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ANTHRACENE COMPOUND AND ORGANIC
LIGHT EMITTING DIODE INCLUDING THE
SAME

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0097356 filed on Sep. 3, 2012, which is
incorporated herein by reference for all purposes as if fully set
forth herein.

BACKGROUND OF INVENTION

1. Field of the Invention

This document relates to an organic light emitting diode
(OLED), and more particularly, to an organic light emitting
diode (OLED) including an anthracene compound.

2. Discussion of the Related Art

Recently, the importance of flat panel displays (FPD) is
increasing with the development of multimedia. Therefore,
various displays such as liquid crystal displays (LCD),
plasma display panels (PDP), field emission displays (FED),
and organic light emitting diodes (OLED) are commercial-
ized.

In particular, an OLED has high response speed of no more
than 1 ms, uses a small amount of power, and 1s self-emissive.
In addition, since there is no problem in a viewing angle, the
OLED is advantageous as a moving picture display medium
regardless of the size of an apparatus. In addition, since the
OLED may be manufactured at a low temperature and has
simple manufacturing processes based on a conventional
semiconductor process technology, the OLED is spotlighted
as a next generation FPD.

The OLED includes a light emitting layer between an
anode electrode and a cathode electrode so that holes supplied
from the anode electrode and electrons supplied from the
cathode electrode are combined with each other in the light
emitting layer to form excitons that are pairs of holes and
electrons. Light is emitted by energy generated by the exci-
tons returning to a ground state.

The OLED is developed to have various structures. Among
them, a tandem-type OLED in which a number of light emit-
ting layers are laminated is developed. The tandem-type
OLED has a structure in which a plurality of stacks each
formed of a hole injection layer (HIL)/a hole transport layer
(HTL)/a light emitting layer/an electron transport layer
(ETL)/an electron injection layer (EIL) are laminated
between the anode electrode and the cathode electrode. In
particular, a charge generation layer (CGL) formed of an
N-type CGL and aP-type CGL is provided between the stacks
to generate charges or to inject charges into the light emitting
layers.

However, in the CGL, due to a difference in an energy level
between the N-type CGL and the P-type CGL. a characteristic
in which electrons generated in an interface between the
P-type CGL and an adjacent hole injection layer by charge
generation are injected into the N-type CGL is deteriorated.
Inaddition, when the conventional N-type CGL is doped with
an alkali metal, the alkali metal is diffused into the P-type
CGL so that the life of the OLED is reduced.

SUMMARY

The present invention has been made in an effort to provide
an anthracene compound and an organic light emitting diode
(OLED) including the same in which a new N-type CGL is
provided so that the driving voltage of the OLED is reduced,
that the emission efficiency of the OLED is improved, and
that the life of the OLED is increased.
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2

In one aspect, there is An anthracene compound repre-
sented by formula 1,

[FORMULA 1]

/RZ
RR X0 Rl 7 7

R7 \N

R6 R3

R5 X10 R4

wherein each of R1 to R8 is one selected from the group
consisting of a hydrogen-containing alkyl or heteroalkyl
group having 1 to 20 carbon atoms, an aryl group having 5 to
20 carbon atoms, and a nitrogen, sulfur, or oxygen-containing
heteroaryl group having 4 to 20 carbon atoms, and wherein
each of X9 and X10 is one selected from the group consisting
of a nitrogen, sulfur, or oxygen-containing heteroaryl group
having 4 to 20 carbon atoms and an aryl group having 6 to 20
carbon atoms.

In another aspect, there is an organic light emitting diode
(OLED) includes at least two stacks formed between a first
electrode and a second electrode and a charge generation
layer (CGL) including an N-type CGL and a P-type CGL
formed between the stacks, wherein the N-type CGL is
formed of the anthracene compound.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 11is a view illustrating an organic light emitting diode
(OLED) according to an embodiment of the present inven-
tion,;

FIG. 2 is a graph illustrating current density in accordance
with the driving voltage of the OLED manufactured in accor-
dance with the embodiment of the present invention; and

FIG. 3 is a graph illustrating a life reduction ratio in accor-
dance with time of the OLED manufactured in accordance
with the embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the invention, examples of which are illustrated in the accom-
panying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the
same or like parts. It will be paid attention that detailed
description of known arts will be omitted if it is determined
that the arts can mislead the embodiments of the invention.

FIG. 11s a view illustrating an organic light emitting diode
(OLED) according to an embodiment of the present inven-
tion. Hereinafter, an OLED in which two stacks are laminated
will be taken as an example. However, the present invention is
not limited to the above.

Referring to FIG. 1, an OLED 100 according to an embodi-
ment of the present invention may be a white OLED including
yellow light and blue light. In detail, the OLED 100 includes
a firstelectrode 120 positioned on asubstrate 110, a first stack
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130 positioned on the first electrode 120 and including a first
light emitting layer 133, a charge generation layer (CGL) 140
positioned on the first stack 130, a second stack 150 posi-
tioned on the CGL 140 and including a second light emitting
layer 153, and a second electrode 160 positioned on the
second stack 150.

The substrate 110 may be formed of transparent glass,
plastic, or a conductive material. The first electrode 120 as an
anode electrode for injecting holes may be a transparent elec-
trode that transmits light. The first electrode 120 is formed of
one of indium tin oxide (ITO), indium zinc oxide (IZO), and
zine oxide (ZnO). A reflecting layer 115 may be further
provided between the substrate 110 and the first electrode
120. The reflecting layer 115 for reflecting light upward may
be formed of one of Al, Ag, and Ni under the first electrode
120.

The first stack 130 positioned on the first electrode 120 may
include the first light emitting layer 133 for emitting blue
light. In the first stack 130, since only a blue light emitting
layer is included as the first light emitting layer 133 so that
only blue light is emitted, stability of blue may be improved.
In the first light emitting layer 133 for emitting blue light,
fluorescent blue dopant may be mixed with one host. For
example, in the first light emitting layer 133, fluorescent blue
dopant such as 1,6-Bis(diphenylamine)pyrene or TBPe(tet-
rakis(t-butyl)perylene) may be mixed with a host material
such as AND(9,10-di(2-naphthyl)anthracene) or DPVBi(4,
4'-bis(2,2-diphenylethen-1-yl)-diphenyl). In addition, the
fluorescent blue dopant may be deep blue dopant or sky blue
dopant. The deep blue dopant may be 4'-N,N-diphenylami-
nostyryl-triphenyl(DPA-TP),  2,5,2',5"-tetrastyryl-biphenyl
(TSB), or an anthracene derivative. The sky blue dopant may
be p-bis(p-N,N-diphenyl-aminostyryl)benzene or phenylcy-
clopentadiene.

The first stack 130 may further include a first hole injection
layer 131 and a first hole transport layer 132 formed between
the first electrode 120 and the first light emitting layer 133 and
a first electron transport layer 134 formed between the first
light emitting layer 133 and the CGL 140.

The hole injection layer 131 for smoothly injecting holes
from the first electrode 120 to the first light emitting layer 133
may be formed of at least one selected from the group con-
sisting of cupper phthalocyanine (CuPc), poly(3,4)-ethylene-
dioxythiophene (PEDOT), polyaniline (PANI), and N,N-di-
naphthyl-N,N'-diphenyl benzidine (NPD). However, the
present invention is not limited to the above.

The first hole transport layer 132 for smoothly transporting
holes may be formed of at least one selected from the group
consisting of N,N-dinaphthyl-N,N'-diphenyl benzidine
(NPD), N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzi-
dine (TPD), s-TAD, and 4.4',4"-Tris(N-3-methylphenyl-N-
phenyl-amino)-triphenylamine (MTDATA). However, the
present invention is not limited to the above.

The first electron transport layer 134 for smoothly trans-
porting electrons may be formed of at least one selected from
the group consisting of Alq3(tris(8-hydroxyquinolino)alumi-
num), PDB, TAZ, Spiro-PBD, BAlq, and SAlq. However, the
present invention is not limited to the above.

On the other hand, the CGL 140 positioned on the first
stack 130 is a PN conjunction CGL in which an N-type CGL
141 and a P-type CGL 142 are in conjunction with each other.
The PN conjunction CGL 140 generates charges or divides
charges into holes and electrons to inject charges into the light
emitting layers. That is, the N-type CGL 141 supplies elec-
trons to the first light emitting layer 133 adjacent to the first
electrode and the P-type CGL 142 supplies holes to the sec-
ond light emitting layer 153 adjacent to the second electrode
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160 so that the emission efficiency of the OLED including a
plurality oflight emitting layers may be increased and that the
driving voltage of the OLED may be reduced.

The N-type CGL 141 is formed of an anthracene com-
pound and will be described in detail later. The P-type CGL
142 may be formed of an organic material doped with a metal
or P-type dopant. Here, the metal may be formed of one or at
least two alloys selected from the group consisting of Al, Cu,
Fe, Pb, Zn, Au, Pt, W, In, Mo, Ni, and Ti. In addition, the
P-type dopant used for the organic material doped with the
P-type dopant and a host may be formed of commonly used
materials. For example, the P-type dopant may be one mate-
rial selected from the group consisting of 2,3,5,6-thetraflu-
ore-7,7,8 8-tetracyanoquinodimethane (F4-TCNQ), a deriva-
tive of tetracyanoquinodimethane, iodine, FeCl3, FeF3, and
SbC15. The host may be one material selected from the group
consisting of N,N'-di(naphthalene-1-i1)-N,N-diphenyl-ben-
zidine (NPB), N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1-
biphenyl-4,4'-diamine (TPD), and N,N',N'-tetranaphthyl-
benzidine (TNB).

On the other hand, the second stack 150 positioned on the
CGL 140 may include the second light emitting layer 153 for
emitting yellow light. In the second light emitting layer 153,
yellow dopant may be included in a host or red and green
dopants may be included in one host.

For example, when the yellow dopant is included in the
host in the second light emitting layer 153, the same material
as the above-described host of the first light emitting layer
133 may be used as the host and the blue dopant and
Irpq2acac (bis(phenylquinoline) iridium acetylacetonate)
may be used as yellow phosphor dopant. When the red and
green dopants are included in one host in the second light
emitting layer 153, Ir(piq)2acac (bis(phenylisoquinoline) iri-
dium acetylacetonate) may be used as red phosphor dopant
included in the host and Irppy3(tris(phenylpyridine)iridium)
may be used as green phosphor dopant.

The second stack 150 further includes a second hole injec-
tion layer 151 and a second hole transport layer 152 formed
between the CGL 140 and the second light emitting layer 153
and a second electron transport layer 154 and an electron
injection layer 155 formed between the second light emitting
layer 153 and the second electrode 160. The second hole
injection layer 151, the second hole transport layer 152, and
the second electron transport layer 154 are the same as the
above-described first hole injection layer 131, first hole trans-
port layer 132, and first electron transport layer 134 and
description thereof will be omitted.

The electron injection layer 155 for smoothly injecting
electrons may be formed of at least one selected from the
group consisting of Alq3(tris(8-hydroxyquinolino)alumi-
num), PBD, TAZ, Spiro-PBD, BAlq, or SAlq. However, the
present invention 1s not limited to the above. In addition, the
electron injection layer 155 may be a metal halide compound,
for example, at least one selected from the group consisting of
MgF,, LiF, NaF, KF, RbF, CsF, FrF, and CaF,. However, the
present invention is not limited to the above.

The second electrode (cathode) 160 may be formed of a
transparent material so that light emitted from the light emit-
ting layers 133 and 153 may be emitted to the entire surface.
For example, the second electrode 160 may be one of ITO,
170, and ZnO.

The N-type CGL 141 according to the present invention is
formed of the anthracene compound represented by the for-
mula 1.
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[FORMULA 1]
R2
R X0 Rl A ]
R7 N
R6 R3
RS XI0 R4

In the formula 1, each of R1 to R8 is one selected from a
hydrogen-containing alkyl or heteroalkyl group having 1 to
20 carbon atoms, an aryl group having 5 to 20 carbon atoms,
and a nitrogen, sulfur, or oxygen-containing heteroaryl group
having 4 to 20 carbon atoms and each of X9 and X10 is one
selected from a nitrogen, sulfur, or oxygen-containing het-
eroaryl group having 4 to 20 carbon atoms and an aryl group

6

-continued

7

and |

/| Ny
\N

“
\N

10 R6 is one selected from the group consisting of hydrogen,
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Q
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having 6 to 20 carbon atoms. 20
7
R2 |N
\ |N 25
For example, the anthracene compound represented by the
formula 1 may be formed of the following compounds NCO1
is one selected from the group consisting of to NC20 through various combinations of
30
R2
35
P! L
and R6 as illustrated in the table 1.
TABLE 1
R2
e N
g
7 7 7 | 7 | Sy
N N N N
g N N N N
—H NCO1 NC02 NC03 NC04
P NCO3 NC06 NCO07 NCO8
N
NC09 NC10 NC11 NC12
7
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TABLE 1-continued
R2
N N
_ ]
N | 7 | 7 | Ny
N N N N
Ny N N N N
NC13 NC14 NC15 NC16
a
N N
s NC17 NC18 NC19 NC20
e | Ny
N N
The anthracene compound according to the present inven- COMPOSITION EXAMPLE

tion may be doped with an alkali metal. Therefore, as illus-
trated in formula 2, since SP2-nitrogen of the anthracene
compound is a reactive site having relatively abundant elec-
trons, SP2-nitrogen is bonded with Li to form a gap state.
Electrons may be easily transported from the P-type CGL to
the N-type CGL by the formed gap state.

[FORMULA 2]

R2
R§ X9 RI 7 /ﬂ o=
R7 e N &+
Li
R6 R3

R5 X10 R4

Therefore, the alkali metal doped on the conventional
N-type CGL is diffused into the P-type CGL to prevent the
life from being reduced and to easily transport electrons.

Hereinafter, a composition example of the anthracene
compound used for the N-type CGL according to the present
invention and an OLED including the compound will be
described in detail with reference to the following composi-
tion example and the embodiment. The following embodi-
ment is only an embodiment and the present invention is not
limited to the following embodiment.
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1) composition of 2,6-dibromo-9,10-diphenylanthracene

0
Br
+
Br
0
KI, NaH,PO,
_ >
diethyl ether
Li acetic acid
H,0

Br

Br

While agitating solution manufactured by dissolving 2,6-
dibromoantraquinon (3 g, 8.2 mmol) in ethylether (Et20),
solution manufactured by dissolving phenyllithium (2 g, 23.8
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mmol) in ethylether (Et20) is slowly dropped. At this time,
reaction is performedin a dry ice tub. Then, when temperature
is raised to the room temperature, an intermediate is obtained.
Solid obtained by filtering the intermediate is dissolved in
acetic acid of 60 mL. Then, KI and NaH, PO, are put into the
solution obtained by dissolving the intermediate in acetic
acid. Then, the solution is refluxed at 130° C. for 24 hours.
When the reaction is completed, water is put and filtering is
performed. Then, a generated solid material is re-crystallized
using methylene chloride and methanol to obtain 2,6-di-
bromo-9,10-diphenylanthracene (2.7 g, 5.5 mmol, 67%).

2) manufacturing of NCO5

Br
N
Br

N

A Pd(PPhs),

‘ K>C05
Z B/OH THE-H,0
OH

[

10

20

30

35

Pyridine boric acid (2.5 g, 20.3 mmol) and anhydrous
tetrahydrofuran of 60 ml are put into the composed 2,6-
dibromo-9,10-diphenylanthracene (3 g, 6.1 mmol) and the
resultant solution is agitated. tetrakis(triphenylphosphine)
palladium(1.4 g, 1.2 mmol), potassium carbonate (K,CO;,
6.3 g,24.6 mmol), and distilled water of 60 mL are put and the
resultant solution is refluxed at 100° C. for 24 hours. When
reaction is completed, after removing tetrahydrofuran, a gen-
erated solid material is filtered. The solid material is re-crys-
tallized using dichloromethane and methanol to obtain 2,6-
dipyridine-9,10-diphenylanthracene, NCO05) (2.0 g, 4.1
mmol, 67%).

55

60

65

10
3) manufacturing of NC10
Br
n
Br
N
x Pd(PPhs)
| K;CO;
i B/OH THFH,0
|
OH

Quinoline boric acid (3.5 g, 20.2 mmol) and anhydrous
tetrahydrofuran of 60 ml are put into the composed 2,6-
dibromo-9,10-diphenylanthracene (3 g, 6.1 mmol) and the
resultant solution is agitated. tetrakis(triphenylphosphine)
palladium(1.4 g, 1.2 mmol), potassium carbonate (K,CO;,
6.3 g, 24.6 mmol), and distilled water of 60 mL are putand the
resultant solution is refluxed at 100° C. for 24 hours. When
reaction is completed, after removing tetrahydrofuran, a gen-
erated solid material is filtered. The solid material is re-crys-
tallized using dichloromethane and methanol to obtain 2,6-
diquinoline-9,10-diphenylanthracene, NC10) (2.0 g, 4.3
mmol, 69%).

Embodiment

Hereinafter, an embodiment in which the anthracene com-
pounds represented as NCO5 and NC10 manufactured in the
above-described composition examples are used as the
N-type CGL to manufacture the OLED is disclosed.

Embodiment 1

After patterning ITO glass so that the emission area of the
ITO glass is 2 mmx2 mm, the ITO glass is washed. After
mounting a substrate in a vacuum chamber, base pressure is
made to be 1x1075 torr. Then, HAT-CN as a hole injection
layer is deposited on ITO as an anode to a thickness of 50 A.
Then, N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolylamino)-
phenyl-]|-biphenyl-4,4'-diamine (DNTPD) of within 10% is
doped on 4,4'-bis[N-(1-naphthyl)-N-phenylamino]-biphenyl
(NPD) as ahole transport layer and is deposited to a thickness
0f 1,500 A. Then, TCTA is continuously deposited to a thick-
ness of 200 A. Then, a light emitting layer where tBu-
Perylene dopant is included in ADN host is formed to a
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thickness of 250 A. Then, Alg3 as an electron transport layer
is formed to a thickness of 250 A. Then, Li that is an alkali
metal is doped on a material represented as NCOS5 so that an
N-type CGL is formed to a thickness of 100 A. HAT-CN as a
P-type CGL is formed to a thickness of 100 A. Al as a cathode
is formed to a thickness of about 1,000 A so that an OLED is
manufactured.

<HAT-CN>

<NPD>

<DNTPD>
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12

-continued

¢

<TCTA>

e

<tBu-Pyrylene>

<Alg3>
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-continued

<BPhen>

Embodiment 2

Under the same condition as the above-described embodi-
ment 1, the compound represented as NC10 is used as the
material of an N-type CGL to manufacture an OLED.

COMPARATIVE EXAMPLE

Under the same condition as the above-described embodi-
ment 1, the following Bphen material is used as the material
of an N-type CGL to manufacture an OLED.

The driving voltages, the current efficiencies, the quantum
efficiencies, the color coordinates, and the lives of the OLEDs
manufactured in accordance with the above embodiments 1
and 2 and comparative example are measured to be illustrated
in the following table 2. In addition, current densities in
accordance with the driving voltages are measured to be
illustrated in FIG. 2 and brightness reduction ratios in accor-
dance with time are measured to be illustrated in FIG. 3.

TALBE 2
Driving  Current  Quantum Color Life
voltage efficiency efficiency _coordinates (T80,
V) (cd/A) (%) CIEx CIEy  hr)
Embodiment 1 5.4 7.2 8.1 0.135 0.101 110
Embodiment 2 6.2 6.5 7.3 0.134 0.102 50
Comparative 8.3 5.6 5.8 0.134 0.111 43
example

As illustrated in the table 1, it is noted that the OLEDs
manufactured in accordance with the embodiments 1 and 2
according to the present invention have higher color coordi-
nates than the comparative example and that the driving volt-
ages, the current efficiencies, and the quantum efficiencies of
the OLED:s are remarkably improved. In particular, referring
to FIG. 2, the current densities in accordance with the driving
voltages are improved and, referring to FIG. 3, the lives are
remarkably increased.

Therefore, in the anthracene compound according to the
embodiment of the present invention and the OLED including
the same, a driving voltage, current efficiency, quantum effi-
ciency, color coordinates, and a life are improved in compari-
son with the conventional OLED.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.
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What is claimed is:

1. An organic light emitting diode (OLED),comprising:

at least two stacks formed between a first electrode and a
second electrode; and

a charge generation layer (CGL) including an N-type CGL
and a P-type CGL formed between the stacks,

wherein the N-type CGL comprises an anthracene compound

o represented by Formula 1

[FORMULA 1]

/R2
R X0 R 7 7

R7 \ N
R6 R3
RS X10 R4
wherein:

each of R1,R3, R4, R5, R7 and R8 is one selected from the
group consisting of hydrogen, an alkyl or heteroalkyl
group having 1 to 20 carbon atoms, an aryl group having
5 to 20 carbon atoms, and a nitrogen, sulfur, or oxygen-
containing heteroaryl group having 4 to 20 carbon
atoms;

each of R2 and R6is one selected from the group consisting
of hydrogen, an alkyl or heteroalkl group having 1 to 20
carbon atoms, an aryl group havin 5 to 20 carbon atoms,
and a nitrogen- or oxygen-containing heteroaryl group
having 4 to 20 carbon atoms; and

each of X9 and X10 is one selected from the group con-
sisting of a nitrogen, sulfur, or oxygen-containing het-
eroaryl group having 4 to 20 carbon atoms and an aryl
group having 6 to 20 carbon atoms.

2. The OLED of claim 1, wherein

/R2
b4
\ N

is one selected from the group consisting of

P ~ N -
S

and | .
7 Ny
\ |

AN

A

/
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3. The OLED of claim 1, wherein R6 is one selected from
the group consisting of hydrogen,

15

4. The OLED of claim 1, wherein each of the stacks com-
prises a hole injection layer (HIL) and a hole transport layer
(HTL) formed on one side with a light emitting layer inter-
posed and an electron transport layer (ETL) formed on the
other side.

5. The OLED of claim 4, wherein the stacks adjacent to the
second electrode further comprise electron injection layers 55
(BIL).

6. The OLED of claim 1, wherein light emitting layers of
the stacks emit light components of different colors.

7. The OLED of claim 1, wherein the N-type CGL is doped
with an alkali metal.

20
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