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METAL COMPLEX, LIGHT EMITTING
ELEMENT, AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a metal complex
showing luminescence. Inaddition, the present invention also
provides a light emitting device and a display device contain-
ing the aforementioned metal complex.

BACKGROUND ART

[0002] In an organic EL (electroluminescence) device for
display devices, emission from a singlet excited state (that is,
fluorescence) has been conventionally utilized. In this case,
maximum emission efficiency is 25%, and therefore, the
emission efficiency is extremely low. As a method of increas-
ing emission efficiency, therefore, utilization of emission
from triplet excited state (that is, phosphorescence) has been
proposed. When phosphorescence is utilized, the emission
efficiency may be 100% in theory.

[0003] In addition, a metal complex wherein iridium is
cyclometallized with phenylpyridine has been reported to
generate phosphorescence at high efficiency even at room
temperature. Since then, the study of phosphorescent light
emitting materials has been mostly focused on iridium com-
plex as a target, and therefore, the possibility of other metal
complexes as a light emitting device has not been sufficiently
evaluated yet.

[0004] The present inventors tried to synthesize a mixed
metal complex by using 3,5-dimethylpyrazole, and suc-
ceeded in isolation of a metal complex showing very strong
emission on irradiation of UV light. As a result of the mea-
surement of emission from this metal complex, it was found
that a mixed metal complex containing platinum and silver
exhibited phosphorescent blue emission, and the emission
quantum yield in a solid state and a solution was higher than
that of a phenylpyridine-iridium complex and 0.85 and 0.51,
respectively. The emission properties of this metal complex
are not inferior to that of a material having the best emission
properties among the compounds known to date as the light
emitting materials of organic EL devices.

[0005] Moreover, the present inventors have heretofore
synthesized a series of mixed metal complexes by using pyra-
zole having various substituents, and developed some metal
complexes having a high solid-state emission quantum yield
(see, for example, patent document 1). However, sufficient
EL properties have not yet been obtained from conventional
metal complexes.

DOCUMENT LIST

Patent Document

[0006] patent document 1: JP-A-2008-81401
SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] The reason why sufficient EL properties have not
yet been obtained from conventional metal complexes is con-
sidered to be that potential emission properties of the light
emitting materials thereof cannot be sufficiently exhibited as
EL properties, since the absorption bands of conventional
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metal complexes are located on the short wavelength side,
and conventional metal complexes require high excitation
energy.

[0008] The presentinventionhas been made in view of such
situation, and aims to provide a metal complex having the
absorption bands shifted toward the long wavelength side
than that (about 250-350 nm) of conventional mixed metal
complexes bridged by pyrazolate, which shows sufficient EL.
properties when used as a light emitting material of an organic
EL device.

Means of Solving the Problems

[0009] The present inventors have conducted intensive
studies in an attempt to solve the aforementioned problem and
found that a metal complex containing cation represented by
the following formula (C1) has absorption bands shifted
toward the long wavelength side than in conventional prod-
ucts, and can be excited with lower energy. The present inven-
tion based on this finding is as follows.

[1]A metal complex containing a cation represented by the
formula (C1)

(M7, (ML oLl €n
in the formula (C1), M7 is Pt or Pd”,
[0010] M'is H*, Av/, Ag/, Cu’, He/, TI or PV,

L is a compound represented by any of the formula (L-1)-
the formula (L --5), and

[0011] Ljisamonovalentanion represented by the formula
Lz-D.
L
R} R*
N N—
wd \> <\ D
—N N
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-continued
Le5)
R30 R3l
Lg1)
XZ
Xl\ey)@
N—N

in the formula (L.-1)-the formula (L.-5), R'-R** are each
independently a hydrogen atom, a halogen atom, an alkyl
group optionally having substituent(s), or an aryl group
optionally having substituent(s), or one or plural sets of the
adjacent groups from R'-R>* form a hydrocarbon ring option-
ally having substituent(s) or a heterocyclic ring optionally
having substituent (s),

[0012] in the formula (Lz-1), X' is an alkyl group option-
ally having substituent(s), and

[0013] X?and X? are each independently a hydrogen atom,
a halogen atom, an alkyl group optionally having substituent
(s), or an aryl group optionally having substituent(s).

[2] The metal complex of the above-mentioned [1], which is
represented by the formula (C2)

(M) (M)(Le)o(Lp)al (PFe)s (€2

in the formula (C2), M7, M/, L. and L, are as defined above.
[3] The metal complex of the above-mentioned [1] or [2],
wherein M7 is Pt”, M’ is H*, A, Ag’ or C, L. is 2,2'-
bipyrimidine or 2,2'-bipyridine (preferably 2,2'-bipyridine),
and Lz is a monovalent anion obtained by dissociation of a
hydrogen ion from 3-t-butylpyrazole.

[4] The metal complex of the above-mentioned [1] or [2],
wherein M7 is Pt“, M’ is H* or Ag/, L. is 4,4'-dimethyl-2,2'-
bipyridine or 5,5'-dimethyl-2,2'-bipyridine (preferably 4,4'-
dimethyl-2,2'-bipyridine), and Lz is a monovalent anion
obtained by dissociation of a hydrogen ion from 3-t-bu-
tylpyrazole.

[5] A light emitting device having a light emitting layer con-
taining the metal complex of any one of the above-mentioned
[1]-[4].

[6] A display device provided with the light emitting device of
the above-mentioned [5].

[0014] In the following, “a compound represented by the
formula (L.-1)” is sometimes abbreviated as “compound
(L-1)”. Compounds, anions, cations and metal complexes,
which are represented by other formulas, are also sometimes
abbreviated in the same manner.

Effect of the Invention

[0015] According to the aforementioned metal complex of
the present invention, sufficient EL properties can be afforded
when it is used as a light emitting material of an organic EL
device. In addition, by using this metal complex of the present
invention, a novel light emitting device and a novel display
device can be provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1isacross-sectional view showing an example
of a light emitting device of the present invention.

[0017] FIG. 2 shows emission spectra of [Pt,(bpym),(3-
‘Bupz),(3-BupzH),|(PF,), in a solid state (measurement
temperature: 80K, 150K, 220K, 298K).

[0018] FIG. 3 is an ORTEP diagram showing the structure
of a cation in [Pt,Ag,(bpym),(3-Bupz),,](PFy),.

[0019] FIG. 4 shows an UV-vis absorption spectrum of a
solution of [Pt,Ag,(bpym),(3-Bupz),](PFs), in acetonitrile.
[0020] FIG. 5 shows an emission spectrum of [Pt,Ag,
(bpym),(3-Bupz),](PF,), in a solid state (measurement tem-
perature: 298K).

[0021] FIG. 6 is an ORTEP diagram showing the structure
of a cation in [Pt, Au,(bpym),(3-Bupz),,](PFy),.

[0022] FIG. 7 shows an UV-vis absorption spectrum of a
solution of [Pt,Au,(bpym),(3-"Bupz),](PFs), in acetonitrile.
[0023] FIG. 8 shows an emission spectrum of [Pt,Au,
(bpym),(3-"Bupz),](PF), in a solid state (measurement tem-
perature: 298K).

[0024] FIG. 9 shows emission spectra of [Pt,Cu,(bpym),
(3-Bupz),](PF ), in a solid state (measurement temperature:
80K, 150K, 220K, 298K).

[0025] FIG. 10 shows UV-vis absorption spectra of solu-
tions of [Pt,(bpy),(3-Bupz),(3-BupzH),|(PF), in acetoni-
trile (concentration of metal complex: 3.44x107°M, 6.88x
107°M, 1.03x107°M, 1.38x107°M, 3.44x107>M).

[0026] FIG. 11 shows an emission spectrum of [Pt,(bpy),
(3-"Bupz),(3-BupzH),|(PF,), in a solid state (measurement
temperature: 298K).

[0027] FIG.12is an ORTEP diagram showing the structure
of a cation in [Pt,Ag,(bpy),(3-Bupz),](PF)..

[0028] FIG. 13 shows UV-vis absorption spectra of solu-
tions of [Pt,Ag,(bpy),(3-Bupz),](PFy), in acetonitrile (con-
centration of metal complex: 5.27x107°M, 1.06x107°M,
1.56x107°M, 2.11x107°M, 5.27x107°M).

[0029] FIG. 14 shows an emission spectrum of [Pt,Ag,
(bpy)>(3-Bupz),](PFy), in a solid state (measurement tem-
perature: 298K).

[0030] FIG.15is an ORTEP diagram showing the structure
of a cation in [Pt, Au,(bpy),(3-Bupz),](PF)..

[0031] FIG. 16 shows UV-vis absorption spectra of solu-
tions of [Pt,Au,(bpy),(3-"Bupz),](PF), in acetonitrile (con-
centration of metal complex: 4.79x107°M, 9.58x107°M,
1.44x107°M, 1.92x107°M, 4.79x10°M)

[0032] FIG. 17 shows an emission spectrum of [Pt,Au,
(bpy)>(3-Bupz),,(PFy), in a solid state (measurement tem-
perature: 298K).

[0033] FIG. 18 shows UV-vis absorption spectra of solu-
tions of [Pt,Cu,(bpy),(3-‘Bupz),,](PF,), in acetonitrile (con-
centration of metal complex: 5.54x107°M, 1.11x107°M,
1.66x107°M, 2.22x107°M, 5.54x107°M).

[0034] FIG. 19 shows an emission spectrum of [Pt,Cu,
(bpy)-(3-Bupz),](PFy), in a solid state (measurement tem-
perature: 298K).

[0035] FIG. 20 shows an emission spectrum of [Pt,Ag,
(bpy)>(3-Bupz),](BF,), in a solid state (measurement tem-
perature: 298K).

[0036] FIG. 21 shows an emission spectrum of [Pt,(5,5'-
dmbpy),(3-Bupz),(3-BupzH),](PFy), in a solid state (mea-
surement temperature: 298K).

[0037] FIG. 22 shows an emission spectrum of [Pt,Ag,(5,
5'-dmbpy),(3-Bupz),](PFs), in a solid state (measurement
temperature: 298K).
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[0038] FIG. 23 shows an emission spectrum of [Pt,(4,4'-
dmbpy),(3-Bupz),(3-BupzH),](PF), in a solid state (mea-
surement temperature: 298K).

[0039] FIG. 24 is an ORTEP diagram showing the structure
of a cation in [Pt,Ag,(4,4'-dmbpy),(3-Bupz),](PFs), exhib-
iting blue emission.

[0040] FIG. 25 shows an emission spectrum of [Pt,Ag,(4,
4'-dmbpy),(3-Bupz),](PFs), in a solid state and exhibiting
yellow emission (measurement temperature: 298K).

[0041] FIG. 26 shows an emission spectrum of [Pt,Ag,(4,
4'-dmbpy),(3-Bupz),](PF,), in a solid state and exhibiting
blue emission (measurement temperature: 298K).

DESCRIPTION OF EMBODIMENTS

[0042] A mode for carrying out the present invention will
be described below.

[0043] The metal complex of the present invention is a
metal complex containing the cation represented by the for-
mula (C1).

(M) (MD(L)o(Lp)al™ €D

[0044] That is, the metal complex of the present invention is
a polynuclear metal complex constituted of two kinds of
cations M” and M (metal ion or H*), chelating ligand L, and
crosslinking ligand L.

[0045] M is Pt” or Pd”, preferably Pt”.

[0046] M is H*, Av’, Ag’, Cu’, Hg', TY or P/, preferably
H*, Av’, Ag’ or Cu’, more preferably Ag’.

[0047] L. is a compound represented by any of the afore-
mentioned formula (L-1)-the formula (L-5). Here, com-
pound (L-1) is 2,2'-bipyrimidine optionally having substitu-
ent(s), compound (L-2) is 2,2'-bipyrazine optionally having
substituent(s), compound (L-3) is 4,4'-bipyrimidine option-
ally having substituent(s), compound (L-4) is 2,2"-bipyri-
dine optionally having substituent(s), and compound (L-5)
is 1,10-phenanthrolin optionally having substituent(s).
[0048] R'-R** in the aforementioned formula (L.-1)-the
formula (L-5) are each independently a hydrogen atom, a
halogen atom, an alkyl group optionally having substituent
(s), or an aryl group optionally having substituent(s), or one or
plural sets of the adjacent groups from R*-R** form a hydro-
carbon ring optionally having substituent(s) or a heterocyclic
ring optionally having substituent(s). R'-R** are each inde-
pendently preferably a hydrogen atom, a halogen atom or an
alkyl group optionally having substituent(s), more preferably
a hydrogen atom or an alkyl group.

[0049] Examples of the halogen atom include a fluorine
atom, a chlorine atom, a bromine atom, an iodine atom and
the like.

[0050] The alkyl group may be any of linear, branched and
cyclic. Examples of the substituent that the alkyl group can
have include the aforementioned halogen atom and the like.
Examples of the alkyl group optionally having substituent(s)
include a methyl group, an ethyl group, a propyl group, an
i-propyl group, a butyl group, an i-butyl group, a t-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, an ethylhexyl group, a trifluo-
romethyl group, a pentafluoroethyl group, a perfluorobutyl
group, a perfluorohexyl group and the like. The alkyl group
for R'-R** preferably has 1-8, more preferably 1-4, carbon
atoms.

[0051] Thearyl group may be any of an aromatic hydrocar-
bon group (e.g., a phenyl group, a naphthyl group, an anthryl
group) and a heterocyclic aromatic hydrocarbon group (e.g.,
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a pyridyl group), preferably an aromatic hydrocarbon group.
The aryl group for R*-R>* is preferably 6- to 14-membered,
more preferably 6- to 10-membered. Examples of the sub-
stituent that the aryl group can have include the aforemen-
tioned halogen atom, an alkyl group optionally having sub-
stituent(s) and the like.

[0052] Examples of the aforementioned hydrocarbon ring
formed by the adjacent R'-R** include ring A represented by
the formula (1).

)

[0053] The aforementioned hydrocarbon ring or the afore-
mentioned heterocyclic ring formed by the adjacent R*-R>*
may be an aromatic ring or a nonaromatic ring, or may have
substituent(s). Examples of the aforementioned hydrocarbon
ring include a benzene ring, an alicyclic hydrocarbon ring and
the like. Examples of the aforementioned heterocyclic ring
include an imidazole ring, a pyrazine ring, a quinoxaline ring
and the like. The aforementioned hydrocarbon ring or the
aforementioned heterocyclic ring formed by the adjacent
R'-R** may be a ring formed by plural fused rings, or a ring
formed by plural rings bonded by a single bond etc. and the
like. Examples of the substituent that the aforementioned
hydrocarbon ring or the aforementioned heterocyclic ring can
have include the aforementioned halogen atom, an alkyl
group optionally having substituent(s), an aryl group option-
ally having substituent(s) and the like.

[0054] L.ispreferably compound (L -1)or compound (L-
4). Of compound (L 1), 2,2"-bipyrimidine (R*-R®: hydrogen
atom) and 5,5'-dimethyl-2,2"-bipyrimidine (R*> and R’:
methyl group; R*, R?, R* and R®: hydrogen atom) are prefer-
able, and 2,2"-bipyrimidine is more preferable. Of the com-
pounds of the formula (L_-4), 2,2'-bipyridine (R'°-R*S:
hydrogen atom), 4,4'-dimethyl-2,2'-bipyridine (R*! and R>*:
methyl group; R'?, R*°, R*?, R**, R** and R?®: hydrogen
atom) and 5,5'-dimethyl-2,2"-bipyridine (R*° and R**: methy]
group; R', R*'-R** and R*%: hydrogen atom) are preferable,
2,2"-bipyridine and 4,4'-dimethyl-2,2'-bipyridine are more
preferable, and 2,2'-bipyridine is particularly preferable.
[0055] L is a monovalent anion represented by the afore-
mentioned formula (L z-1). In detail, L is amonovalent anion
obtained by dissociating a hydrogen ion from a compound
represented by the formula (L;-2).

g2
x2

[0056] Intheaforementioned formula (Lz-1) and the afore-
mentioned formula (Lz-2), X' is an alkyl group optionally
having substituent(s), and X* and X> are each independently
a hydrogen atom, a halogen atom, an alkyl group optionally
having substituent(s), or an aryl group optionally having sub-
stituent(s). Examples of the halogen atom, the alkyl group
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optionally having substituent(s), and the aryl group option-
ally having substituent(s) for X*, X* or X? include those
mentioned above.

[0057] The alkyl group for X' preferably has 1-8, more
preferably 1-4, carbon atoms. X' is more preferably a butyl
group optionally having substituent(s), particularly prefer-
ably a t-butyl group.

[0058] The alkyl group for X* or X* each independently
preferably has 1-4 carbon atoms, and the aryl group for X* or
X3 is preferably 6- to 14-membered, more preferably 6- to
10-membered. Preferably, X* and X? are each independently
ahydrogen atom, a halogen atom or an alkyl group optionally
having substituent(s), more preferably a hydrogen atom, a
halogen atom or a methyl group, further preferably a hydro-
gen atom. Particularly preferably, L; is a monovalent anion
obtained by dissociating a hydrogen ion from 3-t-butylpyra-
zole.

[0059] The metal complex of the present invention contains
a counter anion in addition to cation (C1). As the counter
anion, those known in the field of the metal complex can be
used. Examples of the counter anion include halide ion,
pseudohalide ion, hexafluorophosphate ion, tetrafluoroborate
ion, tetraphenylborate ion, perchlorate ion, nitrate ion, sulfate
ion, carbonate ion, phosphate ion, nitrite ion and the like.
Among these, tetrafluoroborate ion (BF ,—) and hexafluoro-
phosphate ion (PF .—) are preferable, since a stable complex
can be obtained, and PF4—is more preferable. That is, amore
preferable metal complex of the present invention is repre-
sented by the formula (C2):

(M) (M)(Le)o(Lp)al (PFe)a €2

in the formula (C2), M“, M, L~ and L, are as defined above.
[0060] Inthe next part, the synthesis of the metal complex
of the present invention is described. The metal complex of
the present invention can be synthesized using compound
(Le-1)-compound (L -5) (hereinafter these are sometimes to
be collectively abbreviated as “compound (L-1) and the
like”) and compound (L 5-2) as starting materials.

[0061] As compound (L.-1) and the like, commercially
available compounds can be used. In addition, compound
(Ler1) and the like can be synthesized by a known method
(e.g., the method described in Inorg. Chem., 46, 2432-2445
(2007), etc.) or by a combination of known methods.

[0062] As compound (Lz-2), a commercially available
compound can be used. In addition, compound (I.5z-2) can be
synthesized by a known method or by a combination of
known methods. For example, compound (L. z-2) can be syn-
thesized by the following method. First, an intermediate dike-
tone compound can be obtained by the method describedin J.
Am. Chem. Soc., 72, 1352-1356 (1950). Next, this diketone
compound is reacted with hydrazine or hydrazine monohy-
drate by the methods described in Bull. Soc. Chim., 45, 877-
884 (1929), Chem. Abstr., 24, 7541 (1930), Tetrahedron, 42,
15, 4253-4257 (1986), Heterocycles, 53, 1285 (2000) and the
like to give compound (L,-2).

[0063] A desired diketone compound can be synthesized by
a method other than the aforementioned synthesis methods.
For example, the compound can also be synthesized by an
oxidation reaction of f-unsaturated ketone or by a reaction of
ketocarboxylic acid with a Grignard reagent of alkyl bromide.
[0064] In addition, compound (L.z-2) can also be synthe-
sized by, is without limitation to the aforementioned method
using a diketone compound as a starting material, the meth-
ods described in J. Heterocyclic Chem., 35, 1377 (1998),
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Organic Syntheses, 39, 27-30 (1959), J. Heterocyclic Chem.,
21(4), 937-943 (1984), J. Am. Chem. Soc., 79, 5242-5245
(1957), J. Heterocyclic Chem., 24(1), 117-119 (1981), J.
Medicinal Chemistry, 24(1), 117-119 (1981), J. Medicinal
Chemistry, 20(6), 847-850 (1977), J. Heterocyclic Chem.,
21(4), 937-943 (1984), J. Chem. Soc., Perkin Transactions 1,
(23), 2901-2907 (1973), or methods analogous thereto.
[0065] One embodiment of the synthesis method of the
metal complex of the present invention, which uses com-
pound (L-1) and the like and compound (Lz-2), is now
explained. First, a mononuclear complex [M”(L,.) (LzH),]
(PFy), is synthesized as an intermediate product. As a specific
example, a mononuclear complex [Pt(bpym)(3-"BupzH),]
(PF,), obtained by reacting a platinum complex [PtCl,
(bpym)] with 3-‘BupzH can be mentioned. Here, bpym is
2,2"-bipyrimidine and 3-‘BupzH is 3-t-butylpyrazole. Then,
this mononuclear complex [M”(L.) (LzH),](PF), is reacted
with a base or a compound of M’ to give a metal complex
represented by the formula (C2), i.e., [(M)>(M?),(L)o(Lg)a]
(PFy),. A metal complex containing cation (C1) and counter
anions other than hexafluorophosphate ions (PF;”) can be
obtained by exchanging PF,~ of the metal complex (C2) with
other counter anions by a known method, and the like.
[0066] The synthesis method of the metal complex of the
present invention is not limited to the aforementioned meth-
ods and the metal complex may be synthesized by other
methods.

[0067] Inthe next part, the use of the metal complex of the
presentinvention will be described below. The metal complex
of the present invention can be used as a luminescent agent
contained in a light emitting layer of a light emitting device
such as an organic EL device and the like. Furthermore, the
metal complex of the present invention can also be used as an
agent for hole injection layer/hole transport layer, and an
agent for electron injection layer/electron transport layer. In
addition, the metal complex of the present invention can be
used as a sensor for organic molecule or gas molecule and the
like, an antitumor drug, or a material of a luminescent paint
and the like. The use of the metal complex of the present
invention is not limited thereto.

[0068] Next, a light emitting device whose light emitting
layer includes such a metal complex will be described below.
FIG.1is a cross-sectional view showing an example of a light
emitting device of the present invention. The light emitting
device shown in FIG. 1 has a constitution wherein an anode 2
is formed on a transparent substrate 1 such as glass and the
like, a hole injection layer 3, a hole transport layer 4, a light
emitting layer 5, an electron transport layer 6 and an electron
injection layer 7 are laminated on the anode 2, and further, a
cathode 8 is formed on the electron injection layer 7. That is,
it is a five-layer light emitting device having five layers of the
hole injection layer 3, the hole transport layer 4, the light
emitting layer 5, the electron transport layer 6 and the electron
injection layer 7 formed by lamination between the anode 2
and the cathode 8.

[0069] The light emitting device of the present invention is
not limited to the aforementioned five-layer light emitting
device. Alternatively, the light emitting device may be a four-
layer light emitting device in which the electron transport
layer is omitted from the five-layer light emitting device. The
light emitting device may also be a three-layer light emitting
device in which the hole injection layer and the electron
injection layer are omitted from the five-layer light emitting
device. The light emitting device may also be a two-layer is
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light emitting device having one layer used as both a light
emitting layer and an electron transport layer of the three-
layer light emitting device. The light emitting device may also
be a single-layer light emitting device having only a light
emitting layer formed between an anode and a cathode.
[0070] The light emitting layer of the light emitting device
ofthe present invention may contain the metal complex of the
present invention as a guest luminescent agent or as a host
luminescent agent. When the metal complex of the present
invention is used as a guest luminescent agent, examples of
the host luminescent agent to be combined therewith include
a metal complex having 8-quinolinol as a ligand such as
tris(8-hydroxyquinolinato)aluminum; a carbazole derivative
such as CBP (4,4'-N,N'-dicarbazolebiphenyl); dicyanometh-
ylene (DCM); coumarin; perylene; rubrene and the like.
[0071] Anoperation of alight emitting device of the present
invention essentially includes a process of injecting electrons
and holes from electrodes, a process of transferring the elec-
trons and the holes in a solid, a process of recombining the
electrons with the holes to produce a triplet exciton, and a
process of allowing the exciton to emit light. These processes
are essentially not different between a single-layer light emit-
ting device and a stacked light emitting device. In the single-
layer light emitting device, however, characteristics of the
four processes can be improved only by changing the molecu-
lar structure of the luminescent agent, whereas in the stacked
light emitting device, the functions required for each process
can be shared by a plurality of materials and each material can
be optimized independently. Generally, therefore, a desired
performance can be more easily achieved by forming a
stacked light emitting device than by forming a single-layer
light emitting device.

[0072] The light emitting device of the present invention
may be used in a display device. Hence, the present invention
also provides a display device provided with the aforemen-
tioned light emitting device. The display device of the present
invention contains the metal complex of the present invention
in a light emitting layer of the light emitting device.

[0073] Thepresent invention is not limited to the aforemen-
tioned mode for carrying out the present invention. Obvi-
ously, various other embodiments can be provided without
departing from the gist of the present invention.

EXAMPLES

[0074] Examples of the present invention will be specifi-
cally described below. However, the present invention is not
limited to these examples.

Example 1
[0075] [Pty(bpym),(3-‘Bupz) 2(3-BupzH),](PF,), which

is an example of the metal complex of the present invention
was synthesized. This metal complex has a constitution
wherein, in the above-mentioned formula (C1), M7 is Pt”, M’
is H*, L. is bpym, L is 3-"Bupz, and the counter anion is
PF,~. Two H* and two 3-‘Bupz are bonded to form two
3-‘BupzH. 3-‘Bupz is a monovalent anion obtained by disso-
ciating a hydrogen ion from the N atom of 3-t-butylpyrazole
(3-‘BupzH).

[0076] First, a mononuclear complex [Pt(bpym)(3-
BupzH),|(PF),, which is an intermediate material, was syn-
thesized. To be specific, [PtCL,(bpym)](41 mg, 0.10 mmol)
and 3-BupzH (40 mg, 0.32 mmol) were stirred in water (5
mL) with heating at 80° C. for 4 hr. At this time, an orange
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suspension changed to a yellow solution. When NH,PF (73
mg, 0.45 mmol) was added to this yellow solution, precipitate
was deposited. The yellow precipitate was collected by filtra-
tion, washed with water, and dried under reduced pressure.
The yield was 54 mg, 63%. This reaction can be shown by the
following chemical reaction formula.

_NH{PFs

CHAD oy

N—NH 80° C

/ \ 3-BupzH

(e gae
T
U O

[Pt(bpym)(3-BupzH)2] (PFs)

[PtCly(bpym)]
-2+

(PF¢)2

[0077] The obtained metal complex was readily soluble in
acetonitrile, acetone, THF, DMF and DMSO, soluble in
dichloromethane, methanol and ethanol, and hardly soluble
in chloroform, hexane, toluene, benzene and diethylether.
[0078] Furthermore, the product was identified by IR and
'H NMR spectra.

[0079] The results of identification by IR spectrum are as
follows.

[0080] IR(KBr):3638 (w), 3364 (w), 3096 (w), 2968 (m),
1588 (s), 1558 (m), 1490 (m), 1412 (s), 1372 (w), 1303 (w),
1265 (w), 1211 (w), 1133 (m), 1070 (w), 1035 (w), 846 (s),
745 (m), 678 (W), 558 (s)

[0081] The results of identification by 'H NMR spectrum
are as shown in the following Table 1. Each item in Table 1
denotes, from the left: d for chemical shift of peak (ppm),
Shape for the shape of peak, J for coupling constant (Hz), Int.
for peak intensity (relative value), and Assign. for assignment
of the peak.

TABLE 1

'H NMR of [Pt(bpym)(3-‘BupzH),](PF),
(in CD+CN, TMS, 300 MHz)

d(ppm) shape (I/Hz) Int. Assign.
11.91 s, br 2 NH of ‘BupzH
9.40 dd (1.9, 4.8) 2 H6 of bpym
8.17 dd (1.9, 5.9) 2 H4 of bpym
7.87 dd (4.8, 5.9) 2 HS of bpym
7.81 d (2.4) 2 HS of 3-BupzH
6.47 d (2.4) 2 H4 of 3-BupzH
1.31 s 18 Bu of 3-‘BupzH
[0082] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.

[0083] FAB-MS: m/z=746.6 [M-PF]*

[0084] Then, using a mononuclear complex [Pt(bpym)(3-
‘BupzH),](PF,),, which is an intermediate material, a metal
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complex [Pty(bpym),(3-Bupz),(3-BupzH),](PFy), was
synthesized. To be specific, KOH (12 mg, 0.21 mmol) was
added to a solution (10 mL) of [Pt(bpym)(3-‘BupzH),|(PF),
(86 mg, 0.10 mmol) in methanol, and the mixture was stirred
at room temperature for 3 hr. The reaction solution changed
from yellow to orange. This solution was concentrated to
dryness under reduced pressure. Acetonitrile was added to the
solid, and unreacted KOH was filtered off. The orange filtrate
was dried to solidness and the solid was dissolved in dichlo-
romethane. Hexane was added to this solution, and the pre-
cipitated orange solid was collected, washed with hexane, and
dried under reduced pressure. The yield was 62 mg, 85%.
This reaction can be shown by the following chemical reac-
tion formula.

N NH
KOH
Pt (PFg)y  —
CH;OH
Ny N NH rt.

O

[Pt(bpym)(3-BupzH),](PF¢),

-2+

(PFe)2

[Pt(bpym)2(3-Bupz)>(3-BupzH),](PFe)2

[0085] This metal complex exhibited orange emission
under irradiation of UV light (365 nm). This metal complex
was readily soluble in acetonitrile, dichloromethane, acetone,
methanol, ethanol, benzene, DMF and DMSO, soluble in
chloroform and toluene, and hardly soluble in water and
hexane.

[0086] Furthermore, the product was identified by IR and
'H NMR spectra.

[0087] The results of identification by IR spectrum are as
follows.
[0088] IR(KBr):3082 (s), 2957 (s), 2864 (m), 1636 (w),

1584 (s), 1550 (m), 1493 (s), 1474 (m), 1459 (m), 1415 (s),
1362 (m), 1336 (m), 1236 (s), 1208 (m), 1121 (w), 1049 (s),
991 (w), 836 (s), 760 (m), 746 (s), 726 (W), 673 (m), 559 (s),
491 (w)
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[0089] The results of identification by "H NMR spectrum
are as shown in the following Table 2. Each item in Table 2 is
as defined in Table 1.

TABLE 2

'H NMR data of [Pty(bpym),(3-Bupz),(3-‘BupzH),](PFs)»
(in CD;CN, TMS., 300 MHz)

d(ppm) shape (J/Hz) Int. Assign.
9.29 dd (2.0, 4.9) 1 H6 of bpym
8.85 dd (2.0, 5.8) 1 H4 of bpym
7.80 dd (4.9, 5.8) 1 HS5 of bpym
7.25 d(2.1) 1 HS5 of 3-Bupz
6.21 d(2.1) 1 H4 of 3-Bupz
1.34 s 9 ‘Bu of 3-Bupz
[0090] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.

[0091] FAB-MS: m/z=1345.3 [M-PF,]*

[0092] The emission properties of the metal complex [Pt,
(bpym),(3-Bupz),(3-BupzH),|(PFs), are now explained.
The emission spectra of the metal complex in a solid state
were measured. The emission spectra are shown in FIG. 2.
[0093] When [Pt,(bpym),(3-Bupz),(3-BupzH),|(PE,),
in a solid state was excited with 355 nm UV light, a broad
spectrum having an emission maximum at 638 nm was exhib-
ited. In addition, the emission spectra measured at 298K,
220K, 150K and 80K did not show a remarkable change in the
shape of the spectrum. The emission quantum yield (®) ofthe
metal complex in a solid state was less than 0.01 and could not
be measured.

[0094] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A,exp(-t/t,)) to
give the values of T,, A,, T, and A,. These results are
described in the following Table 3. The emission lifetime of
this metal complex is comparatively long and the emission is
considered to occur from a triplet excited state (i.e., phospho-
rescence).

TABLE 3
T/us A To/Hs A,
80K 0.05 0.76 0.32 0.24
150K 0.04 0.82 0.24 0.18
220K 0.04 0.80 0.21 0.20
298K 0.03 0.89 0.10 0.11
Example 2

[0095] [Pt,Ag,(bpym),(3-Bupz),](PF,),, which is one
kind of the metal complex of the present invention, was syn-
thesized. This metal complex has a constitution wherein, in
the above-mentioned formula (C1), M7 is Pt“, M’ is Ag’, L.
is bpym, L is 3-‘Bupz, and the counter anion is PF,~.

[0096] First, a mononuclear complex [Pt(bpym)(3-
‘BupzH),](PF,), was synthesized as an intermediate material
in the same manner as in the method explained in Example 1.
[0097] Then, using the mononuclear complex [Pt(bpym)
(3-BupzH),|(PF,), which is an intermediate material,
[Pt,Ag,(bpym),(3-Bupz),](PF,), was synthesized. To be
specific, AgBF, (17 mg, 0.089 mmol) and triethylamine (49
uL, 0.31 mmol) were added to a solution (10 mL) of [Pt
(bpym)(3-"BupzH),](PFy), (69 mg, 0.078 mmol) in metha-
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nol, and the mixture was stirred under shading at room tem-
perature for 3 hr. At this time, the yellow solution changed to
a yellow suspension. The yellow solid was collected, washed
with water and methanol, and dried under reduced pressure.
The yield was 50 mg, 76%. This reaction can be shown by the
following chemical reaction formula.

N NH

j: Pt/ (PFe)y  +
\
N NH

k)

[Pt(bpym)(3-‘BupzH),](PFe)2
Et;N
_—
CH;0H

AgB F4

(PFe)2

[PtyAgy(bpym)(3-Bupz)4](PFe)>

[0098] Furthermore, recrystallization from acetonitrile/
ethanol was performed to give a single crystal. The obtained
metal complex was a yellow solid. This metal complex exhib-
ited green emission under irradiation of UV light (365 nm).
This metal complex was readily soluble in acetonitrile, DMF
and DMSO, soluble in dichloromethane, chloroform,
acetone, methanol, THF and toluene, and hardly soluble in
diethyl ether, ethanol, hexane, benzene and water.

[0099] Furthermore, the product was identified by IR and
'H NMR spectra, and elemental analysis.

[0100] The results of identification by IR spectrum are as
follows.
[0101] IR(KBr):3108 (w), 2954 (m), 2922 (m), 2860 (w),

1584 (s), 1552 (m), 1495 (m), 1458 (w), 1409 (s), 1360 (W),
1333 (m), 1247 (m), 1207 (w), 1178 (w), 1143 (w), 1081 (m),
1033 (w), 845 (s), 810 (m), 778 (w), 761 (m), 748 (s), 697 (W),
675 (w), 652 (W), 558 (s), 502 (W)

[0102] The results of identification by 'H NMR spectrum
are as shown in the following Table 4. Each item in Table 4 is
as defined in Table 1.
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TABLE 4

'H NMR data of [Pt,Ag,(bpym),(3-"Bupz),](PFs),
(in CDLCN; TMS, 400 MHz, -50° C.)

d(ppm) shape (J/Hz) Int. Assign.
9.37 dd (2.0, 4.8) 1 H6 of bpym
8.15 dd (2.0, 5.7) 1 H4 of bpym
7.91 dd (4.8, 5.7) 1 HS5 of bpym
7.57 d(2.2) 1 HS5 of 3-Bupz
6.20 d(2.2) 1 H4 of 3-Bupz
0.90 s 9 ‘Bu of 3-'Bupz
[0103] The results of the elemental analysis of the product

are shown in Table 5 in comparison with the calculated val-
ues. Here, each item in Table 5 denotes, from the left: caled for
calculated value, found for analyzed value, and A for differ-
ence between them (analyzed value-calculated value).

TABLE 5

Elemental analysis of [Pt,Ag-(bpym),(3-‘Bupz)4](PF¢)

caled found A
H (%) 3.31 3.17 -0.14
C (%) 31.00 31.13 0.13
N (%) 13.15 13.23 0.08

[0104] The structure of the obtained metal complex is
explained. The molecular structure of the obtained metal
complex was determined by single crystal X-ray structural
analysis. The crystallographic data thereof are shown in Table
6. Here, the items in Table 6 denote, from the top: composi-
tion, formula weight, measurement temperature, measure-
ment wavelength (MoKa. ray=0.71070 A), crystal system,
space group, lattice constants (a, b, ¢, ), cell volume, Z value,
density, linear absorption coefficient, number of unique
reflections, final R index, R, index, and GOF value.

TABLE 6

Crystallographic data for [Pt,Ag,(bpym),(3-Bupz),4](PF),

Empirical Formula CauaHseAgF 12N PPt

Fw 1704.85

T,K 296

A A 0.71070

Cryst Syst monoclinic

Space Group P2,/ (# 14)
, 11.2312(4)

b, A 22.3248(7)

c, A 11.4090(4)

B, deg 100.9752(4)

v, A3 2808.3(2)

z 2

Pealeds & S 2.016

(Mo Ka), em™ 57.76

No. of Reflections Measured Unique: 6275 (R,,, = 0.024)

Residuals: R; Rw 0.049; 0.091
Residuals: R1 0.033
GOF 1.04

[0105] In addition, the structure of cation in this metal
complex is shown in the ORTEP diagram of FIG. 3. As shown
in FIG. 3, two Pt atoms and two Ag atoms are contained in this
cation. A crystallographically imposed center of symmetry is
located at the midpoint between Ag . . . Ag, and half of the
atoms in the crystals are independent. Bipyrimidine (bpym)
coordinates as a bidentate chelating ligand to each Pt atom,
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and two 3-t-butylpyrazolato ligands (3-Bupz) also coordi-
nate with N atom located farther from t-butyl group to the
residual coordination site. Each Pt atom forms a {(bpym)Pt
(3-t-Bupz),} unit, and two 3-t-Bupz ligands of each unit
coordinate to different Ag atoms, whereby a 12-membered
ring containing two Pt atoms and two Ag atoms is formed. In
[Pt,Ag,(bpym),(3-Bupz),](PFs),, the Pt. .. Ag distances are
3.4825(4) A and 3.6142(4) A, and the Ag . . . Ag distance is
3.0358(8)A. The Pt—N distances are within the range of
1.976(4) A-2.032(4) A, and the Ag—N distances are 2.105(4)
Aand2.112(4) A.

[0106] The emission properties of the metal complex
[Pt,Ag,(bpym),(3-Bupz),](PF,), are now explained. The
UV-vis absorption spectrum of the acetonitrile solution of the
metal complex and emission spectrum thereof in a solid state
were measured. The ultraviolet-visible absorption spectrum
of this acetonitrile solution is shown in FIG. 4, and the emis-
sion spectrum in the solid state is shown in FIG. 5.

[0107] The acetonitrile solution of [Pt,Ag,(bpym),(3-
Bupz),](PF,), shows an absorption band based on the wt-rt*
transition of the bipyrimidine ligand on the short wavelength
side from 250 nm, and a broad absorption band at around
350-500 nm. In addition, when the metal complex in a solid
state was excited with 355 nm UV light at 298K, a spectrum
having an emission maximum at 516 nm was obtained. In
[Pt,Ag,(bpym),(3-Bupz),](PF),, a vibrational structure of
the emission spectrum is not clear. The emission quantum
yield (@) of the metal complex in a solid state was 0.181.

[0108] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
monoexponential function to give the value of t=1.10 ps
(measurement temperature: 298K). The emission lifetime of
this metal complex is comparatively long and the emission is
considered to occur from a triplet excited state (i.e., phospho-
rescence).

Example 3

[0109] [Pt,Au,(bpym),(3-Bupz),](PF,),, which is one
kind of the metal complex of the present invention, was syn-
thesized. This metal complex has a constitution wherein, in
the above-mentioned formula (C1), M7 is Pt”, M’ is Au/, L.
is bpym, Ly is 3-"Bupz, and the counter anion is PF4".

[0110] First, a mononuclear complex [Pt(bpym)(3-
‘BupzH),|(PF,), was synthesized as an intermediate material
in the same manner as in the method explained in Example 1.

[0111] Then, using the mononuclear complex [Pt(bpym)
(3-‘BupzH),|(PF,), which is an intermediate material,
[Pt,Au,(bpym),(3-Bupz),](PF,), was synthesized. To be
specific, AuCI(SC,Hy) (56 mg, 0.17 mmol) and triethylamine
(54 pl, 0.34 mmol) were added to a solution (10 mL) of
[Pt(bpym) (3-BupzH),](PF), (153 mg, 0.17 mmol) in
methanol, and the mixture was stirred under an argon atmo-
sphere at room temperature for 1 hr. At this time, the yellow
solution changed to a yellow suspension. A yellow solid was
collected, washed with water and methanol, and dried under
reduced pressure.

[0112] The yield was 114 mg, 71%. This reaction can be
shown by the following chemical reaction formula.
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(PFe)a  +
N7 Xy }‘T
L k) "
[Pt(bpym)(3-BupzH),](PF¢),
Et;N
AuCISCHy)  —— >
CH;0H

r.t.

(PFg)2

[Pty Auy(bpym)y(3-"Bupz)](PFg),

[0113] Furthermore, recrystallization from acetonitrile/
ethanol was performed to give a single crystal. The obtained
metal complex was a yellow solid. This metal complex exhib-
ited dark green emission under irradiation of UV light (365
nm). This metal complex was readily soluble in acetonitrile,
acetone, DMF and DMSO, and hardly soluble in chloroform,
dichloromethane, methanol, diethyl ether, ethanol, THF, tolu-
ene, benzene and hexane.

[0114] Furthermore, the product was identified by IR and
'H NMR spectra.

[0115] The results of identification by IR spectrum are as
follows.
[0116] IR(KBr):3120 (w), 2953 (m), 2866 (w), 1585 (s),

1552 (m), 1486 (m), 1458 (w), 1409 (s), 1359 (w), 1333 (m),
1251 (m), 1209 (w), 1182 (w), 1149 (w), 1101 (w), 1034 (w),
1017 (w), 962 (w), 844 (s), 810 (m), 782 (w), 766 (m), 748
(m), 717 (w), 698 (w), 676 (W), 654 (W), 558 (s), 515 (W)g (W),
761 (m), 748 (s), 697 (W), 675 (W), 652 (w), 558 (s), 502 (w)
[0117] The results of identification by "H NMR spectrum
are as shown in the following Table 7. Each item in Table 7 is
as defined in Table 1.

TABLE 7

'H NMR data of [Pt, Au,(bpym),(3-"Bupz),](PFs),
(  iCD,CN TMS 300 MHz )

d(ppm) shape (I/Hz) Int. Assign.
9.43 dd (2.0, 4.9) 1 H6 of bpym
8.48 dd (2.0, 5.8) 1 H4 of bpym
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TABLE 7-continued

'H NMR data of [Pt,Au,(bpym),(3-Bupz),](PFs),
(__ imCD.CN TMS 300MHz )

S(ppm) shape (J/Hz) Int. Assign.
7.95 dd (4.9, 5.8) 1 HS5 of bpym
7.57 d(2.4) 1 HS of 3-Bupz
6.22 d(2.4) 1 H4 of 3-Bupz
1.02 s 9 ‘Bu of 3-‘Bupz
[0118] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.
[0119] FAB-MS: m/z=1737.3 [M-PF]*

[0120] The structure of the obtained metal complex is
explained. The molecular structure of the obtained metal
complex was determined by single crystal X-ray structural
analysis. The crystallographic data are shown in Table 8.
Here, each item in Table 8 is as defined in Table 6.

TABLE 8

Crystallographic data for [Pt, Au,(bpym),(3-‘Bupz),](PFs)

Empirical Formula CaaHseAWF 5N PoPE

Fw 1883.06

T,K 296

a A 0.71070
Cryst Syst monoclinic
Space Group P2/c (#14)
a, 11.2563(4)
b, A 22.4540(8)
c, A 11.3055(4)
B, deg 100.4349(5)
v, A3 2810.2(2)

V4 2

Peateas & M 2.225
(Mo Ka), cm™! 103.10

No. of Reflections Measured Unique: 6399 (R;,,,= 0.026)
Residuals: R; Rw 0.041; 0.066
Residuals: R1 0.027
GOF 0.96

[0121] In addition, the structure of cation in this metal
complex is shown in the ORTEP diagram of FIG. 6. As shown
in FIG. 6, two Pt atoms and two Au atoms are contained in this
cation. A crystallographically imposed center of symmetry is
located at the midpoint between Au . . . Au, and half of the
atoms in the crystals are independent. Bipyrimidine (bpym)
coordinates as a bidentate chelating ligand to each Pt atom,
and two 3-t-butylpyrazolato ligands (3-‘Bupz) also coordi-
nate with N atom located farther from t-butyl group to the
residual coordination site. Each Pt atom forms a {(bpym)Pt
(3-t-Bupz), }unit, and two 3-t-Bupz ligands of each unit coor-
dinate to different Ag atoms, whereby a 12-membered ring
containing two Pt atoms and two Au atoms is formed. In
[Pt,Au,(bpym),(3-Bupz),](PFs),, the Pt. .. Audistances are
3.5148(3) A and 3.5941(3) A, and the Au . . . Au distance is
3.2377(4) A. The Pt—N distances are within the range of
1.992(4) A-2.019(4) A, and the Au—N distance are 2.012(4)
A and 2.019(4) A.

[0122] The emission properties of the metal complex
[Pt,Au,(bpym),(3-Bupz),](PF,), are now explained. The
UV-vis absorption spectrum of the acetonitrile solution of the
metal complex and emission spectrum thereof in a solid state

Sep. 26, 2013

were measured. The UV-vis absorption spectrum of this
acetonitrile solution is shown in FIG. 7, and the emission
spectrum in the solid state is shown in FIG. 8.

[0123] The acetonitrile solution of [Pt,Au,(bpym),(3-
‘Bupz),](PFg), shows an absorption band based on the wt-7t*
transition of the bipyrimidine ligand on the short wavelength
side from 250 nm, and the absorption maximum at 365 nm. In
addition, when the metal complex in a solid state was excited
with 355 nm UV light at 298K, the spectrum with an emission
maximum wavelength at 494 nm was obtained. The emission
quantum yield (®) of the metal complex in a solid state was
0.074.

[0124] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A exp(-t/t,)) to
give the values of t,=0.39 pus, A, =0.42, t,=1.32 ps and A,=0.
58 (measurement temperature: 298K). The emission lifetime
of this metal complex is comparatively long and the light is
considered to be emitted from a triplet excited state (i.e.,
phosphorescence).

Example 4

[0125] [Pt,Cu,(bpym),(3-Bupz),](PF),, which is one
kind of the metal complex of the present invention, was syn-
thesized. This metal complex has a constitution wherein, in
the above-mentioned formula (C1), M7 is PtZ, M is Cu’, L.
is bpym, L is 3-"Bupz, and the counter anion is PF,~.

[0126] First, a mononuclear complex [Pt(bpym)(3-
‘BupzH),](PF,), was synthesized as an intermediate material
in the same manner as in the method explained in Example 1.

[0127] Then, using the mononuclear complex [Pt(bpym)
(3-BupzH),|(PFy),, which is an intermediate material,
[Pt,Cu,(bpym),(3-Bupz),](PFs), was synthesized. To be
specific, [Cu(CH;CN),](BF,) (23 mg, 0.072 mmol) and tri-
ethylamine (44.5 pL, 0.28 mmol) were added with stirring to
a solution (10 mL) of [Pt(bpym)(3-BupzH),](PF,), (63 mg,
0.071 mmol) in methanol, and the mixture was stirred under
anargon atmosphere at room temperature for 2 hr. The yellow
precipitate was collected, washed with water and methanol,
and dried under reduced pressure. The yield was 41 mg, 71%.
This reaction can be shown by the following chemical reac-
tion formula.

Pt (PFe)y +

O

[Pt(bpym)(3-BupzH),](PFs)2
EtzN

—_—
CH3;0H
r.t.

[Cu(CH3CN)4](BF4)
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-continued
2+

Pt
N. N( \1
\ Cu

(PF¢)2

\
N /N\Pt—N\N/
/ NN
==\ RN

N\\\)

[Pt;Cuz(bpym),(3-"Bupz)4] (PFe)2

[0128] This metal complex was readily soluble in acetoni-
trile, acetone, benzene, DMF and DMSO, soluble in chloro-
form, dichloromethane, methanol, diethyl ether and THF, and
hardly soluble in toluene, hexane, ethanol and water.

[0129] Furthermore, the product was identified by IR spec-
trum. The results of identification by IR spectrum are as
shown below.

[0130] TR(KBr):3107 (w), 2955 (m), 2876 (w), 1585 (s),
1552 (m), 1496 (m), 1459 (m), 1410 (s), 1362 (w), 1331 (m),
1248 (m), 1209 (w), 1180 (w), 1142 (w), 1082 (m), 1033 (W),
1017 (w), 845 (s), 810 (m), 777 (m), 765 (m), 748 (s), 722 (W),
697 (w), 676 (m), 652 (), 558 (s), 504 (w)

[0131] The emission properties of the metal complex
[Pt,Cu,(bpym),(3-"Bupz),](PF), are now explained. The
emission spectra of the metal complex in a solid state were
measured. The emission spectra are shown in FIG. 9.

[0132] When [Pt,Cu,(bpym),(3-‘Bupz),](PFs), in a solid
state was excited with 355 nm UV light at 298K, the broad
spectrum with an emission maximum wavelength at around
542 nm was exhibited. As the measurement temperature low-
ered, a vibrational structure gradually appeared in the emis-
sion spectrum. The emission quantum yield (®) of the metal
complex in a solid state was 0.008.

[0133] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A,exp(-t/t,)) to
give the values of T,, A,, T, and A,. These results are
described in the following Table 9. The emission lifetime of
this metal complex is comparatively long and the emission is
considered to occur from a triplet excited state (i.e., phospho-
rescence).

TABLE 9
T /us A T H/us A,
80K 1.12 0.59 4.64 0.41
150K 0.64 0.61 2.29 0.39
220K 0.26 0.64 1.04 0.36
298K 0.11 0.84 0.34 0.16
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Example 5

[0134] [Pty(bpy),(3-Bupz),](3-BupzH),(PFy),, which is
one kind of the metal complex of the present invention, was
synthesized. This metal complex has a constitution wherein,
in the above-mentioned formula (C1), M7 is Pt”, M’ is H*, L~
is bpy, L is 3-‘Bupz, and the counter anion is PF,~. Two H*
and two 3-“Bupz are bonded to form two 3-‘BupzH. The bpy
is 2,2'-bipyridine.

[0135] First, a mononuclear complex [Pt(bpy)(3-"BupzH)
5|(PF¢),, which is an intermediate material, was synthesized.
To be specific, [PtCl,(bpy)] (42 mg, 0.10 mmol) and
3-BupzH (40 mg, 0.32 mmol) were stirred in water (5 mL)
with heating at 80° C. for 4 hr. At this time, the yellow
suspension changed to a yellow solution. When NH_PF (74
mg, 0.45 mmol) was added to this yellow solution, white-
yellow precipitate was deposited. This precipitate was col-
lected by filtration, washed with water and dried under
reduced pressure. The yield was 35 mg, 39%. This reaction
can be shown by the following chemical reaction formula.

NH,PFq
H,0
N—NH 80°C
3-BupzH

(PFg)2

[Pt(bpy)(3-BupzH),](PF¢),

[0136]
acetonitrile, acetone and benzene, soluble in DMSO, and
hardly soluble in diethyl ether, ethanol, methylene chloride,
chloroform, hexane, methanol and water.

The obtained metal complex was readily soluble in

[0137] Furthermore, the product was identified by IR spec-
trum. The results of identification by IR spectrum are as
follows.

[0138] IR(KBr):3356 (m), 3057 (w), 2967 (m), 2839 (m),
2366 (m), 1612 (s), 1567 (s), 1454 (s), 1368 (s), 1297 (s),
1246 (s), 1213 (s), 1134 (s), 1075 (s), 996 (5), 848 (m), 558 (s)
[0139] Furthermore, mass spectrometry was performed by
the FAB-MS method. The results are as follows.

[0140] FAB-MS: m/z=744.3 [M-PF4]*

[0141] Then, using a mononuclear complex [Pt(bpy)(3-
‘BupzH),|(PF,),r which is an intermediate material, a metal
complex [Pt,(bpy),(3-Bupz),(3-BupzH), |(PF,), was syn-
thesized. To be specific, KOH (11.6 mg, 0.21 mmol) was
added to a solution (10 mL) of [Pt(bpy)(3-BupzH),](PF),
(41 mg, 0.05 mmol) in methanol, and the mixture was stirred
at room temperature for 3 hr. The reaction solution changed
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from pale yellow to orange. This solution was concentrated to
dryness under reduced pressure. Acetonitrile was added to the
solid, and unreacted KOH was filtered off. The orange filtrate
was dried to solidness. The solid was dissolved in dichlo-
romethane, and hexane was added to this solution. The pre-
cipitated orange solid was collected, washed with hexane and
dried under reduced pressure. The yield was 14.1 mg, 20%.
This reaction can be shown by the following chemical reac-
tion formula.

“ T
N N—NH
\Pt/ (PFy), —KOH
/ \ 6/2 b
| Xy N—NH

CH;0H
F Va

r.t.

Bu_|

[Pt(bpy)(3-BupzH),](PF¢),

(PFe)

[Pta(bpy)a(3-Bupz),(3-BupzH), ] (PFs)

[0142] This metal complex was readily soluble in chloro-
form, dichloromethane, acetonitrile, acetone, methanol, etha-
nol and DMF, soluble in benzene and hexane, and hardly
soluble in water.

[0143] Furthermore, the product was identified by IR and
'"H NMR spectra.

[0144] The results of identification by IR spectrum are as
follows.
[0145] IR(KBr):2957 (s), 2361 (s), 1633 (m), 1451 (s),

1236 (m), 1047 (m), 834 (s), 762 (m), 559 (s), 279 (s)
[0146] The results of identification by 'H NMR spectrum

are as shown in the following Table 10. Each item in Table 10
is as defined in Table 1.

TABLE 10

'H NMR data of [Pty(bpy),(3-Bupz),(3-BupzH),](PFs),
(___i,CD,CN TMS 300 MHz )

& (ppm) Shape(J/Hz) Int.  Assign.
8.71 ddd (0.4,1.6,5.9) 2 H6ofbpy
8.22 ddd (0.8, 1.8, 8.3) 2 H3ofbpy
8.18 ddd (13, 6.2,15.1) 2 H4ofbpy
7.52 ddd (17, 6.5,13.2) 2 HSofbpy
7.01 d (1.9) 2 HS of 3-Bupz
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TABLE 10-continued

'H NMR data of [Pt,(bpy),(3-Bupz)>(3-BupzH),](PFs),
(in CD,CN, TMS, 300 MHz)

d (ppm) Shape(J/Hz) Int. Assign.
5.95 d(1.9) 2 H4 of 3-Bupz
1.31 s 18 ‘Bu of 3-Bupz
[0147] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.
[0148] FAB-MS: m/z=1341.6 [M-PF]*

[0149] The emission properties of the metal complex [Pt,
(bpy),(3-Bupz),(3-BupzH), |(PF,), are now explained. The
UV-vis absorption spectra of the acetonitrile solutions of the
metal complex and emission spectrum thereof in a solid state
were measured. The UV-vis absorption spectra of the aceto-
nitrile solutions are shown in FIG. 10, and the emission spec-
trum in the solid state is shown in FIG. 11.

[0150] A solution of [Pt,(bpy)(3-Bupz),]|(3-BupzH),
(PF ), in acetonitrile having a concentration of 3.44x10~°M
shows a broad absorption band at around 350 nm-500 nm. In
addition, when the metal complex in a solid state was excited
with 355 nm UV light at 298K, a broad spectrum showing an
emission maximum at 582 nm was obtained. The emission
quantum yield (®) of the metal complex in a solid state was
0.11.

[0151] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A,exp(-t/t,)) to
give the values of t,=0.10 ps, A, =0.36, ©,=0.46 ps and A,=0.
64 (measurement temperature: 298K). The emission lifetime
of'this metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 6

[0152] [Pt,Ag,(bpy),(3-"Bupz),](PF,),, which is one kind
of the metal complex of the present invention, was synthe-
sized. This metal complex has a constitution wherein, in the
above-mentioned formula (C1), M7 is Pt”, M’ is Ag/, L. is
bpy, L is 3-‘Bupz, and the counter anion is PF,".

[0153] First, a mononuclear complex [Pt(bpy)(3-‘BupzH)
,](PF¢), was synthesized as an intermediate material in the
same manner as in the method explained in Example 5.

[0154] Then, using the mononuclear complex [Pt(bpy)(3-
‘BupzH),|(PF,),r which is an intermediate material, a metal
complex [Pt,Ag,(bpy),(3-Bupz),](PFs), was synthesized.
AgBF, (17 mg, 0.09 mmol) and triethylamine (50 pL, 0.31
mmol) were added to a solution (10 mL) of [Pt(bpy)(3-
‘BupzH),](PFy), (70 mg, 0.08 mmol) in methanol, and the
mixture was stirred under shading at room temperature for 3
hr. At this time, the yellow solution changed to a yellow-green
suspension. The yellow-green solid was collected, washed
with water and methanol, and dried under reduced pressure.
The yield was 53 mg, 75%. This reaction can be shown by the
following chemical reaction formula.
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Bu |2+

(PFg)y +

[Pt(bpy)(3-BupzH),](PFe),

EtzN
AgBFy4
CH;0H

r.t.

(PFe)2

[Pty Aga(bpy)a(3-"Bupz)4](PFe);

[0155] Furthermore, recrystallization from acetonitrile/
methanol was performed to give a single crystal. The obtained
metal complex was a yellow solid. This metal complex exhib-
ited blue-green emission under irradiation of UV light (365
nm). This metal complex was readily soluble in ethanol,
dichloromethane, hexane, acetonitrile and acetone, soluble in
diethyl ether, chloroform, DMSO and benzene, and hardly
soluble in methanol and water.

[0156] Moreover, the product was identified by IR and 'H
NMR spectra, and elemental analysis.

[0157] The results of identification by IR spectrum are as
follows.
[0158] IR(KBr):3439 (w), 3125 (m), 2950 (m), 2360 (m),

1610 (s), 1482 (m), 1455 (s), 1361 (m), 1328 (s), 1177 (s),
1136 (s), 1075 (m), 844 (m), 772 (s), 558 (s), 503 (m), 421 (m)
[0159] The results of identification by "H NMR spectrum
are as shown in the following Table 11. Each item in Table 11
is as defined in Table 1.

TABLE 11

'H NMR data of [Pt,Ag,(bpy)>(3-Bupz),](PFe)»
(in CD,CN, TMS, 400 MHz, -50° C.)

& (ppm) Shape(I/Hz) Int. Assign.
839 dd (1.0, 5.4) 2 H6, H3 of bpy
8.04 d (5.6) H4 of bpy
7.76 dd (5.4,10.7) 1 HS of bpy
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TABLE 11-continued
'H NMR data of [Pt Ag,(bpy)->(3-Bupz),](PFe),
(in CD;CN, TMS, 400 MHz, -50° C.)

d (ppm) Shape(J/Hz) Int. Assign.
7.52 dd (1.9,2.7) 1 HS of 3-Bupz
6.10 dd (2.0,3.2) 1 H4 of 3-Bupz
0.82 s 9 ‘Bu of 3-'Bupz

[0160] The results of elemental analysis of the product are

shown in Table 12 in comparison with the calculated values.
Here, each item in Table 12 is as defined in Table 5.

TABLE 12
Calc. Found. A
C(%) 33.89 33.97 0.08
H(%) 3.56 2.93 -0.63
N(%) 9.88 9.89 0.01
[0161] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.
[0162] FAB-MS: m/z=1555.3 [M-PF]*

[0163] The structure of the obtained metal complex is
explained. The molecular structure of the obtained metal
complex was determined by single crystal X-ray structural
analysis. The crystallographic data are shown in Table 13.
Here, each item in Table 13 is as defined in Table 6.

TABLE 13

Crystallographic data for [Pt,Ag,(bpym),(3-Bupz),4](PF),

Empirical Formula

CasHeoABF 15N PP
1700.93

Fw
T.K 93
aA 0.71075
Cryst Syst monoclinic
Space Group P2 /c (# 14)
a, 11.705(2)
b, A 11.5306(13)
c, A 21.179(3)
B, deg 103.334(2)
v, A3 2781.5(6)
Z 2
Pealeds & S 2.031
(Mo Ka), em™t 58.296
No. of Reflections Measured Unique: 22342 (R,,,, = 0.0364)
Residuals: R; Rw 0.0265; 0.0456
Residuals: R1 0.0222
GOF 1.002
[0164] In addition, the structure of cation in this metal

complex is shown in the ORTEP diagram of FIG. 12. As
shown in FIG. 12, two Pt atoms and two Ag atoms are con-
tained in this cation. A crystallographically imposed center of
symmetry is located at the midpoint between Ag . . . Ag, and
half of the atoms in the crystals are independent. 2,2'-Bipy-
ridine (bpy) coordinates as a bidentate chelating ligand to
each Pt atom, and two 3-t-butylpyrazolato ligands (3-"Bupz)
coordinate with N atom located farther from t-butyl group to
the residual coordination site. Each Pt atom forms a {(bpy)
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Pt(3-Bupz), }unit, and two 3-‘Bupz ligands of each unit coor-
dinate to different Ag atoms, whereby a 12-membered ring
containing two Pt atoms and two Ag atoms is formed. In
[Pt,Ag,(bpy),(3-'Bupz),](PFy),, the Pt . . . Pt distance is
5.8256(7) A, the Pt . . . Ag distances are 3.4562(5) and
3.6502(4) A, and the Ag . . . Ag distance is 3.0545(5) A. The
Pt—N distances are within the range of 1.989(3)-2.012(3) A,
and the Ag—N distances are 2.090(3) A and 2.096(3) A.

[0165] The emission properties of the metal complex
[Pt,Ag,(bpy),(3-"Bupz),](PF,), are now explained. The UV-
vis absorption spectra of the acetonitrile solutions of the
metal complex and emission spectrum thereof in a solid state
were measured. The UV-vis absorption spectra of the aceto-
nitrile solutions are shown in FIG. 13, and the emission spec-
trum in the solid state is shown in FIG. 14.

[0166] A 5.27x107°M solution of [Pt,Ag,(bpy).(3-Bupz)
4J(PFy), in acetonitrile shows two absorption maxima at
around 300 nm-350 nm and a broad absorption band at 350
nm-450 nm. The absorption spectrum of a dilute solution
does not follow Beer’s low, and therefore, the dissociation
equilibrium of the Pt,Ag, complex is considered to occur at
low concentrations. When the metal complex in a solid state
was excited with 355 nm UV light at 298K, a spectrum having
an emission maximum at 494 nm and a slight vibrational
structure was obtained. The emission quantum yield (®) of
the metal complex in a solid state was 0.51.

[0167] Moreover, the emission decay curve of this metal
complex in a solid state was measured at 80K, and this was
analyzed using a monoexponential function to give the value
of i=11.03 ps. The emission decay curve of this metal com-
plex in a solid state was deformed with rising measurement
temperature. The emission decay curve measured at 298K
was analyzed using a biexponential function (I(t)=A exp(-t/
T,)+Aexp(-t/t,)) to give the values of T,=1.46 ps, A;=0.12,
T,=7.87 us and A,=0.88. The emission lifetime of this metal
complex is comparatively long and the emission is considered
to occur from a triplet excited state (i.e., phosphorescence).

Example 7

[0168] [Pt,Au,(bpy),(3-Bupz),](PFs),, which is one kind
of the metal complex of the present invention, was synthe-
sized. This metal complex has a constitution wherein, in the
above-mentioned formula (C1), M7 is Pt”, M’ is AW, L. is
bpy, Lz is 3-"Bupz, and the counter anion is PF ¢~

[0169] First, a mononuclear complex [Pt(bpy)(3-"BupzH)
,|(PF), was synthesized as an intermediate material in the
same manner as in the method explained in Example 5.

[0170] Then, using the mononuclear complex [Pt(bpy)(3-
‘BupzH),](PFy),, which is an intermediate material, a metal
complex [Pt,Ag,(bpy).(3-Bupz),](PF,), was synthesized.
AuCI(SC,Hy) (19 mg, 0.06 mmol) and triethylamine (18 pL,
0.11 mmol) were added to a solution (10 mL) of [Pt(bpy)(3-
‘BupzH),|(PF), (41 mg, 0.06 mmol) in acetonitrile, and the
mixture was stirred at room temperature for 1 hr. At this time,
the white-yellow reaction solution changed to a yellow solu-
tion. This yellow solution was concentrated, the precipitated
yellow solid was collected, washed with water and methanol,
and dried under reduced pressure. The yield was 12 mg, 20%.
This reaction can be shown by the following chemical reac-
tion formula.
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B \ By |2+
N—NH
(PFe)2 +
N—NH
L / Bu_|

[Pt(bpy)(3-BupzH),](PF),

EN

CH3CN
r.t.

AuCI(SC,4Hy)

(PFg)2

[Pt2Auz(bpy)2(3-Bupz)s] (PF)>

[0171] Furthermore, recrystallization from acetonitrile/
methanol was performed to give a single crystal. The obtained
metal complex emitted yellow light under irradiation of UV
light (365 nm). This metal complex was readily soluble in
hexane, dichloromethane, ethanol, acetonitrile and acetone,
soluble in diethyl ether, chloroform, methanol, benzene and
DMSO, and hardly soluble in water.

[0172] Furthermore, the product was identified by IR and
'H NMR spectra.

[0173] The results of identification by IR spectrum are as
follows.
[0174] IR(KBr):3420 (w), 2956 (m), 2676 (m), 2606 (m),

2498 (s), 2360 (s), 1610 (s), 1475 (s), 1454 (s), 1397 (s), 1251
(m), 1210 (m), 1174 (m), 11036 (m), 843 (m), 771 (s), 723 (s),
558 (s), 279 (s)

[0175] The results of identification by 'H NMR spectrum
are as shown in the following Table 14. Each item in Table 14
is as defined in Table 1.

TABLE 14

'H NMR data of [Pt, Au,(bpy)-(3-Bupz),] (PF5)2
( imCD,CN TMS 300 MHz

& (ppm) Shape(J/Hz) Int.  Assign.
8.40 dd (1.4,1.7) 1 H6ofbpy
8.39 d(0.9) 1 H3ofbpy
8.19 d(5.6) 1 Hdofbpy
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TABLE 14-continued

'H NMR data of [Pt,Au,(bpy),(3-"Bupz),](PFs)»
( inCD,CN TMS 300MHz )

& (ppm) Shape(J/Hz) Int. Assign.
7.77 ddd (3.2,5.8,3.2) 1 H5ofbpy
7.55 d(2.3) 1 HS5 of 3-Bupz
6.16 d(2.3) 1 H4 of 3-Bupz
0.99 s 9 ‘Bu of 3-Bupz
[0176] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.

[0177] FAB-MS: m/z=1536 [M-PF]*

[0178] The structure of the obtained metal complex is
explained. The molecular structure of the obtained metal
complex was determined by single crystal X-ray structural
analysis. The crystallographic data are shown in Table 15.
Here, each item in Table 15 is as defined in Table 6.

TABLE 15

Crystallographic data for
[PtoAuy (bpym),(3-‘Bupz) 4] (PFe), *CH3CN

Empirical Formula CsoHgeAUF 5N 14 PP
1961.23

Fw

T,K 93

A A 0.71075
Cryst Syst monoclinic
Space Group C2/c (#15)
a, 20.910(4)
b, A 13.559(3)
c, A 21.496(5)
B, deg 95.118(3)
v, A3 6070 (2)
Z 4

Poateds & ST 2.146
(Mo Ka), em™t 95.503

No. of Reflections Measured
Residuals: R; Rw

Unique: 6898 (R;,, = 0.0493)
0.0748;0.1676

Residuals: R1 0.0639
GOF 1111
[0179] In addition, the structure of cation in this metal

complex is shown in the ORTEP diagram of FIG. 15. This
metal complex was crystallized into a form containing aceto-
nitrile. As shown in FIG. 15, two Pt atoms and two Au atoms
are contained in this cation. A crystallographically imposed
center of symmetry is located at the midpoint between Au . .
. Au, and a half of the atoms in the crystals is independent.
2,2'-Bipyridine (bpy) coordinates as a bidentate chelating
ligand to each Pt atom, and two 3-t-butylpyrazolato ligands
(3-Bupz) coordinate with N atom located farther from t-butyl
group to the residual coordination site. Each Pt atom forms a
{(bpy)Pt(3-Bupz),} unit, and two 3-Bupz ligands of each
unit coordinate to different Au atoms, whereby a 12-mem-
bered ring containing two Pt atoms and two Au atoms is
formed. In [Pt,Au,(bpy),(3-Bupz),](PFy),, the Pt . . . Pt
distance is 6.3288(11) A, the Pt . . . Au distances are 3.4904(8)
and 3.6463(9) A, and the Au . . . Au distance is 3.3020(8) A.
The Pt—N distances are within the range of 1.994(10)-2.011
(10) A, and the Au—N distances are 2.004(9) A and 2.025(8)
A.

[0180] The emission properties of the metal complex
[Pt Au,(bpy),»(3-‘Bupz),(PF,), are now explained. The UV-
vis absorption spectra of the acetonitrile solutions of the
metal complex and emission spectrum thereof in a solid state
were measured. The UV-vis absorption spectrum of the aceto-

14
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nitrile solutions are shown in FIG. 16, and the emission spec-
trum in the solid state is shown in FIG. 17.

[0181] A 4.79x107°M solution of [Pt,Au,(bpy),(3-Bupz)
4|(PFs), in acetonitrile shows two absorption maxima at
around 300 nm-350 nm and a broad absorption band at 350
nm-450 nm. The absorption spectrum of a dilute solution
does not follow Beer’s low, and therefore, the dissociation
equilibrium of the Pt,Au, complex is considered to occur at
low concentrations. When the metal complex in a solid state
was excited with 355 nm UV light at 298K, a spectrum having
an emission maximum at 569 nm and a slight vibrational
structure was obtained. The emission quantum yield (®) of
the metal complex in a solid state was 0.029.

[0182] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A exp(-t/t,)) to
give the values of t,=0.08 is, A, =0.54, ©,=0.48 pus and A,=0.
46 (measurement temperature: 298K). The emission lifetime
of'this metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 8

[0183] [Pt,Cu,(bpy).(3-Bupz),](PF),, which is one kind
of the metal complex of the present invention, was synthe-
sized. This metal complex has a constitution wherein, in the
above-mentioned formula (C1), MZ is Pt”, M’ is CU/, L. is
bpy, L is 3-"Bupz, and the counter anion is PF".

[0184] First, a mononuclear complex [Pt(bpy)(3-BupzH)
,|(PFy), was synthesized as an intermediate material in the
same manner as in the method explained in Example 5.

[0185] Then, using the mononuclear complex [Pt(bpy)(3-
‘BupzH),](PFy),, which is an intermediate material, a metal
complex [Pt,Cu,(bpy),(3-Bupz),](PF ), was synthesized.

[Cu (CH;CN),](BF,) (11 mg, 0.035 mmol) and triethylamine
(23 pl, 0.14 mmol) were added to a solution (10 mL) of
[Pt(bpy)(3-BupzH),(PFy), (32 mg, 0.036 mmol) in acetoni-
trile, and the mixture was stirred at room temperature for 2 hr.
After the reaction, the yellow reaction solution was concen-
trated, and the yellow precipitate resulting from the concen-
tration was collected, washed with water and methanol, and
dried under reduced pressure. The yield was 34 mg, 16%.
This reaction can be shown by the following chemical reac-
tion formula.

B o+
& e
N N—NH
>Pt/ (PFg) +
| Xy \}\I—NH
[Pt(bpy)(3-BupzH),](PFs)
[Cu(CH;CN)4J(BEy) —2
u —_—
AR o eN
.t
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-continued

(PFe)2

[Pt2Cuz(bpy)a(3-Bupz)4](PFe);

[0186] The obtained metal complex was readily soluble in
dichloromethane, methanol, DMSO and benzene, soluble in
chloroform, and hardly soluble in diethyl ether, ethanol, water
and hexane.

[0187] Furthermore, the product was identified by IR and
'"H NMR spectra.

[0188] The results of identification by IR spectrum are as
follows.
[0189] IR(KBr):3125 (w), 2948 (m), 2360 (s), 2342 (m),

1610 (s), 1485 (s), 1455 (s), 1428 (m), 1395 (s), 1360 (m),
1324 (s), 1249 (s), 1179 (m), 1084 (s), 844 (m), 774 (s), 726
(s), 655 (W), 558 (s), 279 (s)

[0190] The results of identification by 'H NMR spectrum
are as shown in the following Table 16. Each item in Table 16
is as defined in Table 1.

TABLE 16

'H NMR data of [Pt,Cu,(bpy),(3-"Bupz),](PFe)>
(in CD,CN, TMS, 400 MHz, —50° C.)

& (ppm) Shape(J/Hz) Int.  Assign.

8.33 m 2 H6, H3 of bpy

7.80 dd (5.4) 1 H4ofbpy

7.62 ddd (1.5,5.4,7.5) 1 HS of bpy

743 d (2.0) 1 HS5 of 3-Bupz

6.21 d (2.0) 1 H4 of 3-Bupz

1.39 s 9  ‘Bu of 3-‘BupzH

[0191] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.

[0192] FAB-MS: m/z=1466 [M-PF]*

[0193] The emission properties of the metal complex
[Pt,Cu,(bpy),(3-Bupz),](PF), are now explained. The UV-
vis absorption spectra of the acetonitrile solutions of the
metal complex and emission spectrum thereof in a solid state
were measured. The UV-vis absorption spectra of the aceto-
nitrile solutions are shown in FIG. 18, and the emission spec-
trum in the solid state is shown in FIG. 19.

[0194] A 5.54x107°M solution of [Pt,Cu,(bpy),(3-Bupz)
4](PF¢), in acetonitrile shows two absorption maxima at
around 300 nm-350 nm and a broad absorption band at 350
nm-450 nm. The absorption spectrum of a dilute solution
does not follow Beer’s low, and therefore, the dissociation

15
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equilibrium of the Pt,Cu, complex is considered to occur at
low concentrations. When the metal complex in a solid state
was excited with 355 nm UV light at 298K, a spectrum having
an emission maximum at 575 nm was obtained. The emission
quantum yield (®) of the metal complex in a solid state was

[0195] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A,exp(-t/t,)) to
give the values of t,=0.04 ps, A, =0.61, t,=0.14 ps and A,=0.
39 (measurement temperature: 298K). The emission lifetime
of'this metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 9
[0196] [Pt,Ag,(bpy),(3-Bupz),](BF,),, which is one kind

of the metal complex of the present invention, was synthe-
sized. This metal complex has a constitution wherein, in the
above-mentioned formula (C1), M7 is Pt”, M’ is Ag*, L. is
bpy, Lz is 3-"Bupz, and the counter anion is BF ,—.

[0197] First, a mononuclear complex [Pt(bpy)(3-"BupzH)
,|(BPh,),, which is an intermediate material, was synthe-
sized. To be specific, [PtCl,(bpy)] (40 mg, 0.10 mmol) and
3-BupzH (40 mg, 0.32 mmol) were stirred in water (5 mL)
with heating at 80° C. for 4 hr. At this time, the orange
suspension changed to a yellow solution. When NaBPh, (140
mg, 0.45 mmol) was added to this yellow solution, white-
yellow precipitate was deposited. The precipitate was col-
lected by filtration, washed with water and dried under
reduced pressure. The yield was 90 mg, 90%. This reaction
can be shown by the following chemical reaction formula.

cl . ‘Bu Ny, NaB@hy
N—NH 80°C.
3-BupzH
[PtCly(bpy)]
B By |2t
7 | ( N
N N N—NH
>Pt/ (BPhy),
| N \N—NH
/ / By
[Pt(bpy)(3-BupzH),](BPhs),
[0198] The obtained metal complex was readily soluble in

DMSO, methanol, acetone, acetonitrile and dichlo-
romethane, soluble in hexane, toluene, chloroform and THF,
and insoluble in diethyl ether, ethanol and water.

[0199] Furthermore, the product was identified by IR and
'H NMR spectra.
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[0200] The results of identification by IR spectrum are as
follows.
[0201] IR(KBr):3054 (m), 2965 (m), 2360 (w), 2342 (w),
1608 (w), 1578 (w), 1476 (s), 1453 (m), 1370 (s), 1264 (s),
1245 (s), 1249 (s), 1130 (m), 733 (s), 705 (s)
[0202] The results of identification by 'H NMR spectrum
are as shown in the following Table 17. Each item in Table 17
is as defined in Table 1.
TABLE 17
'H NMR data of [Pt(bpy)(3-BupzH),](BPh,),
(in CD5CN, TMS, 300 MHz)
& (ppm) Shape (J/Hz) Int. Assign.

8.30 dt (8.5,7.8,1.4)  1H H6ofbpy

8.27 dd (8.5, 1.4) 1H H3ofbpy

7.74 d(2.2) 1H H5ofbpy

7.63 m 1H H4 of bpy

7.26 m 8H PhofBPh,

7.15 m 1H HS5 of 3-‘BupzH

6.97 t(7.5) 8H PhofBPh,

6.82 t(7.3) 4H  PhofBPh,

6.41 d(2.2) 1H  H4 of 3-BupzH

1.31 s 9H  ‘Bu of 3-‘BupzH

[0203] Then, using a mononuclear complex [Pt(bpy)(3-
‘BupzH),|(BPh,),r which is an intermediate material, a metal
complex [Pt,Ag,(bpy),(3-Bupz),](BF,), was synthesized.
To be specific, AgBF, (10.1 mg, 0.05 mmol) and Et;N (33 uL,
0.2 mmol) were added to a solution (10 mL) of [Pt(bpy)(3-
‘BupzH),](BPh,), (60.0 mg, 0.05 mmol) in methanol, and the
mixture was stirred under shading at room temperature for 3
hr. The reaction solution changed from a yellow solution to a
pale-yellow suspension. The suspension was concentrated in
an evaporator. The precipitated yellow-white solid was col-
lected by filtration, washed with hexane and dried under
reduced pressure. The yield was 13.8 mg, 35%. This reaction
can be shown by the following chemical reaction formula.

BES

N ‘Bu
N—NH
(BPhy)y +
N—NH
L / Bu_|

[Pt(bpy)(3-BupzH),] (BPh),

EgN
CH;0H
r.t.

AgBF4
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-continued
(PFy)2
[Pt2Aga(bpy)2(3-Bupz)4](BF4)
[0204] This metal complex exhibited green emission under

irradiation of UV light (365 nm). This metal complex was
readily soluble in acetonitrile, acetone, methanol, ethanol,
toluene and DMSQO, soluble in chloroform, methylene chlo-
ride and THF, and hardly soluble in hexane, diethyl ether and
water.

[0205] Furthermore, the product was identified by IR and
'H NMR spectra.

[0206] The results of identification by IR spectrum are as
follows.
[0207] IR(KBr):3452 (w), 2957 (m), 2360 (m), 1610 (s),

1492 (m), 1473 (s), 1361 (m), 1328 (s), 1163 (s), 1136 (s),
1075 (m), 844 (m), 772 (s), 558 (s), 503 (m), 421 (m)
[0208] The results of identification by 'H NMR spectrum
are as shown in the following Table 18. Each item in Table 18
is as defined in Table 1.

TABLE 18

'H NMR data of [Pt,Ag,(bpy)>(3-Bupz),,](BF ),
( inCDCl TMS 300 MHz )

& (ppm) Shape(J/Hz) Int. Assign.
8.40 s 2H H6, H3 of bpy
8.04 s 1H H4 of bpy
7.76 s 1H HS5 of bpy
7.54 s 1H HS5 of 3-Bupz
6.15 s 1H H4 of 3-Bupz
0.90 s 9H ‘Bu of 3-'‘Bupz
[0209] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.

[0210] FAB-MS: m/z=1497.3 [M-BF ]*

[0211] The emission properties of the metal complex
[Pt,Ag,(bpy),(3-Bupz),](BF,), are now explained. The
emission spectrum of the metal complex in a solid state was
measured. The emission spectrum is shown in FIG. 20.
[0212] When the [Pt,Ag,(bpy),(3-Bupz),](BF,), in a
solid state was excited with 355 nm UV light at 298K, an
emission spectrum with a vibrational structure having emis-
sion maxima at 458 nm, 489 nm and 517 nm was obtained.
The emission quantum yield (®) of the metal complex in a
solid state was 0.55.
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[0213] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A,exp (-t/t,)) to
give the values of t;=0.26 ps, A, =035,7,=10.23 us and A,=0.
65 (measurement temperature: 298K). The emission lifetime
of this metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 10

[0214]  [Pty(5.5'-dmbpy),(3-Bupz),(3-BupzH), | (PFs)..
which is one kind of the metal complex of the present inven-
tion, was synthesized. This metal complex has a constitution
wherein, in the above-mentioned formula (C1), M” is Pt“, M?
is H*, L. is dmbpy, L is 3-‘Bupz, and the counter anion is
PFs~. Two H* and two 3-Bupz are bonded to form two
3-BupzH. The 5,5'-dmbpy is 5,5'-dimethyl-2,2'-bipyridine.

[0215] First, a mononuclear complex [Pt(5,5'-dmbpy)
(3-BupzH),|(PFy),, which is an intermediate material, was
synthesized. To be specific, a solution (S mL) of 3-"BupzH (41
mg, 0.32 mmol) in water was added to a solution (5 mL) of
[PtCl,(5,5-dmbpy)](41 mg, 0.10 mmol) in acetonitrile, and
the mixture was stirred with heating at 80° C. for 4 hr. At this
time, the yellow suspension changed to a yellow solution.
When NH,PF (73 mg, 0.45 mmol) was added to this yellow
solution, white-yellow precipitate was deposited. This pre-
cipitate was collected by filtration, washed with water and
dried under reduced pressure. The yield was 62 mg, 67%.
This reaction can be shown by the following chemical reac-
tion formula.

[
N
/
\P /C[ Bu NH4PF5
/ t\CI \ H,0 + CH:CN.
XV N—NH 80° C.
| 3-BupzH
P

[PtCly(5,5'-dmbpy)]

2+

(PFe)2

[Pt(5,5"-dmbpy)(3-BupzH), ] (PFs)2

[0216] The obtained metal complex was readily soluble in
benzene, THF, DMF and DMSQO, soluble in methanol, etha-
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nol, acetonitrile and dichloromethane, and insoluble in chlo-
roform, water, hexane, toluene and diethylether.

[0217] Furthermore, the product was identified by IR spec-
trum.

[0218] The results of identification by IR spectrum are as
follows.

[0219] IR(KBr):3427 (m), 3125 (m), 3021 (m), 2965 (s),

2913 (m), 2828 (s), 2359 (m), 1609 (m), 1569 (s), 1486 (s),
1393 (s), 1294 (s), 1133 (s), 1069 (s), 990 (s), 841 (s), 558 (s)
[0220] Furthermore, mass spectrometry was performed by
the ESI-MS method. The results are as follows.

[0221] ESI-MS: m/z=626 [M-PF4]*

[0222] Then, using a mononuclear complex [Pt(5,5'-
dmbpy)(3-'BupzH),|(PF,),r which is an intermediate mate-
rial, a metal complex [Pt,(5,5'-dmbpy),(3-"Bupz),(3-
‘BupzH),|(PF,), was synthesized. To be specific, KOH (2
equivalents) was added to a solution (10 mL) of [Pt(5,5'-
dmbpy)(3-"BupzH),|(PF,), (43 mg, 0.05 mmol) in methanol,
and the mixture was stirred at room temperature for 3 hr. The
reaction solution changed from white-yellow to yellow. This
solution was concentrated to dryness. The obtained yellow
solid was dissolved in acetonitrile, and unreacted KOH was
filtered off. The yellow filtrate was concentrated to dryness.
The obtained solid was dissolved in dichloromethane, and
hexane was added to this solution. The precipitated yellow
solid was collected, washed with hexane and dried under
reduced pressure. The yield was 29.5 mg, 81%. This reaction
can be shown by the following chemical reaction formula.

7 | \\ B

N N—NH

| \N/ \N—NH ot
F [ P

(PFe)2

[Pt2(5,5'dmbpy)>(3-‘Bupz)2(3-BupzH),] (PFg),
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[0223] This metal complex exhibited yellow emission
under irradiation of UV light (365 nm). This metal complex
was readily soluble in THF, acetone, methanol, ethanol,
dichloromethane, chloroform and DMF, soluble in benzene,
diethyl ether, acetonitrile and DMSO, and insoluble in tolu-
ene, benzene and water.

[0224] Furthermore, the product was identified by IR and
'H NMR spectra.

[0225] The results of identification by IR spectrum are as
follows.
[0226] IR(KBr):3391 (w), 2958 (s), 2360 (m), 2139 (m),

1484 (s), 1387 (m), 1360 (w), 1237 (s), 1045 (m), 840 (s), 754
(m), 503 (w)

[0227] The results of identification by 'H NMR spectrum
are as shown in the following Table 19. Each item in Table 19
is as defined in Table 1.

TABLE 19

'H NMR data of [Pt,(5,5'-dmbpy)(3-‘Bupz),(3-BupzH),] (PFe),
(in CDCl,, TMS, 300 MHz)

& (ppm) Shape(J/Hz) Int. Assign.
9.09 s 1H H6 of 5,5"-dmbpy
7.83 s 1H H3 of 5,5"-dmbpy
7.24 s 1H H4 of 5,5"-dmbpy
7.00 s 1H H5 of 3-Bupz
6.01 s 1H H4 of 3-Bupz
2.40 s 3H Me of 5,5'-dmbpy
1.42 s 9H ‘Bu of 3-Bupz
[0228] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.
[0229] FAB-MS: m/z=1251.6 [M-PF]*

[0230] The emission properties of the metal complex [Pt,
(5,5'-dmbpy),(3-'Bupz),(3-BupzH),|(PF,), are  now
explained. The emission spectrum of the metal complex in a
solid state was measured. The emission spectrum is shown in
FIG. 21.

[0231] When the [Pt,(5,5'-dmbpy) 2(3-Bupz),(3-"BupzH)
,](PF), in a solid state was excited with 355 nm UV light at
298K, a broad spectrum showing an emission maximum at
536 nm was obtained. The emission quantum yield (®) in a
solid state was 0.09.

[0232] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A,exp(-t/t,)) to
give the values of t,=0.32 us, A;=0.49, ©,=0.75 us and A,=0.
51 (measurement temperature: 298K). The emission lifetime
ofthis metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 11

[0233] [Pt,Ag,(5,5'-dmbpy),(3-Bupz),](PF),, which is
one kind of the metal complex of the present invention, was
synthesized. This metal complex has a constitution wherein,
in the above-mentioned formula (C1), M7 is Pt”, M’ is Ag/,
Lis 5,5'-dmbpy, L, is 3-‘Bupz, and the counter anion is PF".
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[0234] First, a mononuclear complex [Pt(5,5'-dmbpy)(3-
‘BupzH), |(PF), was synthesized as an intermediate material
in the same manner as in the method explained in Example 10.

[0235] Then, using the mononuclear complex [Pt(5,5'-
dmbpy)(3-"BupzH),|(PF,),, which is an intermediate mate-
rial, [Pt,Ag,(5,5'-dmbpy),(3-Bupz),](PF,), was synthe-
sized. To be specific, AgBF, (9.7 mg, 0.05 mmol) and
triethylamine (20 pL, 0.12 mmol) were added to a solution of
(10 mL) of [Pt(5,5'-dmbpy)(3-BupzH),](PF,), (40.1 mg,
0.04 mmol) in acetonitrile, and the mixture was stirred under
shading at room temperature for 3 hr. At this time, the yellow
solution changed to a yellow suspension. The solid was col-
lected by filtration, washed with hexane and dried under
reduced pressure. The yield was 43 mg, 61%. This reaction
can be shown by the following chemical reaction formula.

| \ \ \ Bu o+
N N—NH
Pt/ (PFg)y +
| N \7 —NH
/ / [Bu

(PFe)2

[PtrAgy(5,5'-dmbpy)>(3-Bupz)4](PFe),

[0236] This metal complex exhibited blue-green emission
under irradiation of UV light (365 nm). This metal complex
was readily soluble in acetonitrile and acetone, soluble in
dichloromethane and benzene, and insoluble in hexane,
diethyl ether, toluene, methanol, ethanol, chloroform and
water.
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[0237] Furthermore, the product was identified by IR and
'HNMR spectra.

[0238] The results of identification by IR spectrum are as
follows.
[0239] IR(KBr):3658 (w), 3436 (w), 2960 (s), 2360 (w),

1609 (s), 1485 (s), 1391 (s), 1329 (s), 1146 (s), 1092 (5), 1018
(s), 839 (s), 770 (m), 558 (s)

[0240] The results of identification by 'H NMR spectrum
are as shown in the following Table 20. Each item in Table 20
is as defined in Table 1.

TABLE 20

'H NMR data of [Pt,Ag,(5,5'-dmbpy),(3-"Bupz),](PF¢),
{nCD CN TMS 300 MH2

& (ppm) Shape(J/Hz) Int. Assign.

8.21 s 1H H6 of 5,5"-dmbpy
8.20 s 2H H3 of 5,5"-dmbpy
7.84 s 1H H4 of 5,5"-dmbpy
7.56 d(2.3) 1H HS of 3-Bupz

6.17 d(2.3) 1H H4 of 3-Bupz

239 s 3H Me of 3,5-dmbpy
1.01 s 9H ‘Bu of ‘Bupz

[0241] The emission properties of the metal complex

[Pt,Ag,(5,5'-dmbpy),(3-Bupz),,](PFy), are now explained.
The emission spectrum of the metal complex in a solid state
was measured. The emission spectrum is shown in FIG. 22.

[0242] When [Pt,Ag,(5,5"-dmbpy),(3-Bupz),](PFy), in a
solid state was excited with 355 nm UV light at 298K, a
spectrum with a remarkable vibrational structure having
emission maxima at 475 nm, 510 nm and 541 nm was
obtained. The emission quantum yield (@) of the metal com-
plex in a solid state was 0.22.

[0243] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A exp(-t/1)+A,exp(-t/t,)) to
give the values of t,=1.88 us, A, =0.24, t,=6.45 us and A,=0.
76 (measurement temperature: 298K). The emission lifetime
ofthis metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 12

[0244] [Pt (4,4'-dmbpy),(3-Bupz),(3-BupzH)*|(PFs)..
which is one kind of the metal complex of the present inven-
tion, was synthesized. This metal complex has a constitution
wherein, in the above-mentioned formula (C1), M7 is Pt”, M’
is H*, L. is 4,4'-dmbpy, L is 3-'Bupz, and the counter anion
is PF4™. Two H* and two 3-Bupz are bonded to form two
3-BupzH. The 4,4'-dmbpy is 4,4'-dimethyl-2,2"-bipyridine.

[0245] First, a mononuclear complex [Pt(4,4'-dmbpy)(3-
‘BupzH),](PF,),r which is an intermediate material, was syn-
thesized. To be specific, a solution (5 mL) of 3-"BupzH (40
mg, 0.33 mmol) in water was added to a solution (5 mL) of
[PtCl,(4,4-dmbpy)](41 mg, 0.10 mmol) in acetonitrile, and
the mixture was stirred with heating at 80° C. for 4 hr. At this
time, the yellow suspension changed to a yellow solution.
When NH,PF (73 mg, 0.45 mmol) was added to this yellow
solution, white-yellow precipitate was deposited. This pre-
cipitate was collected by filtration, washed with water and
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dried under reduced pressure. The yield was 51 mg, 56%.
This reaction can be shown by the following chemical reac-
tion formula.

N
\ _Cl Bu N NILPF¢
—_—
/Pt\ ol \ M0 + CH,CN
X N—NH 80° C.
3-BupzH

[PtCL,(4,4'-dmbpy)]

- o

N N—NH
\Pt/
\N/ \N—NH

S U

[Pt(4,4"-dmbpy)(3-BupzH), ] (PFs)y

(PFg)2

[0246] The obtained metal complex was readily soluble in
THF and DMF, soluble in acetonitrile, dichloromethane,
chloroform, acetone and DMSO, and insoluble in water,
methanol, ethanol, hexane, toluene, benzene and diethyl-
ether.

[0247] Furthermore, the product was identified by IR spec-
trum. The results of identification by IR spectrum are as
follows.

[0248] IR(KBr):3132 (m), 3021 (m), 2966 (s), 2360 (s),
2337 (s), 1621 (s), 1489 (s), 1370 (s), 1132 (s), 991 (s), 848
(s), 558 (s)

[0249] Furthermore, mass spectrometry was performed by
the FAB-MS method. The results are as follows.

[0250] FAB-MS: m/z=626.3 [M-PF,]*

[0251] Then, using a mononuclear complex [Pt(4,4'-
dmbpy)(3-"BupzH),|(PF,),, which is an intermediate mate-
rial, a metal complex [Pt,(4,4'-dmbpy),(3-"Bupz),(3-
‘BupzH),|(PF,), was synthesized. To be specific, KOH (2
equivalents) was added to a solution (10 mL) of [Pt(4,4'-
dmbpy)(3-"BupzH),|(PF,), (37 mg, 0.04 mmol) in methanol,
and the mixture was stirred at room temperature for 3 hr. The
reaction solution changed from white-yellow to yellow. This
solution was concentrated to dryness. The obtained yellow
solid was dissolved in acetonitrile, and unreacted KOH was
filtered off. The yellow filtrate was concentrated to dryness.
The obtained solid was dissolved in dichloromethane, and
hexane was added to this solution. The precipitated yellow
solid was collected, washed with hexane and dried under
reduced pressure. The yield was 12.8 mg, 42%. This reaction
can be shown by the following chemical reaction formula.
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- / \ By o+
LI }\I NH
S _
\ p / KOH
P ®Fe mon
| Ny ;I—NH rt.
i A V B

(PF¢)2

[Pt2(4,4'dmbpy)2(3-Bupz)>(3-BupzH), ] (PFe)>

[0252] This metal complex exhibited yellow emission
under irradiation of UV light (365 nm). This metal complex
was readily soluble in acetone, methanol, ethanol, dichlo-
romethane, chloroform and DMF, soluble in THF, benzene,
diethyl ether, acetonitrile, DMSO and toluene, and insoluble
in water and hexane.

[0253] Furthermore, the product was identified by IR and
'H NMR spectra.

[0254] The results of identification by IR spectrum are as
follows.

[0255] IR(KBr):3347 (w), 2958 (s), 2360 (m), 2342 (m),
1624 (s), 1491 (m), 1418 (w), 1236 (s), 833 (s), 560 (s)
[0256] The results of identification by "H NMR spectrum
are as shown in the following Table 21. Each item in Table 21
is as defined in Table 1.

TABLE 21

'H NMR data of [Pt,(4,4-dmbpy),(3-Bupz),(3-BupzH),](PFs),
(in CDCl,, TMS, 300 MHz)

& (ppm) Shape(J/Hz) Int. Assign.
8.95 d(6.0) 1H  H6 of 44-dmbpy
777 s 1H H3 of 4,4’-dmbpy
7.24 s 1H H5 of 4,4-dmbpy
6.99 d(1.9) 1H H5 of 3-Bupz
5.99 d(1.9) 1H H4 of 3-Bupz
248 s 3H Me of 4,4'-dmbpy
1.38 s 9H ‘Bu of 3-‘Bupz
[0257] Furthermore, mass spectrometry was performed by

the FAB-MS method. The results are as follows.

[0258]

FAB-MS: m/z=1251.6 [M-PF]*
[0259] The emission properties of the metal complex [Pt,
(4,4'-dmbpy),(3-Bupz),(3-BupzH),](PFs),

are

now

20
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explained. The emission spectrum of the metal complex in a
solid state was measured. The emission spectrum is shown in
FIG. 23.

[0260] When [Pty(4,4'-dmbpy),(3-‘Bupz),(3-BupzH),]
(PFy), in a solid state was excited with 355 nm UV light at
298K, a broad spectrum showing an emission maximum at
557 nm was obtained. The emission quantum yield (®) in a
solid state was 0.13.

[0261] Moreover, the emission decay curve of this metal
complex in a solid state was measured, and analyzed using a
biexponential function (I(t)=A,exp(-t/t,)+A exp(-t/t,)) to
give the values of t,=0.29 ps, A;=0.61, t,=1.13 ps and A,=0.
39 (measurement temperature: 298K). The emission lifetime
ofthis metal complex is comparatively long and the emission
is considered to occur from a triplet excited state (i.e., phos-
phorescence).

Example 13

[0262] [Pt,Ag,(4,4-dmbpy),(3-Bupz),](PFs),, which is
one kind of the metal complex of the present invention, was
synthesized. This metal complex has a constitution wherein,
in the above-mentioned formula (C1), M” is Pt”, M’ is Ag’,
L. is4,4'-dmbpy, L is 3-"Bupz, and the counter anion is PF .

[0263] First, a mononuclear complex [Pt(4,4'-dmbpy)
(3-"BupzH),|(PF), was synthesized as an intermediate mate-
rial in the same manner as in the method explained in
Example 12.

[0264] Then, using the mononuclear complex [Pt(4,4'-
dmbpy) (3-BupzH),](PF,),r which is an intermediate mate-
rial, a metal complex [Pt,Ag,(4,4'-dmbpy),(3-Bupz),]
(PFy), was synthesized. To be specific, AgBF, (9.7 mg, 0.05
mmol) and triethylamine (20 puL, 0.12 mmol) were added to a
solution (10 mL) of [Pt(4,4'-dmbpy)(3-‘BupzH),|(PF,),
(40.1 mg, 0.04 mmol) in acetonitrile, and the mixture was
stirred under shading at room temperature for 3 hr. At this
time, the yellow solution changed to a yellow suspension. The
yellow solid precipitated by the reaction was collected by
filtration, washed with hexane and dried under reduced pres-
sure. The yield was 9.6 mg, 23%. In addition, when the filtrate
was concentrated and methanol was added, a yellow solid
precipitated. The yellow solid precipitated with methanol was
collected by filtration, washed with methanol and dried under
reduced pressure. The yield was 18.2 mg, 43%. This reaction
can be shown by the following chemical reaction formula.

(PFe)2 +

‘Bu _|
[Pt(4,4'-dmbpy)(3-'BupzH),](PFs),
Et;N

CH3CN
r.t

AgBF4
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(PF¢)2

\Pt—N/‘N
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[PtrAgy(4,4'dmbpy),(3-Bupz)4](BFs),

/
\

[0265] The solid precipitated by the reaction exhibited yel-
low emission under irradiation of UV light (365 nm). On the
other hand, the solid precipitated with methanol exhibited
blue emission under irradiation of UV light (365 nm). The
solid exhibiting yellow emission and that exhibiting blue
emission gave identical "H NMR spectra and ESI-MS data as
mentioned below. In addition, the solid exhibiting yellow
emission and that exhibiting blue emission both yielded, by
recrystallization, yellow crystals exhibiting blue emission.
From these data, it is considered that the metal complex
contained in the solid exhibiting yellow emission and that
contained in the solid exhibiting blue emission are not iso-
mers but the same metal complex, and these solids show
different luminescent colors according to the difference in the
packing of the metal complexes.

[0266] The solid exhibiting yellow emission was readily
soluble in dichloromethane, chloroform, acetonitrile and
DMSO, slightly soluble in methanol, ethanol and diethyl-
ether, and insoluble in hexane. On the other hand, the solid
exhibiting blue emission was easily soluble in dichlo-
romethane, chloroform, acetonitrile and DMSO, slightly
soluble in diethylether, and insoluble in methanol, ethanol
and hexane.

[0267] The results of identification by IR spectrum of the
crystal exhibiting blue emission obtained by recrystalliza-
tion, and those by "H NMR spectra of the solid exhibiting
yellow emission and the solid exhibiting blue emission are as
shown below. Each item in Table 22 is as defined in Table 1.
[0268] IR(KBr):3471 (w), 2953 (s), 2359 (w), 2341 (w),
1620 (s), 1491 (s), 1329 (s), 1248 (s), 1081 (s), 840 (s), 770
(m), 521 (s), 501 (m)

TABLE 22

'H NMR data of [Pt,Ag,(4-4' dmbpy),(3-‘Bupz),](PFs),
in CD CN TMS 300 MH2?

& (ppm) Shape(J/Hz) Int. Assign.
7.98 s 1H H6 of 4-4' dmbpy
7.20 s 1H H3 of 4-4' dmbpy
651 t(1.8) 1H  HSof4-4 dmbpy
6.05 s 1H HS of 3-Bupz

21

Sep. 26, 2013

TABLE 22-continued
'H NMR data of [Pt,Ag,(4-4' dmbpy),(3-Bupz),](PFs),
(in CD CN TMS 300 MH3
d (ppm) Shape(J/Hz) Int. Assign.

5.90 t(2.5) 1H H4 of 3-Bupz

2.50 s 3H Me of 4-4' dmbpy

1.39 s 9H Bu of 3-‘BupzH

[0269] Furthermore, mass spectrometry was performed by

the ESI-MS method. The results are as follows.
[0270] ESI-MS: 1611.6 [M-PF]*

[0271] Using the yellow solid exhibiting blue emission,
recrystallization from dichloromethane/ethanol was per-
formed to give yellow crystals. Using the crystals, the
molecular structure was determined by single crystal X-ray
structural analysis. The crystallographic data are shown in
Table 23. Here, each item in Table 23 is as defined in Table 6.

TABLE 23

Crystallographic data for [Pt,Ag,(4,4'-dmbpy),(3-Bupz) 4] (PFy)»

Empirical Formula CsyHegAgoF 5N L PoPE
Fw 1757.03
T,K 93

A 0.71075
Cryst Syst monoclinic
Space Group P2,/c (#14)
a, 13.001(3)
b, A 16.884(4)
c, A 14.556(3)
B, deg 112.524(3)
v, A3 2951.5(11)
zZ 2

Peateds & ST 1.977
(Mo Ka), em™* 54.973

No. of Reflections Measured
Residuals: R; Rw

Unique: 6751 (R,,, = 0.0489)
0.0517; 0.1084

Residuals: R1 0.0420
GOF 1.065
[0272] In addition, the structure of cation in the crystal

exhibiting blue emission is shown in the ORTEP diagram of
FIG.24. As shown in FIG. 24, two Pt atoms and two Ag atoms
are contained in this cation. A crystallographically imposed
center of symmetry is located at the midpoint between Ag . .
. Ag, and a half of the atoms in the crystals is independent.
4,4'-Dimethyl-2,2'-bipyridine (4,4'-dmbpy) coordinates as a
bidentate chelating ligand to each Pt atom, and two 3-t-bu-
tylpyrazolato ligands (3-Bupz) coordinate with N atom
located farther from t-butyl group to the residual coordination
site. Bach Pt atom forms a {(4,4'-dmbpy)Pt(3-Bupz),} unit,
and two 3-Bupz ligands of each unit coordinate to different
Ag atoms, whereby a 12-membered ring containing two Pt
atoms and two Ag atoms is formed. In [Pt,Ag,(4,4'-dmbpy)
»(3-Bupz),,](PF)., the Pt . . . Pt distance is 6.3489(11) A.

[0273] ThePt...Agdistances are 3.5265(8) A and 3.5260
(8) A, and the Ag . . . Ag distance is 3.0705(8) A. The Pt—N
distances are within the range of 1.994(5) A-2.016(5) A, and
the Ag—N distances are 2.096(6) A and 2.097(6) A.

[0274] The emission properties of the metal complex
[Pt,Ag,(4,4'-dmbpy),(3-‘Bupz),,](PF,), are now explained.
The emission spectrum of the metal complex in a solid state
was measured. The emission spectrum of the solid exhibiting
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yellow emission is shown in FIG. 25 and the emission spec-
trum of the crystal exhibiting blue emission is shown in FIG.
26.

[0275] When the solid exhibiting yellow emission was
excited with 355 nm UV light at 298K, the spectrum with an
emission maximum wavelength at 536 nm was obtained. On
the other hand, when the crystal exhibiting blue emission was
excited with 355 nm UV light at 298K, a spectrum with a
vibrational structure having emission maxima at 476 nm, 510
nm and 543 nm was obtained. The emission quantum yield
(®) of the crystal exhibiting blue emission in a solid state was
0.53.

[0276] Moreover, the emission decay curve of the crystal
exhibiting blue emission in a solid state was measured, and
analyzed using a biexponential function (I(t)=A exp(-t/t )+
A,exp(-t/t,)) to give the values of ©,=0.26 us, A,;=0.52,
7,=0.73 ps and A,=0.48 (measurement temperature: 298K).
The emission lifetime of this metal complex is comparatively
long and the emission is considered to occur from a triplet
excited state (i.e., phosphorescence).

INDUSTRIAL APPLICABILITY

[0277] The metal complex of the present invention is a
material useful for the production of a light emitting device, a
display device, and the like.

[0278] This application is based on patent application Nos.
2010-211191 and 2011-53216 filed in Japan, the contents of
which are encompassed in full herein.

EXPLANATION OF SYMBOLS
[0279] 1 substrate
[0280] 2 anode
[0281] 3 hole injection layer
[0282] 4 hole transport layer
[0283] 5 light emitting layer
[0284] 6 electron transport layer
[0285] 7 electron injection layer
[0286] 8 cathode

1. A metal complex containing a cation represented by the
formula (C1)

(M), (M) L oLl (&)
in the formula (C1), M7 is Pt” or Pd”,
M is H*, Au/, Ag’, Cu/, Hg', T or PY/,

L. is a compound represented by any of the formula
(L~1)-the formula (L -5), and

L is a monovalent anion represented by the formula (L -

1).

LD

R} R*
N N—
wd \>_<\ ) o5
=N N
R! R®
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9 10 (LCZ)
R® R
N —N
wed N =
—N N
R7 R]Z
L3
Rl4 RIS R16 Rl7 (C)
7\ 4 /N
N
Rl3 RIS
Lcd
Le5)

@51

in the formula (L-1)-the formula (L-5), R'-R** are each
independently a hydrogen atom, a halogen atom, an
alkyl group optionally having substituent(s), or an aryl
group optionally having substituent(s), or one or plural
sets of the adjacent groups from R'-R** form a hydro-
carbon ring optionally having substituent(s) or a hetero-
cyclic ring optionally having substituent(s),

in the formula (L4-1), X* is an alkyl group optionally
having substituent(s), and X* and X are each indepen-
dently a hydrogen atom, a halogen atom, an alkyl group
optionally having substituent(s), or an aryl group option-
ally having substituent(s).

2. The metal complex according to claim 1, which is rep-

resented by the formula (C2)

[(M7),(M)o(L 0)o(Lp))(PFe)y (€2)

in the formula (C2), MY, M’, L. and L are as defined

above.

3. The metal complex according to claim 1, wherein M7 is
Pt?, M is H*, Av’, Ag’ or C/, L. is 2,2'-bipyrimidine or
2,2'-bipyridine, and L is a monovalent anion obtained by
dissociation of a proton from 3-t-butylpyrazole.

4. The metal complex according to claim 1, wherein M7 is
Pt?, M’ is H* or Ag/, L. is 4,4'-dimethyl-2,2"-bipyridine or
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5,5'-dimethyl-2,2'-bipyridine, and L5 is a monovalent anion
obtained by dissociation of a proton from 3-t-butylpyrazole.

5. A light emitting device having a light emitting layer
comprising the metal complex according to claim 1.

6. A display device provided with the light emitting device
according to claim 5.

7. The metal complex according to claim 2, wherein M~ is
Pt7, M’ is H*, Au’, Ag’ or CU/, L. is 2,2"-bipyrimidine or
2,2'-bipyridine, and L, is a monovalent anion obtained by
dissociation of a proton from 3-t-butylpyrazole.

8. The metal complex according to claim 2, wherein M7 is
Pt?, M’ is H* or Ag’, L. is 4,4'-dimethyl-2,2"-bipyridine or
5,5'-dimethyl-2,2'-bipyridine, and L is a monovalent anion
obtained by dissociation of a proton from 3-t-butylpyrazole.

9. A light emitting device having a light emitting layer
comprising the metal complex according to claim 2.

10. A light emitting device having a light emitting layer
comprising the metal complex according to claim 3.
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11. A light emitting device having a light emitting layer
comprising the metal complex according to claim 4.

12. A light emitting device having a light emitting layer
comprising the metal complex according to claim 7.

13. A light emitting device having a light emitting layer
comprising the metal complex according to claim 8.

14. A display device provided with the light emitting
device according to claim 9.

15. A display device provided with the light emitting
device according to claim 10.

16. A display device provided with the light emitting
device according to claim 11.

17. A display device provided with the light emitting
device according to claim 12.

18. A display device provided with the light emitting
device according to claim 13.

* * #* ok %
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