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(57) ABSTRACT

Organometallic compounds and organic electrolumines-
cence devices employing the same are provided. The orga-
nometallic compound has a chemical structure represented
below:
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In Formula (I), one of R1 and R2 is trimethylsilyl (TMS) and
the other is hydrogen, at least one of R3 and R4 is fluorine
or C1-6 alkyl, or one of R3 and R4 is fluorine and the other
is C1-6 alkyl,
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nis 2 or 3, and m is 0 or 1, wherein n+m=3.
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ORGANOMETALLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
EMPLOYING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The application is based on, and claims priority of
Taiwan Application Serial Number 104140698, filed on Dec.
4, 2015, the disclosure of which are hereby incorporated by
reference herein in their entirety.

TECHNICAL FIELD

[0002] The disclosure relates to an organometallic com-
pound and an organic light-emitting device employing the
same.

BACKGROUND

[0003] Organic light-emitting devices are popular in flat
panel display due to their high illumination, light weight,
self-illumination, low power consumption, simple fabrica-
tion, rapid response time, wide viewing angle, and no
backlight requirement.

[0004] Generally, an organic electroluminescent device is
composed of a light-emission layer sandwiched between a
pair of electrodes. When an electric field is applied to the
electrodes, the cathode injects electrons into the light-emis-
sion layer and the anode injects holes into the light-emission
layer. When the electrons recombine with the holes in the
light-emission layer, excitons are formed. Recombination of
the electron and hole results in light emission.

[0005] Depending on the spin states of the hole and
electron, the exciton, which results from the recombination
of the hole and electron, can have either a triplet or singlet
spin state. Luminescence from a singlet exciton results in
fluorescence whereas luminescence from a triplet exciton
results in phosphorescence. The emissive efficiency of phos-
phorescence is three times that of fluorescence.

[0006] Considering the luminescence mechanism of phos-
phorescent materials in OLED devices, in order to achieve
the best luminescence efficiency and quantum efficiency, the
host materials with proper energy levels are required.
Among them, blue phosphorescent host materials need a
larger energy level gap and thermal stability. Therefore, the
structural design for such host materials will be of corre-
sponding difficulty.

[0007] Therefore, there is a need for a novel phosphores-
cent material to increase the emissive efficiency of an
OLED.

SUMMARY

[0008] According to an embodiment of the disclosure, the
disclosure provides an organometallic compound having a
structure represented by the following Formula (I):
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Formula (I)

[0009] In Formula (I), one of R, and R, is trimethylsilyl
(TMS) and the other is hydrogen, at least one of R, and R,
is fluorine or C, 4 alkyl, or one of R, and R, is fluorine and
the other is C, 4 alkyl,

é |
~ ., a
R [\ 0 0
o /N /N S
/
~_ 7/ N \N| N
R | o Z

R is CH;, CH,CH,, CH(CH,),, C(CHj,),, CF;, CHF,, C,F,
or phenyl, nis 2 or 3, and m is 0 or 1, wherein n+m=3.
[0010] According to another embodiment of the disclo-
sure, the disclosure provides an organic light-emitting
device. The device includes an anode, a cathode and an
organic light-emitting element disposed between the anode
and the cathode. The organic light-emitting element includes
the aforementioned organometallic compound.

[0011] According to another embodiment of the disclo-
sure, the disclosure provides an organic light-emitting
device. The device includes an anode, a cathode and an
organic light-emitting element disposed between the anode
and the cathode. The organic light-emitting element includes
a first light-emitting layer. The first light-emitting layer
includes the aforementioned organometallic compound.
[0012] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The disclosure can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:
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[0014] FIG. 1 shows a cross section of an organic light-
emitting device disclosed by an embodiment of the disclo-
sure.

DETAILED DESCRIPTION

[0015] The following description is of the best-contem-
plated mode of carrying out the disclosure. This description
is made for the purpose of illustrating the general principles
of the disclosure and should not be taken in a limiting sense.
The scope of the disclosure is best determined by reference
to the appended claims.

[0016] According to an embodiment of the disclosure, the
disclosure provides an organometallic compound having a
structure represented by the following Formula (I):

Formula (I)

[0017] In Formula (I), one of R, and R, may be trimeth-
ylsilyl (TMS) and the other is hydrogen, at least one of R,
and R, is fluorine or C, ¢ alkyl, or one of R; and R, may be
fluorine and the other may be C, , alkyl,

/X) is R, R R,
\Y N=< >=<
/

/O =
\O

/N /N /N /N /
\N N \N AN R
| A | A
l T \
/N /N or /O O,
~ ~

I\i\ I\i\

R may be CH,, CH,CH,, CH(CH,),, C(CH,),, CF,, CHF,,
C,F; or phenyl, n may be 2 or 3, and m may be 0 or 1,
wherein n+m=3.

[0018] According to an embodiment of the disclosure, the
organomnietallic compound may have a structure represented
by Formula (IT):
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Formula (I)

Rs

[0019] In Formula (II), Rs may be fluorine or C,_¢ alkyl,
/X>
~y
may be
R, R R, R, [\ o
N 0 /N a
I N 7
N N N N
SN SN\
o / \N| AN
\N| AN \N| AN . S
Va F
/O O
\N| AN
Va

R may be CH,, CH,CH,, CH(CH,),. C(CH,),, CF,, CHF,,
C,F; or phenyl.

[0020] According to an embodiment of the disclosure, the
organometallic compound may have a structure represented
by Formula (I1I) or Formula (IV):

Formula (IIT)

J

— N 5

/N\
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-continued

Formula (IV)

[0021] In Formula (IIT) or Formula (IV)

~vy
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/N /N /I\ /I\\O/ N\
Sy Y . |/
|/ |/
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R may be CH;, CH,CH,, CH(CH,),, C(CHy,),, CF;, CHF,,
C,F, or phenyl.

[0022] According to an embodiment of the disclosure, the
organometallic compound may be
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-continued

N

[0023] According to another embodiment of the disclo-
sure, the disclosure provides an organic light-emitting
device. The device includes an anode, a cathode and an
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organic light-emitting element disposed between the anode
and the cathode. The organic light-emitting element includes
the aforementioned organometallic compound.

[0024] According to another embodiment of the disclo-
sure, the disclosure provides an organic light-emitting
device. The device includes an anode, a cathode and an
organic light-emitting element disposed between the anode
and the cathode. The organic light-emitting element includes
a first light-emitting layer. The first light-emitting layer
includes the aforementioned organometallic compound.
[0025] According to another embodiment of the disclo-
sure, the organic light-emitting element further includes a
second light-emitting layer disposed between the anode and
the first light-emitting layer or between the first light-
emitting layer and the cathode. The second organic light-
emitting layer includes the aforementioned organometallic
compound.

[0026] According to another embodiment of the disclo-
sure, The organic light-emitting device may emit blue light.
[0027] The organometallic compounds according to For-
mula (I)-(IV) of the disclosure include the compounds
shown in Table 1.

TABLE 1

Example

Structure abbreviation

DFTlx(taz)

DFTIr(iaz)
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TABLE 1-continued
Example Structure abbreviation
3 DFTIr(pic)
4 DFTIr(taz2)
5 DFTIx(Miaz)
6 DFTIr(acac)
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7
TABLE 1-continued
Example Structure abbreviation
7 DFTIx(tmd)
00—
N yd
L~ \O /
8 DFTIr(hf)
F T
F
00—
NG
~.,_/
(8]
F
F T
2
9 DFTIr(dbm)
10 DFTIr

Jun. 8, 2017
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8
TABLE 1-continued
Example Structure abbreviation
11 DMTIr(taz)
12 DMTIr(iaz)
13 DMTIx(pic)
14 DMTIr(acac)
[0028] FIG. 1 shows an embodiment of an organic light- includes a substrate 12, an anode 14, an organic light-

emitting device 10. The organic light-emitting device 10 emitting element 16, and a cathode 18, as shown in FIG. 1.
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The anode 14 is disposed on the substrate 12, the organic
light-emitting element 16 is disposed on the anode 14, and
the cathode 18 is disposed on the organic light-emitting
element 16.

[0029] The organic light-emitting element 16 at least
includes a first organic light-emitting layer, and can further
include a hole injection layer, a hole transport layer, an
electron transport layer, and an electron injection layer. In an
embodiment of the disclosure, at least one layer of the
organic light-emitting element 16 includes the aforemen-
tioned organometallic compounds.

[0030] The organic light-emitting device can be a top-
emission, bottom-emission, or dual-emission device. The
substrate 12 can be a glass, plastic, or semiconductor sub-
strate. Suitable materials for the anode 14 can be indium tin
oxide (ITO), indium zinc oxide (IZO), aluminum zinc oxide
(AZO), or zinc oxide (ZnO). Suitable materials for the
cathode 18 can be Ca, Ag, Mg, Al, Li, In, Au, Ni, W, Pt, or
Cu. The organic light-emitting layer can be formed by
sputtering, electron beam evaporation, thermal evaporation,
or chemical vapor deposition. Furthermore, at least one of
the anode 14 and cathode 18 is transparent.

[0031] According to embodiments of the disclosure, Suit-
able materials for the hole transport layer and the electron
transport layer can be

¢

@

(TmPyPB)

[0032] According to embodiments of the disclosure, the
organic light-emitting element 16 can emit blue or green
light under a bias voltage.

[0033] According to embodiments of the disclosure, the
organic light-emitting element 16 can further include a
second organic light-emitting layer disposed between the
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anode 14 and the first light-emitting layer or between the
first light-emitting layer and the cathode 18. The second
organic light-emitting layer includes the aforementioned
organometallic compound.

[0034] According to embodiments of the disclosure, the
first and second organic light-emitting layers at least include
a host and a dopant.

[0035] According to embodiments of the disclosure, Suit-
able materials for the host can

&

N

-0

(TCTA)

|

(26DCzPPy)

[0036] According to embodiments of the disclosure, Suit-
able materials for the dopant can include the aforementioned
organometallic compounds.

[0037] The simple layered structure illustrated in FIG. 1 is
provided by way of non-limiting example, and it is under-
stood that embodiments of the invention may be used in
connection with a wide variety of other structures. The
specific materials and structures described are exemplary in
nature, and other materials and structures may be used.
Functional OLEDs may be achieved by combining the
various layers described in different ways, or layers may be
omitted entirely, based on design, performance, and cost
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factors. Other layers not specifically described may also be
included. Materials other than those specifically described
may be used. Although many of the examples provided
herein describe various layers as comprising a single mate-
rial, it is understood that combinations of materials, such as
a mixture of host and dopant, or more generally a mixture,
may be used. Also, the layers may have various sublayers.
The names given to the various layers herein are not
intended to be strictly limiting.

[0038] In order to clearly disclose the organic light-emit-
ting devices of the disclosure, the following examples (em-
ploying the organometallic compounds of the disclosure) are
intended to illustrate the disclosure more fully without
limiting their scope, since numerous modifications and
variations will be apparent to those skilled in this art. For
example, when the organometallic compounds of the dis-
closure serves as a dopant material, the organometallic
compounds of the disclosure can have a weight percentage
from 0.1 wt % to 15 wt %, based on the weight of the host
material.

EXAMPLE 1

Preparation of Organometallic Compound

DFTlr(taz)
[0039]
Organometallic compound DFTIr(taz)
[0040] Firstly, after a 100 mL double-neck bottle was

dried to remove the moisture and the air several times,
2,5-dibromopyridine (1 g, 4.22 mmol) and dehydrated ether
(40 mL) were dropwise added into the bottle under nitrogen
atmosphere. Next, after cooling to -78° C. and temperature
equilibrating, n-BuLi (3mlL, 4.64 mmol) was dropwise
added into the reaction bottle and subjected to reaction at
-78° C. for 1 hours, and then TMSCI (0.65 mL, 5 mmol) was
added thereto. The reaction was then warmed to room
temperature and the reaction mixture was extracted three
times using ethyl acetate (EA) and water as the extraction
solvent. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography (SiO,,
EA/Hexane=1/40), 2-bromo-5-trimethylsilylpyridine was
obtained. The synthesis pathway of the above reaction was
as follows:
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Br ™S
\ ether \
+ n-Buli + TMSCI W
-7 .
2N N
Br Br

[0041] Next, 2-Bromo-5-trimethylsilylpyridine (0.7 g, 3
mmol), 2,4-difluoropyridine bromic acid (0.52 g, 3.3 mmol),
K,CO; (04 g, 1 mmol), dimethoxyethane (20 mL), water
(10 mlL) and tetrakis(triphenylphosphine)palladium
Pd(PPh;),(0.17 g, 0.15 mmol) were added into a 100 mL
double-neck bottle. After the reaction bottle was dried to
remove the moisture and the air therein, the reaction bottle
was heated to reflux under nitrogen atmosphere and keep
refluxing overnight. After cooling to room temperature, the
reaction mixture was neutralized to weak alkalinity (pH 8 to
10) with saturated sodium hydrogen carbonate (NaHCO,)
aqueous solution, and then the mixture was extracted with
ethyl acetate (EA) and water. Next, an organic phase was
separated and concentrated, and then purified by column
chromatography ((SiO,, EA/Hexane=1/40), a compound
(A) was obtained. The synthesis pathway of the above
reaction was as follows:

T™MS B(OH),
T
\ Z
+ + Pd(PPh); +
e BN
Br
DME/H,0
K,CO;—— > F
LIE hr

[0042] The compound A (1.7 g, 6.6 mmol), IrCl; (0.89 g,

3 mmol), 2-methoxyethanol (24 mL) and water (8 mL) were
added into a 100 mL flask. After removing the moisture and
the air therein, the reaction bottle was heated to 120° C.
under nitrogen atmosphere and keep reacting overnight.
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After cooling to room temperature, water was added into the
reaction mixture to produce precipitate. Then, the precipitate
purified and dried under vacuum, and, obtaining a complex
A. The synthesis pathway of the above reaction was as
follows:

N
51
®
/ N
2-Methoxyethanol/H,O
- IrCly Complex-A
F 120°C,, 12 hr
B
N. P
F
A

[0043] The complex A (0.5 g, 0.33 mmol), ligand

CF3
N%
/

N Y

(285 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to pro-
duce precipitate. The precipitate was collected and washed
with water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (Si0,, EA/Hexane=1/40), Compound DFTIr(taz) was
obtained. The synthesis pathway of the above reaction was
as follows:

CF;
N:<
YN
&
-~ 2-Methoxyethanol
Complex-A + T ——
120°C.,3~5hr
\N AN
/
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-continued

[0044] The physical measurement of the compound DFTIr
(taz) is listed below: 1H NMR (200 MHz, CDCI3, 294 K):
8837 (d, 1H), 8.25 (d, 1H), 8.21 (d, 1H), 8.02 (t, 1H), 7.90
(d, 2H), 7.83 (d, 1H), 7.58 (s, 1H), 7.38~7.32 (m, 2H), 5.74
(t, 1H), 5.64 (1, 1H), 0.15 (s, 9H), 0.06 (s, 9H).

EXAMPLE 2
Preparation of Organometallic Compound
DFTlr(iaz)
[0045]
Organometallic compound DFTIr(iaz)
[0046] The complex A (0.5 g, 0.33 mmol), ligand (

[\

/N N
\I\i x
P

) (193 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
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precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (SiO,, EA/Hexane=1/40), Compound DFTIr(iaz was
obtained). The synthesis pathway of the above reaction was
as follows:

N
V4
2-Methoxyethanol

N
/
Complex-A + _—
120°C.,3~5hr
~

I\i\
a
\S|i/
_ \_ _
|/N\ N N
N,
F /\
|\ N\
J] 1
F

[0047] The physical measurement of the compound DFTIr
(iaz) 1s listed below: 1H NMR (200 MHz, CDCI3, 294 K):
0 8.29~8.17 (m, 3H), 7.88~7.77 (m, 3H), 7.67 (d, 1H), 7.62
(s, 1H), 7.52 (s, 1H). 7.32 (s, 1H), 7.06 (t, 1H), 6.61 (s, 1H),
5.80 (t, 1H), 5.68 (t, 1H), 0.13 (s, 9H), 0.09 (s, 9H).

EXAMPLE 3

Preparation of Organometallic Compound
DFTlr(pic)

[0048]

Organometallic compound DFTIr(pic)
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[0049] The complex A (0.5 g, 0.33 mmol), ligand (

/O (0]
\I\i AN
P

) (193 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (Si0,, EA/Hexane=1/40), Compound DFTIr(pic) was
obtained. The synthesis pathway of the above reaction was
as follows:

(0] (0]
- 2-Methoxyethanol

Complex-A + —_—
120°C,,3~5hr

[0050] The physical measurement of the compound DFTIr
(pic) 1s listed below: 1H NMR (200 MHz, CDCI3, 294 K):
0 878 (s, 1H), 8.38 (d, 1H), 8.27~8.20 (m, 2H), 8.05 (dt,
1H), 7.80~7.91 (m, 2H), 7.83 (d, 1H), 7.53 (t, 1H), 7.31 (s,
1H), 5.80 (s, 1H), 5.57 (s, 1H), 0.31 (s, 9H), 0.08 (s, 9H).
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EXAMPLE 4
Preparation of Organometallic Compound
DFTIr(taz2)
[0051]
Organometallic compound DFTIr(taz2)
[0052] The complex A (0.5 g, 0.33 mmol), ligand (

N—
/
/N /N
\N N
| Z

) (269 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (Si0,, EA/Hexane=1/40), Compound DFTIr(taz2)
was obtained. The synthesis pathway of the above reaction
was as follows:

N=
dok
-~ 7 2-Methoxyethanol
Complex-A  + —_—
120°C.,3-5 hr
~ N
/

13
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-continued
N
x
F
[0053] The physical measurement of the compound DFTIr

(taz2) is listed below: 1H NMR (200 MHz, CDCI3, 294 K):
5 8.28~8.16 (m, 3H), 7.91~7.83 (m, 3H), 7.72 (s, 1H), 7.70
(d, 1H), 7.45 (s, 1H), 7.15 (t, 1H), 5.69~5.66 (m, 2H), 1.37
(s, 9H), 0.17 (s, 9H), 0.08 (s, 9H).

EXAMPLE 5
Preparation of Organometallic Compound
DFTIr(Miaz)
[0054]
N
Si
e CH;
| A —
N, N
S N\ Va
N
F 4
i A I\i X
N S P
L P
Organometallic compound DFTIr(Miaz)
[0055] The complex A (0.5 g, 0.33 mmol), ligand (
HC CH;
/N Y N
\N AN
F

) (299 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
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raphy (Si0,, EA/Hexane=1/40), Compound DFTIr(Miaz)
was obtained. The synthesis pathway of the above reaction
was as follows:

H;C CH;z

N N
NS

2-Methoxyethanol
Complex-A  + P ——

~ 120°C.,3-5 hr

NG

/

[0056] The physical measurement of the compound DFTIr
(Miaz) is listed below: 1H NMR (200 MHz, CDCI3, 294 K):
8 8.35~8.22 (m, 3H), 7.95~7.80 (m, 3H), 7.70 (d, 1H), 7.65
(s, 1H), 7.50 (s, 1H), 7.35 (s, 1H), 7.10 (t, 1H), 6.61 (s, 1H),
3.51 (s, 3H), 3.12 (s, 3H), 0.15 (s, 9H), 0.08 (s, 9H).

EXAMPLE 6
Preparation of Organometallic Compound
DFTIr(acac)
[0057]
O—
N,
I
N,/
O
Organometallic compound DFTIr(acac)
[0058] The complex A (0.5 g, 0.33 mmol), ligand (
O=—
e
W,
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) (133 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (Si0,, EA/Hexane=1/40), Compound DFTIr(acac)
was obtained. The synthesis pathway of the above reaction
was as follows:

2-Methoxyethanol

Complex-A  + —_—
P ~ / 120°C.,3-5hr

[0059] The physical measurement of the compound DFTIr
(acac) is listed below: 1H NMR (200 MHz, CDCI3, 294 K):
0 8.45 (s, 2H), 8.22 (d, 2H), 7.97 (d, 2H), 5.65 (t, 2H), 5.33
(s, 1H), 1.85 (s, 6H), 0.35 (s, 18H).

EXAMPLE 7

Preparation of Organometallic Compound
DFTIr(tmd)

[0060]

— —2

Organometallic compound DFTIr(tmd)
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[0061] The complex A (0.5 g, 0.33 mmol), ligand (

~_4

) (245 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (Si0,. EA/Hexane=1/40), Compound DFTIr(tmd)
was obtained. The synthesis pathway of the above reaction
was as follows:

00—
-~ 2-Methoxyethanol

N / 120°C.,3-5hr
6]

Complex-A  +

[0062] The physical measurement of the compound DFTIr
(tmd) is listed below: 1TH NMR (200 MHz, CDCI3, 294 K):
8831 (s, 2H), 8.17 (d, 2H), 7.90 (d, 2H), 5.81 (t, 2H), 5.613
(s, 1H), 0.84 (s, 18H), 0.29 (s, 18H).
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EXAMPLE 8

Preparation of Organometallic Compound

DETIr(hf)
[0063]
T
F
F
F
Organometallic compound DFTIr(hf)
[0064] The complex A (0.5 g, 0.33 mmol), ligand (
F F
F
O—
e
W,
F
F F

) (277 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (SiO,, EA/Hexane=1/40), Compound DFTIr(hf) was
obtained. The synthesis pathway of the above reaction was
as follows:

/O_

2-Methoxyethanol
Complex-A + / —_—
\O

120°C.,, 3-5hr
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-continued

[0065] The physical measurement of the compound DFTIr
(hf) is listed below: 1H NMR (200 MHz, CDCI3, 294 K): &
8.27 (d, 2H), 8.25 (s, 2H), 8.06 (d, 2H), 6.09 (s, 1H), 5.60
(t, 2H), 0.34 (s, 18H).

EXAMPLE 9

Preparation of Organometallic Compound
DFTIr(dbm)

[0066]

-

Organometallic compound DFTIr(dbm)

[0067] The complex A (0.5 g, 0.33 mmol), ligand (

Ph
00—

~
~_{
Ph

) (311 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (Si0,, EA/Hexane=1/40), Compound DFTIr(dbm)
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was obtained. The synthesis pathway of the above reaction
was as follows:

Ph
O=—
-~ 2-Methoxyethanol
Complex-A + _—
~ 120°C., 3-5 hr
O
Ph
O=—
™ Ir/
N /
Ph
2
[0068] The physical measurement of the compound DFTIr

(dbm) is listed below: 1H NMR (200 MHz, CDCl,, 294 K):
0 8.56 (s, 2H), 8.22 (d, 2H), 7.92 (d, 2H), 7.80 (d, 4H),
7.47~731 (m, 6H), 6.67 (s, 1H), 5.76 (t, 2H), 0.15 (s, 18H).
[0069] The photoluminescence (PL) emission spectra of
the organometallic compounds (a series of DFTIr) of the
disclosure

[0070] As shown in Table 2, the organometallic com-
pounds of the disclosure having a stronger electron-with-
drawing ligand (such as: pic, taz or taz2) can exhibit a
blue-shifted emission and serve as blue phosphorescent
material. For example, the PL spectra (452 nm) of the
organometallic compound DFTIr(pic) can have a 23 nm
blue-shift in comparison with the PL spectra (475 nm) of the
conventional phosphorescent material Flr(pic).

TABLE 2
DFTIr (acac) DFTIr (pic) DFTIr (taz) DFTTr (taz2)
465 nm 452 nm 447 nm 452 nm
EXAMPLE 10

Preparation of Organometallic Compound DFTIr
[0071]

3

Organometallic compound DFTIr
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[0072] The complex A (0.37 g, 0.25 mmol), ligand (

) (200 mg, 0.25 mmol), AgOCOCF; (160 mg, 0.75 mmol)
and diphenyl ether (5 mL) were added into a 10 mL flask.
After removing the moisture and the air therein, the reaction
bottle was heated to 165° C. under nitrogen atmosphere and
keep reacting for two hours. After cooling down to room
temperature, purified by column chromatography ((SiO,,
EA/Hexane=1/8), Compound DFTIr was obtained. The syn-
thesis pathway of the above reaction was as follows:

N
S1
8
> N
2-Methoxyethanol
Complex-A - F —_—
\ 120°C,3-5hr
N /
F
[0073] The physical measurement of the compound DFTIr

is listed below: 1H NMR (200 MHz, CDCl;, 294 K): 9 8.33
(d, 1H), 8.21 (t, 2H), 8.05~7.77 (m, SH), 7.31 (s, 1H), 6.43
(t, 1H), 5.92 (t, 1H), 5.70 (s, 1H), 0.14 (s, 9H), 0.12 (s, 9H),
0.05 (s, 9H).

[0074] The photoluminescence (PL) emission spectra of
the organometallic compounds (a series of DFTIr) of the
disclosure
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[0075] The organometallic compound DFTIr have a prop-
erty of the PL spectra (448 nm) and the half maximum
wavelength (57 nm), that is, it is a high colorimetric purity
and serves as blue phosphorescent material. Thus, it can be
used for lighting application of color temperature adjusting
and display application of pure blue light emission.

[0076] The sublimation purification of the organometallic
compounds (a series of DFTIr) of the disclosure

[0077] The organometallic compounds (a series of DFTIr)
of the disclosure have a sublimation yield that is close to
100% due to their good thermal stability. The devices in
Examples of the disclosure show high yield as compared
with the conventional phosphorescent material Flr(pic) (its
vield is about 50%). For example, after the compound
DFTIr(acac) was purified by a sublimation process, there’s
almost nothing in the tube after sublimation and almost all
the compound DFTIr(acac) was sublimated into the collec-
tion tube.

EXAMPLE 11

Preparation of Organometallic Compound

DMTIr(taz)
[0078]
CF;
N%
/
N /N
N oA
F
Organometallic compound DMTIr(taz)
[0079] Firstly, after a 100 mL double-neck bottle was

dried to remove the moisture and the air several times,
2,5-dibromopyridine (1 g, 4.22 mmol) and dehydrated ether
(40 mL) were dropwise added into the bottle under nitrogen
atmosphere. Next, after cooling to -78° C. and temperature
equilibrating, n-Bul.i (3 mL, 4.64 mmol) was dropwise
added into the reaction bottle and subjected to reaction at
-78° C. for 1 hours, and then TMSCI (0.65 mL, 5 mmol) was
added thereto. The reaction was then warmed to room
temperature and the reaction mixture was extracted three
times using ethyl acetate (EA) and water as the extraction
solvent. Next, an organic phase was separated and concen-
trated, and then purified by column chromatography (SiO,,
EA/Hexane=1/40), 2-bromo-5-trimethylsilylpyridine was
obtained. The synthesis pathway of the above reaction was
as follows:
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Br ™S
¢ onBuli ¢ TMSCl o, N
-78°C.
/N /N
Br Br
[0080] Next, 2-Bromo-5-trimethylsilylpyridine (0.7 g, 3

mmol), 2,4-dimethylpyridine bromic acid (0.52 g, 3.3
mmol), K,CO; (0.4 g, 1 mmol), dimethoxyethane (20 mL),
water (10 mL) and tetrakis(triphenylphosphine)palladium
Pd(PPh;), (0.17 g, 0.15 mmol)) were added into a 100 mL
double-neck bottle. After the reaction bottle was dried to
remove the moisture and the air therein, the reaction bottle
was heated to reflux under nitrogen atmosphere and keep
refluxing overnight. After cooling to room temperature, the
reaction mixture was neutralized to weak alkalinity (pH 8 to
10) with saturated sodium hydrogen carbonate (NaHCO,)
aqueous solution, and then the mixture was extracted with
ethyl acetate (EA) and water. Next, an organic phase was
separated and concentrated, and then purified by column
chromatography ((SiO,, EA/Hexane=1/40), and compound
(B) was obtained. The synthesis pathway of the above
reaction was as follows:

T™S
A
n
/ N
Br
B(OH),
Z ©opdEPny + Kicoy _MEEO
120°C. 12 hr
AN
TMS
X
P
7z
B
[0081] The compound B (1.7 g, 6.6 mmol), IrCl, (0.89 g,

3 mmol), 2-methoxyethanol (24 mL) and water (8 mL) were
added into a 100 mL flask. After removing the moisture and
the air therein, the reaction bottle was heated to 120° C.
under nitrogen atmosphere and keep reacting overnight.
After cooling to room temperature, water was added into the
reaction mixture to induce precipitation. Then, the precipi-
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tate was purified and dried under vacuum, and, a complex B
was obtained. The synthesis pathway of the above reaction
was as follows:

Si
| X

/N

2-Methoxyethanol/H,O
+ IrClg T0°C 120 Complex-B
| N "
N
B
[0082] The complex B (0.5 g, 0.33 mmol), ligand (

CF;
N%
/

/N N

) (285 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (SiO,, EA/Hexane=1/40), Compound DMTIr(taz)
was obtained. The synthesis pathway of the above reaction
was as follows:

CF;
N:{
/

/N /N

2-Methoxyethanol
———

Complex-B  + -
120°C.,3-5 hr
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-continued

\

[0083] The physical measurement of the compound
DMTIr(taz) is listed below: 1H NMR (200 MHz, CDCl,,
294 K): 8 831 (d, 1H), 8.11 (d, 1H), 8.04 (d, 1H), 7.91 (1,
1H), 7.84~7.78 (m, 3H), 7.69 (d, 1H), 7.50 (s, 1H). 7.22 (t,
1H), 5.92 (s, 1H), 5.83 (s, 1H), 2.86 (s, 6H), 2.29 (s, 3H),
2.23 (s, 3H), 0.15 (s, 9H), 0.04 (s, 9H).

EXAMPLE 12

Preparation of Organometallic Compound
DMTlIr(iaz)

[0084]

Organometallic compound DMTIr(iaz)

[0085] The complex B (0.5 g, 0.33 mmol), ligand (

J

PN
™~

/

|
F

) (193 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
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precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (SiO,, EA/Hexane=1/40), Compound DMTIr(iaz)
was obtained. The synthesis pathway of the above reaction
was as follows:

[\

N N
N
2-Methoxyethanol
Complex-B + —_—
~ 120°C.,3-5 hr
NN

J

Z

\_/

[0086] The physical measurement of the compound
DFMIr(iaz) is listed below: 1H NMR (200 MHz, CDCl,,
294 K): 8 8.29~8.17 (m, 3H), 7.88~7.77 (m, 3H), 7.67 (d,
1H), 7.62 (s, 1H), 7.52 (s, 1H), 7.32 (s, 1H), 7.06 (t, 1H),
6.61 (s, 1H), 5.80 (t, 1H), 5.68 (1, 1H), 0.13 (s, 9H), 0.09 (s,
9H).

EXAMPLE 13

Preparation of Organometallic Compound

DMTTr(pic)
[0087]
L
— | N —
N\,
4

| \ \N \

N. / | /

Organometallic compound DMTIr(pic)
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[0088] The complex B (0.5 g, 0.33 mmol), ligand (

/O (0]
\I\i AN
P

) (193 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (SiO,. EA/Hexane=1/40), Compound DMTIr(pic)
was obtained. The synthesis pathway of the above reaction
was as follows:

o} 0
-~ 2-Methoxyethanol
Complex-B + —_—
120°C.,3-5 hr
ST
A
0
x
Y
[0089] The physical measurement of the compound

DMTIr(pic) is listed below: 1H NMR (200 MHz, CDCl,,
294 K): & 8.87 (s, 1H), 833 (d, 1H), 8.10 (dd, 2H),
7.99~7.85 (m, 3H), 7.71 (d, 1H), 7.45~7.39 (m, 2H), 6.02 (s,
1H), 5.78 (s, 1H), 2.92 (s, 3H), 2.86 (s, 3H), 2.26 (s, 3H),
2.23 (s, 3H), 031 (s, 9H), 0.07 (s, 9H).
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EXAMPLE 13
Preparation of Organometallic Compound
DMTTr(pic)
[0090]

Organometallic compound DM TIr(pic)

[0091]
ligand (

The compound complex B (0.5 g, 0.33 mmol),

/O (0]
\I\i AN
S

) (193 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (8i0,, EA/Hexane=1/40), Compound DMTIr(pic)
was obtained. The synthesis pathway of the above reaction
was as follows:

0] (0]
- 2-Methoxyethanol
Complex-B + —_—
~ 120°C.,3-5 hr
NN
/
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-continued

[0092] The physical measurement of the compound
DMTIr(pic) is listed below: 1H NMR (200 MHz, CDCl;,
294 K): & 8.87 (s, 1H), 833 (d, 1H), 8.10 (dd, 2H),
7.99~7.85 (m, 3H), 7.71 (d, 1H), 7.45~7.39 (m, 2H), 6.02 (s,
1H), 5.78 (s, 1H), 2.92 (s, 3H), 2.86 (s, 3H), 2.26 (s, 3H),
2.23 (s, 3H), 031 (s, 9H), 0.07 (s, 9H).

EXAMPLE 14

Preparation of Organometallic Compound
DMTTr(acac)

[0093]

L —2

Organometallic compound DMTIr(acac)

[0094] The complex B (0.5 g, 0.33 mmol), ligand (

) (133 mg, 1.33 mmol), trimethylamine (0.1 mL, 1.33 mmol)
and 2-methoxyethanol (5 mL) were added into a 10 mL
flask. After removing the moisture and the air therein, the
reaction bottle was heated to 120° C. under nitrogen atmo-
sphere and keep reacting for three hours. After cooling to
room temperature, water was added into the result to induce
precipitation. The precipitate was collected and washed with
water and hexane, and then dissolved into CH,Cl,. The
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result was extracted three times with CH,Cl, and water as
the extraction solvent. Next, an organic phase was separated
and concentrated, and then purified by column chromatog-
raphy (SiO,, EA/Hexane=1/40), Compound DMTIr(pic)
was obtained. The synthesis pathway of the above reaction
was as follows:

0=
Complex B+ -~ 2-Methoxyethanol
omplex- —_—
P ~ / 120°C.,3-5 hr
6]

[0095] The physical measurement of the compound
DMT1r(pic) is listed below: 1H NMR (200 MHz, CDCl,,
294 K): 8 8.57 (s, 2H), 8.07 (d, 2H), 7.89 (d, 2H), 5.90 (s,
2H), 5.24 (s, 1H), 2.84 (s, 6H), 2.19 (s, 6H), 1.79 (s, 6H).
0.33 (s, 18H).

EXAMPLE 15

Fabrication of the Organic Light-Emitting Device
(1) (Dry Process)

[0096] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 110 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.
Next, TAPC(1,1-bis[4-[N,N'-di (p-tolyl)amino]phenyl]cy-
clobexane, with a thickness of 40 nm), 26DCzPPY doped
with the organometallic compound DFTTr(acac) of Example
6 (the ratio between 26DCzPPY and the organometallic
compound DFTIr(acac) was 10:1, with a thickness of 10
nm), TmPyPB (1,3,5-tri(p-pyrid-3-yl-phenyl)benzene, with
a thickness of 50 nm), LiF(with a thickness of 0.8 nm), and
Al(with a thickness of 120 nm) were subsequently deposited
on the ITO film at 107° torr, obtaining the organic light-
emitting device (1). The materials and layers formed there-
from are described in the following: ITO (150 nm)/TAPC
(40 nm)/26DCzPPy:organometallic DFTIr(acac)(10%)(10
nm)/TmPyPB (50 nm)/LiF (0.8 nm)/Al (120 nm)

[0097] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.IE coordinates (x, y)) of the light-
emitting device (1), as described in Example 15, were
measured by a spectra colorimeter PR650 (purchased from
Photo Research Inc.) and a luminance meter LS110 (pur-
chased from Konica Minolta). The results are shown in
Table 3
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EXAMPLE 16

Fabrication of the Organic Light-Emitting Device
(2) (Dry Process)

[0098] Example 16 was performed in the same manner as
in Example 15 except that TATC was substituted for 26DCz-
PPy (TCTA doped with the organometallic compound
DFTIr(acac) of Example 6), obtaining the organic light-
emitting device (2). The materials and layers formed there-
from are described in the following: ITO (150 nm)/TAPC
(40 nm)/TCTA:organometallic DFTIr(acac)(10%)(10 nm)/
TmPyPB (50 nm)/LiF (0.8 nm)/Al (120 nm)

[0099] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.ILE coordinates (x, y)) of the light-
emitting device (1), as described in Example 15, were
measured by a spectra colorimeter PR650 (purchased from
Photo Research Inc.) and a luminance meter LS110 (pur-
chased from Konica Minolta). The results are shown in
Table 3

COMPARATIVE EXAMPLE 1
Fabrication of a Traditional Organic Light-Emitting
Device (Dry Process)

[0100] Comparative Example 1 was performed in the
same manner as in Example 15 except that mCP doped with
FK306 (

) was substituted for 26DCzPPY doped with the organome-
tallic compound DFTIr(acac), obtaining the traditional
organic light-emitting device.

[0101] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.ILE coordinates (x, y)) of the light-
emitting device (1), as described in Example 15, were
measured by a spectra colorimeter PR650 (purchased from
Photo Research Inc.) and a luminance meter LS110 (pur-
chased from Konica Minolta). The results are shown in
Table 3

TABLE 3
current  power
effi- effi- CILE
Light-emitting clency ciency Amax coordinate
layer (ed/A)  (Im/W) (nm) (%, )
Comparative mCP:FK306 21.5 161 454 (016, 0.25)
Example 1
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TABLE 3-continued
current  power
effi- effi- CILE
Light-emitting ciency clency Amax coordinate
layer (ed/A)  (Im/W)  (nm) (x,9)
Example 15 26DCzPPy:DFTIr  25.2 187 464 (0.15,0.25)
(acac)
Example 16 TCTA:DFTIr 22.0 172 464 (0.15,0.25)
(acac)

[0102] In accordance with Table 3, in the examples, the
optical properties of the organic light emitting diodes fab-
ricated with host material 26DCzPPy or TCTA combined
with the dopant DFTIr(acac) are shown in Table 3. Particu-
larly, the current efficiency of the organic light emitting
diode (1) fabricated with host material 26DCzPPy combined
with the dopant DFTIr(acac) (25.2 cd/A) was about 16%
times higher than that of the organic light-emitting diode (2)
fabricated with host material TCTA combined with the
dopant DFTIr(acac) (22.0 cd/A) (measured at a brightness of
1000 Cd/m>).

EXAMPLE 17

[0103] The optical properties of the organometallic com-
pounds of the disclosure

[0104] As shown in Table 4, in the example, the optical
properties of organic light emitting diodes fabricated by host
material 26DCzPPy combined with various dopants was
measured, because the organic light emitting diode (1)
fabricated with host material 26DCzPPy exhibited higher
optical properties than the organic light emitting diode (2).
Due to the organometallic compound DFTIr(tmd) showing
great steric hindrance, the optical properties and light of the
organic light emitting diode with it was similar to that of the
organic light emitting diode with DFTIr(acac). The organo-
metallic compounds having a stronger electron-withdrawing
ligand (such as: pic, taz or taz2) had a 12-16 nm blue-shift,
but the luminescence efficiencies of the organic light emit-
ting diodes with these dopants were over 10 Im/W. The
organometallic compound DMTIr(acac) emitted bluish
green light, but the luminescence efficiency of the organic
light emitting diode with that achieved 57.2 Im/W.

TABLE 4

current power C.IE
efficiency efficiency Amax coordinate

(cd/A) (Im/W) (nm) &, y)
DFTIr (acac) 25.2 18.7 464 (0.15, 0.25)
DFTIr (tmd) 24.9 17.4 464 (0.15, 0.25)
DFTIr (pic) 18.2 12.0 452 (0.15, 0.23)
DFTIr (taz) 20.2 14.5 4438 (0.15, 0.22)
DFTIr (taz2) 19.7 14.1 452 (0.15, 0.23)
DMTTIr (acac) 65.3 57.2 492 (0.19, 0.52)
DMTTr (pic) 30.2 22.4 476 (0.18, 0.37)

EXAMPLE 18

Fabrication of the Organic Light-Emitting Device
(3) (Wet Process)

[0105] A glass substrate with an indium tin oxide (ITQO)
film with a thickness of 150 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
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ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.
[0106] Next, PEDOT(poly(3,4)-ethylendioxythiophen):
PSS (e-polystyrenesulfonate) was coated on the ITO film by
a blade and spin coating process (with a rotation rate of 2000
rpm) and baked at 130° C. for 10 min to form a PEDOT:PSS
film serving as a hole injection layer (with a thickness of 40
nm). Next, a composition was used for forming a light-
emitting layer coated on the PEDOT:PSS film by a blade
coating process and baked at 100° C. for 40 min to form the
light-emitting layer (with a thickness of 30 nm). The com-
position used for forming a light-emitting layer includes
mCP and the organometallic compound DFTIr(acac),
wherein the weight ratio of mCP to the organometallic
compound DFTIr(acac) was 4:1, dissolved in chloroben-
zene. Next, TmPyPB (1,3,5-tri(p-pyrid-3-yl-phenyl)benzene
was coated on the light-emitting layer by a spin coating
process to form a TmPyPB film (with a thickness of 45 nm).
Next, LiF (with a thickness of 1 nm), and Al (with a
thickness of 100 nm) were subsequently formed on the
TmPyPB film at 1x107° Pa, obtaining the organic light-
emitting device (3) after encapsulation. The materials and
layers formed therefrom are described in the following:
[0107] ITO(150 nm)/PEDOT:PSS(40 nm)/mCP:organo-
metallic compound DFTIr(acac) (30 nm)/ TmPyPB(45 nm)/
LiF(1 nm)/Al (100 nm)

[0108] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.I.E coordinates (x, y)) of the organic
light-emitting device (3) were measured by a spectra colo-
rimeter PR650 (purchased from Photo Research Inc.) and a
luminance meter 1.S110 (purchased from Konica Minolta).
The results are shown in Table 5.

EXAMPLE 19

Fabrication of the Organic Light-Emitting Device
(4) (Wet Process)

[0109] Example 19 was fabricated in the same manner as
in Example 18 except that TATC was substituted for mCP
(TCTA doped with the organometallic compound DFTIr
(acac) of Example 6), obtaining the organic light-emitting
device (4). The materials and layers formed therefrom are
described in the following:

[0110] ITO(150 nm)/PEDOT:PSS(40 nm)/ TCTA:organo-
metallic compound DFTIr(acac) (30 nm)/ TmPyPB(45 nm)/
LiF(1 nm)/Al (100 am)

[0111] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.I.E coordinates (x, y)) of the light-
emitting device (4) were measured by a spectra colorimeter
PR650 (purchased from Photo Research Inc.) and a lumi-
nance meter L.S110 (purchased from Konica Minolta). The
results are shown in Table 5

EXAMPLE 20

Fabrication of the Organic Light-Emitting Device
(5) (Wet Process)

[0112] Example 20 was fabricated in the same manner as
in Example 19 except that the organometallic compound
DFTIr(tmd) was substituted for the organometallic com-
pound DFTIr(acac) (TCTA doped with the organometallic
compound DFTIr(tmd) of Example 7), obtaining the organic
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light-emitting device (5). The materials and layers formed
therefrom are described in the following:

[0113] ITO(150 nm)PEDOT:PSS(40 nm ) TCTA:organo-
metallic compound DFTIr(tmd) (30 nm)/TmPyPB(45 nm)/
LiF(1 nm)/Al (100 nm)

[0114] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (am), and C.ILE coordinates (x, y)) of the light-
emitting device (5) were measured by a spectra colorimeter
PR650 (purchased from Photo Research Inc.) and a lumi-
nance meter LS110 (purchased from Konica Minolta). The
results are shown in Table 5

EXAMPLE 21

Fabrication of the Organic Light-Emitting Device
(6) (Wet Process)

[0115] Example 21 was fabricated in the same manner as
in Example 19 except that the organometallic compound
DMTlIr(acac) was substituted for the organometallic com-
pound DFTIr(acac) (TCTA doped with the organometallic
compound DMTIr(acac) of Example 14), obtaining the
organic light-emitting device (6). The materials and layers
formed therefrom are described in the following:

[0116] ITO(150 nm)PEDOT:PSS(40 nm)/TCTA:organo-
metallic compound DM TIr(acac) (30 nm)/TmPyPB(45 nm)/
LiF(1 nm)/Al (100 nm)

[0117] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.I.E coordinates (x, y)) of the light-
emitting device (6) were measured by a spectra colorimeter
PR650 (purchased from Photo Research Inc.) and a lumi-
nance meter L.S110 (purchased from Konica Minolta). The
results are shown in Table 5

EXAMPLE 22

Fabrication of the Organic Light-Emitting Device
(7) (Wet Process)

[0118] Example 22 was fabricated in the same manner as
in Example 19 except that the organometallic compound
DMTIr(pic) was substituted for the organometallic com-
pound DFTIr(acac) (TCTA doped with the organometallic
compound DMTIr(pic) of Example 13), obtaining the
organic light-emitting device (7). The materials and layers
formed therefrom are described in the following:

[0119] ITO(150 nm)PEDOT:PSS(40 nm)/TCTA:organo-
metallic compound DMTIr(pic) (30 nm)/TmPyPB(45 nm)/
LiF(1 nm)/Al (100 nm)

[0120] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.IE coordinates (x, y)) of the light-
emitting device (6) were measured by a spectra colorimeter
PR650 (purchased from Photo Research Inc.) and a lumi-
nance meter LS110 (purchased from Konica Minolta). The
results are shown in Table 5

COMPARATIVE EXAMPLE 2

Fabrication of a Traditional Organic Light-Emitting
Device (Wet Process)

[0121] Comparative Example 2 was fabricated in the same
manner as in Example 19 except that TCAC doped with the
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organometallic compound FTIr(pic) was substituted for
TCAC doped with the organometallic compound DFTIr
(acac), obtaining the traditional organic light-emitting
device.

[0122] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.LE coordinates (x, v)) of the traditional
light-emitting device were measured by a spectra colorim-
eter PR650 (purchased from Photo Research Inc.) and a
luminance meter L.S110 (purchased from Konica Minolta).
The results are shown in Table 5

TABLE 5
current power CILE
OLED efficiency efficiency Amax coordinate
device (cd/A) (/W)  (nm) (%, y)
Example 18 device (3) 143 9.8 464 (016, 0.28)
Example 19 device (4) 14.2 10.7 464 (016, 0.29)
Example 20 device (5) 133 10.9 464 (0.16,0.29)
Example 21 device (6) 341 305 492 (020, 0.56)
Example 22 device (7) 21.2 17.1 476 (0.18,0.37)
Comparative — 15.0 475 (018, 0.39)
Example 2
[0123] During the formation of the light-emitting device

via a wet process, it showed that the organometallic com-
pounds (a series of DFTIr) of the disclosure exhibited high
solubility (the solution has a solid content that is more than
4 wt %), the organometallic compounds of the disclosure
can be uniformly mixed with the TCTA or mCP. The
luminescence efficiency of the organic light emitting diode
(4) with the dopant DFTIr(acac) achieved 10.7 lm/W, and
the luminescence efficiency of the organic light emitting
diode (5) with the dopant DFTIr(tmd) achieved 10.9 1m/W
(measured at a brightness of 1000 Cd/m?®), that is, the
devices in Examples of the disclosure showed high driving
durability. Moreover, the luminescence efficiency of the
organic-light emitting diode (7) with the dopant DMTIr(pic)
of the disclosure fabricated via the wet process is 17.1 Im/W
(measured at a brightness of 1000 Cd/m?), that is, it was
about 1.14 times higher than that of the organic light-
emitting diode with the dopant FTIr(pic).

EXAMPLE 23

Fabrication of the organic light-emitting device (8)
(dry process)

[0124] A glass substrate with an indium tin oxide (ITO)
film with a thickness of 110 nm was provided and then
washed with a cleaning agent, acetone, and isopropanol with
ultrasonic agitation. After drying with nitrogen flow, the ITO
film was subjected to a UV/ozone treatment for 30 min.
Next, TAPC(1.1-bis[4-[N,N'-di (p-tolyl)amino]phenyl]cy-
clobexane, with a thickness 0of 35 nm), TCTA doped with the
organometallic compound DFTIr(tmd) (the ratio between
TATC and the organometallic compound DFTIr(tmd) was
1:0.05, with a thickness of 6 nm), 26DCzPPY doped with the
organomnietallic compound DFTIr(tmd) (the ratio between
26DCzPPY and the organometallic compound DFTTr(tmd)
was 1:0.06, with a thickness of 6 nm), TmPyPB (1,3,5-tri
(p-pyrid-3-yl-phenyl)benzene, with a thickness of 110 nm),
LiF(with a thickness of 1 nm), and Al(with a thickness of
100 nm) were subsequently formed on the ITO film at 107°
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torr, obtaining the organic light-emitting device (8). The
materials and layers formed therefrom are described in the
following:

[0125] ITO (150 nm)/TAPC (35 nm)/TATC:organometal-
lic DFTIr(tmd)(5%)6 nm)/26DCzPPy:organometallic
DFTIr(tmd)(6%)(6 nm)/TmPyPB(110 nm)/LiF(1 nm)/Al
(100 nm)

[0126] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.IE coordinates (x, y)) of the light-
emitting device (8), as described in Example 15, were
measured by a spectra colorimeter PR650 (purchased from
Photo Research Inc.) and a luminance meter LS110 (pur-
chased from Konica Minolta). The results are shown in
Table 3

EXAMPLE 24

Fabrication of the Organic Light-Emitting Device
(9) (Dry Process)

[0127] Example 24 was fabricated in the same manner as
in Example 23 except that the organometallic compound
DFTIr(acac) was substituted for the organometallic com-
pound DFTIr(tmd), obtaining the organic light-emitting
device (9). The materials and layers formed therefrom are
described in the following:

[0128] ITO (150 nm)/TAPC (35 nm)/TATC:organometal-
lic  DFTIr(acac)(6%)(6  nm)/26DCzPPy:organometallic
DFTIr(acac)(8%)(6 nm)/TmPyPB(110 nm)/LiF(1 nm) Al
(100 nm)

[0129] Next, the optical properties (such as current effi-
ciency (cd/A), power efficiency (Im/W), emission wave-
length (nm), and C.IE coordinates (x, y)) of the light-
emitting device (9) were measured by a spectra colorimeter
PR650 (purchased from Photo Research Inc.) and a lumi-
nance meter L.S110 (purchased from Konica Minolta). The
results are shown in Table 6

TABLE 6
current power C.LE
OLED efficiency efficiency Amax coordinate
device (cd/A) (/W)  (am) (x,9)
Comparative 215 16.1 454 (0.16, 0.25)
Example 1
Example 23 device (8) 324 302 464 (0.15,0.25)
Example 24 device (9) 29.5 27.2 464 (0.15,0.25)
Comparative — 15.0 475 (0.1%8,0.39)
Example 2
[0130] As can be apparently seen from the above results,

with dual light emitting layers, the luminescence efliciency
of the organic light emitting diode (9) with the dopant
DFTIr(acac) achieved 27.2 Im/W. The luminescence effi-
ciency of the organic light emitting diode (8) with the dopant
DFTIr(tmd) achieved 30.2 Im/W, that is, it was about 1.88
times higher than that of the organic light-emitting diode
with the dopant FK306 in Comparative Example 1. In
addition, the luminescence efficiency of the organic light
emitting diode with dual light emitting layers of the disclo-
sure is better than that of organic light emitting diode with
single light emitting layer in Comparative Example2.
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[0131] While the disclosure has been described by way of
example and in terms of the preferred embodiments, it
should be understood that the disclosure is not limited to the
disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. An organometallic compound having a structure rep-
resented by Formula (I):

Formula (I)

wherein, one of R and R, is trimethylsilyl (TMS) and the
other is hydrogen, at least one of R; and R, is fluorine
or C,_¢ alkyl, or one of R, and R, is fluorine and the
other is C,_¢ alkyl,

X

~ is R, R R, R,
\Y N 0
/- B

/N /N /N /N \O /
\N| AN \I\i N R
F F

[\
y

N or

/N /o 0,
Y T
P Va

R is CH,;, CH,CH;, CH(CH,),, C(CHs,);, CF;. CHF,, C;F,
or phenyl, and n is 2 or 3, and m is 0 or 1, wherein n+m=3.

2. The organometallic compound as claimed in claim 1,
wherein the organometallic compound has a structure rep-
resented by Formula (II):
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Formula (I)
—X )
Sy
wherein Rj is fluorine or C,_¢ alkyl,
X
e > is R, R R, R
™~
Y N— — 0=
/ < ; < 7~
N N N N
~o_?

R is CH,, CH,CH,, CH(CH,),, C(CH,),, CF,, CHF,. C;F,
or phenyl.

3. The organometallic compound as claimed in claim 1,
wherein the organometallic compound has a structure rep-
resented by Formula (IIT) or Formula (IV):

Formula (IIT)

NP
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-continued -continued

Formula (IV)

wherein

! T \
/N /N or /O O,
S F

R is CH;, CH,CH,, CH(CH,),, C(CHy,),, CF;, CHF,, C,F,
or ph.

4. The organometallic compound as claimed in claim 1,
wherein the organometallic compound is
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-continued

\II/O_
o/

5. An organic light-emitting device, comprising:

an anode and a cathode; and

an organic light-emitting element disposed between the
anode and the cathode,

wherein the organic light-emitting element comprises a
organometallic compound having a structure repre-
sented by the following Formula (I):

Formula (I)

wherein, one of R, and R, is trimethylsilyl (TMS) and the
other is hydrogen, at least one of R, and R, is fluorine
or C,_¢ alkyl, or one of R, and R, is fluorine and the
other is C,_¢ alkyl,

/X> is R R R, R,
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R is CH;, CH,CH,, CH(CH,),, C(CH,),, CF;, CHF,, C,F,
or phenyl, n is 2 or 3, and m is O or 1, wherein n+m=3.

6. The organic light-emitting device as claimed in claim
5, wherein the organometallic compound has a structure as
defined by Formula (II):

Formula (IT)
NP
Si
| AN
/N\
\Ir/X>
Rs | N Ny
N F
Rs
L —1s
wherein R is fluorine or C,_¢ alkyl,
/X> is R, R R, R,
T~
Y /N:< >=< /O_
/N /N /N /N \O /
\I\i N \N| N R
Va ya
/N /N or /O 0
\N| N Y

R is CH;, CH,CH,, CH(CH,),, C(CH,);, CF,, CHF,, C,F,
or phenyl.

7. The organic light-emitting device as claimed in claim
5, wherein the organometallic compound has a structure
represented by Formula (I11) or Formula (IV):

Formula (IIT)
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-continued -continued

Formula (IV)

wherein

/X> is R7
\Y

l T \
/N /N ot /O 0,
S Va

R is CH;, CH,CH,, CH(CH,),, C(CHy,),, CF;, CHF,, C,F,
or phenyl.

8. The organic light-emitting device as claimed in claim
5, wherein the organometallic compound is
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-continued

NP

9. An organic light-emitting device, comprising:
an anode and a cathode; and

an organic light-emitting element disposed between the
anode and the cathode,

wherein the organic light-emitting element comprises a
first light-emitting layer, and the first light-emitting
layer comprises a organometallic compound having a
structure represented by the following Formula (I):

Formula (I)

wherein, one of R, and R, is trimethylsilyl (TMS) and the
other is hydrogen, at least one of R; and R, is fluorine
or C, ¢ alkyl, or one of R, and R, is fluorine and the
other is C,_¢ alkyl,

/X) is R R R, R,
vy N— — O0=—
/ < ; < 7~

N,

NN NN ~ /
\1\5 \1\5 R
Va Va
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-continued

N,

AN

or /O

\N\ \N\

|/ |/

R is CH;, CH,CH,;, CH(CH,),, C(CH,);, CF;, CHF,, C5F,
or phenyl, n is 2 or 3, and m is 0 or 1, wherein n+m=3.

10. The organic light-emitting device as claimed in claim
9, wherein the first organometallic compound has a structure
as defined by Formula (II):

Formula (I)
wherein Rj is fluorine or C,_¢ alkyl,
/X> is R, R R, R,
~vy /N=< >=< /O_
/N /N /N /N \O /
Ny X R
a e
/N /N or /O O,
Va F

R is CH,, CH,CH,, CH(CH,),, C(CH,),, CF,, CHF,, C,F,
or phenyl.

11. The organic light-emitting device as claimed in claim
9, wherein the first organometallic compound has a structure
represented by Formula (I11) or Formula (IV):
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Formula (1IT) |
\|/ \Si/
Si _ _ CF;
— ] \ N=<
| o | AN N/ A
/N\\ X >Ir
-
F N /Ir\Y) : | X \N| X
P N y
L P, - o
Formula (IV)
wherein
/X> is R, R R, R
v /N:( >=< /o_
/N /N /N /N \O /
\I\i AN \N| AN R
A F

R is CH,, CH,CH,, CH(CH,),, C(CH,),, CF,. CHF,, C;F,
or phenyl.

12. The organic light-emitting device as claimed in claim
9, wherein the first organometallic compound is
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-continued

J

13. The organic light-emitting device as claimed in claim
9, further comprising a second light-emitting layer disposed
between the anode and the first light-emitting layer or
between the first light-emitting layer and the cathode.

14. The organic light-emitting device as claimed in claim
9, wherein the second light-emitting layer comprises a
organonietallic compound having a structure represented by
the following Formula (I):
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\>—<
A\
= >4
N

Formula (I)

wherein, one of R, and R, is trimethylsilyl (TMS) and the
other is hydrogen, at least one of R; and R, is fluorine
or C, ¢ alkyl, or one of R, and R, is fluorine and the

other is C,_¢ alkyl,

/X is
\Y
N

R,
N=<
/
PN / N
\N| A \N X
S F
R, N—e

/
|
0

O— N, N
/ NS
\N AN
R | #
A

R R,
~
N=

R is CH;, CH,CH,4, CH(CH,),, C(CH,),, CF5, CHF,, C;F,

or phenyl, n is 2 or 3, and m is 0 or 1, wherein n+m=3.
15. The organic light-emitting device as claimed in claim

9, wherein the organic light-emitting element emits blue

light.
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