kﬁ} i Br%cé’és% Eﬂéi 293[}% ﬁhﬁibpcogﬁ %‘Pfédcﬂeprr&%ﬁses': 15 not just

osltion rret
pthﬁ ﬁﬂwwg'lurrngm@%atfaﬁlgl tengien batia lrﬁluamtlahgbut gppam itigetics of

CtAd iritéYehce Fration. The RibSURER 'mothﬂFcﬁ ﬁ%l a;d%'iﬂv&gu@d% &n mﬂuentlal

during the deposition step ferent, howeve
t fagtor @Ptf%’ﬁ@éo'bf’f the prtace ﬁ@% F@r. gxamgje; AN zene@}gﬁaﬁsﬁ ink is

bmeuedrw fioape rrmttkaryebyca“ follétithad rbtates fat & bertah @d@at mrdL@ﬂ%CHumber

18 9B8aE BT e Ok ncleatfEricpan Sibshatg asber rpéaf»twtabﬁ‘hevme it
atakewenﬂm fridk. to \gléefront the inididayt to\ies @.detrmﬁehefpajo@ss fafe for these

boi.|
5B EPhon, S B B85 1B 08 chE BBk e ot o e
randtthe eubistratesi Monegpediliqadly, st pasidive prehding dolifidient yesulis when the

U@ﬁfih’nt %ﬂﬁlﬁ? éiQrgSf thd P B F:P'fFaEn ﬁ\eaéurfag&e?qu)ﬂ‘SWtEqubstrate If

nam c surface tens

B¢ aerad; of theguesaip rncr&aﬁetﬁ sodhal theernigratien dimetcd thefsyrfactant is

el el him thel dres VRl Bbé’iQte Yb@fhleyn&M% cuh@uing tﬁ’é"d)}d&ﬁuc
ubstrate dU{ eposilion process for formng

i n
rartAge tensinn of the 9%&%@ benigheritieansthe égﬂ%@nam&aﬁ*@csubstrate,
rre$uitirige relatiyely @dbyprinfing ogi®sses such as printing or
coating. In such processes it is not just 5 the

d0082]i btris kmowretheewetfing ib ¢he auintact batwaén & duid iand atsorhice. Vhen a
'n@ﬁ:‘u %?E‘a'h‘?d rtQé:‘é e@%@ﬁ gstu%ﬁ% Eﬁ:{}ﬁ% )P%ﬁ?s‘iflhtehgﬁé; Birfh g?op?et on the
(Byidace. étheafha llmwlalow swigcotension tends tospread out owér a greater
e (%ﬁa.a& Rthe fg,urfd:cgz St FidYtfor A PE018s| Rt Hgh duice

romthe 1 nk

a
r%'F%QVégf Sa’rfaae teepion) A dsgpemtis Spfﬁﬁg Snyat. dheruriges. If the solid surface

g IveSurtaBb ehergiiaa drBjslet il fiﬁﬁomg gﬁler%etnhﬁ isSA/ 3L atttﬁe
ime it 10 takes for th

(rﬁﬂ&'@“a'gPﬁf‘ﬁegﬁﬁ&‘?'r?é‘ei'%kﬂ?er RAMany MmepgHrepsetip Qﬁt@fmgemgab"ftv Isa
[ooesahgle measuermdrinelits mpdseds the anglé bemsen Hidrfuraess of a liquid

tcf&ﬁ%t%ﬂt ugéﬁg%aﬁhl s time scale can inpact the wetting

%% substrates. Mre specifically, a

g@@d 'Yifo s?@&'o?%e%ﬁ%t u?\}eﬁﬂé fh%sééhaﬁﬁtnwmg&yr%-Eredlsqehsmn after

na C Sur ce tensi
d0f adelifionaoh thepddives as 8 diseamie serfaceftensidneat 4 porasd swfacelage to be
<RFar 60 aya.egms #lsornd cdda8 less AanHoHABL/OR, & 16K thin kire

surfactan
dynes/cm, or Iess than 35 dynes/cm, or less than 30 dynes/cm.

{0084] Solubility is a chemical property referring to the ability for a given substance, the
solute, to dissolve in a solvent. Solubility is measured in terms of the maximum amount
of solute dissolved in a solvent at equilibrium. Since the main carrier in the conductive
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15 reduced, then the press wll| operate higher on the
dynam c curve and the dynam c surface tension of the

i nk may now be hi gher than the surface energy of the
substrate, resulting in relatively poor printing
quality. (0082] It is known that wetting is the

contact between a fluid and a surface. Wen a liquid
has a high surface tension (strong internal bonds), it

t polgset disdession is whiterplitéd usehul fdréehe adiittantd be able i farra asuniform

lo%fgl.;ﬂ;og i?gkrg} W‘ét@&‘ fni((a@ﬁe %Sﬂgf efbﬂle‘fﬁg Qﬁat ‘sﬁo?ﬁiﬁﬁ%ﬁﬁnt of additive
otdded th thednk s¢ that the Wtth of adtﬁtween trzesink |ngmdsluthe &olgbility limit of the

eg&;,tg)é"(%e?urface tension), a drop will spread, or
the surface If the solid surface has |ow

S[Uil’ﬁﬁ]c eln%%ga)épeéis o tﬁ@irﬁr&nﬂﬂn' thehR "%be é@@ﬁtﬁ? Bﬁé‘émmﬂk is 95% of

iS aTrTesult of the zation of interfacia

efemegximam éo'ﬁpfi"bfaﬂf;ﬂeﬁ% etk ol ityaragred fghe ok s 90% of the

Vakiftain $d10bilitg onthéwtCo Bf additive RBH&) INBRS MK R8T of thE rkudimum
res the angle between the surfaces of a liquid

neog&um on the solid surface. [0083] In one aspect of
ol 888 SR PexieBdSMeriBiog i oFRT o 8 oBReRpisurndaciyes 2
dmmtwe:mlyﬁmeflmam @ noraluctve(patymeic ke dlsprgaedtoo doembstrate. The

| GRS 05‘ P inGhudy Qr%stﬁr;ﬂggryy 28;3@8’{8 aft ﬁﬁlﬁﬁ i fim essb{’ﬁ%oosg%i

dynes cm or ess nes/ cm or
dytiieisg any swiabledsehnidvarkngen uythegrt tenapplgng Hplyser tigist iTheg film

| SpphcAtdADr febricdtion Pﬁe.ftﬁdﬁsru?tfkﬁfer dL&‘ gret rfot Iuﬂﬁeoa@'sbintdbaf!r@ d8ctor

gi ven substance, the ol ute, di ssolve in

SBpdertingsnk wrmtfyg 56reg8 UG eIma JRREICLRTNiAg, miorocontact
npmnﬁy m mmrﬁnnt-ﬁg‘ asS@bdbRAM BN IPERMMt | v 04@945532/|ﬂ,nibalﬁbpon Screen

B o e ecgb adogiorgt Ry feirendd initd e FRekfRss ffine fim

ackohi rangeefrdro 2imen @HI000 then, Hofrom 20w tb@&00NNS o fidr G0 nmtot200 nm.

fRﬁJ}gllnn%ﬂﬁlSs H%B%s é@qﬁoWe &%Pé?%gﬂ fﬂlﬂ erY’Be dirrcétd i ?llr Pﬂi‘le}ated ata
viegpefature fiomi S0°CL to 280c°C..ri, if desiradidrom 1eP KoloAG0I°Cttg remove the

| Je%hal%&!v%me% r A ivbiaYi@s hRd WRt&he a@ﬂi[:%%g inlaf i ?H;%rgg(s]f)here.

aspects o e invention, the w diti

J%‘noé'he Ihi&rtdis e%%uﬁnfentsgﬂlﬁtﬂlms?g'&ﬁ&lfée |on&' dub%t)’ate burface and dried.

0%
he ‘}?é'guﬂ'é&% IR Withip gievice gan Biclugga \‘RP”C‘HPB‘FW &&H?'P W@”t 10° S/cm
ad e duti 300tSiem. Mirying" &{dbanbitidnsehdreofiimoiite aadriibg,|fbickd air drying,

Lﬁi’ri@&%t R e N L TR S e
‘Mhm&ieﬂﬂ aad vanations theesob diclude heatingiol msdidsipatedal aba safficient

@?Elrag}r goryéﬁfﬂc eH e %PﬁF&é ﬁ?rlhm Sr% Q)f chl\?entt %{R%lgmétgr therein

an artic deposi
volatlhzes

[0088] In accordance with other embodiments, the present disclosure relates to organic
electronic devices, including electroluminescent devices, comprising hole injection layer
of the inventive compositions. in addition, the present invention permits fabricating
multiple layered devices having acceptable lifetime performance. By “lifetime” it is meant
the length of time taken for an initial brightness of a continuously operating device (e.g.,
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utilizing any suitable technique known in the art for

applying polyner filns. The film application or

fabrication nethods include but are not limted to

spin coating, doctor blade coating, ink jet printing,

screen printing, thermal transfer printing,

m crocontact 15 printing or nozzle printing as

di sclosed in U S. Patent 7,040,945B2 by Dai ni ppon

Sa iPLER) toMegrea@a to avtiolof the imitial bhighthessdhaids axdcepitable for the targeted
r 5 t kness of the film can
géfﬁ[:&gﬁge Rrﬁ?f% B%gt %ﬁ]ht-ﬁgéﬁfrom 20 nmto 500 nm

or from 50 nmto 200 nm After the filmis deposited

fromthe dispersion, the fEXAMPBAESbe dried in air or

heated at a tenperature from50 C. to 250 C., or, if

deshduetive ﬁmmrme@drmﬂfb@lyﬁabﬁo[a aEthRphée @Q’Tﬁ/ﬁAFM 18:1)

solvent, or other volatiles and, in sonme applications,

[ [00&91] ifmotgrarhm(sqﬂmzed wa[té?@&%]adﬂéld ed Blajatketed reactor. 600 grams

&bﬂ ﬁrgy d b
ace an WE&%&E sno%r'é\%etgﬁ 6@03 |“fa%@a#?i{°:{§% fe?gctor and
devixed éor Saninistes mith @p oserbeadistiter vTreyaakfateﬂ flash waoadjust@bto maintain

Séﬁé‘ac %Qct%*ﬂ%’rhpg’rg&rey Cg{}%ms Hayé Hg\oa%?ﬁ'ue\ﬁg[d @Bfgﬂgﬁgne was

er eof I ncl
ateraraieipce-tpc intaies %eautpreyrtfam? gravsa(Bti2gnmole) ﬂéﬁp@@ﬂr}éﬂzo

f dibdBived AN BSPGaRE of d&émzéif‘@ﬁ@f' 9fle r%%ﬁoﬁ/ ﬁéb@ﬁhl‘r‘éﬁf‘trom light green to

t hereof include heating a solid materi
seeratd geRn totdérhotavwm'@ 29 avmae% felvmernzation wagallowgslegregeed for

rwmbur@ aftérrth@mbdmbfno@ ei merittme?rad& @kndmt e /eB@fiR) Mspersion was then

voI h% ﬂ‘?@"g {hﬁ 25 B‘g é’ﬂ %Eggfg?rg yh{aéqeg[eggo{tlg cgpiginingD4-0

egrem’s obAmbertie® I8et20 datiorn emameeﬂeemt(&ghﬂmlm&mmlcal Co) and

. g%?‘ns dt ngét'it@'hﬂgsg glﬁlgp ﬁ%h%ﬁ@% Peg IJ]'I @Eﬁﬁ% %&92 gﬁﬂnlcn Ehemical

tive conp oSiti ons
i Gmx)emsultmg panmplague ek bwamugommmy(tpheo[ﬁdylﬁm@@hdmﬂwﬁom

Wﬁe@or@%@ Bts?ﬁﬂs%Plv&aEQﬁé%P sQ&JJnﬂél h BYo.68 hidd. hﬁ"rl"ncron pore

IS nmeant or an init
bﬁ*#egfﬂwﬁes@easpgrwasfﬂmlygeq/f% rﬁ@rdar@i rﬁgtauem ReIGPM§ with the
-faﬁovand%bﬁpbem@dae&waﬂw Sord); Bat(wp;m‘a) CBQ<20’bﬁrh)abr <1 ppm), Fe

8 s t1hat @ e1fo
T PPELN Ry PRITVIZ0 (<b PP (NRels s 5 PP): K (<1
(EﬁpﬁNPﬂﬁa‘t ; maCdprhfSlbg “fash ) Gbiwmbhte?}: g_r?ﬁ% gfhdﬂ\%g tci gT 1vxselghé ratio of

|
%ggééscﬁgd)qé a%@“ﬁ@ﬁ&ﬁ?%ed wat er was added to a 3L
Jacket ed reactor. 600 grans of a 12% NAFI ON(r)
di spersion in water (Dupont Co.) was added to the

reactor and Condueivefrolyner disnersion Of (PRTAMFONBYAd

stirrer. The jacketed flask was adjusted to maintain

40090F 129 a1ans Qf Spignized waler was agdadso aBb iarkaiegirgacir. 600 grams

tdtiaen2ef RAFION® H'ibﬁi%l@lmfh WS (D@ﬁ&ﬂmt)@baé d8ed RAthé PdaRidr BRd
rn%?g& %r 5 mlnuqes with argoverheagj sﬂrrer ‘i‘F‘D jaczeted ﬂasi vSas ad}ustelal%o maintain
a 22° C reaction temperature. 6 grams(42.9 mmol) of thieno[3,4-b]thiophene was
separately co-fed into the reactor with 26.6 grams ( 51.4mmole) of Fex(SO4)5*H:0
dissolved in 525 grams of deionized water. The reaction mass turned from light green to
emerald green to dark blue within 20 minutes. Polymerization was allowed to proceed for

4 hours after the introduction of monomer and oxidant. The resulting dispersion was then
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10 dissolved in 350 grans of deionized water. The
reaction nmass turned fromlight green to enerald

green to dark blue within 20 m nutes. Polynerization

was allowed to proceed for 4 hours after the

i ntroduction of nononer and oxidant. The resulting

di spersion was then purified by adding the contents

of the reactor to a 4L Nal gene(r) bottl e contai ni ng
Opurilied gy adding theAuhientsidf e{er rpadtbt-td A0LaNdIgeme@dcttizastn@ining 141

(G5B o AR 420 b PRl O ) ano

slddrmams of Lewati@® M-82aniorCeychangesnebini( Figka, Sigama-ajdsiciu €hemical

d

é']'i X hl hg @Fd;ﬁ%‘égﬁ flark blue aqupgus Ro(Pienol3 -tihiophene)NAFION®
m@edi"@rp dihgdisRerien was| fdtgwed@egwmemthmuuly 5t (hﬁ@ agh0.35 micron pore
gslﬁﬁhlt%@ ﬁe%d&s‘?drﬂﬂasoé’ff 268 ich ‘?esftdda ﬁlbéﬂ |oi[§‘ By iCP-MS with the

ersj on was anal y or resid

MRS RN Reing, éefestsﬂ mj\ﬁf‘h@pmbﬁg (ﬁ‘epmg) @ét(e%q eﬂm) ﬁr ({1<pm), Fe
p(rzabpmﬁwd <k Mn €21 mﬁ%@NDMppnﬁ?er( Nﬁm& £ m) K (<1

(@f‘)pﬁp)lgg flnamls gﬂoggg%ﬁ)sohdé%@%f%m% g)pftﬁ ‘wéight ratio of

diznedisosity di@st mPasland peigieesnt of 2,86% NAFION to TT
wei ght ratio of 18:1, Viscosity of 2.1 nPa.s and pH
of 2.4. Conductive polyner dispersion D2 (PTT/ NAFI ON
12:1) 25 [0090Cond@divey palpmpendispizsiomD3 (RTTIREEA) was
added to a 3L jacketed reactor. 600 grans of a 12%
N2g9 (Q*spe(tﬁ@péw adisparsiometpoly(bigrol¥4-thigphene) rattkasing

tdlyistfrehd Qéﬂioﬁfc a%ﬂﬁ as Eﬁe’&ﬁﬂ/rﬁé?k céuﬁfbﬂldﬁ/@épéﬂvﬁﬁpé\'gan& agcording to
%Sr ead sti The jackete a

S AngIoason BRI O LSAO0R S 31 1221 LAy (noprmgrated by
mkentcain “ts“urm{my 3T!ﬂif2iat Gibsarsien ﬁay\ﬁgolldj?%ﬁ&rwﬁ?f@ ?6 %OPEsA to TT
i nt. r roow : ra mmol e) o
ﬁ@%@%{ﬁ?ﬁﬁéﬁ ﬁcﬁ%gtﬁgé’g’qg a%@&%?ﬂs of dei oni zed
water. The reaction mass turned fromlight green to

enerald green to dark blue within 20 m nutes.
Rexageler A Landustivapelyeer dispefsion inks itk addifies of ¢ertaiu design

Pabdietbrd Gor AIAEY Gldshite e diRNRITRn pﬁk dant. The

resul ting dispersion was t I ed by adding
the contents of the reactor to a 4L Nal gene(r) bottle

containing 141 dreekctye palvper Fﬂktléﬂr(j"VPF@lC’D?O cation

3068 " 35 et ?‘%’%P%‘Vﬁ/ﬁ e k41 48 Ao ol eg gpersion
E12y3et-774 sbiid ol welyaty) t.alg of Pmpylene glytél iphapyl ethar(Aliiels GRemical
ey PR s I59ARS eer 5o trahihg foployeight o the ink
Tes 18i0p dhe ifioal Iwats:nfalnade‘r B 7semdactive polyymet And Ui %Epropylene

/351 6l QndB micron pore size filters. The
|¢séper3| on was anal yzed for residual netal ions by

ICP-MB with the édahh&mfege:ym@mmz%vgﬁtoﬁw ed. Al (<1
ppm; Ba (<1 ppm; Ca ppm, Fe (29
[PG0YB] meﬂtﬁiavepﬁél?mer"vﬁ( (ﬁiwﬁ@ B"Depan’éld s(rﬁlar RPDA 4, e4ébpt thht 2.5g of

pporpyl’ene glyéo! propyP &F\%r’ was a(dded The final ink contained 1.5wt% conductive
polymer and 25wt% propylene glycol propyl ether.
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ppm) . The final dispersion has a solid content of
3.17% NAFION to TT weight ratio of 10 12:1, Viscosity
of 2.4 nPa.s and pH of 2.5. Conductive pol yner

di spersion D3 (PTT/PSSA) [0091] Dispersion D3 is a

di spersion of poly(thieno[3,4-b]thiophene) made using
pol ystyrene sul fonic acid) as the polyneric counter

i on/ dopant f di spersant according to 15 U S. Patent

Application Publi CahduztivéNsolyrhiSFAROPAD libdehBdn)Al, her eby

i ncorporated by reference inits entirety. The final
dioe9dlr SCamluttve palyamr int ImrSrWas”ﬂrepﬁre&sraﬁa% 1A SEXcopt thdt ethytene

25488 okl efer ok AGEAT G- Hick B i il i ropyine

v@l‘fw a@ﬁviterthﬁesﬂwffmebnk edntaivieds1.§wt% 26nduativerpetyenes ahdn 5wi%
ép,@esﬁ ting and filmformation
uct %F@gf‘éﬂﬁe‘?e nk 1-Al (Invention) [0092] To

prepare conductive polymer ink I1-A, 4.73 g conductive
pol ymer di sper si on D2 (3.17% solid by vverrg:hh 1.5 g
of propyl ene gl yc P"dr%wols@rqrémk I¢A% divegtiortheni cal

E‘@H@ﬁyc Cl?w {y Eg ether with distilled vvat
ORI BRI ke P prRPar SR do 3 cPgept et 250 o
fetlnm;rer ghjcotmobatung ethér wid %daannuﬂdavmk ggﬂngmerta 1 %Mb%s conductive
9 et her nductive
%%ﬁ% ei%“yiﬂ'eg@%e@ﬂ? E’YQ'B (0093] Conducti ve

pol ymer ink 1-A2 was prepared simlar to |I-A, except
that 2.5g of propylene glycol propyl ether was added.
The final ink corfeerdyelvepolymerdnkdrAduinviemion) pol ymer and
25wt % pr opyl ene gl ycol propyl ether. -29 Conductive
18998k Condictive palympiink hAP was praposy] sirtias tukt AT \sxcers thateropylene
Igfgicol méBy\tser ﬁ&ﬁ&@f(ﬂﬁln&k Ghérﬂibaltcﬁbn'rpaﬁb Iné’Wa%dedE@ ﬁ‘\%tead of
e AT MG A

BRSNS Svpih S M6 QB8 e STecagaied ot eamsiokyegropensr
pswm|Pr@1ylwe.ermmémmaéthermetamt ained 1.5wt %
conductive pol ymer and 15wt % ethyl ene gl ycol
nmonobut yl ether. Conductive polynmer Ink |-A4
(I nvention) (009%3onGuctivapblymer [méli+Agdmvention) - A4 was

prepared simlar to I-A3, except that 2.5g of 10
Qﬁﬂ e FeNguclivepolymerdtiut- 4% was hepared Siritad tedl-AdT lewcept trat additional

Iorég el @#ﬁb@%ﬂ(ﬁﬁ"’l‘mf@l&‘t’ Qﬁd*éﬁ Mﬁals m&?}g&?&ciang @%l{%olutron was
e_ ycol rmnobutyl ucti1ve po X
H@q ngr%ql 5w /o conductrve polymer, 25 wt % ethylene glycol

monobutyl ether, and 0. 05 wt% of Dynol 604.

Conductive polymer Ink |-A7 (Invention)

[0098] Conductive polymer ink I-A7 was prepared similar to I-A1, except that 0.5g of
propylene glycol butyl ether (Aldrich Chemical Company, Inc) was added instead of
propylene glycol propy! ether. The final ink contained 1.5 wt % conductive polymer, 5 wt
% propylene glycoi butyl ether.,

Conductive polymer Ink C-A1 (Comparative example)
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15 [0096] Conductive polyner ink I-A5 was prepared
simlar to I-A, except that propylene glycol nethyl
ether acetate (Al drich Chem cal Conpany, Inc) was
added instead of propylene glycol propyl ether. The
final ink contained 1.5w % conductive polyner, 15w %
Propyl ene dycol Methyl ether Acetate. 20 Conductive
polymer Ink I-A6 (Invention) [0097] Conductive pol yner

| 0R99]- /xaondastwprpe@rafeemksj Al hWak pt@aIedeua?)f@Bm dxbéyt that

duct an
SRR R vt Sayoal COmbard: indhowas ridaditeailor pisge atveo
Tirrepii eth\ar Tihefinglomkt adntedrbd]1.5 wivte dendostide pbliymer grad 351w %
gg%})% afpet hyl ene glycol 25 monobutyl ether, and 0.05
o noI 604. Conductive pol yrrer I nk |-A7

(I nvention) IC%I@@(INVQPBIXMGI Ik ©-R9} c{@{ar%}ﬂé eI(élflgleIgIaS

prepared simlar excep t

ggﬂ'ﬁ)]' Qwhdgét% %I)lyI'?:IéI thk Ceﬂi‘%s b? gfe‘d%I’rmIaIF IIIIIene except tl]at

31 added instea fy
pCP?IIBXI? eeQ'YFéI A"-’Ifwe thermqa! Pﬁmpéf@hm&ﬂ weaaqus! ingtead of propylene
ayrdLisropyl etheel Thaihal ifk ntaifédor.9 MY bESMJOLNE Rbiykil dhd 25 wt %
nductive polymer Ink CGA (Conparative
e‘II'gﬁ%?'@) E 30 [0099] Conductive pol yner | nk C A
d I t.0 | I
(Al oh e adierE poiig! 0F RS (ieboatelih erdrbiBna of
I

JoRRY; SRS BB B0 A MIEPropdi sihighlo LAY, groepy hat 055 o
icyeiphexgaeldhldrien mmua@ltcw@qnm inelovasiaddedinai@ad of propylene glycol
W&h@rt iTME firfa mmoﬁéau{em% f%gga{fcmé/&ol %ryJFBIS W%

prepared simlar to exce
FreeRe Eﬂe glycol (Al drich Chenical Cbnpany, I nc) was
added i nst ead of propylene gl ycol  propyl ether. The
final ink coptain

w % 10 di etR) ﬁ‘éeeﬁIW%'II"k%%% %@élﬁ%pﬁyﬁé,ﬁﬂd 25
G ﬁ@%%bc‘fl FSARIAR i PP RIEE G 5, Bkt Rer 0.17 o

0 %5Bynsi 604 (Ail Rroduci Aot Chemigals dic) Ghraxitard stotk Bqﬂa!mp anche.y8g of

t a
SRRy Rprsin B B8 o609, S/l iy bonBn8RY 15
GeNdusEYe Rakanes aRd 00@1 7wt % ehidynohed4.

Conductive polymer Ink C-AS (Comparative example)

[0103] Conductive polymer ink C-A5 was prepared similar to I-A1, except that only
water is added to dilute the dispersion. The final ink contained 1.5 wt % conductive
polymer,

[0104] The three key design parameters relevant to the current invention are
characterized as following:

[0105] Boiling point is the temperature at which a substance changes its state from
liquid to gas. A stricter definition of boiling point is the temperature at which the liquid and
vapor (gas) phases of a substance can exist in equilibrium. When heat is applied to a
liquid, the temperature of the liquid rises until the vapor pressure of the liquid equals the
pressure of the surrounding gases. At this point there is no further rise in temperature,
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Conductive polynmer Ink C A4 (Conparative exanple)

[ 0102] Conductive polyner ink C A5 was prepared

simlar to I-Al, except that 0.17 of 20 1 % Dynol 604
(Air Product and Chemicals Inc) surfactant stock
solution and 6.78g of conductive polyner dispersion

D1 was added. The final ink contained 2.15 wt %
conductive polymer and 0.017 wt % of Dynol 604.

Cand thetadditiona hgatesnetgyleufpliéd ig Wasilatenteweaml\eborizﬁﬁon to

[sﬁ%n'q? Qﬂg %JL? tiTYo %éz 0 H’X%‘E% Hjéﬂ tiémﬁ'a ?ur%f tg? S@ ? 7&30{nm mercury
disl Q!Dtaanqtifearm stapeard pby&:caTh@pentmdatabasE cont ai ne d 1.5 wt

% conductive polynmer. [0104] The three key design
p N8kt Bynamie peragatensiontah hecapndegiive inkvemeasiiedusing aiss Bubble

c b?és@@r%qfeh&&%ﬁ BP2 WhRW dksulsd HdynBRiid duiGc® RinBibn 'o?hclunds using

the tenperature at which a subst ance changes Its
f &rmaximgmibybble pwgurewﬂw BEpg f@eﬂnqaesweawnbﬂa@ Bubblegare
P picAticddSin lﬂéesahﬁil@ﬁ{uﬂi atlaf e&hcﬂ#"ﬂeﬁﬁbd Kible @Hb&tr@ﬁ‘ fhte thus surface

o 80 Tt i elaeB pharios, Satp na Vet P atan iy, e radiveds known.

t Putey thisyreces$ tnetreeémwmaises thesugh atrhaxirhil® whape@value is recorded by

he | d h f
el FanSmolct v fetedinh sk BRIQT s Srishe poe o
r 19Q&ms as the dipearait surtgce ter@lonavatletfethaditi t i onal heat

ener_?]y supplied is absorbed as | atent heat of
vEYB7I ZBhe salubility oftthexadditerin water Isialptaingd frampstgadard physical

brobbSadtasaRe hRdvided by fihd ﬂﬁ,dﬂ,ddl tive at 760mm nercury

i s obtal ned from standard physi cal property database.

[ mﬁﬁﬂ EQRTINR pEidrnanes, &:ﬁ@é k@ﬂpreﬁerﬁ&sew&@ RelaRinkY Sa) Vdtting on
Pressure Tensi oneter

| g’ﬁlﬁﬂ'\g%l T ¢ ﬂ@EW'ﬁO&W""%ﬁF?’%@ t ensi on of

e ngg 36 BtentloE et SR 8LR sBe@TACHH B SHbatElbs: (Torgtess or
t F®/astio) areldefinedhssPoari wheaa tbytadeingledsi 9¢udbigreater and “Good”
g@@ﬁ Ak 'c@ﬁ’t ?ﬁ{tiﬂégs hfgac e age tinme. The gas

es en through a capillary whose

r Ao FlFﬁn Krﬂﬂ\‘iﬂlty is %nb&‘ Sutttﬁ's&! Bh BffmiRation @t H{eefﬁﬁ g[:?lty which was

passes rou val ue 1s recorde

P Gkos Fect o AV AULSTRISS (& Bk 119/ Glaps Suaplied by Foldrado Canopt
sOs4tmgs LLEN Sbofe atmérh @xarhiplé ph cﬂﬂﬁngﬁﬁnethb@%’é udéd fok @u the inks.
o1 S5 28 S Phe P et Bl s W g ks Gieen 50
stGindairdaduiitios| foahammesaqak‘r thA20bAR haSaandn-a7, adi datingt(fe: 25°C,
V&A9Qimidity = 42%) was also used as an alternative film deposition method. In

particular, roll casting was performed by supporting a series of substrates which included

untreated glass microscope slides (3" x 1), UV/ozone treated ITO/glass (1" x 17),

UV/ozone treated glass/ITO (1" x 17, i.e., the glass side of an ITO/glass slide), and rinsed

and dried ITO/PET (2" x 1") — on a vacuum plate, applying a small quantity of filtered,

formulated material onto each and rolling a 0.8 mil wire-wound rod (#8, stainless steel,

Paul N. Gardner Co.).

[0111] A simple ranking system is developed to evaluate the film uniformity: “Good”
when a uniform coating layer covers > 80% of the surface area without major visible
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[0108] For the ink performance, three key properties
were exam ned: a) Wetting on 15 substrate b) Film
uniformty c) Ink uniformty as a solution [0109] In
this invention, the wet ability of the deposit ink on
the substrates ([TO' glass or 1TQO plastic) are defined
as "Poor' when a contact angle is 900 or greater and
"Good" when the contact angel is |less than 900 .

[&h’té@:} sitdhl a3 comid/stamnsploss; i‘FSa:rCarhéri & dnitotin deasplagst covers between

HERER RIS 3nPeonatBeusor s ot gt by BRhcipdCpeorsgen me

scqyptalgeds Ibys tGah 60%ad tHecaubstmte @ﬁnmaitgsnslblil)efedfmrln bider to

C ' ]

CA BB BRI Bl e
orad eurface tegeteiddyOI WY of peamahi ckness bet ween 50- 100nm

In addition, for sanples I-A, |-A2, |-A3, |-A5 and

| [OAY2] rlgk solgtigatuniteymity isarpegjuatisrpf thegemeatibijity-of Apeaddilyg with
&h§ @ohtﬁﬁﬁbe%lﬁﬁbr%srﬁfs%téomoﬁ 'Wﬁ@rﬂﬁ@ Qﬁiohthﬂ aﬂﬁh\hé)ébdeh Ro the

castin erforned

articul ar
5‘?%8'8? £XR598 S BPIHRIly Bythe G%fé'?? ra?@g ('mm'% Fﬁﬁeﬁ@tﬁr&y&ﬂﬁase separation
mmatbedv&ﬂ aBépéﬁdﬁl@QﬁtCtﬁdD@elﬁty dmrehae distidctlayekd bz ditthe
FBRLF e skt ca o Seen. $nit id pgoghé 88 WEkort bk Shution unitormiy.
Icﬁeghsns thesihk smot;onamuommsmecbnsﬂaréddem. | TO'PET (2" X

1") - on a vacuum plate, applying a small quantity of
filtertle AfAsiditive desigh parametess amshinlofilearnperties iooExamgle 4

0.8 ml wire-wound rod (#8, stainless steel 30 Paul
N.__Gardner.Co.) Aqggn\@lgwﬁ*m wetern ki ng syrkt/Em | Rroperties
devel oeEJ Agdva%eval e St exdoidT) Walier st oo d, ink
|1Adaitva Lo || ®yrifg T P¥eitAin>| 8 Solution
STPIECE” ar eanini | ot j| oo/ | bllienit - BSutsehtet %"'@’UE‘H Uniformity
[aS IL:R.,II V) bl.ig/ Ut 338 e v 1 BV“I Good
:ayﬁ‘ CO 51230/%5 V'VE%' 64 8.44 0 " Good
v ofA:d € UCI.Igb; S C:J.Lh chs :/L .?‘.1L ? ; Good
bUVFAJJ.uC n? b/UDD :Lﬂl’\lu \’jt :U _7’1 C ) Good
perild rahodSfh - oradee | HADo T Good
PG e L Good
LILIL IL- =) rla/\ -II C :Ai 3 :I :I:Illj rIT Good
vt Ohe i 428 tho Hopad 24, Good
x—b%’-%%ndzm'zg%e oSfer—disq8: s Good
arEUat—of a§d-l—t- ve-Hdded 18l Poor
solGiBf i WOPoerhg darei gr >80 o 2017641y, FO r)|Good
lond685 sopali¥s oh__Jd2n bé ol 0%pdpeR@Phg lonPedte” | Good

density difference, distinct |ayers between the 10
solvent and carrier can be seen. This is indicated as
"[PUd] " The datarik Talé W dleamly deinbostratddthat inks made to satisfy the design

parameters showed a combination of advantages including good wetting on substrate,
uniform films after the inks were deposited on the substrate and good ink solution
uniformity, However, any deviation from the design range can result in adverse effects
within one or more of the properties under investigation.
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O herwise, the ink solution uniformty is considered
"Good". Table A Additive design paraneters and
ink/filmproperties for Exanple A Additive sign
Parameters Ink /FilmProperties Dynamc Additive
Additive Wettability Ink MJ C Conductive Additive
Surface Boiling T solubility on Film Sol ution pol yner
ink inink Tension (deg C© limt Substrate uniformty

Upkdni1eBL Confudlios peigmbr dibpetidn BRs Wit bdf Qkie® patidaafce and
5% 38 149 100% Good Good Good 1-A3 15% 40

1%“%6@?@8@‘6?'@9&8 Good |-A4 25% 41 171 100% Good
Good Good |-A5 15% 44 209 16% Good CGood Good |-A6

25% 41 171 100% Gooaductespdbamer Ink FBY (18én8dn)171 5. 5%
Good Good Good C-Al 25% 37 82.4 100% Good Fair Good

doar4]258 lﬂ'&pal’&¢ond1@%d3tnniymd?w I-B30 GB4 (Cehddusue3pblybber dispersion

L1l S8 vy sy, 553 S ok cyirisiyet g s [idon Ehbfhica
Te®mRany, Brk aﬁr%/mufemmeawém dlstlikﬂi watkrssorteatéhe itnag weight of the ink
s 86 §Irhe fiHél |Hﬁ5&ﬂﬁh§t§ 5 18ReYBshddcHR P 'aﬂ&‘ 2%% propylene

advantg(pqes i ncl udi ng good wetting on substr
UYQOLPTRPY!ieffE: af ter the inks were deposnted on t he
substrate and goo k sol t| on . uniform:t However,

any devi ati on fro 'fh tig Wrﬂ%g%e@%‘{?"ﬁ ul't in
doH B cblafg Bowil M do2 e el siinr 6 EpF gk eybiane

dilsokpusyl @theu' (Addriahi GHenber! ICodgany, éng) evab addexdhiasteach of propylene

FHI}%%?&?@E yrh%‘?u@ﬂrﬁng%méﬁ%‘?r @[6% \régn@gn%/eﬁynhé}l%nd 25wt%
Wrglyoﬁkbuwlslheﬁ 34 g conduct i ve pol ymer dispersion

Dl (2.86% solid by weig %’of propyl ene gl ycol
propyl et her (AIC&W%V@H@WGHF“C hifeamparative) wer e

Scﬂ thd%t ?d wat er %otht the final .
Db, \BRaihEE ik ik T G SEnas R spriuckve erime sispersion
D35wm % conducti ve pol yner and 25w % pr opyl ene

Conductive polymer Ink C-B2 (Comparative)

[0117] Conductive polymer ink C-B2 is the commercial available conductive polymer
Baytron CH8000 (a PEDOT/PSSA dispersion) which is available from H.C Starks.

Conductive polymer Ink C-B3 (Comparative)

[0118] Conductive polymer ink C-B3 is the same as the conductive polymer dispersion
D1.

Conductive polymer Ink C-B4 (Comparative)

[0119] To prepare conductive polymer ink C-B4, 7.5 g conductive polymer dispersion
D3 (2.36% solid by weight), 2.5 g of propylene glycol propyt ether (Aldrich Chemical
Company, Inc) were mixed together with distilled water so that the final weight of the ink
was 10.0 g. The final ink contained 1.77wt% conductive polymer and 25wt% propylene
glycol propyl ether.
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gl ycol propyl ether. 10 Conductive polyner Ink 1-62
(I'nvention) [0115] Conductive polyner ink 1-62 was
prepared simlar to 1-Bi, except ethylene glycol

butyl ether (Al drich Chem cal Conpany, Inc) was added

i nstead of propylene glycol propyl ether. The final

i nk contained 2.15 wt % conductive pol ynmer and 25wt %

et hyl ene glycol butyl ether. 15 Conductive polyner Ink
(Hom20) Covahsation similyr h@ka8ple Gomakicdndueted osipgrihe invektie iBis 1-B1

C%’rﬁ 17 i@@ﬁo@ﬁ H‘f‘%’blﬁ%%&ﬁﬁk&l %‘c ﬁﬂpt 4 re%éec?ﬁ%é%f%n pEmeters

nducti ve pol ymer
Grntiowed gopbink aed filmprogeies.i s t he commer ci al
avai | abl e conductive polynmer 20 Baytron CH8000 (a
Hsihemnapadditiong! expliatiens serseariiedpu faresample®. They are
Sk &rized @8BEGL | Ve pol ynmer I nk C- B3 (Conparative)
[0118] Conductive polyner ink CGB3 is the sane as the

CRON221C t Viscds BOOMAE ink Nas PRYa8LRB usnag an ARESEHhUENddVdrain rheometer

P B, e st TRE (Simy Mabenain SRUBI, LormRsrathis was

dd:cmpeﬂai a125°C8sif@a discuiating matdd pathe iThb tajmosphbregvasf saturated with

AP cthifflee BE P epb i ol o L. SRR pepugipyes
sw.seﬂhmth bmaamd ¢i0l ware icgatruotied oltofititdniunmaBhelifiobOvag 32Tinm in
fdl&ﬁle%elb ?ﬁgjp ghfzﬁ fﬁqgwg]th Wé’\? a/ﬂ'lﬁt%PgHﬁE %:\\.ff?wgé’bfgﬁﬁ[ O%g;g ximately 10
Bt ﬁamplen'v@. usiedl aer we@aaamtp Memsame edingchegamelp mgs subjected

e § iﬂh‘ﬁﬂééﬁéﬁr A8 sl'r ﬁlrenﬂﬂﬁh glthdPefiecSof ICHIMY, Hlsﬁor}—ahhgr ai5

ree additive deSig

dawa&%{éévgwg’ca?@teé Rt moyLRY A Shoardeter rqwngrf@w 20’
e B P s ﬁd‘gé'%bﬂ%ﬁ%?f@%%s Examals A, thg abilty to form

teeljustabld Db2BRiTkNdss dmmgqapoémdrhﬁagmuk aisagnresseriingshrarnetegfor

U RVl 848 B S R o8 R YRS ot
Tonpegtise gaimmgyercrbﬂnprdomm darngreathCaftest dryica perfprnanae incyuding
VIRIWRF effdibhoy aFm;fe%HaDwérsroﬁe YR Firk Erﬁ’ékﬁssswnnou .gNaﬁeesf the

vapor to minimze water evaporation during testing.
@gggfm@cg@gmﬁ,dmstrated in this invention. The desirable film thlckness for

l

- the hole injection layer in light emitting device is between 60-100nm. In addition, when

using a spin coater to deposit film on substrate, it is desirable to have the spin speed
greater than 1000rpm for better film formation. Therefore, when the film has a thickness
of more than 60nm at the spin speed range of 1000 to 3000 rpm, we determine it to be
"good” for fitm thickness control thus good processibility with tunable film formation.
Similarly, when the film has a thickness of less than 60nm at the spin speed range of
1000 to 3000rpm, we determine it to be “poor” for film thickness control, thus poor
processibility for film formation. It is understood that for deposition methods other than
spin coating (such as gravure coating, slit coating, flexo coating, etc.), similar criteria for
film thickness control can be determined. All the film thicknesses were measured on a
KLA Tencor P-15 Profiler.

[0124] Device fabrication and testing were carried out as follows: the light emitting
devices were fabricated on patterned indium tin oxide coated glass substrate of 10-1512
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10 used; both bob and cup were constructed out of

titanium The bob was 32 mMmmin dianeter and 33.3 mm

in length; the dianeter of the cup was 34 nm

Approximately 10 m of sanple was used per

experinment. After sanple |oading, the sanple was

subjected to a 5 mn preshear at 100 s-1 for renoving

the effects of |oading history. After a 15 mnute

deisgyare \fron EsloradesCaneept Cratisgs ) aThesiMGeaubstzateswere cleaned by a

: e
< EMioh P B8-bns8y Selin eterpdit bt b EHC, Eh, o8, T
aglbstrate wag tviaeiemwﬁacqu‘enﬁmsf inlam S iPedmibplasma etchgr for about 10
gﬁ{i’fﬁhfﬂt%{ t%fl‘ﬂ@ sb té&eﬁﬁa@ébu ?egfwhiiﬂ %&ﬁﬁaﬂsgs&m“e%ks at

devi ce ornance

p?Wstspﬂt sreediin W?W@Pm%fﬂﬂf ‘hakn%‘é Péareung é0-480ryrelhe spin

| |e ?Xh id ;ﬂoérﬁﬁsrr%\tb 68 1G®A of rae.%uén NS PRS- 4RMUEEP spinner. Al
orpance i ncl power efficiency and lifetine.

ﬂ?é‘Plé‘FtU? BOY%?ft*P'f?dﬂlefP 9|*‘?ﬁ3? Wit ﬁrﬁ’e‘s‘ism@mﬁ*t TRF filter Bﬂfef‘i‘zﬁp'“ coating.
th emﬂitammﬁ b_ﬂrwa@gmsméd tg}hehrfpm eabgﬂﬁtaérkwaré ﬂ{e?fénhéhlématﬁ alo to 200°C.
1 NV 1 O e es|.ra e Ness or e e

Y g Arpr DS ARSI 4 e BB SR Bt Ofdem ok RaBing potymer
6Raslfpimenatddifraaal thideane splutidre Mhe Bampigs avespihan bakeedeaat 18@F C. for 20

AL b AR Wb eBA S, THE e R 3R el Y

sSpee rea
fQS\amr o vavhwﬂ evapasatonmisichtwas chqaled ingide an aigoo Rmeasphere glove

%x”ﬁl rlé%/eF &3k @&H‘&Be@ﬁm%ﬁosﬁt@ﬂ ‘f%lﬁﬂgg By E‘T’é‘ggﬁo@{gr *?9 HoviCes were

det er m ne
RPR RitzgRuIRles B DS gavey bq)anqawbs@e@eletﬁnom ip the argon glove box, The

taweé)h@afor IhndeGEeRhs aﬁout eé‘z P arHemeMetm tﬁér{ mbmsout of the

£
IO 500 BStRg LA 3t OE TerBRGE o, TP EneSh WS FAsgRd of &rkLA
;Tdrm)rt Pl & Profites. Current-odltagh husrtaaenstucs mmmsﬁébed ot & Kbithley 2400
u SL O or e .
SRR e os Bt (T 5087 m o e oo s 2B vsing an
i ins_g;Spsc I\t CCOaaimeeg arid ieXlostrated inrfdG. 8ind).5, PaséentiApplications
g_é@t)%%b@?eggf A?Pwﬁsﬂll @P@Fﬂ?{ﬁﬁ%@%r&@@w RberERR iffs entirety. The power

term ne NEeSSES were neasur
#t Bk emissigiowas rpeasyrant using aNewpart 2685-Ompiticfungtion optical m@wr in

&!@:ﬂ;uh&ﬁ:h'vﬁﬁ aA\RAiBrafcdl Si pBBlodidlic. BrighPbsOWEs cdidifated (g the EL
evi ces were fabricated on patterned I ndium
fP"r‘i“%i?‘ﬂ%”‘

CoYPERYNe £ seepain ahtke G?V'%ai%lﬂng Lagmpertian
I d.aﬁmmme ofthe GINekdsivrRdad (rifie with @FMoto Rssehich)PREBD @olbrifmeter.

Sl PRED e ToRENES maiscPeq &1 A Flienr o itgime Tester (rom
_'erbrkibe Display Tealretogy) endensonstas taenidtivingegrgition pt @sma
BTl R0 SRubd 818 By Pkl R U danifhpecea o
@ehigye thevritial brighteessinpeasured usingdheBitphatogsda. Sprtbls sehof
cerxga{mér@s %ts%'le‘&te% JObbﬁﬂstd?s'tﬁé‘ﬂgﬁﬁdé%[ge%ﬁh’tﬂgsgﬁd]o%ﬂﬁ% the life

The spin Prorarme

lecgme c%rtg:g %\y@ aepior 4151 tiightnessao|reach 50% of the initial vaiue.

Since multiple devices were made using the same ink composition, the maximum current
efficiency from IVB measurement and the life time of the device from lifetime tester were
reported as a range in Table C.
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conductive poyner inks were filtered with a 0.45
mcron PVDF filter before spin coating. A uniform
filmof was obtained. The I TO substrates were then
anneal ed at 180 to 200C. for 15 min. After the

anneal ing, a |ayer of about 80-nmthick green |ight
emtting polyner 10 was spin coated fromtol uene
solution. The sanples were then baked at 130 C. for 20
m n onTabldBi Additive desige patdtheparetied inkdiim propertissifop Egsmpie B
were then transferred into the chanber of a vacuum

evapor at or, iI| ¢ h Aeitive| Cipsigt Barametsisde |an ar dr&iFilm Properties

, Ink
il ceBlmerle g5 tion

%%ﬁ&@@ e 0\ € DytsoNG Qﬁcﬁﬁ(@r Régggté Stalf
UpitAF BN EUniformity

depmplet €daddh b oweSgriane o ool hegfle

therhkencapﬁ ka egﬁ"t” c@gs)covmﬁn i
POyt aﬁgﬂﬁrz& x—{Fho 15
h r L\II '\o2$‘°és__abom & m T. O%IZF

< L LR —

odh 4, Good
.w\'llﬂ 3 ou 2!56/91' he. *T ovel hddlfdr 19%_&gﬂai-ﬁodr pfSood
tenperature. Thi ckness was measured on a KLA Tencor
P 15 Profiler. Current-voltage characteristics were

e QRleer Ao E B PBenstiltk A0 Sodice rerioreencede Bxamee

asured using an__Oi eI | nst aSoec IV CCD canera and

| 8ohdubiigtirated ip FIG |n U. S Pat ent Lciatjiang 20Max.
US%&ﬁﬁbO? 6%isepsily [ whi chF' ’H@P?oy mccr@‘pj;rangtbe t'B Current

Om'!prn) E mm | +| £ L t.l oR (Cd/A)

PR . N
was—reasdred—ast o+t oo~

r ef ewence i 41s fdbft}tp trgosFheTRaer—| abmislionefi(svsy qn Efficiency
IU A T T
opt I-Bal net er 8i n ezmpu ceééom Wi th a gal ves at ég’ 10.9-11.3

pllUl. odi-otde—Br o HHAess s—eat-euhat-edHust REg—t ||i50_r_
forhaﬁd qut p0 pp V\Eanand VﬂrarnE_ spect nunied theso0 10.4-11.2

e, LN N TN S N N SN IR

col @B2netier .9-95 [ThHE5hinf ¢t136amof 120AD deviews Wek50 | 8.3-85

megsyred fon El i pseIM Lifetinmg Tester| @boom
Ca Y%I%dqe Dizggla %J%nol g‘ﬁﬁj inder _constnt_|cwoperjt 110113

dri@B4g donds.0i oh 12OnMoPN30 wrenpesdimir ¢. Yée drisong 10-105

current was set according to thé current density
needed to achieve the initial brightness msasured

{8425, 145 B R 5H . 9 flrkfA S TR BB e
muf@enﬂm@ewa@ contfobotFim thickeess during fltt!etnrmetlcz{s)romS asne

tc%h%&rJdQB tﬁel"kﬁrr@ﬁt?r%*ﬂt:ﬂﬂ%%g éﬁ\'/rlfér bRA&Eion %% {8d) hﬁrelnﬂbs[hy, s feature

val ue Si nce ces were e usli
HaFoAChieyakie 8Y ﬁ?*eﬁmgtcﬁ@dwava wﬁhrwwm'rsmtnpn@m nen-Bypripated

fdomsTd-ForRingRAsperEgtbupclekhe-B3 48 d-BAE Mete Hb%nsﬁw $Rs in this

188 é%g'%ﬁwﬁﬁgéde%f%eﬁemevgmﬁ@? hich Sezm eifiaed hteuoh the
lamdorﬁdratmﬁm thmmhteds:olaw-fdﬁmmgpispe@mg/gd&d|th&3 dopau@ie polymers.
E’ﬁ'r %{éﬁr&% %M{%nd@:t{xs P&%B[ m%ﬁ?h cp Idlglf gt'to\/n?ed\’\s'trgomegrrr]tﬁlr%nger
Irfetlme and better maximum current efficiency as compared with the devices made by
using condutive polymers without the fluorinated colloid-forming dispersing group (e.g.
PSSA ) as the hole injection layer (C-B1, C-B2 and C-B4). '

[0126] While the invention has been described with reference to certain aspacts or
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
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pol ynmer Additive Surface Boiling T solubility on Film
Solution ink in ink Tension (deg © |imt Substrate
uniformty Uniformty d es/cml-Bl 25% 38 149 100%
Good Good Good 1-B2 25% 41 171 100% Good Good CGood
Tabl e C. Conductive polynmer ink processibility and

devi ce performance for Exanple Conductive Tunable Life
Max. Polymer Viscosity Filmthickness Filmtine

Que rsesye of tivkiaveritian In haditked, imany olooEicatidnk intiyaRayadedo Qtapna

PR 5=t Bl b oy o "B AL 93Pt from the

GBentinl Scab@meredtd Timerérayit icisteAGedbBath irreBticB-riBR bé lifdited to the

1755 : - - - . .

e, SRR holSosiviglodt iy BambmEes fdr RYRG out s

sipverdion,doubthgt fhe Inghtiorhwill ingtuge ialh embbdiimedtsdaléng within the scope of
Lthat the inks in this invention showed

gﬁgﬁ??%@%ﬁ?ﬁwﬁ$nproved control of filmthickness

during filmformation process as conpared to the pure

conducti ve pol yner dispersion ink (G B3). Previously,

this feature was only achi evable by sel ecting

conductive pol ynmer inks conprising non-fluorinated

col l oi d-form ng di spersing groups(C-B2, C B3 and

C-B4). Mre inportantly, inks in this 10 invention

mai nt ai ned t he superb device perfornmance which were

achi eved through the incorporation of fluorinated

coll oid-form ng dispersing group in the conductive

pol yners. The devices using conductive polyner inks

| -Bl and 1-B2 showed significantly longer lifetine

and better maxi mumcurrent efficiency as conpared with

the devices nmade by wusing condutive polyners w thout

the fluorinated colloid-formng dispersing group (e.g.

15 PSSA) as the hole injection |ayer (C 1311, C 132

and C-1B4). [0126] Wi le the invention has been

described wth reference to certain aspects or

enbodi nents, it wll be understood by those skilled in

the art that various changes may be nade and

equi val ents may be substituted for el enents thereof

wi t hout departing from-37 the scope of the invention.

In addition, many nodifications nmay be nade to adapt a
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particular situation or material to the teachings of
the invention w thout departing fromthe essenti al
scope thereof. Therefore, it is intended that the
invention not be limted to the particular enbodi nent
di scl osed as the best node contenplated for carrying
out this 5 invention, but that the invention wll

i nclude all enbodinents falling within the scope of

t he appended clains. -38 CLALMBS1. An aqueous

di spersion conprising: at |east one partially
f1.udniaguems dIBl:IEFEB)TS(HJMgriShg: | east one electrically

duct o . I filmf '
a1 ve 2Bt el Shotled BRBRARRC, T MLl g
t enper at _Lﬁiele@eteae electribaily cabdustivegsolyner ard concent rati on
5 of the fi} ﬂ}aasft Y 1?191 ﬁgﬁ g dﬁ(ﬁ;tl@@' {hg ﬁllﬂsﬁrrﬁtﬂarhognﬁe having a

sol ubility tive 1 n water
wher ei29iigg d?ﬁ‘ia?fﬁ%"% arerles dhareakqub $55C. theecericepiation i the film

100_nofiihd a8ditivel i@ fesk SndrPid dldMin2Rai of /i
2. The;gl séper s%n o'?@c Sa| m 1, wher elltyﬁ tﬁtg g%sgdé@ﬂr};}?/gr{f@ater

conpri’s¥s at | east one highly fluorinated polyner. 3.
The di spefiwir@in acdynginki durfdce Wmeiogioh the@isshrsioe &8 80 ms surface

0 5o R B ER b AN | - e e soaH E3
V%le"rﬁé S d%brsso% oﬁcl?lm‘? %éw@ﬁ{ 1.?h' o&]s&efr%aﬁlt %'cjmlpgls V"g\efég%t one highly

e con tive t conprises
froﬂNQfﬁétGQrP@lYp‘econm sting of polyaniline,
poI g%r rol es, polythi eophene, 20 derivatives of
dispéraion 96 Flaisy 2r whasein thg digeersamicemprieaseatdgnst one copolymer
conha\mga nsukhereof . 5. The di spersion of claim 4,

15 wherein said polypyrrole has Formula I: R~ R" N

—(CF-CFy);— (TF CR)y~

O-[CF, c:F|O]m—c1=2 CF, SO;H

CF;

whereinm=1.

4. The dispersion of claim 1, wherein the conductive polymer comprises a polymer
selected from the group consisting of polyaniling, polypyrroles, polythieophene,
20 derivatives of polyaniline, polypyrroles, or polythieophene and combinations thereof.

5. The dispersion of claim 4, wherein said polypyrrole has Formula |:
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-39 or said pol ythiophene has Formula Il: R Rl where
in Formula | and Fornmula Il1: Rl is independently

sel ected so as to be the sane or different at each
occurrence and is selected fromthe group consisting
of 5 hydrogen, alkyl, alkenyl, al koxy, al kanoyl,

al kyt hi o, aryl oxy, alkylthioalkyl, alkylaryl,
aryl al kyl, am no, al kyl am no, dial kyl am no, aryl,

al kyl swiskidrpplythiggheos has Kgrimulall:kyl sul fonyl, aryl t hi o,
aryl sul finyl, al koxycarbonyl, arylsulfonyl, acrylic
aci d, phosphoric acid, p osphorl aci d, hal ogen,
nitro, cyano, hydroxyl, ne, sil oxane,

al cohol, am dosul fonate,f b ar boxyl ate, ether,
et her carboxyl ate, ether su/fo and 10 uret hane;
or both Rl groups togeth y an al kyl ene or

al kenyl ene chain conpl €t Ang , 5, 6, or

7-menbered aromatic or alicyclic ring, which ring may
optionally include one or nore atons selected fromthe

gr owpeiedn Epmulabansk Fatinuial lk /' is indepeodantly sglatted so asth be the same

%y g &réte IR ea&f‘gccﬂrréﬁceaéndl i€ Qééctéh frtym Heggéb%g&{sgﬂﬁgaofl

I ndependently selected s

di ff‘léqfeeﬁ" 8 Y'e%llswvb@&em @H@@%rﬁ&%@o m"@m dksxiibivatkyloaikylaryl,
t heag/rawp aﬁmﬂﬁ hmm&ooa'aws.mew a&iﬂyﬁmnyﬁ'aik%%myi alklylsulfonyl

ar yI lglth g}%ﬂ I}II niyf @Eﬁqéycagqlngal kéulfc»o“y[I 51{%1 rz)i/md phosphonc amd
am nmsphémadne, halgea yitro, e@ara0 Kydreshye epeish elanetéildRdne, alcohol,

o ctadtoeterhath bR Bnec hes afofae s syonate, ano
wheurgthane:e botsl §'ngroupssogetiver myayyfomoare akglenagr allzBylene chain

For Bth et!n(gf’z-ﬂfj 4, @%ﬁ?%nﬂfﬁ%&%g@%@mﬁ aluZy{cllc],_ Bﬁq (Whish ring may

conposi t16n dccordin
t ogentieeallyrioglyeone-as :more alepsiselested Alomcipe lorauprcongjstinaterl divalent

IS hitbddreEulfi BRd b*ylfébﬁﬁto\“dst Bndin ¥ R Hﬁust‘S 'vﬁféfee gfrﬁ&h'i e is

grolag consi stin het er oa coh

%%"ﬂswwé'e%t?sﬁ?ﬁs e batssaMeHr slff\éreéli plegach eggiarence and is
car bswctdcdm 1 1ol SansORALOydrYb, A, BlkeRN b AKABIE.

e, CO cordln erein
7 oo TR, sORRT 3B B0 osiBnS. Torse Feq ok ang
R aoigesufenate dremeylarfdRyid)arether, ethenbarbexyiaté, stibrgulichate,
and uYf t%‘% urS or different at each occurrence and
is sel ? from hydrogen, al kyl, alcohol,

g ﬁ%s%rﬁﬁﬂ%ﬁbﬁ’ac&ﬁ'ﬂﬁélt? clafh QOW&% Cthe 2)55/%95 ri]sgg hQlypyrrole having

car boxyl ate ther_ s onate, sulfon
ur eF oy | angkﬁi and R? are hydrogen.

7. The composition according to claim 5, wherein both R' together form a 6-or 7-
membered alicyclic ring, which is further substituted with a group selected from the
group consisting of alkyl, heteroalkyl, alcohol, amidosulfonate, benzyl, carboxylate,
ether, ether carboxylate, ether sulfonate, sulfonate, and urethane.

8. The composition according to claim 4, wherein the polymer is a polythiopheng having
Formula i and R' together form--O--(CHY)m--O--, where m is 2 or 3, and Y is the
same or different at each occurrence and is selected from hydrogen, alkyl, alcohol,
amidosutfonate, benzyl, carboxylate, ether, ether carboxylate, ether sulfonate,
sulfonate, and urethane.
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9. The conposition according to claim4, wherein the
polynmer is at |east one nenber selected fromthe

group consisting of: a conpound containing a repeating

unit having formula: RA~Y 5 Xis Sor Se, Yis S

or Se, and Ris a substituent group or al pha position;

and R A~y n wherein Xis Sor Se, Yis Sor Se, R

is a substituent group and n is an 10 integer greater

t Bad halsompositiemacdoeding toheiaim24). whisbein Thecpalyraereis sit taasbbne member
cl aigBlaed WA AL prOBP%Bﬁg?§tfna%§ a menber selected from

the group consrFstling of RAydrogen, isotopes of

hydr ogen, hydetRound Qﬂ"k%iﬂ"ﬂg argpealingunit having fgrmula:

per fl uoroal kyl , perfluororaryI,RaryI al koxy,

cycl oal kyl , cycloalkenyl al kanpyl , aIkyIthlo

aryl oxy, al kyl thioal kyl, alkyny aIkyIaryI

aryl al kyl, am do, alkylsulfln Ikoxyalkyl 15

al kyl sul fonyl, aryl, arylamo, ryl am no,

al kyl am no, dialkylan1no arwl arylfam no, arylthio,
heteroaryl, aryl sul finyl,
aryl sul fonyl, carboxyl,

jtro, cyano,

sul fonic acid, and al kyl substituted with
one or nore sul fonic aci , S iC id derivative,
phosphoric acid, phosphoric aC|H derivative,
carboxylic acid, -41 carboxylic acid derivative,

hal 0, x &8 §POse, ¥ ik 5Qr JaY Qﬁn??ﬂéﬂs&ﬁﬁﬁfgjgatl fg@fr(é{r i#o%ﬁ‘i?n and

and conbi nations there
9, wherein R conprises a nenber sel ected fron1the
group consisting of hydrogen, alkylaryl, arylalkyl,
aryl, heteroaryl, Cl to Cl2 primary, 5 secondary or
tertiary al kyl groups, which n@y be nono- or

pol ysubstituted by F, d, Br, Il or CN, and wherein one
or nore non-adjacent CH2 groupd may be repl aced,

i ndependently with -0-, -S- -NR -, -SIRR -,
-0, -C0O, -0CO, -0CO O . jco-, -COS-, -CH=CH
or -C=C in such a manner th§t O and/or S atons are
not |linked directly to phenyl and
substituted phenyl group

wherein X is S or Se, Y is S or Se, R is a substituent group and n is an
integer greater than about 2 and less than 20.

10. The dispersion of claim 9, wherein R comprises a member selected from the group
consisting of hydrogen, isotopes of hydrogen, hydroxyl, alkyl, arylalkyl, alkenyt,
perfluoroalkyl, perfluororaryl, aryl, alkoxy, cycloalkyl, cycloalkenyl, alkanoyt, alkylthio,
aryloxy, alkylthioalkyl, alkynyl, alkylaryl, arylalkyl, amido, aikylsulfinyl, alkoxyalky!,
alkylsulfonyl, aryl, arylamino, diarylamino, alkylamino, dialkylamino, arylarylaming,
arytthio, heteroaryl, arylsulfinyl, alkoxycarbonyl, arylsuifonyl, carboxyl, halogen, nitro,
cyano, sulfonic acid, and alkyl and phenyl substituted with one or more sulfonic acid,
sulfonic acid derivative, phosphoric acid, phosphoric acid derivative, carboxylic acid,
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10 napht hal eni ¢, hydroxyl, al kyl ether,

per fl uoroal kyl, perfluoroaryl, carboxylic acids,

esters and sul fonic acid groups, perfluoro, SFr5, F

and conbi nati ons thereof, wherein R 'and R' are

i ndependently of each other H, aryl or alkyl with 1 to

12 G atoms. 12. The dispersion of claim1, wherein the
filmformng additive conprises at | east one nenber

sel gatewlicrasid dWyagveom\pioc amdnos itrog hedroay, ajatohepoxy anoieties and

pol y;gg,f,gﬁ,hﬁbrg (? a 15 | ower nono- and di-al kyl
et her derlve yhydric al cohol, a

n1 1.mag Q!%p@@fﬁnaéf i QC%ER@W‘ﬁ co?hﬁﬁé’ésf & hiehfbat %IP&QQ from the group

compound, ket one, an ter, a sur
and CE’&ﬁ%‘Pﬂa‘?ﬂ ﬂog%rwaM,lawiai% atys peatesoanyl, of 1 ¢0 o8 primary,

12, smaenyrbrttmanﬁudw @@Uﬂ& w.mqw b%?ndﬁeﬂ&f b&fs%béﬂtuted by F, Cl,

| east on ound sel ected fromt group consi sting

of tlh%ﬂ herelgtqqn@orépQﬁ Kgn-adigeentCHZ gippps may be replaced,
al ccuidebendleampmttp-yj & chRel-NRR: J&F‘IRL -@'030-@60 Qﬁ?ob%&b O-, -§-

aIc I Ico 1 sS0- but furfur
al co%’l By gﬁygﬁop [Jrk?Lﬁ VI SHER GH%‘T‘""QF} &at aTBPq{a& $@ftf§“3 are not
t helinket!, d:remuy toThee dihether, sihenyl cdndcéubistitufed, phednglr §iolps, ftgrclohexya

fil
el AR SRR ol SFRY 58T dbainf.” B Gant SRTRENIC acis,
di eBH§IEand sulionjecati¢ preps, nerflbetm)‘BlFeri‘-eargj gcm;bnnatpns [heraofevherein

gl YRQnd A’ Gk iﬁ@é&b\ﬁh@rﬂ@ o@laé(&P&therg-? a%‘ﬁbpéﬂkﬁ Wih 330 92 ¥ERbms.

gl ycerol, 2-nethyl-2;4-pentane
2A2eT ey Hrsﬂerhuﬁi P XMIHe hWherémfﬂrhe Rile ﬂﬁﬂlﬁ@' é?:ld‘tﬁg"}fgfnpngesisat least one

anedi ol 1 héxanetri o

PSRN P ol e T Rohirsish S ke by aonol, 3
di sipeesmancofind|dralkyll@hemtdenidnpdifieydfit laBohell i Arogen-containing

add&&ﬁ@éﬁn& URup ggntﬁ}npb §rsr18?unéf ﬁ)he&qngoép %E'%Te lafe1cetste(t]'I a surfactant

group consl's
o raidragiinations thg@@ofrono- et hyl et her or nono- propyl
et her or mono- butyl ether, diethylene glycol nono
8t i dispersierhef. caify,12, shatsin e fire fermingoasiditive comprises at least one

rmrvbnwwd sefbbes froPn" &@/br%ns getéfﬁmp of é}ﬂyl éd?%l, ot gigohol, n-

nDnO e pro et her an rie
R ol 8P AIcRBRb retig 1AcOOMS APk sboh, iy alcohol,

d| esmylhtﬁrmogbwmhrydalccﬁﬁbi hattarQdroflirtuA QIMJ)ho@EﬁPEombm.ﬂ%ns thereof.
pol y(et hyl ene glycol) nonobutyl ether, diethylene

@ﬂ yikhel dispsraidruefydlamniie; wheretpyie amfo@TgCﬁﬂ_lqu@b&Mbn@%@feast one
e AP WS S ot AN Tomer
compicPKREGhtrigthylene giiieol, propylenenglysa tetramuylérra)gmdm epolyethylene
gr %W@oponsb%érﬂg of 2%%&){* L9 ;5(9'&’&1(]1%tilo|\L ge éﬁéy!% hygroxymethyl 1,3-

rolid azo

’°Haﬁﬁ§a'ﬂ€h"ﬂ%h o5 Rﬁnw@?ﬁlyl isethexagiediel, 1,2,6-hexanetriol, thioglycol
tetahaﬁambyihm@ tmﬂééfone and conbi nati ons t hereof.

15. The dispersion of cfaim 12, wherein the film forming additive comprises at least one
compound selected from the group consisting of ethylene glycol mono-methyl or
mono-ethyl ether or mono-propy! ether or mono-butyl ether, diethylene glyco!l mono-
methyl or mono-ethyl ether or mono-propyl or mono-butyl ether, propylene glycol
mono-methyl, mono-ethyl, propyl ether and butyl ether, triethylene glycol mono-
methyl, mono-ethyl or mono-butyl ether, diethylene glycol di-methyl or di-ethyl ether,
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17. The dispersion of claim 12, wherein the film
formng additive conprises at |east one conpound
sel ected fromthe group consisting of anionic
surfactant, cationic surfactant, anphoteric
surfactant, nonionic surfactant and conbi nati ons
thereof. 10 18. A nethod for form ng a conductive
pol ymer filmconprising: providing a substrate;

pr owoty(?g(lmeagmmuumonbtﬁm letHed,ndiethyipitié §iylt3¢§1| m@‘totbbt?ltﬂier propylene
o1 o Rl By erier A B RE BT renk ot Tonst one
f 'Ié %E%égb%g:lna&%a%\“@ wh&Bin thé Bl Wnﬂ%@ﬁ%%@ﬁﬁn@g ahleast one

havi ng enperature grea
t he Ce@RRWNGk rssteptﬂﬁ dom tthe: griolipn ¢anwistingy fd @ipyrrokidne] ymethyl-2-

| es%yﬁr&ﬂﬁné he 3Sdinbp fl-é hﬁdéio iborfel éﬁ‘%l?ﬁg{ﬂhéél,v %Inﬁé}hyl sulfoxide,

wat ef ; and contactl e su stra
di sb%?am leng st W@W'@@é“@@ﬁ%l on 20 of the

rsion at rrs surface age being | ess than about
GV 35?1 dispgrsion ﬂiﬁ@ M gi werendhgfi ?@p@r@ﬁne Rdgifve eemprises at least one

condompounﬂ ISG!bMBferftréM e Gfbup Tgéhsi@hlﬁo@f @ﬁagﬁ:b?btﬁﬁa%%int cationic
act | rises
’é'iﬂf%eavw'?cﬁp%amsgr'f’%@a@%wawﬁ%@aﬂap Gemploaians fereot.
&lect I
conduc P%oy%g'{\fﬁg Jt?%m %gggﬁg mtecﬁgﬁa:ngnﬁgh havi ng been
formed froeMidingla spkstratedn conpri sing: at | east one
partial l 3br5JldiﬁHéQ@tﬁé?ﬂsglsEQrSfoﬁ%@gnﬁﬁ%' east one

conductive po ymer g additive, the

film forni ng I2ARIPRS RRtRTiuANateddisnarsedt; 30 t enper at ur e

greater thaa igd0bike aéctﬁcaup%n&eweew n@érlm of the film
form ng addItIV? anthe sol ubl|lt%t|lmt
Y

be
of the addi{ti'%ASt PR° }"WafPEP'"Q gAdjtives the fiimderaing additive davieg
surf ace 4 boitimgtenaferdtine @eaaelhan @Bo@t851QY) the cortehfrR A of

age is | nes/ c 21. The, de

cPai m 207e i AT Hdbyise bEhG B Moo e i o ot the

22. The afigitive & witeclaadd m 20, wherein the substrate is

sel ect ed chhabingfife QibdReWARhS bisP¥siBh, the dynamic surface tension
of the dispersion at 100 ms surface age being less than about 60 dynes/cm,;
and

drying the dispersion to form a conductive polymer film.
19. The method of claim 18, wherein the contacting comprises spinning-on the film.

20. A device comprising a conductive polymeric film comprising:
a film having an electrical conductivity of 10 to 300 S/icm:
the film having been formed from a dispersion comprising:
at least one partially fluorinated dispersant;
at least one conductive polymer; and
a film forming additive, the film forming additive having a boiling
temperature greater than about 85 °C, the concentration of the film
forming additive being less than the solubility limit of the additive in
water; and
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5 gl ass, poly(ethylene terephthal ate), poly(ethylene
napht hal ene- 2. 6, - di car boxyl ate), pol ysul fone, and
conbi nati ons thereof. 23. The device of claim 20,
wherein the device is selected fromthe group
consisting of a light emtting diode, an organic
light emtting diode and a photovoltaic cell. 24. The
devi ce of claim20, wherein the conductive pol yner
conpri ses awpeteima ynarfic setare edsibn @htl‘td‘ldi'smsidrp at 100 ms

consi st E&F]% 338',3‘48&1 thérpgboug%wﬁerg °yan| line,

pol yt hi eophene erivatrve
PRLIRUBARLER i AT BETE PO kg0

C%Eln qfrlﬁ F%Mt.ﬁeeﬁglld(q%b ﬁﬁ’é?@lh'tﬁ@ﬁjb%fratEWIed?é@from the group consisting of
5 P %Iass goly(ethylene terephthalate), poly(sthylene naphthalene-2.6,-dicarboxylate),

polysulfone, and combinations thereof.

23. The device of claim 20, wherein the device is selected from the group consisting of a
light emitting diode, an organic light emitting diode and a photovoltaic cell.

24.The device of claim 20, wherein the conductive polymer comprises a polymer
10 selected from the group consisting of polyaniline, polypyrroles,' polythieophene,
derivatives of polyaniline, polypyrroles, or polythieophene and combinations thereof.
25.The device of claim 20 wherein the conductive polymer comprises at least one
polythiophene.
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