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(7) ABSTRACT

An organic electroluminescent material is shown in the
following general formula (1),

{IML)(H0),].(H0),},

wherein x 1s between | and 4, y is between 1 and 8, and
n is a positive integer. M is any one selected from the
group consisting of beryllium (Be), strontium (Sr), and
radium (Ra). L is an organic ligand containing a naph-
thalene group and an anhydride group. M and L. form
metal-organic frameworks. An organic electrolumines-
cent device containing the organic electroluminescent
material is also disclosed.
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ORGANIC ELECTROLUMINESCENT
MATERIAL CONTAINING ALKALINE
EARTH METAL BASED METAL-ORGANIC
FRAMEWORKS AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 US.C. §119(a) on Patent Application No(s).
201610083285.9 filed in People’s Republic of China on Feb.
5, 2016, the entire contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

[0002] Field of Invention

[0003] The present invention relates to an organic elec-
troluminescent material and an organic electroluminescent
device. In particular, the present invention relates to an
organic electroluminescent material containing alkaline
earth metal based metal-organic frameworks and an organic
electroluminescent device using the same.

[0004] Related Art

[0005] With the advances in electronic technology, a light
weight and high efficiency flat display device has been
developed. An organic electroluminescent device possibly
becomes the mainstream of the next generation flat panel
display device due to its advantages of self-luminosity, no
restriction on viewing angle, power conservation, simple
manufacturing process, low cost, high response speed, full
color and so on.

[0006] In general, the organic electroluminescent device
includes an anode, an organic luminescent layer and a
cathode. When applying a direct current to the organic
electroluminescent device, electron holes and electrons are
injected into the organic luminescent layer from the anode
and the cathode, respectively. Charge carriers move and then
recombine in the organic luminescent layer because of the
potential difference caused by an applied electric field. The
excitons generated by the recombination of the electrons and
the electron holes may excite the luminescent molecules in
the organic luminescent layer. The excited luminescent
molecules then release the energy in the form of light.
Currently, the white light emitting diodes (WLEDs) are the
most potential products in market.

[0007] There are two major lighting theories for the white
light emitting diodes. U.S. Pat. No. 6,686,691 discloses a
white light emitting diode applying one of the theories,
which utilizes red. blue and green light materials to generate
the white light. In addition, U.S. Pat. No. 7,229,571 dis-
closes a white light emitting diode applying the other theory,
which utilizes a blue light luminescent material mixing with
yellow phosphor to generate the white light.

[0008] However, the above-mentioned theories need to
critically control the ratios of the materials of different colors
during the manufacturing process for preparing the lumi-
nescent device capable of emitting white light. In other
words, the manufacturing processes according to the above-
mentioned theories must be performed very carefully.
Besides, the white light is generated by mixing red, blue and
green lights or yellow and blue lights, it may not completely
reproduce the natural sunlight, which is more comfortable
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for human eyes. Moreover, these luminescent materials may
need the additional lanthanide metals, which are rare mate-
rials and very expansive.

[0009] Accordingly, it is desired to provide an organic
electroluminescent material containing alkaline earth metal
based metal-organic frameworks and an organic electrolu-
minescent device using the same, which can be manufac-
tured by a single material and applied to high performance
organic light emitting device.

SUMMARY OF THE INVENTION

[0010] Inview ofthe foregoing, an objective of the present
invention is to provide an organic electroluminescent mate-
rial containing alkaline earth metal based metal-organic
frameworks and an organic electroluminescent device using
the same, which can be manufactured by a single material,
have good thermal stability, can emit light similar to the
natural sun light and comfortable to human eyes, and can be
applied to high performance organic light emitting device.
[0011] To achieve the above objective, the present inven-
tion discloses an organic electroluminescent material having
a structure of the following General Formula (1),

{IML)(H,0),].(L,0), },

[0012] Wherein, x is between 1 and 4, y is between 1 and
8, 1 is a positive integer, and M is any one selected from a
group consisting of beryllium (Be), strontium (Sr), and
radium (Ra). L is selected from a group consisting of a
General Formula (2), a General Formula (3) and a General
Formula (4):

General Formula (1)

General Formula (2)

General Formula (3)

General Formula (4)

Rs Re
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[0013] Wherein, R,, R,, R, and R, are each independently
a carboxylic group. Y,, Y,, Y, and Y, are each indepen-
dently a carbonyl group. A, and A, are each independently
an oxygen atom (O) or a nitrogen atom (N). R;, R, R, and
R, are each independently selected from a group consisting
of a hydrogen atom (H), a fluorine atom (F), a chlorine atom
(C1), a bromine atom (Br), a cyano group (CN), an alkylthio
group (SR), a hydroxyl group (OH), and an alkoxy group
(OR). X, and X, are each independently selected from a
group consisting of a hydrogen atom (H), a hydroxyl group
(OH), a substituted or unsubstituted amino group (NH,), a
substituted or unsubstituted hydrocarbon group (R), a sub-
stituted or unsubstituted carboxylic group (ROOH), a sub-
stituted or unsubstituted ester group (ROOR), a substituted
or unsubstituted alcohol group (ROH), a substituted or
unsubstituted pyridyl group (Py), a substituted or unsubsti-
tuted ether group (ROR), a substituted or unsubstituted
phenyl group (Bz), and a substituted or unsubstituted
nitrooxy group (ONO,).

[0014] Inoneembodiment, the organic electroluminescent
material is a polymer formed by metal-organic frameworks.

[0015] In one embodiment, the hydroxyl group is a linear
or branched alkyl group, a cycloalkyl group, a linear or
branched alkenyl group, a cycloalkenyl group, a linear or
branched alkynyl group, or an aromatic hydrocarbon group.

[0016] In one embodiment, L is any one selected from the
following Chemical Formulas (1) to (6):

General Formula (1)

General Formula (2)

(0] (0] [¢]
(0] (6]
00
General Formula (3)
0] [0) (0]
X
0] (0] 6]
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-continued
General Formula (4)
(0) (0] (0]
X
X
0] () (6]
General Formula (5)
[0) (0] (0]
X! X
0] o] (0]
General Formula (6)
XH
(0] N, (0]
(0] N 0]
XH

[0017] Wherein, X' is independently selected from a group
consisting of a hydrogen atom, a fluorine atom, a chlorine
atom, a bromine atom, a cyano group, an alkylthio group, a
hydroxyl group, and an alkoxy group, X" is independently
selected from a group consisting of a hydrogen atom, a
hydroxyl group, a substituted or unsubstituted amino group,
a substituted or unsubstituted hydrocarbon group, a substi-
tuted or unsubstituted carboxylic group, a substituted or
unsubstituted ester group, a substituted or unsubstituted
alcohol group, a substituted or unsubstituted pyridyl group,
a substituted or unsubstituted ether group, a substituted or
unsubstituted phenyl group, and a substituted or unsubsti-
tuted nitrooxy group.

[0018] Inoneembodiment, the organic electroluminescent
material is {[Sr(ntca)(I1,0),].H,0},,.

[0019] To achieve the above objective, the present inven-
tion also discloses an organic electroluminescent device
including a first electrode, a second electrode, and an organic
luminescent unit. The organic luminescent unit is disposed
between the first electrode and the second electrode and
includes an organic electroluminescent material having a
structure of the following General Formula (1):

{IM(L)(H0),].(H0),.},, General Formula (1)

[0020] Wherein, x is between 1 and 4, y is between 1 and
8, n is a positive integer, M is any one selected from a group
consisting of beryllium (Be), strontium (Sr), and radium
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(Ra), and L is selected from a group consisting of a General
Formula (2), a General Formula (3) and a General Formula

CF

General Formula (2)

General Formula (3)

General Formula (4)

Rs Re

R; Ry

[0021] Wherein, R}, R,, R; and R, are each independently
a carboxylic group. Y,, Y,, Y5 and Y, are each indepen-
dently a carbonyl group. A, and A, are each independently
an oxygen atom or a nitrogen atom. Ry, R, R, and R, are
each independently selected from a group consisting of a
hydrogen atom, a fluorine atom, a chlorine atom, a bromine
atom, a cyano group, an alkylthio group, a hydroxyl group,
and an alkoxy group. X, and X, are each independently
selected from a group consisting of a hydrogen atom, a
hydroxyl group, a substituted or unsubstituted amino group,
a substituted or unsubstituted hydrocarbon group, a substi-
tuted or unsubstituted carboxylic group, a substituted or
unsubstituted ester group, a substituted or unsubstituted
alcohol group, a substituted or unsubstituted pyridyl group,
a substituted or unsubstituted ether group, a substituted or
unsubstituted phenyl group, and a substituted or unsubsti-
tuted nitrooxy group.

[0022] In one embodiment, the first electrode comprises a
carbon material layer selected from a group consisting of
graphite, graphene and carbon nanotube.

[0023] In one embodiment, the first electrode further
includes a transparent material layer selected from a group
consisting of polycarbonate (PC), poly(methyl methacry-
late) (PMMA), polyethylene terephthalate (PET), and poly-
styrene (PS).

[0024] In one embodiment, the organic luminescent unit
further includes an electron transport layer.
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[0025] 1Inoneembodiment, the organic electroluminescent
material is {[St(ntca)(H,0),].H,0},,.

[0026] As mentioned above, the organic electrolumines-
cent material of General Formula (1) has a three dimensional
structure consisting of metal ions and organic ligands. The
organic electroluminescent material of General Formula (1)
and the organic electroluminescent device containing the
same can emit light of'a continuous bandwidth between 400
nm and 750 nm, which is similar to the natural sun light, so
that the emitted light is comfortable to human eyes. Accord-
ingly, the organic electroluminescent material of General
Formula (1) and the organic electroluminescent device con-
taining the same are suitable for the high performance
organic light emitting devices. Besides, the organic elec-
troluminescent material of the invention does not contain the
rare metals such as lanthanide metals, so that the organic
electroluminescent device made by the organic electrolumi-
nescent material is not expensive and has good price com-
petitiveness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The invention will become more fully understood
from the detailed description and accompanying drawings,
which are given for illustration only, and thus are not
limitative of the present invention, and wherein:

[0028] FIG. 1 is a schematic diagram showing the struc-
ture of an organic electroluminescent material according a
first embodiment of the invention;

[0029] FIG. 2 is a schematic diagram showing the struc-
ture of an organic electroluminescent material of {[Sr(ntca)
(H,0),].H,0},, according the first embodiment of the inven-
tion;

[0030] FIG. 3 is a schematic diagram showing an organic
electroluminescent device according a second embodiment
of the invention;

[0031] FIG. 4 is a schematic chart showing the spectral
sensitivity of human eye and the photoluminescence spec-
trum of the compound 1 of experimental example 1;
[0032] FIG. 5 is a schematic chart showing the standard
solar spectrum and the electroluminescence spectrum of the
compound 1 of experimental example 1;

[0033] FIG. 6 is a schematic chart showing the electrolu-
minescence spectrum of the organic electroluminescent
device when applying current thereto in the experimental
example 2;

[0034] FIG. 7 is a schematic chart showing the electrolu-
minescence spectrum and the deconvoluted spectrum of the
organic electroluminescent device when applying the cur-
rent of 25 mA thereto in the experimental example 2; and
[0035] FIG. 8 is a chromaticity diagram of the organic
electroluminescent device of the experimental example 2.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The present invention will be apparent from the
following detailed description, which proceeds with refer-
ence to the accompanying drawings, wherein the same
references relate to the same elements.

[0037] Organic Electroluminescent Material

[0038] An organic electroluminescent material according
to a first embodiment of the invention is composed of
metal-organic frameworks (MOFs) generated by the self-
assembly reaction of alkaline earth metal and organic
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ligands. The organic electroluminescent material according
to the first embodiment of the invention has the following
General Formula (1):

{IM(L)(H,0),].(H;0}, },

[0039] In the General Formula (1), X is between 1 and 4,
y is between 1 and 8, n is a positive integer, and M is any
one selected from a group consisting of beryllium (Be),
strontium (Sr), and radium (Ra). L is selected from a group
consisting of a General Formula (2), a General Formula (3)
and a General Formula (4):

General Formula (1)

General Formula (2)

General Formula (3)

Y, Y,

General Formula (4)

[0040] In the General Formula (2), the General Formula
(3) and the General Formula (4), R,, R,, R, and R, are each
independently a carboxylic group. Y, Y,, Y, and Y, are
each independently a carbonyl group. A, and A, are each
independently an oxygen atom (O) or a nitrogen atom (N).
Rs, Ry, R, and Ry are each independently selected from a
group consisting of a hydrogen atom (H), a fluorine atom
(F), a chlorine atom (Cl), a bromine atom (Br), a cyano
group (CN), an alkylthio group (SR), a hydroxyl group
(OH), and an alkoxy group (OR). X, and X, are each
independently selected from a group consisting of a hydro-
gen atom (H), a hydroxyl group (OH), a substituted or
unsubstituted amino group (NH,), a substituted or unsub-
stituted hydrocarbon group (R), a substituted or unsubsti-
tuted carboxylic group (ROOH), a substituted or unsubsti-
tuted ester group (ROOR), a substituted or unsubstituted
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alcohol group (ROH), a substituted or unsubstituted pyridyl
group (Py), a substituted or unsubstituted ether group
(ROR), a substituted or unsubstituted phenyl group (Bz),
and a substituted or unsubstituted nitrooxy group (ONO,).
[0041] The hydroxyl group is a linear or branched alkyl
group, a cycloalkyl group, a linear or branched alkenyl
group, a cycloalkenyl group, a linear or branched alkynyl
group, or an aromatic hydrocarbon group. The linear alkyl
group is a substituted or unsubstituted linear C1 to C12 alkyl
group. The branched alkyl group is a substituted or unsub-
stituted branched C3 to C12 alkyl group. The cycloalkyl
group is a substituted or unsubstituted C3 to C12 cycloalkyl
group. The linear alkenyl group is a substituted or unsub-
stituted linear C2 to C12 alkenyl group. The branched
alkenyl group is a substituted or unsubstituted branched C3
to C12 alkenyl group. The cycloalkenyl group is a substi-
tuted or unsubstituted C3 to C12 cycloalkenyl group. The
linear alkynyl group is a substituted or unsubstituted linear
C2 to C12 alkynyl group. The branched alkynyl group is a
substituted or unsubstituted branched C3 to C12 alkynyl
group. The aromatic hydrocarbon group is a substituted or
unsubstituted C6 to C12 aromatic hydrocarbon group. The
alkoxy group is a substituted or unsubstituted C1 to C12
alkoxy group. The alkylthio group is a substituted or unsub-
stituted C1 to C12 alkylthio group.

[0042] In the General Formula (1), L is an organic ligand.
Preferably, L is any one selected from the following Chemi-
cal Formulas (1) to (6):

General Formula (1)

/I\
N S

~

7~

AN
o

0]

General Formula (2)

(0) (o]
]
[0)
General Formula (3)
(0) (6]
0] 6]

(0]
X/
(0]
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-continued
General Formula (4)
[0) [0) (0]
X
X
0] (0] 6]
General Formula (5)
[0) [0) (0]
X X
0] (0) 6]
General Formula (6)
X
0] N. [¢]
0] N (6]
X"

[0043] In the Chemical Formulas (1) to (6), X' is inde-
pendently selected from a group consisting of a hydrogen
atom (H), a fluorine atom (F), a chlorine atom (CI), a
bromine atom (Br), a cyano group (CN), an alkylthio group
(SR), a hydroxyl group (OH), and an alkoxy group (OR).

[0044] X" is independently selected from a group consist-
ing of a hydrogen atom (H), a hydroxyl group (OH), a
substituted or unsubstituted amino group (NH,), a substi-
tuted or unsubstituted hydrocarbon group (R), a substituted
or unsubstituted carboxylic group (ROOH), a substituted or
unsubstituted ester group (ROOR), a substituted or unsub-
stituted alcohol group (ROH), a substituted or unsubstituted
pyridyl group (Py), a substituted or unsubstituted ether
group (ROR), a substituted or unsubstituted phenyl group
(Bz), and a substituted or unsubstituted nitrooxy group
(ONO,).

[0045] Herein, L can be 1,3-Dioxo-1H,3H-naphtho[1,8-c,
d]pyran-6,7-dicarboxylic acid (Chemical Formula (2), or
named as 1,4,58-naphthalenetetracarboxylate 1,8-monoan-
hydride (ncta)), naphthalene-1,4.5,8-tetracarboxylic acid
(Chemical Formula (1) (ntc)), Isochromenol6,5,4-def]iso-
chromene-1,3,6,8-tetrone (Chemical Formula (3), wherein
X' is a hydrogen atom (H)), or N,N—H Benzo[lmn][3,8]
phenanthroline-1,3,6,8(2H,7H)-tetrone (Chemical Formula
(6), wherein X" is a hydrogen atom (H)) and its derivatives
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(e.g. N,N'-hydroxyl Benzo[lmn][3,8]phenanthroline-1,3,6,8
(2H,7H)-tetrone (Chemical Formula (6), wherein X" is a
hydroxyl group (OH))).

[0046] As mentioned above, the organic electrolumines-
cent material of the embodiment is a polymer of metal-
organic frameworks, each of which is formed by the com-
bination of alkaline earth metal and organic ligand. The core
of the organic ligand is a naphthalene ring, and the organic
ligand further includes at least one anhydride group or
carboxylic group. FIG. 1 is a schematic diagram showing the
structure of an organic electroluminescent material accord-
ing a first embodiment of the invention. As shown in FIG. 1,
the organic electroluminescent material of the first embodi-
ment is a polymer of metal-organic frameworks, which has
a three dimensional structure composed of metal ions 11 and
organic ligands 12. The polymer of metal-organic frame-
works is a porous material. The connection between the
organic ligands 12 and the metal ions 11 can be provided by
the oxygen of the anhydride group and/or carboxylic group
of the organic ligands 12. In the self-assembly reaction, the
alkaline earth metal is added to open the anhydride groups
of the organic ligands 12 to form carboxylic groups, or to
close the carboxylic groups at the same side of the organic
ligands 12 so as to form anhydride groups. Preferably, the
organic electroluminescent material of the first embodiment
is {[Sr(ntca)(H,0),]. H,0)},,.

[0047] FIG. 2 is a schematic diagram showing the struc-
ture of an organic electroluminescent material of {[Sr(ntca)
(H,0),]1 H,0)}, according the first embodiment of the
invention. As shown in FIG. 2, metal ions 11 (Sr**) have
eight coordination for bonding to six oxygen atoms and two
water molecules (H,O) of the anhydride groups and carbox-
ylic groups of four organic ligands 12. The synthesizing
method and lighting profile of the organic electrolumines-
cent material of the first embodiment will be described in the
following synthesizing example and experimental example
L.

[0048]

[0049] FIG. 3 is a schematic diagram showing an organic
electroluminescent device according a second embodiment
of the invention. As shown in FIG. 3, the organic electrolu-
minescent device 2 includes a first electrode 21, a second
electrode 23, and an organic luminescent unit 22. The
organic luminescent unit 22 is disposed between the first
electrode 21 and the second electrode 23. The organic
luminescent unit 22 includes an organic electroluminescent
material having a structure of the following General For-
mula (1):

{IML)(H,0),).(H;0), },

Organic Electroluminescent Device

General Formula (1)

[0050] The organic electroluminescent material of the
General Formula (1) can be referred to the material of the
first embodiment, which is a polymer of metal-organic
frameworks having a three dimensional structure composed
of metal ions and organic ligands. The polymer of metal-
organic frameworks is a porous material.

[0051] In the General Formula (1), x is between 1 and 4,
yisbetween | and 8, n is a positive integer, and M is alkaline
earth metal such as beryllium (Be), strontium (Sr), or radium
(Ra). L is selected from a group consisting of a General
Formula (2), a General Formula (3) and a General Formula

*):
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General Formula (2)

General Formula (3)

Y, Y,

General Formula (4)

[0052] In the General Formula (2), the General Formula
(3) and the General Formula (4), R,, R, R, and R, are each
independently a carboxylic group. Y, Y,, Y, and Y, are
each independently a carbonyl group. A, and A, are each
independently an oxygen atom (O) or a nitrogen atom (N).
R, R;, R, and Ry are each independently selected from a
group consisting of a hydrogen atom (H), a fluorine atom
(F), a chlorine atom (Cl), a bromine atom (Br), a cyano
group (CN), an alkylthio group (SR), a hydroxyl group
(OH), and an alkoxy group (OR). X, and X, are each
independently selected from a group consisting of a hydro-
gen atom (H), a hydroxyl group (OH), a substituted or
unsubstituted amino group (NH,), a substituted or unsub-
stituted hydrocarbon group (R), a substituted or unsubsti-
tuted carboxylic group (ROOH), a substituted or unsubsti-
tuted ester group (ROOR), a substituted or unsubstituted
alcohol group (ROH), a substituted or unsubstituted pyridyl
group (Py), a substituted or unsubstituted ether group
(ROR), a substituted or unsubstituted phenyl group (Bz),
and a substituted or unsubstituted nitrooxy group (ONQ,).

[0053] The hydroxyl group is a linear or branched alkyl
group, a cycloalkyl group, a linear or branched alkenyl
group, a cycloalkenyl group, a linear or branched alkynyl
group, or an aromatic hydrocarbon group. The linear alkyl
group is a substituted or unsubstituted linear C1 to C12 alkyl
group. The branched alkyl group is a substituted or unsub-
stituted branched C3 to C12 alkyl group. The cycloalkyl
group is a substituted or unsubstituted C3 to C12 cycloalkyl
group. The linear alkenyl group is a substituted or unsub-
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stituted linear C2 to C12 alkenyl group. The branched
alkenyl group is a substituted or unsubstituted branched C3
to C12 alkenyl group. The cycloalkenyl group is a substi-
tuted or unsubstituted C3 to C12 cycloalkenyl group. The
linear alkynyl group is a substituted or unsubstituted linear
C2 to C12 alkynyl group. The branched alkynyl group is a
substituted or unsubstituted branched C3 to C12 alkynyl
group. The aromatic hydrocarbon group is a substituted or
unsubstituted C6 to C12 aromatic hydrocarbon group. The
alkoxy group is a substituted or unsubstituted C1 to C12
alkoxy group. The alkylthio group is a substituted or unsub-
stituted C1 to C12 alkylthio group.

[0054] In the General Formula (1), L is an organic ligand.
Preferably, L is any one selected from the following Chemi-
cal Formulas (1) to (6):

General Formula (1)

Z X
AN a

Q
@)

General Formula (2)
(0]

0] (0]
(0] \! ! (6]
0 O
0] [0) (0]
X/
0] (0] ]
[0) (0]
X’ ‘O
X/
0] (6]

(0]
0]

General Formula (3)

General Formula (4)
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-continued
General Formula (5)
[0) [0) (0]
X X'
0] (0) 6]
General Formula (6)
X
0] N. (6]
(0] Il\I (6]
X

[0055] In the Chemical Formulas (1) to (6), X' is inde-
pendently selected from a group consisting of a hydrogen
atom (H), a fluorine atom (F), a chlorine atom (Cl), a
bromine atom (Br), a cyano group (CN), an alkylthio group
(SR), a hydroxyl group (OH), and an alkoxy group (OR).
[0056] X" is independently selected from a group consist-
ing of a hydrogen atom (H), a hydroxyl group (OH), a
substituted or unsubstituted amino group (NH,), a substi-
tuted or unsubstituted hydrocarbon group (R), a substituted
or unsubstituted carboxylic group (ROOH), a substituted or
unsubstituted ester group (ROOR), a substituted or unsub-
stituted alcohol group (ROH), a substituted or unsubstituted
pyridyl group (Py), a substituted or unsubstituted ether
group (ROR), a substituted or unsubstituted phenyl group
(Bz), and a substituted or unsubstituted nitrooxy group
(ONQ,). The substituted groups of the above-mentioned
compounds are the same as those disclosed in the first
embodiment, so the detailed description thereof will be
omitted.

[0057] Herein, L can be 1,3-Dioxo-1H,3H-naphtho[1,8-c,
d]pyran-6,7-dicarboxylic acid (Chemical Formula (2), or
named as 1,4,5,8-naphthalenetetracarboxylate 1,8-monoan-
hydride (ncta)), naphthalene-1,4.58-tetracarboxylic acid
(Chemical Formula (1) (ntc)), Isochromenol6,5,4-def]iso-
chromene-1,3,6,8-tetrone (Chemical Formula (3), wherein
X' is a hydrogen atom (H)), or N,N—H Benzo[lmn][3,8]
phenanthroline-1,3,6,8(2H,7H)-tetrone (Chemical Formula
(6), wherein X" is a hydrogen atom (H)) and its derivatives
(e.g. N,N'-hydroxyl Benzo[lmn]|[3,8]phenanthroline-1,3,6,8
(2H,7H)-tetrone (Chemical Formula (6), wherein X" is a
hydroxyl group (OH))). Preferably, the organic electrolumi-
nescent material of the organic luminescent unit 22 is
{[Sr(ntca)(H,0),].H,0},.

[0058] The first electrode 21 and/or the second electrode
23 can be made of transparent electrode materials, metals or
other suitable conductive materials. In more detailed, at least
one of the first electrode 21 and the second electrode 23 has
a region formed by transparent material. Accordingly, the
light emitted by the organic luminescent unit 22 can be
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outputted through the transparent region of the electrode, so
that the organic electroluminescent material device 2 can
emit light. The above-mentioned transparent electrode mate-
rial can be ITO.

[0059] The first electrode 21 preferably includes a first
metal electrode layer 211, a carbon material layer 212 and a
transparent material layer 213. The transparent material
layer 213, the carbon material layer 212 and the first metal
electrode layer 211 are preferably disposed above the
organic luminescent unit 22 in order. The first metal elec-
trode layer 211 can be any conductive material, and prefer-
ably silver. The carbon material layer 212 can be selected
from a group consisting of graphite, graphene and carbon
nanotube, or their combinations. The transparent material
layer 213 can be polycarbonate (PC), poly(methyl meth-
acrylate) (PMMA), polyethylene terephthalate (PET), or
polystyrene (PS). Since the organic electroluminescent
material of the organic luminescent unit 22 is a porous
material, the configuration of the carbon material layer 212
allows the carriers to be injected into the organic lumines-
cent layer 221 more quickly and protects the porous organic
luminescent layer 221 from having short circuit with other
deposited electrodes. The carbon material layer 212 is
preferably a single layer graphene (SLG). The transparent
material layer 213 can protect the carbon material layer 212,
which is disposed between the transparent material layer 213
and the organic luminescent unit 22 from the environmental
temperature and moisture. This configuration can make the
organic electroluminescent device 2 more stable and having
longer lifetime.

[0060] The second electrode 23 can be any conductive
material, and preferably silver. The thickness of the second
electrode 23 is between 50 nm and 200 nm, and is preferably
100 nm.

[0061] The organic luminescent unit 22 preferably
includes an organic luminescent layer 221 and an electron
transport layer 222. The organic luminescent layer 221
includes the above-mentioned organic electroluminescent
material and has a thickness of 0.2-1.5 um. Preferably, the
electron transport layer 222 is made of Zinc oxide (ZnO) and
has a thickness of 50-200 nm (preferably 140 nm). The
configuration of the electron transport layer 222 can assist
the transmission of electrons, thereby optimizing the quan-
tum effect of the organic electroluminescent material.
Besides, the organic luminescent unit 22 may further include
a hole transport layer, an electron blocking layer, and an
electron injection layer. Herein, the hole transport layer, the
electron blocking layer, the organic luminescent layer, the
electron transport layer 222 and the electron injection layer
are disposed in order from the top to the bottom.

[0062] The hole transport layer can be made of 1,1-Bis
[4-[N,N'-di(p-tolyl)amino [phenyl]cyclohexane ~ (TAPC),
N,N-bis-(1-naphthyl)-N,N-diphenyl-1,1-biphenyl-4,4-di-
amine (NPB), or N—N'-diphenyl-N—N'-bis(3-methylphe-
nyl)-[1-1"-biphenyl]-4-4'-diamine (TPD). In this embodi-
ment, the hole transport layer can increase the speed to inject
the holes from the first electrode 21 to the organic lumines-
cent layer, and decrease the driving voltage of the organic
electroluminescent device 2.

[0063] The electron blocking layer can be made of N,N'-
dicarbazolyl-3,5-benzene (mCP) or any material with low
electron affinity and further increase the speed to transport
the holes from the hole transport layer to the organic
luminescent layer 221. Besides, the electron transport layer
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222 can also be made of metal complex such as Tris-(8-
hydroxy-quinoline)aluminum (Alq,), bis(10-hydroxybenzo-
[h]quinolinato)beryllium (BeBq,), or heterocyclic com-
pounds such as 2-(4-Biphenylyl)-5-(4-tert-butylphenyl)-1,3,
4-oxadiazole (PBD), 3-(4-Biphenylyl)-4-phenyl-5-tert-
butylphenyl-1,2,4-triazole (TAZ), 2,2'2"-(1,3,5-
Benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) ~ (TPBI),
diphenylbis(4-(pyridin-3-yl)phenyl)silane (DPPS), 3,3'-[5'-
[3-(3-Pyridinyl)phenyl][ 1,1":3",1"-terphenyl]-3,3"-diy]]

bispyridine (TmPyPB), or the likes. To be noted, the inven-
tion is not limited to the above materials. The configuration
of the electron transport layer 222 can assist to transport the
electrons from the second electrode 23 to the organic lumi-
nescent layer 221, thereby increasing the electron transport-
ing speed. The electron injection layer can be made of LiF.

[0064] To be noted, the structure of the organic electrolu-
minescent device 2 is not limited to the above disclosed
aspect, which is for an illustration only.

[0065] The synthesis of the organic electroluminescent
material of the General Formula (1) will be described in the
following synthesizing example.

Synthesizing Example: The Synthesis of a Polymer
{[Sr(ntca)(H,0),].H,0},,

[0066] 1.4,5,8-naphthalenetertacarboxylic acid hydrate
(Hunte, 30.4 mg, 0.10 mmol), Sr(NO,),(42.4 mg, 0.20
mmol), EtOH (3 mL) and H,O (1 mL) are mixed in a
Teflon-lined stainless steel Parr acid digestion bomb. The
mixture is heated to 120° C. for performing a self-assembly
reaction. After heated for 3 days, the mixture is slowly
cooled down to room temperature, wherein the cooling
speed is about 6° C. per hour. The solution is filtered by
suction filtration to collect the solid, which is then washed
by water and dried in room temperature. The colorless
crystal compound 1 ({[Sr(ntca)(H,0),].H,0},, 13.5 mg,
yield 32%) is then obtained. (caled (%) for ChgH,yO50Sr15:
C, 39.64; H, 2.33. Found: C, 39.49; H, 2.37).

[0067] After the thermogravimetric analysis, the com-
pound 1 is still stable under 335° C.

Experimental Example 1: Optical Characteristics of
Compound 1 ({[Sr(ntca)(H,0),].H,0},)

[0068] After excited by pulse laser (27 pW to 29 uW, 266
nm), the compound 1 has continuous bandwidth white light
spectrum in visible light range (400 nm to 750 nm). The
strongest light intensity is around 550 nm, and the quantum
yield is about 10%.

[0069] FIG. 4 is a schematic chart showing the spectral
sensitivity of human eye and the photoluminescence spec-
trum of the compound 1 of experimental example 1, and
FIG. 5 is a schematic chart showing the standard solar
spectrum and the electroluminescence spectrum of the com-
pound 1 of experimental example 1. As shown in FIGS. 4
and 5, the continuous bandwidth white light spectrum in
visible light range (400 nm to 750 nm) of the compound 1
is similar to that of the spectral sensitivity of human eye,
which has the strongest light intensity around 550 nm.
Besides, the waveform of electroluminescence spectrum of
compound 1 is similar to that of standard solar spectrum. As
a result, the light emitted by the compound 1 is very
comfortable to human eyes and is similar to the natural sun
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light, so that the compound 1 is suitable for manufacturing
the high performance organic electroluminescent material
and device.

Experimental Example 2: Test for the Organic
Electroluminescent Device 2 Containing the
Compound 1

[0070] The structure of the organic electroluminescent
device 2 containing the compound 1 is shown in FIG. 3. At
first, a layer of silver is plated on the surface of a silicon
substrate 20, which includes a layer of polycrystalline sili-
con 201 (p-Si) and silicon dioxide 202, and the silver layer
has a thickness of about 100 nm and is configured as the
second electrode 23. Then, a layer of ZnO is plated on the
surface of the silver electrode, and the ZnO layer has a
thickness of about 100 nm. The compound 1 is drop coated
on the ZnO layer to form the organic luminescent layer 221,
which has a thickness of about 0.2-1.5 um. Finally, a single
layer graphene (SLG) and a layer of PMMA (poly(methyl
methacrylate) are disposed on the organic luminescent layer
221 in order and are configured as a carbon material layer
212 and a transparent material layer 213. The first metal
electrode layer 211 of the first electrode 21 is also a silver
electrode. The carbon material layer 212 and the transparent
material layer 213 are optical transparent. In addition, a Si0,
layer 24 is formed between the first electrode 21 and the
second electrode 23 and aside the organic luminescent layer
221 and the ZnO layer (the electron transport layer 222).
[0071] When applying 8 Volts to the organic electrolumi-
nescent device 2 having an organic luminescent layer 221
containing the compound 1, the organic electroluminescent
device 2 is still very stable.

[0072] FIG. 6 is a schematic chart showing the electrolu-
minescence spectrum of the organic electroluminescent
device 2 when applying current (20 mA and 25 mA) thereto
in the experimental example 2. Similar to the lighting profile
of the compound 1, the maximum intensity of the wave-
length Az (... of the electroluminescence spectrum of the
organic electroluminescent device 2 is about 530 nm to 540
nm, which is close to the most sensitive wavelength of
human eyes (555 nm). FIG. 7 is a schematic chart showing
the electroluminescence spectrum and the deconvoluted
spectrum of the organic electroluminescent device when
applying the current of 25 mA thereto in the experimental
example 2. As shown in FIG. 7, the electroluminescence
spectrum of the organic electroluminescent device 2 is
mainly composed of the excited light caused by four energy
transitions. The light of wavelength 410 nm 1s caused by the
energy transition of interligand (L-L), the light of wave-
lengths 506 nm and 644 nm is caused by the energy
transition of intermetallic (M-M), and the light of wave-
length 560 nm is caused by the energy transition of metal to
ligand charge transfer (MLCT).

[0073] FIG. 8 is a chromaticity diagram (CIE (Commis-
sion Internationale de L'Eclairage) XY chromaticity dia-
gram) of the organic electroluminescent device 2 of the
experimental example 2, which has an organic luminescent
layer 221 containing the compound 1. As shown in FIG. 8,
after applying 20 mA and 25 mA current to the organic
electroluminescent device 2, the coordinates of the light are
(0.315, 0.380) and (0.321, 0.370), which are very close to
the white light coordinates (0.333, 0.333). The color tem-
perature thereof is about 5500K. As a result, the white light
emitted by the organic electroluminescent device 2 is very
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similar to the natural sun light, so the organic electrolumi-
nescent material of the invention is suitable for manufac-
turing the high performance organic electroluminescent
device.
[0074] In addition, the experimental example also dis-
closes that the compound 1 ({[Sr(ntca)(H,0),].H,0},),
which is composed of the metal-organic frameworks, has
good electrical conductivity, so it is an excellent organic
electroluminescent material.
[0075] In summary, the organic electroluminescent mate-
rial of General Formula (1) has a three dimensional structure
consisting of metal ions and organic ligands. The organic
electroluminescent material of General Formula (1) and the
organic electroluminescent device containing the same can
emit light of a continuous bandwidth between 400 nm and
750 nm, which is similar to the natural sun light, so that the
emitted light is comfortable to human eyes. Accordingly, the
organic electroluminescent material of General Formula (1)
and the organic electroluminescent device containing the
same are suitable for the high performance organic light
emitting devices. Besides, the organic electroluminescent
material of the invention does not contain the rare metals
such as lanthanide metals, so that the organic electrolumi-
nescent device made by the organic electroluminescent
material is not expensive and has good price competitive-
ness.
[0076] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various modifi-
cations of the disclosed embodiments, as well as alternative
embodiments, will be apparent to persons skilled in the art.
It is, therefore, contemplated that the appended claims will
cover all modifications that fall within the true scope of the
invention.

What is claimed is:

1. An organic electroluminescent material having a struc-
ture of the following General Formula (1),

{IM(L)(H,0),].(H0), },, General Formula (1)

wherein X is between | and 4, y is between 1 and 8, n is
a positive integer, M is any one selected from a group
consisting of beryllium (Be), strontium (Sr), and
radium (Ra), and L is selected from a group consisting
of a General Formula (2), a General Formula (3) and a
General Formula (4):

General Formula (2)

R, R,
R3 Ry
General Formula (3)
(0]
Y 1/ ~ Y,
Ry Ry
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-continued
General Formula (4)
X
!
1
7 Ny,
R5 R6
R Rg
Y3 Y4
~ Az/
|
X5

wherein, R;, R,, R; and R, are each independently a
carboxylic group;

Y,, Y, Y; and Y, are each independently a carbonyl
group;

A, and A, are each independently an oxygen atom or a
nitrogen atom;

Rs, Ry, R; and Ry are each independently selected from a
group consisting of a hydrogen atom, a fluorine atom,
a chlorine atom, a bromine atom, a cyano group, an
alkylthio group, a hydroxyl group, and an alkoxy
group; and

X, and X, are each independently selected from a group
consisting of a hydrogen atom, a hydroxyl group, a
substituted or unsubstituted amino group, a substituted
or unsubstituted hydrocarbon group, a substituted or
unsubstituted carboxylic group, a substituted or unsub-
stituted ester group, a substituted or unsubstituted alco-
hol group, a substituted or unsubstituted pyridyl group,
a substituted or unsubstituted ether group, a substituted
or unsubstituted phenyl group, and a substituted or
unsubstituted nitrooxy group.

2. The organic electroluminescent material of claim 1,
which is a polymer formed by metal-organic frameworks.

3. The organic electroluminescent material of claim 1,
wherein the hydroxyl group is a linear or branched alkyl
group, a cycloalkyl group, a linear or branched alkenyl
group, a cycloalkenyl group, a linear or branched alkynyl
group, or an aromatic hydrocarbon group.

4. The organic electroluminescent material of claim 1,
wherein L is any one selected from the following Chemical
Formulas (1) to (6):

General Formula (1)

o f N\ o
N
7
X
o 0
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-continued
General Formula (2)

o
o]
@]

0 O
General Formula (3)
(0] (0) (0]
XV
0] (0] 6]

General Formula (4)

Q
Q
[

General Formula (5)

o]
o
o

X' i i X

o]
Q
o

General Formula (6)

o]
Z,
o

g8

@]
Z,
o

wherein, X' is independently selected from a group con-
sisting of a hydrogen atom, a fluorine atom, a chlorine
atom, a bromine atom, a cyano group, an alkylthio
group, a hydroxyl group, and an alkoxy group, X" is
independently selected from a group consisting of a
hydrogen atom, a hydroxyl group, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted hydrocarbon group, a substituted or unsubstituted
carboxylic group, a substituted or unsubstituted ester
group, a substituted or unsubstituted alcohol group, a
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substituted or unsubstituted pyridyl group, a substituted
or unsubstituted ether group, a substituted or unsubsti-
tuted phenyl group, and a substituted or unsubstituted
nitrooxy group.

5. The organic electroluminescent material of claim 3,

which is {[Sr(ntca)(I1,0),].H,0},,.

6. An organic electroluminescent device, comprising:

a first electrode;

a second electrode; and

an organic luminescent unit disposed between the first
electrode and the second electrode and comprising an

organic electroluminescent material having a structure
of the following General Formula (1),

{IMIL)(H,0),1(H,0), }, General Formula (1)

wherein x is between | and 4, y is between 1 and 8, n is
a positive integer, M is any one selected from a group
consisting of beryllium (Be), strontium (Sr), and
radium (Ra), and [ 1s selected from a group consisting
of a General Formula (2), a General Formula (3) and a
General Formula (4):

General Formula (2)

General Formula (3)

General Formula (4)

wherein, R;, R,, R; and R, are each independently a
carboxylic group;

Y., Y, Y; and Y, are each independently a carbonyl
group;

A, and A, are each independently an oxygen atom or a
nitrogen atom;

R, Ry, R, and R, are each independently selected from a
group consisting of a hydrogen atom, a fluorine atom,
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a chlorine atom, a bromine atom, a cyano group, an
alkylthio group, a hydroxyl group, and an alkoxy
group; and

X, and X, are each independently selected from a group

consisting of a hydrogen atom, a hydroxyl group, a
substituted or unsubstituted amino group, a substituted
or unsubstituted hydrocarbon group, a substituted or
unsubstituted carboxylic group, a substituted or unsub-
stituted ester group, a substituted or unsubstituted alco-
hol group, a substituted or unsubstituted pyridyl group,
a substituted or unsubstituted ether group, a substituted
or unsubstituted phenyl group, and a substituted or
unsubstituted nitrooxy group.

7. The organic electroluminescent device of claim 6,
wherein the organic electroluminescent material is {[Sr
(ntca)(H,0),1.H,0},.

8. The organic electroluminescent device of claim 6,
wherein the first electrode comprises a carbon material layer
selected from a group consisting of graphite, graphene and
carbon nanotube.

11
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9. The organic electroluminescent device of claim 8,
wherein the organic electroluminescent material is {[Sr
(ntca)(H,0),].H,0},..

10. The organic electroluminescent device of claim 8,
wherein the first electrode further comprises a transparent
material layer selected from a group consisting of polycar-
bonate (PC), poly(methyl methacrylate) (PMMA), polyeth-
ylene terephthalate (PET), and polystyrene (PS).

11. The organic electroluminescent device of claim 10,
wherein the organic electroluminescent material is {[Sr
(ntca)(H,0),].H,0},.

12. The organic electroluminescent device of claim 6,
wherein the organic luminescent unit further comprises an
electron transport layer.

13. The organic electroluminescent device of claim 12,
wherein the organic electroluminescent material is {[Sr
(ntca)(IL,0),] 1,0},

* ok %k
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