1 Conposition conprising intrinsically conductive polyner The invention
relates to a conposition conprising intrinsically conductive pol yner,
processes for its 5 preparation and the use of this conposition for the
manuf acture of electronic devices, and in particular the use as

hol e-injection layer in organic light-emtting di odes, so-called OLEDs. 10
Organic light-emtting diodes (OLEDs), in particular polyneric organic
light-emitting diodes (sometimes also dalled PLEDs), are enjoying worl dw de
interest. Fromthese the nmarket is expecting novel high-performng

di spl ays, wherein a great future is predicted above all for PLEDs due to
their sinple 15 manufacturing process by spin-coating or ink-jet printing
and their sinpler |layer structure conpared with OLEDs of | ow nol ecul ar
substances. 2 Usually an COLED consists of an anode, a so-called

hol e-injection layer, a layer with a light-emtting organic substance and a
cat hode of a netal with | ow work function such as Ca and Ba. Usually the
OLEDs are encapsulated in order to 5 prevent too rapid a decrease in

per f ormance. Monochrone di spl ays which can be prepared with PLEDs in
adequate stability and brilliance, e.g. using the product "Super Yellow' of
Covi on GtbH, Frankfurt, are not adequately 10 accepted in the market.
However, such displays allowto

Composition comprising intrinsically conductive polymer

The invention relates to a composition comprising
intrinsically conductive polymer, processes for its

5 preparation and the use of this composition for the
manufacture of electronic devices, and in particular the use
as heole-injection layer in organic 1light-emitting diodes,
so-called OLEDs.

10 Organic light-emitting diodes (OLEDs), in particular polymeric
organic light—emittihg' dicdes (sometimes also called PLEDs),
are enjoying worldwide interest. From these the market 1is
expecting novel high-performing displays, wherein a great
future is predicted above all for PLEDs due to their simple

15 manufacturing process by spin-coating or ink-jet printing and
thelr simpler layer structure compared. with OLEDs of

low-molecular substances.



observe differences in the quality of the hole-injection layer which is
formed from conductive polyners. This layer is necessary because, at just
about -4.3 eV, the indiumtin oxide (I1TO customarily used as anode, does
not al one provide a 15 suitable Ievel of work function and also, in
operation, very quickly causes black dots and burnout of OLEDs and PLEDs.
Here, PEDOT doped w th pol ystyrene sul ghonic acid (PSSH) (Baytron P from H
C. Starck, Gernmany) has been establishéd as 20 the standard materi al
because this raises the work function on the anodes to the desired |evel of
-5.0to 5.1 eV. In conbination with the | um nescent material "Super Yellow
a nore_than_adequate stability of such light-emtting diodes is achleved
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and Tn “Some cases rea y after o ours. During pul sed
operation a higher voltage is applied than in direct-current 35 operation,
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cont i nuous operati on ober Several hundred rs at increase
tenperaﬁdﬁ@uahﬁ expiahat ton o §®%¥ﬂllancer using the product

“Super Yellow” of Covion GmbH, Frankfurt, are not adeguately
10 accepted in the market. However, such displays allow to
observe differences in the guality of the hole-injection layer
which 1is formed from conductive polymers. This layer 1is
necessary because, at just about -4.3 eV, the indium tin oxide
(ITO) customarily used as anode, dces not alone provide a
15 suitable level of work function and also, in operation, very
guickly causes black dots and burnout of OLEDs and PLEDs.

Here, PEDOT doped with polystyrene sulphonic acid (PSSH)
{Baytron P from H. C. Starck, Germany) has been established as

20 the standard material because this raises the work function on
the anodes to the desired level of -5.0 to 5.1 eV. 1In
combination with the luminescent material “Super Yellow” a
more than adequate stability of such light-emitting dicdes is
achieved. PEDOT/PSSH layers are usually applied from aqueous

25 dispersion, e.g. by means of spin-ccating or ink-jet printing.
However, attempts to achieve this alsc with peolyaniline which
was likewise doped with PSSH failed.

Fven 1f hole-injection layers which have been formed <from
30 polyaniline, namely  PANI/PSSH, at roughly =5.1 eV, in
principle exhibit the same work function as PEDOT/PSSH, in
“pulsed operation” they display an inadeguate stability and in
some cases fail already after cnly 0.5 hours. During pulsed
cperation a higher wvoltage is applied than in direct-current

35 operation, but only for a short time. On the other hand



di fferent behavi our of PANI conpared with PEDOT has thus far not been
found. 5 So far, however, neither material has been able to help inprove
the stability, necessary for colour displays ("R@&"), of the red, green and
particularly the blue light-emtting polynmers. Even with OLEDs nmade from

| ow nol ecul ar substances, 10 above all the blue light-emtting substances
are the stability-limting factor. It _is therefore the aimof nunerous
research groups and industrial enterprises, on the one hand to overcone the
15 intrinsic instability above all of the blue light-emtters but also, on,
the other, to devel op novel hole-injection materials which |Iikew se help

i ncrease stabl lity. Currently two approaches, or a conbination thereof, to
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Repl aci ﬂgtPSSHnV\AEbhndther dopi ng agents, as it is assuned that its

sul phonic acid groups lead to the emtter 30 material being damaged during
operation. Both approaches have resulted in certain advances which,
however scar Bast i | hewarefr omadegeat enaterial has been able to help

improve the stabkility, necessary for colour displays (“RGB"),
of the red, green and particularly the blue light-emitting
polymers. Even with CLEDs made from low-mclecular substances,

10 above all the blue light-emitting substances are the
stability-limiting factor.

Tt is therefore the aim of numerous research groups and
industrial enterprises, on the one hand to overcome the
15 intrinsic instability above all of the blue light-emitters but
also, on the other, to develop novel hole-injection materials

which likewise help increase stability.

Currently two approaches, or a combilnation therecf, to the

20 solution of the problem are preferred:

1. Increasing the amount o0f the work function to more
than 5.3 eV, as hole injection inte the blue emitter
material at a work functicen of -5 to -5.1 eV is mads

25 extremely difficult, which is considered to be a cause of
the instability, and

2. Replacing PSSH with other doping agents, as it is assumed
that . its sulphonic acid groups lead to the emitter

30 material being damaged during operation.

Both approaches have resulted iIn c¢ertain advances which,

however, are still far from adeqguate.



4 Therefore there is still a great need for a conmposition which allows for
the manufacture of electronic devices with inproved properties and in
particular organic light-emtting diodes, wherein the conposition provides
for a high stability of the 5 RG emtters including, in particular, blue.
This object is surprisingly achieved by the conposition according to any
one of clains 1 to 10 or 16. 10 The conposition according to the invention
is characterized in that it conprises at |east one intrinsically conductive
pol ymer and indium - Surprisingly, in particular organic light-emtting

di odes, 15 OLEDs and PLEDs which exhibit high stability and | um nous

ef fi cacyngap, be, pr epared \using such g, compaskhi o, Lnteiasieally, condugt ive
pol ymers or conductive polyners ‘are “neant to be substances Ich are built
up from &bkwowdl éenl &he 2@ WEiaghiureo Mo Ids: {rmonichedsY i cas ewath| émgroved

ol i gomeric,as,-a; £§SUWqy Ofinpoﬁaé(%i:bé%i:mb%éamﬁ% cant@in &l Jeagt 3ipRAQNer
units which  are |inked by a chem cal bond, have a conjugated n-electron
syst em i Wi¢hel helibfal CqHGIR EoriucPF 98} d8F atf@rard BAANbE Takurhidit edff byhe

oxi dag | ORGR I educté oy OficPhatAgat iAnphwhiehi ks, obtea. 25 referred to as
"doping"”) to an ionic formwhich is conductive. The conductivity is at

| east 10-7 S/cmand is usually below 105 S/cm In the case of doping by
oxi dati onhtderebaeetused asudepiind ngld® agentievegl iwdi nehepetoxpdestibawi s

and prOtggcg%&QEgogolgn§hgne of claims 1 to 10 or 16.

10 The composition according to the invention is characterized in
that 1t <comprises at least one intrinsically conductive

polymer and indium.

Surprisingly, in particular organic light-emitting diodes,
15 OLEDs and PLEDs which exhibit high stability and luminous

efficacy can be prepared using such a composition.

Intrinsically conductive polymers or conductive polymers are
meant to be substances which are built up from low molecular
20 weight ccmpounds (monomers), are at least cligomeric as a result
of polymerization, thus contain at least 3 monomer units which
are linked by a chemical bond, have a conjugated n-electron
system 1in the neutral (non-conductive) state " and can be
converted by oxidation, reduction or protonation (which is often
25  referred to as “doping”) to an ionic_form which is conductive.
The conductivity is at least 1077 S/cm and is usually below 10°

S/cm.

In the case of doping by oxidation there are used as doping
30 agent e.g. iodine, peroxides, Lewis and proton acids or in the

case of doping by reduction e.g. sodium, potassium, calcium.



case of doping by reduction e.g. sodium potassium calcium - 5 Conductive
pol ynmers can vary remarkably in chem cal conposition. For exanple,

acetyl ene, benzene, naphthal ene, pyrrole, aniline, thiophene, phenylene

sul phi de, peri-naphthal ene and others, as well as their derivatives such as
sul pho-aniline, 5 ethyl enedi oxythi ophene, thieno-thiophene and ot hers, as
well as their alkyl or alkoxy derivatkves or derivatives with other

si de- groups, such as sul phonate, phenyl and ot her side-groups, have proved
successful nononers. Conbinations of the above- nentioned nononers can al so
be used as nmononer. Thus, for 10 exanple, aniline and phenyl ene sul phide are
coupl edcanduthese pét ol 4166 $n af £ hedhdisedh1as M niElisa iDererdisng i0A .t he
obj ective, e. yrrol e, thiophene or alky Ithlo henes o
ethylenE@Fo%??ﬁpgﬁheﬁéEtVﬁﬁéﬁo Pﬁﬂéﬁﬁénena§ﬁthﬁgéneph@ﬁ¥ﬁéﬁ€r Sulighinge and
ot hers n er f.ar.m 1 rYchures can .t hen
be reac?gg }tpg YJTlo’r rr?gﬁkgg%?s S(B}rl%hﬁgleynée%l ?k) ?lt::}llo%n lﬂl%t |€Tgéjp% 5%?% %l spl ay
a greateeldr |esser theieasederiveondasti viduchw t hasncr easiphp-teripenat ure,
whi ch ident f|e§ the 20 to be non-netal li.c conductors. O her con uctive
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t he pl otiilaggbburhe SOCbaﬁﬁedﬂﬂmédm@§$auﬂhanﬂhO@HQSOéhergyﬂd@Fq¢©M@@Gt|vity

agai nst t errpeprracgvuercg astuCIC%vSvs%erfper a

s. Combinations of the above-
mentioned monomers can also be used as monomer. Thus, for

10  example, aniline and phenylene sulphide are coupled and these

A-B dimers are then wused as monomers. Depending on the
cbjective, e.g. pyrrole, thiophene or alkylthiophenes,
ethylenedioxythiorhene, thieno~thiophene, aniline, phenylene

sulphide and others can be Jjoined together to form A-B
15 structures and these can then be reacted to form oligomers or

polymers.

Most conductive polymers display a greater or lesser increaée in
conductivity with increasing temperature, which identifies them

20 to be non-metallic conductors. OCther conductive polymers
display, at least 1in a temperature range clecse to room
temperature, a metallic behaviour inasmuch as conductivity falls
as temperature rises. A further method of recognizing metallic
behaviour is the plotting ¢f the so-called “reduced actlvation

25 energy” of conductivity against temperature at low temperatures
{down to nearly 0 K). Conductors with a metallic contribution to
conductivity display a positive slope of the curve at low
temperature. Such substances are referred to as T“organic
metals”.

30



(down to nearly 0 K). Conductors with a netallic contribution to :
conductivity display a positive slope of the curve at |low tenperature. Such
substances are referred to as "organic netals". 30 - 6 Preferred
intrinsically conductive polyners are those nenti oned above. In particular
there may be nentioned as exanples: polyaniline (PAni), polythiophene
(PTh), poly(3,4-ethylenedioxythiothDQ§)_(PEDT), pol ydi acetyl ene, 5

pol yacetyl ene (PAc), polypyrrole (PPy), polyisothianaphthene (PITN),

pol yhet er oaryl ene vinyl ene (PArvV), wherein the heteroarylene group can be
e.g. thiophene, furan or pyrrole, poly-p-phenylene (PpP), polyphenylene

sul phi dep{dHRS)req PolyPeld Naphtihal S0 dBRN)  p POl hat ocyapiaentPPednand
others, 10 as well as their derivatives (which are fornmed e.g. from
nmonomer siEuisst | tlut edbarittiivudiade diigires v vgr bepsihentopobyners thanebdbésand

physi cal _m xtur.es thereof. Parti.cularly preferred. are polyanilin PANi ),
pontkﬂcﬁéErﬁ?%%*ﬁ%, ponpyH?%PéS(PPy), poP? §$g}gPh§P§nedioxyth?%t%ﬁhes)
(PEDT), molytdienothilephenexythiocBhitheand t hebEpderi vat pyesdande i xtnE es

t hereof. A good overview of already synthesized intrinsically conductive
pol yrRer LU arensui t @8I rac Ao dPg o ot hd PEYnvenPréiieahhbanapiihiiena

Synt het | Mgl s, TUTARES e 18nc20 900130198 Tbaa0d, vol o6 (1597).

Preferab t'He conposition a ing to'the invention
hetercarylene group can be e.g. thicphene, furan or pyrrole,

poly-p-phenylens (PpP), polyphenylene sulphide (PPS),
polyperinaphthalene (PPN}, polyphthalocyanine (PPc) and others,
10 as well as their derivatives (which are formed e.g. from
monomers substituted with side chains or groups), copolymers
thereof and physical mnixtures therect. Particularly preferred
are polyaniline (PAni), polythiophene ({PTh), polypyrrole (PPy},
poly (3, 4-ethylenedioxythiophenes) (PEDT) , polythienothiophene

15 (PTT) and their derivatives and mixtures thereof.

A good overview of already synthesized intrinsically

conductive polymers which are suitable according te the

invention can be found in Synthetic Metals, numbers 17, 18
20 and 19 {(1987) and vols. 84-86¢ ({1997). '

Preferably, the composition according. to the invention
comprises polyaniline, polythiophene, polypyrrole = or
derivatives of these as intrinsically conductive polymer.
25 Mixtures are likewise possible. Polyaniline, polythiophene or
derivatives thereol and in particular polyaniline (PANI),
polypyrrolie (Ppvy) . polythiencthiophene {P'1'T) and
poly(3,4-ethylenedioxy-2, 5-thiophene (PEDOT) are particularly
preferred. The latter is commercially available under the name

30 Baytromn.

A composition is further preferred wherein the intrinsically

conductive polymer 1s present 1in doped form. Low-molecular



conprises pol yaniline, polythiophene, polypyrrole or derivatives of these
as intrinsically conductive polyner. 25 M xtures are |ikew se possible.
Pol yani |l i ne, pol ythi ophene or derivatives thereof and in particular
polyaniline (PANI'), polypyrrole (Ppy), polythienothiophene (PTT) and
pol y( 3, 4- et hyl enedi oxy- 2, 5-t hi ophene (PEDOT) are particularly preferred.
The latter is comercially avail able under the nanme 30 Baytron. A
conposition is further preferred wherein the intrinsically conductive

pol yrmer

is present in doped form Low nolecular - 7 weight and in

particul ar polyner-bonded dopi ng agents are suitable as doping agents.
conductive pr ef rabl wi t h. pol tyrene sul phonjc acid
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The dindium 1is present in the composition preferably in
elemental form or in ionic feorm. It may be present in
particular as an indium s=salt, such as indium sulphate. Salts
are preferred which form with one o©f the above-named doping
agents for the intrinsically conductive polymer. Salts with
the named preferred doping agents and in particular indium
polystyrene sulphonic acid (In-PSSH) have proved to be
particularly preferred.

The compositiocn is usually present as a solid, in particular
as a powder. However, it 1s preferred that the composition is
present as a mixture, in ©particular as a solution or
digpersion. These cffer gsubstantial advantages ~in  the
application and in particular in use for the manufacture of

electronic devices.

The compositions according tc the invention can contain the
intrinsically conductive polymer and indium in the form of a
simple mixture. They can, however, also contain these
components in the form of a chemical compound of intrinsically

conductive polymer and indium.

Depending on in particular the polymer selected, the form of
the indium used and the reaction conditicns, either a simple
mixture or surprisingly a chemical compound of intrinsically

conductive polymer with indium 1s formed. Using known analytic



particularly preferred. The conposition is usually present as a solid, in
particular 20 as a powder. However, it is preferred that the conposition is
present as a mxture, in particular as a solution or dispersion. These

of fer substantial advantages in the application and in particular in use
for the manufacture of electronic devices. 25 The conpositions according to
the invention can contain the intrinsgcally conductive polyner and indium
inthe formof a sinple mxture. They can, however, al so contain these
conmponents in the formof a chem cal conpound of intrinsically 30
conductive polynmer and indium Depending on in particular the polyner

sel ected,. Lhe.far e?%ont%%ﬂl‘Qd”ﬁ?%ﬁﬁs%q%téﬁhr88§££?9.EBBQEBhB@%'o%ither a
sinple "mxture of surprisingl’y a chem cal conpound 0 i ntrinsically 35
conduct Bpé poleymErusgia hof ndhemisadtgratedr T UshagrRisewd 2dval yas€ tog fowat hods

a persopnhgki LbgdokntiBe agbceanipgntegl the CoAdkhiens and thegeaureg of
the reaction of the nmaterials used to form the conposition according to the
i nventi 8A"*ATa desired nmanner. 5 In particular, cyclovoltametry has been
usedbas a suitable technique to detect the formation of a chemcal
compound, 1t 83 used Lo dempastrate, Lhe forpaLion, of 2, gompoynd. of indi um

technique to detect the formation of a chemical compound. It

was used to demonstrate the formaticn of a compound of indium

and polyaniline, and this compound forms a preferred

10 embodiment of the inventicn. A further ftechnique with which
proof of the formation c¢f a chemical compound of 1indium and

polyaniline was accomplished is UV/Vis spectroscopy.

It has thus far not been possible to eXplain the nature of the
15 chemical bond between indium and polymer. However, it could

possibly be a complex bond.

The composition according to the invention 1s preferably
prepared by a process wherein intrinsically conductive polymer
20 18 contacted with indium in the presence of a dispersant or

solvent.

It 1is preferred to contact the iIntrinsically conductive
polymer, particularly in doped form, with an indium compound,
25 in particular an indium salt, or with elemental indium. It is
possible that the polymer is already present in dispersed

form.

Usually the process 1is performed such that, after the
30 synthesis of the conductive polymer, as e.g. disclosed in EP
329 768, has been completed, indium metal or indium salt is
added to the synthesis solution. After formation of either the
mixture or the chemical compound, a work-up is carried out and
the obtained material is typically dispersed.
35



and polyaniline, and this conpound forns a preferred 10 enbodi nent of the

i nvention. A further technique with which proof of the formation of a

chem cal conpound of indiumand polyaniline was acconplished is UV/ Vis
spectroscopy. It has thus far not been possible to explain the nature of the
15 chem cal bond between indium and pol yner. However, it could possibly be
a conpl ex bond. The conposition according to the invention is preferably
prepared by a process wherein intrin§ié%F1y conductive polymer 20 is
contacted with indiumin the presence of a dispersant or solvent. It is
preferred to contact the intrinsically conductive polyner, particularly in
doped form w th an indium conpound, 25 in particular an indiumsalt, or
with el eEit@rToddE .um 21t REOHUSS| b t hatse he AF6IfpRered s HlRPESHY pridsent in

di sper sed-cf01a0:i ddsust | ynd hen Pr 066882l Sy pephanredvsugh 1that, af terrthey 30
synt hesi s of, the conductive Qgéynerh ai e.g. disclosed in EP 329 768, has
been coffet®l, “PRIPGFEFECH FRALOAEE CFEO U ded® 9 t AE ShiHES €

sol uti osalAft esrf arfmat i @newia i tiheri utthe I xhtse @ibddiemeatem cadicanmpoind, a

wor kzup ,i.S carrie ut. and .the obtained erial i ypical ly dispersed. 35
9 Fartﬁ%F%D?%,e%gﬁgoégggli%saﬁgguﬁFgg‘rrgg&e e%ﬁ?n%P%eImﬁgﬁﬁ%?aP?oﬁjH? t he
i ntrinsischldbe,condgct imeacpdlopnerli swbarhi ethen leads to the desired

polymer.

Moreover, a process according to the inventicn is preferred
10 wherein the composition is dispersed. Suitable dispersants are

in particular aqueous or organic dispersants.

The process serves preferably for the preparation cf compounds
of polyaniline and indium, wherein in particular doping agents
15  such as PSSH and/or peclyfluorcsulphonic acid

co-tetrafluorcethylene are additicnally present.

In cases in which chemical ccompounds have been formed and ncot

simply physical mixtures of conductive polymers with indium
20 ions, this could be detected by cyclovoltammetry. Because the

normal potential of the conductive polymer, and particularly

cf the . preferred polyaniline, has <c¢learly shifted, the

formation of a novel compound can be ohserved. Furthermcre in

these cases the shift of an abscrption peak was observed in
25  the UV/Vis spectrum,.

The composition according to the invention and in particular
the chemical compounds of polymer and indium according to the
invention surprisingly permit the manufacture of electronic

30 devices with attractive properties.

The invention therefore also relates to an electronic device

which comprises the composition according to the invention,



out in the presence of an |nd|un1conpound such as an indium salt, or of
el enmental indium In this enbodinent, indiumof 5 the selected formis
typically added to the m xture of t he educts, the reaction of which then
| eads to the desired polynmer. Mreover, a process according to the
invention is preferred 10 wherein the conposition is dispersed. Suitable
di spersants are in particular aqueous or organic dispersants. The process
serves preferably for the preparationzg} ‘conpounds of polyaniline and

i ndium wherein in particular doping agents 15 such as PSSH and/ or

pol yf 1 uorosul phonic acid co-tetrafluoroethylene are additionally present.
| n-cases in which chem cal conpounds have been fornmed and not sinply
physi cal Hiextigeest of peohdaEeilvehgelhy et sa wilt Bhitngrdint 129 jdrizde t Aard édul d be

deteCteBaPY1€M§59Vth@EP§BEM l@%ﬁ@u§ﬁ1EEﬁngoﬁﬁgﬁepglgﬁt'a' of the conductive
pol ymer, and particul ar of the preferred polyaniline, has clearly

shifted, the formation of a novel conpound can be observed. Furthernore in
these cases ddei shi plredle ram1absesnpr 08e peakiaas capsertedn Nin25% t haydy Vi s

spec| The ¢ osition accor h? |nv ntiaon an% in particular the
chert caP=EOREBURHE of SHOTgREE Bhd T RATaM SeROYaLAGoL GIERE i hvent | on
surprls!ngly permt the manufacture of electronic 30 devices with
atiractiyg moperiles, The f0vEOLLon, iher char &8l 0 ehates L9 aRceleqt roni c
devi ce i ch conprises the"'c ositron accor to the i'nvent

layer, which 1s also ca led charge- lnjectlon or buffer layer

It is usually deposited onto the anode of the diode.

10
Thus a device is further preferred wherein the composition is
present in the hole-injection layer and in particular forms

said layer.

15 Surprisingly hole-injection layers comprising the composition
according to the invention and in particular are formed from
it, particularly a chemical compound of conductive polymer and
indium, preferably of polyaniline and indium, in conjunction
with customary polymers as emitter layer or light-emitting

20 layer, such as Super Yellow, allow for a very high stability
of the OLED even in pulsed operation.

Even more surprising is the dramatic increase in stability and
Juminous efficacy in OLEDs with blue light-emitting polymers.
25 Thus, by means of the composition according to the invention
it is possible te prepare OLEDs which have no
electron-blocking layer Dbetween hole-injection layer and

emitter layer.

30 Blue-emitting OLEDs could previously not be operated without
such a blocking layer, not even when using PEDOT/P3SSH, PAni
polyflucrosulphonic acid co~tetrafluorocethylene, PTT/PSSH or
PTT-polyfluorosulphonic acid co~tetrafluorcethylene as a
hole-injection layer. With all these materials the luminous

35 efficacy decreased already after a short time.



10 A device is preferred which is a light-emtting diode and in particular
an organic light-emtting diode OLED. The device preferably conprises the
conposition in a layer 5 between the electrodes of the light-emtting

di ode. One such layer is in particular the so-called hole-injection |ayer,
which is also called charge-injection or buffer layer. It is usually
deposited onto the anode of the diode.110_-Thus a device is further preferred
wherein the conposition is present in the hole-injection layer and in
particular forns said layer. 15 Surprisingly hole-injection |ayers
conprising the conposition according to the invention and in particular are
formed from it, particularly a chem cal conpound of conductive polynmer and
i ndi um preferably of polyaniline and indium in conjunction wth customary
pol ymer $Jsdsicerfilta eronayertiom | qgheremattagtRe Layertisich taiasupgercond | ow,

al low foi, & vary highegkabididy ofhethe (QLED %\b@@llf&cp%w@l QRekati-on.o Even
nore surprising is the dramatic increase in stability and Iunlnous ef ficacy

i n OLEDSRATAT Sblafe Pight e ¥4t ng pokyher $27S25°FRuy 1 thy anearts & thHe'e
conpesi tdram ageor #bngst 0 tAeyi AYENY i adhid iemipessi bkeulle preparies OLERRd whi ch

ayer SO G (1 Hg" CLEBL cOEA ot dusT ot DBYSPer Aeed WAHIR:
emitter the use of the composition accordlng to the invention
led, in spite of the absence of a blocking layer, to an
increase in life to more than 150 hours. On the other hand a
10 corresponding OLED wherein PEDOT was used as hole-injection

layer showed a life of less than 100 hours.

The favourable 1impact of the compesition according to the
invention in particular on the stability of OLEDs is also
152 surprising because 1t has been previously assumed that layers
in OLEDs must have absolutely no dimpurities, 1in particular
metallic., For this reason the dispersions used for the
preparation of hole-injection layvers have always been purified
at great cost. Moreover it 1s surprising that the composition
20 according to the invention has these properties also when the
polymer 1is doped with arcmatic sulphonic acids, although a

destakilizing effect is ascribed to these same acids.

However, tests with other (polyaniline) compounds, e.g. with
25 Fe or Cu, led to no improvement in stability, but rather, as
in the case of compounds with silver, to a deterioration in

the properties c¢f the OLEDs.

The 1invention thus also relates to a process for the
30 manufacture of electronic devices wherein the composgition

according to the invention is used.

It alsc relates to the wuse of the composition for the
manufacture of electronic devices, and in particular a use

35 wherein the composition 1s used as a layer between the



such a bl ocking layer, not even when using PEDOT/ PSSH, PAn

pol yfl uorosul phonic acid co-tetra fluoroethylene, PTT/PSSH or

PTT- pol yfl uor osul phoni ¢ acid co-tetrafl uoroethylene as a hole-injection

| ayer. Wth all these materials the |lum nous 35 efficacy decreased already
after a short tinme. - 11 Using the conposition according to the invention
it has becone possible for the first. tijye with a specific blue emtter to
operate an OLED wit hout blocking |ayer but with a life of nore 5 than 10
hours. Previously this emtter could not be used practically wth OLEDs

wi t hout a blocking |ayer. Wth another emtter the use of the conposition

according.to the invention, led, i.n spite of the absence of ,a bl ocking
‘ayer, {BLGRCIPHEFesSe Fn e 1 ored HAHPI50 RGur &0 O e oeers hadd a
10 correispdadingeLEDnwheyern PEDOT was used as hol e-injection |ayer showed
alife of less than 100 hours. The favourable inpact of the conposition
according to the invention in particular on the stability of OLEDs is al so
15 surprifbengibeendseni t ihasdbeenipedvi dusl fuassameddehat 1l apedswi nwdtEDs
nmust have.absglutely anhggggities, in particular netallic. For this reason
the dispersions used for the preparation of hole-injection |ayers have

al ways been purified at great cost. Mreover it is surprising that the
conposition 20 according to the invention has these properties also when the
polymer is doped with aromatic sul phonic acids, although a destabilizing
effect is ascribed to these sane aci ds. '



However, tests with other (polyaniline) conpounds, e.g. with 25 Fe or Cu,
led to no inprovenent in stability, but rather, as 1in the case of conpounds
with silver, to a deterioration in the properties of the OLEDs. The
invention thus also relates to a process for the 30 nmanufacture of

el ectroni c devices wherein the conposition according to the invention is
used. It also relates to the use of theasconposition for the nmanufacture of
el ectronic devices, and in particular a use 35 wherein the conposition is
used as a | ayer between the - 12 electrodes of a light-emtting di ode and
in particular as a hole-injection layer. The invention is described in

further i{.below with 5 reference to exanples. - 13 - Exanpl es Exanple
1 - PoIf%%%&?ﬁ%—PSSH powder 5 Firstly polyaniline powder was prepared

according to the process described in EP 329 768. PAII/PSSH (rati o of

nonomner Ei&ﬁﬁ}@pponipog$£gig{@@p§sggigggd@@s produced by introducing 1010 g
of a 30 0 ion porystyrene sutpnonic  acid (PSSH) and 89 m aniline in
4190 g deionized water into a 10 doubl e-wall ed reactor and cooling the

sol uts onri es G bypdepnsi 1 Dic a sovost atwand €o0b i ngd nedtdardAngol ubi onhef 280

g ammoni 4m . peroxadi.sulehate, (APShohn A0 My de) poized water ves,added,
to sulphonic acid grours 1:1.5%) was produced by
introducing 1010 g of a 30% solution of polystyrene sulphonic
acid (PSSH) and 89 ml aniline in 4190 g deionized water into a

10 double-walled reactor and cooling the solution te 1°C by means
of a cryostat and cooling medium. A solution of 280 g ammonium
peroxodisulphate (APS) in 420 ml deionized water was added
dropwise to this soclution so slowly that the temperature did
not exceed 5°C. The obtained solid was precipitated with

15 acetone, filtered, washed with acetone and dried.

Example 2 - Polyaniline PS3SSH indium powder type A

20 In analogous manner tc Example 1 73.9 g PSSH, 7.44 ml aniline
and 16.3 g indium(II) sulphate in 48.6 ml delonized water were
introduced and reacted with 24 g APS. This was then worked up

analogously to Example 1.

25
Example 3 - Polyaniline PSSH indium powder type B

In analogous manner to Example 1 73.9 g PSSH, 7.44 ml aniline
and 944 mg indium granules in 48.6 ml deionized water were
30 introduced and reacted with 24 g APS. Before further
working-up, non-reacted indium granule remains were separated
off. The remaining sclid was washed and dried, and a residue

of 685 mg remained.



dropwise to this solution so slowy that the tenperature did not exceed 5C
The obtained solid was precipitated with 15 acetone, filtered, washed with
acetone and dried. Exanple 2 - Polyaniline PSSH i ndi um powder type A 20 In

anal ogous manner to Exanple 1 73.9 g PSSH, 7.44 ml aniline and 16.3 g
indium(11) sulphate in 48.6 nl deionized water were introduced and reacted !
with 24 g APS. This was then worked_up, analogously to Exanple 1. 25 Exanple |
3 - Polyaniline PSSH i ndi um powder type B I n anal ogous manner to Exanple 1 |
73.9 g PSSH, 7.44 m aniline and 944 ng indiumgranules in 48.6 ni !
dei oni zed water were 30 introduced and reacted with 24 g APS. Before ‘
further wor in%:up, non-reacted indiumgranule remains were separated off.

The reﬁﬁﬁﬂﬁééisolid was washed and dried, and a residue of 685 ng remai ned.

- 14 - Exanple 4 Polyaniline PSSH i ndi um powder type C 5 I n anal ogous manner

to Exa 3. .. 44 i1 in 48.6 nl deionized water were
introdrEpC!l i lrd S ncid Wdﬁgiiig%xgthe reaction was conplete 985 ny
indium granules were added into the reaction mxture and the mxture was
stiBred f ofy 22 IO Sna BREST 8of whlhen Jwar ki ngs up 8sRon-reacted 4ndi um
granul e renmai ns were separated off. The remaining solid was washed and
dried afd &% esi diye Oﬁegqglﬁﬁd water were intrcduced and reacted

with 24 g APS. Once the reaction was complete 9285 mg indium

granules were added into the reaction mixture and the mixture
was stirred for 22 hours. Befors further working-up
10 non-reacted indium granule remains were separated off. The
remaining solid was washed and dried and a residue of 61C mg

remained.

15 Example 5

Dispersion of a powder in water

Firstly the residual humidity of the powder (according to
20 Examples 1-4) was determined in order to be able to determine
a correct welghed-in qguantity. Then 1€é g powder (from
Example 1, 2, 3 or 4) was added to 500 ml deionized water and
dispersed in the Ultraturrax at a speed of 10,000 rpm for 1.5
hours.
25
The dispersions obtained were then redispersed with ultrasound
by bombarding the wvessel with ultrasound (Scnotrode with 1 kW

cutput} under cooling with water for 30 min

30 The dispersions had particle size values of 40-80 mm
{numerical average), measured by means of the

double-measurement laser method.

Finally, the dispersions could, 1if desired, be purified again

35 by means of ion exchange in the usual manner.



remai ned. 15 Exanple 5 Dispersion of a powder in water Firstly the residual
hum dity of the powder (according to 20 Exanples 1-4) was determned in
order to be able to deternmine a correct weighed-in quantity. Then 16 g
powder (from Exanple 1, 2, 3 or 4) was added to 500 m deionized water and
di spersed in the Utraturrax at a speed of 10,000 rpmfor 1.5 hours. 25 The
di spersi ons obtained were then redi spefged with ultrasound by bonbardi ng
the vessel with ultrasound (Sonotrode with 1 kW output) under cooling with
water for 30 min . 30 The dispersions had particle size values of 40-80 nm
(nunerical average), neasured by neans of the doubl e-neasurenent | aser

nmet hod. Finally, the dispersions could, if desired, be purified again 35 by
means of ion exchange in the usual nmanner. - 15 - Exanple 6 Preparation of a
di sper sitoremgltch Subsequent formation of the 5 indiumconposition, type 1 A
di spersion wth powder from Exanple 1 was prepared according to Exanple 5.
Thi s di spersion was produced wth 30 parts of a 30% aqueous sol ution of

pol ystyr 51 forohi ef adi Py EEsEyion oWwhlc IF sl siEd Faanami sl pratdien a

wei gt ratdioumfedipgbsition, type 1

A dispersicn with powder from Example 1 was prepared according
te Example 5., This dispersion was produced with 30 parts of
a 30% aguecus solution of polystyrene sulphonic acid (PSSH)

10 which contained indium sulphate in a weight ratio of 1:1.

Example 7

15 Preparation of a dispersion with subsequent formation cf the

indium composition, types 2

A dispersion (120 g) with powder from Example 1 was prepared
according to Example 5. 650 mg indium granules were added to

20  this dispersion and the dispersicn was stirred for 72 hours.
It was then filtered over Dblack-band filters. The indium
remaining in the filter was washed with deicnized water and
dried. 563 mg indium remained. The dispersion thus
contained 0.72 mg indium per gram of dispersion.

25

Example 8

Preparaticn of a dispersion with subsequent formation of the

30  indium compesition, type 3

A dispersion (100 g) with powder from Example 1 was prepared
according to Example 2. 20 g of a 15% perflucrosulphonic acid
co-tetrafluoroethylene scolution 1in water (Liguion Solution
35 LQ-1115, 110 EW) was added to this dispersion and the



Exanmple 7 15 Preparation of a dispersion wth subsequent formation of the

i ndi um conposition, type 2 A dispersion (120 g) wth powder from Exanple 1
was prepared according to Exanple 5. 650 ng indium granul es were added to
20 this dispersion and the dispersion was stirred for 72 hours. It was then
filtered over black-band filters. The indium remaining in the filter was
washed with deionized water and drie .5 963 Ny i ndi um remai ned. The

di spersion thus contained 0.72 ng indium per gram of dispersion. 25 Exanple
8 Preparation of a dispersion with subsequent formation of the 30 indium
conposition, type 3 A dispersion (100 g) with powder from Exanple 1 was

prepared, according to anpl e 5. of 15% perfl ugrqsul phonic acid

Do Dot r 9 FAGT ey Ratie "Bt ot d MBI ( LTid0: ORCSOPER] On 8B P0PR1 55 110
EW wasthddedutrohthi srdiepeesi en andEkhepilelB. di spersion was stirred for 20
m n. The obtained dispersion was then further processed as in Exanple 7.
Exanple 9 5 Conpositions of polypyrrole with indium To prepare

corr espBaditpgecBnposi ti ons according to the invention wth polypyrrole,
Exanpl es 1-5 and 6-8 were

Compesiticns of polypyrrole with indium

To prepars corresponding compositions according to the
invention with polypyrrole, Examplies 1-5 and 6-8 were
10 analogously reproceassed, wherein {PPYV]) was used as

intrinsically conductive polypyrrole instead of PANI,

Example 10
15

Compositions of PEDOT with indium

To prepare corresponding compesiticns with PEDCT, work was
carried out analogously to Examples 6-8 and PEDOT in the form
20 of the commercial product Baytron P AI 4083 was used instead

of PANI as intrinsically conductive polymer.



10 anal ogously reprocessed, wherein (PPy) was used as intrinsically
conductive polypyrrole instead of PANI. Exanple 10 15 Conpositions of PEDOT
wi th indium To prepare correspondi ng conpositions with PEDOT, work was
carried out anal ogously to Exanples 6-8 and PEDOT in the form 20 of the
commerci al product Baytron P Al 4083 was used instead of PAN as
intrinsically conductive polyner. -_1y;-_Clains 1. Conposition conprising
at |east one intrinsically conductive polynmer and indium 2. Conposition
according to claim1 conprising polyaniline, polythiophene, polypyrrole or
derivatives of these as intrinsically conductive polynmer. 3. Conposition
according to claim2 conprising poly(3,4-ethylenedi oxy-2,5-thi ophene),

pol yani |l ine or pol ythi enot hi ophene as intrinsically conductive polyner. 4.
Conposition according to any one ofCkd#h$s 1 to 3 conprising the
intrinsically conductive polyner in doped form 5. Conposition according to
claim4, wherein the intrinsically conductjive polynmer is doped with

pol yst yreneCsliPpRéAieNaci ECBPLHELNE| uot bsul Phoht ¢ &did  intrinsically
co-tetrafl ueraeiylieRepolymer and indium.

2. Composition according to claim 1 comprising polyaniline,
polythiophene, polypyrrole or derivatives of these as

intrinsically conductive polymer.

3. Composition according to claim 2 comprising
poly({3,4~ethylenedioxy-2,5-thicophene), polyaniline or

polythiencthiophene as intrinsically conductive polymer.

4, Composgsition according to any one of c¢laims 1 to 3

comprising the intrinsically conductive polymer in doped

form.
5. Composition according to claim 4, wherein the
intrinsically conductive poclymer is doped with

polystyrene sulpheonic acid or polyfluorosulphonic acid

co-tetrafluorcethylene.

6. Compesition accerding te any one of claims 1 to 5

comprising indium in elemental form or in ion form.

7. Composition acccrding to claim & comprising indium as an
indium salt, in particular indium polystvrene sulphonic

acid cor indium sulphate.

g. Compositicon according to any one of claims 1 to 7, which
is present as a mixture, particularly as a solution or

dispersion.




6. Conposition according to any one of clainms 1 to 5 conprising indiumin

el enental formor inion form 7. Conposition according to claim®6
conprising indiumas an indiumsalt, in particular indium polystyrene

sul phonic acid or indiumsul phate. 8. Conposition according to any one of
claims 1 to 7, which is present as a mxture, particularly as a solution or
di spersion. - 18 9. Conposition accofgling to one of clains 1 to 8 which is
a chem cal conpound of intrinsically conductive polynmer and indium 10. -
Composition according to claim9, which is a chem cal conpound of
polyaniline and indium 11. Process for the preparation of the conposition

according £ 80y, pne, of, elalme L elo 10, pherelp I niripsheally cqndyctive
pol ynmer "i s contacted Wi €A CAdITUR i the presence of a di §persant “or

sol vent . 12chPmocess cavpordiong i ol mimsilda 1 herenduintivenpidainky and
conductive ppkypgr, particularly in doped form is contacted with an indium
salt. 13. Process according to claim1ll, wherein intrinsically conductive
pol ymer, particularly in doped form is contacted with elenental indium

14. ProeesscaspoLdingnt xcb@imAd, veherek it he, i ptricksi eal |y gepdusti ve

olymer is prepared in th r nce of an .
poly gom ound of po?ygngigne and ?ndlum.

11. Process for the preparation of the composition according
to any one of claims 1 to 10, wherein intrinsically
conductive polymer 1s ccontacted with indium in the

presence ¢f a dispersant or solvent.

12. Process according to c¢laim 11, wherein intrinsically
conductive polymer, particularly in doped form, 1is

contacted with an indium salt.

13. Process according to claim 11, wherein intrinsically
conductive polymer, particularly in doped form, is

contacted with elemental indium.

14. Process according to claim 11, wherein the intrinsically
conductive polymer 1is prepared in the presence of an

indium compound or of elemental indium.

15. Process according to any one cof claims 10 to 14, wherein

the composition is dispersed.

l¢. Compesition which is obtainable by a process according to

any one of claims 11 to 15,

17. Electronic device comprising the composition according to

any one of claims 1 to 10 cr 16,

18. Device according te claim 17, which 1s a light-emitting

diode.




i ndi um conpound or of elenental indium 15. Process according to any one of
clains 10 to 14, wherein the conposition is dispersed. 16. Conposition

whi ch is obtainable by a process according to any one of clainms 11 to 15.
17. Electronic device conprising the composition according to- any one of
claims 1 to 10 or 16. 18. Device according to claim17, which is a
light-emtting diode. - 19 19. Devigg according to claim 18, wherein the
conposition is present in a layer between the el ectrodes of the
light-emtting diode. 20. Device according to claim 19, wherein the
conposition is present in the hole-injection layer and in particular forns
said layer. 21. Process for the manufacture of electronic devices, wherein

a conposition according to any one of clains 1 to 10 or 16 is used. 22. Use
of the tonpasdtion according t@znﬁaMme1©f charpsnl tthe dJdénwossil6i dorishe
manuf act ure $£e§g§gtr9§|cadew_ 2% &ggnac erl eé%‘ﬂ&% wn%;f wherein

t he conposition i's used as a ayer %meen t el ec es o0
light-enmittihgyhdiodetahdgi dipdeticular as a hoIe |nject|on Iayer.

20. Device according to c¢laim 19, wherein the composition is
present 1in the hole-injection layer and in particular

forms said layer.

21, Process for the manufacture of electronic devices, wherein
a composition according te any one of claims 1 to 10 or

16 is used.

22, Use of the compesition according to any cne of claims 1 to

10 or 16 for the manufacture of electronic devices.

23. Use according to claim 22, wherein the composition is used
as a layer between the electrodes of a light-emitting

diode and in particular as a hole-inijection layer.




