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In the formula (1): Nr, represents a substituted or unsubsti-
tuted monocyclic nitrogen-containing aromatic ring having 2
to 5 ring carbon atoms, or a bicyclic nitrogen-containing
aromatic ring having 2 to 9 ring carbon atoms; Ar represents
an aromatic ring and the like; F1, and F1, represent a fluorenyl
group; and Cz, and Cz, represent a carbazolyl group. A com-
pound represented by a formula (2) below is omitted from the
fluorene-containing aromatic compound represented by the
formula (1).
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FLUORENE-CONTAINING AROMATIC
COMPOUND, MATERIAL FOR ORGANIC
ELECTROLUMINESCENT ELEMENT, AND
ORGANIC ELECTROLUMINESCENT
ELEMENT USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a fluorene-contain-
ing aromatic compound, a material for an organic electrolu-
minescence device, and an organic electroluminescence
device using the material.

BACKGROUND ART

[0002] An organic electroluminescence device (hereinaf-
ter, electroluminescence is occasionally abbreviated as EL) is
a self-emitting device based on the principle that, when an
electrical field is applied, a fluorescent material emits light
using energy generated by a recombination of holes injected
from an anode with electrons injected from a cathode. Studies
on an organic EL device formed of an organic material have
been vigorously carried out since a layered organic EL device
driven at low voltage was reported (for instance, Patent Lit-
eratures 1 to 8). In the layered device, tris(8-quinolinolato)
aluminum is used as an emitting layer and a triphenyldiamine
derivative is used as a hole transporting layer. Advantages of
such a layered structure are to improve efficiency of injecting
holes into the emitting layer, to improve efficiency of gener-
ating excitons by recombination due to blockage of electrons
injected from the cathode, to trap the excitons generated in the
emitting layer, and the like. As a device structure of such an
organic EL device, a two-layered structure, a three-layered
structure or the like has been well known. The two-layered
structure includes a hole transporting (injecting) layer and an
electron transporting/emitting layer. The three-layered struc-
ture includes a hole transporting (injecting) layer, an emitting
layer and an electron transporting (injecting) layer. In such a
layered device, a device structure and a preparation method
have been contrived in order to improve efficiency of recom-
bining the injected holes and electrons.

[0003] Luminescent materials of an organic EL device such
as a chelate complex (e.g. a tris(8-quinolinol) aluminum com-
plex), a coumarin complex, a tetraphenyl butadiene deriva-
tive, a distyrylarylene derivative and an oxadiazole derivative
have been known. These materials, which have been reported
to emit light of blue to red in visible region, are expected to be
applied to a color-display device.

[0004] Moreover, in addition to a fluorescent material,
application of a phosphorescent material has been recently
proposed for the emitting layer of the organic EL device.
Thus, in the emitting layer of the organic EL device, a singlet
state and a triplet state of excited states of an organic phos-
phorescent material are used to achieve a high luminous effi-
ciency. When electrons and holes are recombined in the
organic EL device, it is presumed that a singlet exciton and a
triplet exciton are produced at a rate of 1:3 due to difference
in spin multiplicity. Accordingly, luminous efficiency of the
device using a phosphorescent material can reach three to
four times as much as that of the device only using a fluores-
cent material.

[0005] In forming the emitting layer, a doping method,
according to which the above luminescent material (dopant)
is doped to a host material, has been known.
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[0006] The emitting layer formed by the doping method
can efficiently generate excitons from electric charges
injected into the host material. With the exciton energy gen-
erated by the excitons being transferred to the dopant, the
dopant can emit light with high efficiency.

[0007] Recently, in order to upgrade an organic EL device,
a further study on the doping method has been made to seek
favorable host materials.

[0008] Such a host material is disclosed in, for instance,
Patent Literatures 1 to 6. Patent Literature 1 discloses a com-
pound containing a carbazole skeleton and a benzimidazole
ring in the same molecule, and data of the compound as a blue
fluorescent material host. Patent Literature 2 discloses a com-
pound containing a carbazole skeleton and a 1,2,4-triazole
ring in the same molecule, and data of the compound as a blue
to blue-green fluorescent material host. Patent Literature 3
discloses a compound containing a carbazole skeleton and an
imidazopyridine ring in the same molecule, and data of the
compound as a blue fluorescent material host. Patent Litera-
ture 4 discloses a compound containing a carbazole skeleton,
a fluorene skeleton and an imidazopyridine ring (a nitrogen-
containing aromatic ring) in the same molecule, and data of
the compound as a blue fluorescent material host. Patent
Literature 5 discloses a compound containing a carbazole
skeleton and a nitrogen-containing aromatic ring in the same
molecule, and data of the compound as a host material used
together with a blue to blue-green phosphorescent material.
Patent Literature 6 discloses a compound containing a carba-
zole skeleton, a fluorene skeleton and a phenanthroline ring (a
nitrogen-containing aromatic ring) in the same molecule, and
data of the compound as a green phosphorescent material
host.

[0009] Patent Literatures 7 and 8 disclose compounds hav-
ing the same skeletons as those of the compounds Patent
Literatures 1 to 6. Patent Literature 7 discloses a compound
containing a carbazole skeleton and a pyridine ring in the
same molecule, and data of the compound serving as a hole
transporting material. Patent Literature 8 discloses a com-
pound containing a fluorene skeleton and a pyridine ring (a
nitrogen-containing aromatic ring) in the same molecule, and
application of the compound to the emitting layer.

CITATION LIST

Patent Literatures

[0010] Patent Literature 1 JP-A-2001-247858
[0011] Patent Literature 2 JP-A-2000-68059
[0012] Patent Literature 3 JP-A-2001-192653
[0013] Patent Literature 4 US2004-157084
[0014] Patent Literature 5 WO2003/080760
[0015] Patent Literature 6 WO2004/026870
[0016] Patent Literature 7 JP-A-2000-169448
[0017] Patent Literature 8 JP-A-2007-261969
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0018] Although Patent Literatures 1 to 4 disclose data on

when the compounds therein serve as a fluorescent material
host, Patent Literatures 1 to 4 fail to disclose whether or not
the compounds serve as a green phosphorescent material
host. In Patent Literature 5 and 6, in which the compounds
serving as a phosphorescent material host are disclosed,
organic EL. devices using the compounds do not exhibit a
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sufficient luminous efficiency and driving voltage for the
organic EL, devices is not satisfactory. Patent Literatures 7
and 8 do not disclose whether or not the compounds therein
serve as a phosphorescent material host.

[0019] Typically, a phosphorescent organic EL device
emits light using excited triplet energy. As compared with a
typical fluorescent organic EL device, a difference in electron
affinity between the emitting layer and the electron transport-
ing layer and a difference in ionization potential between the
hole transporting layer and the emitting layer become large,
so that carrier injection is blocked to often require high volt-
age.

[0020] An object of the invention is to provide a long-life
organic ELL device that exhibits a high luminous efficiency
and is capable of being driven at low voltage required for
power consumption saving and to provide a fluorene-contain-
ing aromatic compound usable for an organic-EL-device
material providing such an organic EL device.

Means for Solving the Problems

[0021] After conducting concentrated studies in order to
achieve such an object, the inventors have found that a differ-
ence in electron affinity between the electron transporting
layer and the emitting layer can be reduced by using a mate-
rial in which a carbazole skeleton and a nitrogen-containing
hetero aromatic ring are combined, and that introduction of a
fluorene skeleton in the same molecule improves transporting
performance of carrier (particularly, electrons) and signifi-
cantly lowers voltage applied to a phosphorescent organic EL
device. In other words, an aromatic compound having a car-
bazole skeleton represented by a formula (1) below, a nitro-
gen-containing hetero aromatic ring and a fluorene skeleton
in the same molecule can be provided. Also, an organic EL
device that can be driven at low voltage required for power
consumption saving can be provided by using the aromatic
compound as an organic-EL-device material.

[0022] Specifically, a fluorene-containing aromatic com-
pound represented by the formula (1) according to an aspect
of the invention includes a carbazole skeleton, a nitrogen-
containing hetero aromatic ring and a fluorene skeleton in the
same molecule.

[Chemical Formula 1]

<CZZ\L ) < L/CZ]>
5\ n / 2 m
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[0023] In the formula: Nr, represents a substituted or
unsubstituted monocyclic nitrogen-containing aromatic ring
having 2 to 5 carbon atoms for forming the aromatic ring
(hereinafter referred to as ring carbon atoms), or a bicyclic
nitrogen-containing aromatic ring having 2 to 9 ring carbon
atoms; Ar represents a single bond, a substituted or unsubsti-
tuted aromatic ring having 5 to 40 ring carbon atoms; F1, and
Fl, each independently represent a substituted or unsubsti-
tuted fluorenyl group; p is an integer of 0 to 3 representing the
number of a substituent(s) of -(L,-F1,) directly bonding to

)
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Nr,; when p is 2 or more, L, may be the same or different and
Fl, may be the same or different; q is an integer of 0 to 3
representing the number of a substituent of -(L,-Fl,) directly
bonding to Ar; when q is 2 or more, L, may be the same or
different and F1, may be the same or different; p+q=1 or more;
Cz, and Cz, each independently represent a substituted or
unsubstituted carbazolyl group; m is an integer of 0 to 3
representing the number of a substituent of -(L,-Cz, ) directly
bonding to Nr,; when m is 2 or more, L, may be the same or
different and Cz, may be the same or different; n is an integer
of 0 to 3 representing the number of a substituent of -(L.5-Cz,)
directly bonding to Ar; when n is 2 or more, L may be the
same or different and Cz, may be the same or different;
m+n=1 or more; Y' and Y* each independently represent a
hydrogen atom, a deuterium atom, a fluorine atom, a chlorine
atom, a bromine atom, a iodine atom, a cyano group, a sub-
stituted or unsubstituted and linear, branched or cyclic alkyl
group having 1 to 20 carbon atoms, a substituted or unsubsti-
tuted and linear, branched or cyclic alkoxy group having 1 to
20 carbon atoms, a substituted or unsubstituted and linear,
branched or cyclic haloalkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted and linear, branched or
cyclic haloalkoxy group having 1 to 20 carbon atoms, a sub-
stituted or unsubstituted and linear, branched or cyclic alkyl-
silyl group having 1 to 10 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 10 ring carbon atoms; X is an integer of 1 to
3 representing the number of a substituent of -(L;-Y;)
directly bonding to Nr,; when x is 2 or more, L; may be the
same or different and Y, may be the same or different; y is an
integer of 1 to 3 representing the number of a substituent of
-(Ls-Y,) directly bonding to Ar; wheny is 2 or more, L, may
be the same or different and Y, may be the same or different;
m+p+X is less than or equal to a numeral represented by (the
number of the possible substituent(s) for selected Nr, minus
1); n+q+y is less than or equal to a numeral represented by
(the number of the possible substituent(s) for selected Ar
minus 1); and L, to L, each independently represent a single
bond, a substituted or unsubstituted aromatic ring having 6 to
30 ring carbon atoms, or a substituted or unsubstituted aro-
matic heterocyclic ring having 2 to 30 ring carbon atoms; and
k represents an integer of 1 to 3, in which a compound rep-
resented by a formula (2) below is omitted from the fluorene-
containing aromatic compound represented by the formula

).

[Chemical Formula 2]
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[0024] In the fluorene-containing aromatic compound
according to the above aspect of the invention, in the formula
(1), Nr, is preferably a nitrogen-containing aromatic ring
selected from a substituted or unsubstituted pyrrole ring,
pyrazole ring, imidazole ring, triazole ring, pyridine ring,
pyrimidine ring, pyridazine ring, pyrazine ring, triazine ring,
indolering, indazole ring, benzimidazole ring, quinoline ring,
isoquinoline ring, cinnoline ring, quinoxaline ring and imi-
dazopyridine ring.

[0025] Moreover, according to the above aspect of the
invention, it is preferable that each of Cz, and Cz, in the
formula (1) is independently represented by the following
formula (3) or (4).

[Chemical Formula 3]
(©)
= /(Rb)g
Ra)r—-
N
\*
[0026] In the formula (3), Ra and Rb each independently

represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, a bromine atom, a iodine atom, a cyano
group, a substituted or unsubstituted and linear, branched or
cyclic alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted and linear, branched or cyclic alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted
and linear, branched or cyclic haloalkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted and linear,
branched or cyclic haloalkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted and linear, branched or
cyclic alkylsilyl group having 1 to 10 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 10 ring carbon atoms; and f and g each
independently represent an integer of 1 to 4.

[Chemical Formula 4]

()
Ry)g

=
~Ch

Rayy
RN
[0027] In the formula (4), Ra', Rb' and R¢' each indepen-

dently represent a hydrogen atom, a deuterium atom, a fluo-
rine atom, a chlorine atom, a bromine atom, a iodine atom, a
cyano group, a substituted or unsubstituted and linear,
branched or cyclic alkyl group having 1 to 20 carbon atoms,
a substituted or unsubstituted and linear, branched or cyclic
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alkoxy group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic haloalkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
and linear, branched or cyclic haloalkoxy group having 1 to
20 carbon atoms, a substituted or unsubstituted and linear,
branched or cyclic alkylsilyl group having 1 to 10 carbon
atoms, a substituted or unsubstituted arylsilyl group having 6
to 30 carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 10 ring carbon atoms; f
is aninteger of 1 to 4; g'is an integer of 1 to 3; and h' is an inter
of1to 5.

[0028] According to the above aspect of the invention, in
the formula (1), it is preferable thatk is 1 and m+n+p+q is less
than or equal to 6.

[0029] Moreover, it is preferable that each of Y, and Y, is
independently represented by a hydrogen atom or a phenyl
group.

[0030] According to the above aspect of the invention, it is
preferablethatkis 1;L.,,L,,L;, Ls and L ¢ each independently
represent a single bond, a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted biphenylene
group, a substituted or unsubstituted terphenylene group, or a
substituted or unsubstituted fluorenylene group; and L, and
L, each independently represent a single bond, a substituted
or unsubstituted phenylene group, a substituted or unsubsti-
tuted biphenylene group, or a substituted or unsubstituted
terphenylene group. When a hydrogen atom is bonded to the
above groups, the hydrogen atom may be a deuterium atom.
[0031] It is preferable that m+n=1 or 2 and p+q=1 for 2.
[0032] Arispreferably amonocyclic aromatic ring selected
from a substituted or unsubstituted benzene ring, pyrazole
ring, imidazole ring, triazole ring, pyridine ring, pyrimidine
ring, pyridazine ring, pyrazine ring, triazine ring or thiophene
ring, particularly preferably a benzene ring.

[0033] According to the above aspect of the invention, it is
preferable that each of F1; and F1, in the formula (1) is inde-
pendently represented by a formula (5) below.

[Chemical Formula 5]
v. ¥ ®
\75 3 4 Yll
(-
Ys
Y, Ys Yo
[0034] In the formula (5): Y; and Y, each independently

represent: a hydrogen atom; a deuterium atom; a linear,
branched or cyclic alkyl group having 1 to 10 carbon atoms;
a linear, branched or cyclic haloalkyl group having 1 to 10
carbon atoms; a linear, branched or cyclic alkylsilyl group
having 1 to 10 carbon atoms; a substituted or unsubstituted
arylsilyl group having 6 to 30 carbon atoms; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms; or
a substituted or unsubstituted heteroaryl group having 2 to 10
ring carbon atoms; and Ys, Y, Y-, Y, Yo, Yo and Y, each
independently represent: ahydrogen atom; a deuterium atom;
a fluorine atom; a chlorine atom; a bromine atom; an iodine
atom; a cyano group; a linear, branched or cyclic alkyl group
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having 1 to 10 carbon atoms; a linear, branched or cyclic
alkoxy group having 1 to 10 carbon atoms; a linear, branched
or cyclic haloalkyl group having 1 to 10 carbon atoms; a
linear, branched or cyclic haloalkoxy group having 1 to 10
carbon atoms; a linear, branched or cyclic alkylsilyl group
having 1 to 10 carbon atoms; a substituted or unsubstituted
arylsilyl group having 6 to 30 carbon atoms; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms; or
a substituted or unsubstituted heteroaryl group having 2 to 10
ring carbon atoms.

[0035] According to the above aspect of the invention, each
ofY; and Y, is independently a linear alkyl group having 1 to
10 carbon atoms or a phenyl group in the formula (5).
[0036] It is more preferable that both of Y, and Y, are a
methyl group.

[0037] According to the above aspect of the invention, it is
preferable that each of Cz, and Cz, in the formula (1) is
independently represented by a formula (3) or a formula (4).

[Chemical Formula 6]

(a)

/ZQ

[Chemical Formula 7]

(4a)

7
I~

[0038] According to the aspect of the invention, it is more
preferable that Nr, is a pyrimidine ring in the formula (1).
[0039] Itis preferable that the fluorene-containing aromatic
compound is used as an organic-electroluminescence-device
material.

[0040] An organic electroluminescence device according
to another aspect of the invention includes: a cathode; an
anode; and an organic thin-film layer provided between the
cathode and the anode, the organic thin-film layer formed out
of one or more layers including an emitting layer, in which at
least one layer of the organic thin-film layer contains the
fluorene-containing aromatic compound.

[0041] In the organic electroluminescence device accord-
ing to the above aspect of the invention, the emitting layer
preferably contains the as a host material.

[0042] TItispreferable that the organic electroluminescence
device further contains a phosphorescent material.

[0043] Itis more preferable that the emitting layer includes
a host material and a phosphorescent material, in which the
phosphorescent material is an ortho metalation of a complex
of a metal atom selected from iridium (Ir), osmium (Os) and
platinum (Pt).
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[0044] In the organic electroluminescence device accord-
ing to the above aspect of the invention, itis preferable that the
organic thin-film layer includes an electron injecting layer
provided between the cathode and the emitting layer, the
electron injecting layer containing a nitrogen-containing
cyclic derivative.

[0045] Moreover, it is preferable that the organic thin-film
layer includes an electron transporting layer provided
between the cathode and the emitting layer, the electron trans-
porting layer containing the fluorene-containing aromatic
compound.

[0046] In the organic ELL device according to the above
aspect of the invention, a reduction-causing dopant is prefer-
ably added in an interfacial region between the cathode and
the organic thin-film layer.

Effects of the Invention

[0047] According to the aspect(s) of the invention, a fluo-
rene-containing compound represented by the formula (1) is
used as an organic-EL-device material to provide an organic
EL device with a high luminous efficiency, a long lifetime and
low voltage drivability. Moreover, the organic-EL-device
material is effective as an organic-electron-device material
for an organic solar cell, an organic semiconductor laser, a
sensor using an organic substance and an organic TFT.

BRIEF DESCRIPTION OF DRAWING

[0048] FIG. 1 schematically shows an exemplary structure
of an organic electroluminescence device according to an
exemplary embodiment of the invention.

DESCRIPTION OF EMBODIMENT

[0049] Description will be made below on an exemplary
embodiment(s) of the invention. A fluorene-containing aro-
matic compound according to this exemplary embodiment of
the invention is suitably used especially as an organic-EL-
device material. The fluorene-containing aromatic compound
is used in an organic EL device according to this exemplary
embodiment of the invention

Structure of Organic EL Device

[0050] Firstly, structure(s) of an organic EL device will be
described below.

[0051] The following are representative structure examples
of an organic EL device:

[0052] (1) anode/emitting layer/cathode;

[0053] (2) anode/hole injecting layer/emitting layer/cath-
ode;

[0054] (3) anode/emitting layer/electron

injecting-transporting layer/cathode;

[0055] (4) anode/hole injecting layer/emitting layer/elec-
tron injecting-transporting layer/cathode;

[0056] (5) anode/organic semiconductor layer/emitting
layer/cathode;

[0057] (6) anode/organic semiconductor layer/electron
blocking layer/emitting layer/cathode;

[0058] (7) anode/organic semiconductor layer/emitting
layer/adhesion improving layer/cathode;

[0059] (8) anode/hole injecting-transporting layer/emitting
layer/electron injecting-transporting layer/cathode;

[0060] (9) anode/insulating layer/emitting layer/insulating
layer/cathode;
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[0061] (10) anode/inorganic semiconductor layer/insulat-
ing layer/emitting layer/insulating layer/cathode;

[0062] (11) anode/organic semiconductor layer/insulating
layer/emitting layer/insulating layer/cathode;

[0063] (12) anode/insulating layer/hole
injecting-transporting  layer/emitting  layer/insulating
layer/cathode; and

[0064] (13) anode/insulating layer/hole
injecting-transporting  layer/emitting  layer/electron

injecting-transporting layer/cathode.
[0065] The structure (8) is suitably used among the above,
but the structure of the invention is not limited to the above
structures.
[0066] FIG. 1 schematically shows an exemplary structure
of an organic EL device according to an exemplary embodi-
ment of the invention.
[0067] The organic EL device 1 includes a transparent sub-
strate 2, an anode 3, a cathode 4 and an organic thin-film layer
10 positioned between the anode 3 and the cathode 4.
[0068] The organic thin-film layer 10 includes a phospho-
rescent-emitting layer 5 containing a phosphorescent host as
a host material and a phosphorescent dopant as a phospho-
rescent material. A layer such as a hole injecting/transporting
layer 6 may be provided between the phosphorescent-emit-
ting layer 5 and the anode 3 while a layer such as an electron
injecting/transporting layer 7 may be provided between the
phosphorescent-emitting layer 5 and the cathode 4.
[0069] In addition, an electron blocking layer may be pro-
vided to the phosphorescent-emitting layer 5 adjacent to the
anode 3 while a hole blocking layer may be provided to the
phosphorescent-emitting layer 5 adjacent to the cathode 4.
[0070] With this structure, electrons and holes can be
trapped in the phosphorescent-emitting layer 5, thereby
enhancing probability of exciton generation in the phospho-
rescent-emitting layer 5.
[0071] It should be noted that a “fluorescent host” and a
“phosphorescent host” herein respectively mean a fluorescent
host combined with a fluorescent dopant and a phosphores-
cent host combined with a phosphorescent dopant, and that a
distinction between the fluorescent host and phosphorescent
host is not unambiguously derived only from a molecular
structure of the host in a limited manner.
[0072] In other words, the fluorescent host herein means a
material for forming a fluorescent-emitting layer containing a
fluorescent dopant, and does not mean a host that is only
usable as a host of a fluorescent material.
[0073] Likewise, the phosphorescent host herein means a
material for forming a phosphorescent-emitting layer con-
taining a phosphorescent dopant, and does not mean a host
that is only usable as a host of a phosphorescent material.
[0074] It should be noted that the “hole injecting/transport-
ing layer” herein means “at least either one of a hole injecting
layer and a hole transporting layer” while the “electron inject-
ing/transporting layer” herein means “at least either one of an
electron injecting layer and an electron transporting layer.”

Transparent Substrate

[0075] The organic EL device according to this exemplary
embodiment of the invention is formed on a light-transmis-
sive substrate. The light-transmissive plate, which supports
the organic EL device, is preferably a smooth substrate that
transmits 50% or more of light in a visible region of 400 nm
to 700 nm.
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[0076] The light-transmissive plate is exemplarily a glass
plate, a polymer plate or the like.

[0077] For the glass plate, materials such as soda-lime
glass, barium/strontium-containing glass, lead glass, alumi-
nosilicate glass, borosilicate glass, barium borosilicate glass
and quartz can be used.

[0078] Forthe polymer plate, materials such as polycarbon-
ate, acryl, polyethylene terephthalate, polyether sulfide and
polysulfone can be used.

Anode and Cathode

[0079] The anode of the organic EL device is used for
injecting holes into the hole injecting layer, the hole trans-
porting layer or the emitting layer. It is effective that the anode
has a work function of 4.5 eV or more.

[0080] Exemplary materials for the anode are alloys of
indium-tin oxide (ITO), tin oxide (NESA), indium zinc oxide,
gold, silver, platinum and copper.

[0081] Theanode may be made by forming a thin film from
the above electrode materials through methods such as vapor
deposition and sputtering.

[0082] When light from the emitting layer is to be emitted
through the anode as in this embodiment, the anode prefer-
ably transmits more than 10% of the light in the visible region.
Sheet resistance of the anode is preferably several hundreds
Q/square or lower. Although depending on the material of the
anode, the thickness of the anode is typically in a range of 10
nm to 1 pm, and preferably in a range of 10 nm to 200 nm.
[0083] The cathode is preferably formed of a material with
smaller work function in order to inject electrons into the
electron injecting layer, the electron transporting layer and
the emitting layer.

[0084] Although a material for the cathode is subject to no
specific limitation, examples of the material are indium, alu-
minum, magnesium, alloy of magnesium and indium, alloy of
magnesium and aluminum, alloy of aluminum and lithium,
alloy of aluminum, scandium and lithium, and alloy of mag-
nesium and silver.

[0085] Like the anode, the cathode may be made by form-
ing a thin film from the above materials through a method
such as vapor deposition or sputtering. In addition, the light
may be emitted through the cathode.

Emitting Layer

[0086] The emitting layer of the organic EL device has

functions as follows.

[0087] Specifically:

[0088] (1) injecting function: a function for accepting,
when an electrical field is applied, the holes injected by the
anode or the hole injecting layer, or the electrons injected
by the cathode or the electron injecting layer;

[0089] (2) transporting function: a function for transporting
injected electric charges (the electrons and the holes) by the
force of the electrical field; and

[0090] (3) emitting function: a function for providing a
condition for recombination of the electrons and the holes
to emit light.

[0091] Injectability of the holes may differ from that of the

electrons and transporting capabilities of the hole and the

electrons (represented by mobilities of the holes and the elec-
trons) may differ from each other.
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[0092] As a method of forming the emitting layer, known
methods such as vapor deposition, spin coating and an LB
method may be employed.

[0093] The emitting layer is preferably a molecular deposit
film.
[0094] Themolecular deposit film means a thin film formed

by depositing a material compound in gas phase or a film
formed by solidifying a material compound in a solution state
or in liquid phase. The molecular deposit film is typically
distinguished from a thin film formed by the LB method
(molecular accumulation film) by differences in aggregation
structures, higher order structures and functional differences
arising therefrom.

[0095] As disclosed in JP-A-57-51781, the emitting layer
can be formed from a thin film formed by spin coating or the
like, the thin film being formed from a solution prepared by
dissolving a binder (e.g. a resin) and a material compound in
a solvent.

[0096] The thickness of the emitting layer is preferably in a
range of 5 nm to 50 nm, more preferably in a range of 7 nm to
50 nm and most preferably in a range of 10 nm to 50 nm. The
thickness less than 5 nm may cause difficulty in forming the
emitting layer and in controlling chromaticity, while the
thickness more than 50 nm may increase driving voltage.
[0097] The organic EL device according to this exemplary
embodiment includes: a cathode; an anode; and a single or a
plurality of organic thin-film layers provided between the
cathode and the anode, in which the organic thin-film layer(s)
includes at least one emitting layer, and the organic thin-film
layer(s) includes at least one phosphorescent material and at
least one organic-El-device material according to another
aspect of the invention (later described). In addition, at least
one of the emitting layer(s) preferably contains the organic-
EL-device material of the exemplary embodiment and at least
one phosphorescent material.

Organic-EL-Device Material

[0098] The organic-EL-device material according to this
exemplary embodiment is represented by a formula (1)
below.

[Chemical Formula 8]
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[0099] In the formula (1): Nr, represents a substituted or
unsubstituted monocyclic nitrogen-containing aromatic ring
having 2 to 5 ring carbon atoms, or a bicyclic nitrogen-
containing aromatic ring having 2 to 9 ring carbon atoms; Ar
represents a single bond, a substituted or unsubstituted aro-
matic ring having 5 to 40 ring carbon atoms; F1, and F1, each
independently represent a substituted or unsubstituted fluo-
renyl group; p is an integer of 0 to 3 representing the number
ofasubstituent of -(L,-F1,) directly bonding to Nr,; when p is
2 or more, L, may be the same or different and F1, may be the
same or different; q is an integer of O to 3 representing the

M
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number of a substituent of -(L,-F1,) directly bonding to Ar;
when q is 2 or more, L, may be the same or different and F1,
may be the same or different; p+q=1 or more; Cz, and Cz,
each independently represent a substituted or unsubstituted
carbazolyl group; m is an integer of O to 3 representing the
number of a substituent of -(L,-Cz, ) directly bonding to Nr, ;
when m is 2 or more, L, may be the same or different and Cz,
may be the same or different; n is an integer of 0 to 3 repre-
senting the number of a substituent of -(L5-Cz,) directly
bonding to Ar; when n is 2 or more, s may be the same or
different and Cz, may be the same or different; m+n=1 or
more; Y' and Y? each independently represent a hydrogen
atom, a deuterium atom, a fluorine atom, a chlorine atom, a
bromine atom, a iodine atom, a cyano group, a substituted or
unsubstituted and linear, branched or cyclic alkyl group hav-
ing 1 to 20 carbon atoms, a substituted or unsubstituted and
linear, branched or cyclic alkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted and linear, branched or
cyclic haloalkyl group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted and linear, branched or cyclic
haloalkoxy group having 1 to 20 carbon atoms, a substituted
or unsubstituted and linear, branched or cyclic alkylsilyl
group having 1 to 10 carbon atoms, a substituted or unsubsti-
tuted arylsilyl group having 6 to 30 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group hav-
ing 2 to 10 ring carbon atoms; X is an integer of 1 to 3
representing the number of a substituent of -(L;-Y ) directly
bonding to Nr,; when x is 2 or more, L; may be the same or
different and Y, may be the same or different; y is an integer
of'1 to 3 representing the number of a substituent of -(Ls-Y,)
directly bonding to Ar; when y is 2 or more, L may be the
same or different and Y, may be the same or different; m+p+x
is less than or equal to a numeral represented by (the number
of the possible substituent(s) for selected Nr, minus 1);
n+q+y is less than or equal to a numeral represented by (the
number of the possible substituent(s) for selected Ar minus
1);and L, to L, each independently represent a single bond, a
substituted or unsubstituted aromatic ring having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted aromatic het-
erocyclic ring having 2 to 30 ring carbon atoms; and k repre-
sents an integer of 1 to 3, in which a compound represented by
the following formula (2) is omitted from the organic-EL-
device material represented by the formula (1).

[Chemical Formula 9]

@
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[0100] In the formula (1), Nr, is preferably a nitrogen-
containing aromatic ring selected from a substituted or
unsubstituted pyrrole ring, pyrazole ring, imidazole ring, tria-
zole ring, pyridine ring, pyrimidine ring, pyridazine ring,
pyrazine ring, triazine ring, indole ring, indazole ring, benz-
imidazole ring, quinoline ring, isoquinoline ring, cinnoline
ring, quinoxaline ring and imidazopyridine ring. When a
hydrogen atom is bonded to the nitrogen-containing aromatic
ring, the hydrogen atom may be a deuterium atom.

[0101] Nr, is more preferably a substituted or unsubstituted
pyridine ring, pyrimidine ring, or triazine ring, particularly
preferably a substituted or unsubstituted pyrimidine ring. In
the formula (1), when Nr, is an imidazopyridine ring, a case
where both of Y; and Y, in F1, are a phenyl group may be
omitted.

[0102] Moreover, in the formula (1), when Nr, is an imida-
zopyridine ring, a case where [, is a single bond may be
omitted.

[0103] In the formula (1), Ar is preferably a monocyclic
aromatic ring such as a substituted or unsubstituted benzene
ring having 2 to 6 ring carbon atoms, pyrazole ring, imidazole
ring, triazole ring, pyridine ring, pyrimidine ring, pyridazine
ring, pyrazine ring, triazine ring or thiophene ring, particu-
larly preferably a benzene ring. When a hydrogen atom is
bonded to the monocyclic aromatic ring, the hydrogen atom
may be a deuterium atom.

[0104] In addition, preferably, each of Cz, and Cz, in the
formula (1) is independently represented by the following
formula (3) or (4).

[Chemical Formula 10]

3
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Y
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[0105] In the formula, Ra and Rb each independently rep-

resent a hydrogen atom, a deuterium atom, a fluorine atom, a
chlorine atom, a bromine atom, a iodine atom, a cyano group,
a substituted or unsubstituted and linear, branched or cyclic
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted
and linear, branched or cyclic haloalkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted and linear,
branched or cyclic haloalkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted and linear, branched or
cyclic alkylsilyl group having 1 to 10 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 10 ring carbon atoms; and f and g each
independently represent an integer of 1 to 4.
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[Chemical Formula [ 1]
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[0106] Inthe formula, Ra', Rb' and Re' each independently

represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, a bromine atom, a iodine atom, a cyano
group, a substituted or unsubstituted and linear, branched or
cyclic alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted and linear, branched or cyclic alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted
and linear, branched or cyclic haloalkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted and linear,
branched or cyclic haloalkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted and linear, branched or
cyclic alkylsilyl group having 1 to 10 carbon atoms, a substi-
tuted or unsubstituted arylsilyl group having 6 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 10 ring carbon atoms; f' is an integer of 1 to
4; ¢'is an integer of 1 to 3; and h' is an inter of 1 to 5.

[0107] Inaddition, preferably, each of Cz, and Cz, is inde-
pendently represented by the following formula (3a) or (4a).

[Chemical Formula 12]

)
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[Chemical Formula 13]
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[0108] In the formula (1), it is preferable that k is 1 and
m+n+p+q is less than or equal to 6. More preferably, m+n=1
or 2 and p+q= or 2. m represents the number of a
substituent(s) of -(L,-Cz, ) directly bonding to Nr, . Likewise,
n, p and q represent the number of a substituent(s).
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[0109] In the formula (1), preferably, Y, andY, each inde-
pendently represent a hydrogen atom, a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms or a
substituted or unsubstituted heteroaryl group having 2 to 10
ring carbon atoms, particularly preferably a hydrogen atom or
a phenyl group.

[0110] Inthe formula (1), itis preferable thatL,, L,, L5, Ly
and L4 each independently represent a single bond, a substi-
tuted or unsubstituted phenylene group, a substituted or
unsubstituted biphenylene group, a substituted or unsubsti-
tuted terphenylene group, or a substituted or unsubstituted
fluorenylene group; and [, and [, each independently repre-
sent a single bond, a substituted or unsubstituted phenylene
group, a substituted or unsubstituted biphenylene group, or a
substituted or unsubstituted terphenylene group. When a
hydrogen atom is bonded to the above groups, the hydrogen
atom may be a deuterium atom.

[0111] Inthe formula (1), preferably, each of F1, and F1, is
independently represented by the following formula (5).

[Chemical Formula 14]

®
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[0112] In the formula (5): Y; and Y, each independently

represent: a hydrogen atom; a deuterium atom; a linear,
branched or cyclic alkyl group having 1 to 10 carbon atoms;
a linear, branched or cyclic haloalkyl group having 1 to 10
carbon atoms; a linear, branched or cyclic alkylsilyl group
having 1 to 10 carbon atoms; a substituted or unsubstituted
arylsilyl group having 6 to 30 carbon atoms; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms; or
a substituted or unsubstituted heteroaryl group having 2 to 10
ring carbon atoms; and Ys, Y, Y4, Yg, Yo, Yo and Y, each
independently represent: a hydrogen atom; a deuterium atom;
a fluorine atom; a chlorine atom; a bromine atom; an iodine
atom; a cyano group; a linear, branched or cyclic alkyl group
having 1 to 10 carbon atoms; a linear, branched or cyclic
alkoxy group having 1 to 10 carbon atoms; a linear, branched
or cyclic haloalkyl group having 1 to 10 carbon atoms; a
linear, branched or cyclic haloalkoxy group having 1 to 10
carbon atoms; a linear, branched or cyclic alkylsilyl group
having 1 to 10 carbon atoms; a substituted or unsubstituted
arylsilyl group having 6 to 30 carbon atoms; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms; or
a substituted or unsubstituted heteroaryl group having 2 to 10
ring carbon atoms.

[0113] Further, in the formula (5), Y5 and Y, each indepen-
dently represent a linear, branched or cyclic alkyl group hav-
ing 1 to 10 carbon atoms, a linear, branched or cyclic alkyl-
silyl group having 1 to 10 carbon atoms or a phenyl group. Y,
Y6, Y5, Y. Y, Y, and Y, are preferably a hydrogen atom.
More preferably, Y5 and Y, each are independently a linear
alkyl group having 1 to 10 carbon atoms or a phenyl group.
Among the above, particularly preferably, Y; andY, each are
represented by a methyl group.
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[0114] WhenNr,,Ar,Y,,Y,,Fl1,,Fl,,Cz,,Cz,,and L, to L,
in the formulae (1) and (3) to (5) each have one substituent or
a plurality of substituents, the substituent(s) is preferably a
linear, branched or cyclic alkyl group having 1 to 20 carbon
atoms, a haloalkyl group having 1 to 20 carbon atoms, a
linear, branched or cyclic alkylsilyl group having 1 to 10
carbon atoms, a cyano group, a halogen atom, or an aryl group
having 6 to 22 ring carbon atoms.

[0115] Examples of the linear, branched or cyclic alkyl
group having 1 to 20 carbon atoms are a methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group, s-butyl
group, isobutyl group, t-butyl group, n-pentyl group, n-hexyl
group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl
group, n-undecyl group, n-dodecyl group, n-tridecyl group,
n-tetradecyl group, n-pentadecyl group, n-hexadecyl group,
n-heptadecyl group, n-octadecyl group, neo-pentyl group,
1-methylpentyl group, 2-methylpentyl group, 1-pentylhexyl
group, 1-butylpentyl group, 1-heptyloctyl group, 3-methyl-
pentyl group, cyclopentyl group, cyclohexyl group, cyclooc-
tyl group and 3,5-tetramethylcyclohexyl group.

[0116] Examples ofthe linear, branched or cyclic alkylsilyl
group having 1 to 10 carbon atoms are a trimethylsilyl group,
triethylsilyl group, tributylsilyl group, dimethylethylsilyl
group, dimethylisopropylsilyl group, dimethylpropylsilyl
group, dimethylbutylsilyl group, dimethyl-tertiary-butylsilyl
group and diethylisopropylsilyl group.

[0117] Examples of the arylsilyl group having 6 to 30 car-
bon atoms are a phenyldimethylsilyl group, diphenylmethyl-
silyl group, diphenyl-tertiary-butylsilyl group and triphenyl-
silyl group.

[0118] Examples of the halogen atom are a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom.

[0119] Examples of the aryl group having 6 to 30 ring
carbon atoms are a phenyl group, bipheny! group, terphenyl
group, naphthyl group, fluoranthenyl group, triphenylenyl
group and phenanthrenyl group.

[0120] Examples ofthe heteroaryl group having 2to 10 ring
carbon atoms are a pyrrolyl group, pyrazinyl group, pyridinyl
group, indolyl group, isoindolyl group, furyl group, benzo-
furanyl group, isobenzofuranyl group, dibenzofuranyl group,
dibenzothiophenyl group, quinolyl group, isoquinolyl group,
quinoxalinyl group, carbazolyl group, phenanthridinyl
group, acridinyl group, phenanthrolinyl group and thienyl
group.

[0121] Examples of the aromatic ring having 6 to 30 ring
carbon atoms are a benzene ring, naphthalene ring, phenan-
threne ring, biphenyl ring, terphenyl ring and quarter-phenyl
ring.

[0122] Examples of the aromatic heterocyclic group having
2 to 30 ring carbon atoms are a pyridine ring, pyrazine ring,
pyrimidine ring, pyridazine ring, triazine ring, indole ring,
quinoline ring, acridine ring, pyrrolidine ring, dioxane ring,
piperidine ring, morpholine ring, piperazine ring, carbazole
ring, furan ring, thiophene ring, oxazole ring, oxadiazole ring,
benzoxazole ring, thiazole ring, thiadiazole ring, benzothia-
zole ring, triazole ring, imidazole ring, benzimidazole ring,
pyrane ring and dibenzofuran ring.

[0123] Examples ofthe fluorene-containing aromatic com-
pound according to this exemplary embodiment represented
by the formula (1) are as follows.
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plex such as an iridium complex, osmium complex or plati-
-continued num complex, among which an iridium complex and plati-

num complex are more preferable and ortho metalation of an
iridium complex is the most preferable.

[0131] Examples of such a preferable metal complex are
shown below.

N,
Q O Q [Chemical Formula 27]
O g
\ .
\_/
9 )

[0124] In the organic EL device according to this exem-
plary embodiment, the emitting layer preferably contains the
fluorene-containing aromatic compound as a host material. In
addition, the emitting layer is preferably formed of a host
material and a phosphorescent material while the host mate-
rial is the fluorene-containing aromatic compound.

[0125] The fluorene-containing aromatic compound may
be a host material used with a phosphorescent material, or
may be an electron transporting material used with a phos-
phorescent material. The fluorene-containing aromatic com-
pound preferably has an excited triplet energy of 2.2 eVt0 3.2
eV, more preferably 2.4 eV to 3.2 eV.

[0126] The organic EL device according to this exemplary
embodiment may preferably include an electron transporting
layer that contains the organic-EL-device material according
to this exemplary embodiment.

[0127] The organic EL device according to this exemplary
embodiment may preferably include at least one of the elec-
tron transporting layer and the hole blocking layer that con-
tains the organic-EL-device material according to this exem-
plary embodiment.

[0128] The organic EL device according to this exemplary
embodiment may preferably include the hole transporting
layer (hole injecting layer) that contains the organic-EL-de-
vice material according to this exemplary embodiment.

Phosphorescent Material

[0129] According to this exemplary embodiment, the phos-
phorescent material preferably contains a metal complex, and
the metal complex preferably has a metal atom selected from
Ir, Pt, Os, Au, Cu, Re and Ru, and a ligand. Particularly, the
ligand preferably has an ortho-metal bond.

[0130] The phosphorescent material is preferably a com-
pound containing a metal selected from iridium (Ir), osmium
(Os) and platinum (Pt) because such a compound, which
exhibits high phosphorescence quantum yield, can further
enhance external quantum efficiency of the emitting device.
The phosphorescent material is more preferably a metal com-
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-continued

[0132] According to this exemplary embodiment, at least
one of the phosphorescent material contained in the emitting
layer preferably emits light with the maximum wavelength of
450 nm to 720 nm.

[0133] By doping the phosphorescent material (phospho-
rescent dopant) having such an emission wavelength to the
specific host material used in this exemplary embodiment to
form the emitting layer, the organic ELL device can exhibit
high efficiency.

Reduction-Causing Dopant

[0134] In the organic EL device according to this exem-
plary embodiment, a reductive dopant may be preferably
contained in an interfacial region between the cathode and the
organic thin-film layer.

[0135] With this structure, the organic EL device can emit
light with enhanced luminance intensity and have a longer
lifetime.

[0136] The reduction-causing dopant may be at least one
compound selected from a group of an alkali metal, alkali
metal complex, alkali metal compound, alkali earth metal,
alkali earth metal complex, alkali earth metal complex com-
pound, rare-earth metal, rare-earth metal complex, a rare-
earth metal compound and the like.

[0137] Examples of the alkali metal are Na (work function:
236 eV), K (work function: 2.28 eV), Rb (work function:
2.16 V), and Cs (work function: 1.95 eV), among which the
alkali metal having a work function of 2.9 eV or less is
particularly preferable. Among the above, the reduction-
causing dopant is preferably K, Rb or Cs, more preferably Rb
or Cs, the most preferably Cs.

[0138] Examples of the alkali earth metal are Ca (work
function: 2.9 eV), Sr (work function: 2.0 eV to 2.5 eV), and
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Ba (work function: 2.52 eV), among which the alkali earth
metal having a work function 0f 2.9 eV or less is particularly
preferable.

[0139] Examples of the rare-earth metal are Sc,Y, Ce, Tb,
and Yb, among which the rare-earth metal having a work
function of 2.9 eV or less is particularly preferable.

[0140] Since the above preferred metals have particularly
high reducibility, addition of a relatively small amount of the
metals to an electron injecting zone can enhance luminance
intensity and lifetime of the organic EL device.

[0141] Examples of the alkali metal compound are an alkali
oxide such as Li,0, Cs,O or K,O, and an alkali halogen
compound such as LiF, NaF, CsF or KF, among which LiF,
Li,O and NaF are preferable.

[0142] Examples of the alkali earth metal compound are
BaO, SrO, CaO, and a mixture thereof such as Ba,Sr, ,O
(0<x<1) or Ba,Ca,_ O (0<x<l), among which BaO, SrO and
CaO are preferable.

[0143] Examples of the rare-earth metal compound are
YbF;, ScF;, Sc0;, Y,0;, Ce,0,, GdF;, TbF; and the like,
among which YbF;, ScF; and TbF; are preferable.

[0144] The alkali metal complex, alkali earth metal com-
plex and rare-earth metal complex are subject to no limitation
as long as they contain at least one metal ion of an alkali metal
ion, an alkali earth metal ion and a rare-earth metal ion. The
ligand is preferably quinolinol, benzoquinolinol, acridinol,
phenanthridinol, hydroxyphenyl oxazole, hydroxyphenyl
thiazole, hydroxydiaryl oxadiazole, hydroxydiaryl thiadiaz-
ole, hydroxyphenyl pyridine, hydroxyphenyl benzoimida-
zole, hydroxybenzo triazole, hydroxy fluborane, bipyridyl,
phenanthroline, phthalocyanine, porphyrin, cyclopentadiene,
[-diketones, azomethines, or a derivative thereof, but the
ligand is not limited thereto.

[0145] Thereduction-causing dopant is added to preferably
form a layer or an island pattern in the interfacial region. The
layer of the reduction-causing dopant or the island pattern of
the reduction-causing dopant is preferably formed by depos-
iting the reduction-causing dopant by resistance heating
deposition while an emitting material for forming the inter-
facial region or an organic substance as an electron-injecting
material are simultaneously deposited, so that the reduction-
causing dopant is dispersed in the organic substance. Disper-
sion concentration at which the reduction-causing dopant is
dispersed in the organic substance is a mole ratio (organic
substance to reduction-causing dopant) of 100:1 to 1:100,
preferably 5:1 to 1:5.

[0146] When the reduction-causing dopant forms the layer,
the emitting material or the electron injecting material for
forming the organic layer of the interfacial region is initially
layered, and the reduction-causing dopant is subsequently
deposited singularly thereon by resistance heating deposition
to form a preferably 0.1 nm- to 15 nm-thick layer.

[0147] When the reduction-causing dopant forms the
island pattern, the emitting material or the electron injecting
material for forming the organic layer of the interfacial region
is initially formed in an island shape, and the reduction-
causing dopant is subsequently deposited singularly thereon
by resistance heating deposition to form a preferably 0.05
nm- to 1 nm-thick island shape.

[0148] A ratio of the main component to the reduction-
causing dopant in the organic EL. device according to this
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exemplary embodiment is preferably a mole ratio (main com-
ponent to reductive dopant) of 5:1 to 1:5, more preferably 2:1
to 1:2.

Electron Injecting Layer and Electron Transporting Layer

[0149] The electron injecting layer or the electron trans-
porting layer, which aids injection of the electrons into the
emitting layer, has a large electron mobility. The electron
injecting layer is provided for adjusting energy level, by
which, for instance, sudden changes in the energy level can be
reduced.

[0150] The organic EL device according to this exemplary
embodiment preferably includes the electron injecting layer
between the emitting layer and the cathode, and the electron
injecting layer preferably contains a nitrogen-containing
cyclic derivative as a main component. The electron injecting
layer may serve as an electron transporting layer.

[0151] It should be noted that “as a main component”
means that the nitrogen-containing cyclic derivative is con-
tained in the electron injecting layer at a content of 50 mass %
or more.

[0152] A preferable example of an electron transporting
material for forming the electron injecting layer is an aro-
matic heterocyclic compound having at least one heteroatom
in a molecule. Particularly, a nitrogen-containing cyclic
derivative is preferable. The nitrogen-containing cyclic
derivative is preferably an aromatic ring having a nitrogen-
containing six-membered or five-membered ring skeleton, or
a fused aromatic cyclic compound having a nitrogen-contain-
ing six-membered or five-membered ring skeleton.

[0153] The nitrogen-containing cyclic derivative is prefer-
ably exemplified by a nitrogen-containing cyclic metal che-
late complex represented by the following formula (A).

[Chemical Formula 31]

@)

[0154] R? to R” in the formula (A) each independently
represent a hydrogen atom, halogen atom, oxy group, amino
group, hydrocarbon group having 1 to 40 carbon atoms,
alkoxy group, aryloxy group, alkoxycarbonyl group, or het-
erocyclic group. These groups may be substituted or unsub-
stituted.

[0155] Examples of the halogen atom include fluorine,
chlorine, bromine, and iodine. In addition, examples of the
substituted or unsubstituted amino group include an alky-
lamino group, an arylamino group, and an aralkylamino
group.

[0156] The alkoxycarbonyl group is represented by
—COOY". Examples of Y" are the same as the examples of the
alkyl group. The alkylamino group and the aralkylamino
group are represented by —NQ'Q?. Examples for each of Q*
and Q? are the same as the examples described in relation to
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the alkyl group and the aralkyl group, and preferred examples
for each of Q" and Q7 are also the same as those described in
relation to the alkyl group and the aralkyl group. Either one of
Q' and Q* may be a hydrogen atom.

[0157] The arylamino group is represented by —NAr' Ar*.
Examples for each of Ar' and Ar® are the same as the
examples described in relation to the non-fused aryl group
and the fused aryl group. Either one of Ar' and Ar* may be a
hydrogen atom.

[0158] M represents aluminum (Al), gallium (Ga) or
indium (In), among which In is preferable.

[0159] L in the formula (A) represents a group represented
by a formula (A") or (A") below.

[Chemical Formula 32]

A
RS R?
R0
RIZ Rl 1
A"
s (A"
RY RI6
RI8 R
RSB R
— i R20
RY RS
R22 R2!
R26 R4
R2S

[0160] In the formula (A"), R® to R'? each independently
represent a hydrogen atom or a substituted or unsubstituted
hydrocarbon group having 1 to 40 carbon atoms. Adjacent
groups may form a cyclic structure. In the formula (A"), R'?
to R*” each independently represent a hydrogen atom or a
substituted or unsubstituted hydrocarbon group having 1 to
40 carbon atoms. Adjacent groups may form a cyclic struc-
ture.

[0161] Examples of the hydrocarbon group having 1 to 40
carbon atoms represented by each of R® to R'? and R*® to R’
in the formulae (A") and (A") are the same as those of R*toR”.
[0162] Examples of a divalent group formed when an adja-
centset of R®to R'?and R'® to R? forms a cyclic structure are
a tetramethylene group, a pentamethylene group, a hexam-
ethylene group, a diphenylmethane-2,2'-diyl group, a diphe-
nylethane-3,3'-diyl group, and a diphenylpropane-4,4'-diyl
group.

[0163] In the exemplary embodiment of the invention, the
aromatic compound represented by the formulae (1) and (3)
to (5) is preferably contained as the electron transporting
layer.

[0164] As an electron transporting compound for the elec-
tron injecting layer or the electron transporting layer, 8-hy-
droxyquinoline or a metal complex of its derivative, an oxa-
diazole derivative, and a nitrogen-containing heterocyclic
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derivative are preferable. A specific example of the 8-hydrox-
yquinoline or the metal complex of its derivative is a metal
chelate oxinoid compound containing a chelate of oxine
(typically 8-quinolinol or 8-hydroxyquinoline). For instance,
tris(8-quinolinol) aluminum can be used. Examples of the
oxadiazole derivative are as follows.

[Chemical Formula 33]

N—

AJﬂ«Z_&;AIﬂ—o—M% I< APS

[0165] Inthe formula, Ar'”, Ar'® Ar'®, Ar**, Ar*? and Ar*°
each represent a substituted or unsubstituted aryl group. Ar'”,
Ar'? and Ar*? may be the same as or different from Ar'®, Ar*!
and Ar*’ respectively. Ar*°, Ar*> and Ar** each represent a
substituted or unsubstituted arylene group. Ar*® and Ar** may
be mutually the same or different.

[0166] Examples of the arylene group are a phenylene
group, naphthylene group, biphenylene group, anthranylene
group, perylenylene group and pyrenylene group. Examples
of the substituent therefor are an alkyl group having 1 to 10
carbon atoms, alkoxy group having 1 to 10 carbon atoms and
cyano group.

[0167] Such an electron transporting compound is prefer-
ably an electron transporting compound that can be favorably
formed into a thin film(s). Examples of the electron transport-
ing compound are as follows.

[Chemical Formula 34]

N—N
-3
o8
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[0168] An example ofthe nitrogen-containing heterocyclic
derivative as the electron transporting compound is a nitro-
gen-containing compound that is not a metal complex, the
derivative being formed of an organic compound represented
by one of the following general formulae. Examples of the
nitrogen-containing heterocyclic derivative are a five-mem-
bered ring or six-membered ring derivative having a skeleton
represented by the following formula (A) and a derivative
having a structure represented by the following formula (B).

[Chemical Formula 35]
®»)

®)

[0169] In the formula (B), X represents a carbon atom or a
nitrogen atom. Z,; and Z, each independently represent an
atom group from which a nitrogen-containing heterocycle
can be formed.

[0170] Preferably, the nitrogen-containing heterocyclic
derivative is an organic compound having a nitrogen-contain-
ing aromatic polycyclic group having a five-membered ring
or six-membered ring. Further, when the nitrogen-containing
heterocyclic derivative is such a nitrogen-containing aro-
matic polycyclic group that contains plural nitrogen atoms,
the nitrogen-containing heterocyclic derivative is preferably
anitrogen-containing aromatic polycyclic organic compound
having a skeleton formed by a combination of the skeletons
respectively represented by the formulae (A) and (B), or by a
combination of the skeletons respectively represented by the
formulae (A) and (C).

N—N
-
O

o000

N—N

N—N
AL
O O

O-O--0O—CO-L-0-C0
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[Chemical Formula 36]

PN

[0171] A nitrogen-containing group of the nitrogen-con-
taining aromatic polycyclic organic compound is selected
from nitrogen-containing heterocyclic groups respectively
represented by the following general formulae.

(ChemalFormu 7]
R’[[\“j R’;(\j R’[[\j R’[[\/\T R’;\N\
A Sy S
RN R”\’\“/Nﬁ R”\’\”/Nﬁ
l\/N NS, \X

.

[0172] the formulae: R represents an aryl group having 6 to
40 carbon atoms, heteroaryl group having 3 to 40 carbon
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atoms, alkyl group having 1 to 20 carbon atoms or alkoxy
group having 1 to 20 carbon atoms; and n represents an
integer in a range of 0 to 5. When n is an integer of 2 or more,
plural R may be mutually the same or different.

[0173] A preferable specific compound is a nitrogen-con-
taining heterocyclic derivative represented by the following
formula.

HArLL-Arl—Ar?

[0174] In the formula: HAr represents a substituted or
unsubstituted nitrogen-containing heterocycle having 3 to 40
carbon atoms; L' represents a single bond, substituted or
unsubstituted arylene group having 6 to 40 carbon atoms, or
substituted or unsubstituted heteroarylene group having 3 to
40 carbon atoms; Ar' represents a substituted or unsubstituted
divalent aromatic hydrocarbon group having 6 to 40 carbon
atoms; and Ar® represents a substituted or unsubstituted aryl
group having 6 to 40 carbon atoms, or substituted or unsub-
stituted heteroaryl group having 3 to 40 carbon atoms.

[0175]
group.

HAr is exemplarily selected from the following

[Chemical Formula 38]

N,
|\
N FHA
e
Q.
Sae
LC
Q.
N FA

/Z
7\ S\
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-continued

Z N
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-continued
NZ |
/@N\ \
N/ | x
N FHA
10
N
N
LN N
—lo
N ™
N\t

N ™
O~

[0176] L'isexemplarily selected from the following group.
[Chemical Formula 39]
N
4©7 {>7

[0177] Ar'is exemplarily selected from the following ary-
lanthranil group.
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[Chemical Formula 40]

R! RS
RZ R7
R® RS

R* R?

R9 AI3 R14
R]O

Rl3
Rll Ar3 RIZ
[0178] Inthe formula: R' to R'* each independently repre-

sent a hydrogen atom, halogen atom, alkyl group having 1 to
20 carbon atoms, alkoxy group having 1 to 20 carbon atoms,
aryloxy group having 6 to 40 carbon atoms, substituted or
unsubstituted aryl group having 6 to 40 carbon atoms, or
heteroaryl group having 3 to 40 carbon atoms; and Ar® rep-
resents a substituted or unsubstituted aryl group having 6 to
40 carbon atoms, or a heteroaryl group having 3 to 40 carbon
atoms.

[0179] AllofR! to R® ofa nitrogen-containing heterocyclic
derivative may be hydrogen atoms.

[0180]
group.

Ar® is exemplarily selected from the following

[Chemical Formula 41

57
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-continued
[0181] Other than the above, the following compound (see

JP-A-9-3448) can be favorably used for the nitrogen-contain-
ing aromatic polycyclic organic compound as the electron
transporting compound.

[Chemical Formula 42]
R, X5

Ry— N—Ry

Bgt

X Rs

[0182] In the formula: R, to R, each independently repre-
sent a hydrogen atom, substituted or unsubstituted aliphatic
group, substituted or unsubstituted alicyclic group, substi-
tuted or unsubstituted carbocyclic aromatic cyclic group, or
substituted or unsubstituted heterocyclic group; and X, and
X, each independently represent an oxygen atom, sulfur atom
or dicyanomethylene group.

[0183] The following compound (see JP-A-2000-173774)
can also be favorably used for the electron transporting com-
pound.
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[Chemical Formula 43]
Rr! H H O
\ ||
N C=C
/
R? }|I
C=

o) Q

[0184] In the formula, R', R? R® and R*, which may be
mutually the same or different, each represent an aryl group
represented by the following formula.

[Chemical Formula 44]

RS R’
R
RS R’
[0185] Inthe formula, R%, RS, R7,R®* and R?, which may be

mutually the same or different, each represent a hydrogen
atom, saturated or unsaturated alkoxy group, alkyl group,
amino group or alkylamino group. At least one of R°, R%, R”,
R®and R’ represents a saturated or unsaturated alkoxy group,
alkyl group, amino group or alkylamino group.

[0186] A polymer compound containing the nitrogen-con-
taining heterocyclic group or a nitrogen-containing heterocy-
clic derivative may be used for the electron transporting com-
pound.

[0187] The electron transporting layer preferably contains
at least one of nitrogen-containing heterocycle derivatives
respectively represented by the following formulae (201) to
(203).

[Chemical Formula 45]

Qo1
/ N
A
ST
\
®); 2
(202)
(203)
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O—i

R4

[0188] Intheformulae (201)to (203), R represents a hydro-
gen atom, substituted or unsubstituted aryl group having 6 to
60 carbon atoms, substituted or unsubstituted pyridyl group,
substituted or unsubstituted quinolyl group, substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, or
substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms. n represents an integer of O to 4. R' represents
a substituted or unsubstituted aryl group having 6 to 60 car-
bon atoms, substituted or unsubstituted pyridyl group, sub-
stituted or unsubstituted quinolyl group, substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, or alkoxy
group having 1 to 20 carbon atoms. R? and R* each indepen-
dently represent a hydrogen atom, substituted or unsubsti-
tuted aryl group having 6 to 60 carbon atoms, substituted or
unsubstituted pyridyl group, substituted or unsubstituted
quinolyl group, substituted or unsubstituted alkyl group hav-
ing 1 to 20 carbon atoms, or substituted or unsubstituted
alkoxy group having 1 to 20 carbon atoms. L. represents a
substituted or unsubstituted arylene group having 6 to 60
carbon atoms, substituted or unsubstituted pyridinylene
group, substituted or unsubstituted quinolinylene group, or
substituted or unsubstituted fluorenylene group. Ar' repre-
sents a substituted or unsubstituted arylene group having 6 to
60 carbon atoms, substituted or unsubstituted pyridinylene
group, or substituted or unsubstituted quinolinylene group.
Ar? represents substituted or unsubstituted aryl group having
6 to 60 carbon atoms, substituted or unsubstituted pyridyl
group, substituted or unsubstituted quinolyl group, substi-
tuted or unsubstituted alkyl group having 1 to 20 carbon
atoms, or substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms.

[0189] Ar® represents a substituted or unsubstituted aryl
group having 6 to 60 carbon atoms, substituted or unsubsti-
tuted pyridyl group, substituted or unsubstituted quinolyl
group, substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, substituted or unsubstituted alkoxy group hav-
ing 1 to 20 carbon atoms or a group represented by —Ar'—
Ar? (Ar' and Ar* may be the same as the above).

[0190] Intheformulae (201)to (203), R represents a hydro-
gen atom, substituted or unsubstituted aryl group having 6 to
60 carbon atoms, substituted or unsubstituted pyridyl group,
substituted or unsubstituted quinolyl group, substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, or
substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms.

[0191] Although a thickness of the electron injecting layer
or the electron transporting layer is subject to no limitation,
the thickness is preferably 1 nm to 100 nm.

[0192] The electron injecting layer preferably contains an
inorganic compound such as an insulator or a semiconductor
in addition to the nitrogen-containing cyclic derivative. Such
an insulator or a semiconductor, when contained in the elec-
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tron injecting layer, can effectively prevent a current leak,
thereby enhancing electron injectability.

[0193] As the insulator, it is preferable to use at least one [Chemical Formula 47]
metal compound selected from the group consisting of an
alkali metal chalcogenide, an alkali earth metal chalcogenide,
a halogenide of alkali metal and a halogenide of alkali earth
metal. When the electron injecting layer is formed from the
alkali metal chalcogenide or the like, the electron injectability
can preferably be further enhanced. Specifically, preferred
examples of the alkali metal chalcogenide are Li,O, K,O,
Na,S, Na,Se and Na,O, while preferable example of the
alkali earth metal chalcogenide are CaO, BaO, SrO, BeO,
BaS and CaSe. Preferred examples of the halogenide of the
alkali metal are LiF, NaF, KF, LiCl, KCl and NaCl. Preferred
examples of the halogenide of the alkali earth metal are fluo-
rides such as CaF,, BaF,, SrF,, MgF, and BeF,, and halo-
genides other than the fluoride.

:

[0194] Examples of the semiconductor are one of or a com-
bination of two or more of an oxide, a nitride 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 film.
When the electron injecting layer is formed of such insulative
film, more uniform thin film can be formed, thereby reducing
pixel defects such as a dark spot. Examples of such an inor-
ganic compound are the alkali metal chalcogenide, alkali
earth metal chalcogenide, halogenide of the alkali metal and
halogenide of the alkali earth metal.

[0195] When the electron injecting layer contains such an
insulator or semiconductor, a thickness thereof is preferably
in a range of approximately 0.1 nm to 15 nm. The electron
injecting layer according to this exemplary embodiment may
preferably contain the above-described reduction-causing
dopant.

J
J
OO

Yoo Yoo

Hole Injecting Layer and Hole Transporting Layer

[0196] The hole injecting layer or the hole transporting
layer (including the hole injecting/transporting layer) may
contain an aromatic amine compound such as an aromatic
amine derivative represented by the following formula (I).

[Chemical Formula 46]

Ar! A
\
/N—L—N\
AP Art

[0197] Inthe formula (I), Ar* to Ar* each represent a sub-
stituted or unsubstituted aryl group having 6 to 50 ring carbon
atoms, substituted or unsubstituted heteroaryl group having 5
to 50 atoms for forming a ring, or a group formed by bonding
the aryl group to the heteroaryl group.

Yo o
%
4
4
0

[0198] Examples of the compound represented by the for-
mula (I) are shown below. However, the compound repre-
sented by the formula (I) is not limited thereto.
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-continued

Q [Chemical Formula 49]
O 1

: . N
NN Sa o
[

»

W,

[0199] Aromatic amine represented by the following (II)

can also be preferably used for forming the hole injecting
layer or the hole transporting layer. ‘ O
[Chemical Formula 48] O O
n
Al"l
/
AP—N O O ‘ O
\ N

A

as Ar' to Ar” of the above formula (I). Examples of the com-
pound represented by the general formula (II) are shown
below. However, the compound represented by the formula
(ID) is not limited thereto.

[0200] Intheabove (II), Ar' to Ar® each represent the same OO
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Z,

Z,

s J
'S )

U=V
W,

[0201] TItshould be noted that the invention is not limited to
the above description but may include any modification as
long as such modification stays within a scope and a spirit of
the present invention.

[0202] For instance, the following is a preferable example
of such modification made to the invention.

[0203] According to this exemplary embodiment, the emit-
ting layer may also preferably contain an assistance substance
for assisting injection of charges.

[0204] When the emitting layer is formed of a host material
having a wide energy gap, a difference in ionization potential
(Ip) between the host material and the hole injecting/trans-
porting layer etc. becomes so large that injection of the holes
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into the emitting layer becomes difficult, which may cause a
rise in a driving voltage required for providing sufficient
luminance.

[0205] In the above instance, introducing a hole-injectable
or hole-transportable assistance substance for assisting injec-
tion of charges in the emitting layer can contribute to facili-
tation of the injection of the holes into the emitting layer and
to reduction of the driving voltage.

[0206] As the assistance substance for assisting the injec-
tion of charges, for instance, a general hole injecting material,
a general hole transporting material or the like can be used.
[0207] Examples of the assistance substance are a triazole
derivative (see, for instance, the specification of U.S. Pat. No.
3,112,197), an oxadiazole derivative (see, for instance, the
specification of U.S. Pat. No. 3,189,447), an imidazole
derivative (see, for instance, JP-B-37-16096), a polyarylal-
kane derivative (see, for instance, the specifications of U.S.
Pat. No. 3,615,402, No. 3,820,989, and No. 3,542,544, JP-B-
45-555, JP-B-51-10983, JP-A-51-93224, JP-A-55-17105,
JP-A-56-4148, JP-A-55-108667, JP-A-55-156953 and JP-A-
56-36656), a pyrazoline derivative and a pyrazolone deriva-
tive (see, for instance, the specifications of U.S. Pat. No.
3,180,729 and No. 4,278,746, JP-A-55-88064, JP-A-55-
88065, JP-49-105537, JP-A-55-51086, JP-A-56-80051,
JP-A-56-88141, JP-A-57-45545, JP-A-54-112637 and JP-A-
55-74546), a phenylenediamine derivative (see, for instance,
the specification of U.S. Pat. No. 3,615,404, JP-B-51-10105,
JP-B-46-3712, JP-B-47-25336, JP-A-54-53435, JP-A-54-
110536 and JP-A-54-119925), an arylamine derivative (see,
for instance, the specifications of U.S. Pat. No. 3,567,450,
No. 3,180,703, No. 3,240,597, No. 3,658,520, No. 4,232,103,
No. 4,175,961 and No. 4,012,376, JP-B-49-35702, JP-B-39-
27577, JP-A-55-144250, JP-A-56-119132 and JP-A-56-
22437 and the specification of West Germany Patent No.
1,110,518), an amino-substituted chalcone derivative (see,
for instance, the specification of U.S. Pat. No. 3,526,501), an
oxazole derivative (disclosed in, for instance, the specifica-
tionof U.S. Pat. No.3,257,203), a styrylanthracene derivative
(see, for instance, JP-A-56-46234), a fluorenone derivative
(see, for instance, JP-A-54-110837), a hydrazone derivative
(see, for instance, the specification of U.S. Pat. No. 3,717,462
and JP-A-54-59143, JP-A-55-52063, JP-A-55-52064, JP-A-
55-46760, JP-A-55-85495, JP-A-57-11350, JP-A-57-
148749 and JP-A-02-311591), a stilbene derivative (see, for
instance, JP-A-61-210363, JP-A-61-228451, IP-A-61-
14642, JP-A-61-72255, JP-A-62-47646, JP-A-62-36674,
JP-A-62-10652, JP-A-62-30255, JP-A-60-93455, JP-A-60-
94462, JP-A-60-174749 and JP-A-60-175052), a silazane
derivative (see the specification of U.S. Pat. No. 4,950,950), a
polysilane type (see IJP-A-02-204996), an aniline-based
copolymer (see JP-A-02-282263), and a conductive polymer
oligomer (particularly, thiophene oligomer) disclosed in
JP-A-01-211399.

[0208] The hole-injectable material, examples of which are
as listed above, is preferably a porphyrin compound (dis-
closed in JP-A-63-295695 etc.), an aromatic tertiary amine
compound or a styrylamine compound (see, for instance, the
specification of U.S. Pat. No. 4,127,412, JP-A-53-27033,
JP-A-54-58445, JP-A-54-149634, JP-A-54-64299, IP-A-55-
79450, JP-A-55-144250, JP-A-56-119132, JP-A-61-295558,
JP-A-61-98353 or JP-A-63-295695), particularly preferably
an aromatic tertiary amine compound.

[0209] In addition, 4,4'-bis(N-(1-naphthyl)-N-pheny-
lamino)biphenyl (hereinafter, abbreviated as NPD) having
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two fused aromatic rings in the molecule as disclosed in U.S.
Pat. No. 5,061,569, or 4,4'.4"tris(N-(3-methylphenyl)-N-
phenylamino)triphenylamine (hereinafter, abbreviated as
MTDATA) in which three triphenylamine units are bonded in
a starburst form as disclosed in JP-A-04-308688 and the like
may also be used.

[0210] Further, a hexaazatriphenylene derivative disclosed
in Japanese Patent No. 3614405 and No. 3571977 and U.S.
Pat. No. 4,780,536 may also preferably be used as the hole-
injectable material.

[0211] Alternatively, inorganic compounds such as p-type
Si and p-type SiC can also be used as the hole-injecting
material.

[0212] A method of forming each of the layers in the
organic EL device according to the aspect of the invention is
not particularly limited. A conventionally-known method
such as vacuum deposition or spin coating may be employed
for forming the layers. The organic thin-film layer containing
the compound represented by the formula (1), which is used
in the organic EL device according to the exemplary embodi-
ment of the invention, may be formed by a conventional
coating method such as vacuum deposition, molecular beam
epitaxy (MBE method) and coating methods using a solution
such as a dipping, spin coating, casting, bar coating, and roll
coating.

[0213] Although the thickness of each organic layer of the
organic EL device is not particularly limited, the thickness is
generally preferably in a range of several nanometers to 1 pm
because an excessively-thinned film likely entails defects
such as a pin hole while an excessively-thickened film
requires high voltage to be applied and deteriorates efficiency.

EXAMPLES

[0214] Next, the invention will be described in further
detail by exemplifying Example(s) and Comparative(s).
However, the invention is not limited by the description of
Example(s).
Synthesis Example 1
Synthesis of Compound No. 1

[0215]

[Chemical Formula 50]

Cl
Ne— Pd(OAc),
PPhs
Cl \ / N + 4>DME
B(OH), 2M Na,COj aq.
Cl reflux

Intermediate body X
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[0216] Under an Ar gas atmosphere, 2,4,6-trichloropyrimi-
dine (18.3 g, 100 mmol), phenylboronic acid (24.4 g, 200
mmol), palladium acetate (0.56 g, 2.5 mmol), triphenylphos-
phine (1.31 g, 5.0 mmol), DME (930 ml) and an aqueous
solution of 2M sodium carbonate (310 ml) were stirred for 15
hours at a reflux temperature. The solvent was distilled away
under reduced pressure. The obtained residue was extracted
by dichloromethane. The residue obtained by concentrating
the organic phase was refined by silica-gel column chroma-
tography (a developing solvent: hexane-ethyl acetate) to pro-
vide an intermediate body X, as a white solid. A yield of the
intermediate body X, was 18.7 g and a yield rate thereof was
70%. (reference document: J. Org. Chem. 66 7125-7128
(2001))

[Chemical Formula 51]

s
g

Br

Pd(PPh3)4
2M Na,CO; aq
Toluene-DME

reflux

|

o

B(OH),

e ®
ol

AT T

Intermediate body X,

[0217] Under an Ar gas atmosphere, N-(3,5-dibromophe-
nyl)carbazole (12.2 g, 30.4 mmol), 9,9-dimethylfluorene-2-
boronic acid (7.24 g, 30.4 mmol), an aqueous solution of 2M
sodium carbonate (30 ml), toluene (60 ml), DME (30 ml) and
Pd(PPh,), (1.75 g) were stirred for 7 hours at a reflux tem-
perature. After the reactant solution was cooled down to the
room temperature, toluene (200 ml) and water (100 ml) were
added thereto to separate an organic phase. The residue
obtained by concentrating the organic phase was refined by
silica-gel column chromatography (a developing solvent:
hexane-toluene) to provide an intermediate body X, as a
white solid. A yield of the intermediate body X, was 9.4 gand
a yield rate thereof was 60%.
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[Chemical Formula 52]
1) n-BuLiin

N
hexane
2) B(O-iPr);
3) IN HCI
—_—_
THF
.O )

g
O

Intermediate body X3

[0218] The intermediate body X, (5.14 g, 10 mmol) was
added in dehydrated THF (100 ml), and was stirred at —70
degrees C. under an Ar gas atmosphere. Next, n-BuLi (1.6M
in hexane) (6.3 ml) was dropped thereinto. After stirring for
two hours at =70 degrees C., 5.64 g (30 mmol) of triisopro-
pylborate was dropped thereinto. After stirring for one hour at
=70 degrees C., the reactant mixture was stirred at the room
temperature for five hours. Subsequently, 1N-hydrochloric
acid (30 ml) was added thereto and stirred for one hour at the
room temperature. THF was distilled away under reduced
pressure and was extracted by dichloromethane to provide an
organic phase. The organic phase was dried by anhydrous
magnesium sulfate. The residue obtained by concentrating
the solvent was washed with toluene to provide an interme-
diate body X, as a white solid. A yield of the intermediate
body X, was 3.1 g and a yield rate thereof was 65%.

[Chemical Formula 53]
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-continued
Cl
N=—
Pd(PPh3)y
2M Na,CO;3 aq.
Toluene-DME
reflux

N

N=—
§ )
N

SN

Compound No. [

[0219] Under an Ar gas atmosphere, the intermediate body
X5 (4.8 g, 10 mmol), the intermediate body X, (2.66 g, 10
mmol), an aqueous solution of 2M sodium carbonate (12 ml),
toluene (20 ml), DME (20 ml) and Pd(PPh;), (0.35 g) were
stirred for 16 hours at a reflux temperature. After the reactant
solution was cooled down to the room temperature, toluene
(200 ml) and water (100 ml) were added thereto to separate an
organic phase. The residue obtained by concentrating the
organic phase was refined by silica-gel column chromatogra-
phy (a developing solvent: hexane-toluene) and was recrys-
tallized by toluene twice to provide a target object (a com-
pound No. 1) as a white solid. A yield of the compound No. 1
was 3.0 g and a yield rate thereof was 45%.

[0220] FD mass analysis consequently showed that m/e
was equal to 665 while a calculated molecular weight was
654.

Synthesis Example 2
Synthesis of Compound No. 2

[0221]

[Chemical Formula 54]

cl
N—
cl N T
\_/
cl

69
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-continued

Pd(OAc),
PPh;

DME
B(OH), 2M Na,COj aq.
reflux

Intermediate body Xy

[0222] Under an Ar gas atmosphere, 2,4,6-trichloropyrimi-
dine (25.0 g, 136.3 mmol), phenylboronic acid (16.6 g, 136.3
mmol), palladium acetate (1.53g, 6.82 mmol), triphenylphos-
phine (3.58 g, 13.6 mmol), DME (1250 ml) and an aqueous
solution of 2M sodium carbonate (211 ml) were stirred for 16
hours at a reflux temperature. The solvent was distilled away
under reduced pressure. The obtained residue was extracted
by dichloromethane. The residue obtained by concentrating
the organic phase was refined by silica-gel column chroma-
tography (a developing solvent: hexane-ethyl acetate) to pro-
vide an intermediate body X, as a white solid. A yield of the
intermediate body X, was 22.1 g and a yield rate thereof was
72%. (reference document: J. Org. Chem. 66 7125-7128
(2001))

[Chemical Formula 55]

Cl
N:<
cl N T
\ 7/
Cl
Pd(OAc),
PPhs
DME
B(OH), 2M NayCOj aq.
reflux
Cl
N:<
Cl N
\ 7/
Intermediate body X5
[0223] Under an Ar gas atmosphere, 2,4-dichloro-6-phe-

nylpyrimidine (the intermediate body X,) (6.0 g, 26.6 mmol),
9,9-dimethylfluorene-2-boronic acid (6.34 g, 26.6 mmol),
palladium acetate (0.30 g, 1.33 mmol), triphenylphosphine
(0.70 g, 2.66 mmol), DME (250 ml) and an aqueous solution
of 2M sodium carbonate (42 ml) were stirred for 8 hours at a
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reflux temperature. The solvent was distilled away under
reduced pressure. The obtained residue was extracted by tolu-
ene. The residue obtained by concentrating the organic phase
was refined by silica-gel column chromatography (a devel-
oping solvent: hexane-toluene) to provide an intermediate
body X as a white solid. A yield of the intermediate body X5
was 7.2 g and a yield rate thereof was 70%.

[Chemical Formula 56]

Pd(PPh3)4
2M Na,COj3 aq.
Toluene-DME
reflux

Compound No. 2

[0224] Under an Ar gas atmosphere, 3,5-bis-carba-
zolylphenyl boronic acid (4.52g, 10 mmol), the intermediate
body X5 (3.83 g, 10 mmol), an aqueous solution of 2M
sodium carbonate (12 ml), toluene (20 ml), DME (20 ml) and
Pd(PPh;), (0.35 g) were stirred for 16 hours at a reflux tem-
perature. After the reactant solution was cooled down to the
room temperature, toluene (200 ml) and water (100 ml) were
added thereto to separate an organic phase. The residue
obtained by concentrating the organic phase was refined by
silica-gel column chromatography (a developing solvent:
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hexane-toluene) and was recrystallized by toluene twice to
provide a target object (a compound No. 2) as a white solid. A
yield of the compound No. 2 was 3.0 g and a yield rate thereof
was 40%.

[0225] FD mass analysis consequently showed that m/e
was equal to 754 while a calculated molecular weight was
754.

Synthesis Example 3
Synthesis of Compound No. 3

[0226]

[Chemical Formula 57]

©)k

MeONa/MeOH
CHO

NH,HCI
NaOH
EtOH

Br

Intermediate body Xg

[0227] 3-bromobenzaldehyde (18.5 g, 100 mmol),
acetophenone (12.0 g, 100 mmol), 1N-sodium methoxide/
methanol solution (10 ml) and ethanol (200 ml) were stirred
for five hours at the room temperature under an Ar gas atmo-
sphere. Subsequently, the reactant mixture was heated and
stirred for another four hours at a reflux temperature. Next,
benzamidine hydrochloride (9.4 g, 60 mmol) and sodium
hydroxide (8.0 g, 200 mmol) were added thereto and stirred
for five hours at 70 degrees C. After the reaction, the reactant
mixture was filtered to separate an extract. The extract was
refined by silica-gel column chromatography (a developing
solvent: dichloromethane) to provide an intermediate body
X as a white solid. A yield of the intermediate body X4 was
10.1 g and a yield rate thereof was 26%.
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[Chemical Formula 58]

n
O N,
Br x
| Pd(PPhs)s
—_—
=N 2M Na,CO;5 ag.
Toluene-DME

Compound No. 3

[0228] Under an Ar gas atmosphere, the intermediate body
X5 (4.8 g, 10 mmol), the intermediate body X4 (3.9 g, 10
mmol), an aqueous solution of 2M sodium carbonate (12 ml),
toluene (20 ml), DME (20 ml) and Pd(PPh,), (0.35 g) were
stirred for 16 hours at a reflux temperature. After the reactant
solution was cooled down to the room temperature, toluene
(200 ml) and water (100 ml) were added thereto to separate an
organic phase. The residue obtained by concentrating the
organic phase was refined by silica-gel column chromatogra-
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phy (a developing solvent: hexane-toluene) and was recrys-
tallized by toluene twice to provide a target object (a com-
pound No. 3) as a white solid. A yield of the compound No. 3
was 3.2 g and a yield rate thereof was 43%.

[0229] FD mass analysis consequently showed that m/e
was equal to 741 while a calculated molecular weight was
741.

Synthesis Example 4
Synthesis of Compound No. 4

[0230]

[Chemical Formula 59

O
Br.
MeONa/MeOH
CHO
©/N\NH2 HCL
EtOH
Br l :
=N
Intermediate body X5
[0231] 4-bromobenzaldehyde (18.5 g, 100 mmol),

acetophenone (12.0 g, 100 mmol), 1N-sodium methoxide/
methanol solution (10 ml) and ethanol (200 ml) were stirred
at room temperature for 5 hours at the room temperature
under an Ar gas atmosphere. Subsequently, the reactant mix-
ture was heated and stirred for another four hours at a reflux
temperature. Next, benzamidine hydrochloride (9.4 g, 60
mmol) and sodium hydroxide (8.0 g, 200 mmol) were added
thereto and stirred for five hours at 70 degrees C. After the
reaction, the reactant mixture was filtered to separate an
extract. The extract was refined by silica-gel column chroma-
tography (a developing solvent: dichloromethane) to provide
an intermediate body X, as a white solid. A yield of the
intermediate body X, was 11.6 g and a yield rate thereof was
30%.
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[Chemical Formula 60

O

+
Br
O N,
N
| Pd(PPhy),
=N M Na,CO; ag.
Toluene-DME

Compound No. 4

[0232] Under an Ar gas atmosphere, the intermediate body
X5 (4.8 g, 10 mmol), the intermediate body X, (3.9 g, 10
mmol), an aqueous solution of 2M sodium carbonate (12 ml),
toluene (20 ml), DME (20 ml) and Pd(PPh,), (0.35 g) were
stirred for 16 hours at a reflux temperature. After the reactant
solution was cooled down to the room temperature, toluene
(200 ml) and water (100 m1) were added thereto to separate an
organic phase. The residue obtained by concentrating the
organic phase was refined by silica-gel column chromatogra-
phy (a developing solvent: hexane-toluene) and was recrys-
tallized by toluene twice to provide a target object (a com-
pound No. 4) as a white solid. A yield of the compound No. 4
was 2.6 g and a yield rate thereof was 35%.

[0233] FD mass analysis consequently showed that m/e

was equal to 741 while a calculated molecular weight was
741.
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Synthesis Example 5
Synthesis of Compound No. 5
[0234]

[Chemical Formula 61]

N Pd(PPhs)s

_—
2M Na,COs3 aq.
Toluene-DME

B(OH),

Compound No. 5

[0235] Under an Ar gas atmosphere, the intermediate body
X5 (3.8 g, 10 mmol), 4-carbazolylphenyl boronic acid (2.9 g,
10 mmol), an aqueous solution of 2M sodium carbonate (12
ml), toluene (20 ml), DME (20 ml) and Pd(PPh,), (0.35 g)
were stirred for 20 hours at a reflux temperature. After the
reactant solution was cooled down to the room temperature,
toluene (200 ml) and water (100 ml) were added thereto to
separate an organic phase. The residue obtained by concen-
trating the organic phase was refined by silica-gel column
chromatography (a developing solvent: hexane-toluene) and
was recrystallized by toluene twice to provide a target object
(acompound No. 5) as a white solid. A yield of the compound
No. 5 was 2.8 g and a yield rate thereof was 47%.

[0236] FD mass analysis consequently showed that m/e
was equal to 589 while a calculated molecular weight was
589.

Example 1
Manufacture of Organic EL Device 1

[0237] A glass substrate (size: 25 mmx75 mmx1.1 mm)
having an ITO transparent electrode (manufactured by Geo-
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matec Co., Ltd.) was ultrasonic-cleaned in isopropyl alcohol
for five minutes, and then UV (Ultraviolet)/ozone-cleaned for
30 minutes.

[0238] Afterthe glass substrate having the transparent elec-
trode was cleaned, the glass substrate was mounted on a
substrate holder of a vacuum deposition apparatus, and a hole
injecting layer was initially formed by depositing a com-
pound A onto the substrate to be 40 nm thick to cover a surface
of the glass substrate where a transparent electrode line was
provided. Next, a compound B was deposited onto the hole
injecting layer to be 20 nm thick to provide a hole transporting
layer.

[0239] On the hole transporting layer, the compound No. 1
as a phosphorescent host and Ir(Ph-ppy); as a phosphorescent
dopant were co-evaporated (thickness: 40 nm), thereby pro-
viding a phosphorescent-emitting layer. The concentration of
Ir(Ph-ppy); was 20 mass %.

[0240] On the phosphorescent-emitting layer, a 30-nm
thick film of a compound C, a 1-nm thick film of LiF, an
80-nm thick film of a metal Al were laminated in sequence,
thereby providing a cathode. LiF, which is an electron inject-
able electrode, was formed at a speed of 1 A/min.

[Chemical Formula 62]

Compound A

Compound B
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-continued
Compound C

Compound No. [

Ir(Ph-ppy); (facial body)

Evaluation on Luminescent Performance of Organic EL
Device

[0241] The organic EL devices each manufactured as
described above were driven by direct-current electricity to
emit light, so that luminance intensity and current density
were measured to obtain voltage and luminous efficiency at a
current density of 1 mA/cm?®. Further, time elapsed until the
initial luminance intensity of 20,000 cd/m? was reduced to the
half (i.e., time until half-life) was obtained. The results are
shown in Table 1.

Examples 2 to 5

[0242] The organic EL devices according respectively to
Examples 2 to 5 were formed and evaluated in the same
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manner as in Example 1 except that the host compound No. 1
was replaced by host materials described in Table 1. The
results of the evaluation are shown in Table 1.

[Chemical Formula 63]

Compound No.2

Compound No. 3

Compound No. 4
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-continued
Compound No. 5

N—

s

Comparative 1

[0243] An organic EL device according to Comparative 1
was formed and evaluated in the same manner as in Example
1 except that the host compound No. 1 was replaced by a
compound D (a host material described in WO2003/08076).
The results of the evaluation are shown in Table 1.

[Chemical Formula 64]
Compound D
O N—
’ Q O \_¢

TABLE 1

Luminous Time until
efficiency half-life
Host Voltage (V) (cd/A) (hrs)
compound @1 mA/em? @1 mA/em?® 20000 ed/m?

Example 1 No. 1 3.2 86.7 350
Example 2 No. 2 3.0 87.9 450
Example 3 No. 3 3.6 88.3 500
Example 4 No. 4 3.5 81.3 500
Example 5 No. 5 3.1 74.4 300
Comparative ~ Compound D 4.7 51.1 300

1

[0244] As seen from Table 1, the organic EL devices of
Examples were emittable at low voltage and exhibited a high
luminous efficiency as compared with the organic EL device
of Comparative 1.
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Example 6

[0245] A glass substrate (size: 25 mmx75 mmx1.1 mm)
having an ITO transparent electrode (manufactured by Geo-
matec Co., Ltd.) was ultrasonic-cleaned in isopropyl alcohol
for five minutes, and then UV (Ultraviolet)/ozone-cleaned for
30 minutes.

[0246] After the glass substrate having the transparent elec-
trode was cleaned, the glass substrate was mounted on a
substrate holder of a vacuum deposition apparatus, and a hole
injecting layer was initially formed by depositing a com-
pound A onto the substrate to be 40 nm thick to cover a surface
of the glass substrate where a transparent electrode line was
provided. Next, a compound B was deposited onto the hole
injecting layer to be 20 nm thick to provide a hole transporting
layer.

[0247] On the hole transporting layer, the compound D as a
phosphorescent host and Ir(Ph-ppy); as a phosphorescent
dopant were co-evaporated (thickness: 40 nm), thereby pro-
viding a phosphorescent-emitting layer. The concentration of
Ir(Ph-ppy); was 20 mass %.

[0248] On the phosphorescent-emitting layer, a 5-nm thick
film of the compound No.2, a 25-nm thick film of the com-
pound C, a 1-nm thick film of LiF, an 80-nm thick film of a
metal Al were laminated in sequence, thereby providing a
cathode. LiF, which is an electron injectable electrode, was
formed at a speed of 1 A/min.

[0249] The results of the evaluation of the organic EL
device are shown in Table 2. The comparative 1 shown in
Table 2 as a comparative is the same as the comparative 1
above.

TABLE 2

Time
until
Luminous  half-
Voltage efficiency life

Electron (V) (cd/A) (hrs)
Host transporting @1 @1 20000
compound compound mA/cm? mA/em?  cd/m?
Example 6  Compound No.2 4.7 52.5 400
D
Comparative Compound none 4.7 51.1 300
1 D

[0250] Asseen from Table 2, the compound ofthe invention
was usable as an electron transporting compound and the
organic EL devices of Examples had a longer lifetime than the
organic EL device of the comparative.

[0251] As described in detail, when the compounds of the
invention are used as an organic-EL-device material, an
organic EL device having a high luminous efficiency and
being emittable at low voltage is obtainable. Accordingly, the
organic EL device of the invention is significantly usable as a
light source of various electronic devices and the like. More-
over, the compound of the invention is effectively usable as an
organic-electron-device material for an organic solar cell, an
organic semiconductor laser, a sensor using an organic sub-
stance and an organic TFT.

INDUSTRIAL APPLICABILITY

[0252] Theinvention is applicable to a long-life organic EL
device that exhibits a high luminous efficiency and is capable
of being driven at low voltage required for power consump-
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tion saving as well as to an organic-EL-device material pro-
viding such an organic EL device.

EXPLANATION OF CODES
[0253] 1 organic electroluminescence device
[0254] 2 substrate
[0255] 3 anode
[0256] 4 cathode
[0257] 5 phosphorescent-emitting layer
[0258] 6 hole injecting/transporting layer
[0259] 7 electron injecting/transporting layer
[0260] 10 organic thin-film layer

1. A fluorene-containing aromatic compound represented

by formula (1):
/CZ]
/7

< C22 )
\
Ls
\ n

(YZ_LG_)y_/AI_(_LI_)k_NT\I_(_LS_YI)xa
1 Ly
Flz 1:1]
q i3

wherein:

Nr, represents a substituted or unsubstituted monocyclic
nitrogen-containing aromatic ring having 2 to 5 ring
carbon atoms, or a bicyclic nitrogen-containing aro-
matic ring having 2 to 9 ring carbon atoms;

Ar represents a single bond, a substituted or unsubstituted
aromatic ring having 5 to 40 ring carbon atoms;

F1, and Fl, each independently represent a substituted or
unsubstituted fluorenyl group;

p represents an integer of 0 to 3, such that when p is 2 or
more, [, is the same or different and F1, is the same or
different;

q represents an integer of 0 to 3, such that when q is 2 or
more, L, is the same or different and Fl1, is the same or
different;

p+9=1 or more;

Cz, and Cz, each independently represent a substituted or
unsubstituted carbazolyl group;

m represents an integer of 0 to 3, such that when m is 2 or
more, L, is the same or different and Cz, is the same or
different;

n represents an integer of O to 3, such that when n is 2 or
more, Ly is the same or different and Cz, is the same or
different;

m+n=1 or more;

Y*' and Y* each independently represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, a
bromine atom, an iodine atom, a cyano group, a substi-
tuted or unsubstituted and linear, branched or cyclic
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic alkoxy
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic haloalkyl
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic haloalkoxy
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic alkylsilyl
group having 1 to 10 carbon atoms, a substituted or
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unsubstituted arylsilyl group having 6 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 10 ring carbon atoms;

X represents an integer of 1 to 3, such that when x is 2 or
more, L, is the same or different and Y, is the same or
different;

y represents an integer of 1 to 3, such that when y is 2 or
more, L is the same or different and Y, is the same or
different;

m+p+X is less than or equal to the number of substituents of
Nr, minus 1;

n+q+y is less than or equal to the number of substituents of
Ar minus 1;

L, to L, each independently represent a single bond, a
substituted or unsubstituted aromatic ring having 6 to 30
ring carbon atoms, or a substituted or unsubstituted aro-
matic heterocyclic ring having 2 to 30 ring carbon
atoms;

k is an integer of 1 to 3; and

the fluorene-containing aromatic compound represented
by formula (1) is not a compound represented by for-
mula (2):

@

2. The compound of claim 1, wherein Nr, is a nitrogen-
containing aromatic ring selected from the group consisting
of a substituted or unsubstituted pyrrole ring, a pyrazole ring,
animidazolering, a triazole ring, a pyridine ring, a pyrimidine
ring, a pyridazine ring, a pyrazine ring, a triazine ring, an
indole ring, an indazole ring, a benzimidazole ring, a quino-
line ring, an isoquinoline ring, a cinnoline ring, a quinoxaline
ring and an imidazopyridine ring.

3. The compound of claim 1, wherein:

Cz' to CZ® are independently represented by formula (3) or

formula (4):
3
//(Rb)ga
7Y\ /
Ra)r—1m
N
wherein:

Ra and Rb each independently represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, a
bromine atom, an iodine atom, a cyano group, a substi-
tuted or unsubstituted and linear, branched or cyclic
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic alkoxy
group having 1 to 20 carbon atoms, a substituted or
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unsubstituted and linear, branched or cyclic haloalkyl
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic haloalkoxy
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic alkylsilyl
group having 1 to 10 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 10 ring carbon atoms; fand
g independently represent an integer of 1 to 4,

@)
= /(Rb’)g’a
2
Ry T
N
7
R\
wherein:

Ra', Rb' and Rc¢' each independently represent a hydrogen
atom, a deuterium atom, a fluorine atom, a chlorine
atom, a bromine atom, an iodine atom, a cyano group, a
substituted or unsubstituted and linear, branched or
cyclic alkyl group having 1 to 20 carbon atoms, a sub-
stituted or unsubstituted and linear, branched or cyclic
alkoxy group having 1 to 20 carbon atoms, a substituted
or unsubstituted and linear, branched or cyclic haloalkyl
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic haloalkoxy
group having 1 to 20 carbon atoms, a substituted or
unsubstituted and linear, branched or cyclic alkylsilyl
group having 1 to 10 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 carbon
atoms, a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 10 ring carbon atoms;

f' is an integer of 1 to 4;

g'is an integer of 1 to 3; and

h' is an integer of 1 to 5.

4. The compound of claim 1, wherein

kis 1, and

m+n+p+q is less than or equal to 6.

5. The compound of claim 1, wherein each of Y, to Y,

independently represents a hydrogen atom or a phenyl group.

6. The compound of claim 1, wherein:

kis1;

L,.L,,L;,Lsand L, each independently represent a single
bond, a substituted or unsubstituted phenylene group, a
substituted or unsubstituted biphenylene group, a sub-
stituted or unsubstituted terphenylene group, or a sub-
stituted or unsubstituted fluorenylene group; and

L, and L, each independently represent a single bond, a
substituted or unsubstituted phenylene group, a substi-
tuted or unsubstituted biphenylene group, or a substi-
tuted or unsubstituted terphenylene group.

7. The compound of claim 1, wherein

m+n=1 or 2, and

p+q=1or?2.
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8. The compound of claim 1, wherein, Ar represents a
monocyclic aromatic ring selected from the group consisting
of a substituted or unsubstituted benzene ring having 2 to 6
ring carbon atoms, a pyrazole ring, an imidazole ring, a tria-
zole ring, a pyridine ring, a pyrimidine ring, a pyridazine ring,
a pyrazine ring, a triazine ring and a thiophene ring.

9. The compound of claim 1, wherein Ar is a benzene ring.

10. The compound of claim 1, wherein:

Fl, and F1, are independently represented by formula (5):

v vy ©)
Ys 10 Y
* Q.O -
Y Yo
Yy Vs

Y, and Y, each independently represent:
a hydrogen atom; a deuterium atom;
a linear, branched or cyclic alkyl group having 1 to 10
carbon atoms;
a linear, branched or cyclic haloalkyl group having 1 to
10 carbon atoms;
a linear, branched or cyclic alkylsilyl group having 1 to
10 carbon atoms;
a substituted or unsubstituted arylsilyl group having 6 to
30 carbon atoms;
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms; or
substituted or unsubstituted heteroaryl group having 2 to
10 ring carbon atoms; and
Y5, Y, Y, Y, Y, Y, and Y|, each independently repre-
sent:
a hydrogen atom;
a deuterium atom;
a fluorine atom;
a chlorine atom;
a bromine atom;
an iodine atom;
a cyano group;
a linear, branched or cyclic alkyl group having 1 to 10
carbon atoms;
a linear, branched or cyclic alkoxy group having 1 to 10
carbon atoms;
a linear, branched or cyclic haloalkyl group having 1 to
10 carbon atoms;
alinear, branched or cyclic haloalkoxy group having 1 to
10 carbon atoms;
a linear, branched or cyclic alkylsilyl group having 1 to
10 carbon atoms;
a substituted or unsubstituted arylsilyl group having 6 to
30 carbon atoms;
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms; or
a substituted or unsubstituted heteroaryl group having 2
to 10 ring carbon atoms.
11. The compound of claim 10, wherein Y5 and Y, inde-
pendently represent a linear alkyl group having 1 to 10 carbon
atoms or a phenyl group.
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12. The compound of claim 11, whereinY; and Y, are both
a methyl group.
13. The compound of claim 1, wherein
Cz, and Cz, are independently represented by formula (3a)
or formula (4a):

Ga)

=
N
\*
- (4a)
/)
N\
N

14. The compound of claim 1, wherein Nr, is a pyrimidine
ring.
15. Anorganic-electroluminescence-device material, com-
prising the compound of claim 1.
16. An organic electroluminescence device, comprising:
a cathode;
an anode; and
an organic thin-film layer situated between the cathode and
the anode, such that the organic thin-film layer is formed
out of one or more layers comprising an emitting layer,

wherein at least one layer of the organic thin-film layer
comprises the fluorene-containing aromatic compound
of claim 1.

17. The o device of claim 16, wherein the emitting layer
comprises the fluorene-containing aromatic compound as a
host material.

18. The device of claim 16, wherein the emitting layer
further comprises a phosphorescent material.

19. The device of claim 18, wherein

the emitting layer comprises a host material and the phos-

phorescent material, and

the phosphorescent material is an ortho metalation of a

complex of a metal atom selected from the group con-
sisting of iridium (Ir), osmium (Os) and platinum (Pt).

20. The device of claim 16, wherein

the organic thin-film layer comprises an electron injecting

layer situated between the cathode and the emitting
layer, and

the electron injecting layer comprising a nitrogen-contain-

ing cyclic derivative.

21. The device of claim 16, wherein the organic thin-film
layer comprises an electron transporting layer situated
between the cathode and the emitting layer, and

the electron transporting layer comprising the fluorene-

containing aromatic compound.

22. The o device of claim 16, wherein a reduction-causing
dopant is added in an interfacial region between the cathode
and the organic thin-film layer.

* * #* ok %
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