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(57) ABSTRACT

A material for an organic electroluminescence device repre-
sented by the following formula (I):
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wherein X" to X® are a nitrogen atom, CH, CHal or CR*; Az
is a nitrogen-containing six-membered ring or a fused
polycyclic group including a nitrogen-containing six-
membered ring; W is an aromatic hydrocarbon group
having 6 to 30 ring carbon atoms which is substituted by
at least one cyano group or a heterocyclic group having
5 to 30 ring atoms which is substituted by at least one
cyano group.
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MATERIAL FOR ORGANIC
ELECTROLUMINESCENCE DEVICE, AND
ORGANIC ELECTROLUMINESCENCE
DEVICE USING THE SAME

TECHNICAL FIELD

[0001] The invention relates to a material for an organic
electroluminescence device, and an organic electrolumines-
cence device using the same.

BACKGROUND ART

[0002] When a voltage is applied to an organic electrolu-
minescence device (also hereinafter referred to as an organic
EL device), holes and electrons are injected into an emitting
layer from an anode and a cathode, respectively. In the emit-
ting layer, the injected holes and electrons are recombined to
form excitons. At this time, according to electron spins sta-
tistics, singlet excitons and triplet excitons are generated in a
rate of 25%:75%. The emitting type is classified into two
groups, i.e. fluororescent type and phosphorescent type,
according to the emitting system. In the case of fluorescent
type, due to using the emitting by singlet excitons, the internal
quantum efficiency is regarded as having a limitation of25%.
On the other hand, in the case of phosphorescent type, emis-
sion by triplet excitons is used. As a result, it is known that if
the intersystem crossing from singlet excitons occurs effi-
ciently, the internal quantum efficiency can be increased to
100%.

[0003] Traditionally, for an organic EL. device, suitable
device designing has been made depending on the emitting
mechanism, i.e. fluorescent type emission or phosphores-
cence type emission. In particular, as for a phosphorescent
organic EL device, itis known that a high-performance device
cannot be obtained by simple application of the technology of
afluorescent device due to its emission properties. The reason
therefor is generally assumed to be as follows.

[0004] Since phosphorescent emission is emission utilizing
triplet excitons, the energy gap of a compound used in the
emitting layer must be large. The reason therefor is that, the
singlet energy (i.e. a difference in energy between the lowest
excited singlet state and the ground state) of a certain com-
pound is normally larger than the triplet energy (i.e. a differ-
ence in energy between the lowest excited triplet energy state
and the ground state) of the compound.

[0005] Therefore, in order to efficiently confine the triplet
energy of the phosphorescent dopant material in the device, it
is required to use a host material having a triplet energy larger
than the triplet energy of the phosphorescent dopant material.
Further, when an electron-transporting layer and a hole-trans-
porting layer are provided in adjacent to the emitting layer, a
compound having a triplet energy larger than that of the
phosphorescent dopant material must be used in the electron-
transporting layer and the hole-transporting layer. In this way,
based on the conventional device design concept, as com-
pared with a compound used in a fluorescent organic EL
device, acompound having a further larger energy gap is used
in a phosphorescent organic EL device, whereby a driving
voltage in the entire organic EL device is increased.

[0006] Moreover, hydrocarbon-based compounds having
high oxidative resistance and reductive resistance, which are
useful for fluorescent devices, have a wide broadening of
pi-cloud, and thus have a small energy gap. Hence, for a
phosphorescent organic EL device, such hydrocarbon-based
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compounds can hardly be selected, and organic compounds
containing hetero atoms such as oxygen or nitrogen tend to be
selected. As aresult, a phosphorescent organic EL device has
a disadvantage of a shorter life time as compared with a
fluorescent organic EL device.

[0007] In addition, the relaxation rate of triplet excitons of
phosphorescent dopant materials is much longer than that of
singlet excitons. This influences the device performance.
That is, the emission from singlet excitons has a rapid relax-
ation rate resulting in emission, and thus diffusion of excitons
into neighboring layers of the emitting layer (hole-transport-
ing layer and electron-transporting layer, for example) hardly
occurs, whereby efficient emitting can be expected. On the
other hand, emission from triplet excitons is slowly relaxed
due to the spin-forbidden principle, and thus diffusion of
excitons into neighboring layers occurs easily. As a result,
thermal energy deactivation occurs from other than the spe-
cific phosphorescent emitting compounds. That is, as com-
pared with fluorescent organic EL device, it is more important
to control the region where electrons and holes are recom-
bined.

[0008] For the reasons mentioned above, in order to obtain
a high-performance phosphorescent organic EL device, it is
required to select different materials from those used in a
fluorescent organic EL device and to design differently from
the fluorescent organic EL device.

[0009] As such an organic EL material, traditionally, car-
bazole derivatives, which are known for their high triplet
energy and as a main skeleton of a hole-transporting material,
have been used as a useful phosphorescent host material.

[0010] Patent Document 1 discloses that a compound con-
taining a carbazole skeleton and a nitrogen-containing het-
erocyclic group in the same molecule is used as an organic EL
device material. The compound is molecularly designed such
that carrier transporting is balanced, by introducing an elec-
tron-deficient nitrogen-containing heterocyclic group to the
hole-transporting carbazole skeleton.

[0011] However, thelife of an organic EL deviceis required
to be further improved, and it is desired to develop an organic
EL device material capable of realizing a more long life time.

RELATED ART DOCUMENTS

Patent Documents

[0012] [Patent Document 1] WO2003/080760
SUMMARY OF THE INVENTION
[0013] An object of the invention is to provide an organic

electroluminescence device capable of obtaining a long-life
phosphorescent emission and a material for an organic elec-
troluminescence device which can realize it.

[0014] According to the invention, the following aromatic
heterocyclic derivative, material for an organic electrolumi-
nescence device, material solution for an organic electrolu-
minescence device and organic electroluminescence device
using the same are provided.



US 2014/0001451 Al

1. A material for an organic electroluminescence device rep-
resented by the following formula (I):
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wherein
in the formula (1),

[0015] X' to X® are independently a nitrogen atom, CH,
CHal or CR%,

[0016] Hals are independently a halogen atom;

[0017] R“sareindependently a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 carbon atoms that
form a ring (hereinafter referred to as “ring carbon atoms™), a
substituted or unsubstituted heterocyclic group having 5 to 30
atoms that form a ring (hereinafter referred to as “ring
atoms”), a substituted or unsubstituted alkyl group having 1
to 30 carbon atoms, a substituted or unsubstituted silyl group
OF a cyano group;

[0018] when plural Hals or plural R“s are present, the plural
Hals or the R”s may be the same or different;

[0019] when two adjacent groups of X to X° are CR%, R%
in the adjacent CR“s may be bonded to each other to form a
ring;

[0020] Az is a substituted or unsubstituted nitrogen-con-
taining six-membered ring, or a substituted or unsubstituted
fused polycyclic group which contains a nitrogen-containing
six-membered ring;

[0021]

[0022] W is an aromatic hydrocarbon group having 6 to 30
ring carbon atoms which is substituted by at least one cyano
group and may comprise a substituent that is not a cyano
group, or an heterocyclic group having 5 to 30 ring atoms
which is substituted by at least one cyano group and may
comptise a substituent that is not a cyano group; and,

[0023] when plural Ws are present, the plural Ws may be
the same or deferent;

[0024] provided that the substituted or unsubstituted het-
erocyclic group having 5 to 30 ring atoms and the heterocyclic
group having 5 to 30 ring atoms which is substituted by at
least one cyano group and may comprise a substituent that is
not a cyano group, are not a group represented by the follow-
ing formula (A), and further, the substituent of each of the
above groups does not include the group represented by the
following formula (A);

q is an integer of 1 to 4;
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wherein

in the formula (A),

[0025] Y toY® are the same as X" to X® in the formula (1),
or a carbon atom which forms a single bond:

[0026] Y® is NH, NR€ or a nitrogen atom which forms a
single bond; and,

[0027] Ris asubstituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a substituted
or unsubstituted heterocyclic group having 5 to 30 ring atoms
or a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms.

2. The material for an organic electroluminescence device
according to 1, which is represented by the following formula

(1-2):

wherein

in the formula (I-2),

[0028] X' toX® W and q are as defined in the formula (I);
[0029] Z'to Z’ areindependently a nitrogen atom, a carbon
atom which bonds to W, CH, CHal or CR?, and at least one of
7' to 7’ is a nitrogen atom;

[0030] Hals are independently a halogen atom;

[0031] RPsareindependently a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms or a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms;

[0032] when plural Hals or plural R”s are present, the plural
Hals or the plural R®s may be the same or different; and,
[0033] when two adjacent groups of Z* to Z° are CR?, R%s
in the adjacent CR”s may be bonded to each other to form a
rng;

[0034] provide that the substituted or unsubstituted hetero-
eyclic group having 5 to 30 ring atoms in the R? is not a group
represented by the following fornula (A), and further, the
substituent of each of the above groups does not include the
group represented by the following formula (A).

3. The material for an organic electroluminescence device
according to 1, wherein the Az is a substituted or unsubsti-
tuted nitrogen-containing six-membered ring having 1 to 3
nitrogen atoms, or a substituted or unsubstituted fused poly-
cyclic group which contains a nitrogen-containing six-mem-
bered ring.

4. The material for an organic electroluminescence device
according to 2, wherein 1 to 3 of the Z' to Z° is a nitrogen
atom.

5. The material for an organic electroluminescence device
according to 1, wherein the Az is a ring group selected from
the group consisting of a substituted or unsubstituted pyrimi-
dine ring, a substituted or unsubstituted pyridine ring, a sub-
stituted or unsubstituted triazine ring and a substituted or
unsubstituted quinazoline ring.
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6. The material for an organic electroluminescence device
according to any of 1 to 5, wherein the W is a cyano-substi-
tuted phenyl group, a cyano-substituted biphenyl group, a
cyano-substituted 9,9-diphenylfluorenyl group, a cyano-sub-
stituted 9,9'-spirobi[9H-fluorene]-2-y1 group, a cyano-substi-
tuted 9,9-dimethylfluorenyl group, a cyano-substituted
dibenzofuranyl group or a cyano-substituted dibenzothiophe-
nyl group.

7. The material for an organic electroluminescence device
according to any of 1 to 6, wherein the q is 1.

8. The material for an organic electroluminescence device
according to claim any of 1 to 7, wherein at least one of the X?
and X® is CR*, and the R“s are independently a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms or a substituted or unsubstituted heterocy-
clic group having 5 to 30 ring atoms.

9. The material for an organic electroluminescence device
according to any of 1 to 8, wherein at least one of the X* and
X7 is CR% and the R° are independently a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms or a substituted or unsubstituted heterocy-
clic group having 5 to 30 ring atoms.

10. The material for an organic electroluminescence device
according to any of 1 to 9, wherein the R” is selected from the
group consisting of a substituted or unsubstituted phenyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted biphenyl group, a substituted or
unsubstituted terpheny! group. a substituted or unsubstituted
quaterphenyl group, a substituted or unsubstituted triph-
enylenyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted spirofluorenyl group, a substituted or
unsubstituted 9,9-diphenylfluorenyl group, a substituted or
unsubstituted 9,9'-spirobi[ 9H-fluorene]-2-yl group, a substi-
tuted or unsubstituted 9,9-dimethylfluorenyl group, a substi-
tuted or unsubstituted benzo[c]phenanthrenyl group, a sub-
stituted or unsubstituted benzo[a]triphenylenyl group, a
substituted or unsubstituted naphtho[1,2-c]phenanthrenyl
group, a substituted or unsubstituted naphtho[1,2-a]triph-
enylenyl group, a substituted or unsubstituted dibenzo|a,c]
triphenylenyl group, a substituted or unsubstituted diben-
zothiophene ring, a substituted or unsubstituted isoquinoline
ring, a substituted or unsubstituted quinoxaline ring, a sub-
stituted or unsubstituted pyridine ring, a substituted or unsub-
stituted pyrazine ring, a substituted or unsubstituted pyrimi-
dine ring, a substituted or unsubstituted pyridazine ring, a
substituted or unsubstituted triazine ring, a substituted or
unsubstituted quinoline ring, a substituted or unsubstituted
dibenzofuran ring, a substituted or unsubstituted benzo|c]
dibenzofuran ring, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, a substituted or unsubstituted
silyl group and a cyano group.

11. The material for an organic electroluminescence device
according to any of 2 to 10, wherein the Z' to Z° that are not
a carbon atom bonding to a nitrogen atom or W, are indepen-
dently CH or CR?, and the R? is selected from the group
consisting of a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
terphenyl group, a substituted or unsubstituted quaterphenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted phenanthrenyl group, a substi-
tuted or unsubstituted fluorenyl group, a substituted or unsub-
stituted spirofluorenyl group, a substituted or unsubstituted
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9,9-diphenylfluorenyl group, a substituted or unsubstituted
9,9%-spirobi| 9H-fluorene]-2-yl group, a substituted or unsub-
stituted 9,9-dimethylfluorenyl group, a substituted or unsub-
stituted benzo| c]phenanthrenyl group, a substituted or unsub-
stituted benzo[a]triphenylenyl group, a substituted or
unsubstituted naphtho[1,2-c]phenanthrenyl group, a substi-
tuted or unsubstituted naphtho[1,2-a]triphenylenyl group, a
substituted orunsubstituted dibenzo[a,cltriphenylenyl group,
a substituted or unsubstituted dibenzothiophene ring, a sub-
stituted or unsubstituted isoquinoline ring, a substituted or
unsubstituted quinoxaline ring, a substituted or unsubstituted
pyridine ring, a substituted or unsubstituted pyrazine ring, a
substituted or unsubstituted pyrimidine ring, a substituted or
unsubstituted pyridazine ring, a substituted or unsubstituted
triazine ring, a substituted or unsubstituted quinoline ring, a
substituted or unsubstituted dibenzofuran ring, a substituted
or unsubstituted benzo[c]dibenzofuran ring and a substituted
or unsubstituted alkyl group having 1 to 30 carbon atoms.
12. An organic electroluminescence device comprising:
[0035] an anode, a cathode, and

[0036] one or more organic thin film layers including an
emitting layer between the cathode and the anode,

[0037] wherein at least one of the organic thin film layers
comprises the material for an organic electroluminescence
device according to any of 1 to 11.

13. The organic electroluminescence device according to 12,
wherein the emitting layer comprises the material for an
organic electroluminescence device.

14. The organic electroluminescence device according to 12
or 13, wherein the emitting layer comprises a phosphorescent
material, and the phosphorescent material is an ortho-metal-
ized complex of a metal atom selected from iridium (Ir),
osmium (Os) and platinum (Pt).

[0038] According to the invention, an organic EL device
capable of obtaining long-life phosphorescent emission and a
material for an organic electroluminescence device which can
realize it can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 11is a schematic cross-sectional view showing
one example of the organic EL device of the invention.

MATERIAL FOR ORGANIC
ELECTROLUMINESCENCE DEVICE

[0040] The material for organic electroluminescence
device of the invention (hereinafter, often abbreviated as “the
material for an organic EL device of the invention™) is a
compound represented by the following formula (T).
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[0041] In the formula (I),
[0042] X' to X® are independently a nitrogen atom, CH,
CHal or CR“
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[0043] Hals are independently a halogen atom.

[0044] R“sare independently a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 carbon atoms that
form a ring (hereinafter referred to as the “ring carbon
atoms”), a substituted or unsubstituted heterocyclic group
having 5 to 30 atoms that form a ring (hereinafter referred to
as the “ring atoms”), a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted silyl group or a cyano group.

[0045] When plural Hals or plural R are present, the
plural Hals or the R% may be the same or different.

[0046] When two adjacent groups of X to X° are CR%, R%
in the adjacent CR%s may be bonded to each other to form a
ring.

[0047] Az is a substituted or unsubstituted nitrogen-con-
taining six-membered ring, or a substituted or unsubstituted
fused polycyclic group which contains a nitrogen-containing
six-membered ring.

[0048]

[0049] W is an aromatic hydrocarbon group having 6 to 30
ring carbon atoms which is substituted by at least one cyano
group and may comprise a substituent that is not a cyano
group, or an heterocyclic group having 5 to 30 ring atoms
which is substituted by at least one cyano group and may
comprise a substituent that is not a cyano group.

[0050] When plural W5 are present, the plural Ws may be
the same or deferent.

[0051] However, the substituted or unsubstituted heterocy-
clic group having 5 to 30 ring atoms and the heterocyclic
group having 5 to 30 ring atoms which is substituted by at
least one cyano group and may comptise a substituent that is
not a cyano group, are not a group represented by the follow-
ing formula (A), and further, the substituent of each of the
above groups does not include the group represented by the
following formula (A):

q is an integer of 1 to 4.

(A)
9

g //Y \ / Yiw
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[0052] In the formula (A),

[0053] Y'toY® are the same as X' to X® in the formula (),
or a carbon atom which forms a single bond. That is, Y to Y*
are independently a nitrogen atom, CH, CHal', CR* or a
carbon atom which forms a single bond.

[0054] Hal’s are independently a halogen atom.

[0055] R“s are independently a substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsubsti-
tuted silyl group or a cyano group.

[0056] Specific examples of Hal'and CRa' include the same
as those of Hal and CR“ described later.

[0057] Y7 is NH, NR€ or a nitrogen atom which forms a
single bond.

[0058] R°is a substituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a substituted
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or unsubstituted heterocyclic group having 5 to 30 ring atoms
or a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms.

[0059] Here, in the above formula (A), if Y* is a nitrogen
atom which forms a single bond, it corresponds to a group
represented by the following formula (A-2) in the above
formula (A):

[0060] The material for an organic EL device of the inven-
tion comprises only one group represented by the above for-
mula (A-2) in the above formula (I), and does not comprise
groups represented by the above formula (A) that are not the
group represented by the above formula (A-2) in the above
formula (I). The same can be applied to the formula (I-2)
described later as well.

[0061] Examples of the group represented by the formula
(A) that is not contained in the material for an organic EL
device of the invention include the group having an atomic
bonding at any of positions of Y' to Y®, in addition to the
group represented by the above formula (A-2), that is the
group having an atomic bonding at the position of Y*.
[0062] The material for an organic EL. device of the inven-
tion is preferably represented by the following formula (I-2):

[0063] In the formula (I-2),

[0064] X'toX® W and qare as defined in the formula (I).
[0065] 7' to Z® areindependently a nitrogen atom, a carbon
atom which bonds to W, CH, CHal or CR?, and at least one of
7' to 77 is a nitrogen atom.

[0066] Hals are independently a halogen atom.

[0067] RPsareindependently a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms or a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms.

[0068] When plural Hals or plural R®s are present, the
plural Hals or the plural R% may be the same or different.
[0069] When two adjacent groups of Z* to Z° are CR?, R%s
in the adjacent CR%s may be bonded to each other to form a
ring.

[0070] However, the substituted or unsubstituted heterocy-
clic group having 5 to 30 ring atoms in the R is not a group
represented by the following formula (A), and further, the
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substituent of each of the above groups does not include the
group represented by the following formula (A).

[0071] Each group in the following formula (I) and (1-2)
will be explained below.

[0072] As the aromatic hydrocarbon group having 6 to 30
ring carbon atoms (preferably 6 to 14 ring carbon atoms) in
R# W, R® and R, a non-fused aromatic hydrocarbon group
and a fused aromatic hydrocarbon group can be given. Spe-
cific Examples thereof include a phenyl group, a naphthyl
group, a phenanthryl group, a biphenyl group, a terphenyl
group, a quaterphenyl group, a fluorantheny! group., a triph-
enylenyl group, a phenanthrenyl group, a fluorenyl group, a
spirofluorenyl group, a 9,9-diphenylfluorenyl group, a 9,9'-
spirobi[ 9H-fluorene]-2-y1 group, a 9,9'-dimethylfluorenyl
group, a benzo[a]triphenylenyl group, a naphtho[l,2-c]
phenanthrenyl group, a naphtho[ 1,2-a]triphenylenyl group, a
dibenzola,c]triphenylenyl group and abenzo[b]fluoranthenyl
group. Of these, a phenyl group, a naphthyl group, a biphenyl
group, a terphenyl group, a phenanthrenyl group, a triph-
enylenyl group, a fluorenyl group, a spirobifluorenyl group
and a fluoranthenyl group are preferable.

[0073] As the heterocyclic group having 5 to 30 ring atoms
(preferably 5 to 14 ring atoms) in R%, W, R” and R®, a non-
fused heterocyclic group and a fused heterocyclic group can
be given. However, the heterocyclic group having 5 to 30 ring
atoms is not those as in the above formula (A).

[0074] More specifically, a pyrrol ring, a isoindole ring, a
benzofuran ring, an isobenzofuran ring, a dibenzothiophene
ring, an isoquinoline ring, a quinoxaline ring, a phenanthri-
dine ring, a phenanthroline ring, a pyridine ring, a pyrazine
ring, a pyrimidine ring, a pyridazine ring, a triazine ring, an
indole ring, a quinoline ring, an acridine ring, a pyrrolidine
ring, a dioxane ring, a piperidine ring, a morpholine ring, a
piperazine ring, a furan ring, a thiophene ring, an oxazole
ring, an oxadiazole ring, a benzoxazole ring, a thiazole ring,
a thiadiazole ring, a benzothiazole ring, a triazole ring, an
imidazole ring, a benzimidazole ring, a pyran ring, a diben-
zofuran ring, a benzo[c]dibenzofran ring and a group formed
of derivatives thereof can be given. Of these, a dibenzofuran
group, a dibenzothiophene ring and a group formed of deriva-
tives thereof are preferable.

[0075] As the alkyl group having 1 to 30 carbon atoms
(preferably 1 to 6 carbon atoms) in R, R® and R®, a methyl
group, an ethyl group, an n-propyl group, an isopropyl group,
an n-butyl group, an s-butyl group, an isobutyl group, a t-butyl
group, an n-pentyl group, an n-hexyl group, an n-heptyl
group, an n-octyl group, an n-nonyl group, an n-decyl group,
an n-undecyl group, an n-dodecyl group, an n-tridecyl group,
an n-tetradecyl group, an n-pentadecyl group, an n-hexadecyl
group, an n-heptadecyl group, an n-octadecyl group, a neo-
pentyl group, a 1 -methylpentyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
cyclooctyl, an adamanthyl group and the like can be given. Of
these, a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an s-butyl group, an isobu-
tyl group, a t-butyl group, a cyclopentyl group and a cyclo-
hexyl group are preferable.

[0076] As the substituted or unsubstituted silyl group inR?,
a trimethysilyl group, a triethylsilyl group, a tributylsilyl
group, a dimethylethylsilyl group, a t-butyldimethylsilyl
group, a vinyldimethylsilyl group, a propyldimethylsilyl
group, a dimethylisopropylsilyl group, a dimethylpropylsilyl
group, a dimethylbutylsilyl group, a dimethyltertbutylsilyl
group, a dimethylisopropylsilyl group, a phenyldimethylsilyl
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group, a diphenylmethylsilyl group, a diphenyltertbutylsilyl
group, a triphenylsilyl group and the like can be given. Of
these, a trimethylsilyl group, a triethylsilyl group, a t-bu-
tyldimethysilyl group a vinyldimethylsilyl group and a pro-
pyldimethylsilyl group are preferable.

[0077] As the halogen atom, fluorine, chlorine, bromine
and iodine can be given, for example. Fluorine is preferable.
[0078] As the nitrogen-containing six-membered ring in
Az, a pyrimidine ring, a pyridine ring, a triazine ring, a
quinazoline ring and the like can be given. A pyrimidine ring
is preferable.

[0079] As the fused polycyclic group which contains a
nitrogen-containing six-membered ring in Az, a quinozoline
ring and the like can be given.

[0080] As the arbitrary substituent referred to as by the
above-mentioned “substituted or unsubstituted”, a halogen
atom (fluorine, 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 alkoxy 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 haloalkoxy 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 aryl group (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
(heterocyclic group) having 5 to 30 (preferably 5 to 18) ring
atoms can be given. However, the heteroaryl group (hetero-
cyclic group) includes no group represented by the above
formula (A).

[0081] As the alkyl group, silyl group, aromatic hydrocar-
bon group and heterocyclic group which are given above as
the arbitrary substituent, those mentioned above can be given.
[0082] As the cycloalkyl group, a group obtained by mak-
ing the exemplified alkyl group having 3 or more carbon
atoms into an aliphatic ring structure can be given.

[0083] As the haloalkyl group, a group obtained by replac-
ing one or more hydrogen atom in the alkyl group by halogen
atoms can be given. As the halogen atom, fluorine is prefer-
able. In addition, a trifluoromethyl group, a 2.2-trifluoroethyl
group and the like can be given.

[0084] As the alkoxy group, a methoxy group, an ethoxy
group, a propoxy group, a pentyloxy group, a hexyloxy group
and the like can be given.

[0085] As the haloalkoxy group, a group obtained by
replacing one or more hydrogen atom in the alkoxy group by
halogen atoms can be given. As the halogen atom, fluorine is
preferable.

[0086] As the aryloxy group, a group obtained by replacing
one hydrogen atom in a non-fused aromatic hydrocarbon
group and fused aromatic hydrocarbon group by a —O—
group can be given.

[0087] As the aralkyl group, a group obtained by replacing
one hydrogen atom in a non-fused aromatic hydrocarbon
group and fused aromatic hydrocarbon group by an alkyl
group can be given.

[0088] Among the above-mentioned arbitrary substituents,
fluorine, a cyano group, an alkyl group, a cycloalkyl group, an
alkylsilyl group, an aryl group (aromatic hydrocarbon group),
a heteroaryl group (cyclocyclic group) are particularly pref-
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erable. However, the heteroaryl group (cyclocyclic group)
includes no group represented by the above formula (A).

[0089] Herein, the “ato b carbon atoms” in the expression
“substituted or unsubstituted XX group having a to b carbon
atoms” represents the number of carbons in the case that the
XX group is unsubstituted, excluding the number of carbons
as the substituents when the XX group is substituted. In the
organic EL. device material of the invention, the hydrogen
atom includes isotopes having a different number of neutrons,
1.e. light hydrogen (protium), deuterium and tritium.

[0090] As the Az substituted by W in the formula (I), the
following groups can be given.

W
N N N
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[0091] In the above formula, the wavy line represents the

position to which the nitrogen atom of the carbazole group is

bonded.

/\N [0092] R is the group which is substituted in Az, and is
| independently a halogen atom, a substituted or unsubstituted

aromatic hydrocarbon group having 6 to 30 ring carbon

atoms, a substituted or unsubstituted heterocyclic group hav-

ing 5 to 30 ring atoms or a substituted or unsubstituted alkyl

group having 1 to 30 carbon atoms.

[0093] In the case of plural R®, the plural R* may be the

same as or different from each other.

[0094] pisan integer of 1 to 6.

[0095] W and q are as defined in the above formula (I).

[0096] Az is preferably a ring group selected from the

group consisting of a substituted or unsubstituted pyrimidine
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ring, a substituted or unsubstituted pyridine ring, a substituted
or unsubstituted triazine ring and a substituted or unsubsti-
tuted quinazoline ring, with a nitrogen-containing six-mem-
bered ring group being more preferable.

[0097] 1t is preferred that Az be a substituted or unsubsti-
tuted nitrogen-containing six-membered ring or a fused poly-
cyclic group which contains a nitrogen-containing six-mem-
bered ring, each having 1 to 3 nitrogen atoms.

[0098] It is more preferred that Az be a group represented
by the following formula (X). That is, the organic EL device
material of the invention is preferably an organic device mate-
rial represented by the above formula (I-2).

(&Y

[0099] Tt is preferred that 1 to 3 of Z' to Z° be a nitrogen
atom. It is particularly preferred that Z* and 77 be a nitrogen
atom.

[0100] W is preferably an aromatic hydrocarbon group
having 6 to 30 ring carbon atoms which has one or more (1 to
5, preferably 1 to 2, and more preferably 1) cyano groups as
a substituent, or a heterocyclic group having 5 to 30 ring
atoms which has one or more (1 to 5, preferably 1 to 2, and
more preferably 1) cyano groups as a substituent. However,
the aromatic hydrocarbon group having 6 to 30 ring carbon
atoms and the heterocyclic group having 5 to 30 ring atoms as
W may have a substituent in addition to the cyano group.

[0101] As the aromatic hydrocarbon group having 6 to 30
ring carbon atoms and the heterocyclic group having 5 to 30
ring atoms as W, a cyano group-substituted phenyl group, a
cyano group-substituted biphenyl group, a cyano group-sub-
stituted naphthyl group, a cyano group-substituted phenan-
thryl group, a cyano group-substituted 9,9-diphenylfluorenyl
group, a cyano group-substituted 9,9'-spirobi[ 9H-fluorene]-
2-yl group. a cyano group-substituted 9,9-dimethylfluorenyl
group, a cyano group-substituted dibenzofuranyl group, a
cyano group-substituted dibenzothiophenyl, a cyano group-
substituted triphenylenyl group, a cyano-substituted diben-
zothiophenyl group, a cyano-substituted dibenzothiophenyl
group, a cyano-substituted dibenzofuranyl group and the like
can be given.

[0102] As W, a cyano group-substituted phenyl group, a
cyano group-substituted biphenyl group, a cyano group-sub-
stituted 9,9-diphenylfluorenyl group, a cyano group-substi-
tuted 9,9'-spirobi[9H-fluorene]-2-ylgroup, a cyano group-
substituted 9,9-dimethylfluorenyl group, a cyano group-
substituted dibenzofuranyl group and a cyano group-
substituted dibenzothiophenyl are preferable, with a cyano
group-substituted phenyl group, a cyano group-substituted
biphenyl group such a 4-cyanobiphenyl group, a 3-cyanobi-
phenyl group or a 2-cyanobiphenyl group, a cyano group-
substituted 9,9-dimethylfluorenyl group, a cyano group-sub-
stituted 9,9"-spirobi| 9H-fluorene|-2-yl group, a cyano group-
substituted 9,9-dimethylfluorenyl group, a cyano group-
substituted dibenzofuranyl group and a cyano group-
substituted dibenzothiophenyl being more preferable.
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[0103] Due to W being a cyano group-substituted phenyl
group, a cyano group-substituted bipheny! group or a cyano
group-substituted fluorenyl group, the triplet energy level
tends to be higher as compared with the case where W itself'is
a cyano group. As a result, when the corresponding com-
pound is contained in an emitting layer of an organic EL
device, the luminous efficiency is preferably higher.

[0104] When the cyano group-substituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms and the cyano
group-substituted heterocyclic group having 5 to 30 ring
atoms as W may have a substituent in addition to the cyano
group, examples of the substituent include those exemplified
in the arbitrary substituent in the above-mentioned “substi-
tuted or unsubstituted”,

[0105] W is preferably a cyano-substituted phenyl group, a
cyano-substituted biphenyl group, a cyano-substituted 9,9-
diphenylfluorenyl group, a cyano-substituted 9,9'-spirobi
[9H-fluorene]-2-yl group, a cyano-substituted 9,9-dimethyl-
luorenyl group, a cyano-substituted dibenzofuranyl group or
a cyano-substituted dibenzothiophenyl group, with a cyano-
substituted phenyl group and a cyano-substituted biphenyl
group being particularly preferable.

[0106] qrepresents the number of W which is substituted in
Az, and is preferably 1 or 2, with 1 being more preferable.
[0107] Itis more preferred that at least one of X* and X° be
CR? the R” being dependently 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. When at least one of X* and X° is
CRY, the stability of materials is more improved by introduc-
ing a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heterocyclic group having ring atoms into the
positions of X and X° which have high activity in X' to X*
and X° to X°, respectively.

[0108] Also, it is more preferred that at least one of X and
X7 be CR?, the R* being dependently a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms. When at least one of X> and
X7 is CR?, the stability of materials is more improved due to
the wide broadening pi-cloud.

[0109] Here, in the case above, it is further preferable that
R“in CR” of X* and X5, or X* and X” is an aromatic hydro-
carbon group or a heterocyclic group and X" to X* excluding
them is CH.

[0110] It is preferred that R” be selected from the group
consisting of a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
terphenyl group, a substituted or unsubstituted quaterphenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted phenanthrenyl group, a substi-
tuted or unsubstituted fluorenyl group., a substituted or unsub-
stituted spirofluorenyl group, a substituted or unsubstituted
9,9-diphenylfluorenyl group, a substituted or unsubstituted
9,9"-spirobi[ 9H-fluorene]-2-yl group, a substituted or unsub-
stituted 9,9'-dimethylfluorenyl group, a substituted or unsub-
stituted benzo| c]phenanthrenyl group, a substituted or unsub-
stituted benzo[a]triphenylenyl group. a substituted or
unsubstituted naphtho[1,2-c]phenanthrenyl group, a substi-
tuted or unsubstituted naphtha[1,2-a]triphenylenyl group, a
substituted or unsubstituted dibenzo[a,cltriphenylenyl group,
a substituted or unsubstituted debenzothiophene ring, a sub-
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stituted or unsubstituted isoquinoline ring, a substituted or
unsubstituted quinoxaline ring, a substituted or unsubstituted
pyridine ring, a substituted or unsubstituted pyrazine ring, a
substituted or unsubstituted pyrimidine ring, a substituted or
unsubstituted pyridazine ring, a substituted or unsubstituted
triazine ring, a substituted or unsubstituted quinoline ring, a
substituted or unsubstituted dibenzofuran ring, a substituted
or unsubstituted benzo[c]dibenzofuran ring, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted silyl group and a cyano group.
[0111] Z'to Z® which are not the carbon atoms bonding to
the nitrogen atom or W are independently CH or CR?. It is
preferred that R? be selected from the group consisting of a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted quaterphenyl group, a
substituted or unsubstituted triphenylenyl group, a substi-
tuted or unsubstituted phenanthrenyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
spirofluorenyl group, a substituted or unsubstituted 9,9-
diphenylfluorenyl group, a substituted or unsubstituted 9,9'-
spirobi[ 9H-fluorene]-2-ylgroup, a substituted or unsubsti-
tuted 9,9'-dimethylfluorenyl group, a substituted or
unsubstituted benzo[c]phenanthrenyl group, a substituted or
unsubstituted benzo[a]triphenylenyl group, a substituted or
unsubstituted naphtho[1,2-c]phenanthrenyl group, a substi-
tuted or unsubstituted naphthal 1,2-a]triphenylenyl group, a
substituted or unsubstituted dibenzo[a,ctriphenylenyl group,
a substituted or unsubstituted debenzothiophene ring, a sub-
stituted or unsubstituted isoquinoline ring, a substituted or
unsubstituted quinoxaline ring, a substituted or unsubstituted
pyridine ring, a substituted or unsubstituted pyrazine ring, a
substituted or unsubstituted pyrimidine ring, a substituted or
unsubstituted pyridazine ring, a substituted or unsubstituted
triazine ring, a substituted or unsubstituted quinoline ring, a
substituted or unsubstituted dibenzofuran ring, a substituted
or unsubstituted benzo[c]dibenzofuran ring and a substituted
or unsubstituted alkyl group having 1 to 30 carbon atoms.
[0112] The organic EL device material of the invention is
characterized that it has a carbazole ring or a azacarbazole
ring (hereinafter collectively referred to as “carbazole skel-
eton”) as a hole-injecting and/or transporting unit and a cyano
group-substituted heterocyclic ring (nitrogen-containing het-
erocyclicring Az) as an electron-injecting and/or transporting
unit, and the structure in which the 9™ nitrogen atom in the
carbazole skeleton as the hole-injecting and/or transporting
unit and the main skeleton in the electron-injecting and/or
transporting unit (carbon atom in the nitrogen-containing
heterocyclic ring) are bonded directly.

[0113] When comparing the case where the 9% nitrogen
atom in the carbazole skeleton and the carbon atom in the
nitrogen-containing heterocyclic ring Az are bonded directly
with the case where these are bonded through a linking group
(aromatic ring, for example), for the twisting of the bond on
the 97 nitrogen atom in the carbazole skeleton, the degree
thereof in the case where Az is bonded directly is smaller.
Hence, it is thought to be difficult to dissociate the bond on the
9 nitrogen atom in the carbazole skeleton. Therefore, the
direct bond to Az is thought to result in more stable as a
compound. The stability is assumed to contribute to a pro-
longed life of the organic EL device material of the invention.
[0114] In the organic EL device material of the invention,
the electron-transporting unit represented by -Az-Wq of a
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nitrogen-containing six-membered ring or fused polycyclic
ring containing a nitrogen-containing six-membered ring
which contains a cyano group is bonded to ahole-transporting
carbazole skeleton, the electron-transporting unit being
obtained by introducing a cyano group-substituted aromatic
hydrocarbon group or a cyano group-substituted heterocyclic
group into the nitrogen-containing six-membered ring or
fused polycyclic ring containing a nitrogen-containing six-
membered ring. As a result, the carrier balance in a molecule
becomes good, whereby an organic EL device using the mate-
rial has a prolonged life.

[0115] Further, in the organic EL device material of the
invention, the carrier balance in a molecule becomes favor-
able, without mutually affecting adversely the properties of
the hole-injecting and/or transporting carbazole skeleton and
the electron-injecting and/or transporting group having a
cyano group, whereby an organic EL device using the mate-
rial has prolonged life.

[0116] The method for producing the organic EL device
material of the invention is not particularly restricted. The
organic EL, device material of the invention can be produced
using a known method. For example, it can be produced by
the coupling reaction of a carbazole derivative and an aro-
matic halogen compound using 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 10 7729.

[0117] Specific examples of the organic EL device material
of the invention will be described below, but not limited to the
following compounds.

-
(J
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(Organic EL Device)

[0118] Next, the embodiments of the organic EL device of
the invention are explained.

[0119] The organic EL device of the invention comprises
organic thin film layers including an emitting layer between a
cathode and an anode. Due to the organic EL device material
of the invention contained in at least one layer of the organic
thin film layers, the organic EL device is allowed to prolong
life.

[0120] Examples of the organic thin film layer containing
the organic EL, device material of the invention include a
hole-transporting layer, an emitting layer, an electron-trans-
porting layer, a space layer and a blocking layer, but not
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limited thereto. The organic EL device material of the inven-
tion is preferably contained in an emitting layer, with use as a
host material in the emitting layer being particularly prefer-
able. In addition, the emitting layer contains a fluorescent
material or phosphorescent material preferably, with a phos-
phorescent material being particularly preferable. Further,
the organic EL device material of the invention is suitable for
a blocking layer.

[0121] The organic EL device of the invention may be
either a fluorescent or phosphorescent type monochrome
emitting device or a fluorescent/phosphorescent hybrid type
white color emitting device. Further, it may be either a simple
device having a single emitting unit or a tandem type device
having a plurality of emitting units. Among these, it is a
phosphorescent type device preferably. Here, the term of
“emitting unit” means the minimum unit which comprises
one or more organic layers, one of which is an emitting layer,
and can emit light by recombining injected holes and injected
electrons.

[0122] Therefore, as a representative device constitution of
a simple organic EL device, the following constitutions can
be given.

(1) Anode/Emitting Unit/Cathode

[0123] Theemitting unit mentioned above may be a stacked
type emitting unit comprising a plurality of phosphorescent
layers or fluorescent layers. In this case, between each emit-
ting layer, a space layer may be provided in order to prevent
diffusion of excitons generated in the phosphorescent layer to
the fluorescent layer. The representative layer configurations
of the emitting unit are given as follows.

(a) Hole-transporting layer/emitting layer (/electron-trans-
porting layer)

(b) Hole-transporting layer/first phosphorescent layer/second
phosphorescent layer (/electron-transporting layer)

(¢) Hole-transporting layer/phosphorescent layer/space
layer/fluorescent layer (/femitting layer)

(d) Hole-transporting layer/first phosphorescent layer/second
phosphorescent layer/space layer/fluorescent layer (/elec-
tron-transporting layer)

(e) Hole-transporting layer/first phosphorescent layer/space
layer/second phosphorescent layer/space layer/fluorescent
layer (/electron-transporting layer)

(f) Hole-transporting layer/phosphorescent layer/space layer/
first fluorescent layer/second fluorescent layer (/electron-
transporting layer)

(g) Hole-transporting layer/electron-blocking layer/emitting
layer (/electron-transporting layer)

(h) Hole-transporting layer/emitting layer/hole-blocking
layer (/electron-transporting layer)

(1) Hole-transporting layer/fluorescent layer/triplet blocking
layer (/electron-transporting layer)

[0124] The phosphorescent layers or the fluorescent layers
mentioned above can emit colors which are different from
each other. Specifically, in the stacked emitting layer (d), a
configuration such as a hole-transporting layer/first phospho-
rescent layer (red emission)/second phosphorescent layer
(green emission)/space layer/fluorescent layer (blue emis-
sion)/electron-transporting layer can be given.

[0125] Between each emitting layer and the hole-transport-
ing layer or the space layer, an electron-blocking layer may be
provided appropriately. Further, between each emitting layer
and the electron-transporting layer, a hole-blocking layer
may be appropriately provided. By providing an electron-
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blocking layer or a hole-blocking layer, it is possible to con-
fine electrons or holes in the emitting layer to increase the
possibility of recombination of charges in the emitting layer,
whereby the lifetime of a device can be prolonged.

[0126] Representative device configuration of a tandem
type organic EL device, the following device configurations
can be given.

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

[0127] Here, as for each of the first emitting unit and the
second emitting unit, the same emitting unit as mentioned
above can be selected.

[0128] The intermediate layer is generally called as the
intermediate electrode, the intermediate conductive layer, the
charge-generating layer, the electron-withdrawing layer, the
connecting layer and the intermediate insulating layer, and
can have a known material configuration in which electrons
are supplied to the first emitting unit and holes are supplied to
the second emitting unit

[0129] FIG. 1 shows a schematic configuration of one
example ofthe organic EL device of the invention. An organic
EL device 1 comprises a substrate 2, an anode 3, a cathode 4
and an emitting unit 10 between the anode 3 and the cathode
4. The emitting unit 10 comprises an emitting layer 5 that
comprises at least one phosphorescent layer containing a
phosphorescent host material and a phosphorescent dopant. A
hole-injecting/transporting layer 6 or the like may be formed
between the emitting layer 5 and the anode 3, and an electron-
injecting/transporting layer 7 or the like may be formed
between the emitting layer 5 and the cathode 4. Further, an
electron-blocking layer may be provided on the side nearer to
the anode 3 of the emitting layer and a hole-blocking layer
may be provided on the side nearer to the cathode 4 of the
emitting layer 5. Due to such a configuration, it is possible to
confine electrons or holes in the emitting layer 5, whereby the
possibility of formation of excitons in the emitting layer 5 can
be increased.

[0130] In the specification of the invention, a host com-
bined with a fluorescent dopant is called a fluorescent host,
and a host combined with a phosphorescent dopant is called a
phosphorescent dopant. The fluorescent host is not distin-
guished from the phosphorescent host only by the molecular
structure. That is, the phosphorescent host means a material
that constitutes a phosphorescent layer containing a phospho-
rescent dopant, and does not mean the phosphorescent host
cannot be used as a material constituting a fluorescent layer.
The same can be applied to the fluorescent host.

(Substrate)

[0131] Theorganic EL device of the invention is formed on
a transparent substrate. A transparent substrate is a substrate
which supports the organic EL device, and is preferably a
smooth substrate having a 400-to-700-nm-visible-light trans-
mittance of 50% or more. Specific examples thereof include
glass plates and polymer plates. Examples of the glass plate
include one made from soda-lime glass, barium/strontium-
containing glass, lead glass, aluminosilicate glass, borosili-
cate glass, barium borosilicate glass, and quartz. Examples of
the polymer plate include one made from polycarbonate,
acrylic polymer, polyethylene terephthalate, polyethersul-
fone, and polysulfone.
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(Anode)

[0132] The anode plays a role for injecting holes into the
hole-transporting layer or emitting layer. It is effective to use
one having a work function of 4.5 eV or higher. Specific
examples of the anode material include indium tin oxide alloy
(ITO), tin oxide (NESA), indium zinc oxide alloy, gold, sil-
ver, platinum, and copper. The anode can be formed by form-
ing these electrode materials into a thin film by a method such
as a deposition method and a sputtering method. In the case
where emission from the emitting layer is taken out through
the anode, the transmittance of the anode for the emission in
the visible range is preferably more than 10%. The sheet
resistance of the anode is preferably several hundred /7 or
less. The film thickness of the anode, which varies depending
upon the material thereof, is usually from 10 nm to 1 pm,
preferably from 10 nm to 200 nm.

(Cathode)

[0133] The cathode serves to inject electrons to the elec-
tron-injection layer, the electron-transporting layer or the
emitting layer. It is preferred that the cathode may be formed
of a material having a small work function. Although no
specific restrictions are imposed on the cathode material,
specifically, indium, aluminum, magnesium, magnesium-in-
dium alloy, magnesium-aluminum alloy, aluminum-lithium
alloy, aluminum-scandium-lithium alloy, magnesium-silver
alloy or the like can be given. As in the case of the anode, the
cathode can be formed by forming a thin film by a method
such as a deposition method and a sputtering method. If need
arises, light is outcoupled from the cathode.

(Emitting Layer)

[0134] The emitting layer is an organic layer having an
emission function. If a doping system is used, the emitting
layer contains a host material and a dopant material. In this
case, the host material mainly has a function of promoting
electrons and holes to confine the excitons in the emitting
layer, and the dopant material has a function of allowing the
excitons obtained by the recombination to emit light effi-
ciently.

[0135] In the case of a phosphorescent device, the host
material mainly has a function of confining excitons gener-
ated by the dopant in the emitting layer.

[0136] The above-mentioned emitting layer may use a
double-host system (also called a host/co-host) that adjusts
carrier balance in the emitting layer by combining an elec-
tron-transmitting host and a hole-transporting host or the like.
It is preferred that the emitting layer contain the first host
material and the second host material and that the first host
material be the material for the organic EL device of the
invention.

[0137] By incorporating two or more types of dopant mate-
rials having a high quantum efficiency, a double dopant sys-
tem in which each dopant emits light may be used. Specifi-
cally, an embodiment can be given in which yellow emission
is realized by using a common emitting layer by allowing a
host, a red dopant and a green dopant to be co-deposited.

[0138] By allowing the above-mentioned emitting layer to
be a stacked structure obtained by stacking a plurality of
emitting layers, electrons and holes are allowed to be accu-
mulated in the interface of the emitting layer, the recombina-
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tion region is allowed to be concentrated on the interface of
the emitting layer, whereby the quantum efficiency can be
improved.

[0139] The degree of easiness in injection of holes to the
emitting layer may differ from the degree of easiness in
injection of electrons in the emitting layer. Further, the hole-
transporting capability and the electron-transporting capabil-
ity represented by the mobility of holes and electrons in the
emitting layer may differ from each other.

[0140] As the method for forming the emitting layer, a
known method such as deposition, spin coating, or an LB
(Langmuir Blodgett) method may be applied. Further, an
emitting layer may be formed by forming into a thin film by
spin coating or the like a solution obtained by dissolving a
binder such as a resin and a material compound in a solvent.

[0141] Itis preferable that the emitting layer be a molecular
deposition film. Here, the molecular deposition film means a
thin film formed by deposition of a material compound in a
vapor phase or a film formed by solidification of a material
compound which is in a solution state or in a liquid state. The
molecular deposition film is normally distinguished from a
thin film (molecular accumulation film) formed using the LB
method by the difference in aggregation structure or higher
order structure or the difference in function due to the differ-
ence in structure.

[0142] The dopant material is selected from a known fluo-
rescent dopant that shows fluorescent emission and a known
phosphorescent dopant that shows phosphorescent emission.

[0143] The fluorescent dopant is selected from a fluoran-
thene derivative, a pyrene derivative, an arylacetylene deriva-
tive, a fluorene derivative, a boron complex, a perylene
derivative, an oxadiazole derivative, an anthracene derivative
and a chrysene derivative. Of these, a fluorantene derivative,
apyrene derivative and a boron complex are preferably given.

[0144] A phosphorescent dopant (phosphorescent mate-
rial) that forms the emitting layer is a compound which can
emit light from a triplet exciton. Although the type of the
dopant is not particularly restricted as long as it can emit from
a triplet exciton, the dopant is preferably a metal complex
containing at least one metal selected from the group consist-
ing of Ir, Pt, Os, Au, Cu, R® and Ru. It is preferred that the
ligand have an orthometal bond. In respect of a high phos-
phorescence quantum yield and being capable of further
improving the external quantum efficiency of an emitting
layer, a metal complex containing a metal atom selected from
Ir, Os and Pt is preferable. A metal complex such as an iridium
complex, an osmium complex and a platinum complex are
preferable, with an orthometalated complex being particu-
larly preferable. An iridium complex and a platinum complex
are further preferable, with an orthometalated iridium com-
plex being particularly preferable.

[0145] Thecontent of a phosphorescent dopant in the emit-
ting layer is not particularly restricted, and can be appropri-
ately selected according to the purpose. The content is 0.1 to
70 mass %, for example, with 1 to 30 mass % being prefer-
able. If the content of a phosphorescent compound is 0.1 mass
% or more, sufficient emission is obtained. If the content is 70
mass % or less, concentration quenching can be eliminated.

[0146] Specific examples of the organic metal complex
preferable as the phosphorescent dopant are given below.
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[0147] A phosphorescent host is a compound which has a
function of allowing a phosphorescent dopant to emit light
efficiently by confining the triplet energy of the phosphores-
cent dopant in the emitting layer efficiently. The material for
an organic EL device of the invention is preferable as a phos-
phorescent host. The emitting layer may contain the material
for an organic EL device of the invention singly or in combi-
nation of two or more.

[0148] When the material for an organic EL device of the
invention is used as the host material of the emitting layer, the
emission wavelength of the phosphorescent dopant contained
in the emitting layer is not particularly restricted. It is pre-
ferred that at least one of the phosphorescent dopant materials
contained in the emitting layer have a peak of emission wave-
length 0f 490 nm or more and 700 nm or less, more preferably
490 nm or more and 650 nm or less. As the emission color of
the emitting layer, red, yellow and green are preferable, for
example. By using the compound of the invention as the host
material and by constituting the emitting layer by doping a
phosphorescent dopant material having such an emission
wavelength, the organic EL device can have a long life time.
[0149] In the organic EL device of the invention, a com-
pound other than the materials for an organic EL device ofthe
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invention can be appropriately selected as a phosphorescent
host according to the above-mentioned object.

[0150] The material for an organic EL device of the inven-
tion and other compounds may be used in combination as the
phosphorescent host material in the same emitting layer. If
there are a plurality of emitting layers. the material for an
organic EL device of the invention can be used as the phos-
phorescent host material in one of these plurality of emitting
layers, and compounds other than the material for an organic
EL device of the invention can be used as the phosphorescent
host material in another emitting layer. The material for an
organic EL device of the invention can be used in an organic
layer other than the emitting layer. In this case, compounds
other than the material for an organic EL device of the inven-
tion may be used as the phosphorescent host of the emitting
layer.

[0151] As for the compounds other than the material for an
organic EL device of the invention, specific examples of the
compound preferable as the phosphorescent host include het-
erocyclic tetracarboxylic anhydrides such as carbazole
derivatives, triazole derivates, oxazole derivatives, oxadiaz-
ole derivatives, imidazole derivatives, polyarylalkane deriva-
tives, pyrazoline derivatives, pyrazolone derivatives, phe-
nylenediamine derivatives, arylamine derivatives, amino-
substituted calcone derivatives, styryl anthracene derivatives,
fluorenone derivatives, hydrazone derivatives, stilbene
derivatives, silazane derivatives, aromatic tertiary amine
compounds, styrylamine compounds, aromatic dimeth-
ylidene compounds, porphyrin compounds, anthraquin-
odimethane derivatives, anthrone derivatives, diphe-
nylquinone derivatives, thiopyrandioxide derivatives,
carbodiimide derivatives, fluoreniridenemethane derivatives,
distyrylpyrazine derivatives and naphthaleneperylene; metal
complexes of phthalocyanine derivatives and 8-quinolinol
derivatives, various metal complex polysilane compounds
represented by metal complexes having metalphthalocya-
nine, benzoxazole or benzothiazole as a ligand, electrocon-
ductive high-molecular oligomers such as poly(N-vinylcar-
bazole) derivatives, aniline copolymers, thiophene oligomers
and polythiophene; and high-molecular compounds such as
polythiophene derivatives, polyphenylene derivatives,
polyphenylenevinylene derivatives and polyfluorene deriva-
tives. Phosphorescent host compounds can be used individu-
ally or as a combination of two or more kinds. Specific com-
pounds shown below can be exemplified.

ook
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[0152] If the emitting layer contains the first host material
and the second host material, the material for an organic EL
device of the invention may be used as the first host material,
and compounds other than the material for an organic EL
device of the invention may be used as the second host mate-
rial. In the invention, the “first host material” and the “second
host material” mean that a plurality of host materials con-
tained in the emitting layer may be different in structure from
each other, and the difference between the “first” and the
“second” is not defined by the content of the host material in
the emitting layer.

[0153] No specific restrictions are imposed on the second
host material, and compounds other than the material for an
organic EL device of the invention and are the same as above
as the compounds preferable as the phosphorescent host can
be given. As the second host material, a compound having no
cyano group is preferable. As the second host, a carbazole
derivative, an arylamine derivative, a fluorenone derivative
and an aromatic tertiary amine compound are preferable.
[0154] Thethickness of the emitting layer is preferably 5 to
50 nm, more preferably 7 to 50 nm, with 10 to 50 nm being
further preferable. If the thickness of the emitting layer is 5
nm or more, the emitting layer can be formed easily. If the
thickness of the emitting layer is 50 nm or less, an increase in
driving voltage can be avoided.

(Electron-Donating Dopant)

[0155] In the organic EL device of the invention, it is pre-
ferred that an electron-donating dopant be provided in the
interface region of the cathode and the emitting unit. Due to
such a configuration, an organic EL device can have improved
luminance or a prolonged lifetime. Here, an electron-donat-
ing dopant means a dopant containing a metal having a work
function of 3.8 eV or less. As specific examples thereof, at
least one selected from an alkali metal, an alkali metal com-
plex, an alkali metal compound, an alkaline earth metal, an
alkaline earth metal complex, an alkaline earth metal com-
pound, a rare earth metal, a rare earth metal complex and a
rare earth metal compound can be given.

[0156] As the alkali metal, Na (work function: 2.36 eV), K
(work function: 2.28 eV), Rb (work function: 2.16 eV), Cs
(work function: 1.95 ¢V) or the like can be given. Metals
having a work function of 2.9 eV or less are particularly
preferable. Of these, K, Rb, Cs are preferable. and Rb or Cs is

26
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further preferable, with Cs being most preferable. As the
alkaline earth metal, Ca (work function: 2.9 eV), Sr (work
function: 2.0 to 2.5 eV), Ba (work function: 2.52 eV) or the
like can be given. Metals having a work function of 2.9 eV or
less are particularly preferred. As the rare earth metal, Sc, Y,
Ce, Th, Yb or the like can be given, and metals having a work
function of 2.9 eV or less are particularly preferable.

[0157] As the alkali metal compound, an alkali oxide such
as Li,0, Cs,0 and K,O and an alkali halide such as LiF, NaF,
CsF and KF can be given. Of these, LiF, Li,O and NaF are
preferable. As the alkaline earth metal compound, BaO, SrO,
CaO and a mixture of these (e.g. Ba Sr; O (0<x<1),Ba Ca,_
x0 (O<x<1) or the like) can be given. Of these, BaO, SrO and
CaO are preferable. As the rare earth metal compound, YbF;,
ScF;, Sc0;, Y,0,, Ce,05, GdF;, TbE, or the like can be
given. Of these, YbF,, ScF; and TbF, are preferable.

[0158] No specific restrictions are imposed on the alkali
metal complex, the alkaline earth metal complex and the rare
earth metal complex, as along as they contain at least one of
an alkali metal ion, an alkaline earth metal ion and a rare earth
metal ion as the metal ion. As the ligand, quinolinol, benzo-
quinolinol, acrydinol, phenanthridinol, hydroxyphenyl
oxazole, hydroxyphenyl thiazole, hydroxydiaryl oxadiazole,
hydroxydiaryl thiadiazole, hydroxyphenyl pyridine, hydrox-
yphenyl benzimidazole, hydroxybenzo triazole, hyroxy-
fluborane, bipyridyl, phenanthroline, phthalocyanine, por-
phyrin, cyclopentadiene, f-diketone, azomethine, and
derivatives thereof are preferable, but not limited thereto.
[0159] Theelectron-donating dopant is preferably added in
the form of a layer or an island in the interfacial region. As the
formation method, a method is preferable in which, while
depositing an electron-donating dopant by the resistance
heating deposition method, an organic compound (an emit-
ting material or an electron-injecting material) that forms an
interfacial region is simultaneously deposited, whereby a
electron-donating dopant is dispersed in the organic sub-
stance. The dispersion concentration is preferably organic
compound:electron-donating dopant=100:1 to 1:100 in terms
of molar ratio, with 5:1 to 1:5 being more preferable.

[0160] When forming an electron-donating dopant in the
formofalayer, after forming into a layer the emitting material
or the electron-injecting material which is the organic layer of
the interface, the electron-reducing dopant is singly deposited
by the resistance heating deposition method, preferably in a
layer thickness of 0.1 to 15 nm. When forming an electron-
donating dopant in the form of an island, after forming into an
island the emitting material or the electron-injecting material
which is the organic layer of the interface, the electron-do-
nating dopant is singly deposited by the resistance heating
deposition method, preferably in an island thickness of 0.05
to 1 nm.

[0161] Inthe organic EL device of the invention, the ratio of
the main component and the electron-donating dopant is pref-
erably main component:electron-donating dopant 5:1 to 1:5
in terms of molar ratio, with 2:1 to 1:2 being further prefer-
able.

(Electron-Transporting Layer)

[0162] The electron-transporting layer is an organic layer
formed between the emitting layer and the cathode and has a
fanction of transporting electrons from the cathode to the
emitting layer. If the electron-transporting layer is formed of
a plurality of layers, an organic layer closer to the cathode
may often be defined as an electron-injecting layer. The elec-
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tron-injecting layer has a function of injecting electrons effi-
ciently from the cathode to an organic layer unit.

[0163] As the electron-transporting material used in the
electron-transporting layer, an aromatic heterocyclic com-
pound having one or more hetero atoms in its molecule is
preferable. A nitrogen-containing ring derivative is particu-
larly preferable. As the nitrogen-containing ring derivative,
an aromatic ring having a nitrogen-containing six-membered
ring skeleton or a nitrogen-containing five-membered ring
skeleton, or a fused aromatic ring compound having a nitro-
gen-containing six-membered ring skeleton or a nitrogen-
containing five-membered ring skeleton is preferable.

[0164] As this nitrogen-containing ring derivative, a nitro-
gen-containing ring metal chelate complex represented by the
following formula (A) is preferable.

&Y

EM—O—L

[0165] R? to R7 in the formula (A), which is a nitrogen-
containing metal chelate complex, areindependently a hydro-
gen atom, 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 alkoxycar-
bonyl group or an aromatic heterocyclic group having 5 to 50
ring carbon atoms, which may be substituted.

[0166] As the halogen atom, fluorine, chlorine, bromine,
iodine or the like can be given.

[0167] Examples of the amino group which may be substi-
tuted include an alklyamino group, an arylamino group and
an aralkylamino group.

[0168] The alkylamino group and the aralkylamino group
are represented by —NQ'Q?. Q' and Q* are independently an
alkyl group having 1 to 20 carbon 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.

[0169] The arylamino group is represented by —NAr' Ar®.
Ar' and Ar® are independently a non-fused aromatic hydro-
carbon group having 6 to 50 carbon atoms or fused aromatic
hydrocarbon atoms having 6 to 50 carbon atoms. One of Ar'
and Ar® may be a hydrogen atom or a deuterium atom.
[0170] Thehydrocarbon group having 1 to 40 carbon atoms
includes an alkyl group, an alkenyl group, a cycloalkyl group,
an aryl group and an aralkyl group.

[0171] The alkoxycarbonyl group is represented by
—COO0Y", and Y' is an alkyl group having 1 to 20 carbon
atoms.

[0172] M is aluminum (Al), gallium (Ga) or indium (In),
with In being preferable.

[0173] L is a group represented by the following formulas
(A" or (A").
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R " (A)
RIO
RIZ Rll
5 (A"
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R4 RI6
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Rr13 R
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R27 R43
R22 Rr2!
R26 R
RZS

[0174] In the formula (A"), R® to R'? are independently a
hydrogen atom, a deuterium atom or a substituted or unsub-
stituted hydrocarbon group having 1 to 40 carbon atoms, and
adjacent groups may form a ring structure. R** to R*” in the
formula (A") are independently a hydrogen atom, a deute-
rium atom or a substituted or unsubstituted hydrocarbon
group having 1 to 40 carbon atoms, and adjacent groups may
form a ring structure.

[0175] Thehydrocarbon group having 1 to 40 carbon atoms
represented by R® to R'? and R'? to R*” in the formulas (A)
and (A") are the same as the hydrocarbon group represented
by R*to R” in the formula (A) which is the nitrogen-contain-
ing chelate complex. As the divalent group represented by R*
to R*? and R"® to R*” in which adjacent groups form a ring
structure, a tetramethylene group, a pentamethylene group, a
hexamethylene group, a diphenylmethane-2,2'-diyl group, a
diphenylethane-3,3'-diyl group, a diphenhylpropane-4,4'-
diyl group or the like can be given.

[0176] The electron-transmitting compound used in the
electron-transporting layer is preferably a metal complex of
8-hydroxyquinoline or a derivative thereof, an oxadiazole
derivative or a nitrogen-containing heterocyclic derivative.
Specific examples of the metal complexes of 8-hydrox-
yquinoline or derivatives thereof include metal chelate
oxynoid compounds containing a chelate of oxine (generally,
8-quinolinol or 8-hydroxyquinoline). For example, tris(8-
quinolinol)aluminum can be used. As the oxadizole deriva-
tive, the following can be given.
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[0177] In the above formula, Ar'”, Ar'®, Ar'®, Ar*!, Ar*?
and Ar*® are independently a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 50 carbon atoms. Ar'” and Ar'®, Ar'® and
Ar®' and Ar* and Ar** may be the same or different. As the
aromatic hydrocarbon group or the fused aromatic hydrocar-
bon group, a phenyl group, a naphthyl group, a biphenyl
group, an anthranyl group, a perylenyl group, a pyrenyl group
or the like can be given. As the substituent, an alkyl group
having 1 to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, a cyano group, and the like can be given.
[0178] Ar*®, Ar*® and Ar** are independently a substituted
or unsubstituted divalent aromatic hydrocarbon group or
fused aromatic hydrocarbon group having 6 to 50 carbon
atoms, and Ar*? and Ar** may be the same or different. As the
divalent aromatic hydrocarbon group or the divalent fused
aromatic hydrocarbon group, a phenylene group, a naphthyl-
ene group, a biphenylene group, an anthranylene group, a
perylenylene group, a pyrenylene group or the like can be
given. As the substituent, an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, a cyano
group, and the like can be given.

[0179] As for these electron-transmitting compounds, one
capable of forming a thin film is preferably used. Specific
examples of these electron-transmitting compounds, the fol-
lowing can be given.

OO0
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[0180] The nitrogen-containing heterocyclic derivative as
the electron-transmitting compound is a nitrogen-containing
heterocyclic derivative formed of an organic compound rep-
resented by the following formulas. A nitrogen-containing
compound which is not a metal complex can be given. For
example, a five-membered ring or six-membered ring having
a skeleton represented by the following formula (B) or one
having a structure represented by the following formula (C)
can be given.

®)

©

[0181] Inthe formula (C), X is a carbon atom or a nitrogen
atom. 7, and Z, are independently a group of atoms capable
of forming a nitrogen-containing heterocyclic ring.

[0182] It is further preferred that the nitrogen-containing
heterocyclic derivative be an organic compound comprising a
nitrogen-containing aromatic polycyclic group composed of
a five-membered ring or a six-membered ring. Further, in the
case of a nitrogen-containing aromatic polycyclic group com-
prising plural nitrogen atoms, a nitrogen-containing aromatic
polycyclic organic compound having a skeleton obtained by
combination of the above formulas (B) and (C) or the above
formulas (B) and (D) is preferable.

O OO0

'4””

O-O--O-0-U-00
~O-O--O-O--0-0O~
OO OO V-00
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[0183] The nitrogen-containing group of the above-men-

tioned nitrogen-containing aromatic polycyclic organic com-
pound is selected from the nitrogen-containing heterocyclic
groups represented by the following formulas.

Rﬂ\’N\ RH’N\ NNy
Dl
o Y

[0184] In each of the above formulas, R is an aromatic
hydrocarbon group or fused aromatic hydrocarbon group
having 6 to 40 carbon atoms or an aromatic heterocyclic
group or fused aromatic heterocyclic group 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
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integer in a range of 0 to 5. When n is an integer of 2 or more,
plural Rs may be the same or different

[0185] A further preferable specific compound is a nitro-
gen-containing heterocyclic derivative represented by the fol-
lowing formula (D1):

HAr-LLArl-AP (D)

in the formula (D1), HAr is a substituted or unsubstituted
nitrogen-containing heterocyclic group having 3 to 40 carbon
atoms; L' is a single bond, a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 40 carbon atoms, or a substituted or unsub-
stituted aromatic heterocyclic group or fused aromatic het-
erocyclic group having 3 to 40 carbon atoms; Ar' is a substi-
tuted or unsubstituted divalent aromatic hydrocarbon group
having 6 to 40 carbon atoms; and Ar* is a substituted or
unsubstituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group having 6 to 40 carbon atoms, or substi-
tuted or unsubstituted aromatic heterocyclic group or fused
aromatic heterocyclic group having 3 to 40 carbon atoms.

[0186]
example.

HAr is selected from the following group, for

N
| x
NF

\

4

/Z
7\
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[0187] L' in the above formula (D1) is selected from the

following groups, for example.
N,
| =

N
e OO
7 iy ,
| [0188] Ar inthe formula (D1)is selected from arylanthra-
N nyl groups represented by the following formulas (D2) and
N N \ N \ D3 .
S | -
U
7 D2
R! R®
s R2 R’
PPN 900
N \ /@ R3 RS

N N R* R}
D3)
R9 AI3 Rl4
10
N | R
N \
Va 1 3 12
N | AN R AP R
N, /

[0189] In the formulas (D2) and (D3), R* to R** are inde-

pendently a hydrogen atom, a deuterium atom, a halogen
atom, an alkyl group having 1 to 20 carbon atoms, an alkoxy
Naeo X group having 1 to 20 carbon atoms, an aryloxy group having
6 to 40 carbon atoms, a substituted or unsubstituted aromatic
F \ N __~# hyd.rocarbon group or fused aromati.c hydrocarbon group
having 6 to 40 carbon atoms, or a substituted or unsubstituted
X
N

aromatic heterocyclic group or fused aromatic heterocyclic
group having 3 to 40 carbon atonis; and Ar® is a substituted or

N ™ unsubstituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group having 6 to 40 carbon atoms or a substi-
\ N A tuted or unsubstituted aromatic heterocyclic group or fused

aromatic heterocyclic group having 3 to 40 carbon atoms. All
of R! to R® may be a nitrogen-containing heterocyclic deriva-
tive that may be a hydrogen atom or a deuterium atom.
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[0190] Ar?in the formula (D1) is selected from the follow-
ing group, for example.

P

! 0
N c=cC
/
Rz Daul

-continued

O
s

O

[0191] Other than those mentioned above, the following
compound can be preferably used for the nitrogen-containing
aromatic polycyclic organic compound as the electron-trans-
mitting compound.

D4
R, X
RS
R,—N N—R,
—
X R;
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[0192] In the formula (D4), R, to R, are independently a
hydrogen atom, a deuterium atom, a substituted or unsubsti-
tuted aliphatic group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted alicyclic group having 3 to 20 carbon
atoms, a substituted or unsubstituted aromatic ring group
having 6 to 50 carbon atoms, or a substituted or unsubstituted
heterocyclic group having 3 to 50 carbon atoms; and X, and
X, are independently an oxygen atom, a sulfur atom or a
dicyanomethylene group.

[0193] The following compound can also be preferably
used for the electron-transmitting compound.

(D3)

R3
|| /
c=C N
\
0 R*

[0194] Inthe formula (DS5), R!, R?, R? and R*, which may
be the same or different, are an aromatic hydrocarbon group
or a fused aromatic hydrocarbon group represented by the
following formula (D6).

(Do)
RS R’

R7
R® R’

[0195] In the formula (D6), R®, R®, R7, R® and R®, which
may be the same or different, are a hydrogen atom, a deute-
rium atom, a saturated or unsaturated alkoxy group, a satu-
rated 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®, R7, R® and R® is a group other
than a hydrogen atom or a deuterium atom.

[0196] Theelectron-transmitting compound may be a poly-
mer conipound containing the nitrogen-containing heterocy-
clic group or a nitrogen-containing heterocyclic derivative.

[0197] It is particularly preferred that the electron-trans-
porting layer of the organic EL device of the invention contain
at least one of nitrogen-containing heterocyclic derivatives
represented by the following formulas (E) to (G):

®)

1
N
7
VA /%N’\LZ\_AIZ



US 2014/0001451 Al

-continued
N )
7
(\\r Y
| %?\ P pf—ap
R \ )
R

©

/ N
s

A
®, N
\AI3—AI2

[0198] In the formulas (E) to (G), Z*, Z* and Z* are inde-
pendently a nitrogen atom or a carbon atom.

[0199] R'andR?are independently a substituted or unsub-
stituted aryl group having 6 to 50 ring carbon atoms, a sub-
stituted or unsubstituted heteroaryl group having 5 to 50 ring
atoms, a substituted or unsubstituted alkyl group having 1 to
20 carbon atoms, or a substituted or unsubstituted haloalkly
group having 1 to 20 carbon atoms or a substituted or unsub-
stituted alkoxy group having 1 to 20 carbon atoms.

[0200] n represents an integer of 0 to 5 and when n is an
integer of 2 or more, plural R's may be the same or different.
Adjacent two groups of R' may be bonded with each other to
form a substituted or unsubstituted hydrocarbon ring.

[0201] Ar'is a substituted or unsubstituted aryl group hav-
ing 6 to 50 carbon atoms or a substituted or unsubstituted
heteroaryl group having 5 to 50 ring atoms.

[0202] Ar” is a hydrogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted haloalkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group hav-
ing 6 to 50 ring carbon atoms or a substituted or unsubstituted
heteroaryl group having 5 to 50 ring atoms.

[0203] Any one of Ar* and Ar? is a substituted or unsubsti-
tuted fused aromatic hydrocarbon group having 10 to 50 ring
carbon atoms or a substituted or unsubstituted fused aromatic
heterocyclic group having 9 to 50 ring atoms.

[0204] Ar’is a substituted or unsubstituted arylene group
having 6 to 50 ring carbon atoms or a substituted or unsub-
stituted heteroarylene group having 5 to 50 ring atoms.
[0205] T.!,? and I? are independently a single bond, a
substituted or unsubstituted arylene group having 6 to 50 ring
carbon atoms or a substituted or unsubstituted divalent fused
aromatic heterocyclic group having 9 to 50 ring atoms.
[0206] As the aryl group having 6 to 50 ring carbon atoms,
aphenyl group, a naphthyl group, an anthryl group, a phenan-
thryl group, a naphthacenyl group, a chrycenyl group, a pyre-
nyl group, a biphenyl group, a terphenyl group, a tolyl group,
a fluoranthenyl group, a fluorenyl group, or the like can be
given.

[0207]  As the heteroaryl group having 5 to 50 ring atoms, a
pyrrolyl group, a furyl group, a thienyl group, a silolyl group,
a pyridyl group, a quinolyl group, an isoquinolyl group, a
benzofuryl group, an imidazolyl group, a pyrimidyl group, a
carbazolyl group, a selenophenyl group, an oxadiazolyl
group, a triazolyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a quinoxalinyl group, an acrydinyl
group, an imidazo[1,2-a]pyridinyl group, an imidazo[1,2-a]
pyrimidinyl group, or the like can be given.
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[0208] As the alkyl group having 1 to 20 carbon atoms, a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group or the like can be given.

[0209] As thehaloalkyl group having 1 to 20 carbon atoms,
a group obtained by substituting one or two or more hydrogen
atoms of the alkyl group with at least one halogen atoms
selected from fluorine, chlorine, iodine and bromine can be
given.

[0210] As the alkoxy group having 1 to 20 carbon atoms, a
group having the above-mentioned alkyl group as an alkyl
part can be given.

[0211] As the arylene group having 6 to 50 ring carbon
atoms, a group obtained by removing one hydrogen atom
from the aryl group can be given.

[0212] As the divalent fused aromatic heterocyclic group
having 9 to 50 ring atoms, a group obtained by removing one
hydrogen atom from the fused aromatic heterocyclic group
stated as the heteroaryl group can be given.

[0213] Although the thickness of the electron-transporting
layer is not particularly restricted, the thickness is preferably
1 nm to 100 nm.

[0214] The electron-injecting layer which can be provided
in adjacent to the electron-transporting layer preferably con-
tains an inorganic compound such as an insulator or a semi-
conductor in addition to the nitrogen-containing cyclic
derivative. Such an insulator or a semiconductor, when con-
tained in the electron-injecting layer, can effectively prevent
a current leak, thereby enhancing electron injection proper-
ties.

[0215] As the insulator, it is preferable to use at least one
metal compound selected from the group consisting of an
alkali metal chalcogenide, an alkaline earth metal chalco-
genide, a halide of an alkali metal and a halide of an alkaline
earth metal. When the electron-injecting layer is formed from
the alkaline metal chalcogenide or the like, the electron-
injecting properties can preferably be further enhanced. Spe-
cifically, preferred examples of the alkali metal chalcogenide
are Li,0, K,O, Na,S, Na,Se and Na,O, while preferable
example of the alkaline earth metal chalcogenide are CaQ,
BaO, SrO, BeO, BaS and CaSe. Preferred examples of the
halide of the alkali metal include LiF, NaF, KF, LiCl, KCl and
NaCl. Preferred examples of the halide of the alkaline earth
metal are fluorides such as CaF,, Bal',, SrF,, MgF, and BeF,,
and halides other than the fluoride.

[0216] Examples of the semiconductor are one of or a com-
bination of two or more of an oxide, a nittide or an oxidized
nitride containing at least one element selected from Ba, Ca,
Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn. An
inorganic compound for forming the electron-injecting layer
is preferably a microcrystalline or amorphous insulative firm.
When the electron-injecting layer is formed of such an insu-
lative film, more uniform thin film can be formed, thereby
reducing pixel defects such as a dark spot. Examples of such
an inorganic compound include an alkali metal chalcogenide,
an alkaline earth metal chalcogenide, a halide of an alkali
metal and a halide of an alkaline earth metal.

[0217] When such an insulator or a semiconductor is used,
the preferable thickness of the layer is about 0.1 nm to 15 nm.
The electron-injecting layer of the invention preferably con-
tains the above-mentioned electron-donating dopant.
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(Hole-Transporting Layer) -continued

[0218] The hole-transporting layer is an organic layer
formed between the emitting layer and the anode, and has a
function of transporting holes from the anode to the emitting
layer. If the hole-transporting layer is formed of a plurality of
layers, an organic layer nearer to the anode may often be
defined as the hole-injecting layer. The hole-injecting layer
has a function of injecting holes from the anode to an organic
layer unit efficiently.

[0219] As the other materials for forming the hole-trans-
porting layer, an aromatic amine compound, e.g. an aromatic
amine derivative represented by the following formula (H),
can preferably used.

OO

“o o™

U
wl o H
/
N—L—N
/
Ar? Art

[0220] Inthe above formula (H), Ar' to Ar* are a substituted
or unsubstituted aromatic hydrocarbon group or fused aro-
matic hydrocarbon group having 6 to 50 ring carbon atoms, a
substituted or unsubstituted aromatic heterocyclic group or
fused aromatic heterocyclic group having 5 to 50 ring atoms
or a group obtained by bonding these aromatic hydrocarbon
group or fused aromatic hydrocarbon group with an aromatic
heterocyclic group or a fused aromatic heterocyclic group.

[0221] Further, in the above formula (H), L is a substituted
or unsubstituted aromatic hydrocarbon group or fused aro-
matic hydrocarbon group having 6 to 50 ring carbon atoms, or
a substituted or unsubstituted aromatic hydrocarbon group or
fused aromatic heterocyclic group having 5 to 50 ring atoms.

oo™
x
.

[0222] Specific examples of the compound represented by
the formula (H) are given below.
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-continued -continued

@ X o

[0223] The aromatic amine represented by the following O

formula (J) can preferably be used for the formation of the
hole-transporting layer.

]
AII
/
AP—N
Ar
[0224] Inthe above formula (T), Ar' to Ar° are as defined as O O ‘ O
N

Ar' to Ar* in the formula (H). Specific examples of the com-
pound represented by the formula (J) are shown below,

though not limited thereto. O ‘

Z%o
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-continued

[0225] Thehole-transporting layer of the organic EL device
of the invention may be of a two-layer structure of the first
hole-transporting layer (anode side) and the second hole-
transporting layer (cathode side).

[0226] Although no specific restrictions are imposed on the
thickness of the hole-transporting layer, the thickness is pref-
erably 10 to 200 nm.

[0227] In the organic EL device of the invention, a layer
containing an acceptor material may be connected to the side
of the hole-transporting layer or the first hole-transporting
layer nearer to the anode. By such a configuration, a decrease
in driving voltage or reduction in production cost can be
expected.

40
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[0228] As the acceptor material, a compound represented
by the following formula (K) is preferable.

&)
Ry
Ry, Ny
N Nj: Ry
&
N N Rys
N
Ry 7
Ry
[0229] Inthe above formula (K), R,, to R,4, which may be

the same or different, are independently a cyano group,
—CONH,, a carboxyl group or —COOR,, (R, is an alkyl
group having 1 to 20 carbon atoms or a cycloalkyl group
having 3 to 20 carbon atoms). One or two or more pairs 0of R,
andR,,,R,;andR,, andR,; and R, may be bonded to form
a group represented by —CO—0—CO—.

[0230] AsexamplesofR,,, amethyl group, an ethyl group,
an n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a t-butyl group, a cyclopentyl group, a cyclo-
hexyl group or the like can be given.

[0231] The thickness of the layer containing an accepter
material is not particularly restricted, but it is preferably 5 to
20 nm.

(n/p Doping)

[0232] In the above-mentioned hole-transporting layer or
the electron-transporting layer, as stated in the U.S. Pat. No.
3,695,714, carrier injection properties can be adjusted by
doping (n) ofa donating material or doping (p) of an accepter
material.

[0233] As the representative example of the n-doping, a
method in which an electron-transporting material is doped
with a metal such as Li and Cs can be given. As the represen-
tative example of the p-doping, a method in which a hole-
transporting material is doped with an accepter material such
as F,TCNQ (2,3,56-tetrafluoro-7,7,8,8-tetracyanoquin-
odimethane) can be given.

(Space Layer)

[0234] The space layer is a layer provided, when a fluores-
cent layer and a phosphorescent layer are stacked, between
the fluorescent layer and the phosphorescent layer in order to
prevent diffusion of excitons generated in the phosphorescent
layer to the fluorescent layer or in order to adjust carrier
balance. The space layer may be provided between the plural
phosphorescent layers.

[0235] Due to the provision between the emitting layers,
the space layer is preferably formed of a material which has
both electron-transporting properties and hole-transporting
properties. Further, in order to prevent diffusion of triplet
energy in the adjacent phosphorescent layers, it is preferred
that the triplet energy be 2.6 eV or more. As the material used
in the space layer, the same materials as those used in the
above-mentioned hole-transporting layer can be given.
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(Blocking Layer)

[0236] In the organic EL. device of the invention, it is pre-
ferred that a blocking layer such as an electron-blocking
layer, a hole-blocking layer and a triplet-blocking layer be
provided in a part adjacent to the emitting layer. Here, the
electron-blocking layer is a layer that prevents leakage of
electrons from the emitting layer to the hole-transporting
layer and the hole-blocking layer is a layer that prevents
leakage of holes from the emitting layer to the electron-
transporting layer.

[0237] The triplet-blocking layer has a function of prevent-
ing triplet excitons generated in the emitting layer from dif-
fusing to layers in the vicinity thereof thereby to confine
triplet excitons in the emitting layer, whereby energy deacti-
vation of triplet excitons on the molecules other than the
emitting dopant molecules in the electron-transporting layer
is suppressed.

[0238] Ifatriplet-blocking layer is provided, in a phospho-
rescent device, the following is assumed. That is, when the
triplet energy of the phosphorescent dopant in the emitting
layer is taken as EZ, and the triplet energy of the compound
used as the triplet-blocking layer is taken as B, if the
relationship BZ <E%,, is satisfied, the triplet excitons of the
phosphorescent dopant are confined (i.e. cannot be moved to
other molecule) in respect of energy. As a result, energy
deactivation other than emission of the dopant becomes
impossible, whereby highly efficient emission is realized.
However, it is believed that, when the relationship EZ <E7
is satisfied, if the energy difference AC=E’=E”,-E” ,small,
under the circumstance of around room temperature at which
the device is actually driven, due to the thermal energy of the
environment, triplet excitons can move to other molecules
endothemiically by overcoming the difference AE”. In par-
ticular, since the life of excitons is longer in the case of
phosphorescent emission as compared with fluorescent emis-
sion, effects of the endothermic exciton movement process
are tend to be exhibited relatively. This energy difference AEY
is preferably large in relation to the thermal energy at room
temperature. It is further preferred that the energy difference
be 0.1 eV, with 0.2 eV or more being particularly preferable.
On the other hand, in a fluorescent device, the material for an
organic EL device of the invention can be used as a triplet-
blocking layer of a TTF device configuration as disclosed in
WO02010/134350A1.

[0239] Itis desired that the electron mobility of the material
constituting the triplet blocking layer be 10~° cm*/Vs or more
in an electric field intensity range of 0.04 to 0.5 MV/cm. As
the method for measuring the electron mobility of an organic
material, several methods including a Time of Flight method
are known. Here, the electron mobility is referred to as the
electron mobility determined by the impedance spectroscopy.
[0240] The electron mobility in the electron-injecting layer
is desirably 1075 cm?/V's or more in an electric field intensity
range 0f 0.04 to 0.5 MV/cm. By this electron mobility value,
electron injection from the cathode to the electron-transport-
ing layer is promoted, and consequently, electron injection
from the cathode to adjacent blocking layer or the emitting
layer is promoted, whereby driving at a lower voltage is
enabled.

EXAMPLES

[0241] The invention will be explained in more detail with
reference to Examples below. However the invention is not
limited to the following Examples.
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<Synthesis of Material for Organic EL, Device>
Synthesis 1 (Synthesis of Compound H1)

(1) Synthesis of Intermediate 1

[0242]
0 H
N. N.
NBS
—_—
DMF

Br

Intermediate 1

[0243] Under an argon stream, carbazole (56 g, 334 mmol)
and N,N-dimethylformamide (DMF; 250 mL) were placed in
arecovery flask having 1000 mL and cooled to -7° C.inanice
bath (sodium chloride added). To the mixture, an N,N-dim-
ethylformamide solution (200 mL) of N-bromosuccinimide
(NBS; 119 g, 668 mmol) was added dropwise, and the mix-
ture was stirred at =7° C. for 4 hours.

[0244] After clean water was added to the reaction solution
and the mixture was heated to room temperature, precipitated
solids were taken out by filtration. The recrystallization ofthe
solids obtained was repeated with toluene, thereby to obtain
Intermediate 1 (71 g, yield: 65%). By FD-MS (Field Desorp-
tion Mass Spectrometry) analysis, the compound obtained
was confirmed to be Intermediate 1.

(2) Synthesis of Intermediate 2

[0245]
B(OH),
Pd(PPhs)y
Na,CO3aq
Intermediate 1+ e

ST
3

[0246] Under an argon stream, in a recovery flask having
2000 mL, Intermediate 1 (33 g, 102 mmol), phenylboronic
acid (27 g, 221 mmol), tetrakis(triphenylphosphine)palla-
dium (Pd(PPh;),; 7.0 g, 6.1 mmol), 1,2-dimethoxyethane
(600 mL) and 2M sodium carbonate solution (200 mL) were
sequentially charged and the mixture was heated under reflux
for 8 hours.

Intermediate 2
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[0247] After the reaction solution was heated to room tem-
perature, the organic phase was separated, and the organic
solvent was distilled away under reduced pressure. The resi-
due obtained was purified by means of silica gel column
chromatography to obtain Intermediate 2 (19 g, yield: 58%).
By FD-MS analysis, the compound obtained was confirmed
to be Intermediate 2.

(3) Synthesis of Intermediate 3

[0248]
cl cl ,
X B(OHM); Pd(PPhy),
| Na,COzaq
NYN + —
Cl
cl
o
NN
Cl

Intermediate 3

[0249] Intermediate 3 was synthesized in the same manner
as in the synthesis of Intermediate 1, except that 2,4,6-trichlo-
ropyrimidine was used instead of Intermediate 1. By FD-MS
analysis, the compound obtained was confirmed to be Inter-
mediate 3.

(4) Synthesis of Intermediate 4

[0250]
B(OH),
Pd(PPh)y
Na,COzaq
Intermediate 3+ —_—
CN
NC

X

N. /N

Cl

Intermediate 4

[0251] Intermediate 4 was synthesized in the same manner
as in the synthesis of Intermediate 2, except that Intermediate
3 was used instead of Intermediate 1, and 4-cyanophenylbo-
ronic acid was used instead of phenylboronic acid. By FD-
MS analysis, the compound obtained was confirmed to be
Intermediate 4.
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(5) Synthesis of Intermediate 5
[0252]

Intermediate 3+

o Pd(PPhy),

/ Na2C03 aq
NC B _—

\

[0]

NC
B
N N

—

o

Intermediate 5

[0253] Intermediate 5 was synthesized in the same manner
as in the synthesis of Intermediate 2, except that Intermediate
3 was used instead of Intermediate 1, and 4'-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolane-2-yl) biphenyl-4-carbonitrile was
used instead of phenylboronic acid. By FD-MS analysis, the
compound obtained was confirmed to be Intermediate 5.

Synthesis Example 1

Synthesis of Compound H1

[0254]
Pd,(dba);

P(tBu);*HBF,
NaOtBu

Intermediate 2+ Intermediate 5 —
xylene

NC
‘\‘ﬁ’

Compound H1

(i

[0255] Under an argon stream, Intermediate 2 (2.3 g, 7.2
mmol), Intermediate 5 (3.2 g, 8.6 mmol), tris(dibenzilidene
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acetone)dipalladium (Pd,(dba),; 0.26 g, 0.29 mmol), tri-t-
butylphosphonium tetrafluoro borate (P(tBu); . HBF ;; 0.21 g,
0.72 mmol), sodium t-butoxide (NaOBu; 1.4 g, 14 mmol)
and anhydrous xylene (40 mL) were sequentially charged and
the mixture was heated under reflux for 8 hours.

[0256] After the reaction solution was heated to room tem-
perature, the organic phase was separated, and the organic
solvent was distilled away under reduced pressure. The resi-
due obtained was purified by means of silica gel column
chromatography to obtain 3.6 g of yellowish white solids
(Compound H1).

[0257] The result of FD-MS for the compound obtained is
shown below.

FDMS, caled for C47H30N,,_5., found m/z=650 (M+)

Synthesis Example 2

Synthesis of Compound H2
[0258]

Pdy(dba);
P(tBuj;*HBF4
NaOtBu

Intermediate 2+ Intermediate 4 ————
xylene

NC

x

|
R

N

(-
v O

[0259] Compound H2 was synthesized in the same manner
as in the synthesis of Compound H1 in Synthesis Example 1
(6), except that Intermediate 4 was used instead of Interme-
diate 5.

[0260] The result of FD-MS for the compound obtained is
shown below.

FDMS, calcd for C41H26N4=574, found m/z=574 (M+)
[0169]

N

Compound H2

Preparation of Organic EL. Device and Evaluation of
Emitting Performance

Example 1

(Fabrication of Organic EL, Device)

[0261] A glass substrate, measuring 25 mmx75 mmx1.1
mm thick, with an ITO transparent electrode (manufactured
by Geomatics Co.) was subjected to ultrasonic cleaning in
isopropyl alcohol for 5 minutes and then UV ozone cleaning
for 30 minutes.
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[0262] The cleaned glass substrate with transparent elec-
trode lines was mounted on a substrate holder in a vacuum
deposition device. First, a 5 nm thick film of the following
acceptor compound C-1 was formed by deposition on the
surface where the transparent electrode lines were formed, so
as to cover the transparent electrode. On the film of compound
C-1, as a first hole-transporting material, the following aro-
matic amine derivative (compound X 1) was deposited to form
a first hole-transporting layer having a thickness of 65 nm.
Subsequent to the formation of the first hole-transporting
layer, as a second hole-transporting material, the following
aromatic amine derivative (compound X2) was deposited to
form a second hole-transporting layer having a thickness of
10 nm.

[0263] Furthermore, on the second hole-transporting layer,
compound H1 as ahost material and the following compound
Ir(bzq), as a phosphorescent material were co-deposited to
form a phosphorescent layer having a thickness of 25 nm. The
concentration of compound Ir(bzq), in an emitting layer was
10.0 mass %. The co-deposited layer functions as an emitting
layer.

[0264] Subsequent to the formation of the emitting layer,
the following compound ET was deposited to form a 35 nm
thick film. The film of compound ET functions as an electron-
transporting layer.

[0265] Next, as an electron-injecting electrode (cathode),
LiF was deposited at a film-formation speed of 0.1 A/min to
form a 1 nm thick film. On the LiF film, a metal Al was
deposited to form an 80 nm thick metal cathode, thereby
fabricating an organic EL device.

[0266] For the organic EL device, the performance by con-
stant current drive at an initial luminance of 10000 cd/m>
(80% life (the time it takes for the luminance decreases to
80% of the initial luminance)) was evaluated. The results are
shown in Table 1.

[0267] Thecompounds usedin Examples and Comparative
Examples are shown below.

C1
oN
NC
N
N N oN
X
S
N N oN
N
NC #
N
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-continued
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-continued

Compound H1

OO

YN

N

DR

Compound H2

Compound F1
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Compound F2
| AN
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Example 2 and Comparative Examples 1 and 2

[0268] Organic EL, devices were fabricated in the same
manner as in Example 1, except that the emitting layer was
formed using the compound in Table 1 instead of the host
compound H1 of the emitting layer.

[0269] The device performance was evaluated in the same
manner as in Example 1. The results are shown in Table 1.

TABLE 1

Emitting layer 80% Life

Host material (hour)
Example 1 Compound H1 1000
Example 2 Compound H2 900
Com. Example 1 Compound F1 250
Com. Example 2 Compound F2 €00

[0270] Table 1 shows that the organic EL devices of
Examples 1 and 2 in which Compounds H1 and H2 contain-
ing a cyano group represented by the formula (I) are used as
a host material for an emitting layer have a significantly
longer life as compared with those of Comparative Examples
1 and 2 in which Compounds F1 and F2 having the same
structure except for no cyano group are used as a host mate-
rial.

INDUSTRIAL APPLICABILITY

[0271] The material for an organic EL device is useful fora
material realizable of a phosphorescent organic EL device
having long life.

[0272] Although only some exemplary embodiments and/
or examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from the
novel teachings and advantages of this invention. Accord-
ingly, all such modifications are intended to be included
within the scope of this invention.

[0273] The documents described in the Japanese applica-
tion specification claiming priority under the Paris Conven-

45
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tion and the United State provisional application specification
are incorporated herein by reference in its entirety.

1. A material for an organic electroluminescence device
represented by the following formula (I):

O

W'?
|
TZ
X! X x8
X2// \ / \\ X7
\
X3§<4 X5$ X8

wherein
in the formula (1),

X! to X® are independently a nitrogen atom, CH, CHal or
CR%

Hals are independently a halogen atom;

R“ are independently 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 silyl group or a cyano group;

when plural Hals or plural R*s are present, the plural Hals
or the Rs may be the same or different;

when two adjacent groups of X' to X are CR?, R% in the
adjacent CR“ may be bonded to each other to form a
ring;

Az is a substituted or unsubstituted nitrogen-containing
six-membered ring, or a substituted or unsubstituted
fused polycyclic group which contains a nitrogen-con-
taining six-membered ring;

q is an integer of 1 to 4;

W is an aromatic hydrocarbon group having 6 to 30 ring
carbon atoms which is substituted by at least one cyano
group and may comprise a substituent that is nota cyano
group, or an heterocyclic group having 5 to 30 ring
atoms which is substituted by at least one cyano group
and may comprisea substituent that is not a cyano group;
and,

when plural Ws are present, the plural Ws may be the same
or deferent;

provided that the substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms and the heterocyclic
group having 5 to 30 ring atoms which is substituted by
at least one cyano group and may comprise a substituent
that is not a cyano group, are not a group represented by
the following formula (A), and further, the substituent of
each of the above groups does not include the group
represented by the following formula (A);

. (A)
Y4 '
v,
w \ ] N
\ /
Y3§Y4 YsﬁY6
wherein
in the formula (A),

Y! to Y® are the same as X* to X* in the formula (), or a
carbon atom which forms a single bond;
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Y? is NH, NR€ or a nitrogen atom which forms a single
bond; and,

R¢ is 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 or a substituted or unsubstituted alkyl group hav-
ing 1 to 30 carbon atoms.

2. The material for an organic electroluminescence device

according to claim 1, which is represented by the following
formula (I-2):

(-2

wherein
in the formula (I-2),

X! to X®, W and q are as defined in the formula (I);

7' to 7 are independently a nitrogen atom, a carbon atom
which bonds to W, CH, CHal or CR?, and at least one of
Z' to 7’ is a nitrogen atom;

Hals are independently a halogen atom;

RPs are independently 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 or a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms;

when plural Hals or plural R®s are present, the plural Hals
or the plural R?s may be the same or different; and,

when two adjacent groups of Z' to Z° are CR?, R%s in the
adjacent CR”s may be bonded to each other to form a
ring;

provide that the substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms in the R? is not a group
represented by the following formula (A), and further,
the substituent of each of the above groups does not
include the group represented by the following formula
(A).

3. The material for an organic electroluminescence device
according to claim 1, wherein the Az is a substituted or
unsubstituted nitrogen-containing six-membered ring having
1 to 3 nitrogen atoms, or a substituted or unsubstituted fused
polycyclic group which contains a nitrogen-containing six-
membered ring.

4. The material for an organic electroluminescence device
according to claim 2, wherein 1 to 3 of the Z' to 7° is a
nitrogen atom.

5. The material for an organic electroluminescence device
according to claim 1, wherein the Az is a ring group selected
from the group consisting of a substituted or unsubstituted
pyrimidine ring, a substituted or unsubstituted pyridine ring,
asubstituted or unsubstituted triazine ring and a substituted or
unsubstituted quinazoline ring.

6. The material for an organic electroluminescence device
according to claim 1, wherein the W is a cyano-substituted
phenyl group, a cyano-substituted biphenyl group, a cyano-
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substituted 9,9-diphenylfluorenyl group, a cyano-substituted
9,9%-spirobi|9H-fluorene]-2-yl group, a cyano-substituted
9,9-dimethylfluorenyl group, a cyano-substituted dibenzo-
furanyl group or a cyano-substituted dibenzothiophenyl
group.

7. The material for an organic electroluminescence device
according to claim 1, wherein the q is 1.

8. The material for an organic electroluminescence device
according to claim 1, wherein at least one of the X3 and X% is
CR? and the R”s are independently a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

9. The material for an organic electroluminescence device
according to claim 1, wherein at least one of the X? and X” is
CR? and the R“s are independently a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

10. The material for an organic electroluminescence device
according to claim 1, wherein the R is selected from the
group consisting of a substituted or unsubstituted phenyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted biphenyl group, a substituted or
unsubstituted terphenyl group, a substituted or unsubstituted
quaterphenyl group, a substituted or unsubstituted triph-
enylenyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted spirofluorenyl group, a substituted or
unsubstituted 9,9-diphenylfluorenyl group, a substituted or
unsubstituted 9,9'-spirobi[9H-fluorene]-2-y1 group, a substi-
tuted or unsubstituted 9,9-dimethylfluorenyl group, a substi-
tuted or unsubstituted benzo[c]phenanthrenyl group, a sub-
stituted or unsubstituted benzo[a]triphenylenyl group, a
substituted or unsubstituted naphtho[1,2-c]phenanthrenyl
group, a substituted or unsubstituted naphtho|1,2-a]triph-
enylenyl group, a substituted or unsubstituted dibenzola,c]
triphenylenyl group, a substituted or unsubstituted diben-
zothiophene ring, a substituted or unsubstituted isoquinoline
ring, a substituted or unsubstituted quinoxaline ring, a sub-
stituted or unsubstituted pyridine ring, a substituted or unsub-
stituted pyrazine ring, a substituted or unsubstituted pyrimi-
dine ring, a substituted or unsubstituted pyridazine ring, a
substituted or unsubstituted triazine ring, a substituted or
unsubstituted quinoline ring, a substituted or unsubstituted
dibenzofuran ring, a substituted or unsubstituted benzo|c]
dibenzofuran ring, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, a substituted or unsubstituted
silyl group and a cyano group.

11. The material for an organic electroluminescence device
according to claim 2, wherein the Z' to Z° that are nota carbon
atom bonding to a nitrogen atom or W, are independently CH
or CR?, and the R? is selected from the group consisting of a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted quaterphenyl group, a
substituted or unsubstituted triphenylenyl group, a substi-
tuted or unsubstituted phenanthrenyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
spirofluorenyl group, a substituted or unsubstituted 9,9-
diphenylfluorenyl group, a substituted or unsubstituted 9,9'-
spirobi[9H-fluorene]-2-y1 group, a substituted or unsubsti-
tuted 9,9-dimethylfluorenyl group, a substituted or
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unsubstituted benzo[c]phenanthrenyl group, a substituted or
unsubstituted benzo[a]triphenylenyl group, a substituted or
unsubstituted naphtho[1,2-c]phenanthrenyl group, a substi-
tuted or unsubstituted naphtho[1,2-a]triphenylenyl group, a
substituted or unsubstituted dibenzo[a,c]triphenylenyl group,
a substituted or unsubstituted dibenzothiophene ring, a sub-
stituted or unsubstituted isoquinoline ring, a substituted or
unsubstituted quinoxaline ring, a substituted or unsubstituted
pyridine ring, a substituted or unsubstituted pyrazine ring, a
substituted or unsubstituted pyrimidine ring, a substituted or
unsubstituted pyridazine ring, a substituted or unsubstituted
triazine ring, a substituted or unsubstituted quinoline ring, a
substituted or unsubstituted dibenzofuran ring, a substituted
or unsubstituted benzo[c]dibenzofuran ring and a substituted
or unsubstituted alkyl group having 1 to 30 carbon atoms.

12. An organic electroluminescence device comprising:

an anode, a cathode, and

one or more organic thin film layers including an emitting

layer between the cathode and the anode,

wherein at least one of the organic thin film layers com-

prises the material for an organic electroluminescence
device according to claim 1.

13. The organic electroluminescence device according to
claim 12, wherein the emitting layer comprises the material
for an organic electroluminescence device.

14. The organic electroluminescence device according to
claim 12, wherein the emitting layer comprises a phospho-
rescent material, and the phosphorescent material is an ortho-
metalized complex of a metal atom selected from iridium (Ir),
osmium (Os) and platinum (Pt).
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