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(57) ABSTRACT

A novel phenanthroline compound is provided which is
suitable as a compound for an organic EL device and is
represented by the general formula (I):

@

wherein R;, R,, R;, Ry, R, Rg. R, and Ry are each
independently a hydrogen atom, an alkyl group, a
substituted or unsubstituted aralkyl group, a substituted
or unsubstituted aryl group, a substituted or unsubsti-
tuted heterocyclic group, or a halogen atom with the
proviso that at least one of R, R,, R, Ry, Ry, R, R,
and Ry is a group represented by the general formula

(I1):

(I

Ry
Ris
Rys
Ry Ryp
Ryg
N
Ry
Riy R
R5g
Rys
Ryg

and R, Ry, Ryj; Ry Rys, Rig, Rys, Ryg Ry Ryg, Ry,
and R, are each independently a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, or a
halogen atom.
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PHENANTHROLINE COMPOUND AND
LIGHT-EMITTING DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a phenanthroline
compound and a light-emitting device using the compound.
More specifically, the present invention relates to a phenan-
throline compound having a molecular structure represented
by the following general formula (I) and an organic elec-
troluminescent (EL) device using the compound for a host of
a light-emitting layer.

[0003] 2. Related Background Art

[0004] In an old example of an organic light-emitting
device, a voltage has been applied to an anthracene evapo-
rated film to emit light (Thin Solid Films, 94 (1982), 171).
However, because of ease of large-area production com-
pared with inorganic light-emitting devices, obtainability of
desired color emission by the development of various new
materials, and low voltage drivability, in recent years, active
research including material development is being conducted
for the development of an organic light-emitting device as a
light-emitting device having high-speed responsibility and
high efficiency.

1. Field of the Invention

[0005] For example, as detailed in Macromol. Symp. 125,
1-48 (1997), an organic EL device is generally structured to
have two (upper and lower) electrodes formed on a trans-
parent substrate and an organic substance layer including a
light-emitting layer formed between the electrodes. In addi-
tion, investigation has been recently made into a device
using not only conventional light emission utilizing fluores-
cence upon transition from singlet exciton to ground state
but also phosphorescence via triplet exciton as typified by D.
F. O’Brien et al, “Improved energy transfer in electrophos-
phorescent device”, Applied Physics Letters, Vol. 74, No. 3,
p. 422 (1999) and M. A. Baldo et al, “Very high-efficiency
green organic light-emitting devices based on electrophos-
phorescence”, Applied Physics Letters, Vol. 75, No. 1, p. 4
(1999). In these articles, an organic layer having a four-layer
structure is mainly used. The structure is composed of a
hole-transporting layer, a light-emitting layer, an exciton
diffusion-prevention layer, and an electron-transporting
layer stacked in the mentioned order from an anode side. The
materials used are carrier transporting materials and a phos-
phorescent material Ir(ppy); shown below.

Algs
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[0006] Further, emission of a light from ultraviolet to
infrared region can be performed by changing the kind of a
fluorescent organic compound. In these days, research has
been actively conducted on various compounds.

[0007] In addition to organic light-emitting devices using
such low-molecular materials as those described above, a
group of the University of Cambridge has reported organic
light-emitting devices using conjugate polymers (Nature,
347, 539 (1990)). This report has confirmed that light
emission can be obtained by a single layer by forming
polyphenylene vinylene (PPV) in a film shape by use of a
coating system.

[0008] As described above, recent progress of an organic
light-emitting device is remarkable, and is characterized in
that a highly responsive, thin, and lightweight light-emitting
device that can be driven at a low applied voltage and
provides a high luminance and a variety of emission wave-
lengths can be made, which suggests the applicability to a
wide variety of uses.

[0009] However, at present, an optical output of a higher
luminance and a higher conversion efliciency have been
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required. In addition, there still remain a large number of
problems in terms of durability such as a change over time
during long-term use and degradation due to an atmospheric
gas containing oxygen or to moisture. Furthermore, light
emission of blue, green and red colors having a high color
purity is necessary when application to a full-color display
or the like is attempted. However, those problems have not
been sufficiently solved yet.

[0010] In addition, a large number of aromatic compounds
and condensed polycyclic aromatic compounds have been
studied as fluorescent organic compounds used for an elec-
tron-transporting layer, a light-emitting layer, and the like.
However, it is difficult to say that a compound sufficiently
satisfying the emission luminance and durability require-
ments has been already obtained.

[0011] Examples of patent documents describing applica-
tion of a phenanthroline compound to an organic EL, which
is related to the present invention, include Japanese Patent
Application Laid-Open Nos. H05-331459, 2001-267080 and
2001-131174. However, none of these patent documents
discloses an organic compound in accordance with the
present invention characterized by including a partial struc-
ture containing a fluorene ring and a phenyl ring on a straight
line in a molecular structure.

[0012] In order to apply an organic EL device to a display
unit of a display apparatus or the like, the device is required
to have an optical output of a high efficiency and a high
luminance and sufficiently secure high durability. However,
such requirement has not been sufficiently met.

DISCLOSURE OF THE INVENTION

[0013] Ttis, therefore, an object of the present invention to
provide a novel phenanthroline compound that can be suit-
ably used as a compound for an organic EL device and an
organic EL device using the compound and having an
optical output of a high efficiency and a high luminance.

[0014] Tt is another object of the present invention to
provide an organic EL, device with high durability.

[0015] Tt is still another object of the present invention to
provide an organic EL device that can be produced easily at
a relatively low cost.

[0016] According to a first aspect of the present invention,
there is provided a phenanthroline compound represented by
the following general formula (I):

[0017] whereinR,,R,, R;, R, Rs, Ry, R, and R, are each
independently a hydrogen atom, an alkyl group, a substi-
tuted or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted heterocy-
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clic group, or a halogen atom with the proviso that at least
one of R;, R,, Ry, Ry, Rs, Ry, R, and Ry is a group
represented by the following general formula (II):

(I

Rig
Rys
Ry3
Rg Ryp
Ris
N
Rz
Ry Rp
R5%
Rys
Rig

[0018] andRg, Ryp, Ry, Ryp Rysy Ry Ry Ry Rygy Ry,
R,,, and R,, are each independently a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, or a halogen
atom.

[0019] According to another aspect of the present inven-
tion, there is provided a light-emitting device comprising a
pair of electrodes, and at least one layer comprising an
organic compound provided between the pair of electrodes,
wherein at least one of the at least one layer comprising the
organic compound comprises the phenanthroline compound
represented by the general formula (I).

[0020] The phenanthroline compound in accordance with
the present invention has a high glass transition temperature,
and the light-emitting device in accordance with the present
invention using the compound, especially for a host of a
light-emitting layer, is expected to not only emit light at a
high efficiency but also be driven at a low voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIGS. 1A, 1B and 1C are schematic views each
showing an example of the light-emitting device in accor-
dance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] First, the phenanthroline compound in accordance
with the present invention will be described.

[0023] Specific examples of the substituents in the general
formula (I) are shown below.

[0024] Examples of the alkyl group include methyl group,
ethyl group, n-propyl group, iso-propyl group, n-butyl
group, ter-butyl group, and octyl group.

[0025] Examples of the aralkyl group include benzyl
group and phenethyl group.

[0026] Examples of the aryl group include phenyl group,
biphenyl group, and terphenyl group.

[0027] Examples of the heterocyclic group include thienyl
group, pyrolyl group, pyridyl group, oxazolyl group, oxa-
diazolyl group, thiazolyl group, thiadiazolyl group, and
terphenyl group.
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[0028] Examples of the substituents by which the above-
mentioned substituents may be substituted include: alkyl
groups such as methyl group, ethyl group, and propyl group;
aralkyl groups such as benzyl group and phenethyl group;
aryl groups such as phenyl group and biphenyl group;
heterocyclic groups such as thienyl group, pyrolvl group,
and pyridyl group: amino groups such as dimethylamino
group, diethylamino group, dibenzylamino group, dipheny-
lamino group, ditolylamino group, and dianisoylamino
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group; alkoxyl groups such as methoxyl group, ethoxyl
group, propoxyl group, and phenoxyl group; and cyano
group; halogen atoms such as fluorine, chlorine, bromine,
and iodine.

[0029] Specific structural formulae of organic compounds

to be used in the present invention are shown below.
However, these formulae are shown only by way of
examples and are not intended to limit the scope of the
present invention.
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[0030] The phenanthroline compound in accordance with
the present invention can be synthesized by means of a

[0031] generally known method. For example, a phenan-
throline compound intermediate is obtained by means of a
method described in J. Org. Chem., 16, 941-945 (1951),
Tetrahedron, Lett., 36, 3489-3490 (1995), or the like, and the
compound is synthesized from the intermediate by means of
a synthesis method such as the Suzuki coupling method (for
example, Chem. Rev. 1995, 95, 2457-2483) involving the
use of a palladium catalyst.

[0032] Next, the light-emitting device of the present
invention will be described.

[0033] When a light-emitting layer comprises a carrier
transporting host material and a guest, the process for light
emission is composed of the following several steps.

[0034] 1. Transportation of electrons/holes in the light-
emitting layer

[0035] 2. Generation of excitons in the host

[0036] 3. Transmission of excitation energy between host
molecules

[0037]
the guest

[0038] The desired energy transfer and light emission in
the respective steps are caused in competition with various
deactivation steps.

[0039] Tt is needless to say that in order to increase the
emission efficiency of an EL device, the emission quantum
yield of a luminescent center material itself must be large.
However, how high efficiency of energy transfer between
hosts or between a host and a guest can be achieved is also
a large problem. In addition, the cause for degradation of
light emission due to energization has not been clarified yet.
However, it is assumed that the degradation is related at least
to a luminescent center material itself or an environmental
change of a light-emitting material due to surrounding
molecules.

4. Transfer of the excitation energy from the host to

[0040] In view of the above, the inventors of the present
invention have made various studies to find that a device
using the phenanthroline compound represented by the
general formula (1) as a host of a light-emitting layer emits
light with a high efficiency, maintains a high luminance for
a long period of time, and shows less degradation due to
energization.

[0041] One possible cause for the degradation of light
emission due to energization is degradation of light emission
due to degradation of a thin-film shape of a light-emitting
layer. It is believed that the degradation of the thin-film
shape results from crystallization of an organic thin film due
10 a temperature of drive environment or heat generation at
the time of driving a device. This is considered to originate
from a low glass transition temperature of a material, so that
an organic EL, material is required to have a high glass
transition temperature. The phenanthroline compound in
accordance with the present invention has a high glass
transition temperature, so that the durability of an organic
EL device is expected to increase.

[0042] Further, in order to obtain a device capable of
emitting light with a high efficiency, the drive voltage needs
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to be lowered. To this end, it is important that a host has
charge conductivity. The phenanthroline compound in
accordance with the present invention is believed to have a
high electron-transporting property, so that low voltage
drivability and high emission efficiency can be expected.
Moreover, it is preferable from the viewpoint of charge
conductivity that the substituents R, to R, is each indepen-
dently a hydrogen atom, methyl group, or aryl group.

[0043] When the phenanthroline compound in accordance
with the present invention is used for a host of a light-
emitting layer, there may be used, as a guest molecule, any
generally known fluorescent material and phosphorescent
material. In order to obtain a light-emitting device having a
high efficiency, it is preferable to use a metal coordination
compound known to emit phosphorescence such as an Ir
complex, a Pt complex, a Re complex, a Cu complex, a Eu
complex, or a Rh complex. The Ir complex known to emit
strong phosphorescence is more preferable. Further, plural
kinds of phosphorescent materials may be incorporated into
a light-emitting layer for the purposes of causing the light-
emitting layer to effect light emission of multiple colors and
aiding excitons or charge transfer.

[0044] When an organic layer containing the phenanthro-
line compound of the present invention is produced, a
vacuum evaporation method, a casting method, an applica-
tion method, a spin coating method, an ink jet method, or the
like may be employed.

[0045] FIGS. 1A, 1B and 1C are schematic views show-
ing basic structures of the device in accordance with the
present invention.

[0046] As shown in FIGS. 1A, 1B and 1C, an organic EL
device generally includes a transparent substrate 15; a
transparent electrode 14 having a thickness of 50 to 200 nm
on the transparent substrate 15; a plurality of organic film
layers on the transparent electrode 14; and a metal electrode
11 to sandwich the plurality of organic film layers between
the transparent electrode 14 and the metal electrode 11.

[0047] FIG. 1A shows an example in which the organic
layers are composed of a light-emitting layer 12 and a
hole-transporting layer 13. As the transparent electrode 14,
ITO having a large work function is used, so that holes can
be easily injected from the transparent electrode 14 to the
hole-transporting layer 13. For the metal electrode 11, a
metal material having a small work function such as alumi-
num, magnesium, or an alloy thereof is used, so that
electrons can be easily injected to the organic layers.

[0048] For the light-emitting layer 12, the compound in
accordance with the present invention is preferably used. For
the hole-transporting layer 13, there may be used those
materials having electron-donating property, for example, a
triphenyldiamine derivative typified by A-NPD.

[0049] The device having the structure described above
exhibits electric rectification property. When an electric field
is applied thereto with the metal electrode 11 being used as
a cathode and the transparent electrode 14 being used as an
anode, electrons are injected from the metal electrode 11 to
the light-emitting layer 12, while holes are injected from the
transparent electrode 14.

[0050] The injected holes and electrons are recombined in
the light-emitting layer 12 to generate excitons, thereby
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effecting light emission. At this time, the hole-transporting
layer 13 serves as an electron blocking layer, so that the
recombination efficiency at an interface between the light-
emitting layer 12 and the hole-transporting layer 13
increases to thereby increase the emission efficiency.

[0051] In FIG. 1B, an electron-transporting layer 16 is
further provided between the metal electrode 11 and the
light-emitting layer 12 of the device shown in FIG. 1A. A
light-emitting function and electron‘hole transporting func-
tions are separated in this manner to attain a more effective
carrier blocking structure, whereby the emission efficiency
is increased. For the electron-transporting layer 16, there
may be used, for example, an oxadiazole derivative or the
like.

[0052] Further, as shown in FIG. 1C, a four-layer struc-
ture may preferably be adopted which is composed of the
hole-transporting layer 13, the light-emitting layer 12, an
exciton diffusion-prevention layer 17, and the electron-
transporting layer 16 stacked in the mentioned order from
the side of the transparent electrode 14 as the anode, and the
metal electrode 11 further stacked thereon.

EXAMPLES

[0053] Hereinafter, the present invention will be described
specifically by way of examples. However, the present
invention is not limited to these examples.

Example 1

Synthesis of Exemplified Compound No. H-6

[0054] 1.5 g (4.4 mmole) of 2,9-dibromophenanthroline,
2.55 g (8.9 mmole) of 4-(9H-carbazoyl-9-yl)phenylboronic
acid, 0.15 g of PA(PPh,),, 20 ml of toluene, 10 m1 of ethanol,
and 20 ml of a 2M aqueous solution of sodium carbonate
were fed into a reaction vessel, and the whole was stirred at
80° C. for 8 hours in a stream of nitrogen. After the
completion of the reaction, the crystal was filtered out and
washed with water, ethanol, and toluene. The resulting
crystal was dissolved into chloroform, purified by means of
alumina column chromatography, then vacuum-dried at
120° C., and sublimated and purified to give 1.5 g of
Exemplified Compound No. H-6 (yield: 50.8%).

[0055] 662.3 as M+of the compound was confirmed by
means of Matrix Assisted Laser Desorption/Ionization-Time
of Flight Mass Spectrometry (MALDI-TOF MS).

[0056] Furthermore, the structure of the compound was
identified by NMR measurement.

[0057] 'H NMR (CDCl,, 400 MHz) o (ppm): 9.59 (d,
2H), 8.55 (d, 2H), 8.18 (d, 4H), 8.05 (d, 4H), 7.99 (s, 2H),
7.80 (d, 4H). 7.53 (d, 4H), 7.46 (m, 4H), 734 (m, 4H)

[0058] Moreover, the compound had a glass transition
temperature of 166° C.

Example 2

[0059] In this example, a device having three organic
layers shown in FIG. 1B was used as a device structure.

[0060] ITO (as the transparent electrode 14) having a
thickness of 100 nm was patterned on a glass substrate (as
the transparent substrate 15). The following organic layers
and electrode layers were successively formed on the ITO
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substrate by means of vacuum evaporation according to
resistive heating in a vacuum chamber having an internal
pressure of 10~ Pa such that the opposing electrode area
was 3 mm?.

[0061]

[0062] Light-emitting layer 12 (25 nm): [Host] Exempli-
fied Compound No. H-6, [Guest] Ir(piq), (weight ratio:
10%)

[0063] Electron-transporting layer 16 (50 nm): Bphen
(manufactured by DOJINDO LABORATORIES)

Hole-transporting layer 13 (20 nm): o.-NPD

[0064] Metal electrode layer 11-1 (1 nm): KF
[0065] Metal electrode layer 11-2 (100 nm): Al
Ir
N7
X
3
Ir{pig)3

[0066] The current-voltage characteristics of the EL

device were measured by using a microammeter 4140B
(manufactured by Hewlett-Packard Development Com-
pany), and the emission luminance thereof was measured by
using a BM7 (manufactured by Topcon Corporation).

[0067] The device of this example had a current efficiency
and a power efficiency of 9.1 cd/A and 10.0 Im/W (at 600
cd/m?), respectively. Further, the applied voltage at the time
of light emission of 1,000 cd/m* was 3.2 V. The results are
shown in Table 1 below.

Comparative Example 1

[0068] A device was produced by following the same
procedure as in Example 2 with the exception that CBP
shown below was used instead of Exemplified Compound
No. H-6 of Example 2.

CBP

[0069] The device of this comparative example had a
current efficiency and a power efficiency of 8.0 cd/A and 6.0
Im/W (at 600 cd/m?), respectively. Further, the applied
voltage at the time of light emission of 1,000 cd/m> was 4.5
V. The results are shown in Table 1 below.
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TABLE 1

Efficiency (InvW)  Voltage (V) at

Host compound at 600 cd/m? 1,000 ed/m?
Example 2 H-6 10.0 32
Comparative CBP 6.0 45
Example 1
Example 3

Synthesis of Exemplified Compound No. H-7

[0070] 1.5 g (4.4 mmole) of 3,8-dibromophenanthroline,
2.55 g (8.9 mmole) of 4-(9H-carbazoyl-9-yl)phenylboronic
acid, 0.15 g of Pd(PPh,),, 20 ml of toluene, 10 ml of ethanol,
and 20 ml of a 2M aqueous solution of sodium carbonate
were fed into a reaction vessel, and the whole was stirred at
80° C. for 8 hours in a stream of nitrogen. After the
completion of the reaction, the crystal was filtered out and
washed with water, ethanol, and toluene. The resultant
crystal was dissolved into chloroform, purified by means of
alumina chromatography, and then vacuum-dried at 120° C.,
and sublimated and purified to give 1.6 g of Exemplified
Compound No. H-7 (yield: 54.2%).

[0071] 662.3 as M+of the compound was confirmed by
means of Matrix Assisted Laser Desorption/Ionization-Time
of Flight Mass Spectrometry (MALDI-TOF MS).

[0072] Furthermore, the structure of the compound was
identified by NMR measurement.

[0073] 'H NMR (CDCl,, 400 MHz) o (ppm): 8.70 (d,
4T1), 8.42 (d, 2H), 8.27 (d, 2H), 8.15 (d, 4H), 7.88 (s, 2H),
7.81 (d, 4H), 7.54 (d, 4H), 7.43 (m, 4H), 7.29 (m, 4H)

[0074] Moreover, the compound had a glass transition
temperature of 168° C.

Example 4

[0075] A device was produced by following the same
procedure as in Example 2 with the exception that Exem-
plified Compound No. H-7 was used instead of Exemplified
Compound No. H-6 of Example 2; and Ir(4mopiq); (weight
ratio: 4%) and Ir(bq), (weight ratio: 8%) were used instead
of Ir(piq), (weight ratio: 10%), and was subjected to similar
measurement.

/

NZ

X

Ir(4mopiq)3
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-continued

Ir
N/

AN

I(bq)3

[0076] The device of this example had a current efficiency
and a power efliciency of 17.5 c¢d/A and 16.7 Im/W (at 600
cd/m?), respectively. Further, the applied voltage at the time
of light emission of 1,000 cd/m* was 3.5 V. The results are
shown in Table 2 below.

Comparative Example 2

[0077] A device was produced by following the same
procedure as in Example 4 with the exception that CBP was
used instead of Exemplified Compound No. H-7 of Example
4, and was subjected to similar measurement.

[0078] The device of this comparative example had a
current efficiency and a power efliciency of 17.0 c¢d/A and
12.0 Im/W (at 600 cd/m?), respectively. Further, the applied
voltage at the time of light emission of 1,000 cd/m” was 5.0
V. The results are shown in Table 2 below.

TABLE 2

Efficiency (Im/W)  Voltage (V) at

Host compound at 600 ¢d/m? 1,000 ¢d/m?
Example 4 H-7 16.7 35
Comparative CBP 12.0 5.0
Example 2
[0079] As described in detail above, the device using the

phenanthroline compound in accordance with the present
invention is an excellent device which can be driven at a low
voltage and has a high efficiency.

[0080] This application claims priority from Japanese
Patent Application No. 2004-344041 filed Nov. 29, 2004,
which is hereby incorporated by reference herein.

What is claimed is:

1. A phenanthroline compound represented by the general
formula (I):

@
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wherein R;, R,, R;, R,, Rs, R, R, and Ry are each
independently a hydrogen atom, an alkyl group, a
substituted or unsubstituted aralkyl group, a substituted
or unsubstituted aryl group, a substituted or unsubsti-
tuted heterocyclic group, or a halogen atom with the
proviso that at least one of R}, R,, R;, Ry, Rg, R, R,
and Ry is a group represented by the general formula

1n:

an

Ris
Rys
Rj3
Ro Rio
Rys
N
Rz
Ry Rp;
R3p
Ryg
Ryg

and R95 RlOs Rlls RIZs RlSs R14s RlSs R16: R17s RlSs R19;
and R,, are each independently a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, a
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substituted or unsubstituted heterocyclic group, or a
halogen atom.

2. A light-emitting device comprising a pair of electrodes,
and at least one layer comprising an organic compound
provided between the pair of electrodes, wherein at least one
of the at least one layer comprising the organic compound
comprises the phenanthroline compound as set forth in claim
1.

3. The light-emitting device according to claim 2, wherein
the layer comprising the phenanthroline compound is a
light-emitting layer.

4. The light-emitting device according to claim 3, wherein
the light-emitting layer comprises at least two compounds
including a host and a guest compounds, and the host
compound comprises the phenanthroline compound.

5. The light-emitting device according to claim 4, wherein
the guest compound is a phosphorescent material.

6. The light-emitting device according to claim 5, wherein
the phosphorescent material comprises a metal coordination
compound.

7. The light-emitting device according to claim 6, wherein
the metal coordination compound comprises an iridium
coordination compound.

8. The light-emitting device according to claim 3, wherein
the light-emitting layer comprises a plurality of phospho-
rescent materials.
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