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7) ABSTRACT

A nitrogen-containing compound and an organic electrolu-
minescence device including the same, the nitrogen-con-
taining compound being represented by the following For-
mula 1:

[Formula 1]
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NITROGEN-CONTAINING COMPOUND AND
ORGANIC ELECTROLUMINESCENCE
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0065045,
filed on May 26, 2016, in the Korean Intellectual Property
Office, and entitled: “Nitrogen-Containing Compound and
Organic Flectroluminescence Device Including the Same,”
is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to a nitrogen-containing com-
pound and an organic electroluminescence device including
the same.

2. Description of the Related Art

[0003] The development of an organic electrolumines-
cence display as an image display is being actively con-
ducted. The organic electroluminescence display is different
from a liquid crystal display and is a self-luminescent
display accomplishing display via the recombination of
holes and electrons (injected from a first electrode and a
second electrode) in an emission layer and the light emission
from a luminescent material including an organic compound
in the emission layer.

[0004] An organic electroluminescence device may
include, e.g., a first electrode, a hole transport layer disposed
on the first electrode, an emission layer disposed on the hole
transport layer, an electron transport layer disposed on the
emission layer, and a second electrode disposed on the
electron transport layer. Holes are injected from the first
electrode, and the injected holes move via the hole transport
layer and are injected to the emission layer. Meanwhile,
electrons are injected from the second electrode, and the
injected electrons move via the electron transport layer and
are injected to the emission layer. The holes and the elec-
trons injected to the emission layer recombine to produce
excitons in the emission layer. The organic electrolumines-
cence device may emit light using light generated by the
excitons.

SUMMARY

[0005] Embodiments are directed to a nitrogen-containing
compound and an organic electroluminescence device
including the same.

[0006] The embodiments may be realized by providing a
nitrogen-containing compound represented by the following
Formula 1:

[Formula 1]

Xy
x7 ®x,

I ——+L—Dul,
Xs\XfXg

[0007] wherein, in Formula 1, X, to X, are each indepen-
dently CR, or N, provided that one or two of X, to X, are
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N, each R, is independently a bond to [, a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 2 to 30 ring carbon atoms, [ is a substituted or
unsubstituted arylene group having 6 to 30 ring carbon
atoms, n is 1 or 2, and Du is a group represented by the
following Formula 2,

[Formula 2]
R¢ Rs
Ry R4
Y N
Rg Ry
Ry Rio

[0008] wherein, in Formula 2, Y is a direct linkage, O, S,
CR,R;, 8i,Ge, P, or P—0, R, to R, are each independently
a hydrogen atom, a deuterium atom, a substituted or unsub-
stituted alkyl group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group of
2 to 30 ring carbon atoms, adjacent ones of R, to R,; are
separate or are combined to form a ring, and

represents a bonding site with L of Formula 1.

[0009] I may be a substituted or unsubstituted phenylene
group.
[0010] The nitrogen-containing compound represented by

Formula 1 may be represented by the following Formula 3:

[Formula 3]
R

NT Ny
I ——+1L—Dul,
C =C
Rl/ NN

R

Ry

wherein, in Formula 3, L, Du, R, and n are defined the same
as those of Formula 1.
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[0011] The nitrogen-containing compound represented by
Formula 1 may be represented by the following Formula 4:

R N R [Formula 4]
1 \ 1
:[ i,

Ry N/\ Ry

wherein, in Formula 4, [, Du, R, and n are defined the same
as those of Formula 1.

[0012] The nitrogen-containing compound represented by
Formula 1 may be represented by the following Formula 5:

R
1 \N
——+L—Dul,
N
Ry #

wherein, in Formula 5, L, Du, R, and n are defined the same
as those of Formula 1.

[0013] Y may be the direct linkage or CR,R;.

[0014] The nitrogen-containing compound represented by
the above Formula 1 may be represented by the following
Formula 6:

[Formula 5]

[Formula 6]

[0015] wherein, in Formula 6, R, is a hydrogen atom or
a substituted or unsubstituted carbazole group, and X, to X
are defined the same as those of Formula 1.

[0016] The group represented by Formula 2 may be rep-
resented by one of the following Formulae 7 to 16, in which
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is defined the same as that of Formula 2:

[Formula 7]
: s
e
[Formula §]
(V4
n +
e
[Formula 9]
4 24
0 NjL
I
[Formula 10]
§
9,
[Formula 11]
S N%
.
[Formula 12]

Qi
St
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-continued -continued
[Formula 13] [Formula 15]

a8 N
&@% ool

OO
B B

[0017] The nitrogen-containing compound represented by
Formula 1 may be one of the following Compounds 1 to 95:

QO O
N 9 O

. 0

o O

O N:& N:&
) ) SO

N 2 QO 20

9

[Formula 16]

4
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-continued

[0018] The embodiments may be realized by providing an
organic electroluminescence device including a first elec-
trode; a hole transport region on the first electrode; an
emission layer on the hole transport region; an electron
transport region on the emission layer; and a second elec-
trode on the electron transport region, wherein the emission
layer includes a nitrogen-containing compound represented
by the following Formula 1:

- [Formula 1]
1

X7 Sx,

| | ;_[_ L—"Du],

X5\X4¢X3

[0019] wherein, in Formula 1, X, to X, are each indepen-
dently CR, or N provided that one or two of X, to X, are N,
each R, is independently a bond to L, a hydrogen atom, a
deuterium atom, a halogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms, a substituted
or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 2 to 30 ring carbon atoms, L is a substituted or
unsubstituted arylene group having 6 to 30 ring carbon
atoms, n is 1 or 2, and Du is a group represented by the
following Formula 2,

[Formula 2]
Rg Rs
R; Ry
Y N
Rg Ry
R, Ry

[0020] wherein, in Formula 2, Y is a direct linkage, O, S,
CR,R;, Si, Ge, P, or P—0, R, to R, are each independently
a hydrogen atom, a deuterium atom, a substituted or unsub-

95

stituted alkyl group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group of
2 to 30 ring carbon atoms, adjacent ones of R, to R, are
separate or are combined to form a ring, and

represents a bonding site with L of Formula 1.

[0021] An absolute value of a difference between a singlet
energy level and a triplet energy level of the nitrogen-
containing compound represented by Formula 1 may be
about 0.2 eV or less.

[0022] L may be a substituted or unsubstituted phenylene
group.
[0023] The nitrogen-containing compound represented by

Formula 1 may be represented by the following Formula 3:

[Formula 3]

N/ %N

I ——+L—Du,

e 20
Rl/ \C/ ~

Ry

R

wherein, in Formula 3, L, Du, R, and n are defined the same
as those of Formula 1.

[0024] The nitrogen-containing compound represented by
Formula 1 may be represented by the following Formula 4:

R N R [Formula 4]
1 \ 1
| E{— L—Du],
Ry N/ Ry

wherein, in Formula 4, L, Du, R, and n are defined the same
as those of Formula 1.
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[0025] The nitrogen-containing compound represented by
Formula 1 may be represented by the following Formula 5:

[Formula 5]
——+L—Dul,
N
Ry Z

wherein, in Formula 5, L, Du, R}, and n are defined the same
as those of Formula 1.
[0026] Y may be the direct linkage or CR,R;.
[0027] The nitrogen-containing compound represented by
the above Formula 1 may be represented by the following
Formula 6:

[Formula 6]

O

[0028] wherein, in Formula 6, R, is a hydrogen atom or
a substituted or unsubstituted carbazole group, and X, to X
are defined the same as those of Formula 1.

[0029] The group represented by Formula 2 may be rep-
resented by one of the following Formulae 7 to 16, in which

is defined the same as that of Formula 2:

()49
st
(49
St

[Formula 7]

[Formula 8]
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-continued
[Formula 9]
QO
[Formula 10]
s
\/
[Formula 11]
S N%
O
[Formula 12]
Q4+
TL
vle
[Formula 13]
: -
Si N %
9
[Formula 14]

oly!
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[0030] The nitrogen-containing compound represented by
Formula 1 may be one of the following Compounds 1 to 95:
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WaWe O
o O
o . &
@_@ / @_@ /
N O’
g g
O | r &
SU oAl NN TSR e
g
J

[Formula 16]
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[0031] The hole transport region may include a hole
injection layer and a hole transport layer, and the electron
transport region may include an electron injection layer and
an electron transport layer.

[0032] The embodiments may be realized by providing a
nitrogen-containing compound represented by the following

Formula 1":
[Formula 1']
B R¢ Rs ]
R, Ry
X
IR
Y N |
N S 23
X4
Rg Ry
Ry Rip

— —

[0033] wherein, in Formula 1', X, to X, are each indepen-
dently CR, or N, provided that two of X to X, are N, each
R, is independently a single bond, a hydrogen atom, a
methyl group, or a phenyl group, n' is 1 or 2, Y is a CR,R;,
R, to R, are each independently a hydrogen atom, a methyl
group, or a substituted or unsubstituted phenyl group, and R,
and R, are separate or are combined to form a ring.
[0034] The nitrogen-containing compound represented by
Formula 1' may be one of the following Compounds 53, 55,
61, 66, 67, 69, 70, or 71:
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[0035] The embodiments may be realized by providing an
organic electroluminescence device including a first elec-
trode; a hole transport region on the first electrode; an
emission layer on the hole transport region; an electron
transport region on the emission layer; and a second elec-
trode on the electron transport region, wherein the emission
layer includes the nitrogen-containing compound according
to an embodiment.

[0036] An absolute value of a difference between a singlet
energy level and a triplet energy level of the nitrogen-
containing compound may be about 0.2 eV or less.

[0037] The nitrogen containing compound may be a dop-
ant in the emission layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0039] FIG. 1 illustrates a cross-sectional view schemati-
cally showing an organic electroluminescence device
according to an embodiment; and

[0040] FIG. 2 illustrates a cross-sectional view schemati-
cally showing an organic electroluminescence device
according to an embodiment.

DETAILED DESCRIPTION

[0041] 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.

[0042] Like reference numerals refer to like elements for
explaining each drawing. In the drawings, the sizes of
elements may be enlarged for clarity of the present disclo-
sure. It will be understood that, although the tell is first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from

another element. For example, a first element discussed
below could be termed a second element, and similarly, a
second element could be termed a first element. As used
herein, the singular forms are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
[0043] It will be further understood that the terms “com-
prises”, “includes,” “including,” or “comprising,” when
used in this specification, specify the presence of stated
features, numerals, steps, operations, elements, parts, or a
combination thereof, but do not preclude the presence or
addition of one or more other features, numerals, steps,
operations, elements, parts, or a combination thereof. It will
also be understood that when a layer, a film, a region, a plate,
etc. is referred to as being ‘on’ another part, it can be directly
on the other part, or intervening layers may also be present.
When a layer, a film, a region, a plate, etc. is referred to as
being ‘under’ another part, it can be directly under the other
part, or intervening layers may also be present. The term
“or” is not an exclusive term, and may have the same
meaning as the term “and/or.”

[0044] In the present disclosure,

means a position to be connected or bonded.

[0045] In the present disclosure, “substituted or unsubsti-
tuted” may mean substituted with at least one substituent
selected from a deuterium atom, a halogen atom, cyano,
nitro, amino, silyl, boron, phosphine oxide, phosphine sul-
fide, alkyl, alkenyl, fluorenyl, aryl, and heteroaryl or unsub-
stituted. In addition, each of the substituent illustrated above
may be substituted or unsubstituted. For example, a biphenyl
may be interpreted as aryl, or a phenyl substituted with
phenyl.

[0046] In the present disclosure, the term “forming a ring
by combining adjacent groups with each other” or “combine
to form a ring” may mean forming a substituted or unsub-
stituted hydrocarbon ring, or substituted or unsubstituted
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heterocycle by combining adjacent groups with each other.
The hydrocarbon ring may include an aliphatic hydrocarbon
ring and an aromatic hydrocarbon ring. The heterocycle may
include an aliphatic heterocycle and aromatic heterocycle.
The hydrocarbon ring and heterocycle may be a monocycle
or polycycle. In addition, the ring formed by combining
adjacent groups may be connected with another ring to form
a Spiro structure.

[0047] In the present disclosure, the term “adjacent
groups” may mean a substituent substituted with an atom
directly connected with another atom substituted with a
corresponding substituent, a different substituent substituted
with an atom substituted with a corresponding substituent,
or a substituent disposed stereoscopically at the nearest
position to a corresponding substituent. For example, two
methyl groups in 1,2-dimethylbenzene may be interpreted as
“adjacent groups”, and two ethyl groups in 1,1-diethylcy-
clopentene may be interpreted as “adjacent groups”.

[0048] In the present disclosure, halogen may include a
fluorine atom, a chlorine atom, a bromine atom, or an iodine
atom.

[0049] Inthe present disclosure, the alkyl group may have
a linear or branched chain or a cycle shape. The carbon
number of the alkyl group may be 1 to 30, 1 to 20, 1 to 10,
or 1 to 6. Examples of the alkyl group may include methyl,
ethyl, n-propyl, isopropyl, n-butyl, s-butyl, t-butyl, i-butyl,
2-ethylbutyl, 3,3-dimethylbutyl, n-pentyl, i-pentyl, neopen-
tyl, t-pentyl, cyclopentyl, 1-methylpentyl, 3-methylpentyl,
2-ethylpentyl, 4-methyl-2-pentyl, n-hexyl, 1-methylhexyl,
2-ethyihexyl, 2-butylhexyl, cyclohexyl, 4-methylcyclo-
hexyl, 4-t-butylcyclohexyl, n-heptyl, 1-methylheptyl, 2,2-
dimethylheptyl, 2-ethylheptyl, 2-butylheptyl, n-octyl, t-oc-
tyl, 2-ethyloctyl, 2-butyloctyl, 2-hexyloctyl, 3,7-
dimethyloctyl, cyclooctyl, n-nonyl, n-decyl, adamantyl,
2-ethyldecyl, 2-butyldecyl, 2-hexyldecyl, 2-octyldecyl,
n-undecyl, n-dodecyl, 2-ethyldodecyl, 2-butyldodecyl,
2-hexyldodecyl, 2-octyldodecyl, n-tridecyl, n-tetradecyl,
n-pentadecyl, n-hexadecyl, 2-ethylhexadecyl, 2-butylhexa-
decyl, 2-hexylhexadecyl, 2-octylhexadecyl, n-heptadecyl,
n-octadecyl, n-nonadecyl, n-eicosyl, 2-ethyl eicosyl, 2-butyl
eicosyl, 2-hexyl eicosyl, 2-octyl eicosyl, n-henicosyl, n-do-
cosyl, n-tricosyl, n-tetracosyl, n-pentacosyl, n-hexacosyl,
n-heptacosyl, n-octacosyl, n-nonacosyl, n-triacontyl, etc.,
without limitation.

[0050] 1In the present disclosure, the aryl group may be
monocyclic aryl or polycyclic aryl. The carbon number of
the aryl group for forming a ring may be 6 to 30, 6 to 20, or
6 to 15. Examples of the aryl group may include phenyl,
naphthyl, anthracenyl, phenanthryl, biphenyl, terphenyl,
quaterphenyl, quingphenyl, sexiphenyl, triphenylene, pyre-
nyl, benzofluoranthenyl, chrysenyl, fluorenyl, etc., without
limitation.

[0051] In the present disclosure, the fluorenyl group may
be substituted, or two substituents may be combined to form
a Spiro structure.

[0052] In the present disclosure, the heteroaryl group may
be heteroaryl group including at least one of O, N, or S as
a heteroatom. The carbon number of the heteroaryl group for
forming a ring may be 2 to 30, or 2 to 20. Examples of the
heteroaryl group may include thiophene, furan, pyrrole,
imidazole, thiazole, oxazole, oxadiazole, triazole, pyridyl,
bipyridyl, pyrimidyl, triazine, triazole, acridyl, pyridazine,
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pyrazinyl, quinolinyl, quinazoline, quinoxalinyl, phenoxa-
zyl, phthalazinyl, pyrido pyrimidinyl, pyrido pyrazinyl,
pyrazino pyrazinyl, isoquinoline, indole, carbazole, N-aryl-
carbazole, N-heteroaryl carbazole, N-alkyl carbazole, ben-
zoxazole, benzoimidazole, benzothiazole, benzocarbazole,
benzothiophene, dibenzothiophene, thienothiophene, benzo-
furanyl, phenanthroline, thiazolyl, isooxazolyl, oxadiazolyl,
thiadiazolyl, benzothiazolyl, phenothiazinyl, dibenzofura-
nyl, etc., without limitation.

[0053] In the present disclosure, the explanation of the
aryl group may be applied to the arylene group, except that
the arylene is divalent.

[0054] In the present disclosure, the silyl group may
include alkyl silyl group and aryl silyl group. Examples of
the silyl group may include trimethylsilyl, triethylsilyl,
t-butyl dimethylsilyl, vinyl dimethylsilyl, propyl dimethyl-
silyl, triphenylsilyl, diphenylsilyl, phenylsilyl, etc., without
limitation.

[0055] In the present disclosure, the boron group may
include alkyl boron group and aryl boron group. Examples
of the boron group may include trimethyl boron, triethyl
boron, t-butyl dimethyl boron, triphenyl boron, diphenyl
boron, phenyl boron, etc., without limitation.

[0056] In the present disclosure, the alkenyl group may be
linear or branched. The carbon number may be, e.g.. 2 to 30,
2 to 20, or 2 to 10. Examples of the alkenyl may include
vinyl, 1-butenyl, 1-pentenyl, 1,3-butadieny! aryl, styrenyl,
styrylvinyl, etc., without limitation.

[0057] In the present disclosure, the carbon number of the
amine group may be, e.g., 1 to 30. The amine may include
an alkyl amine group and aryl amine group. Examples of the
amine group may include methylamine, dimethylamine,
phenylamine, naphthylamine, 9-methyl-anthracenylamine,
triphenylamine, etc., without limitation.

[0058] Hereinafter, the nitrogen-containing compound
according to an embodiment will be explained.

[0059] The nitrogen-containing compound according to an
embodiment may represented by the following Formula 1.

[Formula 1]

[0060] InFormulal,X, to X, may each independently be,
e.g., CR, or N. In an implementation, one or two among X,
to X may be N. Each R, may independently be or include,
e.g., a bond to L, a hydrogen atom, a deuterium atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group of 2 to 30 ring carbon
atoms. In an implementation, R, may be a substituted or
unsubstituted fluorenyl group. L. may be or may include,
e.g., a substituted or unsubstituted arylene group having 6 to
30 ring carbon atoms. n may be, e.g., 1 or 2. Dumay be, e.g,,
a group represented by the following Formula 2.
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Rs Ry
Ry Ry
[0061] In Formula 2, Y may be, e.g., a direct linkage, O,

S, CR,R;, Si, Ge, or P. R, to R, may each independently be
or include, e.g., a hydrogen atom, a deuterium atom, halogen
atom, a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring carbon
atoms. In an implementation, at least one of R, to R,, may
be a substituted or unsubstituted fluorenyl group. In an
implementation, adjacent ones of R, to R;, may be separate
or may be combined with an adjacent group to form a ring.

represents a bonding site with L of Formula 1.
[0062]

[0063] The nitrogen-containing compound according to an
embodiment may include an electron acceptor, a linker, and
an electron donor. For example, the hexagonal ring moiety
including X, to X, in Formula 1 may be the electron
acceptor, L may be the linker, and Du (represented by
Formula 2) may be the electron donor.

[0064] In an implementation, the hexagonal ring moiety
including X, to X in Formula 1 may include one or two N,
e.g., one or two of X, to X, may be N.

[0065] In an implementation, the hexagonal ring moiety
including X, to X, in Formula 1 may include two N, e.g.,
two of X, to X, may be N. In an implementation, the
nitrogen-containing compound may be represented by one
of the following Formulae 3 to 5.

The direct linkage may be, e.g., a single bond.

[Formula 3]
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-continued
2 N 2 [Formula 4]
1 \( 1
| )—\[—L—Du]n
F
R; N R,
R [Formula 5]
1
Ny
| +—FL—Du],
N
[0066] In Formulae 3 to 5, L, Du, R, and n may be the

same as described above.

[0067] X, to X, (other than N) may be represented by CR,,
and a plurality of R, may be the same or different. For
example, in the case where the hexagonal ring moiety
including X, to X, is substituted with at least two substitu-
ents, the substituents may be the same or different.

[0068] In an implementation, in the case where R, is
plural, at least one may be hydrogen atom.

[0069] In an implementation, R, may be or may include,
e.g., asubstituted or unsubstituted alkyl group having 1 to 30
carbon atoms. In an implementation, R, may be or may
include, e.g., a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms. In an implementation, R, may
be methyl or ethyl. In an implementation, R, may be methyl.
[0070] In an implementation, R, may be or may include,
e.g., a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms. In an implementation, R; may be or may
include, e.g., a substituted or unsubstituted aryl group of 6
to 20 ring carbon atoms. In an implementation, R; may be
phenyl or naphthyl. In an implementation, R, may be phe-
nyl. In an implementation, R, may be naphthyl. In an
implementation, R, may be fluorenyl.

[0071] In an implementation, a plurality of adjacent R,
may combine but not form a ring. For example, the hex-
agonal ring moiety including X, to X, may be a monocycle.
[0072] In an implementation, L may be, e.g., a substituted
or unsubstituted phenylene group. In an implementation, L
may be, e.g., 1,3-phenylene or 1,4-phenylene. In an imple-
mentation, I may be, e.g., 1,4-phenylene.

[0073] In an implementation, the compound represented
by Formula 1 may be represented by the following Formula
6.

[Formula 6]
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[0074] In Formula 6, R, may be or may include, e.g., a
hydrogen atom or a substituted or unsubstituted carbazole
group. X, to X, may be the same as defined in the above. The
compound represented by Formula 6 may be provided with
a low electron accepting property and a low electron donat-
ing property, in the case where the compound is used in a
TADF organic electroluminescence device, deep blue may
be attained. Y may be a direct linkage, or CR,R;. In the case
where Y is the direct linkage, Du represented by Formula 2
may be, e.g., a substituted or unsubstituted carbazole group.
In the case where Y is CR,R;, R, and R, may each inde-
pendently be, e.g., a substituted or unsubstituted alkyl group
having 2 to 30 carbon atoms, or a substituted unsubstituted
aryl group having 6 to 30 ring carbon atoms. In an imple-
mentation, R, and R; may each independently be, e.g.,
methyl or phenyl. In an implementation, R, and R, may
combine with each other to form a ring. In an implementa-
tion, R, and R, may combine to form a fluorene ring. In an
implementation, the group represented by Formula 2 may be
represented by one of the following Formulae 7 to 16.

[Fomula 7]
(N4
N
e
[Fomula 8]
(349
’ \
oy
[Fomula 9]
91,
0 N
91,
[Formula 10]
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[Formula 11]

[Formula 12]

[Formula 13]

[Formula 14]

[Formula 15]

[Formula 16]
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[0075] Each of Formulae 9 to 16 may be additionally
substituted, and the substituent may be the substituent
described in the above definition of “substituted or unsub-
stituted”. For example, each of Formulae 9 to 16 may be
substituted with alkyl or unsubstituted.

[0076] InFormula2, R,toR,, may each independently be
or include, e.g., a substituted or unsubstituted heteroaryl
group having 2 to 30 ring carbon atoms, a substituent
including fluorine atom, or a substituent including silicon
atom. The substituent including the fluorine atom may be,
e.g., alkyl group substituted with at least one fluorine atom,
or aryl group substituted with at least one fluorine atom,
which has 6 to 30 ring carbon atoms. The substituent

1
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including the fluorine group may be, e.g., CF;. The sub-

stituent including the silicon atom may be, e.g., trimethyl-
silyl.
[0077] In an implementation, n may be 2. In the case

where n is 2, the compound represented by Formula 1 may
include two electron donors represented by Du, and an
organic electroluminescence device including the same may
easily attain high efficiency.

[0078] In the case where n is 2, two [ may be the same or
different, and two Du may be the same or different.

[0079] In an implementation, the nitrogen-containing
compound represented by Formula 1 may be one of the
following Compounds 1 to 95.
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[0080]
according to an embodiment will be explained. The expla-
nation will be mainly with the difference in the nitrogen-
containing compound according to an embodiment, and
unexplained part will follow the above-description on the
nitrogen-containing compound according to an embodi-
ment.

Hereinafter, an organic electroluminescence device

[0081] FIG. 1 illustrates a cross-sectional view schemati-
cally showing an organic electroluminescence device
according to an embodiment. FIG. 2 illustrates a cross-
sectional view schematically showing an organic electrolu-
minescence device according to an embodiment.

[0082] Referring to FIGS. 1 and 2, an organic electrolu-
minescence device 10 according to an embodiment may
include a first electrode EL1, a hole transport region HTR,
an emission layer EML, an electron transport region ETR,
and a second electrode EL2.

[0083] The first electrode EL1 has conductivity. The first
electrode EL1 may be a pixel electrode or an anode. The first
electrode EL1 may be a transmissive electrode, a transflec-
tive electrode, or a reflective electrode. When the first
electrode EL1 is the transmissive electrode, the first elec-
trode EL1 may be formed using a transparent metal oxide
such as indium tin oxide (ITO), indium zinc oxide (IZ0),
zine oxide (ZnO), or indium tin zinc oxide (ITZO). In the
case where the first electrode EL1 is the transflective elec-
trode or reflective electrode, the first electrode EL1 may
include Ag, Mg, Cu, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca,
LiF/Ca, LiF/Al, Mo, Ti, a compound thereof, or a mixture
thereof (for example, a mixture of Ag and Mg). Also, the first
electrode EL1 may include a plurality of layers including the
reflective layer or transflective layer formed using the above
materials, or a transparent layer formed using 1TO, 170,
Zn0, or ITZ0.

[0084] The hole transport region HTR may be provided on
the first electrode EL1. The hole transport region HTR may
include at least one of a hole injection layer HIL, a hole
transport layer HTL, a hole buffer layer, or an electron
blocking layer. The thickness of the hole transport region
HTR may be, e.g., from about 200 A to about 3,000 A.

[0085] The hole transport region HTR may have a single
layer formed using a single material, a single layer formed
using a plurality of different materials, or a multilayer
structure including a plurality of layers formed using a
plurality of different materials.

95

[0086] For example, the hole transport region HTR may
have the structure of a single layer such as a hole injection
layer HIL and a hole transport layer HTL, or may have a
structure of a single layer formed using a hole injection
material and a hole transport material. In addition, the hole
transport region HTR may have a structure of a single layer
formed using a plurality of different materials, or a structure
laminated from the first electrode EU of hole injection layer
HIL/hole transport layer HTL, hole injection layer HIL/hole
transport layer HTL/buffer layer, hole injection layer HIL/
hole buffer layer, hole transport layer HTL/hole buffer layer,
or hole injection layer HIL/hole transport layer HTL/elec-
tron blocking layer, without limitation.

[0087] The hole transport region HTR may be formed
using various methods such as a vacuum deposition method,
a spin coating method, a cast method, a Langmuir-Blodgett
(LB) method, an inkjet printing method, a laser printing
method, and a laser induced thermal imaging (LITT) method.

[0088] The hole injection layer HIL may include, e.g.,
dipyrazino[2,3-:2',3'-h]quinoxaline-2,3,6,7,10,11-hexacar-
bonitrile (HAT-CN), a phthalocyanine compound such as
copper phthalocyanine; N,N'-diphenyl-N,N'-bis-[4-(phenyl-
m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine  (DNTPD),
44" 4"-tris(3-methylphenylphenylamino)triphenylamine
(m-MTDATA), 4,4' 4" tris(N,N-diphenylamino jtriph-
enylamine (TDATA), 4,4'4"tris{N-(2-naphthyl)-N-phe-
nylamino} -triphenylamine (2-TNATA), poly(3,4-ethylene-
dioxythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA),
polyaniline/camphor sulfonic acid (PANI/CSA), polyani-
line/poly(4-styrenesulfonate) (PANI/PSS), N,N'-dinaphtha-
lene-1-y1)-N,N'-diphenyl-benzidine (NPB), triphenylamine-
containing polyether ketone (TPAPEK), 4-isopropyl-4'-
methyldiphenyliodonium tetrakis(pentafluorophenyl)borate,
etc.

[0089] The hole transport layer HTL may include, e.g., a
carbazole derivative such as N-phenyl carbazole, and poly-
vinyl carbazole, a fluorine-based derivative, N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), a triphenylamine-based derivative such as 4,4'4"-
tris(N-carbazolyl)triphenylamine (TCTA), N,N'-di(1-naph-
thyl)-N,N'-diphenylbenzidine (NPB), 4,4'-cyclohexylidene
bis|[N,N-bis(4-methylphenyl)benzenamine] (TAPC), 4.,4'-
bis[N,N'-(3-tolyl)amino]-3,3'-dimethylbiphenyl (HMTPD),
etc.
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[0090] The thickness of the hole transport region HTR
may be from about 100 A to about 10,000 A, e.g., from
about 100 A to about 1,000 A. In the case where the hole
transport region HTR includes both the hole injection layer
HIL and the hole transport layer HTL, the thickness of the
hole injection layer HIL may be from about 100 A to about
10,000 A, e.g., from about 100 A to about 1,000 A, and the
thickness of the hole transport layer HTL may be from about
30 A to about 1,000 A. In the case where the thicknesses of
the hole transport region HTR, the hole injection layer HIL,
and the hole transport layer HTL satisfy the above-described
ranges, satisfactory hole transport properties may be
obtained without the substantial increase of a driving volt-
age.

[0091] The hole transport region HTR may further include
a charge generating material other than the above-described
materials to improve conductivity. The charge generating
material may be dispersed in the hole transport region HTR
uniformly or non-uniformly. The charge generating material
may be, for example, a p-dopant. The p-dopant may be one
of a quinone derivative, a metal oxide, or a cyano group-
containing compound, without limitation. For example, non-
limiting examples of the p-dopant may include a quinone
derivative such as tetracyanoquinodimethane (TCNQ), and
2,3,5,6-tetrafluoro-tetracyanoquinodimethane  (F4-TCNQ),
a metal oxide such as tungsten oxide, and molybdenum
oxide, without limitation.

[0092] As described above, the hole transport region HTR
may further include one of the hole buffer layer or the
electron blocking layer other than the hole injection layer
HIL and the hole transport layer HTL. The hole buffer layer
may compensate an optical resonance distance according to
the wavelength of light emitted from the emission layer
EML and increase light emission efficiency. Materials
included in the hole transport region HTR may be used as
materials included in the hole buffer layer. The electron
blocking layer is a layer preventing electron injection from
the electron transport region ETR to the hole transport
region HTR.

[0093] The emission layer EML may be provided on the
hole transport region HTR. The thickness of the emission
layer EML may be, e.g., from about 100 A to about 1,000 A.
The emission layer EML may have a single layer formed
using a single material, a single layer formed using a
plurality of different materials, or a multilayer structure
having a plurality of layers formed using a plurality of
different materials.

[0094] Hereinafter, inclusion of the nitrogen-containing
compound according to an embodiment of the present
disclosure in an emission layer EML will be explained. In an
implementation, the nitrogen-containing compound accord-
ing to an embodiment may be included in at least one
organic layer provided between the first electrode EL.1 and
the second electrode EL2. In an implementation, the nitro-
gen-containing compound according to an embodiment may
be included in the hole transport region HTR. In an imple-
mentation, the nitrogen-containing compound according to
an embodiment may be included in the hole transport layer
HTL.

[0095] The emission layer EML, may include the nitrogen-
containing compound according to an embodiment. For
example, the emission layer EML, may include a nitrogen-
containing compound represented by the following Formula
1.
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[Formula 1]
X
ey,
Il “—ftL—Dul,
Xs\X4¢X3

[0096] In Formula 1, X, to X, L, Du, n, and L are the
same as described above.

[0097] The emission layer EML may include at least one
kind of the nitrogen-containing compound represented by
Formula 1. In an implementation, the emission layer EML
may further include a suitable material other than the
nitrogen-containing compound represented by Formula 1. In
an implementation, the emission layer EML may further
include a fluorescent material including, e.g., spiro-DPVBI,
spiro-6P,  2,2'7,7'-tetrakis(biphenyl-4-y1)-9,9"-spirobifluo-
rene (spiro-sexiphenyl), distyryl-benzene (DSB), distyryl-
arylene (DSA), a polyfluorene (PFO)-based polymer, or a
poly(p-phenylene vinylene)-based polymer.

[0098] In an implementation, the nitrogen-containing
compound according to an embodiment may be a material
included in the emission layer EML and may radiate delayed
fluorescence. For example, the nitrogen-containing com-
pound represented by Formula 1 may be a delayed fluores-
cence material. In an implementation, the nitrogen-contain-
ing compound represented by Formula 1 may be a TADF
material.

[0099] The nitrogen-containing compound according to an
embodiment may include an electron acceptor, a linker, and
an electron donor to radiate delayed fluorescence. For
example, the hexagonal ring moiety including X, to X, may
be the electron acceptor, I may be the linker, and Du
represented by Formula 2 may be the electron donor. By
providing the linker between the electron acceptor and the
electron donor, interaction between the electron acceptor
and the electron donor may become weak or may attenuate,
and a deep blue color emitting device may be easily
obtained. In addition, due to the linker provided between the
electron acceptor and the electron donor, an energy gap
between singlet-triplet may be controlled to be small and, as
a result, TADF may be efficiently emitted.

[0100] In an implementation, the nitrogen-containing
compound according to an embodiment may be a TADF
material emitting blue light. In an implementation, the
nitrogen-containing compound according to an embodiment
may be a TADF material emitting deep blue light. In an
implementation, the nitrogen-containing compound accord-
ing to an embodiment may emit blue light having a wave-
length region of about 440 nm to about 480 nm, e.g., about
440 nm to about 475 nm, about 440 nm to about 470 nm, or
about 440 nm to about 450 nm.

[0101] In an implementation, the compound according to
an embodiment may be included as a dopant material of the
emission layer.

[0102] In an implementation, the nitrogen-containing
compound according to an embodiment may have an abso-
lute difference of about 0.2 eV or less between a singlet
energy level and a triplet energy level. By controlling the
singlet-triplet energy gap small, the TADF may be efficiently
emitted.

[0103] The emission layer EML may further include a
host. In an implementation, the host may include a suitable
host material, e.g., tris(8-hydroxyquinolino)aluminum
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(Alg3), 4,4'-bis(N-carbazolyl)-1,1'-biphenyl (CBP), poly(n-
vinylcarbazole) (PVK), 9,10-di(naphthalene-2-yl)anthra-
cene (ADN), 4.4'4"-tris(carbazol-9-yl)-triphenylamine
(TCTA),  1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene
(TPBi), 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADN), distyrylarylene (DSA), 4,4'-bis(9-carbazolyl)-2,
2'-dimethyl-biphenyl (CDBP), 2-methyl-9,10-bis(naphtha-
len-2-ylanthracene (MADN), bis[2-(diphenylphosphino)
phenyl] ether oxide (DPEPO), hexaphenyl
cyclotriphosphazene (CP1), 1,4-bis(triphenylsilyl)benzene
(UGH2), hexaphenylcyclotrisiloxane (DPSiO;), octaphe-
nyleyclotetra siloxane (DP Si0,), 2,8-bis(diphenylphospho-
ryl)dibenzofuran (PPF), etc.

[0104] Inanimplementation, the emission layer EML may
have a thickness, e.g., of about 10 nm to about 100 nm.

[0105] The electron transport region ETR may be pro-
vided on the emission layer EML. The electron transport
region ETR may include at least one of an electron blocking
layer, an electron transport layer ETL, or an electron injec-
tion layer EIL.

[0106] The electron transport region ETR may have a
single layer formed using a single material, a single layer
formed using a plurality of different materials, or a multi-
layer structure including a plurality of layers formed using
a plurality of different materials.

[0107] In an implementation, the electron transport region
ETR may have the structure of a single layer such as the
electron injection layer EIL or the electron transport layer
ETL, a single layer structure formed using an electron
injection material and an electron transport material. In an
implementation, the electron transport region ETR may have
a single layer structure, or a structure laminated from the
first electrode EL1 of electron transport layer ETL/electron
injection layer EIL, or hole blocking layer/electron transport
layer ETL/electron injection layer EIL. In an implementa-
tion, the thickness of the electron transport region ETR may
be, e.g., about 1,000 A to about 1,500 A.

[0108] The electron transport region ETR may be formed
using various methods such as a vacuum deposition method,
a spin coating method, a cast method, a Langmuir-Blodgett
(LB) method, an inkjet printing method, a laser printing
method, and a laser induced thermal imaging (LITT) method.

[0109] Inthe case where the electron transport region ETR
includes the electron transport layer ETL, the electron
transport region ETR may include, e.g., tris(8-hydroxyqui-
nolinato)aluminum (Alg3), 1,3,5-tri[(3-pyridye-phen-3-yl]
benzene, 2,4,6-tris(3'-(pyridin-3-yl)biphenyl-3-y1)-1,3,5-tri-
azine,  2-(4-(N-phenylbenzoimidazolyl-1-ylphenyl)-9,10-
dinaphthylanthracene, 1,3,5-tri(1-phenyl-1H-benzo[d]
imidazol-2-yl)phenyl (TPBi), 2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline (BCP), 4,7-diphenyl-1,10-
phenanthroline (Bphen), 3-(4-biphenylyl)-4-phenyl-5-tert-
butylphenyl-1,2,4-triazole (TAZ), 4-(naphthalen-1-y1)-3,5-
diphenyl-4H-1,2,4-triazole (NTAZ), 2-(4-biphenylyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole ~ (tBu-PBD),  bis(2-
methyl-8-quinolinolato-N1,08)-(1.1'-biphenyl-4-olato)

aluminum (BAlq), berylliumbis(benzoquinolin-10-olate
(Bebqg2), 9,10-di(naphthalene-2-yeanthracene (ADN), or a
mixture thereof. In an implementation, the thickness of the
electron transport layer ETL may be from about 100 A to
about 1,000 A, e.g., from about 150 A to about 500 A. If the
thickness of the electron transport layer ETL satisfies the
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above-described range, satisfactory electron transport prop-
erties may be obtained without the substantial increase of a
driving voltage.

[0110] Inthe case where the electron transport region ETR
includes the electron injection layer EIL, the electron trans-
port region ETR may include, e.g., LiF, lithium quinolate
(LiQ), Li,0, BaO, NaCl, CsF, a metal in lanthanoides such
as Yb, or a metal halide such as RbCl and Rbl. In an
implementation, the electron injection layer EIL also may be
formed using a mixture material of an electron transport
material and an insulating organo metal salt. The organo
metal salt may be a material having an energy band gap of
about 4 eV or more. In an implementation, the organo metal
salt may include, e.g., a metal acetate, a metal benzoate, a
metal acetoacetate, a metal acetylacetonate, or a metal
stearate. In an implementation, the thickness of the electron
injection layer EIL may be from about 1 A to about 100 A,
e.g., about3 A to about 90 A. In the case where the thickness
of the electron injection layer EIL satisfies the above
described range, satisfactory electron injection property may
be obtained without inducing the substantial increase of a
driving voltage.

[0111] In an implementation, the electron transport region
ETR may include a hole blocking layer, as described above.
In an implementation, the hole blocking layer may include,
e.g., at least one of 2,9-dimethyl-4,7-diphenyl-1,10-phenan-

throline (BCP), or 4,7-diphenyl-1,10-phenanthroline
(Bphen).
[0112] The second electrode EL2 may be provided on the

electron transport region ETR. The second electrode EL.2
may be a common electrode or a cathode. The second
electrode F1.2 may be a transmissive electrode, a transflec-
tive electrode, or a reflective electrode. In the case where the
second electrode EL2 is the transmissive electrode, the
second electrode EL2 may include a transparent metal oxide,
e.g., [TO, 170, 7n0, ITZ0, etc.

[0113] In the case where the second electrode EL2 is the
transflective electrode or the reflective electrode, the second
electrode EL2 may include, e.g., Ag, Mg, Cu, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, a compound
thereof, or a mixture thereof (for example, a mixture of Ag
and Mg). In an implementation, the second electrode EL.2
may have a multilayered structure including a reflective
layer or a transflective layer formed using the above-de-
scribed materials or a transparent conductive layer formed
using 1TO, 170, 7ZnO, ITZO, etc.

[0114] In an implementation, the second electrode EL2
may be connected with an auxiliary electrode. If the second
electrode EL2 is connected with the auxiliary electrode, the
resistance of the second electrode EL.2 may decrease.
[0115] In the organic electroluminescence device 10, volt-
ages may be applied to each of the first electrode EL2 and
the second electrode EL2, and holes injected from the first
electrode EL1 may move via the hole transport region HTR
to the emission layer EML, and electrons injected from the
second electrode EL.2 may move via the electron transport
region ETR to the emission layer EML. The electrons and
holes may be recombined in the emission layer EML to
generate excitons, and the excitons may emit light via
transition from an excited state to a ground state.

[0116] In the case where the organic electroluminescence
device 10 is a top emission type, the first electrode EL1 may
be the reflective electrode, and the second electrode EI.2
may be the transmissive electrode or transflective electrode.
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In the case where the organic electroluminescence device 10
is a bottom emission type, the first electrode EL1 may be the
transmissive electrode or the transflective electrode, and the
second electrode EL2 may be the reflective electrode.
[0117] The organic electroluminescence device according
to an embodiment may include the nitrogen-containing
compound represented by Formula 1, thereby attaining high
emission efficiency. For example, the nitrogen-containing
compound represented by Formula 1 may emit light via a
TAFD process. Accordingly, the organic electrolumines-
cence device according to an embodiment may accomplish
high efficiency. In an implementation, the organic electrolu-
minescence device according to an embodiment of the
present disclosure may emit blue light via the TAPF process
and attain high efficiency.

[0118] The following FExamples 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 Comparative 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.

Synthetic Examples

[0119] 1. Synthesis of Compound 19

[0120] Compound 19, which is a nitrogen-containing
compound according to an embodiment, was synthesized by
the following reaction.

) OQ
(s

OSSN
O D
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-continued

Oy,

Pd(OAc);
PH(tBu)y/BF,
K;CO;3

toluene

ass
-
J

[0121] Under an argon (Ar) atmosphere, 3.1 g of Com-
pound A, 1 g of Compound B, 0.1 g of palladium acetate,
0.25 g of tri-tert-butylphosphonium tetrafluoroborate (PH
(tBu)y/BF,), and 1.77 g of potassium carbonate (K,CO,)
were added to a 100 mL, three-necked flask, followed by
heating and refluxing in 50 mL of a toluene solvent at about
130° C. for about 6 hours.

[0122] The crude product thus obtained was separated by
silica gel column chromatography (using a mixed solvent of
dichloromethane and hexane) and then, recrystallized using
a mixed solvent of toluene/hexane to obtain 2.77 g (vield
82%) of a white solid compound.

[0123] The chemical shift values () of the white solid
compound measured by "H NMR were "H NMR (300 MHz,
CDCl,, 8): 8.92 (d, J=8.7 Hz, 2H), 8.88 (d, J=8.1 Hz, 2H),
8.28 (s, 2H), 8.14 (d, J=7.1 Hz, 2H), 7.89 Hz (d, ]=8.7 Hz,
2H), 7.76 (d, J=8.7 Hz, 2H), 7.66-7.63 (m, 2H). 7.41-7.32
(m, 8H), 7.31-7.24 (m, 5H). In addition, the molecular
weight of the white solid compound measured by FAB-MS
was 651. Through the results, the white solid compound was
identified as Compound 19.

[0124]

=

2. Synthesis of Compound 53

Pd(PPhs)y
K>CO;3

—_—
toluene/H,0
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-continued

L
N N

[0125] Under a nitrogen (N,) atmosphere, 2.00 g of Com-
pound C, 0.24 g of Compound D, 0.13 g of tetrakis(triph-
enylphosphine)palladium(0) [Pd(PPh;),] and 80 ml. of
dehydrated toluene were added to a 300 mL, three-necked
flask, followed by stirring. An aqueous potassium carbonate

QO
O

C

QLN

(K,CO,) solution (30 mL, 1.55 g) was added thereto,
followed by heating and refluxing for about 48 hours. The
crude product thus obtained was filtered using Celite,
extracted with chloroform, and dried with sodium sulfate
(Na,SO,). After removing solvents, the crude product was
separated by silica gel column chromatography (using a
mixed solvent of hexane/ethyl acetate/chloroform) to obtain
1.94 g (yield 57%) of a light yellow solid compound.

[0126] The chemical shift values (0) of the white solid
compound measured by "H NMR were ‘H NMR (400 MHz,
DMSO-d,, 9): 8.60 (d, J=8.0 Hz, 5H), 7.37-7.25 (m, 16H),
7.12 (t, I=7.2 Hz, 4H), 6.95-6.92 (m, 12H), 6.80 (d, J=6.8
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Hz, 4H), 6.44 (d, J=8.4 Hz, 4H), 2.81 (s, 3H). In addition,
the molecular weight of the compound measured by
MALDI-TOF-MS was 909.65. Through the results, the light
yellow solid compound was identified as Compound 53.

[0127] 3. Synthesis of Compound 55
Bpin
Pd(PPhs)y
K0y
toluene/HaO

e
55

[0128] Under a nitrogen (N,) atmosphere, 2.00 g of Com-
pound C, 025 g of Compound E, 40.10 g of tetrakis
(triphenylphosphine)palladium(0) [Pd(PPh,),] and 80 mL of
dehydrated toluene were added to a 300 mL, three-necked
flask, followed by stirring. An aqueous potassium carbonate
(K,CO3) solution (30 mL, 0.93 g) was added thereto,
followed by heating and refluxing for about 24 hours. The
crude product thus obtained was filtered using Celite,
extracted with chloroform, and dried with sodium sulfate
(Na,SO,). After removing solvents, the crude product was
separated by silica gel column chromatography (using a
mixed solvent of hexane/ethy] acetate/chloroform) to obtain
2.70 g (yield 80%) of a light yellow solid compound.

55
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[0129] The chemical shift values (8) of the white solid
compound measured by 'H NMR were 'H NMR (400 MHz,
CDCl,, 8): 9.07 (s, 2H), 8.33 (d, J=8.4 Hz, 4H), 7.28-7.26
(m, 16H), 7.07-7.01 (m, 12H), 6.92-6.91 (m, 8H), 6.51 (d,
J=8.1 Hz, 4H). Through the results, the light yellow solid
compound was identified as Compound 55.

[0130] 4. Synthesis of Compound 61

Bpin
‘ N N

NT TRy
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7.38-7.28 (m, 16H), 7.13 (t, J=8.0 Hz, 4H), 6.96-6.93 (m.
12H), 6.81 (d, J=8.0 Hz, 4H), 6.48 (d, J=8.4 Hz, 4H). In
addition, the molecular weight of the compound measured
by MALDI-TOF-MS was 971.51. Through the results, the
light yellow solid compound was identified as Compound
61.

Pd(PPhs),
K,CO;

—_—
toluene/H,O

sUsaaole
N N

OO A

[0131] Under a nitrogen (N,) atmosphere, 2.00 g of Com-
pound C, 030 g of Compound F, 40.13 g of tetrakis
(triphenylphosphine)palladium(0) [Pd(PPh,),] and 80 mL of
dehydrated toluene were added to a 300 mL, three-necked
flask, followed by stirring. An aqueous potassium carbonate
(X,CO;) solution (30 mL, 1.55 g) was added thereto,
followed by heating and refluxing for about 48 hours. The
crude product thus obtained was filtered using Celite,
extracted with chloroform, and dried with sodium sulfate
(Na,S0,). After removing solvents, the crude product was
separated by silica gel column chromatography (using a
mixed solvent of hexane/ethyl acetate/chloroform) to obtain
2.36 g (yield 65%) of a light yellow solid compound.

[0132] The chemical shift values (8) measured by 'H
NMR were 'H NMR (400 MHz, DMSO-d,, 8): 8.77 (d,
J=8.4 Hz, 4H), 8.74-8.71 (m, 3H), 7.64-7.61 (m, 3H),

61

e

[0133] 5. Synthesis of Compound 66

G
Pd(OAc),
PH(tBu)3/BF4
K,CO;
Br _—
\ / toluene
N
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O -
{H}

[0134] Under a nitrogen (N,) atmosphere, 1.41 g of Com-
pound G, 1.0 g of Compound B, 0.01 g of palladium acetate,
0.01 g of tri-tert-butylphosphonium tetrafluoroborate (PH
(tBu),/BF,), and 1.76 g of potassium carbonate (K,CO;)
were added to a 100 mL, three-necked flask, followed by
heating and refluxing in 30 mL of a toluene solvent at about
110° C. for about 12 hours. The crude product thus obtained
was separated by silica gel column chromatography (using
amixed solvent of dichloromethane and hexane) and recrys-
tallized using a mixed solvent of toluene/hexane to obtain
1.8 g (yield 90%) of a white solid compound.

[0135] The chemical shift values (8) of the white solid
compound measured by 'HNMR were 'H NMR (400 MHz,
CDCl,, d): 8.90 (d, I=4.8 Hz, 2H), 8.79 (d, J=8.8 Hz, 2H),
7.79 (d,]=7.3 Hz, 2H), 7.65 (d, I=8.4 Hz, 2H), 7.46 (d, I=8.5
Hz, 2H), 7.38 (1, I=6.6 Hz, 2H), 7.30-7.26 (m, 3H), 6.92 (1,
J=1.0 Hz, 2H), 6.58 (t, ]=6.6 Hz, 2H), 6.43 (t, 8.8 Hz, 4H).
Through the results, the light yellow solid compound was
identified as Compound 66.

[0136] 6. Synthesis of Compound 67

66

H

—~ )

Q52— -
200

Pd(OAc);
PH(tBu)y/BF,
K2CO;3

—_—
toluene
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[0137] Under an argon (Ar) atmosphere, 2.9 g of Com-
pound H, 1.6 g of Compound B, 0.11 g of palladium acetate,
0.28 g of tri-tert-butylphosphonium tetrafluoroborate (PH
(tBu),/BF,), and 2.88 g of potassium carbonate (K,CO,)
were added to a 100 mL, three-necked flask, followed by
heating and refluxing in 34 mL of a toluene solvent (about
110° C.) for about 5 hours. The crude product thus obtained
was separated by silica gel column chromatography (using
amixed solvent of dichloromethane and hexane) and recrys-
tallized using a mixed solvent of toluene/hexane to obtain
3.4 g (vield 98%) of a white solid compound.

[0138] The chemical shift values () of the white solid
compound measured were ‘H NMR (300 MHz, CDCl,, 8):
8.90 (d, J=5.1 Hz, 2H), 8.90 (d, J=8.7 Hz, 2H), 7.83 (d, J=1.2
Hz, 2H), 7.62 (d, J=8.7 Hz, 2H), 7.46-7.41 (m, 3H), 7.39-
7.30 (m, 4H), 6.72 (d, J=6H), 6.33 (d, J=8.7 Hz, 2H),
6.20-6.19 (m, 2H), 1.95 (s, 6H). The molecular weight of the
white solid compound measured by FAB-MS was 514.
Through the results, the white solid compound was identi-
fied as Compound 67.

[0139] 7. Synthesis of Compound 69
Q N—H +

Pd(OAC);
PH(tBu)y/BF.,
K,CO;4

toluene

X A0
920,

[0140] Under a nitrogen (N,) atmosphere, 2.96 g of Com-
pound I, 2.00 g of Compound B, 0.02 g of palladium acetate,
40.03 g of tri-tert-butylphosphonium tetrafluoroborate (PH
(tBu),/BF,), and 3.53 g of potassium carbonate were added
to a 100 mL, three-necked flask, followed by heating and
refluxing in 100 mL of a toluene solvent (about 110° C.) for
about 12 hours. The crude product thus obtained was sepa-
rated by silica gel column chromatography (using a mixed
solvent of dichloromethane and hexane) and recrystallized
using a mixed solvent of toluene/hexane to obtain 2.80 g
(vield 66%) of a white solid compound.

[0141] The chemical shift values (8) of the white solid
compound measured by were "H NMR (400 MHz, CDCl,,
0): 8.90 (d, J=5.1 Hz, 2H), 8.77 (d, ]=8.4 Hz, 2H), 7.59 (d,

69
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J=8.4 Hz, 2H), 7.29 (d, ]=4.8 Hz, 2H), 7.20-7.17 (m, 6H),
6.99-6.95 (m, 2H), 6.90-6.86 (m, 4H), 6.69 (t, J=7.3 Hz,
2H), 6.36 (d, J=8.8 Hz, 2H). Through the results, the white
solid compound was identified as Compound 69.

[0142] 8. Synthesis of Compound 70

N—H +
G
Pd(OAc),
PH(tBu)s/BEF,
K‘)CO:;
toluene

QQ
~O40
Y,

[0143] Under a nitrogen (N,) atmosphere, 1.42 g of Com-
pound G, 1.00 g of Compound B, 0.01 g of palladium
acetate, 0.01 g of PH(tBu),/BF,, and 1.40 g of potassium
carbonate were added to a 100 mL, three-necked flask,
followed by heating and refluxing in 30 mL of a toluene
solvent (about 110° C.) for about 6 hours. The crude product
thus obtained was separated by silica gel column chroma-
tography (using a mixed solvent of dichloromethane and
hexane) and recrystallized using a mixed solvent of toluene/
hexane to obtain 1.87 g (yield 90%) of a white solid
compound.

[0144] The chemical shift values (8) of the white solid
compound measured were "H NMR (400 MHz, CDCl,, §):
8.85 (d, J=4.8 Hz, 2I), 8.60 (d, J=8.4 Hz, 2H), 7.27-7.21 (m.
9H), 7.06-7.01 (m, 6H), 6.90-6.88 (m, 4H). 6.49 (d, ]-8.4
Hz, 2H). Through the results, the white solid compound was
identified as Compound 70.

[0145] 9. Synthesis of Compound 71

70
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[0146] Under an argon (Ar) atmosphere, 1.46 g of Com-
pound H, 1.52 g of Compound J, 0.061 g of palladium
acetate, 0.16 g of PH(tBu)y/BF,, and 1.64 g of potassium
carbonate were added to a 100 mL, three-necked flask,
followed by heating and refluxing in 77 mL of a toluene
solvent (about 110° C.) for about 4 hours. The crude product
thus obtained was separated by silica gel column chroma-
tography (using a mixed solvent of dichloromethane and
hexane) and recrystallized using a mixed solvent of toluene/
hexane to obtain 2.17 g (yield 84%) of a white solid
compound.

[0147] The chemical shift values () of the white solid
compound measured were 'H NMR (400 MHz, CDCl,, §):
9.03 (d, J=8.7 Hz, 2H), 8.37-8.35 (m, 4H), 8.11 (s, 1H), 7.83
(d, I=8.7Hz, 2H), 7.67-7.61 (m, 8H), 7.47 (d, J=1.5 Hz, 2H),
7.40 (t, J=12 Hz, 2H), 7.31-7.29 (m, 2H), 6.73 (d, ]=8.4 Hz,
2H), 6.39 (d, J=8.4 Hz, 2H), 6.19 (s, 2H), 1.96 (s, 6H). The
molecular weight of the compound measured by FAB-MS
was 666. Through the results, the white solid compound was
identified as Compound 71.

[0148]

[0149] Organic electroluminescence devices of Examples
1 to 5 were manufactured using Compounds 53, 553, 61, 67,
and 71 as emission layer materials.

Pd(OAc),
PH(tBu),/BF,
K2C03

aUa

27 o

(Device Manufacturing Example)
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[0151] Organic electroluminescence devices of Compara-
tive Examples 1 and 2 were manufactured using the follow-
ing Comparative Compounds X1 and X2 as emission layer
materials.

[0152] [Comparative Compounds]
X-1
Nlj\N
N/‘\/LN
X-2

[0153] The organic electroluminescence devices of
Examples 1 to 5 and Comparative Examples 1 and 2 were
manufactured as follows. On a glass substrate, ITO with a
thickness of about 150 nm was patterned, washed with
ultrapure water, and treated with UV-ozone for about 10
minutes. After that, a hole injection layer with a thickness of
about 10 nm was formed using HAT-CN, a hole transport
layer with a thickness of about 80 nm was formed using
NPB, an emission layer in which the above-described nitro-
gen-containing compound is doped in a doping amount of
18% in a DPEPO host material and having a layer thickness
of about 20 nm was formed, an electron transport layer with
a thickness of about 30 nm was formed using TPBi, an
electron injection layer with a thickness of about 0.5 nm was
formed using LiF, and a second electrode with a thickness of
about 100 nm was formed using aluminum (Al). Each layer
and the second electrode were formed by a resistance
heating method using a vacuum deposition apparatus.

[0154] After that, the maximum emission wavelength and
external quantum efficiency of the organic electrolumines-
cence devices thus manufactured were measured. The maxi-
mum emission wavelength was obtained using deposited
specimens of target compounds for measuring on a quartz
glass plate by measuring the maximum emission wavelength
of an emission spectrum at room temperature (about 300 K).
The external quantum efficiency was measured using an
external quantum efliciency measurement apparatus C9920-
2-12 of HAMAMATSU Photonics Co. The measured results
are shown in the following Table 1. The difference AEg, of
a singlet energy level and a triplet energy level was calcu-
lated using Gaussian09 by a function B3LYP, 6-31G(d).

Nov. 30,2017

TABLE 1
Device
manufacturing  Dopant material External quantum
example in emission layer  AEg/®  Amax efficiency EQE %
Example 1 Compound 53 0.01 461 18.7
Example 2 Compound 55 0.01 446 9.5
Example 3 Compound 61 0.01 469 14.8
Example 4 Compound 67 0.01 462 9.9
Example 5 Compound 71 0.01 468 20.5
Comparative ~ Comparative 0.01 490 20.9
Example 1 Compound X-1
Comparative ~ Comparative 0.01 525 13.3
Example 2 Compound X-2
[0155] When comparing Example | and Comparative

Bxample 1, the maximum emission wavelength of Example
1 (in which the emission material included a linker between
a donor and an acceptor) was decreased to shorter wave-
length by about 30 nm, when compared to that of Compara-
tive Example 1 (in which an emission material did not
include a linker). In addition, the emission wavelength of
Comparative Example 2 (in which the emission material
included an alkyl group between an electron donor and an
electron acceptor) was increased to longer wavelength,
when compared to that of Example 1, e.g., due to the
weakening of the electron donating property of the electron
donor. Selecting an appropriate linker may have an effect on
the separation of HOMO-LUMO orbital.

[0156] By way of summation and review, the application
of the organic electroluminescence device to a display,
driving voltage may be decreased and emission efficiency
and life may be increased. To stably achieve such effects,
materials for the organic electroluminescence device may be
developed.

[0157] Forexample, various fluorescent materials to attain
an organic electroluminescence device with high efficiency
have been developed. For example, a technique may attain
the high efficiency of a fluorescent device based on triplet-
triplet annihilation (TTA) due to the collision of triplet
excitons. According to the technique, singlet excitons, of
which theoretical production ratio is only about 25%, may
be produced up to about 40%. The production ratio may
increase to about twice that of other fluorescent devices. The
loss of triplet excitons may be also included.

[0158] Fluorescent emission by thermally activated
delayed fluorescence (TADF) may have theoretical produc-
tion efficiency of singlet excitons of about 100%, and may
rapidly increase emission efficiency. For example, various
TADF materials may exhibit red and/or green color. TADF
materials exhibiting blue color with high efliciency may be
rarely reported. For the application to a full color device, a
blue emitting device using the TADF may be used.

[0159] TADF materials may have a nitrogen-containing
polycyclic structure and may be green emitting materials.
Materials exhibiting blue-green emission may have not have
ideal efficiency. An organic electroluminescence device
using TADF materials may emit sky blue color. The material
may not emit blue color with short wavelength of about 480
nm or less, which is suitable for a display.

[0160] Compounds having TADF material properties may
be applied to organic electroluminescence devices. The
embodiments may provide pyridine-, pyrimidine-,
pyridazine-, pyrazine-based compounds from which a
m-conjugation system is not diffused, which emit blue light.



US 2017/0346017 A1l

For example, a compound according to an embodiment may
have a combined structure of an acceptor having a pyridine-,
pyrimidine-, pyridazine-, pyrazine-based skeleton with a
donor, which may be used in an organic electroluminescence
device emitting blue light with high efficiency.

[0161] The embodiments may provide a compound emit-
ting blue to deep blue color, and a blue emitting material
with short wavelength may be obtained by reinforcing the
electron donating property as in Example 1.

[0162] By introducing a substituent to the compound
represented by Formula 1 according to an embodiment, blue
emission may be attained, and at the same time, high
external quantum efficiency may be accomplished.

[0163] The compound according to an embodiment may
be used as a material for an organic electroluminescence
device.

[0164] The compound according to an embodiment may
be used as a TADF material.

[0165] The compound according to an embodiment may
increase or improve the emission efficiency of an organic
electroluminescence device.

[0166] The embodiments may provide a nitrogen-contain-
ing compound with improved emission efficiency.

[0167] 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. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. 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 of
the present invention as set forth in the following claims.

What is claimed is:

1. A nitrogen-containing compound represented by the
following Formula 1:

[Formula 1]

X
x5 ¥x,
Sl(l ——tL—Du],
X5 2%
X

wherein, in Formula 1,

X, to X, are each independently CR, or N, provided that
one or two of X, to X; are N,

each R, is independently a bond to I, a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring carbon atoms,

L is a substituted or unsubstituted arylene group having 6
to 30 ring carbon atoms,

nis1or2, and
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Du is a group represented by the following Formula 2,

[Formula 2]
R¢ Rs
Ry Ry
Y N
Rg Ri
Ry Rip

wherein, in Formula 2,

Y is a direct linkage, O, S, CR,R;, Si, Ge, P, or P—0,

R, to R, are each independently a hydrogen atom, a
deuterium atom, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heteroaryl
group of 2 to 30 ring carbon atoms,

adjacent ones of R, to R, are separate or are combined to
form a ring, and

represents a bonding site with L of Formula 1.

2. The nitrogen-containing compound as claimed in claim
1, wherein L is a substituted or unsubstituted phenylene
group.

3. The nitrogen-containing compound as claimed in claim
1, wherein the nitrogen-containing compound represented
by Formula 1 is represented by the following Formula 3:

[Formula 3]

Ry
:

N/ §N

I —fL—Du]

C C "

Rl/ \?/ \Rl

Ry

wherein, in Formula 3, L, Du, R,, and n are defined the
same as those of Formula 1.
4. The nitrogen-containing compound as claimed in claim
1, wherein the nitrogen-containing compound represented
by Fornula 1 is represented by the following Formula 4:

2 N R [Formula 4]
1 \/ 1

[ Thn)
RIJ:N/\RI
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wherein, in Formula 4, L, Du, R,. and n are defined the
same as those of Formula 1.

5. The nitrogen-containing compound as claimed in claim
1, wherein the nitrogen-containing compound represented
by Formula 1 is represented by the following Formula 5:

[Formula 5]
Ry

\N
[

Ri

wherein, in Formula 5, L, Du, R,, and n are defined the
same as those of Formula 1.

6. The nitrogen-containing compound as claimed in claim
1, wherein Y is the direct linkage or CR,R;.

7. The nitrogen-containing compound as claimed in claim
1, wherein the nitrogen-containing compound represented
by the above Formula 1 is represented by the following
Formula 6:

[Formula 6]

wherein, in Formula 6,

R,, is a hydrogen atom, substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, or a substituted
or unsubstituted carbazole group, and

X, to X are defined the same as those of Formula 1.

8. The nitrogen-containing compound as claimed in claim
1, wherein the group represented by Formula 2 is repre-
sented by one of the following Formulae 7 to 16, in which

Nov. 30,2017

is defined the same as that of Formula 2:

[Formula 7]
: §
e

[Formula §]
(4
n +
e

[Formula 9]

[Formula 10]

[Formula 11]

[Formula 12]
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-continued -continued
[Formula 13] [Formula 15]

Si N% %‘
[Formula 14] O O
Q44 00
@ @ 9. The nitrogen-containing compound as claimed in claim

1, wherein the nitrogen-containing compound represented
by Fornwla 1 is one of the following Compounds 1 to 95:

Boo god
I
o o

| N{w\: N{w\:

9

[Fornula 16]

2/
= N
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10. An organic electroluminescence device, comprising:
a first electrode;

a hole transport region on the first electrode;

an emission layer on the hole transport region;

an electron transport region on the emission layer; and
a second electrode on the electron transport region,

wherein the emission layer includes a nitrogen-containing
compound represented by the following Formula 1:

[Formula 1]

wherein, in Formula 1,

X, to X, are each independently CR, or N provided that
one or two of X, to X, are N,

each R, is independently a bond to L, a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring carbon atoms,

)—

95

L is a substituted or unsubstituted arylene group having 6
to 30 ring carbon atoms,

nis 1or2, and

Du is a group represented by the following Formula 2,

[Formula 2]
Rs Rs
Ry Ry
Y N
Rg Ry
Ry Rip

wherein, in Formula 2,

Y is a direct linkage, O, S, CR,R;, Si, Ge, P, or P=0. R,
to R;; are each independently a hydrogen atom, a
deuterium atom, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon
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atoms, or a substituted or unsubstituted heteroaryl wherein, in Formula 5, L, Du, R, and n are defined the
group of 2 to 30 ring carbon atoms, same as those of Formula 1.
adjacent ones of R, to R, are separate or are combined to

- 16. The organic electroluminescence device as claimed in
form a ring, and

claim 10, wherein Y is the direct linkage or CR,R;.

17. The organic electroluminescence device as claimed in
claim 10, wherein the nitrogen-containing compound rep-
resented by the above Formula 1 is represented by the
following Formula 6:

[Formula 6]

Rz

2

represents a bonding site with L of Formula 1.

11. The organic electroluminescence device as claimed in
claim 10, wherein an absolute value of a difference between

. . Xe=Xs

a singlet energy level and a triplet energy level of the / X
nitrogen-containing compound represented by Formula 1 is N X X4
about 0.2 eV or less.

12. The organic electroluminescence device as claimed in

claim 10, wherein L is a substituted or unsubstituted phe-
nylene group. N

13. The organic electroluminescence device as claimed in
claim 10, wherein the nitrogen-containing compound rep-
resented by Formula 1 is represented by the following
Formula 3:

[Formula 3]

R wherein, in Formula 6,
| R,, 1s a hydrogen atom, substituted or unsubstituted aryl
C 12 ydrog ry
N Xy group having 6 to 30 ring carbon atoms, or a substituted
I ; L—Dul or unsubstituted carbazole group, and
Rl/C\C¢ C\Rl X, to X, are defined the same as those of Formula 1.
| 18. The organic electroluminescence device as claimed in
Ry

claim 10, wherein the group represented by Formula 2 is
represented by one of the following Formulae 7 to 16, in
wherein, in Formula 3, L, Du, R,, and n are defined the which
same as those of Formula 1.
14. The organic electroluminescence device as claimed in
claim 10, wherein the nitrogen-containing compound rep-
resented by Formula 1 is represented by the following
Formula 4:

is defined the same as that of Formula 2:

[Formula 4]
Ry N, Ry

\/ [Formula 7]
[ Thn
RIIN/A R O

wherein, in Formula 4, L, Du, R,, and n are defined the N

same as those of Formula 1.
15. The organic electroluminescence device as claimed in
claim 10, wherein the nitrogen-containing compound rep-

resented by Formula 1 is represented by the following

Formula 5: O
R [Formula 5]
1 AN N ’ N
B
N n

[Formula 8]
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-continued -continued
[Formula 9] [Formula 13]

LI

[Formula 14]
[Formula 10] Q Q
N : C}
O [Formula 15]
[Formula 11] 0
S N% @ @
[Fornula 16]

[Formula 12]

@ @ 19. The organic electroluminescence device as claimed in

claim 10, wherein the nitrogen-containing compound rep-
resented by Formula 1 is one of the following Compounds
1 to 95:

@ f%

2/
2 o
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20. The organic electroluminescence device as claimed in wherein, in Formula 1,
claim 10, wherein: . .
the hole transport region includes a hole injection layer X, to X, are each independently CR, or N, provided that
and a hole transport layer, and two of X, to X, are N,

the electron transport region includes an electron injection
layer and an electron transport layer.
21. A nitrogen-containing compound represented by the
following Formula 1'; a methyl group, or a phenyl group,
[Formula 1']

_ _ n'is 1or?2,
R¢ Rs

each R, is independently a single bond, a hydrogen atom,

Y is a CR,R;,

Ry Ry R, to R,, are each independently a hydrogen atom, a
/\ PN methyl group, or a substituted or unsubstituted phenyl
|

- | group, and
\) %s ~ X4¢ Xs

R, and R, are separate or are combined to form a ring.

Rg Ry
22. The nitrogen containing compound as claimed in

claim 21, wherein the nitrogen-containing compound rep-
resented by Formula 1' is one of the following Compounds
53, 55, 61, 66, 67, 69, 70, or 71:

A
AT A
O o

N
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Q N

O N
23. An organic electroluminescence device, comprising:
a first electrode;
a hole transport region on the first electrode;
an emission layer on the hole transport region;
an electron transport region on the emission layer; and
a second electrode on the electron transport region,

wherein the emission layer includes the nitrogen-contain-
ing compound as claimed in claim 21.

24. The organic electroluminescence device as claimed in
claim 23, wherein an absolute value of a difference between
a singlet energy level and a triplet energy level of the
nitrogen-containing compound is about 0.2 eV or less.

25. The organic electroluminescence device as claimed in
claim 23, wherein the nitrogen containing compound is a
dopant in the emission layer.

* #* * #* #®



[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

RBA

LR
L M2 FF S0k
S\EReERR

BEG®)

ERILEDMEBEENENERR KRN

US20170346017A1 RF(

US15/378084

ZEERERLQF
B RZFEAAMKE

=EDISPLAY CO., LTD.
KYUSHUX% , B KRZF L F

=EDISPLAY CO., LTD.
KYUSHUKR% , B AF L F)

NAKANO HIROMI
SATO SHURI
FUJITA YOSHIMASA
AKASHI NOBUTAKA
YASUDA TAKUMA
PARK INSEOB

NAKANO, HIROMI
SATO, SHURI
FUJITA, YOSHIMASA
AKASHI, NOBUTAKA
YASUDA, TAKUMA
PARK, INSEOB

patsnap

2017-11-30

2016-12-14

HO1L51/00 C07D403/14 CO09K11/06 CO7D401/10 C07D401/14 C07D491/107 HO1L51/50

HO01L51/0067 CO9K11/06 HO1L51/0072 C07D403/14 C07D401/14 C07D401/10 CO9K2211/1044
C07D491/107 HO1L51/5056 HO1L51/5072 HO1L51/5016 C09K2211/1007 HO1L51/0071 HO1L51/0052

HO01L51/0073 HO1L51/5012
1020160065045 2016-05-26 KR
US10686139

Espacenet USPTO

D 403/14

ERNLEVANTSENANERE NSRS  SRILEWHETRIRT

(2006.01)

10

T—EL2

T—EIL
ETR
T—ETL

T—EML

T—HTL
HTR
T—HIL

-T—EL1



https://share-analytics.zhihuiya.com/view/bb2f1f98-69ba-4eaa-a8a0-2984b1033625
https://worldwide.espacenet.com/patent/search/family/060420571/publication/US2017346017A1?q=US2017346017A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170346017%22.PGNR.&OS=DN/20170346017&RS=DN/20170346017

