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(57) ABSTRACT

An organic electroluminescent device including a substrate,
an anode, a cathode, a hole transport layer, an electron
transport layer and an emission layer is provided. The anode
and the cathode are disposed on the substrate. The hole
transport layer is disposed between the anode and the
cathode. The electron transport layer is disposed between the
hole transport layer and the cathode. The emission layer is
disposed between the hole transport layer and the electron
transport layer. The chemical structure of the dopant is
represented by formula [I]:

|

_Rl\'Q(I'\\‘_ Y)
\ / N, R
\‘s / \ L~ \ “'l'
><{)
l’" \N/ \N / N

“M” represents a metal atom, m is smaller than or equal to
the ligand number of “M”, n is smaller than m. “Y1” is
selected from aryl or heteroaryl. “Y2” and “Y3” are respec-
tively selected from nitro-containing heterocyclic ring. “X”,
“R17, “R2” and “R3” are respectively selected from any
substituent group or hydrogen. “A” is selected from aryl,
heteroaryl or nitro-containing heterocyclic group.
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LIGHT EMISSION MATERIAL AND ORGANIC
ELECTROLUMINESCENT DEVICE USING THE
SAME

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 94119903, filed Jun. 15, 2005, the subject
matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to an emission
material, and more particularly to a phosphorescent emis-
sion material and the organic electroluminescent device
using the same.

[0004] 2. Description of the Related Art

[0005] Inrecent years, organic electroluminescent display
has gained a rapid growth, and transition metal complex
compounds are widely applied to the emission material.
Take the emission layer for example. the emission material
is categorized as fluorescent type and phosphorescent type.
The luminous efficiency of the phosphorescent type is about
three times as higher as that of the fluorescent type. The
phosphorescence normally exists in the form of transition
metal complex compounds. Due to the heavy-atom effect,
intersystem crossing would occur, triplet excitation state is
formed, the occurrence of phosphorescence is increased, and
the fluorescent intensity is weakened. Therefore, the devel-
opment of a phosphorescent material with high eflicient is
critical to increase the luminance efficiency of the entire
device.

[0006] The recent development in the phosphorescent
material is focused on transition metal complex compound.
In prior art and related patents, the central metal of phos-
phorescent material is focused on transition metal with d®
configuration such as platinum (Pt), osmium (Os), iridium
(Ir), rhenium (Re) and ruthenium (Ru). Iridium metal, hav-
ing the features of stronger bonding with ligand, long-lived
excitation state and higher luminous efficiency, is conven-
tionally used as the central metal of phosphorescent mate-
rial. In recent years, the development of the blue phospho-
rescent material is focused on iridium metal complex
compound, and iridium (IIT)bis(4,6-di-fluolophenyl)-pyridi-
nato-N,C2") picolinate (Flrpic) blue phosphorescent material
is the most popular one.

[0007] The Flrpic blue phosphorescent material is poor in
sublimation, so temperature control during the purification
process becomes a critical factor. Moreover, the temperature
of the Flrpic blue phosphorescent material during the sub-
limation and purification process is hard to control, so that
the Flrpic blue phosphorescent material is decomposed
during the sublimation and purification process, causing the
vield rate of the Flrpic blue phosphorescent material to
decrease.

[0008] TItcan be seen from prior art and related patents that
the maximum wavelength of emission (A,,,,) of the Flrpic
blue phosphorescent material in solution state is 476,492
(nm), the maximum wavelength of emission of the device
using the Flrpic blue phosphorescent material is 475,498
(nm), and the CIE[x, y] value of the device is [0.16, 0.29].
Therefore, the photochromism of the Flrpic blue phospho-
rescent material and the device using the same is not blue

enough.
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SUMMARY OF THE INVENTION

[0009] Ttis therefore the object of the invention to provide
an emission material and the organic electroluminescent
device using the same. The emission material formed
according to iridium and pyridyl-triazole ligand has the
features of easy sublimation, quick response and high output
rate and is capable of resolving the problems of difficult
sublimation, poor heat-stability, and long purification time
encountered in the conventional manufacturing process of
the Flrpic blue phosphorescent material. With the features of
easy sublimation, quick response and high output rate, the
emission material synthesized according to the invention
requires a shorter purification time than conventional Flrpic
blue phosphorescent material.

[0010] Besides, the maximum wavelength of emission
(M0, Of the emission material of the invention in resolution
is 462,492 (nm), the A, of the device using the emission
material of the invention is 464,488 (nm), and the CIE[x, y]
value of device is [0.16, 0.27]. However, the A, of the
Flrpic blue phosphorescent material in solution state is
476,492 (nm), the A, of the device using Flrpic blue
phosphorescent material is 475,498 (nm), and the CIE[x, y]
value of device is [0.16, 0.29]. Therefore, the emission
material of the invention has a bluer photochromism than the
Flrpic blue phosphorescent material does, and the device
using the emission material of the invention has a bluer
photochromism than the device using Flrpic blue phospho-
rescent material. It can be seen that the emission material of
the invention is ideal for the blue phosphorescent material,
applicable to a blue phosphorescent device, and is indeed a
big breakthrough in terms of the research and development
of the blue phosphorescent material.

[0011] According to an object of the invention, the inven-
tion provides a emission material whose chemical structure
is represented by formula [I]:
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[0012] “M” represents a metal atom whose atomic weight
is greater than 40. m is smaller than or equal to the ligand
number of “M”. n is a positive integral and is smaller than
m. “Y1” is selected from aryl or heteroaryl. “Y2” and “Y3”
are respectively selected from nitro-containing heterocyclic
ring. “X”, “R17, “R2” and “R3” are respectively selected
from any substituent group or hydrogen. “A” is selected
from aryl, heteroaryl or nitro-containing heterocyclic group.

[0013] According to another object of the invention, an
organic electroluminescent device (OELD) is provided. The
OELD includes a substrate, an anode, a cathode, a hole
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transport layer, an electron transport layer and a emission
layer. The anode and the cathode disposed on the substrate,
the hole transport layer is disposed between the anode and
the cathode, and the electron transport layer is disposed
between the hole transport layer and the cathode. The
emission layer is disposed between the hole transport layer
and the electron transport layer, and the emission layer
comprises a host and a dopant. The chemical structure of the
dopant is represented by the formula [I]:

\\N/ L~
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X

[0014] “M” represents a metal atom whose atomic weight
is greater than 40. m is smaller than or equal to the ligand
number of “M”. n is a positive integral and is smaller than
m. “Y1” is selected from aryl or heteroaryl. “Y2” and “Y3”
are respectively selected from nitro-containing heterocyclic
ring. “X”, “R17, “R2” and “R3” are respectively selected
from any substituent group or hydrogen. “A” is selected
from aryl, heteroaryl or nitro-containing heterocyclic group.

[0015] Other objects, features, and advantages of the
invention will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1 is a structural diagram of an OLED accord-
ing to a second embodiment of the invention; and

[0017] FIG. 2 is a flowchart of the manufacturing method
of an OLED according to a third embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

First Embodiment

[0018] The invention provides an emission material hav-
ing the features of easy sublimation, quick response and high
output rate, therefore requires a shorter purification time
than conventional Flrpic blue phosphorescent material.
Compared with the conventional device using the Flrpic
blue phosphorescent material, the device using the emission
material of the invention obtains higher luminous efficiency
and lower CIE value and has a bluer photochromism. The
emission material of the invention is represented by chemi-
cal formula [I]:
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[0019] “M” represents a metal atom whose atomic weight
is greater than 40. m is smaller than or equal to the ligand
number of “M”. n is a positive integral and is smaller than
m. “Y1” is selected from aryl or heteroaryl. “Y2” and “Y3”
are respectively selected from nitro-containing heterocyclic
ring. “X”, “R17, “R2” and “R3” are respectively selected
from any substituent group or hydrogen. “A” is selected
from aryl, heteroary! or nitro-containing heterocyclic group.

[0020] “M” is selected from osmium (Os), ruthenium
(Ru), iridium (Ir), platinum (Pt), rhenium (Re), thallium
(TT), palladium (Pd) or rhodium (Rh)

[0021] “A” is selected from pyridine, benzene, naphtha-
lene, anthracene, phenanthrene or biphenyl.

[0022] “X”, “R1”, “R2” and “R3” are respectively
selected from alkyl, alkoxy, haloakyl, halogen, cyano group
or electron-withdrawing group.

[0023] Moreover, the emission material disclosed above
can be a blue emission material such as a blue phosphores-
cent dopant. Besides, the emission material of the embodi-
ment can also be manufactured of phosphorescent material
or fluorescent material of other colors.

[0024] Inthe embodiment, the emission material is formed
by iridium (Ir) and pyridyl-triazole ligand I. The iridium (Ir)
has six coordinates and can be externally connected to three
ligands. When the value of n is 1, the value of m is equal to
2. Therefore, the emission material of the embodiment can
be the material whose chemical structures are represented by
formulas [T} V]:

[11]
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[0025] During the manufacturing process of the emission
materials whose chemical structures are represented by
formulas [II]-{V], at first, in step a, the (2,4-Difluoro-
phenyl)-pyridine (2,4dfppy) ligand is synthesized and is
denoted by chemical compound 1 whose synthetic reaction
is represented by:
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[0026] In step (a), at first, 1.0 g and 6.3 mmol of 2,4-
Difluorophenyl boronic acid, 0.036 g and 0.16 mmol of
acetic acid palladium [Pd(acetate), ], and 0.168 g and 0.641
mmol of Triphenylphosphane are dispersed in 12 ml of
potassium carbonate (K,CO;) water solution of 2M mol
concentration and in 6 ml of 1,2-Dimethoxyethane solution.
Next, 6.33 mmol and 0.6 ml of 2-Bromopyridine are drop-
wise added into the above resolution, and refluxed for 24
hours. After 24 hours of reaction are completed, the solution
is left still for the solution temperature to be reduced to the
room temperature. Next, the solvent is drained, and a
yellowish brown solid is obtained. The yellow solid is
dissolved in approximately 60 ml of water, and then is
extracted twice using dichloromethane (C1,CH,) with the
unit extraction volume being equal to 50 ml. Next, the
organic layer in the extracted solution is obtained, and is
then dehydrated using sodium sulfate (Na,SO,). A filter
plate is used to filter the sodium sulfate and the overdosed
and remnant catalyst. Then, a rotary concentrator is used to
drain the solvent of the obtained organic layer to obtain a
product. Next, the dichloromethane/hexane is used as the
solvent according to re-crystallization, then a light yellow
crystal product is obtained. The light yellow crystal product
is exactly the above chemical compound 1, having an output
of 0.43 g(2.25 mmol), and an output rate of 36%.

[0027] Next, proceed to step (b), [(24dfppy),Ir(u—
CD),Ir(24dfppy),] dimmer ligand is synthesized and is
denoted by chemical compound 2 whose synthetic reaction
is represented by:

X
/ N
F 2-methoxyethanol / H,O
IiCly +
- reflux 24 hrs
F
3 1
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[0028] Instep (b),at first, 3.0 g and 8.52 mmol of chlorine
iridium (IrCl;) denoted by chemical compound 3 and 3.74 g
and 19.6 mmol of the chemical compound 1 are dissolved in
a doping solution with the ratio of 2-methoxyethanol to
water being 3:1, and refluxed for 24 hours. After 24 hours of
reaction are completed, 20 ml of water are added to the
above reaction solution, a large amount of solids would be
obtained. Next, a product is obtained through ventilation
filtering. Then, water and hexane are used to moisten and
wash the product for several times, then the product is
vacuum dried to obtain an iridium dimmer compound. The
iridium dimmer compound is exactly the above chemical
compound 2, having an output of 8.5 g(6.9 mmol), and an
output rate of 82%.

[0029] Then, proceed to step (c), hydrazidines precursor is
synthesized and is denoted by chemical compound 4 whose
synthetic reaction is represented by:

A ethanol
+ H,N—NH,
reflux
F
N CN
5 g
AN u
. N
N ~ NH,
NH
4

[0030] In step (c), at first, 15 ml and 155.7 mmol of
2-Cyanopyridine and 98%, 30 ml and 622.7 mmol of
hydrazine denoted by chemical compound 8 are dissolved in
appropriate amount of ethanol (EtOH) solvent, and are
doped and refluxed for 2 hours under room temperature.
After the reaction is completed, a rotary concentrator is used
to drain the solvent. Then, the solvent is extracted using
ether for three times. Next, magnesium sulfate is used to
dehydrate and dry the solution, the solvent is drained, and a
light yellow solid is obtained. Then, ethanol (EtOH) is used
for re-crystallization to obtain a light yellow solid. The light
yellow solid is exactly the above chemical compound 4,
having an output of 16.5 g(121.5 mmol), and an output rate
of 78%.

[0031] Ttisnoteworthy that, the above steps (a)~(c) are the
same with the steps of synthesizing the above the emission
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materials whose chemical structures are represented by
formulas [II]~[V]. The subsequent manufacturing steps of
the emission material whose chemical structure is repre-
sented by formulas [II] are exemplified below.

[0032] After the chemical compound 4 is synthesized,
proceed to step (d1), [3-(4-Trifluoromethyl-phenyl)]-5-(2-
pyridyl)-1,2 4-triazole ligand (CF;-Ph-PytzH) is synthe-
sized and is denoted by chemical compound 6 whose
synthetic reaction is represented by:

()|
| .
- N
N SN,
NH
4
e
1. THF / K,C0;
o T el
(0]
7
CFy
— N
/ |
W
6
[0033] In step (dl), at first, 1.0 g and 4.80 mmol of

4-Trifluoromethylbenzoyl chloride denoted by chemical
compound 7 is dissolved in 10 ml solution of Tetrahydro-
furan (THF). Moreover, 0.65 g and 4.80 mmol of the
chemical compound 4, and 0.33 g and 2.40 mmol of
potassium carbonate are dissolved in 40 ml of Tetrahydro-
furan solution. Next, the solution containing the chemical
compound 7 and Tetrahydrofuran are dropwise added to the
above solution containing the chemical compound 4, potas-
sium carbonate and Tetrahydrofuran, then a precipitate is
generated immediately. After 6 hours of reaction, a product
is obtained through ventilation filtering. Next, water and
hexane are used to moisten and wash the product for several
times, then the product is vacuum dried. Then, the product
is dissolved in the ethylene, heated and refluxed for 30
minutes then the reaction is terminated. After the solution is
cooled down and left still for a period of time, a solid
precipitate is generated. Next, ventilation filtering is applied,
water and hexane are used to moisten and wash the solid
precipitate for several times, and then the washed solid
precipitate is vacuum dried to obtain an intermediate product
which is drier now. Then, sublimation and purification
process is applied to the intermediate product to obtain the
above chemical compound 6. The above chemical com-
pound 6 has an output of 1.05 g(3.61 mmol), and an output
rate of 74%.

[0034] Then, proceed to step (el), the chemical com-
pounds 2 and 6 are used to synthesize the emission material
whose chemical structure is represented by formulas [II]. As
for the synthetic reaction of the formula [II] is represented
by:
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2-ethoxylethanol
Na,CO3, reflux 16 hrs
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[0035] In step (el), at first, 2.5 g and 2.0 mmol of the
chemical compound 2, 1.31 g and 4.5 mmol of the chemical
compound 6, and overdosed Na,CO, are dissolved in
2-methoxyethanol solution to be refluxed for 16 hours. After
16 hours of reaction are completed, 20 ml of water are added
to the above reaction solution, and a solid is generated. Next,
ventilation filtering is applied, water and hexane are used to
moisten and wash the solid for several times. Then, the
obtained product is drained, and sublimation and purifica-
tion process is applied to obtain the emission material whose
chemical structure is represented by formulas [II]. The
emission material whose chemical structure is represented
by formulas [II] has an output of 1.46 g(1.7 mmol), and an
output rate of 85%.

[0036] As for the subsequent manufacturing steps of the
emission material whose chemical structure is represented
by formulas [I1I] are exemplified below.

[0037]
sized according to corresponding steps (a)~(c)#, proceed to
step (d2), [3-(2-fluoro-4-fluoro-phenyl)]-5-(2-pyridyl)-1,2,
4-triazole ligand (2F-Ph-PytzH) is synthesized, and is
denoted by chemical compound 9. The synthetic reaction of
the chemical compound 9 is represented by:

After the chemical compounds 2 and 4 are synthe-
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[0038] In step (d2), at first, 1.0 g and 5.7 mmol of the

2,4-Difluoro-benzoyl chloride denoted by chemical com-
pound 10 are dissolved in 10 ml of Tetrahydrofuran solution.
Moreover, 0.78 g and 5.7 mmol of the chemical compound
4, and 0.40 g and 2.85 mmol of potassium carbonate are
dissolved in the 40 ml of Tetrahydrofuran solution. Next, the
solution containing the chemical compound 10 is dropwise
added to the above solution containing the chemical com-
pound 4, and a precipitate is generated immediately. After 6
hours of reaction, ventilation filtering is applied to obtain a
product. Next, water and hexane are used to moisten and
wash the product for several times, and then the product is
vacuum dried. Then, the product is dissolved in the ethylene,
heated and refluxed for 30 minutes then the reaction is
terminated. Next, the product is cooled down and left still for
a period of time, then a solid precipitate is generated. Then,
ventilation filtering is applied, water and hexane are used to
moisten and wash the solid precipitate for several times, and
then the washed solid precipitate is vacuum dried to the final
product. The final product is exactly the above chemical
compound 9 having an output of 1.15 g(4.45 mmol), and an
output rate of 78%.

[0039] Then, proceed to step (e2), the chemical com-
pounds 2 and 9 are used to synthesize the emission material
whose chemical structure is represented by formulas [IIT].
The synthetic reaction of the formula [1II] is represented by:

AN | N
. N N /
/Cl ~
Ir\ /Ir
F cl F *
2 2
F F
2
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[0040] In step (¢2), at first, 2.5 g and 2.0 mmol of the
chemical compound 2, 1.14 g and 4.4 mmol of the chemical
compound 9, and overdosed Na,CO, are dissolved in
2-methoxyethanol solution, and refluxed for 16 hours. After
16 hours of reaction are completed, 20 ml of water are added
to the above reaction solution, then a solid is generated.
Next, ventilation filtering is applied, and water and hexane
are used to moisten and wash the solid for several times.
Then, the collected product is drained, then the sublimation
and purification process is applied to obtain the emission
material whose chemical structure is represented by formu-
las [IIT]. The emission material whose chemical structure is
represented by formulas [III] has an output of 0.96 g(1.2
mmol), and an output rate of 58%.

[0041] As for the subsequent manufacturing steps of the
emission material whose chemical structure is represented
by formulas [TV] are exemplified below.

[0042] After the chemical compound 2 and 4 are synthe-
sized according to corresponding steps (a)~(c), proceed to
step (d3), [3-(4-Trifluoromethyl-pyridyl)]-5-(2-pyridyl)-1,2,
4-triazole ligand (CF;-Py-PytzH) is synthesized and is
denoted by chemical compound 11. As for the synthetic
reaction of the chemical compound 11 is represented by:
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[0043] In step (d3), at first, 1.0 g and 4.8 mmol of

6-Trifluoromethyl-nicotinyl chloride denoted by chemical
compound 12 are dissolved in 10 ml of Tetrahydrofuran
solution. Moreover, 0.65 g and 4.8 mmol of the chemical
compound 4, and 0.33 g and 2.40 mmol of potassium
carbonate are dissolved in the 40 ml of Tetrahydrofuran
solution. Next, the solution containing the chemical com-
pound 12 are added dropwise to the above solution contain-
ing the chemical compound 4, then a precipitate is generated
immediately. After 6 hours of reaction, ventilation filtering
is applied to obtain a product. Next, water and hexane are
used to moisten and wash the product for several times, and
then the product is vacuum dried. Then, the product is
dissolved in the ethylene, heated and refluxed for 30 min-
utes, then the reaction is terminated. Next, after the product
is cooled down and left still for a period of time, a solid
precipitate is generated. Then, ventilation filtering is
applied, water and hexane are used to moisten and wash the
solid precipitate for several times, the washed solid precipi-
tate is vacuum dried to obtain a final product. The product
is exactly the above chemical compound 11, having an
output of 1.01 g(3.43 mmol), and an output rate of 72%.

[0044] Then, proceed to step (e3), the chemical compound
2 and 11 are used to synthesize the emission material whose
chemical structure is represented by formulas [IV]. The
synthetic reaction of the formula [IV] is represented by:

x | AN
> N N /
Ir/ CI\ Ir
F ~o” F *
2 2
F F
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[0045] 1In step (€3), at first, 2.5 g and 2.0 mmol of the
chemical compound 2, 1.32 g and 4.5 mmol of the chemical
compound 11 and overdosed Na,CO, are dissolved in
2-methoxyethanol solution, and refluxed for 16 hours. After
16 hours of reaction are completed, 20 ml of water are added
to the above reaction solution, a solid is generated. Next,
ventilation filtering is applied, water and hexane are used to
moisten and wash the solid for several times. Then, the
collected product is drained, and sublimation and purifica-
tion process is applied to obtain the emission material whose
chemical structure is represented by formulas [IV]. The
emission material whose chemical structure is represented
by formulas [IV] has an output of 1.12 g(1.3 mmol), and an
output rate of 65%.

[0046] As for the subsequent manufacturing steps of the
emission material whose chemical structure is represented
by formulas [V] are exemplified below.

[0047] After the chemical compounds 2 and 4 are synthe-
sized according to corresponding steps (a)-(c), proceed to
step  (d4), 3-Cyano-phenyl-5-(2-pyridyl)-1,2.4-triazole
ligand (CN-Ph-PytzH) is synthesized and denoted by chemi-
cal compound 13. The synthetic reaction of the chemical
compound 13 is represented by:
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[0048] In step (d4), at first, 1.0 g and 6.0 mmol of

4-Cyano-benzoyl chloride denoted by chemical compound
14 are dissolved in 10 ml of Tetrahydrofuran solution.
Moreover, 0.82 g and 6.0 mmol of the chemical compound
4, and 0.41 g and 3.0 mmol of potassium carbonate are
dissolved in the 40 ml of Tetrahydrofuran solution. Next, the
solution containing the chemical compound 14 is added
dropwise to the above solution containing the chemical
compound 4, and then a precipitate is generated immedi-
ately. After 6 hours of reaction are completed, ventilation
filtering is applied to obtain a product. Next, water and
hexane are used to moisten and wash the product for several
times, then the product is vacuum dried. Then, the product
is dissolved in the ethylene, heated and refluxed for 30
minutes, then the reaction is terminated. Next, after the
product is cooled down and left still for a period of time, a
solid precipitate is generated. Then, ventilation filtering is
applied, water and hexane are used to moisten and wash the
solid precipitate for several times, then the washed solid
precipitate is vacuum dried to obtain a final product. The
final product is exactly the above chemical compound 13,
having an output of 1.1 g(4.5 mmol), and an output rate of
75%.

[0049] Then, proceed to step (e4), the chemical com-
pounds 2 and 13 are used to synthesize the emission material
whose chemical structure is represented by formulas [V].
The synthetic reaction of the formula [V] is represented by:

x | AN
> N N /
Ir/ CI\ Ir
F ~o” F *
2 2
F
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[0050] In step (e4), at first, 2.5 g and 2.0 mmol of the

chemical compound 2, 1.11 g and 4.5 mmol of the chemical
compound 13, and overdosed Na,CO, are dissolved in
2-methoxyethanol solution, and refluxed for 16 hours. After
16 hours of reaction are completed, 20 ml of water are added
to the above reaction solution, a solid is generated. Next,
ventilation filtering is applied, and water and hexane are
used to moisten and wash the solid for several times. Then,
the collected product is drained, and sublimation and puri-
fication process is applied to obtain the emission material
whose chemical structure is represented by formulas [V].
The emission material whose chemical structure is repre-
sented by formulas [V] has an output of 0.85 g(1.04 mmol),
and an output rate of 52%.

[0051] In the present embodiment, a Hitachi F-4500 spec-
trophotometer i1s used to observe the photoluminescence
spectra (PL) of the above emission materials whose chemi-
cal structures are represented by formulas [1I]~[V] when in
thin film state or solution state. For example, the photolu-
minescence spectra of the above emission materials whose
chemical structures are represented by formulas [11]~[V]
when in dichloromethane solution is observed. The A,
(nm) of respective emission material in solution state can be
known according to the photoluminescence spectra of
respective emission material in solution state. Besides, the
A__(am) and CIE[x, y] value of respective emission material
are recorded in the table below.

emission material Appax(nm) CIE[x, y] value
chemical formula [II] 462, 490 0.13,0.25
chemical formula [IIT] 468, 492 0.13,0.32
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-continued
emission material A ppax (M) CIE[x, y] value
chemical formula [IV] 468, 490 0.14,0.31
chemical formula [V] 468, 492 0.14,0.32

[0052] Ttcan be seen from the above table that the A of
the emission materials whose chemical structures are rep-
resented by formulas [II]-{V] when in solution state are
respectively within the range of blue photochromism, and
the CIE[x, y] values of the emission materials whose chemi-
cal structures are represented by formulas [II]-[ V] are also
within blue region. The emission materials whose chemical
structures are represented by formulas [II]~[V] has a bluer
photochromism than conventional Flrpic blue phosphores-
cent material does, and the CIE[x, y] value of the emission
material whose chemical structure is represented by formu-
las [I1] has a bluer photochromism than the CIE value of the
emission materials whose chemical structures are repre-
sented by formulas [III]~[ V]. Therefore, the emission mate-
rials whose chemical structures are represented by formulas
[11]~[ V] are ideal for the blue emission material such as the
blue phosphorescent the emission material for instance.
However, the technology of the embodiment is not limited
thereto. For example, the emission materials whose chemi-
cal structures are represented by formulas [II]~[V] can also
be used as the blue fluorescent the emission material or the
emission material of other colors, such as the phosphores-
cent or the fluorescent emission material of other colors.

[0053] Theemission material disclosed in the embodiment
has the features of easy sublimation, quick response and
high output rate and is capable of resolving the problems of
difficult sublimation, poor heat-stability, and long purifica-
tion time encountered in the conventional manufacturing
process of the Flrpic blue phosphorescent material. With the
features of easy sublimation, quick response and high output
rate, the new emission material of the embodiment purifi-
cation time requires shorter purification time than the con-
ventional Flrpic blue phosphorescent material does, and is a
breakthrough in terms of the research and development of
the blue phosphorescent material.

Second Embodiment

[0054] Referring to FIG. 1, a structural diagram of an
OLED according to a second embodiment of the invention
is shown. In the embodiment, the OELD, including organic
light emitting diode (OLED) of small molecules and poly-
mer light emitting diode (PLED), is exemplified by the
OLED here. However, the technology disclosed in the
embodiment is applicable to the PLED.

[0055] InFIG. 1, the OELD 10 includes a substrate 11, an
anode 12, a cathode 13, a hole transport layer 14, an electron
transport layer 15 and an emission layer 16. The anode 12
and the cathode 13 are disposed on the substrate 11. The hole
transport layer 14 is disposed between the anode 12 and the
cathode 13. The electron transport layer 15 is disposed
between the hole transport layer 14 and the cathode 13. The
emission layer 16 is disposed between the hole transport
layer 14 and the electron transport layer 15, and the emission
layer 16 includes a host and a dopant. The chemical structure
of the dopant is represented by the formula [I]:
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[0056] “M” represents a metal atom whose atomic weight

is greater than 40. m is smaller than or equal to the ligand
number of “M”. n is a positive integral and is smaller than
m. “Y1” is selected from aryl or heteroaryl. “Y2” and “Y3”
are respectively selected from nitro-containing heterocyclic
ring. “X”, “R17, “R2” and “R3” are respectively selected
from any substituent group or hydrogen. “A” is selected
from aryl, heteroaryl or nitro-containing heterocyclic group.

[0057] “M” is selected from osmium (Os), ruthenium
(Ru), iridium (Ir), platinum (Pt), rhenium (Re), thallium
(T1), palladium (Pd) or rhodium (Rh)

[0058] “A” is selected from pyridine, benzene, naphtha-
lene, anthracene, phenanthrene or biphenyl.

[0059] “X”, “R1”, “R2” and “R3” are respectively
selected from alkyl, alkoxy, haloakyl, halogen, cyano group
or electron-withdrawing group.

[0060] Moreover, the emission material disclosed above
can be a blue emission material such as a blue phosphores-
cent dopant. Besides, the emission material of the embodi-
ment can also be manufactured of phosphorescent material
or fluorescent material of other colors. In the embodiment,
the value of n is 1.

[0061] In the embodiment, the emission material can be
formed by iridium (Ir) and pyridyl-triazole ligand I. The
iriddium (Ir) has six coordinates, and can be externally
connected to three ligands. When the value of n is 1, the
value of m is equal to 2. Therefore, the emission material of
the embodiment can be the material whose chemical struc-
tures are represented by formulas [T~ V]:

[11]
F+C
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[0062] In the embodiment, the OELD 10 further includes

a hole injection layer 17 disposed between the hole transport
layer 14 and the anode 12. Besides, the OELD 10 further
includes an electron injection layer 18 disposed between the
electron transport layer 15 and the cathode 13. Moreover, the
OELD 10 further includes a hole blocking layer 19 disposed
between the electron transport layer 15 and the emission
layer 16.

[0063] The electrical injection effect, brightness, luminous
efficiency and photo-electro conversion efficiency of the
device are elaborated below. In the embodiment, the sub-
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strate 11, the anode 12, the cathode 13, the host and the
dopant are respectively exemplified by a glass substrate,
indium tin oxide (ITO), a cathode composed of lithium
fluoride (LiF) and aluminum (Al), N,N'-dicarbozale-1,3-
benzene (mCP), and the emission material whose chemical
structure is represented by formulas [IV]. Besides, the
change in the electrical injection effect, brightness, luminous
efficiency and photo-electro conversion efficiency of the
device are observed by changing the doping concentration of
the emission material whose chemical structure is repre-
sented by formulas [IV] in mCP. When the doping concen-
tration of the emission material whose chemical structure is
represented by formulas [IV] in mCP is between 10~12%,
the device has a better performance in terms of electrical
injection effect, brightness, luminous efficiency and photo-
electro conversion efficiency. The device can reach the
luminous efficiency as high as 10.7 (cd/A), however, the
technology of the embodiment is not limited thereto.

[0064] As for the photochromism of the device using the
emission material whose chemical structure is represented
by formulas [IV], when the dopant has a larger doping
concentration, the CIE[x, y] value of the device grows larger
as well, but is still within the blue region. The CIE[x, y]
value of device approximately falls within in the range of
[0.16,0.28]. When the doping concentration of the dopant is
fixed, the CIE[x, y] value of the device may slightly decrease
as the operating voltage of the device increases, but is still
within the blue region. The A, of the device using the
emission material whose chemical structure is represented
by formulas [IV] is 464 (nm) and only differs by 4 (nm) with
the A, 468 (nm) of the emission material whose chemical
structure is represented by formulas [IV] when in solution
state.

[0065] Therefore, the device has a best performance when
the doping concentration of the dopant is about 12%. The
doping concentration of the dopant being too high or too low
is disadvantageous to the performance of the device.

[0066] Moreover, the emission material whose chemical
structure is represented by formula [11] is the dopant, and the
doping concentration of the emission material whose chemi-
cal structure is represented by formulas [1I] in mCP is fixed
at 11%. Then the electrical injection effect, brightness,
luminous efficiency and photo-electro conversion efficiency
of the device are observed by changing the thickness of the
electron transport layer. When the thickness of the electron
transport layer grows thicker, the electrical injection effect
of the device becomes poorer, but the luminous efficiency
and photo-electro conversion efliciency become better. The
luminous efficiency of the device can reach as high as 9.2
(cd/A). The brightness of the device does not show much
difference with respect to the thickness of the electron
transport layer. However, the technology of the embodiment
is not limited thereto.

[0067] As for the photochromism of the device using the
emission material whose chemical structure is represented
by formulas [IT], the photochromism of the device is blue
when the CIE[x, y] value approximately falls within the
range 0f[0.16, 0.27]. However, the CIEy value of the device
declines as the operating voltage increases. When the thick-
ness of the electron transport layer becomes thicker, the
CIE[x, y] value of device becomes lower, but is still within
the blue region. The A_,, of device using the emission
material whose chemical structure is represented by formu-
las [11] is 464 (nm) and only differs by 2 (nm) with the Amax
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462 (nm) of the emission material whose chemical structure
is represented by formulas [II] when in solution state.

[0068] According to the above disclosure, the device using
the emission materials whose chemical structures are rep-
resented by [II][V] can be blue devices such as a blue
phosphorescent device for instance. However, the technol-
ogy of the embodiment is not limited thereto. For example,
the emission materials whose chemical structures are rep-
resented by formulas [II]~[V] can be blue or other colored
fluorescent device, such as the phosphorescent or fluorescent
device of other colors for instance.

[0069] However, anyone who is skilled in the technology
of the embodiment will understand that the technology of
the invention is not limited thereto. For example, the anode
12 and the cathode 13 include metal, metal alloy or trans-
parent conductive material. At lease one of the anode 12 and
the cathode 13 is a transparent or semi-transparent electrode.
The above transparent conductive material includes trans-
parent metal oxides such as indium tin oxide (ITO), indium
zine oxide (IZ0), cadmium tin oxide (CTO), stannim diox-
ide (Sn0O,) and zinc oxide (Zn0O). The above metal and metal
alloy include aurum (Au), aluminum (Al), indium (In),
magnesium (Mg) and calcium (Ca) and so forth.

[0070] When only the anode 12 is transparent or semi-
transparent, the cathode 13 can be a reflective metal, then the
OELD 10 is a bottom emission and the substrate 11 is a
transparent or semi-transparent the substrate. When only the
cathode 13 is transparent or semi-transparent, the anode 12
can be a reflective metal, then the OELD 10 is top emission
device and the substrate 11 can be a transparent, semi-
transparent or transparent substrate. When the anode 12 and
the cathode 13 are both transparent or semi-transparent, the
OELD 10 is a dual emission device and the substrate 11 is
a transparent or semi-transparent substrate.

[0071] The OELD 10 of the present embodiment can be
applied to electronic products such as computer screen, flat
TV, monitor screen, vehicle TV, mobile phone, handheld
game station, digital camera (DC), digital video (DVD),
digital audio device, personal digital assistant (PDA), web
pad, notebook, handheld computer, laptop computer, table
PC, and so forth.

Third Embodiment

[0072] Referring to FIG. 2 is a flowchart of the manufac-
turing method of an OLED according to a third embodiment
of the invention is shown. Refer to FIG. 1 at the same time.
At first, the method begins at step 21, a substrate 11 is
provided. Next, proceed to step 22, an anode 12 is formed
on the substrate 11. Then, proceed to step 23, a hole injection
layer 17 is formed on the anode 12. Next, proceed to step 24,
ahole transport layer 14 is formed on the hole injection layer
17. Then, proceed to step 25, an emission layer 16 is formed
on the hole transport layer 14. The emission layer 16 has a
host and a dopant. The chemical structure of the dopant is
represented by formulas [T]. Next, proceed to step 26, a hole
blocking layer 19 is formed on the emission layer 16.
Afterwards, proceed to step 27, an electron transport layer
15 is formed on the hole blocking layer 19. Next, proceed to
step 28, an electron injection layer 18 is formed on the
electron transport layer 15. At last, proceed to step 29, a
cathode 13 is formed on the electron injection layer 18, and
the OELD 10 is completed.

[0073] Despite the emission material of the embodiment is
exemplified by the dopant, the technology of the embodi-
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ment is not limited thereto. For example, the emission
material of the embodiment can be used as a host to form an
emission layer with other dopants.

[0074] According to the emission material disclosed in the
embodiment of the invention and the OELD using the same,
the emission material formed by iridium and pyridyl-triazole
ligand has the features of easy sublimation, quick response
and high output rate and is capable of resolving the problems
of difficult sublimation, poor heat-stability, and long purifi-
cation time encountered in the conventional manufacturing
process of the Flrpic blue phosphorescent material. With the
features of easy sublimation, quick response and high output
rate, the new emission material formed according to the
embodiment requires shorter purification time than the con-
ventional Flrpic blue phosphorescent material.

[0075] Besides, the A, of the emission material of the
embodiment in resolution is 462,492 (nm), the 2., of the
device using the emission material of the embodiment is
464,488 (nm), and the CIE[x, y] value of device is [0.16,
0.27]. However, the A, of the Flrpic blue phosphorescent
material in solution state is 476,492 (nm), the A, the
device using the Flrpic blue phosphorescent material, is
475,498 (nm), and the CIE[x, y] value of device is [0.16,
0.29]. It can be seen from the above comparison that the
emission material of the embodiment has a bluer photo-
chromism than the Flrpic blue phosphorescent material
does, and the device using the emission material of the
embodiment has a bluer photochromism than the device
using Flrpic blue phosphorescent material. It can be seen
that the emission material of the invention is ideal for the
blue phosphorescent material, applicable to a blue phospho-
rescent device, and is indeed a big breakthrough in terms of
the research and development of the blue phosphorescent
material.

[0076] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. An emission material whose chemical structure is
represented by formula [I]:
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wherein “M” represents a metal atom whose atomic
weight is greater than 40, m is smaller than or equal to
the ligand number of “M”, n is a positive integral and
is smaller than m, “Y1” is selected from aryl or
heteroaryl, “Y2” and “Y3” are respectively selected
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from nitro-containing heterocyclic ring, “X”, “R1”,
“R2” and “R3” are respectively selected from any
substituent group or hydrogen, “A” is selected from
aryl, heteroaryl or nitro-containing heterocyclic group.

2. The emission material according to claim 1, wherein
“M” is selected from osmium (Os), ruthenium (Ru), iridium
(Ir), platinum (Pt), rhenium (Re), thallium (TTI), palladium
(Pd) or rhodium (Rh)

3. The emission material according to claim 1, wherein
“A” is selected from pyridine, benzene, naphthalene,
anthracene, phenanthrene or biphenyl.

4. The emission material according to claim 1, wherein
“X”, “R17, “R2” and “R3” are respectively selected from
alkyl, alkoxy, haloakyl, halogen, cyano group or electron-
withdrawing group.

5. The emission material according to claim 1, wherein
the value of n is 1.

6. The emission material according to claim 1, being a
blue phosphorescent dopant.

7. The emission material according to claim 1, whose
chemical structure is further represented by formula [II]:
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8. The emission material according to claim 1, whose
chemical structure is further represented by formula [I1T]:
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9. The emission material according to claim 1, whose
chemical structure is further represented by formula [IV]:

[1v]
Q F

N\\ F
\N/ f
|//

S P

10. The emission material according to claim 1, whose
chemical structure is further represented by formula [V]:

[Vl
; F

N\\ F
\N/ f
|//

S :

11. An organic electroluminescent device (OELD), com-
prising:

a substrate;

an anode and a cathode, disposed on the substrate;

a hole transport layer disposed between the anode and the
cathode;

an electron transport layer disposed between the hole
transport layer and the cathode; and

an emission layer disposed between the hole transport
layer and the electron transport layer, wherein the
emission layer comprises a host and a dopant, and the
chemical structure of the dopant is represented by the
formula [1]:
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wherein, “M” represents a metal atom whose atomic
weight is greater than 40, m is smaller than or equal to
the ligand number of “M”, n is a positive integral and
is smaller than m, “Y1” is selected from aryl or
heteroaryl, “Y2” and “Y3” are respectively selected
from nitro-containing heterocyclic ring, “X”, “R17,
“R2” and “R3” are respectively selected from any
substituent group or hydrogen, “A” is selected from
aryl, heteroaryl or nitro-containing heterocyclic group.

12. The OELD according to claim 11, wherein “M” is
selected from osmium (Os), ruthenium (Ru), iridium (Ir),
platinum (Pt), rhenium (Re), thallium (TI), palladium (Pd)
or thodium (Rh)

13. The OELD according to claim 11, wherein “A” is
selected from pyridine, benzene, naphthalene, anthracene,
phenanthrene or biphenyl.

14. The OELD according to claim 11, wherein “X”, “R1”,
“R2” and “R3” are respectively selected from alkyl, alkoxy,
haloakyl, halogen, cyano group or electron-withdrawing
group.

15. The OELD according to claim 11, wherein the value
ofnis 1.

16. The OELD according to claim 11, wherein the dopant
is a blue phosphorescent dopant.

17. The OELD according to claim 11, wherein the chemi-
cal structure of the dopant is represented by formula [1I]:
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18. The OELD according to claim 11, wherein the chemi-
cal structure of the dopant is further represented by formula
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19. The OFELD according to claim 11, wherein the chemi-

cal structure of the dopant is further represented by formula
[IV]:
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20. The OELD according to claim 11, wherein the chemi-
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cal structure of the dopant is further represented by formula

[Vl
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