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Description
Technical Field

[0001] The present invention relates to an organic electroluminescent device using a carborane compound as a
material for an organic electroluminescent device, and more specifically, to a thin film-type device that emits light by
applying an electric field to a light-emitting layer containing an organic compound.

Background Art

[0002] In general, an organic electroluminescent device (hereinafter referred to as organic EL device) includes a light-
emitting layer and a pair of counter electrodes interposing the light-emitting layer therebetween in its simplest structure.
That is, the organic EL device uses the phenomenon that, when an electric field is applied between both the electrodes,
electrons are injected from a cathode and holes are injected from an anode, and each electron and each hole recombine
in the light-emitting layer to emit light.

[0003] In recent years, progress has been made in developing an organic EL device using an organic thin film. In
order to enhance luminous efficiency particularly, the optimization of the kind of electrodes has been attempted for the
purpose of improving the efficiency of injection of carriers from the electrodes. As a result, there has been developed a
device in which a hole-transporting layer formed of an aromatic diamine and a light-emitting layer formed of an 8-
hydroxyquinoline aluminum complex (Algs) are formed between electrodes as thin films, resulting in a significant im-
provement in luminous efficiency, as compared to related-art devices in which a single crystal of anthracene or the like
is used. Thus, the development of the above-mentioned organic EL device has been promoted in order to accomplish
its practical application to a high-performance flat panel having features such as self-luminescence and rapid response.
[0004] Further, investigations have been made on using phosphorescent light rather than fluorescent light as an
attempt to raise the luminous efficiency of a device. Many kinds of devices including the above-mentioned device in
which a hole-transporting layer formed of an aromatic diamine and a light-emitting layer formed of Alqs are formed emit
light by using fluorescent light emission. However, by using phosphorescent light emission, that is, by using light emission
from a triplet excited state, luminous efficiency is expected to be improved by from about three times to about four times,
as compared to the case of using related-art devices in which fluorescent light (singlet) is used. In order to accomplish
this purpose, investigations have been made on adopting a coumarin derivative or a benzophenone derivative as a light-
emitting layer, but extremely low luminance has only been provided. Further, investigations have been made on using
a europium complex as an attempt to use a triplet state, but highly efficient light emission has not been accomplished.
In recent years, many investigations have been made mainly on an organic metal complex, for example, an iridium
complex for the purpose of attaining high luminous efficiency and a long lifetime, as disclosed in Patent Literature 1.

Citation List
Patent Literature
[0005]

[PTL 11 WO 01/041512 A1
[PTL 2] JP 2001-313178 A
[PTL 3] JP 2005-162709 A
[PTL 4] JP 2005-166574 A
[PTL 5] US 2012/0319088 A1
[PTL 6] WO 2013/094834 A1
[PTL 7] EP 2 793 280 A1
[PTL 8] WO 2014/103910 A1

Non Patent Literature

[0006] [NPL 1]J. Am. Chem. Soc. 2012, 134, 17982-17990

[0007] In order to obtain high luminous efficiency, host materials that are used with the dopant materials described
above play an important role. A typical example of the host materials proposed is 4,4’-bis(9-carbazolyl)biphenyl (CBP)
as a carbazole compound disclosed in Patent Literature 2. When CBP is used as a host material for a green phospho-
rescent light-emitting material typified by a tris(2-phenylpyridine)iridium complex (Ir(ppy)s), the injection balance between
chargesis disturbed because CBP has the characteristic of facilitating the delivery of holes and not facilitating the delivery
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of electrons. Thus, excessively delivered holes flow out into an electron-transporting layer side, with the result that the
luminous efficiency from Ir(ppy)s; lowers.

[0008] As described above, in order to provide high luminous efficiency to an organic EL device, it is necessary to use
a host material that has high triplet excitation energy, and is striking a good balance in both charge (hole and electron)-in-
jecting/transporting properties. Further desired is a compound that is electrochemically stable and has high heat resist-
ance and excellent amorphous stability, and hence further improvement has been demanded.

[0009] In Patent Literatures 3, 4, 5, and 6, and Non Patent Literature 1, there are disclosures of carborane compounds
shown below. Examples of materials for an organic electroluminescent element comprising a carborane and 1,3,5-
triazine are known from patent literature 7. Material comprising a carborane and either a 1,3,5-triazine or pyrimidine are
known from patent literature 8.

O‘O @ @@@f

oy oy S

Summary of Invention

[0010] In order to apply an organic EL device to a display device in a flat panel display or the like, it is necessary to
improve the luminous efficiency of the device and also to ensure sufficiently the stability in driving the device. The present
invention has an object to provide, in view of the above-mentioned circumstances, an organic EL device that has high
efficiency and high driving stability and is practically useful and a compound suitable for the organic EL device.

[0011] The inventors of the present invention have made extensive investigations, and as a result, have found that
the use of a compound in which a six-membered ring group containing at least two nitrogen atoms and a carborane
skeleton are directly bonded to each other in an organic EL device enables the device to show excellent characteristics.
Thus, the inventors have completed the present invention.

[0012] The present invention relates to a material for an organic electroluminescent device, including a carborane
compound represented by the general formula (1):

RJ NP
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18518,
(1a) ot (1b)

where: rings A’s each represent a divalent carborane group C,B4oH, represented by the formula (1a) or the formula
(1b), and when a plurality of rings A’s are present in a molecule thereof, the plurality of rings A’s may be identical
to or different from each other, s’s each represent a number of repetitions and each represent an integer of from 1
to 4, and m and n each represent a substitution number, and m represents an integer of from 0 to 4, and n represents
an integer of from 0 to 3, provided that when m=1, s=1;

X’s each represent N, CH, or C, and at least two of X’s each represent N;

R represents an alkyl group having 1 to 12 carbon atoms, an alkoxy group having 1 to 12 carbon atoms, a substituted
or unsubstituted aromatic hydrocarbon group having 6 to 30 carbon atoms, a substituted or unsubstituted aromatic
heterocyclic group having 3 to 16 carbon atoms, or a linked aromatic group formed by linking 2 to 6 aromatic rings
of the aromatic hydrocarbon group or the aromatic heterocyclic group;

L' represents a single bond, or an (m+1)-valent substituted or unsubstituted aromatic hydrocarbon group having 6
to 30 carbon atoms, an (m+1)-valent substituted or unsubstituted aromatic heterocyclic group having 3 to 16 carbon
atoms, or an (m+1) -valent linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon
group or the aromatic heterocyclic group, and when m=1, L' represents the aromatic heterocyclic group having at
least one 1,3,5-triazine ring, pyrimidine ring, pyrazine ring, or pyridazine ring, or the linked aromatic group, or a
single bond, and L'-H at a terminal may represent an alkyl group having 1 to 12 carbon atoms or an alkoxy group
having 1 to 12 carbon atoms; and

L2 s each independently represent a single bond, or a divalent substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 carbon atoms, a divalent substituted or unsubstituted aromatic heterocyclic group having 3 to
16 carbon atoms, or a divalent linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydro-
carbon group or the aromatic heterocyclic group, and L2-H at a terminal may represent an alkyl group having 1 to
12 carbon atoms or an alkoxy group having 1 to 12 carbon atoms, and when a plurality of L2’s are present in a
molecule thereof, the plurality of L2’s may be identical to or different from each other,

provided that in each of L' and L2, a ring to be directly bonded to the ring A is not a dibenzothiophene ring, a
dibenzofuran ring, or a bicyclic nitrogen-containing heterocycle represented by the following formula (2):

where Y’s each independently represent N, CH, or C, and one to four of Y’s each represent N.

[0013] In addition, in the case of a linked aromatic group, the group may be linear or branched, and its aromatic rings
to be linked may be identical to or different from each other.

[0014] A preferred mode of the present invention is described below.

[0015] In the general formula (1), one or more of the following 1) to 4) are satisfied:

1) the rings A’s each represent a divalent carborane group C,B,yH, represented by the formula (1a);

2) L' and L2 each independently represent a single bond, or a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 carbon atoms, a substituted or unsubstituted aromatic heterocyclic group having 3 to 16 carbon
atoms, or a linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon group or the
aromatic heterocyclic group;

3) L1 and L2 each independently represent a single bond, or a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 carbon atoms, or a linked aromatic group formed by linking 2 to 6 aromatic rings selected from
the aromatic hydrocarbon groups; and

4) m represents an integer of 0 or from 1 to 4, preferably an integer of 0 or 1.

[0016] Part or all of hydrogen atoms in the carborane compound represented by the general formula (1) may each be
substituted with a deuterium atom.
[0017] The presentinvention alsorelates to an organic electroluminescent device having a structure in which an anode,
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an organic layer, and a cathode are laminated on a substrate, the organic layer including an organic layer containing
the above-mentioned material for an organic electroluminescent device.

[0018] Further, it is preferred that the organic layer containing the material for an organic electroluminescent device
include a light-emitting layer containing a phosphorescent light-emitting dopant.

[0019] The material for an organic electroluminescent device of the present invention has a structure in which a six-
membered ring aromatic group containing at least two nitrogen atoms and a carborane skeleton are directly bonded to
each other. The carborane compound having such structural feature is improved in electron-injecting and transporting
properties because its lowest unoccupied molecular orbital (LUMO) that affects the electron-injecting and transporting
properties is widely distributed on its nitrogen-containing six-membered aromatic ring having satisfactory electron re-
sistance. Further, the electron-injecting and transporting properties can be controlled at higher levels by changing R
with which the ring is substituted. By virtue of the foregoing features, the use of the material in an organic EL device can
achieve a reduction in driving voltage of the device and high luminous efficiency.

Brief Description of Drawings
[0020] FIG. 1 is a sectional view for illustrating one structural example of an organic EL device.
Description of Embodiments

[0021] A material for an organic electroluminescent device of the present invention is represented by the general
formula (1).

[0022] Here,rings A’s each represent a carborane group, and an aromatic ring formed of six X’s is a nitrogen-containing
six-membered ring group containing at least two nitrogen atoms. The aromatic ring formed of six X’s in the general
formula (1) is hereinafter sometimes referred to as "aromatic ring formed of X’s."

[0023] In the general formula (1), when the same symbols are present in plurality, the symbols may be identical to or
different from each other. For example, not only the rings A’s and X’s that are present in plurality in a molecule of the
material but also L2’s, R’ s, or the like that may be present in plurality in accordance with a number represented by n, s,
or m may be identical to or different from each other.

[0024] In the general formula (1), the rings A’s each represent a divalent carborane group C,B4oH, represented by
the formula (1a) or (1b). The rings each preferably represent a carborane group represented by the formula (1a). When
the plurality of rings A’s are present in a molecule thereof, the rings may be identical to or different from each other, but
both the rings each preferably represent a carborane group represented by the formula (1a). The two bonding hands of
the formula (1a) or (1b) may appear from C or may appear from B, but a bonding hand to be bonded to L or L2 preferably
appears from C.

[0025] L’represents asingle bond, oran (m+1)-valent substituted or unsubstituted aromatic hydrocarbon group having
6 to 30 carbon atoms, an (m+1)-valent substituted or unsubstituted aromatic heterocyclic group having 3 to 16 carbon
atoms, or an (m+1) -valent linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon
group or the aromatic heterocyclic group, and in the case of the linked aromatic group, the group may be linear or
branched, and its aromatic rings to be linked may be identical to or different from each other, provided that when m=1,
L' represents the aromatic heterocyclic group having a 1,3,5-triazine ring, a pyrimidine ring, a pyrazine ring, or a pyridazine
ring, or the linked aromatic group containing at least one of the rings, or a single bond.

[0026] L2 represents a single bond, or a divalent substituted or unsubstituted aromatic hydrocarbon group having 6
to 30 carbon atoms, a divalent substituted or unsubstituted aromatic heterocyclic group having 3 to 16 carbon atoms,
or a divalent linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon group or the
aromatic heterocyclic group, and in the case of the linked aromatic group, the group maybe linear or branched, and its
aromatic rings to be linked may be identical to or different from each other. In addition, L'-H or L2-H at a terminal may
represent an alkyl group having 1 to 12 carbon atoms or an alkoxy group having 1 to 12 carbon atoms.

[0027] However, in each of L' and L2, a ring to be directly bonded to the ring A is not a dibenzothiophene ring, a
dibenzofuran ring, or a bicyclic nitrogen-containing heterocycle represented by the formula (2).

[0028] The term "ring to be directly bonded to the ring A" as used herein refers to *Ar or *Ar1 when L or L2 represents
an aromatic group (*Ar) or when L' or L2 represents a linked aromatic group (*Ar1-Ar2-Ar3) . Here, *Ar and *Ar1 each
represent an aromatic ring to be directly bonded to the ring A (carborane group). The ring may have a substituent.
[0029] The bicyclic nitrogen-containing heterocycle represented by the formula (2), the dibenzothiophene ring, and
the dibenzofuran ring are represented by the following formulae. Y’s each independently represent N, CH, or C, and
one to four of Y’s each represent N, and any one of the carbon atoms has a bonding hand.
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[0030] L' and L2 each preferably represent a single bond, or a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 carbon atoms, a substituted or unsubstituted aromatic heterocyclic group having 3 to 16 carbon
atoms, or a linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon group or the
aromatic heterocyclic group, and each more preferably represent a single bond, or a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 carbon atoms, or a linked aromatic group formed by linking 2 to 6 aromatic rings of
the aromatic hydrocarbon group.

[0031] R represents a hydrogen atom, an alkyl group having 1 to 12 carbon atoms, an alkoxy group having 1 to 12
carbon atoms, or a substituted or unsubstituted aromatic hydrocarbon group having 6 to 30 carbon atoms, a substituted
or unsubstituted aromatic heterocyclic group having 3 to 16 carbon atoms, or a linked aromatic group formed by linking
2 to 6 aromatic rings of the aromatic hydrocarbon group or the aromatic heterocyclic group, and in the case of the linked
aromatic group, the group maybe linear or branched, and its aromatic rings to be linked may be identical to or different
from each other.

[0032] In the descriptions of L', L2, and R, descriptions concerning an aromatic hydrocarbon group, an aromatic
heterocyclic group, and a linked aromatic group are common except that L' represents an (m+1)-valent group, L2
represents a divalent group, and R represents a monovalent group.

[0033] Specific examples of the unsubstituted aromatic hydrocarbon group include groups each produced by removing
a hydrogen atom from an aromatic hydrocarbon compound, such as benzene, naphthalene, fluorene, anthracene, anthryl,
phenanthrene, triphenylene, tetraphenylene, fluoranthene, pyrene, or chrysene. Of those, a group produced by removing
a hydrogen atom from benzene, naphthalene, fluorene, phenanthrene, or triphenylene is preferred.

[0034] Specific examples of the unsubstituted aromatic heterocyclic group include groups each produced by removing
a hydrogen atom from an aromatic heterocyclic compound, such as pyridine, pyrimidine, pyrazine, pyridazine, triazine,
quinoline, isoquinoline, quinoxaline, naphthyridine, carbazole, acridine, azepine, tribenzazepine, phenazine, dibenzo-
furan, dibenzothiophene, diazafluorene, phenoxazine, phenothiazine, dibenzophosphole, or dibenzoborole. Of those, a
group produced by removing a hydrogen atom from pyridine, pyrimidine, triazine, dibenzofuran, dibenzothiophene, or
carbazole is preferred.

[0035] The term "linked aromatic group" as used herein refers to a group produced by removing a hydrogen atom
from an aromatic compound in which a plurality of aromatic hydrocarbon compounds or aromatic heterocyclic compounds
are linked to each other. The linked aromatic group is a group formed by linking 2 to 6 aromatic rings through direct
bonding, and the aromatic rings to be linked may be identical to or different from each other, and may include both an
aromatic hydrocarbon group and an aromatic heterocyclic group. The number of the aromatic rings to be linked is
preferably from 2 to 4, more preferably 2 or 3. The numbers of carbon atoms of the aromatic hydrocarbon group and
the aromatic heterocyclic group to be linked fall within the ranges of the numbers of carbon atoms of the aromatic
hydrocarbon group and the aromatic heterocyclic group described above, and the total number of carbon atoms thereof
preferably falls within the range of from 6 to 50.

[0036] The term "aromatic ring" as used herein means an aromatic ring of an aromatic hydrocarbon compound or an
aromatic heterocyclic compound, and the term "aromatic group" as used herein means an aromatic hydrocarbon group,
an aromatic heterocyclic group, or a linked aromatic group. When an aromatic hydrocarbon group or an aromatic hete-
rocyclic group and a linked aromatic group are distinguished from each other, the aromatic hydrocarbon group or the
aromatic heterocyclic group does not have an aromatic hydrocarbon group or an aromatic heterocyclic group to be
bonded thereto through a single bond.

[0037] Specific examples of the linked aromatic group include groups each produced by removing a hydrogen atom
from biphenyl, terphenyl, phenylnaphthalene, diphenylnaphthalene, phenylanthracene, diphenylanthracene, diphenylflu-
orene, bipyridine, bipyrimidine, bitriazine, biscarbazole, phenylpyridine, phenylpyrimidine, phenyltriazine, phenylcarba-
zole, diphenylpyridine, diphenyltriazine, bis(carbazolyl)benzene, or the like.

[0038] When the linked aromatic group is a divalent group, the group is representedby, for example, anyone of the
following formulae, and its rings may be linked in a linear manner or a branched manner:

-Ar1-Ar2-Ar3-
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where Ar' to Aré each represent an unsubstituted aromatic hydrocarbon ring or aromatic heterocycle.

[0039] IneachofL!,L2 andR, the aromatic hydrocarbon group, the aromatic heterocyclic group, or the linked aromatic
group may have a substituent. When any such aromatic group has a substituent, the substituent is desirably an alkyl
group having 1 to 12 carbon atoms, an alkoxy group having 1 to 12 carbon atoms, or an acyl group having 2 to 13 carbon
atoms, and any such group may be linear, branched, or cyclic. The substituent is preferably an alkyl group having 1 to
10 carbon atoms, an alkoxy group having 1 to 10 carbon atoms, or an acyl group having 2 to 11 carbon atoms, more
preferably an alkyl group having 1 to 4 carbon atoms, an alkoxy group having 1 or 2 carbon atoms, or an acetyl group.
In this description, the number of carbon atoms of the aromatic hydrocarbon group, the aromatic heterocyclic group, or
the linked aromatic group does not include the number of carbon atoms of a substituent. However, the total number of
carbon atoms including the number of carbon atoms of the substituent preferably satisfies the above-mentioned number
of carbon atoms.

[0040] Here, the alkyl group means an aliphatic hydrocarbon group, and includes cyclic hydrocarbon groups produced
from cycloterpenes and the like in addition to chain hydrocarbon groups. Specific examples of the alkyl group include
chain or branched alkyl groups, such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl
group, a pentyl group, a hexyl group, and an octyl group, and cyclic alkyl groups including cycloalkyl groups, such as a
cyclopentyl group and a cyclohexyl group.

[0041] Specific examples of the alkoxy group include alkoxy groups such as a methoxy group, an ethoxy group, and
a propoxy group derived from the alkyl groups, such as the methyl group, the ethyl group, and the propyl group, respec-
tively.

[0042] Specific examples of the acyl group include acyl groups such as an acetyl group and an ethylcarbonyl group.
[0043] In addition, when L'-H or L2-H at the terminal represents an alkyl group having 1 to 12 carbon atoms or an
alkoxy group having 1 to 12 carbon atoms, the group may be linear, branched, or cyclic as in the alkyl group or the
alkoxy group described in the substituent.

[0044] In the general formula (1), s represents a number of repetitions and represents an integer of from 1 to 4, and
m and n each represent a substitution number, and m represents an integer of from 0 to 4, and n represents an integer
of from 0 to 3, provided that when m=1, s=1. Itis preferred that: m represent an integer of 0 or from 1 to 3, more preferably
an integer of 1 or 2, still more preferably 1; s represent an integer of 1 or 2; and n represent an integer of from 0 to 2.
[0045] In the general formula (1), X's each represent N, CH, or C, and at least two of six X’s each represent N. The
aromatic ring formed of X’s preferably contains two or three N’s. When any one of X’s represents C, C has a bonding
hand to be bonded to R or the ring A. The aromatic ring formed of X’s is preferably a 1,3,5-triazine ring, a pyrimidine
ring, a pyrazine ring, or a pyridazine ring.

[0046] The carborane compound represented bythe general formula (1) can be synthesized by using a known approach
after the selection of a raw material in accordance with the structure of a target compound.

[0047] A compound [A-1] can be synthesized by the following reaction formula with reference to a synthesis example
disclosed in Journal of Organometallic Chemistry, 1993, 462, p 19-29. The carborane compound represented by the
general formula (1) can be obtained by applying or modifying the reaction formula.
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1) n-BulLi, hexane
2) CuCl, pyridine

1,2-Dimethoxyethane

[A-1]

[0048] Specific examples of the carborane compound represented by the general formula (1) are shown below. How-
ever, the material for an organic electroluminescent device of the present invention is not limited thereto.
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[0049] The material for an organic electroluminescent device of the present invention is formed of the carborane
compound represented by the general formula (1) (sometimes referred to as "the carborane compound of the present
invention" or "the material of the present invention"). When the carborane compound of the present invention is contained
in at least one of a plurality of organic layers of an organic EL device having a structure in which an anode, the plurality
of organic layers, and a cathode are laminated on a substrate, an excellent organic electroluminescent device is provided.
A light-emitting layer, an electron-transporting layer, or a hole-blocking layer is suitable as the organic layer in which the
material is contained. Here, when the carborane compound of the present invention is used in the light-emitting layer,
the compound may be used as a host material for the light-emitting layer containing a fluorescent light-emitting, delayed
fluorescent light-emitting, or phosphorescent light-emitting dopant. In addition, the compound of the present invention
may be used as an organic light-emitting material that radiates fluorescence and delayed fluorescence. When the
compound of the present invention is used as an organic light-emitting material that radiates fluorescence and delayed
fluorescence, any other organic compound having a value for at least one of excited singlet energy or excited triplet
energy higher than that of the compound of the present invention is preferably used as the host material. The carborane
compound of the present invention is particularly preferably incorporated as a host material for the light-emitting layer
containing the phosphorescent light-emitting dopant.

[0050] Next, an organic EL device using the material for an organic electroluminescent device of the present invention
is described.

[0051] The organic EL device of the present invention includes organic layers including at least one light-emitting layer
between an anode and a cathode laminated on a substrate. In addition, at least one of the organic layers contains the
material for an organic electroluminescent device of the presentinvention. The material for an organic electroluminescent
device of the present invention is advantageously contained in the light-emitting layer together with a phosphorescent
light-emitting dopant.

[0052] Next, the structure of the organic EL device of the present invention is described with reference to the drawings.
However, the structure of the organic EL device of the present invention is by no means limited to one illustrated in the
drawings.

[0053] FIG. 1 is a sectional view for illustrating an example of the structure of a general organic EL device to be used
inthe presentinvention. Reference numeral 1 represents a substrate, reference numeral 2 represents an anode, reference
numeral 3 represents a hole-injecting layer, reference numeral 4 represents a hole-transporting layer, reference numeral
5 represents a light-emitting layer, reference numeral 6 represents an electron-transporting layer, and reference numeral
7 represents a cathode . The organic EL device of the present invention may include an exciton-blocking layer adjacent
to the light-emitting layer, or may include an electron-blocking layer between the light-emitting layer and the hole-injecting
layer. The exciton-blocking layer may be inserted on any of the anode side and the cathode side of the light-emitting
layer, and may also be inserted simultaneously on both sides. The organic EL device of the present invention includes
the substrate, the anode, the light-emitting layer, and the cathode as its essential layers. The organic EL device of the
present invention preferably includes a hole-injecting/transporting layer and an electron-injecting/transporting layer in
addition to the essential layers , and more preferably includes a hole-blocking layer between the light-emitting layer and
the electron-injecting/transporting layer. The hole-injecting/transporting layer means any one or both of the hole-injecting
layer and the hole-transporting layer, and the electron-injecting/transporting layer means any one or both of an electron-
injecting layer and the electron-transporting layer.

[0054] Itis possible to adopt a reverse structure as compared to FIG. 1, that is, the reverse structure being formed by
laminating the layers on the substrate 1 in the order of the cathode 7, the electron-transporting layer 6, the light-emitting
layer 5, the hole-transporting layer 4, the hole-injecting layer 3, and the anode 2. In this case as well, some layers may
be added or eliminated as required.

-Substrate-

[0055] The organic EL device of the present invention is preferably supported by a substrate. The substrate is not
particularly limited, and any substrate that has long been conventionally used for an organic EL device may be used.
For example, a substrate made of glass, a transparent plastic, quartz, or the like may be used.

-Anode-

[0056] Preferably used as the anode in the organic EL device is an anode formed by using, as an electrode substance,
any of a metal, an alloy, an electrically conductive compound, and a mixture thereof, all of which have a large work
function (4 eV or more). Specific examples of such electrode substance include metals such as Au and conductive
transparent materials, such as Cul, indium tin oxide (ITO), SnO,, and ZnO. In addition, a material such as IDIXO
(In,03-Zn0), which can produce an amorphous, transparent conductive film, may be used. In order to produce the
anode, it may be possible to form any of those electrode substances into a thin film by using a method such as vapor
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deposition or sputtering and form a pattern having a desired shape thereon by photolithography. Alternatively, in the
case of not requiring high pattern accuracy (about 100 wm or more), a pattern may be formed via a mask having a
desired shape when any of the above-mentioned electrode substances is subjected to vapor deposition or sputtering.
Alternatively, when a coatable substance, such as an organic conductive compound, is used, a wet film-forming method,
such as a printing method or a coating method, may be used. When luminescence is taken out from the anode, the
transmittance of the anode is desirably controlled to more than 10%. In addition, the sheet resistance of the anode is
preferably several hundred ohms per square (©/0J) or less. Further, the thickness of the film is, depending on its material,
selected from the range of generally from 10 nm to 1,000 nm, preferably from 10 nm to 200 nm.

-Cathode-

[0057] Meanwhile, used as the cathode is a cathode formed by using, as an electrode substance, any of a metal
(referred to as electron-injecting metal), an alloy, an electrically conductive compound, and a mixture thereof, all of which
have a small work function (4 eV or less). Specific examples of such electrode substance include sodium, a sodium-
potassium alloy, magnesium, lithium, a magnesium/copper mixture, a magnesium/silver mixture, a magnesium/aluminum
mixture, a magnesium/indium mixture, an aluminum/aluminum oxide (Al,O5) mixture, indium, a lithium/aluminum mixture,
and a rare earth metal. Of those, for example, a mixture of an electron-injecting metal and a second metal, which is a
stable metal having a larger work function value than the former metal, such as a magnesium/silver mixture, a magne-
sium/aluminum mixture, a magnesium/indium mixture, an aluminum/aluminum oxide (Al,O3) mixture, or a lithium/alu-
minum mixture, or aluminum, is suitable from the viewpoints of an electron- injecting property and durability against
oxidation or the like. The cathode may be produced by forming any of those electrode substances into a thin film by
using a method such as vapor deposition or sputtering. In addition, the sheet resistance of the cathode is preferably
several hundred Q/0J or less, and the thickness of the film is selected from the range of generally from 10 nm to 5 um,
preferably from 50 nm to 200 nm. In order for luminescence produced to pass through, any one of the anode and cathode
of the organic EL device is preferably transparent or semi-transparent, because the light emission luminance improves.
[0058] In addition, after the above-mentioned metal has been formed into a film having a thickness of from 1 nm to
20 nm as a cathode, the conductive transparent material mentioned in the description of the anode is formed into a film
on the cathode, thereby being able to produce a transparent or semi-transparent cathode. Through the application of
this, a device in which both the anode and cathode have transparency can be produced.

-Light-emitting Layer-

[0059] The light-emitting layer is a layer that emits light after the production of an exciton by the recombination of a
hole injected from the anode and an electron injected from the cathode, and the light-emitting layer contains an organic
light-emitting material and a host material.

[0060] When the light-emitting layer is a fluorescent light-emitting layer, at least one kind of fluorescent light-emitting
material may be used alone as the fluorescent light-emitting material. However, it is preferred that the fluorescent light-
emitting material be used as a fluorescent light-emitting dopant and the host material be contained.

[0061] The carborane compound represented by the general formula (1) may be used as the fluorescent light-emitting
material in the light-emitting layer. However, the fluorescent light-emitting material is known through, for example, many
patent literatures, and hence may be selected therefrom. Examples thereof include a benzoxazole derivative, a benzo-
thiazole derivative, a benzimidazole derivative, a styrylbenzene derivative, a polyphenyl derivative, a diphenylbutadiene
derivative, a tetraphenylbutadiene derivative, a naphthalimide derivative, a coumarin derivative, a fused aromatic com-
pound, a perinone derivative, an oxadiazole derivative, an oxazine derivative, an aldazine derivative, a pyrrolidine de-
rivative, a cyclopentadiene derivative, a bisstyrylanthracene derivative, a quinacridone derivative, a pyrrolopyridine
derivative, a thiadiazolopyridine derivative, a styrylamine derivative, a diketopyrrolopyrrole derivative, an aromatic dimeth-
ylidene compound, various metal complexes typified by a metal complex of an 8-quinolinol derivative, and a metal
complex, rare earth complex, or transition metal complex of a pyrromethene derivative, polymer compounds, such as
polythiophene, polyphenylene, and polyphenylene vinylene, and an organic silane derivative. Of those, for example, the
following compound is preferred: a fused aromatic compound, a styryl compound, a diketopyrrolopyrrole compound, an
oxazine compound, or a pyrromethene metal complex, transition metal complex, or lanthanoid complex. For example,
the following compound is more preferred: naphthacene, pyrene, chrysene, triphenylene, benzo [c] phenanthrene, benzo
[a] anthracene, pentacene, perylene, fluoranthene, acenaphthofluoranthene, dibenzol[a,jlanthracene, dibenzo[a,h]an-
thracene, dibenzo[a,h]anthracene, benzo[a]naphthacene, hexacene, anthanthrene, naphtho[2,1-flisoquinoline, a-naph-
thaphenanthridine, phenanthroxazole, quinolino[6,5-flquinoline, or benzothiophanthrene. Those compounds may each
have an alkyl group, an aryl group, an aromatic heterocyclic group, or a diarylamino group as a substituent.

[0062] The carborane compound represented by the general formula (1) may be used as a fluorescent host material
in the light-emitting layer. However, the fluorescent host material is known through, for example, many patent literatures,
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and hence may be selected therefrom. For example, the following material may be used: a compound having a fused
aryl ring, such as naphthalene, anthracene, phenanthrene, pyrene, chrysene, naphthacene, triphenylene, perylene,
fluoranthene, fluorene, or indene, or a derivative thereof; an aromatic amine derivative, such as N,N’-dinaphthyl-N,N’-
diphenyl-4,4’-diphenyl-1,1’-diamine; a metal chelated oxinoid compound typified by tris(8-quinolinato) aluminum(lll) ; a
bisstyryl derivative, such as a distyrylbenzene derivative; a tetraphenylbutadiene derivative; an indene derivative; a
coumarin derivative; an oxadiazole derivative; a pyrrolopyridine derivative; a perinone derivative; a cyclopentadiene
derivative; a pyrrolopyrrole derivative; a thiadiazolopyridine derivative; a dibenzofuran derivative; a carbazole derivative;
an indolocarbazole derivative; a triazine derivative; or a polymer-based derivative, such as a polyphenylene vinylene
derivative, a poly-p-phenylene derivative, a polyfluorene derivative, a polyvinyl carbazole derivative, or a polythiophene
derivative. However, the fluorescent host material is not particularly limited thereto.

[0063] When the fluorescent light-emitting material is used as a fluorescent light-emitting dopant and the host material
is contained, the content of the fluorescent light-emitting dopant in the light-emitting layer desirably falls within the range
of from 0.01 wt% to 20 wt%, preferably from 0.1 wt% to 10 wt%.

[0064] An organic EL device typically injects charges from both of its electrodes, i.e., its anode and cathode into a
light-emitting substance to produce a light-emitting substance in an excited state, and causes the substance to emit
light. In the case of a charge injection-type organic EL device, it is said that 25% of the produced excitons are excited
to a singlet excited state and the remaining 75% of the excitons are excited to a triplet excited state. As disclosed in
Advanced Materials 2009, 21, 4802-4806., it has been known that after a specific fluorescent light-emitting substance
has undergone an energy transition to a triplet excited state as a result of intersystem crossing or the like, the substance
is subjected to inverse intersystem crossing to a singlet excited state by triplet-triplet annihilation or the absorption of
thermal energy to radiate fluorescence, thereby expressing thermally activated delayed fluorescence . The organic EL
device of the present invention can also express delayed fluorescence. In this case, the light emission may include both
fluorescent light emission and delayed fluorescent light emission. Light emission from the host material may be present
in part of the light emission.

[0065] When the light-emitting layer is a delayed fluorescent light-emitting layer, at least one kind of delayed fluorescent
light-emitting material may be used alone as a delayed fluorescent light-emitting material. However, it is preferred that
the delayed fluorescent light-emitting material be used as a delayed fluorescent light-emitting dopant and the host
material be contained.

[0066] The carborane compound represented by the general formula (1) may be used as the delayed fluorescent light-
emitting material in the light-emitting layer. However, a material selected from known delayed fluorescent light-emitting
materials may also be used. Examples thereof include a tin complex, an indolocarbazole derivative, a copper complex,
and a carbazole derivative. Specific examples thereof include, but not limited to, compounds disclosed in the following
non patent literatures and patent literature.

[0067] (1) Adv. Mater. 2009, 21, 4802-4806, (2) Appl. Phys. Lett. 98, 083302 (2011), (3) JP 2011-213643 A, and (4)
J. Am. Chem. Soc. 2012, 134, 14706-14709.

[0068] Specific examples of the delayed fluorescent light-emittingmaterial are shown below, but the delayed fluorescent
light-emitting material is not limited to the following compounds.
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[0069] When the delayed fluorescent light-emitting material is used as a delayed fluorescent light-emitting dopant and
the host material is contained, the content of the delayed fluorescent light-emitting dopant in the light-emitting layer
desirably falls within the range of from 0.01 wt% to 50 wt%, preferably from 0.1 wt% to 20 wt%, more preferably from
0.01 % to 10 %.

[0070] The carborane compound represented by the general formula (1) may be used as the delayed fluorescent host
material in the light-emitting layer. However, the delayed fluorescent host material may also be selected from compounds
exceptthe carborane compound of the presentinvention. For example, the following compound may be used: acompound
having a fused aryl ring, such as naphthalene, anthracene, phenanthrene, pyrene, chrysene, naphthacene, triphenylene,
perylene, fluoranthene, fluorene, orindene, or a derivative thereof; an aromatic amine derivative, such as N,N’-dinaphthyl-
N,N’-diphenyl-4,4’-diphenyl-1,1’-diamine; a metal chelated oxinoid compound typified by tris(8-
quinolinato)aluminum(lll) ; a bisstyryl derivative, such as a distyrylbenzene derivative; a tetraphenylbutadiene derivative;
an indene derivative; a coumarin derivative; an oxadiazole derivative; a pyrrolopyridine derivative; a perinone derivative;
a cyclopentadiene derivative; a pyrrolopyrrole derivative; a thiadiazolopyridine derivative; a dibenzofuran derivative; a
carbazole derivative; an indolocarbazole derivative; a triazine derivative; or a polymer-based derivative, such as a
polyphenylene vinylene derivative, a poly-p-phenylene derivative, a polyfluorene derivative, a polyvinyl carbazole de-
rivative, a polythiophene derivative, or an arylsilane derivative. However, the delayed fluorescent host material is not
particularly limited thereto.

[0071] When the light-emitting layer is a phosphorescent light-emitting layer, the light-emitting layer contains a phos-
phorescent light-emitting dopant and a host material. It is recommended to use, as a material for the phosphorescent
light-emitting dopant, a material containing an organic metal complexincluding at least one metal selected from ruthenium,
rhodium, palladium, silver, rhenium, osmium, iridium, platinum, and gold.

[0072] Preferred examples of the phosphorescent light-emitting dopant include complexes such as Ir(ppy);, complexes
such as Ir (bt),-acacs, and complexes such as PtOEt,, the complexes each having a noble metal element, such as Ir,
as a central metal. Specific examples of those complexes are shown below, but the complexes are not limited to the
following compounds.
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[0073] It is desired that the content of the phosphorescent light-emitting dopant in the light-emitting layer fall within
the range of from 2 wt% to 40 wt%, preferably from 5 wt% to 30 wt%.

[0074] When the light-emitting layer is a phosphorescent light-emitting layer, it is preferred to use, as a host material
in the light-emitting layer, the carborane compound represented by the general formula (1) according to the present
invention. However, when the carborane compound is used in any other organic layer except the light-emitting layer,
the material to be used in the light-emitting layer may be the carborane compound or any other host material except the
carborane compound. In addition, the carborane compound may be used in combination with any other host material.
Further, a plurality of kinds of known host materials may be used in combination.

[0075] Itis preferred to use, as a known host compound that may be used, a compound that has a hole-transporting
ability or an electron-transporting ability, is capable of preventing luminescence from having a longer wavelength, and
has a high glass transition temperature.

[0076] Any such other host material is known through, for example, many patent literatures, and hence maybe selected
therefrom. Specific examples of the host material include, but not particularly limited to an indole derivative, a carbazole
derivative, an indolocarbazole derivative, a triazole derivative, an oxazole derivative, an oxadiazole derivative, an imi-
dazole derivative, a polyarylalkane derivative, a pyrazoline derivative, a pyrazolone derivative, a phenylenediamine
derivative, an arylamine derivative, an amino-substituted chalcone derivative, a styrylanthracene derivative, a fluorenone
derivative, a hydrazone derivative, a stilbene derivative, a silazane derivative, an aromatic tertiary amine compound, a
styrylamine compound, an aromatic dimethylidene-based compound, a porphyrin-based compound, an anthraquin-
odimethane derivative, an anthrone derivative, a diphenylquinone derivative, a thiopyran dioxide derivative, a carborane
derivative, a heterocyclic tetracarboxylic acid anhydride, such as naphthalene perylene, various metal complexes typified
by metal complexes of a phthalocyanine derivative and an 8-quinolinol derivative, and metal complexes of metal phthalo-
cyanine, benzoxazole, and benzothiazole derivatives, and polymer compounds, such as a polysilane-based compound,
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a poly(N-vinylcarbazole) derivative, an aniline-based copolymer, a thiophene oligomer, a polythiophene derivative, a
polyphenylene derivative, a polyphenylenevinylene derivative, and a polyfluorene derivative.

[0077] The light-emitting layer, which may be any one of a fluorescent light-emitting layer, a delayed fluorescent light-
emitting layer, and a phosphorescent light-emitting layer, is preferably the phosphorescent light-emitting layer.

-Injecting Layer-

[0078] The injecting layer refers to a layer formed between an electrode and an organic layer for the purposes of
lowering a driving voltage and improving light emission luminance, and includes a hole-injecting layer and an electron-
injecting layer. The injecting layer may be interposed between the anode and the light-emitting layer or the hole-trans-
porting layer, or may be interposed between the cathode and the light-emitting layer or the electron-transporting layer.
The injecting layer may be formed as required.

-Hole-blocking Layer-

[0079] The hole-blocking layer has, in a broad sense, the function of an electron-transporting layer, and is formed of
a hole-blocking material that has a remarkably small ability to transport holes while having a function of transporting
electrons, and hence the hole-blocking layer is capable of improving the probability of recombining an electron and a
hole by blocking holes while transporting electrons.

[0080] Itis preferred to use the carborane compound represented by the general formula (1) according to the present
invention for the hole-blocking layer. However, when the carborane compound is used in any other organic layer, a
known material for a hole-blocking layer may be used. In addition, a material for the electron-transporting layer to be
described later may be used as a material for the hole-blocking layer as required.

-Electron-blocking Layer-

[0081] The electron-blocking layer is formed of a material that has a remarkably small ability to transport electrons
while having a function of transporting holes, and hence the electron-blocking layer is capable of improving the probability
of recombining an electron and a hole by blocking electrons while transporting holes.

[0082] A material for the hole-transporting layer to be described later may be used as a material for the electron-
blocking layer as required. The thickness of the electron-blocking layer is preferably from 3 nm to 100 nm, more preferably
from 5 nm to 30 nm.

-Exciton-blocking Layer-

[0083] The exciton-blocking layer refers to a layer for blocking excitons produced by the recombination of a hole and
an electron in the light-emitting layer from diffusing into charge-transporting layers. The insertion of this layer enables
efficient confinement of the excitons in the light-emitting layer, thereby being able to improve the luminous efficiency of
the device. The exciton-blocking layer may be inserted on any of the anode side and the cathode side of the adjacent
light-emitting layer, and may also be inserted simultaneously on both sides.

[0084] The carborane compound represented by the general formula (1) may be used as a material for the exciton-
blocking layer. However, as other materials therefor, there are given, for example, 1,3-dicarbazolylbenzene (mCP) and
bis(2-methyl-8-quinolinolato)-4-phenylphenolatoaluminum(lll) (BAlq) .

-Hole-transporting Layer-

[0085] The hole-transporting layer is formed of a hole-transporting material having a function of transporting holes,
and a single hole-transporting layer or a plurality of hole-transporting layers may be formed.

[0086] The hole-transporting material has a hole-injecting property or a hole-transporting property or has an electron-
blocking property, and any of an organic material and an inorganic material may be used as the hole-transporting material.
It is preferred to use the carborane compound represented by the general formula (1) as a known hole-transporting
material that may be used. However, any compound selected from conventionally known compounds may be used.
Examples of the known hole-transporting material that may be used include a triazole derivative, an oxadiazole derivative,
an imidazole derivative, a polyarylalkane derivative, a pyrazoline derivative and a pyrazolone derivative, a phenylene-
diamine derivative, an arylamine derivative, an amino-substituted chalcone derivative, an oxazole derivative, a styrylan-
thracene derivative, a fluorenone derivative, a hydrazone derivative, a stilbene derivative, a silazane derivative, an
aniline-based copolymer, and a conductive high-molecular oligomer, in particular, a thiophene oligomer. Of those, a
porphyrin compound, an aromatictertiary amine compound, or a styrylamine compound is preferably used, and an
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aromatic tertiary amine compound is more preferably used.
-Electron-transporting Layer-

[0087] The electron-transporting layer is formed of a material having a function of transporting electrons, and a single
electron-transporting layer or a plurality of electron-transporting layers may be formed.

[0088] An electron-transporting material (which also serves as a hole-blocking material in some cases) only needs to
have a function of transferring electrons injected from the cathode into the light-emitting layer. It is preferred to use the
carborane compound represented by the general formula (1) according to the present invention for the electron-trans-
porting layer. However, any compound selected from conventionally known compounds may be used. Examples thereof
include a nitro-substituted fluorene derivative, a diphenylquinone derivative, a thiopyran dioxide derivative, a carbodi-
imide, a fluorenylidenemethane derivative, anthraquinodimethane and anthrone derivatives, and an oxadiazole deriva-
tive. Further, a thiadiazole derivative prepared by substituting an oxygen atom on an oxadiazole ring with a sulfur atom
in the oxadiazole derivative or a quinoxaline derivative that has a quinoxaline ring known as an electron withdrawing
group may be used as the electron-transporting material. Further, a polymer material in which any such material is
introduced in a polymer chain or is used as a polymer main chain may be used.

Examples

[0089] Now, the present invention is described in more detail by way of Examples. It should be appreciated that the
present invention is not limited to Examples below and may be carried out in various forms as long as the various forms
do not deviate from the present invention as defined by the claims.

[0090] A carborane compound serving as a material for an organic electroluminescent device was synthesized ac-
cording to the following route. The number of each compound corresponds to the number given to the chemical formula.

Example 1

[0091] A compound 99 was synthesized in accordance with the following reaction formulae.

N4>
N /
N Br

(A)

G o —— O
(A) 99

[0092] Under a nitrogen atmosphere, 35.0 g (0.243 mol) of m-carborane and 200 mL of 1,2-dimethoxyethane (DME)
were added, and the resultant DME solution was cooled to 0°C. 96.8 mL of a 2.69 M solution of n-butyllithium in hexane
was dropped to the solution, and the mixture was stirred under ice cooling for 30 min. 70 mL of pyridine was added to
the resultant, and the mixture was stirred at room temperature for 10 min. After that, 75.6 g (0.763 mol) of copper(l)
chloride was added to the resultant, and the mixture was stirred at 65°C for 30 min. After that, 44.5 g (0.280 mol) of 2-
bromopyridine was added to the resultant, and the mixture was stirred at 95 °C overnight. The reaction solution was
cooled to room temperature. After that, the precipitated crystal was separated by filtration, and the solvent was distilled
off under reduced pressure. The resultant residue was purified by silica gel column chromatography to provide 23.3 g
(0.104 mmol, yield: 43.0%) of an intermediate A.

[0093] Under a nitrogen atmosphere, 5.49 g (0.0245 mol) of the intermediate A and 138 mL of 1,2-dimethoxyethane
(DME) were added, and the resultant DME solution was cooled to 0°C. 9.89 mL of a 2.69 M solution of n-butyllithium in
hexane was dropped to the solution, and the mixture was stirred under ice cooling for 30 min. 6.7 mL of pyridine was
added to the resultant, and the mixture was stirred at room temperature for 10 min. After that, 7.56 g (76.0 mmol) of
copper(l) chloride was added to the resultant, and the mixture was stirred at 65°C for 30 min. After that, 4.11 g (0.0262
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mol) of bromobenzene was added to the resultant, and the mixture was stirred at 95°C for 2 d. The reaction solution
was cooled to room temperature . After that, the precipitated crystal was separated by filtration, and the solvent was
distilled off under reduced pressure. The resultant residue was purified by silica gel column chromatography to provide
1.47 g (4.90 mmol, yield: 20%) of the compound 99. APCI-TOFMS, m/z 301 [M+H]*

[0094] Compounds®6,9,39,53,73,and 96, and compounds H-1 and H-2for comparison were synthesized in conformity
with the synthesis example and the synthesis method described herein. Organic EL devices were each produced by
using the compound 99, 6, 9, 39, 53, 73, 96, H-1, or H-2.

L O
H-1 H-2
Example 2

[0095] Each thin film was laminated by a vacuum deposition method at a degree of vacuum of 2.0x 10-5 Pa on a glass
substrate on which an anode formed of indium tin oxide (ITO) having a thickness of 70 nm had been formed. First,
copper phthalocyanine (CuPC) was formed into a layer having a thickness of 30 nm to serve as a hole-injecting layer
on the ITO. Next, diphenylnaphthyldiamine (NPD) was formed into a layer having a thickness of 15 nm to serve as a
hole-transporting layer. Next, the compound 99 serving as a host material for a light-emitting layer and Ir(ppy)5 serving
as a dopant were co-deposited from different deposition sources onto the hole-transporting layer to form a light-emitting
layer having a thickness of 30 nm. The concentration of Ir(ppy); was 10 wt%. Next, Alq; was formed into a layer having
a thickness of 25 nm to serve as an electron-transporting layer. Further, lithium fluoride (LiF) was formed into a layer
having a thickness of 1 nm to serve as an electron-injecting layer on the electron-transporting layer. Finally, aluminum
(Al) was formed into a layer having a thickness of 70 nm to serve as an electrode on the electron-injecting layer. Thus,
an organic EL device was produced.

[0096] An external power source was connected to the resultant organic EL device to apply a DC voltage to the device.
As a result, it was confirmed that the device had such light-emitting characteristics as shown in Table 1. The columns
"luminance”, "voltage", and "luminous efficiency” in Table 1 show values at the time of driving at 20 mA/cm?2 (initial
characteristics) . The maximum wavelength of the emission spectrum of the device was 530 nm, and hence the acquisition
of light emission from Ir(ppy); was found.

Examples 3 to 14

[0097] Organic EL devices were each produced in the same manner as in Example 2 except that the compound 6, 9,
39,53,73,77,78, 79, 85, 96, 105, or 114 was used as a host material for the light-emitting layer in Example 2 instead
of the compound 99.

Comparative Examples 1to 3

[0098] Organic EL devices were each produced in the same manner as in Example 2 except that CBP, H-1, or H-2
was used as a host material for the light-emitting layer in Example 2.

[0099] The organic EL devices obtained in Examples 3 to 14 and Comparative Examples 1 to 3 were evaluated in the
same manner as in Example 2. As a result, it was confirmed that the devices had such light-emitting characteristics as
shown in Table 1. The maximum wavelength of each of the emission spectra of the organic EL devices obtained in
Examples 3 to 14 and Comparative Examples 1 to 3 was 530 nm, and hence the acquisition of light emission from
Ir(ppy); was identified.

Table 1
ng:nrgiher:;al Luminance (cd/im2) | Voltage (V) Visual Iunz:r:]cjs\f) efficiency
Example 2 99 1,200 7.0 2.8
Example 3 6 1,200 7.9 2.3
Example 4 9 1,200 6.5 2.8
Example 5 39 1,200 7.7 2.4
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(continued)

ng:nrgiher:;al Luminance (cd/m2) | Voltage (V) Visual lunz:,::;\l;\; efficiency
Example 6 53 1,200 6.5 2.8
Example 7 73 1,200 6.0 3.0
Example 8 96 1,200 6.5 2.8
Example 9 77 1,100 6.5 2.6
Example 10 78 1,100 6.4 2.7
Example 11 79 1,200 6.4 2.8
Example 12 85 1,200 6.4 2.8
Example 13 105 1,100 6.2 2.7
Example 14 114 1,100 6.2 2.7
g)‘:;“r:;ftjve CBP 1,100 8.7 2.0
g)‘:;“r:;ftzive H-1 1,100 8.8 2.0
g)‘:;“r:;fg"e H-2 1,100 10.0 1.8

[0100] As canbe seen from Table 1, in the case where the carborane compound of the present invention is used in a
light-emitting layer (Examples 1 to 14), luminous efficiency more satisfactory than that in any other case (Comparative
Examples 1 to 3) is shown.

Example 15

[0101] Each thin film was laminated by a vacuum deposition method at a degree of vacuum of 2.0x 10-5 Pa on a glass
substrate on which an anode formed of indium tin oxide (ITO) having a thickness of 70 nm had been formed. First,
copper phthalocyanine (CuPC) was formed into a layer having a thickness of 30 nm to serve as a hole-injecting layer
on the ITO. Next, diphenylnaphthyldiamine (NPD) was formed into a layer having a thickness of 15 nm to serve as a
hole-transporting layer. Next, CBP serving as a host material for a light-emitting layer and Ir(ppy)5 serving as a dopant
were co-deposited from different deposition sources onto the hole-transporting layer to form a light-emitting layer having
a thickness of 30 nm. The concentration of Ir(ppy); was 10%. Next, the compound 99 was formed into a layer having a
thickness of 5 nm to serve as a hole-blocking layer on the light-emitting layer. Next, Alq; was formed into a layer having
a thickness of 20 nm to serve as an electron-transporting layer. Further, lithium fluoride (LiF) was formed into a layer
having a thickness of 1.0 nm to serve as an electron-injecting layer on the electron-transporting layer. Finally, aluminum
(Al) was formed into a layer having a thickness of 70 nm to serve as an electrode on the electron-injecting layer. The
resultant organic EL device has such a layer construction that in the organic EL device illustrated in FIG. 1, the electron-
injecting layer is added between the cathode and the electron-transporting layer, and the hole-blocking layer is added
between the light-emitting layer and the electron-transporting layer.

[0102] An external power source was connected to the resultant organic EL device to apply a DC voltage to the device.
As a result, it was confirmed that the device had such light-emitting characteristics as shown in Table 2. The columns
"luminance”, "voltage", and "luminous efficiency” in Table 2 show values at the time of driving at 20 mA/cm?2 (initial
characteristics) . The maximum wavelength of the emission spectrum of the device was 530 nm, and hence the acquisition
of light emission from Ir(ppy); was found.

Examples 16 to 27
[0103] Organic EL devices were each produced in the same manner as in Example 15 except that the compound 6,

9, 39, 53,73,77,78, 79, 85, 96, 105, or 114 was used as a material for the hole-blocking layer in Example 15 instead
of the compound 99.
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Comparative Example 4

[0104] An organic EL device was produced in the same manner as in Example 15 except that: the thickness of Alg;
serving as the electron-transporting layer in Example 15 was changed to 25 nm; and the hole-blocking layer was not
formed.

Comparative Examples 5 and 6

[0105] Organic EL devices were each produced in the same manner as in Example 15 except that the compound H-
1 or H-2 was used as a hole-blocking material in Example 15.

[0106] The organic EL devices obtained in Examples 16 to 27 and Comparative Examples 4 to 6 were evaluated in
the same manner as in Example 15. As a result, it was confirmed that the devices had such light-emitting characteristics
as shown in Table 2. The maximum wavelength of each of the emission spectra of the organic EL devices obtained in
Examples 16 to 27 and Comparative Examples 4 to 6 was 530 nm, and hence the acquisition of light emission from
Ir(ppy)3 was identified. Each of the host materials for the light-emitting layers used in Examples 16 to 27 and Comparative
Examples 4 to 6 is CBP.

Table 2
HoIe-téI;c;cr;]I:ipr:)gu:wdaterial lezwcz;:g)ce Voltage (V) Visual Iunzlirr;]c;\tj\f)efficiency
Example 15 99 1,400 7.5 3.0
Example 16 6 1,200 8.5 2.1
Example 17 9 1,400 7.0 3.2
Example 18 39 1,200 8.2 2.3
Example 19 53 1,300 7.0 2.8
Example 20 73 1,400 6.5 35
Example 21 96 1,400 6.9 3.2
Example 22 77 1,300 6.9 2.8
Example 23 78 1,400 6.9 3.3
Example 24 79 1,400 6.9 3.3
Example 25 85 1,400 6.9 3.2
Example 26 105 1,300 6.7 3.0
Example 27 114 1,300 6.6 3.1
g)‘:;“r:;fi"e - 1,100 8.7 2.0
g)‘:;“r:;fg"e H-1 1,100 9.7 18
g)‘:;“r:;fg"e H-2 1,100 10.9 16

[0107] As canbe seen from Table 2, improvements in initial characteristics were observed in all systems as compared
to Comparative Example 4 in which the hole-blocking material was not used. Of those, such a system that the carborane
compound of the present invention is used in the hole-blocking layer shows satisfactory characteristics.

Industrial Applicability
[0108] The material for an organic electroluminescent device of the present invention shows a satisfactory amorphous

characteristic and high thermal stability, and at the same time, is extremely stable in an excited state. Accordingly, an
organic EL device using the material has a long driving life and durability at a practical level.

28



10

15

20

25

30

35

40

45

50

55

EP 3 279 962 B1

Reference Signs List

[0109]

1 substrate, 2 anode, 3 hole-injecting layer, 4 hole-transporting layer, 5 light-emitting layer, 6 electron-trans-

porting layer, 7 cathode

Claims

1. A material for an organic electroluminescent device, comprising a carborane compound represented by the general

formula (1):
X
[ A
RJ m x \U L' A L2——H
~
n  x~ .
L g m
(1)
A
¢’/ (1b)
where:

rings A each independently represent a divalent carborane group C,B4oH,q represented by the formula (1a) or
the formula (1b), s’s each represent a number of repetitions and each independently represent an integer of
from 1 to 4, and m and n each represent a substitution number, and m represents an integer of from 0 to 4, and
n represents an integer of from 0 to 3, provided that when m=1, s=1;

X each independently represent N, CH, or C, and at least two of X’s each represent N;

R represents an alkyl group having 1 to 12 carbon atoms, an alkoxy group having 1 to 12 carbon atoms, a
substituted or unsubstituted aromatic hydrocarbon group having 6 to 30 carbon atoms, a substituted or unsub-
stituted aromatic heterocyclic group having 3 to 16 carbon atoms, or a linked aromatic group formed by linking
2 to 6 aromatic rings of the aromatic hydrocarbon group or the aromatic heterocyclic group;

L' represents a single bond, or an (m+1)-valent substituted or unsubstituted aromatic hydrocarbon group having
6 to 30 carbon atoms, an (m+1)-valent substituted or unsubstituted aromatic heterocyclic group having 3 to 16
carbon atoms, or an (m+1) -valent linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic
hydrocarbon group or the aromatic heterocyclic group, and when m=1, L' represents the aromatic heterocyclic
group having a 1,3,5-triazine ring, a pyrimidine ring, a pyrazine ring, or a pyridazine ring, or the linked aromatic
group containing at least one of the rings, or a single bond, and when a terminal comprises L'-H, the L'-H may
represent an alkyl group having 1 to 12 carbon atoms or an alkoxy group having 1 to 12 carbon atoms; and
L2 each independently represent a single bond, or a divalent substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 carbon atoms, a divalent substituted or unsubstituted aromatic heterocyclic group having
3 to 16 carbon atoms, or a divalent linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic
hydrocarbon group or the aromatic heterocyclic group, and when a terminal comprises L2-H, the L2-H may
represent an alkyl group having 1 to 12 carbon atoms or an alkoxy group having 1 to 12 carbon atoms,
provided that in each of L1 and L2, a ring to be directly bonded to the ring A is not a bicyclic nitrogen-containing
heterocycle represented by the following formula (2), a dibenzothiophene ring, or a dibenzofuran ring:
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NaANa
Y. =Z =Y
Y Y

where Y each independently represent N, CH, or C, and one to four of Y each represent N.
A material for an organic electroluminescent device according to claim 1, wherein m represents an integer of 0 or 1.

A material for an organic electroluminescent device according to claim 1, wherein the rings A each represent a
divalent carborane group C,B,gH4q represented by the formula (1a).

A material for an organic electroluminescent device according to claim 1, wherein L' and L2 each independently
represent a single bond, or a substituted or unsubstituted aromatic hydrocarbon group having 6 to 30 carbon atoms,
a substituted or unsubstituted aromatic heterocyclic group having 3 to 16 carbon atoms, or a linked aromatic group
formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon group or the aromatic heterocyclic group.

A material for an organic electroluminescent device according to claim 1, wherein L1 and L2 each independently
represent a single bond, or a substituted or unsubstituted aromatic hydrocarbon group having 6 to 30 carbon atoms,
or a linked aromatic group formed by linking 2 to 6 aromatic rings of the aromatic hydrocarbon group.

A material for an organic electroluminescent device according to claim 1, wherein in the general formula (1), an
aromatic ring formed of X comprises a pyrimidine ring, a pyrazine ring, a pyridazine ring, or a 1,3,5-triazine ring.

An organic electroluminescent device having a structure in which an anode, an organic layer, and a cathode are
laminated on a substrate, the organic layer comprising an organic layer containing the material for an organic
electroluminescent device of any one of claims 1 to 6.

An organic electroluminescent device according to claim 7, wherein the organic layer containing the material for an
organic electroluminescent device comprises at least one layer selected from the group consisting of a light-emitting
layer, an electron-transporting layer, and a hole-blocking layer.

An organic electroluminescent device according to claim 8, wherein the organic layer containing the material for an
organic electroluminescent device comprises a light-emitting layer containing a phosphorescent light-emitting do-
pant.

Patentanspriiche

Material furr eine organische Elektrolumineszenzvorrichtung, umfassend eine Carboranverbindung, dargestelltdurch
die allgemeine Formel (1):

X X
R m . A L' L2 H
J X X

(1)
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C
@8
(1a) C (1b)

Ringe A jeweils unabhangig eine zweiwertige Carborangruppe C,B4gH(, dargestellt durch die Formel (1a)
oder die Formel (1b), darstellen, s jeweils eine Anzahl von Wiederholungen darstellt und jeweils unabhéngig
eine ganze Zahl von 1 bis 4 darstellt und m und n jeweils eine Substitutionszahl darstellen und m eine ganze
Zahl von 0 bis 4 darstellt und n eine ganze Zahl von 0 bis 3 darstellt, mit der MalRgabe, dass, wenn m=1, dann s=1;
X jeweils unabhéngig N, CH oder C darstellt und wenigstens zwei X jeweils N darstellen;

R eine Alkylgruppe mit 1 bis 12 Kohlenstoffatom(en), eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatom(en), eine
substituierte oder unsubstituierte aromatische Kohlenwasserstoffgruppe mit 6 bis 30 Kohlenstoffatomen, eine
substituierte oder unsubstituierte aromatische heterocyclische Gruppe mit 3 bis 16 Kohlenstoffatomen oder
eine verknipfte aromatische Gruppe, gebildet durch Verknlpfung von 2 bis 6 aromatischen Ringen der aro-
matischen Kohlenwasserstoffgruppe oder der aromatischen heterocyclischen Gruppe, darstellt;

L' eine Einfachbindung oder eine (m+1)-wertige substituierte oder unsubstituierte aromatische Kohlenwasser-
stoffgruppe mit 6 bis 30 Kohlenstoffatomen, eine (m+1)-wertige substituierte oder unsubstituierte aromatische
heterocyclische Gruppe mit 3 bis 16 Kohlenstoffatomen oder eine (m+1)-wertige verkniipfte aromatische Grup-
pe, gebildet durch Verknlipfung von 2 bis 6 aromatischen Ringen der aromatischen Kohlenwasserstoffgruppe
oder der aromatischen heterocyclischen Gruppe, darstellt und, wenn m=1, L die aromatische heterocyclische
Gruppe, die einen 1,3,5-Triazinring, einen Pyrimidinring, einen Pyrazinring oder einen Pyridazinring hat, oder
die verknlpfte aromatische Gruppe, die wenigstens einen der Ringe enthalt, oder eine Einfachbindung darstellt,
und, wenn ein Ende L'-H umfasst, das L'-H eine Alkylgruppe mit 1 bis 12 Kohlenstoffatom(en) oder eine
Alkoxygruppe mit 1 bis 12 Kohlenstoffatom(en) darstellen kann; und

L2jeweils unabhangig eine Einfachbindung oder eine zweiwertige substituierte oder unsubstituierte aromatische
Kohlenwasserstoffgruppe mit 6 bis 30 Kohlenstoffatomen, eine zweiwertige substituierte oder unsubstituierte
aromatische heterocyclische Gruppe mit 3 bis 16 Kohlenstoffatomen oder eine zweiwertige verkniipfte aroma-
tische Gruppe, gebildet durch Verkniipfung von 2 bis 6 aromatischen Ringen der aromatischen Kohlenwasser-
stoffgruppe oder der aromatischen heterocyclischen Gruppe, darstellt und, wenn ein Ende L2-H umfasst, das
L2-H eine Alkylgruppe mit 1 bis 12 Kohlenstoffatom(en) oder eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatom(en)
darstellen kann,

mit der MaRgabe, dass in jedem von L' und L2 ein Ring, der direkt an den Ring A gebunden ist, kein bicyclischer
Stickstoff-enthaltender Heterocyclus, dargestellt durch die folgende Formel (2), Dibenzothiophenring oder Di-
benzofuranring ist:

worin:

N A
YO Y
Y-

N Y
Y

worin Y jeweils unabhéngig N, CH oder C darstellt und ein bis vier Y jeweils N darstellen.

Material fir eine organische Elektrolumineszenzvorrichtung gemaR Anspruch 1, wobei m eine ganze Zahl 0 oder
1 darstellt.

Material fur eine organische Elektrolumineszenzvorrichtung gemaR Anspruch 1, wobei die Ringe A jeweils eine
zweiwertige Carborangruppe C,BoH,, dargestellt durch die Formel (1a), darstellen.

Material fiir eine organische Elektrolumineszenzvorrichtung gemar Anspruch 1, wobei L' und L2 jeweils unabhangig
eine Einfachbindung oder eine substituierte oder unsubstituierte aromatische Kohlenwasserstoffgruppe mit 6 bis
30 Kohlenstoffatomen, eine substituierte oder unsubstituierte aromatische heterocyclische Gruppe mit 3 bis 16
Kohlenstoffatomen oder eine verknilipfte aromatische Gruppe, gebildet durch Verkniipfung von 2 bis 6 aromatischen
Ringen der aromatischen Kohlenwasserstoffgruppe oder der aromatischen heterocyclischen Gruppe, darstellen.
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Material fiir eine organische Elektrolumineszenzvorrichtung geméaR Anspruch 1, wobei L' und L2 jeweils unabhangig
eine Einfachbindung oder eine substituierte oder unsubstituierte aromatische Kohlenwasserstoffgruppe mit 6 bis
30 Kohlenstoffatomen oder eine verknilipfte aromatische Gruppe, gebildet durch Verknlpfung von 2 bis 6 aromati-
schen Ringen der aromatischen Kohlenwasserstoffgruppe, darstellen.

Material fir eine organische Elektrolumineszenzvorrichtung gemal Anspruch 1, wobei in der allgemeinen Formel
(1) ein aus X gebildeter aromatischer Ring einen Pyrimidinring, einen Pyrazinring, einen Pyridazinring oder einen
1,3,5-Triazinring umfasst.

Organische Elektrolumineszenzvorrichtung, die eine Struktur hat, in welcher eine Anode, eine organische Schicht
und eine Kathode auf ein Substrat laminiert sind, wobei die organische Schicht eine organische Schicht umfasst,
welche das Material fiir eine organische Elektrolumineszenzvorrichtung gemaf einem der Anspriiche 1 bis 6 enthalt.

Organische Elektrolumineszenzvorrichtung gemal Anspruch 7, wobei die organische Schicht, die das Material fir
eine organische Elektrolumineszenzvorrichtung enthalt, wenigstens eine Schicht, ausgewahlt aus der Gruppe, be-
stehend aus einer Lichtemittierenden Schicht, einer Elektronen-transportierenden Schicht und einer Loch-blockie-
renden Schicht, umfasst.

Organische Elektrolumineszenzvorrichtung gemal Anspruch 8, wobei die organische Schicht, die das Material fir
eine organische Elektrolumineszenzvorrichtung enthalt, eine Licht-emittierende Schicht umfasst, welche ein phos-
phoreszierendes Licht-emittierendes Dotierungsmittel enthalt.

Revendications

Matériau pour un dispositif électroluminescent organique, comprenant un composé carborane représenté par la
formule générale (1) :

{1}

ou:

les cycles A représentent chacun indépendamment un groupe carborane divalent C,B4gH g représenté par la
formule (1a) ou la formule (1b), les s représentent chacun un nombre de répétitions et représentent chacun
indépendamment un entier de 1 a 4, et m et n représentent chacun un nombre de substitutions, et m représente
un entier de 0 a 4, et n représente un entier de 0 a 3, a condition que lorsque m=1,s=1;

les X représentent chacun indépendamment N, CH, ou C, et au moins deux des X représentent chacun N ;

R représente un groupe alkyle comportant 1 a 12 atomes de carbone, un groupe alcoxy comportant 1 a 12
atomes de carbone, un groupe hydrocarbure aromatique substitué ou non substitué comportant 6 a 30 atomes
de carbone, un groupe hétérocyclique aromatique substitué ou non substitué comportant 3 a 16 atomes de
carbone, ouun groupe aromatique lié formé enliant 2 a 6 cycles aromatiques du groupe hydrocarbure aromatique
ou du groupe hétérocyclique aromatique ;
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L' représente une simple liaison, ou un groupe hydrocarbure aromatique substitué ou non substitué (m+1)-valent
comportant 6 a 30 atomes de carbone, un groupe hétérocyclique aromatique substitué ou non substitué
(m+1)-valent comportant 3 a 16 atomes de carbone, ou un groupe aromatique li¢ (m+1)-valent formé en liant
2 a 6 cycles aromatiques du groupe hydrocarbure aromatique ou du groupe hétérocyclique aromatique, et
lorsque m = 1, L représente le groupe hétérocyclique aromatique comportant un cycle 1,3,5-triazine, un cycle
pyrimidine, un cycle pyrazine, ou un cycle pyridazine, ou le groupe aromatique lié contenant au moins I'un des
cycles, ou une simple liaison, et lorsqu’une terminaison comprend L'-H, le L'-H peut représenter un groupe
alkyle comportant 1 a 12 atomes de carbone ou un groupe alcoxy comportant 1 a 12 atomes de carbone ; et
les L2 représentent chacun indépendamment une simple liaison, ou un groupe hydrocarbure aromatique subs-
titué ou non substitué divalent comportant 6 a 30 atomes de carbone, un groupe hétérocyclique aromatique
substitué ou non substitué divalent comportant 3 a 16 atomes de carbone, ou un groupe aromatique lié divalent
formé en liant 2 a 6 cycles aromatiques du groupe hydrocarbure aromatique ou du groupe hétérocyclique
aromatique, et lorsqu’une terminaison comprend L2-H, le L2-H peut représenter un groupe alkyle comportant
1 a 12 atomes de carbone ou un groupe alcoxy comportant 1 a 12 atomes de carbone,

acondition que dans chacun de L' et L2, un cycle devant étre directement lié au cycle A ne soit pas un hétérocycle
bicyclique contenant de I'azote représenté par la formule (2) suivante, un cycle dibenzothiophéne, ou un cycle

dibenzofurane :
ANy
Xy

ou les Y représentent chacun indépendamment N, CH, ou C, et un a quatre Y représentent chacun N.

Matériau pour un dispositif électroluminescent organique selon la revendication 1, dans lequel m représente un
entier de 0 ou 1.

Matériau pour un dispositif électroluminescent organique selon la revendication 1, dans lequel les cycles A repré-
sentent chacun un groupe carborane divalent C,B44H4 représenté par la formule (1a).

Matériau pour un dispositif électroluminescent organique selon la revendication 1, dans lequel L et L2 représentent
chacun indépendamment une simple liaison, ou un groupe hydrocarbure aromatique substitué ou non substitué
comportant 6 a 30 atomes de carbone, un groupe hétérocyclique aromatique substitué ou non substitué comportant
3 a 16 atomes de carbone, ou un groupe aromatique lié formé en liant 2 a 6 cycles aromatiques du groupe hydro-
carbure aromatique ou du groupe hétérocyclique aromatique.

Matériau pour un dispositif électroluminescent organique selon la revendication 1, dans lequel L et L2 représentent
chacun indépendamment une simple liaison, ou un groupe hydrocarbure aromatique substitué ou non substitué
comportant 6 a 30 atomes de carbone, ou un groupe aromatique lié formé en liant 2 a 6 cycles aromatiques du
groupe hydrocarbure aromatique.

Matériau pour un dispositif électroluminescent organique selon la revendication 1, dans lequel dans la formule
générale (1), un cycle aromatique formé de X comprend un cycle pyrimidine, un cycle pyrazine, un cycle pyridazine,
ou un cycle 1,3,5-triazine.

Dispositif électroluminescent organique ayant une structure dans laquelle une anode, une couche organique, et
une cathode sont stratifiées sur un substrat, la couche organique comprenant une couche organique contenant le
matériau pour un dispositif électroluminescent organique selon I'une quelconque des revendications 1 a 6.

Dispositif électroluminescent organique selon la revendication 7, dans lequel la couche organique contenant le
matériau pour un dispositif électroluminescent organique comprend au moins une couche sélectionnée a partir du
groupe constituée par une couche émettant de la lumiére, une couche transportant des électrons, et une couche
bloquant des trous.

Dispositif électroluminescent organique selon la revendication 8, dans lequel la couche organique contenant le

matériau pour un dispositif électroluminescent organique comprend une couche émettant de la lumiére contenant
un dopant émettant de la lumiére phosphorescente.
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