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(57) ABSTRACT

Organic compounds and organic electroluminescence
devices employing the same are provided. The organic com-
pound has a chemical structure represented as follows:
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wherein, R' and R? are independent and can be aryl, het-
eroaryl, cycloalkyl, hetero-cycloalkyl, or a
cycloaliphatic group, or R' and R* link together with the
carbon atoms to which they are attached to form a fused
aryl, heteroaryl, cycloalkyl, hetero-cycloalkyl, or a
cycloaliphatic group, and R3, R4, and R5 are indepen-
dent and can be H, C, 4 alkyl, C, ; alkoxy, C,  halo-
alkyl, aryl, heteroaryl, cycloalkyl, hetero-cycloalkyl, or
a cycloaliphatic group.
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1
ORGANIC COMPOUND AND ORGANIC
ELECTROLUMINESCENCE DEVICE
EMPLOYING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of

5

priority from the prior Taiwan Patent Application No. "

07127784, filed on Jul. 22, 2008, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an organic compound and organic
electroluminescence device employing the same and, more
particularly, to an organic compound serving as host material
and a phosphorescent organic electroluminescence device
employing the same.

2. Description of the Related Art

Recently, with the development and wide application of
electronic products, such as mobile phones, PDAs, and note-
book computers, there has been increasing demand for flat
display elements which consume less electric power and
occupy less space. Organic electroluminescent devices are
self-emitting and highly luminous, with wider viewing
angles, faster response speeds, and simpler fabrication meth-
ods, making them an industry display of choice.

Generally, an organic electroluminescent device is com-
posed 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-emission 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.

Depending on the spin states of the hole and electron, the
exciton which results from the hole and electron recombina-
tion can have either a triplet or singlet spin state. Lumines-
cence from a singlet exciton results in fluorescence whereas
luminescence from a triplet exciton results in phosphores-
cence. The emissive efficiency of phosphorescence is three
times that of fluorescence. Therefore, it is crucial to develop
highly efficient phosphorescent material, in order to increase
the emissive efficiency of the OLED.

Inapplication of organic electroluminescent devices, phos-
phorescent guest materials have to be used in combination
with host materials which has an energy gap matched there-
with, thereby achieving optimal electroluminescent perfor-
mance and quantum yield. Particularly, since blue and green
host materials require larger differences of energy gap
between the host and guest material for electroluminescence,
the host materials used in phosphorescent OLED should have
a shorter conjugated system. Further, in order to keep the key
characteristic of the organic compound used in OLED (i.e.
thermal-stability), the host material should also have larger
molecular weight, resulting in difficulties for chemical struc-
ture designs.

Certain organic compounds have been disclosed, using
green or blue phosphorescent OLEDs, such as US Patent
2003/0205696A1 and US Patent 2007/0141391A1. Most of
the disclosed organic compounds have the moieties of carba-
zole or silyl benzene derivatives. However, the aforemen-
tioned compounds exhibit inferior thermal-stability or results
in low current density of the OLED device.
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Therefore, it is necessary to develop novel organic com-
pounds suitable for phosphorescent OLEDs to solve the
above problems.

BRIEF SUMMARY OF THE INVENTION

An exemplary embodiment of an organic compound has a
Formula (I), of:

@

R R?

wherein, R* and R* are each independently an aryl group,
heteroaryl group, cycloalkyl group, heterocyclic group, or a
cycloaliphatic group, or R' and R* link together with the
carbon atom to which they are attached to form a fused aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group, and

R, R*and R’ are each independently hydrogen, C, , alkyl
group, C, , alkoxy group, C, , haloalkyl group, aryl group,
heteroaryl group, cycloalkyl group, heterocyclic group, or a
cycloaliphatic group.

In another exemplary embodiment of the invention, an
organic electroluminescence device is provided. The device
includes a pair of electrodes; and an electroluminescent ele-
ment disposed between the pair of electrodes, wherein the
electroluminescent element includes the aforementioned
organic compound.

Yet another exemplary embodiment of the invention pro-
vides an organic electroluminescence device including an
emission layer which includes a host material and a phospho-
rescent dopant. Particularly, the host material includes the
aforementioned organic compound and the emission layer
emits blue or green light under a bias voltage.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 shows a cross section of an organic electrolumines-
cent device disclosed by an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

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

Organic Compound

The invention provides triarylaminec compounds with a
spiro structure and an organic electroluminescence device
including the same, wherein the triarylaminec compounds
has a Formula (I), of:
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R! R?

wherein, R and R* are each independently an aryl group,
heteroaryl group, cycloalkyl group, heterocyclic group, or a
cycloaliphatic group, or R' and R? link together with the
carbon atom to which they are attached to form a fused aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group, such as

X T

wherein C represents the carbon which links with R' and R?.

R?, R*and R’ are each independently hydrogen, C, , alkyl
group, C, _, alkoxy group, C, ¢ haloalkyl group, aryl group,
heteroaryl group, cycloalkyl group, heterocyclic group, or a
cycloaliphatic group, such as methyl group, ethyl group, pro-
pyl group, isopropyl group, butyl group, tert-butyl group,
methoxy group, ethoxy group, propoxy group, isopropoxy
group, butoxy group, isobutoxy group, phenyl, biphenyl,
pyridyl, furyl, naphthyl, anthryl, phenanthrenyl, imidazolyl,
pyrimidinyl, quinolinyl, indolyl, or thiazolyl.

It should be noted that the triarylaminec compounds of the
invention have a spiro structure (R', R* and C atom which
links with R and R?), and the spiro structure provides rigidity
to the compound, thereby increasing the thermal-stability
thereof. Further, the compound has superior efficiency due to
the triarylamine moiety. The organic compounds of Formula
(1) of the invention have high triplet energy (‘Bg) gap and are
apt to transmit the energy to a guest emitter. Therefore, the
organic compounds of Formula (I) of the invention are suit-
able for serving as host material of the blue or green phos-
phorescent organic electroluminescent devices, thereby
increasing the efficiency thereof.

The organic compounds according to Formula (I) of the
invention include the following compounds shown in Table 1.
In addition, the contraction thereof are also named and shown
in Table 1.
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TABLE 1
con-
Example structure traction
1 © TB
&
2 Q T™MB
/5\{
3 Q TBM
N
\O : : [0)
4 MTBM
N

}2@
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TABLE 1-continued

con-

Example structure traction
5 MTMB
&
6 MTB
N
7 TBP
8 TP
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TABLE 1-continued

con-

Example structure traction
9 Q TF
N
10 MTF
N
11 Q DAT
N
6]
12 MDAT
N
0]
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TABLE 1-continued
con-
Example structure traction
13 Q DTAT
N
0}
14 MDTAT

In order to clearly illustrate the method for preparing
organic compounds according to Formula (I), the preparation
of compounds disclosed in Examples 1,3,7,9, 11, and 13 are
described in detail as below.

Example 1

Preparation of Compound TB

First, diphenylamine (10.0 mmole, 1.69 g), 1-bromo-2-
iodobenzene (10.0 mmole, 2.82 g), and NaOtBu (25.0
mmole, 2.40 g) were add into a 100 ml bottle and dissolved
into toluene (30 ml). Next, PA(OAc), (0.5 mmole, 0.11 g, 0.5
ml (1M in toluene)) was injected into the bottle and refluxed.
After heating for 24 hrs, the reaction was terminated after
being checked by a TLC, and the results were filtrated by a
silica gel and a diatomite with C1,CH, as the extraction sol-
vent After purification by column chromatography with
n-hexane/ethyl acetate (9:1) as the extraction solvent, a com-
pound A was obtained with a yield of 70%.
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The synthesis pathway was as follows:

1
i ,Br

Pd(OAc),, P(t-Bu)s, NaOBu
toluene, reflux

ue
6(&

compound A

2=+

Next, acompound A (10.0mmole, 3.24 g)and THF (20 ml)
were added into a bottle. After cooling to -78° C., n-Buli
(12.0 mmole, 0.77 g, 7.5 ml (1.6M in hexane)) was slowly
added into the bottle. After stirring for 1 hr, benzophenone
(10.0 mmole, 1.82 g) was added into the bottle. After reacting
at room temperature for 2 hrs, AcOH (30 ml) and HCI (3 ml)
were added into the bottle and refluxed for 3 hrs. Next, the
results was extracted by C1,CH, and dried by MgSO,. After
concentration, a compound TB (white powder) was obtained
with a yield of 50%.

The synthesis pathway was as follows:

Br

1.) n-BuLi, THF, -78° C.
2.) AcOH, HClgg), reflux

compound A

U

compound TB
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Next, the TG, HOMO and LUMO energy gap, melting
point, phosphorescent wavelength (measured at -78° C.), and
‘Bg of compound TB were measured and are shown in Table
2.

Example 3

Preparation of Compound TBM

Compound A (10.0 mmole, 3.24 g) and THF (20 ml) were
added into a bottle. After cooling to -78° C., n-BuLi (12.0
mmole, 0.77 g, 7.5 ml (1.6M in hexane)) was slowly added
into the bottle. After stirring for 1 hr, 4,4-Dimethoxy ben-
zophenone (10.0 mmole, 2.42 g) was added into the bottle.
After reacting at room temperature for 2 hrs, AcOH (30 ml)
and HCI (3 ml) were added into the bottle and refluxed for 3
hrs. Next, the results was extracted by Cl,CH, and dried by
MgSO,, and gray powder was obtained via concentration.
After reprecipitation with C1,CH, and n-hexane, a compound
TBM (white powder) was obtained.

The synthesis pathway was as follows:

©\ /© I
| O O
Br
\O O/
1) n-BuLi, THF, -78° C.

2.) AcOH, HClyy), reflux
compound A

(U

compound TBM

Next, the TG, HOMO and LUMO energy gap, melting
point, phosphorescent wavelength (measured at -78° C.), and

‘Bg of compound TBM were measured and are shown in
Table 2.

Example 7

Preparation of Compound TBP

Compound A (10.0 mmole, 3.24 g) and THF (20 ml) were
added into a bottle. After cooling to -78° C., n-Buli (12.0
mmole, 0.77 g, 7.5 ml (1.6M in hexane)) was slowly added
into the bottle. After stirring for 1 hr, 4,4'-diphenyl benzophe-
none (10.0 mmole, 3.34 g) was added into the bottle. After
reacting at room temperature for 2 hrs, AcOH (30 ml) and HCI
(3 ml) were added into the bottle and refluxed for 3 hrs. Next,
the results were extracted by C1,CH, and dried by MgSO,,
and gray powder was obtained via concentration. After repre-
cipitation with C1,CH, and n-hexane, a compound TBP
(white powder) was obtained.

5

15

20

25

35

40

45

60

65

10

The synthesis pathway was as follows:

0.0
0 JC

1.) n-BuLi, THEF, -78° C.
2.) AcOH, HCl (4, reflux

compound A

o0

compound TBP

Next, the TG, HOMO and LUMO energy gap, melting
point, phosphorescent wavelength (measured at -78° C.),and

"Eg of compound TBP were measured and are shown in Table
2.

Example 9

Preparation of Compound TF

Compound A (10.0 mmole, 3.24 g) and THF (20 ml) were
added into a bottle. After cooling to -78° C., n-BuLi (12.0
mmole, 0.77 g, 7.5 ml (1.6M in hexane)) was slowly added
into the bottle. After stirring for 1 hr, fluorenone (10.0 mmole,
1.80 g) was added into the bottle. After reacting at room
temperature for 2 hrs, AcOH (30 ml) and HCI (3 ml) were
added into the bottle and refluxed for 3 hrs. Next, the results
was extracted by Cl,CH, and dried by MgSO,, and gray
powder was obtained via concentration. After reprecipitation
with C1,CH, and n-hexane, a compound TF (white powder)
was obtained with a yield of 64%.

The synthesis pathway was as follows:
0]

0

1.y n-BuLi, THF, -78° C.
2.} AcOH, HClygg), reflux

Br

compound A
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-continued

&%

compound TF

Next, the TG, HOMO and LUMO energy gap, melting
point, phosphorescent wavelength (measured at-78° C.), and

‘Eg of compound TF were measured and are shown in Table
2.

Example 11
Preparation of Compound DAT

Compound A (10.0 mmole, 3.24 g) and THF (20 ml) were
added into a bottle. After cooling to -78° C., n-BuLi (12.0
mmole, 0.77 g, 7.5 ml (1.6M in hexane)) was slowly added
into the bottle. After stirring for 1 hr, anthraquinone (10.0
mmole, 2.08 g) was added into the bottle. After reacting at
room temperature for 2 hrs, AcOH (30 ml) and HCI (3 ml)
were added into the bottle and refluxed for 3 hrs, Next, the
results was extracted by C1,CH, and dried by MgSO,, and
gray powder was obtained via concentration. After reprecipi-
tation with C1,CH, and n-hexane, a compound DAT (white
powder) was obtained with a vield of 38%.

The synthesis pathway was as follows:

N O
1.) n-BuLi, THF, -78° C.
2.) AcOH, HClyzg, reflux

Br

compound A
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-continued

(0]
compound DAT

Next, the TG, HOMO and LUMO energy gap, melting
point, phosphorescent wavelength (measured at -78° C.), and

“Eg of compound DAT were measured and are shown in Table
2.

Example 13
Preparation of Compound DTAT

Compound A (10.0 mmole, 3.24 g) and THF (20 ml) were
added into a bottle. After cooling to -78° C., n-BuLi (12.0
mmole, 0.77 g, 7.5 ml (1.6M in hexane)) was slowly added
into the bottle. After stirring for 1 hr, anthraquinone-2-t-
butane (10.0 mmole, 2.66 g) was added into the bottle. After
reacting at room tempetrature for 2 hrs, AcOH (30 ml) was
added into the bottle and refluxed for 3 hrs. Next, the results
was extracted by Cl,CH, and dried by MgSO,, and com-
pound DTAT (white powder) was obtained via concentration.

The synthesis pathway was as follows:

N 0
1.) n-Buli, THF, -78° C.
2.) AcOH, HClyag), reflux

Br

compound A
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-continued
N
o]
compound DTAT

Next, the TG, HOMO and LUMO energy gap, melting
point, phosphorescent wavelength (measured at-78° C.), and
‘Bg of compound DTAT were measured and are shown in
Table 2.

TABLE 2

HOMO LUMO Tg Tm tEg
Compound (eV) V) (°C.) (°C.) wavelength (nm) (eV)
B 542 1.74 — 254 403 3.08
TF 5.29 1.71 79 282 410 3.02
TBM 541 1.64 — 232 403 3.08
DAT 5351 1.92 — 329 468 2.94
DTAT 545 1.86 117 293 420 2.95
TBP 5.52 2.00 115 309 409 3.03

Organic Electroluminescence Device

FIG. 1 shows an embodiment of an organic electrolumi-
nescent device 10. The electroluminescent device 100
includes a substrate 12, a bottom electrode 14, an electrolu-
minescent element 16, and a top electrode 18, as shown in
FIG. 1. The organic electroluminescent device can be top-
emission, bottom-emission, or dual-emission devices.

The substrate 12 can be a glass plastic, or semiconductor
substrate. Suitable material for the bottom and top electrodes
can be Ca, Ag, Mg, Al, Li, In, Au, Ni, W, Pt, Cu, indium tin
oxide (ITQ), indium zinc oxide (170), aluminum zinc oxide
(AZ0), or zinc oxide (ZnO), formed by sputtering, electron
beam evaporation, thermal evaporation, or chemical vapor
deposition. Further, al least one of the bottom and top elec-
trodes 14 and 18 is transparent.

The electroluminescent element 16 at least includes an
emission layer, and can further include a hole injection layer,
a hole transport layer, an electron transport layer, and an
electron injection layer. In embodiment of the invention, at
least one layer of the electroluminescent element 16 includes
the aforementioned organic compound.

According to an embodiment of the invention, the organic
electroluminescent device can be a phosphorescent organic
electroluminescent device, and the phosphorescent organic
electroluminescent device can include an emission layer
including a host material and a phosphorescent dopant,
wherein the host material includes the aforementioned
organic compounds.

In order to clearly disclose the organic electroluminescent
devices of the invention, the following examples (using DAT
and TBP as host materials and blue or green phosphorescent
dopant) and comparative examples are intended to illustrate
the invention more fully without limiting their scope, since
numerous modifications and variations will be apparent to
those skilled in this art.
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Example 15

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, TCTA (4,4',4"-tri(N-carbazolyl)
triphenylamine), with a thickness of 30 nm), DAT doped with
Firpic (Iridium-bis(4,6difluorophenyl-pyridinato-N,C2)-pi-
colinate) (the ratio between DAT and Firpic was 100:6, with
a thickness of 30 nm), TPBI (1,3,5-tris(phenyl-2-benzimida-
zolyl)-benzene), with a thickness of 30 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 Pa, obtaining the
electroluminescent device (1). The materials and layers
formed therefrom are described in the following.

The emissive structure of the electroluminescent device (1)
can be represented as follows: ITO/TCTA/Firpic:DAT
6%/TPBV/LiF/Al

The optical property of the electroluminescent device (1),
as described in Example 15, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 3.

Example 16

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl)
triphenylamine), with a thickness of 30 nm), DAT doped with
Firpic (Iridium-bis(4,6difluorophenyl-pyridinato-N,C2)-pi-
colinate) (the ratio between DAT and Firpic was 100:6, with
a thickness of 30 nm), BCP (2,9-dimethyl-4, 7diphenyl-1,10-
phenanthroline), with a thickness of 30 nm), Alq, (tris(8-
hydroxyquinoline) aluminum), with a thickness of 30 nm),
LiF (with a thickness of 1 nm), and Al (with a thickness of 100
nm) were subsequently formed on the ITO film at 10~ Pa,
obtaining the electroluminescent device (2).

The emissive structure of the electroluminescent device (2)
can be represented as follows: ITO/TCTA/Firpic:DAT
6%/BCP/Alq,/LiF/Al

The optical property of the electroluminescent device (2),
as described in Example 16, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 3.

Example 17

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl)
triphenylamine), with a thickness of 30 nm), DAT doped with
Firpic (Iridium-bis(4,6difluorophenyl-pyridinato-N,C2)-pi-
colinate) (the ratio between DAT and Firpic was 100:6, with
a thickness of 30 nm), BPhen (4,7-diphenyl-1,10-phenan-
throline), with a thickness 0f 30 nm), LiF (with a thickness of
1 nm), and Al (with a thickness of 100 nm) were subsequently
formed on the ITO film at 10~ Pa, obtaining the electrolumi-
nescent device (3).

The emissive structure of the electroluminescent device (3)
can be represented as follows: ITO/TCTA/Firpic:DAT
6%/BPher/LiF/Al

The optical property of the electroluminescent device (3),
as described in Example 17, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 3.
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Example 18 triphenylamine), with a thickness of 30 nm), DAT doped with
Ir(ppy), (Tris(2-phenylpyridine)iridinm) (the ratio between
A glass substrate with an indium tin oxide (ITO) film of  DAT and Ir(ppy), was 100:6, with a thickness of 30 nm), BCP
120 nm was provided and then washed with a cleaning agent, ((2,9-dimethyl-4,7diphenyl-1,10-phenanthroline), with a
acetone, and isopropanol with ultrasonic agitation. Afterdry- 5 thickness of 30 nm), Alg, ((tris(8-hydroxyquinoline)alumi-
ing with nitrogen flow, the ITO film was subjected to a  num), with a thickness of 30 nm), LiF (with a thickness of 1
UV/ozone treatment. Next, TCTA (4,4',4"-tri(N-carbazolyl) nm), and Al (with a thickness of 100 nm) were subsequently
triphenylamine), with a thickness of 30 nm), DAT doped with ~ formed on the ITO film at 107> Pa, obtaining the electrolumi-
Firpic (Iridium-bis(4,6difluorophenyl-pyridinato-N,C2)-pi-  nescent device (6). The materials and layers formed there-
colinate) (the ratio between DAT and Firpic was 100:9, with 10 from are described in the following.
a thickness of 30 nm), TPBI (1,3, 5-tris(phenyl-2-benzimida- The emissive structure of the electroluminescent device (6)
zolyl)-benzene, with a thickness of 30 nm), LiF (with a thick- can be represented as follows: TTO/TCTA/Ir(ppy),:DAT
ness of 1 nm), and Al (with a thickness of 100 nm) were 6%/BCP/Alq,/LiF/Al
subsequently formed on the ITO film at 10~° Pa, obtaining the The optical property of the electroluminescent device (6),
electroluminescent device (4). 15 as described in Example 19, was measured by a PR650 (pur-
The emissive structure of the electroluminescent device (4) chased from Photo Research Inc.) and a Minolta TS110. The
can be represented as follows: ITO/TCTA/Firpic:DAT result is shown in Table 4.

9%/TPBI/LiF/Al
The optical property of the electroluminescent device (4), Example 20
as described in Example 18, was measured by a PR650 (pur- 20
chased from Photo Research Inc.) and a Minolta TS110. The A glass substrate with an indium tin oxide (ITO) film of
result is shown in Table 3. 120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
Comparative Example 1 ing with nitrogen flow, the ITO film was subjected to a

25 UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl)

A glass substrate with an indium tin oxide (ITO) film of  triphenylamine), with a thickness of 30 nm), DAT doped with
120 nm was provided and then washed with a cleaning agent,  Ir(ppy); (Tris(2-phenylpyridine)iridium) (the ratio between
acetone, and isopropanol with ultrasonic agitation. After dry- DAT and Ir(ppy), was 100:6, with a thickness of 30 nm),
ing with nitrogen flow, the ITO film was subjected to a  TPBI ((1,3,5-tris(phenyl-2-benzimidazolyl)-benzene), with
UV/ozone treatment. Next, TCTA (4,4',4"-tri(N-carbazolyl) 30 a thickness of 30 nm), LiF (with a thickness of 1 nm), and Al
triphenylamine), with a thickness of 30 nm), CBP doped with  (with a thickness of 100 nm) were subsequently formed on the
Firpic (Iridium-bis(4,6difluorophenyl-pyridinato-N,C2)-pi-  ITO film at 10~° Pa, obtaining the electroluminescent device
colinate) (the ratio between CBP and Firpic was 100:6, with .
a thickness of 30 nm), TPBI (1,3, 5-tris(phenyl-2-benzimida- The emissive structure of the electroluminescent device (7)
rolyl)-benzene), with a thickness of 30 nm), LiF' (with a 35 can be represented as follows: ITO/TCTA/Ir(ppy),:DAT
thickness of 1 nm), and Al (with a thickness of 100 nm) were 6%/TPBI/LiF/Al
subsequently formed on the ITO film at 10~> Pa, obtaining the The optical property of the electroluminescent device (7),
electroluminescent device (5). as described in Example 20, was measured by a PR650 (pur-

The emissive structure of the electroluminescent device (5)  chased from Photo Research Inc.) and a Minolta TS110. The
can be represented as follows: ITO/TCTA/Firpic:CBP 40 result is shown in Table 3.

6%/ TPBI/LiF/Al.
The optical property of the electroluminescent device (5), Example 21
as described in the Comparative Example 1, was measured by
aPR650 (purchased from Photo Research Inc.) and a Minolta A glass substrate with an indium tin oxide (ITO) film of
TS110. The result is shown in Table 3. 120 nm was provided and then washed with a cleaning agent,
TABLE 3
brightness power efficiency  current efficiency
(cd/m2) (Im/W) (cd/A) CIE
electroluminescent device 4644 7.19 9.16 (0.12,0.29)
(1) (under 11 V) (under 4 V) (under 4 V)
electroluminescent device 1733 5.72 2.57 (0.11,0.29)
2) (under 11 V) (under 6.5 V) {under 6.5 V)
electroluminescent device 6668 5.86 839 (0.12,0.30)
(3) (under 10.5V)  (under4.5V) {under 4.5 V)
electroluminescent device 2200 10.2 5.9 (0.12,0.28)
4 (under 11 V) (under 5.5 V) {under 5.5 V)
electroluminescent device 1532 3.27 1.6 (0.26,0.45)
(5) (under 13V) (under 6.5 V) {under 6.5 V)
60
Example 19 acetone, and isopropanol with ultrasonic agitation. After dry-

ing with nitrogen flow, the ITO film was subjected to a

A glass substrate with an indium tin oxide (ITO) film of  UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl)
120 nm was provided and then washed with a cleaning agent, triphenylamine), with a thickness of 30 nm), DAT doped with
acetone, and isopropanol with ultrasonic agitation. After dry- 65 Ir(ppy); (Tris(2-phenylpyridine)iridium) (the ratio between
ing with nitrogen flow, the ITO film was subjected to a DAT and Ir(ppy), was 100:6, with a thickness of 30 nm), BCP
UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl) ((2,9-dimethyl-4,7diphenyl-1,10-phenanthroline), with a
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thickness of 30 nm), Alq, ((tris(8-hydroxyquinoline) alumi-
num), with a thickness of 30 nm), LiF (with a thickness of 1
nm), and Al (with a thickness of 100 nm) were subsequently
formed on the ITO film at 10~* Pa, obtaining the electrolumi-
nescent device (8).

The emissive structure of the electroluminescent device (8)
can be represented as follows: ITO/TCTA/Ir(ppy);:DAT
9%/BCP/Alq,/LiF/Al

The optical property of the electroluminescent device (8),
as described in Example 21, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 4.

Comparative Example 2

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl)
triphenylamine), with a thickness of 30 nm), CBP doped with
Ir(ppy); (Tris(2-phenylpyridine)iridium) (the ratio between
CBP and Ir(ppy); was 100:6, with a thickness of 30 nm), BCP
((2,9-dimethyl-4,7diphenyl-1,10-phenanthroline), with a
thickness of 30 nm), Alq, ((tris(8-hydroxyquinoline)alumi-
num), with a thickness of 30 nm), LiF (with a thickness of 1
nm), and Al (with a thickness of 100 nm) were subsequently
formed on the ITO film at 10~* Pa, obtaining the electrolumi-
nescent device (9).

The emissive structure of the electroluminescent device (9)
can be represented as follows: ITO/TCTA/Ir(ppy);:CBP
6%/BCP/Alq,/LiF/Al

The optical property of the electroluminescent device (9),
as described in the Comparative Example 2, was measured by
aPR650 (purchased from Photo Research Inc.) and a Minolta
TS110. The result is shown in Table 4.
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thickness of 1 nm), and Al (with a thickness of 100 nm) were
subsequently formed on the ITO film at 10~ Pa, obtaining the
electroluminescent device (10).

The emissive structure of the electroluminescent device
(10) can be represented as follows: ITO/TCTA/Firpic:TBP
6%/TPBI/LiF/Al

The optical property of the electroluminescent device (10),
as described in Example 22, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 5.

Example 23

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, 2-TNATA ((4,4'4"-Tris-(N-
(naphthylen-2-yl)-N-phenylamine)triphenylamine), with a
thickness of 30 nm), DAT doped with Firpic (Iridium-bis(4,
6difluorophenyl-pyridinato-N,C2)-picolinate)  (the ratio
between DAT and Firpic was 100:6, with a thickness of 30
nm), TPBI (1,3,5-tris(phenyl-2-benzimidazolyl)-benzene),
with a thickness of 30 nm), LiF (with a thickness of 1 nm),and
Al (with a thickness of 100 nm) were subsequently formed on
the ITO film at 10~> Pa, obtaining the electroluminescent
device (11).

The emissive structure of the electroluminescent device
(11) can be represented as follows: ITO/2-TNATA/Firpic:
TBP 6%/TPBI/LiF/Al

The optical property of the electroluminescent device (11),
as described in Example 23, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 5.

TABLE 4
brightness power efficiency  current efficiency
(cd/m2) (Im/W) (cd/A) CIE
electroluminescent device 4644 7.19 9.16 (0.33,0.61)
(6) (under 11 V) (under 4 V) (under 4 V)
electroluminescent device 1733 5.72 2.57 (0.37,0.58)
(7) (under 11 V) (under 6.5 V) {under 6.5 V)
electroluminescent device 6668 5.86 8.39 (0.27,0.62)
(8) (under 10.5V)  (under4.5V) {under 4.5 V)
electroluminescent device 2100 10.2 5.9 (0.33,0.60)
9 (under 11 V) (under 3.5 V) {under 5.5 V)
50

As shown in Table 4, on the premise of the same green
dopant, the organic compound DAT of the invention has
superior efficiency and brightness in compliance with con-
ventional organic host material CBP.

Example 22

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, TCTA ((4,4',4"-tri(N-carbazolyl)
triphenylamine), with a thickness of 30 nm), TBP doped with
Firpic (Iridium-bis(4,6difluorophenyl-pyridinato-N,C2)-pi-
colinate) (the ratio between TBP and Firpic was 100:6, with a
thickness of 30 nm), TPBI (1,3,5-tris(phenyl-2-benzimida-
zolyl)-benzene), with a thickness of 30 nm), LiF (with a

55

60

65

Example 24

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a
UV/ozone treatment. Next, 2-TNATA ((4,4'4"-Tris-(N-
(naphthylen-2-yl)-N-phenylamine)triphenylamine), with a
thickness of 30 nm), DAT doped with Firpic (Iridium-bis(4,
6difluorophenyl-pyridinato-N,C2)-picolinate)  (the ratio
between DAT and Firpic was 100:6, with a thickness of 30
nm), TAZ (3-phenyl-4-(1-naphthyl)-5-phenyl1,2,4-triazole),
with a thickness of 15 nm), TPBI (1,3,5-tris(phenyl-2-benz-
imidazolyl)-benzene), with a thickness of 20 nm), LiF (with a
thickness of 1 nm), and Al (with a thickness of 100 nm) were
subsequently formed on the ITO film at 10~ Pa, obtaining the
electroluminescent device (12).
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The emissive structure of the electroluminescent device
(12) can be represented as follows: 1TO/2-TNATA/Firpic:
TBP 6%/TAZ/TPBI/LiF/Al

The optical property of the electroluminescent device (12),
as described in Example 24, was measured by a PR650 (pur-
chased from Photo Research Inc.) and a Minolta TS110. The
result is shown in Table 5.

Example 25

A glass substrate with an indium tin oxide (ITO) film of
120 nm was provided and then washed with a cleaning agent,
acetone, and isopropanol with ultrasonic agitation. After dry-
ing with nitrogen flow, the ITO film was subjected to a

10

20
What is claimed is:
1. An organic compound of Formula (I):

@

UV/ozone treatment. Next, 2-TNATA ((4,4',4"-Tris-(N- 15 R' R
(naphthylen-2-y1)-N-phenylamine)triphenylamine), with a
thickness .Of 30 Ilm), BP (With. a tMckness of 3 nm), TBP  yherein, R! and R? are each independently a substituted or
doped with .FII‘PIC (Irldlum-bls(4,6d1ﬂuor0pheny1-py.r1d.1- unsubstituted phenyl, biphenyl, pyridyl, furyl, naphthyl,
nato-lNO’()C62)-p'ltc}10mtlli[el)<x1(the r?gg bet)wiilZT(?and lF-”llrI(Jic anthryl, phenanthrenyl, imidazolyl, pyrimidinyl, quinolinyl,
was 100:6, with a thickness of 30 nm), -phenyl-4-(1- : :
naphthyl)-’S-phenyll,2,4-triazole), with a thicllznessy of 15 . ln(iijsl}i]i’h?’r(;il azzl}él ng}Lp;laIﬁu C. - alkoxv aroup. orC
nm), TPBI (1,3,5-tris(phenyl-2-benzimidazolyl)-benzene), hal 6alky% gr,oulg_sand BOUP; -1 ¥ BTOUp, Ort18
witha thickness of 20 nm), LiF (with a thickness of 1 nm), and 4 5 .
Al (with a thickness of 100 nm) were subsequently formed on R* and R are each independently hydrogen, C, 5 alkyl
the ITO film at 10~> Pa, obtaining the electroluminescent s group, C, 5 alkoxy group, C,.; haloalkyl group, aryl
device (13). group, heteroaryl group, cycloalkyl group, heterocyclic
The emissive structure of the electroluminescent device group, gr a cycloaliphatic %rouf, 5.
(13) can be represented as follows: ITO/2-TNATA/TBP/ and wherein at leazst one of R”, R™and R” 1s not hydrogen
Firpic: TBP6%/TAZ/TPBI/LIF/Al when R* and R* are unsubstituted phenyl group simul-
The optical property of the electroluminescent device (13), 30 taneously;
as described in Example 25, was measured by a PR650 (pur- or,
chased from Photo Research Inc.) and a Minolta TS110. The wherein, R and R? link together with the carbon atom to
result is shown in Table 5. form a group
TABLE 5
brightness power efficiency  current efficiency
(ed/m2) (Im/W) (cd/A) CIE
electroluminescent device 4644 7.19 9.16 (0.33,0.61)
(11) (under 11 V) (under 4 V) (under 4 V)
electroluminescent device 1733 5.72 2.57 (0.37,0.58)
(12) (under 11 V) (under 6.5 V) {under 6.5 V)
electroluminescent device 6668 5.86 839 (0.27,0.62)
(13) (under 10.5V)  (under4.5V) {under 4.5 V)
electroluminescent device 2100 10.2 5.9 (0.33,0.60)
(14) (under 11 V) (under 5.5 V) {under 5.5 V)
50

Accordingly, the organic compounds of Formula (I) of the
invention have high triplet energy (‘Bg) gap and are apt to
transmit energy to a guest emitter. Therefore, the organic
compounds of Formula (I) of the invention are suitable for
serving as host material of the blue or green phosphorescent
organic electroluminescent devices, thereby increasing effi-
ciency thereof.

While the invention has been described by way of example
and in terms of embodiment, it is to be understood that the
invention is not limited thereto. To 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 modifications and
similar arrangements.
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A

wherein C represents the carbon which links with R' and R?,
and
R, R*and R’ are each independently hydrogen, C, , alkyl
group, C, ¢ alkoxy group, C, , haloalkyl group, aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group.
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2. The organic compound as claimed in claim 1, wherein _continued
R?, R* and R® comprise a methyl group, ethyl group, propyl
group, isopropyl group, butyl group, tert-butyl group, meth-
0Xy group, ethoxy group, propoxy group, iSopropoxy group,
butoxy group, or an isobutoxy group. 5

3. The organic compound as claimed in claim 1, wherein
R3, R* and R® comprise phenyl, biphenyl, pyridyl, furyl,
naphthyl, anthryl, phenanthrenyl, imidazolyl, pyrimidinyl,
quinolinyl, indolyl, or thiazolyl, when R" and R* link together
with the carbon atom to which they are attached to form the

group
% 15
-

20

4. The organic compound as claimed in claim 1, wherein 2
the organic compound is

5

N
‘ ‘ 35
|O |O 40
45
50
55
N
CI |O 60
, or
O O 65
(6]
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-continued
5
N
10
15
0]

5. An organic electroluminescence device, comprising:

a pair of electrodes; and

an electroluminescent element disposed between the pair 20
of electrodes, wherein the electroluminescent element
comprises an organic compound of Formula (I):

o »
S
Je
A
N 30
RS_ _R4
R! R? 35

wherein, R and R? are each independently an aryl group,
heteroaryl group, cycloalkyl group, heterocyclic group, or a
cycloaliphatic group, and
R?is hydrogen, C,_; alkyl group, C,_ alkoxy group, orC, 4
haloalkyl group, and
R* and R® are each independently hydrogen, C,  alkyl
group, C, 4 alkoxy group, C, ¢ haloalkyl group, aryl
group, heteroaryl group, cycloalkyl group, heterocyclic 45
group, or a cycloaliphatic group,
or,
wherein, R* and R? link together with the carbon atom to
form a group

40

50
¢ 35
¢]

60

wherein C represents the carbon which links with R' and R?,
and
R?,R*and R’ are each independently hydrogen, C,  alkyl
group, C, 4 alkoxy group, C, ¢ haloalkyl group, aryl 65
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group.

24

6. An organic electroluminescence device, comprising:

a pair of electrodes: and
an electroluminescent element disposed between the pair of
electrodes, wherein the electroluminescent element com-
prises an emission layer comprising a host material and a
phosphorescent dopant, and the host material comprises an
organic compound of Formula (I):

@

R! R?

wherein, R' and R? are each independently an aryl group,
heteroaryl group, cycloalkyl group, heterocyclic group, or a
cycloaliphatic group, and
R3ishydrogen, C, alkyl group, C,_;alkoxy group,orC, 4
haloalkyl group, and
R* and R® are each independently hydrogen, C,_, alkyl
group, C, ¢ alkoxy group, C, , haloalkyl group, aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group,
or,
wherein, R* and R? link together with the carbon atom to
form a group

7

0]

wherein C represents the carbon which links with R' and R?,
and

R? R*and R’ are each independently hydrogen, C, _, alkyl

group, C, g alkoxy group, C, 5 haloalkyl group, aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group.

7. The organic electroluminescence device as claimed in
claim 6, wherein the emission layer emits blue or green light
under a bias voltage.

8. The organic electroluminescence device as claimed in
claim 6, wherein R* and R? are each independently substi-
tuted or unsubstituted phenyl, biphenyl, pyridyl, furyl, naph-
thyl, anthryl, phenanthrenyl, imidazolyl, pyrimidinyl, quino-
linyl, indolyl, or thiazolyl,

R?ishydrogen, C, alkyl group, C,_salkoxy group,orC, ¢

haloalkyl group, and

R* and R* are each independently hydrogen, C, _, alkyl

group, C, ¢ alkoxy group, C, , haloalkyl group, aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group.

9. The organic electroluminescence device as claimed in
claim 6, wherein R?, R* and R® comprise a methyl group,
ethyl group, propyl group, isopropyl group, butyl group, tert-
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butyl group, methoxy group, ethoxy group, propoxy group,
1SOpropoxy group, butoxy group, or an isobutoxy group.

10. The organic electroluminescence device as claimed in
claim 6, wherein R3, R* and R® comprise phenyl, biphenyl,
pyridyl, furyl, naphthyl, anthryl, phenanthrenyl, imidazolyl,
pyrimidinyl, quinolinyl, indolyl, or thiazolyl, when R* and R*
link together with the carbon atom to which they are attached
to form the group

2%

C

11. The organic electroluminescence device as claimed in
claim 6, wherein the organic compound is

10
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-continued
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12. The organic electroluminescence device as claimed in
claim 5, wherein R* and R? are each independently substi-
tuted or unsubstituted phenyl, biphenyl, pyridyl, furyl, naph-
thyl, anthryl, phenanthrenyl, imidazolyl, pyrimidinyl, quino-
linyl, indolyl, or thiazolyl,

R3ishydrogen, C,  alkyl group, C,_;alkoxy group, orC, ¢

haloalkyl group, and
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R* and R’ are each independently hydrogen, C, ; alkyl
group, C, o alkoxy group, C, o haloalkyl group, aryl
group, heteroaryl group, cycloalkyl group, heterocyclic
group, or a cycloaliphatic group.

13. The organic electroluminescence device as claimed in
claim 5, wherein R®, R* and R®> comprise a methyl group,
ethyl group, propyl group, isopropyl group, butyl group, tert-
butyl group, methoxy group, ethoxy group, propoxy group,
1SOpropoxy group, butoxy group, or an isobutoxy group.

14. The organic electroluminescence device as claimed in
claim 5, wherein R?, R* and R® comprise phenyl, biphenyl,
pyridyl, furyl, naphthyl, anthryl, phenanthrenyl, imidazolyl,
pyrimidinyl, quinolinyl, indolyl, or thiazolyl, when R* and R*
link together with the carbon atom to which they are attached
1o form the group

15. The organic electroluminescence device as claimed in
claim 5, wherein the organic compound is

3o 5o
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