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(37 ABSTRACT

The invention relates to phosphorescent or luminescent
conjugated polymers, whose emission is based on the phos-
phorescence of covalently bonded metal complexes, option-
ally combined with the fluorescence of the polymer chain.
The invention also relates to a method for producing said
polymers and to their use in electroluminescent assemblies.
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PHOSPHORESCENT AND LUMINESCENT
CONJUGATED POLYMERS AND THEIR USE IN
ELECTROLUMINESCENT ASSEMBLIES

[0001] The invention relates to phosphorescent or lumi-
nescent conjugated polymers, the emission thereof based on
phosphorescence of covalently bonded metal complexes
optionally in combination with fluorescence of the polymer
chain, a process for the preparation thereof and the use
thereof in electroluminescent arrangements.

[0002] Electrically conductive organic and polymeric
materials are increasingly being used in optoelectronic
applications, such as, for example, light emitting diodes
(LED:s), solar cells, laser diodes, field effect transistors and
SEensors.

[0003] In addition to arrangements based on low molecu-
lar weight organic compounds applied by vapour deposition
(Tang et al., Appl. Phys. Lett. 1987, 51, 913), polymers such
as, for example, poly(p-phenylenes) (PPP), poly(p-phenyle-
nevinylenes) (PPV) and poly-2,7-(fluorenes) (PF), in elec-
troluminescent arrangements have been described (e.g. A.
Kraft et al., Angew. Chem. Int. Ed. 1998, 37, 402).

[0004] The light emission in organic light emitting diodes
usually preferably takes place through fluorescence pro-
cesses. The electroluminescence (EL) quantum efficiency of
an arrangement comprising a fluorescent emitter is, how-
ever, limited by the low theoretical ratio of singlet excitons
(25%) to triplet excitons (75%), which are formed by
electron-hole recombination, since the light emission takes
place only from excited singlet states. The advantage of
phosphorescent emitters is that both the singlet and the
triplet states contribute to the light emission, i.e. the internal
quantum efficiency may be up to 100% since all excitons can
be used for the light emission.

[0005] As a rule, the organic electroluminescence (EL)
arrangements contain, in addition to the light-emitting layer,
one or more layers comprising organic charge transport
compounds. The fundamental structure in the sequence of
the layers is as follows:

[0006] 1 Carrier, substrate

[0007] 2 Base electrode

[0008] 3 Hole-injecting layer
[0009] 4 Hole-transporting layer
[0010] 5 Light-emitting layer
[0011] 6 Electron-transporting layer
[0012] 7 Electron-injecting layer
[0013] 8 Top electrode

[0014] 9 Contacts

[0015] 10 Covering, encapsulation.
[0016] Thelayers 1 to 10 constitute the electroluminescent

arrangement. The layers 3 to 7 constitute the electrolumi-
nescent element. A hole-blocking layer may furthermore be
present between light-emitting layer (5) and electron-trans-
porting layer (6).

[0017] This structure describes the most general case and
can be simplified by omitting individual layers so that one
layer performs a plurality of tasks. In the simplest case, an
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EL arrangement consists of two electrodes between which
there is an organic layer which performs all functions—
including the emission of light.

[0018] Multilayer systems in LEDs can be built up by
chemical vapour deposition methods (CVD) in which the
layers are applied successively from the gas phase, or by
casting methods. The chemical vapour deposition methods
are used in combination with the shadow mask technique for
the production of structured LEDs which use organic mol-
ecules as emitters. Such gas-phase processes which have to
be carried out in vacuo and cannot be operated continuously
are, however, expensive and time-consuming. Application
processes from solution, such as casting (e.g. spin-coating)
and printing processes of all types (inlet, flexographic print-
ing, screen printing, etc.) are generally preferred because of
the higher process speeds, the lower complexity of the
apparatus and the associated cost saving. The printing tech-
nique, in particular the inkjet technique, for structuring
polymeric emitters is currently receiving a great deal of
attention (Yang et al. Appl. Phys. Lett. 1998, 72 (21), 2660,
WO 99/54936).

[0019] The incorporation of phosphorescent dopants into
organic LEDs has been proposed for increasing the effi-
ciency of the electroluminescent arrangements. For the use
of the bis(2-phenylpyridine)iridium(I1l) acetylacetonate
[(ppy).Ir(acac)] complex, which phosphoresces green, as a
dopant in EL arrangements, external EL efficiencies of 19%
were determined (C. Adachi et al., J. Appl. Phys. 2001, 90,
5048).

[0020] To date, mainly electroluminescent arrangements
comprising phosphorescent dopants (“small molecules™)
have been described. In general, a metal complex phospho-
rescing at room temperature (e.g. iridium(Ill) complex or
platinum(IT) complex cyclometallated via carbon-nitrogen)
is randomly distributed in an organic molecular or polymeric
matrix by vacuum vaporization processes. Furthermore, the
doping can be effected by dissolution of dopant and organic
matrix together in a solvent and subsequent application by a
casting process (e.g. S. Lamansky, Organic Electronics
2001, 2, 53).

[0021] Soluble low molecular weight iridium complexes
having bulky fluorenyl-pyridine or fluorenyl-phenylpyridine
ligands, which are accessible to application from solution
but have only very low EL efficiencies of 0.1% in EL
arrangements, were recently synthesized (J. C. Ostrowski et
al., Chem. Commun. 2002, 784-785).

[0022] The disadvantages of the low molecular weight
phosphorescent emitter materials in EL arrangements are
extinction processes, in general and in particular the reduc-
tion in the luminous efficiency at relatively high current
densities, which is caused by saturation of the emitting
centres owing to long phosphorescence lifetimes and/or by
migration processes of the dopants (M. A. Baldo et al., Pure
Appl. Chem. 1999, 71 (11), 2095).

[0023] The direct covalent linkage of phosphorescent
metal complexes to polymers was recently reported. U.S.
Pat. No. 0,015,432 A1 describes iridium metal complexes
which are complexed with the conjugated polymer backbone
via diaza-(bipyridyl) ligands. The polymers described are
charged and are surrounded by opposite ions (polyelectro-
lytes), resulting in migration in an electric field, which
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migration has a disadvantageous effect on the stability of the
arrangements. The light emission of these polymers is,
however, limited to the orange-coloured or red spectral
range. EP 1 138 746 Al describes branched conjugated or
partly conjugated polymers which may contain a phospho-
rescent metal complex, a disadvantageous effect being that,
owing to the choice of the monomers, an interruption in the
conjugation and consequently an undesired shortening of the
conjugation length are brought about, resulting in a deterio-
ration in the transport of charge carriers by the layers.
Furthermore, owing to the use of iridium-monomer mix-
tures, it is not possible to prepare polymers having a defined
composition, which is likewise disadvantageous for charge
carrier transport by the layers. WO 01/96454 Al describes
polymer matrices based on aromatic repeating units which
may contain a luminescent metal complex.

[0024] For the production of polymeric LEDs having high
luminous efficiencies, there is a considerable need for effi-
cient electrophosphorescent polymer emitter materials
which can be processed by simple and economical casting or
printing methods and lead to high external quantum effi-
ciencies and a long life in the OLED device (OLED=organic
light emitting diode).

[0025] Tt was therefore an object to provide improved
phosphorescent polymers which are suitable for use as
emitter materials, for example in abovementioned LEDs,
and are accessible to application from solution.

[0026] In particular, white organic light emitting diodes,
i.e. those which emit white light, are becoming increasingly
interesting as economical backlighting of liquid crystal
screens, as flat illumination sources or for the production of
full-colour displays by combination with colour filters.

[0027] There are various possibilities and concepts for
producing white light using organic light emitting diodes.
White light is produced by additive colour mixing of the
three primary colours red, green and blue or can be produced
by mixing complementary colours, such as, for example,
blue and yellow light. Light emitting diodes appear white
when they have a very broad and uniform emission over the
total visible spectral range from 400 to 800 nm.

[0028] This emission cannot as a rule be realized using a
single emitter material, and mixtures of emitter materials
(components) of different colours therefore have to be used.
It has proved to be advantageous to choose the structure of
the light emitting diodes so that the individual emitter
materials are separated from one another in different layers,
in order to achieve the uniform and separated emission of the
emitters of different colours. Without this separation, energy
transfer processes which can be controlled only with diffi-
culty, for example between blue and green or red emitter,
generally take place, which reduces the blue component and
increases the red component (e.g. EP-A 1 182 244). How-
ever, the separation of the emitters in different layers is also
not trivial since it is necessary to ensure that the charge
carrier recombination, a precondition for emission, takes
place efliciently and in a balanced manner in every layer.
This leads to complicated multilayer structures which con-
tain additional intermediate layers (e.g. for localization of
the excitation states in the respective layer) (U.S. Pat. No.
6,447,934) and are therefore expensive and not very attrac-
tive for mass production.

[0029] White polymeric light emitting diodes which con-
tain a blue-emitting polymer, e.g. polyfluorene or polyvi-
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nylcarbazole, and a suitable red or orange doping dye have
been described. The dopant concentrations must be very
exactly established and are often only fractions of a percent
(Kido et al., Applied Physics Letters 1995, 67(16), 2281). In
the case of doping, there is always the danger of a reduction
in the long-term stability owing to separation, crystallization
and/or migration of the low molecular weight dopants in the
emitter layer.

[0030] The choice of a plurality of emitter components has
a further serious disadvantage, so-called “differential age-
ing” of the individual emitter components, i.e. the rapid
fading of the individual emitters to different degrees, which
results in a shift in the colour location away from the white
point—often also referred to as the achromatic point.

[0031] Many of the white light emitting diodes known to
date exhibit a dependence of the colour location on the
applied voltage and brightness since various emitter com-
ponents are used, which in each case have different current-
voltage-brightness characteristics.

[0032] To date, only two examples based on polymeric
white one-component emitter materials have been described
in the literature:

[0033] Lee et al., Applied Physics Letters 2001, 79(3),
308, describe a copolymer comprising oxadiazole, phe-
nylene-vinylene and alkyl ether units which emits white
light in a one-layer light emitting diode. The maximum
efficiency is only 0.071 cd/A, the operating voltages are very
high, the current flow is low and the light emitting diode
exhibits a considerable dependence of the colour location on
the voltage (12 V blue-green, 20 V virtually white). Zhan et
al., Synthetic Metals 2001, 124, 323 investigated a copoly-
mer comprising diethinylfluorene and thiophene units which
emits white light in a two-layer structure (copper phthalo-
cyanine hole-injection layer and polymer emitter layer). The
external quantum efficiency is only 0.01%, electrolumines-
cence is detectable only above a voltage of 11 V and the
current flow through the device is low (23.7 mA/cm® at 19
V). Owing to their low efficiencies and unsatisfactory cur-
rent-voltage-brightness characteristics, both examples are of
no relevance for industrial use.

[0034] A further object was to provide one-component
emitter materials which emit white light and can be pro-
cessed from solution. These should preferably exhibit effi-
cient white emission in the simple device structure itself, for
example in the two-layer structure (hole-injection layer and
emitter layer).

[0035] Surprisingly, it has now been found that phospho-
rescent polymers which are conjugated and neutral and
contain at least one covalently bonded phosphorescent metal
complex are suitable for use as emitter materials, for
example in abovementioned LEDs, and are accessible to
application from solution.

[0036] The present invention therefore relates to phospho-
rescent polymers which are conjugated and neutral and
contain at least one covalently bonded phosphorescent metal
complex.

[0037] In the context of the invention, conjugated means
that the main chain of the polymers may be either com-
pletely conjugated or partly conjugated. A large conjugation
length in the main chain is advantageous for good charge
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carrier transport, and polymers having such a conjugation
length are therefore preferred, in particular polymers having
a completely conjugated main chain.

[0038] The phosphorescent conjugated polymers accord-
ing to the invention are preferably straight-chain, which, in
the context of the invention, means that they can in some
cases contain only short side chains which serve for the
covalent linkage of the phosphorescent metal complexes but
are not growth sites of the polymer and hence not branching
points.

[0039] The phosphorescent conjugated polymers accord-
ing to the invention exhibit electrophosphorescence, i.e.
phosphoresce—for example in the OLED—as a result of
electrical excitation. However, they may also be caused to
phosphoresce by optical excitation.

[0040] These are preferably phosphorescent conjugated
polymers which contain at least one phosphorescent metal
complex covalently bonded via at least one ligand L', where
the ligand L' represents units selected from the formulae I to
XXIXe
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[0041] R are identical or different and, independently of
one another, represent H, F, CF;, a linear or branched
C,-C,,-alkyl group, a linear or branched C,-C,,-alkoxy
group, an optionally C,-C;,-alkyl-substituted C5-C,y-aryl
unit and/or an optionally C,-C,.-alkyl-substituted het-
eroaryl unit having 5 to 9 ring C atoms and 1 to 3 ring
hetero atoms from the group consisting of nitrogen,
oxygen and sulphur, and/or represent a linear or branched,
partly fluorinated or perfluorinated C,-C,,-alkyl group, a
linear or branched C,-C,,-alkoxycarbonyl group, a cyano
group, a nitro group, an amino group, an alkylamino,
dialkylamino, arylamino, diaryl amino or alkylarylamino
group or represent an alkyl- or arylcarbonyl group, alkyl
denoting C,-C,-alkyl and aryl denoting C5-C,,-aryl, and

[0042] Ar represents optionally substituted phenylene,
biphenylene, naphthylene, thienylene and/or fluorenylene
units.

[0043] In the phosphorescent conjugated polymers
according to the invention, L' may be either a component of
the conjugated main chain, directly covalently bonded to the
main chain as one of the abovementioned side chains or may
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be covalently bonded to the main chain via a linker, referred
to below as spacer, or may be a component of the terminal
groups of the polymer.

[0044] In the phosphorescent conjugated polymers
according to the invention, L' is preferably either a compo-
nent of the conjugated main chain or a component of the
terminal groups.

[0045] In preferred embodiments of the present invention,
L! in the phosphorescent conjugated polymers according to
the invention is a component of the terminal groups.

[0046] In the case of coordination to the metal centre, H
can optionally be eliminated from the abovementioned
ligand units L' at the corresponding coordination sites, so
that L' in the phosphorescent conjugated polymers accord-
ing to the invention then describes the abovementioned
structure without these optionally eliminated H atoms. This
may be the case from original hydroxyl groups, in particular
with coordination via carbon coordination sites and oxygen
coordination sites. The same applies to the ligands L* and L,
which are first mentioned below.

[0047] The present invention particularly preferably
relates to phosphorescent conjugated polymers which con-
tain repeating units of the general formulae A and B-I or A
and B-II or have a structure of the general formulae C or D

A
_[_AII_]_
B-la
_['AIZ—LI—AI3']—
M
12,
B-II
L3,
M
L1
Sp
I
C
L2, M—L'Ar'4—L'—M-mL2,
D

L2 me-M—L' (A, Af) +—L!'—M-m12,

in which

[0048] Ar', Ar* and Ar’ are identical or different and,
independently of one another, represent optionally
C,-C;p-alkyl-substituted C5-C,q-aryl units and/or option-
ally C,-C,,-alkyl-substituted heteroaryl units having 5 to
9 ring C atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur,

[0049] L' and L* are identical or different and

[0050] L' has one of the abovementioned meanings, in the
case of structures B-II, C and D one of the two linkage
positions—if a second is present—being saturated by H,
F, CF,, a linear or branched C,-C,,-alkyl group, a linear
or branched C,-C,,-alkoxy group, an optionally C,-C,-
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alkyl-substituted Cs-C,-aryl unit and/or an optionally
C,-C5p-alkyl-substituted heteroaryl unit having 5 to 9 ring
C atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur and/or by a
linear or branched, partly fluorinated or perfluorinated
C,-C,,-alkyl group, a linear or branched C,-C,,-alkoxy-
carbonyl group, a cyano group, a nitro group, an amino
group, an alkylamino, dialkylamino, arvlamino, diary-
lamino or alkylarylamino group or by an alkyl- or aryl-
carbonyl group, alkyl denoting C,-C,,-alkyl and aryl
denoting C,-C,,-aryl, and

[0051] 17, independently of L', has one of the meanings
mentioned above for L', the two linkage positions inde-
pendently of one another—or the linkage position if no
second linkage position is present—being saturated by H,
F, CF,, a linear or branched C,-C,,-alkyl group, a linear
or branched C,-C,-alkoxy group, an optionally C,-Cy,-
alkyl-substituted C5-C,,-aryl unit and/or an optionally
C,-C5o-alkyl-substituted heteroaryl unit having 5 to 9 ring
C atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur and/or by a
linear or branched, partly fluorinated or perfluorinated
C,-C,,-alkyl group, a linear or branched C,-C,,-alkoxy-
carbonyl group, a cyano group, a nitro group, an amino
group, an alkylamino, dialkylamino, arvlamino, diary-
lamino or alkylarylamino group or by an alkyl- or aryl-
carbonyl group, alkyl denoting C,-C,,-alkyl and aryl
denoting Cs-C,q-aryl, and linkage positions being under-
stood as meaning the positions marked with * in the
formulae I to XXIX,

the ligands L' and I.> complex the metal M in a chelate-like
manner,

[0052] M represents iridium(III),
osmium(II), gallium(IIl) or rhodium(III),

[0053]
[0054]

[0055] Sp is a spacer, in particular a linear or branched
C,-C,s-alkylene unit or a C,-C, s-heteroalkylene unit hav-
ing 1 to 3 chain hetero atoms from the group consisting of
nitrogen, oxygen and sulphur, a C,-C,,-arylene unit and/
or a heteroarylene unit having 5 to 9 ring C atoms and 1
to 3 ring hetero atoms from the group conmsisting of
nitrogen, oxygen and sulphur, or a C,-C,,-alkylenecatr-
boxylic acid unit or C,-C,,-alkylenedicarboxylic acid
unit or a C,-C,,-alkylenecarboxamide unit or a C,-C,,-
alkylenedicarboxamide unit.

[0056] Inthe context of the invention, the general formula
D is to be understood as meaning that Ar' and Ar® are
different and form a copolymer chain which contains repeat-
ing units —Ar'— and —Ar*— which are distributed alter-
nately, in the form of blocks or randomly, it being possible
for the copolymer chain to contain a percentage amount of
from 0.1 to 99.9% of the repeating units —Ar'— and a
percentage amount of from 0.1 to 99.9% of the repeating
units —Ar*—, with the proviso that the two amounts give
100% when summed. The total number of all repeating units
—Ar'— and —Ar'— in the polymer is n.

[0057] Where Ar* and Ar® in the repeating unit B-Ia are
identical to Ar' in the repeating unit A, the phosphorescent
conjugated polymer according to the invention, correspond-

platinum(1I),

n represents an integer from 3 to 10 000,

Z represents an integer from 0 to 3 and
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ing to the above formulation, contains repeating units of the
general formulae A and B-Ib

—tAr+— !
B-Ib
—fL—
¥
I

in which Ar', L', [>, M and 7 have the abovementioned
meaning.

[0058] For the purposes of the invention, the polymers
according to the invention containing repeating units of the
general formulae A and B-I, i.e. B-Ia and B-Ib, or B-II may
also each contain a plurality of different units, in particular
two different units, of the general formula A, i.e. a plurality
of different units of the general formula A and units of the
general formula B-1, i.e. B-la and B-Ib, or B-II.

[0059] The invention particularly preferably furthermore
relates to phosphorescent conjugated polymers which con-
tain repeating units of the general formulae A and B-Ia, A
and B-Ib or A and B-II or have a structure of the general
formulae C or D,

in which

[0060] Ar', Ar* and Ar® are identical or different and,
independently of one another, represent units selected
from thiophene units of the formulae XXX and XXXI,
benzene, biphenyl and fluorene units of the formulae
XXXII to XIV and/or heterocycles of the formulae
XXXV to XXXXIV and/or units of the formulae
XXXXXV to XXXXXXII,

XXX
R R
'S}
S
XXXI
R
2
6] [0)
'S)
S
XXXII
R R
# #
R R
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XXXXXX

XXXXXXT
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in which

[0061] R are identical or different and, independently of
one another, represent H, F, CF;, a linear or branched
C,-C,,-alkyl group, a linear or branched C,-C,,-alkoxy
group, an optionally C,-C,-alkyl-substituted C5-C,,-aryl
unit and/or an optionally C,-C;,-alkyl-substituted het-
eroaryl unit having 5 to 9 ring C atoms and 1 to 3 ring
hetero atoms from the group consisting of nitrogen,
oxygen and sulphur and/or represent a linear or branched,
partly fluorinated or perfluorinated C,-C,,-alkyl group, a
linear or branched C,-C,,-alkoxycarbonyl group, a cyano
group, a nitro group, an amino group, an alkylamino,
dialkylamino, arylamino, diarylamino or alkylarylamino
group or represent an alkyl- or arylcarbonyl group, alkyl
denoting C,-C,,-alkyl and aryl denoting C-C,,-aryl, and

[0062] L' and L? are identical or different and have the
abovementioned meanings and M, n, z and Sp have the
abovementioned meanings.
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[0063] These are particularly preferably phosphorescent

conjugated polymers which contain repeating units of the -continued

general formulae A and B-Ia, A and B-Ib or A and B-II or

have a structure of the general formulae C or D XXXXXVII
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XXIXa
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[0065] R has one of the abovementioned meanings,

[0066] M represents osmium(1l), iridinm(I1I), platinum(1T)
XX or thodium(m),

[0067] n represents an integer from 5 to 500,
[0068] =z represents an integer from 1 to 3 and

[0069] Sp represents a C,-Cg-alkyleneoxy or a C,-C,-
alkylenecarboxylic acid or a C—Cg-alkylene dicarboxylic

acid.

XXV
[0070] These are very particularly preferably phosphores-
cent conjugated polymers which contain repeating units
selected from the following general formulae A and B-1-1 to
B-1-6 or A and B-1I-1 to B-1I-4 or have a structure of the

general formulae C-1, C-2 or C-3 or D-1, D-2 or D-3
A
—talt—

B-I-1

XXVIla
B-1-2

XXVIIT
B-1-3

XXIX
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[0071] Ar' represents units selected from
CiaHo
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[0072] preferably represents units selected from
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-continued

[0075] R' represents dodecyl,

[0076] R? represents n-octyl and 2-ethylhexyl,

[0077] R? represents methyl and ethyl,

[0078] R* represents methyl and n-hexyl,

[0079] R represents methyl and phenyl,

[0080] R represents H, a linear or branched C -C,,-alkyl

group or a linear or branched C,-C,,-alkoxy group,
[0081]
[0082]

z represents a CH, or C=0 group and
n has the abovementioned meaning.

[0083] In preferred embodiments of the invention, L or L.
represents in particular ligands selected from the following

0808

DS

§

[0084] The resulting phosphorescent polymers according
to the invention are particularly suitable as red emitters.

[0085] The sum of the number of repeating units A and B,
B below representing the general formulae B-I (i.e. B-Ia or
B-Ib) or B-II and representing the preferred general formu-
lae B-1-1 to B-I-5 or B-1-6 or B-II-1 to B-I1-4, is p, where p
represents an integer from 3 to 10 000, preferably represents
5 to 500. The repeating units A and B may be distributed
alternately, in the form of blocks or randomly in the polymer.
The percentage amount of the repeating units A, based on
the total number of repeating units in a polymer, may be
from 0 to 99.9%, preferably from 75.0 to 99.9%; the
percentage amount of the repeating units B, based on the
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total number of repeating units in a polymer, may be from
0.1 to 100%, preferably from 0.1 to 25%, with the proviso
that the two percentage amounts give 100% when summed.

[0086] In the context of the invention, all radicals R in the
abovementioned units L', 1>, Ar', Ar® or Ar® may be
identical or different in different units from among these
units and may also be identical or different within one of
these units.

[0087] The positions marked with * in all preceding and
following general formulae, also referred to as linkage
positions, are to be understood as meaning the positions via
which linkage of the respective unit to further identical or
different units can be effected.

[0088] At the terminal groups of the phosphorescent con-
jugated polymers according to the invention, preferably
either phosphorescent metal complexes are bonded via a
ligand L', such as, for example, in the case of phosphores-
cent polymers according to the invention which have struc-
tures of the general formulae C, C-1, C-2 or C-3 or D, D-1,
D-2 or D-3, or the free linkage positions are preferably
saturated by H or aryl, particularly preferably phenyl, for
example in the case of phosphorescent polymers according
to the invention which contain repeating units of the general
formulae A and B.

[0089] In a preferred embodiment, the phosphorescent
conjugated polymers according to the invention have an
advantage over known phosphorescent polymers in that they
have a defined composition, a defined composition in this
context not being related to the chain length; the phospho-
rescent conjugated polymers according to the invention as
well as the uncomplexed ligand polymers have a chain
length distribution or molar mass distribution (M_,). This
defined composition is the result of the specific preparation
of uncomplexed ligand polymers which can be readily
purified and unambiguously characterized and then com-
plexed with corresponding transition metal precursor com-
plexes.

[0090] Surprisingly, it has furthermore been found that
phosphorescent conjugated polymers exhibit fluorescence in
the conjugated main chain in addition to the phosphores-
cence of the covalently bonded phosphorescent metal com-
plex or complexes emit white light and can be processed
from solution.

[0091] Such phosphorescent polymers according to the
invention are referred to below as luminescent polymers.

[0092] For a better overview, the numbering of the struc-
tures for the luminescent polymers according to the inven-
tion and for the components thereof is independent of that of
the phosphorescent polymers according to the invention.
Numberings for structures of the luminescent polymers
according to the invention and for components thereof are in
brackets and are therefore easily distinguishable from those
for phosphorescent polymers according to the invention and
components thereof.

[0093] The present invention therefore relates to lumines-
cent polymers, characterized in that they have a conjugated
main chain and contain at least one covalently bonded metal
complex, the luminescence being a combination of the
fluorescence of the conjugated main chain and of the phos-
phorescence of the covalently bonded metal complex or
complexes.
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[0094] In the context of the invention, conjugated means
that the main chain of the polymers may be either com-
pletely conjugated or partly conjugated. A large conjugation
length in the main chain is advantageous for good charge
carrier transport, and polymers having such a conjugation
length are preferred, in particular polymers having a com-
pletely conjugated main chain.

[0095] The luminescent polymers according to the inven-
tion are preferably straight-chain, which, in the context of
the invention, means that they may contain in some cases
only short side chains which serve for the covalent linkage
of the phosphorescent metal complexes but are not growth
sites of the polymer and therefore not branching points.

[0096] The luminescent polymers according to the inven-
tion exhibit electroluminrescence, i.e. luminesce—for
example in the OLED—as a result of electrical excitation.
However, they can also be caused to luminesce by optical
excitation.

[0097] The luminescent polymers according to the inven-
tion preferably emit white light. In the context of the
invention, white light is to be understood as meaning light
which is defined by a colour location in the chromaticity
diagram according to CIE 1931 (Commission Internationale
de I’Eclairage), it being possible for the colour coordinate x
to have values of from 0.20 to 0.46 and, independently of x,
for the colour coordinate y to have values of from 0.20 to
0.46. This means that, in the context of the invention, white
light is white or white-like light having a colour location,
defined by the colour coordinates x=0.3320.13 and
y=0.3320.13 in the chromaticity diagram according to CIE
1931, it being possible for x and y, independently of one
another, to represent identical or different values of from
0.20 to 0.46. The value ranges stated for the colour coordi-
nates are continuous value ranges. Particularly preferably,
the Iuminescent polymers according to the invention emit
white light which is defined by a colour location in the
chromaticity diagram according to CIE 1931, it being pos-
sible for the colour coordinate x to have values of from 0.28
to 0.38 and, independently of x, for the colour coordinate y
to have values of from 0.28 to 0.38.

[0098] In the context of the invention, the emitted light is
a combination of the fluorescence of the conjugated main
chain and of the phosphorescence of the covalently bonded
metal complex or complexes, the emitted light of which,
considered individually in each case, may differ in colour
from white and this is also preferred. It is only the additive
colour mixing, for example of emitted light of the primary
colours red, green and blue or of a mixture of complemen-
tary colours that enables the emitted light to appear white as
a whole.

[0099] The invention preferably relates to luminescent
polymers in which the metal complex or complexes, which
may be identical or different, are covalently bonded to the
chain ends of the conjugated main chain.

[0100] These are particularly preferably luminescent poly-
mers which have a structure of the general formula (Ia) or

(Ib)
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(Ta)
L2, meM—LIF Ar'$=LI—M-mL2,

(Ib)
L2, - M—L!'—(Ar!, AP4—L!'—M- L2,

in which

[0101] Ar' represents units selected from optionally sub-
stituted phenylene units (Ila) or (1Ib), biphenylene units
(llc), fluorenylene units (I1d), dihydroindenofluorenylene
units (1le), spirobifluorenylene units (11f), dihydrophenan-
thrylene units (Ilg) or tetrahydropyrenylene units (ITh)

(II)

=
=

(IIb)

(Ic)

R K
(IId)
E R
(ITe)
R R
IJ R
(11f)
R R R R
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-continued
(lg)

(ITh)

[0102] Ar” differs from Ar' and represents units selected
from (I1a) to (IIg)

(1)

(L)

(IIk)

an

(ITm)
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-continued
(In)

VARY

(g

[0103] L'andL?in each case are identical or different and

[0104] L'is a ligand of the formulae (Illa-1) to (I1Id-1)

(Illa-1)

(IIb-1)

(lle-1)

(Ild-1)

in which

[0105] Ar represents units selected from optionally sub-
stituted phenylene, biphenylene, naphthylene, thienylene
or fluorenylene units,
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[0106] 1.7, independently of ', is a ligand selected from
units of the formulae (TVa-1) to (TVy-1)

(I¥a-1)

(IVb-1)

(IVe-1)

(IVd-1)

(IVe-1)

(IVE1)

(IVe-1)

-continued
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-continued
Ivy-1)

the ligands L' and I.? complex the metal M in a chelate-like
manner,

[0107] M represents iridium(II), platinum(II), osmium(1I)
or thodium(IIT),

[0108] nrepresents an integer from 3 to 10 000, preferably
from 10 to 5 000, particularly preferably from 20 to 1000,
very particularly preferably from 40 to 500,

[0109] =z is an integer from 1 to 3 and

[0110] R are identical or different radicals and, indepen-
dently of one another, represent H, F, CF,, a linear or
branched C,-C,,-alkyl group, a linear or branched partly
fluorinated or perfluorinated C,-C,,-alkyl group, a linear
or branched C,-C,,-alkoxy group, an optionally C,-C,,-
alkyl-substituted Cs-Cyp-aryl unit and/or an optionally
C,-C,,-alkyl-substituted heteroaryl unit having 5 to 9 ring
C atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur and/or repre-
sent a linear or branched, partly fluorinated or perfluori-
nated C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxycarbonyl group, a cyano group, a nitro group, an
amino group, an alkylamino, dialkylamino, arylamino,
diarylamino or alkylarylamino group or represents an
alkyl- or arylcarbonyl group, alkyl denoting C,-C,,-alkyl
and aryl denoting C,-C,-aryl.

[0111] In the general formulae (Ia) and (Ib) and below, n
is to be understood as meaning the average number of
repeating units, since the luminescent polymers preferably
have a molar mass distribution.

[0112] In the case of coordination to the metal centre, H
can optionally be eliminated from the abovementioned
ligand units L* or L? at the corresponding coordination sites,
so that L' in the phosphorescent conjugated polymers
according to the invention then describes the abovemen-
tioned structure without these optionally eliminated H
atoms. This may be the case from original hydroxyl groups
in particular with coordination via carbon coordination sites
and oxygen coordination sites.

[0113] These are very particularly preferably luminescent
polymers which have a structure of the general formulae
(la-1), (Ta-2), (Ib-1), (Ib-2), (Ia-3) or (Ib-3) (Ia-1)

(Ia-1)

L/If\ @ / \




US 2006/0093852 A1

-continued
(1a-2)
2 L2 L2 2
./ \ L
Ir., LIr
| 0 o
O>_>_©ﬁ v L/
R R
(Ib-1)
R R
\N N/
2 - ~ 2
“Sie P
- <2
12 L2
\o (Ar, AP) %= o/
(Ib-2)
LZ LZ
LZ\ / \ /LZ
Ir\ ’,Ir

(@]

[ .
z
S
=

[ e
(@]

=)
=

)

R (Arl, Ay 1 R

in which
[0114] R represents a linear or branched C,-C,,-alkyl

group or a linear or branched partly fluorinated or per-
fluorinated C,-C,,-alkyl group and

n, Ar', Ar* and L* have the abovementioned meaning,

[0115] In the context of the invention, the general formu-
lae (Ib-1), (Ib-2) and (Ib-3) are to be understood as meaning
that Ar' and Ar® are different and form a copolymer chain
which contains repeating units —Ar'— and —Ar*— dis-
tributed alternately, in block form or randomly, it being
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possible for the copolymer chain to contain a percentage
amount of from 0.1 to 99.9% of the repeating unit —Ar'—
and a percentage amount of from 0.1 to 99.9% of the
repeating unit —Ar"—, with the proviso that the two
amounts give 100% when summed. The total number of all
repeating units —Ar'— and —Ar*—in the polymer is n.

[0116]
luminescent polymers in which the metal complex or com-

The present invention also preferably relates to

plexes, which may be identical or different, are covalently
bonded to the conjugated main chain.

[0117]
mers which contain n repeating units of the general formulae
(Ic-1) and (Id) or (Ic-1), (Ic-2) and (Id)

These are particularly preferably luminescent poly-

R (Ie-1)
o (e-2)
#—f AP
: d)
L

=zn

|su LIIH
~
N

in which

[0118] Ar' represents units selected from optionally sub-
stituted phenylene units (IIa) or (1Ib), biphenylene units
(IIc), fluorenylene units (IId), dihydroindenofluorenylene
units (ITe), spirobifluorenylene units (I1f), dihydrophenan-
thrylene units (IIg) or tetrahydropyrenylene units (ITh)

(ITa)

R R
* *
R R
(IIb)
R R
* R
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24
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[0120] I'andI?in each case are identical or different and
0121] L' is a ligand of the formulae (I1a-2) to (I11i-1 -continued
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the ligands L' and L* complex the metal M in a chelate-like
manner,

[0123] M represents iridium(IID), platinum(II), osmium(IT)
or rhodium(IIT),

[0124] nis an integer from 3 to 10 000, preferably from 10
to 5 000, particularly preferably from 20 to 1000, very
particularly preferably from 40 to 500,

[0125] =z represents an integer from 1 to 3 and

[0126] R are identical or different radicals and, indepen-
dently of one another, represent H, F, CF,, a linear or
branched C,-C,,-alkyl group, a linear or branched partly
fluorinated or perfluorinated C,-C,,-alkyl group, a linear
or branched C,-C,,-alkoxy group, an optionally C,-C,,-
alkyl-substituted Cs-C,g-aryl unit and/or an optionally
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C,-C;,-alkyl-substituted heteroaryl unit having 5 to 9 ring
C atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur and/or repre-
sent a linear or branched, partly fluorinated or perfluori-
nated C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxycarbonyl group, a cyano group, a nitro group, an
amino group, an alkylamino, dialkylamino, arylamino,
diarylamino or alkylarylamino group or represent an
alkyl- or arylcarbonyl group, alkyl denoting C,-C,,-alkyl
and aryl denoting C,-C,, aryl.

[0127] These are very particularly preferably luminescent
polymers which contain n repeating units of the general
formulae (Ic-1) and (1d-1)

(Ie-1)

*—f A_rl-]— *
(1d-1)
R
|
_N\ ’LZ
‘Ir"
* N
in which
[0128] R represents a linear or branched C,-C,,-alkyl

group or a linear or branched partly fluorinated or per-
fluorinated C,-C,,-alkyl group and

[0129] n, Ar' and L? have the abovementioned meaning.

[0130] The sum of the number of repeating units (I¢) and
(1d), where (Ic) below represents the general formulae (Tc-1)
or (Ie-1) and (Ic-2) and (Id) represents the general formulae
(Id) or (Id-1), is n, n representing an integer from 3 to 10
000, preferably from 10 to 5 000, particularly preferably
from 20 to 1000, very particularly preferably from 40 to 500,
and, in the context of the invention, n always being under-
stood as meaning the average number of repeating units,
since the luminescent polymers according to the invention
can preferably have a molar mass distribution.

[0131] The repeating units (I¢) and (Id) may be distributed
alternately, in block form or randomly in the polymer. The
percentage amount of the repeating units (Ic), based on the
total number of repeating units in a polymer, may be from
0.1 to 99.9%, preferably from 75.0to 99.9%, the percentage
amount of the repeating units (Id), based on the total number
of repeating units in a polymer, may be from 0.1 to 100%,
preferably from 0.1 to 25%, with the proviso that the two
percentage amounts give 100% when summed. In preferred
embodiments, the percentage amount of the repeating units
(Id), based on the total number of repeating units in a
polymer, may be from 0.01 to 15%, preferably from 0.01 to
10%, particularly preferably from 0.01 to 5%; the percent-
age amount of the repeating units (Ic), based on the total
number of repeating units in these preferred embodiments of
the luminescent polymers according to the invention can
accordingly be from 85 to 99.99%, preferably from 90 to
99.99%, particularly preferably from 95 to 99.99%, likewise
with the proviso that the two percentage amounts give 100%
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when summed. The preceding percentage data are data
based on the amount of substance (mol %).

[0132] In preferred embodiments of the luminescent poly-
mers according to the invention, > represents ligands
selected from units of the formulae

CO-O OO
/N

F

[0133] The luminescent polymers of these preferred
embodiments can optionally also contain those ligands
selected from units of the formulae

w2

/ \N / CF,

in addition to the abovementioned units for L.

[0134] Further preferred embodiments of the present
invention are those luminescent polymers according to the
invention in which Ar' and Ar® independently of one
another, represent units of the formulae

OR OR
R! L RO

in which

[0135]
group.
[0136] Inthe context of the invention, all radicals R in the
abovementioned units L', L? Ar', Ar" or Ar' may be
identical or different in different units from among these

units and may also be identical or different within one of
these units.

[0137] The positions marked with * in all preceding and
following general formulae, also referred to as linkage
positions, are to be understood as meaning the positions via

R represents a linear or branched C,-C,,-alkyl
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which a linkage of the respective unit to further identical or
different units can take place.

[0138] At the terminal groups (terminal linkage positions)
of the luminescent polymers according to the invention,
preferably either phosphorescent metal complexes are
bonded via a ligand L", such as, for example, in the case of
luminescent polymers according to the invention which have
structures of the general formulae (Ta) or (Ib) or (Ia-1),
(Ia-2), (Ia-3), (Ib-1), (Ib-2) or (Ib-3), or the free linkage
positions are preferably saturated by H or aryl, particularly
preferably phenyl, for example in the case of luminescent
polymers according to the invention which contain repeating
units of the general formulae (Ic) and (Id).

[0139] Luminescent polymers according to the invention
are obtained when the conjugated polymer main chain and
the covalently bonded phosphorescent metal complex or
complexes are chosen so that the excitation energy is not
completely transferred to the phosphorescent metal complex
or complexes or does not remain there, i.e. if a part of the
excitation energy remains on the conjugated polymer main
chain and—in addition to the phosphorescence of the metal
complex or complexes—leads to fluorescence of the conju-
gated main chain.

[0140] This may be explained by way of example for
polymers according to the invention whose conjugated main
chain contains fluorenyl repeating units. If, for example,
such a conjugated polyfluorene main chain is combined with
iridium complexes having yellow or green phosphorescence,
then energy transfer from the polyfluorene main chain to the
iridium complex or complexes takes place only incom-
pletely. A part of the excitation energy is converted into blue
fluorescence of the polyfluorene main chain and another part
into phosphorescence of the iridium complex or complexes.

[0141] On the other hand, the combination of polyfluorene
main chains with iridium complexes having red phospho-
rescence leads exclusively to red phosphorescence of the
iridium complex or complexes, since in this case the exci-
tation energy is efficiently transferred from the polyfluorene
main chain to the iridium complex or complexes.

[0142] The phosphorescent or luminescent polymers
according to the invention can be distinguished on the basis
of their emission spectra (e.g. electroluminescence spectra).
The emission spectra of the phosphorescent polymers
according to the invention are typical phosphorescence
spectra and have phosphorescence bands but no fluorescence
bands. On the other hand, the emission spectra of the
luminescent polymers according to the invention also have
fluorescence bands in addition to the phosphorescence
bands. FIG. 1 shows a typical electroluminescence spectrum
of a phosphorescent polymer according to the invention, and
FIG. 3 shows that of a luminescent polymer according to the
invention, in which the superposition of the blue polyfluo-
rene fluorescence with the yellow-green iridium phospho-
rescence is clearly evident. On the other hand, FIG. 2 shows,
for comparison, an electroluminescence spectrum which
exhibits only fluorescence bands of the polyfluorene.

[0143] The phosphorescent or luminescent polymers
according to the invention exhibit electroluminescence, i.e.
luminesce—for example in the OLED—through electrical
excitation. However, they can also be caused to luminesce
by optical excitation, i.e. by light. However, the electrolu-



US 2006/0093852 A1

minescence spectrum of a phosphorescent or luminescent
polymer according to the invention may differ from its
photoluminescence spectrum and consequently the colour of
the emitted light may also differ according to excitation
(electrical or optical).

[0144] The invention furthermore relates to a process for
the preparation of the phosphorescent or luminescent poly-
mers according to the invention, uncomplexed ligand poly-
mers being complexed with iridium(IIl), platinum(Il),
osmium(II) or rhodium(III) precursor complexes, preferably
iridium(III) precursor complexes, in particular those of the
general formula E

(L2, Ir(u-Cl), Ir(L2), E
in which L has the abovementioned meaning.

[0145] Activation of the iridium precursor complexes of
the general formula E may be necessary beforehand and is
effected, for example, by stirring with silver(l) salts, in
particular silver(I) trifluoromethanesulphonate, in organic
solvents or solvent mixtures, for example dichloromethane
and/or acetonitrile. Such an activation is required, for
example, when the ligand L.* complexes the transition metal
in a chelate-like manner both via carbon coordinate sites and
via nitrogen coordination sites.

[0146] Uncomplexed ligand polymers are all polymers
containing repeating units of the general formula A or (Ic)
and/or F

*—F X —=

in which X may have the abovementioned meaning of Ar’,
Ar?, Ar® or the abovementioned meaning of L' (according to
the definition for the general formula B-Ia, B-Ib or (Id)) or
combinations thereof and the sum of the number of repeat-
ing units A or (I¢) and/or F is equal to n or p, n and p having
the abovementioned meaning. The uncomplexed ligand
polymers may be functionalized at the chain ends in each
case with a ligand [ according to the definition for the
general formulae C or D or (Ia) or (Ib) or saturated by H or
aryl.

[0147] This process furthermore has the advantage of
varying the transition metal content, in particular iridium
content, in the polymer in a simple manner through the
choice of the stoichiometric ratio of ligand polymer to
transition metal precursor complex, in particular iridium
precursor complex.

[0148] The syntheses of the iridium precursor complexes
are described in the literature, e.g. S. Sprouse, K. A. King,
P. I. Spellane, R. J. Watts, J. Am. Chem. Soc. 1984, 106,
6647-6653, or WO 01/41512 A1. The syntheses of the ligand
polymers can be effected analogously to the examples
described in the literature, e.g. T. Yamamoto et al., J. Am.
Chem. Soc. 1996, 118, 10389-10399, T. Yamamoto et al.,
Macromolecules 1992, 25, 1214-1223, and R. D. Miller,
Macromolecules 1998, 31, 1099-1103.

[0149] The phosphorescent conjugated polymers accord-
ing to the invention have the advantage over low molecular
weight phosphorescent metal complexes that they are acces-
sible to application from solution, can be applied in one step
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without additional doping or blending and at the same time
have long lives and high external quantum efficiencies in EL
arrangements.

[0150] The luminescent polymers according to the inven-
tion are likewise accessible to application from solution and,
compared with mixtures of polymers and low molecular
weight dopants or mixtures of emitter materials of different
colours, have the advantage that they can be applied in one
step without additional doping or blending.

[0151] The phosphorescent or luminescent polymers
according to the invention furthermore have the advantage
that polymer and phosphorescent metal complex cannot
separate and the metal complex therefore cannot crystallize.
Such separation and crystallization processes have recently
been described for blend systems consisting of polymer and
admixed low molecular weight iridium complexes (Noh et
al., Journal of Chemical Physics 2003, 118(6), 2853-2864).

[0152] Surprisingly, it has been found that the luminescent
polymers according to the invention are suitable as white
one-component emitter materials. The white emitters
according to the invention are characterized in that they have
fluorescence and phosphorescence components in different
spectral ranges. They have the advantage of emitting even at
low operating and switch-on voltages and exhibit good
current-voltage-brightness characteristics and produce white
light with high efficiency even in the two-layer diode struc-
ture (hole injection layer and emitter layer).

[0153] The phosphorescent or luminescent polymers
according to the invention are therefore particularly suitable
for use as emitter materials in light-emitting components, for
example organic or polymeric LEDs, laser diodes, in indi-
cators or displays (TV, computer monitor), for the back-
lighting of LCDs and watches, as illumination elements, in
flat panel light sources, as billboards and information signs,
in mobile communication devices, in displays for household
appliances, (e.g. washing machine, refrigerator, vacuum
cleaner, etc.), for interior illumination and illumination of
dashboards in the automotive sector or as integrated displays
in displacement systems, etc.

[0154] The luminescent polymers according to the inven-
tion are suitable in particular for use as white emitter
materials in light-emitting components, such as white
organic light emitting diodes, e.g. as economical backlight-
ing of liquid crystal displays, as planar illumination sources
or for the production of full-colour displays by combination
with colour filters.

[0155] The use of the phosphorescent or luminescent
polymers according to the invention as emitters in light-
emitting components is therefore also according to the
invention.

[0156] Compared with low molecular weight emitter
materials, they have in this respect the advantage that
extinction processes which lead to a reduction in the external
quantum efficiency are avoided. These occur to a greater
extent with increasing iridium concentration (local accumu-
lation) in the case of low molecular weight emitters, owing
to migration processes. In the phosphorescent or lumines-
cent polymers according to the invention, the iridium com-
plexes are no longer accessible to migration processes owing
to the covalent linkage to the polymer.
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[0157] The white emitters according to the invention fur-
thermore have the advantage that, being one-component
emitters, they do not exhibit the disadvantages of the energy
transfer processes and of “differential ageing” (fading of
individual emitters to different extents and at different rates)
described at the outset, and a shift in colour location away
from the white point, also referred to as achromatic point,
with relatively long operating time is therefore not to be
expected. Furthermore, the white emitters according to the
invention do not exhibit any visually perceptible dependence
of the colour location of the emitted light on the applied
voltage.

[0158] Inorder to establish or to optimize a specific colour
location, different polymers according to the invention can
be blended, for example phosphorescent polymers according
to the invention with further phosphorescent polymers
according to the invention and/or with luminescent polymers
according to the invention. If, for example, white light is
produced in the complementary colours blue and yellow, the
light appears white but the red spectral components are
absent, so that the colour reproduction of objects illuminated
by this light can be falsified. The admixing of red-emitting
polymers according to the invention may be advantageous in
such cases. Furthermore, red spectral components are abso-
lutely essential when red light is to be produced with the aid
of colour filters, since red colour filters filter out all spectral
components apart from the red.

[0159] The present invention therefore furthermore relates
to blends comprising one or more phosphorescent poly-
mer(s) according to the invention and one or more lumines-
cent polymer(s) according to the invention and the use of
these blends as emitters in light-emitting components.

[0160] Instead of using blends of phosphorescent and
luminescent polymers according to the invention, these can
also be applied in succession in various layers in order to
achieve the corresponding colour location setting or colour
location optimization.

[0161] The present invention furthermore relates to elec-
troluminescent arrangements which contain at least one
phosphorescent or luminescent polymer according to the
invention. The phosphorescent or luminescent polymer
according to the invention serves as light-emitting material.

[0162] The use of the phosphorescent or luminescent
polymers according to the invention as light-emitting mate-
rial has the advantage over known low molecular weight
light-emitting materials that additional components, such as,
for example, binders, matrix materials or charge transport
compounds, are not absolutely essential in the light-emitting
layer, but these additional components may nevertheless be
present.

[0163] The present invention also relates to electrolumi-
nescent arrangements which contain blends of one or more
phosphorescent polymers according to the invention and one
or more luminescent polymers according to the invention.

[0164] The present invention preferably relates to elec-
troluminescent arrangements which additionally contain a
hole-injecting layer.

[0165] These are particularly preferably electrolumines-
cent arrangements in which the hole-injecting layer consists
of a neutral or cationic polythiophene of the general formula
G
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G
A’—0 O0—A!
/\
*® S n *
in which

[0166] A" and A®, independently of one another, represent
hydrogen, optionally substituted C,-C,;-alkyl, CH,OH or
Ce-C4-aryl or together denote optionally substituted
C,-C,;-alkylene or C4-C,,-arylene, preferably C,-C,-
alkylene, particularly preferably ethylene, and

[0167] m represents an integer from 2 to 10 000, prefer-
ably from 5 to 5 000.

[0168] Polythiophenes of the general formula G are
described in EP-A 0 440 957 and EP-A 0 339 340.

[0169] A description of the preparation of the dispersions
or solutions used can be found in EP-A 0 440 957 and DE-A
42 11 459.

[0170] The polythiophenes are used in the dispersion or
solution preferably in cationic form, as obtained, for
example, by treatment of neutral thiophenes with oxidizing
agents. Customary oxidizing agents, such as potassium
peroxodisulphate, are used for the oxidation. As a result of
the oxidation, the polythiophenes acquire positive charges,
which are not shown in the formulae since their number and
their position cannot be satisfactorily determined. According
to the information in EP-A 0 339 340, they can be prepared
directly on carriers.

[0171] Preferred cationic or neutral polythiophenes are
composed of structural units of the formula G-a

Ql QZ G-a
@] [¢]
[\
ES S o *
in which

[0172] Q'and Q7 independently of one another, represent
hydrogen, optionally substituted (C,-C,¢)-alkyl, prefer-
ably (C,-C,)-alkyl, in particular (C,-C)-alkyl, (C,-C, ,)-
alkenyl, preferably (C,-Cq)-alkenyl, (C;-C,)-cycloalkyl,
preferably cyclopentyl or cyclohexyl, (C,-C,s)-aralkyl,
preferably phenyl-(C,-C,)-alkyl, (C4-C,p)-aryl, prefer-
ably phenyl or naphthyl, (C,-C,4)-alkoxy, preferably (C,-
C,o)-alkoxy, for example methoxy, ethoxy, n-propoxy or
isopropoxy, or (C,-C, 4)-alkoxy ester, it being possible for
the abovementioned radical to be substituted by at least
one sulphonate group, and

[0173] m has the abovementioned meaning.



US 2006/0093852 A1

[0174] Cationic or neutral poly-3,4-(ethylene-1,2-diox-
y)thiophene is very particularly preferred.

[0175] 1In order to compensate the positive charge, the
cationic form of the polythiophenes contains anions, pref-
erably polyanions.

[0176] Preferably used polyanions are the anions of poly-
meric carboxylic acids, such as polyacrylic acids, poly-
methacrylic acid or polymaleic acids, and polymeric sul-
phonic acids, such as polystyrenesulphonic acids and
polyvinylsulphonic acids. These polycarboxylic and
polysulphonic acids may also be copolymers of vinylcar-
boxylic and vinylsulphonic acids with other polymerizable
monomers, such as acrylic esters and styrene.

[0177] The anion of polystyrenesulphonic acid is particu-
larly preferred as an opposite ion.

[0178] The molecular weight of the polyacids providing
the polyanions is preferably from 1 000 to 2 000 000,
particularly preferably from 2 000 to 500 000. The polyacids
or their alkali metal salts are commercially available, for
example polystyrenesulphonic acids and polyacrylic acids,
or can be prepared by known processes (cf. for example
Houben-Weyl, Methoden der organischen Chemie [Methods
of Organic Chemistry], Vol. E 20, Makromolekulare Stoffe
[Macromolecular Substances], Part 2 (1987), page 1141 et
seq.).

[0179] Instead of the free polyacids required for the for-
mation of the dispersions of polydioxythiophenes and polya-
nions, mixtures of alkali metal salts of the polyacids and
corresponding amounts of monoacids may also be used.

[0180] An optionally present hole-conducting layer is
preferably adjacent to the hole-injecting layer and preferably
contains one or more aromatic tertiary amino compounds,
preferably optionally substituted triphenylamine com-
pounds, particularly preferably tris-1,3,5-(aminophenyl-
Ybenzene compounds of the formula K

in which

[0181] R’ represents hydrogen, optionally substituted
alkyl or halogen,

[0182] R®and R, independently of one another, represent
optionally substituted (C,-C, ,)-alkyl, preferably (C,-Cy)-
alkyl, in particular methyl, ethyl, n-propyl or isopropyl,
n-butyl, isobutyl, sec-butyl or tert-butyl, alkoxycarbonyl-
substituted (C,-C,)-alkyl, preferably (C,-C,)-alkoxycar-
bonyl-(C,-Cg)-alkyl, such as, for example, methoxy-,
ethoxy-, propoxy- or butoxycarbonyl-(C,-C,)-alkyl, aryl,
aralkyl or cycloalkyl, each of which is optionally substi-
tuted, preferably phenyl-(C,-C,)-alkyl, naphthyl-(C,-C,)-
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alkyl, cyclopentyl, cyclohexyl, phenyl or naphthyl, each
of which is optionally substituted by (C,-C,)}-alkyl and/or
by (C,-C,)-alkoxy.

Optionally present substituents for the abovementioned radi-
cals are to be understood as meaning, for example,
straight-chain or branched alkyl, cycloalkyl, aryl, halo-
genoalkyl, halogen, alkoxy and sulpho radicals.

[0183] R®and R®, independently of one another, particu-
larly preferably unsubstituted phenyl or naphthyl, or phenyl
or naphthyl, each of which is monosubstituted to trisubsti-
tuted by methyl, ethyl, n-propyl, isopropyl, methoxy, ethoxy,
n-propoxy and/or isopropoxy.

[0184] R7 preferably represents hydrogen, (C,-Cy)-alkyl,
such as, for example, methyl, ethyl, n-propyl or isopropyl,
n-butyl, isobutyl, sec-butyl or tert-butyl, or chlorine.

[0185] Such compounds and the preparation thereof are
described in U.S. Pat. No. 4,923,774 for use in electropho-
tography. The tris-nitrophenyl compound can be converted
into the tris-aminophenyl compound, for example by gen-
erally known catalytic hydrogenation, for example in the
presence of Raney nickel (Houben-Weyl 4/1C, 14-102,
Ullmann (4) 13, 135-148). The amino compound is reacted
with substituted halogenobenzenes in a generally known
manner.

[0186] In addition to the tertiary amino compounds, fur-
ther hole conductors, for example in the form of a mixture
with the tertiary amino compound, may optionally be used
for producing the electroluminescent element. These may
be, on the one hand, one or more compounds of the formula
K, mixtures of isomers also being included, and, on the other
hand, also mixtures of hole-transporting compounds having
a different structure with tertiary amino compounds of the
general formula K.

[0187] A list of possible hole-injecting and hole-conduct-
ing materials is given in EP-A 0 532 798.

[0188] In the case of mixtures of the aromatic amines, the
compounds may be used in any desired ratio.

[0189] An optionally present electron-transporting layer is
preferably adjacent to the light-emitting layer and preferably
contains Alq; (q=8-hydroxyquinolinato), Gaq,, Al(qa);,
Ga(qa), or a gallium complex from the group consisting of
Ga(qa),OR®, Ga(qa),OCORS or Ga(qa),—O—Ga(qa),, R°
representing substituted or unsubstituted alkyl, aryl, aryla-
lkyl or cycloalkyl and qa representing

ga
X
Va
N CH;
0}
[0190] The preparation of the gallium complexes is

described in EP-A 949695 and DE 19812258. The electron-
transporting layer can be applied by vapour deposition
processes (e.g. Alq;) or preferably by applying the readily
soluble gallium complexes described from solution by spin-
coating, casting or knife-coating. Suitable solvents are, for
example, methanol, ethanol, n-propanol or isopropanol.
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[0191] Ina particular embodiment, the electroluminescent
arrangement according to the invention may contain a
hole-blocking layer between light-emitting layer and elec-
tron-transporting layer. Preferably, the hole-blocking layer
contains bathocuproin (BCP) or TPBI (1,3,5-tris| N-phenyl-
benzimidazol-2-yl]benzene)

BCP

TPBI

[0192] The electron-injecting layer consists of an alkali
metal fluoride or alkali metal oxide or of an organic com-
pound n-doped by reaction with an alkali metal. The elec-
tron-injecting layer preferably contains LiF, Li,0, Li quino-
late, etc.

[0193] The layers or layer present between hole-injecting
layer and cathode can also perform a plurality of functions,
i.e. a layer may contain, for example, hole-injecting, hole-
transporting, electroluminescent (light-emitting), hole-
blocking, electron-transporting and/or electron-injecting
substances.

[0194] The top electrode consists of a conductive sub-
stance which may be transparent. Preferably, metals, e.g. Ca,
Ba, Li, Sm, Al, Ag, Au, Mg, In, Sn, etc., or alloys of two or
more of these metals, which can be applied by techniques
such as vapour deposition, sputtering or platinization, are
suitable.

[0195] Glass, very thin glass (flexible glass) or plastics are
suitable as the transparent substrate which is provided with
a conductive layer. Particularly suitable plastics are: poly-
carbonates, polyesters, copolycarbonates, polysulphone,
polyethersulphone, polyimide, polyethylene, polypropylene
or cyclic polyolefins or cyclic olefin copolymers, hydroge-
nated styrene polymers or hydrogenated styrene copoly-
mers.

[0196] A preferred embodiment of the present invention
relates to electroluminescent arrangements in which the
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electroluminescent element is a two-layer structure compris-
ing a hole-injecting and light-emitting layer.

[0197] A further preferred embodiment of the present
invention relates to electroluminescent arrangements in
which the electroluminescent element is a one-layer struc-
ture comprising a light-emitting layer.

[0198] In order to prevent degradation, in particular by
atmospheric oxygen and water, the arrangement according
to the invention can be encapsulated with a material having
a high diffusion barrier to oxygen and water. Suitable
materials are very thin glass (from Schott Displayglas) and
polymer laminate systems which may be coated with metal
oxides or metal nitrides by vapour deposition (Si0O, Al,O;,
MgO, Si,N,, etc.; polyvinyl alcohol, Aclar®, polyvi-
nylidene difluoride, etc.).

[0199] In addition to the phosphorescent or luminescent
polymers described in the invention, the light-emitting layer
may contain further phosphorescent or luminescent poly-
mers and/or conductive polymers known to a person skilled
in the art in the form of a blend for improving the film
formation properties, for adapting the emission colour and/
or for influencing the charge carrier transport properties. The
blend polymers are usually used in an amount of up to 95,
preferably up to 80, % by weight.

[0200] The electroluminescent arrangements emit light of
wavelengths from 200 to 2 000 nm, preferably from 400 to
800 nm, on application of a DC voltage in the range from 0.1
to 100 volt, preferably from 1 to 100 volt. Additional
emissions in other spectral ranges is not ruled out thereby
but has no influence on the visually perceptible colour of the
light emitted as a whole.

[0201] The electroluminescent arrangements according to
the invention can be used, for example, as laser diodes in
indicators or as displays (TV, computer monitor-), for back-
lighting of LCDs and watches, as illumination elements, in
flat panels light sources, as information signs, in mobile
communication devices, in indicators for household appli-
ances (e.g. washing machine, refrigerator, vacuum cleaner,
etc.) or as integrated displays in displacement systems, etc.

[0202] The production of the electroluminescent elements
in the electroluminescent arrangements is furthermore
according to the invention, the phosphorescent or lumines-
cent conjugated polymers being applied from solution.

[0203] For the production of the electroluminescent ele-
ment, the phosphorescent or luminescent polymer is dis-
solved in a suitable solvent and is applied to a suitable
substrate from solution, preferably by spin-coating, casting,
immersion, knife-coating, screen printing, inkjet printing,
flexographic printing or offset printing. Owing to the higher
process speeds and the smaller amount of waste material
produced, this method is advantageous compared with
vapour deposition methods (e.g. CVD), which are used in
the case of low molecular emitter materials, since a sub-
stantial cost saving and simplification of the process tech-
nology are achieved and a large-area application is permit-
ted. In particular, printing techniques permit targeted
application of complicated structures without an expensive
mask technique and lithography processes.

[0204] Suitable solvents are alcohols, ketones, aromatics,
halogenated aromatics, halogenated hydrocarbons, etc. or
mixtures of these. Preferred solvents are toluene, o-/m-/p-
xylene, chlorobenzene, di- and trichlorobenzene, chloro-
form, THEF, etc. The solution concentrations of phosphores-
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cent or luminescent polymers are between 0.1 and 20% by
weight, preferably between 0.5 and 10% by weight, particu- -continued
larly preferably between 0.5 and 3% by weight. The layer
thickness of the light-emitting layer is from 5 nm to 1 pm,
preferably from 5 nm to 500 nm, particularly preferably
from 20 nm to 500 nm, very particularly preferably from 20
nm to 100 nm.

[0205] The substrate may be, for example, glass or a
plastics material which is provided with a transparent elec-
trode. The plastics material used may be, for example, a film
of polycarbonates, polyesters, such as polyethylene tereph-
thalate or polyethylene naphthalate, copolycarbonates,
polysulphone, polyethersulphone, polyimide, polyethylene,
polypropylene or cyclic polyolefins or cyclic olefin copoly-
mers, hydrogenated styrene polymers or hydrogenated sty- (bthpy )y Ir(u-CD,Ir(bthpy),
rene copolymers. The substrate may furthermore be a layer
arrangement which already contains one or more of the
layers 1 to 10 (cf. page 2), preferably 1 to 7, contained in the
fundamental structure of an EL arrangement, it also being N e
possible for one layer to perform the functions of a plurality
of these layers.

2

[0206] Suitable transparent electrodes are: metal oxides, Ir/ ;Ir'

e.g. indium tin oxide (ITO), tin oxide (NESA), zinc oxide, = ol =
doped tin oxide, doped zinc oxide, etc.; semitransparent g q
metal films, e.g. Au, Pt, Ag, Cu, etc.; conductive polymer \/ \/
films, such as polythiophenes, polyanilines, etc. The thick- - -2 - 2
ness of the transparent electrode is from 3 nm to about (thpy ) Ir(u-Cl),Ir(thpy)s

several jlm, preferably from 10 nm to 500 nm.

EXAMPLES

[0207] All molar masses mentioned below were deter-
mined by means of GPC (gel permeation chromatography)
(calibration against polystyrene standard, dichloromethane
solvent).

Iridium Precursor Complexes Used:

| A 7 ‘
N a NN
VAN
Ir‘ /Ir
Z ¢l AN (bthpy-cf3)2Ir(u-Cl)olr(bthpy-cf3),
\ /
— — — —2

EPY)2lr(n-ChIr(ppy)2

\ /
| | e
AN P A s
‘Ir\ /‘Ir’
Va Cl AN
\ /
_ =2 _ =2
- -2 - -2
F F

(btz),Ir(u-ClyIr(btz),
(Ipp)2Ir(u-Cl)Ir(ipp);
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Example 1

Synthesis of a Polymer Having Repeating Units of
the General Formula A and B-I-1 (Ar'=2,7-(9,9-di-
n-octylfluorenyl, R*=octyl, L=2-phenylpyridine
(ppy))

[0208]

Hi7Cs  CgHyy

(Ppy) Ir(u-C), Ir(ppy), (67 mg) and silver trifluoromethane-
sulphonate (32.1 mg) in dichloromethane (25 ml)/acetoni-
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trile (1.25 ml) were stirred under nitrogen and in the absence
of light under reflux for 10.5 h. After the silver chloride
formed had been separated off by filtration and the solvent
had been distilled off, the ligand polymer poly-(9,9"-di-n-
octyl-2,7-fluorenyl)-co-(2,5-pyridyl)] (number of units A:
number of units B-I-1=12:1; M_=88 100 (D=2.82); 200
mg), dissolved in a mixture of anisole and 2-ethoxyethanol
(85:15) (25 ml), was added. The solution was stirred under
reflux for 23 h under nitrogen. After the solution had been
filtered and evaporated down to 13 ml, the polymer was
precipitated in 400 ml of methanol. The subsequent Soxhlet
extraction with methanol/acetone (1:1) gave, after drying in
vacuo, 195.6 mg of the desired phosphorescent polymer as
an orange-ccloured fibrous product. 'H-NMR (400 MHz,
CDCl;, TMS): 8=9.09 (H,,,), 8.58 (H,,,), 8.26 (H,,),
7.9-7.6 (Hpoipauorenetppy)s 6.94 (H,p.), 6.48 (H,,,) 2.12
(Hepm)s 1.14 (Hepn)s 0.82 (Heygs); photoluminescence (thin

film on quartz glass substrate, h,=296 nm); A, ., =630
nm.
[0209] The synthesis of the other phosphorescent poly-

mers having repeating units of the general formula A and
B-I-1 or A and B-I-2 can be carried out in an analogous
manner.

Example 2-a

Synthesis of a Polymer of the General Formula C-1
(Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R*<hexyl, L=2-
benzo[b]thiophen-2-yl-pyridine (bthpy))

[0210]
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[0211] Terminal group-functionalized (salicylaldehyde-n-
hexylimine) poly-2,7-9,9'-di-n-octyl)-flucrene (M_=8 400
(D=2.1); 400 mg), (bthpy),Ir(u-Cl),Ir(bthpy), (65 mg) and
sodium carbonate (14 mg) were heated under reflux for 40
h under a nitrogen atmosphere in a mixture of 1,2-dichlo-
roethane (50 ml) and ethanol (10 ml). After cooling, chlo-
roform (40 ml) was added and filtration was effected. The
filtrate was concentrated and was chromatographed over
silica gel (CH,Cl,). The product fractions were combined
and concentrated (5 ml) and the product was precipitated in
methanol (300 ml). After drying in vacuo, 366 mg of the
desired product were obtained as a yellow-orange flocculant
solid which produces intense red luminescence under a UV
lamp. 'H-NMR (CDCl,, 400 MHz, TMS): 8=8.89 (d), 8.47
(d), 8.17 (8), 7.90-7.60 (H x,_potyucrene)> 7-53 (m), 7.35 (m),
7.05 (m), 6.92 (1), 6.81 (m), 637 (d). 6.09 (d), 3.15 (br,
Hy.crmz) 212 (M, Hems, potguorene)s 114 (01, Hepra potyauor
rene), 0.82 (1, Heps, polyfiuorene)s GPC(CH,CLy): M =10 500;
photoluminescence (thin film on quartz glass substrate,
hey=372 mm), A =612 nm; electroluminescence: 2.,
max=612 nm.

em,max

Ny

e

2

A48
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Example 2-b

Synthesis of a Polymer, of the General Formula
C-1 (Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R*=hexyl,
L=2-benzo[ b]thiophen-2-yl-pyridine (bthpy))

[0212] The procedure is analogous to example 2-a, but
with terminal group-functionalized (salicylaldehyde-n-
hexylimine) poly-2,7-(9,9'-di-n-octyl)fluorene (M, =35 200
(D=3.4); 700 mg), (bthpy),lr(u-Cl),Ir(bthpy), (40 mg),
Na CO; (8.5 mg). 1,2-dichloroethane (50 ml) and ethanol
(10 ml). Reaction time: 32 h. After isolation of the product,
603 mg of a yellow-orange fibrous solid which produces
intense red luminescence under the UV lamp were obtained.

Example 3

Synthesis of a Polymer of the General Formula C-1
(Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R*=hexyl, L=2-
(2-thienyl)pyridine (thpy))

[0213]

\

NZ
HiCs  CeHy
AN
2
[0214] Terminal group-functionalized (salicylaldehyde-n-

hexylimine) poly-2,7-(9,9'-di-n-octyl)-fluorene M_=8 400
(D=2.1); 400 mg), (thpy),Ir(n-Cl),Ir(thpy), (55 mg) and
sodium carbonate (14 mg) were heated under reflux for 27
h under a nitrogen atmosphere in a mixture of 1,2-dichlo-
roethane (50 ml) and ethanol (10 ml). After cooling, chlo-
roform (40 ml) was added and filtration was effected. The
filtrate was concentrated and was chromatographed over
silica gel (CH,Cl,). The product fractions were combined
and concentrated (4 ml) and the product was precipitated in
methanol (300 ml). After drying in vacuo, 332 mg of the
desired product were obtained as a yellow-orange flocculant
solid which produces weak orange luminescence under a
UV lamp. *H-NMR (CDCl,, 400 MHz, TMS): 8=8.99 (d),
7.90-7.60 (H o1 potyfruorene)s 7-33 (m), 7.35 (m), 7.05 (d), 6.62
(m), 5.91 (d), 3.75 (br, Hy_cpz) 2.12 (1, Hepa, potysiuorene)s
1.14 (br, Hepo, potytuoreney, 0-82 (t: Hens, potyfuorene)-
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Example 4

Synthesis of a Polymer of the General Formula C-1
(Ar'=2,7-(9,9-di-n octyl)fluorenyl, R* hexyl, L=2-
phenyl-benzothiazole (btz))

[0215]

g <:_ Q.O _:>h N

Hi7Cs

[0216] Terminal group-functionalized (salicylaldehyde-n-
hexylimine) poly-2,7-(9,9'-di-n-octyl)-fluorene (M,,=8 400
(D=2.1); 250 mg), (btz),Ir(u-Cl),Ir(btz), (39 mg) and
sodium carbonate (10 mg) were heated under reflux for 36
h under a nitrogen atmosphere in a mixture of 1,2-dichlo-
roethane (30 ml) and ethanol (6 ml). After cooling, chloro-
form (40 ml) was added and filtration was effected. The
filtrate was concentrated and was chromatographed over
silica gel (CH,Cl,). The product fractions were combined
and concentrated (10 ml) and the product was precipitated in
methanol (500 ml). After drying in vacuo, 180 mg of the
desired product were obtained as an orange solid which
produces intense orange luminescence under a UV lamp
(366 nm). 'H-NMR (CDCl,, 400 MHz, TMS): §=8.75 (d),
8.63 (d), 8.03 (s), 7.90-7.60 (H,, potyuorene)s 7-9-7.3 (m),
6.87 (m), 6.73 (m), 6.62 (m), 6.41 (1), 6.26 (d), 5.99 (d), 3.48,
3.28 (br, Hy_cpo)s 2-12 (m, Hepa, poysuroene): 114 (br, Hopy,
polyftuorene), 0.82 (t, H, ). Photoluminescence
(thin film on quartz glass substrate, A =452 nm): A,

CH3, polyfluorene.

max=581, 614(sh) nm; electroluminescence *
570(sh), 612 nm.

em, max
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Example 5

Synthesis of a Red-Phosphorescent Polymer Having
Repeating Units of the General Formulae A and
B-I-6 (Ar'=2,7-(9,9-di-2-ethylhexyl)fluorenyl, R*

hexyl, L=2-benzo[b Jthiophen-2-yl-(5-trifluorometh-

yl)pyridine (bthpy-cf3))

o0

[0217]

CeHiz
—N._
\Ir/

PN
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[0218] The random polyfluorene ligand copolymer con-
taining 2,7-(9,9'-di-2-ethylhexyl)fluorene units A and 3,5-
bridged uncomplexed salicyl-N-hexylimine units B-I-6 in
the ratio 98.5 (A): 1.5 (B-1-6) (M_,=53 900 (D=2.15)) (250
mg), (bthpy-cf3),Ir(u-Cl),Ir(bthpy-cf3), (11 mg) and
sodium methanolate (0.8 mg) were heated under reflux
under a nitrogen atmosphere in a mixture of chloroform (15
ml) and methanol (1 ml) for 20 h. Working-up as in example
23 gave 211 mg of fibrous yellow solid which produces
intense deep red luminescence under a UV lamp.

[0219] Evidence of the complexing from 'H NMR spec-
troscopy.
=411 nm): A

em, max

[0220] Film emission spectrum: (A
640 nm.

exc

Example 6

Synthesis of a Polymer of the General Formula C-2
(Ar'=2,7-9,9'-di-n-octyl)fluorenyl, R>=methyl, L=2-
(2-thienyl)pyridine (thpy))

[0221]

[0222] Terminal group-functionalized (4-benzoylacetone-
)poly-2,7-(9,9'-di-n-octyl)-fluorene (M,,=7 600 (D=1.8);
250 mg), (thpy),Ir(u-Cl),Ir(thpy), (65 mg) and sodium car-
bonate (63.6 mg) were stirred under reflux under a nitrogen
atmosphere in 2-ethoxyethanol (15 ml) for 13.5 h.

[0223] After cooling, water (30 ml) was added, stirring
was effected and extraction was then effected with chloro-
form (3x50 ml). The extracts were evaporated to dryness
and taken up again in chloroform and the product was
precipitated by being introduced into methanol. After chro-
matography over silica gel (chloroform), the product frac-
tions were evaporated down and again precipitated in metha-
nol. After drying in vacuo, 97.8 mg of yellow-orange
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flocculant product which produces intense orange lumines-
cence under a UV lamp (366 nm) were obtained. "H NMR
(CDClL,, 400 MHz, TMS): 8=8.44 (d), 8.40 (d), 8.17 (d),
8.08 (d), 7.90-7.60 (7.51 (m), 7.34 (m), 6.90 (m), 6.25 (d),
6.23 (d) 5.98 (S)7 212 (br7 HCHZ, polyﬁuorene)7 1.98 (S)a 1.14

(brs HCH2, polyﬁuorene)s 0.82 t! CHS3, polyfluorene/*

Example 7

Synthesis of a Polymer of the General Formula C-2
(Art=2,7-(9,9"-di-n-octylfluorenyl, R'=methy],
L=2-benzo[b]-thiophen-2-yl-pyridine (bthpy))

[0224]
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[0225] Terminal group-functionalized (4-benzoylacetone-
)poly-2,7-(9,9'-di-n-octyl)-fluorene (M, =19 500 (D=2.3);
300 mg) and (bthpy ),Ir(u-Cl),Ir(bthpy), (39 mg), dissolved
in chloroform (22.5 ml) were added dropwise under a
nitrogen atmosphere to a solution of sodium methylate (2.4
mg) in methanol (0.75 ml), and stirred for 1 h at room
temperature and then for 5.5 h under reflux. After cooling,
chloroform (20 ml) was added, filtration was effected and
the filtrate was evaporated down. After chromatography
over silica gel (dichloromethane), the product fractions were
concentrated (5 ml) and precipitated in methanol (400 m1).
After drying in vacuo, 203 mg of orange flocculant product
which produces intense red luminescence under a UV lamp
(366 nm) were obtained. "H NMR (CDCl,, 400 MHz,
TMS): 6=8.53 (d), 8.48 (d), 7.90-7.60 (H o, potyfiuorene) 7-40-
7.30 (m), 7.09 (m), 6.98 (m), 6.84 (t), 6.30 (d), 6.27 (d), 6.02
(8). 212 (br, Hems, potytuorene)s 196 (s), 1.14 (br, Hers,

polyﬂuorene) 0.82 (t, HCH3, polyfiucrene/"
Example 8

Synthesis of a Polymer of the General Formula C-2
(Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R’=methyl,
L=4-fluorophenyl-2-pyridine (fpp))

[0226]

[0227] Terminal group-functionalized (4-benzoylacetone-
)poly-2,7-(9,9'-di-n-octyl)-fluorene (M,,=19 500 (D=2.3);
200 mg) and (fpp),lr(u-Cl),Ir(fpp), (23 mg), dissolved in
chloroform (15 ml), were added dropwise under a nitrogen
atmosphere to a solution of sodium methylate (1.6 mg) in
methanol (0.5 ml), stirred for 1 h at room temperature and
then for 5 h under reflux. After cooling, filtration was
effected and the filtrate was evaporated to dryness. The
product was taken up again in dichloromethane and chro-
matographed over silica gel (dichloromethane). The product
fractions were concentrated and precipitated in methanol.
After drying in vacuo, 192 mg of yellow product which
produces blue luminescence under a UV lamp (366 nm)
were obtained. 'H NMR (CDCl,, 400 MHz, TMS): 8=9.13
(d), 8.54 (d), 8.49 (d), 7.90-7.60 (I, ,o1yttuorenc)s 7-40-7.30
(m), 7.15 (m), 6.60 (d), 6.58 (d), 5.99 (s), 5.95 (m), 5.92 (d),
2.12 (br, Heps, potyfucrene)s 1.97 (8), 1.14 (br, Hes, potyuo-
rene)s 0.82 (ts HCH3, polyﬂuorene)'
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Example 9

[0228] The substance according to the invention from
example 2-a is used for producing an organic light emitting
diode (OLED). The following procedure is adopted in the
production of the OLED:

1. Cleaning of ITO Substrate

[0229] ITO-coated glass Merck Balzers AG, FL, Part No.
253 674 XO) is cut into 50 mmx50 mm pieces (substrates).
The substrates are then cleaned in 3% strength aqueous
Mucasol solution in an ultrasonic bath for 15 min. There-
after, the substrates are rinsed with distilled water and spun
dry in a centrifuge. This rinsing and drying process is
repeated 10 times.

2. Application of the Baytron® P Layer

[0230] About 0.10 ml of the 1.3% strength polyethylene-
dioxythiophene/polysulphonic acid solution (Bayer AG,
Baytron® P, TP AI 4083) are filtered (Millipore HV, 0.45
um). The substrate is then placed on a spin coater and the
filtered solution is distributed over the ITO-coated side of
the substrate. The supernatant solution is then spun off by
rotating the turntable at 500 rpm over a period of 3 min. The
substrate coated in this manner is then dried at 110° C. on a
hotplate for 5 min. The layer thickness is 60 nm (Tencor,
Alphastep 200).

3. Application of the Emitter Layer

[0231] 5 ml of a 1% by weight toluene solution of the
substance according to the invention from example 2-a are
filtered (Millipore HV, 0.45 um) and distributed over the
dried Baytron® P layer. The supernatant solution is then
spun off by rotating the turntable at 300 rpm for 30 sec. The
substrate coated in this manner is then dried at 110° C. on a
hotplate for 5 ml. The total layer thickness is 150 nm.

4. Application of the Metal Cathode

[0232] A metal electrode is applied to the organic layer
system by vapour deposition. The vapour deposition unit
(Edwards) used for this purpose is integrated in an inert gas
glovebox (Braun). The substrate is placed with the organic
layer facing downwards on a perforated mask (hole diameter
2.5 mm). A 30 nm thick Ca layer and then a 200 nm Ag layer
are applied in succession by vapour deposition from two
vaporization boats at a pressure of p=10~> Pa. The vapour
deposition rates are 10 A/sec for Ca and 20 A/sec for Ag.
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5. Characterization of the OLED

[0233] The two electrodes of the organic LED are con-
nected via electric leads to a voltage source. The positive
pole is connected to the ITO electrode and the negative pole
is connected to the metal electrode. The OLED current and
the electroluminescence intensity, which is detected by
means of a photodiode (EG&G C30809E), are plotted as a
function of the voltage. The spectral distribution of the
electroluminescence is then measured using a glass fibre
spectrometer (Zeiss MSC 501). All OLED characterizations
are carried out in a glovebox under inert conditions. Above
a voltage of 6 volt, electroluminescence is detectable. The
colour of the electroluminescence is red and the maximum
of the spectral electroluminescence distribution is voltage-
independent and is 612 nm (cf. FIG. 1). The CIE colour
coordinates of the emission are: x=0.660; y=0.332.

[0234] FIG. 1. Electroluminescence spectrum from
example 9

Comparative Example 1
[0235] The procedure is as in example 9, with the follow-

ing difference in the case of step 3 (application of the emitter
layer).

3. Application of the Emitter Layer

[0236] 5 ml of a 1% by weight chloroform solution of a
poly-2,7-(9,9'-di-n-octyl)fluorene (cf. structural formula) are
filtered (Millipore HV, 0.45 pum) and distributed over the
dried Baytron P layer. The supernatant solution is then spun
off by rotating the turntable at 2 500 rpm for 120 sec. The

substrate coated in this manner is then dried at 110° C. on a
hotplate for 5 min. The total layer thickness is 250 nm.

CeHy7 CsHys

-0

Poly-2,7-(9,9"-di-n-octyl)fluorene

n

[0237] The colour of the electroluminescence in compara-
tive example 1 is bluish, the maximum of the spectral
electroluminescence distribution is 438.5 nm (cf. FIG. 2)
and the CIE colour coordinates are: x=0.164; y=0.113.

[0238] FIG. 2: Electroluminescence spectrum from com-
parative example 1
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[0239] In comparison with example 9, it is clearly shown
here that the covalent linkage of the Ir complexes to the
polyfluorene ligand groups changes the emission colour.

Comparative Example 2

[0240] The procedure is as in example 9, with the follow-
ing difference in the case of step 3 (application of the emitter
layer).

3. Application of the Emitter Layer

[0241] 5 ml of a 1% by weight chloroform solution
consisting of 97% by weight of poly-2,7-(9,9'-di-n-oc-
tyDfluorene (cf. example 8) and 3% by weight of tris(2-
phenylpyridine)iridium (cf. structural formula) are filtered
(Millipore RV, 045 um) and distributed over the dried
Baytron P layer. The supernatant solution is then spun off by
rotating the turntable at 2 500 rpm for 150 sec. The substrate
coated in this manner is then dried at 110° C. on a hotplate
for 5 min. The total layer thickness is 250 nm.

>Ir

| a

— -3

Tris{2-phenylpyridine)iridium

[0242] The electroluminescence spectrum of this structure
corresponds to that described in comparative example 1 (cf.
FIG. 2), ie. the spectrum is identical to that of pure
poly-2,7-(9,9'-di-n-octyl)fluorene.

[0243] This examples shows that the doping of the poly-
fluorene emitter polymer with Ir complexes by simple

admixing does not lead to the desired emission of the iridium
complex.

Example 10

Synthesis of a Polymer of the General Formula
(Ia-1) (Ar'=2,7-(9,9-di-n-octyl)fluorenyl, R=hexyl,
L>=4-fluorophenyl-2-pyridine (fpp))

[0244]

HisCs  CeHyy
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600 mg of ligand polymer containing 4 mol % of uncom-
plexed salicyl-N-hexylimine terminal groups, 30 mg (0.026
mmol) of (fpp),lr(n-Cl),Ir(fpp), and 7.8 mg of sodium
carbonate (0.074 mmol) in a mixture of 42 ml of 1,2-
dichloroethane and 8 ml of ethanol were stirred under reflux
under a nitrogen atmosphere for 38 h. After filtration, the
solution was evaporated to dryness and the residue was
taken up in a little chloroform and chromatographed over

CgHis

silica gel (CH,Cl,). The product fractions were concentrated
(15 ml) and precipitated by being introduced into methanol
(800 ml). Filtration with suction and drying under a vacuum
from an oil pump gave 507 mg of product (yellow, fibrous).

[0245] The polymer contains 4 mol % of terminal groups,
i.e. the iridium complex concentration is 4 mol %, based on
the fluorene derivative fraction in the polymer.

[0246] The product produces white luminescence under
UV irradiation (366 nm).

[0247] GPC(CH,CI, against PS): M, =40 100.

[0248] Characterization and detection of complexing by
'H NMR (400 MHz in CDCL/TMS, 25° C.).

Example 11

Synthesis of a Polymer of the General Formula
(Ia-1) (Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R=hexyl,
L*=4-fluorophenyl-2-pyridine (fpp)

[0249] The synthesis is as described in example 10, with
200 mg of ligand polymer containing 2 mol % of uncom-
plexed salicyl-N-hexylimine terminal groups (M_=71 300),
5 mg (0.004 mmol) of (fpp),Ir(n-Cl),Ir(fpp), and 1.3 mg of
sodium carbonate (0.011 mmol) in a mixture of 15 ml of
1,2-dichloroethane and 2.8 ml of ethanol. The duration of
the reaction is 38 h under reflux. After working-up, 123 mg
of product were obtained (pale yellow, fibrous).

[0250] The polymer is identical to that of example 10, but
the polymer in example 11 contains only 2 mol % of
terminal groups, i.e. the iridium complex concentration is 2
mol %, based on the fluorene derivative fraction in the
polymer.

[0251] The product produces white luminescence under
UV irradiation (366 nm).

N= =N, .
‘NII‘"' “‘Ir"/
SHKA AT

n

Hi7Cs
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|;0252] Characterization and detection of complexing by
H NMR (400 MHz in CDClL/TMS, 25° C.).

Example 12

Synthesis of a Polymer of the General Formula
(Ia-1) (Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R=hexyl,
[ 2=phenyl-2-pyridine (ppy))
[0253]

CeHys

CgHy7

[0254] The procedure is as described in example 10, with
170 mg of ligand polymer containing 2 mol % of uncom-
plexed salicyl-N-hexylimine terminal groups (M,,=71 300),
4.3 mg (0.004 mmol) of (Ppy),Ir(u-Cl),Ir(Ppy), and 1 mg of
sodium carbonate (0.009 mmol) in a mixture of 15 ml of
1,2-dichloroethane and 3 ml of ethanol. The duration of the
reaction is 8 h under reflux. After working-up, 127 mg of the
product were obtained (yellow, fibrous).

[0255] The product contains 2 mol % of terminal groups,
i.e. the iridium complex concentration is 2 mol %, based on
the fluorene derivative fraction in the polymer.

[0256] The product produces white luminescence under
UV irradiation (366 nm).

[0257] Characterization and detection of complexing by
'"H NMR (400 MHz in CDCL/TMS, 25° C.).

[0258] Film emission spectrum: (A,
465, 550 nm.

=398 nm): A_,=439,

€XC

Example 13

Synthesis of a Polymer of the General Formula
(Ta-1) (Ar'=2,7-(9,9'-di-n-octyl)fluorenyl, R=hexyl,
L2=phenyl-2-pyridine (ppy))

[0259] The procedure is as in example 12, with 350 mg of
ligand polymer containing 1 mol % of uncomplexed salicyl-
N-hexylimine terminal groups (M, =122 600), 8.6 mg
(0.008 mmol) of (Ppy),Ir(u-Cl),Ir(Ppy), and 2.2 mg of
sodium carbonate (0.02 mmol) in a mixture of 25 ml of
1,2-dichloroethane and 4 ml of ethanol. The duration of the
reaction is 18.5 h under reflux. After working-up, 284 mg of
product were obtained (pale yellow, fibrous).

[0260] The polymer is identical to that in example 12 but
the product from example 13 contains only 1 mol % of
terminal groups, i.e. the iridium concentration is 1 mol %,
based on the fluorene derivative fraction in the polymer.
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Example 14
Synthesis of a Polymer having Repeating Units of
the General Formulae (Ic-1) and (Id-1) (Ar'=2,7-(9,
9"-di-n-octy)fluorenyl, R=hexyl, I'=2-(2-thie-
nyl)pyridine (thpy))

o0

Hy7Cg

[0261]

CsHy7

[0262] The procedure is as described in example 10, with
300 mg of ligand polymer containing 2.5 mol % of 3,5-
linked uncomplexed salicyl-N-hexylimine repeating units
which are randomly incorporated into the polymer (M =89
700), 17 mg (0.015 mmol) of (thpy),Ir(u-Cl),Ir(thpy), and
1.7 mg of sodium methanolate (0.031 mmol) in a mixture of
1 ml of methanol and 30 ml of chloroform. The duration of
the reaction is 12 h under reflux. After working-up was
complete, the product was taken up again in CH,Cl, (10 ml)
and precipitated by being introduced into a 1:1 mixture of
acetone and methanol (400 ml). Filtration with suction and
drying under a vacuum from an oil pump gave 232 mg of
product (yellow, fibrous).

[0263] The polymer contains 2.5 mol % of iridium com-
plexes in the polymer main chain, based on the fluorene
derivative fraction in the polymer.

[0264] The product produces white luminescence on
exposure to UV irradiation (366 nm). Characterization and
detection of complexing by "H NMR (400 MHz in CDCL,/
TMS, 25° C.).

Example 15
Synthesis of a Polymer having Repeating Units of
the General Formula (Ic-1) and (Id-1) (Ar'=2,7-(9,

9'-di-n-octy)fluorenyl, R hexyl, I?=phenyl-2-pyri-
dine (ppy))

o0

Hi7Cs

[0265]

CgHy7

36
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-continued

CeHiz

—N.,

[0266] The procedure is as described in example 14, with
300 mg of ligand polymer containing 2.5 mol % of 3,5-
linked uncomplexed salicyl-N-hexylimine repeating units
which are randomly incorporated into the polymer (M, =89
700), 16 mg (0.015 mmol) of (ppy),Ir(u-Cl),Ir(ppy), and 1.7
mg of sodium methanolate (0.031 mmol) in a mixture of 1
ml of methanol and 20 ml of chloroform. The duration of the
reaction is 8 h under reflux. After working-up, 189 mg of
product were obtained (yellow, fibrous).

[0267] The polymer contains 2.5 mol % of iridium com-
plexes in the polymer main chain, based on the fluorene
derivative fraction in the polymer.

[0268] The product produces white luminescence under
UV irradiation (366 nm). Characterization and detection of
complexing by 'H NMR (400 MHz in CDCl,/TMS, 25° C.).

Example 16
Synthesis of a Polymer having Repeating Units of
the General Formula (Ic-1) and (Id-1) (Ar'=2,7-(9,

9'-di-n-octyl)fluorenyl, R=hexyl, L>~4-flucrophe-
nyl-2-pyridine (fpp))

00

Hy7Cs

[0269]

CsHy7

CeHiz

—N.
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[0270] The procedure is as described in example 14, with
300 mg of ligand polymer containing 2.5 mol % of 3,5-
linked uncomplexed salicyl-N-hexylimine repeating units
which are randomly incorporated into the polymer (M, =89
700), 17.1 mg (0.015 mmol) (fpp),Ir(u-C1),Ir(fpp), and 1.7
mg of sodium methanolate (0.031 mmol) in a mixture of 1
ml of methanol and 20 ml of chloroform. The duration of the
reaction is 8 h under reflux. After working-up, 175 mg of
product were obtained (yellow, fibrous).

[0271] The polymer contains 2.5 mol % of iridium com-
plexes in the polymer main chain, based on the content of
fluorene derivative in the polymer.

[0272] The product produces white luminescence under
UV irradiation (366 rm). Characterization and detection of
complexing by 'HNMR (400 MHz in CDCI,/TMS, 25° C.).

BExample 17

Synthesis of a Polymer having Repeating Units of
the General Formula (Ic-1) and Various Repeating
Units of the General Formula (Id-1) (Ar'=2,7-(9,9'-
di-n-octy)fluorenyl, R=hexyl, I.>=phenyl-2-pyridine
(ppy) or 2-benzo[b]thiophen-2-yl-pyridine (bthpy))

[0273]

Hj7Cs  CgHyr

CeHiys

|
_N\\ S ’
i
—k z//:o/
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-continued

[0274] The procedure is as described in example 14, with
200 mg of ligand polymer containing 2.5 mol % of 3,5-
linked uncomplexed salicyl-N-hexylimine repeating units
which are randomly incorporated into the polymer, 3.3 mg
(3.1 umol) of (ppy ), Ir(p-Cl),Ir(ppy),, 0.3 mg (0.24 pmol) of
(bthpy),Ir(u-Cl), Ir(bthpy), and 1 mg of sodium methanolate
(0.02 mmol) in a mixture of 1 ml of methanol and 20 ml of
chloroform. Duration of reaction 8 h under reflux. After
working-up, 106 mg of product were obtained (yellow).

[0275] The polymer contains altogether 2.5 mol % of
iridium complexes in the polymer main chain, based on the
content of fluorene derivative in the polymer. The polymer
contains two, different iridium complexes which have spec-
trally different emission properties: bis(phenyl-2-pyridi-
ne)iridium-salicylimine ((ppy),lr(sal)) and bis(2-benzo[b]
thiophen-2-yl-pyridine)iridium-salicylimine
((bthpy)Ir(sal)), which are randomly incorporated in the
conjugated polymer main chain. The ratio of (ppy),Ir(sal) to
(bthpy),Ir(sal) is about 93 to 7.

[0276] Characterization and detection of complexing by
'H NMR (400 MHz in CDCI,/TMS, 25° C.). The product
produces white luminescence under a UV lamp (366 nm).

Example 18

Synthesis of a Polymer of the General Formula
(Ia-2) (Ar'=2,5-(2-ethylhexyloxy)phenylene, R=me-
thyl, L*=phenyl-2-pyridine (ppy))

[0277]
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[0278] The procedure is as described in example 14, with
250 mg of ligand polymer containing 2 mol % of terminal
benzoylacetone ligand groups (M_,=48 300), 19 mg (0.018
mmol) of (ppy),Ir(u-Cl),Ir(ppy), and 3 mg of sodium
methanolate (0.055 mmol) in a mixture of 1 ml of methanol
and 15 ml of chloroform. Duration of reaction 22 h under
reflux. After working-up, 206 mg of product were obtained
(pale yellow, fibrous).

[0279] The polymer contains 2 mol % of terminal groups,
1.e. the concentration of iridium complex is 2 mol %, based
on the content of phenylene derivative in the polymer.

[0280] The product produces white luminescence under a
UV lamp (366 nm).

[0281] Characterization and detection of complexing by
'HNMR (400 MHz in CDCly/TMS, 25° C.). Film emission
spectrum: (A, =370 nm): A, =413, 580 nm.

€XC

Example 19

Synthesis of a Polymer of the General Formula
(Ia-2) (Ar'=2,5-(2-ethylhexyloxy)phenylene, R=me-
thyl, *=4-fluorophenyl-2-pyridine (fpp))

[0282]

May 4, 2006

1. Structure of the ITO Substrates:

[0287] ITO-coated glass having a surface resistance of 20
ohny/sq (MDT, Merck KgaA) is cut into 50 mmx50 mm
substrates and structured by a photoresist technique and
subsequent etching so that 2 mm wide and about 10 mm long
ITO lands remain.

2. Cleaning of the ITO Substrates:

[0288] The substrates are wiped manually with acetone-
impregnated cloths and then cleaned in a 3% strength
aqueous Mucasol solution in an ultrasonic bath for 15 min.
Thereafter, the substrates are rinsed 10 times with distilled
water and then spun dry in a centrifuge.

3. Application of the Baytron® P Layer (Hole-Injection
Layer)

[0289] About 10 ml of a 1.6% strength polyethylenediox-
ythiophene/polysulphonic acid solution (H. C. Starck
GmbH, Baytron® P TP Al 4083) are filtered (Millipore HY,
0.45 pm). The cleaned substrate is then placed on a spin
coater and the filtered solution is distributed over the ITO-
coated side of the substrate. The supernatant solution is then
spun off by rotating the turntable at 2 500 rpm over a period
of 2 min with the cover closed. The substrate coated in this

[0283] The procedure is as described in example 14, with
200 mg of ligand polymer containing 2 mol % of terminal
benzoylacetone ligand groups (M,=48 300), 18.5 mg (0.016
mmol) of (fpp),Ir(u-Cl),Ir(fpp), and 2.5 mg of sodium
methanolate (0.04 mmol) in a mixture of 1 ml of methanol
and 20 ml of chloroform. Duration of reaction 12.5 h under
reflux. After working-up, 170 mg of product were obtained
(pale yellow, fibrous).

[0284] The polymer contains 2 mol % of terminal groups,
i.e. the concentration of iridium complex is 2 mol %, based
on the content of phenylene derivative in the polymer.

[0285] The product produces white luminescence under a
UV lamp (366 nm). Characterization and detection of com-
plexing by 'H NMR (400 MHz in CDCl,/TMS, 25° C.).
Film emission spectrum: (A, =373 nm): A, =413, 597 nm.

exc

Example 20

[0286] The polymer according to the invention from
example 11 is tested as an emitter layer in an OLED
structure. The following procedure is adopted in the pro-
duction of the OLED structure:

manner is then dried on a hotplate for 5 min at 110° C. The
layer thickness is 50 nm (Tencor, Alphastep 500).

4. Application of the Emitter Layer (Light-Emitting Layer):

[0290] The polymer described in example 11 is dissolved
in chloroform (1% by weight). The solution is filtered
(Millipore RV, 0.45 um) and distributed over the dried
Baytron® P layer. The supernatant solution is then spun off
by rotating the turntable at 3 000 rpm over a period of 30 sec
(Convac spin coater), the cover being raised over the chuck
after 10 sec. The substrate coated in this manner is then dried
on a hotplate for 5 min at 110° C. The total layer thickness
comprising Baytron® P layer and emitter layer is 150 nm.

5. Application of the Metal Cathode:

[0291] A metal electrode is applied by vapour deposition
to the organic layer system. The vapour deposition unit used
for this purpose (Edwards) is integrated in an inert gas
glovebox (Braun). The substrate is placed with the organic
layer facing downwards on a vapour deposition mask having
1 mm wide and about 10 mm long slots. A 30 nm thick Ca
layer and then a 200 nm Ag layer are applied in succession
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from two vaporization boats at a pressure of p 1073 Pa. The
vapour deposition rates are 10 A/sec for Ca and 20 A/sec for
Ag.

6. Characterization of the OLED:

[0292] The two electrodes of the organic LED are con-
nected to a voltage source via electric leads. The positive
pole is connected to the ITO electrode and the negative pole
is connected to the metal electrode. The OLED current and
the electroluminescence intensity are plotted as a function of
the voltage. The electroluminescence is detected by means
of a photodiode (EG&G C30809E). The voltage pulse
duration is in each case 300 msec. The waiting time between
the voltage pulses is 1 sec. The spectral distribution of the
electroluminescence (EL) is then measured by means of a
glass fibre spectrometer card (Sentronic CDI-PDA). The
luminance is measured by means of a luminance meter (LS
100 Minolta). All OLED characterizations are carried out
under inert conditions in a glovebox.

Results:

[0293] Above 4V, electroluminescence is detectable. At
12V, the current density is 1.3 A/cm? and the luminance is
180 cd/m” (efficiency at 12 V: 1=0.014 c¢d/A). The following
CIE colour coordinates are calculated from the electrolumi-
nescence spectrum (FIG. 3): x=0.28, y=0.31. The colour
location is therefore close to the achromatic point and the
emission appears white.

[0294] FIG. 3 Electroluminescence
example 20

specttum  from

Example 21

[0295] The polymer according to the invention from
example 13 is tested as an emitter layer in an OLED
structure. The procedure corresponds to that in example 20,
with the exception of subsection 4:

4. Application of the Emitter Layer:

[0296] The polymer described in example 13 is dissolved
in toluene (1% by weight). The solution is filtered (Millipore
HV, 0.45 pm) and distributed over the dried Baytron® P
layer. The supernatant solution is then spun off by rotating
the turntable at 600 rpm over a period of 30 sec with the
cover opened (K. Siiss RC-13 spin coater). The substrate
coated in this manner is then dried on a hotplate for 5 min
at 110° C. The total layer thickness comprising Baytron® P
layer and emitter layer is 150 nm.

Results:

[0297] Above 4V, electroluminescence is detectable. At
11.8 V, the current density is 300 mA/ci® and the luminance
is 260 cd/m® (efficiency at 11.8 V: 1=0.087 cd/A). The
following CIE colour coordinates are calculated from the
electroluminescence spectrum: x=0.29, y=0.31. The colour
location is thus close to the achromatic point and the
emission appears white.

Example 22

[0298] The polymer according to the invention from
example 12 is tested as an emitter layer in an OLED
structure (OLED-a). For comparison, an OLED structure
comprising pure polyfluorene which is blended with 2 mol
% of bis(phenyl-2-pyridine)-iridium-salicyl-N-hexylimine)
is tested (OLED-b). The two emitter systems contain iden-
tical amounts (2 mol %) of Ir complexes.
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OO

HjsCe  CeHyp

Polyfluorene

| CgHy3

N=

\.I PR
/ r\o

N

- -2

Bis(phenyl-2-pyridine)-iridium-
(salicyl-N-hexylimine)

[0299] The procedure corresponds to example 20, with the
exception of subsection 4:

4a. Application of the Polymer According to the Invention
from example 12 as an Emitter Layer

[0300] The polymer described in example 12 is dissolved
in toluene (1% by weight). The solution is filtered (Millipore
HV, 0.45 um) and distributed over the dried-Baytron® P.
The supernatant solution is then spun off by rotating the
turntable at 400 rpm over a period of 30 sec with the cover
closed (K. Siiss RC-13 spin coater). The substrate coated in
this manner is then dried on a hotplate for 5 min at 110° C.
The total layer thickness comprising Baytron® P layer and
emitter layer is 150 nm.

4b. Application of the Polymer Blend as an Emitter Layer

[0301] 69.5 g (179.1 umol of fluorenylene repeating units)
of the polyfluorene and 2.4 mg (3.4 pmol) of bis(phenyl-2-
pyridine)-iridium-(salicyl-N-hexylimine) are dissolved in
28.69 g of chloroform. The solution is filtered (Millipore
HV, 0.45 pm) and distributed over the dried Baytron® P
layer. The supernatant solution is then spun off by rotating
the turntable at 200 rpm over a period of 30 sec (K. Siiss
RC-13 spin coater). The cover is raised after 10 sec. The
substrate coated in this manner is then dried on a hotplate for
5 min at 110° C. The total layer thickness comprising
Baytron® P layer and emitter layer is 150 nm.

[0302] The layer structures OLED-a and OLED-b pro-
duced according to 4a and 4b are provided with a metal layer
as cathodes, as described in example 20, by vapour depo-
sition.
Result:

[0303] Electroluminescence is detectable as soon as above
4 V in the case of OLED-a and only above 5 V in the
OLED-b. At 12 V, the current and the luminance are,
respectively, 85 mA/em® and 170 cd/d> for OLED-a and,
respectively, 500 mA/em?® and 110 ed/m? for OLED-b (effi-
ciency at 12 V: 1=0.2 cd/A (OLED-a) and n=0.022 cd/A
(OLED-b)). The following CIE colour coordinates are cal-
culated from the electroluminescence spectrum: x=0.38,
y=0.44 (OLED-a) and x=0.35, y=0.34 (OLED-b).

[0304] This comparative example shows that the covalent
bonding of the Ir complex leads to more efficient OLEDs
than the mixture of the Ir complex with the polymer. For
example, OLED-a exhibits 10 times higher efficiency than
OLED-b.
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Example 23

Synthesis of a Red-Phosphorescent Polymer of the
General Formula C-1 (Ar'=2,7-(9,9'-di-n-octyl)fluo-
renyl, R*=hexyl, L=2-benzo[bJthiophen-2-yl-pyri-
dine (bthpy))

[0305]

Hi7Cs

[0306] Terminal group-functionalized (salicylaldehyde-N-
hexylimine)poly-2,7-(9,9-di-n-octyDfluorene (M =48 700
(D=2.3); 2 280 mg) containing about 2 mol % of ligand
units, (bthpy),Ir(u-Cl),Ir(bthpy), (114 mg) and sodium car-
bonate (24.7 mg) were heated under reflux under a nitrogen
atmosphere in a mixture of 1,2-dichloroethane (160 ml) and
ethanol (30 ml) for 40.5 h. Working up as in example 2-a,
additional reprecipitation of the product from chloroform in
acetone/methanol (1:1). 1 780 mg of fibrous yellow solid
which produces intense red fluorescence under a UV lamp.

[0307] Detection of complexing by ‘H NMR spectros-
copy.

[0308] Electroluminescence: A, =612 nm.

‘em, max

Example 24

Synthesis of a Red-Phosphorescent Polymer having
Repeating Units of the General Formulae A and
B-1-6 (A'=2,7-(9,9-di-n-octyl)fluorenyl, R*=hexyl,
L=2-benzo[blthiophen-2-yl-pyridine (bthpy))

[0309]

o0

Hi7Cs  CgHyy

AHOOH 48

CgHy7

May 4, 2006

NZ

-continued

Celli3

[0310] The random polyfluorene ligand copolymer con-
taining 2,7-(9,9'-di-n-octyl)-fluorene units A and 3,5-bridge
uncomplexed salicyl-N-hexylimine units B-1-6 in the molar
ratio 97.5 (A): 2.5 (B-I-6) (M, =119 400 (D=3.43) (1 650
mg), (bthpy),Ir(u-Cl),Ir(bthpy), (110 mg) and sodium
methanolate (9 mg) were heated under reflux under a
nitrogen atmosphere in a mixture of chloroform (100 ml)
and methanol (2.5 ml) for 21 h. Working-up as in example
23, but reprecipitation of the product from chloroform in
acetone/methanol (1:2). 1 430 mg of fibrous yellow solid
which produces intense red luminescence under a UV lamp.

Detection of complexing by 'H NMR spectroscopy.
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Example 25

Synthesis of a Red-Phosphorescing Polymer having
Various Repeating Units of the General Formula A
and Repeating Units of the General Formula B-I-6
(Ar'=2,7-(9,9-di-n-octyl)fluorenyl and 2,5-diphe-
nylene[13.4Joxadiazole, R*=hexyl, L=2-benzo[b]
thiophen-2-yl-pyridine (bthpy))
[0311]

A
Hj7Ce  CgHyp
A
: N—N :
O
CeHy3

-continued

[0312] The random polyfluorene ligand terpolymer con-
taining 2,7-(9,9'-di-n-octyl)-fluorene units A-1, dipheny-
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loxadiazole units A-2 and 3,5-bridge uncomplexed salicyl-
N-hexylimine units B-I-6 in the molar ratio 75 (A-1): 23
(A-2): 2 (B-1-6) (M_=67 000 (D=2.17) (300 mg),
(bthpy) Ir(u-C1),Ir(bthpy), (16.9 mg) and sodium methano-
late (1.4 mg) were heated under reflux under a nitrogen
atmosphere in a mixture of chloroform (20 ml) and methanol
(1 ml) for 15 h. Working-up as in example 23. 163 mg of
fibrous yellow solid which produces intense red fluorescence
under a UV lamp.

[0313] Detection of complexing by ‘H NMR spectros-
copy.

[0314]
619 nm.

Film emission spectrum: (A, =399 nm): A

eXC! em,max

Example 26

Synthesis of a Yellow-Phosphorescing Polymer of
the General Formula C-1 (Ar'=2,5-(1-ethylhexylox-
y)phenylene, R*=hexyl, L=phenyl-2-pyridine (ppy))

[0315]

200 mg of ligand polymer containing about 5 mol % of
terminal salicyl-N-hexylimine ligand groups (M, =18 200;
D=1.99), 25.6 mg (0.024 mmol) of (ppy),Ir(u-C1),Ir(ppy).,
and 3 mg of sodium methanolate (0.055 mmol) in a mixture
of 1 ml of methanol and 20 ml of chloroform. Duration of
reaction 9 h under reflux. After working-up according to
example 23, 130 mg of product were obtained (yellow
powder).

[0316] The product produces intense yellow luminescence
under a UV lamp (366 nrm). Characterization and detection
of complexing by 'H NMR (400 MHz in CDCL,/TMS, 25°
C).

[0317]
580 nm.

Film emission spectrum: (A, =446 nm): A, 0=
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Example 27

Synthesis of a Green-Phosphorescing Polymer of
the General Polymer C-3 (Ar'=2,5-(1,4-dioctylox-
y)phenylene, R*=methyl, L=4-fluoto-phenyl-2-pyri-

dine (fpp))

[0318]

600 mg of ligand polymer containing about 2 mol % of
terminal benzylacetylacetone ligand groups (M,,=22 100;
D=1.86), 28 mg (0.024 mmol) of (fpP), [r(n-C1),Ir(fpp), and
2.7 mg of sodium methanolate (0.05 mmol) in a mixture of
1 ml of methanol and 30 ml of chloroform. Duration of
reaction 26.5 h under reflux. After working-up according to
example 23, 515 mg of product were obtained (yellow
powder).

[0319] The product produces intense green luminescence
under a UV lamp (366 nm). Characterization and detection
of complexing by 'H NMR (400 MHz in CDCL,/TMS, 25°
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%

C.). Film emission spectrum: (A_, =362 nm): A, 0, =502
nm, weak residual fluorescence from conjugated polymer at

422 nm.
Example 28

[0320] The polymers according to the invention from
examples 23 and 24 are each tested as an emitter layer in an
OLED structure. The OLED structures are produced by the
procedure according to example 20. For comparison, two
OLED structures comprising pure polyfluorene which is
blended with 0.95 mol % (comparison 1) or 1.9 mol %
(comparison 2) of bis(2-benzo[bJthiophen-2-yl-pyridine)-
iridium-salicyl-N-hexylimine) (bthpy),lr(sal) are tested.

OO

HiyCs  CgHig
Polyfluorene (bthpy),lr(sal)
Result:
Polymer 1% Thickness Max. of
from strength of the the EL Colour Current EL
example solution polymer layer emission coordinates Voltage density intensity Efficiency
nm nm X y V  mAlkm’ cd/m? /A

23 Toluene 100 612 0.639 0.323 109 20.0 130 0.65

24 Toluene 100 623 0.656 0.321 9.5 8.2 98 1.2

24 Toluene 617 0.635 0.319 9.0 340 412 0.12
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-continued

43

O-OF

HisCs  CsHig L 1,
Polyfluorene (bthpy)Ir(sal)
Result:
Polymer 1% Thickness Max. of
from strength of the the EL Colour Current EL
example solution polymer layer emission coordinates Voltage density intensity Efficiency
Comparison 1 Chloroform 100 615 0.510 0287  10.0 0.02 <<l nd.
Comparison 2 Chloroform 100 615 0.557 0320 10.0 0.08 <<l nd.
(n.d. = not determinable)
[0321] The results show that high EL intensities and high
efficiencies are achieved with the phosphorescent polymers -continued

according to the invention in OLED structures. Furthermore,
the results show that EL intensities and efficiencies can be
varied by changing the layer thickness. Moreover, the results
show that covalently bonded Ir complexes lead to substan-
tially higher luminances at comparable voltages than
molecular Ir complexes which were added as dopants to the
same polymer matrix. The polymers (23, 24) according to
the invention are therefore substantially more efficient than
the polymers (comparisons 1 and 2) with molecular dopants.

1. Phosphorescent polymer, characterized in that it is
conjugated and neutral and contains at least one covalently
bonded phosphorescent metal complex.

2. Phosphorescent conjugated polymer according to claim
1, characterized in that it contains at least one phosphores-
cent metal complex covalently bonded by at least one ligand
L' and the ligand L' represents units of the formulae I to
XXIX

]
]
]
]

)
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-continued
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-continued
VI
R
N—XN
O
R R
VI R
N—N
VY| )t
S [6)
R
X . N
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S
R R
R
X N
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R R
R R
XI
R
N
F
N
XII OH
R R
S \ %
F
R N
XIIT
OH
X1v
XV
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XVI

XVII

XVIII

XIX

XX

XXIII
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-continued
XXIV
XXV
XXVI
XXVIla
R R
7
N
* OH
&
XXVIII
0] (6]
*
R
R
XXIX
(0] (0]
FAT R
R

R are identical or different and, independently of one
another, represent H, F, CF;, a linear or branched
C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxy group, an optionally C,-C,,-alkyl-substituted
C5-C,p-aryl unit and/or an optionally C,-C,,-alkyl-
substituted heteroaryl unit having 5 to 9 ring C atoms
and 1 to 3 ring hetero atoms from the group consisting
of nitrogen, oxygen and sulphur and

Ar represents optionally substituted phenylene, biphe-

nylene, naphthylene, thienylene and fluorenylene units.

3. Phosphorescent conjugated polymer according to at

least one of claims 1 and 2, characterized in that it contains

repeating units of the general formulae A and B-Ia or A and
B-1I or has a structure of the general formulae C or D

May 4, 2006
A
—far—
B-la
—tAr—L'—Ar4—
X
o,
B-II
L2
y
0
|
Sp
I
—FAr—
C
L2 M —L!—f Ar'4—L!—ML2,
D

L2 M—L'—(Ar!, A) d—L'—M-mu12,

in which

Ar', Ar® and Ar® are identical or different and, indepen-
dently of one another, represent optionally C,-Cs-
alkyl-substituted C;-C,,-aryl units and/or optionally
C,-C,p-alkyl-substituted heteroaryl units having 5 to 9
ring C atoms and 1 to 3 ring hetero atoms from the
group consisting of nitrogen, oxygen and sulphur,

L' and L? are ideatical or different and

L' has one of the meanings stated in claim 2, in the case
of structures B-II, C and D one of the two linkage
positions being saturated by H, F, CF;, a linear or
branched C,-C,,-alkyl group, a linear or branched
C,-C,,-alkoxy group, an optionally C,-C,-alkyl-sub-
stituted Cs-Cyy-aryl unit and/or an optionally C,-Cs,-
alkyl-substituted heteroaryl unit having 5 to 9 ring C
atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur and

L? independently of L', has one of the meanings stated for
L in claim 2, the two linkage positions, independently
of one another, being saturated by H, F, CF, a linear or
branched C,-C,,-alkyl group, a linear or branched
C,-C,,-alkoxy group, an optionally C,-C,,-alkyl-sub-
stituted Cs-Cyp-aryl unit and/or an optionally C,-C,,-
alkyl-substituted heteroaryl units having 5 to 9 ring C
atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur,

the ligands L' and L? complex the metal M in a chelate-
like manner,

M represents iridium(II), platinum(II), osmium(II) or gal-
lium(I1I),

n represents an integer from 3 to 10 000,
Z represents an integer from 0 to 3 and

Sp is a spacer, in particular a linear or branched C,-C -
alkylene unit or a C,-C, s-heteroalkylene unit having 1
to 3 chain hetero atoms from the group consisting of
nitrogen, oxygen and sulphur, a C;-C,,-arylene unit
and/or a heteroarylene unit having 5 to 9 ring C atoms
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and 1 to 3 ring hetero atoms from the group consisting

of nitrogen, oxygen and sulphur or a C,-C, ,-alkylen- -continued

ecarboxylic acid or C,-C,,-alkylenedicarboxylic acid XXXV
or a C,-C,,-alkylenecarboxamide or a C,-C,,-alky-

lenedicarboxamide unit. —

)
=

4. Phosphorescent conjugated polymer in at least one of * \ / *
claims 1 to 3, characterized in that it contains repeating units N

of the general formulae A and B-Ia or A and B-II or has a XXXVII
structure of the general formulae C or D in which R

Ar', Ar? and Ar® are identical or different and, indepen-
dently of one another, represent thiophene units of the * \ / *
formula XXX and XXXI, benzene, biphenyl and fluo- N
rene units of the formulae XXXII to XXXIV and/or

heterocycles of the formulae XXXV to XXX

XXXX
XXXI

. S -

R R
XXXIII
R R R
XXXXIL
*
* *
R R
XXXVI
R R
XXXXII
N—N
XXXVII
R
—N
. \ />* XXXXIV
N
K
XXXIV XXXXV
N—N
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-continued
R XXXXVI
N
N
|
R
XXXXVII
R
N
O
R XXXXVIIL
N
S
XXXXIX
N—N
anY
S
XXXXX
R
Cc
) s
XXXXX
R
©§*
) §
XXXXXI
R
oo
* N
\
R
XXXXXII
R
VAN
P8
* \/\o
/\ XXXXXIIT
XN
98]
* \/\o
XXXXXIV
|/\ /N\>
* \/\S
in which

R are identical or different and, independently of one
another, represent H, F, CF;, a linear or branched
C,-C,;-alkyl group, a linear or branched C,-C,,-
alkoxy group, an optionally C,-C,,-alkyl-substituted
Cs-C,,-aryl unit and/or an optionally C,-C,,-alkyl-

47

May 4, 2006

substituted heteroaryl unit having 5 to 9 ring C atoms
and 1 to 3 ring hetero atoms from the group consisting
of nitrogen, oxygen and sulphur.

5. Phosphorescent conjugated polymer in at least one of
claims 1 to 4, characterized in that it contains repeating units
of the general formulae A and B-la or A and B-II or a
structure of the general formulae C or D

in which

Ar', Ar? and Ar® are identical or different and, indepen-
dently of one another, represent thiophene units of the
formulae XXX and XXXI and benzene, biphenyl and
fluorene units of the formulae XXXII to XXXIV

XXX
R R
'
N
XXXI
i
6] O
*Z/ \L
S
XXXII
R R
*Q*
R R
XXXIIT
R R
**
R R
XXXIV
**
R R

L' and L? are units selected from the formulae I, II, 111,
VIIL, XVII, XX, XXI, XXIV, XXVII, XXVIII and
XXIX and

=)
o
=
=

)
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R R

* ° / \ *

\ / \—
R
111
VIII
N\

R R
XVIII
R
N
*
@ \ *
N
R R
XX
R R
R
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* F
N
OH
XXI
R R
® \ *
F
R N
OH
XXI1v
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-continued
XXVII
R R
7/
N
* OH
*
XXVIII
(0] (0]
*
R
R
XXIX
(0] (0]
*Ar R
R

R has the meaning stated in at least one of Claims 2 to 4,

M represents osmium(II), iridium(IIT) and platinum(IT),

nrepresents an integer from 5 to 500,

z represents an integer from 1 to 3 and

Sp represents a C—Cg-alkylencoxy- or a C-Cg-alkylenecarboxylic acid or a
C—Ce-alkylenedicarboxylic acid.

6. Phosphorescent conjugated polymer according to at
least one of claims 1 to 5, characterized in that it contains
repeating units selected from the following general formulae
A and B-I-1 to B-I-5 or A and B-II-1 and B-II-4 or has a
structure of the general formulae C-1 and C-2

—ftArlt—
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-continued

@)
@)
~
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-continued
B-14 C-1
R* R*
\ /
4’N _N ~
L\Ir"“ ™ Ir t
e ~
I L
\o Al o/
B-I-5 co
L L
I/ \ L
Ir., /Ir
0 o
WOt Y
RS RS
in which
R!
B-II-1
Ar! represents / \ € % o
S
R2 R?
CiaHao,

&

A represents = Z/ \S % % *

S

~"
0 0
* *
B-II-2 / \ )
S

\N ya

L represents

g —
B-1I-3 / \ ,
N
S X
iSeloe

B-Il-4 / N\ i

R! represents dodecyl,

R? represents n-octyl and 2-ethylhexyl,

R represents methyl and ethyl,

R* represents methyl and n-hexyl,

R represents methyl and phenyl,

Z represents a CH, or C==0 group and

n has at least one of the meanings stated in Claims 3 to 5.
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7. Phosphorescent conjugated polymer according to claim
1, characterized in that it contains at least one phosphores- -continued
cent metal complex covalently bonded via at least one ligand VII

L' and
the ligand ! represents units of the formulae I to XXIXc . \
R R

=)
e
=
=
=

R

R R

N= 0
R R R
I -
R
N
AN )N,
S 0
XII
v R R
1|{ R R N4§
X /\
/ \* " . *
: J N\
R R
v X X XII
N
N /ﬁ*
S $
XIV
R
VI N—N
. [\,
S
R R
XV
R
N—N
AN\,
VIl S S
XVI
R
N—N
. / A\,
0

]
]
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-continued
XXVl
HO
N=
* @ *
XXIXa
(@] (@]
R R
*
XXIXb
O
* O
L3
R
XXIXc
*

R are identical or different and, independently of one
another, represent H, F. CF,, a linear or branched
C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxy group, an optionally C,-C;,-alkyl-substituted
C5-C,p-aryl unit and/or an optionally C,-C;4-alkyl-
substituted heteroaryl unit having 5 to 9 ring C atoms
and 1 to 3 ring hetero atoms from the group consisting
of nitrogen, oxygen and sulphur and/or represent a
linear or branched partly fluorinated or perfluorinated
C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxycarbonyl group, a cyano group, a nitro group, an
amino group, an alkylamino, dialkylamino, arylamino,
diarylamino or alkylarylamino group or represent an
alkyl- or arylcarbonyl group, alkyl denoting C,-C,-
alkyl and aryl denoting Cs-Cy4-aryl, and

Ar represents optionally substituted phenylene, biphe-
nylene, naphthylene, thienylene and/or fluorenylene
units.

8. Phosphorescent conjugated polymer according to at

least one of claims 1 and 7, characterized in that it contains
repeating units of the general formulae A and B-Ia, A and

B-Ib or A and B-II or has a structure of the general formulae
CorD

—tar—

52

May 4, 2006
-continued
B-la
_[_AIZ_LI_AJS_]_
\
12,
B-Ib
—tL4—
M
12,
B-1I
L2,
v
i1
I
Sp
I
C
L2 M—L! = Ar'4=L'—MmL2
D

L2, 1M —L!—~(Ar!, A) 4—LI—M-n12,

in which

Ar', Ar* and Ar® are identical or different and, indepen-
dently of one another, represent optionally C,-C,q-
alkyl-substituted C;-C,-aryl units and/or optionally
C,-C,,-alkyl-substituted heteroaryl units having 5 to 9
ring C atoms and 1 to 3 ring hetero atoms from the
group consisting of nitrogen, oxygen and sulphur,

L' and 1.? are identical or different and

L' has one of the abovementioned meanings, in the case
of structures B-II, C and D one of the two linkage
positions being saturated by H, F, CF;, a linear or
branched C,-C,,-alkyl group, a linear or branched
C,-C,,-alkoxy group, an optionally C;-C;,-alkyl-sub-
stituted C5-C,y-aryl unit and/or an optionally C,-C5,-
alkyl-substituted heteroaryl unit having 5 to 9 ring C
atoms and 1 to 3 ring hetero atoms from the group
consisting of nitrogen, oxygen and sulphur and/or by a
linear or branched, partly fluorinated or perfluorinated
C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxycarbonyl group, a cyano group, a nitro group, an
amino group, an alkylamino, dialkylamino; arylamino,
diarylamino or alkylarylamino group or by an alkyl- or
arylcarbonyl group, alkyl denoting C,-C,,-alkyl and
aryl denoting C,-C,,-aryl, and

L2, independently of L', has one of the meanings men-
tioned above for L', the two linkage positions inde-
pendently of one another being saturated by H, F, CF,,
a linear or branched C,-C,,-alkyl group, a linear or
branched C,-C,,-alkoxy group, an optionally C,-C,,-
alkyl-substituted C-C,,-aryl unit and/or an optionally
C,-C,o-alkyl-substituted heteroaryl unit having 5 to 9
ring C atoms and 1 to 3 ring hetero atoms from the
group consisting of nitrogen, oxygen and sulphur and/
or by a linear or branched, partly fluorinated or perflu-
orinated C,-C,,-alkyl group, a linear or branched
C,-C,,-alkoxycarbonyl group, a cyano group, a nitro
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group, an amino group, an alkylamino, dialkylamino,
arylamino, diarylamino or alkylarylamino group or by
an alkyl- or arylcarbonyl group, alkyl denoting C,-C5,-
alkyl and aryl denoting Cs-C,,-aryl, and linkage posi-
tions being understood as meaning the positions
marked with * in the formulae I to XXIX,

the ligands L' and L* complex the metal M in a chelate-
like manner,

M represents iridium(111), platinum(II), osmium(II), gal-
lium(IIT) or rhodium(III),

n represents an integer from 3 to 10 000,
z represents an integer from 0 to 3 and

Sp is a spacer, in particular a linear or branched C,-C, ;-
alkylene unit or a C,-C, s-heteroalkylene unit having 1
to 3 chain hetero atoms from the group consisting of
nitrogen, oxygen and sulphur, a C5-C,,-arylene unit
and/or a heteroarylene unit having 5 to 9 ring C atoms
and 1 to 3 ring hetero atoms from the group consisting
of nitrogen, oxygen and sulphur, or a C,-C,,-alkylen-
ecarboxylic acid unit or C,-C,,-alkylenedicarboxylic
acid unit or a C,-C,,-alkylenecarboxamide unit or a
C,-C,,-alkylenedicarboxamide unit.

9. Phosphorescent conjugated polymer according to at
least one of claims 1, 7 or 8, characterized in that it contains
repeating units of the general formulae A and B-Ia, A and

B-Ib or A and B-II or has a structure of the general formulae
Cor D,

in which

Ar', Ar? and Ar® are identical or different and, indepen-
dently of one another, represent thiophene units of the
formulae XXX and XXI, benzene, biphenyl and fluo-
rene units of the formulae XXXII to XXXIV and/or
heterocycles of the formulae XXXV to XXXXXIV
and/or units of the formulae XXXXXV to
XXXXXXIII,

XXX
R R
Y
S
XXXI
R
/N
@] O
AN
S
XXXII
R R
# £
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-continued
R R
* *
R R
R R
N—N
R
—N
N
R
0
R R
R R

N
R
—N
% %
\
\_/
R
PN
N N
\
* *
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XXXIIT

XXXVI

XXXVII

XXXV

XXXV

XXXVIIT

XXXIX

XXXX
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-continued -continued
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$

*
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formulae A and B-1-1 to B-I-6 or A and B-II-1 to B-1I-4 or
-continued has a structure of the general formulae C-1, C-2 or C-3 or
XXXXXIX D.1, D2 or D3

—t Al

XXXXXX

XXXXXXT

. . 3 3
in which R R

R are identical or different and, independently of one CHs CH;

another, represent H, F, CF;, a linear or branched
C,-C,,-alkyl group, a linear or branched C,-C,,-
alkoxy group, an optionally C,-C,,-alkyl-substituted —F AP Ard—
Cs-Cyp-aryl unit and/or an optionally C,-C,,-alkyl-
substituted heteroaryl unit having 5 to 9 ring C atoms
and 1 to 3 ring hetero atoms from the group consisting
of nitrogen, oxygen and sulphur and/or represent a
linear or branched, partly fluorinated or perfluorinated R? ®3
C,-C,-alkyl group, a linear or branched C,-C, ,-alkoxy-

carbonyl group, a cyano group, a nitro group, an amino R4

group, an alkylamino, dialkylamino, arylamino, diary- /

lamino or alkylarylamino group or represent an alkyl- . F

or arylcarbonyl group, alky! denoting C,-C;,-alkyl and I

aryl denoting C,-C,,-aryl.

CHj CH;

10. Phosphorescent conjugated polymer according to at
least one of claims 1 or 7 t0 9, characterized in that it *
contains repeating units selected from the following general
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-continued
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-continued
C-2
L L
B-T-1 N / \ L
LI
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RS
D-2
L L
L\ / \ L
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RS
C-3
L
5N / \ L
In LI
0} \ R3
B-II3 R® A
/ oL
\Ir. g
\O o
R? / 0
B-1I-4 ( Arl Arl) RS
? n
in which
R!
Ar! represents *[/ \;*, % w©
S
R? R?
14H29> 2, ORZ,

C-1

O * *
D-1

R® . RS
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-continued

ORZ
AP represents Z Sm * @ Q

W O
L represents Q_@, | / \N /,

/

7

)

% E\;
\_/

/

o~
VAN N=
/\ N=

\ / COOEt

/><

§

R! represents dodecyl,

R? represents n-octyl and 2-ethylhexyl,

R represents methyl and ethyl,

R* represents methyl and n-hexyl,

R® represents methyl and phenyl,

RS represents H, a linear or branched C,—Cs»-alkyl group or a linear or
branched

Z represents a CHy or C==0 group and

1 has meaning stated in Claims 8.

11. Luminescent polymer, characterized in that it has a
conjugated main chain and contains at least one covalently
bonded metal complex, the luminescence being a combina-
tion of the fluorescence of the conjugated main chain and of
the phosphorescence of the covalently bonded metal com-
plex or complexes.

May 4, 2006

12. Luminescent polymer according to claim 11, charac-
terized in that it emits white light.

13. Luminescent polymer according to claim 11 or 12,
characterized in that it emits light which is defined by a
colour location of x=0.3320.13 and y=0.33£0.13 in the
chromaticity diagram according to CIE 1931.

14. Luminescent polymer according to at least one of
claims 11 to 13, characterized in that the metal complex or
complexes, which may be identical or different, is or are
covalently bonded to the chain ends of the conjugated main
chain.

15. Luminescent polymer according to claim 14, charac-

terized in that it has a structure of the general formula (Ia)
or (Ib)

(la)
L2, M —L!+ Ar'$=LI—=M-mL 2,

(Ib)
L2, M— LI (Ar!, AR 4—LI—M-mL2,,

in which

Ar" represents optionally substituted phenylene units (11a)
or (IIb), biphenylene units (Ilc), fluorenylene units
(11d), dihydroindenofluorenylene units (Hie), spirobif-
luorenylene (I1f), dihydrophenanthrylene units (Ilg) or
tetrahydropyrenylene units (ITh)

(ITa)

]
=

(IIb)

(Ilc)

R R
(I1d)
E R
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-continued -continued

(Ile) (11k)
R R

@, .
S | '
R
R R : : :::
¥ N ¥

11

iy

R
(ITm)
(Tlg) <>
R R

(ITn)

(Ih) x / \ .

Ar* differs from Ar' and represents units selected from R R
P!

(a) to (1Ig)

(Ip)
(1)

Q i (g)
_ (1)

ouo o Q
o N



US 2006/0093852 A1 May 4, 2006
59

L! and L? in each case are identical or different and

-continued

L! is a ligand of the formulae (ITla-1) to (I11d-1)
(IvVd-1)

(Illa-1)

(IVe-1)
(IIIb-1)

R R
(IVE1)

(Ille-1)

(Ild-1)
N 0
— 0

in which

Ar represents optionally substituted phenylene, biphe-

nylene, naphthylene, thienylene or fluorenylene units, (IVh-1)

L? independently of L', is a ligand selected from units of
the formulae (IVa-1) to (IVy-1)

(IVa-1)
aVi-1)

R R

(IVb-1)
avj-1)

(IVe-1) g 3
(IVk-1)

=
—
e
=y
==
=
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-continued -continued
avi-1) (IVeeD)
R R
N
R R
R / \ R \
S P 0
R N
R R
(IVm-1) OH
R R (IVv-1)
R R
N
pavas :
S S Y, R
Ivn-1 N
. (Ive-1) N
NN HO R
/ \) IVw-1)
R R R R
S S
R R / R
. (IVo-1) N N
NN HO R
Ivx-1
NN, L (@D
] S _N/
dvp-1)
R
N—N R OH
, Iy
0 R
R R o o Ivy-)
(Ivg-1)
R
N—N R R
N W R
S 0]
(IVi-1)
R the ligands L' and > complex the metal M in a chelate-

like manner,

M represents iridium(IIl), platinum(IT), osmium(II) or
rhodium(III),

g
el

n represents an integer from 3 to 10 000,
IVs-1)

7 is an integer from 1 to 3 and
R are identical or different radicals and, independently of

one another, represent, H, F, CF;, a linear or branched
C,-C,,-alkyl group, a linear or branched partly fluori-

g
!

R R nated or perfluorinated C,-C,,-alkyl group, a linear or
(Ive-1) branched C,-C,,-alkoxy group, an optionally C;-Cs-
R R . . .
alkyl-substituted C-C,,-aryl unit and/or an optionally
R N R C,-Cy,-alkyl-substituted heteroaryl unit having 5 to 9
ring C atoms and 1 to 3 ring hetero atoms from the
z group consisting of nitrogen, oxygen and sulphur.
R N

16. Luminescent polymer according to at least one of
OH claims 14 and 15, characterized in that it has a structure of
the general formulae (la-1) to (Ib-2)
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(Ia-1)
R R
\\1 N/
12 ’/,“ - - ‘\\ 12
2>Ir' /‘Iri i
L L
0 Arlt 0
(Ia-2)
LZ LZ
N/ \
I, Lr
0 o |
LN Al /|
R R
(Ib-1)
R R
\ /
2 /N_ _N\ 2
IR o \Ir L
IYe N2
L \o (ar', A4 o/ L
(Ib-2)
LZ Ll
LZ \ LZ
\Ir/\ P
™0 0
0 \ (Ar!, Ar) - / 0
R R
in which

R represents a linear or branched C,-C,,-alkyl group or a
linear or branched partly fluorinated or perfluorinated
C,-C,,-alkyl group and

n, Ar', Ar* and L? have the meaning stated in claim 15.

17. Luminescent polymer according to at least one of
claims 14 and 15, characterized in that it has a structure of
the general formulae (Ia-3) or (Ib-3)
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-continued
(Ib-3)
LZ\ Ir/fz iih/ L2
"0 o
I WY r— O
R (arl, ad) 4 R
in which

R represents a linear or branched C,-C,,-alkyl group or a
linear or branched partly fluorinated or perfluorinated
C,-C,,-alkyl group and

n, Ar', Ar* and L? have the meaning stated in claim 15.

18. Luminescent polymer according to at least one of

claims 11 to 13, characterized in that the metal complex or
complexes, which may be identical or different, is or are
covalently bonded to the conjugated main chain.

19. Luminescent polymer according to claim 18, charac-

terized in that it contains n repeating units of the general
formulae (Ic-1) and (Id) or (Ic-1), (Ic-2) and (Id)

. 1_]_ (Ie-1)
* Ar *
r (Ie-2)
e AP
: 1d)
L=

M

2

z

[eull LLEH

in which

Ar" represents optionally substituted phenylene units (1Ta)
or (IIb), biphenylene units (Ilc), fluorenylene units
(11d), dihydroindenofluorenylene units (Ile), spirobif-
luorenylene units (IIf), dihydrophenanthrylene units
(lIg) or tetrahydropyrenylene units (ITh)

(II)

R R
* *
R R
(IIb)
R R
* R

)
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-continued
(lle) (1)
R Q

(I1d)

R
() 7\
(ITk)
N
|
R

(i

ity

(IIm)

(lg)

(Iln)

Ar? differs from Ar' and represents units selected from _
(IIa) to (Ilg) N
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-continued -continued
. ey (ITd-3)
N—
L! and L? in each case are identical or different and o
L' is a ligand of the formula (11Ta-2) to (ITTi-1) (Ille-1)
R R
R
(1Tla-2) Ny
R /R
— * N/
OH
* OH
(Ile-2)
* R R
II1a-3
R R (ITla-3) . N

(IIf-1)

=)
=
=
=

(Illa-4)

HO * / \*

@ o
* * R R

(Ille-2) . ° / \

Z,
|
o,

(IITh-1)
(Ille-3)

(IITi-1)

(11d-2)
o B ) . Naw

N \_/

R R L?, independently of L', is a ligand selected from units of
the formulae (IVa-1) to (IVy-1)
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R

R N
$

K R

R
R N
o

K R

(IV-1)

IVs-1)

Ivel)

R R
R R
AN
V
R N
OH
(IVu-1)
R
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AN
Py (€]
R N
OH
(TVv-1)
R R
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/ R
R N
HO R
(IVw-1)
R R
S
/ R
R N
HO R
(IVx-1)
R R
7/
N
R OH
R
(Ivy-1)
(@] (6]

the ligands L' and [.? complex the metal M in a chelate-
like manner,
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M represents iridium(IID), platinum(IT), osmium(IT) or
rhodium(III),

n represents an integer from 3 to 10 000,
7 represents an integer from 1 to 3 and

R are identical or different radicals and, independently of
one another, represent, H, F, CF;, a linear or branched
C,-C,,-alkyl group, a linear or branched partly fluori-
nated or perfluorinated C,-C,,-alkyl group, a linear or
branched C,-C,,-alkoxy group, an optionally C,-C,,-
alkyl-substituted C,-C,,-aryl unit and/or an optionally
C,-C,y-alkyl-substituted heteroaryl unit having 5 to 9
ring C atoms and 1 to 3 ring hetero atoms from the
group consisting of nitrogen, oxygen and sulphur.

20. Luminescent polymer according to claim 19, charac-

terized in that it contains n repeating units of the general
formulae (Ic-1) and (1d-1)

(Ie-1)

*— Arl-]— *
(I1d-1)
|
— N‘ LZ
‘Ir'\

* SN

*

in which

R represents a linear or branched C,-C,,-alkyl group ora
linear or branched partly fluorinated or perfluorinated
C,-C,-alkyl group and

n, Ar' and > have the meaning stated in claim 18.

21. Luminescent polymer according to at least one of
claims 15 to 20, characterized in that L* represents ligands
selected from units of the formulae

)\ _J

S —

/ CF;

/ \N
CO-O OO
/N

F
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22. Luminescent polymer according to at least one of
claims 15 to 21, characterized in that Ar' and Ar?, indepen-
dently of one another, represent units of the formulae

in which

R represents a linear or branched C,-C,,-alkyl group.

23. Luminescent polymer according to at least one of
claims 15 to 22, characterized in that n represents an integer
from 10 to 5 000, preferably from 20 to 1 000, particularly
preferably from 40 to 500.

24. Process for the preparation of phosphorescent or
luminescent polymers according to at least one of claims 1
to 23, characterized in that uncomplexed ligand polymers
are complexed with iridium(I1I), platinum(II), osmium(II) or
rhodium(IIl) precursor complexes.

May 4, 2006

25. Process for the preparation of phosphorescent or
luminescent polymers according to claim 24, characterized
in that uncomplexed ligand polymers are complexed with
iridium(IIT) precursor complexes of the general formula E

(L2)5Ir(u-C),Ir (L), E

in which L? has the meaning stated in at least one of
claims 1 to 23.

26. Use of the phosphorescent or luminescent polymers
according to at least one of claims 1 to 23 or blends thereof
as emitters in light-emitting components.

27. Electroluminescent arrangement, characterized in that
it contains at least one phosphorescent or luminescent poly-
mer according to at least one of claims 1 to 23 or blends
thereof.

28. Electroluminescent arrangement according to claim
27, characterized in that it contains a hole-injecting layer.

29. Production of the electroluminescent elements in the
electroluminescent arrangements according to claim 27 or
28, characterized in that the phosphorescent or luminescent
polymers according to at least one of claims 1 to 23 or blends
thereof are applied from solution.
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