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TILE
AQUEQUS DISPERSIONS OF ELECTRICALLY CONDUCTING
POLYMERS CONTAINING INORGANIC NANOPARTICLES

CROSS REFERENCE TO RELATED APPLICATIONS
This is a Continuation-In-Part of Application Sertal No. 12/177,358,
filed on July 22, 2008, which claims priority to Provisional Application
Serial No. 80/852 372, filed on July 27, 2007, both of which are
incarporated herein by reference in their entirety.
BACKGROUND INFORMATION
Fleld of the Disclosure

This disclosure relates in general {o slecirically conductive polymer
compasitions containing inorganic nanoparticles, and their use in
elactronic devices.

Description of the Relgted Art

Electronic devices define g category of products that include an
active fayer. Organic electronic devices have at least one organic active
layer. Such devices convert electrical energy into radiation such as hght
amitling dicdes, detect signals through electronic processses, convert
radiation into electrical energy, such as photovoltaic cells, or include one
or more organic semiconductor laysers.

Qrganic light-emifting dicdes {OLEDs) are an organic electronic
device comprising an organic layer capable of electroluminescence.
OLEDs containing conducting polymers can have the following

configuration:

anode/buffer layer/EL materialicathode

with additional lavers between the glectrodes. The anode is typically any
material that has the ability {0 inject holes info the EL material, such as, for
example, indiumdtin oxide (ITO). The anode is optionally supporied on a
glass or plasiic subsirate. EL materials include fluorescent compounds,
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fluorescent and phosphorescent metal complexeas, conjugated polymers,
and mixtures thereo!. The cathode is typically any material {such as, e.g.,
Ca or Ba) that has the ability 1o inject slectrons into the EL maternial.
Electrically conducting polymers having low conductivity in the range of
10740 107S/cm are commonly used as the buffer layer in direct contact
with an slectnically conductive, inorganic oxide anode such as ITCO.

There is g continuing need for improved buffer layer malerials.

SUMMARY

There is provided a composition comprising an agusous dispersion
of at least one electrically conductive polymer doped with at least one
highly-fluorinated acid polymer, and having inorganic nanoparticles
dispersed thersin.

In another embodiment, there is provided 3 film formed from the
abave composition.

In another embodiment, electronic devices comprrising at least one
layer comprising the above film are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is dHlustrated by way of example and not limitation in

the accompanying figures.

Fiqure 11is a schemalic diagram of an organic electronic device.
Skilled artisans will appreaciate that objects in the fiqures are
Hlustrated for simplicity and clarity and have not necessarily been drawn {o
scale. For example, the dimensions of some of the objects in the figures

may be exaggerated relative {0 other objects to help t© improve
understanding of embodiments.
DETAILED DESCRIPTION
Many aspects and embodiments are described herein and are

merely exemplary and not limiting.  Afler reading this specification, skilted
artisans will appreciale that other aspects and embodiments are possible
without departing from the scope of the invention,

Other features and benelits of any one or more of the embodiments
will be apparent from the following detailed description, and from the
claims. The detailed description first addresses Definitions and
Clanfication of Terms followed by the Electrically Condustive Polymer, the
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Highly-fluorinated Acid Polymer, the Inorganic Nanoparticles, Praparation
of the Doped Electncally Conductive Polymer Composition, Buffer Layers,
Electronic Devices, and finally, Examples.

1. Defirdtions and Clarification of Terms Used in the Specification and

Claims

Before addressing details of embodiments described below, some
terms are defined or clanified,

The term “conducior” and its vanants are intended to refer to a layer
material, member, or struciure having an electrical property such that
current flows through such layer matenial, member, or structure without a
substantial drop in potential. The term is intended o include
semiconductors. In some embodiments, a conductor will form a layer
having a conductivity of at least 107 S/cm.

The term “electrically conductive™ as it refers to a2 malerial, is
intended o mean & material which is inherently or intrinsically capable of
electrical conductivity without the addition of carbon black or conductive
metal particles.

The tenm "polymer” is intended to mean a material having at least
one repeating monomeric umt. The term includes homopolymers having
only one kind, or species, of monomeric unit, and copolymers having two
or more different monomeric units, including copolymers formed from
monomeric units of different species.

The {erm “acid polymer™ refers to a polymer having acidic groups.

The term “acidic group” refers to a group capable of onizing to
donate a hydrogen ion to a Bransted base.

The term “highly-fluorinated” refers o a compound in which at least
30% of the available hydrogens bonded {o carbon have been replaced by
fluorine.

The terms “fully-flunrinated” and “perfluorinated” are used
inferchangeably and refer {0 a compound where all of the available
hydrogens bonded to carbon have been replaced by fiuonne.

The composition may comprise one or more different electrically
conductive polymers and one or more different highly-fluonnated acid

polymers.
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The term “doped” as it refers (o an electrically conductive polymaer,
is infended to mean that the electrically conductive polymer has a
polymeric counterion 1o balance the charge on the conductive polymer.

The term "doped conductive polymer” is intended to mean the
conductive polymer and the polymeric counterion that is associated with it

The term "layer” is used interchangeably with the term "film" and
refers to & coating covering a desired area. The term is not imited by
size. The area can be as large 85 an entire device or as small as a speaific
functional area such as the actual visual display, or as small as a single
sub-pixed. Layers and films can be formed by any conventional deposition
technigue, including vapor deposition, fiquid deposition {continuous and
discontinuous techniques), and thermal transfer.

The term "nanoparticle” refers {0 a maternial having a particle size
lfess than 100 nm. In some embodiments, the parlicle size is less than 10
nm. i some embodiments, the particle size is less than S nm.

The term “aqueous” refers to a hquid that has a significant portion of
water, and in one embadiment it is at least about 40% by weight water; in
some ambodiments, at least about 80% by weight water.

The term "hole transpor!” when referring to a layer, material,
maember, or struchure, is intended fo mean such layer, material, member,
or structure facilitates migration of positive charges through the thickness
of stich layer, material, member, or structure with relative efficiency and
small loss of chargs.

The term “electron transport’ means when referring o a layer,
that promotes or facilitates migration of negative charges through such a
tayer, material, member or structure into ancther layer, matenal, member
or structure.

The term "organic slectronic devige” is intended {o mean a device
including one or more semiconductor layers or materials. Qrganic
elgctronic devices include, but are not imited to: {1} devices that convert
alecttical energy into radiation {e.g., a light-emitling diode, lght emitting
diode display, diode laser, or lighting panel), (2) devices thal detfect signals
through electronic processes (e.g., photodetectors phatoconductive cells,
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photoresistors, photoswitchas, phototransistors, phototubes, infrared ("IR")
detectors, or hiosensors), (3) devices that convert radiation inio elsctrical
energy {8.g.. a phofovollaic device or solar cell), and (4) devices that
include one or more electronic components that include one or more
organic semiconductor layers (e.4., 8 fransistor or diode).

As used herein, the ferms “comprises,” “comprising,” “includes”

» K%

“including,” “has,” "having” or any other variation thereof, are intended {o
cover a non-gxclusive inclusion. For example, a process, method, article,
or apparatus that comprises a list of elements is not necessarily imited to
only those elements bul may include other slements not expressly listed or
inherent {0 such process, mathod, article, or apparatus, Further, unless
expressly stated to the confrary, “or” refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is salisfied by any one of the
following: A is true {or present) and B is false (or nof present), A is false
{or not present) and B is true {or present), and both A and B are true {or
present).

Also, use of “g” or “an” are employed to describe elements and
components described harein. This is done merely for convenience and to
give a general sense of the scope of the invention. This description
should be read © include one or at least one and the sinqular alse
includes the plural unless it is obvious that it is meant othenwise.

Group numbers corresponding 1o columns within the Periodic Table
of the elements use the "New Notation” convention as seen in the CRO
Handbook of Chemistry and Physics, 817 Edition (2000-2001).

Uniess othenwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. In the Formulae,
the letters Q, R, T, W, X, Y, and Z ave used to designate atoms or groups
which are defined within, All other lefters are used 10 designate
conventional atomic symbols. Group numbers corresponding to columns
within the Pericdic Table of the elements use the "New Notation”
convention as seen in the ORC Handbaok of Chemistry and Physics, 81%
Edition {(2000).

(%3]
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To the extent not described herain, many delails regarding specific
materials, processing acts, and dircuils are conventional and may be
found it textbooks and other sources within the organic light-emitting
dinde display, ighting source, photodetector, photovoltaic, and
semiconductive member arts.

2. Electricaily Conductive Polymers

Any electrically conductive palymer can be used in the new
composition. In some embodiments, the elsclrically conductive polymer
will form a film which has a conductivity greater than 107 Sfom.

The conductive polymers suitable for the new composition are
made from at least one monomer which, whean polymerized alone, forms
an sleclrically conductive homopolymer. Such monomers are referred to
herein as "conductive precursor monomers.” Monomers which, when
polymaernized along form homopolymers which are not electrically
conductive, are referred to as "non-conductive precursor monomers.” The
conductive polymer can be a homopolymer or a copolymer. Conductive
copolymers suitable for the new composition can be made from two or
rmore conductive precursor manomers or fram a combination of one or
more conductive precursor menomers and one or more non-conductive
PrEcursar monomers.

In some embaodimeants, the conductive polymer is made from at
least one conductive precursor monomer selected from thiophenes,
pyrrales, anilines, and polycyclic aromatics.  The term “polyeychic
aromatic” refers to compounds having more than one gromatic ring. The
rings may be joined by one or more bonds, or they may be fused together.
The term “aromatic ring” is intended o include heterogromatic rings. A
“polyeyclic heterogromatic” compound has al least one hetercaromalic
ring.

In some embodiments, the conductive polymer is made from at
least one precurser monomer selected from thiophenas, selenophenes,
teliurophenes, pyrroles, anilines, and polyoyclic aromatics. The polymers
made from these monomers are referred 1o herein as polythiophenes,
poly{zelenophenes), poly(tellurophenes), polypyrroles, polyanilines, and

bH

polycycke aromatic polymers, respectively. The term “polyeyclic aromatic

&
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refers to compounds having mora than one gromatic ring.  The rings may
be joined by one or more bonds, or they may be fused fogsether. The term
“aromatic ring” s intended {o include heteroaromatic rings. A “polvoyclic
heteroaromatic” compound has at least one heteroaromatic ring. In some
embodiments, the polycyclic aromatic polymers are
puly{thisnothiophenes).

In some embaodiments, monomers contemplated for use o form the
electrically conductive polymer in the new composition comprise Formula |
below:

wherein:

Q is selected from the group consisting of §, 8e, and Te;

R'is independently selected so as to be the same or
different at each occurrence and is selected from
hydrogen, atkyl, altkenyl, alkoxy, alkanoyl, alkythio,
aryloxy, alkyithivalkyl, alkylary, andalkyl, amino,
allilamine, dislkylaming, anyl, atkylsulfiny, atkoxyalkyl,
atkyisulfonyl, arvithio, arvisulfinyl, alkoxycarbonyl,
aryisulfornd, acrylic acid, phosphoric acid, phosphanic
acid, halogen, nitro, cvano, hydroxyl, epoxy, silang,
siloxane, alcohol, benzyl, carboxylate, ether, sther
carboxylate, amidosulfonate, ether sulfonate, ester
sulfonate, and urethane: or both R groups together may
form an alkylene or alkenylene chain completing a 3, 4, 5,
8, or 7-membered aromatic or alicydlic nng, which ring
may optionally include one or more divalent nitrogen,

selenium, tellurium, sulfur or oxygen atoms.
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As usad herain, the term "alkyl” refers {o @ group dernved from an
aliphatic hydrocarbon and includes linear, branched and cyclic groups
which may be unsubstifuted or substituted. The term "heteroalkyl” is
imended o mean an atkyl group, wherein one or more of the carbon
atoms within the atkyl group has been replaced by ancther atom, such as
nitrogen, oxygen, sulfur, and the kke. The term “alkytene” refers to an
atky! group having iwo points of attachment.

As usad herein, the term "atkenyl” refers to a group derived from an
aliphatic hydrocarbon having at least one carbon-carbon double bond, and
includes linear, branchad and tyclic groups which may be unsubstituted or
substituted. The term "hetercatkenyl” is intended 1o mean an alkeny
group, whetein one or more of the carbon atoms within the alkenyt group
has been replaced by another atom, such as mitrogen, oxygen, sulfur, and
the like. The term "alkenylene” refars {o an alkenyl group having two points
of attachment.

As used herein, the following terms for substituent groups refer to
the formulae given below:

“aleghol” -RL-OH

“amido” RECIOMNRY R
“amidosulfonate” RECIOINRY RL 80.2
“henzyl” ~CHs-CsHs

‘carboxylate” RAGO0Y0-Z or -RAO-C{OW
“ether” -RIAO-RT)-O-R

“ether carbaxylate”  -RLO-RLC(OI0-Z or -RLQ-R-O-C(O)Z
“ather sulfonate® -RELO-RA80,7

*ester sulfonate” FEOCOMRYS0
“sulfonimide” -R*-80;-NH- SO-R
“yrathane® REO-CLOMNERY,

whaere all "R groups are the same or differant at each occurrence
and:

R? is a single bond or an atkylene group

R* is an alkylene group

R* is an alkyl group

R® is hydrogen or an atky! group
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pis 0 or an integer from 110 20

7 is H, alkali metal, alkaline earth metal, N(R%): or R®
Any of the above groups may further be unsubstituted or substituted, and
any group may have F substituted for one or more hydrogens, including
perfluorinated groups. in some embodiments, the atkyl and atkylene
groups have from 1-20 carbon atoms.

In some embaodiments, in the monomer, both R' fogether form ~W-
(CY'Y e W-  where mis 2or3, Wis Q. S, Se, PO, NRE Y'is the same
or different at each occurrence and is hydrogen or fluoring, and Y is the
same or different at each ocourrence and is selected from hydrogen,
halogen, atkyl, aleohol, amidosulfonate, benzyl, carboxylate, ether, ether
carboxylate, sther sulfonate, ester sulfonate, and urethane, whers the Y
groups may be partially or fully fluonnated. In some embodiments, all Y
are hydrogen. In some embodiments, the polymer s pohy(3.4-
ethyvienedioxythiophene). In some embodiments, gt least one Y group is
not fiydrogen. In some embodiments, af leastone Y group is a substituent
having F substifuted for at least one hydrogen. In some embodiments, at
least ane Y group s perfluorinated.

in some embodiments, the monomer has Formula {a):

{CR Y

(ta)

wherein:

(1 is selected from the group consisting of 5, Se, and Te;

R’ is the same or different at each ocourrence and is selected from
hydrogen, alkyl, heteroalkyl, alkenyl, heteroalkenyl, alcohol,
amidosulfonate, benzyl, carboxylate, ether, ether carboxviste,
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ether sulfonate, ester sulfonate, and urethane, with the proviso
that at feast one R is not hydrogen, and

mis 2 or 3.

in some embodiments of Formula I(a), mis two, one R is an allkyl
group of more than 5 carbon atoms, and all other R are hydrogen.
in some embodiments of Formula (&), at least one RY group is fuorinated.
in some embodiments, at Jeast one R’ group has at least one Ruorine
substituant. In some emboadiments, the R’ group is fully Huorinated.

in some embodiments of Formula 1(a), the R” substituents on the
fused alicyclic ring on the monomer offer improved solubility of the
monomers in water and facilitate polymerization in the presence of the
fluorinated acid polymer.

in some embodiments of Formula H{a), mis 2, one R’ is sulfonic
acid-propylens-ether-methyviene and all other R’ are hydragen. in some
embodiments, mis 2, one R s propyl-ether-ethylene and all other R are
hydrogen. In some embodiments, mis 2, one R’ is methoxy and all other
R are hydrogen. In some embodiments, one R’ is sulfonic acd
diffuoromethylene aster methylene (-CHo-0-C{O)-CF2-804H}, and all
other R’ are hydrogen.

In some embodiments, pyrrole monomers contemplated for use fo
form the electrically conductive polymer in the new composition comprise
Formula i below.

P {1

where in Formuda it
R' is independently selected so as {0 he the same or different at
each ocourrance and is selected from hydrogen, atkyl, atkenyl,
alkoxy, alkanaoyl, alkythio, aryloxy, alkyithioatkyl, atkylaryl,
arytatkyl, amino, alkylamino, diatkylamino, aryl, alkylsulfing,

10
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atkoxyalind, alkylsulfony, andthio, arylsulfinyl, alkoxycarbonyl,
aryisulfanyl, acrylic acid, phosphoric acid, phosphonic acid,
halogen, nitro, cyano, hydroxyl, epaxy, sitane, sifoxanse, alcohol,
benzyl, carhoxylate, ether, amidosulfonate, ether carboxylate,
ether sufonate, ester sulfonate, and wrethane; or both R’ groups
together may form an alkylens or alkenylene chain complating a
3.4, §, 8, or 7-membered aromatic or alicyclic ring, which ring
may optionally include one or more divalent nitrogen, sulfur,
selenium, teluniom, or oxygen atoms; and
R? is independently sedected so as to be the same or different at
each occurrence and is selected from hydrogen, alkyl, atkenyl,
aryl, alkanoyl, altkylthiocatkyl, atkylaryl, arvlatkyl, amino, epoxy,
silane, stloxane, alcohol, benzyl, carboxylate, ether, ether
carboxylate, ether sulfonate, sster sulfonate, and urethane.
in some embodiments, R’ is the same or different at each
occurrence and is indepsndently selected from hydrogen, alkyl, alkenyl,
atkoxy, cyclaalkyl, cycloalkenyl, alcohol, benzyl, carboxyiate, ether,
amidosulfonate, ether carboxylate, ether sulfonate, ester suifonate,
urethane, epoxy, silane, siloxane, and atkyl substituied with one or more of
sulforic acid, carboxylic acid, acrylic acid, phosphoric acid, phosphonic
acid, halogen, nitro, cyano, hydroxyl, epoxy, silane, or sijoxans molsties.
in some embodiments, R is selected from hydrogen, alkyl, and
alkyl subshituted with one or more of sulfonic aaid, carboxylic acid, acrylic
acid, phosphoric acid, phosphonic acid, halogen, cyano, hydroxyl, epoxy,
silaneg, of siloxans moieties.
in some embodiments, the pyrrole monomer is unsubstituted and
both R' and R* are hydrogen.
in some embodimants, both R" together form a 6- or 7-membered
alicyclic ring, which is further substifuted with a group selected from altkyd,
heteroalkyl, alcohol, benzyl, carboxylate, ether, ether carboxylate, ether
sulfonate, ester sulfonate, and urethane. These groups can improve the
solubility of the monomer and the resulting polymer. In some
embodiments, both R’ together form a 6- or 7-membered alicyclic ring,

which is further substituted with an alkyl group. In some embodiments,

t
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both R’ togather form a 6~ or 7-membered alicyclic ring, which is further
substituted with an alkyl group having at least 1 carbon atom,

in some embodiments, both R! together form ~O-{CHY )0~ , where
mis2or 3, and Y is the same or different at each occurrence and is
selected from hydrogen, alkyl, alcohol, benzyl, carboxylate,
amidosulfonate, sther, ether carboxylate, ether sulfonale, ester sulfonate,
and urethane. In some embodiments, at least one Y group is not
hydrogen. in some embodiments, at least one Y group is a substituent
having F subsiiuted for gt least one hydrogen. In some embodiments, at
least ang Y group is perfluorinated.

in some embodiments, aniline monomers contemplated for use to
form the electrically conductive polymer in the new composition comprise
Formula H below.

N, {11}

wherein:

ais 0 oraninteger from 1o 4;

b is an integer rom 1 to &, with the provisg thata + b= 5 and
R s independently selected 50 as to be the same or different at each
ocourrence and is selected from hydrogen, alkyl, alkenyl, atkoxy, atkanovl,
alkythio, aryloxy, alkyithioalkyl, atkylaryl, arvialkyl, aminp, atkylaming,
digtkylamine, an, alkylsulfiny, atkoxyalkyl, alkylsulfonyl, aryithio,
aryisufinyt, atkoxyearbonyl, arylsulfonyl, acrvlic acid, phospheoric acid,
phosphonic acid, halogen, nitro, cyano, hydroxyl, epoxy, silane, siloxane,
alcohal, benzy, carboxyiate, ether, ether carboxylate, amidosulfonste,
ether sulfonate, ester sulfonate, and urethane; or both R groups together
may form an alkylene or alkenylene chain completing 2 3, 4, 5, 6, or

12
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T-membeared aromatic or alicychio ring, which ring may optionally include
ong or mare divalent nitrogen, sulfur or oxygen atoms.

When polymerized, the aniline monomeric unit can have Formula
Via) or Formula {V{b) shown below, or a combination of bath formulae.

(R
7
74 \ H .
'——& MmN V(@)
{H}hv i
RN R,
N
S N o V{b)
) (Pt

where a, b and R’ are as defined abova.

in some embadiments, the aniline monomer is unsubstituted and a

In some embodiments, a is not 0 and at least one R’ is fluonnated.
in some embodiments, at least one R’ is perfluorinated.

in some embodiments, fused polyoylic heteroaromatic monomers
contemplated for use to form the elecincally conductive polymer in fhe
new composition have two or more fused aromatic rings, at least one of
which is heteroaromatic. In some embodiments, the fused polycydlic
heteroaromatic monomer has Formula V:

13
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(V)

wherein:

Qis 8. Se, Te, or NRS;

R® is hydrogen or alkyl:

R® R® R and R" are independently selected 50 as to be the
same or different at each occurrence and are selected from
hydroges, alkyl, alkenyl, atkoty, alkanovl, atkythic, arvioy,
atkydthioalkyl, slkylaryt, arviatkyl, amino, aliiylaming,
dialkylaming, aryl, atkyisulfinyt, atkoxyalkyl, alkylsulfonyl,
aryithio, aryisulfinyl, atkoxyearbonyl, aryisulfonyl, acryic acid,
phosphoric acid, phosphonic acid, halogen, nitro, nitrile, eyano,
hydroxyl, epoxy, silane, sifoxane, aloohol, benayl, carboxylate,
ether, sther carboxylate, amidosulfonate, ether sulfonate, aster
sulfonate, and urethane; and

atleastons of R¥and R¥, RY and R and R™ and R" together
form an alkenylens chamn completing a 5 or &-memberad
aromatic ring, which ong may opticnally include one or more
divatent nitrogen, sulfur, selenium, tellurium, or oxygen atoms.

in some embodiments, the fused polycyclic heteroaromatic

monomer has a formula selected from the group consisting of Formula
Via), V(b), Vic), vid}, Vie), V), V(g), Vi), V{1, V{j), and ¥k}

14
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wherain:

Qis S, Se, Te, or NH; and

T is the same or different at each cocurrence and is selected from

8 NR®, O, SiRY%, Se, Te, and PR®;

Y is N; and

R is hydrogen or alkyl.

The fused polycydlic heteroaromatic monomers may be further substituted
with groups selected from alkyl, hetercalkyl, alcohol, benzyl, carboxylate,
ather, sther carboxylate, ether sulfonate, ester sulfonate, and urethans. in
some embadiments, the substituent groups are flucrinated. Insome
embodiments, the substituent groups are fully fluorinated.

In some embadiments, the fused polycyclic heteroaromatic
menomer is a thieno(thiophene). Such compounds have been discussed
in, for example, Macromolecules, 34, 5746-5747 (2001); and
Macromolecules, 35, 7281-7286 (2002). In some embodiments, the
thieno{thiophene} is selected from thiena{2 3-bithiophene, thienp(3,2-
bithiophens, and thieno(3.4-bithiophena. In some embodiments, the
thieno{thiophene) monomer is further substituted with at least one group
selaected from atkyl, hetercalkyl, alcohol, benzyl, carboxylate, sther, sther
carboxyiate, ether sulfonate, ester sulfonate, and urethane. In some
embodiments, the substituent groups are fuorinated. In some
ambodiments, the substitusnt groups are fully fluorinated.

in some embodiments, polveyclic hetercaromatic monomers
cortemplated for use o form the polymer in the new composition comprise
Formulg VI
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whgrei

Qis 8. Se, Te, or NRY,

T is selected from 8, NR®, O, 8&iR%, Se, Te, and PRY,;

E is selected from alkenylene, arvlene, and heteroarylene;
R® is hydrogen or alkyl;

R* is the same or different at each occurrence and is
selected from hydrogen, atkyl, atkenyl, atkoxy, alkanaoyl,
atkythio, aryloxy, alkyithinatk, atkylaryl, arvlalkyt, aming,
alkylamine, distkylamine, anyl, alkylsulfing, atkoxyalkyl,
atkyisulfonyl, andithio, aryisulfinyl, alkoxycarbonyl,
aryisulfonyl, acrylic acid, phosphoric acid, phosphaonic
acid, halogen, nitro, nitrile, cyano, hydroxyl, epoxy,
silang, sifoxane, aloohol, benzyl, carboxylate, sther, ether
carboxylate, amidosulionate, ether sulfonate, ester
sulfonate, and urethane: or both R groups togather may
form an altkylene or atkenylene chain completing a 3, 4, §,
8§, or 7-membered aromatic or alicydlic dng, which ning
may optionally include one or more divalent nitrogen,
sulfur, selenium, tellurium, or oxvgen atoms.

in some embodiments, the elscincally conductive polymer is a
copolymer of a precursor moenomer and at least one second monomer.
Any type of second monomer can be used, so long as it does not
detrimentally affect the desired properties of the copolymer. in some
ambodiments, the second monomer comprises no more than 50% of the
polymer, based on the {otal number of monomer units. i some
ambadiments, the second monomer comprises no more than 30%, based

on the total number of monomer units. In some embodiments, the second
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monomer comprises no more than 10%, based on the total number of
monomer uits.

Exemplary types of second monomers include, but are not limited
to, atkenyl, alkynyl, arylene, and heteroarviene. Examples of second
monomers include, but are not limited to, flucrene, oxadiazole, thiadiazole,
benzothiadiazole, phenylenevinylene, phenylensethynylene, pyridine,
diazines, and {rigzines, ail of which may be further substifuted.

In some embodiments, the copolymaers are made by first forming an
infermediate precursor monomer having the structure A-B-C, where A and
C represent precursor monomers, which can be the same or different, and
B represents a second monomer. The A-B-C intermediate precursor
monomer can be prepared using standard synthelic organic techniques,
such as Yamamoto, Stille, Grignard metathesis, Suzuki, and Negishi
couplings. The copolymer is then formed by oxidative polymerization of
the intermediate precursor monomer glone, or with one or more additional
Drecursor monomers.

In some embodiments, the electrically conductive polymer is
selected from the group consisting of a polythiophene, a polypyriole, a
polymeric fused polycyclic heteroaromatic, a copolymer thereof, and
combinations thereof.

In some embadiments, the elactrically conductive polymer is
selectad from the group consisting of poly(3 4-ethylenedioxythiophene),
unsubstituted polypyrrole, poly{thieno(2,3-bithiophene),
poly(thieno(3, 2-bithiophene), and poly(thieno(3 4-bithiophene).

3. _Highly-fluorinated Acid Polymer

The highty-flucrinated acid polymer ("HFAP"} can be any polymer
which is highlv-fluorinated and has acdic groups with acidic protons.,
The acidic groups supply an jonizable proton. In some embodiments, the
acidic proton has a pKa of less than 3. In some sambodiments, the acidic
proton has & pKa of less than 0. In some smbodiments, the acidic proton
has a pKa of less than -5. The acidic group can be attached directly to the
polymer backbone, or it can be attached to side chaing on the polymer
backbone. Examples of acidic groups include, but are not imited o,
carboxyhic acid groups, sulfonic acid groups, sulfonimide groups,
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phosphoric acid groups, phosphonic acid groups, and combinations
thereof. The acidic groups can all be the same, or the polymer may have
more than ane fype of acidic group. I some embodiments, the acidic
groups are selected from the group consisting of sulfonic acid groups,
sulfonamide groups, and combinations thereof.

In some embodiments, the HFAP s at least 95% fluorinated; in
some embodiments, fully-fluorinaled.

in some embodiments, the HFAP is water-soluble. In some
embodiments, the HFAP is dispersible in water. In some embodiments,
the HFAP is organic solvent wellable. The term “organic solvent wetlable”
refers {0 a material which, when formed into a film, possesses g contact
angle no greater than 60°C with organic solvents. . In some
embodiments, wettable materials form films which are wettable by
phenylhexane with a contact angle np greater than 55°. The methods for
measuring contact angles are well known. In some embodiments, the
wettable material can be mads from g polymeric acid that, by iself is non-
weatlable, but with selective additives i can be made wetiable.

Examples of suitable polymeric backbones include, but are not
limited to, polyolelins, polyacndates, polymethacrylates, polyimides,
polyamides, polyaramids, polyacrylamides, polystyrenes, and copolymers
thereof, gl of which are highly-fluorinated; in some embodiments, fully-
fluorinated.

In one embodiment, the acidic groups are sutfonic acid groups or
sulfonimide groups. A sulfonimide group has the formuia:

“S0-NH-50:R
where R is an alkyl group.

In one embodiment, the acidic groups are on a fluorinated side
chain. I one embodiment, the flucrinated side chains are selacted from
atkyl groups, atkoxy groups, amido groups, ether groups, and
combinations thereof, all of which are fully fluorinated.

In one embaodiment, the HFAP has a highly-fluorinated olefin
backbone, with pendant highly-fluorinated alkyl sulfonate, highly-
fluorinated sther sulfonate, highly-fluorinated ester sulfonate, or highty-
fluorinated sther sulfornmide groups. In one embodiment, the HFAP s a
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perfiuoroolefin having perflucrc-ether-sulfonic acid side chains. inone
embodiment, the polymer is g copolymer of 1,1-diffuoroethylene and 2-
{1,1-difluore-2-(influoromethyijalhvioxy)-1,1.2 2-ietrafiuoroathanesulfonic
acich. In one embodiment, the polymer is a copolymer of sthylene and 2-
{2-(1.2 24rfluorovinyloxy<1,1,2,3,3, 3-hexafluoropropaxy-1,1,2,2-
{etrafiuoroethanssulfonic acid. These copolymers can be made as the
corresponding sulfony! fluoride polymer and then can be converted to the
sutfonic acid form.

in ane smbodiment, the HFAP 1s homopolymer or copolymer of a
fluorinated and partially sulfonated poly{aryiene ather sulfone). The
copolymer can be a block copolymaer.

in one embodiment, the HFAR is g sulfonimide polymer having
Formuta X

80,-RrS0N (IX)
t

L
where:
R; s selected from highly-fluoninated altkylene highly-flucrinated
heteroalkylena, highly-fluonnated aryiene, and highly-fluorinated
heteroaryleng, which may be substituted with one or more ether
oxygens,; and
1y is atleast 4.
in one embodiment of Formula X, R is a perflucroalkyl group. Inone
embodiment, R; is a perflugrobuty! group. In one embodimeant, R contains
ather oxygens. inone embodiment n is greater than 10,

in one embodiment, the HFAP comprises a highly-fluorinated

polymer backbone and a side chain having Formula X:

s QR ’3~SE}3~NH—{SOgvngOg—§}8~SGgR"ﬁ (X3

whers:
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R™ is g highly-fluarinated alkylene group or a highly-flucrinated
hetercatkylense group;
R'® is a highly-fluorinated alkyl or a highly-fuorinated aryl group;
and
& is U or an integer from 1 to 4.
in one embodiment, the HFAP has Formula X

(CFp-CFg)e-{GF-CF }
n (xh

O d

{GFZ‘GF“O]a“{CFQ}c“SOQ“ﬁ”(SOZ“{CFZ}G“SQZ”ﬁ)c“SQQRQ6

R‘ijﬁ

where!

R™ is a highly-flucrinated alkyl or a highty-fluorinated ary! group;

¢ is independently O or an integer fram 1 o 3; and

11 is at least 4,

The synthesis of HFAPSs has been described i, for example, A
Feiring et al., J. Fluonne Chemsiry 2000, 105, 128-135; A. Feiring et al.,
Macromolecules 2000, 33, 3262-8271; D. D. Desmarieau, J. Fluorine
Chem, 1085, 72, 203-208; A .l Appleby et al, J Eleclrochem, Soc. 1983,
140(1), 109-111; and Desmarieau, U.S. Palent 5,463,005,

In one embodiment, the HFAP also comprises a repeat unit derived
from at teast one highly-fluorinated ethyienically unsaturated compound.
The perflucrootefin comprises 2 to 20 carbon atoms. Representative
perfiuoroolefing include, but are not limited to, tetrafluorcathyviene,
hexaflucoropropyiene, perflucro-(2,2-dimethyl-1,3-dioxole), perfluoro~{2-
methylene-4-methyl-1,3-dioxotane}, CFo=CFO{CFoxCF=CFo, where tis 1
or 2, and Ry 'QUF=CFg wherein Ry’ is a saturated perfluoroalkyt group of

from 1 o about ten carbon atoms. In ong embodiment, the comonomer is
{etraflunroethyiens.
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In one embodiment, the HFAP is a colloid-forming polymernic acid.
As used herein, the term “colipid-forming” refers 1o materials which are
insoluble in water, and form colloids when dispersed inlo an aqueous
medium. The colloid-forming polymeric acids typically have a molecular
weight in the range of about 10,000 fo about 4,000,000, Inone
ambodiment, the polymeric acids have a molecular weight of abowt
104,000 {o about 2,000,000, Colicid particle size typically ranges from
2 nanometers {im} to about 140 nm. In one embodiment, the colloids
have a particle size of 2 nm o about 30 nm. Any hughly-fluonnated colloid-
forming polymeric material having acidic protons can be used.

Some of the polymers described hereinabove may be formed in non-acid
form, .9., as salts, esters, or sulfony! fluorides. They will be converted to
the acid form for the preparation of conductive compositions, dascnbed
below.

In some embodimeants, HFAR include a highly-fluorinated carbon
backhone and side chains represented by the formula
A{O-CF3CFR{ ) -O-CFCFRASOLE"
wherein Ry and R¢' are indepandently selected from F, T or 2 highly-
fluorinated alkyl group having 1 to 10 carben atoms, a = 0, 1 or 2, and E>.
in some cases E” can be a cation such as Li, Na, or K, and be converted
o the acid form.

in some embodiments, the HFAP can be the polymers disclosed in
L&, Patent No. 3,282,875 and in U.8. Patent Nos. 4,358 545 and
4,940,825, In some embodiments, the HFAP comprises a perfiuorocarbon
backbone and the side chain represented by the formula
~O-CF2CF(CF - 0-CFoCFSORE”
where £ is a5 defined above. HFAPs of this type are disclosed in U.S.
Fatent No. 3,382.875 and can be mads by copolymerization of
tetrafluoroathyiene (TFE) and the pediuorinated vinyl sther CFo=CF-O-
CFoUF(CF40O-CF CFo500F, perfluoro(3 6-dioxa-4-methyl-7-
octenesulfonyl fluorde) (PDMOF), followed hy conversion to sulfonate
groups by hydrolysis of the sulfonyl fluonide groups and ion exchanged as
necassary o convert them o the desired ionic form. Anexample of a
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polymer of the type disclosed in UG Patent Nos. 4,358 545 and

4,940 525 has the side chain ~O-CF;CF,SO3E°, wherein E° is as defined
above. This polymer can be made by copolymerization of
tetraflucroethyiene (TFE) and the perflucrinated vinyl ether CFy=CF-O-
CF,CFo804F, parfluoro{3-axa-4-pentenasulfonyt fluoride) (POPF},
followed by hydrolysis and further lon exchange as necessary.

One type of HFAP is available commericially as agqueous Nafion®
dispersions, rom E. | du Font de Nemours and Company {(Wilmingion,
DE).

4. Inorganic Nanoparticles

The inorganic nanoparicles can be insulative or semiconductive.

in some embodiments, the inorganic nanoparticles are metal sulfides or
metal oxides.

Examples of semiconductive metal oxides include, but are not limited {o
mixed valence metal pxides, sugh as zinc antimonates, and non-stoichiometric
metal oxides, such as oxygen deficient molybdenum trioxide, vanadim
pentoxide, and the ke, Zinc antimonalas, Zn0/Sh,0s, are commercially
available from Nissan Chemical Company under the trade name “Celnax” in a
variety of ratios (see, for example, US Patent 5,707 552}

Examples of insulative metal oxides include, but are not limited {o, silicon
oxide, ttanium oxides, zirconium wmide, molybdenum fnoxide, vanadium oxide,
aluminum oxide, zinc axide, samarium pxide, yinum oxide, cesium oxide, cupric
oxide, stannic oxide, antimony oxide, and the like

Examples of metal sulfides include cadmium sulfide, copper sulfide, lead
sulfide, mercury sulhide, indium sulfide, silver sulfide, cobalf sulfide, nickel sulfide,
and malybdenum sulfide. Mixed metal sulfides such as NiYCd sulfides, Co/d
stulfides, Cd/in sulfides, and Pd-Co-Pd sulfides may be used.

In some embodiments, the metal nanoparticles may contain both sulfur
and oxygen. In some embodiments, combinations of metal nanopadicies are
used.

Metal oxide nanoparticles can be made by reactive sputtering of metal in
the presence of oxygen, evaporation of selected oxide, and muidti-component
axides, of by vapor-phase hydrolysis of inorganic compounds, for example silicon
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tetrachioride. it can also be producead by sol-gel chemistry using hydrolyzable
metal compounds, particularly alkoxides of various elements, {0 react with sither
by hydrolysis and polycondensation o form multi-component and multi-
dimensional network oxides,

Metal sulfide nanoparticles can be obtained by various chemical and
physical methods. Some examples of physical methods are vapor deposition,
tithographic processes and molecular beam epitaxy (MBE) of metal sulfides such
as cadmium sulfide, {Cd8), lead sulfide (PhS), zine sulfide {(ZnS8), sitver sulfide
{Ag »8), molybdenum sulfide (Mo8 ;) stc. Chemical methods for the preparation
of metal sulfide nanoparticles are based on the reaction of metal ions in solution
gither with H ;8 gas or Na ;8 in agueous medium.

in some embodiments, the nano-particles are surface-treated with a
coupling agent {o be compatible with the aqueous electiically conducting
polymers. The class of surface modifiers includes, but not imited to
silanes, titangtes, zirconates, aluminate and polymeric dispersant. The
surface modifiers contain chemical functionality, examples of which
include, but are not limited, to nitrile, aming, cyano, alkyl amino, alkyl, ary,
altkenyl, alkoxy, aryloxy, sulfonic acid, acrylic acid, phosphoric acid, and
alkali salts of the above acids, acrylate, sulfonates, amidosulfonate, ether,
ether sulfonate, estersulfonate, alkyithio, and aryithio, In one embodiment,
the chemical funclionality may include a crosslinker such as spoxy,
alkylvinyt and arylvinyl group to react with the the conducting polymer in
the nano-compasite or hole-transporting material on the next upper layer.
I one embodiment, the surface modifiers are fluorinated, or pefluorinated,
stuch as tetrafluoro-ethyltrifluoro-vinyl-ether triethoxysitane,
perfluorobutane-inethoxysilane, perflucrooctylinethoxysilane,
bisltriftuoropropyl Hetramethvidisitazane, and dis (3-tnethoxysilylipropyl
tetrasulfide.
5. Preparation of the Doped Elsctiically Condugtive Polymer
Compositions

in the following discussion, the conductive polymer, HFAF, and

inorganic nanoparticles will be referred to in the singudar. However ftis

understood that more than one of any or all of these may be used.
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The new slectinically conductive polymer composition is prepared by
first forming the doped conductive polymer and then adding the inorganic
nanoparticles,

The doped electrically conductive polymer is formed by oxidative
polymerization of the precursor monomer in the presence of the HFAP in
an agueous medium. The polymerization has besen described in published
L1.8. patent applications 2004/G102577, 2004/0127837, and 2005/205860.

The inorganic nanoparticles can be added to the doped conductive
polymer dispersion directly as a solid. in some embodiments, the
inprganic nanoparticles are dispersed in an aquesus solution, and this
dispersion is mixed with the doped conductive polymer dispersion. The
weight ratio of nanopardicles to electrically conductive polymer s in the
range of 0.1 {o 10.0.

In some embaodiments, the pH is increasead either prior o the
addition of the inorganic particles ar after. The dispersions of doped
conductive polymer and inorganic nanapariicles remain stable from the as-
formed pH of about 2, fo newtral pH. The pH can be adjusiad by treatment
with cation exchange resing prior to nanoparticle addifion. In some
embodiments, the pH is adjusted by the addition of aqueocus base sclution.
{ations for the base can be, but are not limited to, atkall metal, alkaline
garth metal, ammonium, and alkammonium. In some embodiments,
alkal metal is preferrad over alkaline sarth metal cations,

Films made from the new conductive composition described herein,
are hereinafter referred (o as “the new films described herein®. The films
carn be made using any liquid deposition technique, including continuous
and discontinunus {echnigues. Continucus deposiion technmques, include
but are not limited to, spin coating, gravure coating, surtain coating, dip
coating, slot-die coating, spray coating, and continuous nozzle coating.
Discontinuous deposition techniques include, but are not limited to, ink jet
printing, gravure panting, and screen printing.

The films thus formed are smooth, relatively transparent, have a
refractive index greater than 1.4 (@4680nm wavelength}, and can have a
conductivity in the range of 107 to 10" Slem.

6. Buffer Lavers
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In another embodiment of the invention, there are provided buffer
layers depasited from aqueocus dispersions comprising the new conductive
polymer composition. The {erm “buffer layer or “buffer malerial” is
imended o mean electrically conductive or semiconductive materials and
may have one or more functions in an organic electronic device, including
but not kmited to, plananzabon of the underdying layer, charge transport
and/or charge injection properties, scavenging of impurities such as
oxygen or metal ions, and other aspects to facilitate or {o improve the
performance of the organic electronic device. The ferm “ayer" is used
interchangeably with the term "ilm" and refers {o a coating coverning a
desired area. The term is not imited by size. The area can be as large as
an entire device or as small as a specific functional area such as the
actual visual display, or as small as g single sub-pixel. Layers and films
can be formed by any conventional deposition technique, incliding vapar
deposition, iquid deposition {continuous and discontinuous technigues),
and thermal transfer. Continuous deposition technigues, inlcuds but are
not imited o, spin coating, gravure coating, curtain coating, dip coating,
stol-die coating, spray coating, and continuous nozzle coating.
Discontinuous deposition fechnigues include, but are not limited to, ink jet
printing, gravure printing, and screen printing.

The dried films of the new conductive palymer composition are
gensrally not redispersible in water. Thus the buffer layer can be gpplied
as multiple thin layers. in addition, the buffer layer can be overcoated with
a laver of different water-soluble or water-dispersible maternial without
being damaged.

Buffer layers comprising the new conductive polymer composition
have been surprisingly found to have improved wetltabidity, In some
embodiments, films made from the new conductive polymer composition
exhibit a contact angle with organic solvents of less than 50°. In some
embodimeants, the films are weltable with p-xylens with a contact angle
less than 50°% in some embodiments, less than 40°; in some
armbodiments, tess than 30°.

in another embodiment, there are provided buffer layers deposited

from aqueous dispersions comprising the new conductive polymer
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composition blended with other watsr soluble or dispersible materials.
Examples of types of materials which can be added include, but are not
fimuted to polymers, dyes, coating aids, organic and inorganic conductive
inks and pastes, charge transport materials, crosslinking agents, and
combinations thereof. The other water soluble or dispersible maternials can
be simple molecules or polymers. Exampiles of suitable polymers include,
bt are not limited 10, conductive polymers such as polythiophenes,
polyanilines, polypyrroles, polyacetylenss, poly(thiensthiophenes), and
combinations thereof,

7. Electronic Devices

It another embodiment of the invention, there are provided
electronic devices comprising at least one electroactive layer positioned
betweean two elecirical contact layers, wherein the device further includes
the new buffer layer. The term “electroactive™ when referring to a layer or
material is intended to mean a layver or material that exhibils electronic or
glectro-radiative properies. An electroactive Jayer matenal may emit
radiation or exhibit & change (v concentration of electron-hole pairs when
receiving radiation.

As shown in FIG. 1, a typical device, 100, has an anode layer 110,
a buffer layer 120, an slectroactive layer 130, and a cathode layer 150,
Adjacent to the cathode layer 150 is an optional electron-
injection/transport layer 140,

The device may include a support or substrate (not shown) that can
be adiacent o the anade layer 110 or the cathode tayer 150, Most
frequently, the support is adiacent fo the anode layer 110, The support
can be flexible or rigid, organic or inorganic. Examples of support
matenals include, but are not limited o, glass, ceramic, metal, and plastic
films.

The anode lgyer 110 is an glectrode that is more efficient for
injscting holes compared to the cathods fayer 150, The anode can include
materials containing a metal, mixed metal, alloy, metal oxide or mixed
axide. Suitable materials include the mixed oxides of the Group 2
elements {i.e., Be, Mg, Ca, Sr, Ba, Ra), the Group 11 elemenis, the
slements in Groups 4, 5, and 8, and the Group 8-10 transition elements. If
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the anode fayer 110 is to be light transmitling, mixed oxides of Groups 12,
13 and 14 glements, such as indium-tin-oxide, may be used. As used
herein, the phrase "mixed oxide” refers {o oxides having two or more
different cations selacted from the Group 2 elements or the Groups 12, 13,
or 14 elements. Some non-limiting, specific examples of materials for
anode layer 110 include, but are not imited to, indium-tin-oxide M1TO"),
indium-zinc-oxide, aluminum-tin-oxide, gold, silver, copper, and nickel.
The anode may also comprise an organic maternial, especially a
conducting polymer such as polyaniline, including exemplary matenals as
descrnbed in "Flexible light-emitting divdes made from soluble conducting
polymer,” Nature vol. 357, pp 477 478 (11 June 1882). Atleast one of the
anode and cathode should be gt least partially ransparent to allow the
generated light to be observed,

The anode layer 110 may be formed by a chemical or physical
vapor deposition process or spin-cast process. Chemical vapor deposition
may be performed as a plasma-enhanced chemical vapor deposition
{"PECVD™ or metal organic chemical vapar deposition ("MOCVD"),
Physical vapor deposition can include all forms of sputtering, including jon
beam sputtering. as well as e-beam evaporation and resistance
evaporation. Spectfic forms of physical vapor deposition include f
magnetron sputtering and inductively-coupled plasma physical vapor
deposition ("IMP-PVD"}). These deposition technigues areg well known
within the semiconductor fabrication ads.

In ane embodiment, the anode layer 110 is patterned during a
be formed in a pattern by, for example, positioning a patterned mask or
resist on the first flexable composite barner structure prior (o applying the
first electrical contact layer material. Alternatively, the layers can be
applied as an overall layer (also called blanket deposit) and subsequently
patterped using, for example, a paltermed resist layer and wet chemical or
dry etching fechniques. Cther processes for patterning that are weli
known in the art can alse be used.

The buffer layer 120 comprises the new conductive compaosition

described heremn. Buffer layers made from conductive polymers doped
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with HFAPs, generally are not wettable by organic solvents and have a
refractive index below 1.4 {@460nm wavelength). The buffer layers
descnbed hersin can be more wettable and thus are more easily coated
with the next layer from & non-polar organic solvent. The buffer layers
described herain aiso can have a refractive index greater than 1.4
{@460nm). The buffer laver is usually deposited onfo substrates using a
variaety of technigues well-known o those skilled in the art. Typical
deposition technigues, as discussed asbove, include vapor deposition,
hquid deposition (continuous and discontinuous techniques), and thermal
transfer,

An optional layer, not shown, may be present between the buffer
layer 120 and the electroactive fayer 130. This layer may comprise hole
fransport matenals, Examples of hole transport materials have been
summarized for example, in Kirk-Othmer Encyclopedia of Chemical
Technology, Fourth Edition, Vol. 18, p. 837-880, 1886, by Y. Wang. Both
hole transporting molecules and polymers can be used. Commonly used
hole transporting molecules include, but are notlimited 1o) 4.4° A4 -tis{N N-
diphenvi-amino}nphenylamine (TOATA); 44" 4 - ris{N-3-methylphenyl-N-
phenyl-aminoktriphenylamine {(MTDATA), N N'-diphenyi-N,N'-bis{3-
methyipheny- 1, 1-biphenyi]-4 4-diamine {TPO} 1, 1-bisf{di-d-tolylamino}
phenyllcyclohexane (TAPQC), N N -bis{(d-methyiphenyl}-N N'-bis{4-
ethylphenyly-{1, 1-(3,3-dimethylibiphenyil4 4'-diamine (ETPD}; tetrakis-{3-
methylpheny}-N N N' N2 S-phenyiensdiamine {PDA); a-phenyi-4-N N-
diphenviaminostyrens (TPS); p-(diethylaminobenzaldehyde
diphenythydrazone (DEH), tiphenylamine (TPA}; bis[4-(N.N-
diethylamino}-2-methylphemnyli{4-methyiphenyhmethane (MPMP),
1-phenyl-3-[p-{disthylamino)styrvll-5-{p-(disthylamine jphanyt] pyrazoling
{(PPR or DEASPY; 1, 2-trans-bis{@H-carbazol-S-viloyclobutane (DCZRY;
N.NN N'tetrakis{d-methylphenyl-(1, 1-biphenyl)-4 4'-diamine {TTB);

N, N'-bis(naphthalen-1-yi)}-N N'-bis-{phenyiibenzidine {a-NPB), and
porphyrinic compounds, such as copper phthalocyanine. Commonly used
hole transporting polymers include, but are not limited to,
pohndnylcarbazole, (phenylmethylipolysitane, poly{dioxythiophenes),
polyvanilines, and polypyrroles. it s also possible to obtain hole
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transporting polymers by doping hole transporting molecudes such as
those mentioned above into polymers such as polystyrene and
polycarbonate.

Depending upon the application of the device, the slectroactive
tayer 130 can be a lightemiting layer that is activated by an applied
voltage {such as in a hght-emitting diode or light-emitting electrocharnical
cell), a layer of matenal that responds to radiant energy and generates a
signal with or without an applied bias voltage (such as in a photodetector).
in one embodiment, the slectroactive material is an organic
electrofuminescent ("EL") material. Any EL material can be used in the
devices, including, but not limited to, small molecule organic fluorescent
compounds, fluorescent and phosphorescent metal complexes,
conjugated polymers, and mixtures thereof. Examples of flutrescent
compounds include, but are not limited fo, pyrene, perylene, rubrene,
coumarin, detivatives thereof, and mitures thereol, Examples of metal
complexes include, but are not limited to, metal chelated oxinoid
compounds, such as ins{B8-hydroxyquinotatoaluminum (Alg3);
cyclometatated iridium and platinum electroluminescent compounds, such
as complexes of indium with phenylpyndine, phenylguinoline, or
phenyipyrimidine ligands as disclosed in Petrov et al., U8, Patent
8,670,645 and Published PCT Applications WO 03/083555 and WO
2004/016710, and organomstallic complexes described in, for example,
Published PCT Applications WO 03/008424, WO 03/091688, and WO
037040257, and mixtures thereof. Electroluminescent emissive lavers
cormprising a charge carrying host maternial and a metal complex have
been described by Thompson et al, in U.S. Patent 6,303,238, and by
Burrows and Thompson in published PCT applications WO DO/70655 and
WO 0141512, Examples of conjugated polymers include, but are not
fimited to poly{phenylenevinylenas), polyflucrenes, poly(spirobifluorenes),
polythiophenes, poly(p-phenylenses), copolymers thereof, and mixtures
thereof.

Optional layer 140 can function both to faciilale elactron
ijectionftranspod, and can also serve as a confinement layer to prevent
quenching reactons at layer interfaces. More specifically, layer 140 may
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promote alectron mobility and reduce the likslihood of a quenching
reaction if layers 130 and 150 would otherwise be in direct contact.
Exampies of maternials for optiona! layer 140 include, but are not inled to,
metal chelated oxinoid compounds, such as bis(Z2-methyl-8-

quinolinolato) para-phenyl-phenclatoialuminum{ill (BAIQ) and
fris{B-hydroxyquinolatojaluminum (Alga}, tetrakis{8-
hydroxyquinolinatojzirconium; azole compounds such as 2-{(4-biphenylyl)-
S-(4-t-butyiphenyl}-1,3 4-oxadiazole (PBD), 3-{4-biphenyivi)-4-phenyi-5-{4-
t-butyiphenyl}-1.2 d-tngzole {TAZ), and 1,3, 5-tri{phenyt-2-
benzimidazoleYbenzene (TPBI); quinoxaline derivatives such as 2 3-bis{4-
fluorophenyliquinoxaline; phenanthroline derivatives such as 9,10-
diphenylphenanthroline (DPA} and 2,8-dimethyi-4, 7-diphenyl-1,10-
phenanthroline {DDPA}Y, and any one or more combinations thereof,
Alternatively, optional layer 140 may be inorganic and comprise BaQ, LiF,
Lis(, or the like.

The cathode layer 150 is an electrode that is particularly efficient for
injecting elsctrans or negative charge carriers. The cathode ayer 150 can
be any metal or nonmetal having a lower work function than the first
electrical cortact laver (in this case, the anode layer 110). As used herein,
the term "lower work function” is intended o mean & material having a
work function no greater than about 4.4 eV, As used herein, "higher work
funclion” is intended to mean 8 malerial having a work function of at least
approximately 4.4 eV,

Materials for the cathode layer can be selected from alkali metals of
Group 1 {e.g., Li, Na, K, Rb, Gs,}, the Group 2 metals (e.g., Mg. Ca, Ba, or
the fike), the Group 12 metals, the lanthanides {(&.g., Ce, Sm, Ey, or the
like}, and the actinides {e.g., Th, U, or the like). Materials such as
aluminum, indium, yiinum, and combmations thereof, may also be used.
Specific non-limiting examples of materials for the cathode layer 150
include, but are not limited to, banum, Hthium, cerum, cesium, etropium,
rubidivm, yitrium, magnesium, samarium, and alloys and combinations

thereot.
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The cathode layer 150 is usually formed by a chemical or physical
vapor deposition process. In some smbodiments, the cathode layer will
be patterned, as discussed above in reference o the anode layer 110,

Other layers in the device can be made of any materials which are
known to be useful in such layers upon consideration of the funchon to be
served by such layers.

In some embaodiments, an encapsulation laver (not shown} is
deposited over the contact layer 180 o prevent entry of undesirable
companents, such as waler and oxygen, info the device 100, Such
companents can have a deleterious effect on the organic layer 138, in
one embodiment, the encapsulation [ayer is a barrier laver or film. In ohe
embodiment, the encapsulation layer is a glass lid.

Though not depicted , it is understood that the device 100 may
comprise additional layers. Other layers that are known inthe art or
otherwise may be used. In addilion, any of the above-described layers
may comprise two or more sub-layers or may form a laminar structure.
Alternatively, some or all of anode layer 110 the hole fransport tayer 120,
the electron transport layer 140, cathode layer 150, and other layers may
be treated, especially surface freated, to increase charge carrier transport
efficiency or other physical properties of the devices. The choice of
materials for sach of the component layers is preferably determined by
balancing the goals of providing a devive with high device efficiency with
device operational lifetime considerations, fabrication ime and complexity
factors and other considerations appreciated by persons skilled in the art.
it will be appraciated that determining optimal components, component
configurations, and compositional Wentifies would be routine fo those of
ordinary skill of in the art.

In one embodiment, the different layers have the following range of
thicknesses: anode 110, 500-5000 A, in one embodimant 1000-20004;
buffer fayer 120, 50-2000 A, in one embhodiment 200-100C A, pholoactive
layer 130, 10-2000 A, in one embodiment 100-1000 A; optional slectron
transport layer 140, 502000 A, in ane embodiment 100-1000 A; cathode
150, 200-10000 A, in one embodiment 300-5000 A, The location of the
slectron-hole recombination zone in the device, and thus the emission
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spactrum of the device, can be gifecied by the relative thickness of each
layer, Thus the thickness of the electron-fransport layer should be chosen
s0 that the electron-hole recombination zone s in the lightemiting layer.
The desired ratio of layer thicknesses will depend on the exact nature of
the materials used.

in operation, a voltage from an appropriate power supply {(not
depicied} is applied 10 the device 100, Current therefore passes across
the layers of the device 100. Electrons enter the organic polymer layer,
releasing photons. In some OLEDs, called active matrix OLED displays,
individusl deposits of photoactive organic films may be independently
encited by the passage of current, leading to individual pixels of light
emission, In some OLEDs, called passive matrix OLED displays, deposits
of photoactive organic films may be excited by rows and columns of
electrical contact layers.

Although methods and materials similar or equivalent to those
descnbed hersin can be used in the praclice or testing of the present
invention, suitable methods and matenals are descnbed below. All
publications, patent applications, patents, and other referances mentioned
herein are incorporated by reference in thelr entirety. In case of conflict,
the present specification, including definitions, will control. i addition, the
miaterialg, methods, and examples are iHlustrative only and not intended 1o
be fimiting.

it is {0 be appreciated that certain features of the invention which
are, for clanity, described above and below in the context of separate
embodiments, may also be provided in combination in a single
embodiment. Conversely, vatious features of the invention that are, for
brevity, descnbed in the context of a single embodiment, may also be
provided separately or in any subcombination.  Further, reference {o
vaiues stated in ranges include each and every value within that range.

EXAMPLES
Comparative Example A
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This comparative example illustrates low electrical conductivity and
non-wettability of PARNafion®, poly{tetrafivorcsthyiene Y
perfuoroethersulfonic acid, films, without added inorgamc nanoparticles.

A PAni/Nafion® dispersion used in this example was prepared
using an aqueous Nafion™ colloidal dispersion having an EW {acid
equivalent weight) of 1000. The Nafion™ dispersion at 25% (wiw) was
made using a procedure similar to the procedure in U.S. Patent No.
§,150,426, Example 1, Part 2, except that the temperature was
approximately 270°C and was then diluted with water {o form a 12.0%
{wiw) dispersion for the polymerization.

in a 500ml reaction kettle were put 896 4g of 12% solid content

aqueous Nafion® dispersion (11.57mmol 8QgH groups), 103g water. The
diluted Nafion™ was stired at 300 RPM using an overhead stirrer fitted

with a double stage propeiler blade. To the diluted Nafion® dispersion,
1.21g {(5.08mmol} sodium persulfate (Nas8-0g) dissolved in 15mb water,
and 422microl.{4.63mmaol) aniline dissolved in 266microl. (3.28mmol) HCI
and 20mbL water were added rapidly. The polymerization liguid turned
opaque and very viscous, but there was no visible change colorin 5
minutes, ~20mg of ferric sulfate was added, but there was no visible
change. However, the polymerization liquid started 1o tum bluish after 30
minuies and changed to green color thereafter. After about 8hrs, 25g of
each Dowex M31, and Dowex M43 jon exchange resins, and 100g
deionized water weare added to the polymerization mixture. The mixture
was stirred overnight and then filtered with a filfer paper. The filtrate was
added with 1009 deionized water 1o reduce the viscosity. It was divided
into five egual portions.

Oine portion was kept as-is without addition of a base. This portion

was determined to have pH of 2, and contain 2.88% {wiw) PAniNafion™.

Thin films were prepared from the PAni/Nafion™ and subsequently baked
at 130°C in air.  Room temperature electrical conductivity of the thin fims
was determined fo be 1.2x10"S/om, which is also shown in Table 1. One
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small drop of {oluens was placed on one piece of thin film, but the {oluene
quickly rolled off the filrm, which indicates that the film surface was not
wetlable with & non-polar organic solvent. Non-polar solvent is commaonly
used for ight emitting polymers and light-emitting smsll molecules.

The second portion of pH2 PAniNafion™ was addad with 0.1M
NaCH water solution fo pH5.0. This portion of Na’ containing dispersion
was determined to contain 2.89% {wiw) PAni/Nafion’™. Electrical
conductivity of thin fims made from the pH5.0 PAniNafion™ was
determined to be 3.8x10°S/cm, which is also shown in Table 1. The
Pani/Nafion™ thin fim was tested 1o be non-wettable with toluene.
Example

This example llustrates effect of semiconductive nano-particles on
enhancement of electrical conductivity and wettabifity of PAni/Nafion®,
poly(tetrafiuoroethyiene) perfiuoroethersulfonic acd, fims.

The pH2 and pH5.0 PAniiNafien™ dispersions prepared in
Comparative Example 1 were used to illustrate embodiments of this

disclosure. 5.0186g pHZ2 PAni/Nafion® dispersion was added with 1.1313g

Celnax OX-2300H-F2 8 (An aqueous zinc antimonite dispersion from
Nissan Chemical industries, Lid. Houston, Texas, UBA). CX-Z300H-F2
has pH of about 7 and containg 26 47% (wiw) zinc antimonite particles,
which are less than 20nmin size. The weight ratio of PARNafion®
polymer 1 zine antimonite in the formulation is about 0.47. The mixture
forms a stable dispersion with no sign of sedimentation of particles over a
period at least five months, it also forms smooth, transparent films upon

drying of water. The data cleady illustrates that the pardicdar tin antimonite
partictes from Celnax CX-Z300H-F2¥ are compatible with the PAni/
Nafion™. However, the process is to be improved by a maore energy-
intense process other than simply adding the two components tagether for
improving surface smoothness having roughness less than at least btnm.

Thin §lim conductivity of the dispersion containing PAniNafion™ and zine

antimonite was determinad to be 8.8x1¢8/em {average of two film
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samples) at room lemperature, which is also shown in Table 1.
Conductivity was enhanced by more than four order magnitude. A plece
of thin film was contacted with one drop of toluene. The toluene spread
the film surface easily, which shows that the film becomes wellable with a
commaon hon-polar organic solvent,

pH5.0 PAnNafion® was also added with CX-Z300H-F2 to
determine its effect on conductivity and wetlability. 5.0868g pH5.0

N

PAniNafion® dispersion was added with 1.1450g Celnax OX-Z300H-F2%,
The weight ratic of PAnINafion® polymer to zine antimonite in the
formuigtion is about 0.47. The mixture forms a stable dispersion with no
sign of sedimentation of particles. It giso forms smooth, transparent films
upaon drying of water. The data dearly ilustrates that the particular tin
antimonite particles from Celnax CX-Z300H-F2¥ are compatible with the
PAn Nafion®. However, the process is to be improved by a more
anergy-intense process pther than simply adding the two components
together for improving surface smoothness having roughness less than at
least Snm. Thin film conductivity of the dispersion containing PAni/Nafion®
and zinc antimonite was determined to be 8.3x1078/em (average of two
film samples) at room temperature, which is also shown in Table 1.
Conductivity was enhanced by more than four order magnitude, A piece
of thin film was contacted with one drop of toluene. The toluene spread

common non-polar arganic salvent,

Table 1
Effect of CX-Z300H-F2 on Electrical Conductivity

Dispersion pH and Electrical conductivity (Sfom)

cation before addition

of CX-Z300H-F2 : _ : . ,
Without CX-Z300H-F2 With CX-Z300H-F2
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2.0H° .
1.2x10°% 8.6x10%

5.0/Na" 3810 g.3x107

Example 2
This example Hlustrates preparation of an agueous dispersion of

polypyrrote (PPy} made in the presence of an aqueous dispersion of a
copolymer of TFE {(tstraflucrosthylene) and PSEPVE {(perfluorinated 3,6-
dioxa-4-methyl-7-octenesulfonic acid), a perfluorinated polymeric acid. This
aqueouys dispersion of PPy poly(TFE-PSEPVE) is used to lustrate effect
of silica nanopadicies on wetability of PPYpoly(TFE-PSEPVE) solid film
with organic solvenis. An aquecus dispersion of poly(TFE-PSEPVE) was
prepared by heating poly(TFE-PSERPVE) having EW of 1000 in water fo
~270°C. The aqueous poly{TFE-PSEPVE) dispersion had 25%(wi
poly(TFE-PBEPVE) in water and was diluted to 10.8% with deionized
water prior to the use for polymerization with pyirole.

Pyrrole monomer was polymerized in the presence of the
poly{ TFE-PSEPVE] dispersion as described in published U8, patent
application 2005-0205860. The polymerization ingredients have the
foltowing mole ratios: poly(TFE-PSEPVE ) Pyrrole = 3.4;

NazS20g:pyrrole = 1.0; Fen(S04)3pyrrole = 0.1, The reaction was
aliowed to proceed for 15 minutes.

The aqueous PPy/poly(TFE-PSEPVE] dispersion was then pumpead
through three columns connected in series. The three columns contain
Dowex M-31, Dowex M-43, and Dowex M-31 Na’, respectively. The three
Dowex fon-exchange resing are from Dow Chemicals Company, Midiand,
Michigan, USA. The ion-resin treated dispersion was subsequently

37



WO 2010/011368 PCT/US2009/035079

microfluidized with one pass at 5,000psi using a Microfiuidizer Processor
M-110QY (Microfiuidics, Massachusetis, USA) The microfluidized
dispersion was then filtered and degassed {o remove oxygen. The pH of
the dispersion was measured to be 4.0 using a standard pH meter and
sohd% was determined {o be 6.4% by a gravimetric method. Fims spin-
coated from the dispersion and then baked at 130°C in air for 10 minutes
has a conductivity of 7 5x10™ S/om at room temperature.
The agqueous PPy/poly(TFE-PSEPVE) dispersion was first diluted from
8.4% to 3.12% before used for addition of silica nanoparticles. The silica
naoparticle dispersion used in this example ts PA{isopropanal)-5T1-S from
Nissan Chemical Company. The IPA-ST-8 containg 206w, % silica
nanoparticle. Particle size of the silica was measurad with a Microtrac
“‘nano-ulira” dynamic light scattering. It was found that 50 volume®% of the
sifica had particle size of ¥.inm{nanometer) or less. The silica dispersion
was then mixed with a corresponding amount of PRy/poly{(TFE-PSEPVE)
dispersion to have desired silica w.% with respect to tolal solid, being
PEVIpaly(TFE-PSEPVE) and silica, which is listed in Table 2. The data
clearly shows that contact angle of PPy/poly(TFE-PSEPVE) solid film
formed by spin-coating drops drastically either with p-xylene or with
anisole as silica is included.
Table 2
Effect of Silica on wettability of Polypyrrole{PPy)poly{TFE-PSEPVE)

Samples Contact angle {degrae)
{silica w.% of tolal_solid

Puxylene Arnisole

PPy/poly(TFE-
PSEPVE]}
{0% silica}

PRy/polp(TFE-
PSEPVE) 40 5

50 o8

{5.8% silica}
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PPyinoly(TFE-

{10.5% sthica)

PPyipoly(TFE-

PSEPVE) - -

{15.0% silica)

PPy/poly(TFE-
PSEPVE) 19 34

{20.0% silica}

PPy/polv{TFE-

{25.0% silica)

Example 3

This example illustrates the device performance of solution-
processed organic ight emitling diodes of a blue emitter using
PRyiooly(TFE-PSEPVE) with and without silica as a buffer layer.

The PPy/poly(TFE-PSEPVE) dispersion with and without sitics
from Example 2 was used to form a buffer layer by spin-coating on
patternad {TO substrates {device aclive area = 2.24 mm x 2.5 mm). The
ITQ substrates wers cleansd and treated in a UV-zone oven for 10
minuies before use. Spin-coating of each PPypoly{(TFE-PSERPVE)
dispersion with and without silica was set at conditions to provide
thickness of 50nm after baked in air at 140°C for 7 minutes. They were
then transferred to a dey box, i which all further {op coating were
conducted in an inert chamber. The buffer laver was then top-coated with
a 0.38% {wiv) foluene solution of HT-2, which is an arylamine-containing
copolymer having hole fransport propedies, to achieve 20nm thickness
after baked at 275°C for 30mins in argon. ARer codling, the substrates
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were spin-coatad with an emissive layer solution containing 13:1
fluorescent host: blue fluorescent dopant, and subsequently heated at
135°C for 15 minhutes 1© remove solvent. The layer thickness was
approximately 40nm. The substrates were then masked and placaed ina
vacuum chamber. A 10nm thick layer of metal guinolate derivative as
electron transporting layer was depaosited by thermal evaporation, followed
by a {.8nm layer of cesium fluoride, and 100nm aluminum cathode laver.
The devices were encapsulated using a glass lid, getler pack, and UV
curable epoxy. The light emifting diode samples were characterized by
measuring their {13 current-voltage (I-V) curves, (2} electrolumingscence
radiance versus valtage, and (3) electroluminescence spectra versus
voltage. All three measurements were performed at the same time and
controlied by a computer, The current efficiency {cdiA} of the device at a
certain voltage is determinad by dividing the slectreluminescence radiance
of the LED by the current density needed o run the device. The power
efficiency (LW} is the current efficiency divided by the operating vollags.
The results are shown in Table 3, which ilusirates that silica dossn’t
negatively affect device performance.

Table 3. Scolution processed blue emitter using PPY/poiy{TFE-
PSEPVE) with and without silica as a buffer layer.

Device buffer layer Current |Quantum T50(h)
material Efficiency efficiency V @display
{cdiA} {%%) CIEY {{volt} | fuminance

PPy/poty(TFE-PSEPVE} ‘ 17217 h
(0% silica) #1 device 5.1 53 01145484 | @513 nits

PPy/poly(TFE-PSERVE) | 18782 h
{0% silica) #2 device 4.3 51 011001 444 | @490 nls

PPy/ipoly(TFE-PSEPVE) 1 23160 h
(10.5% silica) #1 device ] &2 53 01163 451 | @523 nits

PRy/poly(TFE-PSEPVE) ‘ 22255 h
{10.5% sfiica) #2 device | 5.2 53 011381452 @510nids
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PPy/poly(TFE-PSEPVE) 21536 h
(20.0% silica) #1 device | 4.8 50 01094 456 | @487 nits
PPy/poly(TFE-PSEPVE) ‘ 20485 h
(20.0% silica) #2 device | 4.7 50 01098 4.46 | @489 nits
BBEyIpoly T EEPSEBVE) ‘ 50806 T
{25.0% silica) #1 device ] 4.8 50 01123 468 | @502 nits
BBYipoyTEE PSEBVE] 35558
(25.0% silica) #2 device | 5.0 52 01138 46| @O0

All data @ 1000 nits unless noted; CIEY = y color coordinate according to
the C.LE. chromaticity scale {Commision intemationale de L'Eclairage,
1931); T80{h} = time 1o half luminance in hours @ 24°C.

Note that not all of the activibes described above in the general
description or the examples are required, that a portion of a specific
activity may not be required, and that one or more further activities may be
paerformed i addiion to those descaribed. Sl further, the order in which
activities are listed are not necessarily the order in which they are
performed.

In the foregoing specification, the concepts have been described
with reference o specific embadiments. However, one of ordinary skilt in
the art appreciates that various modifications and changss can be made
without departing from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are o be regarded in an
itustrative rather than a restrictive sense, and all such modifications are
intended to be included within the scope of invention.

Benefits, other advaniages, and solutions to problems have been
described above with regard {o specific embodiments. However, the
benefits, advantages, solutions fo problems, and any featura(s) that may
cause any benefif, advaniage, or solution to nocur or hecome more
pronounced are not to be construed as a critical, required, or essential
feature of any or all the claims.
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it is {o be appreciated that certain featuras are, for clarity, described
herein in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features that
are, for brevily, describad in the context of a single embodiment, may also
be provided separately or in any subcombination.

The use of numerical values in the various ranges specified herein
is stated as approximations as though the minimum and maximum values
within the stated ranges were both being preceded by the word "aboul” In
this manner slight variations above and below the stated ranges can be
used fo achieve substantially the same resulis as values within the ranges.
Alsg, the disclosure of these ranges is intended as a continuous range
mcluding every value between the minimum and maximum average values
fncluding fractiona values that can result when some of components of
one value are mixed with those of different value. Moreover, when
broader and natrower ranges are disclosed, it is within the contemplation
of this invention {o match a minimum value from one range with a

maximum value from another range and vice versa,
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UCo701
CLAIMS
What is claimed is:
1. A composition comprising:

an agusous disperson of at least one electrically conductive
polymer doped with af least one highly fluorinated acid
polymer, and

inorganic nanaparticles.

2. The composition of Claim 1, wherein the elecincally
conductive polymer is selected from the group consisting of
polythiophenes, poly{selenophenas), poly{tellurophenes), polypyrroles,
polyanitines, polyoyche aromatic polymers, copolymers thereof, and
combinations thereof.,

3. Tha composition of Claim 2, wherein the electrically
conductive polymer is selected from the group consisting of a polyaniline,
polythiophene, a polypyrole, a polymeric fused polyoydlic heteroaromatlic,
copolymers thereof, and combinations thereof.

4. The composition of Claim 3, wherein the electrically
conductive polymer is selected from the group consisting of unsubstituted
polyaniiine, poly(3 4-ethylenedioxythiophene), unsubstitited polvpyrrole,
poly{thieno(2,3-b)thiophene), poly(thieno(3 2-bithiophens}, and
poly(thienn(3,4-bithiophene).

5. The composition of Claim 1, wherein the highly-flucrinated
acid polymer 18 al least 8&% fluorinated,

8, The composition of Claim 1, wherein the highly-fluorinated
acid polymer is selected from a sulfonic acid and a sulfonimide.,
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7. The composition of Claim 1, wherein the highly-fluorinated
acid polymer is a perfluorodiefin having perfluoro-ether-sulfonic acid side
chains,

8. The composition of Claim 1, wherein the highly-fluorinated

acid polymer s selected from the group consisting of a copolymer of 1,1-
diffuoroethylene and 2-(1, 1-diffuoro-2-(riflucromethyllallyioxy}1,1,2,2~
tetrafluorosthanesuifonic acid and a copolymer of ethylene and 2-(2-

(1,2, 2-triftuorovinyloxy)-1,1.2,3,3, 3-hexafluaropropoxyi-1,1,.2.2-
tetraflucroethanesulfonic acd.

3. The composition of Claim 1, wherein the highly-flucrinated
acid polymer s selected from a copolymer of tetrafluoroethylene and
perfiuoro(3 B-dioxa-4~-methyl-7-octenasulfonic acid), and a copolymer of
tetrafiuoroethylens and perflucro(3-oxa-4-pentenssulfonic acid).

10.  The composition of Claim 1, wherein the inorganic
nanoparticles are semiconductive.

11, Thecomposition of Claim 10, wherein in nanoparticles are
selectad from the group consisting of metal sulfides, metal oxides, and
combinations thereot.

12.  The composition of Claim 11, wherein the metal oxide is
selected from the group consisting of zine antimonales, indium tin oxide,
oxygen-deficient molyhdenum trioxide, vanadium pentoxide, and
combinations thereof.

13.  The composition of Claim 1, wherein the inorganic
nanoparticles are insulative.

14, The composition of Claim 13, wherein the nanaparticles are

selacted from the group consisting of silicon oxide, titanium oxides,

zirconium oxide, molybdenum trioxide, vanadium oxide, aluminum oxide,
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zing oxide, samarium oxide, yitrium oxide, cesium oxide, cupric oxide,
stannic oxide, antimony oxide, and combinations thereof,

15, The composition of Claim 1, wherein the inorganic
nanoparticles are selected from the group consisting of cadmium sulfide,
copper sulfide, lead sulfide, mercury sulfide, indium sulfide, silver sulfide,
cobalt sulfide, nicks! sulfide, molybdenum sulfide, NIYCd sulfides, Co/Cd
suffides, Cdfin sulfides, Pd-Co-Pd sulfides, and combinations thereof.

16.  The composttion of Claim 1, wherein the weight ratio of
nanoparticles o electrically conducting polymerisintherange of 01 fo
10.0.

17, Afilm made from the composition of Claim 1.

18.  The film of Claim 17 having a contact angle with p-xylene of
less than 50°,

19 The filmof Claim 17, having a refractive index greater than
1.4 at 480 nn.

20 An elsctronic device comprising at least one layer made from
the compastition of Claim 1.

21 The device of Claim 20, wherein the layer is a buffer layer.

22 The device of Claim 21, comprising an anode, a buffer layer,
an slectroactive layer, and a cathode.
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