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FLUORENE COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a novel organic compound
and an organic light-emitting device using the same.

2. Related Background Art

An organic light-emitting device has a thin film containing
a fluorescent compound interposed between an anode and a
cathode, and utilizes light emitted when excitons of the fluo-
rescent compound generated by injection of electrons and
holes from each electrode returns to the ground state.

A research by Eastman Kodak Company in 1987 (Appl.
Phys. Lett. 51, 913 (1987)) reports light emission of about
1000 cd/m? at an applied voltage of about 10V in a separated-
function two-layer structure device in which ITO is used for
the anode, magnesium-silver alloy for the cathode, an alumi-
num quinolinol complex as an electron-transporting material
and a light-emitting material, and a triphenylamine derivative
as a hole-transporting material (U.S. Pat. Nos. 4,539,507,
4,720,432 and 4,885,211).

In addition, by changing the kind of fluorescent organic
compounds, ultra-violet to infrared light can be emitted, and
various compounds are now being actively studied (U.S. Pat.
Nos. 5,151,629, 5,409,783 and 5,382,477, Japanese Patent
Application Laid-Open Nos. H02-247278, H03-255190,
H05-202356, H09-202878 and H09-227576).

Recently, a number of studies have been made on utiliza-
tion of triplet energy for electroluminescence using a phos-
phorescent compound as a light-emitting material. A group in
Princeton University has reported that an organic light-emit-
ting device in which an iridium complex is used as a light-
emitting material has high luminous efficiency (Nature, 395,
151 (1998)).

In addition to organic light-emitting devices using a low
molecular weight material described above, an organic light
emitting device using a conjugated polymer has been reported
by a group in Cambridge University (Nature, 347, 539
(1990)). In this report, by forming a film of poly(phenylenevi-
nylene) (PPV) in a coating system, light emission is found in
a single layer. Patents related to organic light emitting devices
using conjugated polymer include U.S. Pat. Nos. 5,247,190,
5,514,878 and 5,672,678, Japanese Patent Application Laid-
Open Nos. H04-145192 and H05-247460.

As described above, recent development in organic light
emitting devices is remarkable, and since they have features
of high luminance at a low applied voltage, variety in emis-
sion wavelength and fast response, and since it is possible to
fabricate thin and lightweight light emitting devices, they are
expected to be used in a broad range of applications.

At present, however, light output of higher luminance or
higher conversion efficiency is required. In addition, there are
still many problems in durability such as degradation with the
elapse of time due to long term use and use in ambient gas
containing oxygen or moisture. Further, when application to
full color displays is intended, light emission of blue, green
and red with high color purity is required. However, there is
no satisfactory solution for these problems and various pro-
posals are now being made.

Examples of materials containing a benzene ring substi-
tuted by pyrene and organic light emitting devices using the
same are described in Japanese Patent Application Laid-Open
No. 2002-324678. However, although the application dis-
closes that it provides a device excellent in luminescent prop-
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2

erties and durability, the device has low external quantum
efficiency, and there is no specific description of durability
and lifetime.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a fluorene
compound having a novel substituent.

Another object of the present invention is to provide an
organic light emitting device with light output of higher lumi-
nance at extremely high efficiency using a fluorene com-
pound having a substituent. Still another object of the present
invention is to provide an organic light-emitting device hav-
ing extremely high durability and to provide an organic light-
emitting device that can be easily produced at a relatively low
cost.

Accordingly, the fluorene compound of the present inven-
tion is represented by the following formula [1]:

wherein

R, to R represent a hydrogen atom, a substituted or unsub-
stituted alkyl group, aralkyl group, aryl group, heterocyclic
group, amino group or cyano group, or a halogen atom, and
may be the same or different;

Ar, and Ar, represent a substituted or unsubstituted alky-
lene group, aralkylene group, arylene group or heterocyclic
group, and Ar, and Ar, may be directly bonded;

Ar; and Ar, represent a substituted or unsubstituted alkyl
group, aralkyl group, phenyl group, naphthyl group, pental-
enyl group, indenyl group, azulenyl group, anthryl group,
indacenyl group, acenaphthenyl group, phenanthryl group,
phenalenyl group, fluoranthenyl group, acephenanthryl
group, aceanthryl group, triphenylenyl group, chrysenyl
group, naphthacenyl group, perylenyl group, pentacenyl
group, biphenyl group, terphenyl group, fluorenyl group or
heterocyclic group, with the proviso that the substituted phe-
nyl group is selected from the group consisting of a dialky-
Iphenyl group, a trialkylphenyl group, an o-alkylphenyl
group, an m-alkylphenyl group, a p-alkylphenyl group, an
aryl group-substituted phenyl group, a heterocyclic group-
substituted phenyl group, a halophenyl group, an alkoxyphe-
nyl group, an aminophenyl group and a cyanophenyl group,
and Ar; and Ar, may be the same or different and may be
bonded with each other to form a ring; and

n is an integer of 1 to 10, a is an integer of 1 to 3, b is an
integer of 1 to 3 and c is an integer of 1 to 9.
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Another fluorene compound of the present invention is
represented by the following formula [2]:

[2

Rs)e

wherein

R, to R represent a hydrogen atom, a substituted or unsub-
stituted alkyl group, aralkyl group, aryl group, heterocyclic
group, amino group or cyano group, or a halogen atom, and
may be the same or different;

Ar, and Ar, represent a substituted or unsubstituted alky-
lene group, aralkylene group, arylene group or heterocyclic
group, and Ar, and Ar, may be directly bonded;

Ar, represents a substituted or unsubstituted phenyl group,
with the proviso that the substituted phenyl group is selected
from the group consisting of a dialkylphenyl group, a trialky-
Iphenyl group, an o-alkylphenyl group, an m-alkylphenyl
group, an aryl group-substituted phenyl group, a heterocyclic
group-substituted phenyl group, a halophenyl group, an
alkoxyphenyl group, an aminophenyl group and a cyanophe-
nyl group;

Ar, represents a substituted or unsubstituted alkyl group,
aralkyl group, aryl group or heterocyclic group; and

n is an integer of 1 to 10, a is an integer of 1 to 3, b is an
integer of 1 to 3 and ¢ is an integer of 1 to 9.

The organic light-emitting device of the present invention
includes a pair of electrodes consisting of an anode and a
cathode and at least one layer containing an organic com-
pound interposed between the pair of electrodes, wherein the
at least one layer containing an organic compound contains at
least one kind of the above-described fluorene compounds.

The fluorene compound of the present invention is a mate-
rial for an organic light-emitting device having multiple func-
tions of highly efficient light emission and efficient transport
of electrons and holes in one molecule. An organic light-
emitting device using the fluorene compound of the present
invention has realized highly efficient light emission at a low
applied voltage. By changing the substituent of the fluorene
compound various luminescent colors are easily obtained,
and excellent durability is also obtained. And these organic
light emitting devices can be applied to displays of personal
computers, TVs, digital cameras and video cameras.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating an example of
an organic light-emitting device of the present invention;

FIG. 2 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention;

FIG. 3 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention;
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FIG. 4 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention; and

FIG. 5 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is described in detail below.

First, the fluorene compound of the present invention is
described.

The fluorene compound of the present invention may be
mainly used as a material for an organic light-emitting device.
In particular, when used for a light emission layer, the com-
pound can be used alone as a light emission layer, or as a
dopant (guest) material or a host material, and devices having
high color purity, high luminous efficiency and long lifetime
can be produced.

In the fluorene compound of the present invention, mol-
ecules have been designed so that an amino derivative group
and a pyrene derivative group are distributed to a fluorene
group in consideration of high luminous efficiency and mul-
tiple functions of efficient transport of electrons and holes in
one molecule. Upon introduction of a substituted amino
group into a fluorene group for the purpose of achieving high
luminous efficiency and hole-transporting ability, change of
the substituent on the amino group makes it possible to con-
trol the HOMO/LUMO level of the material and to convert
light to blue, green or a luminescent color of a longer wave-
length. In addition, due to estimation of the HOMO/LUMO
level by calculation, molecular design in consideration of the
difference in energy levels of a host material, a hole transport
layer and an electron transport layer is easy. A pyrene deriva-
tive group has high quantum yield, and improvement in car-
rier-transporting ability due to overlap of pyrene rings can
also be expected. Further, since Tg can be increased by an
amino group, a material having good thermal stability can be
obtained. The molecular design of the fluorene compound of
the present invention has been made based on these studies
and the present invention has been completed.

When the fluorene compound of the present invention is
used as a dopant material, the concentration of the dopant in
the host material is 0.01 wt % to 80 wt %, preferably 1 wt %
to 40 wt %. The dopant material may be contained in the
entire layer of a host material uniformly or with a concentra-
tion gradient, or contained in some region and the host mate-
rial layer may have a region containing no dopant material.

Specific examples of substituents in the above-described
formulas [1] and [2] are described below.

Examples of alkyl groups include a methyl group, an ethyl
group, an n-propyl group, an iso-propyl group, an n-butyl
group, a ter-butyl group, a sec-butyl group, an octyl group, a
1-adamantyl group and a 2-adamantyl group.

Examples of aralkyl groups include a benzyl group and a
phenethyl group.

Examples of aryl groups include a phenyl group, a naph-
thyl group, a pentalenyl group, an indenyl group, an azulenyl
group, an anthryl group, a pyrenyl group, an indacenyl group,
an acenaphthenyl group, a phenanthryl group, a phenalenyl
group, a fluoranthenyl group, an acephenanthryl group, an
aceanthryl group, a triphenylenyl group, a chrysenyl group, a
naphthacenyl group, a perylenyl group, a pentacenyl group, a
biphenyl group, a terphenyl group and a fluorenyl group.

Examples of heterocyclic groups include a thienyl group, a
pyrrolyl group, a pyridyl group, an oxazolyl group, an oxa-
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diazolyl group, a thiazolyl group, a thiadiazolyl group, a
terthienyl group, a carbazolyl group, an acridinyl group and a
phenanthrolyl group.

Examples of substituted amino groups include a dimethy-
lamino group, a diethylamino group, a dibenzylamino group,
adiphenylamino group, a ditolylamino group and a dianisoly-
lamino group.

Examples of halogen atoms include fluorine, chlorine, bro-
mine and iodine.

Examples of substituent that the above-described substitu-
ent may have include alkyl groups such as a methyl group, an
ethyl group and a propyl group; aralkyl groups such as a
benzyl group and a phenethyl group; aryl groups such as a
phenyl group and a biphenyl group; heterocyclic groups such
as a thienyl group, a pyrrolyl group and a pyridyl group;
amino groups such as a dimethylamino group, a diethylamino
group, a dibenzylamino group, a diphenylamino group, a
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ditolylamino group and a dianisolylamino group; alkoxy
groups such as a methoxyl group, an ethoxyl group, a pro-
poxyl group and a phenoxyl group; a cyano group; and halo-
gen atoms such as fluorine, chlorine, bromine and iodine.

In the fluorene compound represented by the formula[1] of
the present invention, Ar; and Ar,, are preferably a substituted
or unsubstituted alkyl group, aralkyl group, naphthyl group,
anthryl group, phenanthryl group, perylenyl group, biphenyl
group, terphenyl group, fluorenyl group, or an unsubstituted
phenyl group.

In the fluorene compound represented by the formula [2] of
the present invention, Ar, is preferably a substituted or unsub-
stituted naphthyl group.

Typical examples of fluorene compounds of the present
invention are listed below, but the present invention is not
limited thereto.
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The organic light-emitting device of the present invention
will now be described in detail.

The organic light-emitting device of the present invention
includes a pair of electrodes consisting of an anode and a
cathode and at least one layer containing an organic com-
pound interposed between the pair of electrodes, wherein the
atleast one layer containing an organic compound, preferably
a light emission layer, contains at least one of the above-
described fluorene compounds of the present invention.

When the layer containing at least one kind of the fluorene
compounds of the present invention is a light emission layer,
the layer may be composed of a fluorene compound of the
present invention alone, or may further contain an arylamine
compound represented by the following formulas [3] to [10].

[3]
Arpy Arjg
\N N/
Arg \Afzo

R

Rog

wherein R,, and R,, represent a hydrogen atom or a substi-
tuted or unsubstituted alkyl group, aralkyl group, aryl group
or heterocyclic group, and may be the same or different;

R,; and R, represent a hydrogen atom, an alkyl group, an
aralkyl group, an aryl group, a heterocyclic group, a cyano
group, or a halogen atom, and may be the same or different;

Ar , to Ar,, represent a substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group, and
may be the same or different, and Ar, , and Ar 4, and Ar, ; and
Ar,, may be bonded with each other to form a ring; and

m is an integer of 1 to 10.

[4]
Az Ars
\ /
/N—ARZJ AIZZ—N\
Ay An
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wherein R, 5 and R, 4 represent a substituted or unsubstituted
alkyl group, aralkyl group, aryl group or heterocyclic group,
and may be the same or different;

R,, and R,q represent a hydrogen atom, a substituted or
unsubstituted alkyl group, aralkyl group, aryl group, hetero-
cyclic group or cyano group, or a halogen atom, and may be
the same or different;

Ar,, and Ar,, represent a substituted or unsubstituted divalent
aryl group or heterocyclic group, and may be the same or
different;

Ar,; to Ar,4 represent a substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group, and
may be the same or different, and Ar,  and Ar,,, and Ar, s and
Ar,  may be bonded with each other to form a ring; and

p is an integer of 1 to 10.

wherein R, and R, represent a hydrogen atom or a substi-
tuted or unsubstituted alkyl group, aralkyl group, aryl group
or heterocyclic group, and may be the same or different;

R;;, and R;, represent a hydrogen atom, a substituted or
unsubstituted alkyl group, aralkyl group, aryl group, hetero-
cyclic group or cyano group or a halogen atom, and may be
the same or different;

Ar,, represents a substituted or unsubstituted divalent aryl
group or heterocyclic group;

Ar,g and Ar,, represent a substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group, and
may be the same or different, and Ar,; and Ar,, may be
bonded with each other to form a ring; and

q is an integer of 1 to 10.
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wherein R;;, R4, R;, and R, represent a hydrogen atom or
a substituted or unsubstituted alkyl group, aralkyl group, aryl
group or heterocyclic group, and may be the same or differ-
ent;

R;s, Ry, Ry and R, represent a hydrogen atom, a substi-
tuted or unsubstituted alkyl group, aralkyl group, aryl group,
heterocyclic group or cyano group, or a halogen atom, and
may be the same or different;

Ar,, to Ar;, represent a substituted or unsubstituted divalent
aryl group or heterocyclic group, and may be the same or
different, and Ar,, and Ar;, may be a direct bond,

Ar;; to Ar;q represent a substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group, and

Arge
N—Ars

Ary7

may be the same or different, and Ar;; and Ar,,, and Ar,5 and
Ar,;s may be bonded with each other to form a ring; and

r and s are an integer of 1 to 10.

[7]
Aryy

Arszg
Ry /
\N—Ar37 F / : Arss_N\
A{40 ~ /] Arg
X
Ry’

wherein R, and R, represent a hydrogen atom, a substituted
or unsubstituted alkyl group, aralkyl group, aryl group, het-
erocyclic group or cyano group, or a halogen atom, and may
be the same or different;

Ar,; and Ar, ¢ represent a substituted or unsubstituted divalent
aryl group or heterocyclic group, and may be the same or
different;

Ar;, to Ar,, represent a substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group, and
may be the same or different, and Ar,, and Ar,,, and Ar,,, and
Ar,, may be bonded with each other to form a ring; and

t is an integer of 1 to 10.

(8]
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wherein R ,; and R, represent a hydrogen atom, a substituted
or unsubstituted alkyl group, aralkyl group, aryl group, het-
erocyclic group or cyano group or a halogen atom, and may be
the same or different;

Ar,; represents a substituted or unsubstituted divalent aryl
group or heterocyclic group,

Ar,, and Ar,s represent a substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group, and
may be the same or different, and Ar,, and Ar,s may be
bonded with each other to form a ring; and

u is an integer of 1 to 10.

Xi

)

wherein 7, represents a molecular unit containing an aro-
matic ring, a condensed polycyclic ring or a heterocyclic ring;

Dt
<

(R45—)e)\ /

Ar,s and Ar,, are selected from the group consisting of a
substituted or unsubstituted alkyl group, aralkyl group, aryl
group and heterocyclic group, and may be a group bonded
through a linking group and may be the same or different,
Ar, ¢ and Ar,, may also be bonded with each other to form a
ring, and Ar, ¢ and Ar,,, on different anthryl derivative groups
may be the same or different;

Ar,, is selected from the group consisting of a direct single
bond, a substituted or unsubstituted arylene group and diva-
lent heterocyclic group and a divalent substituent containing
a linking group, and may be the same or different;

Ar,, and Ar,, are selected from the group consisting of a
direct single bond and a substituted or unsubstituted alkylene
group, alkenylene group, alkynylene group, aralkylene
group, arylene group and divalent heterocyclic group, and
may be a group bonded through a linking group and may be
the same or different;

X, is selected from the group consisting of a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or unsubsti-
tuted alkyl group, alkenyl group, alkynyl group, aralkyl
group, alkoxy group, sulfide group, aryl group and heterocy-
clic group, a substituted silyl group and a boranyl group, and
may be a group bonded through a linking group and may be
the same or different;

X, is selected from the group consisting of a substituted or
unsubstituted aryl group and heterocyclic group, and may be
a group bonded through a linking group and may be the same
or different;

R,s and R .4 are selected from the group consisting of a hydro-
gen atom, a deuterium atom, a halogen atom and a substituted
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or unsubstituted alkyl group, aryl group, alkoxy group and
amino group, and may be the same or different;

R, is selected from the group consisting of a hydrogen atom,
a deuterium atom, a halogen atom and a substituted or unsub-
stituted alkyl group and alkoxy group, and may be the same or
different; and

ais an integer of 0 to 6, b+c+d=6-a, with the proviso that a+b
is an integer of 2 or more, and when a=0, at least one X, on an
anthryl group contains a substituent other than a hydrogen
atom, a deuterium atom or a halogen atom, and e and f are an
integer of 1 to 8.

[10]

)

(Rs0)a
\ / N

/ \ Rao)p L N/ 51
SeP et
\\/ Arsy

wherein Ars, and Ars, are selected from the group consisting
of a substituted or unsubstituted alkyl group, aralkyl group,
aryl group and heterocyclic group, and may be a group
bonded through a linking group and may be the same or
different, and Ars, and Ars, may be bonded with each other to
form a ring;

7., is selected from the group consisting of a direct single bond
and a substituted or unsubstituted alkylene group, alkenylene
group, alkynylene group, aralkylene group, arylene group
and divalent heterocyclic group, and may be a group bonded
through a linking group,

Ar., is selected from the group consisting of a direct single
bond, and a substituted or unsubstituted arylene group and
divalent heterocyclic group, and may be a group bonded
through a linking group,

Ars, is selected from the group consisting of a direct single
bond, and a substituted or unsubstituted alkylene group, alk-
enylene group, alkynylene group, aralkylene group, arylene
group and divalent heterocyclic group, and may be a group
bonded through a linking group;

R,s to Ry, are selected from the group consisting of a hydro-
gen atom, a deuterium atom, a halogen atom and a substituted
or unsubstituted alkyl group, aryl group, alkoxy group and
amino group, and may be the same or different; and

aisaninteger of 1to 9, b is an integer of 1 to 4, ¢ is an integer
of 1 to 8 and m is an integer of 1 to 3.

In the case of using the arylamine compound represented
by the above-described formulas [2] to [9] as a dopant mate-
rial, the concentration of the dopant in the host material is
0.01 wt % to 80 wt %, preferably 1 wt % to 40 wt %. The
dopant material may be contained in the entire layer of a host
material uniformly or with a concentration gradient, or con-
tained in some region and the host material layer may have a
region containing no dopant material.
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Specific examples of substituents in the above-described
formulas [3] to [10] are the same as those described in the case
of the formulas [1] and [2].

Examples of substituted or unsubstituted alkyl groups in
the above-described formulas [9] and [10] include, but are
obviously not limited to, a methyl group, methyl-d1 group,
methyl-d3 group, ethyl group, ethyl-dS group, n-propyl
group, n-butyl group, n-pentyl group, n-hexyl group, n-heptyl
group, n-octyl group, n-decyl group, iso-propyl group, iso-
propyl-d7 group, iso-butyl group, sec-butyl group, tert-butyl
group, tert-butyl-d9 group, iso-pentyl group, neopentyl
group, tert-octyl group, fluoromethyl group, difluvoromethyl
group, trifluoromethyl group, 2-fluoroethyl group, 2,2,2-trif-
luoroethyl group, perfluoroethyl group, 3-fluoropropyl
group, perfluoropropyl group, 4-fluorobutyl group, perfluo-
robutyl group, S-fluoropentyl group, 6-fluorohexyl group,
chloromethyl group, trichloromethyl group, 2-chloroethyl
group, 2,2,2-trichloroethyl group, 4-chlorobutyl group,
5-chloropentyl group, 6-chlorohexyl group, bromomethyl
group, 2-bromoethyl group, iodomethyl group, 2-iodoethyl
group, hydroxymethyl group, hydroxyethyl group, cyclopro-
py! group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cyclopentylmethyl group, cyclohexylmethyl group,
cyclohexylethyl group, 4-fluorocyclohexyl group, norbornyl
group, and adamantyl group.

Examples of substituted or unsubstituted aralkyl groups
include, but are obviously not limited to, a benzyl group, a
2-phenylethyl group, a 2-phenylisopropyl group, a 1-naph-
tylmethyl group, a 2-naphthylmethyl group, a 2-(1-naphthyl)
ethyl group, a 2-(2-naphthyl)ethyl group, a 9-anthrylmethyl
group, a 2-(9-anthryl)ethyl group, a 2-fluorobenzyl group, a
3-fluorobenzyl group, a 4-fluorobenzyl group, a 2-chloroben-
zyl group, a 3-chlorobenzyl group, a 4-chlorobenzyl group, a
2-bromobenzyl group, a 3-bromobenzyl group and a 4-bro-
mobenzyl group.

Examples of substituted or unsubstituted alkenyl groups
include, but are obviously not limited to, a vinyl group, an
allyl group (2-propenyl group), a 1-propenyl group, an iso-
propenyl group, a 1-butenyl group, a 2-butenyl group, a
3-butenyl group and a styryl group.

Examples of substituted or unsubstituted alkynyl groups
include, but are obviously not limited to, an acetylenyl group,
a phenylacetylenyl group and a 1-propyny!l group.

Examples of substituted or unsubstituted aryl groups
include, but are obviously not limited to, a phenyl group,
phenyl-dS group, 4-methylphenyl group, 4-methoxyphenyl
group, 4-ethylphenyl group, 4-fluorophenyl group, 4-trifluo-
rophenyl group, 3,5-dimethylphenyl group, 2,6-diethylphe-
nyl group, mesityl group, 4-tert-butylphenyl group, ditoly-
laminophenyl group, biphenyl group, terphenyl group,
naphthyl group, naphthyl-d7 group, acenaphthylenyl group,
anthryl group, anthryl-d9 group, phenanthryl group, phenan-
thryl-d9 group, pyrenyl group, pyrenyl-d9 group, acephenan-
thrylenyl group, aceanthrylenyl group, chrysenyl group,
dibenzochrysenyl group, benzoanthryl group, benzoanthryl-
d11 group, dibenzoanthryl group, naphthacenyl group, pice-
nyl group, pentacenyl group, fluorenyl group, triphenylenyl
group, perylenyl group, and perylenyl-d-11 group.

Examples of substituted or unsubstituted heterocyclic
groups include, but are obviously not limited to, a pyrrolyl
group, pyridyl group, pyridyl-d5 group, bipyridyl group,
methylpyridyl group, pyrimidinyl group, pyrazinyl group,
pyridazinyl group, terpyrrolyl group, thienyl group, thienyl-
d4 group, terthienyl group, propylthienyl group, benzothienyl
group, dibenzothienyl group, dibenzothienyl-d7 group, furyl
group, furyl-d4 group, benzofuryl group, isobenzofuryl
group, dibenzofuryl group, dibenzofuryl-d7 group, quinolyl
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group, quinolyl-d6 group, isoquinolyl group, quinoxalinyl
group, naphthylidinyl group, quinazolinyl group, phenan-
thridinyl group, indolizinyl group, phenazinyl group, carba-
zolyl group, oxazolyl group, oxadiazolyl group, thiazolyl
group, thiadiazolyl group, acrydinyl group, and phenazinyl
group.

Examples of substituted or unsubstituted aralkylene
groups include, but are obviously not limited to, a benzylene
group, a 2-phenylethylene group, a 2-phenylisopropylene
group, a 1-naphthylmethylene group, a 2-naphthylmethylene
group, a 9-anthrylmethylene group, a 2-fluorobenzylene
group, a 3-fluorobenzylene group, a 4-fluorobenzylene
group, a 4-chlorobenzyl group and a 4-bromobenzyl group.

Examples of substituted or unsubstituted alkenylene
groups include, but are obviously not limited to, a vinylene
group, an iso-propenylene group, a styrylene group and a
1,2-diphenylvinylene group.

Examples of substituted or unsubstituted alkynylene
groups include, but are obviously not limited to, an acetyle-
nylene group and phenylacetylenylene group.

Examples of substituted or unsubstituted arylene groups
include, but are obviously not limited to, a phenylene group,
a biphenylene group, a tetrafluorophenylene group, a dimeth-
ylphenylene group, a naphthylene group, a phenanthrylene
group, a pyrenylene group, a tetracenylene group, a pentace-
nylene group and a perylenylene group.

Examples of substituted or unsubstituted divalent hetero-
cyclic group include, but are obviously not limited to, a
furylene group, a pyrrolylene group, a pyridylene group, a
terpyridylene group, a thienylene group, a terthienylene
group, an oxazolylene group, a thiazolylene group and a
carbazolylene group.

Examples of substituted or unsubstituted amino group
(—NR'R") include, but are obviously not limited to, those in
which R' and R" represent a hydrogen atom; a deuterium
atom; the above-described substituted or unsubstituted alkyl
group, aralkyl group, aryl group or heterocyclic group; an
alkyl group, alkenyl group, alkynyl group, aralkyl group or
amino group linked by a substituted or unsubstituted arylene
group or divalent heterocyclic group, a substituted silyl
group, an ether group, a thioether group or a carbonyl group,
such as an amino group, N-methylamino group, N-ethy-
lamino group, N,N-dimethylamino group, N,N-diethylamino
group, N-methyl-N-ethylamino group, N-benzylamino
group, N-methyl-N-benzylamino group, N,N-dibenzylamino
group, anilino group, N,N-diphenylamino group, N-phenyl-
N-tolylamino group, N,N-ditolylamino group, N-methyl-N-
phenylamino group, N,N-dianisolylamino group, N-mesityl-
N-phenylamino  group, N,N-dimesitylamino  group,
N-phenyl-N-(4-tert-butylphenyl)amino group, and N-phe-
nyl-N-(4-trifluoromethylphenyl)amino group.
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Examples of substituted or unsubstituted alkoxy groups
include, but are obviously not limited to, alkyloxy groups and
aralkyloxy groups containing the above-described substi-
tuted or unsubstituted alkyl group or aralkyl group; and ary-
loxy groups containing the above-described substituted or
unsubstituted aryl group or heterocyclic group, such as a
methoxy group, an ethoxy group, a propoxy group, a 2-ethyl-
octyloxy group, a phenoxy group, 4-tert-butylphenoxy
group, a benzyloxy group and a thienyloxy group.

Examples of substituted or unsubstituted sulfide groups
include, but are obviously not limited to, alkyl sulfide groups
and aralkyl sulfide groups containing the above-described
substituted or unsubstituted alkyl group or aralkyl group; and
aryl sulfide groups containing the above-described substi-
tuted or unsubstituted aryl group or heterocyclic group, such
as a methyl sulfide group, an ethyl sulfide group, a phenyl
sulfide group and a 4-methylpheny] sulfide group.

Examples of linking groups for linking the above-de-
scribed substitutents include, but are obviously not limited to,
the above-described substituted or unsubstituted arylene
group, divalent heterocyclic group, alkylene group, alk-
enylene group, alkynylene group and aralkylene group, a
substituted silyl group, an ether group, a thioether group and
a carbonyl group.

Examples of substituents that the above-described sub-
stituents and linking groups may have include a deuterium
atom; alkyl groups and aralkyl groups such as a methyl group,
an ethyl group, a n-propyl group, a n-butyl group, a n-penthyl
group, a n-hexyl group, a n-heptyl group, a n-octyl group, a
n-decyl group, an iso-propyl group, an iso-butyl group, a
sec-butyl group, a tert-butyl group, an iso-pentyl group, a
neo-pentyl group, a tert-octyl group, a benzyl group and a
2-phenylethyl group; alkoxy groups such as a methoxy group,
an ethoxy group, a propoxy group, a 2-ethyl-octyloxy group,
a phenoxy group, a 4-tert-butylphenoxy group and a benzy-
loxy group; aryl groups such as a phenyl group, a 4-meth-
ylphenyl group, a 4-ethylphenyl group, a 3-chlorophenyl
group, a 3,5-dimethylphenyl group, a triphenylamino group,
a biphenyl group, a terphenyl group, a naphthyl group, an
anthryl group, a phenanthryl group and a pyrenyl group;
heterocyclic groups such as a pyridyl group, a bipyridyl
group, a methylpyridyl group, a thienyl group, a terthienyl
group, a propylthienyl group, a furyl group, a quinolyl group,
a carbazolyl group and N-ethyl carbazolyl group; a halogen;
a hydroxyl group; a cyano group; and a nitro group, but are
obviously not limited thereto.

Typical examples of arylamine compounds represented by
the above-described formula [3] are listed below, but the
present invention is not limited thereto.
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Typical examples of arylamine compounds represented by

the above-described formula [7] are listed below, but the
present invention is not limited thereto.
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Typical examples of arylamine compounds represented by
the above-described formula [8] are listed below, but the
present invention is not limited thereto.
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Typical examples of arylamine compounds represented by
the above-described formula [9] are listed below, but the
present invention is not limited thereto.
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Typical examples of arylamine compounds represented by
the above-described formula [10] are listed below, but the
present invention is not limited thereto.
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FIGS. 1 to 5 illustrate preferred embodiments of organic
light-emitting devices of the present invention. Reference
numerals are as follows: 1 denotes a substrate, 2 an anode, 3
a light emission layer, 4 a cathode, 5 a hole transport layer, 6
an electron transport layer, 7 a hole injection layer, and 8 a
hole/exciton blocking layer.

FIG. 1 is a cross-sectional view illustrating an example of
an organic light-emitting device of the present invention.
Referring to FIG. 1, the device has a structure in which an
anode 2, a light emission layer 3 and a cathode 4 are formed
on a substrate 1 in that order. The light-emitting device herein
used is useful for a case where the device has hole-transport-
ing ability, electron-transporting ability and luminescence
ability by itself, or a case where compounds having each
ability are combined for forming the device.

FIG. 2 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention. Referring to FIG. 2, the device has a structure in
which an anode 2, a hole transport layer 5, an electron trans-
port layer 6 and a cathode 4 are formed on a substrate 1 in that
order. This device is useful for a case where a light-emitting
material having either or both of hole-transporting ability and
electron-transporting ability is used for each layer in combi-
nation with only a hole-transporting material or electron-
transporting material without luminescence ability. In this
case, either a hole transport layer 5 or an electron transport
layer 6 constitutes a light emission layer.

FIG. 3 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention. Referring to FIG. 3, the device has a structure in
which an anode 2, a hole transport layer 5, a light emission
layer 3, an electron transport layer 6 and a cathode 4 are
formed on a substrate 1 in that order. This device has separate
functions of carrier transportation and light emission, and a
compound having hole-transporting ability, a compound hav-
ing electron-transporting ability and a compound having
luminescence ability are used in appropriate combination,
and thus selection degree of materials is greatly increased. In
addition, because various compounds having different emis-
sion wavelengths can be used, diversification of lumines-
cence color becomes possible. Furthermore, luminous effi-
ciency can be improved by effectively trapping carriers or
excitons in the central light emission layer 3.

FIG. 4 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
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invention. Referring to FIG. 4, the device has a structure in
which a hole injection layer 7 is disposed at the anode 2 side
in FIG. 3, and this is effective for improvement in adhesive-
ness between the anode 2 and the hole transport layer 5 or
improvement in hole-injecting property, and contributes to
low voltage.

FIG. 5 is a cross-sectional view illustrating another
example of an organic light-emitting device of the present
invention. Referring to FIG. 5, the device has a structure in
which a layer for blocking passing of holes or excitons to the
cathode 4 side (hole/exciton blocking layer 8) is interposed
between the light emission layer 3 and the electron transport
layer 6 in FIG. 3. This structure is effective for improvement
in luminous efficiency because a compound having extremely
high ionization potential is used for the hole/exciton blocking
layer 8.

FIG. 1 to FIG. 5 illustrate only basic device structures and
the structure of organic light-emitting devices using the fluo-
rene compound of the present invention is not limited thereto.
For example, various structures are available in which an
insulating layer is formed at the interface between an elec-
trode and an organic layer, in which an adhesion layer or an
interference layer is formed, or in which a hole transport layer
composed of two layers of different ionization potentials is
formed.

The fluorene compound of the present invention can be
used in any forms of FIG. 1 to FIG. 5.

In particular, an organic layer using the fluorene compound
of the present invention is useful as a light emission layer, an
electron transport layer or a hole transport layer, and a layer
formed by vacuum deposition or solution coating is less likely
to cause crystallization and excellent in stability with the
elapse of time.

In the present invention, the above-described fluorene
compound of the present invention is used particularly as a
constituent of a light emission layer. However, a convention-
ally known low molecular weight or polymeric hole-trans-
porting compound, luminescent compound or electron-trans-
porting compound may also be used together according to
need.

Examples of such compounds are described below.

A hole-injecting/transporting material preferably has good
mobility for facilitating injection of holes from an anode and
transporting the injected holes to a light emission layer.
Examples of low molecular weight materials (LMW materi-
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als) and high molecular weight materials (HMW materials)
having hole-injecting/transporting ability include triary-
lamine derivatives, phenylenediamine derivatives, triazole
derivatives, oxadiazole derivatives, imidazoles derivatives,
pyrazoline derivatives, pyrazolone derivatives, oxazole
derivatives, fluorenone derivatives, hydrazone derivatives,

LMW hole-injecting/transporting materials

TPD

N7 : “CH;

H3C f

m-MTDATA

TFLFL
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stilbene derivatives, phthalocyanine derivatives, porphyrin
derivatives, poly(vinyl carbazole), poly(silylene), poly
(thiophene) and other conductive polymers, but are obviously

5 not limited thereto. Some specific examples thereof are

described below.
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Examples of materials that mainly has a light emission threne derivatives, fluorene derivatives, pyrene derivatives,
function and can be used in addition to the fluorene compound 65 tetracene derivatives, coronene derivatives, chrysene deriva-
of the present invention include polycyclic condensed aro- tives, perylene derivatives, 9,10-diphenylanthracene deriva-
matic compounds (e.g., naphthalene derivatives, phenan- tives and rubrene), quinacridone derivatives, acridone deriva-
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tives, coumarin derivatives, pyran derivatives, Nile red,
pyrazine derivatives, benzimidazole derivatives, benzothiaz-
ole derivatives, benzoxazole derivatives, stilbene derivatives,
organometallic complexes (e.g., organic aluminum com-
plexes such as tris(8-quinolinolate)aluminum, organic beryl-
lium complex), and high molecular weight derivatives such as

LMW light-emitting materials

CoHs
N
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poly(phenylenevinylene) derivatives, poly(fluorene) deriva-
tives, poly(phenylene) derivatives, poly(thienylene vinylene)
derivatives, poly(acetylene) derivatives, but are obviously not
limited thereto. Some specific examples thereof are described
below.
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An electron-injecting/transporting material may be option- 55 complexes, but are obviously not limited thereto. Some spe-

ally selected from materials which facilitate injection of elec-
trons from a cathode and have ability to transport the injected
electrons to a light emission layer. These materials are
selected in consideration of the balance with carrier mobility
ofahole-transporting material. Examples of materials having
electron-injecting/transporting ability include oxadiazole
derivatives, oxazole derivatives, thiazole derivatives, thiadia-
zole derivatives, pyrazine derivatives, triazole derivatives, tri-
azine derivatives, perylene derivatives, quinoline derivatives,
quinoxaline derivatives, fluorenone derivatives, anthrone
derivatives, phenanthroline derivatives and organometallic

cific examples thereof are described below.
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In the organic light-emitting device of the present inven-
tion, a layer containing the fluorene compound of the present
invention and a layer comprising another organic compound
are generally formed as thin films by vacuum deposition,
ionized evaporation, sputtering, plasma or a known coating
method (e.g., spin coating, dipping, casting, an LB method,
an ink jet method) after these compounds are dissolved in an
appropriate solvent. In particular, when forming into a film by
the coating method, a film may also be formed in combination
with an appropriate binder resin.

The binder resin described above may be selected from
various binder resins, and examples thereof include polyvi-
nylcarbazole resin, polycarbonate resin, polyester resin,
polyallylate resin, polystyrene resin, ABS resin, polybutadi-
ene resin, polyurethane resin, acrylic resin, methacrylic resin,
butyral resin, polyvinyl acetal resin, polyamide resin, poly-
imide resin, polyethylene resin, polyether sulfone resin, dia-
rylphthalate resin, phenol resin, epoxy resin, silicone resin,
polysulfone resin and urea resin, but are not limited thereto.
These may be used alone or two ore more of them may be
mixed as a copolymer. In addition, known additives such as a
plasticizer, an antioxidant and an ultraviolet absorber may
also be used together according to need.

As an anode material, those with a highest possible work
function are preferred, and for example, metals such as gold,
platinum, silver, copper, nickel, palladium, cobalt, selenium,
vanadium and tungsten, and alloys thereof, and metal oxides
such as tin oxide, zinc oxide, indium oxide, indium tin oxide
(ITO) and indium zinc oxide may be used. In addition, con-
ductive polymers such as polyaniline, polypyrrole, poly-
thiophene and polyphenylene sulfide may be used. These
electrode materials may be used alone or a plurality of them
may be used together. The anode may have a monolayer
structure or a multilayer structure.

On the other hand, as a cathode material, those with a low
work function are preferred, and for example, metals such as
lithium, sodium, potassium, calcium, magnesium, aluminum,
indium, ruthenium, titanium, manganese, yttrium, silver,
lead, tin and chromium, and alloys of a plurality of those such
as lithium-indium, sodium-pottasium, magnesium-silver,
aluminum-lithium, aluminum-magnesium and magnesium-
indium may be used. Metal oxides such as indium tin oxide
(ITO) may also be used. These electrode materials may be
used alone or a plurality of them may be used together. The
cathode may have a monolayer structure or a multilayer struc-
ture.

It is desired that at least one of the anode and the cathode is
transparent or semi-transparent.

The substrate used in the present invention is not particu-
larly limited, and opaque substrates such as metal substrates
and ceramic substrates, and transparent substrates such as
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glass, quartz and plastic sheet are used. Further, luminescent
colors can be controlled by using a color filter film, a fluores-
cent color conversion film or a dielectric reflection film as a
substrate. Moreover, a thin film transistor (TFT) may be
formed on a substrate and jointed with other parts to fabricate
a device.

Regarding the direction of light introduction into the
device, any of bottom emission structures (structures for
introducing light from the substrate side) and top emission
structures (structures for introducing light from the opposite
side of the substrate) is available.

A protective layer or an encapsulation layer may also be
formed on the fabricated device in order to prevent contact
with oxygen or moisture. Examples of protective layers
include diamond thin films, films of inorganic materials such

10

152
as metal oxide and metal nitride, fluorine resins, polymer
films of polyparaxylene, polyethylene, silicone resin or poly-
styrene resin, and photo-curing resins. In addition, glass, gas
impermeable film or metal may be applied thereto and the
device may be packaged using an appropriate encapsulation
resin.

EXAMPLES
In the following, the present invention is described in more

detail by means of Examples, but the present invention is not
limited thereto.

Example 1

Synthesis of Exemplified Compound A-7
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a) Synthesis of Raw Material J-1

A 500 ml three-neck flask was charged with 9.6 g (24.1
mmol) of 2-iodo, 7-bromo-9,9-dimethylfluorene, 8.0 g (24.4
mmol) of pyrene-1-pinacolborane, 200 ml of toluene and 20
ml of ethanol. With stirring under nitrogen atmosphere at
room temperature, an aqueous solution of sodium carbonate
20 g/water 120 m] was added thereto dropwise, and then 0.25
g (0.20 mmol) of tetrakis(triphenylphosphine)palladium (0)
was added thereto. The mixture was heated to 77° C. and
stirred for 5 hours. After the reaction, the organic layer was
extracted with toluene and dried over anhydrous sodium sul-
fate, and the resultant was purified using a silica gel column
(heptane+toluene mixed developing solvent) to obtain 7.5 g
of compound J-1 (white crystal) (yield 66.2%).

b) Synthesis of Exemplified Compound A-7

A 200 ml three-neck flask was charged with 0.80 g (1.70
mmol) of compound J-1, 0.93 g (3.40 mmol) of 4-dipheny-
laminobenzeneboronic acid, 120 ml of toluene and 20 ml of
ethanol. With stirring under nitrogen atmosphere at room
temperature, an aqueous solution of sodium carbonate 10
g/water 100 ml was added thereto dropwise, and then 0.20 g
(0.170 mmol) of tetrakis(triphenylphosphine)palladium (0)
was added thereto. The mixture was heated to 77° C. and
stirred for 5 hours. After the reaction, the organic layer was
extracted with toluene and dried over anhydrous sodium sul-
fate, and the resultant was purified using a silica gel column
(heptane+toluene mixed developing solvent) to obtain 0.764
g ofexemplified compound A-7 (white crystal) (yield 70.5%).

Example 2

Synthesis of Exemplified Compound A-2
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A 200 ml three-neck flask was charged with 0.80 g (1.70
mmol) of compound J-1, 0.75 g (3.40 mmol) of a-naphth-
ylphenylamine, 0.65 g (6.80 mmol) of sodium tert-butoxide
and 100 ml of xylene. With stirring under nitrogen atmo-
sphere at room temperature, thereto was added 34.4 mg (0.17
mmol) of tri-tert-butylphosphine and then 48.9 mg (0.085
mmol) of palladium dibenzylideneacetone. The mixture was
heated to 125° C. and stirred for 3 hours. After the reaction,
the organic layer was extracted with toluene and dried over
anhydrous sodium sulfate, and the resultant was purified
using asilica gel column (heptane+toluene mixed developing
solvent) to obtain 0.642 g of exemplified compound A-2
(white crystal) (yield 61.6%).

Example 3

Synthesis of Exemplified Compound A-32

—O
Dg -
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a) Synthesis of compound J-2

A 300 ml three-neck flask was charged with 2.50 g (5.31
mmol) of compound J-1, 0.926 g (10.0 mmol) of tert-butyl
chloride and 100 ml of dichloromethane. With stirring at 0°
C., 0.733 g (5.50 mmol) of aluminum chloride was added
thereto in small portions. After stirring at 0° C. for 30 minutes,
the mixture was heated to room temperature and stirred for 3
hours. After the reaction, the organic layer was poured into
200 ml of water, extracted with chloroform and dried over
anhydrous sodium sulfate, and the resultant was purified
using a silica gel column (heptane+toluene mixed developing
solvent) to obtain 2.33 g of compound J-2 (white crystal)
(yield 82.3%).

b) Synthesis of Exemplified Compound A-32

Exemplified compound A-32 was synthesized in the same
manner as in Example 2 using compound J-2 instead of com-
pound J-1.

Examples 4, 5
Synthesis of Exemplified Compounds A-10, A-12

Exemplified compounds A-10 and A-12 were synthesized
in the same manner as in Example 1 using 4-di-o-naphthy-
lamino benzeneboronic acid and 4-a-naphthylphenylamino
benzeneboronic acid instead of 4-diphenylamino benzenebo-
ronic acid, respectively.

Examples 6, 7

Synthesis of Exemplified Compounds A-4 and A-6

Exemplified compounds A-4 and A-6 were synthesized in
the same manner as in Example 2 using dimesitylamine and
carbazole instead of a-naphthylphenylamine, respectively.

Example 8

An organic light-emitting device having a structure shown
in FIG. 3 was fabricated by the method described below.

A glass substrate as a substrate 1 on which a film of indium
tin oxide (ITO) was formed by sputtering in a film thickness
0f120 nm as an anode 2 was used as a transparent conductive
supporting substrate. This was subjected to ultrasonic clean-
ing in acetone and isopropyl alcohol (IPA) in that order,
washed by boiling in IPA and dried. This was further sub-
jected to UV/ozone cleaning and the obtained substrate was
used as a transparent conductive supporting substrate.

156

A chloroform solution was prepared using a compound
represented by the following structural formula as a hole-
transporting material so that the concentration of the com-

pound was 0.1 wt %.
s

Me Me

‘O OCO

A

The solution was dropped on the above-described ITO
electrode and spin-coated first at a rotational speed of 500
RPM for 10 seconds and then at a rotational speed of 1000
RPM for 1 minute to form a film. Subsequently, drying was
performed in a vacuum oven at 80° C. for 10 minutes to
completely remove the solvent in the thin film. The formed
hole transport layer 5 had a thickness of 11 nm.

15

Then, exemplified compound No. A-1 was deposited on the
hole transport layer 5 to form a 20 nm-thick light emission
layer 3. In the deposition, the layer was formed under condi-
tions of a degree of vacuum of 1.0x10~* Pa and a deposition
rate 0of 0.2 to 0.3 nm/sec.

Further, basophenanthroline (BPhen) was formed as an
electron transport layer 6 in a film thickness of 40 nm by
vacuum deposition. In the deposition, the degree of vacuum
was 1.0x107*Paand the deposition rate was 0.2 to 0.3 nm/sec.

25

30

Then, using a deposition material of aluminum-lithium
alloy (lithium concentration: 1 atomic %), a 0.5 nm thick
metal film was formed on the above-described organic layer
by vacuum deposition, and a 150 nm thick aluminum film was
further formed by vacuum deposition to fabricate an organic
40 light emitting device having an electron injection electrode
(cathode 4) of an aluminum-lithium alloy film. In the depo-
sition, the layer was formed under conditions of a degree of
vacuum of 1.0x10~* Pa and a deposition rate of 1.0 to 1.2
nm/sec.

The obtained organic EL device was covered with a pro-
tective glass plate and encapsulated by an acrylic resin adhe-
sive in dry air to avoid degradation of the device due to
absorption of moisture.

When a voltage of 4.0V was applied to the device obtained
as above with the ITO electrode (anode 2) as a positive elec-
trode and the Al electrode (cathode 4) as a negative electrode,
emission of blue light having a center wavelength of 460 nm,
an emission luminance of 876 cd/m? and a luminous effi-
ciency of 3.4 Im/W was observed.

Further, when voltage was applied to the device for 100
hours under nitrogen atmosphere with maintaining a current
density of 30 mA/cm?, the initial luminance of 950 cd/m?
turned to 700 cd/m* after 100 hours, indicating that the
o decrease in luminance was small.

45

Comparative Example 1

A device was fabricated in the same manner as in Example
8 except that comparative compound K-1 described below
was used instead of exemplified compound No. A-1, and
similarly evaluated.
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Emission of blue light of 460 nm with an emission lumi-
nance of 350 cd/m? and a luminous efficiency of 1.6 Im/W
was observed at an applied voltage of 4.0 V. Further, when
voltage was applied to the device for 100 hours under nitrogen
atmosphere with maintaining a current density of 30 mA/cm?,
the initial luminance of 450 cd/m? turned to 160 cd/m? after
100 hours, indicating that the decrease in luminance was
great.

Examples 9 to 10

A device was fabricated in the same manner as in Example
8 except that compounds shown in Table 11 were used instead
of exemplified compound No. A-1, and similarly evaluated.
The results are shown in Table 11.

TABLE 11
Exemplified  Applied Luminous Center
compound voltage Luminance efficiency wavelength
Ex. No. (V) (cd/m?) (lm/W) (nm)
9 A-2 4 853 34 458
10 A7 4 684 2.7 450
Example 11

An organic light-emitting device was fabricated in the
same manner as in Example 8 except that 2,9-bis[2-(9,9-
dimethylfluorenyl)]phenanthroline was used for the electron
transport layer 6.

When a voltage of 4 V was applied to the device obtained
as above with the ITO electrode (anode 2) as a positive elec-
trode and the Al—Li electrode (cathode 4) as a negative
electrode, emission of blue light having a center wavelength
of 460 nm, an emission luminance of 994 cd/m? and a lumi-
nous efficiency of 3.6 Im/W was observed.

Further, when voltage was applied to the device for 100
hours under nitrogen atmosphere with maintaining a current
density of 30 mA/cm?, the initial luminance of 950 cd/m®
turned to 700 cd/m” after 100 hours, indicating that the
decrease in luminance was small.

Examples 12 to 19

A device was fabricated in the same manner as in Example
11 except that compounds shown in Table 12 were used
instead of exemplified compound No. A-1, and similarly
evaluated. The results are shown in Table 12.

10

15

20

25

30

35

40

50

55

60

65

TABLE 12
Exemplified Applied Luminous Center
compound voltage Luminance efficiency  wavelength
Ex. No. V) (cd/m?) (lm/W) (nm)
12 A2 4 879 3.5 458
13 A-7 4 725 2.9 450
14 A-12 4 580 2.5 450
15 A-13 4 580 2.5 450
16 A-26 4 663 2.6 455
17 A-32 4 489 2.1 450
18 A-40 4 643 2.5 455
19 A-41 4 450 2.0 445
Example 20

An organic light-emitting device was fabricated in the
same manner as in Example 8 except that a 20 nm-thick light
emission layer 3 of 20 nm was formed by co-deposition of
exemplified compound No. B-11 as the first compound and
exemplified compound No. A-7 as the second compound
(weight ratio 10:90) instead of using exemplified compound
No. A-1.

When a voltage of 4 V was applied to the device obtained
as above with the ITO electrode (anode 2) as a positive elec-
trode and the Al—Li electrode (cathode 4) as a negative
electrode, emission of blue light having a center wavelength
of 448 nm, an emission luminance of 822 c¢d/m? and a lumi-
nous efficiency of 2.8 Im/W was observed.

Further, when voltage was applied to the device for 100
hours under nitrogen atmosphere with maintaining a current
density of 30 mA/cm?, the initial luminance of 930 cd/m?
turned to 720 cd/m* after 100 hours, indicating that the
decrease in luminance was small.

Examples 21 to 31

A device was fabricated in the same manner as in Example
20 except that compounds shown in Table 13 were used as the
first compound and the second compound, and similarly
evaluated. The results are shown in Table 13.

TABLE 13

Center

First Second Applied Luminous wave-

compound compound voltage Luminance efficiency length
Ex. No. No. %) (cd/m?) (Im/W) (nm)
21 B-11 A-26 4 829 2.8 446
22 C-7 A-13 4 858 2.8 445
23 D-1 A-31 4 551 2.1 443
24 E-1 A-31 4 588 2.3 444
25 F-3 A-31 4 535 2.1 443
26 G-3 A-13 4 534 2.1 443
27 B-11 A-41 4 2276 7.8 525
28 H-3 A-2 4 2276 7.8 525
29 H-19 A-7 4 2653 104 530
30 I-5 A-7 4 3570 11.7 525
31 H-4 A-40 4 2510 114 520

Comparative Example 2

A device was fabricated in the same manner as in Example
20 except that a 20 nm-thick light emission layer 3 was
formed by co-deposition of the following comparative com-
pound No. K-2 as the first compound and comparative com-
pound No. K-1 as the second compound (weight ratio 10:90),
and similarly evaluated.
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Emission of green light of 460 nm with an emission lumi-
nance of 360 cd/m* and a luminous efficiency of 1.7 Im/W
was observed at an applied voltage of 4 V. Further, when
voltage was applied to the device for 100 hours under nitrogen
atmosphere with maintaining a current density of 30 mA/cm?,
the initial luminance of 410 cd/m? turned to 150 cd/m? after
100 hours, indicating that the decrease in luminance was
great.

Example 32

An organic light-emitting device was fabricated in the
same manner as in Example 20 except that 2,9-bis[2-(9,9-
dimethylfluorenyl)|phenanthroline was used for the electron
transport layer 6.

When a voltage of 4 V was applied to the device obtained
as above with the ITO electrode (anode 2) as a positive elec-
trode and the Al—Li electrode (cathode 4) as a negative
electrode, emission of blue light having a center wavelength
of 448 nm, an emission luminance of 858 cd/m? and a lumi-
nous efficiency of 2.9 In/W was observed.

Further, when voltage was applied to the device for 100
hours under nitrogen atmosphere with maintaining a current
density of 30 mA/cm?, the initial luminance of 950 cd/m?
turned to 750 cd/m* after 100 hours, indicating that the
decrease in luminance was small.

Examples 33 to 51
A device was fabricated in the same manner as in Example

32 except that compounds shown in Table 14 were used as the
first compound and the second compound, and similarly

evaluated. The results are shown in Table 14.
TABLE 14

Center

First Second Applied Luminous wave-

compound compound voltage Luminance efficiency length

Ex. No. No. (V) (cd/m?) (lm/W) (nm)
33 B-11 A-12 4 910 3.0 446
34 B-11 A-13 4 912 3.0 446
35 B-11 A-41 4 980 3.5 446
36 B-14 A-12 4 1053 3.3 450
37 C-7 A-29 4 746 2.7 445
38 E-5 A-27 4 592 2.3 445
39 H-4 A-2 4 3639 11.9 530
40 H-5 A-2 4 3766 11.8 528
41 H-4 A-12 4 3574 12.2 530
42 H-16 A-7 4 3384 11.6 523
43 H-34 A-12 4 2597 10.2 535
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TABLE 14-continued

Center

First Second Applied Luminous wave-

compound compound voltage Luminance efficiency length
Ex. No. No. V) (cd/m?) (Im/W) (nm)
44 I-5 A-2 4 3639 11.9 530
45 I-5 A-12 4 3252 11.6 530
46 1-56 A-12 4 1356 4.84 470
47 I-78 A-27 4 1144 4.1 460
48 1-80 A-2 4 1479 4.8 470
49 A-27 A-6 4 869 3.1 451
50 A-35 A-7 4 1027 3.5 454
51 A-32 A-12 4 765 3.0 450

Further, when voltage was applied to the device of
Example 44 for 100 hours under nitrogen atmosphere with
maintaining a current density of 60 mA/cm?, the initial lumi-
nance of 4100 cd/m? turned to 2800 cd/m? after 100 hours,
indicating that the decrease in luminance was small.

This application claims priority from Japanese Patent
Application No. 2004-342465 filed on Nov. 26, 2004, which
is hereby incorporated by reference herein.

What is claimed is:

1. An organic light-emitting device comprising: an anode
and a cathode and an organic compound layer disposed
between the anode and the cathode, wherein the organic com-
pound layer comprises a host material selected from the
group consisting of (A-2) and (A-12) in Compound Group (a)
and a guest material selected from the group consisting of
(H-4), (H-5), (H-34) and (I-5) in Compound Group (b),
wherein

Compound Group (a) is

(A-2)

0
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~
Qg a2 » N,?
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Compound Group (b) is (H-34)
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