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August 2006 P 72257 UME AE Conposition conpri sing
intrinsically conductive polynmer The invention

relates to a conposition conprising intrinsically
conductive polymer, processes for its 5 preparation

and the use of this conposition for the manuf b

of electronic devices, and in particul ar thﬁ\“\g\ﬁ@“\mﬁg\\\\“\\\\“\
hol e-injection layer in organic light-emtti

so-cal led OLEDs. 10 Organic light-enitting di odes®"”
(OLEDs), in particular polynmeric organic
light-emtting diodes (sonetinmes also calle
are enjoying worldw de interest. Fromt heseg “ﬁwﬁm \\“\m\\“\
is expecting novel high-performng display rein

a great future is predicted above all for PLEDS G le
to their sinple 15 manufacturing process by
spin-coating or ink-jet printing and their sinpler

| ayer structure conpared with OLEDs of | ow nol ecul ar
substances. - 2 Usually an OLED consists of an anode,
a so-called hole-injection |ayer, a layer. with a
light-emtting organic substance and a cat hode of a
metal with | ow work function such as Ca and Ba.
Usual ly the OLEDs are encapsul ated in order to 5
prevent too rapid a decrease in performance.

Monochr onme di spl ays which can be prepared with PLEDs
in adequate stability and brilliance, e.g. using the
product "Super Yellow' of Covion GwH, Frankfurt, are
not adequately

August 2006
P 72257 UMG/AE

Composition comprising intrinsically conductive polymer

The invention relates to a composition comprising
intrinsically conductive polymer, processes for its
preparation and the use of this composition for the
manufacture of electronic devices, and in particular the use
as hole-injection layer in organic light-emitting diodes,
so-called OLEDs.

Organic light-emitting diodes (OLEDs), in particular polymeric
organic light-emitting diodes (sometimes also called PLEDs),
are enjoying worldwide interest. From these the market is
expecting novel high-performing displays, wherein a great
future 1is predicted above &all for PLEDs due to their simple
manufacturing process by spin-coating or ink-jet printing and
their simpler layer structure compared with OLEDs of

low—-molecular substances.
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10 accepted in the market. However, such displays
allow to observe differences in the quality of the
hol e-injection layer which is fornmed from conductive
polymers. This layer is necessary because, at just
about -4.3 eV, the indiumtin oxide (ITO customarily
used as anode, does not al oheZ provide a 15 suitable
| evel of work function and al so, in operation, very
qui ckly causes bl ack dots and burnout of OLEDs and
PLEDs. Here, PEDOT doped w th polystyrene sul phonic
Usweclildy (P88H) O(BaytroonPibtem Hf C. a3t ar ekodéer maay) so-called

as t abl ed as th anda teri :
ho]be_clargj J}I |Sns ?a&%gé t% A %k f‘gﬁﬁll [)hn gg e%gnﬁg a89; perganic
suliffardessiaed ¢ evethofle-§f0at mesal entth foveompihatympution such

asmtéhahﬁeéd““w§§§ﬁﬁ$ EGUL@bs %HR?reﬁgéﬁQMda@edWQ&eorder to
t han adequate stability of such light-emtting di odes

Prueny diff @ verP 1 PEDST BSSH ¢ aﬁfér%e%?%rrﬁ%%‘?i y applied
from aqueous 25 dispersion, e.g. by neans of
However, .atte

i.n-coati i nk-j rintin. ts .
Mo ey S EH T s M Th SOy ariT i et S Efe Weth PLEDS in
addquesve sestddpdd b t lrrSSHrfidilliedceEver.gf. using the product
“ 0 have. heen fr

SJ&?O%Isaglg ?%g %éﬁlnea(?g&gAélthF&ggH VE:rt roug]’Intlo © n%@ %%equately
acgartRd plin extHio] thE@%aneHW‘kelfuncW@h a@lsplays allow to
ob SERI/ PSEH: rdfce s Puhsedeoparatk9n's ﬂ'ﬁﬁé‘%éﬁ%fﬁhfgbtlon layer

i nadequate stability and in sone cases fail alread
whigh erlipni{pmned hotf W“%‘@C%Y%eopo%f}%‘?%%t ontRis layer is
nedd ghery iedd@gee ) saapphsedabban a.di reaGt tewrmﬁu&'ﬁ tin oxide

erati on, but, onl for a short ti On t her
(Iﬁ@ndcéw%o‘rg‘é PS§ ermtsncéjltntlnggus operat |Cion ovgrOVlde a

suseteral T_huﬂ@lr@qf mr}ho@mscauonn@w@as%bscvenpera;tgﬂreath very
qu Pl gnati s fiora SkChbts 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
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 diodes is
achieved. PEDOT/PSSH layers are usually applied from agueous
dispersion, e.g. by means of spin-cocating or ink-jet printing.
However, attempts to achieve this also with polyaniline which
was likewise doped with PSSH failed.

Even if hole-injection layers which have been formed from
polyaniline, namely  PANI/PSSH, at roughiy -5.1 eV, in
principle exhibit the same work function as PEDOT/PSSH, in
“pulsed cperation” they display an inadequate stability and in
some cases fail already after only 0.5 hours. During pulsed
operation a higher voltage is applied than in direct-current

operation, but only for a short time. On the other hand
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di fferent behavi our of PANI conpared wi th PEDOT has
thus far not been found. 5 So far, however, neither
mat eri al has been able to help inprove the stability,
necessary for colour displays ("RG"), of the red,
green and particularly the blue light-emtting

pol yners. Even with OLEDs made from | ow nol ecul ar
substances, 10 above all the blue light-emtting
substances are the stability-limting factor. It is
therefore the aimof numerous research groups and

PEDGTUP@ﬁHak@%ﬂh%%pré§§§1n@8u§h@xﬁﬁ%iﬂ%ﬂg BEeQVS&%%ﬁ%ﬂ_ hundred

he 15 intrinsic instability above all o
Oflrl@hltrSen?FtelrnﬂﬁﬁS%ql séeH@ﬁr@ﬁer@t hefl t®Xplbyeebpon for such

dlﬂwﬁémhobehemegkl QT neher i abmpaweicchyd i keweserheldy thus far

eas b|||ty Currently two approaches, or a
no%gﬁ% f% Yhthereof, to the 20 solution of the

probl em are preferred 1. Increasing t he anobunt of the

\mftq(r f u21 \AIe%rt 0 ﬂ?a %hetrhargnaﬁ: \i e hol, & I nJ e tl onto help

0'th ue €m rat eri a a mork unctlo of
imp®OYEP t5613§¢hhiuﬁ%kaQ&t@ﬂﬁaeweﬁyrmdﬁhquntdlﬂ@l@hsrS“RGB"),

fcewdeéed g, aeaus th stabil i a .
° Repl aci n égh mntﬁ gthg?ggéglngrgpen?gé é?XFB EQg%t emitting

po%%ﬁﬁ%%d gYﬁat Wit §mﬁﬁﬁnﬁ%d§cqumwﬂﬁﬁ‘m%bﬁpﬁba¥héUbStanCGs,

ab®ré ttenl 30that erdlale belnghdasnged igdr i NguOPEEAELON. are  the
t%& Q tpp{oaches hgve resulted in certain advances
STk Y

Howete? , TarE°6till far from adequate. - 4

It 1is therefore the aim of numerous research groups and
industrial enterprises, on the one hand to overcome the
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 combination thereof, to the

solution of the problem are preferred:

1. Increasing the amount of the work function to more
than 5.3 eV, as hole injection intc the blue emitter
material at a work function of -5 to -5.1 eV is made
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 1its sulphonic acid groups lead to the emitter

material being damaged during operation.

Both approaches have resulted 1in certain advances which,

however, are still far from adequate.
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Therefore there is still a great need for a
conposition which allows for the nmanufacture of
el ectronic devices with inproved properties and in
particular organic light-emtting diodes, wherein the
conposition provides for a high stability of the 5
RGB emitters including, in patticular, blue. This
object is surprisingly achieved by the conposition
according to any one of clainms 1 to 10 or 16. 10 The
conposition according to the invention is
Thehaf&ecd ethaed B stthatl id gquwisesdaﬁokeaSUxmm&eition which
ntripsic Iy co ive ol Ner, and i ndi um
al%%rpr55|n§%y, A par%lcula? 5¥gamﬁ? l%ﬂ1eVlc Ti'h Wlth improved
profpeodesss ERAOLEDS QamkiwmixﬁwMﬂngﬁnﬂxhlbughhrgmlttlng diodes,
wnglabl! Lhy andddutinioys palfisacy s6an DenprEPaLed;usiad o the

a conposition. Intrinsic conductive polyners
RG%re%b%H%€$|v%cb%¢y%%rsl%r@?r%%%%¥a¥o Peu8ubst ances
mhlch are built up fron1|om1nnlecu|ar 20 wei ght
npounds_(npnoners), .are | east ric_as a
Th}%suPPJ%FtpoFﬁnePPf i §hng ﬁusaf %¥%§tu Y easte 3 composition
acodnon®eg tai dsy Whehof acealmankedebyl@a ehehtcal bond,
have a conjugated n-electron systemin the neutra
(non-conductive) state and can be converted by
Thextdapbehtiprdactiodiog prottdsatiromer(irchi s sclofrapt@sized in

thé@feﬁEechBp§§s gOpb@g"hea%tanchRQ'Clﬁ@fﬂﬁ&b&§fl's conductive
conducti ve, The conductivity is at least 10-7 S/cm

pohyge T sapdual iy Bel ow 105 S/cm In the case of doping
by oxidation there are used as doping 30 agent e.g.
lneéggerox ldes, Lew s. and roto

ds
SuERaes b7 HEpi i byl PEGHELHoh cDBI- 806 uht SporSLLFERfS  diedes,

OLERbCciarm -PIEDs 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
welght compounds (monomers), are at least oligomeric as a result
of polymerization, thus contain at least 3 monomer units which
are linked by a chemical bond, have a conjugated mn-electron
system in the neutral (non-conductive) state and can be
converted by oxidation, reduction or protonation (which is often
referred to as “doping”) to an ionic form which is conductive.
The conductivity is at least 10°7 S/cm and is usually below 10°

S/cm.

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

case of doping by reduction e.g. sodium, potassium, calcium.
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Conductive polynmers can vary remarkably in chem ca

conposition. For exanple, acetylene, benzene,

napht hal ene, pyrrole, aniline, thiophene, phenyl ene

sul phi de, peri-naphthal ene and others, as well as

their derivatives such as sul pho-aniline, 5 ethyl

enedi oxyt hi ophene, thieno-thi bphene and others, as

well as their al kyl or al koxy derivatives or

derivatives with other side-groups, such as

sul phonat e, phenyl and ot her side-groups, have proved
Conglystes/st (HO niifgifercan Cai rriagia bty tie calsgveal composition.

' no an e oner S, i
Fo S RO Sy Pl a8 0SB AS RO TS anivine,
thicgupred apidethesee AuBptider s pare -thehttsednads and others, as
nomers. D%Pending on.the objective, e.g. pyrrale

wellhi opAgne dr'%ikyl t APOPHERLYSS etﬁ?F%hedi%%ytfﬂ%ﬂ%ﬁ@ﬁé?“iliner
et HyieSROr N apheRgerdN & nPhenyBRe e %HEP?%Q%aP@ﬂ as well as

others can be JOlned together to formA-
thegity uetliivés @nd allese cdarinenibesr eact ddrivatovas with other

. pligoners or olLyners. .Most conductiyve I rs .
Sl%%_ ay H g?%%?e?goﬁ i gg@?EFncﬁ)égadiﬁﬂagoégﬁgfi§ﬂﬁf_grouPs'
hawe t brioRrereasibget €APEI aldH®@e Wi Chioidentitfibes themet0 above-
to be non-netallic conductors. O her conductive
Merdol SRSt s TPNOPIAY, BN eastCi P tSRfer aBureon@iRie- Thus, for

exai‘}r{ﬁgztﬁugﬁnﬁm% %%@p%l?éry]%a?ﬁasgg%@il&& Q?gavéo%ledesand these

as conductivit tenperatureris
A-FA fdandmwes netdodtioénr ecogai zeag mehahkrs. behaghdingi son the

the plotting of the so-called "reduced activation 25,
Ob]eqﬂcg}lg‘?" of eg‘&'ductRXﬁﬁcilleagai R r at Mfe ataﬁ%(\;vt%mphenesr

et HyenRIAtdH RS | et 0 AeBEhY-oh KphRNAUCLRI Si MEL h Bhenylene
metallic contribution to conductivity display a
sulgdyids ved opet R heCaur veeat JIPONEAt ehPepali@k e. tSuchorm A-B

st Akhshancesnar eneeterded {1 2Spe 0LQaRLEY to form oligomers or

polymers.

Most conductive polymers display a greater or lesser increase in
conductivity with increasing temperature, which identifies them
to be non-metallic conductors. Other conductive ©polymers
display, at 1least 1in a temperature range close to room
temperature, a metallic behaviour inasmuch as conductivity falls
as temperature rises. A further method of recognizing metallic
behaviour is the plotting of the so-called “reduced activation
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”.
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metals". 30 6 Preferred intrinsically conductive

pol yners are those nentioned above. In particular
there nmay be nentioned as exanples: polyaniline
(PAni ), polythiophene (PTh),

pol y( 3, 4- et hyl enedi oxyt hi ophenes) (PEDT),

pol ydi acetyl ene, 5 polyacetyl%né (PAc), polypyrrole
(PPy), polyisothianapht hene (PITN), polyheteroaryl ene
vinyl ene (PArvVv), wherein the heteroarylene group can

b . t hi ophe f . I ly-p- I .
e e L A Ol UL S8t 0L V2B PRERY) et sonec
abdgne (IRPN)papalaphirhaleeyani rey( PBe) akdtebhess, a30 agamples:

well as their derivatives (which are forned e.g. from
PO HONErE subst i t ut @hndilth si de ch&CAytorioghsigs), (PTh),

po%ﬁ?@hﬂ- H%léﬁggﬁgéﬁgg%pﬂgﬁﬁggal ﬁk@k%&@S the%%9§diacetylene,

icularly pre are pol yaniline (PAni

po Jpd g thy lopteene( HARTH) , gedlygyymodlee ((PPy)),,  polyisothianaphthene

ol y(3, 4- et hyl enedi oxyt hi ophenes) (PEDT ,
(P{hﬁ 1 hi ot %ﬁﬁﬁ9ﬂ¥;iﬁ?e(PT??“Xi&”%heiHkaéyﬂvativﬁ§rel“ the
he @b B XldHLSgtBEpeRfan Aog0Rd overNismdie al keadY or pyrrole,
synthesi zed intrinsically conductive polyners which
poy o sfierablencaccor(dichg -t o thelypPiwenteen carsdebfiggnd (PPS),

j td,c t al unb 7, and 19
po T e e G mrer e g e Bty e otners,
as aceordi ng t ahtehe | deenthohvesonwh s&s poleyarfidrnee, e.g. from
pol yt hi ophene, polypyrrole or derjivatives of these as

mMORYRFT hsiCRPCY LEbREUCT Ve BOFFET 2 MKt UFEd R  COPOlymers

thé &M 384Pass)H &1 PR y¥antbineh Ryt hi phene, Pir1y preferred
derivatives thereof and in particular polyaniline

ar¢ PAplyaniline (PAni), polythiophene (PTh), polypyrrole (PPy),

poly(3,4-ethylenedioxythiophenes) (PEDT) , polythienothiophene

(PTT) and their derivatives and mixtures thereof.

A good overview of already synthesized intrinsically
conductive polymers which are suitable according to the
invention can be found in Synthetic Metals, numbers 17, 18
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.
Mixtures are likewise possible. Polyaniline, polythiophene or
derivatives thereof and in particular polyaniline (PANI),
polypyrrole (Ppy) ., polythienothiophene (PTT) and
poly(3,4-ethylenedioxy-2,5-thiophene (PEDOT) are particularly
preferred. The latter is commercially available under the name

Baytron.

A composition is further preferred wherein the intrinsically

conductive polymer 1is present in doped form. Low-molecular
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pol ypyrrol e (Ppy), polythienothi ophene (PTT) and
pol y( 3, 4- et hyl enedi oxy- 2, 5-t hi ophene (PEDOT) are
particularly preferred. The latter is commercially
avai | abl e under the nanme 30 Baytron. A conmposition is
further preferred wherein the intrinsically

conductive polyner is present7in doped form

Low nol ecular 7 weight and in particul ar

pol ymer - bonded dopi ng agents are suitable as doping
agents. The conductive polyner is preferably doped

weﬂ@ﬁ@ QQLySLM{e@%rﬁqkﬁhQHiCp@qy%dﬂZSgﬁaed doping agents are
ﬁ[ uor osul honlc acid co-tetrafl uoroet hyl ene
suﬁ%

rci?dl |y BpéQ%lléﬁﬁeﬂﬁﬁderTPﬁe naneinGFiBp), polymer  is
préiéy&wlﬁyldspé@homu@hampﬁlyéﬂyiene sulpnonlc acid (PSSH),

p 2-ac Ianrdo 2-.net h pr.Q e su i C aC|d
Pt AP TR T e Bad e At Ui AP Foially
aV%ﬁkﬁQ¢¢ednd$®'WﬂﬁlndmamN&ixw@Benpoﬂm(Nheydommﬂpn@mﬂb acid)
refer > f c f my s
éggﬁyz %cﬁ?fﬁﬁ¥g ﬁg{%yﬁl fbﬁ&“% Q£”Egﬁ£LEP acid)

articu ndi‘'um sal t
P$%%£%hasquﬁé?én Sdihes %#esbreﬁepredNMM¥%h #0¢ m wethicularly
pr&herefqt he above-nanmed doping agents for the
intrinsically conductive polyner. Salts with 15 the
named preferred doping agents and in particular indium
Th@clyﬁﬁyﬁeneisulpheebeLacqu(Iﬂhé&ﬁ%ﬂmﬁ@yﬁtp@@vegré@ebebly in

| a preferred The co 0si t I's_usu
el%ﬁ%@en# softd, Hin partfeufar™ 923 mggr present in

paHonweybar BE u31predeume§aﬂhat $¢EhceﬁpOSKtnmn $@lphate. Salts
arepr 2387k 3842 ik XLur ?orhln PAEHL T gylar, As tﬂesogﬂgx}é)rhﬁ{aed doping
di spersion. These offer substantial advantages in the .
agents for the intrinsically conductive polymer. Salts with
the named preferred doping agents and 1in particular indium
polystyrene sulphonic acid (In-PSSH) have proved to be

particularly preferred.

The composition 1is usually present as a solid, in particular
as a powder. However, it 1is preferred that the composition is
present as a mixture, in particular as a solution or
dispersion. These offer substantial advantages in the
application and 1in particular in use for the manufacture of

electronic devices.

The compositions according to 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 conditions, either a simple
mixture or surprisingly a chemical compound of intrinsically

conductive polymer with indium is formed. Using known analytic
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application and in particular in use for the
manuf acture of el ectronic devices. 25 The
conpositions according to the invention can contain
the intrinsically conductive polymer and indiumin
the formof a sinple mxture. They can, however, also
contain these conponents imn &he formof a chenica
compound of intrinsically 30 conductive polyner and
i ndium Depending on in particular the polymer
sel ected, the formof the indiumused and the
me trheatt i dnpeonol t $ bnsledi thetha sirplasn mottturel orhe conditions

andUWRL_SLN9SY %fCh@r%C?%aEQ puag O%hé %été‘ 3?&'365%@ to form

conductive polymer w un1|s or med |ng
theanalamras ig-1avet Rz 2l heg sore skile edlmhel’é‘hJeOfartlreana desired
marGyrol the conditions and the course of the reaction

of the materials used to form the conposition

according to the invention in a desired manner. 5 In

In ppetitevhaar, cyghmwmdzﬂﬁﬁmé@rﬁa&abeaﬁuuse@s@@ aas a suitable
U|table technlgue to tec%lthe Qprnat

f
teq altgogﬁo n ﬁqe was ased™t & dennnsF ﬁompound 1t
wad orsrd i on demanstmpoend hef f¢mhaﬁnomndfpalwmmgqum§ of indium

arm?ndpbﬁ Sngqqﬂgund ggénstﬁuﬂgef85& u%g &ﬁﬁgﬁ drent, Ofpreferred

he i nvention. "A further technlg pr oof
emkaﬁdﬂtm@t? oPfatlilfoh énvancheni-cah G‘ﬁ?ﬁ}@@ﬁd *béFChTthMﬁin aigh which

prdt Y8R lde mesnacconPldrshedchenWhYi eRQGINPS6ePYndium and
It has thus far not ge%g% 053|bl fo explain the

PO It e 29 bond” \éﬁve%% Fhie? P RAd

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

possibly be a complex bond.

The composition according tc the invention 1is preferably
prepared by a process wherein intrinsically conductive polymer
is contacted with indium in the presence of a dispersant or

solvent.

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

form.

Usually the process is performed such that, after the
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.
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possi bly be a conpl ex bond. The conposition according
to the invention is preferably prepared by a process
wherein intrinsically conductive polyner 20 is
contacted wth 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 elenental indium It is
possi bl e that the polyner is already present in

Furdirsetses, f@rmpﬂ@@@béy tine pr0EBSS pisepeFf MedsUin  the
that, after Q ntheS| of the onductlve
f g ﬁy

PTaRA e 6 e h° ATel BSaa i VeSO aG 05, At tRenis carried

oumonmlehedpnauhnﬂnrmfahnonndMMmﬂn@m¢¢um$ added &40 an indium
salhhe 8¥”Qﬂ?sb eﬁghggio “nd¥&ﬁ?r Egrnﬁ}¥9n BSH%QSE tr?%?lum of

m Xt ure or t em Ca porrpoun i's cafr
1ﬂu%uﬁeéﬁ§teﬁhef@®maﬂﬁ%dthmx@@l%W'|@§dﬁyblbglﬂymﬂl@pétsea of the

edlfcfts 9 pHUr therdors, & Progess '%h@lns‘)]@%@fse”:%d the desired
wher'ei n t he preparation of the intrinsically

Poladifduct i ve polymer is carried out in the presence of
an i ndi um conmpound, such as an indium salt, or of
el emental indium In this enbodi lndlunlof 51

MO B oot oFmr P ST y BCAITY Raded % he HFAELPS of ( REeferred
wheathict sth¢ heompaset.t dnnofi swhiichpetrtsenl .| eadisc 4ol ¢ h@i spersants are

in 488ITed, POl YOBLo, MOL LOYEL, n A PE OGBS aGEOr ding Lo the

i'nvention 1s erred conposition is
di sper sed. SU|tabIe di spersants are

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

co-tetrafluoroethylene are additionally present.

In cases 1n which chemical compounds have been formed and not
simply physical mixtures of conductive polymers with indium
ions, this could be detected by cyclovoltammetry. Because the
normal potential of the conductive polymer, and particularly
of the preferred polyaniline, has clearly shifted, the
formation of a novel compound can be observed. Furthermore in
these cases the shift of an absorption peak was observed in

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

devices with attractive properties.

The invention therefore alsoc relates to an electronic device

which comprises the composition according to the invention.
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in particul ar agueous or organic dispersants. The
process serves preferably for the preparation of
conmpounds of polyaniline and indium wherein in
particul ar doping agents 15 such as PSSH and/ or
pol yfl uorosul phonic acid co-tetrafl uoroethylene are
additionally present. In casé8 in which chenica
conmpounds have been forned and not sinply physica
m xtures of conductive polyners with indium 20 ions,
this could be detected by cyclovoltammetry. Because

A déeioer mal mpotfentrie whitheisordutiglve-@ol yoeng a@ndde and in

i Y, Y, as

IpcIaleéadr r! fotreggg %ell%}g{ ﬁ%ﬁlﬁ%n% %%%/e Ecz:Ignpound
can be observed Furthernore in these cases the shift

Theof demeesogsrpéf@ﬁa}9§9k WS ohser vedei neo lﬁo&bglwl_\'ﬂrﬁ' a layer
spectrum

he conposit ccordln e |nv ntion

be Mart i< rgp Jc]agi tc'%?fo%?ﬂd%go?l  yer

and |nd|un1accord|ng to the I nvention surpr|3|ngly
onLermt t t.he nanufacture f electr nlc qkafes
n

at Pract iV proper%le§) & 4R fent i'8n Sthéfersre A
layet atesitlo an @haﬁrQﬁﬂkﬁwevh@egemhnahct@nprngiuﬁﬁer layer.
re CURASLH O AELAAINg 4 d hend ruanid o0 e & dayice

is preferred &9 hﬁ% emttélng d%o%le and I n

particul ar an organlc Ilght emtting diode CLED. The

Thﬂ@vécaeﬂﬁeée&@mﬁbﬂﬂHﬁﬂIéﬁ@fébﬁe@owﬁe§eﬁh0&dé1ébﬂﬁb@ﬂtlon is
5 bet ween the ctrodes of the |ight- en1tt|n

DT RO | Hyor TPL A CPSLEREH art ¥He S900att eqarticular forms
sahdl eayary ection |layer, which is also called
charge-injection or buffer layer. It is usually

deposited onto the anode of the diode.
Surprisingly hole-injection layers comprising the composition

fé ilnjection
SO

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
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
luminous efficacy in OLEDs with blue light-emitting polymers.
Thus, by means of the composition according to the invention
it is possible to prepare OLEDs which have no
electron-blocking layer Dbetween hole-injection layer and

emitter layer.

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

efficacy decreased already after a short time.
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10 Thus a device is further preferred wherein the
conposition is present in the hole-injection |ayer
and in particular forns said layer. 15 Surprisingly
hol e-injection | ayers conprising the conmposition
according to the invention and in particular are
formed from it, particul ardy 1a-chem cal conpound of
conductive polymer and indium preferably of
pol yani | ine and indium in conjunction wth customary
pol yners as emtter layer or light-emtting 20 | ayer
such as Super Yellow, allow for a very high stability
of the OLED even in pul sed operation. Even nore
Us i pFR8i RETPSSEReCHr aFaOre ingc riéasie § nl sy ek i o yianfas become
poé@?@D@Uionﬁﬂ&%ﬁfik@gchﬁﬁﬁaWMﬁFh?h#esﬁé@Dfi?mﬂﬂdéwkmitter to
ol ymers. s, by ans o e c ositjon _
opBERNT a g OFED He STRvENE o Sid & pvei Bl Yot braphige of more
th&h EDD whicahr shave@rre ioelsdgt r an<ibl oeki ntgekayesubet weeh be used
| e-1njecti I and ., emtter .| ayer. .
OB LR 1 G QR Sl B v odiy 6T e et oFaER Snother
emi tdputhesuysle bl deki agmpaypert ionotacamvahingheo ushaginvention

leEEDGE{Pé Hi PABEE  pob yfduorosul phonic B?nging layer, to an
co-tetrafluoroet hyl ene, PTT/PSSH or

inprgepl yh derfGsutDhBRFe afed cot ebParfuoPoettid edlenes hand a

coBre8pbedingedtirmmn LayeeinWthpat | whesgseat efd ahg1th€njection
|l um nous 35 efficacy. decreased._already after a short

12y iresnowqd S LHhG T helCoRpOarti SH0aBEGFdng £ o t he

invention it has becone possible for the first tine
Thgvi t \ﬂ%@ga?erﬂél q la%ec e%ifttgﬁet ocoﬁqgg%%%%?%n a%c[:EoDrding to the
Wi t'hou ocki ng ‘lT'ayer but wth a Tife of nore
invention 1in particular on the stability of OLEDs 1is also
surprising because it has been previously assumed that layers
in OLEDs must have absolutely no impurities, in particular
metallic. For this reason the dispersions used for the
preparation of hole-injection layers have always been purified
at great cost. Moreover it 1is surprising that the composition
according to the invention has these properties also when the
polymer is doped with aromatic sulphonic acids, &although a

destabilizing effect is ascribed to these same acids.

However, tests with other (polyaniline) compounds, e.g. with
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 of the OLEDs.

The invention thus also relates to a ©process for the
manufacture of electronic devices wherein the composition

according to the invention is used.

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

wherein the composition 1s wused as a layer Dbetween the



5 than 10 hours. Previously this emtter could not be
used practically with OLEDs w thout a bl ocking | ayer.
Wth another enmitter the use of the conposition
according to the invention Iled, in spite of the
absence of a blocking layer, to an increase in life
to nore than 150 hours. On"thé other hand a 10
correspondi ng OLED wherei n PEDOT was used as
hol e-injection |ayer showed a life of |ess than 100
hours. The favourabl e inpact of the conposition
elegagourdisngof o a heighhveni tbhngn darxdd cahdr ion paeticular as a
tabi.l ity is also 15 surprising because it
ho%agkhr}éegtlpoglfevll usly assumed that layers in OLEDs nust
have absolutely no inpurities, in particular
Thed Bt ddri 1 For i sydfasohed heigli spershons ausedi forpdhey  with
reparation of hole-injection |ayers have al ways been
re %d© f*gH'dtS cost. Moreover it is surprising
that the conposition 20 according to the invention has
t hese properties also when the polyner is doped wth
aromati ¢ sul phonic acids, although a destabili zing
effect is ascribed to these sane acids. However, tests
with other (polyaniline) compounds, e.g. with 25 Fe
or Cu, led to no inprovenent in stability, but rather,
as in 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
manuf acture of el ectronic devices wherein the
conmposition according to the invention is used. It
also relates to the use of the conposition for the
manuf acture of electronic devices, and in particular a
use 35 wherein the conposition is used as a | ayer
bet ween t he
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- 12 electrodes of a light-emtting diode and in

particular as a hole-injection |layer. The invention

is described in further detail belowwth 5 reference

to exanples. - 13 - Exanples Exanple 1 - Polyaniline

PSSH powder 5 Firstly pol yaniline powder was prepared

according to the process descéri-bed in EP 329 768.

PANI / PSSH (rati o of nononer to sul phonic acid groups

1:1.5) was produced by introducing 1010 g of a 30%

sol ution of polystyrene sul phonic acid (PSSH and 89
Exdfpiad line in 4190 g deionized water into a 10

double-wal | ed reactor and cooling the solution to 1C

by nmeans of a cryostat and cooling nedium A solution
Exanip 1280l g- afamDyd uim i rper Bl sokgdmat e (APS) in 420 mi

dei oni zed water was added dropw se to this solution

so slowy that the tenperature did not exceed 5C. The
Fimtlal nexb sodnidl wes precdepit ates widpadddacetoneding to the
prJdé§§f895c%@§BsdﬂMti@a§§bom%§““bﬁﬁiﬁﬁss#XQQBE%o of monomer

[ yani i ne PSSH i ndi um powder tY I n anal ogous

to nanﬁ@%p%ngzanmaélﬁ 73.9F QPUHFSSH, 71421 m &Sl | nePreticed by
intb R dddiamng | §) osulphate saléalénmofd%&m & eEulphonic

troduc d reacted wt 4 h|
2 e S ket pt il 660081 €5 BAdfpI €105 Bnpress iato
doubﬁ&ﬂwﬁﬂﬁédrm£§Efbtlmdﬁunbpmmdgrthﬁpeoaukncﬁnahmgbﬁs by means
ofqyng§§o£9agxggglgo%lzgggm%d€§%H’A7§% J@igﬁ“gﬁfﬁ%o g ammonium

peroxodisulphate (APS) in 420 ml deionized water was added

dropwise to this solution so slowly that the temperature did
not exceed 5°C. The obtained solid was precipitated with

acetone, filtered, washed with acetone and dried.

Example 2 - Polyaniline PSSH indium powder type A

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

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 1in 48.6 ml deionized water were
introduced and reacted with 24 g APS. Before further
working-up, non-reacted indium granule remains were separated
off. The remaining solid was washed and dried, and a residue

of 685 mg remained.
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and 944 ng indiumgranules in 48.6 m deionized water
were 30 introduced and reacted with 24 g APS. Before
further working-up, non-reacted indiumgranul e remains
were separated off. The remaining solid was washed
and dried, and a residue of 685 ng remmined. - 14 -
Exanpl e 4 Pol yaniline PSSH‘iHéiJn1pomder type C5 1In
anal ogous manner to Exanple 1 73.9 g PSSH, 7.44 m
aniline in 48.6 m deionized water were introduced
and reacted wth 24 g APS. Once the reaction was
Exaugm et e 985 ng indium granules were added into the
reaction m xture and the mxture was stirred for 22
hours. Before further working-up 10 non-reacted indium
Po iy il 109 ol thsl bk 'en Seoiad e elY®® fC The remmi ni ng
solid was washed and dried and a residue of 610 ng
__remajned. 15 Exanple 5 Dispersjon_of a powder jn water . _ .
I TELPgO b ReT PSP RUAD GG bt 2nd Bouder( abddy dinganiline
into4820 BExanpHesohidpdwasadetrer meared |imtoraRrcdd bend reacted
..abl.e, t erm ne orrect. weig -in tit Then .
v B Buler (b ERanpi e T 45, et daida fg inciun
gr&00led derenkgdddwdtrgro ante despeisedmiptuje and the mixture
ALYIRX atoa speed OI(O_L;'I_OS 000 g for :}Eurtﬁerhou{lérking—up

I,
J The di spersions obtained were then redi spersed
NoWi ¥R 9F addigigin granule remains were separated off. The

wadd t
25

remaining solid was washed and dried and a residue of 610 mg

remained.

Example 5

Dispersion of a powder in water

Firstly the residual humidity of the powder (according to
Examples 1-4) was determined in order to be able to determine
a correct weighed-in quantity. Then 16 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.

The dispersions obtained were then redispersed with ultrasound
by bombarding the vessel with ultrasound (Sonotrode with 1 kW

output) under cooling with water for 30 min

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, if desired, be purified again

by means of ion exchange in the usual manner.
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by bonbardi ng the vessel with ultrasound (Sonotrode

wth 1 kW output) under cooling with water for 30 mn
30 The di spersions had particle size values of 40-80

nmm (nunerical average), neasured by neans of the

doubl e- measurenment | aser nethod. Finally, the

di spersions could, if desireds be purified again 35

by neans of ion exchange in the usual manner. - 15 -

Exanpl e 6 Preparation of a dispersion with subsequent

formation of the 5 indiumconposition, type 1 A

di spersion with powder from Exanple 1 was prepared

according to Exanple S. This dispersion was produced

parts of a 30% aqueous sol ution of
pol ystyrene sul phonic acid (PSSH 10 mhlch cont ai ned
|nd| :

Ex

1ndﬁumrmpmpwmmumnmonppgetlon type 2 A dlsper5|on (120
g) with powder from Exanple 1 was prepared according
to Exanple 5. 650 ng indiumgranul es were. added to
A Qusphisiei spekki pavaad tthendikspansicon wess sprepated opccording

to /BxBpYNs. Jt Yﬁ§st henddddened,Qven Rlackdand-n 30 parts of
filters. The indium remaining in the filter was

a %/\%Shé‘éﬁu\ﬁoﬁlﬁ dePonfzed v%ﬁePOéHétY&repéd SEENY-F ndiud  (PSSH)

whi@&ieddets idde thepehssonphhus isoat aeNgdtOrZ{2i8Yof 1:1.
i ndi um per gram of dispersion. 25 Exanple 8

Example 7

Preparation of a dispersion with subsequent formation of the

indium composition, type 2

A dispersion (120 g) with powder from Example 1 was prepared
according to Example 5. 650 mg indium granules were added to
this dispersion and the dispersion was stirred for 72 hours.
It was then filtered over Dblack-band filters. The indium
remaining in the filter was washed with deionized water and
dried. 563 mg indium remained. The dispersion thus

contained 0.72 mg indium per gram of dispersion.

Example 8

Preparation of a dispersion with subsequent formation of the

indium composition, type 3

A dispersion (100 g) with powder from Example 1 was prepared
according to Example 5. 20 g of a 15% perfluorosulphonic acid
co-tetrafluoroethylene solution in water (Liquion Solutiocn

LO-1115, 110 EW) was added to this dispersion and the
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Preparation of a dispersion with subsequent formation

of the 30 indiumconposition, type 3 A dispersion

(100 g) with powder from Exanple 1 was prepared

according to Exanple 5. 20 g of a 15%

per fl uorosul phonic acid co- %t[afluoroethylene

solution in water (Liquion Sol'ution 35 LQ 1115, 110

EW was added to this dispersion and the - 16

di spersion was stirred for 20 min. The obtai ned

di spersion was then further processed as in Exanple
dispersdempl a9 s5icsaBosPri 6As MM -pdifmpyalriclienead thispersion was
thdN0i M HOr PE £HAE €5 £QT & €SPONEL: g, cONMPOsi tions accordi ng

to the invention with polypyrrole, Exanples 1-5 and

6-8 were 10 anal ogously reprocessed, wherein (PPy)
Examslaised as intrinsically conductive polypyrrole

instead of PANI. Exanple 10 15 Conpositions of PEDOT

with indium To prepare correspondi ng conpositions with
ComREDOT 1 evos ko frasol gayrrede gut tlanah@dgensl y t o Exanpl es

6-8 and PEDOT in the form 20 of the comercia

product Baytron P Al 4083 was used instead of PAN as
To | nPrergir€al | o EbRERREFVRI polopiPes 1Lt ipps. Grarpeding  to  the
infOPOsh ti QR teONPEd By e B8 1d easkxangieBtrinsi cabh¥ 6-8  were

conductjve pol yner and indium ,
analogously reprocessed, whereln (PPy) was used as

intrinsically conductive polypyrrole instead of PANI.

Example 10

Compositions of PEDOT with indium

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

of PANI as intrinsically conductive polymer.



2. Conposition according to claim21 conprising

pol yaniline, polythi ophene, polypyrrole or
derivatives of these as intrinsically conductive
pol ymer. 3. Conposition according to claim 2
conprising poly(3,4-ethyl enedi oxy-2,5-thi ophene),
pol yaniline or pol ythi enot-hilodpkene as intrinsically
conductive polymer. 4. Conposition according to any
one of clains 1 to 3 conprising the intrinsically
conductive polynmer in doped form 5. Conposition
according to claim4, wherein the intrinsically
conductive polymer is dopeq:mkth pol yst yrene

sul phoni ¢ acid or pol yf | uoFe@dshoni ¢ aci d
co-tetrafluoroethylene. 6. Conposition according to

any, cl ai ms . O, comy, si indiumin . :

) eIéﬁ%ﬂ?ﬁ?IE%éﬁacwcéﬁﬁéﬂéimﬁgrggl . ggﬁﬁgsitgéﬁ intrinsically

accerii wgt 1 ve chal vner can@r i 8dAgmi ndi um as an i ndi um

salt, in particular indiumpolystyrene sul phonic acid

or indiumsul phate. 8. Conposition according to any o

- oné-PIPF R HR 12€6°7AIRAT P T2 pReserftomyr s ikt gpéyaniline,

pargo Cyt it dyh@se A S @ArOTe ISP Ot ks 9.0f these as
osition accordi to.,one of clains 1 to 8, which

Co d
isngntﬁh%ﬁ+%%ff¥oﬁﬁggﬁﬂtbYeiB?iYﬂgfcalIy conducti ve

pol ymer and indium 10. Conposition according to
.ngﬁ?&éﬁﬁﬁgqgﬁ I'S Qc&@?&lﬁ&' ngpounglggmp0|y§nlllggmprising
poly (3,4-ethylenedioxy-2,5-thiophene), polyaniline or

polythienothiophene as intrinsically conductive polymer.

Composition according to any one of c¢laims 1 to 3

comprising the intrinsically conductive polymer in doped

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

polystyrene sulphonic acid or polyfluorosulphonic acid

co-tetrafluoroethylene.

Composition according to any one of «c¢laims 1 to 5

comprising indium in elemental form or in ion form.

Composition according to claim 6 comprising indium as an
indium salt, in particular indium polystyrene sulphonic

acid or indium sulphate.

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

dispersion.
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12.

13.

14.

15.

16.

17.

18.

11. Process for the preparation of the conposition
according to any one of clains 1 to 10, wherein
intrinsically conductive polymer is contacted with
indiumin the presence of a dispersant or solvent.
12. Process according to claim11l, wherein
intrinsically conductive poliner, particularly in
doped form is contacted with an indiumsalt. 13.
Process according to claim1l, wherein intrinsically
conductive polyner, particularly in doped form is

. conapesiwi¢th eteoediny tndoom of4.clRriocesls arcdy dvingch is a

to 8&@&?&&%'cﬁﬂgBSéﬁ.%%eﬂﬂHﬂﬂdE¥é§¥ﬂ céﬁﬁﬁ%@ égepolymer and
polynmer 1S prepared in the presence of an 1 ndium

conpodhdnor of elenental indium 15. Process according

to any one of clains 10 to 14, wherein the

conposition is dispersed. 16. Conposition which is ,
obt ?WﬁﬁﬁétbQHaEﬁ¥6ﬁ%§§“h068rd?%©lToELathéﬁé ofS a chemical
cl atempddndiooiSpolfanEl eser endcideyiee conprising the
conposition according to any one of clains 1 to 10 or

16. 18. Device according to claim17, which is a

li ghteenss$t ifng tdieodered®ratddon Devi dereacconppdgtion according

claj m 18, wWherei net heycogposition i PLeSeRd Niftrinsically
| ayer bet%@en the electrodes of the 'light-emtting _

di ogendeotipevi BeldBesr dity @ AN, WiiHer et rdie  1n  the
conpeskthed bs apaesgBtshAttBe Behe=hpj.ection |ayer

and in particul ar

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

contacted with an indium salt.

Process according to claim 11, wherein intrinsically
conductive polymer, particularly 1in doped form, is

contacted with elemental indium.

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

indium compound or of elemental indium.

Process according to any one of claims 10 to 14, wherein

the composition is dispersed.

Composition which is obtainable by a process according to

any one of claims 11 to 15.

Electronic device comprising the composition according to

any one of claims 1 to 10 or 16.

Device according to claim 17, which 1s a light-emitting
diode.



19.

20.

21.

22.

23.

forns said |layer. 21. Process for the manufacture of

el ectroni c devices, wherein a conposition according
to any one of claims 1 to 10 or 16 is used. 22. Use
of the conposition according to any one of clains 1 to
10 or 16 for the manufacture of electronic devices.

23. Use according to claim222 wherein the conposition
is used as a |layer between the el ectrodes of a
light-emitting diode and in particular as a

hol e-i njection | ayer.

Device according to claim 18, wherein the composition is
present in a layer between the electrodes of the

light-emitting diode.

Device according to claim 19, wherein the composition is
present 1in the hole-injection layer and in particular

forms said layer.

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

16 is used.

Use of the composition according to any one of claims 1 to

10 or 16 for the manufacture of electronic devices.

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-injection layer.



