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7 ABSTRACT

An optoelectronic materials for OLED is represented by for-
mula (I):

M

wherein R, is selected from a group consisting of formulas
(ID-(VIy:

ap
—CN

am

(VD

O
P

wherein R, and R, are identical and selected from a group
consisting of formula (VII) and formula (VIII):

(VI
—H

(VII
CH;

—Cc—Cr,
CH;

The optoelectronic materials possesses superior luminescent
performance and thermal stability and is suitable to be a new
type of ambipolar materials for OLED elements.




Patent Application Publication  Oct. 23,2014 Sheet 1 of 3 US 2014/0312311 A1

B I & g\ =

VNIV N
;////,/./,-/ N
/////// N N
/// /; N
//////// \ ™ \ —
il NN
////// N\ \\ .

NN =

////////// N \
‘.//"/-4/./'./ SN
/// // \\ AN
////// W\
i) NN




Patent Application Publication  Oct. 23,2014 Sheet 2 of 3 US 2014/0312311 A1

N7\

Wi N

/// // NN\

//// WO

// / / O\ :
/// 1] WO\

/ /// \\ N QN
//// NN

/// // \\ AN .
i NN 00
//////// \\\ \\ o r—{
i NN

N O\

//// N\

/i1 NN

////// NN

///!//// > \\




Patent Application Publication  Oct. 23,2014 Sheet 3 of 3 US 2014/0312311 A1

60b
20b

1—10p

//mb

NG N\
// ‘// ///// ! / N N
//'/‘//' \\\
'/-/_/',/- WO
/////// AN\
Wit NN o
///// NN y
/,//‘/'/-//, NN o=
////// N




US 2014/0312311 Al

OPTOELECTRONIC MATERIALS FOR OLED
AND OLED ELEMENTS USING THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to optoelectronic
materials for OLED and OLED elements using the same,
particularly to optoelectronic materials, which apply to
OLED and possess superior luminescent performance and
thermal stability, and OLED elements using the same.

BACKGROUND OF THE INVENTION

[0002] Recently, the increasing consumption of electronic
products and the global trend to promote the illumination
technology has encouraged LED (Light Emitting Diode) and
OLED (Organic Light Emitting Diode) to develop rapidly
and caused them to replace the conventional lighting devices
gradually. The development of LED and OLED also influ-
ences the spin-off industries, such as the industries massively
using display panels. Development of OLED seems to be
relatively slower than LED. However, OLED has advantages
of self-luminescence, low power consumption, flexibility,
high contrast and slimness. Therefore, the related manufac-
turers have all been devoted to researching and developing
OLED.

[0003] An ordinary OLED, such as that disclosed by a US
patent No. 2009/0295278, comprises an anode, a cathode,
and an organic light emitting unit. The organic light emitting
unit includes a hole transport layer connecting with the anode,
an electron transport layer connecting with the cathode, and
an organic light emitting layer arranged between the hole
transport layer and the electron transport layer. While a bias is
applied to the anode and the cathode, holes and electrons are
respectively injected into the hole transport layer and the
electron transport layer. The bias drives the holes and elec-
trons to move and recombine in the organic light emitting
layer, whereby light is emitted.

[0004] In the current OLED technology, the light emitting
layer, electron transport layer and hole transport layer made
of ordinary optoelectronic materials, such as the well-known
a-NPB, Alq,, TPBI, etc., are insufficient to meet require-
ments of consumers. In order to solve the abovementioned
problem, some manufacturers add extra layers to the existing
light emitting layer, electron transport layer and hole trans-
port layer to form a composite-structure OLED element and
promote the overall performance thereof. Such a technology
has a disadvantage: while an element malfunctions, the prob-
lem is hard to find out and solve quickly because of compli-
cated structure. Further, the manufacturers have to spend
considerable materials cost and fabrication cost in the com-
posite-structure OLED, which makes the price hard to
decrease and hinders OLED from replacing the conventional
lighting elements.

SUMMARY OF THE INVENTION

[0005] The primary objective of the present invention is to
overcome the poor performance of the conventional optoelec-
tronic materials for OLED.

[0006] To achieve the abovementioned objective, the
present invention proposes an optoelectronic material for
OLED, which is represented by formula (I):
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wherein R, is selected from a group consisting formulas (IT)-
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wherein R, and R, are identical and selected from a group
consisting of formula (VII) and formula (VIII):
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[0007] The present invention also proposes an OLED ele-
ment, which comprises a substrate; a lower electrode formed
on the substrate; a composite layer formed on the lower
electrode; a hole transport layer formed on the composite
layer; and an upper electrode formed on the hole transport
layer, wherein the composite layer contains a optoelectronic
material represented by formula (T).

[0008] In one embodiment of the present invention, the
composite layer includes an electron transport layer formed
on the lower electrode and a light emitting layer formed
between the electron transport layer and the hole transport
layer, wherein the emitting layer is made of an optoelectronic
material represented by formula ().

[0009] In one embodiment of the present invention, the
composite layer includes an electron transport layer formed
on the lower electrode and a light emitting layer formed
between the electron transport layer and the hole transport
layer, wherein the electron-transporting layer is made of a
optoelectronic material represented by formula ().

[0010] Via the abovementioned technical scheme, the
present invention has the following advantages:

[0011] 1. Dibenzosuberone is used as the core and inte-
grated with Spiro-fluorene at Cs, Diphenylamine at C,,
and Cyano, 4-Cyanophenyl, or Benzimidazole at C,, to
form the optoelectronic material of the present inven-
tion. Diphenylamine at C; is an acceptor functional
group. Cyano, 4-Cyanophenyl, or Benzimidazole at C,
is a donor functional group. The abovementioned
molecular design raises the glass transition temperature
to 105-169° C. and raises the decomposition tempera-
ture to 385-492° C. Therefore, the optoelectronic mate-
rials of the present invention have fine thermal stability.

[0012] 2. The optoelectronic materials of the present
invention feature ambipolar properties with quasirevers-
ible redution profiles. Either of the transfer rates of elec-
trons and holes is within a range of 5x107%-6x10~°
em*/v-s. Even though the OLED devices ofthe optoelec-
tronic materials of the present invention are operated at
a current density of as high as 400 mA/cm? and a bright-
ness of as high as 20000 nits, they can still maintain
about 80% of operational performance. In contrast, the
conventional optoelectronic materials (e.g. Alg; and
bispirofluorene) can only keep about 60-70% of opera-
tional performance at a current density of as high as 400
mA/cm? and a brightness of as high as 20000 nits.

[0013] 3. The OLEDs using the abovementioned photo-
electronic materials of the present invention can achieve
superior luminescent performance and has a maximum
current efficiency 1), of about 16 cd-A™", a maximum
power efficiency m,, of about 7 Im-W=, a maximum
brightness of about 65,200 cd/m?, and an external quan-
tum efficiency n,,, of about 5.3%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 schematically shows an OLED element
according to a first embodiment of the present invention;

[0015] FIG. 2 schematically shows an OLED element
according to a second embodiment of the present invention;
and

[0016] FIG. 3 schematically shows an OLED element
according to a third embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] The technical contents of the present invention are
described in detail in cooperation with the drawings shown
below.

[0018] Thepresent invention proposes a series of optoelec-
tronic materials for OLED, which is represented by formula

(D:

]

wherein R, is selected from a group consisting of formulas

(ID)-(VI):

an

(i

Iv)

]

Z,

VD
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wherein R, and R, are identical and selected from a group
consisting of formula (VII) and formula (VIII):

(VI
—1

(VIID
CH;

—C—CH;

CH;

[0019] The present invention also proposes an OLED ele-
ment. Refer to FIG. 1 a diagram schematically showing an
OLED element according to a first embodiment of the present
invention. The OLED element of the first embodiment com-
prises a substrate 10; a lower electrode 20 formed on the
substrate 10; a composite layer 30 formed on the lower elec-
trode 20; a hole transport layer 40 formed on the composite
layer 30; and an upper electrode 50 formed on the hole trans-
port layer 40.

[0020] In the first embodiment, the composite layer 30
adopts a single layer of the abovementioned optoelectronic
materials represented by formula (I). Thereby, the OLED
element of the first embodiment is a bilayer OLED element,
as shown in FIG. 1. In the first embodiment, the substrate 10
is made of aluminum; the lower electrode 20 is made of LiF
(Lithium Fluoride) and has athickness of 1 nm; the composite
layer 30 is made of the above-mentioned optoelectronic mate-
rials represented by formula (I) and has a thickness of 40 nm;
the hole transport layer 40 is made of o-NPB and has a
thickness of 40 nm; the upper electrode 50 is made of ITO
(Indium Tin Oxide).

[0021] Referto FIG. 2 adiagram schematically showing an
OLED element according to a second embodiment of the
present invention. In the second embodiment, the composite
layer 30 includes an electron transport layer 60a and a light
emitting layer 70q. In other words, the OLED element of the
second embodiment comprises a substrate 10a; a lower elec-
trode 20a formed on the substrate 10a; an electron transport
layer 60a formed on the lower electrode 20q; a light emitting
layer 70a formed on the electron transport layer 60a; a hole
transport layer 40a formed on the light emitting layer 70q;
and an upper electrode 50a formed on the hole transport layer
40a. In the second embodiment, the light emitting layer 70a
adopts a single layer of the abovementioned optoelectronic
materials. Thereby, the OLED element of the second embodi-
ment is a trilayer OLED element. In the second embodiment,
the substrate 10a is made of aluminum; the lower electrode
20a is made of LiF (Lithium Fluoride) and has a thickness of
1 nm; the electron transport layer 60a is made of TPBI and has
a thickness of 40 nm; the light emitting layer 70a is made of
the above-mentioned optoelectronic materials represented by
formula (I) and has a thickness of 40 nm; the hole transport
layer 40a is made of NPB and has a thickness of 40 nm; the
upper electrode 50a is made of ITO (Indium Tin Oxide).
[0022] Referto FIG. 3 adiagram schematically showing an
OLED element according to a third embodiment of the
present invention. In the third embodiment, the composite
layer 30 includes an electron transport layer 605 and a light
emitting layer 705. In other words, the OLED element of the
third embodiment comprises a substrate 10b; a lower elec-
trode 205 formed on the substrate 105; an electron transport
layer 605 formed on the lower electrode 204; a yellow light
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emitting layer 7056 formed on the electron transport layer 605;
a hole transport layer 405 formed on the light emitting layer
70b; and an upper electrode 505 formed on the hole transport
layer 405. In the third embodiment, the electron transport
layer 605 adopts a composite layer of BCP and the above-
mentioned optoelectronic materials. Thereby, the OLED ele-
ment of the third embodiment is a trilayer OLED element.

[0023] Below, experiments are used to further demonstrate
the optoelectronic materials for OLED and the OLED ele-
ments using the same of the present invention. However, these
experiments are only to exemplify the present invention but
not to limit the scope of the present invention.

Experiment I

[0024] Use potassium hexacyanoferrate(Il) (K,-[Fe(CN)

o)) and palladiom (Pd) metal to catalyze the reaction of
Diphenylamine and a compound represented by formula (1)
in a Hartwig method to obtain a compound represented by
formula (2), as shown by the following reaction formula:

Next, use a Rosemund-VonBarann method to fabricate the
compound represented by formula (2) into a compound rep-
resented by formula (3), as shown by the following reaction
formula:

@
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-continued

&)

Thus is obtained the product of Experiment I—the compound
represented by formula (3).

Experiment II

[0025] Use palladium metal to catalyze a Suzuki coupling

reaction of 4-cyanophenylbronic acid and the compound rep-
resented by formula (2) to obtain a compound represented by
formula (4), as shown by the following reaction formula:

Thus is obtained the product of Experiment II—the com-
pound represented by formula (4).

Experiment 111

[0026] Add n-butyllithium to the compound obtained in
Experiment I and represented by formula (2) to undergo a
formylation reaction at a temperature of -78° C. Next, add
p-toluenesulfonic acid (p-TSA) dissolved in Tetrahydrofuran
(THF) at the same temperature to quench the reaction. Via the
purification processes of evaporation, extraction and column
chromatography sequence is obtained a compound repre-
sented by formula (7), as shown by the following reaction
formula:
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@)

Next, dissolve the compound represented by formula (7) and
N-phenyl-o-phenylenediamine in benzene, and add p-TSA to
the benzene solution to undergo a reaction under refluxing
temperature for 36 hours, as shown by the following reaction
formula:

®

Then, quench the reaction. Via the purification processes of
evaporation, extraction and column chromatography is
obtained a compound represented by formula (8), which is
exactly the product of Experiment I11.

Experiment IV

[0027] Dissolve 2-bromo-4,4-tert-butylbiphenyl and n-bu-
tyllithium in THF to generate a lithiated reagent at a tempera-
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ture of =78° C. Next, dropwise addition the lithium reagent
into a mixture containing 3,7-dibromo-dibenzosuberenone
and THF at a temperature of -78° C. generates a tertiary
alcohol compound. Next, intramolecular Friedel-Crafts reac-
tion of the tertiary alcohol compound in an acidic environ-
ment can provide a compound represented by formula (9), as
shown by the following reaction formula:

Next, Hartwig reaction of Diphenylamine and the compound
represented by formula (9) can provide an intermediate prod-
uct represented by formula (10), as shown by the following
reaction formula:
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-continued

Next, use palladium metal to catalyze a Suzuki coupling
reaction of 4-formylphenylbronic acid and the intermediate
product represented by formula (10) to obtain a compound
represented by formula (11), as shown by the following reac-
tion formula:

Next, condensation reaction of N-phenyl-o-phenylenedi-
amine and the compound represented by formula (11) in an
acidic state can provide a compound represented by formula
(12), as shown by the following reaction formula:
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Thus is obtained the product of Experiment IV—the com-
pound represented by formula (12).

Experiment V

[0028] Add n-butyllithium to the compound obtained in
Experiment 1 and represented by formula (2) to undertake a
reaction at a temperature of —=78° C. for 2 hours to generate a
lithiated reagent. Next, add diphenylphosphinous chloride to
the lithiated reagent to undergo a reaction at an ambient
temperature for 12 hours, as shown by the following reaction
formula. Next, use water to quench the abovementioned reac-
tion. Via the purification processes of evaporation, extraction
and column chromatography is obtained a compound repre-
sented by formula (13).

Next, dissolve the compound represented by formula (13) in
methylene chloride. Next, the aqueous solution of 30%
hydrogen peroxide was added dropwise into the methylene
chloride solution at an ambient temperature to undergo a
reaction for 2 hours at the same temperature, as shown by the
following reaction formula:
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-continued

(14)

Via the purification processes of evaporation, extraction and
column chromatography is obtained a compound represented
by formula (14), which is exactly the product of Experiment
\/7

[0029] In order to fully understand the thermal properties,
optical properties and chemical properties of theoptoelec-
tronic materials of the present invention, DSC (Differential
Scanning calorimetry) and TGA (Thermogravimetric Analy-
sis) are used to measure T, (Glass Transition Temperature)
and T, (Decomposition Temperature); Ultraviolet-visible
Spectroscopy is used to obtain the lowest energy peaks of the
absorption spectrum; Photoluminescence Spectroscopy are
used to obtain the peaks of the emission spectrum; CV (Cyclic
Voltammetry) is used to measure the potentials of oxidation
and reduction.

TABLE 1
T, . PL,..
Serial Number °C) T;°C)  (Epmae x 10°) (nm) (@) (nm)
Experiment I 105 389 420(25.8) 519(87)
Experiment IT 130 385 410(15.8) 523(62)
Experiment IT 140 435 408(25.2) 505(62)
Experiment IV 169 492 402(29.7) 510(94)
Experiment V 121 492 406(21.4) 501(79)
TABLE 2
Serial Number B, o/E% 5, VP Eg, eV’
Experiment +0.48/-2.27 2.
Experiment II +0.45/-2.33, -2.67 2.62
Experiment IIT +0.45/-2.36 2.
Experiment IV +0.41/-2.44, -2.67 2.68
Experiment V +0.40/-2.34 2.74
[0030] From the tables shown above, it is learned: the glass

transition temperatures (T ) of the optoelectronic materials of
Experiments I-V all exceed 105° C., and the decomposition
temperatures (T ) of the optoelectronic materials of Experi-
ments [-V all exceed 385° C. The optoelectronic material of
Experiment V has the best thermal properties, wherein the
glass transition temperature (T,) thereof reaches as high as
169° C., and the decomposition temperature (T,) thereof
reaches as high as 492° C. Therefore, the optoelectronic mate-
rials of the present invention indeed possess superior thermal
stability. Further, the optoelectronic materials of the present
invention are hard to vitrify or decompose under high applied
voltage or high current density and thus less likely to degrade
in efficiency by high applied voltage or high current density.
Besides, the optoelectronic materials of the present invention
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have superior quasireversible oxidation and reduction poten-
tials, which prove the ambipolar property of the optoelec-
tronic materials of the present invention.

[0031] In order to analyze the OLED luminescent perfor-
mances of the optoelectronic materials of Experiments -V,
the optoelectronic properties of the OLED elements using the
optoelectronic materials of Experiments 1-V are measured,
including the electroluminescence spectrum (E,, ), the turn-on
voltage (V_ ), the operating voltage (V), the external quan-
tum efficiency (1),,,), the current efficiency (v),), the power
efficiency (1,,), the maximum luminescence (L), the oper-
ating luminescence (L), wherein the values of the turn-on
voltage (V_ ), the external quantum efficiency (n__,). the cur-
rent efficiency (r),), the power efficiency (n),,), and the oper-
ating luminescence (L,,) are all measured at a current density
of 20 mA/em?.

[0032] Table.3 shows the device configuration designs of
the OLED elements. Table.4 shows the optoelectronic prop-
erties of the OLED elements. The value in parenthesis of the
electroluminescence spectrum (E, ) is the full width at half
maximum (FWHM), and the unit thereof is nm. The unit of
the turn-on voltage (V) and the operating voltage (V) iseV.
The unit of the external quantum efficiency (r),,__,) is %. The
unit of the current efficiency (1)) is cd/A. The unit of the
power efficiency (n,) is Im/W. The unit of the maximum
luminescence (L,,,,,) and the operating luminescence (L,,) is

max.

cd/m?.
TABLE 3
Lower Electron  Light Hole Upper

Serial Sub-  elec-  transport emitting transport  elec-
Number strate  trode layer layer layer trode
Element 1 Al LiF TPBI Experi- NPB ITO

ment I
Element 2 Al LiF Experiment 1 NPB ITO
Element 3 Al LiF TPBI Experi- NPB ITO

ment IT
Element 4 Al LiF Experiment IT NPB ITO
Element 5 Al LiF TPBI Experi- NPB ITO

ment IIT
Element 6 Al LiF Experiment 111 NPB ITO
Element 7 Al LiF TPBI Experi- NPB ITO

ment IV
Flement 8 Al LiF Experiment IV NPB ITO
Element 9 Al LiF TPBI  Experi- NPB ITO

ment V
Flement 10 Al LiF Experiment V NPB ITO
Compari- Al LiF Alg, NPB ITO
son 1

TABLE 4

Serial E, Vou | P
Number o) W) Mo MMy (L)
Element 1 522 (85) 2.7(6.0) 4.0 13.4/7.0 38901 (2551)
Element 2 514 (83) 3.8(5.7) 1.6 5.3/3.1 21879 (1086)
Element 3 524 (90) 3.0(8.0) 40 13.8/54 65182 (2756)
Element 4 516 (78) 2.6(6.0) 3.1 10.5/54 55120 (2094)
Element 5 506 (89) 24(7.6) 53 15.8/6.6 51030 (3069)
Element 6 497 (79) 41(7.0) 17  4.6/21 20272 (928)
Element 7 300 (83) 3.8(6.3) 4.0 11.5/61 51639 (2202)
Element 8 490 (87) 3.8(6.3) 42 114/60 21971 (2179)
Element 9 500 (80) 25(44) 6.65 6.9/50 30650 (1375)
Element 10 500 (81) 25(48) 347  3.6/24 23600 (721)
Comparison 516 (104)  3.9(5.6) 1.1 3.3/1.8 28911 (638)

1

Oct. 23,2014

[0033] From the tables shown above, it is learned: Element
4 using the molecule of Experiment II as the composite layer
outperforms Comparison 1 (the bilayer OLED element using
Alqg, as the light emitting layer and the electron transport
layer) in the external quantum efficiency (v,,,), the current
efficiency (), the power efficiency (r),), and the operating
luminosity (L,,) under the same operating voltage; Flements
8 and 10 using the molecules of Experiments IV and V,
respectively, as the composite layer also far outperforms
Comparison 1 in the external quantum efficiency (v,,,), the
current efficiency (v,.), the power efficiency (v,), and the
operating luminosity (L,,). Therefore, the photoelectronic
materials of the present invention possess superior lumines-
cent properties.

[0034] Table.5 shows the external quantum efficiency
(M o), the maximum power efficiency (PE) and the maximum
current efficiency (LE) of Element 1, Element 3, Element 5,
Element 7, and Element 9, which are measured under an
operational luminescence of about 2000 cd/m* and a high
luminescence of about 20000 ¢d/m?. Table.6 shows the exter-
nal quantum efficiency (v,,,), the maximum power efficiency
(PE) and the maximum current efficiency (LE) of Element 1,
Element 3, Element 5, Element7, and Element 9, which are
measured under an operational current density of about 20
mA/cm? and a high current density of about 400 mA/cm®.

TABLE 5
Serial
Number Luminosity (cd/em?)  m,,, LE(cd/A)  PE (Im/w)
Element 1 2,000 nits 4.3% 13.6 8.3
20,000 nits 3.0% 9.2 3.8
Element 3 2,000 nits 42% 14.2 57
20,000 nits 3.4% 11.6 3.6
Element 5 2,000 nits 53% 16.2 6.9
20,000 nits 3.9% 11.7 39
Element 7 2,000 nits 3.8% 10.9 5.8
20,000 nits 3.4% 9.5 3.7
Element 9 2,000 nits 6.3% 6.8 4.5
20,000 nits 5.0% 5.0 2.0
TABLE 6
Serial Current density
Number (mA/em?) Mo LE (cd/A) PE (Im/w)
Element 1 20 3.8% 12.7 6.6
400 2.4% 7.8 2.5
Element 3 20 4.1% 13.8 54
400 3.2% 10.6 3.1
Element 5 20 5.1% 15.5 6.4
400 3.3% 9.7 29
Element 7 20 3.9% 11.0 57
400 3.2% 9.0 29
Element 9 20 6.7% 7.0 5.0
400 4.9% 5.0 2.0
[0035] From the tables shown above, it is learned: the ele-

ments using the optoelectronic materials of the present inven-
tion can still maintain 80% of the operating capacity at a high
current density or a high luminescence (about 20000 cd/m?).
While the optoelectronic materials of the present invention
are used as the only light emitting layer or as light emitting
layer and the electron transport layer simultaneously, the
overall performance of the element are also very prominent.
Especially, the element using the optoelectronic materials of
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the present invention as the light emitting layer(s) and the
electron transport layer outperforms the Alg;-based bilayer
OLED element by 1-3 times.

[0036] In the tests for verifying the performance of the
optoelectronic materials in the cases that they are used only as
the electron-transporting layer of OLED elements, the mate-
rials of Experiment I and Experiment 1T are used as exempli-
fications of the materials of the present invention. Table.7
shows the device configuration designs of the OLED ele-
ments. Table.8 shows the optoelectronic properties of the
OLED elements. The value in parenthesis of the electrolumi-
nescent spectrum (E, ) is the full width at half maximum
(FWHM), and the unit thereof is nm. The unit of the turn-on
voltage (V,,) and the operating voltage (V) is eV. The unit of
the external quantum efficiency (,,,) is %. The unit of the
current efficiency (v),) is cd/A. The unit of the power effi-
ciency (1,,) is Im/W. The unit of the maximum luminescence
(L,,..) and the operating luminosity (L,,) is Cd/m>.

max.

TABLE 7

Lower Electron  Light Hole Upper
Serial Sub-  elec-  transport emitting transport  elec-
Number strate  trode layer layer layer trode

Element 11 Al LiF BCP/ Yellow NPB ITO

Expt.1  emitter
Element 12 Al LiF BCP/ Yellow NPB ITO
Expt. Il emitter
Compari- Al LiF BCP/  Yellow NPB ITO
son 2 Algy emitter

PhyN:
Yellow emitter
TABLE 8

Em \/on Lmax
Serial Number (o) V) New MMy (L20)
FElement 11 586 (95)  34(6.2) 5.0 12.3/63 32400 (2433)
Element 12 586 (95)  3.6(7.0) 42 10.6/48 22830 (2119)
Comparison 2 581(88)  34(6.3) 2.7  7.1/36 16660 (1391)

[0037] From the tables shown above, it is learned: the opto-
electronic materials of the present invention still have supe-
rior luminescent performance while they are used only as the
electron transporting layer of OLED elements.

[0038] In conclusion, Dibenzosuberone is used as the core
and integrated with Spiro-fluorene at Cs, Diphenylamine at
C,, and Cyano, 4-Cyanophenyl, or Benzimidazole at C, to
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form the optoelectronic materials of the present invention.
Diphenylamine at C, is an acceptor functional group. Cyano,
4-Cyanophenyl, or Benzimidazole at C is a donor functional
group. The abovementioned molecular design raises the glass
transition temperature to 105-169° C. and raises the decom-
position temperature to 385-492° C. Therefore, the optoelec-
tronic materials of the present invention have fine thermal
stability. No matter whether the optoelectronic materials of
the present invention are used as a composite layer (i.e. the
optoelectronic materials function as light emitting layer or as
a light emitting layer and an electron transport layer simulta-
neously) or independently used as a an electron transport
layer, it can always exhibit superior luminescent propetties
than those of the corresponding Alg, based devices.

What is claimed is:

1. An optoelectronic materials for an organic light emitting
diode, which is represented by formula (I):

O

wherein R, is selected from a group consisting of the for-

mulas (I1)-(VI):

1D
(i

Q

=
88

—CN
CN

av)

v
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-continued

e
P

(VD

wherein R, and R, are identical and selected from a group
consisting of the formula (VII) and formula (VIII):

(VI

(VIID)
CH;

—C—CH;

CH;

2. The optoelectronic materials for an organic light emit-
ting diode according to claim 1, which have a glass transition
temperature of 105-169° C.
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3. The optoelectronic materials for an organic light emit-
ting diode according to claim 1, which have a decomposition
temperature of 385-492° C.

4. An organic light emitting diode element comprising

a substrate;

a lower electrode formed on the substrate;

a composite layer formed on the lower electrode;

a hole transport layer formed on the composite layer; and

an upper electrode formed on the hole transport layer,

wherein the composite layer contains the optotoelectronic
material for an organic light emitting diode according to
claim 1.

5. The organic light emitting diode element according to
claim 4, wherein the composite layer includes an electron
transport layer formed on the lower electrode and a light
emitting layer formed between the electron transport layer
and the hole transport layer, and wherein the light emitting
layer contains the optoelectronic materials represented by
formula (T).

6. The organic light emitting diode element according to
claim 4, wherein the composite layer includes BCP and an
electron transport layer formed on the lower electrode and a
vellow light emitting layer formed between the electron trans-
port layer and the hole transport layer, and wherein the elec-
tron-transport layer contains the optoelectronic material rep-
resented by formula (T).
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