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(57) ABSTRACT

A material for an organic electroluminescent (EL) device
includes a copper(I) complex represented by the following
Formula 1:

[CuX(PPhj),L] [Formula 1]

In the above Formula 1, X is an anion, PPh, is triphenylphos-
phine, and L is a substituted or unsubstituted heterocyclic
ligand having 5 to 18 ring carbon.
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MATERIAL FOR ORGANIC
ELECTROLUMINESCENT DEVICE AND
ORGANIC ELECTROLUMINESCENCE
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No. 2014-064085, filed
on Mar. 26, 2014, in the Korean Intellectual Property Office,
and entitled: “Material For Organic Electroluminescent
Device and Organic Electroluminescence Device Including
The Same,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a material for an organic
electroluminescent device and an organic electroluminescent
device including the same.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescence diode, which is a
self-emitting type device, is being actively developed. The
organic electroluminescent device (hereinafter referred to as
an organic EL device) embodies light emission of a lumines-
cent material including an organic compound of an emission
layer by recombining holes and electrons injected from an
anode and a cathode into the emission layer.

[0006] An example of an organic EL device includes an
emission layer and another layer stacked on the emission
layer, such as a hole transport layer and an electron transport
layer for transporting holes or electrons as carrier to the
emission layer. In addition, to improve the emission effi-
ciency of the organic EL. device, various compounds are
examined as materials used in the organic EL device.

[0007] In addition, various compounds have been synthe-
sized recently without limiting to organic EL device field. For
example, a method of synthesizing a copper(l) complex
including triphenylphosphine and 2-methylpyridine as a
ligand has been disclosed, and the copper(l) complex thus
synthesized is known to be colored lightly.

SUMMARY

[0008] Embodiments are directed to a material for an
organic electroluminescent (EL) device, the material com-
prising a copper(l) complex represented by the following
Formula 1:

[CuX(PPh;),L]

[0009] In the above Formula 1, X is an anion, PPh; is
triphenylphosphine, and L is a substituted or unsubstituted
heterocyclic ligand having 5 to 18 ring carbon.

[0010] The copper(l) complex may exhibit delayed fluo-
rescence.

[0011] The heterocyclic ligand may be a nitrogen-contain-
ing heterocyclic ligand.

[0012] Thenitrogen-containing heterocyclic ligand may be
represented by one of the following ligands (2) to (22):

[Formula 1]
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[0013] The nitrogen-containing heterocyclic ligand is one

of 4-methylpyridine, i-quinoline, and 1,6-naphthyridine.
[0014] X may be an anion selected from the group of a
halide ion, a nitrate ion, and a perchlorate ion.

[0015] X may be one of C17, Br™ and I".
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[0016] The copper(I) complex may be a compound repre-
sented by one of the following Formulae (1A) to (1C:

Formula (1A)

Formula (1B)

Formula (1C)

[0017] Inthe above Formulae (1A)to (1C), X isone of CI7,
BrrandI™.
[0018] Embodiments are also directed to an organic elec-

troluminescent (EL) device, including a copper(I) complex
represented by the following Formula 1:

[CuX(PPh;),L] [Formula 1]

[0019] In the above Formula 1, X is an anion, PPh; is
triphenylphosphine, and L is a substituted or unsubstituted
heterocyclic ligand having 5 to 18 ring carbon atoms.

[0020]
rescence.

The copper(I) complex may exhibit delayed fluo-



US 2015/0280148 Al

[0021] The heterocyclic ligand may be a nitrogen-contain-

ing heterocyclic ligand.

[0022] Thenitrogen-containing heterocyclic ligand may be

represented by one of the following ligands (2) to (22):
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[0023] Thenitrogen-containing heterocyclic ligand may be
one of 4-methylpyridine, i-quinoline, and 1,6-naphthyridine.

[0024] X may be an anion selected from the group of a
halide ion, a nitrate ion, and a perchlorate ion.

[0025] X may be one of C17, Br~ and I".

[0026] The copper(l) complex may be a compound repre-
sented by one of the following Formulae (1A) to (1C:

Formula (1A)

Formula (1B)
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[0027] 1Inthe above Formulae (1A)to (1C), X isone of CI7,
BrandI™.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0029] FIG. 1 illustrates a schematic diagram depicting an
organic EL device according to an embodiment;

[0030] FIG.2A illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(1) complex of Synthetic Example 1;

[0031] FIG. 2B illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(1) complex of Synthetic Example 2;

[0032] FIG. 2C illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure of a copper
(D) complex of Synthetic Example 3;

[0033] FIG. 2D illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(1) complex of Synthetic Example 4;

[0034] FIG. 2E illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(1) complex of Synthetic Example 5;

[0035] FIG. 2F illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(D) complex of Synthetic Example 6;

[0036] FIG. 2G illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(D) complex of Synthetic Example 7;

[0037] FIG.2H illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(1) complex of Synthetic Example §;

[0038] FIG. 2I illustrates a diagram depicting the interpre-
tation result of a single crystalline X-ray structure ofa copper
(D) complex of Synthetic Example 9;

[0039] FIG. 3 illustrates a graph depicting emission spectra
of copper(I) complexes [ CuX(PPh;),(4-Mepy)] X=CI", Br~,
IR

[0040] FIG. 4 illustrates a graph obtained by plotting the
emission life of copper(T) complexes [CuX(PPh,),(4-Mepy)]
(X=CI", Br", I") with respect to the temperature;

[0041] FIG. Sillustrates a schematic diagram of an organic
EL device manufactured using a luminescent material
according to an embodiment; and

[0042] FIG. 6 illustrates an explanation of delayed fluores-
cence.

DETAILED DESCRIPTION
[0043] Example embodiments will now be described more

fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0044] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. In addition, it will also be understood that when a
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layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present.

[0045] Luminescent Material for Organic EL Device
[0046] First, a luminescent material for an organic EL
device according to an embodiment will be explained.
[0047] The luminescent material for an organic EL device
according to an embodiment includes a copper(I) complex
represented by the following Formula 1.

[CuX(PPhj),L]

[0048] In the above Formula 1, X is an anion, PPh; is
triphenylphosphine and L is a substituted or unsubstituted
heterocyclic ligand having 5 to 18 ring carbon atoms.

[0049] As discussed in more detail below, it is believed that
the copper(I) complex represented by the above Formula 1
exhibits delayed fluorescence.

[0050] The term “delayed fluorescence” refers to a light
emitting phenomenon via a process other than known fluo-
rescence or phosphorescence as the light emitting principle of
the organic EL device. The delayed fluorescence is described
in detail referring to FIG. 6. Subpart (a) of FIG. 6 provides an
illustration explaining the light emitting process of fluores-
cence and phosphorescence, and subpart (b) of FIG. 6 pro-
vides an illustration explaining the light emitting process of
delayed fluorescence.

[0051] In general, when holes and electrons injected
respectively from an anode and a cathode recombine in an
emission layer to produce excitons in an organic EL device,
about 35% of excitons having a singlet excited state (S,) and
about 65% of excitons having a triplet excited state (T ) are
generated. As shown in subpart (a) of FIG. 6, fluorescence is
the light emitting phenomenon generated during transition
330 from the singlet excited state (S,) 3104 to a ground state
(S;) 300, and the phosphorescence is light emitting phenom-
enon generated during transition 340 from the triplet excited
state (T,) 320a to the ground state (S,) 300.

[0052] For example, when a fluorescent material is used as
the luminescent material of the organic EL device, only about
25% of the excitons of the singlet excited state (S, ) 310a may
be used for light emission, and about 75% of the excitons of
the triplet excited state (T,) 320e may be deactivated as heat
and not used for the light emission. In addition, when a
phosphorescent material is used as the luminescent material
for the organic EL device, about 75% of the excitons of the
triplet excited state (T ) 320a may be used. However, a phos-
phorescent material typically includes a rare earth metal such
as iridium (Ir) or platinum (Pt) which are expensive.

[0053] As illustrated in subpart (b) of FIG. 6, delayed fluo-
rescence 1s generated when the energy difference between the
singlet excited state (S,) 3105 and the triplet excited state (T )
3204 is extremely small. Delayed fluorescence is a light emit-
ting phenomenon generated when a reverse energy transition
351 from the triplet excited state (T,) 3205 to the singlet
excited state (S,) 3105 is generated by the absorption of
thermal energy, etc., and then, transition 353 from the singlet
excited state (S,) 3106 to the ground state (S,) 300 is gener-
ated. In addition, when the energy is reversely transitioned
from the triplet excited state (T,) 3205 to the singlet excited
state (S,) 3106, the lifetime of the light thus generated may be
longer than that of light generated by fluorescence or phos-
phorescence. This light is differentiated from common fluo-
rescence. Accordingly, the light emitting phenomenon is
referred to as delayed fluorescence.

[Formula 1]
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[0054] When a luminescent material that exhibits delayed
fluorescence is used as the luminescent material of the
organic EL device, about 25% of the excitons of the singlet
excited state (S,) 3106 may emit fluorescence normally. In
addition, about 75% ofthe excitons of the triplet excited state
(T,) 3205 may reversely transition to the singlet excited state
(S,) 3104 by the absorption of the thermal energy, thereby
emitting fluorescence. Therefore, when the luminescent
material exhibiting delayed fluorescence is used as the lumi-
nescent material of the organic EL device, all excitons may be
used for light emission, and emission efficiency may be
largely improved with respect to a general fluorescent mate-
rial and a general phosphorescent material.

[0055] The luminescent material for an organic EL device
according to an embodiment includes a copper(I) complex
represented by the above Formula 1, which is found to exhibit
delayed fluorescence. Thus, the luminescent material for an
organic EL device according to an embodiment may realize
further higher emission efficiency when compared to the
luminescent material for an organic EL device including a
general fluorescent material and a general phosphorescent
material. The luminescent material for an organic EL device
according to an embodiment may be an inexpensive copper
complex. An organic EL device may be manufactured with a
lower cost when compared to using a general phosphorescent
material that includes a rare earth metal.

[0056] Here, the structure of the copper(I) complex repre-
sented by the above Formula 1 and included in the lumines-
cent material for an organic EL device according to an
embodiment will be explained in more detail.

[0057] Intheabove Formula 1, L is a substituted or unsub-
stituted heterocyclic ligand having 5 to 18 ring carbon atoms.
For example, L may be a substituted or unsubstituted nitro-
gen-containing heterocyclic ligand having 5 to 18 ring carbon
atoms. According to this configuration, L may form a coor-
dinate bond with a central metal, copper, by the lone pair
electron of nitrogen included in a heterocycle.

[0058] Forexample, [ may be a nitrogen-containing cyclic
compound represented by one of the following ligands (2) to
(22). The following nitrogen-containing heterocyclic ligands
may form a coordinate bond with a central metal, copper, by
the lone pair electron of nitrogen included in the heterocycle.
The nitrogen-containing cyclic ligand represented by one of
the following ligands (2) to (22) may have an advantage that
no steric hindrance may be generated with other ligands such
as triphenylphosphine (PPhs,), etc.
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[0059] For example, . may be one of 4-methylpyridine,

i-quinoline and 1,6-naphthyridine. For example, L may be
1,6-naphthyridine.

[0060] WhenL is the 1,6-naphthyridine, the emitting color
of the copper (I) complex may be red. In addition, by chang-
ing ligand X, the wavelength of light and quantum yield may
be changed. For example, when L is 1,6-naphthyridine, the
wavelength of the light may be controlled according to the
organic EL device used. On the other hand, when I is i-quino-
line, the light emitting process of the excitons of the triplet
excited state (T,) may become mainly phosphorescence
rather than delayed fluorescence.
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[0061] 1Inthe above Formula 1, X is an anion. For example,
X may be an anion selected from the group of a halide ion, a
nitrate ion and a perchlorate ion. For example, X may be one
of CI7, Br and I".

[0062] Particular examples of the copper(l) complex rep-
resented by the above Formula 1 include one compound rep-
resented in the following Formulae (1A) to (1C.

Formula (1A)

Formula (1B)

Formula (1C)

[0063] Intheabove Formulae(1A)to (1C), X may beone of
CI,BrrandI".
[0064] The copper(I) complex represented by the above-

described Formula 1 may exhibit delayed fluorescence as
verified in the following examples. Thus, the luminescent

Oct. 1, 2015

material for an organic EL. device including the copper(I)
complex represented by the above Formula 1 may improve
the emission efficiency of the organic EL device.

[0065] Structure of Organic EL Device

[0066] Referring to FIG. 1, an organic EL device using the
luminescent material for an organic EL device according to
an embodiment will be explained. FIG. 1 is a schematic
diagram illustrating an embodiment of an organic EL device
according to an embodiment.

[0067] As shown in FIG. 1, an organic EL device 100
according to an embodiment may include a substrate 102, an
anode 104 disposed on the substrate 102, a hole injection
layer 106 disposed on the anode 104, a hole transport layer
108 disposed on the hole injection layer 106, an emission
layer 110 disposed on the hole transport layer 108, an electron
transport layer 112 disposed on the emission layer 110, an
electroninjection layer 114 disposed on the electron transport
layer 112 and a cathode disposed on the electron injection
layer 114. In some implementations, a portion of the layers of
the organic EL device 100 may be omitted, and other layers
may be added. In some implementations, one or more layers
of the organic EL device 100 may be formed as a multilayer.
[0068] The substrate 102 may be, for example, a transpar-
ent glass substrate, a semiconductor substrate formed using
silicon (8i), etc., a flexible substrate made of a resin, etc.
[0069] The anode 104 may be disposed on the substrate
102. The anode 104 may be formed using, for example, a
metal having high work function, an alloy, a conductive com-
pound, etc. For example, the anode 104 may be formed using
indium tin oxide (ITO), indium zinc oxide (IZ0), etc.
[0070] Thehole injection layer 106 may be disposed on the
anode 104. The hole injection layer 106 may include, for
example,  4,4',4"-tris[2-naphthyl(phenyl)amino]tripheny-
lamine (2-TNATA), N,N,N',N'-tetrakis(3-methylphenyl)-3,
3'-dimethylbenzidine (HMTPD), dipyrazino[2,3-£:2'3'-h]
quinoxaline-2,3,6,7,10,11-hexacarbonitrile ~ (HAT(CN)6,
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate)
(PEDOT/PSS), etc.

[0071] Theholetransport layer 108 may be disposed on the
hole injection layer 106. The hole transport layer 108 may
include, for example, N,N'-bis(3-methylphenyl)-N,N'-diphe-
nylbenzidine (TPD), 4,4'.4"-tris(N-carbazolyl)tripheny-
lamine (TCTA) and N,N'-di(1-naphthyl)-N,N'-diphenylben-
zidine (NPD).

[0072] Theemission layer 110 may be disposed on the hole
transport layer 108. The emission layer 110 may include the
luminescent material for an organic EL device according to
an embodiment. In addition, the emission layer 110 may
include, for example, 9,10-di(2-naphthyl)anthracene (ADN),
poly(N-vinylcarbazole) (PVCz), etc., as a host material. In
addition, the emission layer 110 may include a hole transport
material used in the hole transport layer 108, etc. or an elec-
tron transport material used in the electron transport layer
112, etc.

[0073] Theelectron transport layer 112 may be disposed on
the emission layer 110 The electron transport layer 112 may
include, for example, tris(8-hydroxyquinolinato)aluminum
(Alg3), 3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-
4H-1,2 4-triazole (TAZ), etc.

[0074] The electron injection layer 114 may be disposed on
the electron transport layer 112. The electron injection layer
114 may include, for example, lithium fluoride (LiF), sodium
chloride (NaCl), cesium fluoride (CsF), lithium oxide (Li,0),
barium oxide (BaO), etc.
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[0075] The cathode 116 may be disposed on the electron
injection layer 114. the cathode 116 may include, for
example, a metal having low work function, an alloy, a con-
ductive compound, etc. For example, the cathode 116 may be
formed using a metal such as Al, or a transparent material
such as I1TO, 170, etc.

[0076] Inthe structure of the organic EL device 100 shown
in FIG. 1, other suitable materials for an organic EL device
may be used in, for example, the cathode 104, the hole injec-
tion layer 106, the hole transport layer 108, the electron
transport layer 112, the electron injection layer 114 and the
cathode 116.

[0077] Each layer of the organic EL device 100 according
to an embodiment may be formed by selecting an appropriate
layer forming method, such as a vacuum deposition method,
asputtering method, various coating methods, etc., according
to the material used.

[0078] For example, electrode layers such as the anode 104
and the cathode 116 may be formed by selecting a deposition
method including an electron beam evaporation method, ahot
filament evaporation method or a vacuum deposition method,
a sputtering method, or a plating method (an electroplating
method or an electroless plating method).

[0079] An organic layer such as the hole injection layer
106, the hole transport layer 108, the emission layer 110, the
electron transport layer 112, the electron injection layer 114,
etc. may be formed by a physical vapor deposition (PVD)
method, such as a vacuum deposition method, a printing
method, such as a screen printing method or an ink jet printing
method, a laser transcription method or a coating method,
such as a spin coat method.

[0080] As described above, an embodiment of the organic
EL device 100 according to an embodiment has been
explained. The organic EL device according to an embodi-
ment may include the copper(I) complex showing delayed
fluorescence in the emission layer 110. Accordingly, emis-
sion efficiency may be increased.

[0081] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

EXAMPLES

[0082] Hereinafter, a copper(I) complex with delayed fluo-
rescence and an organic EL device according to an embodi-
ment will be explained in detail referring to examples and
comparative examples

[0083] Synthesis of Copper(I) Complex with Delayed
Fluorescence

[0084] Copper(I) complexes including a luminescent mate-
rial for an organic EL device according to embodiments were
synthesized by the following synthetic methods, as examples.
In addition, the single crystalline X-ray structure of the cop-
per(I) complex thus synthesized was interpreted by using a
CCD type single crystalline X-ray diffraction apparatus
manufactured by Rigaku Co. (Mercury CCD) and interpreta-
tion software (Crystal Structure). The interpretation results of
the single crystalline X-ray structure are illustrated in FIGS.
2A to 2L
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Synthetic Example 1

[CuCl(PPh;),(4-Mepy)]

[0085] A solution obtained by adding y-picoline (1 mL)and
CHCI; (1 mL) to [CuCI(PPh;),] (88.7 mg, 0.096 mmol) was
controlled. The solution thus obtained was recrystallized by a
vapor-liquid diffusion method using ether overnight. [CuCl
(PPh,),(4-Mepy)] (39 mg) was produced as a colorless crys-
tal with 56% yield. The interpretation results of the single
crystalline X-ray structure of the crystal thus obtained is
illustrated in FIG. 2A. Herein, PPh, represents triphenylphos-
phine and 4-Mepy represents 4-methylpyridine (ligand (15)).

Synthetic Example 2

[CuBr(PPh;),(4-Mepy)]

[0086] y-Picoline (1 mL) and PPh, (680 mg, 2.6 mmol)
were added to CuBr (42.5mg, 0.30 mmol). CHCI, (1 mL) was
added thereto. The precipitate thus produced was removed by
filtering, and filtrate was recrystallized by a vapor-liquid dif-
fusion method using ether overnight. [CuBr(PPhs),(4-
Mepy)] (110 mg) was produced as a colorless crystal with
47% yield. The interpretation results of the single crystalline
X-ray structure of the crystal thus obtained is illustrated in
FIG. 2B.

Synthetic Example 3

[Cul(PPhs),(4-Mepy)]

[0087] y-Picoline (1 mL) and PPh, (660 mg, 2.5 mmol)
were added to Cul (48.9 mg, 0.26 mmol). In addition, CHCI,
(1 mL) was added thereto. The solution thus produced was
recrystallized by a vapor-liquid diffusion method using ether
for two days, and a colorless crystal was precipitated. Dif-
fused liquid was extracted and covered, followed by standing
for one week to produce [Cul(PPh, ),(4-Mepy)] (177.1 mg) as
a colorless crystal with 85% yield. The interpretation results
of the single crystalline X-ray structure of the crystal thus
obtained is illustrated in FIG. 2C.

Synthetic Example 4

[CuCl(PPh,),(i9)]

[0088] A solution obtained by adding isoquinoline (1 mL)
and CHCl; (1 mL) to [CuCl(PPh;),].CH,CN (90.4 mg, 0.098
mmol) was controlled. The solution thus produced was
recrystallized by a vapor-liquid diffusion method using ether
overnight. [CuCl(PPh,),(iq)] (43.8 mg) was produced as a
yellow crystal with 60% yield. The interpretation results of
the single crystalline X-ray structure of the crystal thus
obtained is illustrated in FIG. 2D. Herein, iq represents
i-quinoline (ligand (3)).

Synthetic Example 5

[CuBr(PPh,),(iq)]

[0089] A solution obtained by adding PPh, (153.8 mg, 0.59
mmol) and isoquinoline (1 mL) to CuBr (37.5 mg, 0.24
mmol) and diluting using CHCl, (2 mL) was controlled. The
controlled solution thus obtained was recrystallized by a
vapor-liquid diffusion method using ether overnight to pro-
duce [CuBr(PPh;),(iq)] (128.7 mg) as a yellow crystal with
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69% yield. The interpretation results of the single crystalline
X-ray structure of the crystal thus obtained is illustrated in
FIG. 2E.

Synthetic Example 6

[Cul(PPh;),(iq)]

[0090] About 2 eq. of PPh, (1.12 mmol) with respect to Cul
was added to Cul (52.3 mg, 0.28 mmol) and dissolved in an
excessive amount (2-3 mL) of isoquinoline. After the disso-
lution, the isoquinoline was frozen and hardened in a short
time, and so, CHCI, was added to dissolve the isoquinoline
again. The solution thus obtained was recrystallized by a
vapor-liquid diffusion method using ether overnight to pro-
duce [Cul(PPh,),(iq)] (210 mg) as a yellow crystal with 89%
vyield. The interpretation results of the single crystalline X -ray
structure of the crystal thus obtained is illustrated in FIG. 2F.

Synthetic Example 7

[CuCl(PPh,),(1,6-nap)]

[0091] A solution of 1,6-naphthyridine (100 mg, 0.77
mmol) in CHCI, (1 mL) was added to [CuCI(PPh, );].CH,CN
(49.6 mg, 0.054 mmol). The solution thus obtained was
recrystallized by a vapor-liquid diffusion method using ether
for three days to produce [CuCl(PPh;),(1,6-nap)] (20.5 mg)
as a yellow crystal with 52% yield. The interpretation results
of the single crystalline X-ray structure of the crystal thus
obtained is illustrated in FIG. 2G. Here, 1,6-nap represents
1,6-naphthyridine (ligand (10)).

Synthetic Example 8

[CuBr(PPh;),(1,6-nap)]

[0092] A solution of 1,6-naphthyridine (100 mg, 0.77
mmol) in CHCI, (1 mL) was added to [CuBr(PPh,),] (56.8
mg, 0.061 mmol). The solution thus obtained was recrystal-
lized by a vapor-liquid diffusion method using ether over-
night to produce [CuBr(PPh,),(1,6-nap)] (43.1 mg) as a yel-
low crystal with 89% yield. The interpretation results of the
single crystalline X-ray structure of the crystal thus obtained
is illustrated in FIG. 2H.

Synthetic Example 9

[Cul(PPhy),(1,6-nap)]

[0093] A solution of 1,6-naphthyridine (101.8 mg, 0.78
mmol) in CHCI, (1 mL) was added to [Cul(PPh;)] (63.3 mg,
0.065 mmol). The solution thus obtained was recrystallized
by a vapor-liquid diffusion method using ether overnight to
produce [Cul(PPh;),(1,6-nap)] (31.1 mg) as a yellow crystal
with 57% yield. The interpretation results of the single crys-
talline X-ray structure of the crystal thus obtained is illus-
trated in FIG. 21.

[0094] Evaluation of Properties of Copper(I) Complex
[0095] Hereinafter, the interpretation results on the emis-
sion properties of the copper(I) complexes synthesized above
will be shown, and the delayed fluorescence of the copper(I)
complex will be explained.

[0096] First, with respect to the copper(I) complexes [ CuX
(PPh,),(4-Mepy)] (X=CI", Br", ") synthesized in Synthetic
Examples 1 to 3, emission spectra were measured. The mea-
suring of the emission spectrum was conducted by using an
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FR-6600 spectrofluorometer manufactured by JASCO Co.
with respect to crystalline powders at room temperature. The
wavelength of exciting light was 350 nm. The results are
illustrated in FIG. 3. FIG. 3 illustrates a graph depicting
emission spectra of the copper(T) complexes [CuX(PPh,),(4-
Mepy)] (X=CI7, Br, I).

[0097] Referring to FIG. 3, all the copper(I) complexes
[CuX(PPh;),(4-Mepy)] (X=CI", Br™, I") exhibited spectra
without a similar vibration structure. [CuCl(PPh,),(4-
Mepy)] and [CuBr(PPh;),(4-Mepy)] exhibited nearly the
same emission maximum wavelength (A =468 nm) and
[Cul(PPh,),(4-Mepy)] exhibited emission maximum wave-
length (A, =455 nm), which is shifted to a shorter wave-
length side.

[0098] After that, emission wavelength (A, ) at the maxi-
mum, emission quantum yield (¢,,,), emission life (t) were
measured at room temperature and 77K, respectively, and a
radiation rate constant (kr) was computed with respect to the
copper(I) complexes [CuX(PPh;),(4-Mepy)] (X=CI-, Br",
I7) synthesized in Synthetic Examples 1 to 3. The results are
shown in the following Table 1.

[0099] The emission wavelength (A,,,.) at the maximum
was measured by using a FR-6600 spectrofluorometer manu-
factured by JASCO Co. as described above, and the emission
quantum yield (¢,_,) was measured by using a C9920-02
absolute PL. quantum yield measuring apparatus manufac-
tured by Hamamatsu Photonics Co. In addition, the emission
life () was measured by using C4334 streak camera manu-
factured by Hamamatsu Photonics Co. In addition, the radia-
tion rate constant (kr) was computed by the formula ¢, /T.

TABLE 1
Temperature Ay, [nm] ¢, Tlus] ks
[CuCI(PPh,), 298 K 468 099 10 11x10°
(4-Mepy)] 77K 488 082 38 24x10%
[CuBr(PPh,), 298 K 467 095 15 74x10%
(4-Mepy)] 77K 477 095 40 20x10%
[Cul(PPhy),(4- 298 K 455 066 11 9.0x10%
Mepy)] 77K 458 076 52 l4x10%

[0100] As shown in Table 1, the radiation rate constant (kr)
is greater by about 4 to 20 times at room temperature (298K)
when compared to that at 77K for all copper(I) complexes.
From this results, it may be suggested that the emission pro-
cess of the copper(I) complexes [CuX(PPh,),(4-Mepy)]
(X=CI~, Br~, I7) is different at room temperature (298K) and
77K.

[0101] For the interpretation of the emission process of the
copper(I) complexes [CuX(PPh;),(4-Mepy)] (X=CI", Br’,
I7) in more detail, emission life was measured for each tem-
perature, and the temperature dependency of the emission life
was interpreted. In addition, for the measurement of the emis-
sion life, the C4334 streak camera manufactured by
Hamamatsu Photonics Co. described above was used. The
results are illustrated in FIG. 4. FIG. 4 is a graph obtained by
plotting emission life at each temperature for the copper(I)
complexes [CuX(PPh,),(4-Mepy)] (X=CI7, Br", I").

[0102] As shown in FIG. 4, it may be found that the emis-
sion life was increased from room temperature (298K) to a
lower temperature for all copper(I) complexes, and reached a
steady value at about 150-160K.

[0103] The attenuation of the emission may be considered
as being generated with single exponential. The temperature
dependency shown in FIG. 4 may be considered as being
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generated by the emission from two states in thermal equilib-
rium. Simulation interpretation based on the following Equa-
tion 1 was conducted. In addition, in this simulation interpre-
tation, the state with higher energy was set to the emission
process of fluorescence, and the state with lower energy was
set to the emission process of phosphorescence. The energy
difference therebetween was set to AE.

ky| + kg K
o T TR

[Equation 1]

[0104] In the above Equation 1, K, is a computed radia-
tion rate constant according to the measured results, K, is a
radiation rate constant of only fluorescence, K ,, is a radiation
rate constant of only phosphorescence, K is a constant repre-
sented by the following Equation 2.

k=% exp(—AE/[RT) [Equation 2]
8L
[0105] Intheabove Equation 2, g;,and g; are the multiplic-

ity for each state. In this simulation interpretation, since the
state with higher energy was set to the emission process of the
fluorescence, and the state with lower energy was set to the
emission process of the phosphorescence, g,,1s 1, and g; is 3.
In addition, R is the gas constant, and T is the absolute
temperature.

[0106] By overlapping a fitting curve by the above interpre-
tation with FIG. 4, the coincidence with the measured results
may be found. The K, K, and AE values of the copper(I)
complex according to an embodiment, computed by the
above Equation 1 and the simulation interpretation are shown
in the following Table 2. In Table 2, the Kg,, K, and AE
values of a known complex [Cu(pop)(NN)] with delayed
fluorescence are shown together. Here, “pop” represents bis
(2-(diphenylphosphanyl)phenyl)ether and “NN” represents
bis(pyraxol-1-yl)borohydrate.

TABLE 2
AE[Cmil] K51[571] Kn [Sil}
[CuCl(PPhy)5(4-Mepy)] 940 2.1x107 2.9x10*
[CuBr(PPhs),(4-Mepy)] 1070 24x107 2.0x 10*
[Cul(PPh,},(4-Mepy)] 1070 7.1x107 2.0x 10*
[Cupop)(NN)] 800-1300 33x107  LO0x10%
1.0x10°
[0107] As shown from the above Table 2, the K, value of

the copper(I) complex according to embodiments was 2.1x
10710 7.1x107 57, and the K ;, value thereof was 2.0x10* to
2.9x10* s~". Thus, it may be found that the K, value of the
copper(I) complex according to embodiments (2.1x107-7.1x
107 57") is the same as the K, value of the known complex
[Cu(pop)(NN)] with delayed fluorescence (3.3x107 s71). In
addition, with respect to the K, value, the K, value of the
copper(I) complex according to embodiments (2.0x10%-2.9x
10*s™") was the same as the K, value of the known complex
[Cu(pop)(NN)] with delayed fluorescence (1.0x10%-1.0x10°
s~"). With respect to AE, AE of the copper(I) complex accord-
ing to anembodiment (940-1070cm ™) was the same as AE of
the known complex [Cu(pop)(NN)] with delayed fluores-
cence (800-1300 cm™). Accordingly, since all parameters of
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the copper(I) complex according to embodiments were found
to be about the same as those of the known material with
delayed fluorescence, the copper(I) complex may be judged
to have delayed fluorescence of a thermal activation type.
[0108] Manufacture of Organic EL, Device

[0109] To verify the effects of the copper(I) complex
according to an embodiment, an organic EL. device was
manufactured by the following process.

Example 1

[0110] First, with respect to an ITO-glass substrate (manu-
factured by Sanyo Vacuum Industries) patterned and washed
in advance, a surface treatment using ozone was performed.
On the glass substrate, the thickness of the ITO layer was
about 150 nm. Immediately after the ozone treatment, a layer
including poly(3,4-ethylenedioxythiophene):poly(styrene-4-
sulfonate) (PEDOT:PSS, Clevios PCH 8000 produced by
Heraeus Co.)as a hole injection material was formed by a spin
coat method on the ITO layer to a thickness of about 40 nm,
and baking was performed at about 110° C. for about 1 hour.
[0111] Then, a layer including a light emitting ink obtained
by dissolving 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-
oxadiazol (OXD-7) as an electron transport material, the cop-
per(I) complex synthesized in Synthetic Example 1 as a lumi-
nescent material, and PVCz as a hole transport host material
dissolved in dehydrated toluene (produced by Wako Pure
Chemical Industries, Ltd.) was formed by a spin coat method
to a layer thickness of about 100 nm, and baking was per-
formed at about 80° C. for about 1 hour. In the light emitting
ink, the mixing ratio of each material was OXD-7:copper(])
complex:PVCz=2.0:0.5:1.0 by weight.

[0112] Then, LiF was deposited as an electron injection
material by a vacuum deposition method to a layer thickness
of about 1.0 nm, and a layer was formed using Al to a thick-
ness of about 250 nm as a cathode to manufacture an organic
EL device 200. The organic EL device 200 thus manufactured
was encapsulated together with a desiccant in a cavity glass
using a UV-curable resin.

Examples 2 to 9

[0113] Organic EL devices 200 were manufactured by per-
forming the same procedure described in Example 1 except
for using the copper(I) complexes synthesized in Synthetic
Examples 2 to 9 instead of the copper(I) complex synthesized
in Synthetic Example 1 and used in Example 1.

Comparative Example 1

[0114] Organic EL devices 200 were manufactured by per-
forming the same procedure described in Example 1 except
for using [CuCl(PPh,),] instead of the copper(l) complex
synthesized in Synthetic Example 1 and used in Example 1.
[CuCI(PPh,),] differs from the copper(I) complex according
to embodiments by including an additional PPh; instead of
the ligand (L).

[0115] The schematic diagram of the organic EL, device
200 according to Examples 1 to 9 and Comparative Example
1 is shown in FIG. 5. The organic EL device 200 thus manu-
factured includes a substrate 202, an anode 204 disposed on
the substrate 202, a hole injection layer 206 disposed on the
anode 204, an emission layer 208 disposed on the hole injec-
tion layer 206, an electron injection layer 210 disposed on the
emission layer 208 and a cathode 212 disposed on the electron
injection layer 210.
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[0116] Evaluation Results

[0117] Theevaluation results of the organic EL devices 200
manufactured in Examples 1 to 9 and Comparative Example
1 are illustrated in the following Table 3. In addition, for the
evaluation ofthe electroluminescent properties of the organic
EL devices 200 thus manufactured, a C9920-11 brightness
light distribution characteristics measurement system manu-
factured by Hamamatsu Photonics Co. was used. In the fol-
lowing Table 3, emission efficiency was measured at current
density of 20 mA/cm”>.

[0118] In Table 3, “4-Mepy” represents 4-methylpyridine
(Formula (15)). “iq” represents i-quinoline (Formula (3)),
and “1,6-nap” represents 1,6-naphthyridine (Formula (10)).

TABLE 3

11
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Lisaligand represented by one of the following ligands (4)
to (14) and (18) to (22):

@

7\

Example Example Example Example Example
1 2 3 4 5

Example

6

Example Example Example
7 8 9

Comparative
Example 1

ligand L 4-Mepy  4-Mepy  4-Mepy iq iq
ligand X Cl Br I Cl Br
Emission 2.1 1.8 1.7 2 1.3
efficiency

[cd/A]

iq
I
1.6

1,6-nap 1,6-nap PPh3
Cl Br I Cl
0.5 1.4 1.9 0.2

[0119] As shown in the above Table 3, the organic EL
devices of Examples 1 to 9 according to exemplary embodi-
ments exhibited higher emission efficiency when compared
to that of the organic EL device of Comparative Example 1.

[0120] Inaddition, eventhough exemplary embodiments of
the organic EL devices using the copper(I) complexes accord-
ing to exemplary embodiments as luminescent materials were
explained, itis to be understood that, the luminescent material
including the copper(l) complex according to embodiments
may be used in other luminescent devices or luminescent
apparatuses. As examples, the organic EL devices shown in
FIGS. 1 and 5 may be used in an organic EL device of a
passive-matrix driving type, or in an organic EL device of an
active-matrix driving type.

[0121] By way of summation and review, embodiments
provide a novel and improved material for an organic EL
device of which emission efficiency may be improved, and an
organic EL device

[0122] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope thereof as set forth in the following claims.

1. A material for an organic electroluminescent (EL)
device, the material comprising a copper(l) complex repre-
sented by the following Formula 1:

[CuX(PPhj),L] [Formula 1]

in the above Formula 1,
X is an anion,

PPh, is triphenylphosphine, and

-continued
)

©)
™
®)
©)
(10)

(11

O
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-continued

13)

(14)

(18)

19
20)

2

0

2. The material for an organic EL device as claimed in
claim 1, wherein the copper(I) complex exhibits delayed fluo-
rescernce.

3-4. (canceled)

5. The material for an organic EL device as claimed in
claim 4, wherein the nitrogen-containing heterocyclic ligand
is 1,6-naphthyridine.

6. The material for an organic EL device as claimed in
claim 5, wherein X is an anion selected from the group of a
halide ion, a nitrate ion, and a perchlorate ion.

7. The material for an organic EL device as claimed in
claim 6, wherein X is one of C17, Brand I".
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8. The material for an organic EL device as claimed in
claim 1, wherein the copper(I) complex is a compound rep-
resented by the following Formula (1C):

Formula (1C)

in the above Formula 1C, X is one of CI~, Br-and I".

9. An organic electroluminescent (EL) device, comprising
a copper(l) complex represented by the following Formula 1:

[CuX(PPhy),L] [Formula 1]

in the above Formula 1,
X is an anion,
PPh, is triphenylphosphine, and

Lisaligand represented by one of the following ligands (4)
to (14) and (18) to (22):

@)

7\

®)

NN

©)

Z

Z,

/7 N\
N\ 7

™

Z,

N\
4

(
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-continued

Z

_/

N

N SN
IN//
|\N\
M NF

Z\ /Z

/

\

@)
&
Z
a
&

%z g\ />Z

W, \z_/
DX®
DX®

Oct. 1, 2015
13
-continued
®) N (20)
| x AN
N/ A
® X 21
| x AN
AN ya

(10) N (2
s
NT .

10. The organic EL device as claimed in claim 9, wherein
the copper(I) complex exhibits delayed fluorescence.

(12) 11-12. (canceled)

(1)

13. The organic EL device as claimed in claim 12, wherein
the nitrogen-containing heterocyclic ligand is 1,6-naphthyri-
dine.

14. The organic EL device as claimed in claim 13, wherein
X is an anion selected from the group ofa halide ion, a nitrate

ion, and a perchlorate ion.
13)
15. The organic EL device as claimed in claim 14, wherein

Xisoneof CI7, Br and I".

16. The organic EL device as claimed in claim 9, wherein
the copper(l) complex is a compound represented by the
following Formula (1C):

Formula (1C)
14

Cu..,,
P/ u\ uu,,””P
(19 X

(19)

in the above Formulae (1A) to (1C), X is one of C17, Br~
and I”.
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