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(57) ABSTRACT

Provided are a compound, a composition, a light emitting
material including the same, an organic optoelectric device
and a display device including the organic optoelectric
device, and the compound is represented by the following
Chemical Formula I,

[Chemical Formula I]

in the Chemical Formula I, X* to X%, L and R' to R® are the
same as defined in the specification.
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COMPOUND FOR ORGANIC
OPTOELECTRIC DEVICE AND
COMPOSITION AND ORGANIC

OPTOELECTRIC DEVICE AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0048323 filed in the
Korean Intellectual Property Office on Apr. 22, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] A compound for an organic optoelectric device, a
composition, an organic optoelectric device and a display
device are disclosed.

[0004] (b) Description of the Related Art

[0005] An organic optoelectric device is a device that con-
verts electrical energy into photoenergy, and vice versa.
[0006] An organic optoelectric device may be classified as
follows in accordance with its driving principles. One is an
electronic device where excitons generated by photoenergy
are separated into electrons and holes and the electrons and
holes are transferred to different electrodes respectively and
electrical energy is generated, and the other is a light emitting
device to generate photoenergy from electrical energy by
supplying a voltage or a current to electrodes.

[0007] Examples of the organic optoelectric device include
an organic photoelectric device, an organic light emitting
diode, an organic solar cell, and an organic photo-conductor
drum, and the like.

[0008] Among them, the organic light emitting diode
(OLED) has recently drawn attention due to an increase in
demand for flat panel displays. The organic light emitting
diode converts electrical energy into light by applying current
to an organic light emitting material, and has a structure in
which an organic is interposed between an anode and a cath-
ode. Herein, the organic layer may include an emission layer
and optionally an auxiliary layer, and the auxiliary layer may
include, for example at least one layer selected from a hole
injection layer, a hole transport layer, an electron blocking
layer, an electron transport layer, an electron injection layer,
and a hole blocking layer that improve efficiency and stability
of an organic light emitting diode.

[0009] Performance of an organic light emitting diode may
be affected by characteristics of the organic layer, and among
them, may be mainly affected by characteristics of an organic
material of the organic layer.

[0010] Particularly, development for an organic material
being capable of increasing hole and electron mobility and
simultaneously increasing electrochemical stability is needed
so that the organic light emitting diode may be applied to a
large-size flat panel display.

SUMMARY OF THE INVENTION

[0011] A compound for an organic optoelectric device
being capable of realizing an organic optoelectric device hav-
ing characteristics such as high efficiency, a long life-span,
and the like is provided.

[0012] A composition for an organic optoelectric device
including the compound for an organic optoelectric device,
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an organic optoelectric device, and a display device including
the organic optoelectric device are provided.

[0013] Inone embodiment of the present invention, a com-
pound for an organic optoelectric device represented by the
following Chemical Formula 1 is provided.

[Chemical Formula ]

[0014] In the Chemical Formula I,

[0015] X' to X® are independently N, C or CR?,

[0016] L isa single bond, a substituted or unsubstituted C1
to C30 alkylene group, a substituted or unsubstituted C3 to
C30 cycloalkylene group, a substituted or unsubstituted C3 to
C30 heterocycloalkylene group. a substituted or unsubsti-
tuted C6 to C30 arylene group, or a substituted or unsubsti-
tuted C2 to C30 heteroarylene group, a substituted or unsub-
stituted C6 to C30 aryleneamine group, a substituted or
unsubstituted C2 to C30 heteroaryleneamine group, a substi-
tuted or unsubstituted C1 to C30 alkoxylene group, a substi-
tuted or unsubstituted C1 to C30 aryloxylene group, a substi-
tuted or unsubstituted C2 to C30 alkenylene group, a
substituted or unsubstituted C2 to C30 alkynylene group, or a
combination thereof,

[0017] R!is a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C2 to C30 heteroaryl
group, or a combination thereof,

[0018] R?to R’ and R“ are independently hydrogen, deute-
rium, a substituted or unsubstituted C1 to C30 alkyl group, a
substituted or unsubstituted C3 to C30 cycloalkyl group, a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group, a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C2 to C30 heteroaryl group, a
substituted or unsubstituted amine group, a substituted or
unsubstituted C6 to C30 arylamine group, a substituted or
unsubstituted C2 to C30 heteroarylamine group, a substituted
or unsubstituted C1 to C30 alkoxy group, a substituted or
unsubstituted C2 to C30 alkoxycarbony! group, a substituted
or unsubstituted C2 to C30 alkoxycarbonylamino group, a
substituted or unsubstituted C7 to C30 aryloxycarbony-
lamino group, a substituted or unsubstituted C1 to C30 sul-
famoylamino group, a substituted or unsubstituted C2 to C30
alkenyl group, a substituted or unsubstituted C2 to C30 alky-
nyl group, a substituted or unsubstituted C3 to C40 silyl
group, a substituted or unsubstituted C3 to C40 silyloxy
group, a substituted or unsubstituted C1 to C30 acyl group, a
substituted or unsubstituted C1 to C20 acyloxy group, a sub-
stituted or unsubstituted C1 to C20 acylamino group, a sub-
stituted or unsubstituted C1 to C30 sulfonyl group, a substi-
tuted or unsubstituted Cl to C30 alkylthiol group, a
substituted or unsubstituted C1 to C30 heterocyclothiol
group, a substituted or unsubstituted C6 to C30 arylthiol
group, a substituted or unsubstituted C1 to C30 het-
eroarylthiol group, a substituted or unsubstituted C1 to C30
ureide group, a halogen, a halogen-containing group, a cyano
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group, a hydroxyl group, an amino group, a nitro group, a
carboxyl group, a ferrocenyl group, or a combination thereof,
and

[0019] the R? and R, or R* and R® are independently
present, or are fused to each other to provide a ring.

[0020] In another embodiment of the present invention, a
composition for an organic optoelectric device including the
compounds for an organic optoelectric device is provided.
[0021] Inyet another embodiment of the present invention,
an organic optoelectric device includes an anode and a cath-
ode facing each other, and

[0022] at least one organic layer interposed between the
anode and the cathode,

[0023] wherein the organic layer includes the compound
for an organic optoelectric device or the composition for an
organic optoelectric device.

[0024] Instillanother embodiment of the present invention,
a display device including the organic optoelectric device is
provided.

[0025] An organic optoelectric device having high effi-
ciency and long life-span may be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIGS. 1 and 2 are cross-sectional views showing
organic light emitting diodes according to embodiments.

DETAILED DESCRIPTION

[0027] Hereinafter, embodiments of the present invention
are described in detail. However, these embodiments are
exemplary, and this disclosure is not limited thereto.

[0028] As used herein, when a definition is not otherwise
provided, the term “substituted” refers to one substituted with
a substituent selected from deuterium, a halogen, a hydroxy
group, an amino group, a substituted or unsubstituted C1 to
C30amine group, a nitro group, asubstituted or unsubstituted
C1 to C40 silyl group, a C1 to C30 alkyl group, a Cl to C10
alkylsilyl group, a C3 to C30 cycloalkyl group, a C6 to C30
aryl group, a C1 to C20 alkoxy group, a fluoro group, a C1 to
C10 trifluoroalkyl group such as a trifluoromethyl group and
the like or a cyano group, instead of at least one hydrogen of
a substituent or a compound.

[0029] The two adjacent substituent selected from the sub-
stituted halogen, hydroxy group, amino group, substituted or
unsubstituted C1 to C20 amine group, a nitro group, substi-
tuted or unsubstituted C3 to C40 silyl group, C1 to C30 alkyl
group, C1 to C10 alkylsilyl group, C3 to C30 cycloalkyl
group, C6 to C30 aryl group, C1 to C20 alkoxy group, fluoro
group, C1 to C10 trifluoroalkyl group such as trifluoromethyl
group and the like, or cyano group may be fused to form a
ring. Specifically, the substituted C6 to C30 aryl group may be
fused to another adjacent substituted C6 to C30 aryl group to
form a substituted or unsubstituted fluorene ring.

[0030] Inthe present specification, when specific definition
is not otherwise provided, “hetero” refers to one including 1
to 3 hetero atoms selected from N, O, S, and P, and remaining
carbons in one functional group.

[0031] Inthe present specification, when a definition is not
otherwise provided, the term “combination thereof” refers to
at least two substituents bound to each other by a linker, or at
least two substituents condensed to each other.

[0032] Inthe present specification, when a definition is not
otherwise provided, “alkyl group” refers to an aliphatic
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hydrocarbon group. The alkyl group may be 7 “a saturated
alkyl group” without any double bond or triple bond.

[0033] The alkyl group may be a C1 to C20 alkyl group.
More specifically, the alkyl group may be a C1 to C10 alkyl
grouporaCl to C6 alkyl group. Forexample,a C1to C4 alkyl
group may have 1 to 4 carbon atoms in an alkyl chain which
may be selected from methyl, ethyl, propyl, iso-propyl, n-bu-
tyl, iso-butyl, sec-butyl, and t-butyl.

[0034] Specific examples of the alkyl group may be a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a t-butyl group, a
pentyl group, a hexyl group, a cyclopropyl group, a cyclobu-
tyl group, a cyclopentyl group, a cyclohexyl group, and the
like.

[0035] As used herein, the term “aryl group” refers to a
substituent including all element of the cycle having p-orbit-
als which form conjugation, and may be monocyclic, poly-
cyclic or fused ring polycyclic (i.e., rings sharing adjacent
pairs of carbon atoms) functional group.

[0036] As used herein, the term “heteroaryl group” may
refer to an aryl group including 1 to 3 hetero atoms selected
from N, O, S, P, and Si and remaining carbons in one func-
tional group. When the heteroaryl group is a fused ring, each
ring may include 1 to 3 hetero atoms.

[0037] More specifically, a substituted or unsubstituted C6
to C30 aryl group and/or a substituted or unsubstituted C2 to
C30 heteroaryl group include a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
asubstituted or unsubstituted anthracenyl group, a substituted
or unsubstituted phenanthrylene group, a substituted or
unsubstituted naphthacenyl group, a substituted or unsubsti-
tuted pyrenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted p-terphenyl group, a
substituted or unsubstituted m-terphenyl group, a substituted
or unsubstituted chrysenyl group, a substituted or unsubsti-
tuted triphenylenyl group, a substituted or unsubstituted
perylenyl group, asubstituted or unsubstituted indenyl group,
a substituted or unsubstituted furanyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsubsti-
tuted pyrrolyl group, a substituted or unsubstituted pyrazolyl
group, a substituted or unsubstituted imidazolyl group, a sub-
stituted or unsubstituted triazolyl group, a substituted or
unsubstituted oxazolyl group, a substituted or unsubstituted
thiazolyl group, a substituted or unsubstituted oxadiazolyl
group, a substituted or unsubstituted thiadiazolyl group, a
substituted or unsubstituted pyridyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted pyrazinyl group, a substituted or unsubstituted triazinyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted benzothiophenyl group, a substi-
tuted or unsubstituted benzimidazolyl group, a substituted or
unsubstituted indolyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted isoquinolinyl
group, a substituted or unsubstituted quinazolinyl group, a
substituted or unsubstituted quinoxalinyl group. a substituted
or unsubstituted naphthyridinyl group, a substituted or unsub-
stituted benzoxazinyl group, a substituted or unsubstituted
benzthiazinyl group, a substituted or unsubstituted acridinyl
group, a substituted or unsubstituted phenazinyl group, a
substituted or unsubstituted phenothiazinyl group, a substi-
tuted or unsubstituted phenoxazinyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
dibenzofuranyl group, a substituted or unsubstituted diben-



US 2015/0303381 Al

zothiophenyl group, a substituted or unsubstituted carbazolyl
group, a combination thereof or a fused combination thereof,
but is not limited thereto.

[0038] In the specification, hole characteristics refer to
characteristics capable of donating an electron to form a hole
when electric field is applied, and characteristics that hole
formed in the anode is easily injected into the emission layer
and transported in the emission layer due to conductive char-
acteristics according to HOMO level.

[0039] In addition, electron characteristics refer to charac-
teristics capable of accepting an electron to form a hole when
electric field is applied, and characteristics that electron
formed in the cathode is easily injected into the emission layer
and transported in the emission layer due to conductive char-
acteristics according to LUMO level.

[0040] Hereinafter, acompound for an organic optoelectric
device according to one embodiment is described.

[0041] Inoneembodiment of the present invention, a com-
pound for an organic optoelectric device represented by the
following Chemical Formula 1 is provided.

[Chemical Formula I]

R]
!
RZ
n I
x\=E N SR
N e
X, \ / Y7
R x4
N Xs:\’-X6
RS

[0042] In the Chemical Formula I,

[0043] X' to X®are independently N, C or CR?,

[0044] L is asingle bond, a substituted or unsubstituted Cl1
to C30 alkylene group, a substituted or unsubstituted C3 to
C30 cycloalkylene group, a substituted or unsubstituted C3 to
C30 heterocycloalkylene group, a substituted or unsubsti-
tuted C6 to C30 arylene group, or a substituted or unsubsti-
tuted C2 to C30 heteroarylene group, a substituted or unsub-
stituted C6 to C30 aryleneamine group, a substituted or
unsubstituted C2 to C30 heteroaryleneamine group, a substi-
tuted or unsubstituted C1 to C30 alkoxylene group, a substi-
tuted or unsubstituted C1 to C30 aryloxylene group, a substi-
tuted or unsubstituted C2 to C30 alkenylene group, a
substituted or unsubstituted C2 to C30 alkynylene group, or a
combination thereof,

[0045] R!is a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C2 to C30 heteroaryl
group, or a combination thereof,

[0046] R*to R’ and R® are independently hydrogen, deute-
rium, a substituted or unsubstituted C1 to C30 alkyl group, a
substituted or unsubstituted C3 to C30 cycloalkyl group, a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group, a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C2 to C30 heteroaryl group, a
substituted or unsubstituted amine group, a substituted or
unsubstituted C6 to C30 arylamine group, a substituted or
unsubstituted C2 to C30 heteroarylamine group, a substituted
or unsubstituted C1 to C30 alkoxy group, a substituted or
unsubstituted C2 to C30 alkoxycarbonyl group, a substituted
or unsubstituted C2 to C30 alkoxycarbonylamino group, a
substituted or unsubstituted C7 to C30 aryloxycarbony-
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lamino group, a substituted or unsubstituted C1 to C30 sul-
famoylamino group, a substituted or unsubstituted C2 to C30
alkenyl group, a substituted or unsubstituted C2 to C30 alky-
nyl group, a substituted or unsubstituted C3 to C40 silyl
group, a substituted or unsubstituted C3 to C40 silyloxy
group, a substituted or unsubstituted C1 to C30 acyl group, a
substituted or unsubstituted C1 to C20 acyloxy group, a sub-
stituted or unsubstituted C1 to C20 acylamino group, a sub-
stituted or unsubstituted C1 to C30 sulfonyl group, a substi-
tuted or unsubstituted Cl to C30 alkylthiol group, a
substituted or unsubstituted C1 to C30 heterocyclothiol
group, a substituted or unsubstituted C6 to C30 arylthiol
group, a substituted or unsubstituted C1 to C30 het-
eroarylthiol group, a substituted or unsubstituted C1 to C30
ureide group, a halogen, a halogen-containing group, a cyano
group, a hydroxyl group, an amino group, a nitro group, a
carboxyl group, a ferrocenyl group, or a combination thereof,
and

[0047] the R? and R? or R* and R® are independently
present, or are fused to each other to provide a ring.

[0048] The compound for an organic optoelectric device
represented by the Chemical Formula I includes a backbone
in which a 6-membered ring moiety consisting of X to X*, an
imidazoline moiety, a pyrrole moiety and a 6-membered ring
moiety consisting of X° to X® are sequentially fused.

[0049] In particular, since one N of two “N’s” of the imi-
dazoline moiety is shared with the 6-membered ring moiety
consisting of X* to X* in the compound for an organic opto-
electric device represented by the Chemical Formula I, the
6-membered ring moiety consisting of X' to X* may be con-
jugated with the imidazoline moiety due to an unshared elec-
tron pair of the N.

[0050] The conjugation effect increases hole characteris-
tics due to resonance stabilization when holes are injected. In
other words, stability for holes is increased.

[0051] In addition, since the other N is not shared with the
6-membered ring moiety consisting of X1 to X4 but con-
nected thereto due to a single bond and double bond, the
compound includes no particular substituent. In this way, the
compound includes no particular substituent and thus, may
have a lower molecular weight and increased deposit process
stability and resultantly, an effect on improving thermal resis-
tance stability.

[0052] Since the backbone formed by sequentially fusing
the 6-membered ring moiety consisting of X' to X*, the imi-
dazoline moiety, the pyrrole moiety and the 6-membered ring
moiety consisting of X to X® is a structure easily receiving
holes, a compound for an organic optoelectric device may be
designed to have strong hole characteristics by introducing a
substituent easily receiving holes.

[0053] In addition, a bipolar structure may be formed by
introducing a substituent easily receiving electrons.

[0054] A compound for an organic optoelectric device hav-
ing the bipolar structure may appropriately balance hole and
electron flows and thus, improve efficiency of an organic
optoelectric device.

[0055] In addition, the compound has a low molecular
weight as well as the bipolar characteristics and thus, may be
deposited at a relatively low temperature and realize an
organic optoelectric device having an excellent long life-
span.

[0056] The Chemical Formula I may be specifically repre-
sented by one of the following Chemical Formulae 1 to 4.
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[Chemical Formula 1]

|
R? T
f\’\N N \/R“
| \ <
RSN [ J
N A=
|
RS
! [Chemical Formula 2]
R
|
R? T
/‘\ﬁ\ N R¢

[Chemical Formula 3]

o

[Chemical Formula 4]

lagtal

P ——

[0057] Inthe Chemical Formulae1to 4, L, R' to R® are the
same as described above.

[0058] The Chemical Formula I may be more specifically
represented by one of the following Chemical Formulae 5 to
8.

[Chemical Formula 5]

[Chemical Formula 6]

7 ——
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-continued
[Chemical Formula 7]
Rl
I
— N
N \ N
\ AN
N E—
[Chemical Formula 8]
Rl
I
— N

[0059] Inthe Chemical Fornulae5to8,L, R and R arethe
same as described above.

[0060] The compound for an organic optoelectric device
represented by the Chemical Formula I may have desirable
characteristics by adjusting the substituents R' to R,

[0061] Forexample, the R may be one of moieties listed in
the following Group L.

[Group 1]

[0062]
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-continued

Zy*
A\
o

[0063]
[0064]
[0065]
[0066]

In the Group I,
7 are independently N or CR?, at least one of Z is N,
W is NR¢, 0, S, SO, SO,, CRR?, or SiR/Ré,

wherein R to Rf are independently hydrogen, deu-

terium, a substituted or unsubstituted C1 to C30 alkyl group,
a substituted or unsubstituted C3 to C30 cycloalkyl group, a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group, a substituted or unsubstituted C6 to C30 aryl group, or
asubstituted or unsubstituted C2 to C30 heteroaryl group, and

[0067] * is a linking point and may be positioned at one of
element consisting of the functional groups.

[0068] The moieties listed in the Group I as a substituent
may provide a compound for an organic optoelectric device
having strong hole characteristics.

[0069] Specifically, the moieties listed in the Group I may
be represented by one of moieties listed in the following
Group I-1.

[Group 1-1]

[0070]

/N
o
|\
A

|\’
N. N
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-continued

[0071]

[0072] In addition, the R" may be one of moieties of the
following Group II.

In the Group I-1. * is a linking point.

[Group IT]

[0073]
RlOl RlOl
[’\4\ . E\é\l__/ 1,
« I A I \ |

Oct. 22,2015

-continued

[0074]

[0075] R to R'°* are independently hydrogen, deute-
rium, a substituted or unsubstituted C1 to C30 alkyl group, a
substituted or unsubstituted C1 to C30 silyl group, a substi-
tuted or unsubstituted C6 to C30 aryl group, or a combination
thereof,

[0076]

[0077] *is a linking point and may be positioned at one of
element consisting of the functional groups.

[0078] The moieties listed in the Group II as a substituent
may provide a compound for an organic optoelectric device
having bipolar characteristics.

[0079] Specifically, the moieties listed in the Group II may
be represented by one of moieties listed in the following
Group II-1.

In the Group 11,

Yis O, S, SO, or SO,, and

[Group 1I-1]

[0080]
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[0081] 1In the Group II-1, * is a linking point.

[0082] C6 to C30 arylene group, a substituted or unsubsti-
tuted C2 to C30 heteroarylene group, or a combination
thereof.

[0083] The substituted or unsubstituted C6 to C30 arylene
group, or the substituted or unsubstituted C2 to C30 het-
eroarylene group may be a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted biphenylene
group, a substituted or unsubstituted terphenylene group, a
substituted or unsubstituted pyridylene group, or a combina-
tion thereof.

[0084] Specifically, the substituted or unsubstituted phe-
nylene group, or the substituted or unsubstituted pyridylene
group may be one of moieties of the following Group III.

[Group 1I1]

[0085]
g1
AN 2N

[0086] In the Group III, * is a linking point.

[0087] The compound for an organic optoelectric device
may be applied to an organic optoelectric device at alone or
with a compound for an organic optoelectric device. The
compound for an organic optoelectric device is used with
another compound for an organic optoelectric device as a
composition.

[0088] Hereinafter, examples of a composition for an
organic optoelectric device including the compound for an
organic optoelectric device are described.

[0089] As an example of the composition for an organic
optoelectric device, a compound including one of moieties
listed in the Group I as a substituent is referred to as “a first
compound for an organic optoelectric device”, and a com-
pound including one of moieties listed in the group II is
referred to as “a second compound for an organic optoelectric
device” of the organic compounds.

[0090] The first compound for an organic optoelectric
device may be, for example compounds listed in the follow-
ing Group I-2, but is not limited thereto.
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[Group 1-2]

[0091]
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[0092] The second compound for an organic optoelectric

device may be, for example compounds listed in the follow- N
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[0094] The composition may include the first compound
for an organic optoelectric device and the second compound
for an organic optoelectric device in a weight ratio of about
1:10 to about 10:1.

[0095] The first compound for an organic optoelectric
device and the second compound for an organic optoelectric
device may be used as a first host compound and a second host
compound respectively and may further include a dopant. The
dopant may be a red, green, or blue dopant.

[0096] The dopant is mixed with the first host compound
and the second host compound in a small amount to cause
light emission, and may be generally a material such as a
metal complex that emits light by multiple excitation into a
triplet or more. The dopant may be, for example an inorganic,
organic, or organic/inorganic compound, and one or more
kinds thereof may be used.

[0097] Examples of the dopant may be a phosphorescent
dopant, and examples of the phosphorescent dopant may be
an organic metal compound including Ir, Pt, Os, Ti, Zr, Hf,
Eu, Tb, Tm, Fe, Co, Ni, Ru, Rh, Pd or a combination thereof.
The phosphorescent dopant may be, for example a compound
represented by the following Chemical Formula Z, but is not
limited thereto.

L,MX

[0098] Inthe Chemical Formula Z, M is a metal, and L. and
X are the same or different, and are a ligand to form a complex
compound with M.

[0099] TheM may be, forexample Ir, Pt, Os, Ti, Zr, Hf, Eu,
Tb, Tm, Fe, Co, Ni, Ru, Rh, Pd or a combination thereof, and
the T and X may be, for example a bidendate ligand.

[0100] The composition may form a film using a dry film-
forming method such as chemical vapor deposition.

[0101] Hereinafter, an organic optoelectric device to which
the organic compound or the composition is applied is
described.

[0102] The organic optoelectric device may be any device
to convert electrical energy into photoenergy and vice versa
without particular limitation, and may be, for example an
organic photoelectric device, an organic light emitting diode,
an organic solar cell, and an organic photo-conductor drum.
[0103] The organic optoelectric device includes an anode
and a cathode facing each other, and at least one organic layer
interposed between the anode and the cathode, wherein the
organic layer includes the above organic compound or com-
position.

[0104] Herein, an organic light emitting diode as one
example of an organic optoelectric device is described refer-
ring to drawings.

[0105] FIGS. 1 and 2 are cross-sectional views of each
organic light emitting diode according to one embodiment.
[0106] Referring to FIG. 1, an organic optoelectric device
100 according to one embodiment includes an anode 120 and
a cathode 110 facing each other and an organic layer 105
interposed between the anode 120 and cathode 110.

[0107] The anode 120 may be made of a conductor having
a large work function to help hole injection, and may be for
example metal, metal oxide and/or a conductive polymer. The
anode 120 may be, for example a metal nickel, platinum,
vanadium, chromium, copper, zinc, gold, and the like or an
alloy thereof; metal oxide such as zinc oxide, indium oxide,
indium tin oxide (ITO), indium zinc oxide (IZ0), and the like;
acombination of metal and oxide suchas ZnO and Al or SnO,
and Sb; a conductive polymer such as poly(3-methylth-

[Chemical Formula Z]
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iophene), poly(3,4-(ethylene-1,2-dioxy)thiophene) (PEDT),
polypyrrole, and polyaniline, but is not limited thereto.
[0108] Thecathode 110 may be made of a conductor having
a small work function to help electron injection, and may be
for example metal, metal oxide and/or a conductive polymer.
The cathode 110 may be for example a metal or an alloy
thereof such as magnesium, calcium, sodium, potassium, tita-
nium, indium, yttrium, lithium, gadolinium, aluminum silver,
tin, lead, cesium, barium, and the like; a multi-layer structure
material such as LiF/Al, 1iO,/Al, LiF/Ca, LiF/Al and BaF,/
Ca, but is not limited thereto.

[0109] The organic layer 105 includes an emission layer
130 including the compound for an organic optoelectric
device or the above composition for an organic optoelectric
device.

[0110] Theemission layer 130 may include for examplethe
above organic compound at alone, a mixture of at least two
kinds of the above organic compound, or the composition.

[0111] Referring to FIG. 2, an organic light emitting diode
200 further includes a hole auxiliary layer 140 as well as an
emission layer 230. The hole auxiliary layer 140 may further
increase hole injection and/or hole mobility between the
anode 120 and emission layer 230 and block electrons. The
hole auxiliary layer 140 may be, for example a hole transport
layer (HTL), a hole injection layer (HIL), and/or an electron
blocking layer, and may include at least one layer.

[0112] In one embodiment of the present invention, an
organic light emitting diode may further include an electron
transport layer (ETL), an electron injectionlayer (EIL), a hole
injection layer (HIL), and the like, as an organic layer 105 in
FIG. 1 or FIG. 2.

[0113] The organic light emitting diodes 100 and 200 may
be manufactured by forming an anode or a cathode on a
substrate, forming an organic layer in accordance with a dry
coating method such as evaporation, sputtering, plasma plat-
ing, and ion plating; and forming a cathode or an anode
thereon.

[0114] The organic light emitting diode may be applied to
an organic light emitting diode (OLED) display.

[0115]
detail with reference to examples. However, the present dis-
closure is illustrated in more detail with reference to
examples.

Hereinafter, the embodiments areillustrated in more

Preparation of Compound for Organic Optoelectric
Device

Example 1

Synthesis of Compound A-3

[0116] A compound A-3 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.
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sure. The concentrated product was separated through col-

[Reaction Scheme 1] umn chromatography, obtaining 20 g (77%) of an
intermediate product (B).

[0122] HRMS (70 eV, EI") m/z caled for C13HIN3: 207.
08. found for 207 .43.
NaHC03/EtOH [0123] Third Step; Synthesis of Compound A-3
N [0124] 20.0 g (96.5 mmol) of the intermediate product (B),
A 30.9 g (115.8 mmol) of 2-chloro-4,6-diphenyl-pyrimidine,
13.9 g (144.8 mmol) of sodium t-butoxide (NaOtBu), 2.8 g
(4.8 mmol) of Pd(dba),, and 5.8 g (50% in toluene) of tri
t-butylphosphine (P(tBu),) were put in 400 mL of toluene,
and the mixture was heated and refluxed under a nitrogen
stream for 12 hours. The obtained mixture was added to 1000
mL of methanol to crystallize a solid, the solid was filtered,
dissolved in toluene, filtered with silica gel/Celite, and then,
recrystallized with methanol after removing an organic sol-
vent in an appropriate amount, obtaining 35.0 g (83%) of a
N compound A-3.
\ \ N [0125] HRMS (70 eV, EI*) m/z caled for C29H19NS: 437.
N 16. found for 437.51.

P(OEt);

N
®) Example 2

O O Synthesis of Compound A-5
AN Pd(dba)y/P(‘Bu)yNaO'Bu [0126] A compound A-5 as specific examples of a com-

Toloone pound for an organic optoelectric device of the present inven-
NY N tion was synthesized through the following Reaction Scheme.
1

' l Reaction Scheme 2
Q@ l T T l Pd(dba),/P(‘Bu)3/NaO‘Bu
Toluene

[0117] First Step; Synthesis of Intermediate Product (A)
[0118] 20.0 g (212.5 mmol) of 2-aminopyridine, 51.9 g

(212.5 mmol) of 2-bromo-1-(2-nitrophenyl)-ethanone, and
17.85 g (212.5 mmol) of sodium bicarbonate (NaHCO,) were
dissolved in 400 mL ofethanol, and the solution was refluxed AN

and agitated under a nitrogen stream for 6 hours. When the |
reaction was complete, the ethanol was removed by using a N 2N
revolving evaporator. 500 mL of water was added thereto, and
the obtained mixture was agitated for 30 minutes and then,
filtered. The obtained solid compound was recrystallized with N
ethanol, obtaining 36.0 g of an intermediate product A (a \ \
yield: 71%).

[0119] HRMS (70 eV, EI") m/z caled for C13HIN302:

239.07. found for 239.42. 0127] 1008 (483 1) of the nt diat duct (B)
. . . .3 mmol) of the intermediate product (B),
[0120] Second Step; Synthesis of Intermediate Product (B) 15.5g (579 m%nol) of 2-chloro-4,6-diphenyl-[1 ,13),5]triazine,
[0121] 30.0 g (125.4 mmol) of the intermediate product A 6.9 g (72.4 mmol) of sodium t-butoxide (NaOtBu), 1.4 g (2.4
was dissolved in 200 mL of triethylphosphite (P(OEt);), and ~ mmol) of Pd(dba),, and 2.9 g (50% in toluene) of tri t-bu-
the solution was refluxed and agitated under a nitrogen stream tylphosphine (P(tBu); ) were put in 200 mL oftoluene, and the
for 12 hours. After the reaction was completed, the trieth- mixture was heated and refluxed under a nitrogen stream for
ylphosphite was distilled and removed under a reduced pres- 12 hours. The obtained mixture was added to 1000 mL of

0
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methanol to crystallize a solid, and the solid was filtered,
dissolved in toluene, filtered with silica gel/Celite, and then,
recrystallized after removing an appropriate amount of an
organic solvent, obtaining 15.0 g (71%) of a compound A-5.
[0128] HRMS (70 eV, EI*) m/z caled for C28H18N6: 438.
16. found for 438.51.

Example 3

Synthesis of Compound A-15

[0129] A compound A-15 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.

Reaction Scheme 3
H
—— N
N
N .
X
N
®)
x Pd(dba),/P(Bu);NaO'Bu
| Toluene -
N / N
Br
N /
X
N
— N,
8
\ AN
N
[0130] 8.0 g (38.6 mmol) of the intermediate product (B),

17.9 g (46.3 mmol) of 2-(3-bromophenyl )-4,6-diphenyl-py-
rimidine, 5.6 g (57.9 mmol) of sodium t-butoxide (NaOtBu),
1.1 g (1.9 mmol) of Pd(dba),, and 2.3 g (50% in toluene) of tri
t-butylphosphine (P(tBu),) were put in 200 mL of toluene,
and the mixture was heated and refluxed under a nitrogen
stream for 12 hours. The obtained mixture was added to 1000
mL of methanol to crystallize a solid, and the solid was
dissolved in toluene, filtered with silica gel/Celite, and then,
recrystallized after removing an appropriate amount of an
organic solvent, obtaining 15.0 g (76%) of a compound A-15.
[0131] HRMS (70 eV, EI*) nv/z caled for C35H23NS: 513.
20. found for 513.55.
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Example 4

Synthesis of Compound A-17

[0132] A compound A-17 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.

Reaction Scheme 4
el
— N
N
N .
X
N
®)
AN Pd(dba),/P(‘Bu)3/NaO‘Bu
| Toluene
N p N
Br

NN
Q/L\ /‘\@
N
o N
Sy
\ AN
N
[0133] 10.0 g (48.3 mmol) of the intermediate product (B),
22.5 g (57.9 mmol) of 2-(3-bromophenyl)-4,6-diphenyl-[ 1,3,
S]triazine, 6.9 g (72.4 mmol) of sodium t-butoxide (NaOtBu),
1.4 g (2.4 mmol) of Pd(dba),, and 2.9 g (50% in toluene) of tri
t-butylphosphine (P(tBu),) were put in 200 mL of toluene,
and the mixture was heated and refluxed under a nitrogen
stream for 12 hours. The obtained mixture was added to 1000
mL of methanol to crystallize a solid, and the solid was
dissolved in toluene, filtered with silica gel/Celite, and then,
recrystallized after removing an appropriate amount of an
organic solvent, obtaining 18.0 g (72%) of a compound A-17.

[0134] HRMS (70 eV, ET*) m/z caled for C34H22N6: 514.
19. found for 514.54.

Example 5

Synthesis of Compound A-40

[0135] A compound A-40 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.
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Reaction Scheme 5
——
N
NS ‘
X
N
®)

! Pd(dba),/P(‘Bu);NaO'Bu

x
| Toluene
NYN
Cl
QL
N. /N
— N
N
N
N

[0136] 12.0 g (57.9 mmol) of the intermediate product (B),
16.7 g (69.5 mmol) of 2-chloro-4-phenyl-quinazoline, 8.4 g
(86.9 mmol) of sodium t-butoxide (NaOtBu), 1.7 g (2.9
mmol) of Pd(dba),, and 3.5 g (50% in toluene) of tri t-bu-
tylphosphine (P(tBu); ) were putin 240 mL of toluene, and the
mixture was heated and refluxed under a nitrogen stream for
12 hours. The obtained mixture was added to 1000 mL of
methanol to crystallize a solid, and the solid was dissolved in
toluene, filtered with silica gel/Celite and then, recrystallized
after removing an appropriate amount of an organic solvent,
obtaining 18.0 g (67%) of a compound A-40.

[0137] HRMS (70 eV, ET*) m/z caled for C27H17N5: 411.
15. found for 411.50.

Example 6

Synthesis of Compound A-41

[0138] A compound A-41 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.

Reaction Scheme 6
H
= N
N
N .
N
N
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-continued

Ve
Y

Cl

Pd(dba),/P(‘Bu)y/NaO'Bu

Toluene

N

L

J\(N

[0139] 10.0 g (48.3 mmol) of the intermediate product (B),
18.3 g (57.9 mmol) of 4-biphenyl-4-yl-2-chloro-quinazoline,
6.9 g (72.4 mmol) of sodium t-butoxide (NaOtBu), 1.4 g (2.4
mmol) of Pd(dba),, and 2.9 g (50% in toluene) of tri t-bu-
tylphosphine (P(tBu);) were put in 200 mL of toluene, and the
mixture was heated and refluxed under a nitrogen stream for
12 hours. The obtained mixture was added to 1000 mL of
methanol to crystallize a solid, and the solid was filtered,
dissolved in toluene, filtered with silica gel/Celite, and then,
recrystallized after removing an appropriate amount of an
organic solvent, obtaining 18.0 g (77%) of a compound A-41.

[0140] HRMS (70 eV, EI*) m/z caled for C33H21NS: 487,
18. found for 487.53.

Example 7

Synthesis of Compound A-43

[0141]
pound for an organic optoelectric device of the present inven-

A compound A-43 as specific examples of a com-

tion was synthesized through the following Reaction Scheme.

Reaction Scheme 7
H
- N
N
N .
X
N



US 2015/0303381 Al
-continued
N Pd(dba),/P(‘Bu)sNaOBu
T Toluene
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== N,
N
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N

[0142] 8.0 g (38.6 mmol) of the intermediate product (B),
147 g (463 mmol) of 2-(3-chloro-phenyl)-4-phenyl-
quinazoline, 5.6 g (57.9 mmol) of sodium t-butoxide
(NaOtBu), 1.1 g (1.9 mmol) of Pd(dba),, and 2.3 g (50% in
toluene) of tri t-butylphosphine (P(tBu),) were put in 160 mL
of toluene, and the mixture was heated and refluxed under a
nitrogen stream for 12 hours. The obtained mixture was
added to 1000 mL of methanol to crystallize a solid, and the
solid was dissolved in toluene, filtered with silica gel/Celite
and then, recrystallized after removing an appropriate amount
of an organic solvent, obtaining 15.0 g (80%) of a compound
A-43.

[0143] HRMS (70 eV, EI*) nv/z caled for C33H21NS: 487.
18. found for 487.53.

Example 8

Synthesis of Compound B-1

[0144] A compound B-1 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.

Reaction Scheme 8

24
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-continued

N

&

Br

Pd(dba),/P(‘Bu)y/NaO'Bu

Toluene

[0145] 8.0 g (38.6 mmol) of the intermediate product (B),
14.9 g (46.3 mmol) of 3-bromo-9-phenyl-9H-carbazole, 5.6 g
(57.9 mmol) of sodium t-butoxide (NaOtBu), 1.1 g (1.9
mmol) of Pd(dba),, and 2.3 g (50% in toluene) of tri t-bu-
tylphosphine (P(tBu),) were put in 160 mL of toluene and the
mixture was heated and refluxed under a nitrogen stream for
12 hours. The obtained mixture was added to 800 mL of
methanol to crystallize a solid, and the solid was filtered,
dissolved in toluene, filtered with silica gel/Celite and then,
recrystallized with methanol after removing an appropriate
amount of an organic solvent, obtaining 12.0 g (69%) of a
compound B-1.

[0146] HRMS (70 eV, EI*) my/z caled for C31H20N4: 448.
17. found for 448.52.

Example 9

Synthesis of Compound B-4

[0147] A compound B4 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.

Reaction Scheme 9
H
— N
N
NS .
N
N
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-continued

Pd(dba,/P(Bu)yNaOBu

Toluene

[0148] 6.0 g (28.9 mmol) of the intermediate product (B),
11.2 g (34.7 mmol) of 9-(4-bromo-phenyl)-9H-carbazole, 4.2
g (43.4 mmol) of sodium t-butoxide (NaOtBu), 0.8 g (1.5
mmol) of Pd(dba),, and 1.8 g (50% in toluene) of tri t-bu-
tylphosphine (P(tBu), ) were putin 120 mL of toluene, and the
mixture was heated and refluxed under a nitrogen stream for
12 hours. The obtained mixture was added to 800 mL of
methanol to crystallize a solid, dissolved in toluene, filtered
with silica gel/Celite and then, recrystallized with methanol
after removing an appropriate amount of an organic solvent,
obtaining 8.0 g (62%) of a compound B-4.

[0149] HRMS (70 eV, EI*) m/z caled for C31H20N4: 443.
17. found for 448.52.

Example 10

Synthesis of Compound B-11

[0150]
pound for an organic optoelectric device of the present inven-

A compound Bl11 as specific examples of a com-

tion was synthesized through the following Reaction Scheme.

Oct. 22,2015
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Reaction Scheme 10
H
— N,
N
NS .
XN
N
®)
0
Pd(dba),/P(‘Bu)3/NaO'Bu
Toluene
Br

4-(4-bromophenyl)[b,d]furan

[0151] 6.0 g (28.9 mmol) of the intermediate product (B),
4-(4-bromo-phenyl)-dibenzofuran 11.2 g (34.7 mmol),
sodium t-butoxide (NaOtBu) 4.2 g (43.4 mmol), Pd(dba), 0.8
2 (1.5 mmol), tri t-butylphosphine (P(tBu);) and 1.8 g (50%
in toluene) were put in 120 mL of toluene, and the mixture
was heated and refluxed under a nitrogen stream for 12 hours.
The obtained mixture was added to 800 mL of methanol to
crystallize a solid, and the solid was filtered, dissolved in
toluene, filtered with silica gel/Celite and then, recrystallized
with methanol after removing an appropriate amount of an
organic solvent, obtaining 10.0 g (77%) of a compound B-11.
[0152] HRMS (70 eV, EI") m/z caled for C31H19N3O:
449.15. found for 449.50.
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Example 11

Synthesis of Compound B-13

[0153] A compound B13 as specific examples of a com-
pound for an organic optoelectric device of the present inven-
tion was synthesized through the following Reaction Scheme.

Reaction Scheme 11
H
—— N.
N
N ‘
X
N
®)

Pd(dba)y/P(‘Bu)y/NaOBu

Toluene

Br

[0154] 6.0 g (28.9 mmol) of the intermediate product (B),
118 g (347 mmol) of 4-(4-bromo-phenyl)-diben-
zothiophene, 4.2 g (43.4 mmol) of sodium t-butoxide
(NaOtBu), 0.8 g (1.5 mmol) of Pd(dba),, and 1.8 g (50% in
toluene) of tri t-butylphosphine (P(tBu),) were put in 120 mL
of toluene, and the mixture was heated and refluxed under a
nitrogen stream for 12 hours. The obtained mixture was

Oct. 22,2015

added to 800 mL of methanol to crystallize a solid, and the
solid was filtered, dissolved in toluene, filtered with silica
gel/Celite and then, recrystallized with methanol after remov-
ing an appropriate amount of an organic solvent, obtaining
12.0 g (89%) of a compound B-13.

[0155] HRMS (70 eV, EI') m/z caled for C31HI19N3S:
465.13. found for 465.48.

Comparative Examples 1 to 3

[0156]
[0157]

The following compounds were synthesized.

Comparative Examples 1, 2, and 3:

compound a

compound b
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compound ¢

(Comparison of Simulation Characteristics of Compounds)

[0158] Energy level of each material was calculated in a
Gaussian 09 method by using a super computer GAIA (IBM
power 6), and the results are provided in the following Table
L.

TABLE 1

Simulation Data

Nos. Compound HOMO LUMO
Example 1 A-3 -5.015 -1.904
Example 2 A-S -5.21 -2.066
Example 3 A-15 -4.869 -1.852
Example 4 A-17 -4.966 -2.093
Example 5 A-40 -4.948 -2.127
Example 6 A-41 -4.939 -2.168
Example 7 A-43 -4.818 -2.148
Comparative Example 1 a -4.786 -1.708
Comparative Example 2 b -4.821 -1.297
Comparative Example 3 ¢ -4.989 -1.024
[0159] Examples of the present invention has a lower

LUMO energy level and easier electron injection from an
electron transport layer (ETL) than Comparative Examples 1
to 3 and thus, may provide OLED having a low driving
voltage and high luminous efficiency and life-span character-
istics.

[0160] The compounds A-3 to A-17 may be not only
applied to a green light emitting element as a single host but
also mixed with the compounds B-1 to B-13 in various ratios.
The compounds A-40 and A-41 may be applied to a red light
emitting element as a single host.

Manufacture of Organic Light Emitting Diode

Example 12

[0161] An organic light emitting diode was manufactured
by using the compound A-3 of Example 1 as a host and
Ir(PPy), as a dopant.

27
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[0162] As foran anode, 1000 A-thick ITO was used, and as
for a cathode, 1000 A-thick aluminum (Al) was used. Spe-

cifically, illustrating a method of manufacturing the organic
light emitting diode, the anode is manufactured by cutting an
ITO glass substrate having 15 €/cm? of sheet resistance into
a size of 50 mmx50 mmx0.7 mm, ultrasonic wave-cleaning
them in acetone, isopropylalcohol, and pure water for 15
minutes respectively, and UV ozone cleaning them for 30
minutes.

[0163] Onthesubstrate, an 800 A-thick hole transport layer
(HTL) was formed by depositing N4,N4'-di(naphthalen-1-
y1)-N4,N4'-diphenylbiphenyl-4,4'-diamine (NPB) under a
vacuum degree 650x10-7 Pa at a deposition rate of 0.1 t0 0.3
nm/s. Subsequently, A 300 A-thick emission layer was
formed by using the compound A-3 of Example 1 under the
same vacuum deposition condition, and herein, a phospho-
rescent dopant of Ir(PPy); was simultaneously deposited.
Herein, the phosphorescent dopant was deposited to be 7 wt
% based on 100 wt % of the entire weight of the emission
layer by adjusting the deposition rate.

[0164] On the emission layer, a 50 A-thick hole blocking
layer was formed by depositing bis(2-methyl-8-quinolino-
late)-4-(phenylphenolato)aluminium (BAlq) under the same
vacuum deposition condition. Subsequently, a 200 A-thick
electron transport layer (ETL) was formed by depositing
Alg3 under the same vacuum deposition condition. On the
electron transport layer (ETL), a cathode is formed by
sequentially depositing LiF and Al, manufacturing an organic
optoelectric device.

[0165] The organic optoelectric device has a structure of
ITO/NPB (80 nm) EML (compound A-3 (93 wt %)+Ir(PPy),
(7 wt %), 30 nm)/Balq (5 nm)/Alg3 (20 nm)/LiF (1 nm)/Al
(100 nm).

Example 13

[0166] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compound A-5 instead of the compound A-3.

Example 14

[0167] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compound A-15 instead of the compound A-3.

Example 15

[0168] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compound A-17 instead of the compound A-3.

Example 16

[0169] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compounds A-5 and B-1 in a ratio of 1:1 instead of the
compound A-3.

Example 17

[0170] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compounds A-5 and B-4 in a ratio of 1:1 instead of the
compound A-3.
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Example 18

[0171] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compounds A-17 and B-1 in a ratio of 1:1 instead of the
compound A-3.

Example 19

[0172] An organic light emitting diode was manufactured
according to the same method as Example 12 except for using
the compounds A-17 and B-4 in a ratio of 1:1 instead of the
compound A-3.

Comparative Example 4
[0173] An organic light emitting diode was manufactured

according to the same method as Example 12 except for using
CBP instead of the compound A-3.

[0174] The structures of the NPB, BAlq, CBP and Ir(PPy),
used to manufacture the organic light emitting diodes are as
follows.

|
Q

[NPB

[BAlg]

Q h
;090

[CBP
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[Ir(PPy)s]

Example 20

[0175] An organic light emitting diode was manufactured
by using the compound A-40 of Example 5 as a host and
(piq),lr(acac) as a dopant.

[0176] As forananode, 1000 A-thick ITO was used, and as
for a cathode, 1000 A-thick aluminum (Al) was used. Spe-
cifically, illustrating a method of manufacturing the organic
light emitting diode, the anode is obtained by cutting an ITO
glass substrate having sheet resistance of 15 Q/cm” into a size
of 50 mmx50 mmx0.7 mm, ultrasonic wave cleaning them in
acetone, isopropylalcohol, and pure water for 15 minutes
respectively, and UV ozone cleaning them for 30 minutes.
[0177] On thesubstrate, an 800 A-thick hole transport layer
(HTL) was formed by depositing N4,N4'-di(naphthalen-1-
y1)-N4,N4'-diphenylbiphenyl-4,4'-diamine (NPB) (80 nm)
under a vacuum degree of 650x10-7 Pa at a deposition rate of
0.1 to 0.3 nmy/s. Subsequently, a 300 A-thick emission layer
was formed by depositing the compound A-40 of Example 5
and simultaneously, a phosphorescent dopant of (piq),lr
(acac). Herein, the phosphorescent dopant was deposited in
an amount of 3 wt % based on 100 wt % of the entire weight
of the emission layer.

[0178] On the emission layer, a 50 A-thick hole blocking
layer was formed by depositing bis(2-methyl-8-quinolino-
late)-4-(phenylphenolato)aluminium (BAlq) under the same
vactum deposition condition. Subsequently, a 200 A-thick
electron transport layer (ETL) was formed by depositing
Alg3 under the same vacuum deposition condition. On the
electron transport layer (ETL), a cathode is formed by
sequentially depositing LiF and Al, manufacturing an organic
optoelectric device.

[0179] The organic optoelectric device has a structure of
ITO/NPB (80 nm)/EML (compound A-40 (97 wt %)+(piq)
Llr(acac) (3 wt %), 30 nm)/Balq (5 nm)/Alg3 (20 nm)/LiF (1
nm)/Al (100 nm).

Example 21

[0180] An organic light emitting diode was manufactured
according to the same method as Example 20 except for using
the compound A-41 instead of the compound A-40.

Example 22

[0181] An organic light emitting diode was manufactured
according to the same method as Example 20 except for using
the compound A-43 instead of the compound A-40.
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Comparative Example 5

[0182] An organic light emitting diode was manufactured
according to the same method as Example 20 except for using
CBP having the following structure instead of the compound
A-40.

[0183] The structures of NPB, BAlgq, CBP and (piq),lr
(acac) used to manufacture the organic light emitting diodes
are as follows.

|
Q

[NPB
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(Performance Evaluation of Organic Light Emitting Diode)

[0184] Current density and luminance changes depending
on a voltage and luminous efficiency of each organic light
emitting diode according to Examples 12 to 22 and Compara-
tive Examples 4 and 5 were measured.

[0185] The measurements were specifically performed in
the following method, and the results were provided in the
following Table 2.

[0186] (1) Measurement of Current Density Change
Depending on Voltage Change

[0187] Current values flowing in the unit device of the
manufactured organic light emitting diodes were measured
for, while increasing the voltage from 0V to 10V using a
current-voltage meter (Keithley 2400), and the measured cur-
rent values were divided by an area to provide the results.

[0188] (2) Measurement of Luminance Change Depending
on Voltage Change

[0189] Luminance of the manufactured organic light emit-
ting diodes was measured for luminance, while increasing the
voltage from 0 V to 10 V using a luminance meter (Minolta

0 0]
\Al/ Cs-1000A).
~
0 . .
[0190] (3) Measurement of Luminous Efficiency
N . .
7 [0191] Currentefficiency (cd/A) at the same current density
(10mA/cm?) were calculated by using the luminance, current
N density, and voltages (V) from the items (1) and (2).
[BAlq] [0192] (4) Measurement of Life-Span
[0193] Life-span was obtained by measuring time taken
until current efficiency (cd/A) decreased down to 90% while
. . luminance (cd/m*) was maintained at 5000 cd/m>.
N N
TABLE 2
90% life-
[CBP] Driving Color  Effi- span (h)
r voltage  (EL ciency  at 5000
No. Compound V) color)  (cd/A) cd/m?
O=—
\I / Example 12 compound A-3 3.8 Green  60.2 200
T
/ \ / Example 13 compound A-§ 42 Green 584 150
“ N/ 0 Example 14 compound A-15 4.0 Green 653 180
| Example 15 compound A-17 4.1 Green 62.8 170
AN B Comparative CBP 4.8 Green 314 40
(piq)yIr(acac) Example 4
TABLE 3
90% life-
Driving Effi- span (h)
voltage  ciency at 5000
First host Second host V) (cd/A) cd/m?
Examplel16 compound A-5 compound B-1 3.8 62.3 200
Examplel7 compound A-5 compound B-4 4.0 58.1 180
Example1® compound A-17  compound B-1 3.9 61.6 190
Example19 compound A-17  compound B-4 4.0 55.4 180
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TABLE 3-continued
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90% life-

Driving Effi- span (h)
voltage  ciency at 5000
First host Second host V) (cd/A) cd/m?
Comparative CBP 4.8 314 40
Example 4
TABLE 4 DESCRIPTION OF SYMBOLS
[0199]
90% life-
Driving Color  Effi- span (h)
voltage  (EL  ciency at 5000 100, 200: organic light emitting diode ~ 110: cathode
. 120: anode 105: organic layer
. A% ' g Y
No Compound ) color) - (ed/A) ed/m 130, 230: emission layer 140: hole auxiliary layer
Example 20 compound A-40 4.8 Red 11.1 100
Example 21 compound A-41 4.6 Red 134 150 What is claimed is:
Example 22 compound A-43 45 Red 101 130 1. A compound for an organic optoelectric device repre-
Comparative CRP 65  Red 58 20 sented by the following Chemical Formula I:
Example 5
[Chemical Formula I]

Rl
[0194] Referring to Table 2, the green organic light emitting |
diodes according to Examples 12 to 15 showed remarkably ) L
improved luminous efficiency and life-span compared with 2\ X! Il\I
the organic light emitting diode according to Comparative \N X\f/R4
Example 4. X \ / X7

0195] Specifically, th d for the organic ligh ROXTN 4

[ ] Specifically, the compound for the organic light N WX

emitting diodes according to Examples 12 to 15 as a single
host having a bipolar structure had an energy level capable of
easily transporting electrons and holes and thus, realized a
lower driving voltage and higher luminous efficiency and
life-span characteristics than the organic light emitting diode
according to Comparative Example 4.

[0196] Referring to Table 3, the organic light emitting
diodes according to Examples 16 to 19 had an appropriate
balance between hole and electron flows by using a first host
having high electron characteristics and a second host having
high hole characteristics and thus, showed higher efficiency
and life-span characteristics than the organic light emitting
diode according to Comparative Example 4.

[0197] Inaddition, referring to Table 4, the compound used
in the red organic light emitting diodes according to
Examples 20 to 22 was a single bipolar host having excellent
hole and electron characteristics and had an appropriate
energy level for a red light emitting element and thus,
increased efficiency and life-span characteristics compared
with the red light emitting element according to Comparative
Example 5.

[0198] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims. Therefore, the aforementioned embodi-
ments should be understood to be exemplary but not limiting
the present invention in any way.

wherein, in the Chemical Formula I,

X! to X® are independently N, C or CR?,

L is a single bond, a substituted or unsubstituted C1 to C30
alkylene group, a substituted or unsubstituted C3 to C30
cycloalkylene group, a substituted or unsubstituted C3
to C30 heterocycloalkylene group, a substituted or
unsubstituted C6 to C30 arylene group, or a substituted
or unsubstituted C2 to C30 heteroarylene group, a sub-
stituted or unsubstituted C6 to C30 aryleneamine group,
a substituted or unsubstituted C2 to C30 heteroarylene-
amine group, a substituted or unsubstituted C1 to C30
alkoxylene group, a substituted or unsubstituted C1 to
C30 aryloxylene group, a substituted or unsubstituted
C2 to C30 alkenylene group, a substituted or unsubsti-
tuted C2 to C30 alkynylene group, or a combination
thereof,

R* is a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C2 to C30 heteroaryl group,
or a combination thereof,

R? to R® and R® are independently hydrogen, deuterium, a
substituted or unsubstituted C1 to C30 alkyl group, a
substituted or unsubstituted C3 to C30 cycloalkyl group,
a substituted or unsubstituted C3 to C30 heterocy-
cloalkyl group, a substituted or unsubstituted C6 to C30
aryl group, a substituted or unsubstituted C2 to C30
heteroaryl group, a substituted or unsubstituted amine
group, a substituted or unsubstituted C6 to C30 ary-
lamine group, a substituted or unsubstituted C2 to C30
heteroarylamine group, a substituted or unsubstituted
C1 to C30 alkoxy group, a substituted or unsubstituted
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C2 to C30 alkoxycarbonyl group, a substituted or unsub-
stituted C2 to C30 alkoxycarbonylamino group, a sub-
stituted or unsubstituted C7 to C30 aryloxycarbony-
lamino group, a substituted or unsubstituted C1 to C30
sulfamoylamino group, a substituted or unsubstituted
C2 to C30 alkeny] group, a substituted or unsubstituted
C2 to C30 alkyny! group, a substituted or unsubstituted
C3 to C40ssilyl group, a substituted or unsubstituted C3
to C40 silyloxy group, a substituted or unsubstituted C1
to C30 acyl group, a substituted or unsubstituted C1 to
C20 acyloxy group, a substituted or unsubstituted Cl to
C20 acylamino group, a substituted or unsubstituted C1
to C30 sulfonyl group, a substituted or unsubstituted C1
to C30 alkylthiol group, a substituted or unsubstituted
C1 to C30 heterocyclothiol group, a substituted or
unsubstituted C6 to C30 arylthiol group, a substituted or
unsubstituted C1 to C30 heteroarylthiol group, a substi-
tuted or unsubstituted C1 to C30 ureide group, a halo-
gen, a halogen-containing group, a cyano group, a
hydroxyl group, an amino group, a nitro group, a car-
boxyl group, a ferrocenyl group, or a combination
thereof, and

the R? and R?, or R* and R® are independently present, or
are fused to each other to provide a ring.

2. The compound for an organic optoelectric device of
claim 1, wherein the Chemical Formula I is represented by
one of the following Chemical Formulae 1 to 4:

[Chemical Formula 1]

Rl
|
R? T
,\‘\N N R4
> m
\S
N
R3 N /\,
RS
[Chemical Formula 2]
Rl
|
L
R2 |
A

[Chemical Formula 3]

31
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-continued

wherein, in the Chemical Formulae 1 to 4,

[Chemical Formula 4]

_[—4_7’1

'z,

L is a single bond, a substituted or unsubstituted C1 to C30
alkylene group, a substituted or unsubstituted C3 to C30
cycloalkylene group, a substituted or unsubstituted C3
to C30 heterocycloalkylene group, a substituted or
unsubstituted C6 to C30 arylene group, or a substituted
or unsubstituted C2 to C30 heteroarylene group, a sub-
stituted or unsubstituted C6 to C30 aryleneamine group,
a substituted or unsubstituted C2 to C30 heteroarylene-
amine group, a substituted or unsubstituted C1 to C30
alkoxylene group, a substituted or unsubstituted C1 to
C30 aryloxylene group, a substituted or unsubstituted
C2 to C30 alkenylene group, a substituted or unsubsti-
tuted C2 to C30 alkynylene group, or a combination
thereof,

R' is a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C2 to C30 heteroaryl group,
or a combination thereof, and

R? to R? are independently hydrogen, deuterium, a substi-
tuted or unsubstituted C1 to C30 alkyl group, a substi-
tuted or unsubstituted C3 to C30 cycloalkyl group, a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group, a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C2 to C30 het-
eroaryl group, a substituted or unsubstituted amine
group, a substituted or unsubstituted C6 to C30 ary-
lamine group, a substituted or unsubstituted C2 to C30
heteroarylamine group, a substituted or unsubstituted
C1 to C30 alkoxy group, a substituted or unsubstituted
C2to C30 alkoxycarbonyl group, a substituted or unsub-
stituted C2 to C30 alkoxycarbonylamino group, a sub-
stituted or unsubstituted C7 to C30 aryloxycarbony-
lamino group, a substituted or unsubstituted C1 to C30
sulfamoylamino group, a substituted or unsubstituted
C2 to C30 alkeny! group, a substituted or unsubstituted
C2 to C30 alkyny! group, a substituted or unsubstituted
C3 to C40silyl group, a substituted or unsubstituted C3
to C40 silyloxy group, a substituted or unsubstituted C1
to C30 acyl group, a substituted or unsubstituted C1 to
C20 acyloxy group, a substituted or unsubstituted C1 to
C20 acylamino group, a substituted or unsubstituted C1
to C30 sulfonyl group, a substituted or unsubstituted C1
to C30 alkylthiol group, a substituted or unsubstituted
C1 to C30 heterocyclothiol group, a substituted or
unsubstituted C6 to C30 arylthiol group, a substituted or
unsubstituted C1 to C30 heteroarylthiol group, a substi-
tuted or unsubstituted C1 to C30 ureide group, a halo-
gen, a halogen-containing group, a cyano group, a
hydroxyl group, an amino group, a nitro group, a car-
boxyl group, a ferrocenyl group, or a combination
thereof.
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3. The compound for an organic optoelectric device of or unsubstituted C2 to C30 alkenyl group, a substituted
claim 1, wherein the Chemical Formula I is represented by or unsubstituted C2 to C30 alkynyl group, a substituted
one of the following Chemical Formulae 5 to 8: or unsubstituted C3 to C40 silyl group, or a combination
thereof.
[Chemical Formula 5] 4. The compound for an organic optoelectric device of
R! claim 1, wherein the R' is one of moieties listed in the fol-
I[ lowing Group I:
Ry | [Group 1]
= N,
Q \
N\ N z z z
¥ N W I
[Chemical Formula 6] [T 1 [T
I|{l Z\/Z Z\/Z Z\/Z
L
;
= zZ zZ Z
N ; \ K |_/ |_/ N .
Ty Il [T
XN z 7 77 b4
N \/ \\/ \/
[Chemical Formula 7]
Rl
!
|
= N

[Chemical Formula 8]

wherein, in the Chemical Formulae 5 to 8,

L is a single bond, a substituted or unsubstituted C1 to C30
alkylene group, a substituted or unsubstituted C3 to C30
cycloalkylene group, a substituted or unsubstituted C3
to C30 heterocycloalkylene group, a substituted or
unsubstituted C6 to C30 arylene group, or a substituted
or unsubstituted C2 to C30 heteroarylene group, a sub-
stituted or unsubstituted C6 to C30 aryleneamine group,
a substituted or unsubstituted C2 to C30 heteroarylene-
amine group, a substituted or unsubstituted C1 to C30
alkoxylene group, a substituted or unsubstituted C1 to
C30 aryloxylene group, a substituted or unsubstituted
C2 to C30 alkenylene group, a substituted or unsubsti-
tuted C2 to C30 alkynylene group, or a combination
thereof,

R' is a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted C2 to C30 heteroaryl group,
or a combination thereof, and

R? is hydrogen, deuterium, a substituted or unsubstituted
C1 to C30 alkyl group, a substituted or unsubstituted C3
to C30 cycloalkyl group, a substituted or unsubstituted
C3 to C30 heterocycloalkyl group, a substituted or
unsubstituted C6 to C30 aryl group, a substituted or
unsubstituted C2 to C30 heteroaryl group, a substituted
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-continued -continued
A
1l
z z / N :
© / S
‘N W N
Z 7 = Z
Z/// \> | 5 ( i N ’
=7 )_ 4 z =
¥ N |
Z s NN
B h
w N\ ’ N\
| F Z

wherein, in the Group I,

X
Z are independently N or CR?, at least one of Z is N, Q N
W is NR°, O, 8, SO, SO, CRR?, or SiR/R,
wherein R” to R¥ are independently hydrogen, deuterium, a

substituted or unsubstituted C1 to C30 alkyl group, a Q

substituted or unsubstituted C3 to C30 cycloalkyl group, N\
a substituted or unsubstituted C3 to C30 heterocy- | , ,
cloalkyl group, a substituted or unsubstituted C6 to C30 & OV N AN
aryl group, or a substituted or unsubstituted C2 to C30 \( \(
heteroaryl group, and ! !
*1s a linking point and may be positioned at one of element
consisting of the functional groups. O
5. The compound for an organic optoelectric device of
claim 4, wherein the moieties listed in the Group I is repre- ; ,
sented by one of moieties listed in the following Group I-1: . N
[Group I-1]
Ny
)\
N *
T
Y N
O N O ;
| x
P Sy
* )\
N ®
AN ’ wherein, in the Group I-1,
| e
NN 1s a linking point.
Y 6. The compound for an organic optoelectric device of
X claim 1, wherein the R* is one of moieties of the following

Group 1I:
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[Group 1] [Group 1I-1]

P
(
»

~)
~)

0
»
0
»

%

o}
Of -
Q

*

?

) O

wherein, in the Group II,

@]

R'! 10 R'™ are independently hydrogen, deuterium, a
substituted or unsubstituted C1 to C30 alkyl group, a
substituted unsubstituted C1 to C30 silyl group, a sub-
stituted or unsubstituted C6 to C30 aryl group, or a
combination thereof,

Yis O, S, SO, or SO,, and

(@)
@)

*is a linking point and may be positioned at one of element
consisting of the functional groups.

®
S 1
e

»

®
»
o

7. The compound for an organic optoelectric device of
claim 6, wherein the moieties listed in the Group II are rep-
resented by one of moieties listed in the following Group II-1:
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-contmued 12. The composition for an organic optoelectric device of
claim 11, wherein the first compound for an organic optoelec-
tric device is selected from compounds listed in the following

OQOW%

Q&
‘, T

{7 !

wherein, in the Group I1-1,

*is a linking point.

8. The compound for an organic optoelectric device of
claim 1, wherein the L is a single bond, a substituted or
unsubstituted C6 to C30 arylene group, a substituted or
unsubstituted C2 to C30 heteroarylene group, or a combina-
tion thereof. R

9. The compound for an organic optoelectric device of |
claim 8, wherein the substituted or unsubstituted C6 to C30 P
arylene group, or a substituted or unsubstituted C2 to C30
heteroarylene group is a substituted or unsubstituted phe-

= N
nylene group, a substituted or unsubstituted biphenylene N
group, a substituted or unsubstituted terphenylene group, a \ \
substituted or unsubstituted pyridylene group, or a combina- \N

tion thereof.
10. The compound for an organic optoelectric device of
claim 9, wherein the substituted or unsubstituted phenylene
group, or the substituted or unsubstituted pyridylene group A3
are one of moieties of the following Group III:
[Group 1I1]

— N,
% N

¢© Q A )

* * ' N
Qi
AN AN

N
% * \

wherein, in the Group I1],
*is a linking point. _— N
11. The composition for an organic optoelectric device N
comprising Qm
the first compound for an organic optoelectric device of AN
claim 4 and a second compound for an organic optoelec- N
tric device of claim 6.

(22

%

A2
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A-10

A-11
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N
-

AN

-continued

N
Z
oA

A-12

A-13

A-14
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A-15

A-16
& N
« |
ok
— N,
N
D
N
A-17
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-continued -continued
A-18 A-22

A-23

A-19

A-24

A-25

A-21 |
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N
52 13. The composition for an organic optoelectric device of

claim 11, wherein the second compound for an organic opto-
electric device is selected from compounds listed in the fol-
lowing Group II-2:

[Group II-2]

. of
¢

O
oy
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B-10
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Q0
:

B-40

——

14. The composition for an organic optoelectric device of
claim 11, wherein the first compound for an organic optoelec-
tric device and the second compound for an organic optoelec-
tric device are included ina weight ratio of about 1:10to about
10:1.

15. The composition for an organic optoelectric device of
claim 11, wherein the first compound for an organic optoelec-
tric device and the second compound for an organic optoelec-
tric device are used as a first host compound and a second host
compound, respectively and

comprises a dopant.

16. An organic optoelectric device comprising

an anode and a cathode facing each other, and

at least one organic layer interposed between the anode and

the cathode,

wherein the organic layer comprises the compound for an

organic optoelectric device of claim 1 or the composi-
tion for an organic optoelectric device of claim 11.

17. The organic optoelectric device of claim 16, wherein
the organic layer comprises an emission layer,

the emission layer comprises the compound for an organic

photoelectric device or the composition for an organic
optoelectric device.

18. The organic optoelectric device of claim 16, wherein
the organic layer comprises at least one auxiliary layer
selected from a hole injection layer, a hole transport layer, an
electron blocking layer, an electron transport layer, an elec-
tron injection layer, and a hole blocking layer, and

the auxiliary layer comprises the compound for an organic

optoelectric device or the composition for an organic
optoelectric device.

19. The organic optoelectric device of claim 17, wherein
the compound for an organic optoelectric device or the com-
position for an organic optoelectric device are included as a
host of the emission layer.

20. A display device comprising the organic optoelectric
device of claim 16.
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