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(57) ABSTRACT

An organic electroluminescence device employing a specific
biscarbazole derivative having a cyano group as a first host
and a compound having both a carbazole structure and a
nitrogen-containing aromatic heteroring as a second host.
The organic electroluminescence device has a prolonged life-
time.
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MATERIAL FOR ORGANIC
ELECTROLUMINESCENCE DEVICE AND
ORGANIC ELECTROLUMINESCENCE
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to organic electrolu-
minescence devices.

BACKGROUND ART

[0002] By applying voltage to an organic electrolumines-
cence device (also referred to as “organic EL device”), holes
from an anode and electrons from a cathode are injected into
alight emitting layer. The holes and electrons injected into the
light emitting layer recombine to form excitons. The singlet
exciton and the triplet exciton are formed at a ratio of 25%:
75% according to spin-statistics theorem. Since the fluores-
cence utilizes the emission from singlet excitons, it has been
known that the internal quantum efficiency of a fluorescent
organic EL device is limited to 25%. In contrast, since the
phosphorescence utilizes the emission from triplet excitons, it
has been known that the internal quantum efficiency of a
phosphorescent organic EL device can be increased to 100%
if the intersystem crossing occurs efficiently.

[0003] Inthe development of known organic EL devices, an
optimum device design has been made depending upon the
emission mechanism such as fluorescence and phosphores-
cence. It has been known in the art that a high-performance
phosphorescent organic EL device cannot be obtained by a
mere application of the fluorescent technique to the phospho-
rescent device, because the emission mechanisms are differ-
ent from each other. This may be generally because the fol-
lowing reasons.

[0004] Since the phosphorescence utilizes the emission
from triplet excitons, a compound with larger energy gap is
required to be used in the light emitting layer. This is because
that the singlet energy (energy difference between the lowest
excited singlet state and the ground state) of a compound is
generally larger than its triplet energy (energy difference
between the lowest excited triplet state and the ground state).

[0005] Therefore, to effectively confine the triplet energy of
a phosphorescent dopant material within a device, a host
material having triplet energy larger than that of the phospho-
rescent dopant material should be used in the light emitting
layer. In addition, if an electron transporting layer and a hole
transporting layer is formed adjacent to the light emitting
layer, a compound having triplet energy larger than that of the
phosphorescent dopant material should be used also in the
electron transporting layer and the hole transporting layer.
Thus, the device design conventionally employed for devel-
opinga phosphorescent organic EL device results in the use of
a compound having an energy gap larger than that of a com-
pound for use in a fluorescent organic EL device, thereby
increasing the voltage for driving an organic EL device.

[0006] A hydrocarbon compound highly resistant to oxida-
tion and reduction, which has been known as a useful com-
pound for a fluorescent device, has a small energy gap
because of a broad distribution of mt-electron cloud. There-
fore, such a hydrocarbon compound is not suitable for use in
a phosphorescent organic EL device and, instead, an organic
compound having a heteroatom, such as oxygen and nitrogen,
has been selected. However, a phosphorescent organic EL
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device employing such an organic compound having a het-
eroatom has a shorter lifetime as compared with a fluorescent
organic EL device.

[0007] In addition, a phosphorescent dopant material has
an extremely longer relaxation time of triplet excitons as
compared with that of its singlet excitons, this largely affect-
ing the device performance. Namely, in the emission from
singlet excitons, since the relaxation speed which leads to
emission is high, the diffusion of excitons into a layer adja-
cent to the light emitting layer (for example, a hole transport-
ing layer and an electron transporting layer) is difficult to
occurand efficient emission is expected. In contrast, the emis-
sion from triplet excitons is a spin-forbidden transition and
the relaxation speed is low. Therefore, the diffusion of exci-
tons into adjacent layers occurs easily and the thermal energy
deactivation occurs in most compounds other than the spe-
cific phosphorescent compound. Thus, as compared with a
fluorescent organic EL device, it is more important for a
phosphorescent organic EL device to control the region for
recombining electrons and holes.

[0008] For the above reasons, the development of a high
performance phosphorescent organic EL device requires the
selection of materials and the consideration of device design
which are different from those for a fluorescent organic EL
device.

[0009] A carbazole derivative having a high triplet energy
known as a hole transporting material has been used as a
useful host material of phosphorescent organic EL device.
[0010] Patent Documents 1 and 2 describes to use a com-
pound in which a nitrogen-containing heterocyclic group is
introduced into a biscarbazole skeleton which includes two
carbazole structures connected to each other in the light emit-
ting layer of phosphorescent organic EL, device as the host
material. The compounds described in Patent Documents 1
and 2 are molecularly designed to balance the charge trans-
port by introducing an electron-deficient nitrogen-containing
heterocyclic group to a hole transporting carbazole skeleton.
However, organic EL. devices employing the compounds
described in Patent Documents 1 and 2 have been required to
improve their lifetime.

[0011] Patent Document 3 discloses that the lifetime is
prolonged by combinedly using two or more kinds of host
materials in the light emitting layer and many studies have
been made on the combination of host materials.

[0012] However, an organic EL device having a further
prolonged lifetime has been demanded.

PRIOR ART

Patent Documents

[0013] Patent Document 1: W0O2011/132683
[0014] Patent Document 2: WO2011/132684
[0015] Patent Document 3: WO2011/155507
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0016] An object of the invention is to provide an organic

electroluminescence having a long lifetime.

Means for Solving Problem

[0017] As a results of extensive research for achieving the
above object, the inventors have found that the lifetime of
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organic EL device can be further increased by using a specific
biscarbazole derivative having a cyano group as a first host
and a compound having both a carbazole structure and a
nitrogen-containing aromatic heteroring as a second hostina
light emitting layer.

[0018] The present invention is based on this finding.
[0019] The present invention provides:
[0020] 1. An organic electroluminescence device which

comprises a light emitting layer which is disposed between a
cathode and an anode and comprises a first host material, a
second host material and a light emitting material,

[0021] wherein

[0022] the first host material is represented by formula (A):

A

Al A2

X! N X8 vl N 8
\ / \\,Y’

XZ// \ / \\X7 7
X Aﬁ‘/
Xy x=X n Yy

=Y’

e

wherein

[0023] each of A" and A* independently represents a sub-
stituted or unsubstituted aromatic hydrocarbon group having
6 to 30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

[0024] A® represents a substituted or unsubstituted divalent
aromatic hydrocarbon group having 6 to 30 ring carbon atoms
or a substituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms;

[0025] m represents an integer of 0 to 3;

[0026] each of X' to X® and Y to Y® independently repre-
sents N or CR%;

[0027] each of R? independently represents a hydrogen
atom, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted silyl group, a halogen
atom, or a cyano group, provided that when two or more R*
groups exist, the R groups may be the same or different and
one of X to X® and one of Y* to Y* are bonded to each other
via A%; and

[0028] the formula (A) satisfies at least one of the following
requirements (i) to (v):

[0029] (i) at least one of A' and A? represents a cyano-
substituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a cyano-substituted heterocyclic group hav-
ing 5 to 30 ring atoms;

[0030] (i) at least one of X" to X* and Y* to Y* represents
CR* and atleast one of R*in X" to X* and Y to Y* represents
a cyano-substituted aromatic hydrocarbon group having 6 to
30 ring carbon atoms or a cyano-substituted heterocyclic
group having 5 to 30 ring atoms;

[0031] (ii1) m represents an integer of 1 to 3 and at least one
of A® represents a cyano-substituted divalent aromatic hydro-
carbon group having 6 to 30 ring carbon atoms or a cyano-
substituted divalent heterocyclic group having 5 to 30 ring
atoms;

[0032] (iv)atleast one of X* to X® and Y' 1o Y* represents
CR* and atleast one of R*in X’ to X®and Y* to Y® represents
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a cyano-substituted aromatic hydrocarbon group having 6 to
30 ring carbon atoms or a cyano-substituted heterocyclic
group having 5 to 30 ring atoms; and

[0033] (v) at least one of X* to X® and Y* to Y® represents
C—CN; and

[0034] the second host material is represented by formula

(D):

&)

wherein

[0035] Z' represents a ring structure fused to a side a and
represented by formula (1-1) or (1-2), and Z represents a ring
structure fused to a side b and represented by formula (1-1) or
(1-2), provided that at least one of Z* and 7 is represented by
formula (1-1):

{1-1)

in formula (1-1),

[0036] aside cis fused to the side a or b of formula (1); in
formula (1-2),
[0037] any one of sides d, e and fis fused to the side a or b

of formula (1); in formulae (1-1) and (1-2),

[0038] X'' represents a sulfur atom, an oxygen atom,
N—R', or CR**)(R?");

[0039] eachofR'! toR*! independently represents a hydro-
gen atom, a heavy hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
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tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, provided that adjacent groups of R to R*!
may be bonded to each other to form a ring;

[0040] M' represent a substituted or unsubstituted nitro-
gen-containing aromatic heteroring having 5 to 30 ring
atoms;

[0041] L' represents a single bond, a substituted or unsub-
stituted divalent aromatic hydrocarbon group having 6 to 30
ring carbon atoms, a substituted or unsubstituted divalent
heterocyclic group having 5to 30 ring atoms, a cycloalkylene
group having 5 to 30 ring atoms, or a group in which the
preceding groups are directly linked to each other; and
[0042] Kk represents 1 or 2;

[0043] 2. The organic electroluminescence device accord-
ing to item 1, wherein the first host material satisfies at least
one of the requirements (i) and (ii);

[0044] 3. The organic electroluminescence device accord-
ing to item 1 or 2, wherein A* of formula (A) represents a
substituted or unsubstituted divalent monocyclic hydrocar-
bon group having 6 or less ring carbon atoms or a substituted
or unsubstituted divalent monocyclic heterocyclic group hav-
ing 6 or less ring atoms;

[0045] 4. The organic electroluminescence device accord-
ing to any one of items 1 to 3, wherein the second host
material is represented by formula (2):

VAR
' R 12

K - vi® Sy

i il
b N-T—L' -—FR),

) x4 x®

H \ Y

5 72

wherein

[0046] Z' represents a ring structure fused to the side a and
represented by formula (1-1) or (1-2), and Z* represents a ring
structure fused to the side b and represented by formula (1-1)
or (1-2), provided that at least one of Z' and 72 is represented
by formula (1-1);

[0047] L' is as defined in formula (1);

[0048] each of X'*to X'* independently represents a nitro-
genatom, CH, or a carbon atom bonded to R** or !, provided
that at least one of X*? to X'* represents a nitrogen atom;
[0049] eachofY'' toY"? independently represents CH ora
carbon atom bonded to R*! or L';

[0050] each of R*' independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted
orunsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;
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[0051] when two or more R** groups exist, the R groups
may be the same or different and adjacent R*! groups may be
bonded to each other to form a ring;

[0052] krepresents 1 or 2, and n represents an integer of 0
to 4;
[0053] the side ¢ of formula (1-1) is fused to the sidea or b

of formula (2); and

[0054] any one of sides d, e and f of formula (1-2) is fused
to the side a or b of formula (2);

[0055] 5. The organic electroluminescence device accord-
ing to any one of items 1 to 4, wherein the second host
material is represented by formula (3):

)

RY
R46
R48
45 12
R viF Ny
N—TI.! ! “_(_ R3,
X3 X8
R# vi3
R4l
e
R42
wherein

[0056] L'isas defined in formula (1);

[0057] eachof X'?to X'*independently represents a nitro-
gen atom, CH, or a carbon atom bonded to R*> or L', provided
that at least one of X*? to X'* represents a nitrogen atom;
[0058] eachof Y!! toY'? independently represents CH or a
carbon atom bonded to R* or L.;

[0059] each of R*' independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted
orunsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms; when two or mote R*' groups exist, the R
groups may be the same or different and adjacent R** groups
may be bonded to each other to form a ring;

[0060] n represents an integer of O to 4;

[0061] eachofR* toR* independently represents a hydro-
gen atom, a heavy hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
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carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms; and

[0062] adjacent groups of R*' to R** may be bonded to each
other to form a ring;

[0063] 6. The organic electroluminescence device accord-
ing to any one of items 1 to 5, wherein the first host material
satisfies only the requirement (i),

[0064] 7. The organic electroluminescence device accord-
ing to any one of items 1 to 5, wherein the second host
material is represented by formula (4):

@

(RSl)p\l \
! 2
= yirF Ny
N—L—= TR,
~ X§ X
\
(RSZ)q/\\\¢\/

[0065] wherein

[0066] L'is as defined in formula (1);

[0067] eachof X'?to X'* independently represents a nitro-
genatom, CH, or a carbon atom bonded to R** or L', provided
that at least one of X'? to X'* represents a nitrogen atom;
[0068] eachofY'! toY'? independently represents CH or a
carbon atom bonded to R*! or L';

[0069] each of R*' independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted
orunsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0070] when two or more R** groups exist, the R** groups
may be the same or different and adjacent R** groups may be
bonded to each other to form a ring;

[0071] nrepresents an integer of 0 to 4;

[0072] each of L? and L? independently represents a single
bond, a substituted or unsubstituted divalent aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a substituted
or unsubstituted divalent heterocyclic group having 5 to 30
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ring atoms, a cycloalkylene group having 5 to 30 ring atoms,
or a group in which the preceding groups are directly linked to
each other;

[0073] each of R to R** independently represents a halo-
gen atom, a cyano group, a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted
or unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0074] when two or more R*' groups exist, the R>! groups
may be the same or different and adjacent R*' groups may be
bonded to each other to form a ring;

[0075] when two or more R*? groups exist, the R>* groups
may be the same or different and adjacent R>* groups may be
bonded to each other to form a ring;

[0076] when two or more R*? groups exist, the R>* groups
may be the same or different and adjacent R>* groups may be
bonded to each other to form a ring;

[0077] when two or more R>* groups exist, the R>* groups
may be the same or different and adjacent R*>* groups may be
bonded to each other to form a ring;

[0078] M?> represents a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms; and

[0079] each of p and s independently represents an integer
of 0 to 4, and each of q and r independently represents an
integer of 0 to 3;

[0080] 8. The organic electroluminescence device accord-
ing to any one of items 1 to 7, wherein at least one of A' and
A* represents a cyano-substituted phenyl group, a cyano-
substituted naphthyl group, a cyano-substituted phenanthryl
group, a cyano-substituted dibenzofuranyl group, a cyano-
substituted dibenzothiophenyl group, a cyano-substituted
biphenyl group, a cyano-substituted terphenyl group, a
cyano-substituted 9,9-diphenylfluorenyl group, a cyano-sub-
stituted 9,9'-spirobi[ 9H-fluorene]-2-yl group, a cyano-substi-
tuted 9,9'-dimethylfluorenyl group, or a cyano-substituted
triphenylenyl group;

[0081] 9. The organic electroluminescence device accord-
ing to any one of items 1 to 8, wherein the light emitting
material comprises a phosphorescent emitting material
selected from ortho metallated complexes of a metal selected
from iridium (Ir), osmium (Os), and platinum (Pt); and
[0082] 10.The organic electroluminescence device accord-
ing to any one of items 1 to 9, wherein a peak of emission
wavelength of the phosphorescent emitting material is 490
nm or longer and 700 nm or shorter.

Effect of the Invention

[0083] According to the present invention, an organic elec-
troluminescence device having a long lifetime is provided.
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BRIEF DESCRIPTION OF DRAWINGS

[0084] FIG. 1 is a schematic cross-sectional view of an
example of the organic EL device of the invention.

MODE FOR CARRYING OUT THE INVENTION

[0085] The organic electroluminescence device (hereinaf-
ter also referred to as “organic EL device™) of the invention
comptises a light emitting layer disposed between a cathode
and an anode, wherein the light emitting layer comprises a
first host material represented by the following formula (A), a
second host material represented by the following formula
(1), and a light emitting material.

First Host Material
[0086]
A)
Al A2
| |
//Xl N Xi\ e V8
. § Y
S NN W A
! 3 1
X3'§X4 XSgX\GeA a;ssﬁﬂ Y5§Y6

wherein

[0087] each of A' and A* independently represents a sub-
stituted or unsubstituted aromatic hydrocarbon group having
6 to 30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

[0088] AZ represents a substituted or unsubstituted divalent
aromatic hydrocarbon group having 6 to 30 ring carbon atoms
or a substituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms

[0089] m represents an integer of 0 to 3;

[0090] each of X' to X* and Y to Y® independently repre-
sents N or CRa:

[0091] each of R* independently represents a hydrogen
atom, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted silyl group, a halogen
atom, or a cyano group, provided that when two or more R”
groups exist, the R? groups may be the same or different and
one of X to X® and one of Y* to Y* are bonded to each other
viaA®; and

[0092] the formula (A) satisfies at least one of the flowing
requirements (i) to (v);

[0093] (i) at least one of A' and A? represents a cyano-
substituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a cyano-substituted heterocyclic group hav-
ing 5 to 30 ring atoms;

[0094] (ii) at least one of X' to X* and Y” to Y® represents
CR? and atleast one of R*in X" to X*and Y° to Y® represents
a cyano-substituted aromatic hydrocarbon group having 6 to
30 ring carbon atoms or a cyano-substituted heterocyclic
group having 5 to 30 ring atoms;

[0095] (iii) m represents an integer of 1 to 3 and at least one
of A represents a cyano-substituted divalent aromatic hydro-
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carbon group having 6 to 30 ring carbon atoms or a cyano-
substituted divalent heterocyclic group having 5 to 30 ring
atoms;

[0096] (iv) at least one of X° to X® and Y to Y* represents
CR* and at least one of R*1n X to X® and Y* to Y® represents
a cyano-substituted aromatic hydrocarbon group having 6 to
30 ring carbon atoms or a cyano-substituted heterocyclic
group having 5 to 30 ring atoms; and

[0097] (¥) at least one of X* to X® and Y* to Y*® represents
C—CN.
[0098] The cyano-substituted aromatic hydrocarbon group

having 6 to 30 ring carbon atoms and the cyano-substituted
heterocyclic group having 5 to 30 ring atoms may be further
substituted by a group other than the cyano group.

[0099] The subscript m is preferably 0 to 2 and more pref-
erably 0 or 1. When m is 0, one of X° to X® and one of Y* to
Y* are bonded to each other via a single bond.

[0100] Thearomatichydrocarbon group having 6 to 30 ring
carbon atoms represented by A', A% and R* may be a non-
condensed aromatic hydrocarbon group or a condensed aro-
matic hydrocarbon group. Specific examples thereof include
phenyl group, naphthyl group, phenanthryl group, biphenyl
group, terphenyl group, quaterphenyl group, fluoranthenyl
group, triphenylenyl group, phenanthrenyl group, fluorenyl
group, spirofluorenyl group, 9,9-diphenylfluorenyl group,
9,9"-spirobi[ 9H-fluorene]-2-yl group, 9,9-dimethylfluorenyl
group, benzo|c]phenanthrenyl group, benzo|a]triphenylenyl
group, naphtho[1,2-c]phenanthrenyl group, naphtho[1,2-a]
triphenylenyl group, dibenzo[ac]triphenylenyl group, and
benzo[b]fluoranthenyl group, with phenyl group, naphthyl
group, biphenyl group, terphenyl group, phenanthryl group,
triphenylenyl group, fluorenyl group, spirobifluorenyl group,
and fluoranthenyl group being preferred, and phenyl group,
1-naphthyl group, 2-naphthyl group, biphenyl-2-yl group,
biphenyl-3-yl group, biphenyl-4-yl group, phenanthrene-9-yl
group, phenanthrene-3-yl group, phenanthrene-2-yl group,
triphenylene-2-yl group, 9,9-dimethylfluorene-2-yl group,
fluoranthene-3-yl group being more preferred.

[0101] Examples of the divalent aromatic hydrocarbon
group having 6 to 30 ring carbon atoms represented by A®
include divalent residues of the above aromatic hydrocarbon
groups having 6 to 30 ring carbon atoms.

[0102] The heterocyclic group having 5 to 30 ring atoms
represented by A, A* and R“ may be a non-condensed het-
erocyclic group or a condensed heterocyclic group. Specific
examples thereof include the residues of pyrrole ring, isoin-
dole ring, benzofuran ring, isobenzofuran ring, diben-
zothiophene ring, isoquinoline ring, quinoxaline ring,
phenanthridine ring, phenanthroline ring, pyridine ring, pyra-
zine ring, pyrimidine ring, pyridazine ring, triazine ring,
indole ring, quinoline ring, acridine ring, pyrrolidine ring,
dioxane ring, piperidine ring, morpholine ring, piperazine
ring, carbazole ring, furan ring, thiophene ring, oxazole ring,
oxadiazole ring, benzoxazole ring, thiazole ring, thiadiazole
ring, benzothiazole ring, triazole ring, imidazole ring, benz-
imidazole ring, pyran ring, dibenzofuran ring, and benzo|c]
dibenzofuran ring, and the residues of derivatives of these
rings, with the residues of dibenzofuran ring, carbazole ring,
dibenzothiophene ring, and derivatives of these rings being
preferred, and the residues of dibenzofuran-2-yl group,
dibenzofuran-4-yl group, 9-phenylcarbazole-3-yl group,
9-phenylcarbazole-2-yl group, dibenzothiophene-2-yl group,
and dibenzothiophene-4-yl group being more preferred.
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[0103] Examples of the divalent heterocyclic group having
51030 ring atoms represented by A” include divalent residues
of the above heterocyclic group having 5 to 30 ring atoms.

[0104] Examples of the alkyl group having 1 to 30 carbon
atoms represented by R” include methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group, s-butyl
group, isobutyl group, t-butyl group, n-pentyl group, n-hexyl
group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl
group, n-undecyl group, n-dodecyl group, n-tridecyl group,
n-tetradecyl group, n-pentadecyl group, n-hexadecyl group,
n-heptadecyl group, n-octadecyl group, neopentyl group,
1-methylpentyl group, cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, cyclooctyl group, and
adamantyl group, with methyl group, ethyl group, n-propyl
group, isopropyl group. n-butyl group, s-butyl group, isobutyl
group, t-butyl group, cyclopentyl group, and cyclohexyl
group being preferred.

[0105] Examples of the substituted or unsubstituted silyl
group represented by R? include trimethylsilyl group, trieth-
ylsilyl group, tributylsilyl group, dimethylethylsilyl group,
t-butyldimethylsilyl group, vinyldimethylsilyl group, propy-
Idimethylsilyl group, dimethylisopropylsilyl group, dimeth-
vlpropylsilyl group, dimethylbutylsilyl group, dimethylter-
tiarybutylsilyl ~ group,  diethylisopropylsilyl  group,
phenyldimethylsilyl group, diphenylmethylsilyl group,
diphenyltertiarybutylsilyl group, and triphenylsilyl group,
with trimethylsilyl group, triethylsilyl group, t-butyldimeth-
ylsilyl group, vinyldimethylsilyl group, and propyldimethyl-
silyl group being preferred.

[0106] Examples of the halogen atom represented by R*
include fluorine, chlorine, bromine, and iodine, with fluorine
being preferred.

[0107] Also preferred as R” is a hydrogen atom or a substi-
tuted or unsubstituted aromatic hydrocarbon group having 6
to 30 ring carbon atoms.

[0108] Examples of the optional substituent indicated by
“substituted or unsubstituted” and “may be substituted”
referred to above or hereinafter include a halogen atom (fluo-
rine, chlorine, bromine, iodine), a cyano group, an alkyl
group having 1 to 20, preferably 1 to 6 carbon atoms, a
cycloalkyl group having 3 to 20, preferably 5 to 12 carbon
atoms, an alkoxyl group having 1 to 20, preferably 1 to 5
carbon atoms, a haloalkyl group having 1 to 20, preferably 1
to 5 carbon atoms, a haloalkoxyl group having 1 to 20, pref-
erably 1 to 5 carbon atoms, an alkylsilyl group having 1 to 10,
preferably 1 to 5 carbon atoms, an aromatic hydrocarbon
group having 6 to 30, preferably 6 to 18 ring carbon atoms, an
aryloxy group having 6 to 30, preferably 6 to 18 ring carbon
atoms, an arylsilyl group having 6 to 30, preferably 6 to 18
carbon atoms, an aralkyl group having 7 to 30, preferably 7 to
20 carbon atoms, and a heteroaryl group having 5 to 30,
preferably 5 to 18 ring atoms.

[0109] Examples of the optional alkyl group having 1 to 20
carbon atoms include methyl group, ethyl group, n-propyl
group, isopropyl group. n-butyl group, s-butyl group, isobutyl
group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl
group, n-octyl group, n-nonyl group, n-decyl group, n-unde-
cyl group, n-dodecyl group, n-tridecyl group, n-tetradecyl
group, n-pentadecyl group, n-hexadecyl group, n-heptadecyl
group, n-octadecyl group, neopentyl group, and 1-methyl-
pentyl group.
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[0110] Examples of the optional cycloalkyl group having 3
to 20 carbon atoms include cyclopropyl group, cyclobutyl
group, cyclopentyl group, cyclohexyl group, cyclooctyl
group, and adamantyl group.

[0111] Examples of the optional alkoxyl group having 1 to
20 carbon atoms include those having an alkyl portion
selected from the alkyl groups mentioned above.

[0112] Examples of the optional haloalkyl group having 1
to 20 carbon atoms include the alkyl groups mentioned above
wherein the hydrogen atoms thereof are partly or entirely
substituted by halogen atoms.

[0113] Examples of the optional haloalkoxyl group having
1 to 20 carbon atoms include the alkoxyl group mentioned
above wherein the hydrogen atoms thereof are partly or
entirely substituted by halogen atoms.

[0114] Examples of the optional alkylsilyl group having 1
to 10 carbon atoms include trimethylsilyl group, triethylsilyl
group, tributylsilyl group, dimethylethylsilyl group, t-bu-
tyldimethylsilyl group, vinyldimethylsilyl group, propyldim-
ethylsilyl group, dimethylisopropylsilyl group, dimethylpro-
pylsilyl group, dimethylbutylsilyl group,
dimethyltertiarybutylsilyl group, and diethylisopropylsilyl
group.

[0115] Examples of the optional aromatic hydrocarbon
group having 6 to 30 ring carbon atoms include those selected
from the aromatic hydrocarbon groups mentioned above with
respect to A', A% and R%.

[0116] Examples of the optional aryloxy group having 6 to
30 ring carbon atoms include those having an aryl portion
selected from the aromatic hydrocarbon groups mentioned
above.

[0117] Examples of the optional arylsilyl group having 6 to
30 carbon atoms include phenyldimethylsilyl group, diphe-
nylmethylsilyl group, diphenyltertiarybutylsilyl group, and
triphenylsilyl group.

[0118] Examples of the optional aralkyl group having 7 to
30 carbon atoms include benzyl group, 2-phenylpropane-2-yl
group, 1-phenylethyl group, 2-phenylethyl group, 1-phenyl-
isopropyl group, 2-phenylisopropyl group, phenyl-t-butyl
group, a-naphthylmethyl group, 1-a-naphthylethyl group,
2-a-naphthylethyl group, 1-a.-naphthylisopropyl group, 2-a-
naphthylisopropyl group, p-naphthylmethyl group, 1-f-
naphthylethyl group, 2-f-naphthylethyl group, 1-f-naphth-
ylisopropyl ~ group,  2-f-naphthylisopropyl  group,
1-pyrrolylmethyl group, 2-(1-pyrrolyl)ethyl group, p-meth-
ylbenzyl group, m-methylbenzyl group, o-methylbenzyl
group, p-chlorobenzyl group, m-chlorobenzyl group, o-chlo-
robenzyl group, p-bromobenzyl group, m-bromobenzyl
group, o-bromobenzyl group, p-iodobenzyl group, m-iodo-
benzyl group, o-iodobenzyl group, p-hydroxybenzyl group,
m-hydroxybenzyl group, o-hydroxybenzyl group. p-ami-
nobenzyl group, m-aminobenzyl group, o-aminobenzyl
group, p-nitrobenzyl group, m-nitrobenzyl group, o-ni-
trobenzyl group, p-cyanobenzyl group, m-cyanobenzyl
group, o-cyanobenzyl group, 1-hydroxy-2-phenylisopropyl
group, and 1-chloro-2-phenylisopropyl group.

[0119] Examples of the optional heteroaryl group having 5
to 30 ring atoms include those selected from the heterocyclic
groups mentioned above with respect to A', A% and R®.
[0120] The optional substituent is preferably fluorine atom,
cyano group, the alkyl group having 1 to 20 carbon atoms, the
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, and the heteroaryl group having 5 to 30 ring atoms,
more preferably fluorine atom, phenyl group, naphthyl group,
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biphenyl group, terphenyl group, phenanthryl group, triph-
enylenyl group, fluorenyl group, spirobifluorenyl group, fluo-
ranthenyl group, residues of dibenzofuran ring, carbazole
ring, dibenzothiophene ring, and their derivatives, methyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, s-butyl group, isobutyl group, t-butyl group, cyclopen-
tyl group, and cyclohexyl group.

[0121] The optional substituent mentioned above may be
further substituted by the optional group mentioned above.

[0122] The “carbon number of a to b™ in the expression of
“substituted or unsubstituted X group having carbon number
of ato b” is the carbon number of the unsubstituted X group
and does not include the carbon atom of the optional substitu-
ent.

[0123] The hydrogen atom referred to herein includes 1so-
topes different from neutron numbers, i.e., light hydrogen
(protium), heavy hydrogen (deuterium) and tritium.

[0124] Inthe first host material represented by formula (A),
the groups represented by formulae (a) and (b) are bonded to
each other via -(A*), - at one of X* to X* and one of Y' to Y*.
Specific examples of the bonding manner between formulae
(a) and (b) are represented by X°-(A%), -Y°, X%-(A%) -Y?,
XO0(A?), Y XO(AY), - YL XA, Y, XA, Y, XE-
(A%),-Y?, X7-(AY) Y7, X7-(AY),-Y?, X7-(A), Y, X°-
(A),-Y?, X5 (A, -Y% XA, Y4, XE(AY),-Y!, X°-
(AY,-Y', and X>-(A%), -Y".

()
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[0125] In preferred embodiments of the first host material
represented by fornmula (A), the bonding manner between
formulae (a) and (b) are represented by X°-(A%) -Y?, X°-
(A%, -Y?, or X’-(A%), -Y?, namely the material for organic
electroluminescence device is preferably represented by for-
mula (IT), (ITD), or (TV):
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wherein X' to X5, Y'toY?, A' to A%, and mare the same as X!
to X% Y' to Y®, A' to A%, m in formula (A), and each of
formulae (IT), (I11), and (TV) satisfies at least one of the
requirements (1) to (v) as specified in the definition of formula

(A).

[0126] The first host material represented by formula (A)
satisfies at least one of the requirements (1) to (v), namely, the
first host material is a cyano group-introduced biscarbazole
derivative having a group represented by formula (a) and a
group represented by formula (b) which are linked to each
ofter.

[0127] Since an electron injecting/transporting cyano
group is introduced, the first host material has an improved
hole resistance. Therefore, the organic EL device comprising
the first host material having a cyano group exhibits a pro-
longed lifetime as compared with a known organic EL device
comprising a host material having no cyano group.

[0128] A? of formula (A) preferably represents a single
bond, a substituted or unsubstituted divalent monocyclic
hydrocarbon group having 6 or less ring carbon atoms, or a
substituted orunsubstituted divalent monocyclic heterocyclic
group having 6 or less ring atoms.

[0129] Examples of the monocyclic hydrocarbon group
having 6 or less ring carbon atoms represented by A* include
phenylene group, cyclopentenylene group, cyclopentadi-
enylene group, cyclohexylene group, and cyclopentylene
group, with phenylene group being preferred.

[0130] Examples of the monocyclic heterocyclic group
having 6 or less ring atoms represented by A* include pyrro-
lylene group, pyrazinylene group, pyridinylene group,
furylene group, and thiophenylene group.

[0131] In a preferred embodiment of formulae (A), (1I),
(IIT), and (IV), m is 0 and one of X° to X® and one of Y' to Y*
are bonded to each other via a single bond; or A® represents
the substituted or unsubstituted monocyclic hydrocarbon
group having 6 or less ring carbon atoms or the substituted or
unsubstituted monocyclic heterocyclic group having 6 or less
ring atoms. In such a preferred embodiment, the distortion of
the ring (for example, carbazole ring) represented by formula
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(a) or (b) is minimized to make it easy to retain the conjuga-
tion of m-electrons. This allows HOMO (highest occupied
molecular orbital) to extend throughout the whole carbazole
skeleton, thereby to retain the hole injecting/transporting
ability of the carbazole skeleton. In more preferred embodi-
ment, m is 0 and one of X° to X*® and one of Y* to Y* are
bonded to each other via a single bond; or A® represents a
substituted or unsubstituted phenylene group.

[0132] The first host material satisfies preferably at least
one of the requirements (i) and (ii);

[0133] (i) at least one of A' and A? represents a cyano-
substituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a cyano-substituted heterocyclic group hav-
ing 5 to 30 ring atoms; and

[0134] (i) at least one of X" to X* and Y* to Y® represents
CR*, and atleast one of R*in X" to X*and Y* to Y® represents
a cyano-substituted aromatic hydrocarbon group having 6 to
30 ring carbon atoms or a cyano-substituted heterocyclic
group having 5 to 30 ring atoms.

[0135] Namely, the first host material is preferably any one
of the compounds;

(1) satisfying the requirement (i), but not satisfying the
requirements (ii) to (v);

(2) satisfying the requirement (ii), but not satisfying the
requirements (i) and (iii) to (v); and

(3) satisfying both the requirements (i) and (ii), but not satis-
fying the requirements (iii) to (v).

[0136] The first host material satisfying the requirement (i)
and/or (ii) has a structure wherein the cyano group-containing
aromatic hydrocarbon group or the cyano group-containing
heterocyclic group is introduced to the terminal end of the
central skeleton comprising the groups represented by formu-
lae (a) and (b).

[0137] The central skeleton comprising the groups repre-
sented by formulae (a) and (b) acts as a hole injecting/trans-
porting unit, and each of the cyano group-containing aromatic
hydrocarbon group and the cyano group-containing hetero-
cyclic group acts as an electron injecting/transporting unit.
Since the first host material satisfying the requirement (i) or
(ii) has the cyano group-containing group which acts as an
electron injecting/transporting unit outside the central skel-
eton, the distribution of the electron cloud of HOMO (highest
occupied molecular orbital) is retained within the central
skeleton, to maintain the hole injecting/transporting ability of
the central skeleton good while retaining the electron inject-
ing/transporting ability of the cyano group-containing group.
Therefore, the carrier balance in the molecule of the first host
material satisfying the requirement (i) or (ii) is good to realize
an organic EL device with excellent emission efficiency.
[0138] Thus, the organic EL device having a light emitting
layer comprising the first host material satisfying at least one
of the requirements (i) and (ii) and the second host material
represented by formula (1) also exhibits excellent emission
efficiency in addition to a prolonged lifetime.

[0139] When the first host material satisfies the require-
ment (i), at least one of A' and A? is preferably a cyano-
substituted phenyl group, a cyano-substituted naphthyl
group, a cyano-substituted phenanthryl group, a cyano-sub-
stituted dibenzofuranyl group, a cyano-substituted diben-
zothiophenyl group, a cyano-substituted biphenyl group, a
cyano-substituted terphenyl group, a cyano-substituted 9,9-
diphenylfluorenyl group, a cyano-substituted 9,9'-spirobi
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[9H-fluorene]-2-yl group, a cyano-substituted 9,9'-dimeth-
ylfluorenyl group, or a cyano-substituted triphenylenyl
group, and more preferably 3'-cyanobiphenyl-2-yl group,
3'-cyanobiphenyl-3-yl group, 3'-cyanobiphenyl-4-yl group,
4'-cyanobiphenyl-3-yl group, 4'-cyanobiphenyl-4-yl group,
4'-cyanobiphenyl-2-yl  group, 6-cyanonaphthalene-2-yl
group, 4-cyanonaphthalene-1-yl group, 7-cyanonaphthalene-
2-y1 group, 8-cyanodibenzofuran-2-yl group, 6-cyanodiben-
zofuran-4-yl group, 8-cyanodibenzothiophene-2-yl group,
6-cyanodibenzothiophene-4-yl group, 7-cyano-9-phenylcar-
bazole-2-yl group, 6-cyano-9-phenylcarbazole-3-yl group,
7-cyano-9,9-dimethylfluorene-2-yl group, or 7-cyanotriph-
enylene-2-yl group.

[0140] The first host material wherein A" is substituted by a
cyano group and A? is not substituted by a cyano group is
preferred. In this case, the first host material which does not
satisfy the requirement (ii) is more preferred.

[0141] When the first host material satisfies the require-
ment (ii), at least one of X' to X* and Y° to Y® is preferably
CR?, and one of R in X" to X* and Y° to Y® is preferably a
cyano-substituted phenyl group, a cyano-substituted naph-
thyl group, a cyano-substituted phenanthryl group, a cyano-
substituted dibenzofuranyl group, a cyano-substituted diben-
zothiophenyl group, a cyano-substituted biphenyl group, a
cyano-substituted terphenyl group, a cyano-substituted 9,9-
diphenylfluorenyl group, a cyano-substituted 9,9'-spirobi
[9H-fluorene]-2-yl group, a cyano-substituted 9,9'-dimeth-
ylfluorenyl group, or a cyano-substituted triphenylenyl
group, and more preferably 3'-cyanobiphenyl-2-yl group,
3'-cyanobiphenyl-3-yl group, 3'-cyanobiphenyl-4-yl group,
4'-cyanobiphenyl-3-yl group, 4'-cyanobiphenyl-4-yl group,
4'-cyanobiphenyl-2-yl  group, 6-cyanonaphthalene-2-yl
group, 4-cyanonaphthalene-1-yl group, 7-cyanonaphthalene-
2-yl group, 8-cyanodibenzofuran-2-yl group, 6-cyanodiben-
zofuran-4-yl group, 8-cyanodibenzothiophene-2-yl group,
6-cyanodibenzothiophene-4-yl group, 7-cyano-9-phenylcar-
bazole-2-yl group, 6-cyano-9-phenylcarbazole-3-yl group,
7-cyano-9,9-dimethylfluorene-2-yl group, or 7-cyanotriph-
enylene-2-yl group.

[0142] Ttis preferred for the first host material to satisfy the
requirement (ii), but not satisfy the requirement (i).

[0143] In formulae (A) and (II) to (IV), A' and A are
preferably different from each other, and more preferably, A*
is substituted by a cyano group but A” is not substituted by a
cyano group. Namely, the first host material is preferably
structurally asymmetric. If being asymmetric, the crystallin-
ity and non-crystallinity are good. This enhances the quality
of the films of an organic EL device employing the first host
material, thereby achieving high performance, for example,
organic EL properties, such as current efficiency.

[0144] The production method of the first host material is
not particularly limited and it is produced according to a
known method, for example, by a coupling reaction of a
carbazole derivative and an aromatic halogenated compound
in the presence of a copper catalyst described in Tetrahedron
40 (1984) 1435 to 1456 or a palladium catalyst described in
Journal of American Chemical Society 123 (2001) 7727 to
7729.

[0145] Specific examples of the first host material are
shown below, although not limited thereto.
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-continued

@ indicates text missing ot illegible when filed

Second Host Material

[0146] The second host material which is used in the light
emitting layer of an embodiment of organic EL device is
represented by formula (1). The lifetime of an organic EL
device isincreased by combinedly using the first host material
represented by formula (A) and the second host material
represented by formula (1) in the light emitting layer.

)

7o
* a
N—L!—Mm!
Lb
II‘ T
'\‘ Z’z
wherein

[0147] Z' represents a ring structure fused to the side a and
represented by formula (1-1) or (1-2), and Z represents a ring
structure fused to the side b and represented by formula (1-1)
or (1-2), provided that at least one of Z' and Z* is represented
by formula (1-1);

[0148] M’ represent a substituted or unsubstituted nitro-
gen-containing aromatic heteroring having 5 to 30 ring
atoms;

[0149] L' represents a single bond, a substituted or unsub-
stituted divalent aromatic hydrocarbon group having 6 to 30
ring carbon atoms, a substituted or unsubstituted divalent
heterocyclic group having 5to 30 ring atoms, a cycloalkylene
group having 5 to 30 ring atoms, or a group in which the
preceding groups are directly linked to each other; and

[0150] Kk represents 1 or 2.

{1-1)

[0151] Informula(1-1),aside cis fused to the sideaorb of
formula (1).
[0152] Informula (1-2), any one of sides d, e and fis fused

to the side a or b of formula (1).

[0153] In formulae (1-1) and (1-2),

[0154] X' represents a sulfur atom, an oxygen atom,
N—R', or C(R**)(R*"); and

[0155] eachofR'!toR*! independently represents a hydro-
gen atom, a heavy hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
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carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, provided that adjacent groups of R* to R*
may be bonded to each other to form a a ring.

[0156] The nitrogen-containing aromatic heteroring repre-
sented by M" of formula (1) includes an azine rings

[0157] Examples of the nitrogen-containing aromatic het-
eroring include pyridine, pyrimidine, pyrazine, triazine, aziri-
dine, azaindolizine, indolizine, imidazole, indole, isoindole,
indazole, purine, pteridine, 3-carboline, naphthyridine, qui-
noxaline, terpyridine, bipyridine, acridine, phenanthroline,
phenazine, and imidazopyridine, with pyridine, pyrimidine,
and triazine being particularly preferred. The formula (1) is
preferably represented by formula (2):

Zi |
. ' 12
R - viF Sy
N L : ”_('R3l)n
P b X14\ X3
/ ( 13
5 72
e .
wherein

[0158] Z'represents a ring structure fused to the side a and
represented by formula (1-1) or (1-2), and Z? represents a ring
structure fused to the side b and represented by formula (1-1)
or (1-2), provided that at least one of Z' and 7 is represented
by formula (1-1);

[0159] L'is as defined in formula (1);

[0160] each of X'?to X'* independently represents a nitro-
genatom, CH, or a carbon atom bonded to R** or L', provided
that at least one of X*? to X'* represents a nitrogen atom;
[0161] eachofY'!toY'? independently represents CH or a
carbon atom bonded to R*' or L.;

[0162] each of R*' independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted
orunsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0163] when two or more R*! groups exist, the R groups
may be the same or different and adjacent R** groups may be
bonded to each other to form a ring;

[0164] krepresents 1 or 2, and n represents an integer of 0
to 4;
[0165] the side ¢ of formula (1-1) is fused to the sidea or b

of formula (2); and

[0166] any one of sides d, e and f of formula (1-2) is fused
to the side a or b of formula (2).
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[0167] Examples of the compound wherein the ring repre-
sented by formula (1-1) or (1-2) is fused to the side a or b of
formula (2) are shown below.

YE=XE R
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52
-continued [0169] In formula (3),
[0170] L'isas defined in formula (1);
/YB‘:)$ RN [0171] eachof X'*to X'*independently relpresents anitro-
X1 i RIS gen atom, CH, or a carbon atom bonded to R*' or L', provided

that at least one of X*? to X'* represents a nitrogen atom;
[0172] eachof Y!* toY'? independently represents CHor a
carbon atom bonded to R* or L';

[0173] each of R®' independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted
or unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0174] when two or more R*' groups exist, the R*! groups
may be the same or different and adjacent R*! groups may be
bonded to each other to form a ring;

[0175] nrepresents an integer of 0 to 4;

[0176] eachofR* toR*® independently represents a hydro-
gen atom, a heavy hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted alkyl group having 1 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, a substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms; and

[0177] adjacent groups of R*! to R** may be bonded to each
other to form a ring.

Y_1'3:X\14 (R31)n

[0168] The compound represented by formula (1) or (2) is @
more preferably represented by formula (3) and particularly AN
preferably represented by formula (4). ®, \II
12
= vi® Sy
3 N—L—  S—R%),
Xl4\ ’Xl3
= K
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[0178] In formula (4),

[0179] L' is as defined in formula (1);

[0180] each of X'?toX'* independently represents a nitro-
gen atom, CH, ora carbon atom bonded to R*! or !, provided
that at least one of X*? to X'* represents a nitrogen atom;
[0181] eachofY'! toY"? independently represents CH or a
carbon atom bonded to R*' or L.;

[0182] each of R*! independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkyny1 group having 2 to 30 carbon atoms, a substituted
orunsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0183] adjacent R groups may be bonded to each other to
form a ring;
[0184] n represents an integer of 0 to 4;

[0185] each of L* and L? independently represents a single
bond, a substituted or unsubstituted divalent aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a substituted
or unsubstituted divalent heterocyclic group having 5 to 30
ring atoms, a cycloalkylene group having 5 to 30 ring atoms,
or a group in which the preceding groups are directly linked to
each other;

[0186] each of R** to R** independently represents a halo-
gen atom, a cyano group, a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted alkenyl
group having 2 to 30 carbon atoms, a substituted or unsubsti-
tuted alkynyl group having 2 to 30 carbon atoms, a substituted

53
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orunsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms;

[0187] when two or more R** groups exist, the R** groups
may be the same or different and adjacent R*' groups may be
bonded to each other to form a ring;

[0188] when two or more R*? groups exist, the R*? groups
may be the same or different and adjacent R>* groups may be
bonded to each other to form a ring;

[0189] when two or more R>® groups exist, the R* groups
may be the same or different and adjacent R>* groups may be
bonded to each other to form a ring;

[0190] when two or more R** groups exist, the R>* groups
may be the same or different and adjacent R>* groups may be
bonded to each other to form a ring;

[0191] M?> represents a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms; and

[0192] each of p and s independently represents an integer
of 0 to 4, and each of q and r independently represents an
integer of 0 to 3.

[0193] In formulae (1) to (4), (1-1), and (1-2), the groups
represented by Rh to R*', R*", R*' to R**, and R*' to R** are
as defined above with respect to formula (A).

[0194] Examples of the divalent aromatic hydrocarbon
group having 6 to 30 ring carbon atoms and the divalent
heterocyclic group having 5 to 30 ring atoms represented by
L'to L? of formulae (1)to (4) includes divalent residues of the
corresponding groups described above with respect to for-
mula (A).

[0195] Examples of the compounds represented by any of
formulae (1) to (4) are shown below. In the following struc-
tural formulae, the bond not terminated with a chemical sym-
bol or structure (for example, CN and benzene ring) denotes
a methyl group.

(A2)




US 2013/0234119 Al

Sep. 12,2013
54
-continued
(A3) (Ad)
N 2
N\ AN
N > N

(AT) (A8)




US 2013/0234119 Al

Sep. 12,2013
55

-continued

(A9) (A10)

(Al4)



US 2013/0234119 Al

Sep. 12,2013
56
-continued
(Al5) (A16)
N
N\ \
I
“
Na N

(A20)




US 2013/0234119 Al

57

-continued

(A21)

NZ |

N
ad
NIN
N |N
\
N,

(A31)

(A33)

NZ
N
7 N
N _2N
F. F
F F

Sep. 12,2013

(A22)

(A32)

(A34)



US 2013/0234119 Al

Sep. 12,2013
58
-continued
(A37) (A3%)
(A39) (A40)
NZ
N
NN
N P N
N.
F F
(A47) (A48)



US 2013/0234119 Al Sep. 12, 2013
59

-continued
(A49) (AS0)

(A51) (A52)

S
oMo H g
gw

ﬁf
eo <E

(A54)



US 2013/0234119 A1 Sep. 12,2013
60

-continued
(A55) (A56)

(A5T) (A59)




US 2013/0234119 Al Sep. 12, 2013
61

-continued
(A62) (A64)

(A67) (AG8)




US 2013/0234119 Al

Sep. 12,2013
62
-continued
an (A72)
v e
| AN
v
0
(A73) (A74)




Sep. 12,2013

US 2013/0234119 Al

63

-continued

(AT76)

(AT5)

(AT8)

(A8D)




US 2013/0234119 Al Sep. 12, 2013
64

-continued

(A82)

(A84)

(A94)

“ “
\N \N
N N



US 2013/0234119 Al Sep. 12, 2013
65

-continued
(A95) (A96)

(A97) (A98)




US 2013/0234119 A1 Sep. 12,2013




US 2013/0234119 A1 Sep. 12,2013

67
-continued
(A110) (A1)
(A13) (A114)
NZ “ |N N
N, N
S N A AN N
N / N, /






-
0 W© o W© m@m
DAY DAY O -
@IA/N a O \_/ . O
NO NO \|N/V\N
- O3 "o 0 W C

o
@ Q —
s Qﬁ% Y Q5 e
o8 P
o oo ©

(
»



(3

Sep. 12, 2013
é

v

Sa's

/v|

wg

US 2013/0234119 Al

/

uﬁ
X



US 2013/0234119 Al Sep. 12, 2013
71

-continued

@ CYg@
q**o C
O*Y@ N\N
-y O3 O~y
52 Ty
>



US 2013/0234119 Al Sep. 12, 2013

@ @
st &4

@ @



R o S=RE L=

| ” 50 Mr% W@k
OM\HTM 8 SR
g ° o I






US 2013/0234119 A1 Sep. 12,2013

0,0
® S o
:
O
e




Sep. 12,2013

US 2013/0234119 Al

76




US 2013/0234119 A1 Sep. 12,2013




US 2013/0234119 Al Sep. 12, 2013
78




Sep. 12,2013

US 2013/0234119 Al



Sep. 12,2013

US 2013/0234119 Al

80



Sep. 12,2013

US 2013/0234119 Al

81



Sep. 12,2013

US 2013/0234119 Al

82

-continued

/

SO



US 2013/0234119 A1 Sep. 12,2013




US 2013/0234119 A1 Sep. 12,2013




Sep. 12, 2013
N

oWe
C
0
oiline

85

-continued
N.
‘ﬁ/@ Q
. N

oI
O

US 2013/0234119 Al




US 2013/0234119 A1 Sep. 12,2013
86




US 2013/0234119 Al Sep. 12, 2013
87

-continued




US 2013/0234119 A1 Sep. 12,2013
88

-continued
O N, O
| N

A

»
O

eWe
®
S0
O
XX e
b 2.8
@ N©
& O
SUNe .. 0

Iii:
A »

o0 OOQQ
O @



US 2013/0234119 A1 Sep. 12,2013
89




Sep. 12,2013

920
O

inued
N
L
NN

£EL© ®
54

90

-conti
N,
@ YO S
NN

US 2013/0234119 Al

®
£
()

()
£
ON
WW&?O



US 2013/0234119 A1 Sep. 12,2013









US 2013/0234119 Al

94

Sep. 12,2013



Y
- ON© 0706
“Wfo Qo
B O \|N/V|N
. © o

e WM - = ﬁM o
R






US 2013/0234119 Al Sep. 12, 2013
97

(J (J

Se
®
O
L N/*F
0
e 3



US 2013/0234119 A1 Sep. 12,2013

o <
) ®
N 920
L

O




US 2013/0234119 A1 Sep. 12,2013
99




US 2013/0234119 Al Sep. 12, 2013
100

‘f * ‘r;@

@ é



US 2013/0234119 A1 Sep. 12,2013

f©

N O

> N
QOO . - OQ 5~

X e



_ N\@
NW\ NéN%

e
O

W

O



US 2013/0234119 A1 Sep. 12,2013
103
-continued
¢ L
N /N N /N
N, N,
N

©W© QWO

QO O
%@ w



e
Selvibece






A Oy & O &
o = Y o Y
MQQNO e 35 %é\b

% O [ Q, [ S [
| .0 O om@

= o

= ‘w ) 5 ﬁWN/ < ‘w . )

3 _ OO |T©O |T©Q

e S o









US 2013/0234119 Al Sep. 12, 2013
109

-continued

N VY N /N

220 P2 oo &
(L

3]

2o oo
See ‘o









US 2013/0234119 Al Sep. 12, 2013
112

-continued

N/‘ /lN
JC JC

20 P 2Nt o I
S8g (4

¢ ¢
\N |N\
N

A



55 S5 °f
ol Hhok @%‘LO
Re SRR, SRR, SRR

o ISW RN Vo
- % Q % Q e
Mm slS ol S Bt g o



US 2013/0234119 Al Sep. 12, 2013
114

-continued

O
/
0




COLC L e o
&) o .
Sage SR e
g <5 YU T
| o¥s
Q mto 90 % g
w0 T &
1 IS8 e
&‘% oN Hhg ST
S S0



. «p
SN
&

(<)
-
4

z—<\z/

-
OO

Z—

9

()
-
4

—Z

oY
&
O

S



US 2013/0234119 A1 Sep. 12,2013
SNe 0 e
A | N\ \N
NYN
!N

cNNS
2o P02
Q gss

G0 Gl

oo

/\/
-~ )</

\



Sep. 12,2013

US 2013/0234119 Al

SUe SUele @ao
5 o Piaa®
7N/ \ O O N\ O OO ”
LY ) St N
S0 g To gy
= e
DO QY STy @ao
O OO Q OO oSl S
wrmr O o
5 e S S IO



Nl
O ¢

4 .ﬁ‘ ﬁ,
oY



,1@

Qoo

*@@*b

QA. .
Faf o



\

US 2013/0234119 A1 Sep. 12,2013
121
-continued
1l |
O C T
N, N,
ﬁ i g






Sep. 12,2013

US 2013/0234119 Al

123

L)
@, )
7\ NO ON
CNYO O %NYO Om@
/) O
Ke Solne

. <
@, ) o S



US 2013/0234119 Al Sep. 12, 2013
124

O W

o0
. : x
yo  OF

L 0o

T QO
C

0



QA Q )
N\I/ON O 7\ O J
m@;o - Mué@@@

Z =
O~y _ S
4 O Q O \_ /"












Sep. 12,2013

US 2013/0234119 Al

129

-continued




Sep. 12,2013

US 2013/0234119 Al




12,2013

US 2013/0234119 Al

d SYS
® OO e
\IN/YN

SVe
MHN %
e \_/
U



US 2013/0234119 Al Sep. 12, 2013
132



US 2013/0234119 Al Sep. 12, 2013
133




2013/0234119 A1
134
-continued
N N
WV e SWNe
N /N N /N
T I

O OO

<Ws

DO é
O NQ
2






S We

oWy ) 1)

; O D /Nl \Nw
WV@O QLAQ

SWe' Q@Q
. X @ @N/ ' N



Sep. 12,2013
137
-continued
N
N, /N

OO

SOve

.m. @mmiqr



Sep. 12,2013

US 2013/0234119 Al



Sep. 12,2013

US 2013/0234119 Al

>
£ °
L)



Sep. 12,2013

US 2013/0234119 Al



OIA/Nl\N
DU

<¥¥s

»

aveavs

0
0D

g
0D



50
o]

C
ZQOZ

0
O

o

928
0
o



143
-continued
> QL
| x
N/ N N /N
- J
N
N, N

9 9
S0 &

928
O 9
&0 >0





















o g
@%w&@ > 9
oue @P\/NAOO@QN

#Q o

Ot § C
QMV OWV 2.5 09
@

-
>

S5

¢

a%e

g o %o g



‘““@
859
‘o Ao Yo

I
O %‘

208 \? 8 a2t N\ £

OO









US 2013/0234119 Al

154

Sep. 12,2013

-continued

VAR ‘O
—N

Organic EL Device

[0196] The organic EL device of the invention may include
a hole transporting layer, a light emitting layer, a space layer,
and a blocking layer. Each of these layers may contain a
compound similar to the first host material and the second
host material.

[0197] The light emitting material used in the light emitting
layer may include a fluorescent emitting material and a phos-
phorescent emitting material, with the phosphorescent emit-
ting material being preferred.

[0198] The organic EL device of the invention may be any
of a single color emitting device of fluorescent or phospho-
rescent type, a white-emitting device of fluorescent-phospho-
rescent hybrid type, an emitting device of a simple type hav-
ing a single emission unit, and an emitting device of a tandem
type having two or more emission units, with the phospho-
rescent device being preferred. The “emission unit” referred
to herein is the smallest unit for emitting light by the recom-
bination of injected holes and injected electrons, which com-
prises one or more organic layers wherein at least one layer is
a light emitting layer.

[0199] Representative device structures of the simple-type
organic EL device are shown below.

(1) Anode/Emission Unit/Cathode

[0200] The emission unit may be a laminate comprising
two or more layers selected from a phosphorescent light
emitting layer and a fluorescent light emitting layer. A space
layer may be disposed between the light emitting layers to
prevent the diffusion of excitons generated in the phospho-
rescent light emitting layer into the fluorescent light emitting
layer. Representative layered structures of the emission unit
are shown below.

(a) hole transporting layer/light emitting layer (/electron
transporting layer);

(b) hole transporting layer/first phosphorescent light emitting
layer/second phosphorescent light emitting layer (/electron
transporting layer);

(¢) hole transporting layer/phosphorescent light emitting
layer/space layer/fluorescent light emitting layer (/electron
transporting layer);

(d) hole transporting layer/first phosphorescent light emitting
layer/second phosphorescent light emitting layer/space layer/
fluorescent light emitting layer (/electron transporting layer);
(e) hole transporting layet/first phosphorescent light emitting
layer/space layer/second phosphorescent light emitting layer/
space layer/fluorescent light emitting layer (/electron trans-
porting layer);

(D) hole transporting layer/phosphorescent light emitting
layer/space layer/first fluorescent light emitting layer/second
fluorescent light emitting layer (/electron transporting layer);
(g) hole transporting layer/electron blocking layer/light emit-
ting layer (/electron transporting layer);

(h) hole transporting layer/light emitting layer/hole blocking
layer (/electron transporting layer); and

(1) hole transporting layer/fluorescent light emitting layer/
triplet blocking layer (/electron transporting layer).

[0201] The emission color of the phosphorescent light
emitting layer and that of the fluorescent light emitting layer
may be different. For example, the layered structure of the
laminated light emitting layer (d) may be hole transporting
layer/first phosphorescent light emitting layer (red emission)/
second phosphorescent light emitting layer (green emission)/
space layer/fluorescent light emitting layer (blue emission)/
electron transporting layer.

[0202] An electron blocking layer may be disposed
between the light emitting layer and the hole transporting
layer or between the light emitting layer and the space layer,
if necessary. Also, a hole blocking layer may be disposed
between the light emitting layer and the electron transporting
layer, if necessary. With such a electron blocking layer or a
hole blocking layer, electrons and holes are confined in the
light emitting layer to increase the degree of charge recom-
bination in the light emitting layer, thereby improving the
emission efficiency.

[0203] Representative device structure of the tandem-type
organic EL device is shown below.

(2) Anode/First Emission Unit/Intermediate Layer/Second
Emission Unit/Cathode

[0204] The layered structure of the first emission unit and
the second emission unit may be selected from those
described above with respect to the emission unit.
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[0205] Generally, the intermediate layer is also called an
intermediate electrode, an intermediate conductive layer, a
charge generation layer, an electron withdrawing layer, a
connecting layer, or an intermediate insulating layer. The
intermediate layer may be formed by known materials so as to
supply electrons to the first emission unit and holes to the
second emission unit.

[0206] A schematic structure of an example of the organic
EL device of the invention is shown in FIG. 1 wherein the
organic EL device 1 is constructed by a substrate 2, an anode
3, a cathode 4, and an emission unit 10 disposed between the
anode 3 and the cathode 4. The emission unit 10 includes a
light emitting layer 5 which comprises at least one layer
containing the first host compound, the second host com-
pound, and the light emitting material. A hole injecting/trans-
porting layer 6, etc. may be disposed between the light emit-
ting layer 5 and the anode 3, and an electron injecting/
transporting layer 7, etc. may be disposed between the light
emitting layer 5 and the cathode 4. An electron blocking layer
may be disposed on the anode 3 side of the light emitting layer
5, and a hole blocking layer may be disposed on the cathode
4 sideof the light emitting layer 5. With these blocking layers,
electrons and holes are confined in the light emitting layer S to
increase the degree of exciton generation in the light emitting
layer 5.

[0207] In the present invention, the host is referred to as a
fluorescent host when combinedly used with a fluorescent
dopant and as a phosphorescent host when combinedly used
with aphosphorescent dopant. Therefore, the fluorescent host
and the phosphorescent host are not distinguished from each
other merely by the difference in their molecular structures.
Namely, the term “phosphorescent host” means a material for
constituting a phosphorescent emitting layer containing a
phosphorescent dopant and does not mean that the material is
notusable as a material for constituting a fluorescent emitting
layer. The same also applies to the fluorescent host.

Substrate

[0208] Theorganic EL device of the invention is formed on
a light-transmissive substrate. The light-transmissive sub-
strate serves as a support for the organic EL device and
preferably a flat substrate having a transmittance of 50% or
more to 400 to 700 nm visible light. Examples of the substrate
include a glass plate and a polymer plate. The glass plate may
include a plate made of soda-lime glass, barium-strontium-
containing glass, lead glass, aluminosilicate glass, borosili-
cate glass, barium borosilicate glass, or quartz. The polymer
plate may include a plate made of polycarbonate, acryl, poly-
ethylene terephthalate, polyether sulfide, or polysulfone.

Anode

[0209] The anode of the organic EL device injects holes to
the hole transporting layer or the light emitting layer, and an
anode having a work function of 4.5 €V or more is effective.
Examples of material for anode include indium tin oxide alloy
(ITO), tin oxide (NESA), indium zinc oxide alloy, gold, sil-
ver, platinum, and cupper. The anode is formed by making the
electrode material into a thin film by a method, such as a vapor
deposition method or a sputtering method. When getting the
light emitted from the light emitting layer through the anode,
the transmittance of anode to visible light is preferably 10%
or more. The sheet resistance of anode is preferably several

Sep. 12,2013

hundreds /7 or less. The film thickness of anode depends
upon the kind of material and generally 10 nm to 1 pm,
preferably 10 to 200 nm.

Cathode

[0210] The cathode injects electrons to the electron inject-
ing layer, the electron transporting layer or the light emitting
layer, and preferably formed from a material having a small
work function. Examples of the material for cathode include,
but not limited to, indium, aluminum, magnesium, magne-
sium-indium alloy, magnesium-aluminum alloy, aluminum-
lithium alloy, aluminum-scandium-lithium alloy, and magne-
sium-silver alloy. Like the anode, the cathode is formed by
making the material into a thin film by a method, such as the
vapor deposition method and the sputtering method. The
emitted light may be taken from the cathode, if appropriate.

Light Emitting Layer

[0211] The light emitting layer is an organic layer having a
light emitting function and is formed from one or more layers,
wherein one of the layers comprises the first host material, the
second host material, and the light emitting material as
described above.

[0212] When the light emitting layer is composed of two or
more layers, the light emitting layer or layers other than that
mentioned above contains or contain a host material and a
dopant material when a doping system is employed. The
major function of the host material is to promote the recom-
bination of electrons and holes and confine excitons in the
light emitting layer. The dopant material causes the excitons
generated by recombination to emit light efficiently.

[0213] In case of a phosphorescent device, the major func-
tion of the host material is to confine the excitons generated
on the dopant in the light emitting layer.

[0214] The light emitting layer may be made into a double
dopant layer, in which two or more kinds of dopant materials
having high quantum yield are combinedly used and each
dopant material emits light with its own color. For example, to
obtain a yellow emission, a light emitting layer formed by
co-depositing a host, a red-emitting dopant and a green-emit-
ting dopant is used.

[0215] In a laminate of two or more light emitting layers,
electrons and holes are accumulated in the interface between
the light emitting layers, and therefore, the recombination
region is localized in the interface between the light emitting
layers, to improve the quantum efficiency.

[0216] The light emitting layer may be different in the hole
injection ability and the electron injection ability, and also in
the hole transporting ability and the electron transporting
ability each being expressed by mobility.

[0217] Thelight emitting layer is formed, for example, by a
known method, such as a vapor deposition method, a spin
coating method, and LB method. Alternatively, the light emit-
ting layer may be formed by making a solution of a binder,
suich as resin, and the material for the light emitting layer in a
solvent into a thin film by a method such as spin coating.

[0218] The light emitting layer is preferably a molecular
deposit film. The molecular deposit film is a thin film formed
by depositing a vaporized material or a film formed by solidi-
fying a material in the state of solution or liquid. The molecu-
lar deposit film can be distinguished from a thin film formed
by LB method (molecular build-up film) by the differences in
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the assembly structures and higher order structures and the _continued
functional difference due to the structural differences.

[0219] The content ratio of the first host material and the
second host material in the light emitting layer is not particu-
larly limited and may be selected accordingly, and the ratio of
first host material:second host material is preferably 1:99 to
99:1, more preferably 10:90 to 90:10, each based on mass.

[0220] The phosphorescent dopant (phosphorescent emit-
ting material) is a compound which emits light by releasing
the energy of excited triplet state and preferably a organome-
tallic complex comprising at least one metal selected from Ir,
Pt, Os, Au, Cu, Re, and Ru and a ligand, although not par-
ticularly limited thereto as long as emitting light by releasing
the energy of excited triplet state. A ligand having an ortho
metal bond is preferred. In view of obtaining a high phospho-
rescent quantum yield and further improving the external
quantum efficiency of electroluminescence device, a metal
complex comprising a metal selected from Ir, Os, and Pt is
preferred, with iridium complex, osmium complex, and plati-
num, particularly an ortho metallated complex thereof being

more preferred, iridium complex and platinum complex )
being still more preferred, and an ortho metallated iridium /{

complex being particularly preferred.

[0221] The content of the phosphorescent dopant in the
light emitting layer is not particularly limited and selected
according to the use of the device, and preferably 0.1 to 70%
by mass, and more preferably 1to 30% by mass. I[f being 0.1%
by mass or more, the amount of light emission is sufficient. If
being 70% by mass or less, the concentration quenching can
be avoided.

[0222] Preferred examples of the organometallic complex
usable as the phosphorescent dopant are shown below.
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[0223] The phosphorescent dopants may be used alone or
in combination of two or more.

[0224] The emission wavelength of the phosphorescent
dopant used in the light emitting layer is not particularly
limited. In a preferred embodiment, at least one of the phos-
phorescent dopants used in the light emitting layer has the
peak of emission wavelength of preferably 490 nm or longer
and 700 nm or shorter and more preferably 490 nm or longer
and 650 nm or shorter.

[0225] The phosphorescent host is a compound which con-
fines the triplet energy of the phosphorescent dopant effi-
ciently in the light emitting layer to cause the phosphorescent
dopant to emit light efficiently. In addition to the first host
material and the second host material, other compounds may
be used as the phosphorescent host in the organic EL device of
the invention according to the use of the device.

[0226] The first host material, the second host material and
a compound other than those may be combinedly used in the
same light emitting layer as the phosphorescent host material.
If two or more light emitting layers are formed, the first host
material and the second host material can be used in one light
emitting layer as the phosphorescent host material and a
compound other than the first host material and the second
host material can be used in another light emitting layer as the
phosphorescent host material. The first host material and the
second host material may be used in an organic layer other
than the light emitting layer.

[0227] Examples of the compounds other than the first host
material and the second host material, which are suitable as
the phosphorescent host, include a carbazole derivative, a
triazole derivative, a oxazole derivative, an oxadiazole deriva-
tive, an imidazole derivative, a polyarylalkane derivative, a
pyrazoline derivative, a pyrazolone derivative, a phenylene-
diamine derivative, an arylamine derivative, an amino-substi-
tuted 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 meth-
ylidene compound, a porphyrin compound, an anthraquin-
odimethane derivative, an anthrone derivative, a diphe-
nylquinone derivative, a thiopyran dioxide derivative, a
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carbodiimide derivative, a fluorenylidenemethane derivative,
a distyrylpyrazine derivative, a tetracarboxylic anhydride of
fused ring such as naphthalene and perylene, a phthalocya-
nine derivative, a metal complex of 8-quinolinol derivative,
metal phthalocyanine, metal complexes having a ligand such
as benzoxazole and benzothiazole, an electroconductive oli-
gomer, such as a polysilane compound, a poly(N-vinylcarba-
zole) derivative, an aniline copolymer, thiophene oligomer,
and a polythiophene, and a polymer such as a polythiophene
derivative, a polyphenylene derivative, a polyphenylenevi-
nylene derivative, and a polyfluorene derivative. These phos-
phorescent hosts other than the first host material and the
second host material may be used alone or in combination of
two or more. Specific examples thereof are shown below.

Joof
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[0228] The thickness of the light emitting layer is prefer-
ably 5 to 50 nm, more preferably 7 to 50 nm, and still more
preferably 10 to 50 nm. If being 5 nm or more, the light
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emitting layer is easily formed. If being 50 nm or less, the
increase in driving voltage is avoided.

Electron-Donating Dopant

[0229] Ttis preferred for the organic EL device of the inven-
tion to contain an electron-donating dopant in the interfacial
region between the cathode and the light emitting unit. With
such a construction, the organic EL, device has an improved
luminance and an elongated lifetime. The electron-donating
dopant is a metal having a work function of 3.8 eV or less or
acompound containing such metal. Examples thereofinclude
atleast one compound selected from alkali metal, alkali metal
complex, alkali metal compound, alkaline earth metal, alka-
line earth metal complex, alkaline earth metal compound,
rare earth metal, rare earth metal complex, and rare earth
metal compound.

[0230] Examples ofthe alkali metal include Na (work func-
tion: 2.36 eV), K (work function: 2.28 eV), Rb (work func-
tion: 2.16 V), and Cs (work function: 1.95 eV), with those
having a work function of 2.9 eV or less being particularly
preferred. Of the above, preferred are K, Rb, and Cs, more
preferred are Rb and Cs, and most preferred is Cs. Examples
ofthe alkaline earth metal include Ca (work function: 2.9 eV),
Sr (work function: 2.0to 2.5 V), and Ba (work function: 2.52
eV), with those having a work function 0f 2.9 eV or less being
particularly preferred. Examples of the rare earth metal
include Sc, Y, Ce, Th, and Yb, with those having a work
function of 2.9 eV or less being particularly preferred.
[0231] Examples of the alkali metal compound include
alkali oxide, such as Li,0, Cs,0,K,0, and alkali halide, such
as LiF, NaF, CsF, and KF, with LiF, Li,0, and NaF being
preferred. Examples of the alkaline earth metal compound
include BaO, SrO, CaQ, and mixture thereof, such as BaxSr, _
=0 (0<x<1) and Ba,CA, O (0<x<l), with BaO, SrO, and
CaO being preferred. Examples of the rare earth metal com-
pound include YbF,, ScF;, ScO;, Y,0,, Ce,O;, GdF;, and
TbF,, with YbF;, ScF,, and TbF, being preferred.

[0232] Examples of the alkali metal complex, alkaline earth
metal complex, and rare earth metal are not particularly lim-
ited as long as containing at least one metal ion selected from
alkali metal ions, alkaline earth metal ions, rare earth metal
ions, respectively. The ligand is preferably, but not limited to,
quinolinol, benzoquinolinol, acridinol, phenanthridinol,
hydroxyphenyloxazole, hydroxyphenylthiazole, hydroxydi-
aryloxadiazole, hydroxydiarylthiadiazole, hydroxyphe-
nylpyridine, hydroxyphenylbenzimidazole, hydroxybenzot-
riazole, hydroxyfulborane, bipyridyl, phenanthroline,
phthalocyanine, porphyrin, cyclopentadiene, p-diketones,
azomethines, and derivative thereof.

[0233] The electron-donating dopant is added to the inter-
facial region preferably into a form of layer or island. The
electron-donating dopant 1s added preferably by co-deposit-
ing the electron-donating dopant with the organic compound
(light emitting material, electron injecting material, etc.) for
forming the interfacial region by a resistance heating deposi-
tion method, thereby dispersing the electron-donating dopant
into the organic material. The disperse concentration
expressed by the molar ratio of the organic material and the
electron-donating dopant is 100:1 to 1:100 and preferably 5:1
to 1:5,

[0234] When the electron-donating dopant is formed into a
form of layer, a light emitting material or an electron injecting
material is made into a layer which serves as an organic layer
in the interface, and then, the electron-donating dopant alone
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is deposited by a resistance heating deposition method into a
layer having a thickness preferably 0.1 to 15 nm. When the
electron-donating dopant is formed into a form of island, a
light emitting material or an electron injecting material is
made into a form of island which serves as an organic layer in
the interface, and then, the electron-donating dopant alone is
deposited by a resistance heating deposition method into a
form of island having a thickness preferably 0.05 to 1 nm.
[0235] The molar ratio of the main component and the
electron-donating dopant in the organic electroluminescence
device of the invention is preferably 5:1 to 1:5 and more
preferably 2:1 to 1:2.

Electron Transporting Layer

[0236] The electron transporting layer is an organic layer
disposed between the light emitting layer and the cathode and
transports electrons from the cathode to the light emitting
layer. If two or more electron transporting layers are pro-
vided, the organic layer closer to the cathode may be called an
electron injecting layer in some cases. The electron injecting
layer injects electrons from the cathode to the organic layer
unit efficiently.

[0237] An aromatic heterocyclic compound having one or
more heteroatoms in its molecule is preferably used as the
electron transporting material for the electron transporting
layer, with a nitrogen-containing ring derivative being par-
ticularly preferred. The nitrogen-containing ring derivative is
preferably an aromatic ring compound having a nitrogen-
containing 6- or 5-membered ring or a condensed aromatic
ring compound having a nitrogen-containing 6- or 5-mem-
bered ring.

[0238] The nitrogen-containing ring derivative is prefer-
ably, for example, a chelate metal complex having a nitrogen-
containing ring represented by formula (AA).

N
.M—O0—L

[0239] R?to R” of formula (AA) each independently rep-
resent a hydrogen atom, a a deuterium atom, a halogen atom,
a hydroxyl group, an amino group, a hydrocarbon group
having 1 to 40 carbon atoms, an alkoxy group having 1 to 40
carbon atoms, an aryloxy group having 6 to 50 carbon atoms,
an alkoxycarbonyl group, or a heterocyclic group having 5 to
50 carbon atoms, each being optionally substituted.

[0240] The halogen atom may include fluorine, chlorine,
bromine, and iodine.

[0241] The substituted amino group may include an alky-
lamino group, an arylamino group, and an aralkylamino
group.

[0242] The alkylamino group and the aralkylamino group
are represented by —NQ'Q?, wherein Q" and Q? each inde-
pendently represent an alkyl group having 1 to 20 carbon
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atoms or an aralkyl group having 1 to 20 carbon atoms. One
of Q' and Q* may be a hydrogen atom or a deuterium atom.
[0243] The arylamino group is represented by —NAr'Ar?,
wherein Ar' and Ar* each independently represent a non-
condensed aromatic hydrocarbon group or a condensed aro-
matic hydrocarbon group each having 6 to 50 carbon atoms.
One of Ar' and Ar* may be a hydrogen atom or a deuterium
atom.

[0244] Thehydrocarbon group having 1 to 40 carbon atoms
may include an alkyl group, an alkenyl group, a cycloalkyl
group, an aryl group, and an aralkyl group.

[0245] The alkoxycarbonyl group is represented by
—COOY', whereinY' is an alkyl group having 1 to 20 carbon
atoms.

[0246] M of formula (AA)is aluminum (Al), gallium (Ga),
or indium (In), with In being preferred.

[0247] L offormula(AA)isagroup represented by formula
(AYor (A"):

A
" . (A)
RIO
RI2 R
(A"
RIS
RY RIS
A
R S RV
Rl 8 Rl 9
—si R0
R2 R2!
RY RS
AN
R a R*
R

[0248] R®toR'?informula (A") each independently repre-
sent a hydrogen atom, a deuterium atom, or a substituted or
unsubstituted hydrocarbon group having 1 to 40 carbon
atoms. The adjacent two groups may form a ring structure.
R'? to R?7 in formula (A") each independently represent a
hydrogen atom, a deuterium atom, or a substituted or unsub-
stituted hydrocarbon group having 1 to 40 carbon atoms. The
adjacent two groups may form a ring structure.

[0249] Examples of the hydrocarbon group having 1 to 40
carbon atoms for R® to R*? and R to R*” in formulae (A") and
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(A" are the same as those described above with respect to R?
to R7 of formula (A). Examples of the divalent group formed
by the adjacent two groups of R® to R*? and R*® to R*” which
completes the ring structure include tetramethylene group,
pentamethylene group, hexamethylene group, diphenyl-
methane-2,2'-diyl group, diphenylethane-3,3'-diyl group, and
diphenylpropane-4,4'-diyl group.

[0250] Theelectron transporting compound for the electron
transporting layer is preferably a metal complex including
8-hydroxyquinoline or its derivative, an oxadiazole deriva-
tive, and a nitrogen-containing heterocyclic derivative.
Examples of the metal complex including 8-hydroxyquino-
line or its derivative include a metal chelate oxinoid including
a chelated oxine (generally, 8-quinolinol or 8-hydroxyquino-
line), for example, tris(8-quinolinol)aluminum. Examples of
the oxadiazole derivative are shown below.

e

[0251] In the above formulae, each of Ar'”, Ar'® Ar'®
Ar?t, Ar*?, and Ar® is a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted con-
densed aromatic hydrocarbon group each having 6 to 50
carbon atoms, and Ar'” and Ar'®, Ar'® and Ar**, and Ar*? and
Ar® may be the same or different. Examples of the aromatic
hydrocarbon group and the condensed aromatic hydrocarbon
group include phenyl group, naphthyl group, biphenyl group,
anthranyl group, perylenyl group, and pyrenyl group. The
optional substituent may be an alkyl group having 1 to 10
carbon atoms, an alkoxyl group having 1 to 10 carbon atoms
Or a cyano group.

[0252] Each of Ar*°, Ar®, and Ar** is a substituted or
unsubstituted bivalent aromatic hydrocarbon group or a sub-
stituted or unsubstituted bivalent condensed aromatic hydro-
carbon group each having 6 to 50 carbon atoms, and Ar*® and
Ar** may be the same or different. Examples of the bivalent
aromatic hydrocarbon group or the bivalent condensed aro-
matic hydrocarbon group include phenylene group, naphth-
ylene group, biphenylene group, anthranylene group, peryle-
nylene group, and pyrenylene group. The optional substituent
may be an alkyl group having 1 to 10 carbon atoms, an alkoxyl
group having 1 to 10 carbon atoms or a cyano group.

[0253] Electron transporting compounds which have a
good thin film-forming property are preferably used.
Examples of the electron transporting compound are shown
below.
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[0254] Examples of the nitrogen-containing heterocyclic
derivative for use as the electron transporting compound
include a nitrogen-containing heterocyclic derivative having
the following formulae but exclusive of metal complex, for
example, a compound having a 5- or 6-membered ring which
has the skeleton represented by formula (B) or having the
structure represented by formula (C).

B)
N
an
€
, )|(‘ \
! 2
\\_ N, ,Z

[0255] In formula (C), X is a carbon atom or a nitrogen
atom. Z, and Z, each independently represent a group of
atoms for completing the nitrogen-containing heteroring.

[0256] The nitrogen-containing heterocyclic derivative is
more preferably an organic compound which has a nitrogen-
containing aromatic polycyclic ring comprising a 5-mem-
bered ring or a 6-membered ring. If two or more nitrogen
atoms are included, the nitrogen-containing aromatic poly-
cyclic compound preferably has a skeleton of a combination
of (B) and (C) or a combination of (B) and (D).

@
N
7N
[0257] The nitrogen-containing group of the nitrogen-con-
taining aromatic polycyclic compound is selected, for

example, from the nitrogen-containing heterocyclic groups
shown below.
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[0258] Inthe above formulae, R is an aromatic hydrocarbon
group or a condensed aromatic hydrocarbon group each hav-
ing 6 to 40 carbon atoms, an aromatic heterocyclic group ora
condensed aromatic heterocyclic group each having 3 to 40
carbon atoms, an alkyl group having 1 to 20 carbon atoms, or
an alkoxy group having 1 to 20 carbon atoms; and n is an
integer of 0 to 5. If nis an integer of 2 or more, R groups may
be the same or different.

[0259] More preferred is a nitrogen-containing heterocy-
clic derivative represented by the following formula:

HAr-LL-Ar'-Ar (D1)
wherein HAr is a substitute or unsubstituted nitrogen-con-
taining heterocyclic group having 3 to 40 carbon atoms; L' is
a single bond, a substituted or unsubstituted aromatic hydro-
carbon group or condensed aromatic hydrocarbon group each
having 6 to 40 carbon atoms, or a substituted or unsubstituted
aromatic heterocyclic group or condensed aromatic hetero-
cyclic group each having 3 to 40 carbon atoms; Ar' is a
substitute or unsubstituted divalent aromatic hydrocarbon
group having 6 to 40 carbon atoms; and Ar* is a substitute or
unsubstituted aromatic hydrocarbon group or condensed aro-
matic hydrocarbon group each having 6 to 40 carbon atoms or
a substituted or unsubstituted aromatic heterocyclic group or
condensed aromatic heterocyclic group each having 3 to 40
carbon atoms.

[0260] HAr of formula (D1) is selected, for example, from
the following groups:

\ /"

\ /
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[0261] I.'offormula(D1)is selected, forexample, from the
following groups:

-

[0262] Ar' of formula (D1) is selected, for example, from
the following arylanthranyl groups represented by formula
(D2) or (D3):

166
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[0263] In the above formulae (D2) and (D3), R! to R** are
each independently a hydrogen atom, a deuterium atom, a
halogen atom, an alkyl group having 1 to 20 carbon atoms, an
alkoxy group having 1 to 20 carbon atoms, an aryloxy group
having 6 to 40 carbon atoms, a substituted or unsubstituted
aromatic hydrocarbon group or condensed aromatic hydro-
carbon group each having 6 to 40 carbon atoms, or a substi-
tuted or unsubstituted aromatic heterocyclic group or con-
densed aromatic heterocyclic group each having 3 to 40
carbon atoms; and Ara is a substituted or unsubstituted aro-
matic hydrocarbon group or condensed aromatic hydrocar-
bon group each having 6 to 40 carbon atoms or a substituted
or unsubstituted aromatic heterocyclic group or condensed
aromatic heterocyclic group each having 3 to 40 carbon
atoms. R'- to R® may be all selected from a hydrogen atom
and a deuterium atom.

[0264] Ar® of formula (D1) is selected, for example, from
the following groups:

00
3 %

[0265]

In addition, the following compound is preferably

used as the nitrogen-containing aromatic polycyclic com-
pound for use as the electron transporting compound.
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[0266] In the formula (D4), R, to R, each independently
represent ahydrogen atom, a deuterium atom, a substituted or
unsubstituted aliphatic group having 1 to 20 carbon atoms, a
substituted or unsubstituted alicyclic group having 3 to 20
carbon atoms, a substituted or unsubstituted aromatic group
having 6 to 50 carbon atoms, or a substituted or unsubstituted
heterocyclic group having 3 to 50 carbon atoms; and X, and
X, each independently represent an oxygen atom, a sulfur
atom, or dicyanomethylene group.

[0267] Further, the following compound is also suitable as
the electron transporting compound.

Rl H H [0)
\ < > || O
N C=CcC
’ @,
R2

[0268] In the formula (D5), R, R% R?, and R* may be the
same or different and each represents an aromatic hydrocar-
bon group or a condensed aromatic hydrocarbon group each
represented by the following formula (D6):

(D6)

[0269] Inthe formula (D6), R? R% R”, R®, and R® may be
the same or different and each represents a hydrogen atom, a
deuterium atom, a saturated or unsaturated alkoxyl group
having 1 to 20 carbon atoms, a saturated or unsaturated alkyl
group having 1 to 20 carbon atoms, an amino group, or an
alkylamino group having 1 to 20 carbon atoms. At least one of
R? R R, R®, and R’ is a group other than hydrogen atom
and deuterium atom.

[0270] Further, a polymer having the nitrogen-containing
heterocyclic group or the nitrogen-containing heterocyclic
derivative is also usable as the electron transporting com-
pound.

[0271] Itis particularly preferred for the electron transport-
ing layer of the organic EL of the invention to contain at least
one of the nitrogen-containing heterocyclic derivatives rep-
resented by the following formulae (E) to (G).
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[0272] In the formulae () to (G), Z*, 7%, and 7> each
independently represent a nitrogen atom or a carbon atom.
[0273] R and R? each independently represent a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted heteroaryl group having
5 to 50 ring atoms, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
haloalkyl group having 1 to 20 carbon atoms, or a substituted
or unsubstituted alkoxyl group having 1 to 20 carbon atoms.
[0274] The subscript n is an integer of 0 to 5. If n is an
integer of 2 or more, R* groups may be the same or different
from each other. The adjacent two R' groups may bond to
each other to form a substituted or unsubstituted hydrocarbon
ring.

[0275] Ar' represents a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms or a substituted or
unsubstituted heteroaryl group having 5 to 50 ring atoms.
[0276] Ar* represents a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted haloalkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted alkoxyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.
[0277] However, one of Ar' and Ar* is a substituted or
unsubstituted condensed aromatic hydrocarbon group having
10 to 50 ring carbon atoms or a substituted or unsubstituted
condensed aromatic heterocyclic group having 9 to 50 ring
atoms.

[0278] Ar’ represents asubstituted or unsubstituted arylene
group having 6 to 50 ring carbon atoms or a substituted or
unsubstituted heteroarylene group having 5 to 50 ring atoms.
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[0279] L.!,17 andI?each independently represent asingle
bond, a substituted or unsubstituted arylene group having 6 to
50 ring carbon atoms or a substituted or unsubstituted diva-
lent condensed aromatic heterocyclic group having 9 to 50
ring atoms.

[0280] Examples of the aryl group having 6 to 50 ring
carbon atoms include phenyl group, naphthyl group, anthryl
group, phenanthryl group, naphthacenyl group, chrysenyl
group, pyrenyl group, biphenyl group, terphenyl group, tolyl
group, fluoranthenyl group, and fluorenyl group.

[0281] Examples of the heteroaryl group having 5 to 50 ring
atoms include pyrrolyl group, furyl group, thienyl group,
silolyl group, pyridyl group, quinolyl group, isoquinolyl
group, benzofuryl group, imidazolyl group, pyrimidyl group,
carbazolyl group, selenophenyl group, oxadiazolyl group,
triazolyl group, pyrazinyl group, pyridazinyl group, triazinyl
group, quinoxalinyl group, acridiny] group, imidazo[1,2-a]
pyridinyl group, and imidazo[1,2-a]pyrimidinyl.

[0282] Examples of the alkyl group having 1 to 20 carbon
atoms include methyl group, ethyl group, propyl group, butyl
group, pentyl group, and hexyl group.

[0283] Examples of the haloalkyl group having 1 to 20
carbon atoms include the groups obtained by replacing one or
more hydrogen atoms of the alkyl group mentioned above
with at least one halogen atom selected from fluorine, chlo-
rine, iodine, and bromine.

[0284] Examples of the alkyl moiety of the alkoxyl group
having 1 to 20 carbon atoms include the alkyl group men-
tioned above.

[0285] Examples of the arylene groups include the groups
obtained by removing one hydrogen atom from the aryl group
mentioned above.

[0286] Examples of the divalent condensed aromatic het-
erocyclic group having 9 to 50 ring atoms include the groups
obtained by removing one hydrogen atom from the con-
densed aromatic heterocyclic group mentioned above as the
heteroaryl group.

[0287] The thickness of the electron transporting layer is
preferably 1 to 100 nm, although not particularly limited
thereto.

[0288] The electron injecting layer which may be formed
adjacent to the electron transporting layer preferably includes
an inorganic compound, such as an insulating material and a
semiconductor in addition to the nitrogen-containing ring
derivative. The insulating material or semiconductor incot-
porated into the electron injecting layer effectively prevents
the leak of electric current to enhance the electron injecting
properties.

[0289] The insulating material is preferably at least one
metal compound selected from the group consisting of alkali
metal chalcogenides, alkaline earth metal chalcogenides,
alkali metal halides and alkaline earth metal halides. The
alkali metal chalcogenide, etc. incorporated into the electron
injecting layer further enhances the electron injecting prop-
erties. Preferred examples of the alkali metal chalcogenides
include Li,0, K,O, Na,S, Na,Se and Na,O, and preferred
examples of the alkaline earth metal chalcogenides include
Ca0, Ba0, SrO, BeO, BaS and CaSe. Preferred examples of
the alkali metal halides include LiF, NaF, KF, LiCl, KC1 and
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NaCl. Examples of the alkaline earth metal halides include
fluorides such as CaF,, BaF,, SrF,, MgF, and BeF, and
halides other than fluorides.

[0290] Examples of the semiconductor may include oxide,
nitride or oxynitride each containing at least one element
selected from the group consisting of Ba, Ca, Sr, Yb, Al, Ga,
In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn. The semiconductor may
be used singly or in combination of two or more. The inor-
ganic compound forming the electron injecting layer prefer-
ably forms a microcrystalline or amorphous insulating thin
film. When the electron injecting layer is formed from such an
insulating thin film, the thin film is made more uniform to
decrease the pixel defects such as dark spots. Examples of
such inorganic compound include alkali metal chalco-
genides, alkaline earth metal chalcogenides, alkali metal
halides and alkaline earth metal halide, each being described
above.

[0291] The thickness of the layer including the insulating
material or the semiconductor is preferably about 0.1 to 15
nm. The electron injecting layer may be included with the
electron-donating dopant described above.

Hole Transporting Layer

[0292] The hole transporting layer is an organic layer
formed between the light emitting layer and the anode and has
a function of transporting holes from the anode to the light
emitting layer. When the hole transporting layer is formed by
two or more layers, the layer closer to the anode may be
defined as the hole injecting layer in some cases. The hole
injecting layer has a function of efficiently injecting holes
from the anode to the organic layer unit.

[0293] An aromatic amine compound, for example, the
aromatic amine derivative represented by formula (H), is also
preferably used as the material for forming the hole transport-
ing layer.

(H)
Ar! A
\ /
/I\—L—N
AP At

[0294] In the formula (H), each of Ar' to Ar* represents a
substituted or unsubstituted aromatic hydrocarbon group or
condensed aromatic hydrocarbon group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aromatic hetero-
cyclic group or condensed aromatic heterocyclic group hav-
ing 5 to 50 ring atoms, or a group wherein the aromatic
hydrocarbon group or condensed aromatic hydrocarbon
group and the aromatic heterocyclic group or condensed aro-
matic heterocyclic group are boned to each other.

[0295] L represents a substituted or unsubstituted aromatic
hydrocarbon group or condensed aromatic hydrocarbon
group each having 6 to 50 ring carbon atoms or a substituted
or unsubstituted aromatic heterocyclic group or condensed
aromatic heterocyclic group each having 5 to 50 ring atoms.

[0296] Specific examples of the compound represented by
the formula (H) are shown below.
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[0297] The aromatic amine represented by the formula (J)
is also preferably used as the material for forming the hole
transporting layer.

0

[0298] Inthe formula (J), each of Ar' to Ar® is defined inthe
same manner as in the definition of Ar' to Ar* of the formula
(H). The specific examples of the compounds represented by
the formula (J) are shown below, although not limited thereto.
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[0299] Theholetransporting layer of the organic EL device
of the invention may be made into two-layered structure of a
first hole transporting layer (anode side) and a second hole
transporting layer (cathode side).

[0300] The thickness of the hole transporting layer is pref-
erably 10 to 200 nm, although not particularly limited thereto.

[0301] The organic EL device of the invention may have a
layer comprising an acceptor material which is attached to the
anode side of each of the hole transporting layer and the first
hole transporting layer. With such a layer, it is expected that
the driving voltage is lowered and the production cost is
reduced.
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[0302] The acceptor material is preferably a compound
represented by the formula (K):

X
Ry
Ry
Ny
N NG
;[
N N Rs
N
Z
Ros
Ryy

wherein R,; to R, may be the same or different and each
independently represent a cyano group, —CONH,, a car-
boxyl group, or —COOR,, wherein R, represents an alkyl
group having 1 to 20 carbon atoms or a cycloalkyl group
having 3 to 20 carbon atoms. One or more of a pair of R, and
R,,, apair of R,; and R,,, and a pair of R, and R, may bond
to each other to form a group represented by —CO—O—
CO—.

[0303] Examples of R, include methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group, isobutyl
group, t-butyl group, cyclopentyl group, and cyclohexyl
group.

[0304] The thickness of the layer comprising the acceptor
material is preferably 5 to 20 nm, although not particularly
limited thereto.

N/P Doping

[0305] The carrier injecting properties of the hole trans-
porting layer and the electron transporting layer can be con-
trolled by, as described in JP 3695714B, the doping (n) with
a donor material or the doping (p) with an acceptor material.

[0306] A typical example of the n-doping is an electron
transporting material doped with a metal, such as Li and Cs,
and a typical example of the p-doping is a hole transporting
material doped with an acceptor material such as, F,TCNQ
(2,3,5,6-tetrafluoro-7,7,8 8-tetracyanoquinodimethane).

Space Layer

[0307] For example, in an organic ELL device wherein a
fluorescent light emitting layer and a phosphorescent light
emitting layer are laminated, a space layer is disposed
between the fluorescent light emitting layer and the phospho-
rescent light emitting layer to prevent the diffusion of exci-
tons generated in the phosphorescent light emitting layer to
the fluorescent light emitting layer or to control the carrier
balance. The space layer may be disposed between two or
more phosphorescent light emitting layers.

[0308] Since the space layer is disposed between the light
emitting layers, a material combining the electron transport-
ing ability and the hole transporting ability is preferably used
for forming the space layer. To prevent the diffusion of triplet
energy in the adjacent phosphorescent light emitting layer,
the triplet energy of the material for the space layer is prefer-
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ably 2.6 eV or more. The materials described with respect to
the hole transporting layer are usable as the material for the
space layer.

Blocking Layer

[0309] The organic EL device of the invention preferably
has a blocking layer, such as an electron blocking layer, a hole
blocking layer, and a triplet blocking layer, which is disposed
adjacent to the light emitting layer. The electron blocking
layer is a layer which prevents the diffusion of electrons from
the light emitting layer to the hole transporting layer. The hole
blocking layer is a layer which prevents the diffusion ofholes
from the light emitting layer to the electron transporting layer.
The material for organic EL device of the invention is also
usable as the material for the hole blocking layer.

[0310] The triplet blocking layer prevents the diffusion of
triplet excitons generated in the light emitting layer to adja-
cent layers and has a function of confining the triplet excitons
in the light emitting layer, thereby preventing the deactivation
of energy on molecules other than the emitting dopant of
triplet excitons, for example, on molecules in the electron
transporting layer.

[0311] Ifaphosphorescent device having a triplet blocking
layer satisfies the following energy relationship:

T _pT
E'<E'r

wherein E”, is the triplet energy of the phosphorescent dopant
in the light emitting layer and E%,, is the triplet energy of the
compound forming the triplet blocking layer,

the triplet excitons of phosphorescent dopant are confined
(not diffuse to other molecules). Therefore, the energy deac-
tivation process other than the emission on the phosphores-
cent dopant may be prevented to cause the emission with high
efficiency. However, even in case of satisfying the relation-
ship of EZ,<B% . the triplet excitons may move into other
molecules if the energy difference (AE"=E”,-E” ) is small,
because the energy difference AE” may be overcome by the
absorption of ambient heat energy when driving a device at
around room temperature as generally employed in practical
drive of device. As compared with the fluorescent emission,
the phosphorescent emission is relatively likely to be affected
by the diffusion of'excitons due to the heat absorption because
the lifetime of triplet excitons is longer. Therefore, as for the
energy difference AE7, the larger as compared with the heat
energy of room temperature, the better. The energy difference
LET is more preferably 0.1 eV or more and particularly
preferably 0.2 eV or more.

[0312] The electron mobility of the material for the triplet
blocking layer is preferably 10~° cm?/Vs or more at an elec-
tric field strength in a range 0f 0.04 to 0.5 MV/cm. There are
several methods for measuring the electron mobility of
organic material, for example, Time of Flight method. In the
present invention, the electron mobility is determined by
impedance spectroscopy.

[0313] The electron mobility of the electron injecting layer
is preferably 10~° cm®/V's or more at an electric field strength
in a range of 0.04 to 0.5 MV/cm. Within the above range, the
injection of electrons from the cathode to the electron trans-
porting layer is promoted and the injection of electrons to the
adjacent blocking layer and light emitting layer is also pro-
moted, thereby enabling to drive a device at lower voltage.
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EXAMPLES

[0314] The present invention will be described in more
detail with reference to the examples. However, it should be
noted that the scope of the invention is not limited to the
following examples.

Synthesis of Material for Organic EL Device
Synthesis Example 1
Synthesis of Compound H1
Synthesis Example (1-1)

Synthesis of Intermediate 1

[0315]

0N Pd(PPhs)s

Na,COj aq
+ (HO)B _—
Br Br toluene

O,N

Intermediate 1

[0316] Inargon stream, a mixture obtained by successively
mixing 2-nitro-1,4-dibromobenzene (11.2 g, 40 mmol), phe-
nylboronic acid (4.9 g, 40 mmol), tetrakis(triphenylphos-
phine)palladium (1.39 g, 1.2 mmol), toluene (120 mL), and a
2M aqueous solution of sodium carbonate (60 mL) was
refluxed under heating for 8 h.

[0317] After cooling the reaction liquid to room tempera-
ture, the organic layer was separated and the organic solvent
was removed from the organic layer by distillation under
reduced pressure. The obtained residue was purified by a
silica gel column chromatography to obtain the intermediate
1(6.6 g, yield: 59%). The identification of the intermediate 1
was made by FD-MS (field desorption mass spectrometry)
analysis.

Synthesis Example (1-2)

Synthesis of Intermediate 2
[0318]

H
N
Br
) PPh;
Intermediate | ———»
0-DCB

Intermediate 2

[0319] Inargon stream, a mixture obtained by successively
mixing the intermediate 1 (6.6 g, 23.7 mmol), triphenylphos-
phine (15.6 g, 59.3 mmol), and o-dichlorobenzene (24 mL)
was heated at 180° C. for 8 h.
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[0320] After cooling the reaction liquid to room tempera- _continued

ture, the reaction product was purified by a silica gel column NC
chromatography to obtain the intermediate 2 (4 g, yield:

68%). The identification of the intermediate 2 was made by

FD-MS (field desorption mass spectrometry) analysis.

Synthesis Example (1-3)

N
Synthesis of Intermediate 3 O
N
[0321]

H1
Pd(PPhy),

. N NayCOs3 aq [0324] Inargon stream, a mixture obtained by successively
Intermediate 2 - T omene mixing the intermediate 3 (1.6 g, 3.9 mmol), 4-bromoben-
zonitrile (0.71 g, 3.9 mmol), tris(dibenzylideneacetone)di-
palladium (0.071 g, 0.078 mmol), tri-t-butylphosphonium
tetrafluoroborate (0.091 g, 0.31 mmol), sodium t-butoxide
(HO),B (0.53 g, 5.5 mmol), and dry toluene (20 mL) was refluxed

- under heating for 8 h.

N

[0325] After cooling the reaction liquid to room tempera-
ture, the organic layer was separated and the organic solvent
O was removed from the organic layer by distillation under
N reduced pressure. The obtained residue was purified by a

silica gel column chromatography to obtain 0.79 g of white

solid (H1).
O [0326] The obtained compound was measured for FD-MS

(field desorption mass spectrometry), maximum ultraviolet
absorption wavelength (UV(PhMe) Amax) in toluene, and
maximum fluorescence wavelength (FL(PhiMe, hex=300 nm)
Amax) in toluene. The results are shown below.

[0322] The procedure of Synthesis of Intermediate 1 was [0327] FDMS: caled. for C;,H,.N,=509, found m/z=509
repeated except for using the intermediate 2 in place of 2-ni- (M+)

tro-1,4-dibromobenzene and using 9-phenylcarbazole-3-yl- , )

boronic acid in place of phenylboronic acid. The obtained [0328]  (UV(PhMe) Amax: 324 nm
compound was identified as the intermediate 3 by FD-MS [0329] FL(PhMe, hex=300 nm) Amax: 376 nm
(field desorption mass spectrometry) analysis.

Intermediate 3

Synthesis Example 2
Synthesis Example (1-4)

Synthesis of Compound H2
Synthesis of Compound H1

[0330]
[0323]
NC
CN

Pasdou) O P(dba)s

P(VtBu)3'HBF4 P(tBu)g'HBF4

NaOtBu NaOtBu
Intermediate 3~ + EE——

ntermediate 3 + B ——
- It lt O |
Br

Br
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-continued

H2

[0331] The procedure of Synthesis of Compound H1 was
repeated except for using 4'-bromobiphenyl-3-carbonitrile in
place of 4-bromobenzonitrile.

[0332] The obtained compound was measured for FD-MS
(field desorption mass spectrometry), maximum ultraviolet
absorption wavelength ((UV(PhMe) Amax) in toluene, and
maximum fluorescence wavelength (FL(PhMe, Aex=300 nm)
Amax) in toluene. The results are shown below.

[0333] FDMS: calcd. for C,3H,,N;=585, found m/z=585
(M+)
[0334] (UV(PhMe) Amax: 322 nm
[0335] FL(PhMe, Aex=300 nm) Amax: 375 nm
Synthesis Example 3
Synthesis of Compound H3
[0336]

CN
P dz (dba) 3
P(tBu);*HBF,
NaOtBu
Intermediate 3 + —_ =
Xylene
Br
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-continued
NC

H3

[0337] The procedure of Synthesis of Compound H1 was
repeated except for using 4'-bromobiphenyl-4-carbonitrile in
place of 4-bromobenzonitrile.

[0338] The obtained compound was measured for FD-MS
(field desorption mass spectrometry), maximum ultraviolet
absorption wavelength ((UV(PhMe) Amax) in toluene, and
maximum fluorescence wavelength (FL(PhMe, Aex=300 nm)
Amax) in toluene. The results are shown below.

[0339] FDMS: calcd. for C,3H,,N;=585, found m/z=585
(M+)
[0340] (UV(PhMe) Amax: 324 nm
[0341] FL(PhMe, hex=300 nm) Amax: 393 nm
Synthesis Example 4
Synthesis of Compound H4
[0342]

CN

Pdy(dba)z
P(tBu);*HBF,4
NaOtBu

B ——

Xylene

Intermediate 3+

Br
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-continued
CN

&
v

Nave s
®

[0343] The procedure of Synthesis of Compound H1 was
repeated except for using 3'-bromobiphenyl-4-carbonitrile in
place of 4-bromobenzonitrile.

[0344] The obtained compound was measured for FD-MS
(field desorption mass spectrometry), maximum ultraviolet
absorption wavelength ((UV(PhMe) Amax) in toluene, and
maximum fluorescence wavelength (FL(PhMe, Aex=300 nm)
Amax) in toluene. The results are shown below.

H4

[0345] FDMS: calcd. for C, H,,N;=585, found m/z=585
(M+)
[0346] (UV(PhMe)Amax: 322 nm
[0347] FL(PhMe, Aex=300 nm) Amax: 376 nm
Synthesis Example 5
Synthesis of Compound H5
Synthesis Example (5-1)
Synthesis of Intermediate 4
[0348]
q
N !
Q '
Br
Pd(PPhs)q
Na,CO3 aq
B —
N Il toluene
(HO,B
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-continued

Intermediate 4

[0349] The procedure of Synthesis of Intermediate 1 was
repeated except for using 3-bromocarbazole in place of 2-ni-
tro-1,4-dibromobenzene and using 9-phenylcarbazole-3-yl-
boronic acid in place of phenylboronic acid.

[0350] The obtained compound was identified as the inter-
mediate 4 by FD-MS (field desorption mass spectrometry)
analysis.

Synthesis Example (5-2)

Synthesis of Compound H5

[0351]
CN .
Pd;(dba);
P(tBu);*HBEF,
NaOtBu
Intermediate 4  + R
Xylene

[0352]

The procedure of Synthesis of Compound H1 was
repeated except for using the intermediate 4 in place of the
intermediate 3.

[0353] The obtained compound was measured for FD-MS
(field desorption mass spectrometry), maximum ultraviolet
absorption wavelength ((UV(PhMe) Amax) in toluene, and
maximum fluorescence wavelength (FL(PhMe, Aex=300 nm)
Amax) in toluene. The results are shown below.

[0354] FDMS: caled. for C,,H,,N,=509, found m/z=509
(M+)

[0355] (UV(PhMe) Amax: 339 nm

[0356] FL(PhMe, Aex=300 nm) Amax: 404 nm
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Synthesis Example 6

[0357]

Synthesis of Compound H6
Pdy(dba);
P(tBu);*IBF,

NC I
NaOtBu
Intermediate 4 + —_— >
O Xylene

Br

H6

[0358] The procedure of Synthesis of Compound H1 was
repeated except for using 4'-bromobiphenyl-3-carbonitrile in
place of 4-bromobenzonitrile and using the intermediate 4 in
place of the intermediate 3.

[0359] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0360] FDMS: caled. for C,3H,,N;=585, found m/z=585
(M+)
Synthesis Example 7
Synthesis of Compound H7
[0361]

CN

sz(dba)g
P(tBu)y*HBF,
NaOtBu

B ——

Xylene

Intermediate 4 +

181
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-continued
CN

H7

[0362] The procedure of Synthesis of Compound H1 was
repeated except for using 4'-bromobiphenyl-4-carbonitrile in
place of 4-bromobenzonitrile and using the intermediate 4 in
place of the intermediate 3.

[0363] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0364] FDMS: caled. for C,3H,,N;=585, found m/z=585
(M+)
Synthesis Example 8
Synthesis of Compound H8
[0365]
CN
Pds(dba);
P(tBu);*HBF,
NaOtBu
Intermediate 4~ + E—
Xylene
Br
NC

HR
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[0366] The procedure of Synthesis of Compound H1 was Synthesis Example 10
repeated except for using 3'-bromobiphenyl-4-carbonitrile in
place of 4-bromobenzonitrile and using the intermediate 4 in

Synthesis of Compound H10
place of the intermediate 3. Y P

[0367] The obtained compound was measured for FD-MS Synthesis Example (10-1)
(field desorption mass spectrometry). The result is shown
below. Synthesis of Intermediate 5
[0368] FDMS: calcd. for C,3H,,N;=585, found m/z=585
(M+) [0373]

Synthesis Example 9

Synthesis of Compound H9

B
[0369] '
N Pd(PPh3)s
O Na,CO3 aq
i - .
CN
Pdl(dba); O toluene
P(tBu);*HBF4
NaOtBu I
Intermediate 4 + _— > (HO),B
Xylene
Br O O
CN
Intermediate 5
O [0374] The procedure of Synthesis of Intermediate 1 was
repeated except for using 1-bromo-4-iodobenzene in place of
2-nitro-1,4-dibromobenzene and using 9-phenylcarbazole-3-
ylboronic acid in place of phenylboronic acid.
[0375] The obtained compound was identified as the inter-
N mediate 5 by FD-MS (field desorption mass spectrometry)
analysis.
N
Synthesis Example (10-2)
Synthesis of Intermediate 6
o [0376]
[0370] The procedure of Synthesis of Compound H1 was PdCly(dppf)- CHCL
repeated except for using 3'-bromobiphenyl-3-carbonitrile in
place of 4-bromobenzonitrile and using the intermediate 4 in O\ 0
place of the intermediate 3. /B—B
[0371] The obtained compound was measured for FD-MS 0 0
(field desorption mass spectrometry). The result is shown KOA
below. Intermediate 5

DMF (0.15M), 80° C.
[0372] FDMS: calcd. for C,,H,,N;=585, found m/z=585
(M+)
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-continued

PO

Intermediate 6

[0377] Inargon stream, a mixture obtained by successively
mixing the intermediate 5 (10 g, 25 mmol), bis(pinacolato)
diboron (8.3 g, 33 mmol), dichloromethane adduct of [1,1'-
bis(diphenylphosphino)ferrocene]palladium(Il) ~ dichloride
(0.62 g, 0.75 mmol), potassium acetate (7.4 g, 75 mmol), and
N,N-dimethylformamide (170 mL) was refluxed under heat-
ing for 8 h.

[0378] After cooling the reaction liquid to room tempera-
ture, the organic layer was separated and the organic solvent
was removed from the organic layer by distillation under
reduced pressure. The obtained residue was purified by a
silica gel column chromatography to obtain the intermediate
6 (10 g, yield: 91%).

[0379] Theidentification of the intermediate 6 was made by
FD-MS (field desorption mass spectrometry) analysis.
Synthesis Example (10-3)

Synthesis of Intermediate 7

[0380]

"
N

Intermediate 6 + Q

NH

Pd(PPhy)y

NayCOs aq
— =
toluene

Intermediate 7

[0381] The procedure of Synthesis of Intermediate 1 was
repeated except for using 3-bromocarbazole in place of 2-ni-
tro-1,4-dibromobenzene and using the intermediate 6 in place
of phenylboronic acid. The obtained compound was identi-
fied as the intermediate 7 by FD-MS (field desorption mass
spectrometry) analysis.

183
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Synthesis Example (10-4)
Synthesis of H10
[0382]
CN
Pdy(dba)s
P(tBu);*HBF,
NaOtBu
Intermediate 7 + Ee—
Xylene
Br

CN

H10

[0383] The procedure of Synthesis of Compound H1 was
repeated except for using 4'-bromobiphenyl-4-carbonitrile in
place of 4-bromobenzonitrile and using the intermediate 7 in
place of the intermediate 3.

[0384] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0385] FDMS: calcd. for C,oH;,N;=661, found m/z=661
(M+)
Synthesis Example 11
Synthesis of Compound H11
[0386]
CN
sz(dba)g
P(tBu);*HBF,

NaOtBu
Intermediate 7 + —_—

Xylene

Br
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-continued
NC

(¢

HI11

[0387] The procedure of Synthesis of Compound H1 was
repeated except for using 3'-bromobiphenyl-4-carbonitrile in
place of 4-bromobenzonitrile and using the intermediate 7 in
place of the intermediate 3.

[0388] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0389] FDMS: calcd. for C,oH;,N;=661, found m/z=661
(M+)
Synthesis Example 12
Synthesis of Compound H12
[0390]

Intermediate 4 +

O !
Br

Pdy(dba);
P(tBu);*HBE,
NaOtBu

—_—
xylene

ase
O

O oN

N

H12
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[0391] The procedure of Synthesis of Compound H1 was
repeated except for using 2-bromo-8-cyanodibenzofuran in
place of 4-bromobenzonitrile and using the intermediate 4 in
place of the intermediate 3.

[0392] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0393] FDMS: caled. for C,3H,sN;0=599, found m/z=599
(M+)
Synthesis Example 13
Synthesis of Compound H13
Synthesis Example (13-1)
Synthesis of Intermediate 8
[0394]
CN
Pd(PPh3)y
N NayCOs aq
_ -
Q O toluene
Br
B(OH),
N
CN
Intermediate 8
[0395] The procedure of Synthesis of Intermediate 1 was

repeated except for using 4-bromobenzonitrile in place of
2-nitro-1,4-dibromobenzene and using 9-phenylcarbazole-3-
ylboronic acid in place of phenylboronic acid.

[0396] The obtained compound was identified as the inter-
mediate 8 by FD-MS (field desorption mass spectrometry)
analysis.
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Synthesis Example (13-2)

Synthesis of Intermediate 9

[0397]

NBS
DMF

Intermediate &

CN

Intermediate 9

[0398] Inargon stream, a mixture obtained by successively
mixing N,N-dimethylformamide (80 mL), the intermediate 8
(5.6 g, 16.3 mmol), and N-bromosuccinimide (3.5 g, 19.5
mmol) was stirred at 0° C. for 8 h.

[0399] After returning the temperature to room tempera-
ture, the reaction liquid was added with distilled water and
then filtered. The obtained solid was purified by silica gel
column chromatography to obtain the intermediate 9 (6.2 g,
vield: 90%). The identification of the intermediate 9 was
made by FD-MS (field desorption mass spectrometry) analy-
sis.

Synthesis Example (13-3)

Synthesis of Compound H13

[0400]

N,

-0

B(OH),
Pd(PPh),
Intermediate 9 Na2C03 aq
—_—

toluene

185
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-continued

N

-
o Q
N CN
H13

[0401] The procedure of Synthesis of Intermediate 1 was

repeated except for using the intermediate 9 in place of 2-ni-
tro-1,4-dibromobenzene and using 9-phenylcarbazole-3-yl-
boronic acid in place of phenylboronic acid.

[0402] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0403] FDMS: calced. for C,;H,,N,=585, found m/z=585
(M+)
Synthesis Example 14
Synthesis of Compound H14
[0404]
N +
(HO),B

Pd(PPhs)y
NaCOs aq

——
toluene

Br
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-continued
CN
N O O N

Hi14

[0405] The procedure of Synthesis of Intermediate 1 was
repeated except for using 3,5-dibromobenzonitrile (1 equiv)
in place of 2-nitro-1,4-dibromobenzene and using 9-phenyl-
carbazole-3-ylboronic acid (2 equiv) in place of phenylbo-
ronic acid.

[0406] The obtained compound was measured for FD-MS
(field desorption mass spectrometry). The result is shown
below.

[0407] FDMS, caled for C,;H,,N,=585, found m/z=585
(M+)
Synthesis Example 15
Synthesis of Compound H15
[0408]

Intermediate 3 +

Pda(dba)s
P(tBu);*HBE,

NaOtBu
—_—
Xylene

OCN
L/

v

H15

[0409] The procedure of Synthesis of Compound H1 was
repeated except for using 2-bromo-8-cyanodibenzofuran in
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place of 4-bromobenzonitrile. The obtained compound was
measured for FD-MS (field desorption mass spectrometry).
The result is shown below.

[0410] FDMS: caled. for C,,H,;N,0=599, found m/z=599
(M+)
Synthesis Example 16
Synthesis of Compound H16
[0411]

Intermediate 3 +

Pdy(dbz);
S P(tBu);*HBF,
NaOtBu
—_—_—
xylene
CN
Br

SCN
(/

QS

Hle
[0412] The procedure of Synthesis of Compound H1 was
repeated except for wusing 2-bromo-8-cyanodiben-

zothiophene in place of 4-bromobenzonitrile. The obtained
compound was measured for FD-MS (field desorption mass
spectrometry). The result is shown below.

[0413] FDMS: caled. for C,3H,sN,S=615, found m/z=615
(M+)

Synthesis Example 17

Synthesis of Compound H17
[0414]

Intermediate 4  +

Pdy(dba);
S P(tBu);+HBF,
NaOtBu
—_—
xylene
CN
Br
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-continued

Rad:

CN

ate
g

(

H17

[0415] The procedure of Synthesis of Compound H1 was
repeated except for using 2-bromo-8-cyanodiben-
zothiophene in place of 4-bromobenzonitrile and using the
intermediate 4 in place of the intermediate 3. The obtained
compound was measured for FD-MS (field desorption mass
spectrometry). The result is shown below.

[0416] FDMS: calcd. for C,;H,sN;8=615, found m/z=615
(M+)

Production of Organic EL Device and Evaluation of
Emission Performance

Example 1

Production of Organic EL Device

[0417] A glass substrate of 25 mmx75 mmx1.1 mm thick-
ness having an ITO transparent electrode (product of Geo-
matec Company) was cleaned by ultrasonic cleaning in iso-
propyl alcohol for S min and then UV ozone cleaning for 30
min. The cleaned glass substrate was mounted to a substrate
holder of a vacuum vapor deposition apparatus. The electron
accepting compound C-1 (acceptor) shown below was vapor-
deposited so as to cover the transparent electrode to form a
compound C-1 film with a thickness of 5 nm. On the com-
pound C-1 film, a first hole transporting material (aromatic
amine derivative (compound X1) shown below) was vapor-
deposited to form a first hole transporting layer with a thick-
ness of 65 nm. Successively after forming the first hole trans-
porting layer, a second hole transporting material (aromatic
amine derivative (compound X2) shown below) was vapor-
deposited to form a second hole transporting layer with a
thickness of 10 nm.

[0418] On the second hole transporting layer, the host
material 1, the host material 2, each being listed in Table 1 and
Ir(bzq), (phosphorescent emitting material) shown below
were co-deposited to form a phosphorescent light emitting
layer with a thickness of 25 nm. The concentration in the light
emitting layer was 10.0% by mass for Ir(bzq);, 45.0% by
mass forthe host compound 1, and 45.0% by mass for the host
compound 2. The co-deposited film works as a light emitting
layer.

[0419] Successively after forming the light emitting layer,
the compound ET shown below was vapor-deposited into a
film with a thickness of 35 nm. The compound ET film works
as an electron transporting layer.

[0420] Then, LiF was vapor-deposited into a film with a
thickness of 1 nm at a film-forming speed of 0.1 A/min to
form an electron injecting electrode (cathode). On the LiF

Sep. 12,2013

film, metallic Al was vapor-deposited to form a metallic cath-
ode with a thickness of 80 nm, thereby obtaining an organic
EL device.

[0421] The compounds used in the examples and compara-
tive examples are shown below.

Compound C-1

N
NC
N
N oN
R
P4
N N oN
N
NC &
N

Compound X1

Compound X2
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-continued -continued
Compund H3

NC

Compound ET

"\~

O OO Compound H4

CN

Compound H1 Q
NC

Q0 Aot
g C

Compound H2

CN
Ciompound H5

N O o
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-continued -continued

Compound H6 Compound F3

Cempound BH1
Compound F1

Compound BD1

O O Compound F4
N

o

\ /
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-continued
Compound F5
N
X
AN
Compound F6
b“" 9, {
Compound X3

N

Compound X4
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L -3

Ir(ppy);

Evaluation of Emission Performance of Organic EL Device

[0422] Each of the obtained organic EL devices was mea-
sured for the emission efficiency at room temperature by
driving the device at constant DC current (current density: 1
mA/cm®) and measured for 80% lifetime at an initial lumi-
nance of 10,000 cd/m? (time taken until the luminance was
reduced to 80% of the initial luminance when driving the
device at constant current). The results are shown in Table 1.

Examples 2 to 5 and Comparative Example 1

[0423] In the same manner as in Example 1 except for
forming the light emitting layer by using each host material 1
and host material 2 shown in Table 2, each organic EL device
was produced.

[0424] The emission efficiency and 80% lifetime of each
organic EL device are shown in Table 1.

TABLE 1

Emission 80%

Light emitting layer efficiency Lifetime

Host material 1 Host material 2 (cd/A) Ly

Example 1 compound H1 ~ compound F2 68 1040
Example 2 compound H1 ~ compound F3 68 800
Example 3 compound H3  compound F2 66 800
Example 4 compound H4  compound F2 70 1120
Example 5 compound H5  compound F2 60 1040
Comparative ~ compound F1  compound F3 50 480
Example 1

[0425] As seen from Table 1, the organic EL devices of

Examples 1 to 5, wherein the combination of the first host
material represented by formula (A) (compounds H1 and H3
to HS) and the second host material represented by formula
(1) (compounds F2 and F3) was used as the host material
(co-host) of the light emitting layer, showed good emission
efficiency. In addition, the organic EL devices of Examples 1
to 5 showed longer lifetime as compared with the organic EL
device of Comparative Example 1 which employed the co-
host of the compound F1 and the compound F3 each having a
similar central skeleton but having no cyano substituent at its
terminal end.

Example 6

Production of Organic EL Device

[0426] A glass substrate of 25 mmx75 mmx1.1 mm thick-
ness having an ITO transparent electrode (anode, 70 nm)
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manufactured by Geomatec Company was cleaned by ultra-
sonic cleaning in isopropyl alcohol for S min and then UV
ozone cleaning for 30 min.

[0427] The cleaned glass substrate was mounted to a sub-
strate holder of a vacuum vapor deposition apparatus. The
compound C-1 was vapor-deposited by resistance heating so
as to cover the transparent electrode to form a hole injecting
layer with a thickness of 10 nm adjacent to the anode.

[0428] On the hole injecting layer, the compound X4 was
vapor-deposited by resistance heating to form a first hole
transporting layer with a thickness of 65 nm.

[0429] On the first hole transporting layer, the compound
X3 was vapor-deposited by resistance heating to form a sec-
ond hole transporting layer with a thickness of 10 nm.

[0430] On the second hole transporting layer. the com-
pound H5 (first host material), the compound F2 (second host
material), and Ir(bzq), (phosphorescent dopant) were co-de-
posited by resistance heating to form a yellow-light emitting
layer with a thickness of 25 nm. The concentration in the light
emitting layer was 45% by mass for the first host material,
45% by mass for the second host material, and 10% by mass
for the phosphorescent dopant.

[0431] On the light emitting layer, the compound ET was
vapor-deposited by resistance heating to form an electron
transporting layer with a thickness of 35 nm.

[0432] Then, LiF was vapor-deposited on the electron
transporting layer to form an electron injecting layer with a
thickness of 1 nm. Then, metallic Al was vapor-deposited on
the electron injecting layer to form a cathode with a thickness
of 80 nm.

Evaluation of Emission Performance of Organic EL, Device

[0433] Each of the obtained organic EL, devices was mea-
sured for the voltage and external quantum efficiency at room
temperature by driving the device at constant DC current
(current density: 10 mA/cm?) and further measured for 90%
lifetime (time taken until the luminance was reduced to 90%
of the initial luminance when driving the device at constant
current) at a current density of 50 mA/cm?. The results are
shown in Table 2.

Examples 7 to 17 and Comparative Examples 3 and
6to7

[0434] Each organic EL device was produced in the same
manner as in Example 6 except for forming the light emitting
layer by using the host material 1 and the host material 2 listed
in Table 2.

[0435] The voltage, emission efficiency and 90% lifetime
of the obtained organic EL devices are shown in Table 2.

Comparative Examples 2, 4 and 5

[0436] Each organic EL device was produced in the same
manner as in Example 6 except for forming the light emitting
layer by using the host material 2 (90% by mass) listed in
Table 2.

[0437] The voltage, emission efficiency and 90% lifetime
of the obtained organic EL, devices are shown in Table 2.
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TABLE 2
External  90%
Volt-  quantum  Life-
Light emitting layer age efficiency time
Host material | Host material 2 (V) (%) (h)
Example 6  compound H5  compound F2 3.05 20.2 160
Example 7 compound H1 ~ compound F2 3.27 18.0 120
Example 8  compound H2  compound F2 343 19.4 130
Example 9  compound H3  compound F2 3.38 19.2 160
Example 10 compound H4  compound F2 342 20.7 120
Example 11 compound H7  compound F2 3.24 20.8 160
Example 12 compound H10 compound F2 3.28 22.1 150
Example 13 compound H12 compound F2 3.44 20.9 110
Example 14 compound H14 compound F2 3.09 14.6 160
Example 15 compound H13 compound F2 3.20 19.9 160
Comparative — compound F2 3.40 20.5 70
Example 2
Comparative compound F1 ~ compound F2 3.34 22.2 60
Example 3
Example 16 compound H5  compound F4 3.02 20.7 90
Comparative — compound F4 3.30 19.8 40
Example 4
Example 17 compound H5  compound F35 3.33 22.0 95
Comparative — compound F5 4.10 21.7 11
Example 5
Comparative compound F1 ~ compound F3 342 223 20
Example 6
Comparative compound F1 ~ compound F6 4.85 13.0 0
Example 7
[0438] As seen from Table 2, the organic EL devices of

Examples 6 to 15, each employing the compound represented
by formula (A) as the first host material and the compound
represented by formula (1) as the second host material, show
increased lifetimes as compared with the organic EL devices
of Comparative Examples 2 and 3.

[0439] The organic EL devices of Examples 16 and 17, in
which the compound represented by formula (A) was used as
the first host material and the compound represented by for-
mula (1) and having one carbazole ring and one azine ring in
its molecule was used as the second host material show
increased lifetimes as compared with the organic EL devices
of Comparative Examples 4 to 7.

Example 18

Production of Organic EL Device

[0440] A glass substrate of 25 mmx75 mmx1.1 mm thick-
ness having an ITO transparent electrode (anode, 130 nm)
manufactured by Geomatec Company was cleaned by ultra-
sonic cleaning in isopropyl alcohol for 5 min and then UV
ozone cleaning for 30 min.

[0441] The cleaned glass substrate was mounted to a sub-
strate holder of a vacuum vapor deposition apparatus. The
compound C-1 was vapor-deposited by resistance heating so
as to cover the transparent electrode to form a hole injecting
layer with a thickness of S nm adjacent to the anode.

[0442] On the hole injecting layer, the compound X1 was
vapor-deposited by resistance heating to form a first hole
transporting layer with a thickness of 160 nm.

[0443] On the first hole transporting layer, the compound
X3 was vapor-deposited by resistance heating to form a sec-
ond hole transporting layer with a thickness of 10 nm.
[0444] On the second hole transporting layer, the com-
pound HS (first host material), the compound F2 (second host
material), and Ir(ppy); (phosphorescent dopant) were co-de-
posited by resistance heating to form a green-light emitting
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layer with a thickness of 25 nm. The concentration in the light [0452] The emission efficiency and 90% lifetime of the

emitting layer was 45% by mass for the first host material, obtained organic EL, devices are shown in Table 4.

45% by mass for the second host material, and 10% by mass

for the phosphorescent dopant. TABLE 4

[0445] On the light emitting layer, the compound ET was External 90%
vapor-deposited by resistance heating to form an electron . o quantum - Life-
transporting layer with a thickness of 35 nm. Light emitting layer Voltage efficiency time
[0446] Then, LiF was vapor-deposited on the electron Hostmaterial | Hostmaterial2 (V) o) W

transporting layer to form an electron injecting layer with a Example 21 compound H7 ~ compound F7 3.1 199 170
thickness of 1 nm. Then, metallic Al was vapor-deposited on Example 22 compound 7 compound I8 3.30 175120

Example 23 compound H7  compound F9 3.14 21.0 140

the electron injecting layer to form a cathode with a thickness Example 24 compound H7  compound 10 3.20 05 150
of 80 nm. Example 25 compound H7  compound F11  3.20 198 130
Example 26 compound H15 compound F2 3.60 23.0 90
. o . . Example 27 compound H16 compound F2 3.61 235 90
Evaluation of Emission Performance of Organic EL, Device Example 28 compound H17 compound 2 3.55 230 100
Comparative — compound F9 3.00 19.8 30
[0447] Each of the obtained organic EL devices was mea- Example 9
. Comparative — compound F10  3.00 20.0 55
sured for the voltage and external quantum efficiency at room Fxample 10
temperature by driving the device at constant DC current Comparative - compound F11 ~ 3.10 169 35
(current density: 10 mA/cm®) and further measured for 95% Example 11
lifetime at an initial luminance of 4,000 cd/m? (time taken
until the luminance was reduced to 95% of the initial lumi-
nance when driving the device at constant current). The
results are shown in Table 3.
/N
Examples 19 to 20 and Comparative Example 8 N \
N )%N
[0448] Each organic EL device was produced in the same N
manner as in Example 18 except for forming the light emit-
ting layer by using the host material 1 and the host material 2
listed in Table 3.
[0449] The voltage, external quantum efficiency and 95% Compound F7

lifetime of the obtained organic EL devices are shown in ‘ ‘
x

Table 3.
TABLE 3 |

AN~
External  95% Y

Volt-  quantum  Life- N
Light emitting layer age efficlency time N Q
Hostmaterial 1 Host material 2 (V) (%) (h) Q O

Example 18 compound H5  compound F2 3.88 14.9 210

Example 19 compound H3  compound F2 3.92 15.1 210

Example 20 compound H7 ~ compound F2 3.90 15.3 220

Comparative compound F6  compound F2 451 13.8 90 Compound F8
Example 8

[0450] The organic EL devices of Examples 18 to 20, each N,
employing the compound represented by formula (A) as the N
first host material and the compound represented by formula N
(1) as the second host material, show increased lifetimes as
compared with the organic EL. device of Comparative
Example 8.

=N

Examples 21 to 28 and Comparative Examples 9 to ' J
“ st
[0451] Each organic EL device was produced in the same O
manner as in Example 1 except for forming the light emitting

layer by using the host material 1 and the host material 2 listed Compound F9
in Table 4.
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TABLE 4-continued
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TABLE 5-continued

External 90%
quantum  Life-

Light emitting layer Voltage  efficiency time

Host material 1 Host material 2 (V) (%) (hy

External  95%
Volt-  quantum  Life-

p
%

Compound F10

[
O™
o

o

O

Compound F11

Examples 29 to 35 and Comparative Examples 12 to
14

[0453] Each organic EL device was produced in the same
manner as in Example 18 except for forming the light emit-
ting layer by using the host material 1 and the host material 2
listed in Table 5.

[0454] The voltage, external quantum efficiency and 95%

lifetime of the obtained organic EL, devices are shown in
Table 5.

TABLE 5

External  95%

Volt-  quantum  Life-

Light emitting layer age efficiency time

Hostmaterial 1 Host material 2 (V) (%) (h)

Example 29 compound H7 ~ compound F8 3.95 15.0 200

Example 30 compound H7 ~ compound F9 3.80 14.0 140

Example 31 compound H7  compound F10  3.81 14.2 150

Example 32 compound H15 compound F2 430 14.0 130

Example 33 compound H16 compound F2 430 14.1 130

Example 34 compound H17 compound F2 4.25 14.0 140

Example 35 compound H17 compound F11 ~ 3.80 14.1 140

Comparative — compound F9 3.74 12.0 30
Example 12

Light emitting layer age efficiency time
Host material | Host material 2 (V) (%) (h)
Comparative — compound F10  3.74 115 60
Example 13
Comparative — compound F11 ~ 3.75 13.6 30
Example 14
INDUSTRIAL APPLICABILITY
[0455] As described above in detail, the organic EL device
of the invention exhibits an improved long lifetime.
REFERENCE NUMERALS
[0456] 1: Organic electroluminescence device
[0457] 2: Substrate
[0458] 3: Anode
[0459] 4: Cathode
[0460] 5: Phosphorescent light emitting layer
[0461] 6: Hole injecting/transporting layer
[0462] 7: Electron injecting/transporting layer
[0463] 10: Organic thin film layer

1. An organic electroluminescence device which com-
prises a light emitting layer which is disposed between a
cathode and an anode and comprises a first host material, a
second host material and a light emitting material,
wherein

the first host material is represented by formula (A):

)

Al A2

a2t \ / S
X3§<4 55X6 Aj/ Ys

wherein

each of A' and A% independently represents a substituted or
unsubstituted aromatic hydrocarbon group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

A? represents a substituted or unsubstituted divalent aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or unsubstituted divalent hetero-
cyclic group having 5 to 30 ring atoms;

m represents an integer of 0 to 3;

each of X' to X®*and Y" to Y*® independently represents N or
CR%

each of R” independently represents a hydrogen atom, a
substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring
atoms, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted silyl
group, a halogen atom, or a cyano group, provided that
when two or more R” groups exist, the R? groups may be
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the same or different and one of X to X® and one of Y*
to Y* are bonded to each other via A>; and

the formula (A) satisfies at least one of the following
requirements (1) to (v):

(i) at least one of A and A” represents a cyano-substituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms or a cyano-substituted heterocyclic group having
5 to 30 ring atoms;

(i) at least one of X* to X* and Y> to Y* represents CR?, and
at least one of R% in X* to X* and Y* to Y® represents a
cyano-substituted aromatic hydrocarbon group having 6
to 30 ring carbon atoms or a cyano-substituted hetero-
cyclic group having 5 to 30 ring atoms;

(iii) m represents an integer of 1 to 3 and at least one of A
represents a cyano-substituted divalent aromatic hydro-
carbon group having 6 to 30 ring carbon atoms or a
cyano-substituted divalent heterocyclic group having 5
to 30 ring atoms;

(iv)atleastone of X>to X® and Y* to Y* represents CR%, and
at least one of R” in X° to X® and Y* to Y® represents a
cyano-substituted aromatic hydrocarbon group having 6
to 30 ring carbon atoms or a cyano-substituted hetero-
cyclic group having 5 to 30 ring atoms; and

(v) at least one of X* to X® and Y to Y® represents C—CN;
and

the second host material is represented by formula (1):

o)

m

wherein
7! represents a ring structure fused to a side a and repre-
sented by formula (1-1) or (1-2), and Z* represents a ring
structure fused to a side b and represented by formula
(1-1) or (1-2), provided that at least one of Z' and Z* is
represented by formula (1-1):

{1-1)

Rl4

(1-2)
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in formula (1-1),
a side ¢ is fused to the side a or b of formula (1);
in formula (1-2),
any one of sides d, e and f is fused to the side a or b of
formula (1);
in formulae (1-1) and (1-2),

X! represents a sulfur atom, an oxygen atom, N—R'®, or
CR*)R™);

each of R' to R?! independently represents a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted alkenyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted alkoxy group hav-
ing 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms, provided that adjacent groups of
R to R*! may be bonded to each other to form a a ring;

M* represent a substituted or unsubstituted nitrogen-con-

taining aromatic heteroring having 5 to 30 ring atoms;

L! represents a single bond, a substituted or unsubstituted

divalent aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted divalent
heterocyclic group having 5 to 30 ring atoms, a
cycloalkylene group having 5 to 30 ring atoms, or a
group in which the preceding groups are directly linked
to each other; and

k represents 1 or 2.

2. The organic electroluminescence device according to
claim 1, wherein the first host material satisfies at least one of
the requirements (i) and (ii).

3. The organic electroluminescence device according to
claim 1, wherein A* of formula (A) represents a substituted or
unsubstituted divalent monocyclic hydrocarbon group having
6 or less ring carbon atoms or a substituted or unsubstituted
divalent monocyclic heterocyclic group having 6 or less ring
atoms.

4. The organic electroluminescence device according to
claim 1, wherein the second host material is represented by
formula (2):

Z‘l ‘: 12
N ¥11’ \|¥12
N—L'— ——tR¥),

AL X4 L xB

I, ‘ Yl3

. Z2

e k

wherein

7! represents a ring structure fused to the side a and repre-
sented by formula (1-1) or (1-2), and Z* represents a ring
structure fused to the side b and represented by formula
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(1-1) or (1-2), provided that at least one of Z' and 77 is
represented by formula (1-1);

I! is as defined in formula (1);

each of X'? to X'* independently represents a nitrogen
atom, CH, or a carbon atom bonded to R*! or I}, pro-
vided that at least one of X'2 to X'* represents a nitrogen
atom,;

each of Y to Y'? independently represents CH or a carbon
atom bonded to R* or LY;

each of R*" independently represents a halogen atom, a
cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon
atoms, a substituted or unsubstituted alkynyl group hav-
ing 2 to 30 carbon atoms, a substituted or unsubstituted
alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms;

when two or more R>* groups exist, the R** groups may be
the same or different and adjacent R*' groups may be
bonded to each other to form a ring;

k represents 1 or 2, and n represents an integer of O to 4;

the side ¢ of formula (1-1) is fused to the side a or b of
formula (2); and

any one of sides d, e and f of formula (1-2) is fused to the
side a or b of formula (2).

5. The organic electroluminescence device according to

claim 1, wherein the second host material is represented by
formula (3):

O

R47
R46
R48
45 12
R 11”X\Y12
N—L—= R,
R¥ = 13’X>
R4l
RH
R4Z
wherein

L' is as defined in formula (1);

each of X'? to X'* independently represents a nitrogen
atom, CH, or a carbon atom bonded to R*" or L, pro-
vided that at least one of X' to X'* represents a nitrogen
atom;

each of Y'! toY"? independently represents CH or a carbon
atom bonded to Rt or LY;

each of R*! independently represents a halogen atom, a
cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5
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to 30 ring atoms, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon
atoms, a substituted or unsubstituted alkynyl group hav-
ing 2 to 30 carbon atoms, a substituted or unsubstituted
alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms;

when two or more R*! groups exist, the R** groups may be
the same or different and adjacent R>' groups may be
bonded to each other to form a ring;

n represents an integer of 0 to 4;

each of R* to R*® independently represents a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted heterocyclic group having 5 to 30
ring atoms, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted alkenyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted alkoxy group hav-
ing 1 to 30 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms; and

adjacent groups of R* to R** may be bonded to each other
to form a ring.

6. The organic electroluminescence device according to
claim 1, wherein the first host material satisfies only the
requirement (i).

7. The organic electroluminescence device according to
claim 1, wherein the second host material is represented by
formula (4):

@
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wherein

L! is as defined in formula (1);

each of X*? to X** independently represents a nitrogen
atom, CH, or a carbon atom bonded to R*! or L, pro-
vided that at least one of X' to X'* represents a nitrogen
atom;

each of Y* ' toY*? independently represents CH or a carbon
atom bonded to R> or L*;

each of R*! independently represents a halogen atom, a
cyano group, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon
atoms, a substituted or unsubstituted alkynyl group hav-
ing 2 to 30 carbon atoms, a substituted or unsubstituted
alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms;

when two or more R*! groups exist, the R** groups may be
the same or different and adjacent R>' groups may be
bonded to each other to form a ring;

n represents an integer of 0 to 4;

each of [.? and L? independently represents a single bond,
a substituted or unsubstituted divalent aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a sub-
stituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms, a cycloalkylene group having
5 to 30 ring atoms, or a group in which the preceding
groups are directly linked to each other;

each of R*! to R* independently represents a halogen
atom, a cyano group, a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms, a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon
atoms, a substituted or unsubstituted alkynyl group hav-
ing 2 to 30 carbon atoms, a substituted or unsubstituted
alkylsilyl group having 3 to 30 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 ring

196
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carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms;

when two or mare R*! groups exist, the R>* groups may be

the same or different and adjacent R> groups may be
bonded to each other to form a ring;

when two or more R>* groups exist, the R>* groups may be

the same or different and adjacent R groups may be
bonded to each other to form a ring;

when two or more R> groups exist, the R>* groups may be

the same or different and adjacent R* groups may be
bonded to each other to form a ring;

when two or more R** groups exist, the R>* groups may be

the same or different and adjacent R>* groups may be
bonded to each other to form a ring;
M? represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms; and

each of p and s independently represents an integer of 0 to
4, and each of q and r independently represents an inte-
gerof O to 3.

8. The organic electroluminescence device according to
claim 1, wherein at least one of A' and A” represents a cyano-
substituted phenyl group, a cyano-substituted naphthyl
group, a cyano-substituted phenanthryl group, a cyano-sub-
stituted dibenzofuranyl group, a cyano-substituted diben-
zothiophenyl group, a cyano-substituted biphenyl group, a
cyano-substituted terphenyl group, a cyano-substituted 9,9-
diphenylfluorenyl group, a cyano-substituted 9,9'-spirobi
[9H-fluorene]-2-yl group, a cyano-substituted 9,9'-dimeth-
ylfluorenyl group, or a cyano-substituted triphenylenyl
group.

9. The organic electroluminescence device according to
claim 1, wherein the light emitting material comprises a phos-
phorescent emitting material selected from ortho metallated
complexes of a metal selected from iridium (Ir), osmium
(Os), and platinum (Pt).

10. The organic electroluminescence device according to
claim 1, wherein a peak of emission wavelength of the phos-
phorescent emitting material is 490 nm or longer and 700 nm
or shorter.
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