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(7) ABSTRACT

A metal complex is used as p-dopant for an organic semicon-
ducting matrix material, to an organic semiconductor mate-
rial and to an organic light-emitting diode. Also disclosed is
the use of metal complexes, which function as Lewis acids, as
p-dopants in organic matrix materials.
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USE OF A METAL COMPLEX AS A
P-DOPANT FOR AN ORGANIC
SEMICONDUCTIVE MATRIX MATERIAL,
ORGANIC SEMICONDUCTOR MATERIAL,
AND ORGANIC LIGHT-EMITTING DIODES

[0001] Use of a metal complex as p-dopant for an organic
semiconducting matrix material, organic semiconductor
material and organic light-emitting diode

[0002] The invention relates to the use of a metal complex
as p-dopant for an organic semiconducting matrix material, to
an organic semiconductor material and to an organic light-
emitting diode.

[0003] Doping organic semiconducting materials with
electron acceptors to increase conductivity in organic matrix
materials is known from WO 2005/086251 for example.
Metal complexes, in particular polynuclear metal complexes
such as “paddle-wheel” complexes, are described as
n-dopants for electron injection due to their strong donor
properties.

[0004] However, there is a need to provide p-dopants for
doping the hole injection layer.

[0005] The object of the present invention is accordingly to
provide p-dopants for a hole-conducting matrix and to dis-
close the uses of such doped hole-conducting matrix materi-
als in a radiation-emitting device, in particular an organic
light-emitting diode (OLED).

[0006] This object is achieved by the features of the inde-
pendent claims, in particular by the use of neutral metal
complexes of a Lewis acid nature as p-dopants in hole-con-
ducting organic matrix materials. In addition, the object is
achieved by providing an organic semiconducting material
with a compound of such a metal complex of a Lewis acid
nature as p-dopant. Finally, the object is also achieved by the
provision of OLEDs with at least one layer of an organic
matrix material according to the invention.

[0007] The present invention provides the use of a neutral
metal complex with Lewis acid properties as p-dopant for an
organic semiconducting matrix material. The invention fur-
ther provides a hole conductor layer consisting of a hole-
conducting organic matrix material with a proportion of 0.1 to
50 (% layer thickness) of metal complex as p-dopant. The
invention finally provides an OLED, comprising at least one
layer of a doped hole conductor material, which contains a
metal complex as p-dopant.

[0008] Lewis acids are compounds which act as electron
pair acceptors. A Lewis base is accordingly an electron pair
donor, which may donate electron pairs. In particular, the
Lewis acid property of the metal complexes should be related
to the hole-conducting organic matrix material, which then
constitutes (or contains) the corresponding Lewis base.
[0009] A metal complex is a compound in which a metal
atom or metal ion is coordinated by one or more ligands. As a
rule the metal complex is an organometallic compound, i.e. a
complex, in which at least part of the ligand contains carbon
and often also a hydrocarbon.

[0010] Advantageously the metal complex comprises a
polynuclear complex, in particular a complex with at least
one metal-metal bond.

[0011] According to an advantageous embodiment, at least
one central atom of the metal complex is selected from the
platinum group metals, comprising the following elements:
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ruthenium, rhodium, palladium, osmium, iridium and plati-
num. In particular, rhodium complexes are preferred.

[0012] According to anadvantageous embodiment the cen-
tral atom is a neutral or charged, in particular positively
charged, transition metal atom.

[0013] Hole conductors are understood to be the typical
materials which act in hole-conductive manner in the OLED,
such as NPB (N,N'-di-1-naphthyl-diphenylbenzidine,
HOMO=5.5 eV; LUMO=2.4 €V) or NaphDATA (4,4',4"-tris
(N-(1-naphthyl)-N-phenyl-amino)-triphenylamine;
HOMO=5.1 eV; LUMO=2.3 eV).

[0014] Doping is indicated hereinafter in relative layer
thicknesses, i.e. X % means that the deposition rate of the
dopants amounts to x % relative to the deposition rate of the
matrix.

[0015] Advantageously the neutral metal complex takes the
form of a complex with a “paddle-wheel” structure, bi- and
polynuclear metal complexes with at least one metal-metal
bond particularly preferably being used, as known for
example from “Cotton F A, Gruhn N E, Gu I, Huang P,
Lichtenberger D L, Murillo C A, Van Dorn I O and Wilkinson
C C: “Closed Shell Molecules That Ionize More Readily
Than Cesium™ in Science, 2002, 298: 1971-1974. These
structures are also described in WO 2005/086251, in which 1t
is assumed, however, that polynuclear metal complexes with
a “paddle-wheel” structure act as n-dopants. This is not true,
however, of all paddle-wheel complexes or the structures
mentioned therein, as has proved possible to demonstrate
here.

[0016] WO 2005/086251 A2 presents complexes with a
paddle wheel structure as typical n-dopants. To check
whether dirhodium tetratrifluoroacetate (PDW-2), a typical
representative of metal complexes of a strongly Lewis acid
nature, as are to be protected here as p-dopants, can be used as
an n-dopant, the following experiment was carried out:
[0017] A 150nm thick layer of the electron conductor BCP
(=2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline) was
deposited on an ITO (indium-tin oxide=indium-doped tin
oxide) electrode by thermal vapour deposition. The counter
electrode took the form of a 150 nm thick aluminium layer.
FIG. 1 shows the result, a 4 mm? component being measured
which gave rise to the typical characteristic curve identified
by squares (FIG. 1 squares).

[0018] Inasecondexperiment 10% PDW-2 was doped into
the BCP layer by vapour co-deposition. The characteristic
curve identified by circles in FIG. 1 differs only insignifi-
cantly from the characteristic curve of the pure BCP. PDW-2
cannot therefore generally be used as an n-dopant, in particu-
lar not in an OLED and the typical electron conductors used
therein with a typical HOMO in the range from 5.8-6.2 eV or
a typical LUMO in the range from 3.0-2.4 eV.

[0019] As in the above-described experiment, PDW-2 is
doped into the hole conductor NPB (=bis-N,N,N',N'-(naph-
thyl-phenyl)benzidine) by vapour co-deposition. The charac-
teristic curves shown in FIG. 2 were obtained for 0% doping
(solid circles), 1% doping (squares), 5% doping (triangles)
and 10% doping (blank circles).

[0020] These clearly demonstrate the possibility of p-dop-
ing hole-conducting matrix materials with PDW-2. Surpris-
ingly, no holes can be injected from aluminium (negative
branch of the x axis), so resulting in a rectification factor of
3.1077. Just a few percent relative layer thicknesses (in par-
ticular 0-50%, particularly preferably O-15%) are sufficient
for effective doping. The characteristic curves between
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1-10% PDW-2 in NPB are virtually identical. The character-
istic curves are additionally very steep. At higher voltages the
characteristic curve saturates, so resulting in current-limiting
behaviour.

[0021] The doping of organic matrix materials with
p-dopants is of crucial relevance for organic light-emitting
diodes. Luminescence (cd/m?), efficiency (cd/A) and service
life (h) of organic light-emitting diodes are heavily dependent
on the exciton density in the light-emitting layer and the
quality of charge carrier injection and are inter alia also lim-
ited thereby. Doped transport layers have the advantage that
only a fraction of the voltage needed for operation (<<30%)
drops off there relative to the overall structure. Particularly
preferably, the drop in voltage is less even by a power of ten
or more, such that no voltage drop is observed at the transport
layers.

[0022] FIG. 3 shows the structure of an OLED with indi-
vidual functional layers. Visible therein is the bottom and at
the same time thickest layer 1, which constitutes the substrate,
for example of quartz, glass or a metal foil or polymer film.
On top of this is the transparent electrode 2, for example an
electrode of a transparent conductive oxide. Transparent con-
ductive oxides (“TCO” for short) are transparent, conductive
materials, generally metal oxides, such as for example zinc
oxide, tin oxide, cadmium oxide, titanium oxide, indium
oxide or indium tin oxide (ITO). In addition to binary metal-
oxygen compounds, such as for example ZnO, SnO, or In,O;,
ternary metal-oxygen compounds, such as for example
Z1n,Sn0,, CdSnO,, ZnSnO;, Mgln,0,, GalnO;, 7Zn,In,0, or
In,Sn;0,, or mixtures of different transparent conductive
oxides also belong to the TCO group. Furthermore, TCOs do
not necessarily correspond to a stoichiometric composition
and may be also p- or n-doped.

[0023] In the case of top-emitting diodes the electrode (2)
may be a (non-transparent) layer of metals. The substrate may
then be a non-transparent metal foil, for example. FIG. 3
shows an ITO anode, for example. On this lower electrode is
located the hole conductor layer 3, which is formed according
to the invention from an organic matrix material, which is
doped with a metal complex, which represents a Lewis acid.
[0024] The actually active layer of the OLED, the emitting
layer 4, is located on the hole conductor layer 3. On top of that
are the electron transport layer 5 and the counter-electrode 6.
The emitting layer 4 may for example be an organic func-
tional layer, based for example on polymers such as poly(p-
phenylene-vinylene) (PPV) or on low molecular weight
“small molecules”, such as for example tris(8-hydroxyquino-
lato)-aluminium (Alq). It may additionally for example com-
prise phosphorescent triplet emitters such as tri(phenylpyri-
dino)-iridium (IIT), doped into a matrix material bis-N,N'-
carbazolylbiphenyl (CPB). The emitter layer may also consist
of a number of individual emitter layers, red, green or blue
light being emitted for example. In addition to the layers 1 to
6 shown, it is also convenient to protect the OLED by encap-
sulation.

[0025] The electrodes are connected to the voltage source
by way of the electrical lead 7.

[0026] Homogeneity of chargeinjection plays an important
part in the case of large-area luminescent elements. Particles,
crystallites or spikes cause field overshoots and thus potential
starting points for “dark spots”, which may lead to failure of
the luminescent element. A hole injection layer, into which
binuclear rhodium acetate-based “paddle-wheel” complexes
have been embedded, may be used to produce a layer which
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displays unexpectedly high current carrving capacity in con-
Junction with inherent current limiting.

[0027] Rhodium complexes are preferably used, such as
metal complex compounds with an Rh,*™ nucleus and a
metal-metal bond, which act as p-dopant and electron accep-
tor due to their significant Lewis acid nature.

[0028] Dirhodium tetratrifluoroacetate (FIG. 4) is particu-
lar preferred, it being very highly suitable due to its favour-
able sublimation characteristics. In the chemical literature [F.
A. Cotton, C. A. Murillo, R. A. Walton “Multiple Bonds
between Metal Atoms” 3rd edition, Springer Science and
Business Media, Inc. 2005.465-611.] it has also unexpectedly
proved possible to demonstrate that even unsubstituted aro-
matics may serve as donors for the Rh,** nucleus in the axial
position. It has also proved possible experimentally, by dop-
ing NPB or NaphDATA (NaphDATA-4,4'4"-tris((N-naph-
thyl)-N-phenyl-amino)-triphenylamine) with PDW-2 in the
above-described experiments, to demonstrate that this pro-
cess brings about p-doping.

[0029] FIG. 4 shows the structure of Rh,(CF;C0O),, on
which the aromatic system hexamethylbenzene is coordi-
nated.

[0030] The metal complexes of this structure isoelectronic
to Rh,*complexes, in particular those which are still of simi-
lar sizes to for example an analogue with Ru,* ions as central
atoms, are likewise suitable as p-dopants. These bring about
on the one hand the paddle wheel structure and on the other
hand the very high Lewis acidity of these complexes. Particu-
larly suitable are the central atoms or metal complexes suit-
able as p-dopants which may be coordinated directly on aro-
matic systems, such as for example uncharged aromatic
systems. Metals which may therefore be considered in par-
ticular as central atoms are those of subgroups 6 to 9.

[0031] In a paddle-wheel complex at least two, usually
exactly two metal central atoms, in particular transition metal
atoms, are bridged by 1, 2, 3, 4 or more polydentate (in
particular bidentate) ligands, which bind in each case one
ligand atom to the at least two metal central atoms. The metal
atoms are here usually coordinated, depending on radius,
4-fold with the stated ligand. The Lewis acid nature of the
paddle-wheel complexes is produced in particular in that a
loose or empty coordination site is present at least on one
metal atom, onto which an aromatic ring, as shown in FIG. 4,
may for example be attached. The coordination environment
of the metal atom is preferably such that thereis a metal-metal
bond, as well as 4 equatorial bonds to ligands. As a rule,
therefore, the axial position comprises the loose or empty
coordination site, whereby, depending on ligand and central
atom, the complex is Lewis acidic.

[0032] Suitable ligands are in particular any bi- or polyden-
tate ligands, preferably electron-attracting ligands. Examples
which may be mentioned are the anions of electron-attracting
carboxylic acids, such as for example CHal H; .COOH, in
particular CF, H,_ COOH and CC1,H;_ COCH (wherein x is
an integer between 0 and 3 and Hal represents a halogen
atom), (CR | ,R,.R;)COOH, whereinR |, R, and Ry may mutu-
ally independently be alkyl, such as particularly preferably H,
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl,
and benzoic acid and the substituted analogues thereof (o, p,
m-fluorobenzoic acid, o,p,m-cyanobenzoic acid, nitroben-
zoic acid, alkylbenzoic acids with fluorinated or partially
fluorinated alkyl groups, optionally also mono- or polysub-
stituted pyridinecarboxylic acids etc.).
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[0033] The metal complexes used according to the inven-
tion preferably constitute molecules which may be mutually
independently vapour deposited. Tt goes without saying that
individual metal complexes may in each case be attached to
one another or to other components such as the matrix mate-
rial.

[0034] In purely formal terms, the valence electrons of the
PDW-2 could be calculated as follows:

[0035] In group IX with 4 uninegatively charged bidentate
ligands, the following picture is obtained for metal-metal:
4x4e=16 electrons from the ligands

1x2e=2 from the single bond between Rh—Rh

2%9e=18 from rhodium

total 36, each Rh thus having a noble gas configuration, i.e.
being stable.

[0036] Alternatively, the total 36 is obtained for other met-
als with the same ligands:

Group 6 metals: metal-metal quadruple bond, i.e. o, 2xm, 1xd
bond occupied

Group 7 metals: metal-metal triple bond ie. o, 2xm, 1xd
bond, 1x8* occupied

Group 8 metals: metal-metal double bond i.e. o, 2xm, 1xd
bond, 1x0*, 1xm* occupied

Group 9 metals: metal-metal single bond i.e. o, 2xm, 1x9d
bond, 1x8*, 2xx* occupied

[0037] It goes without saying that individual metal com-
plexes may in each case be attached to one another or to other
components such as the matrix material. The dopants are
fixed in the matrix by donor/acceptor interaction bond forma-
tion and molecular size.

[0038] Suitable organic matrix materials are any common
hole conductor matrices, such as for example NPS; Naph-
DATA; N,N'-bis(naphthalen-1-y1)-N,N'-bis(pheny!)-benzi-
dine;  N,N'-bis(naphthalen-2-y1)-N,N'-bis(phenyl)-benzi-
dine; N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)-
benzidine; N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)-9,9-
spirobifluorene; N,N'-bis(naphthalen-1-y1)-N,N'-bis
(phenyl)-9.9-spirobifluorene; N,N'-bis(3-methylphenyl)-N,
N'-bis(pheny!)-9,9-dimethyl-fluorene; N,N'-bis(3-
naphthalen-1-y1)-N,N'-bis(phenyl)-9,9-dimethyl-fluorene;
N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)-9,9-diphenyl-
fluorene; N,N'-bis(3-naphthalen-1-y1)-N,N'-bis(pheny1)-9,9-
diphenyl-fluorene; 2,2',7,7'-tetrakis(N,N-diphenylamino)-9,
9'-spirobifluorene; 9,9-bis[4-(N,N-bis-biphenyl-4-yl-amino)
phenyl]-9H-fluorene;  9,9-bis[4-(N,N-bis-naphthalen-2-yl-
amino )phenyl]-9H-fluorene; 9,9-bis[4-(N,N'-bis-
naphthalen-2-y1l-N,N'-bis-phenyl-amino)-phenyl]-9H-
fluorene; 2,2',7,7'-tetrakis[ (N-naphthalenyl(phenyl)-amino]-
9,9-spirobifluorene;  N,N'-bis(phenanthren-9-yl1)-N,N'-bis
(phenyl)-benzidine; 2,7-bis[N,N-bis(9,9-spiro-bifluorene-2-
yl)-amino]-9,9-spirobifluorene; 2,2'-bis[N,N-bis(biphenyl-
4-yl)amino]-9,9-spirobifluorene;  2,2'-bis(N,N-di-pheny]l-
amino)-9,9-spirobifluorene; phthalocyanine copper
complex; 4,4"4"-tris(N-3-methylphenyl-N-phenyl-amino)
triphenylamine; 4,4' 4" -tris(N-(2-naphthyl)-N-phenyl-
amino)triphenylamine;  4,4'4"-tris(N-(1-naphthyl)-N-phe-
nyl-amino)triphenylamine; 4,4' 4"-tris(N,N-diphenyl-
amino )triphenylamine; titanium oxide phthalocyanine; 2,3,5,
6-tetrafluoro-7,7,8,8,-tetra-cyano-quinodimethane; pyrazino
[2,3-1][1,10]phenanthrolone-2,3-dicarbonitrile; N,N,N'N'-
tetrakis(4-methoxyphenyl)-benzidine; ~ 2,7-bis[N,N-bis(4-
methoxy-phenyl)amino]-9,9-spirobifluorene; 2,2'-bis[N,N-
bis(4-methoxy-phenyl)amino]-9,9-spirobifluorene; 1,3-bis
(carbazol-9-yl)benzene;  1,3,5-tris(carbazol-9-yl)benzene;
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44" 4"-tris(carbazol-9-yl)triphenylamine; 4,4'-bis(carbazol-
9-yDbiphenyl; 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-biphe-
nyl; 2,7-bis(carbazol-9-y1)-9,9-dimentylfluorene and 2,27,
7'-tetrakis(carbazol-9-y1)-9,9'-spirobifluorene.

[0039] The current limiting discovered experimentally has
not hitherto been observed for any of the published material
systems suitable for doping. This aspect is particularly impor-
tant for large-area organic light-emitting diodes, since it
brings about luminance homogeneity. Field overshoots at
particles or spikes in the substrate material are compensated
by layers with current limiting, since the maximum current
flow is no longer dependent on the field applied.

[0040] The invention is explained further with reference to
a number of experimental results:

EXAMPLE RELATING TO FIG. §

[0041] As in the above-described experiment, PDW-2 is
doped into the hole conductor NPB (=bis-N,N,N',N'-(naph-
thyl-phenyl)benzidine) by vapour co-deposition. The charac-
teristic curves shown in FIG. 5 were obtained for 0%, 1%, 5%
and 10% and 100% PDW?2 doping.

[0042] Anadditional band in the UV spectrum in the range
between 550-600 nm reveals the dopability of NPB by PDW-
2.

[0043] The graph of FIG. 6 shows the photoluminescence
spectrum of the layers illustrated in the above-described
Example relating to FIG. 5. When the layer is excited with
342 nm UV light, the fluorescence of the NPB layer decreases
steadily. Exactly like other dopants, PDW-2 also suppresses
fluorescence.

EXAMPLE RELATING TO FI1G. 7

[0044] The following layers are thermally vapour-depos-
ited in succession on an ITO (indium-tin oxide=indium-
doped tin oxide) electrode, in order to construct an organic
light-emitting diode (Alq=tristhydroxyquinolinato) alu-
minium, LiF=lithium fluoride).

a. 50 nm NPB; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm
Al (solid circles)

b. 50 nm NPB:PDW-2 [10%]; 40 nm NPB; 40 nm Alg; 0.7 nm
LiF; 200 nm Al (blank circles)

[0045] By using the doped hole injection layer the voltage
is reduced from 5.77 V 10 5.03 V in the I-V characteristic
curve, inorder to achieve a current density of 10 mA/cm?®. The
efficiency of this diode is markedly improved thereby, as is
apparent from FIG. 7.

[0046] By reducing the supply voltage, a luminance of
1000 cd/m” is reached at just 6.18 V with the doped hole
injection layer and only at 7.10V with the undoped hole
injection layer (FIG. 8).

EXAMPLE RELATING TO FIG. 9:

[0047] Instructures similar to the Example relating to FIG.
5, PDW-2 is of similar efficiency to other dopants known from
the literature, for example MoO; or F,TCNQ, as evidenced
by the comparison shown here.

EXAMPLE RELATING TO FIG. 10:

[0048] The charge carrier density may likewise be
increased by the dopant PDW-2 in other hole conductors such
as NaphDATA.

[0049] Transient dark current measurements show that,
with 10% PDW-2 doping in NaphDATA, mobility remains
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virtually constant. As the Example relating to FIG. 10 dem-
onstrates, the charge carrier density available for the organic
light-emitting diode increases greatly, which has a very posi-
tive effect on the characteristic curves of organic light-emit-
ting diodes. (o=conductivity, p=mobility, n=number of
charge carriers, e=elementary charge)

EXAMPLE RELATING TO FIG. 11:

[0050] A light-emitting diode of similar construction to the
Example relating to FIG. 7 with NaphDATA instead of NPB
in the hole injection layer.

a. 50 nm NaphDATA; 40 nm NPB; 40 nm Alq; 0.7 nm LiF;
200 nm Al (solid circles) PS b. 50 nm NaphDATA:PDW-2
[10%]; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al (blank
circles)

[0051] By using the doped hole injection layer the voltage
isreduced from 11.6V to 8.0 Vinthe I-V characteristic curve,
in order to achieve a current density of 10 mA/cm>. The
efficiency of this diode is markedly improved thereby (FIG.
11).

EXAMPLE RELATING TO FIG. 12:

[0052] By reducing the supply voltage, a luminance of
1000 cd/m” is reached at just 10.6 V with the doped hole
injection layer and only at 13.9 V with the undoped hole
injection layer (FIG. 12).

[0053] The experimentally identified current limiting has
not hitherto been observed for any of the published material
systems suitable for doping. This aspect is particularly impor-
tant for large-area organic light-emitting diodes, since it
brings about luminance homogeneity. Field overshoots at
particles or spikes in the substrate material are compensated
by layers with current limiting, since the maximum current
flow is no longer dependent on the field applied.

[0054] The invention is distinguished in particular in that
the materials used are OLED compatible and in that, for
example in the preferred binuclear metal complexes with a
metal-metal bond, in formal terms the charge is distributed
between two metal atoms per molecule during current trans-
port, which contributes to the stability of the overall layer.
[0055] The invention relates to the use of a metal complex
as p-dopant for an organic semiconducting matrix material, to
an organic semiconductor material and to an organic light-
emitting diode. In this respect, the invention discloses the use
of metal complexes, which function as Lewis acids, as
p-dopants in organic matrix materials.

[0056] The invention is not restricted by the description
given with reference to the exemplary embodiments. Rather,
the invention encompasses any novel feature and any combi-
nation of features, including in particular any combination of
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features in the claims, even if this feature or this combination
is not itself explicitly indicated in the claims or exemplary
embodiments.

1. A method for doping a hole-conducting organic matrix
material, comprising the steps of doping with a metal com-
plex as p-dopant, wherein the metal complex is a metal com-
plex with Lewis acid properties and acts as an electron pair
acceptor.

2. The method according to claim 1, wherein the metal
complex is a polynuclear metal complex.

3. The method according to claim 1, wherein the central
atom of the metal complex is a neutral or charged transition
metal atom.

4. The method according to claim 1, wherein at least one
central atom is selected from the subgroups 6 to 9.

5. The method according to the preceding claim 4, wherein
at least one central atom is rhodium.

6. The method according to claim 1, wherein the metal
complexisa polynuclear metal complex, in which at least one
ligand coordinatively links two central atoms.

7. The method according to claim 1, wherein at least one
central atom is planar-quadratically surrounded by ligands.

8. The method according to claim 8, wherein the metal
complex is of a polynuclear and symmetrical structure.

9. The method according to claim 1, wherein the ligands
are carboxylic acids or carboxylic anions with electron-at-
tracting substituents.

10. The method according to claim 1, wherein at least one
metal complex has a paddle-wheel structure.

11. An organic semiconducting material, containing at
least one organic matrix material and a p-dopant according to
claim 1.

12. The organic semiconducting material according to
claim 11, wherein the molar doping ratio of p-dopant to
monomeric units of a polymeric matrix molecule amounts to
between 1:1 and 1:100,000.

13. A method of producing an organic semiconducting
material containing an organic matrix material and a
p-dopant, wherein at least one or more metal complexes
according to claim 1 are the p-dopant.

14. A radiation-emitting device containing an organic
semiconducting material according to claim 11.

15. The radiation-emitting device according to claim 14,
wherein the radiation-emitting device is an organic light-
emitting diode, which comprises two electrodes, a hole-con-
ducting layer and an emitting layer, wherein the hole-con-
ducting layer contains one or more metal complexes with
Lewis acid propetties.
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