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(57) ABSTRACT 

A White light emitting organic electroluminescent element 
comprising tWo electrodes having therebetWeen one or more Appl. No.: 11/632,389 
constituting layers including a light emission layer, the one 

PCT F?ed; Jul, 7, 2005 or more constituting layers comprising at least tWo phos 
phorescent compounds, Wherein at least one of the phos 

PCT No.1 PCT/JP05/12584 phorescent compounds is a green light emitting ortho meta 
lated complex; and a spectral ratio of the green light emitting 

§ 371(c)(1), ortho metalated complex in ae emission spectral distribution 
(2), (4) Date; Jan, 12, 2007 in a range of 400-800 nm is not less than 60%. 
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WHITE LIGHT EMITTING ORGANIC 
ELECTROLUMINESCENCE ELEMENT, DISPLAY 

AND ILLUMINATOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to a White light emit 
ting organic electroluminescent element, a display and an 
illuminator. 

BACKGROUND OF THE INVENTION 

[0002] As an emission type electronic display device, an 
electroluminescent device (ELD) is knoWn. Elements con 
stituting the ELD include an inorganic electroluminescent 
element and an organic electroluminescent element (here 
inafter referred to also as an organic EL element). Inorganic 
electroluminescent element has been used for a plane light 
source, hoWever, a high voltage alternating current has been 
required to drive the element. An organic EL element has a 
structure in Which a light emitting layer containing a light 
emitting compound is arranged betWeen a cathode and an 
anode, and an electron and a hole Were injected into the light 
emitting layer and recombined to form an exciton. The 
element emits light, utiliZing light (?uorescent light or 
phosphorescent light) generated by inactivation of the exci 
ton, and the element can emit light by applying a relatively 
loW voltage, namely, several volts to several tens of volts. 
The element has a Wide vieWing angle and a high visuality 
since the element is of self light emission type. Further, the 
element is a thin, complete solid element, therefore, the 
element is noted from the vieWpoint of space saving and 
portability. 
[0003] For the practical use in the future, an organic EL 
element is desired to emit light of high luminance With high 
e?iciency at a loWer poWer. 

[0004] For example, disclosed is an organic EL element 
exhibiting higher luminance of emitting light With longer 
life in Which a stilbene derivative, a distyrylarylene deriva 
tive or a tristyrylarylene derivative doped With a slight 
amount of a ?uorescent compound is employed (refer to 
Japanese Patent No. 3093796). 

[0005] Also knoWn are: an organic EL element Which has 
an organic light emitting layer containing 8-hydroxyquino 
line aluminum complex as a host compound doped With a 
slight amount of a ?uorescent compound (for example, refer 
to Japanese Patent Publication Open to Public Inspection 
(hereafter referred to as JP-A) No. 63-264692); and an 
organic EL element Which has an organic light emitting layer 
containing 8-hydroxyquinoline aluminum complex as a host 
compound doped With a quinacridone type dye (for 
example, refer to JP-A No. 3-255190). 

[0006] When light emitted through excited singlet state is 
used in the organic EL element as disclosed in the above 
Patent documents, the upper limit of the external quantum 
e?iciency (1] ext) is considered to be at most 5%, because the 
generation probability of excited species capable of emitting 
light is 25%, since the generation ratio of singlet excited 
species to triplet excited species is 1:3, and further, external 
light emission e?iciency is 20%. 

[0007] Since an organic EL element, employing phospho 
rescence through the excited triplet, has been reported by 
Prinston University (refer to M. A. Baldo et al., nature, 395, 
151-154 (1998)), studies on materials emitting phosphores 
cence at room temperature have been actively carried out. 
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[0008] Examples are also reported in M. A. Baldo et al., 
Nature, 403(17), 750-753 (2000) or in U.S. Pat. No. 6,097, 
147. 

[0009] As the upper limit of the internal quantum e?i 
ciency of the excited triplet is 100%, the light emission 
e?iciency of the exited triplet is theoretically four times 
higher than that of the excited singlet. Accordingly, light 
emission employing the excited triplet may enable almost 
the same performance as a cold cathode tube, and it is 
attracting attention to be applied as an illuminator. 

[0010] For example, S. Lamansky et al., J. Am. Chem. 
Soc., 123, 4304 (2001) reports that many kinds of heavy 
metal complexes such as iridium complexes have been 
synthesiZed and studied. 

[0011] In above mentioned M. A. Baldo et al., Nature, 
403(17), 750-753 (2000), an example employing tris(2 
phenylpyridine)iridium as a dopant has been studied. 

[0012] As other examples, M. E. Tompson et al. have 
reported the application of L2Ir(acac) such as (ppy)2Ir(acac) 
as a dopant in the 10th International Workshop on Inorganic 
and Organic Electroluminescence (EL ’00, Hamamatsu), 
and Moon-Jae Youn. 0 g, Tetsuo Tsutsui et al., have reported 
the application of tris(2-(p-tolyl)pyridine)iridium 
(Ir(ptpy)3), and tris(benZo[h]quinoline)iridium (Ir(bZq)3) as 
a dopant in the 10th International Workshop on Inorganic 
and Organic Electroluminescence (EL ’00, Hamamatsu). 
These metal complexes are generally referred to as an ortho 
metalated iridium complex. 

[0013] Also in aforementioned S. Lamansky et al., J. Am. 
Chem. Soc., 123, 4304 (2001), an application of various 
iridium complexes to an organic EL elements has been 
examined. 

[0014] In order to obtain a higher emission e?iciency, Ikai 
et al. have reported an application of a hole transport 
compound as a host material of a phosphorescent compound 
in the 10th International Workshop on Inorganic and 
Organic Electroluminescence (EL ’00, Hamamatsu). Also, 
M. E. Tompson et al., have reported an application of 
various electron-transport compounds as a host material of 
a phosphorescent compound, Which is further doped With a 
novel iridium complex. 

[0015] An ortho metalated complex having platinum as a 
central metal instead of iridium is also attracting attention. 
Many examples of this type of complex having a charac 
teristic ligand have been knoWn (for example, refer to Patent 
Documents 1-5). 

[0016] Since each of the above examples is related to 
phosphorescent emission, the luminance, and the emission 
e?iciency are notably improved compared to the conven 
tional organic EL elements, hoWever, the emission life of 
each element have been shorter than those of the conven 
tional organic EL elements. It has not been fully easy for a 
high e?iciency phosphorescent material to satisfactorily 
shorten the emission Wavelength and to improve the emis 
sion life, and a fully satisfactory performance for the prac 
tical use has not been obtained. 

[0017] In order to shorten the emission Wavelength, 
knoWn are the techniques in Which an electron Withdrawing 
group such as a ?uorine atom, a tri?uoromethyl group or a 
cyano group, or a ligand such as a picolinic acid or a 
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pyraZabole ligand is introduced in phenylpyridine (for 
example, refer to Patent Documents 6-10). However, When 
these ligands are used, the emission Wavelengths are short 
ened to attain emission of blue light and an element exhib 
iting a high ef?ciency can be obtained. However, the emis 
sion life is notably deteriorated. 

Patent Document 1 Japanese Patent Publication Open to Public 
Inspection (hereafter referred to as .IP-A) 
No. 2002-332291 
JP-A No. 2002-332292 
JP-A No. 2002-338588 
JP-A No. 2002-226495 
JP-A No. 2002-234894 
W0 02/ 15645 
JP-A No. 2003-123982 
JP-A No. 2002-117978 
JP-A No. 2003-146996 
WO 04/016711 

Patent Document 2 
Patent Document 3 
Patent Document 4 
Patent Document 5 
Patent Document 6 
Patent Document 7 
Patent Document 8 
Patent Document 9 
Patent Document 10 

[0018] Non-Patent Document 1 

[0019] Inorganic Chemistry, Vol. 41, No. 12, 3055-3066 
Non-Patent Document 2 

[0020] Applied Physics, Letters, Vol. 79, Page 2082 

[0021] Non-Patent Document 3 

[0022] Applied Physics, Letters, Vol. 83, Page 3818 

[0023] Non-Patent Document 4 

[0024] NeW Journal of Chemistry, Vol. 26, Page 1171 

SUMMARY THE INVENTION 

[0025] An object of the invention is to provide an organic 
EL element exhibiting a high luminance, a high emission 
ef?ciency and an excellent CIE chromaticy of White light 
emission, and a display and an illuminator employing the 
element. 

[0026] One of the aspects of the present invention to 
achieve the above abject is a White light emitting organic 
electroluminescent element comprising tWo electrodes hav 
ing therebetWeen one or more constituting layers including 
a light emission layer, the one or more constituting layers 
comprising at least tWo phosphorescent compounds, 
Wherein at least one of the phosphorescent compounds is a 
green light emitting ortho metalated complex; and a spectral 
ratio of the green light emitting ortho metalated complex in 
ae emission spectral distribution in a range of 400-800 nm 
is not less than 60%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a schematic draWing illustrating an 
example of a display equipped With a White light emitting 
organic EL element. 

[0028] FIG. 2 is a schematic draWing of display portion A. 

[0029] FIG. 3 is an equivalent circuit diagram of a drive 
circuit constituting a pixel. 

[0030] FIG. 4 is a schematic draWing of a display based on 
a passive matrix method. 

[0031] FIG. 5 is a simple schematic draWing of a sealing 
structure of White light emitting organic EL element-1. 
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[0032] FIG. 6 is a schematic draWing of an illuminator 
equipped With a White emitting organic EL element. 

[0033] FIG. 7 shoWs a spectral curve of sample GOLED-l 
for measuring spectrum component of green light. 

[0034] FIG. 8 shoWs a spectral curve of sample GOLED-5 
for measuring spectrum component of green light. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] The above-described object of the present inven 
tion has been achieved by the folloWing structures 1-46. 

[0036] (1) A White light emitting organic electrolumines 
cent element comprising tWo electrodes having therebe 
tWeen one or more constituting layers including a light 
emission layer, the one or more constituting layers compris 
ing at least tWo phosphorescent compounds, Wherein 

[0037] at least one of the phosphorescent compounds is a 
green light emitting ortho metalated complex; and 

[0038] a spectral ratio of the green light emitting ortho 
metalated complex in ae emission spectral distribution in a 
range of 400-800 nm is not less than 60%. 

[0039] (2) The White light emitting organic electrolumi 
nescent element of Item (1), Wherein 

[0040] at least one of the phosphorescent compounds is a 
blue light emitting ortho metalated complex; and 

[0041] a shortest emission peak Wavelength of the blue 
light emitting ortho metalated complex is not more than 455 
nm. 

[0042] (3) The White light emitting organic electrolumi 
nescent element of Item (1) or (2), Wherein 

[0043] at least one of the phosphorescent compounds is 
a red light emitting ortho metalated complex. 

[0044] (4) The White light emitting organic electrolumi 
nescent element of Item (2) or (3), Wherein 

[0045] the blue light emitting ortho metalated complex 
has at least one of the substructures represented by 
Formulas (1) to (6) or at last one of tautomers of the 
substructures represented by Formulas (1) to (6). 

Formula (1) 

[Wherein, Z11 is an atomic group necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic 
ring; R11, R12 and R13 each are a hydrogen atom or a 
substituent; and M11 is a metal belonging to one of 
Groups 8 to 10 of the periodic table.] 
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Formula (2) 

R22 R23 

[Wherein, Z21 is an atomic group necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic 
ring; R21, R22 and R13 each are a hydrogen atom or a 
substituent; and M21 is a metal belonging to one of 
Groups 8 to 10 of the periodic table.] 

Formula (3) 

x / 

(M31 

[Wherein, Z31 is an atomic group necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic 
ring; X31, X32 and X33 each are a carbon atom, 
4C(R3)i, a nitrogen atom or iN(R3)i (Wherein, R3 
is a hydrogen atom or a substituent); C31 is a carbon 
atom; M31 is a metal belonging to one of Groups 8 to 
10 of the periodic table; and a bond betWeen C31 and N, 
a bond betWeen N and X33, a bond betWeen X32 and 
X33, a bond betWeen X31 and X32, and a bond betWeen 
C31 and X31 each are a single bond or a double bond.] 

Formula (4) 

[Wherein, Z41 is an atomic group necessary to form an 
aromatic heterocyclic ring; at least one of X41 and X42 
is a nitrogen atom or iN(R4)i (Wherein, R4 is a 
hydrogen atom or a substituent); M41 is a metal belong 
ing to one of Groups 8 to 10 of the periodic table; C41, 
C42 and C43 each are a carbon atom; M41 is a metal 
belonging to one of Groups 8 to 10 of the periodic 
table; and a bond betWeen C41 and C42, a bond betWeen 
C41 and X42, a bond betWeen X41 and X42, a bond 
betWeen X41 and C43, and a bond betWeen C42 and C43 
each are a single bond or a double bond.] 
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Formula (5) 

[Wherein, Z51 is an atomic group necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic 
ring; X51 is an oxygen atom or a sulfur atom; R51 and 
R52 each are a hydrogen atom or a substituent; and M51 
is a metal belonging to one of Groups 8 to 10 of the 
periodic table.] 

Formula (6) 

[Wherein, Z61 is an atomic group necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic 
ring. X61, X62 and X63 each are a carbon atom, 
4C(R6)i, a nitrogen atom or iN(R6)i (Wherein, R6 
is a hydrogen atom or a substituent); and M61 is a metal 
belonging to one of Groups 8 to 10 of the periodic 
table.] 

[0046] (5) The White light emitting organic electrolumi 
nescent element of Item (2) or (3), Wherein 

[0047] the blue light emitting ortho metalated complex is 
a platinum complex represented by Formula (7). 

Formula (7) 

[Wherein, R1, R2, R3, R4, R5, R6 and R7 each are a hydrogen 
atom or a substituent, provided that, at least one of R1, R2, 
R3, R4, R5, R6 and R7 is a substituent; Ra is a substituent; Xa 
is an oxygen atom or a sulfur atom; Yl-Ll-Yl is a bidentate 
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ligand; Y1 and Y2 each independently are an oxygen atom, 
a nitrogen atom, a carbon atom or a sulfur atom; and L1 is 
an atomic group necessary to form a bidentate ligand 
together With Y1 and Y2] 

[0048] (6) The White light emitting organic electrolumi 
nescent element of Item (2) or (3), Wherein 

[0049] the blue light emitting ortho metalated complex is 
a metal complex having a substructure represented by For 
mula (8) or (9). 

Formula (8) 

[Wherein, A, B and C each are a hydrogen atom or a 
substituent, provided that at least tWo of A, B and C are 
represented by -Xa-(Ra)na (Wherein Ra is a substituent, Xa 
is an oxygen atom, a sulfur atom or a nitrogen atom, and na 
is l or 2.), Which may be the same or dilTerent; R1, R2, R3, 
R4 and R5 each are a hydrogen atom or a substituent; and M l 
is an element belonging to one Groups 8 to 10 of the periodic 

table.] 
Formula (9) 

/ (Rb)nb 
Xb 

Rs 

(Rd) d 
n \ Xd 

[Wherein, Rb, Rc and Rd each are a substituent; Xb, Xc and 
Xd each are an oxygen atom, a sulfur atom or a nitrogen 

atom; nb, nc and nd each are l or 2; R6, R7, R8, R9 and R10 
each are a hydrogen atom or a substituent; and M2 is an 
element belonging to one of Groups 8 to 10 of the periodic 
table.] 
[0050] (7) The White light emitting organic electrolumi 
nescent element of Item (2) or (3), Wherein 

[0051] the blue light emitting ortho metalated complex is 
a metal complex having a ligand represented by Formula 
(10), a metal complex having a substructure represented by 
Formula (11) or (12) or a metal complex having a tautomer 
of the substructure represented by Formula (11) or (12). 
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Formula (10) 

[Wherein, X1, X2, X3 and R4 each independently are a carbon 
atom or a nitrogen atom; C l and C2 each are a carbon atom; 
Zl represents a group of atoms necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic ring 
together With C 1, X 1 and X3; Z2 represents a group of atoms 
necessary to form an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring together With C2, X2 and X4; Al 
is a nitrogen atom or a boron atom; R1 is a substituent; and 
a bond betWeen Cl and X1, a bond betWeen C2 and X2, a 
bond betWeen X1 and X3, and a bond betWeen X2 and X4 
each are a single bond or a double bond.] 

[Wherein, C3, C4, C5, C6 and C7 each are a carbon atom; Z3 
represents a group of atoms necessary to form an aromatic 
hydrocarbon ring or an aromatic heterocyclic ring together 
With together With C3, C4 and C5; Z4 represents a group of 
atoms necessary to form an aromatic heterocyclic ring 
together With together With C6, C7 and N; A2 is a nitrogen 
atom or a boron atom; R2 is a substituent; and M11 is an 
element belonging to one of Groups 8 to 10 of the periodic 
table; and a bond betWeen C3 and C4, a bond betWeen C4 and 
C5, a bond betWeen C6 and C7, and a bond betWeen C7 and 
N each are a single bond or a double bond.] 

Formula (12) 
(R4)nl 

(Rshz 

[Wherein, A3 is a nitrogen atom or a boron atom; R3 is a 
substituent; R4 and R5 each are a substituent; nl and n2 each 
are an integer of 0-3; and M 1 2 is an element belonging to one 
of Groups 8 to 10 of the periodic table.] 
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[0052] (8) The White light emitting organic electrolumi 
nescent element of Item (2) or (3), Wherein 

[0053] 
a metal complex having a ligand represented by Formula 
(13), a metal complex having a substructure represented by 
Formula (14), a metal complex having a substructure rep 
resented by Formula (15) or a tautomer of the substructure, 
a metal complex having a ligand represented by Formula 
(16), a metal complex having a substructure represented by 
Formula (17) or a metal complex having a substructure 
represented by Formula (18). 

the blue light emitting ortho metalated complex is 

Formula (1 3) 

[Wherein, X1, X2, X3 and X4 each independently are a carbon 
atom or a nitrogen atom; C 1 and C2 each are a carbon atom; 

Zl represents a group of atoms necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic ring 
together With C 1, X l and X3; Z2 represents a group of atoms 
necessary to form an aromatic hydrocarbon ring or an 

aromatic heterocyclic ring together With C2, X2 and X4; Al 
is a carbon atom or a silicon atom; R1 and R2 each inde 
pendently are a hydrogen atom or a substituent; and a bond 

betWeen Cl and X1, a bond betWeen C2 and X2, a bond 
betWeen X 1 and X3, and a bond betWeen X2 and X4 each are 
a single bond or a double bond.] 

Formula (14) 

chz~ 

[Wherein, C3, C4, C5, C6 and X7 each are a carbon atom; Z3 
represents a group of atoms necessary to form an aromatic 

hydrocarbon ring or an aromatic heterocyclic ring together 
With C5, C3 and C7; Z4 represents a group of atoms neces 
sary to form an aromatic heterocyclic ring together With C6, 
C4 and N; A2 is a carbon atom or a silicon atom; R3 and R4 
each independently are a hydrogen atom or a substituent. 

M11 is an element belonging to one of Groups 8 to 10 of the 
periodic table; and a bond betWeen C5 and C3, a bond 
betWeen C3 and C7, a bond betWeen C6 and C4, and a bond 
betWeen C4 and N each are a single bond or a double bond.] 
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Formula (15) 
(R7)nl 

(Rshz 

[Wherein, A3 is a carbon atom or a silicon atom; R5 and R6 
each independently are a hydrogen atom or a substituent; 
and R7 and R8 each independently are a substituent; nl and 
n2 each independently are an integer of 0-3; M12 is an 
element belonging to one of Groups 8 to 10 of the periodic 
table.] 

Formula (1 6) 

[Wherein, X3, X4, X5 and X6 each independently are a carbon 
atom or a nitrogen atom; CS-C 13 each are a carbon atom; Z5 
represents a group of atoms necessary to form an aromatic 
hydrocarbon ring or an aromatic heterocyclic ring together 
With C8, X3 and X5; Z6 represents a group of atoms 
necessary to form an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring together With C9, X4 and X6; Z7 
represents a group of atoms necessary to form an aromatic 
hydrocarbon ring or an aromatic heterocyclic ring together 
with C10 and C11; Z8 represents a group of atoms necessary 
to form an aromatic hydrocarbon ring or an aromatic het 
erocyclic ring together With C l 2 and C13; A4 is a carbon atom 
or a silicon atom; and a bond betWeen X3 and X5, a bond 
betWeen X4 and X6, a bond betWeen C8 and X3, and a bond 
betWeen C9 and X4, a bond betWeen C10 and C11 and a bond 
betWeen C12 and C13 each are a single bond or a double 

bond.] 

Formula (17) 
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[Wherein, Cl4-C22 each are a carbon atom; Z9 represents a 
group of atoms necessary to form an aromatic hydrocarbon 
ring or an aromatic heterocyclic ring together With C16, C14 
and C18; Z11 represents a group of atoms necessary to form 
an aromatic hydrocarbon ring or an aromatic heterocyclic 
ring together with C19 and C20; Z12 represents a group of 
atoms necessary to form an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring together With C21 and C22; each 
are an atomic group necessary to form an aromatic hydro 
carbon ring or an aromatic heterocyclic ring; Z10 represents 
a group of atoms necessary to form an aromatic heterocyclic 
ring together With C17, C15 and N; A5 is a carbon atom or a 
silicon atom; M21 is an element belonging to one of Groups 
8 to 10 of the periodic table; and a bond betWeen C18 and 
C14, a bond betWeen C14 and C16, a bond betWeen C17 and 
C15, and a bond betWeen C15 and N, a bond betWeen C19 and 
C20, and a bond betWeen C21 and C22 each are a single bond 
or a double bond.] 

Formula (1 8) 

[Wherein, Z13 represents a group of atoms necessary to form 
an aromatic hydrocarbon ring or an aromatic heterocyclic 
ring together With C23 and C24; Z14 represents a group of 
atoms necessary to form an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring together With C25 and C26; A5 is 
a carbon atom or a silicon atom. R9 and R10 each indepen 
dently are a substituent; n3 and n4 each is an integer of 0-3; 
M22 is an element belonging to one of Groups 8 to 10 of the 
periodic table; and a bond betWeen C23 and C24, and a bond 
betWeen C25 and C26 each are a single bond or a double 
bond.] 
[0054] (9) The White light emitting organic electrolumi 
nescent element of Item (2) or (3), Wherein 

[0055] the blue light emitting ortho metalated complex 
comprises a platinum complex selected from the group 
consisting of Formulas (19)-(27). 

Formula (1 9) 

[wherein, R1 and R2 each are a hydrogen atom or a sub 
stituent, provided that at least one of R1 and R2 is the 
substituent; X1 and X2 each are a carbon atom, a nitrogen 
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atom or a sulfur atom; and Z1 and Z2 each are an atomic 
group necessary to form an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring; n1 is an integer of 1 or 2; L1 is 
a bidentate ligand When n1 is 1; and p1 and q1 each are an 
integer of 0-4.] 

Formula (20) 

[Wherein, R3 and R4 each are a hydrogen atom or a sub 
stituent, provided that at least one of R3 and R4 is the 
substituent; n2 is an integer of 1 or 2; L2 is a bidentate ligand 
When n2 is 1; and p2 and q2 each are an integer of 0-4.] 

Formula (21) 

[Wherein, R5 and R6 each are a hydrogen atom or a sub 
stituent. Z3 is an atomic group necessary to form an aro 
matic hydrocarbon ring or an aromatic heterocyclic ring; n3 
is an integer of 1 or 2; L3 is a bidentate ligand When n3 is 
1; p3 is an integer of 0-3; and q3 is an integer of 0-4.] 

Formula (22) 



US 2008/0038586 A1 

[Wherein, R7 and R8 each are a hydrogen atom or a sub 
stituent. R9-Rl3 each are a hydrogen atom or a substituent. 

n4 is an integer of 1 or 2; and L4 is a bidentate ligand When 
n4 is 1; p4 is an integer of 0-3; and q4 is an integer of 0-4.] 

Formula (23) 

2-115 

[Wherein, R14 and R15 each are a hydrogen atom or a 
substituent; Z4 is an atomic group necessary to form an 
aromatic hydrocarbon ring or an aromatic heterocyclic ring; 
n5 is an integer of 1 or 2; L5 is a bidentate ligand When n5 
is 1; p5 is an integer of 0-4; and q5 is an integer of 0-3.] 

Formula (24) 

[Wherein, R16 and R17 each are a hydrogen atom or a 
substituent; Rls-R22 each are a hydrogen atom or a substitu 
ent; n6 is an integer of 1 or 2; L6 is a bidentate ligand When 
n6 is 1; p6 is an integer of 0-3; and q7 is an integer of 0-4.] 

Formula (25) 

2-117 
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[Wherein, R23 and R24 each are a hydrogen atom or a 
substituent; Z5 is an atomic group necessary to form an 
aromatic heterocyclic ring together With a nitrogen atom; n7 
is an integer of 1 or 2; L7 is a bidentate ligand When n7 is 
1; p8 is an integer of 0-3; and q6 is an integer of 0-4.] 

Formula (26) 

[Wherein, R25 and R26 each are a hydrogen atom or a 
substituent; Z6 is an atomic group necessary to form an 
aromatic heterocyclic ring together With a nitrogen atom; n8 
is an integer of 1 or 2; L8 is a bidentate ligand When n8 is 
1; p9 is an integer of 0-3; and q7 is an integer of 0-4.] 

[Wherein, R27 and R28 each are a hydrogen atom or a 
substituent, provided that at least one of R27 and R28 is the 
substituent; L0 is a divalent linkage group; X3 and X4 each 
are a carbon atom, a nitrogen atom, an oxygen atom or a 

sulfur atom; Z7 and Z8 each are an atomic group necessary 
to form an aromatic hydrocarbon ring or an aromatic het 
erocyclic ring; n9 is an integer of 1 or 2; L9 is a bidentate 
ligand When n9 is 1; and p10 and q8 each are an integer of 
0-4.] 
[0056] (10) The White light emitting organic electrolumi 
nescent element of claims 2 or 3, Wherein 

[0057] the blue light emitting ortho metalated complex 
comprises at least one substructure selected from the group 
consisting of Formulas (28)-(32) or a tautomer of the 
substructure. 
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Formula (2 8) 

[Wherein, C is a carbon atom; N is a nitrogen atom; Zll is an 
atomic group necessary to form an aromatic heterocyclic 
ring together With a carbon atom and a nitrogen atom; Zl2 
is an atomic group necessary to form a non-aromatic ring 
together With a carbon atom; and M is a metal.] 

Formula (29) 
,’ Z21 ‘\ 

I 

[Wherein, C is a carbon atom; N is a nitrogen atom; Z21 and 
Z22 each are an atomic group necessary to form an aromatic 
heterocyclic ring together With a carbon atom and a nitrogen 
atom; and M is a metal.] 

Formula (30) 
, Z31 ‘\ 

| 
I 

[Wherein, C is a carbon atom; N is a nitrogen atom; Z31 is an 
atomic group necessary to form an aromatic heterocyclic 
ring together With a carbon atom and a nitrogen atom; Z32 
is an atomic group comprising a carbon atom, a nitrogen 
atom or an oxygen atom necessary to form a 5-membered or 

6-membered aromatic heterocyclic ring together With a 
carbon atom; and M is a metal.] 
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[Wherein, C is a carbon atom; N is a nitrogen atom; Z41 is an 
atomic group necessary to form a ring together With a carbon 
atom and a nitrogen atom; Z42 is an atomic group necessary 
to form a ring together With a carbon atom; and M is a 

metal.] 

Formula (32) 

[Wherein, C is a carbon atom; N is a nitrogen atom; Z51 is an 
atomic group necessary to form an aromatic heterocyclic 
ring together With a carbon atom and a nitrogen atom; Z52 
is an atomic group to form an aZulene ring together With a 
carbon atom; and M is a metal.] 

[0058] (11) The White light emitting organic electrolumi 
nescent element of Item (2) or (3) comprising a platinum 
complex having a substructure represented by Formula (A) 
or (B). 

Formula (A) 

[Wherein, R1, R2, R3, R4, R5, R6 and R7 each are a hydrogen 
atom or a substituent, provided that at least one of R1, R2, 
R3 and R4 is an electron donating group; and Ra and Rb each 
are a substituent.] 

Formula (B) 
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[Wherein, R11, R12, R13, R14, R15, R16 and R17 each are a 
hydrogen atom or a substituent, provided that at least one of 
R11 and R13 is an electron WithdraWing group; and Rc and 
Rd each are a substituent.] 

[0059] (12) The White light emitting organic electrolumi 
nescent element of any one of Items (2) to (11), Wherein 

[0060] a shortest emission peak Wavelength of the blue 
light emitting ortho metalated complex is not more than 450 
nm. 

[0061] (13) The White light emitting organic electrolumi 
nescent element of any one of Items (1) to (12), Wherein 

[0062] the light emission layer or a layer adjacent to the 
light emission layer comprises a compound represented by 
Formula (33). 

[Wherein, Z1 is an aromatic heterocyclic ring Which may 
have a substituent; Z2 is an aromatic heterocyclic ring or an 
aromatic hydrocarbon ring each of Which may have a 
substituent; and Z3 is a divalent linkage group or a single 
bonding arm; and R101 is a hydrogen atom or a substituent.] 

[0063] (14) The White light emitting organic electrolumi 
nescent element of Item (13), Wherein Zl of the compound 
represented by Formula (33) is a 6-membered ring. 

[0064] (15) The White light emitting organic electrolumi 
nescent element of Item (13) or (14), Wherein Z2 of the 
compound represented by Formula (33) is a 6-membered 
ring. 

[0065] (16) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (l 5), Wherein Z3 
of the compound represented by Formula (33) is a single 
bonding arm. 

[0066] (17) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (16), Wherein a 
molecular Weight of the compound represented by Formula 
(33) is not less than 450. 

[0067] (18) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-l). 

Formula (33-l) 

Ii501 
R502 N N N R507 

/ 
R503 R506 

R504 R505 
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[Wherein, Rsol-R507 each independently are a hydrogen 
atom or a substituent.] 

[0068] (19) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-2). 

Formula (3 3 —2) 

R514 R515 

[Wherein, Rsll-R517 each independently are a hydrogen 
atom or a substituent.] 

[0069] (20) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-3). 

Formula (3 3 —3) 
R522 R521 R527 

| 
R523 / N \ R526 

N\ | | /N 

R524 R525 

[Wherein, R52l-R527 each independently are a hydrogen 
atom or a substituent.] 

[0070] (21) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-4). 

Formula (3 3 —4) 
R532 R531 R537 

\ / 
R534 N N R535 

[Wherein, R53l-R537 each independently are a hydrogen 
atom or a substituent.] 

[0071] (22) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-5). 
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Formula (33-5) 
R542 R541 R548 

R543 II‘I \ R547 

R544 / N 

R545 R546 

[Wherein, R54l-R548 each independently are a hydrogen 
atom or a substituent.] 

[0072] (23) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-6). 

Formula (33-6) 
R552 R551 

R553 N N R558 

/ 
R554 R557 

R555 R556 

[Wherein, Rssl-R558 each independently are a hydrogen 
atom or a substituent.] 

[0073] (24) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-7). 

Formula (33-7) 
R562 

R565 

[Wherein, R56l-R567 each independently are a hydrogen 
atom or a substituent.] 

[0074] (25) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-8). 

Formula (33-8) 

R575 

10 
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[Wherein, R57l-R577 each independently are a hydrogen 
atom or a substituent.] 

[0075] (26) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-9). 

Formula (3 3 —9) 
R582 R581 R588 

| 
R583 N 

\ N 

R584 R587 

R585 R586 

[Wherein, Rssl-R588 each independently are a hydrogen 
atom or a substituent.] 

[0076] (27) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (33-10). 

Formula (33-lO) 
R592 R591 R598 

| 
R593 N \ R597 

/ 
R594 N R596 

R595 

[Wherein, R592-R598 each independently are a hydrogen 
atom or a substituent.] 

[0077] (28) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) has at least one of 
the groups representing by Formulas (34-l)-(34-l0). 

Formula (34-l) 

R502 N N N R507 / | | 
\ / 

R503 R506 

R504 R505 
Formula (34-2) 

R517 
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-continued 

R527 

R542 I R548 

R543 N \ R547 

/ N 
R544 

R545 R546 
552 I 

R558 

R557 

R555 

R562 I 

R565 R572 I 

R575 

R582 I 

R585 

R592 I 

R595 

Formula (34-3) 

Formula (34-4) 

Formula (34-5) 

Formula (34-6) 

Formula (34-7) 

Formula (34-8) 

Formula (34-9) 

Formula (34- 10) 

11 
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[Whereins R502'R507, R512'R517, R522'R527, R532'R537, R542‘ 
R548! R552_R558$ R562_R567$ R572_R577$ R582_R588 and R592 
R598, each independently are a hydrogen atom or a substitu 
ent, and the substituents may be the same With each other or 

may be different] 

[0078] (29) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (35). 

Formula (35) 
R605 

R601 R604 

R602 R603 

[Wherein, R6Ol-R606 each independently are a hydrogen 
atom or a substituent, provided that at least one of R6Ol-R606 
is a group selected from the groups represented by Formulas 
(34-1)-(34-10).] 
[0079] (30) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (36). 

Formula (36) 

R612 R611 R619 R620 

R613 R618 

R614 R615 R616 R617 

[Wherein, R6ll-R620 each independently are a hydrogen 
atom or a substituent, provided that at least one of R61 l-R620 
is one group selected from the groups represented by For 
mulas (34-l)-(34-l0).] 

[0080] (31) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (37). 

Formula (37) 
R621 

N / IN 

)\ )\ 
R622 N 23 

[Wherein, R62l-R623 each independently are a hydrogen 
atom or a substituent, hoWeVer, at least one of R62l-R623 is 
one group selected from the groups represented by Formulas 
(34-1)-(34-10).] 
[0081] (32) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (38). 
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Formula (38) 

R633 

R634 R632 

R635 R631 

R636 N / N R645 

R638 R640 R641 R643 

[Wherein, R63l-R645 each independently are a hydrogen 
atom or a substituent, provided that at least one of R63 l-R645 
is one group selected from the groups represented by For 

mulas (34-1)-(34-10).] 

[0082] (33) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (39). 

Formula (3 9) 

R656 

R655 

R652 

R654 

[Wherein, R65l-R656 each independently are a hydrogen 
atom or a substituent, provided that at least one of R65 l-R656 
is one group selected from the groups represented by For 
mulas (34-1)-(34-10); na is an integer of 0-5; and nb is an 
integer of 1-6, provided that a sum of na and nb is 6.] 

[0083] (34) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (40). 

Formula (40) 
R661 R672 
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[Wherein, R66l-R672 each independently are a hydrogen 
atom or a substituent, provided that at least one of R66l-R672 
is one group selected from the groups represented by For 

mulas (34-1)-(34-10).] 

[0084] (35) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (41). 

Formula (41) 
HZC 

H20 

[Wherein, R68l-R688 each independently are a hydrogen 
atom or a substituent, provided that at least one of R68l-R688 
is one group selected from the groups represented by For 

mulas (34-1)-(34-10).] 

[0085] (36) The White light emitting organic electrolumi 
nescent element of Item (28), Wherein the compound rep 
resented by Formula (33) is represented by Formula (42). 

Formula (42) 
R692 R691 R700 R699 

R693 L1 R698 

R694 R695 R696 R697 

[Wherein, R69l-R700 each independently are a hydrogen 
atom or a substituent; L1 is a divalent linkage group; at least 
one of R69l-R700 is one group selected from the groups 
represented by Formulas (34-1)-(34-10).] 

[0086] (37) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (43). 
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Formula (43) 

/ 

\ | 
N T n 

L J (R1)k | 
N N 

I \ 

/ m 

[wherein, R1 and R2 each independently are a hydrogen 
atom or a substituent; n and In each are an integer of 1-2; and 
k and 1 each are an integer of 3-4, Wherein, n+k=5 and 
1+m=5.] 
[0087] (38) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (44). 

[wherein, R1 and R2 each independently are a hydrogen 
atom or a substituent; n and In each are an integer of 1-2; and 
k and 1 each are an integer of 3-4, Wherein n+k=5 and 

1+m=5.] 
[0088] (39) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (45). 
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[wherein, R1 and R2 each independently are a hydrogen 
atom or a substituent; n and In each are an integer of 1-2; and 

k and 1 each are an integer of 3-4, Wherein n+k=5 and 

1+m=5.] 

[0089] (40) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (46). 

Formula(46) 

/N I 
\ N 

[l \ / \((R2)l 
/_ -|J (R1)k 

N \ 

I / 
N m 

[wherein, R1 and R2 each independently are a hydrogen 
atom or a substituent; n and In each are an integer of 1-2; and 
k and 1 each are an integer of 3-4, Wherein n+k=5 and 

1+m=5.] 

[0090] (41) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (47). 

Formula (47) 

T n (R) 
/ \ / X“ 

E 

[wherein, R1 and R2 each independently are a hydrogen 
atom or a substituent; n and In each are an integer of 1-2; k 

and 1 each are an integer of 3-4, Wherein, n+k=5 and 1+m=5; 
and Z1, Z2, Z3 and Z4 each are a 6-membered aromatic 
heterocyclic ring comprising at least one nitrogen atom.] 
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[0091] (42) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (48). 

Formula (48) 

[Wherein, o and p each are an integer of 1-3; Arl and Ar2 
each are an arylene group or a divalent aromatic heterocyclic 
group; Z1 and Z2 each are a 6-membered aromatic hetero 
cyclic ring comprising at least one nitrogen atom; and L is 
a divalent linkage group.] 

[0092] (43) The White light emitting organic electrolumi 
nescent element of any one of Items (13) to (17), Wherein the 
compound represented by Formula (33) is represented by 
Formula (49). 

Formula (49) 

[Wherein, o and p each are an integer of 1-3; Arl and Ar2 
each are an arylene group or a divalent aromatic heterocyclic 
group; Z1, Z2, Z3 and Z4 each are a 6-membered aromatic 
heterocyclic ring containing at least one nitrogen atom; and 
L is a divalent linkage group.] 

[0093] (44) The White light emitting organic electrolumi 
nescent element of Item (6), Wherein the light emission layer 
or a layer adjacent to the emission layer comprises the tWo 
kinds or more of phosphorescent compounds. 

[0094] (45) A display having the White light emitting 
organic electroluminescent element of any one of Items (1) 
to (44). 
[0095] (46) An illuminator having the White light emitting 
organic electroluminescent element of any one of Items (1) 
to (44). 
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[0096] An organic EL element of the present invention has 
been able to achieve an organic EL element exhibiting high 
emission luminance and high emission ef?ciency as Well as 
having high CIE color purity of White emission by employ 
ing an constitution described in any one of aforesaid items 
(1)-(7). Further, the present invention can also provide a 
display and an illumination utiliZing the aforesaid element. 

[0097] In the folloWing, details of each constituent ele 
ment according to the present invention Will be explained in 
succession. 

<Green Light Emitting, Red Light Emitting and Blue Light 
Emitting Ortho Metalated Complex> 

[0098] Green light emitting, red light emitting and blue 
light emitting ortho metalated complexes according to the 
present invention each Will noW be explained. 

[0099] Green light emitting, red light emitting and blue 
light emitting ortho metalated complexes according to the 
present invention each are a phosphorescent compound; a 
layer containing each ortho metalated complex may be any 
layer of an organic EL element of the present invention, 
hoWever, an emission layer and/or a positive hole blocking 
layer are preferably utiliZed; and in the case of the complex 
being contained in an emission layer, it is possible to provide 
an organic EL element of the present invention With effects 
of improving emission luminance and emission ef?ciency in 
addition to increasing CIE color purity of White emission, by 
utiliZing the aforesaid complex as an emission dopant in the 
aforesaid emission layer. 

<Green Light Emitting Ortho Metalated Complex> 

[0100] A green light emitting ortho metal complex accord 
ing to the present invention Will noW be explained. 

[0101] A green light emitting ortho metal complex accord 
ing to the present invention is a phosphorescent compound 
and has a spectral component ratio of said green light 
emitting ortho metal complex, Which occupies the White 
emission spectral distribution of organic EL element of the 
present invention Within a region of 400-800 nm, is not less 
than 60%, preferably not less than 70% and more preferably 
in a range of 70-85%. 

[0102] The calculation method of a spectral component 
ratio according to the present invention Will be detailed in 
examples described later, hoWever, the Wave forms Were 
compared, utiliZing a White emission spectrum curve 
obtained at the time of emission of an element and a green 
emission spectrum curve obtained by measurement of an 
element sample Which had been separately prepared only 
from a green light emitting ortho metalated complex alone, 
and the ratio of an emission spectral component of a green 
light emitting ortho metalated complex in a White emission 
spectral distribution Was calculated. 

[0103] A green light emitting ortho metal complex accord 
ing to the present invention is an ortho metalated complex 
Which has the emission maximum Wavelength in a range of 
500-570 nm and is comprised of a transition metal as the 
central metal, and not less than 70% of energy distribution 
of the emission spectral is preferably in a range of 500-570 
nm. 
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[0104] Speci?cally, utilized can be those having the 
above-described emission characteristics among ortho meta 
lated complexes described in patents such as Japanese 
Translation of PCT lntemational Application Publication 
No. (hereinafter referred to as JT-PCT) 2003-526876, WO 
00/70655 pamphlet, JT-PCT 2002-525808, WO 01/41512 
pamphlet, JT-PCT 2004-506305 and W0 02/ 15645 pam 
phlet. As the central metal, transition metals belonging to the 
8-l0th groups of the periodic table are preferable and Ir or 
Pt is speci?cally preferable. 

[0105] Further, as a green light emitting ortho metalated 
complex according to the present invention, speci?cally 
preferably utiliZed are complexes represented by folloWing 
Formula (C) or (D). 

Formula (C) 

Formula (D) 

[0106] In the formulas, X1, Y1, X2 and Y2 each are an 
oxygen atom or a nitrogen atom; X 1 and Y1 together With Z1, 
X2 and Y2 together With Z2, each form a bidentate ligand. m 
and n are 0 or 1. [3-diketones and salicylic acid derivatives 
are preferable as a ligand formed by X 1 and Y1 together With 
Z1. Further, [3-diketones, salicylic acid derivatives and 
picolinic acid derivatives are preferable as a ligand formed 
by X2 and Y2 together With Z2. 

[0107] R1, R2, R3 and R4 are a hydrogen atom or a 
substituent, and said substituent includes, for example, an 
alkyl group (such as a methyl group, an ethyl group, an 
isopropyl group, a hydroxyethyl group, a methoxymethyl 
group, a tri?uoromethyl group, a t-butyl group, a pentyl 
group, an octyl group, a nonyl group and a decyl group), a 
cycloalkyl group (such as a cyclopentyl group and a cyclo 
hexyl group), an aralkyl group (such as a benZyl group and 
a 2-phenetyl group), an aromatic hydrocarbon group (such 
as a phenyl group, a p-chlorophenyl group, a mesityl group, 
a tolyl group, a xylyl group, a biphenylyl group, a naphtyl 
group, an anthoryl group and a phenanthryl group), an 
aromatic heterocyclic group (such as a furyl group, a thienyl 
group, a pyridyl group, a pyridaZinyl group, a pyrimidinyl 
group, a pyradinyl group, a triaZinyl group, an imidaZolyl 
group, a pyraZolyl group, a thiaZolyl group, a quinaZolynyl 
group, a carbaZolyl group, a carbolinyl group, a diaZacar 
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baZolyl group (a diaZacarbaZolyl group refers to those in 
Which any one of carbon atoms constituting a carboline ring 
of said carbolinyl group is substituted by a nitrogen atom) 
and a phthalaZinyl group), an alkoxyl group (such as an 
ethoxy group, an isopropoxy group and a butoxy group), an 
aryloxy group (such as a phenoxy group and a naphthyloxy 
group), a cyano group, a hydroxyl group, an alkenyl group 
(such as a vinyl group), a styryl group, a halogen atom (such 
as a chlorine atom, a bromine atom, an iodine atom and a 

?uorine atom). These groups may be further substituted. 

[0108] Among those described above, a preferable sub 
stituent includes an alkyl group having a carbon number of 
1-10, an alkoxyl group having a carbon number of l-lO and 
a halogen atom. 

[0109] In the folloWing, preferable green light emitting 
ortho metalated complexes are speci?cally exempli?ed; 
hoWever, the present invention is not limited thereto. 

GDM-3 






































































































































































































































































































































































