067111886 A1 I 1R 0 000 )OO0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
26 October 2006 (26.10.2006)

(10) International Publication Number

WO 2006/111886 A1l

(51) International Patent Classification:
CO9K 11/06 (2006.01) HOIL 51/30 (2006.01)
HOIL 51/50 (2006.01) HO5B 33/20 (2006.01)

(21) International Application Number:
PCT/IB2006/051121

(22) International Filing Date: 12 April 2006 (12.04.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

05103181.3 20 April 2005 (20.04.2005)  EP
(71) Applicant (for DE only): PHILIPS INTELLECTUAL
PROPERTY & STANDARDS GMBH [DE/DE];

Liibeckertordamm 5, 20099 Hamburg (DE).

(71) Applicant (for all designated States except DE, US):
KONINKLIJKE PHILIPS ELECTRONICS N. V.
[NL/NL]; Groenewoudseweg 1, NL-5621 BA Eindhoven
(NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): BOERNER, Herbert
[DE/DE]; c/o Philips Intellectual Property &, Standards
GmbH, Weisshausstr. 2, 52066 Aachen (DE).

(74) Agent: VOLMER, Georg; Philips Intellectual Property &
Standards GmbH, Weisshausstr. 2, 52066 Aachen (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: MATRIX MATERIAL FOR ORGANIC ELECTROLUMINESCENT DEVICES

(57) Abstract: A matrix material for an organic electroluminescent device, comprising substituted aromatic molecules for hole
& and/or electron conduction with at least 2 aromatic molecule components joined to one another via a carbon-carbon single bond
which as individual molecule components respectively have a first triplet level with an excitation energy of more than 23,000 cm’
and which respectively comprise at least one substituent in an ortho position with respect to the carbon-carbon single bond, the
substituents incorporated in the ortho position causing a rotation of neighboring molecule components along the carbon-carbon single

bond as a rotation axis owing to their size.



10

15

20

25

30

WO 2006/111886 PCT/IB2006/051121
1

Matrix material for organic electroluminescent devices

The invention relates to an electroluminescent device having an organic
electroluminescent layer and aromatic matrix materials with high triplet levels.

An organic electroluminescent device (OLED) having a layer structure of a
multiplicity of thin layers, which is applied on a substrate, with at least one organic
electroluminescent layer (EL layer) to emit light for a multiplicity of applications, for
example room lighting, signal lighting or backlight systems for displays, is known. A typical
structure comprises at least one transparent electrode, for example of ITO (indium tin oxide),
areflective electrode, for example of metal, and an electroluminescent layer of an organic
material arranged between the electrodes. An OLED having an electroluminescent layer of
small light-emitting molecules embedded in a hole- or electron-conductive matrix material is
also referred to as a SMOLED (small molecule organic light-emitting diode).

The light-emitting molecules are excited by recombination of charge carriers
inside the electroluminescent layer, which are injected into the electroluminescent layer as
electrons or holes because of a voltage applied to the electrodes. Owing to the spin statistics,
25% of the light-emitting molecules are excited into the singlet state from which they can
enter the ground state by emitting light (fluorescence). 75% of the excitation, however, takes
place into the lowest-energy triplet state from which radiative transition to the ground state is
forbidden, which leads to very long radiative lifetimes. Light emission from the triplet level,
which is referred to as phosphorescence, is observed in most materials only if they are cooled
to nitrogen temperatures. There are nevertheless some light-emitting materials exhibiting
radiative transitions from the triplet state even at room temperature owing to a mixture of
singlet and triplet states. Typically, however, the lifetime of the excited triplet state is in the
range of a microsecond to a millisecond, and therefore orders of magnitude more than the
lifetime of the excited singlet level. During this comparatively long time, the energy may be
transferred to neighboring matrix molecules if the triplet levels of the matrix molecules are at
an equal energy level or lower. Once the triplet energy has been transferred to the matrix

molecules, there is a high probability that it will be lost from the light emission.
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Document WO 01/96454 discloses long-chained aromatic matrix molecules
suitable for the excitation of light-emitting materials with emission wavelengths in the red,
green or blue spectral range. For effective excitation of light-emitting materials by means of
energy transfer, the matrix molecules have preferably polarizable substituents and are
furthermore distinguished by a large molecular weight of more than 30,000 daltons, in order
to avoid crystallization effects during operation of the electroluminescent device. 1 dalton
corresponds to 1.66*107 kg, which is about 1/12 the atomic weight of carbon. 30,000
daltons therefore correspond to the weight of 2500 carbon atoms. The individual molecules
are composed of recurring molecule components comprising fluorenes and phenyls. The
molecules have a number (not specified in detail) of organic and/or inorganic substituents at
positions (not defined in detail) on the molecule components, and the substituents can form
bridges between one another.

As is known, the triplet levels of aromatic polymers become shifted to longer
wavelengths by concatenation of molecule components. For example, the energy (here
expressed by the reciprocal wave number 1/A) of the triplet level of benzene decreases from
29,500 cm™ through naphthalene (21,300 cm™) to anthracene (14,700 cm™), and for phenyls
the triplet level decreases from 22,900 cm™ for 1,1°-biphenyl through 20,400 cm™ for p-
terphenyl to less than 19,000 cm™ for p-quaterphenyl, and the same applies to fluorenes. Blue
light, however, has wave numbers of between 20,700 cm™” and 22,300 cm™. Although the
aromatic matrix materials disclosed in WO 01/96454 permit blue light emission from the
singlet states of the light-emitting molecules, in the materials described the energy of the
excited triplet states of the light-emitting molecules for blue light emission can nevertheless
be transferred to the triplet levels of the matrix materials, and therefore released without

radiation, which entails a low efficiency of the OLED in the blue spectral range.

It is therefore an object of this invention to provide an organic matrix material
having a high triplet energy for efficient blue light emission with at the same time good
performance properties for electroluminescent devices.

This object is achieved by a matrix material for an organic electroluminescent
device, comprising substituted aromatic molecules for hole and/or electron conduction with
at least 2 aromatic molecule components joined to one another via a carbon-carbon single

bond, which as individual molecule components respectively have a first triplet level with an
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excitation energy of more than 23,000 cm™ and which respectively comprise at least one
substituent in an ortho position with respect to the carbon-carbon single bond, the
substituents incorporated in the ortho position causing a rotation of neighboring molecule
components along the carbon-carbon single bond as a rotation axis owing to their size.

Aromatic molecule components sometimes have an excitation energy of more
than 23,000 cm™, which thus lies above the blue spectral range (20,700 cm™ and 22,300 cm™)
and therefore the entire visible spectral range. Owing to their crystallization susceptibility or
insufficient melting temperature, these molecule components cannot be used directly as a
matrix material. Stable thin layers can be produced in combination with at least a second
molecule component.

On each molecule component, the matrix molecules according to the invention
have at least one substituent in an ortho position with respect to the carbon-carbon single
bond which joins neighboring molecule components to one another. The substituents
arranged in this way cause a mutual rotation of the neighboring molecule components and
therefore substantially decouple the individual p orbitals of the molecule components from
one another, which leads to substantial preservation of the electronic properties, in particular
the high triplet levels, of the individual molecule components in a larger matrix material
according to the invention composed of a plurality of molecule components. The decoupling
of the p orbitals is in this case a function of the rotation angle. In order to achieve such a
rotation, the substantially chemically neutral substituents must have a suitable space-
occupying size.

A matrix material in which the substituted aromatic molecules have a
molecular mass of less than 10,000 atomic mass units is preferable in this case, particularly
preferably less than 2000 atomic mass units, 1 atomic mass unit (u) corresponding to
1.66*10™" kg (about 1/12 the mass of the carbon atom). The possibility of a large conjugation
length of the p orbitals would grow with molecular masses that are too great, which would
lead to a reduction of the triplet energy of the substituted aromatic molecule compared to the
individual aromatic molecule components. Larger molecular masses would furthermore make
it at least very difficult to use vapor deposition techniques for producing the organic layers.

It is preferable that the molecule components of the matrix material for an

organic electroluminescent device should comprise materials from the group
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These molecule components are distinguished by particularly high triplet
levels of the corresponding sub-molecules, namely 29,500 cm™ (I), 23,700 cm™ (IT) and
23,400 cm™ (IID).

The number of aromatic molecule components is advantageously less than or
equal to 10, preferably less than 6, which then allows sufficient charge transport to excite the
light-emitting molecules embedded in the matrix layer, despite the twisted structure of the
substituted aromatic molecule and the concomitant substantial decoupling of the p orbitals.
With a small number of molecule components, furthermore, excitation energy can also be
transported by means of excitons besides charged excitations.

It is particularly preferable for the substituents of the molecule components to
be fluorine and/or organic materials, preferably at least partially fluorinated organic
materials, comprising linear or branched alkyl, alkenyl, alkynyl or adamantane groups. These
space-occupying organic materials prevent the molecule components from rotating back into
the planes of neighboring molecule components.

It is particularly preferable for the alkyl chains to have a number of carbon
atoms between 2 and 20. These chains are long enough to cause sufficient rotation of
neighboring molecule components with simultaneously good substitution properties.

Particularly preferable substituted aromatic molecules consist of one or more

molecules from the group
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where R1 to R7 are identical or different substituents. Matrix materials which
consist predominantly of a p-hexaphenyl core (chain of 6 linked carbon rings) are
distinguished by an electron conductivity which is higher than the hole conductivity. R1 to
R7 are furthermore used to improve the solubility, reduce crystallization susceptibility, adjust
redox potentials (readiness to oxidize or reduce) and to improve the charge transport
properties.

It is then advantageous if the rotation between neighboring aromatic molecule
components corresponds to an angle of more than 10 degrees, preferably more than 30
degrees. This angle is here the angle between the planes defined by the aromatic rings of the
molecule components.

It is particularly preferable for the lower triplet level of the aromatic molecule
substituted according to the invention to have an excitation energy of more than 22,500 cm’,
preferably more than 23,000 cm™, more preferably more than 24,000 cm™. The excited states
in the blue-emitting materials can then enter the ground state only to a very small extent
without radiation by means of energy transfer to the matrix material.

The invention furthermore relates to an electroluminescent device having a
substrate, at least two electrodes, at least one electroluminescent layer arranged between the
electrodes and comprising a matrix material as claimed in claim 1, and a light-emitting
material for emission embedded in the matrix material, the lowest triplet level of the matrix
material being at a higher energy than the lowest triplet level of the light-emitting material,
especially if the light-emitting material emits blue light. Only in this way is it possible to

prevent the excited triplet states from transferring their excitation energy to neighboring
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matrix molecules without radiation. This is very important for an efficient electroluminescent
light source, since 75% of the excitation energy goes into excitation of the triplet states owing
to the spin statistics.

These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

In the drawing:

Fig. 1 shows a schematic representation of an electroluminescent device

The electroluminescent device represented in Fig. 1 typically has a substrate 1
and, applied thereon, at least an anode 2, an electroluminescent layer 4 and a cathode 6. In
order to improve the efficiency of an electroluminescent device - as shown by Fig. 1 - it may
also have a hole-transporting layer 3 between the anode 2 and the electroluminescent layer 4
and an electron-transporting layer 5 between the cathode 6 and the electroluminescent layer
4. If necessary, the layer structure may also be applied in the reverse order. Depending on the
intended light exit direction, through the substrate (bottom emitter) or on the other side from
the substrate (top emitter), the electrode 2 or 4 is transparent.

In bottom emitters, the substrate 1 is preferably a transparent glass plate or a
plastic plate. The plastic plate may, for example, contain polyethylene terephthalate (PET).
The anode 2 is preferably transparent and may, for example, contain p-doped silicon, indium-
doped tin oxide (ITO) or antimony-doped tin oxide (ATO). The anode 2 preferably contains
ITO. The anode 2 is typically not structured but designed as a flat surface. The cathode 6
may, for example, contain a metal such as aluminum, copper, silver or gold, an alloy or n-
doped silicon. It may be preferable for the cathode 6 to have two or more conductive layers.
It may be particularly preferable for the cathode 6 to contain a first layer of an alkaline earth
metal, for example calcium, barium, or LiF and a second layer of aluminum. The cathode 6
may be structured and, for example, contain a multiplicity of parallel strips of the conductive
material or conductive materials. Alternatively, the cathode 6 may be unstructured and
designed as a flat surface.

The anode 2 is adjoined by a first hole-transporting layer 3 which, in preferred
embodiments, consists of a hole-injection layer of for example 4,4’,4"’-tris-(N-(3-methyl-
phenyl)-N-phenylamino)-triphenylamine (MTDATA) having 1% doping with tetrafluoro-
tetracyano-quinodimethane (F4-TCNQ) and a hole-transport layer of for example
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triarylamines, diarylamines, tristilbeneamines or a mixture of polyethylene dioxythiophene
(PDOT) and poly(styrene sulfonate).

A hole-blocking and electron-transporting layer 5 which, for example, may
contain tris-(8-hydroxy-quinolinato)-aluminum (Alqs), 1,3,5-tris-(1-phenyl-1H-
benzimidazol-2-yl)benzene (TPBI) or low-electron heterocycles such as 1,3,4-oxadiazoles or
1,2,4-triazoles, is typically arranged between the cathode 6 and the electroluminescent layer
4,

The electroluminescent layer 4 contains an organic matrix material and light-
emitting materials embedded therein. Electroluminescent devices having these types of
electroluminescent layers 4 are also referred to as a SMOLEDs (small molecule organic
light-emitting diode) and are distinguished advantageously with respect to polymers by their
possibility of being produced as thin layers by means of vapor deposition. Because of the
spin statistics, 25% of the small light-emitting molecules are excited into the singlet state
from which they can enter the ground state by emitting light (fluorescence). In 75% of the
recombination, however, the excitation takes place into the lowest-energy triplet state from
which radiative transition to the ground state is forbidden, which leads to very long radiative
lifetimes. Light emission from the triplet level, referred to as phosphorescence, is observed in
most materials only if they are cooled to nitrogen temperatures. There are nevertheless some
materials which exhibit radiative transitions from the triplet state even at room temperature
owing to a mixture of singlet and triplet states. Typically, however, the lifetime of this state is
in the range of a microsecond to a millisecond, and therefore very much longer than the
transitions from the singlet level. During this comparatively long time, the energy may be
transferred to neighboring matrix molecules either if their triplet level is at a lower energy or,
in the case of higher triplet levels, if a transition is possible by means of thermal activation.
Once the triplet energy has been transferred to other molecules, for example matrix
molecules, there is a high probability that it will be lost from the light emission. In order to
virtually preclude energy transfer at room temperature, the triplet state of the neighboring
matrix molecules should be about 1000-2000 wave numbers above that of the light-emitting
molecule. This condition is easy to fulfill for green or red triplet emitters, but it is a difficult
requirement for blue triplet emitters since the triplet level of the emitter molecules is from
21,000 cm™ to 22,000 cm™ for emission in the blue spectral range.

Without substituents, an increasing molecule size entails a decreasing
excitation energy of the triplet level of a matrix molecule, as shown with reference to

benzene and the corresponding longer-chained structures a) and b):
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a)
benzene naphthalene anthracene tetracene
29500 cm™ 21300 cm™ 14700 cm’! 10250 cm
b)
benzene L1 -b1pheny1 -terphenyl
29500 cm™ 22900 cm™ 20400 cm™

p-quaterphenyl
< 19000 cm-1

The triplet level decreases from 29,500 cm™ to 10,250 cm™ in the sequence
benzene — naphthalene — anthracene — tetracene, and the triplet level decreases from
29,500 cm™ to below 19,000 cm™ in the sequence benzene — biphenyl — terphenyl —
quaterphenyl. The conjugation length of the p orbitals in the molecule increases as the
molecule size increases, which, without further measures such as the incorporation of suitable
substituents, leads to an energy reduction of the triplet level of the overall molecule
compared to the triplet level of the individual molecule component benzene.

Besides triphenylamine with a triplet energy of 24,500 cm™, the preferred
aromatic molecules are benzene, fluorene and triphenylene with the following triplet

energies:
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benzene fluorene triphenylene

29,500 cm™ 23,700 cm™ 23,400 cm™

These small molecules, however, are unsuitable as a matrix material because
of the high crystallization susceptibility or the insufficient melting or glass transition
temperature. From the molecule components benzene, triphenylamine, fluorene and/or
triphenylene, in combination with at least a second molecule component from the same group
coupled by a carbon-carbon single bond, matrix materials in accordance with the invention
can be produced with masses of less than 10,000 atomic mass units, preferably less than
2,000 atomic mass units, when at least one substituent of suitable size is incorporated on each
molecule component in an ortho position with respect to the carbon-carbon single bond of
neighboring molecule components, so that forced mutual rotation of the neighboring
molecule components causes decoupling of the individual p orbitals of the molecule
components from one another, as shown in the two subsequent 3D representations of an
example of a carbon-carbon single bond between two molecule components (with CH;

substituents incorporated in ortho position on one side (a) and on both sides (b).

ay)

b)
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The substituents A denote further molecule components bonded together by a
carbon-carbon single bond and/or further substituents. This 3D representation clearly shows
the rotation of neighboring molecule components along the carbon-carbon single bond
caused by the CHj substituents which are each incorporated in ortho position with respect
thereto. In this connection, for the existence of mutual rotation of neighboring molecule
components it is insignificant whether the substituents (in ortho position) of the two molecule
components are incorporated on the same side or opposite sides of the carbon-carbon single
bond. To bring about a rotation about a large angle, however, it is advantageous if the
substituents of the two neighboring molecule components are incorporated on the same side
with respect to the carbon-carbon single bond, as shown in (a). It is alternatively possible
however that in each case 2 substituents per molecule component are incorporated in ortho
position with respect to the carbon-carbon single bond, as shown in (b). This achieves
substantial preservation of the electronic properties, in particular the high triplet levels, of the
respective molecule components in a larger substituted aromatic molecule composed of a
plurality of molecule components.

Despite the twisted structure and the concomitant substantial decoupling of the
p orbitals of the molecule components, the small molecule size compared to polymers allows
sufficient charge transport to excite the embedded light-emitting molecules. For effective
charge excitation of the light-emitting molecules, the matrix molecules according to the
invention should not contain more than 10 molecule components. Molecules having no more
than 6 molecule components can also transport exciton energies effectively to the light-
emitting materials in addition to the charged excitations.

Thermal vapor deposition represents a conventional layer production
technique for SMOLEDs, in particular for molecules having a molecular mass of less than
10,000 atomic mass units, preferably less than 2,000 atomic mass units, since it is easy to
control and generates homogeneous and smooth layers.

The following embodiments 1 to 3 of aromatic molecules substituted

according to the invention are molecules having a p-hexaphenyl core:
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Here, either 6 phenyl rings (embodiment 1) or three fluorene units

(embodiment 2) may be joined while being rotated. A combination of embodiments 1 and 2
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is shown in embodiment 3, where a central fluorene unit is joined respectively to 2 phenyl
units. In this case, R1 are substituents of suitable size to achieve permanent rotation of the
individual neighboring molecule components along the carbon-carbon single bond as a
rotation axis. The substituents R2 and R3 may be various organic and/or inorganic materials.
For better charge transport properties between the molecules, for example, triphenyl units
may be attached terminally for R2 on one or both sides.

Organic materials in particular, preferably at least partially fluorinated organic
materials, comprising linear or branched alkyl, alkenyl, alkynyl and/or adamantane groups
with a number of carbon atoms between 2 and 20, are suitable as space-occupying
substituents R1 which can cause a mutual rotation of the molecule components by their ortho
position with respect to the molecule component-joining carbon-carbon single bond. The
reference R1 for the substituents according to the invention, consistently selected for all the
molecule components, refers only to the similar rotating effect for all molecule components.
The materials for R1 may readily differ within a matrix molecule.

Molecules having a phenyl core are shown in the following embodiments 4

and 5 of the matrix materials according to the invention:

4)
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In embodiment 4, three triphenyl units are attached in positions 1, 3 and 5 on a
central phenyl ring. Here, a rotation with respect to the central phenyl ring can be effected by
the substituents R1 and R2 with the aforementioned materials for R1. The substituents R1
and R2 may in this case be identical or different. The substituents R1 on different molecule
components may likewise be identical or different. The materials used as substituents R3 to
R7 may, for example, be selected suitably in order to improve the solubility, to reduce the
crystallization susceptibility or to adjust the redox potentials.

Embodiment 5 shows the coupling of three fluorene units in positions 1, 3 and
5 on a central phenyl ring. Here, a rotation with respect to the central phenyl ring can be
effected by the substituents R1 and R2 with the aforementioned materials for R1. The
substituents R1 and R2 may in this case be identical or different. The substituents R1 on
different molecule components may likewise be identical or different. The materials used as
substituents R4 and R5 may, for example, be selected suitably in order to improve the

solubility, to reduce the crystallization susceptibility or to adjust the redox potentials.

Embodiment of an electroluminescent device according to the invention:
- glass substrate having a 150 nm thick anode of indium tin oxide (ITO)
- MTDATA hole injection layer with 1% F4-TCNQ, thickness 400 nm

- MTDATA hole transport layer, undoped, thickness 100 nm
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- emission layer of matrix molecules according to the invention, for example
p-hexaphenyl substituted according to the invention, with 9 wt.% light-emitting
materials, thickness 150 nm

- TPBI hole-barrier and electron-transport layer, thickness 500 nm

5 - LiF electron-injection layer, thickness 1 nm

- aluminum cathode, thickness 70 nm

The aforementioned hole barrier layer may be omitted in a preferred

10  embodiment of the electroluminescent device, having matrix materials with an electron
mobility which is higher than the hole mobility, which simplifies the production process. p-
Hexapheny] substituted according to the invention is an example of such matrix materials.

The methods for producing the aromatic molecules substituted according to
the invention are prior art and therefore known to the person skilled in the art.

15 The embodiments which have been mentioned represent only a small number
of the possible matrix molecules according to the invention, and should not be interpreted as
restricting the patent claims to these examples. Alternative embodiments, which are likewise
covered by the protective scope of the patent claims, are also possible for the person skilled
in the art.

20
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CLAIMS

1. A matrix material for an organic electroluminescent device, comprising
substituted aromatic molecules for hole and/or electron conduction with at least 2 aromatic
molecule components joined to one another viaa carbon-carbon single bond, which as
individual molecule components respectively have a first triplet level with an excitation
energy of more than 23,000 cm™ and which respectively comprise at least one substituent in
an ortho position with respect to the carbon-carbon single bond, the substituents incorporated
in the ortho position causing a rotation of neighboring molecule components along the

carbon-carbon single bond as a rotation axis owing to their size.

2. A matrix material for an organic electroluminescent device as claimed in claim
1, characterized in that the substituted aromatic molecules have a molecular mass of less than

10,000 atomic mass units, particularly preferably less than 2,000 atomic mass units.

3. A matrix material for an organic electroluminescent device as claimed in claim

1 or 2, characterized in that the aromatic molecule components comprise at least one material

from the group
I II I O
4, A matrix material for an organic electroluminescent device as claimed in any

one of the preceding claims, characterized in that the number of aromatic molecule

components is less than or equal to 10, preferably less than or equal to 6.

5. A matrix material for an organic electroluminescent device as claimed in any

one of the preceding claims, characterized in that the substituents are fluorine and/or organic
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materials, preferably at least partially fluorinated organic materials, comprising alkyl,

alkenyl, alkynyl or adamantane groups.

6. A matrix material for an organic electroluminescent device as claimed in claim

5 5, characterized in that the substituents have between 2 and 20 carbon atoms.

7. A matrix material for an organic electroluminescent device as claimed in any
one of the preceding claims, characterized in that the substituted aromatic molecules consist

of one or more molecules from the group
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where R1 to R7 comprise identical or different substituents and/or molecule components.

8. A matrix material for an organic electroluminescent device as claimed in any
one of the preceding claims, characterized in that the rotation between neighboring aromatic
molecule components corresponds to an angle of more than 10 degrees, preferably more than

30 degrees.

9. A matrix material for an organic electroluminescent device as claimed in any
one of the preceding claims, characterized in that the substituted aromatic molecule has a
lower triplet level with an excitation energy of more than 22,500 cm™, preferably more than

23,000 cm'l, more preferably more than 24,000 cm’.

10. An electroluminescent device having a substrate, at least two electrodes, at
least one electroluminescent layer arranged between the electrodes and comprising a matrix
material as claimed in claim 1, and a light-emitting material embedded in the matrix material,
the first triplet level of the matrix material being at a higher energy than the first triplet level

of the light-emitting material.

11. An electroluminescent device as claimed in claim 10, characterized in that the

light-emitting material emits blue light.
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