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(57) ABSTRACT

An isomer-mixture metal complex composition that includes
a plurality of atropisomers is described. This isomer-mixture
metal complex composition is a metal complex composition
which is a mixture of isomers each comprising a metal atom
and a plurality of ligands, and is characterized by containing
a plurality of atropisomers because at least one of the ligands
has an aromatic ring as a substituent and the free rotation of
the axis of the bonding between the aromatic ring and the
ligand is inhibited by the formation of a complex of the metal
atom with other ligand(s). An organic EL element using the
isomer-mixture metal complex composition as a material for
organic EL element is also described. Further, an illuminator
and a display device which are obtained using the organic EL
element are described.
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ISOMER-MIXTURE METAL COMPLEX
COMPOSITION, ORGANIC
ELECTROLUMINESCENT ELEMENT,
ILLUMINATOR, AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is the U.S. national stage of application No.
PCT/IP2012/057676, filed on Mar. 20, 2014. Priority under
35 U.S.C. §119(a) and 35 U.S.C. §365(b) is claimed from
Japanese Application No. 2013-072072, filed Mar. 29, 2013,
the disclosure of which is also incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to mixed isomeric
metal complex compositions, organic electroluminescent
metal complex compositions, organic electroluminescent
elements, illuminators, and displays.

BACKGROUND ART

[0003] A typical organic electroluminescent element (here-
inafter also referred to as “organic EL element”) is composed
of a cathode, an anode, and a luminous layer disposed ther-
ebetween and containing a luminous compound. Such an
organic EL element can emit light by the following mecha-
nism: An electric field applied to the organic EL element
recombines holes injected from the anode with electrons
injected from the cathode in the luminous layer to generate
excitons, which are deactivated with luminescence (fluores-
cence and/or phosphorescence). The organic EL element is a
completely solid element that includes submicron films dis-
posed between the electrodes and composed of organic mate-
rials, and can emit light under an applied voltage of several
volts to several tens of volts. Based on these advantages, it is
expected that the organic EL elements will be applied to flat
displays and lighting in the next generation.

[0004] Since Princeton University reported an organic EL
element by phosphorescence from the excited triplet (for
example, see Non-Patent Document 1), phosphorescent
materials at room temperature have been extensively studied
(for example, see Patent Document 1 and Non-Patent Docu-
ment 1) to develop organic EL elements for practical use.
[0005] Ithas been already found that such phosphorescent
compounds or complexes emit light beams of different color
tones for various uses, that is, light beams of blue (B), green
(G), and red (R) by varying their chemical structures, such as
trisphenylpyridine iridium complexes described in J. Am.
Chem. Soc., vol. 107, p. 1431 (1985), tris(phenylisoquino-
line) iridium complexes described in J. Am. Chem. Soc., vol.
125, p. 12971 (2003), and tris(phenyltriazole) complexes
described in Chem. Mater., vol. 18, p. 5119 (2006).

[0006] These phosphorescent complexes have their own
emission spectra according to a difference in chemical struc-
ture. Unfortunately, original luminous colors unique to the
respective chemical structures of the complexes are often not
achieved due to agglomeration and/or crystallization of the
complexes, which shifts the spectra to longer regions with
broader distributions. To avoid such agglomeration and/or
crystallization, the phosphorescent complexes are often dis-
persed in binders, or are used in combination with host com-
pounds. These countermeasures, however, are not sufficiently
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effective, and still cause remarkable changes in color tone in
the phosphorescent complexes during long-term use or at
high temperatures.

[0007] The agglomeration and/or crystallization of the
phosphorescent complex is fundamentally caused by the
intensity of the interaction energy of the phosphorescent
complex. The interaction balance with a co-existing host
compound determines the state of the phosphorescent com-
plex in a film, and this state varies over time to change the
intensity of the interaction energy of the phosphorescent
complex.

[0008] Such a disadvantage can be solved by formation of
astable film. The state of the film can be stabilized by a large
negative Gibbs free energy of the film.

[0009] The Gibbs free energy is determined by enthalpy
and entropy according to the second law of thermodynamics.
Enthalpy is largely determined by a chemical structure intrin-
sic to a complex molecule, and cannot be readily varied.
Entropy is determined by the number and distribution of
components, and can be used as a universal technical variable
factor.

[0010] This is rationally described from an entropy effect.
[0011] The entropy effect will be described with reference
to the diagrams. FIG. 1 is a schematic view explaining an
increase in entropy by mixing of two components. FIG. 1A
illustrates a model of mixing of components A with compo-
nents B. FIG. 1B is a model of mixing of components A with
components A.

[0012] A reaction at constant pressure and low temperature
has the following relationship among a change in Gibbs free
energy (AG), a change in enthalpy (AH), and a change in
entropy (AS), which is represented by following Expression
(1) where T represents absolute temperature.

AG=AH-TAS

[0013] For example, assume that 2n phosphorescent
organic metal complex molecules (component A) are present
in a film. Assume that the film originally has a half of the 2n
complex molecules (i.e., n complexes), and the other n com-
plex molecules (component A) of the same type are added in
the film so that the total number is 2n and the volume is
doubled. At this time, the entropy change is zero because the
complex added is the same as that originally present in the
film (FIG. 1B). In contrast, if n complex molecules of a
different type (component B) are added, the entropy of the
complex originally present in the film (component A)
increases because of the added complex molecules (compo-
nent B) (FIG. 1A). This increase in entropy refers to an
entropy effect. The increase in entropy causes the Gibbs free
energy in the film to be more negative for stabilization, attain-
ing a stable film over time. The entropy effect acts on such a
basic principle.

[0014] This entropy effect caused by the “complex mol-
ecules of a different type” can attain both the stability of the
film and interactive deactivation of n-planes to effectively
prevent agglomeration over time of the complex mixture.
[0015] This phenomenon is found not only in the films but
also in solutions of complexes. Namely, the schematic view in
the right of FIG. 1A is also considered to illustrate a mixed
solution of isomeric complexes, the isomeric complexes
being completely dissolved or separately dispersed in a sol-
vent. The Gibbs free energy of the solution or the thin film is
negatively larger than that of a solution or powder composed
of a single complex (corresponding to the right diagram in

Expression (1)
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FIG. 1B), and changes caused by disturbance is reduced. In
other words, agglomeration and/or recrystallization of the
complexes is prevented.

[0016] This entropy effect attains dispersion of the complex
during film formation by application of the solution of the
mixed complexes to prevent changes in films over time and
after electrical conduction. The entropy effect also enables
the sublimation of the complex during sublimation purifica-
tion or deposition, and sublimation of the complex in the form
of a single molecule, enabling formation of films having a
complex almost ideally dispersed (or nearly separately dis-
persed) therein.

[0017] An increase in entropy as described above is effec-
tively attained by co-existing several luminous complexes. In
co-existing several luminous complexes having different
electronic states, however, electrons and holes (collectively
referred to as charge carriers) are injected in different ways
according to the types of complex molecules, and are prefer-
entially injected into complex molecules to be most readily
filled with charge carries. Such injection of charge carriers
reduces the opportunity of recombination of charge carriers
and in turn luminescence efficiency. This also shortens the
luminance of the light emission over time and in turn the
emission lifetime of the organic EL element.

[0018] Thesolution of such a problem requires mixing of as
many compounds as possible, the compounds having differ-
ent structures and having substantially the same level of the
highest occupied molecular orbital (HOMO) and the lowest
occupied molecular orbital (LUMO), and very close emission
spectra and physical properties.

[0019] Such a requirement is satisfied by a heteroleptic
complex (for example, see Patent Document 2) in which part
of several ligands forming a complex is replaced with a ligand
having a different structure. The heteroleptic complex mod-
erates the crystallinity derived from a symmetric structure of
a homoleptic complex to reduce growth of coarse crystals in
the organic EL element. The heteroleptic complex, however,
is readily agglomerated because the hetercleptic complex
often has n-planes, which assist interaction between complex
molecules and are present in the outermost region of the
complex molecules.

PRIOR ART DOCUMENT

Patent Document

[0020] Patent Document 1: U.S. Pat. No. 6,097,147 Patent
Document 2: U.S. Patent Application No. 2011/0057559

Non-Patent Document

[0021] Non-Patent Document 1: M. A. Baldo et al., Nature,
vol. 403, No. 17, pp. 750-753 (2000)

SUMMARY OF INVENTION

Problem to be Solved by the Invention

[0022] The present invention has been made in consider-
ation of these problems and circumstances. An object of the
present invention is to provide a mixed isomeric metal com-
plex composition containing atropisomers having very close
physical properties and energy levels. Another object of the
present invention is to provide an organic electroluminescent
element including a luminous layer composed of the mixed
isomeric metal complex composition as an organic electrolu-
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minescent material to enhance long-term stability of organic
metal complexes in a film and reduce changes in resistance of
the luminous layer and half width ofthe emission spectrum. A
further object of the present invention is to provide an illumi-
nator and a display including the organic electroluminescent
element.

Means for Solving the Problem

[0023] The present inventor, who has conducted extensive
research on the causes of the problems to be solved, has found
the following universal technique of stabilizing a thin film:
Several organic metal complexes having substantially equal
or very close energy levels co-existing in a single thin film
increase the entropy effect and then the Gibbs free energy
becomes more negative, so that changes in physical proper-
ties are reduced in the electrically energized thin film, and has
verified that this technique is applicable to organic EL ele-
ments.

[0024] The present inventor has also found that if the
organic metal complexes are atropisomer and diastereoiso-
mer components, these components inevitably have close
energy levels, and several isomer metal complexes can be
prepared through a single operation, and has achieved the
present invention.

[0025] The problems of the present invention are solved by
the following means:

[0026] 1. A mixed isomeric metal complex composition
comprising atropisomers, wherein

[0027] each of the atropisomers comprises a metal atom
and multiple ligands,

[0028] at least one of the ligands has an aromatic ring as a
substituent, and

[0029] the atropisomers are present due to hindered free
rotation of a bond axis between the aromatic ring and the at
least one ligand after formation of a complex with the metal
atom and the ligands.

[0030] 2. The mixed isomeric metal complex composition
according to Item 1, wherein the atropisomers are present due
to hindered free rotation of the bond axis between the aro-
matic ring and the at least one ligand by another ligand in the
complex.

[0031] 3. An organic electroluminescent metal complex
composition comprising the mixed isomeric metal complex
composition comprising atropisomers according to Item 1 or
2, wherein the mixed isomeric metal complex composition is
a phosphorescent material for organic electroluminescent
elements.

[0032] 4. The organic electroluminescent metal complex
composition according to Item 3, the atropisomers being
represented by Formula (1):

[Formula 1]

Formula (1)

m
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[0033] where rings Am, An, Bm, and Bn each represent a
6-membered aromatic hydrocarbon ring or a S-membered or
6-membered aromatic heterocycle, and optionally have a sub-
stituent; Xm , Xm,, Xm;, Xm,, Xm,, Xn,, Xn,, Xn,, Xn,,
and Xn; in the rings Am, Bm, An, and Bn each represent a
carbon atom or a nitrogen atom;

[0034] if Xm, and M and Xn, and M form coordination
bonds, Xm, and M and Xn, and M form covalent bonds;
[0035] if Xm, and M and Xn, and M form covalent bonds,
Xm, and M and Xn, and M form coordination bonds; and
[0036] Ar™ and Ar” each represent an aromatic hydrocar-
bon ring or an aromatic heterocyclic group having no sym-
metrical axis in a bond axis to the ring Bm or Bn, and option-
ally have a substituent; M represents iridium or platinum; m
and n each represent an integer of 0 to 3; m+n represents 2 or
3.

[0037] 5. The organic electroluminescent metal complex
composition according to Item 4, wherein the ring Bm, Bn,
Am, or An in Formula (1) represents an imidazole or pyrazole
ring.

[0038] 6. The organic electroluminescent metal complex
composition according to Item 4 or 5, wherein a ligand
formed through bonding of the rings An and Bn or a ligand
formed through the rings Am and Bm in Formula (1) is
represented by Formula (2), (3), (5), or (6):

[Formula 2]
Formula (2)
=
(RSHI)p e |
\ *

Arsy
Formula (3)
7 Arsy
R |
Rs;
SH2N N \ N
\
Xsp
Rsel
[0039] whereR, , andR;_, each independently represent a

halogen atom, a cyano group, an alkyl group, an alkenyl
group, an alkynyl group, an alkoxy group, an amino group, a
silyl group, an arylalkyl group, an aromatic hydrocarbon ring,
an aromatic heterocyclic group, a non-aromatic hydrocarbon
ring, or a non-aromatic heterocyclic group, and optionally
have a substituent; p represents an integer of 0 to 4;

[0040] Rs,,, Rs,., and R, represent an alkyl group, an
aromatic hydrocarbon ring, an aromatic heterocyclic group, a
non-aromatic hydrocarbon ring, or a non-aromatic heterocy-
clic group, and optionally have a substituent; X, and X5,
each independently represent —C(R;,)—or—N—; R, rep-
resents an alkyl group, an aromatic hydrocarbon ring, an
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aromatic heterocyclic group, a non-aromatic hydrocarbon
ring, or a non-aromatic heterocyclic group;

[0041] Ars, and Ar., each independently represent an aro-
matic hydrocarbon ring represented by Formula (4):

[Formula 3]
Formula (4)
Rg; Rg)
* Rg3
Rgs Ry
[0042] where Ry, to Ry each independently represent a

hydrogen atom, a halogen atom, a cyano group, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group,
an amino group, a silyl group, an arylalkyl group. an aryl
group, a heteroaryl group, a non-aromatic hydrocarbon ring,
or a non-aromatic heterocyclic group, and optionally have a
substituent; two adjacent groups of Ry, to Rys may bond to
each other to forma ring; Ry;—Rgs is incompatible with
Rg,=Rg4

[0043] * represents a bonding site to a metal atom;

[Formula 4]

Formula (5)

=4

R |

*

Rep

Xéa

Na\
N=
\
/

Ree1 Arg)

Formula (6)
Argy

7

Ry |

#

R, N
GbZ\( Ny
\ 4
Xep
/
Rée2 Rea

[0044] whereR,,, and R, each independently represent a
halogen atom, a cyano group, an alkyl group, an alkenyl
group, an alkynyl group, an alkoxy group, an amino group, a
silyl group, an arylalkyl group, an aromatic hydrocarbon ring,
an aromatic heterocyclic group, a non-aromatic hydrocarbon
ring, or a non-aromatic heterocyclic group, and optionally
have a substituent; q represents an integer of 0 to 4;

[0045] Rg,;, Re.is Repos Reons and Rg 5, €ach independently
represent a hydrogen atom, an alkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a non-
aromatic hydrocarbon ring, or a non-aromatic heterocyclic
group, and optionally have a substituent; X, and X, each
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independently represent —C(R,,)— or —=N—; R, repre-
sents an alkyl group, an aromatic hydrocarbon ring, an aro-
matic heterocyclic group, a non-aromatic hydrocarbon ring,
or a non-aromatic heterocyclic group;

[0046] Arg, and Ar,, are the same as Ars, and Ars, in For-
mulae (2) and (3), and each represent an aromatic hydrocar-
bon group represented by Formula (4); and

[0047] * represents a bonding site to a metal atom.

[0048] 7. The organic electroluminescent metal complex
composition according to any one of Items 4 to 6, wherein M
represents an iridium atom.

[0049] 8. An organic electroluminescent element including
a pair of electrodes, and one or more organic layers disposed
between the pair of electrodes, wherein one of the organic
layers contains the organic electroluminescent metal com-
plex composition according to any one of Items 3 to 7.
[0050] 9. The organic electroluminescent element accord-
ing to Item 8, wherein the one organic layer contains a mix-
ture of the organic electroluminescent metal complex com-
position and a host compound having a freely rotating biaryl
structure.

[0051] 10.The organic electroluminescent element accord-
ing to Item 9, wherein the host compound having a freely
rotating biaryl structure has a dibenzofuran structure.

[0052] 11.The organic electroluminescent element accord-
ing to Item 9, wherein the host compound having a freely
rotating biaryl structure has a carbazole structure.

[0053] 12.The organic electroluminescent element accord-
ing to Item 9, wherein the host compound having a freely
rotating biaryl structure has an unsubstituted phenyl group.
[0054] 13. An illuminator including the organic electrolu-
minescent element according to any one of Items 8 to 12.
[0055] 14. A display including the organic electrolumines-
cent element according to any one of Items 8 to 12.

Effects of Invention

[0056] The present invention provides a mixed isomeric
metal complex composition comprising atropisomers having
very close physical properties and energy levels. The present
invention also provides an organic electroluminescent ele-
ment including a luminous layer composed of the mixed
isomeric metal complex composition as an organic electrolu-
minescent material to enhance long-term stability of organic
metal complexes in a film and reduce changes in resistance of
the luminous layer and half width of an emission spectrum.
The present invention further provides an illuminator and a
display including the organic electroluminescent element.
[0057] Although mechanisms of advantageous effects and
action of the present invention have not been clarified, the
prevent inventor infers as follows.

[0058] In the present invention, a plurality of isomers hav-
ing high similarities, derived from an atropisomeric axis, in
physical properties, states of electrons in HOMO and LUMO,
and emission spectra co-exist to attain the entropy effect. The
entropy effect seems to reduce solubility in a solvent and
interaction through n-planes of aromatic rings in complex
molecules without a reduction in the emission lifetime, attain-
ing more stable dispersion of complexes.

BRIEF DESCRIPTION OF DRAWINGS

[0059] FIG. 1A is a schematic view for explaining an
increase in entropy (model of mixing of components A with
components B).
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[0060] FIG. 1B is a schematic view for explaining an
increase in entropy (model of mixing of components A with
components A).

[0061] FIG. 2is a schematic view illustrating an exemplary
display including an organic EL element.

[0062] FIG. 3is a schematic view illustrating a display unit
Cin FIG. 2.

[0063] FIG. 4 is a diagram illustrating a circuit in a pixel.
[0064] FIG. 5 is a schematic view illustrating a passive

matrix full-color display.

[0065] FIG. 6 is a schematic view illustrating an illumina-
tor.
[0066] FIG. 7 is a schematic view illustrating an illumina-
tor.
[0067] FIG. 8is achartillustrating a result of measurement

by high-performance liquid chromatography.

DESCRIPTION OF EMBODIMENTS

[0068] The mixed isomeric metal complex composition
according to the present invention comprises atropisomers,
wherein each of the atropisomers comprises a metal atom and
multiple ligands, at least one of the ligands has an aromatic
ring as a substituent, and the atropisomers are present due to
hindered free rotation of a bond axis between the aromatic
ring and the at least one ligand after formation of a complex
with the metal atom and the ligands. These technical features
are common to Items 1 to 14 in the invention.

[0069] In one embodiment of the mixed isomeric metal
complex composition according to the present invention, the
atropisomers are preferably present due to hindered free rota-
tion of the bond axis between the at least one ligand and the
aromatic ring by another ligand in the complex molecules to
achieve the advantageous effects of the present invention. The
mixed isomeric metal complex composition is preferably a
phosphorescent material for organic EL elements.

[0070] 1In the present invention, the atropisomer is prefer-
ably represented by Formula (1). In Formula (1), rings Bm,
Bn, Am, and An each preferably represent an imidazole or
pyrazole ring.

[0071] In Formula (1), the ligand formed through bonding
of the rings An and Bn or the ligand formed through bonding
of the rings Am and Bm is preferably represented by Formula
(2), (3), (5), or (6). M preferably represents an iridium atom,
which allows a large number of atropisomers and/or diaste-
reoisomers to co-exist in the organic electroluminescent
metal complex composition.

[0072] An organic electroluminescent element includes a
pair of electrodes, and one or more organic layers disposed
between the pair of electrodes, wherein one of the organic
layers preferably contains the organic electroluminescent
metal complex composition.

[0073] Oneofthe organic layers preferably contains a mix-
ture of the organic electroluminescent metal complex com-
position and a host compound having a freely rotating biaryl
structure. The host compound having a freely rotating biaryl
structure preferably has a dibenzofuran structure, a carbazole
structure, or an unsubstituted phenyl group.

[0074] The organic EL element according to the present
invention is suitably included in illuminators and displays.
[0075] The present invention, components, and embodi-
ments and aspects of the present invention will now be
described in detail. Throughout the specification, the term
“to” between numeric values indicates that the numeric val-
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ues before and after the term are inclusive as the lower limit
and the upper limit, respectively.

[0076]

[0077] Theenantiomer and the diastereoisomer will now be
described in detail.

The present invention will now be described.

[Formula 5]

)

1

(1)

18Y)

ay

[0078] Typical examples of the chiral compounds include
an asymmetric carbon compound (I) having a carbon atom (or
an atom having unpaired electrons, such as nitrogen, sulfur, or
phosphorus) with four different substituents; a so-called axi-
ally chiral compound (IT) having a bulky substituent, such as
abiaryl group, at its ortho-position through a bond axis (atro-
pisomeric axis) to carry rotamerism; a planarly chiral com-
pound (III) having aromatic rings with fixed or irrotational
planes; a helical compound (IV) having specified directions
of a twist, such as helicene; and a compound having isomers
which are asymmetric mirror images generated after forma-
tion of a complex.

[0079] The enantiomers or mirror image isomers exhibit
mirror images, such as human left and right hands. Isomers in
such a mirror-image relationship are found not only in the
asymmetric carbon compounds but also in compounds [I1],
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[111], and [TV] and other chiral substances. These compounds
can also be referred to as enantiomers.

[Formula 6]
T S ¢

Rl—/é—R3 § R3—C\—R1

Ry . Ry

@O-R : D-S
mirror
R5 E RS
Re Rs
mirror
)R (ID-8
[0080] The diastereoisomers refer to molecules which have

the same planar molecular formula but no mirror-image rela-
tionship and exhibit chirality if two or more chiral moieties
are present. In other words, these molecules have a diastere-
oisomeric relationship. The following example is a com-
pound having three asymmetric carbons. The compound has
eight isomers. Four pairs of isomers in a mirror-image rela-
tionship are enantiomes, and the other pairs are diastereoiso-
mers. Bach solid line with double-sided arrows indicates an
enantiomeric relationship. Fach dotted line with double-
sided arrows indicates a diastereoisomeric relationship.

[Formula 7]
it
PR
Ph— I (5 —ph
d O
CHs C3Hy
.
IRIR3R o> 182838
x T
‘\\ .l
1R-2R3S =eg—3 15-283R
Ne s
3N
IR-2S-3R <——» 1S-2R-3§
: \
1R-28-38 <«—5—> 1S-2R-3R
L ]
Mirror

[0081] A specific example ofa compound having one chiral
axis and one asymmetric carbon is shown below. In fact, any
type of chiralities can be used in combination. Each solid line
with double-sided arrows indicates an enantiomeric relation-
ship. Each dotted line with double-sided arrows indicates a
diastereoisomeric relationship.
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[Formula 8]

- ——————
IR-IR v 1528

.
sheese
PN
%
.

/
,

1R-2S «———1S-2R

mitror

[0082] In acomplex having several ligands, for example, a
trivalent hexa-coordinated iridium complex, one chiral ligand
generates several chiral complex molecules, and in turn dias-
tereoisomers.

[0083] Ifn chiral moieties are present, 2” isomers are usu-
ally present (n: integer). Any chiral moiety can be used. A
compound having three chiral moieties has eight isomers, and
a compound having four chiral moieties has sixteen isomers.
[0084] In the present invention, atropisomers refer to ste-
reoisomers generated by hindered rotation of a ligand form-
ing a metal complex, which is caused by steric hindrance or
interaction between an aryl substituent group included in a
ligand skeleton bonded to a metal of the metal complex and
another ligand in the same complex molecule including the
ligand skeleton.

[0085] This technical concept of the present invention will
now be described.

[0086] Scheme 1 illustrates a schematic view of an ortho-
metalated complex having a metal atom (coordination num-
ber: 4) coordinated with two bidentate ligands. Each ligand is
composed of two aromatic rings Ar-A and Ar-B bonded to
each other directly or through a linking group (L).

SCHEME 1

[Formula 9]

Ligand

M: metal (ion)
L: bond or linking group
Ar

: aromatic group
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[0087] Scheme 2 is shown to describe an example complex
having atropisomers generated during formation of the mixed
isomeric metal complex composition according to the present
invention (also referred to as complex according to the
present invention). As shown in Scheme 2, a ligand before
formation of a complex has a partial structure for forming a
complex, i.e., aromatic rings Ar-A and Ar-B, and another
aromatic ring Ar—C having a freely rotating single bond with
the partial structure. After formation of a complex with a
metal ion, this ligand is no longer free to rotate due to hin-
drance by another ligand of the complex molecule (Ar-A in
the scheme) rather than the ligand itself, so that the single
bond serves as an atropisomeric axis.

[0088] It has been found that the n-plane of the aromatic
ring Ar—C in this complex is no longer free to rotate due to
stich a hindrance effect of the aromatic ring Ar-A in another
ligand (stereoscopic shielding effect (repulsion) and/or n-n
stacking or an association effect (attractive force) of dipoles)
so that at least one n-plane can be interactively deactivated to
effectively prevent agglomeration of the complex.

[0089] 1In Scheme 2, the bond between the aromatic rings
Ar-B and Ar—C is no longer free to rotate after formation of
the complex to produce a driving force (A), and serves as an
atropisomeric axis. The present invention also includes com-
plexes having an aromatic ring Ar—C bonded to an aromatic
ring Ar-A, the bond between the aromatic rings Ar-B and
Ar—C being no longer free to rotate after formation of the
complex to serve as an atropisomeric axis.

[Formula 10]
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[0090] In Scheme 3 below, an exemplary complex accord-
ing to the present invention having a tetra-coordinated metal
in the center will be described. Specifically, in a complex
composed of a tetra-coordinated metal, enantiomers and dias-
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tereoisomers generated by the atropisomeric axis will be
described. As illustrated in Scheme 3, the complex according
to the present invention has two enantiomers per ligand
because the bond between the aromatic rings Ar-B and Ar—C
is not free to rotate. These enantiomers are in a mirror-image
relationship, and are not superimposable. Two enantiomers
are generated due to the hindered rotation of the bond axis C1
ofone ligand. These enantiomers are referred to as 1R and 18.
Two different enantiomers are generated due to the hindered
rotation of the bond axis C2 of another ligand. These enanti-
omers are referred to as 2R and 28. The ligands each have two
enantiomers, and thus four sterecisomers (2x2=4) are
present. Of the four stereoisomers, those having a mirror-
image relationship and not superimposable are enantiomers,
and those not having a mirror-image relationship and not
superimposable are diastereoisomers. In Scheme 3, two enan-
tiomers and two diasteroisomers are present. The solid line
with double-sided arrows indicates an enantiomeric relation-
ship. The dotted line with double-sided arrows indicates a
diastereoisomeric relationship.

SCHEME 3

[Formula 11]

not free /

to rotate

7
(a3
=
.>.I
A}
[
&2
17

A N
Ras 478N Rs
mirror
[0091] A square planar complex composed of a metal M

(such as Pt(II)) having a coordination number of 4 and a
bidentate ligand and represented by a general composition
M(A-B), (where A-B represents a bidentate ligand) has “cis/
trans isomers”:

[Formula 12]
trans isomer
-~ B., ) LA
’ , A \
H /I'Pt“‘\ !
A B~
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-continued

cis isomer
A A,

, “,, o \
' '’ Pt\\ '

\'-B/ \B "

[0092] Inacomplex represented by a general composition
M(A-B),, the cis isomerism indicates that two identical
groups (i.e., groups A or B) are disposed on adjacent corners
of a square, while the trans isomerism indicates that two
identical groups (i.e., groups A or B) are diagonally disposed.
The definition of the cis/trans isomers of a square planar metal
complex is found in J. Huheey, E. Keiter, R. Keiter, Anorga-
nische Chemie: Prinzipien von Struktur and Reaktivitaet,
2nd, newly revised edition, translated into German and
expanded by Ralf Steudel, Berlin; New York: de Gruyter,
1995, pp. 557-559, for example.

[0093] Ingeneral, the cis/trans isomers often have different
emission spectra, different physical properties, such as the
stability of a compound, and different electronic states, and
are excluded from the isomer specified in the mixed isomeric
metal complex composition according to the present inven-
tion. The cis/trans isomers have different stabilities according
to the type of ligands. Accordingly, it is presumed that the
complex according to the present invention includes only one
of the cis/trans isomers of the tetradentate square metal com-
plex.

[0094] An exemplary complex according to the present
invention composed of a hexa-coordinated metal in the center
will now be described. A complex having a metal M with a
coordination number of 6 (namely, octahedral complex), such
as an Ir(11T) complex, and represented by a general composi-
tion M(A-B), (where AB represents a bidentate ligand) has a
facial or fac isomer and a meridional or mer isomer:

[Formula 13]

fac isomer
R
A LA
"'//Ir\\“‘ \
B/ | \B "
LA
mer isomer
iA
. LA
g g Y
&
B/ | \B o
LA
[0095] The definitions of cis/trans isomers and fac/mer iso-

mers in an octahedral metal complex are found in J. Huheey,
E. Keiter, R. Keiter, Anorganische Chemie: Prinzipien von
Structur and Reaktivitaet [Inorganic Chemistry: Principles of
Structure and Reactivity], 2nd, newly revised edition, trans-
lated into German and expanded by Ralf Steudel, Berlin; New
York: de Gruyter, 1995, pp. 575-576, for example.

[0096] Ingeneral, facial/meridional isomers often have dif-
ferent emission spectra, different physical properties, such as
the stability of a compound, and different electronic states,
and are excluded from the isomer specified in the mixed
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isomeric complex composition according to the present
invention. The facial isomers are thermodynamically more
stable than meridional isomers. Accordingly, it is presumed
that facial isomers of hexadentate octahedral metal com-
plexes are included in the present invention.

[0097] A regular octahedral complex coordinated with a
bidentate ligand has a A (delta) enantiomer and a A (lambda)
enantiomer (corresponding to a clockwise propeller and a
counterclockwise propeller, respectively) in a mirror image
relationship.

[Formula 14]

A (lambda) enantiomer

A (delta) enantiomer

[0098] In Scheme 4 below, an exemplary complex accord-
ing to the present invention having a hexa-coordinated metal
in the center will now be described. A metal complex com-
posed of a hexa-coordinated central metal has a stereoscopic
structure composed of the metal disposed in the center of a
regular octahedron and atoms coordinated with the metal at
the respective vertices of the octahedron.

[0099] Although not clear in Scheme 4, the Ar—C' plane in
one ligand is close to the Ar-B plane in another ligand in the
same complex molecule to hinder the free rotation of the bond
between the aromatic rings Ar-B' and Ar—C"' after formation
of the complex. As in a complex composed of a tetra-coordi-
nated central metal, this complex composed of a hexa-coor-
dinated central metal has two diasterecisomers due to hin-
dered free rotation of one ligand. A complex composed of a
coordinate central metal has three ligands, and then has eight
(2%x2x2=8) diastereoisomers and enantiomers.

[0100] A complex composed of a hexa-coordinated metal
coordinated with a bidentate ligand further has two isomers,
i.e., a A (lambda) isomer and a A (delta) isomer, and has 16
isomers in total. Such a complex has a larger effect of increas-
ing entropy, thatis, alarger effect of stabilizing the state of the
film than that of the complex composed of a tetra-coordinated
central metal. Accordingly, the complex according to the
present invention is preferably composed of a central metal Ir.
The solid line with arrows indicates an enantiomeric relation-
ship.

Feb. 25,2016

SCHEME 4

[Formula 15]
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[0101] According to the technical concept and the basic
principle of the present invention, the entropy effect increases
as the number of the atropisomeric axes increases. A larger
entropy effect is readily attained in heteroleptic complexes
with hexadentate coordination, such as iridium complexes, in
which one of three ligands has a different chemical structure.

[0102] Complexes are known which are composed of a
ligand originally having an atropisomeric axis, such as a
ligand and a complex shown in Scheme 5. For example, WO
2007/097149 discloses Exemplified compound (170) com-
posed of a ligand in which an imidazole ring corresponds to
an aromatic ring Ar-B, a phenyl group at position 2 of the
imidazole ring corresponds to an aromatic ring Ar-A in
Scheme 5, and a 2-phenyl-6-methylpheny! group at position
1 of the imidazole ring corresponds to an aromatic Ar-D. This
ligand has hindered rotation in a single bond between position
1 of the imidazole group and the phenyl group bonded to
position 1 of the imidazole group, and then has atropisomers.
In this case, however, free rotation of the aromatic ring Ar-D
carrying atropisomerism is originally hindered due to an
effect of steric hindrance between the aromatic rings Ar-B
and Ar-D in the ligand rather than after formation of the
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complex. Accordingly, these complexes are excluded from
the complex according to the present invention.

[0103] In such complexes, the Ar-D plane is outwardly
projected from the center of the complex molecule, and can
approach to another aromatic ring of the complex molecule.
These complexes, however, insufficiently moderate the
agglomeration of the complexes, and some of those having
specific chemical structures may actively promote the inter-
action, i.e., agglomeration between the aromatic rings Ar-D,
resulting in complexes having noticeable instability in the
form of a film and significantly low solubility compared to
those of the complex according to the present invention.

SCHEME 5

[Formula 16]
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[0104] The ligand of Exemplified compound (170)
described in WO 2007/097149 is:

[Formula 17]
OCHz

bond axis where free rotation is hindered

)

\N
\—/

[0105] In contrast, the skeleton ligand in the complex
according to the present invention is disposed close to the aryl
substituent group to reduce interaction between the n-planes
of aromatic rings of the complex molecules. The complex
according to the present invention comprises a mixture of
enantiomers and diastereoisomers to enhance the stability of
the complex in a film and the solubility thereof.
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[0106] Indeed, known patent documents and technical
articles happen to describe complex structures which may
satisfy the requirements of the present invention. For
example, Japanese Unexamined Patent Application Publica-
tion (Tokuhyo) No. 2011-500644 describes a compound hav-
ing a specific chemical structure. Although no specific
description is found on their isomers, the chemical structure
seems to suggest the existence of these isomers in view oftwo
or more atropisomeric axes that are formed during formation
of a complex. This specification, however, never describes
intended use of a mixture of enantiomers and diastereoisomes
of the compound, and has technical concept different from
that of the present invention.

[0107] The contents disclosed in that patent document
implies that single use of the compound written on the docu-
ment can improve the emission lifetime and the color tones of
an organic EL element, and apparently are different from that
of the present invention.

[0108] Japanese Unexamined Patent Application Publica-
tion (Tokuhyo) No. 2008-525995 discloses an organic elec-
tronic device containing atropisomers generated due to hin-
dered free rotation of a carbon-carbon bond. The compound
generating atropisomers is a fluorescent material composed
of a main skeleton of anthracene, pyrene, or chrysene. This
patent document does not disclose the phosphorescent tran-
sition metal complex of the present invention, and uses excess
amounts of preferred atropisomers selected from atropiso-
mers having significantly different physical properties (re-
ferred to as syn- and anti-isomers in this document). Appar-
ently, the technical concept is different from those of the
present invention.

[0109] The skeleton of the complex according to the
present invention should be bonded to an aromatic ring hav-
ing no symmetrical axis.

[0110] Thearomatic ring having no symmetrical axis refers
to an aromatic ring having a shape not identical to the shape of
the aromatic ring 180° rotated about the bond axis bonded to
the complex skeleton. In other words, this aromatic ring has
no twofold symmetrical axis.

[0111] Such an aromatic ring will be described by compari-
son between a 3-tolyl group and a 3,5-xylyl group. A 180°
rotation about the bond axis bonded to the complex skeleton
gives different shapes of a 3-tolyl group and identical shapes
of a 3,5-xylyl group.

[0112] A partial structure composed of such an aromatic
ring having no symmetrical axis is required to exhibit atropi-
somerism of the present invention due to hindered rotation of
the bond axis after formation of a complex.

[Formula 18]
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[0113] The ortho-metalated complex according to the -continued
present invention to form an atropisomeric axis after forma-
tion of the complex (mixed isomeric metal complex compo- RA;
sition) preferably has a structure represented by Formula (1): =
2 / |I\]
[Formula 19] w
Formula (1)
An RA, N RA;
QM /
Xn3
. N
Xnp L.
Xns
RA,
m RA3
N
[0114] where rings Am, An, Bm, and Bn each represent a N
6-membered aromatic hydrocarbon ring or a S-membered or RA;
6-membered aromatic heterocycle, and optionally have a sub-
stituent; Xm,, Xm,, Xm,, Xm,, and Xm; in the rings Am and
Bm each represent a carbon atom or a nitrogen atom; Xn,, RA,
Xn,, Xn;, Xn,, and Xn, in the rings An and Bn each represent
. RA, RA;
a carbon atom or a nitrogen atom; 7
[0115] if Xm, and M and Xn, and M form coordination N .
bonds, Xm, and M and Xn, and M form covalent bonds; N
[0116] if Xm, and M and Xn, and M form covalent bonds,
Xm, and M and Xn, and M form coordination bonds;
. RA| N RA,
[0117] Ar™ and Ar” each represent an aromatic hydrocar- Y
bon ring or an aromatic heterocyclic group having no sym- |
metrical axis in a bond axis to the ring Bm or Bn, and option- o
ally have a substituent; M represents Ir or Pt;
[0118] m and n each represent an integer of 0 to 3; m+n
represents 2 or 3. RA,
[0119] Examples of the 6-membered aromatic hydrocar- RA
bon ring or the 5-membered or 6-membered aromatic hetero- N N
cyclerepresented by Am, An, Bm, and Bn in Formulae (1) and
(2) include benzene, oxazole, oxadiazole, thiophene, thiaz- N ®
ole, isothiazole, thiadiazole, furan, pyrrole, pyridine,
pyridazin, pyrimidine, pyrazine, diazine, triazine, imidazole,
pyrazole, triazole, and tetrazole rings.
[0120] Non-limiting examples of the 6-membered aro- !
matic hydrocarbon rings or the 5-membered or 6-membered / RA,
aromatic heterocycles represented by Am, An, Bm, and Bn N
are shown in Formulae A-1 to A-53 and B-1 to B-13: I!I |
\ *
[Formula 20]
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-continued
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-continued
A-19
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A2
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A3l
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-continued

[Formula 21]
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-continued

-continued

A-46

B-3
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[Formula 22]
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-continued
B-11
RBz/Jﬁ/]\RBz
RB;
B-12
RB
IW)\N*
Lo
\H\R&
RB,
B-13
RB
1 / N*
X J\
RB; N RB;
[0121] In Formulae A-1 to A-53 and B-1 to B-13, * indi-

cates a bonding site to a transition metal element M.

[0122] InFormulae A-1toA-53,RA,,RA,, RA;, andRA,
each represent a hydrogen atom or a substituent. Examples of
the substituent include alkyl groups (such as methyl, ethyl,
propyl, isopropyl, tert-butyl, pentyl, hexyl, octyl, dodecyl,
tridecy, tetradecyl, and pentadecyl groups); cycloalkyl groups
(such as cyclopentyl and cyclohexyl groups):; alkenyl groups
(such as vinyl and allyl groups); alkynyl groups (such as
ethynyl and propargyl groups); aromatic hydrocarbon rings
(also referred to as aromatic carbon rings or aryl groups, such
as phenyl, p-chlorophenyl, mesityl, tolyl, xylyl, naphthyl,
anthryl, azulenyl, acenaphthenyl, fluorenyl, phenanthryl,
indenyl, pyrenyl, and biphenylyl groups); aromatic heterocy-
clic groups (such as pyridyl, pyrimidinyl, furyl, pyrrolyl,
imidazolyl, benzoimidazolyl, pyrazolyl, pyrazinyl, triazolyl
(such as 1,2,4-triazol-1-yl and 1,2,3-triazol-1-y1), oxazolyl,
benzooxazolyl, thiazolyl, isooxazolyl, isothiazolyl, furaza-
nyl, thienyl, quinolyl, benzofuryl, dibenzofuryl, benzothie-
nyl, dibenzothienyl, indolyl, carbazolyl, carbolinyl, diazac-
arbazolyl(the carbolinyl group having a carboline ring in
which one of carbon atoms is replaced with a nitrogen atom),
quinoxalinyl, pyridazinyl, triazinyl, quinazolinyl, and
phthalazinyl groups); heterocyclic groups (such as pyrrolidy],
imidazolydyl, morpholyl, and oxazolydyl groups); alkoxy
groups (such as methoxy, ethoxy, propyloxy, pentyloxy,
hexyloxy, octyloxy, and dodecyloxy groups); cycloalkoxy
groups (such as cyclopentyloxy and cyclohexyloxy groups);
aryloxy groups (such as phenoxy and naphthyloxy groups);
alkylthio groups (such as methylthio, ethylthio, propylthio,
pentylthio, hexylthio, octylthio, and dodecylthio groups);
cycloalkylthio groups (such as cyclopentylthio and cyclo-
hexylthio groups); arylthio groups (such as phenylthio and
naphthylthio groups); alkoxycarbonyl groups (such as
methyloxycarbonyl, ethyloxycarbonyl, butyloxycarbonyl,
octyloxycarbonyl, and dodecyloxycarbonyl groups); ary-
loxycarbonyl groups (such as phenyloxycarbonyl and naph-
thyloxycarbonyl groups); sulphamoyl groups (such as ami-
nosulfonyl, methylaminosulfonyl, dimethylaminosulfonyl,
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butylaminosulfonyl, hexylaminosulfonyl, cyclohexylamino-
sulfonyl, octylaminosulfonyl, dodecylaminosulfonyl, pheny-
laminosulfonyl, naphthylaminosulfonyl, and 2-pyridylami-
nosulfonyl groups); acyl groups (such as acetyl,
ethylcarbonyl, propylcarbonyl, pentylcarbonyl, cyclohexyl-
carbonyl, octylcarbonyl, 2-ethylhexylcarbonyl, dodecylcar-
bonyl, phenylcarbonyl, naphthylcarbonyl, and pyridylcarbo-
nyl); acyloxy groups (such as acetyloxy, ethylcarbonyloxy,
butylcarbonyloxy, octylcarbonyloxy, dodecylcarbonyloxy,
and phenylcarbonyloxy); amide groups (such as methylcar-
bonylamino, ethylcarbonylamino, dimethylcarbonylamino,
propylcarbonylamino, pentylcarbonylamino, cyclohexylcar-
bonylamino, 2-ethylhexylcarbonylamino, octylcarbony-
lamino, dodecylcarbonylamino, phenylcarbonylamino, and
naphthylcarbonylamino groups); carbamoyl groups (such as
aminocarbonyl, methylaminocarbonyl, dimethylaminocar-
bonyl, propylaminocarbonyl, pentylaminocarbonyl, cyclo-
hexylaminocarbonyl, octylaminocarbonyl, 2-ethylhexylami-
nocarbonyl, dodecylaminocarbonyl, phenylaminocarbonyl,
naphthylaminocarbonyl, —and  2-pyridylaminocarbonyl
groups); ureido groups (such as methylureido, ethylureido,
pentylureido, cyclohexylureido, octylureido, dodecylureido,
phenylureidonaphthylureido, and 2-pyridylaminoureido
groups); sulfinyl groups (such as methylsulfinyl, ethylsulfi-
nyl, butylsulfinyl, cyclohexylsulfinyl, 2-ethylhexylsulfinyl,
dodecylsulfinyl, phenylsulfinyl, naphthylsulfinyl, and 2-py-
ridylsulfinyl groups); alkylsulfonyl groups (such as methyl-
sulfonyl, ethylsulfonyl, butylsulfonyl, cyclohexylsulfonyl,
2-ethylhexylsulfonyl, and dodecylsulfony groups); arylsulfo-
nyl or heteroarylsulfonyl groups (such as phenylsulfonyl,
naphthylsulfonyl, and 2-pyridylsulfonyl groups); amino
groups (such as amino, ethylamino, dimethylamino, buty-
lamino, cyclopentylamino, 2-ethylhexylamino, dodecy-
lamino, anilino, naphthylamino, and 2-pyridylamino
groups); halogen atoms (such as fluorine, chlorine, and bro-
mine atoms); fluorohydrocarbon groups (such as fluorom-
ethyl, trifluoromethyl, pentafluoroethyl, and pentafluorophe-
nyl groups); a cyano group; a nitro group; a hydroxy group; a
mercapto group; and silyl groups (such as trimethylsilyl, tri-
isopropylsilyl, triphenylsilyl, and phenyldiethylsilyl groups).
[0123] In Formulae A-1 to A-53, two of RA |, RA,, RA,,
and RA, may bond to each other to form a ring.

[0124] Examples of the rings formed through bonding of
two of RA|, RA,, RA;, and RA, in Formulae A-1 to A-53
include naphthalene, tetralin, anthracene, phenanthrene,
quinoline, isoquinoline, indole, benzofuran, benzothiophene,
indazole, benzoimidazole, benzothiazole, benzooxazole, car-
bazole, dibenzofuran, dibenzothiophene, and benzotriazole
rings.

[0125] In Formulae B-1to B-13, * indicates a bonding site
to a transition metal element M.

[0126] In Formulae B-1 to B-13, RB,, RB,, and RB; rep-
resent a hydrogen atom or a substituent. Examples of the
substituent include the same substituents as those represented
by RA, to RA, in Formulae A-1 to A-53.

[0127] InFormulaeB-1toB-13, twoof RB,, RB,, and RB,
may bond to each other to form a ring.

[0128] Examples of the rings formed through bonding of
two of RB,, RB,, and RB; in Formulae B-1 to B-13 include
the same rings as those formed through bonding of two of
RA,, RA,, and RA; in Formulae A-1 to A-53.

[0129] In the complex according to the present invention,
the ring represented by Bm or Bn in Formula (1) is preferably
a pyrazole or imidazole ring.



US 2016/0056396 A1

[0130] InFormula (1), aligand formed through bonding of
the rings An and Bn or aligand formed through bonding ofthe
rings Am and Bm is preferably represented by Formula (2),

(3. (5), or (6):

[Formula 23]

Formula (2)

=

Ry |

&

Rsp1
\N \N*

.
XSa_

Ars)
Formula (3)
P Arsy
(R5a2)p_ |
Rs),
562 \N \ N*
\
Xsp
Arsel
[0131] In Formulae (2) and (3), Rs,, and R, each inde-

pendently represent a halogen atom, a cyano group, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group,
an amino group, a silyl group, an arylalkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a non-
aromatic hydrocarbon ring, or a non-aromatic heterocyclic
group, and optionally have a substituent; p represents an
integer of 0 to 4.

[0132] Rs,, andR,, represent an alkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a non-
aromatic hydrocarbon ring, or a non-aromatic heterocyclic
group, and optionally have a substituent. X;, and X;, each
independently represent —C(R,,)— or N. R, represents an
alkyl group, an aromatic hydrocarbon ring, an aromatic het-
erocyclic group, a non-aromatic hydrocarbon ring, or a non-
aromatic heterocyclic group;

[0133] Ars, and Ar,, each independently represent an aro-
matic hydrocarbon ring represented by Formula (4):

[Formula 24]
Formula (4)
Rg Ry
* Rgs
Rgs Rgy
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[0134] R, to Ry each independently represent a hydrogen
atom, a halogen atom, a cyano group, an alkyl group, an
alkenyl group, an alkynyl group, an alkoxy group, an amino
group, a silyl group, an arylalkyl group, an aryl group, a
heteroaryl group, a non-aromatic hydrocarbon ring, or a non-
aromatic heterocyclic group, and optionally have a substitu-
ent. Twoadjacent groups of Rg, to Rgs may bond to each other
to form a ring. Ry, —Rq; is incompatible with Rg,—Rg,,.

[0135] In Formulae (2) and (3), * represents a bonding site
to a metal atom.

[Formula 25]
Formula (5)
/
Reat)p—— |
Repy N
¥
X6a~<
/
Rees Arg)
Formula (6)
Ar,
F 62
Rea2)p—~ |
Repa N.
¥
Xsb‘<
/
Rée2 Reaz
[0136] In Formulae (5) and (6), Ry, and R, each inde-

pendently represent a halogen atom, a cyano group, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group,
an amino group, a silyl group, an arylalkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a non-
aromatic hydrocarbon ring, or a non-aromatic heterocyclic
group, and optionally have a substituent; q represents an
integer of 0 to 4.

[0137] Rg,;; Re.rs Repar Reens and Ry, each independently
represent a hydrogen atom, an alkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a non-
aromatic hydrocarbon ring, or a non-aromatic heterocyclic
group, and optionally have a substituent. X, and X, each
independently represent —C(R,,)— or —N—. R, repre-
sents an alkyl group, an aromatic hydrocarbon ring, an aro-
matic heterocyclic group, a non-aromatic hydrocarbon ring,
or a non-aromatic heterocyclic group.

[0138] In Formulae (5)and (6), * represents a bonding site
to an Ir atom. Arg, and Arg, are the same as Ars, and Ars, in
Formulae (2) and (3), and represent an aromatic hydrocarbon
group represented by Formula (4). In Formulae (5) and (6), *
represents a bonding site to a metal atom.
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[0139] Non-limiting specific examples of the complex _continued
according to the present invention are shown below:

Exemplified Compound 5
[Formula 26]

Exemplified Compound 1

Exemplified Compound 2

Exemplified Compound 6
Exemplified Compound 3

Exemplified Compound 7
Exemplified Compound 4

Exemplified Compound 8
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Exemplified Compound 9 Exemplified Compound 13
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Exemplified Compound 10

Exemplified Compound 14

Exemplified Compound 11

Exemplified Compound 15
OCH;

Exemplified Compound 16
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[Formula 28]

-continued -continued
Exemplified Compound 17
Exemplified Compound 21

Exemplified Compound 18

Exemplified Compound 22

Exemplified Compound 19

Exemplified Compound 23

Exemplified Compound 20
OCH;

Exemplified Compound 24
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Exemplified Compound 25 Exemplified Compound 29

Exemplified Compound 26
Exemplified Compound 30

[Formula 29]
Exemplified Compound 27

Exemplified Compound 31

Exemplified Compound 28
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-continued -continued
Exemplified Compound 32

Exemplified Compound 36

Exemplified Compound 33

Exemplified Compound 37

Exemplified Compound 34

Exemplified Compound 38

Exemplified Compound 35
Exemplified Compound 39
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Exemplified Compound 40 Exemplified Compound 44
Exemplified Compound 45
Exemplified Compound 41
CH;
Exemplified Compound 46
Exemplified Compound 42

Exemplified Compound 47

Exemplified Compound 43
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Exemplified Compound 48 Exemplified Compound 52

Exemplified Compound 53

[Formula 31]

Exemplified Compound 49

Exemplified Compound 54

Exemplified Compound 50

Exemplified Compound 55

Exemplified Compound 51
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Exemplified Compound 56
Exemplified Compound 60
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Exemplified Compound 57
Exemplified Compound 61
[Formula 32]
Exemplified Compound 58
LoIr
NN N7 /N
—\ 2
Exemplified Compound 62

Exemplified Compound 59
NC
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Exemplified Compound 66

Exemplified Compound 63

Exemplified Compound 67

Exemplified Compound 64

Exemplified Compound 68

[Formula 33]

Exemplified Compound 65

Exemplified Compound 69
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Exemplified Compound 70

Exemplified Compound 71

[0140] <<Configuration of Organic EL. Element>>

[0141] The organic EL element according to the present
invention preferably includes a pair of electrodes, and one or
more organic layers disposed between the pair of electrodes.
For example, the organic EL element may have a layer struc-
ture (i) or (ii). In the present invention, the organic layerrefers
to a layer containing an organic compound.

[0142] (i) anode/hole injecting layer/hole transporting
layer/luminous layer/electron transporting layer/electron
injecting layer/cathode

[0143] (ii) anode/hole injecting layer/hole transporting
layer/luminous layer/hole blocking layer/electron transport-
ing layer/electron injecting layer/cathode

[0144] <<Luminous layer>>

[0145] The luminous layer according to the present inven-
tion emits light through recombination of electrons and holes
injected into the luminous layer from the electrodes or from
the electron transporting layer and hole transporting layer.
The luminous layer may have a luminous portion therein or at
the interface between the luminous layer and its adjacent
layer. The luminous layer preferably comprises a mixed iso-
meric metal complex composition as a phosphorescent
organic EL material. The luminous layer preferably contains
a host compound.

[0146] The luminous layer can have any total thickness.
The total thickness is controlled in the range of preferably 2
nm to 5 um, more preferably 2 to 200 nm, particularly pref-
erably 10 to 100 nm to attain a homogenous film, avoid
application of significantly high voltage for light emission,
and enhance the stability of the color of light to a driving
current.

Feb. 25,2016

[0147]

[0148] The luminous dopant according to the present
invention may contain several compounds, for example, a
combination of phosphorescent dopants having different
structures, or a combination of a phosphorescent dopant and
a fluorescent dopant, in the range not impairing the advanta-
geous effects of the present invention.

[0149] Non-limiting, specific examples of known luminous
dopants (also referred to as dopant compounds) usable in
combination with the iridium complex compound according
to the present invention represented by Formula (1) are shown
below:

(Use of Known Dopants in Combination)

[Formula 34]
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[Formula 38]
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[0150] (2) Host Compound

[0151] The host compound in the present invention (also
referred to as luminous host) is defined as a compound con-
tained in the luminous layer in an amount of 20 mass % or
more and having a phosphorescent quantum yield of less than
0.1 at room temperature (25° C.) during phosphorescence.
The phosphorescent quantum yield is preferably less than
0.01. The compound is preferably contained in the luminous
layer in an amount of 20 mass % or more.

[0152] Any host compound usually used in organic EL
elements can also be used in the present invention. Typical
examples of such a host compound include compounds hav-
ing basic skeletons of carbazole derivatives, triarylamine
derivatives, aromatic derivatives, nitrogen-containing hetero-
cyclic compounds, thiophene derivatives, furan derivatives,
and oligoarylene compounds; or carboline derivatives and
diazacarbazole derivatives (the diazacarbazole derivatives
refer to carboline derivatives in which at least one carbon
atom of the hydrocarbon ring in a carboline ring is replaced
with a nitrogen atom).

[0153] Among these known host compounds usable in the
present invention, preferred are compounds having hole and
electron transportability, having high glass transition tem-
peratures (Tg), and emitting light without conversion of the
light into longer wavelengths.

[0154] These known host compounds can also be used
alone or in combination in the present invention. Combined
use of two or more host compounds can control the charge
transfer to attain organic EL elements having high efficiency.

—2

[Formula 41]
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Mixtures of the metal complexes used as phosphorescent
dopants in the present invention and/or these known com-
pounds can attain light emission of any color composed of
different colors.

[0155] The host compound used in the present invention
may be a low molecular compound, a high molecular com-
pound having a repeating unit, or a low molecular compound
having a polymerizable group such as a vinyl or epoxy group
(polymerizable host compound). These compounds can be
used alone or in combination.

[0156] Specific examples of the known host compounds
include compounds described in Japanese Patent Application
Laid-Open Nos. 2001-257076, 2002-308855, 2001-313179,
2002-319491, 2001-357977, 2002-334786, 2002-8860,
2002-334787, 2002-15871, 2002-334788, 2002-43056,
2002-334789, 2002-75645, 2002-338579, 2002-105445,
2002-343568, 2002-141173, 2002-352957, 2002-203683,
2002-363227, 2002-231453, 2003-3165, 2002-2343888,
2003-27048, 2002-255934, 2002-260861, 2002-280183,
2002-299060, 2002-302516, 2002-305083, 2002-305084,
and 2002-308837.

[0157] The complex according to the present invention can
appropriately interact with the host compound to prevent
agglomeration of the complex molecules. The host com-
pound used in this case should preferably interact with the
complex and have a structure to prevent agglomeration of
host compound molecules. Specifically, the host compound
preferably has a partial structure interactive with the aryl
group and the n-plane of the complex molecule and a partial
structure to prevent interaction with other host compound
molecules.

[0158] Although a general chemical structure of the host
compound cannot be specified, a preferred structure of the
host compound has the following features:

[0159] a. The host compound has a freely rotating biaryl
structure.
[0160] b. Thehost compound having a freely rotating biaryl

structure has a dibenzofuran structure.

[0161] c.Thehostcompound having a freely rotating biaryl
structure has a carbazole structure.

[0162] d.Thehostcompound having a freely rotating biaryl
structure has an unsubstituted phenyl group.

[0163] Non-limiting, specific examples of the preferred
host compounds usable in combination with the complex
according to the present invention are shown below:
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[Formula 43]
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[Formula 54]

[Formula 55]
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[Formula 56]
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[0164] <<Electron Transporting Layer>>

[0165] The electron transporting layer is composed of an
electron transporting material, and includes an electron
injecting layer and a hole blocking layer in a broad sense. The
electron transporting layer can have a single-layer or multi-
layer configuration.

[0166] The electron transporting layer can transport elec-
trons injected from the cathode to the luminous layer. The
electron transporting layer can be composed of any known
compound. These compounds can also be used in combina-
tion.

[0167] Examples of known materials (hereinafter referred
to as electron transporting material) used in the electron trans-
porting layer include polycyclic aromatic hydrocarbons, such
as nitro-substituted fluorene derivatives, diphenylquinone
derivatives, thiopyran dioxide derivatives, naphthalene, and
perylene; heterocyclictetracarboxylicanhydrides; carbodiim-
ides;  fluorenylidenemethane  derivatives;  anthraquin-
odimethane and anthrone derivatives; oxadiazole derivatives;
carboline derivatives or carboline derivatives having a ring
structure in which at least one carbon atom of a hydrocarbon
ring in the carboline ring is replaced with a nitrogen atom; and
hexaazatriphenylene derivatives.

[0168] Examples of usable electron transporting materials
include thiadiazole derivatives prepared by replacing an oxy-
gen atom of an oxadiazole ring in the oxadiazole derivatives
with a sulfur atom, and quinoxaline derivatives having a
quinoxaline ring known as an electron-withdrawing group.
[0169] These electron transporting materials can also be
used in the form of polymer materials composed of these
materials introduced into polymer chains or polymers having
main chains composed of electron transporting these materi-
als.

[Formula 60]

é@

ET-1

[0170] Further examples of the usable electron transporting
materials include metal complexes of 8-quinolinol deriva-
tives, such as tris(8-quinolinol)aluminum (Alq), tris(5,7-
dichloro-8-quinolinol)aluminum, tris(5,7-dibromo-8-quino-
linol)aluminum, tris(2-methyl-8-quinolinol)aluminum, tris
(5-methyl-8-quinolinol)aluminum, and bis(8-quinolinol)
zinc (Znq); and metal complexes in which the central metals
of these metal complexes are replaced with In, Mg, Cu, Ca,
Sn, Ga, or Pb.

[0171] Other examples of the usable electron transporting
materials include metal-free or metal phthalocyanines, or
those having terminals replaced with an alkyl group or a
sulfonate group. Other usable electron transporting materials
are inorganic semiconductors, such as n-Si and n-SiC semi-
conductors.

[0172] Theelectron transporting layer is preferably formed
with an electron transporting material which is shaped into a
thin film by a vacuum evaporation or wet process, for
example, spin coating, casting, die coating, blade coating, roll
coating, inkjetting, printing, spray coating, curtain coating, or
Langmuir Blodgett (LB) process.

[0173] The electron transporting layer can have any thick-
ness. The thickness is within the range of usually about 5 nm
to 5000 nm, preferably 5 nm to 200 nm. The electron trans-
porting layer may have a single layer structure composed of
one or more of these materials.

[0174] The electron transporting layer may be doped with
an n-type dopant composed of a metal compound, such as a
metal complex or a halogenated metal.

[0175] Non-limiting examples of the known compound
(electron transporting material) preferably used in formation
of the electron transporting layer of the organic EL element
according to the present invention are shown below:
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[0176]

These electron transporting materials can also be
used as host compounds for the luminous layer.

[0177] <<Cathode>>

[0178] The cathode used in the present invention is com-
posed of an electrode material having small work functions (4
eV or less). Examples of such materials include metals (re-
ferred to as electron injecting metals) and alloys thereof, and
conductive compounds, and mixtures thereof. Specific
examples of such electrode materials include sodium,
sodium-potassium alloys, magnesium, lithium, magnesium/
copper mixtures, magnesium/silver mixtures, magnesium/
aluminum mixtures, magnesium/indium mixtures, alumi-
num/aluminum oxide (Al,O,) mixtures, indium, lithium/
aluminum mixtures, and rare earth metals. Among these
electrode materials, suitable are mixtures of electron inject-
ing metals and second metals having stability because of their
work functions larger than those of electron injecting metals,
such as magnesium/silver mixtures, magnesium/aluminum

mixtures, magnesium/indium mixtures, aluminum/alumi-
num oxide (Al,O;) mixtures, lithium/aluminum mixtures,
and aluminum in view of durability to electron injection and
oxidation.

[0179] These electrode materials can be formed into a thin
film by a process, such as deposition or sputtering, to prepare
a cathode. The cathode preferably has a sheet resistance of
several hundreds ohms per square or less and a thickness in
the range of usually 10 nm to 5 um, preferably 50 to 200 nm.

[0180] The organic EL element preferably transmits light
emission through a transparent or translucent anode or cath-
ode to enhance the luminance of the light emission.

[0181] The metal can be deposited on the cathode in a
thickness of 1 to 20 nm, and a conductive transparent material
listed in description of the anode described later can be dis-
posed thereon to prepare a transparent or translucent cathode.
This process can be used to prepare an element including an
anode and a cathode both having transmittance.
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[0182] <<Injecting Layer: Electron Injecting Layer (Cath-
ode Buffer Layer), Hole Injecting Layer>>

[0183] The injecting layer is disposed when necessary. The
injecting layer includes an electron injecting layer and a hole
injecting layer, and may be disposed between the anode and
the luminous layer or the hole transporting layer and between
the cathode and the luminous layer or the electron transport-
ing layer. The injecting layer is disposed between an electrode
and an organic layer to reduce start-up voltage and enhance
the luminance of the light emission, and is described in detail
in Chapter 2 “Denkyoku zairyo (Electrode material)” (pp.
123 to 166) of Yuki EL Soshi to Sonokougyouka Saizensen
(Organic electroluminescent elements and Their Frontiers of
Industrial Applications) vol. 2 (Nov. 30, 1998, published by
NTS Inc.). The injecting layer includes a hole injecting layer
(anode buffer layer) and an electron injecting layer (cathode
buffer layer).

[0184] The details of the anode buffer layer (hole injecting
layer) are also described in Japanese Patent Application Laid-
Open Nos. H9-45479, H9-260062, and H8-288069. Specific
examples of the anode buffer layer include phthalocyanine
buffer layers containing compounds, such as copper phthalo-
cyanine; hexaazatriphenylene derivative buffer layers
described in Japanese Unexamined Patent Application Pub-
lication (Tokuhyo) No. 2003-519432 and Japanese Patent
Application Laid-Open No. 2006-135145; oxide buffer lay-
ers containing oxides, such as vanadium oxide; amorphous
carbon buffer layers; polymer buffer layers containing con-
ductive polymers, such as polyaniline (emeraldine) and poly-
thiophene; and ortho-metalated complex layers containing
complexes, such as tris(2-phenylpyridine) iridium complex.

[0185] The details of the cathode buffer layer (electron
injecting layer) are also described in Japanese Patent Appli-
cation Laid-Open Nos. H6-325871, H9-17574, and H10-
74586. Specific examples thereof include metal buffer layers
containing metals, such as strontium and aluminum; alkali
metal compound buffer layers containing alkali metal com-
pounds, such as lithium fluoride and potassium fluoride; alka-
line earth metal compound buffer layers containing alkaline
earth metal compounds, such as magnesium fluoride and
cesium fluoride; and oxide buffer layers containing oxides,
such as aluminum oxide. The buffer layer (injecting layer) is
desirably a thin film having a thickness in the range of pref-
erably 0.1 nm to 5 um.

[0186] <<Blocking Layer: Hole Blocking Layer, Electron
Blocking Layer>>

[0187] The blocking layer is disposed when necessary in
the basic constitutional layers of a thin film composed of the
organic compound. Examples thereof include hole blocking
layers described in Japanese Patent Application Laid-Open
Nos. H11-204258 and H11-204359, and Yuki EL Seshi to
Sonokougyouka Saizensen (Organic electroluminescent ele-
ments and Their Frontiers of Industrial Applications), Nov.
30, 1998, published by NTS Inc.), p. 237.

[0188] The hole blocking layer in a broad sense functions
as an electron transporting layer. The hole blocking layer is
composed of a hole blocking material having electron trans-
portability while having significantly low hole transportabil-
ity. The hole blocking layer can block holes while transport-
ing electrons, thereby increasing the opportunities of
recombination between electrons and holes.

[0189] The hole blocking layer according to the present
invention can have the same configuration as that of the
electron transporting layer when necessary.

Feb. 25,2016

[0190] The hole blocking layer of the organic EL element
according to the present invention is preferably disposed
adjacent the luminous layer.

[0191] Theholeblocking layer preferably contains the host
compounds listed above, such as carbazole derivatives, car-
boline derivatives, and diazacarbazole derivatives (in which
at least one carbon atom of the carboline ring is replaced with
a nitrogen atom).

[0192] If a plurality of luminous layers emitting light
beams having different colors is included in the present inven-
tion, a luminous layer, among all of the luminous layers,
emitting a light beam at a local maximum at the shortest
wavelength is preferably disposed nearest to the anode. In
such a case, the hole blocking layer is preferably disposed
between the shortest wavelength layer and the second nearest
luminous layer to the anode. More preferably, the hole block-
ing layer disposed in this position contains 50 mass % or more
compound having an ionization potential of 0.3 ¢V or more
greater than that of the host compound contained in the short-
est wavelength luminous layer.

[0193] The ionization potential is defined as energy
required for release of electrons at the highest occupied
molecular orbital (HOMO) level of a compound to the
vacuum level, and can be determined by the following meth-
ods:

[0194] (1) The ionization potential can be determined with
Gaussian 98 software for molecular orbital calculation
(Gaussian 98, Revision A.11.4, M. J. Frisch, et al., made by
Gaussian, Inc., Pittsburgh Pa., the United States, 2002.) as a
value (in eV unit) through optimization of the structure with
a keyword B3LYP/6-31G*. The effectiveness of this calcu-
lated value is supported by a high correlation between the
calculated value with this software and the experimental
value.

[0195] (2) The ionization potential can also be directly
determined by photoelectric spectroscopy. For example, the
ionization potential can be suitably determined with a low
energy electron spectrometer “Model AC-3” Riken Keiki
Co., Ltd. or by ultraviolet photoelectron spectroscopy.
[0196] The electron blocking layer in abroad sense func-
tions as a hole transporting layer. The electron blocking layer
is composed of a material having hole transportability while
having significantly low electron transportability. The elec-
tron blocking layer can block electrons while transporting
holes, thereby increasing the opportunities of recombination
between electrons and holes.

[0197] The electron blocking layer can have the same con-
figuration as that of the hole transporting layer described later
when necessary. The hole blocking layer and the electron
transporting layer according to the present invention each
have a thickness of preferably 3 to 100 nm, more preferably 5
to 30 nm.

[0198] <<Hole Transporting Layer>>

[0199] Thehole transporting layer in a broad sense is com-
posed of a hole transporting material having hole transport-
ability, and includes the hole injecting layer and the electron
blocking layer. The hole transporting layer can have a single-
layer or multi-layer configuration.

[0200] The hole transporting material can be an organic or
inorganic substance that has hole injection ability, hole trans-
portability, or electron blocking ability. Examples of the hole
transporting material include triazole derivatives, oxadiazole
derivatives, imidazole derivatives, polyarylalkane deriva-
tives, pyrazoline derivatives, pyrazolone derivatives, phe-
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nylenediamine derivative, arylamine derivatives, amino-sub-
stituted  chalcone  derivatives, oxazole derivatives,
styrylanthracene derivatives, fluorenone derivatives, hydra-
zone derivatives, stilbene detivatives, silazane derivatives,
aniline copolymers, and conductive higher oligomers, par-
ticularly thiophene oligomers.

[0201] Examples of the hole transporting material include
azatriphenylene derivatives described in Japanese Unexam-
ined Patent Application Publication (Tokuhyo) No. 2003-
519432 and Japanese Patent Application Laid-Open No.
2006-135145.

[0202] These hole transporting materials can be used.
Among these materials, preferred are porphyrin compounds,
aromatic tertiary amine compounds, and styrylamine com-
pounds, and particularly preferred are aromatic tertiary amine
compounds.

[0203] Typical examples of the aromatic tertiary amine
compounds and styrylamine compounds include N,N,N'N'-
tetraphenyl-4,4'-diaminophenyl; N,N'-diphenyl-N,N'-bis(3-
methylphenyl)-[1,1'-biphenyl]-4,4'-di amine (TPD); 2,2-bis
(4-di-p-tolylaminophenyl)propane; 1,1-bis(4-di-p-
tolylaminophenyl)cyclohexane; N,N,N',N'-tetra-p-tolyl-4,4'-
diaminobiphenyl; 1,1-bis(4-di-p-tolylaminophenyl)-4-
phenylcyclohexane; bis(4-dimethylamino-2-methylphenyl)
phenylmethane; bis(4-di-p-tolylaminophenyl)
phenylmethane; N,N'-diphenyl-N,N'-di(4-methoxyphenyl)-
4,4'-diaminobiphenyl, N.N,N',N'-tetraphenyl-4,4'-
diaminodiphenyl ether; 4,4"-bis(diphenylamino)
quadriphenyl; N,N,N-tri(p-tolyl)amine; 4-(di-p-tolylamino)-
4'-[4-(di-p-tolylamino)styryl]stilbene; 4-N,N-
diphenylamino-(2-diphenylvinyl)benzene; 3-methoxy-4'-N,
N-diphenylaminostilbene; N-phenylcarbazole; compounds
having two condensed aromatic rings in the molecules, such
as 4,4'-bis[N-(1-naphthyl)-N-phenylamino|biphenyl (NPD),
described in U.S. Pat. No. 5,061,569; and compounds having
three triphenyl amine units connected into a star burst shape,
such as 4.4'4"-tris[N-(3-methylphenyl)-N-phenylamino]
triphenylamine (MTDATA), described in Japanese Patent
Application Laid-Open No. H4-308688.

[0204] These hole transporting materials can also be used
in the form of polymer materials composed of these materials
introduced into polymer chains or polymers having main
chains composed of these materials.

[0205] Other usable hole injecting materials and hole trans-
porting materials are inorganic compounds, such as p-Si and
p-SiC semiconductors.

[0206] These materials also include the so-called p-type
hole transporting materials described in Japanese Patent
Application Laid-Open No. H11-251067 and J. Huang, et al.,
Applied Physics Letters 80 (2002), p. 139. These materials
are preferably used in the present invention to attain lumines-
cent elements with enhanced efficiency.

[0207] The hole transporting layer can be formed with a
hole transporting material which is shaped into a thin film by
a known process, such as vacuum evaporation, spin coating,
casting, printing including inkjetting, or LB process.

[0208] The hole transporting layer can have any thickness.
The thickness is within the range of usually about 5 nm to 5
um, preferably 5 to 200 nm. The hole transporting layer can
have a single-layer structure composed of one or more of the
materials.

[0209] The hole transporting layer can also be doped with
any impurity to enhance p-characteristics. Examples of such
doped hole transporting layers include those described in
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Japanese Patent Application Laid-Open Nos. H4-297076,
2000-196140, and 2001-102175, and J. Appl. Phys., 95, 5773
(2004).

[0210] Such a hole transporting layer having high p-char-
acteristics is preferably used in the present invention to attain
organic EL elements having low power consumption.
[0211] <<Anode>>

[0212] The anode of the organic EL element is preferably
composed of any electrode material having a large work
function (4 eV or more). Examples of such materials include
metals and alloys thereof and conductive compounds and
mixtures thereof. Specific examples of such electrode mate-
rials include metals, such as Au, and conductive transparent
materials, such as Cul, indium tin oxide (ITO), SnO,, and
Zn0.

[0213] The anode may be composed of a material, such as
In,0;—7n0 (IDIXO), which can be prepared into an amor-
phous transparent conductive film. The anode may be in the
form of a thin film formed through deposition or sputtering of
such an electrode material, and may be etched into a desired
pattern by photolithography. If high patterning accuracy is
not required (about 100 um or more), the pattern may be
formed through a mask having a desired pattern by deposition
or sputtering of the electrode material into a thin film.
[0214] Any coating material, such as an organic conductive
compound, can also be formed into a film by a wet process,
such as printing or coating. The anode should preferably have
a transmittance of more than 10% to transmit emitted light.
The anode preferably has a sheet resistance of several hun-
dreds ohms per square or less. The thickness is selected from
the range of usually 10 to 1000 nm, preferably 10 to 200 nm
although it depends on the material.

[0215] <<Support Substrate>>

[0216] The organic EL element according to the present
invention can be composed of any support substrate (herein-
after also referred to as base, substrate, base material, and
support). The support substrate may be composed of glass or
plastics, and may be transparent or opaque. If the transparent
support substrate extracts light therefrom, the substrate
should preferably be transparent. Examples of preferred
transparent support substrate materials include glass, quartz,
and transparent resin films. Particularly preferred support
substrates are resin films which impart flexibility to organic
EL elements.

[0217] Examples of the resin films include polyesters, such
as poly(ethylene terephthalate) (PET) and poly(ethylene
naphthalate) (PEN); polyethylene; polypropylene; cello-
phane; cellulose esters, such as cellulose diacetate, cellulose
triacetate (TAC), cellulose acetate butyrate, cellulose acetate
propionate (CAP), cellulose acetate terephthalate, and cellu-
lose nitrate or derivatives thereof; poly(vinylidene chloride);
poly(vinyl alcohol); poly(ethylenevinyl alcohol); syndiotac-
tic polystyrenes; polycarbonates; norbornene resins; polym-
ethylpentene: polyether ketone; polyimides; poly(ether sul-
fone) (PES); poly(phenylene sulfide); polysulfones;
polyether imides; polyether ketone imide; polyamides; flu-
orinated resins; nylon; poly(methyl methacrylate); acrylates
or polyarylates; and cycloolefin resins, such as ARTON (trade
name, made by JSR Corporation) and APEL (trade name,
made by Mitsui Chemicals, Inc.).

[0218] The resin film may have a coating film of an inor-
ganic or organic material or an inorganic/organic hybrid coat-
ing film on the surface thereof. The coating film preferably
has barrier characteristics, that is, a moisture permeation rate
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of 0.01 g/(m?-24 h) or less determined at 25+0.5° C. and a
relative humidity of 90+2% RH by a method in accordance
with JIS K 7129-1992. The coating film preferably has high
barrier characteristics, that is, an oxygen permeation rate of
107 m/(m*24 h-atm) or less and a moisture permeation rate
of 107 g/(m>-24 h) or less determined by a method in accor-
dance with JIS K 7126-1987.

[0219] The barrier film may be composed of any material
which prevents intrusion of substances, such as moisture and
oxygen, which cause deterioration of luminescent elements.
Silicon oxide, silicon dioxide, and silicon nitride can be used
to form a barrier film. The barrier film more preferably has a
laminate structure composed of an inorganic layer and an
organic layer to improve toughness. The inorganic layer and
the organic layer can be laminated in any order. Preferably,
inorganic layers and organic layers are alternatingly lami-
nated.

[0220] The barrier film can be formed by any process, such
as vacuum evaporation, sputtering, reactive sputtering,
molecular beam epitaxy, cluster ion beaming process, ion
plating, plasma polymerization, atmospheric pressure plasma
polymerization, plasma chemical vapor deposition (CVD),
laser CVD, thermal CVD, and coating. Particularly preferred
is atmospheric pressure plasma polymerization described in
Japanese Patent Application Laid-Open No. 2004-68143.
[0221] Examples of the opaque support substrate include
metal plates made of aluminum and stainless steel, films,
opaque resin substrates, and ceramic substrates.

[0222] The organic EL element according to the present
invention extracts light emission at room temperature at an
out-coupling efficiency of preferably 1% or more, more pref-
erably 5% or more.

[0223] The external quantum efficiency is defined by an
expression: external quantum efficiency (% )=((the number of
photons emitting light from organic EL element)/(the number
of electrons flowing in organic EL element))x100.

[0224] The organic EL element may include a hue improv-
ing filter, such as a color filter, or a color converting filter
containing a fluorescent substance to convert the color of a
light emission from the organic EL element into a multi-
colored light emission. In an organic EL element including
such a color converting filter, the light emission preferably
has a Amax of 480 nm or less.

[0225] <<Process of Preparing Organic EL Element>>
[0226] An exemplary process of preparing an organic EL
element will be described, the organic EL element being
composed of an anode, a hole injecting layer, a hole trans-
porting layer, a luminous layer, a hole blocking layer, an
electron transporting layer, a cathode buffer layer (electron
injecting layer), and a cathode.

[0227] A desired electrode or anode substance is formed
into a thickness of 1 um or less, preferably 10 to 200 nm to
form a thin film on an appropriate substrate. An anode is
prepared.

[0228] Inthe subsequent step, thin films containing organic
compounds each are formed on the substrate with materials
for an hole injecting layer, a hole transporting layer, a lumi-
nous layer, a hole blocking layer, an electron transporting
layer, and a cathode buffer layer.

[0229] The respective thin films can be formed by a pro-
cess, such as vacuum evaporation and a wet process.

[0230] Examples of the wet process include spin coating,
casting, die coating, blade coating, roll coating, inkjetting,
printing, spray coating, curtain coating, and LB processes.
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Preferred are die coating, roll coating, inkjetting, and spray
coating, which are highly applicable to the roll-to-roll method
to attain a precise thin film at high productivity. The indi-
vidual layers of the element may be formed by different
processes.

[0231] The materials for the organic EL element according
to the present invention can be dissolved or dispersed in a
solvent. Examples of the solvent include ketones, such as
methyl ethyl ketone and cyclohexanone; fatty acid esters,
such as ethyl acetate; halogenated hydrocarbons, such as
dichlorobenzene; aromatic hydrocarbons, such as toluene,
xylene, mesitylene, and cyclohexylbenzene; aliphatic hydro-
carbons, such as cyclohexane, decalin, and dodecane; and
organic solvents, such as N,N-dimethylformamide (DMF)
and dimethy1 sulfoxide (DMSO).

[0232] The materials can be dispersed by ultrasonic, high
shear force, or media dispersion.

[0233] After these layers are formed, a cathode material is
formed into a thin film having a thickness in the range of 1 pm
or less, preferably 50 to 200 nm to prepare a cathode. A
desired organic EL element is thereby prepared.

[0234] The organic EL element can also be prepared in the
reverse order, that is, through formation of a cathode, a cath-
ode buffer layer, an electron transporting layer, a hole block-
ing layer, a luminous layer, a hole transporting layer, a hole
injecting layer, and an anode in this order.

[0235] The organic EL element according to the present
invention is preferably prepared in a single vacuum process
from the formation of the hole injecting layer to that of the
cathode. Alternatively, the workpiece may be extracted dur-
ing the preparation procedure, and may be subjected to a
different process. In this case, the workpiece is preferably
treated under a dry inert gas atmosphere.

[0236] <<Sealing>>

[0237] Examples of a method of sealing used in the present
invention include a method of bonding a sealing member to an
electrode and a support substrate with an adhesive.

[0238] The sealing member can be disposed over a display
region of the organic EL element. The sealing member may
be in the form of a concave or flat plate. The sealing member
has no limitation in transparency or electrical insulation.
[0239] Specific examples of the sealing member include
glass plates, polymer plates and films, and metal plates and
films. Examples of materials for the glass plates include soda
lime glass, barium.strontium-containing glass, lead glass,
aluminosilicate glass, borosilicate glass, barium borosilicate
glass, and quartz.

[0240] Examples of the polymer plates include plates made
of polycarbonates, acrylates, poly(ethylene terephthalate),
poly(ether sulfide), and polysulfone.

[0241] Examples of materials for the metal plates include
one or more metals selected from the group consisting of
stainless steel, iron, copper, aluminum, magnesium, nickel,
zine, chromium, titanium, molybdenum, silicon, germanium,
and tantalum and alloys thereof.

[0242] Preferably used in the present invention are polymer
films and metal films, which can attain an organic EL element
in the form of a thin film.

[0243] The polymer film preferably has an oxygen perme-
ation rate of 1x10° cm*/m?-24 h-atm) or less determined by a
method in accordance with JIS K 7126-1987 and a moisture
permeation rate of 1x10% g/(m*24 h) or less determined at
25+0.5° C. and a relative humidity 0of 90£2% RH by a method
in accordance with JIS K 7129-1992.
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[0244] The sealing member is processed by sandblasting or
chemical etching to form a concave surface.

[0245] Specific examples of the adhesive include photo-
curable and thermosetting adhesives of acrylic oligomers and
methacrylic oligomers having a reactive vinyl group; and
moisture-curable adhesives, such as 2-cyanoacrylic acid
ester. Other examples thereof include epoxy thermosetting
and chemosetting (binary systems) adhesive. Further
examples thereof include hot-melt polyamide, polyester, and
polyolefin adhesives. Further examples thereof include cat-
ionic UV-curable epoxy resin adhesives.

[0246] An adhesive curable at a temperature from room
temperature to 80° C. to bond the organic EL element is
preferred to prevent degradation of the organic EL element by
a heat treatment. The adhesive may contain a desiccant dis-
persed therein. The adhesive may be applied onto the bonding
area with a commercially available dispenser or by any print-
ing process, such as screen printing.

[0247] Alternatively, a sealing film composed of inorganic
layers and organic layers can be suitably disposed on the
support substrate so as to cover the organic layer and the
electrode remote from the support substrate. In this case, the
material for the film can be any material which can prevent
intrusion of substances, such as moisture and oxygen, which
cause deterioration of luminescent elements. Usable
examples of such substances include silicon oxide, silicon
dioxide, and silicon nitride.

[0248] The sealing film preferably has a laminate structure
composed of inorganic layers and organic materials to
improve toughness. Examples of the processes of forming a
sealing film include, but should not be limited to, vacuum
evaporation, sputtering, reactive sputtering, molecular beam
epitaxy, cluster ion beaming process, ion plating, plasma
polymerization, atmospheric pressure plasma polymeriza-
tion, plasma CVD, laser CVD, thermal CVD, and coating.
[0249] The gap between the sealing member and the dis-
play region of the organic EL element preferably contains an
inactive gas such as nitrogen or argon or an inactive liquid,
such as fluorohydrocarbon or silicone oil in gaseous and
liquid phases. The gap can also be in vacuum. A moisture
absorbing compound can also be encapsulated in the gap.
[0250] Examples of the moisture absorbing compound
include metal oxides (such as sodium oxide, potassium oxide,
calcium oxide, barium oxide, magnesium oxide, and alumi-
num oxide), sulfates (such as sodium sulfate, calcium sulfate,
magnesium sulfate, and cobalt sulfate), metal halides (such as
calcium chloride, magnesium chloride, cesium fluoride, tan-
talum fluoride, cerium bromide, magnesium bromide, barium
iodide, and magnesium iodide), and perchloric acids (such as
barium perchlorate and magnesium perchlorate). As for sul-
fates, metal halides, and perchloric acids, anhydrides are suit-
ably used.

[0251] <<Protective Film, Protective Plate>>

[0252] A protective film or plate may be disposed on or over
the sealing film on the side opposite to the support substrate
across the organic layer to enhance the mechanical strength of
the organic EL element. In particular, an organic EL element
encapsulated with the sealing film does not always have high
mechanical strength, and such a protective film or plate is
preferably disposed. The protective film or plate can be
formed of the same glass plates, polymer plates and films, and
metal plates and films as those used in the sealing of the
organic EL element. Preferred are polymer films that can
achieve thin lightweight organic EL elements.
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[0253] <<Extraction of Light>>

[0254] Usually, the organic EL element emits light inside a
luminous layer having a refractive index (refractive index:
about 1.7 to 2.1) higher than that of the air, and extracts only
about 15% to 20% of light beams generated in the luminous
layer. Such low out-coupling efficiency is explained for the
following reasons: The light components incident on the
interface (interface between a transparent substrate and the
air) at an angle 0 equal to or greater than the critical angle are
totally reflected, and cannot be extracted from the element.
Moreover, light components totally reflected between the
transparent electrode or the luminous layer and the transpar-
ent substrate are transmitted through the transparent electrode
or the luminous layer, and finally escape to the sides of the
element.

[0255] Examples of the measures to enhance the light out-
coupling efficiency include formation of irregularities on the
surface of a transparent substrate to prevent the total reflec-
tion of light at the interface between the transparent substrate
and the air (U.S. Pat. No. 4,774,435); use of a light-conver-
gent substrate in a luminescent element to enhance the out-
coupling efficiency (Japanese Patent Application Laid-Open
No. S63-314795); formation of a reflecting surface onside
surfaces of a luminescent element (Japanese Patent Applica-
tion Laid-Open No. H1-220394); disposition of a planarizing
layer between a substrate and a luminous substance to form an
antireflection film having a middle refractive index between
the substrate and the luminous substance (Japanese Patent
Application Laid-Open No. S62-172691); disposition of a
planarizing layer between a substrate and a luminous sub-
stance, the planarizing layer having a refractive index lower
than that of the substrate (Japanese Patent Application Laid-
Open No. 2001-202827); and disposition of a diffraction
grating between any two adjacent layers of a substrate, a
transparent electrode layer, and a luminous layer (including
the interface between the substrate and the outside of a lumi-
nescent element) (Japanese Patent Application Laid-Open
No. H11-283751).

[0256] In the present invention, a combination of these
measures can be applied to the organic EL element according
to the present invention. Preferred is disposition of a planariz-
ing layer between a substrate and a luminous substance, the
planarizing layer having a refractive index lower than that of
the substrate or disposition of a diffraction grating between
any two adjacent layers of a substrate, a transparent electrode
layer, and a luminous layer (including the interface between
the substrate and the outside of a luminescent element).
[0257] Thepresent invention can enhance the luminance or
durability of the organic EL elements using these measures in
combination.

[0258] Ifamedium having a low refractive index and hav-
ing a thickness longer than the wavelength of light to be
generated is disposed between a transparent electrode and a
transparent substrate, the light is extracted from the transpar-
ent electrode at higher out-coupling efficiency as the medium
has a lower refractive index.

[0259] Examples of materials for a low-refractive index
layer include aerogel, porous silica, magnesium fluoride, and
fluorine polymers. The transparent substrate generally has a
refractive index of about 1.5 to 1.7. The low-refractive index
layer preferably has a refractive index of 1.5 or less. The
reflective index is more preferably 1.35 or less.

[0260] Thethickness of the low-refractive index medium is
desirably twice or more the wavelength of the light in the
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medium. If the thickness of the low-refractive index medium
is approximately equal to the wavelength of the light, the
advantageous effects of the low-refractive index layer are
reduced because such a thickness allows evanescent electro-
magnetic waves to intrude into the substrate.

[0261] A diffraction grating disposed at the interface or any
medium which totally reflects light can significantly enhance
the out-coupling efficiency. The diffraction grating can orient
light to a specific direction due to so-called Bragg diffraction,
such as primary diffraction or secondary diffraction, rather
than refraction of the light. Such features of the diffraction
grating are utilized to extract the light beams from the organic
EL element. Specifically, the diffraction grating is disposed at
the interface between any two adjacent layers or inside any
medium (inside the transparent substrate or the transparent
electrode) to diffract the light beams which are generated in
the luminous layer but cannot be extracted from the organic
EL element due to total reflection at the intetface.

[0262] The diffraction grating desirably has a two-dimen-
sional periodic pattern on the refractive index. The light
beams emitted from the luminous layer are radiated in ran-
dom directions. A typical one-dimensional diffraction grating
having aperiodic refractive index distribution in one direction
diffracts only the light beams traveling in one specific direc-
tion, and does not contribute to the light out-coupling effi-
ciency of the light beams radiated in random directions.
[0263] A diffraction grating having a two-dimensional dis-
tribution of the refractive index, however, diffracts the light
beams traveling in every direction to enhance the light out-
coupling efficiency.

[0264] Thediffraction grating may be disposed at the inter-
face between any two adjacent layers or inside any medium
(inside the transparent substrate or the transparent electrode).
The diffraction grating is desirably disposed near the organic
luminous layer emitting the light beams. The period of the
diffraction grating is preferably about half to triple the wave-
length of the light in the medium.

[0265] The diffraction grating is preferably composed of a
two-dimensional repeated pattern consisting of, for example,
squares, triangles, or honeycombs arrayed into a grating.
[0266] <<Light-Condensing Sheet>>

[0267] The organic EL element according to the present
invention can include a microlens array structure disposed on
the light-extracting surface of the substrate or include a light-
condensing sheet to condense light in a specific direction, for
example, to the front of the luminous surface of the element,
thereby enhancing the luminance in the specific direction.
[0268] An exemplary microlens array is composed of qua-
drangular pyramids having a side of 30 um and an apex angle
of 90 degrees and two-dimensionally arranged on the light-
extracting surface of the substrate. The side of the quadran-
gular pyramid is preferably 10 pm to 100 pm. A side less than
10 pm causes coloring due to diffraction. A side more than
100 pm increases the thickness of the microlens array.
[0269] Examples of usable light-condensing sheets include
those used in LED backlights of liquid crystal displays. Spe-
cific examples of such sheets include a brightness enhancing
film (BEF) made by Sumitomo 3M Limited.

[0270] An exemplary prism sheet may be composed of a
base substrate provided with stripes consisting of pyramidal
prisms having an apex angle of 90 degrees and a pitch of 50
um. The prisms may have round apices, or may be disposed at
randomized pitches. Alternatively, the prisms may have any
other shape.

Feb. 25,2016

[0271] A light diffusion plate or film can be used in com-
bination with the light-condensing sheet to control the emis-
sion angle of the light from the luminescent element. Alight
diffusion film LIGHT-UP made by Kimoto Co., Ltd. can be
used, for example.

[0272] <<Applications>>

[0273] The organic EL element according to the present
invention can be used in display devices, display panels, and
a variety of light-emitting sources. Examples of the light-
emitting sources include, but should not be limited to, illumi-
nators (house lightings, car interior lightings), backlights for
clocks and liquid crystal devices, advertising signs, traffic
signals, and light sources for optical storage media, electro-
photographic copiers, optical communication processers, and
optical sensors. The organic EL element according to the
present invention can be particularly effective in applications
to backlights for liquid crystal displays and light sources for
illuminators.

[0274] Patterning through a metal mask or by inkjet print-
ing may be performed during preparation of the organic EL
element according to the present invention. Only an electrode
may be patterned, or both the electrode and the luminous
layer may be patterned. All of the layers in the organic EL
element may be patterned. The organic EL element can be
prepared by any known process.

[0275] The color of light emitted from the organic EL ele-
ment according to the present invention or the compound
according to the present invention is determined from the
results of the measurements with a spectroradiometric lumi-
nance meter CS-1000 (made by Konica Minolta Sensing,
Inc.) applied to the CIE chromaticity coordinates shown in
FIG. 4.16 in page 108 of “Shinpen Shikisai Kagaku Hando-
bukku (New Scientific Handbook of Color)” (edited by the
Color Science Association of Japan, published by University
of Tokyo Press, 1985).

[0276] In the organic EL element according to the present
invention, the term “white” of a white element indicates that
the chromaticity at 1000 ed/m? in the CIE1931 color system
is within the region defined by x=0.33+0.07 and y=0.33+0.1
in the measurement of the front luminance at a view angle of
2 degrees by the above method.

[0277] <<Display>>

[0278] The display according to the present invention will
be described. The display according to the present invention
includes the organic EL element according to the present
invention. The display according to the present invention may
be a monochromatic or multi-color display. A multi-color
display will now be described.

[0279] Inthe multi-color display, the luminous layer can be
formed over an underlying layer through a shadow mask by,
for example, deposition, casting, spin coating, inkjetting, or
printing.

[0280] Only the luminous layer can be patterned by any
process, preferably, by deposition, inkjetting, spin coating,
and printing processes.

[0281] The configuration of the organic EL element
included in the display can be selected from the exemplary
configurations (described above) of the organic EL element
when necessary.

[0282] The method of preparing an organic EL element is
described as one aspect of the organic EL element according
to the present invention.

[0283] Light is emitted under a DC voltage of about 2 V to
40 V applied between an anode (positive polarity) and a
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cathode (negative polarity) in the multi-color display. If a
voltage with reverse polarity is applied between the elec-
trodes, no current flows and thus no light emission occurs.
Light is emitted under an AC voltage only while the anode is
being positive and the cathode is being negative. The AC
voltage to be applied may have any waveform.

[0284] The multi-color display can be used in display
devices, display panels, and a variety of light-emitting
sources. Display devices and display panels can display
multi-color images through three types of organic EL ele-
ments emitting blue light, red light, and green light, respec-
tively.

[0285] Examples of the display devices and the display
panels include television sets, personal computers, mobile
apparatuses, audiovisual apparatuses, display panels for text
broadcasting receivers, and car-mount displays. In particular,
the multi-color display can be used for reproducing still pic-
tures and moving pictures. A display for reproducing moving
pictures can be driven in a simple matrix (passive matrix)
mode or an active matrix mode.

[0286] Examples of the light-emitting sources include, but
should not be limited to, house lightings, car interior light-
ings, backlights for clocks and liquid crystal devices, adver-
tising signs, traffic signals, and light sources for optical stor-
age media, electrophotographic  copiers, optical
communication processers, and optical sensors.

[0287] An exemplary display including the organic EL ele-
ment according to the present invention will now be described
based on the drawings.

[0288] FIG. 21isa schematic view illustrating an exemplary
display including an organic EL element. The display in the
drawing is mounted on a mobile phone, for example, to dis-
play image information according to the light emission from
the organic EL element.

[0289] A display 1 includes a display unit C having mul-
tiple pixels, and a control unit D scanning an image on the
display unit C based on image information.

[0290] The control unit D is electrically connected to the
display unit C. The control unit D transmits scanning signals
and image data signals to the pixels based on external image
information. In response to the scanning signals, the pixels on
the corresponding scanning lines sequentially emit light
according to the image data signals for image scanning opera-
tions, and the image information is displayed on the display
unit C.

[0291] FIG. 3 is a schematic view illustrating the display
unit C.
[0292] The display unit C includes a substrate, a line unit

including multiple scanning lines 5 and data lines 6, and
pixels 3. The main components of the display unit C will now
be described.

[0293] In FIG. 3, the light emitted from the pixels 3 is
extracted in the direction indicated by the blank arrow (down-
ward in the drawing).

[0294] The scanning lines 5 and the data lines 6 in the line
unit are composed of a conductive material. The scanning
lines 5 intersect orthogonal to the data lines 6 in the form of'a
grating. The intersections are connected to the pixels 3 (de-
tails are not illustrated).

[0295] Each of the pixels 3 receives a scanning signal from
the corresponding scanning line 5, and then receives an image
data signal from the corresponding data line 6. The pixels 3
emit light according to the received image data.
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[0296] The pixels emitting red light, those emitting green
light, and those emitting blue light are appropriately disposed
on the substrate to achieve full-color display of images.

[0297] The process of emitting light from pixels will now
be described. FIG. 4 is a diagram illustrating a circuit in a
pixel.

[0298] The pixel includes an organic EL element 10, a
switching transistor 11, a driving transistor 12, and a capaci-
tor 13. Red, green, and blue organic EL elements 10 can be
disposed in the pixels on the substrate to achieve full-color
display of images.

[0299] In FIG. 4, an image data signal is input from the
control unit D through the data line 6 to the drain of the
switching transistor 11. A scanning signal is input from the
control unit D through the scanning line 5 to the gate of the
switching transistor 11. The switching transistor 11 is then
turned on to transmit the image data signal in the drain to the
capacitor 13 and the gate of the driving transistor 12.

[0300] In response to the transmission of the image data
signal, the capacitor 13 is charged according to the potential
of the image data signal and the driving transistor 12 is turned
on. The drain of the driving transistor 12 is connected to a
power supply line 7, and the source thereofis connected to the
electrode of the organic EL element 10. The current is fed
from the power supply line 7 to the organic EL element 10
according to the potential of the image data signal input to the
gate of the driving transistor 12.

[0301] The scanning signal is transmitted to the next scan-
ning line 5 as a result of sequential scanning by the control
unit D, and the switching transistor 11 is then turned off. The
capacitor 13 keeps the charged potential of the image data
signal even after the switching transistor 11 is turned off. The
driving transistor 12 is kept on to continuously emit light from
the organic EL element 10 until the input of the next scanning
signal. The next scanning signal is input by sequential scan-
ning. The driving transistor 12 is then driven according to the
potential of the next image data signal in synchronization
with the input of the next scanning signal, so that the organic
EL element 10 emits light.

[0302] In short, the pixels each include the organic EL
element 10, and active elements, i.e., the switching transistor
11 and the driving transistor 12, which control the light emis-
sion of the organic EL element 10 in each pixel 3. Such a
process of light emission is called an active matrix mode.

[0303] The light emission of the organic EL element 10
may have gradations derived from a multilevel image data
signal having a plurality of gradation potentials, or may have
a predetermined amount of light emission switched on/off by
a binary image data signal. The capacitor 13 may keep the
charged potential until the input of the next scanning signal,
or may discharge immediately before the input of the next
scanning signal.

[0304] The organic EL element according to the present
invention can be driven not only in the active matrix mode but
also in a passive matrix mode to emit light according to the
data signal only while the scanning signal is being input.
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[0305] FIG. 5is a schematic view illustrating a display in a
passive matrix mode. In FIG. 5, multiple scanning lines 5,
pixels 3, and image data lines 6 are disposed in sequence. The
scanning lines 5§ and the image data lines 6 are disposed in a
grid pattern.

[0306] A scanning signal is input from the scanning line 5
as aresult of sequential scanning, and the pixel 3 connected to
the scanning line 5 then emits light according to an image data
signal.

[0307] An organic EL element in the passive matrix mode
has no active element in the pixel 3 and thus can be produced
at low cost.

[0308] <<Illuminator>>

[0309] The illuminator according to the present invention
will now be described. The illuminator according to the
present invention includes the organic EL element. The
organic EL element according to the present invention may
have a resonator structure. Such an organic EL element hav-
ing a resonator structure can be used in applications to light
sources for optical storage media, electrophotographic copi-
ers, optical communication processers, and optical sensors,
but should not be limited to these applications. The organic
electroluminescent element according to the present inven-
tion causing laser oscillation can also be used in these appli-
cations.

[0310] The organic EL element according to the present
invention can also be used as a lamp for illumination and a
light source for exposure, or can also be used in image pro-
jectors or displays for directly displaying still pictures or
moving pictures.

[0311] The organic EL element included in a display for
reproducing moving pictures can be driven in the simple
matrix (passive matrix) mode or an active matrix mode. Two
or more organic EL elements according to the present inven-
tion emitting light of different colors can achieve a full-color
display.

[0312] The organic EL material according to the present
invention can be used in an illuminator to emit substantially
white light. White light is attained through mixing of different
colors of light beams emitted from two or more luminous
materials at the same time. The light beams of such a color
combination may have three maximum wavelengths corre-
sponding to three primary colors, red, green, and blue, or may
have two maximum wavelengths corresponding to comple-
mentary colors, such as blue and yellow, or blue green and
orange.

[0313] The combination of luminous materials emitting
light beams of different colors can be selected from combi-
nations of two or more phosphorescent or fluorescent mate-
rials and combinations of fluorescent or phosphorescent
luminous materials with dyes emitting excitation light of the
light emitted from the luminous materials. The white organic
EL element according to the present invention can be
achieved by a combination of luminous dopants.

[0314] Such white organic electroluminescent elements
can be prepared by the following simple process: These lumi-
nous materials are separately applied through respective
masks in the formation of a luminous layer, a hole transport-
ing layer, or an electron transporting layer. Other common
layers, such as electrode layers, can be disposed over the
entire underlying layers by a process, such as deposition,
casting, spin coating, inkjetting, or printing, without pattern-
ing through a mask, at high productivity.
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[0315] An organic EL element itself produced by this pro-
cess emits white light, unlike white organic EL devices
including arrays of different color luminescent elements dis-
posed in parallel.

[0316] Any luminous material can be used in the luminous
layer. For example, white light in a backlight for a liquid
crystal display element can be produced by any combination
selected from the metal complex according to the present
invention and known luminous materials so as to match wave-
length ranges with desired color filter (CF) properties.

An Embodiment of I[lluminator According to the
Present Invention

[0317] An embodiment of the illuminator according to the
present invention including the organic EL element according
to the present invention will now be described.

[0318] The organic EL element according to the present
invention is disposed on a glass sealing substrate having a
thickness of 300 um. An epoxy photo-curable adhesive (Lax-
track LC0629B made by TOAGOSEI CO., LTD.) is applied
around the organic EL element. A glass case is disposed over
the cathode to cover the non-luminous surface of the element,
and is bonded to the transparent sealing substrate. The glass
sealing substrate is irradiated with UV light to cure the adhe-
sive. The organic EL element is thereby sealed to prepare an
illuminator illustrated in FIGS. 6 and 7.

[0319] FIG. 6 is a schematic view illustrating an illumina-
tor. The organic EL element according to the present inven-
tion 101 is covered with a glass cover 102. Sealing with the
glass cover is performed under a nitrogen atmosphere (under
an atmosphere of high purity nitrogen gas (purity: 99.999% or
more)) in a glovebox so as not to contact the organic EL
element 101 with air.

[0320] FIG. 7isa sectional view illustrating an illuminator.
FIG. 7 illustrates a cathode 105, an organic EL layer 106, and
aglass substrate 107 with a transparent electrode. The interior
of the glass cover 102 is filled with nitrogen gas 108, and
contains a moisture getter 109.

EXAMPLE

[0321] Thepresent invention will now be described in more
detail by way of non-limiting Examples. In Examples, “parts”
and “%” indicate “parts by mass” and “mass %", respectively,
unless otherwise specified.

Preparation of Exemplified Compound 71

Preparation of Intermediate Product 2

[0322] Iridium chloride (3.53 g) and Intermediate product 1
(6.56 g) were refluxed under heat in a mixed solvent of 1-pro-
panol (65 ml) and water (13 ml) under a nitrogen atmosphere
for three hours. The reaction solution was cooled to room
temperature. The precipitated crystal was collected by filtra-
tion, was cleaned with methanol, and was dried to prepare
Intermediate product 2 (6.44 g, yield: 90%).
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Preparation of Exemplified Compound 71
[0323]

[Formula 70]

Eﬁ
\=/ L

Intermediate produet 1

[0324] Intermediate product 1 (1.43 g), silver trifluoroac-
etate (0.6 g), and Intermediate product 3 (0.9 g) were stirred
under heat in phenyl acetate (14 ml) at 140° C. for five hours.
The reaction solution was cooled to room temperature. The
insoluble substances were separated, and the filtrate was puri-
fied by silica gel column chromatography to prepare Exem-
plified compound 71 (1.09 g, yield: 50%).

[0325] Exemplified compound 71 prepared through this
operation was analyzed with a high-performance liquid chro-
matograph equipped with an ODS column filled with a silica
gel having a surface modified with octadecyl groups as a solid
phase. Exemplified compound 71 was a mixture of two com-
ponents.

[0326] FIG. 8 is a chart illustrating the results of high-
performance liquid chromatography. FIG. 8 is a chart of
high-performance liquid chromatography of Exemplified
compound 71. The peaks corresponding to the diastereoiso-
mer components of Exemplified compound 71 are found at
the retention times of 13.2 min (area rate: 57.3%) and 13.7
min (area rate: 42.4%). respectively.

[0327] The separated components through the ODS col-
umn are diasterecisomers rather than enantiomers because
the ODS column is achiral. In detail, among four isomeric
complexes consisting of enantiomers and diastereoisomers in
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Intermediate Product 3

CF;CO0Ag

Intermediate product 2

Exemplified Compound 71

a hexa-coordinated octahedral Ir complex having two chiral
centers of optical isomers, i.e., one chiral center of the A and
A isomers of the Ir complex and the other chiral center for
atropisomers or the bond axis between the 3,4-dimethylphe-
nyl group and the imidazole ring after formation of the com-
plex, diastereoisomers, i.e., 0A-1R and 0A-1R, were respec-
tively separated into a mixture of 0A-1R and 0A-1S and
another mixture of 0A-1R and OA-1S. The components were
separated with a

[0328] HPLC for separation to yield Exemplified com-
pounds 71-A (0.35 g) and 71-B (0.29g), which were mixed
enantiomer components prepared through diastereoisomer
separation of Exemplified compound 71. Although the con-
formations of these isomers were not determined, the nuclear
magnetic resonance spectra and mass spectra of these isomers
demonstrated that these isomers were Exemplified compound
71.

Example 1
Deposition System

Preparation of Organic EL, Element 1-1

[0329] Indium tin oxide (ITO) was applied onto a glass
substrate with dimensions of 100 mmx100 mmx1.] mm
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(NA45 made by AvanStrate Inc.) to form a film having a
thickness of 100 nm. This film was patterned into an anode.
This transparent support substrate provided with the 1TO
transparent electrode was ultrasonically cleaned with isopro-
pyl alcohol, was dried with dry nitrogen gas, and was cleaned
with UV ozone for five minutes.

[0330] A diluted solution of 70% poly(3,4-ethylenediox-
ythiophene)-polystyrene sulfonate (PEDOT/PSS, made by
Bayer AG, Baytron P A14083) in pure water was applied onto
the transparent support substrate by spin coating at 3000 rpm
for 30 seconds to form a thin film. The thin film was dried at
200° C. for one hour to form a hole injecting layer having a
thickness of 20 nm.

[0331] The transparent support substrate was fixed to a
substrate holder in a commercially available vacuum deposi-
tion apparatus. After o-4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino[biphenyl (NPD) (200 mg), 4,4'-N,N'-dicarbazolebi-
phenyl (CBP) (200 mg), Exemplified compound 71 (200 mg),
and 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP)
(200 mg) were separately placed in molybdenum resistive
heating boats, these molybdenum resistive heating boats were
placed in the vacuum deposition apparatus.

[0332] After the vacuum vessel was evacuated to 4x10~*
Pa, the heating boat containing a-NPD was electrically heated
to deposit a.-NPD onto the hole injecting layer at a deposition
rate of 0.1 nm/sec. A hole transporting layer having a thick-
ness of 30 nm was formed.

[0333] The heating boat containing CBP and the heating
boat containing Exemplified compound 71 were electrically
heated to co-deposit CBP and Exemplified compound 71 on
the hole transporting layer at deposition rates of 0.1 nm/sec
and 0.010 nm/sec, respectively, to form a luminous layer
having a thickness of 40 nm.

[0334] The heating boat containing BCP was further elec-
trically heated at a deposition rate of 0.1 nm/sec to deposit
BCP on the luminous layer to form an electron transporting
layer having a thickness of 30 nm.

[0335] Lithium fluoride was then deposited to form a cath-
ode buffer layer having a thickness of 0.5 nm, and aluminum
was deposited to form a cathode having a thickness of 110
nm. Organic EL element 1-1 was thereby prepared.

Preparation of Organic EL Elements 1-2 and 1-3

[0336] Organic EL elements 1-2 and 1-3 were prepared as
in Organic EL element 1-1 except that Exemplified com-
pound 71 was replaced with Exemplified compound 71-A or
71-B, which was a diastereoisomer component of Exempli-
fied compound 71 separated in Synthetic Example.
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Evaluation of Organic EL Elements 1-1 to 1-3

[0337] In evaluation of the organic EL elements, the non-
luminous surface of each organic EL element was covered
with a glass cover. An epoxy photo-curable adhesive (Lax-
track LC0629B made by TOAGOSEI CO., LTD.) was
applied onto the glass substrate around the organic EL ele-
ment. The glass cover was disposed over the cathode, and was
bonded to the transparent support substrate. The glass sub-
strate excluding the organic EL element was irradiated with
UV light to cure the adhesive. The organic EL element was
thereby sealed to prepare an illuminator illustrated in FIGS. 6
and 7.
[0338] The samples were evaluated on the following items.
The results of evaluation are shown in Table 1.
[0339] (1) External Quantum Efficiency (Also Simply
Referred to as Efficiency)
[0340] The organic EL elements were driven at room tem-
perature (about 23 to 25° C.) and a constant current of 2.5
mA/cm?®. The luminance (L) [ed/m?] of the light emitted
immediately after the lighting was measured, and external
quantum efficiency (1) was calculated.
[0341] The luminance was measured with a luminance
meter CS-1000 (made by Konica Minolta Sensing, Inc.). The
external quantum efficiency was expressed as a relative value
to the external quantum efficiency of Organic EL element 1-1
(100).
[0342] (2) Rate of Change in Resistance Before and after
Activation of Organic EL Element
[0343] Ineach of the organic EL elements, the resistance at
abias voltage of 1V of the luminous layer was measured with
an impedance analyzer Model 1260 and a dielectric interface
Model 1296 (made by Solartron Analytical Co.) in accor-
dance with the procedure described in “Usumakuno Hyoka
Handobukku (Handbook of Thin Film Characterization Tech-
nology),” published by Technosystem Co., Ltd., pp. 423-425.
[0344] The resistances of the luminous layer before and
after activation of each organic EL element at room tempera-
ture (about 23° C. to 25° C.) and a constant current of 2.5
mA/cm? for 1000 hours were measured. From the results, the
rate of change in resistance was calculated by the following
expression. Table 1 shows relative values to the rate, 100, of
change in resistance of Organic EL element 1-1.

Rate of change in resistance before and after activa-

tion of organic EL element=I{resistance after
activation)/(resistance before activation)-11x100

[0345] A value closer to 0 indicates a smaller rate of change
in resistance before and after activation of the element.

TABLE 1
External  Rate of
Organic Quantum  Change in
EL Efficiency Resistance Theoretical
Element Host (Relative  (Relative  Number of
No. Dopant Compound Valug) Value) Isomers  Note
1-1 Exemplified CBP 100 100 4 Invention
Compound 71
1-2 Exemplified CBP 101 117 2 Comparison
Compound 71-A
1-3 Exemplified CBP 102 110 2 Comparison

Compound 71-B
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[0346] Table 1 evidently shows that the external quantum
efficiency of the complex according to the present invention
was substantially the same between Exemplified compounds
71-A and 71-B each containing two isomers separated
through diastereoisomer separation and Exemplified com-
pound 71 containing four isomers (mixed diastereoisomer
components). In consequence, the diastereoisomers of the
complex according to the present invention had equal lumi-
nous ability.

[0347] Table 1 shows that the rates of change in resistance
of the luminous layers composed of a single diastereoisomer
component in Organic EL elements 1-2 and 1-3 were larger
than that of the luminous layer composed of the mixed dias-
tereoisomer components in Organic EL element 1-1. The
results demonstrate that the mixed diasterecisomer compo-
nents enhanced the stability of the complex in the form of a
film.

[0348] The same operation was performed on other Exem-
plified compounds to separate diastereoisomer components,
and it was verified that these separated components were the
target compounds. Organic EL elements were prepared as in
Organic EL elements 1-1 to 1-3 in Example 1 with these
separated diastereoisomers and the mixed diastereoisomers,
and the performances thereof were evaluated. Similar results
of evaluation were obtained in the separated diastereoisomers
and the mixed diastereoisomers.

Example 2
Deposition System

Preparation of Organic EL Element 2-1

[0349] Indium tin oxide (ITO) was applied onto a glass
substrate with dimensions of 100 mmx100 mmx1.l mm
(NA45 made by AvanStrate Inc.) to form a film having a
thickness of 100 nm. This film was patterned into an anode.
This transparent support substrate provided with the ITO
transparent electrode was ultrasonically cleaned with isopro-
pyl alcohol, was dried with dry nitrogen gas, and was cleaned
with UV ozone for five minutes.

[0350] A diluted solution of 70% poly(3,4-ethylenediox-
ythiophene)-polystyrene sulfonate (PEDOT/PSS, made by
Bayer AG, Baytron P A1 4083) in pure water was applied onto
the transparent support substrate by spin coating at 3000 rpm
for 30 seconds to form a thin film. The thin film was dried at
200° C. for one hour to form a hole injecting layer having a
thickness of 20 nm.

[0351] The transparent support substrate was fixed to a
substrate holder in a commercially available vacuum deposi-
tion apparatus. After ¢-NPD (200 mg), OC-30 (200 mg),
Dopant D-26 (200 mg), and BCP (200 mg) were separately
placed in molybdenum resistive heating boats, these molyb-
denum resistive heating boats were placed in the vacuum
deposition apparatus.

[0352] After a vacuum vessel was evacuated to 4x10~* Pa,
the heating boat containing o.-NPD was electrically heated to
deposit a.-NPD onto the hole injecting layer at a deposition
rate of 0.1 nm/sec. A hole transporting layer having a thick-
ness of 30 nm was formed.

[0353] The heating boat containing OC-30 and the heating
boat containing Dopant D-26 as a comparative compound
were electrically heated to co-deposit these compounds on
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the hole transporting layer at deposition rates of 0.1 nm/sec
and 0.010 nm/sec, respectively, to form a luminous layer
having a thickness of 40 nm.

[0354] The heating boat containing BCP was further elec-
trically heated at a deposition rate of 0.1 nm/sec to deposit
BCP on the luminous layer to form an electron transporting
layer having a thickness of 30 nm.

[0355] Lithium fluoride was then deposited to form a cath-
ode buffer layer having a thickness of 0.5 nm, and aluminum
was deposited to form a cathode having a thickness of 110
nm. Organic EL element 2-1 was thereby prepared.

Preparation of Organic EL Elements 2-2 to 2-75

[0356] Organic EL elements 2-2 to 2-75 were prepared as in
Organic EL element 1-1 except that D-26 or OC-30 was
replaced with the compounds listed in Table 1.

[0357] The structure of the comparative compound is
shown below:

[Formula 71]

Comparative Compound D-26

Comparative Compound 1

Comparative Compound 2

e

Evaluation of Organic EL Elements 2-1 to 2-75

[0358] In evaluation of the organic EL elements, the non-
luminous surface of each organmic EL element was covered
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with a glass cover. An epoxy photo-curable adhesive (Lax-
track LC0629B made by TOAGOSEI CO., LTD.) was
applied onto the glass substrate around the organic EL ele-
ment. The glass cover was disposed over the cathode, and was
bonded to the transparent support substrate. The glass cover
was disposed over the cathode, and was bonded to the trans-
parent support substrate. The glass substrate excluding the
organic EL element was irradiated with UV light to cure the
adhesive. The organic EL element was thereby sealed to
prepare an illuminator illustrated in FIGS. 6 and 7. The resis-
tance of the luminous layer was measured with an impedance
spectroscope, and the rate of change in half width of the light
emission spectrum of the organic EL element was measured.
[0359] (1) Rate of Change in Resistance Before and after
Activation of Organic EL Element

[0360] Ineach of the organic EL elements, the resistance at
abias voltage of 1 V of the luminous layer was measured with
an impedance analyzer Model 1260 and a dielectric interface
Model 1296 (made by Solartron Analytical Co.) in accor-
dance with the procedure described in “Usumakuno Hyok-
agijutsu Handobukku (Handbook of Thin Film Characteriza-
tion Technology),” published by Technosystem Co., Ltd., pp.
423-425.

[0361] The resistances of the luminous layer were mea-
sured before and after activation of each organic FL element
at room temperature (about 23° C. to 25° C.) and a constant
current of 2.5 mA/em? for 1000 hours. The rate of change in
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resistance was calculated from these results by the following
expression. Table 1 shows relative values to the rate, 100, of
change in resistance of Organic EL element 2-1.

Rate of change in resistance before and after activa-

tion of organic EL element=|(resistance after
activation)/(resistance before activation)-11x100

[0362] A valuecloser to O indicates a smaller rate of change
in resistance before and after activation of the element.
[0363] (2)Rate of Change in Half Width of Light Emission
Spectrum Before and after Activation of Organic EL Element
[0364] The light emission spectra were measured before
and after activation of the organic EL element at room tem-
perature (about 23° C. to 25° C.) at a constant current of 2.5
mA/cm?® for 1000 hours with a luminance meter CS-1000
(made by KONICA MINOLTA OPTICS, INC.) to calculate
the rate of change in half width of the peak wavelength from
the following expression. Tables 2 to 4 show relative values to
the rate, 100, of change in half width of Organic EL element
2-1.

Rate of change in half width of light emission spec-

trum before and after activation of organic EL

element=|(half width after activation)/(half width
before activation)-11x100

[0365] A valuecloser to 0 indicates a smaller rate of change
in half width of light emission spectrum before and after
activation of the organic EL. element.

TABLE 2
Rate of
Change in
Half Width

Rateof  of Light
Organic Change in  Emission
EL Resistance Spectrum Theoretical
Element Host (Relative  (Relative Number of
No. Dopant Compound ~ Value) Value) Isomers Note
2-1 D-26 0OC-30 100 100 2 Comparison
2-2 D-26 oC-2 110 117 2 Comparison
2-3 D-26 0C-33 91 102 2 Comparison
2-4 Comparative Compound 1~ OC-30 101 104 16 Comparison
2-5 Comparative Compound 1~ OC-2 121 109 16 Comparison
2-6 Comparative Compound 1~ OC-33 102 99 16 Comparison
2-7 Comparative Compound 2~ OC-30 98 91 2 Comparison
2-8 Comparative Compound 2~ OC-2 119 116 2 Comparison
2-9 Comparative Compound 2~ OC-33 90 102 2 Comparison
2-10 Exemplified Compound 1~ OC-30 50 47 16 Invention
2-11 Exemplified Compound 2 OC-30 42 49 16 Invention
2-12 Exemplified Compound 3~ OC-30 51 44 16 Invention
2-13 Exemplified Compound 4 ~ OC-30 49 49 16 Invention
2-14 Exemplified Compound 7 OC-30 47 41 16 Invention
2-15 Exemplified Compound 7 OC-2 56 57 16 Invention
2-16 Exemplified Compound 7 OC-33 49 46 16 Invention
2-17 Exemplified Compound 9~ OC-30 50 43 16 Invention
2-18 Exemplified Compound 11~ OC-30 50 45 16 Invention
2-19 Exemplified Compound 12 OC-30 49 48 16 Invention
2-20 Exemplified Compound 12 OC-2 54 55 16 Invention
2-21 Exemplified Compound 13 OC-30 59 57 8 Invention
2-22 Exemplified Compound 16  OC-30 49 45 16 Tnvention
2-23 Exemplified Compound 18  OC-30 51 33 16 Invention
2-24 Exemplified Compound 20  OC-30 42 36 16 Invention
2-25 Exemplified Compound 22 OC-30 44 38 16 Invention
2-26 Exemplified Compound 24  OC-30 45 39 16 Invention
2-27 Exemplified Compound 26  OC-30 41 40 16 Invention
2-28 Exemplified Compound 27 OC-30 40 38 16 Invention
2-29 Exemplified Compound 30 OC-30 39 2 16 Invention
2-30 Exemplified Compound 31  OC-30 43 40 16 Invention
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TABLE 3
Rate of
Change in
Half Width
Rateof  of Light
Organic Change in  Emission
EL Resistance Spectrum Theoretical
Element Host (Relative  (Relative Number of
No. Dopant Compound ~ Value) Value) Isomers Note
2-31 Exemplified Compound 31  OC-2 50 46 16 Invention
2-32 Exemplified Compound 33 OC-30 40 40 16 Invention
2-33 Exemplified Compound 34 OC-30 55 57 8 Invention
2-34 Exemplified Compound 35  OC-30 41 38 16 Invention
2-35 Exemplified Compound 38  OC-30 39 39 16 Invention
2-36 Exemplified Compound 40  OC-30 37 41 16 Invention
2-37 Exemplified Compound 41  OC-30 39 36 16 Invention
2-38 Exemplified Compound 43 OC-30 40 38 16 Invention
2-39 Exemplified Compound 44  OC-30 32 31 16 Invention

2-40 Exemplified Compound 44  OC-2 45 40

2-41 Exemplified Compound 44  OC-33 33 32
2-42 Exemplified Compound 45 OC-30 31 28
2-43 Exemplified Compound 46  OC-30 28 29
2-44 Exemplified Compound 47  OC-30 30 31
2-45 Exemplified Compound 48  OC-30 28 30

2-46 Exemplified Compound 48  OC-2 45 42

2-47 Exemplified Compound 48  OC-33 30 34
2-48 Exemplified Compound 49  OC-30 27 31
2-49 Exemplified Compound 51  OC-30 31 27
2-50 Exemplified Compound 52 OC-30 26 29
2-51 Exemplified Compound 53  OC-30 29 30

2-52 Exemplified Compound 53  OC-2 41 44

2-53 Exemplified Compound 53  OC-33 30 33
2-54 Exemplified Compound 54  OC-30 31 33
2-55 Exemplified Compound 55  OC-30 31 31
2-56 Exemplified Compound 56 OC-30 32 34
2-57 Exemplified Compound 57 OC-30 29 31
2-58 Exemplified Compound 58 OC 30 31 30

2-59 Exemplified Compound 58 OC-2 44 42

16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention

2-60 Exemplified Compound 58 OC-33 30 31 16 Invention
TABLE 4
Rate of
Change in
Half Width
Rateof  ofLight
Organic Change in  Emission
EL Resistance Spectrum Theoretical
Element Host (Relative  (Relative Number of
No. Dopant Compound ~ Value) Value) Isomers Note
2-61 Exemplified Compound 59  OC-30 29 29 16 Invention
2-62 Exemplified Compound 60  OC-30 27 30 16 Invention
2-63 Exemplified Compound 61  OC-93 26 31 16 Invention
2-64 Exemplified Compound 62 OC-30 31 32 16 Invention
2-65 Exemplified Compound 63 ET-25 30 30 16 Invention
2-66 Exemplified Compound 64  OC-30 29 29 16 Invention
2-67 Exemplified Compound 65  OC-30 30 28 16 Invention
2-68 Exemplified Compound 66 OC-30 29 29 16 Invention

2-69 Exemplified Compound 66 OC-2 43 45

2-70 Exemplified Compound 66 OC-33 23 32
2-71 Exemplified Compound 67  OC-30 30 28
2-72 Exemplified Compound 68  OC-95 28 27
2-73 Exemplified Compound 69  OC-30 31 30
2-74 Exemplified Compound 70 OC-30 27 31
2-75 Exemplified Compound 71 OC-30 63 66

16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention

4 Invention

[0366] Tables 2 to 4 evidently show that the rate of change
in resistance is substantially correlated with the rate of change
in half width of the light emission spectrum. Consequently,
the rate of change in resistance of the electrically energized
luminous layer can be used as an index in evaluation of the
durability of the organic EL element. The comparison of data

between the organic EL elements in Table 2 to Table 4 shows
that Organic EL elements 2-10 to 2-75 according to the
present invention had smaller resistances of the luminous
layers and smaller rates of change in half width in the and
light emission spectra compared to those of Comparative
Organic EL elements 2-1 to 2-9. These results evidently show
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that the thin luminous layers in the organic EL elements
according to the present invention have stable physical prop-
erties. Tables 2 to 4 evidently show that use of further pre-
ferred host compounds in combination with the complex
according to the present invention more significantly contrib-
utes to the stable physical properties of the luminous layers.
[0367] Although actual determination of the number of
existing isomers was performed on only some of exemplified
compounds according to the present invention, the rate of
change in resistance and the rate of change in half width of the
light emission spectrum show a pronounced tendency to
decrease as the number of theoretically existing isomers
listed in Tables 2 to 4 increases. Such results support the
validity of the fundamental technical concept of the present
invention, thatis, the entropy effect in prevention of change in
physical properties of the thin luminous layer, and verify the
universality of this technique in stabilization of the luminous
layer without varying the ligand skeleton of the complex.

Exaniple 3
Application System

Preparation of Organic EL. Element 3-1

[0368] Indium tin oxide (ITO) was applied onto a glass
substrate with dimensions of 100 mmx100 mmx1.l mm
(NA45 made by AvanStrate Inc.) to form a film having a
thickness of 100 nm. This film was patterned into an anode.
This transparent support substrate provided with the ITO
transparent electrode was ultrasonically cleaned with isopro-
pyl alcohol, was dried with dry nitrogen gas, and was cleaned
with UV ozone for five minutes.

[0369] A diluted solution of 70% poly(3,4-ethylenediox-
ythiophene)-polystyrene sulfonate (PEDOT/PSS, made by
Bayer AG, Baytron P A1 4083) in pure water was applied onto
the transparent support substrate by spin coating at 3000 rpm
for 30 seconds to form a thin film. The coating was dried at
200° C. for one hour to forma first hole transporting layer
having a thickness of 20 nm.
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Dye Source, Inc.) in 10 ml monochlorobenzene was applied
onto the first hole transporting layer by spin coating at 2500
rpm for 30 seconds to form a thin film. The thin film was
vacuum dried at 130° C. for one hour to form a second hole
transporting layer.

[0371] A solution of OC-30 (100 mg) and Dopant D-26 (13
mg) in 10 ml butyl acetate was applied onto the second hole
transporting layer by spin coating at 1000 rpm for 30 seconds
to form a thin film. The thin film was vacuum dried at 60° C.
for one hour to form a luminous layer having a thickness of
about 45 nm.

[0372] A solution of BCP (50 mg) in 10 ml hexafluoroiso-
propanol (HFIP) was applied onto the luminous layer by spin
coating at 1000 rpm for 30 seconds to form a thin film. The
thin film was vacuum dried at 60° C. for one hour to form an
electron transporting layer having a thickness of about 25 nm.

[0373] This substrate was fixed to the substrate holder of a
vacuum deposition apparatus. After the vacuum vessel was
evacuated to 4x10™* Pa, potassium fluoride was deposited to
form a cathode buffer layer having a thickness of 0.4 nm, and
aluminum was deposited to form a cathode having a thickness
of 110 nm. Organic EL element 3-1 was thereby prepared.

Preparation of Organic EL Elements 3-2 to 3-80

[0374] Organic EL elements 3-2 to 3-80 were prepared as in
Organic EL element 3-1 except that D-26 or OC-30 was
replaced with the compounds listed in Tables 5 to 7.

Evaluation of Organic EL Elements 3-1 to 3-80

[0375] Forevaluation, the organic EL elements were sealed
as in Organic EL element 2-1 in Example 2 to prepare illu-
minators illustrated in FIGS. 6 and 7.

[0376] These samples were evaluated as in Example 1 for
the rate of change in resistance of the luminous layer and as in

[0370] This substrate was placed under a nitrogen atmo- Example 2 for the rate of change in half width of the light
sphere. A solution of ADS254BE (50 mg, made by American emission spectrum. The results are shown in Tables 5 to 7.
TABLE 3
Rate of
Change in
Half-Width
Rateof  ofLight
Organic Change in  Emission
EL Resistance Spectrum  Theoretioal
Element Host (Relative  (Relative Number of
No. Dopant Compound ~ Value) Value) Isomers Note
3-1 D-26 0OC-30 100 100 2 Comparison
3-2 D-26 0oC-2 112 116 2 Comparison
3-3 D-26 0C-33 94 89 2 Comparioon
34 Comparative Compound 1~ OC-30 99 107 16 Comparison
35 Comparative Compound 1~ OC-2 118 103 16 Comparison
3-6 Comparative Compound 1~ OC-33 104 100 16 Comparison
3-7 Comparative Compound 2 OC-30 95 92 2 Comparison
3-8 Comparative Compound 2~ OC-2 112 106 2 Comparison
3-9 Comparative Compound 2 OC-33 89 109 2 Comparison
3-10 Exemplified Compound 2~ OC-33 50 47 16 Invention
3-11 Exemplified Compound 3~ OC-33 43 49 16 Invention
3-12 Exemplified Compound 5 OC-33 67 69 4 Invention
3-13 Exemplified Compound 6 ~ OC-33 48 49 16 Invention
3-14 Exemplified Compound 7 OC-30 46 48 16 Invention
3-15 Exemplified Compound 7 OC-2 59 56 16 Invention
3-16 Exemplified Compound 7 OC-33 49 46 16 Invention
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TABLE 5-continued
Rate of
Change in
Half-Width
Rate of  of Light
Organic Change in  Emission
EL Resistance Spectrum Theoretioal
Element Host (Relative  (Relative Number of
No. Dopant Compound ~ Value) Value) Isomers Note
3-17 Exemplified Compound 8 ~ OC-33 52 43 16 Invention
3-18 Exemplified Compound 10  OC-33 49 45 16 Invention
3-19 Exemplified Compound 13 OC-33 63 59 8 Invention
3-20 Exemplified Compound 13 OC-30 61 60 8 Invention
321 Exemplified Compound 14 OC-2 61 58 16 Invention
3-22 Exemplified Compound 14  OC-33 47 53 16 Invention
3-23 Exemplified Compound 15  OC-2 52 43 16 Invention
3-24 Exemplified Compound 16  OC-33 51 47 16 Invention
3-25 Exemplified Compound 17 OC-33 35 38 16 Invention
3-28 Exemplified Compound 19  OC-91 45 39 16 Invention
3-27 Exemplified Compound 20  OC-33 41 40 16 Invention
328 Exemplified Compound 21 OC-33 40 38 16 Invention
3-29 Exemplified Compound 23 OC-33 39 42 16 Invention
3-30 Exemplified Compound 25  OC-30 36 37 16 Invention
TABLE 6
Rate of
Change in
Half Width

Organic

EL

Element

No. Dopant

Rateof  of Light

Change in  Emission

Resistance  Spectrum

Host (Relative  (Relative
Compound ~ Value) Value)

Theoretical
Number of
Isomers Note

331 Exemplified Compound 25
332 Exemplified Compound 25
333 Exemplified Compound 26
3-34 Exemplified Compound 27
335 Exemplified Compound 28
3-36 Exemplified Compound 29
337 Exemplified Compound 30
3-38 Exemplified Compound 32
3-39 Exemplified Compound 33
3-40 Exemplified Compound 34
341 Exemplified Compound 35
342 Exemplified Compound 36
343 Exemplified Compound 37
344 Exemplified Compound 39
345 Exemplified Compound 39
3-46 Exemplified Compound 39
3-47 Exemplified Compound 40
348 Exemplified Compound 42
3-49 Exemplified Compound 44
3-50 Exemplified Compound 435
351 Exemplified Compound 45
3-52 Exemplified Compound 435
3-33 Exemplified Compound 46
3-54 Exemplified Compound 47
3-55 Exemplified Compound 48
3-56 Exemplified Compound 49
3-57 Exemplified Compound 50
3-58 Exemplified Compound 52
3-59 Exemplified Compound 52
3-60 Exemplified Compound 52

oC-2 51 49
0OC-33 38 40
0OC-33 40 36
0OC-33 41 34
0OC-33 39 37
0OC-33 37 40
0OC-33 37 37
0OC-33 40 36
0OC-33 40 40
0OC-33 60 59
0OC-33 35 32
0OC-33 31 40
0OC-33 36 39
OC-30 30 31
oC-2 48 53
0OC-33 45 42
0OC-33 30 34
0OC-33 27 31
0OC-33 31 27
0OC-30 26 29
oC-2 40 41
0OC-33 41 44
0OC-33 30 33
0OC-33 31 33
0OC-33 31 31
0OC-33 32 34
0OC-33 29 31
OC-30 31 30
oC-2 43 45
0OC-33 30 31

16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention

8 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
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TABLE 7
Rate of
Change in
Half Width
Rateof  of Light
Organic Change in  Emission
EL Resistance Spectrum Theoretical
Element Host (Relative  (Relative Number of
No. Dopant Compound ~ Value) Value) Isomers Note
3-61 Exemplified Compound 53 OC-33 29 29 16 Invention
3-62 Exemplified Compound 54 OC-33 28 30 16 Invention
3-63 Exemplified Compound 55  OC-33 26 31 16 Invention
3-64 Exemplified Compound 56 OC-33 32 32 16 Invention
3-65 Exemplified Compound 57 OC-30 30 30 16 Invention

3-66 Exemplified Compound 57 OC-2 46 41

3-67 Exemplified Compound 57 OC-33 30 29
3-68 Exemplified Compound 58 OC-33 29 32
3-69 Exemplified Compound 59  OC-33 34 37
3-70 Exemplified Compound 60  OC-33 23 32
3-71 Exemplified Compound 61  OC-33 33 30
3-72 Exemplified Compound 62 OC-33 28 32
3-73 Exemplified Compound 63  OC-33 32 31
3-74 Exemplified Compound 64 OC-33 28 30
3-75 Exemplified Compound 65 OC-33 30 31
3-76 Exemplified Compound 66 OC-94 35 27
3-77 Exemplified Compound 67 OC-33 31 32
3-78 Exemplified Compound 68 OC-33 34 29
3-79 Exemplified Compound 69 OC-33 30 33
3-80 Exemplified Compound 71  OC-33 68 64

16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention
16 Invention

4 Invention

[0377] Tables 5 to 7 evidently show that Organic EL ele-
ments 3-10 to 3-80 according to the present invention had
smaller rates of change in resistance of the luminous layer and
smaller rates of change in half width of the light emission
spectrum than those of Organic EL elements 3-1 to 3-9 in
Comparative Examples. These results evidentially show that
the thin luminous layers in the organic EL elements according
to the present invention have stable physical properties.

[0378] Tables 5 to 7 evidently show that use of further
preferred host compounds in combination with the complex
according to the present invention more significantly contrib-
utes to the stable physical properties of the luminous layers.
Although actual determination of the number of existing 1so-
mers was performed on only some of the exemplified com-
pounds according to the present invention, the rate of change
in resistance and the rate of change in half width of the light
emission spectrum show a pronounced tendency to decrease
as the number of theoretically existing isomers listed in
Tables 5to 7 increases. Such results support the validity of the
fundamental technical concept of the present invention, that
is, the entropy effect in prevention of change in physical
properties of the thin luminous layer, and verify the univer-
sality of this technique in stabilization of the luminous layer
without varying the ligand skeleton of the complex.

Example 4
White Luminescent System

Preparation of Organic EL, Element 4-1

[0379] Indium tin oxide (ITO) was applied onto a glass
substrate with dimensions of 100 mmx100 mmx1.l mm
(NA45 made by AvanStrate Inc.) to form a film having a
thickness of 100 nm. This film was patterned into an anode.
This transparent support substrate provided with the ITO
transparent electrode was ultrasonically cleaned with isopro-

pylalcohol, was dried with dry nitrogen gas, and was cleaned
with UV ozone for five minutes.

[0380] After the transparent support substrate was fixed to
a substrate holder in a commercially available vacuum depo-
sition apparatus, 4,4"-bis[N-(3-methylphenyl)-N-pheny-
lamino]biphenyl (TPD) (200 mg), CBP (200 mg), Dopant
D-9 (200 mg), Dopant D-1 (200 mg), Dopant D-6 (200 mg),
and BCP (200 mg) were separately placed in molybdenum
resistive heating boats, and these molybdenum resistive heat-
ing boats were placed in a vacuum deposition apparatus.
[0381] The vacuum vessel was evacuated to 4x10™* Pa, and
the heating boat containing TPD was electrically heated to
deposit TPD on the transparent support substrate at a depo-
sition rate of 0.1 nm/sec to form a hole transporting layer
having a thickness of 10 nm.

[0382] The heating boats containing CBP, D-9, D-1, and
D-6 were electrically heated to co-deposit these compounds
on the hole transporting layer at deposition rates of 0.1
nm/sec, 0.025 nm/sec, 0.0007 nm/sec, and 0.0002 nm/sec,
respectively, to form a luminous layer having a thickness of
60 nm.

[0383] The heating boat containing BCP was electrically
heated to deposit BCP on the luminous layer at a deposition
rate of 0.1 nm/sec to form an electron transporting layer
having a thickness of 20 nm.

[0384] Potassium fluoride was then deposited to forma
cathode buffer layer having a thickness of 0.5 nm, and alu-
minum was deposited to form a cathode having a thickness of
110 nm. Organic EL element 4-1 was thereby prepared.
[0385] Organic EL element 4-1 was electrically energized
to emit substantially white light. Organic EL element 4-1 is
suitable for use in an illuminator. It was confirmed that
Organic EL elements 4-2 to 4-9 according to the present
invention emitted white light having a chromaticity at 1000
cd/m? inthe CIE1931 color system within the region defined
by x=0.33+0.07 and y=0.33+0.1 in the measurement of the
front luminance at a view angle of 2 degrees.
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Preparation of Organic EL Elements 4-2 to 4-9

[0386] Organic EL elements 4-2 to 4-9 were prepared as in
Organic EL element 3-1 except that D-9 was replaced with the
compounds listed in Table 8.

Evaluation of Organic EL Elements 4-1 to 4-9

[0387] The rate of change in resistance of the luminous
layer was measured as in Example 1. The rates of change in
resistance of the luminous layer in the organic EL elements
according to the present invention were equal to or less than a
half of those in Comparative Examples.

TABLE 8
Organic EL
Element No. Dopant Note
4-1 D-9 Comparison
4-2 Exemplified Compound18 Invention
4-3 Exemplified Compound34 Invention
4-4 Exemplified Compound36 Invention
4-5 Exemplified Compound46 Invention
4-6 Exemplified Compound53 Invention
47 Exemplified Compound59 Invention
4-8 Exemplified Compound67 Invention
4-9 Exemplified Compound69 Invention
Example 5
Color

Preparation of Organic EL, Element 5-1

Preparation of Blue Luminescent Element

[0388] Organic EL element 2-55 in Example 2 was used as
a blue luminescent element.

Preparation of Green Luminescent Element

[0389] A green luminescent element was prepared as in
Organic EL element 2-55 in Example 2 except that Exempli-
fied compound 55 was replaced with D-1. This green lumi-
nescent element was evaluated.

Preparation of Red Luminescent Element

[0390] A red luminescent element was prepared as in
Organic EL element 2-55 in Example 2 except that Exempli-
fied compound 55 was replaced with D-6. This red lumines-
cent element was evaluated.

[0391] These red, green, and blue organic EL elements
were disposed on a substrate to prepare an active matrix
full-color display illustrated in FIG. 2. FIG. 3 illustrates only
a schematic view of the display unit C in the display.

[0392] The display includes a substrate, a line unit includ-
ing multiple scanning lines 5 and multiple data lines 6, and
multiple pixels 3 (pixels emitting red, green, and green light
beams). The scanning lines 5 and the data lines 6 in the line
unit are composed of a conductive material. The scanning
lines 5 intersect orthogonal to the data lines 6 in the form of a
grating. The intersections are connected to the pixels 3 (de-
tails are not illustrated).

[0393] In such an active matrix display, the pixels 3 each
include a color organic EL element, and active elements, i.e.,
a switching transistor and a driving transistor. Each pixel
receives a scanning signal from the corresponding scanning
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line 5, and receives an image data signal from the correspond-
ing data line 6 to emit light according to the received image
data. The red, green, and blue pixels were appropriately dis-
posed to prepare a full-color display.

[0394] This full-color display had high luminance and high
durability and displayed sharp multicolor moving pictures.

INDUSTRIAL APPLICABILITY

[0395] The mixed isomeric metal complex composition
according to the present invention comprises atropisomers
having very close physical properties and energy levels. The
present invention provides an organic electroluminescent ele-
ment including a luminous layer composed of the mixed
isomeric metal complex composition as an organic electrolu-
minescent material to enhance long-term stability of organic
metal complexes in a film and attain a small change in resis-
tance of the luminous layer and a small change in half width
of an emission spectrum. The present invention also provides
illuminators and displays including the organic electrolumi-
nescent element.

DESCRIPTION OF REFERENCE NUMERALS

[0396] 1 display

[0397] 3 pixel

[0398] 5 scanning line

[0399] 6 data line

[0400] 7 power supply line
[0401] 10 organic EL element
[0402] 11 switching transistor
[0403] 12 driving transistor
[0404] 13 capacitor

[0405] 101 organic EL element
[0406] 102 glass cover

[0407] 105 cathode

[0408] 106 organic EL layer
[0409] 107 glass substrate with transparent electrode
[0410] 108 nitrogen gas

[0411] 109 moisture getter
[0412] A component A

[0413] B component B

[0414] C display unit

[0415] D control unit

1. A mixed isomeric metal complex composition compris-
ing atropisomers, wherein

each of the atropisomers comprises a metal atom and mul-

tiple ligands,

at least one of the ligands has an aromatic ring as a sub-

stituent, and

the atropisomers are present due to hindered free rotation

of a bond axis between the aromatic ring and the at least
one ligand after formation of a complex with the metal
atom and the ligands.

2. The mixed isomeric metal complex composition accord-
ing to claim 1, wherein the atropisomers are present due to
hindered free rotation of the bond axis between the aromatic
ring and the at least one ligand by another ligand in the
complex.

3. An organic electroluminescent metal complex composi-
tion comprising the mixed isomeric metal complex compo-
sition comprising atropisomers according to claim 1, wherein
the mixed isomeric metal complex composition is a phospho-
rescent material for organic electroluminescent elements.
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4. The organic electroluminescent metal complex compo-
sition according to claim 3, the atropisomers being repre-
sented by Formula (1):

[Formula 1]

Formula (1)

where rings Am, An, Bm, and Bn each represent a 6-mem-
bered aromatic hydrocarbon ring or a S-membered or
6-membered aromatic heterocycle, and optionally have
a substituent; Xm,, Xm,, Xm,, Xm,, Xms, Xn;, Xn,,
Xn,, Xn,, and Xn, in the rings Am, Bm, An, and Bn each
represent a carbon atom or a nitrogen atom;

if Xm, and M and Xn, and M form coordination bonds,
Xm, and M and Xn, and M form covalent bonds;

if Xm, and M and Xn, and M form covalent bonds, Xm,
and M and Xn, and M form coordination bonds; and

Ar™ and Ar” each represent an aromatic hydrocarbon ring
or an aromatic heterocyclic group having no symmetri-
cal axis in a bond axis to the ring Bm or Bn, and option-
ally have a substituent; M represents iridium or plati-
num; m and n each represent an integer of 0 to 3; m+n
represents 2 or 3.

5. The organic electroluminescent metal complex compo-
sition according to claim 4, wherein the ring Bm, Bn, Am, or
An in Formula (1) represents an imidazole or pyrazole ring.

6. The organic electroluminescent metal complex compo-
sition according to claim 4, wherein a ligand formed through
bonding of the rings An and Bnor a ligand formed through the
rings Am and Bm in Formula (1) is represented by Formula

(2),(3), (5); or (6):

[Formula 2]

Formula (2)

Z
(RSal)p - |
\ *

Rsp
~v7 R

"
PN
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-continued
Formula (3)
Ar
/ 52
Ry |
Rspz
SN Ny
\ =<
Xsp

Rse

where R, ,, and R; ., each independently represent a halo-
gen atom, a cyano group, an alkyl group, an alkenyl
group, an alkynyl group, an alkoxy group, an amino
group, a silyl group, an arylalkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a
non-aromatic hydrocarbon ring, or a non-aromatic het-
erocyclic group, and optionally have a substituent; p
represents an integer of 0 to 4;

Rsy1s Rspo. and Rs; represent an alkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a
non-aromatic hydrocarbon ring, or a non-aromatic het-
erocyclic group, and optionally have a substituent; X,
and X, each independently represent —C(R,,)— or
—N—; R,, represents an alkyl group, an aromatic
hydrocarbon ring, an aromatic heterocyclic group, a
non-aromatic hydrocarbon ring, or a non-aromatic het-
erocyclic group;

Ars; and Ars, each independently represent an aromatic
hydrocarbon ring represented by Formula (4):

[Formula 3]
Formula (4)
Rsi Rs>
* Rg3
Rgs Regy

where Ry, to Ry each independently represent a hydro-
gen atom, a halogen atom, a cyano group, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy
group, an amino group, a silyl group, an arylalkyl
group, an aryl group, a heteroaryl group, a non-aro-
matic hydrocarbon ring, or a non-aromatic heterocy-
clic group, and optionally have a substituent; two
adjacent groups of Ry, to Ry may bond to each other
to form a ring; Ry, —Rgs is incompatible with
Re:=Raa;

* represents a bonding site to a metal atom;
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[Formula 4]
Formula (5)
7
(Rﬁal)p e |
Ree1 \(N\ )
\
X6a </<
/
Ree1 Arg
A Formula (6)
F 62
(Rﬁaz)p e |
Repa N\
\ /
/Xﬁb —<
Ree2 Ren

where Rq,; and Ry, each independently represent a
halogen atom, a cyano group, an alkyl group, an alk-
enyl group, an alkynyl group, an alkoxy group, an
amino group, a silyl group, an arylalkyl group, an
aromatic hydrocarbon ring, an aromatic heterocyclic
group, a non-aromatic hydrocarbon ring, or a non-
aromatic heterocyclic group, and optionally have a
substituent; q represents an integer of O to 4;

Res1s Reers Repas Reens and Re» each independently
represent a hydrogen atom, an alkyl group, an aro-
matic hydrocarbon ring, an aromatic heterocyclic
group, a non-aromatic hydrocarbon ring, or a non-

81
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aromatic heterocyclic group, and optionally have a
substituent; X, and X, each independently repre-
sent —=C(R,)— or =N—; R, represents an alkyl
group, an aromatic hydrocarbon ring, an aromatic
heterocyclic group, a non-aromatic hydrocarbon ring,
or a non-aromatic heterocyclic group;

Arg, and Ar,, are the same as Ars, and Ars, in Formulae
(2) and (3), and each represent an aromatic hydrocar-
bon group represented by Formula (4); and

* represents a bonding site to a metal atom.

7. The organic electroluminescent metal complex compo-
sition according to claim 4, wherein M represents an iridium
atom.

8. An organic electroluminescent element including a pair
of electrodes, and one or more organic layers disposed
between the pair of electrodes, wherein one of the organic
layers contains the organic electroluminescent metal com-
plex composition according to claim 3.

9. The organic electroluminescent element according to
claim 8, wherein the one organic layer contains a mixture of
the organic electroluminescent metal complex composition
and a host compound having a freely rotating biaryl structure.

10. The organic electroluminescent element according to
claim 9, wherein the host compound having a freely rotating
biaryl structure has a dibenzofuran structure.

11. The organic electroluminescent element according to
claim 9, wherein the host compound having a freely rotating
biaryl structure has a carbazole structure.

12. The organic electroluminescent element according to
claim 9, wherein the host compound having a freely rotating
biaryl structure has an unsubstituted phenyl group.

13. An illuminator including the organic electrolumines-
cent element according to claim 8.

14. A display including the organic electroluminescent
element according to claim 8.

# 0k % k&
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