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(57) ABSTRACT

An organic compound represented by Chemical Formula 1 is
disclosed. Also a light emitting diode including the organic
compound is described.
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ORGANIC COMPOUND AND ORGANIC
LIGHT EMITTING DIODE DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0152181 filed in the
Korean Intellectual Property Office on Nov. 4, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002]

[0003] The present embodiments relate to an organic com-
pound and an organic emitting diode device including the
same.

[0004]

[0005] Recently, as thinand light-weight monitors and tele-
vision sets have been required. the cathode ray tube (CRT) is
being replaced by a liquid crystal display (LCD). However,
the liquid crystal display, which is a light receiving element,
requires a separate backlight, and has a limitation in response
speed. viewing angle, and the like.

[0006] As a display device capable of overcoming the
aforementioned limitation, an organic light emitting device,
which is a self-emitting display element, having advantages
of a wide viewing angle, excellent contrast, and a fast
response time has greatly attracted attention.

[0007] The organic light emitting device includes two elec-
trodes facing each other and an organic layer interposed
between the two electrodes. In the organic light emitting
diode device, electrons injected from one electrode and holes
injected from another electrode are combined with each other
in an emission layer, thereby generating excitons, and energy
is outputted from the excitons to thereby emit light. The
organic light emitting diode device may be applicable to
various fields including a display device and an illumination
system.

[0008] In the organic light emitting diode device, charac-
teristics of a material forming the organic layer may largely
affect electrical characteristics of the organic light emitting
diode device.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the present embodiments and therefore it
may contain information that does not form the prior art that
is already known in this country to a petson of ordinary skill
in the art.

1. Field

2. Description of the Related Art

SUMMARY

[0010] The present embodiments provide a new organic
compound applied to an organic emitting diode device, and an
organic emitting diode device including the same.

[0011] An organic compound according to an example
embodiment is an organic compound represented by Chemi-
cal Formula 1.
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[Chemical Formula 1]

[0012]

[0013] R, to R, are ahydrogen atom, a heavy hydrogen,
aCl to C60 substituted or non-substituted alkyl group, a
C2 to C60 substituted or non-substituted alkenyl group,
a C2 to C60 substituted or non-substituted alkynyl
group, a C3 to C60 substituted or non-substituted
cycloalkyl group, a C1 to C60 substituted or non-substi-
tuted alkoxy group, a C5 to C60 substituted or non-
substituted aryloxy group, a C5 to C60 substituted or
non-substituted arylthio group, a C5 to C60 substituted
or non-substituted aryl group, an amino group substi-
tuted into a C3 to C60 heteroaryl group, a C3 to C60
substituted or non-substituted heteroaryl group, a C6 to
C60 substituted or non-substituted condensation poly-
cyclic group, a halogen atom, a cyano group, a nitro
group, a hydroxyl group, or a carboxyl group,

In Chemical Formula 1,

[0014] R, and R, are the same as or different from each
other,
[0015] X is a linking group represented by —S—,

—O0—, —CR)(R7)—; or —NR)—,

[0016] R, and R, are independently the hydrogen atom,
the heavy hydrogen, a C1 to C20 substituted or non-
substituted alkyl group, a C5 to C20 substituted or non-
substituted aryl group, a C3 to C20 substituted or non-
substituted hetero aryl group, a C6 to C20 substituted or
non-substituted condensation polycyclic group, the
halogen atom, the cyano group, the nitro group, the
hydroxyl group, or the carboxyl group,

[0017] aandzare anintegerof Oto 4, b is an integer of 0
to 3, and y is an integer of 0 to 2,

[0018] Lisadivalent linking group represented by -(Ar,)
,— and

[0019] nis aninteger of 1 to 10.

[0020] The Ar, may be a C5 to C60 substituted or non-
substituted arylene group, a C3 to C60 substituted or non-
substituted heteroarylene group, or a C6 to C60 substituted or
non-substituted condensation polycyclic group.

[0021] Then Ar, may be the same as or different from each
other, and two or more Ar, among the n Ar, may be fused to
each other or linked to each other by a single bond.

[0022] The compound represented by Chemical Formula 1
may include at least one selected from compounds repre-
sented by Chemical Formula 2 to Chemical Formula 70.
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-continued

[Chemical Formula 2] [Chemical Formula 6]

[Chemical Formula 5]
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-continued -continued
[Chemical Formula 9] [Chemical Formula 13]
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-continued

[Chemical Formula 17]
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-continued

[Chemical Formula 20]

[Chemical Formula 23]
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-continued -continued
[Chemical Formula 24] [Chemical Formula 27]

[Chemical Formula 28]

[Chemical Formula 29]
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-continued
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-continued

[Chemical Formula 34]

[Chemical Formula 35]

[Chemical Formula 36]
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-continued -continued
[Chemical Formula 37] [Chemical Formula 41]

[Chemical Formula 42]
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-continued -continued
[Chemical Formula 44] [Chemical Formula 47]

[Chemical Formula 49]
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-continued -continued
[Chemical Formula 51] [Chemical Formula 55]

[Chemical Formula 53]

[Chemical Formula 54] i
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-continued -continued
[Chermical Formula 59] [Chemical Formula 63]
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-continued
[Chemical Formula 67]

[Chemical Formula 68]

[0023] An organic emitting diode device according to an
example embodiment includes: a first electrode; a second
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electrode; and an organic layer interposed between the first
electrode and the second electrode, wherein the organic layer
includes an organic compound represented by Chemical For-
mula 1.

[0024] The organic layer may include an emission layer,
and the organic compound represented by Chemical Formula
1 may be included in the emission layer.

[0025] The emission layer may include the organic com-
pound represented by Chemical Formula 1 as a host.

[0026] The emission layer may include the organic com-
pound represented by Chemical Formula 1 as a dopant.
[0027] The first electrode may be an anode, and the second
electrode may be a cathode.

[0028] The organic layer may further include a hole injec-
tion layer disposed between the first electrode and the emis-
sion layer, a hole transfer layer disposed between the hole
injection layer and the emission layer, an electron transfer
layer disposed between the emission layer and the second
electrode, and an electron injection layer disposed between
the electron transfer layer and the second electrode.

[0029] According to the present embodiments, the com-
pound represented by Chemical Formula 1 has excellent elec-
trical characteristics and emission capacity, and may be used
as the emission material, the hole transfer material, or the
electron transfer material of the organic emitting diode
device.

[0030] Accordingly, the organic electroluminescence ele-
ment with the high efficiency and low voltage may be manu-
factured by using the compound represented by Chemical
Formula 1.

BRIEF DESCRIPTION OF THE DRAWING

[0031] FIG. 1isa view of an organic emitting diode device
according to an example embodiment.

DETAILED DESCRIPTION

[0032] Hereafter, an organic material and an organic light
emitting device including the same according to example
embodiments will be described. The example embodiments
described herein are provided to allow a skilled person in the
art to easily understand the idea of the present embodiments,
and the present embodiments are not meant to be limited
thereto. The example embodiments described herein may be
modified within the technical idea and scope of the present
embodiments.

[0033] In the present example embodiment, unless other-
wise specified, “substituted” refers to a hydrogen atom of a
compound substituted with a substituent selected from
among halogen atoms (F, Br, Cl. or I), a hydroxyl group, an
alkoxy group, a nitro group, a cyano group, an amino group,
an azido group, an amidino group, a hydrazino group, a
hydrazono group, a carbonyl group, a carbamyl group, a thiol
group, an ester group, a carboxyl group or its salt, a sulfonic
acid group or its salt, a phosphoric acid or its salt, an alkyl
group, a C2-C16 alkenyl group, a C2-C16 alkynyl group, an
aryl group, a C7-C13 arylalkyl group, a C1-C4 oxyalkyl
group, a C1-C20 heteroalkyl group, a C3-C20 heteroaryl
alkyl group, a cycloalkyl group, a C3-C15 cycloalkenyl
group, a C6-C15 cycloalkynyl group, a heterocycloalkyl
group, and combinations thereof.

[0034] Also, unless otherwise specified, “hetero” refers to
containing one to three hetero atoms selected from among N,
0, S, and P.
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[0035] 1In the present example embodiment, “and/or” is
used to include at least one among constituent elements
arranged before and after. In the present example embodi-
ment, each element and/or parts are designated by using
expressions such as “first”, “second”, etc., but these are used
for clarification and the present embodiments are not limited
thereto.

[0036] In the present example embodiment, it will be
understood that when an element is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0037] In the drawings, the thickness and/or relative thick-
ness of the elements may be exaggerated in order to clarify
embodiments of the present embodiments. Also, the expres-
sions related to positions such as “upper part”, “lower part”,
or the like are relatively used for clarification, without limit-
ing absolute positions among the elements.

[0038] An organic light emitting device according to an
example embodiment will now be described.

[0039] The organic compound according to an example
embodiment may be represented by Chemical Formula 1.

[Chemical Formula 1]

[0040]

[0041] R, to R;may be ahydrogen atom, a heavy hydro-
gen, a Cl to C60 substituted or non-substituted alkyl
group, a C2 to C60 substituted or non-substituted alk-
enyl group, a C2 to C60 substituted or non-substituted
alkynyl group, a C3 to C60 substituted or non-substi-
tuted cycloalkyl group, a C1 to C60 substituted or non-
substituted alkoxy group, a C5 to C60 substituted or
non-substituted aryloxy group, a C5 to C60 substituted
or non-substituted arylthio group, a C5 to C60 substi-
tuted or non-substituted aryl group, an amino group
substituted into a C3 to C60 heteroaryl group, a C3 to
C60 substituted or non-substituted heteroaryl group, a
C6 to C60 substituted or non-substituted condensation
polycyclic group, ahalogen atom, a cyano group, a nitro
group, a hydroxyl group, or a carboxyl group,

In [Chemical Formula 1],

[0042] R, and R, may be the same as or different from
each other,
[0043] X is a linking group represented by —S—,

4075 7C(R6)(R7)75 or *N(R6)7s

[0044] R, and R, are independently the hydrogen atom,
the heavy hydrogen, the C1 to C20 substituted or non-
substituted alkyl group, the C5 to 20 substituted or non-
substituted aryl group, the C3 to C20 substituted or
non-substituted hetero aryl group, the C6 to C20 substi-
tuted or non-substituted condensation polycyclic group,
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the halogen atom, the cyano group, the nitro group, the
hydroxyl group, or the carboxyl group,

[0045] aandzare aninteger of Oto 4, b is an integer of 0
to 3, and y is an integer of 0 to 2,

[0046]
[0047] Ar, is the C5 to C60 substituted or non-substi-
tuted arylene group, the C3 to C60 substituted or non-

substituted heteroarylene group, or the C6 to C60 sub-
stituted or non-substituted condensation polycyclic

group,
[0048]

[0049] n Ar, may be the same as or different from each
other, and the adjacent two or more Ar, among the n Ar,;
may be fused to each other or linked to each other by a
single bond.

[0050] The compound represented by Chemical Formula 1
according to an example embodiment may function as an
emission material, a hole transfer material, or an electron
transfer material of the organic emitting diode device.

[0051] For example, the compound represented by Chemi-
cal Formula 1 may be a material for blue emission, but is not
limited thereto.

[0052] The compound represented by Chemical Formula 1
has excellent blue quantum efficiency, when it is applied to
the organic emitting diode device, thereby obtaining an excel-
lent effect for color reproducibility improvement.

[0053] Also, the compound represented by Chemical For-
mula 1 includes a structure in which fluorene and ben-
zothiophene are combined, and a single wavelength may be
realized.

[0054] Further, the compound represented by Chemical
Formula 1 blocks crystallization by substituting a ninth car-
bon position of fluorene into a substitution member, thereby
increasing stability and efficiency of a thin film.

[0055] An example of the compound represented by
Chemical Formula 1 may be at least one selected compounds
disposed in a compound represented by Chemical Formula 2
to Chemical Formula 70, but is not limited thereto. The com-
pounds disposed in a compound represented by Chemical
Formula 2 to Chemical Formula 70 may be independently
used, at least two or more may be mixed to be used, and they
may be mixed with a different compound to be used.

Lisadivalent linking group represented by -(Ar, )

N is the integer of 1 to 10,

[Chemical Formula 2]
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-continued -continued

[Chemical Formula 3] [Chemical Formula 7]

[Chemical Formula 5]
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-continued -continued
[Chemical Formula 10] [Chemical Formula 14]

[Chemical Formula 15]

[Chemical Formula 16]
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-continued -continued
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-continued -continued
[Chemical Formula 24]
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-continued
[Chemical Formula 31]
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[Chemical Formula 34]
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-continued -continued
[Chemical Formula 38] [Chemical Formula 42]

[Chemical Formula 41]
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-continued -continued
[Chemical Formula 45] [Chemical Formula 49]

[Chemical Formula 47]

[Chemical Formula 48] [Chemical Formula 52]
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-continued -continued
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-continued -continued
[Chemical Formula 61] [Chemical Formula 65]
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-continued

[Chemical Formula 69]

[0056] An organic emitting diode device according to an
example embodiment applied with the described organic
compound will be described with reference to FIG. 1.

[0057] FIG.1is aview of an organic emitting diode device
according to an example embodiment.

[0058] Referring to FIG. 1, an organic light emitting device
according to the present example embodiment includes a first
electrode 100, a second electrode 300 facing the first elec-
trode 100, and an organic layer 200 interposed between the
first electrode 100 and the second electrode 300.

[0059] The substrate (not shown) may be disposed at the
first electrode 100 side or the second electrode 300 side. The
substrate is preferably a glass substrate or a transparent plas-
tic substrate having excellent mechanical strength, thermal
stability, transparency, surface flatness, easy handling, and
water-resistance.

[0060] The first electrode 100 may be an anode, and the
second electrode 300 may be a cathode. The first electrode
100 and the second electrode 300 may be transparent or
non-transparent electrodes. For example, the first electrode
100 and the second electrode 300 may be a transparent elec-
trode made of ITO (indium tin oxide), IZO (indium zinc
oxide), or combinations thereof, or a non-transparent elec-
trode made of aluminum (Al), silver (Ag), magnesium (Mg),
or combinations thereof.

[0061] The organic layer 200 includes a hole injection layer
(HIL) 210, a hole transport layer (HTL) 220, an assistance
layer 230, an emission layer 240, and an electron transport
layer (ETL) 250 sequentially disposed on the first electrode
100. Here, at least one among the hole injection layer (HIL)

22
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210, the hole transport layer (HTL) 220, the emission layer
240, and the electron transport layer (ETL) 250 may be omit-
ted.

[0062] The organic layer 200 may be formed by using
various methods such as a vacuum deposition method, a spin
coating method, a casting method, and an LB method.
[0063] When using the vacuum deposition method, the
deposition conditions may vary according to the material that
is used to form the organic layer 200, and the structure and
thermal characteristics of the organic layer. For example, the
deposition conditions may include a deposition temperature
of about 100° C. to 500° C., a vacuum pressure of about 10-8
to about 10-3 torr, and a deposition speed of about 0.01 to
about 100 A/s, but is not limited thereto.

[0064] When using the spin coating method, the coating
conditions may vary according to the material used to form
the organic layer 200, and the structure and thermal charac-
teristics of the organic layer. For example, the coating condi-
tions may include a coating speed of about 2000 rpm to about
5000 rpm, and a thermal treatment temperature of about 80°
C. to about 200° C. at which the solvent remaining after
coating may be removed, but is not limited thereto.

[0065] The emission layer 230 may include the compound
represented by Chemical Formula 1. The compound repre-
sented by Chemical Formula 1 may be used as a host or a
dopant.

[0066] When using the compound represented by Chemi-
cal Formula 1, the disclosed material may be included. The
disclosed host material may be Alq3, CBP (4,4'-N,N'-dicar-
bazole-biphenyl), PVK (poly(n-vinylcarbazole)), 9,10-di
(naphtalene-2-yl)anthracene (ADN), TCTA, TPBI (1,3,5-tris
(N-phenylbenzimidazole-2-yl)benzene)), TBADN (3-tert-
butyl-9,10-di(napht-2-yl)anthracene), E3, or DSA (distyryl
arylene), but is not limited thereto.

[0067] When using the compound represented by Chemi-
cal Formula 1, it may be used singularly or the mixture thereof
may be included, and another organic material may be mixed
to be included. When the compound represented by the
Chemical Formula 1 is included in the other organic material,
the compound may serve as a fluorescent host or a phospho-
rescent host, and the disclosed dopant may be included.
[0068] As the disclosed red dopant, PtOEP, Ir(piq),, Btp,Ir
(acac), or DCJTB may be used, but is not limited thereto.
[0069] As the disclosed green dopant, Ir(ppy);
(ppy=phenylpyridine), Ir(ppy),(acac), Ir(mpyp),, or C545T
may be used, but is not limited thereto.

[0070] As the disclosed blue dopant, F,lrpic, (Fyppy),lr
(tmd), Ir(dfppz),, terfluorene, 4,4'-bis(4-diphenylami-
nostyryl)biphenyl (DPAVBI), or 2,5,8,11-tetra-tert-butyl
perylene (TBP) may be used, but is not limited thereto.
[0071] Thecontent of the dopant may be selected in arange
of 0.1 to 20 wt %, particularly 0.5-12 wt %, based on 100 wt
% of an emission layer forming material (for example, a total
weight if the host and the dopant is determined as 100 wt %),
but it is not limited thereto.

[0072] The thickness of the emission layer 230 may be 100
A0 1000 A, preferably 200 A to 600 A.

[0073] Also, the emission layer 230 may further include an
anthracene compound, an arylamine compound, a styryl
compound, derivatives thereof, or combinations thereof as
well as the compound represented by Chemical Formula 1.
[0074] At least one hydrogen atom among the anthracene
compound, the arylamine compound, or the styryl compound
may be substituted by the same substitution group as the
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substitution group of the described C1 to C30 alkyl groups.
The arylamine as the C5 to C30 arylamine group may include
the amino group that is substituted into the C6 to C30 aryl
group or the C2 to C30 heteroaryl group.

[0075] The emission layer 230 may emit white light by a
combination of the primary colors such as three primary
colors of red, green, and blue, and the white light may be
emitted by combining the colors of the adjacent subpixels or
by combining the colors that are deposited in the vertical
direction.

[0076] The hole injection layer 210 and the hole transfer
layer 220 serve to easily transmit the holes from the first
electrode 100 to the emission layer 230.

[0077] The hole injection layer 210 may include the com-
pound represented by Chemical Formula 1.

[0078] Also, the hole injection layer 210 may include a
disclosed hole injection material. For example, the disclosed
hole injection material may be a phthalocyanine compound
such as copper phthalocyanine or the like, m-MTDATA (4,4,
4"-tris(3-methylphenylphenylamino)triphenylamine), NPB
(N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine(N,N'-di(1-
naphthyl)-N,N'-diphenylbenzidine)), TDATA, 2T-NATA,
PANI/DBSA (polyaniline/dodecylbenzene sulfonic acid:
polyaniline/dodecylbenzene sulfonic acid), PEDOT/PSS
(poly(3,4-cthylene  dioxythiophene)/poly(4-styrene  sul-
fonate):poly(3,4-ethylene  dioxythiophene)/poly(4-styrene
sulfonate)), PANI/CSA (polyaniline/camphor sulfonic acid:
polyaniline/camphor sulfonic acid), or PANI/PSS (((polya-
niline)/poly(4-styrene  sulfonate):polyaniline)/poly(4-sty-
rene sulfonate)), but is not limited thereto.

[0079] Thethickness of the hole injection layer 210 may be
100 A to0 10,000 A, preferably 100 A to 1000 A.

[0080] The hole transfer layer 220 may include the com-
pound represented by Chemical Formula 1.

[0081] Also, the hole transfer layer 220 may include a
disclosed hole transfer material. For example, the hole trans-
port material may be a carbazole derivative such as N-phe-
nylcarbazole, polyvinylcarbazole, or the like, and an amine
derivative having an aromatic condensed ring such as NPB,
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,
4'-diamine  (IPD), tris(4-carbazoyl-9-ylphenyl)amine
(TCTA), or the like. In a case of containing TCTA, the hole
transport layer 30 serves to perform not only a hole transport
operation but also an operation for preventing diffusion of
excitons from the emission layer.

[0082] The thickness of the hole transfer layer 220 may be
50 A to 1000 A, preferably 100 A to 600 A.

[0083] The hole injection layer 210 or the hole transfer
layer 220 may further contain a charge-generation material to
improve film conductivity and the like.

[0084] Forexample, the charge-generation material may be
a p-dopant. A non-limited example of the p-dopant may
include a quinone derivative such as tetracyanoquin-
odimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4TCNQ) or thelike; a metal oxide
such as tungsten oxide and molybdenum oxide; and a cyano
group-containing compound such as the compound repre-
sented by Chemical Formula 71, but is not limited thereto.
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[Chemical Formula 71]

CN
NC
B
N N CN
i[
P
I\i x N N
N
NC 7
CN
[0085] When the hole injection layer 210 or the hole trans-

fer layer 220 further contains the charge-generation material,
the charge-generation material may be subject to numerous
variations, e.g., non-uniformly distributed or uniformly dis-
persed over the hole injection layer 210 and the hole transfer
layer 220.

[0086] The electron transfer layer 240 and the electron
injection layer 250 serve to easily inject the electron from the
second electrode 300 to the emission layer 230.

[0087] The electron transfer layer 240 may include the
compound represented by Chemical Formula 1.

[0088] Also, the electron transfer layer 240 may include the
disclosed electron transfer material. The electron transfer
layer 240 may use quinoline derivatives, particularly, alumi-
num tris(8-hydroxyquinoline) (Alq3), TAZ, or Balg, but is
not limited thereto.

[0089] Also, the electron transfer layer 240 may include an
electron transfer organic compound and a metal containing
material. Non-limiting examples of the electron transfer layer
may be 9,10-di(naphtalene-2-yl)anthracene (ADN) and an
anthracene-based compound such as compounds represented
by Chemical Formula 72 and Chemical Formula 73 below,
but it is not restrictive.

[Chemical Formula 72]
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-continued

[Chemical Formula 73]
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[0090] Themetal containing material may include alithium
(Li) complex, and a non-limited example of the lithium com-
plex may be lithium quinolate (Liq) and a compound repre-
sented by Chemical Formula 74, but is not limited thereto.

[Chemical Formula 74]

S

7

N

Li—O

[0091] The thickness of the electron transfer layer may be
about 100 A to 1000 A, preferably 100 A to 500 A.

[0092] The electron injection layer 250 may include the
compound represented by Chemical Formula 1.

[0093] Also, the electron injection layer 250 may include a
disclosed electron transfer material. For example, the dis-
closed material as a material forming the electron injection
layer such as LiF, NaCl, CsF, Li20, BaO may be used, but is
not limited thereto.

[0094] The thickness of the electron injection layer 250
may be about 1 A to 100 A, preferably 5 A to 90 A.

[0095] When the emission layer 230 contains a phospho-
rescent dopant, a hole blocking layer (not shown) may be
formed between the emission layer 230 and the electron
transfer layer 240 to prevent the diffusion of triplet excitons or
holes into the ETL.

[0096] In this case, the material forming the hole blocking
material employed herein is not particularly limited. One of
well-known hole blocking materials may be freely selected
and used. An example of the hole blocking material may
include an oxadiazole derivative, a triazole derivative, a
phenanthroline derivative, Balq, BCP, and the like.

[0097] The thickness of the hole blocking layer may be
about 50 A to 1000 A, preferably 100 A to 300 A.

[0098] The organic emitting diode device according to the
present example embodiment may be formed of various
structures.
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[0099] For example, the organic emitting diode device
according to the present example embodiment may be formed
of a structure of the first electrode/the hole injection layer/the
emission layer/the second electrode, the first electrode/the
hole injection layer/the hole transfer layer/the emission layer/
the electron transfer layer/the second electrode, or the first
electrode/the hole injection layer/the hole transfer layer/the
emission layer/the electron transfer layer/the electron injec-
tion layer/the second electrode.

[0100] Also, the organic emitting diode device according to
the present example embodiment may be made of a structure
of the first electrode/a functional layer simultaneously having
the hole injection function and the hole transfer function/the
emission layer/the electron transfer layer/the second elec-
trode, or the first electrode/the functional layer simulta-
neously having the hole injection function and the hole trans-
fer function/the emission layer/the electron transfer layer/the
electron injection layer/the second electrode.

[0101] Further, the organic emitting diode device according
to the present example embodiment may be made of a struc-
ture of the first electrode/the hole transfer layer/the emission
layer/the functional layer simultaneously having the electron
injection function and the electron transfer function/the sec-
ond electrode, the first electrode/the hole injection layer/the
emission layer/the functional layer simultaneously having the
electron injection function and the electron transfer function/
the second electrode, or the first electrode/the hole injection
layer/the hole transfer layer/the emission layer/the functional
layer simultaneously having the electron injection and the
electron transfer function/the second electrode.

[0102] The organic emitting diode device according to an
example embodiment may be provided to the passive matrix
organic light emitting device and the active matrix organic
light emitting device. Particularly, when providing the active
matrix organic light emitting device, the first electrode pro-
vided to the substrate as the pixel electrode may be electri-
cally connected to the source electrode or the drain electrode
of the thin film transistor.

[0103] Also, the organic emitting diode device according to
an example embodiment may be provided to a flat panel
display displaying the image through both surfaces.

[0104] Further, the organic layer of the organic emitting
diode device according to an example embodiment may be
formed by a wetting method coating the compound repre-
sented by Chemical Formula 1 manufactured of a solution.
[0105] Hereinafter, the present embodiments will be
described in detail through a composition example and an
example embodiment. However, the following examples are
set forth for the purpose of the description, but are not to be
construed to limit the scope of the present embodiments.

COMPOSITION EXAMPLE
Composition Example 1

A Composition of the Compound Represented by
Chemical Formula 5

[0106]
S n-BuLi
Triethylborate
\ / THF
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(0]
Pd(PPhs)s,
(HO),B S OMe Na,, CO3, EtOH
+ _—
\@/ Toluene
Br
I-1
0,
OMe
MeSO;H
—_—
8
S
12
(@]
Br S
-3
1) n-BuLi, O
2)
Br Br / \
S HOIL
THF AcOH

B(OH),

Pd(PPhy)4,
Nay, COs, BtOH
_— =

Toluene
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-continued

[0107] An intermediate I-1 at 3.2 g (22.5 mmol) is formed
by adding 2-(methylthiophene) at 3.6 g (30.6 mmol) to
n-Buli at 3 ml and adding triethyl borate at 1.2 equivalents,
and is synthesized with 5-bromo-2-iodo-benzoic acid methyl
ester at 1.1 equivalents through Suzuki coupling to form an
intermediate I-2, and an intermediate 1-3 at 2.7 g (9.2 mmol)
is synthesized through cyclization.

[0108] 2.2'-dibromobiphenyl at 3 g is added to n-Buliat 3
ml and the above manufactured intermediate I-3 at 2.7 g, and
hydrochloric acid at 6 ml is added to compose an intermediate
1-4 at3.4 g (6.87 mmol).

[0109] A compound (4.3 g, 70% yield) represented by
Chemical Formula 5 is obtained through Suzuki coupling of
the intermediate I-4 and 9-phenyl anthracene boronic acid.

Composition Example 2

A Composition of the Compound Represented by
Chemical Formula 23

[0110]

s
e

Pd(PPhs),
Na, CO3,
EtOH

Toluene



US 2016/0126479 A1 May 5, 2016
26

-continued -continued
1) n-BuLi, O

HOL

T AcOH

Br
Br
[0111] The intermediate I-4 at 3.4 g (6.87 mmol) is synthe- B: . .
sized through the same method as Composition Example 1. O\
[0112] The compound (4.1 g, 65% yield) represented by
-8

Chemical Formula 23 is obtained through the Suzuki cou-
pling of the intermediate 1-4 and 9-naphtyl anthracene Pd{(PPhy)s,
boronic acid. Naz €03, EtOH

g

B(OH),

Composition Example 3 O O O
A Composition of the Compound Represented by

Chemical Formula 11

[0113] O

Pd(PPhs)s,
Nay, CO3,
EtOH

Toluene
(HO)»B

Toluene

HO,C 0

NaOH
EtOH

mmol) and benzothiophene boronic acid at 1.1 equivalents
are synthesized through the Suzuki coupling to form an inter-
mediate I-5, an intermediate I-6 is made through a NaOH Sn2
substitution reaction, and an intermediate I-7 at 2.7 g (8.56
mmol) is synthesized by cyclization of the intermediate I-6.

i NeSO:H [0114] 5-bromo-2-iodo-benzoic acid methyl ester at 4 g (18

0 [0115] 2.2'-dibromobiphenyl at3 g is added to the produced
intermediate 1-7 at 2.7 g along with the n-Buli at 3 ml, and

hydrochloric acid at 6 ml is added to compose an intermediate
Q 1-8 at3.7 g (6.99 mmol).
S

[0116] The compound (3.6 g, 75% yield) represented by

-7 Chemical Formula 11 is obtained through the Suzuki cou-
pling of the intermediate 1-8 and 9-phenyl anthracene boronic
acid.
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Composition Example 4

A Composition of the Compound Represented by
Chemical Formula 29

[0117]

Pd(PPh)s,
Nap, COz, EtOH
_—

Toluene

[0118] An intermediate 1-8 at 3.6 g (6.8 mmol) is synthe-
sized through the same method as Composition Example 3.
[0119] The compound (3.1 g, 60% yield) represented by
Chemical Formula 29 is obtained through the Suzuki cou-
pling of the intermediate 1-8 and 9-naphtyl anthracene
boronic acid.

EXAMPLE EMBODIMENTS AND
COMPARATIVE EXAMPLES

Example Embodiment 1

[0120] As the anode, a 15 Q/cm? 1200 A ITO glass sub-
strate from Corning is cut to dimensions of 50 mmx50
mmx0.7 mm and is subjected to ultrasonic wave cleaning for
5 min by using isopropyl alcohol and pure water and is irra-
diated with ultraviolet rays for 30 min, and then the glass
substrate is exposed to ozone to be cleaned for 10 min and is
installed in a vacuum deposition apparatus.

[0121] The hole injection layer with a thickness of 600 A is
formed by vacuum-depositing 2-TNATA (4,4',4"-tris(N-(2-
naphthyl)-N-phenyl-amino)-triphenylamine) on the ITO

May 5, 2016

layer. The hole transfer layer with a thickness of 300 A is
formed by vacuum depositing NPB (N,N'-bis(naphthalen-1-
y1)-N,N'-bis(phenyl)-benzidine) on the hole injection layer.
[0122] The compound (the host) represented by Chemical
Formula 5 and F,irpic (the dopant) at a 95:5 weight ratio are
vacuum deposited on the hole transfer layer to form the emis-
sion layer with a 200 A thickness.

[0123] The compound represented by Chemical Formula
72 is vacuum deposited on the emission layer to form the
electron transfer layer with a 300 A thickness, the LiF is
vacuum deposited on the electron transfer layer to form the
electron injection layer with a 10 A thickness, and the Al is
vacuum deposited on the electron injection layer to form the
cathode with a 3000 A thickness, thereby manufacturing the
organic light emitting element.

[0124] This element has a driving voltage 0f3.8 V, emission
luminance 0f413 cd/m?, and emission efficiency of 4.01 cd/A
at a current density of 10 mA/cm?.

Example Embodiment 2

[0125] The organic light emitting element is manufactured
by the same method as Example Embodiment 1, except for
using the compound represented by Chemical Formula 23
instead of the compound represented by Chemical Formula 5
as the host.

[0126] This elementhas a driving voltage 0f3.9'V, emission
luminance 0f394 cd/m?, and emission efficiency of 3.79 cd/A
at a current density of 10 mA/cm?.

Example Embodiment 3

[0127] The organic light emitting element is manufactured
by the same method as Example Embodiment 1, except for
using the compound represented by Chemical Formula 11
instead of the compound represented by Chemical Formula 5
as the host.

[0128] This element has a driving voltage 0f3.8 V, emission
luminance 0f425 cd/m*, and emission efficiency of 4.53 cd/A
at a current density of 10 mA/cm?.

Example Embodiment 4

[0129] The organic light emitting element is manufactured
by the same method as Example Embodiment 1, except for
using the compound represented by Chemical Formula 29
instead of the compound represented by Chemical Formula 5
as the host.

[0130] Thiselementhas a driving voltage 0f3.7 V, emission
luminance of381 ¢d/m?, and emission efficiency of 3.64 cd/A
at a current density of 10 mA/cm?.

Comparative Example 1

[0131] The organic light emitting element is manufactured
by the same method as Example Embodiment 1, except for
using the 9,10-di(naphth-2-ylanthracene) (ADN) as the host
when forming the emission layer instead of the compound
represented by Chemical Formula 5.

[0132] Thiselementhas a driving voltage 0f4.2 V, emission
luminance of328 cd/m?, and emission efficiency of 3.10 cd/A
at a current density of 10 mA/cm>.

Comparative Example 2

[0133] The organic light emitting element is manufactured
by the same method as the example embodiment 1, except for
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using a compound represented by Chemical Formula 75 as
the host when forming the emission layer instead of the com-
pound represented by Chemical Formula 5.

[0134] This element has a driving voltage 0f4.4 V, emission
luminance 0f346 cd/m?, and emission efficiency of 3.31 cd/A
at a current density of 10 mA/cm?,

[Chemical Formula 75]

O
T

Comparative Example 3

[0135] The organic light emitting element is manufactured
by the same method as Example Embodiment 1, except for
using a compound represented by Chemical Formula 76 as
the host when forming the emission layer instead of the com-
pound represented by Chemical Formula 5.

[0136] This element has a driving voltage 0f4.5V, emission
luminance 0f350 cd/m?, and emission efficiency of 3.27 cd/A
at a current density of 10 mA/cm?.

[Chemical Formula 76]

Estimation Example

[0137] The driving voltage, the luminance, and the effi-
ciency of the organic light emitting element manufactured in
Example Embodiments 1 to 4 and Comparative Examples 1
to 3 are estimated by supplying power in a current voltage
system (Keithley SMU 236) and using a luminance system
PR650 Spectroscan Source Measurement Unit (Photo
Research Inc.). The results thereof are shown in Table 1

TABLE 1
Driving
voltage Luminance Efficiency
Host Dopant V) (cdim?) (cd/A)
Example Chemical F,irpic 3.8 413 4.01

Embodiment Formula 5
1
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TABLE 1-continued

Driving
voltage Luminance Efficiency
Host Dopant V) {cd/m?) (cd/A)

Example Chemical F.irpic 39 394 3.79
Embodiment Formula 23
2
Example Chemical Foirpic 38 425 4.53
Embodiment Formula 11
3
Example Chemical Foirpic 3.7 381 3.64
embodiment Formula 29
4
Comparative ADN Foirpic 42 328 3.10
Example 1
Comparative Chemical Foirpic 44 346 3.31
Example 2 Formula 75
Comparative Chemical Foirpic 45 350 3.27

Example 3~ Formula 76

[0138] Referring to Table 1, the organic light emitting ele-
ment of Example Embodiments 1 to 4 has a lower driving
voltage and excellent luminance and efficiency characteris-
tics compared with the organic light emitting element of
Comparative Examples 1 to 3.
[0139] While these embodiments have been described in
connection with what is presently considered to be practical
example embodiments, it is to be understood that the present
embodiments are not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the appended claims.

What is claimed is:

1. An organic compound of Chemical Formula 1:

#R1)

wherein R, to R, are each a hydrogen atom, aheavy hydro-
gen, a C1 to C60 substituted or non-substituted alkyl
group, a C2 to C60 substituted or non-substituted alk-
enyl group, a C2 to C60 substituted or non-substituted
alkynyl group, a C3 to C60 substituted or non-substi-
tuted cycloalkyl group, a C1 to C60 substituted or non-
substituted alkoxy group, a C5 to C60 substituted or
non-substituted aryloxy group, a C5 to C60 substituted
or non-substituted arylthio group, a C5 to C60 substi-
tuted or non-substituted aryl group, an amino group
substituted into a C3 to C60 heteroaryl group, a C3 to
C60 substituted or non-substituted heteroaryl group, a
C6 to C60 substituted or non-substituted condensation
polycyclic group, a halogen atom, a cyano group, a nitro
group, a hydroxyl group, or a carboxyl group,

R, and R, are the same or different from each other,

Xis —S—, —0—, —C(RR,)—, or —N(Rg)—,
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Ry and R, are independently a hydrogen atom, a heavy
hydrogen, a C1 to C20 substituted or non-substituted
alkyl group, a C5 to C20 substituted or non-substituted
aryl group, a C3 to C20 substituted or non-substituted
hetero aryl group, a C6 to C20 substituted or non-sub-
stituted condensation polycyclic group, a halogen atom,
a cyano group, a nitro group, a hydroxyl group, or a
carboxyl group,

aand 7z are each an integer of 0 to 4, b is an integer of 0 to
3, and y is an integer of 0 to 2,

L is a divalent linking group represented by -(Ar, ),—, and
nis an integer of 1 to 10.

2. The organic compound of claim 1, wherein Ar, is aC5 to
C60 substituted or non-substituted arylene group, aC3 to C60
substituted or non-substituted heteroarylene group, or aC6 to
C60 substituted or non-substituted condensation polycyclic
group.

3. The organic compound of claim 2, wherein the n amount
of Ar, are the same as or different from each other, and

two or more Ar, among the n amount of Ar, are fused to
each other or linked to each other by a single bond.

4. The organic compound of claim 1, comprising at least
one selected from compounds of Chemical Formula 2 to
Chemical Formula 70:

[Chemical Formula 2]

[Chemical Formula 3]
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[Chemical Formula 4]

[Chemical Formula 5]

[Chemical Formula 6]
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-continued -continued

[Chemical Formula 8] [Chemical Formula 11]

[Chemical Formula 10]
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-continued -continued
[Chemical Formula 15]

[Chemical Formula 19]
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-continued -continued
[Chemical Formula 23] [Chemical Formula 26]

[Chemical Formula 28]
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-continued -continued

[Chemical Formula 29 [Chemical Formula 33]

S
OOOO

[Chemical Formula 30]

[Chemical Formula 34]

e
OOOO
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)

[Chemical Formula 31]
O |

[Chemical Formula 32]

A
O
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[Chemical Formula 35]
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-continued -continued

Chemical Formula 36] [Chemical Formula 40]

[Chemical Formula 42]
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-continued -continued
[Chemical Formula 44] [Chemical Formula 48]

[Chemical Formula 49]

[Chemical Formula 47]
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-continued -continued
[Chemical Formula 52] [Chemical Formula 56]
O O
i 7
[Chermical Formula 53] (Chemical Formula 7]

[Chemical Formula 54] [Chemical Formula 58]

[Chemical Formula 55]
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[Chemical Formula 60] [Chemical Formula 64]
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[Chemical Formula 61]
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[Chemical Formula 65]
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[Chemical Formula 66]
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[Chemical Formula 63] [Chemical Formula 67]
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-continued 6. The organic compound of claim 1, wherein the organic
[Chemical Formula 68]  compound is a compound of Chemical Formula 11:

7. The organic compound of claim 1, wherein the organic
compound is a compound of Chemical Formula 23:

8. The organic compound of claim 1, wherein the organic
compound is a compound of Chemical Formula 29:

5. The organic compound of claim 1, wherein the organic

compound is a compound of Chemical Formula 5: '
S
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9. An organic emitting diode device comprising: 12. The organic emitting diode device of claim 11, com-
a first electrode; prising at least one selected from compounds of Chemical
a second electrode: and Formula 2 to Chemical Formula 70:

an organic layer interposed between the first electrode and
the second electrode,

[Chemical Formula 2]

wherein the organic layer includes an organic compound of
Chemical Formula 1:

wherein R | to R, are each a hydrogen atom, a heavy hydro-
gen, a C1 to C60 substituted or non-substituted alkyl
group, a C2 to C60 substituted or non-substituted alk-
enyl group, a C2 to C60 substituted or non-substituted
alkynyl group, a C3 to C60 substituted or non-substi-
tuted cycloalkyl group, a C1 to C60 substituted or non-
substituted alkoxy group, a C5 to C60 substituted or
non-substituted aryloxy group, a C5 to C60 substituted
or non-substituted arylthio group, a C5 to C60 substi-
tuted or non-substituted aryl group, an amino group
substituted into a C3 to C60 heteroaryl group, a C3 to
C60 substituted or non-substituted heteroaryl group, a
C6 to C60 substituted or non-substituted condensation
polycyclic group, ahalogen atom, a cyano group, a nitro
group, a hydroxyl group, or a carboxyl group,

R, and R, are the same or different from each other,

X is a linking group represented by —S—, —O—,
—C(RR;)—; or —N(R¢)—,

Ry and R, are independently a hydrogen atom, a heavy
hydrogen, a C1 to C20 substituted or non-substituted
alkyl group, a C5 to C20 substituted or non-substituted
aryl group, a C3 to C20 substituted or non-substituted
hetero aryl group, a C6 to C20 substituted or non-sub-
stituted condensation polycyclic group, a halogen atom,
a cyano group, a nitro group, a hydroxyl group, or a
carboxyl group,

. . . [Chemical Formula 5]
aand 7z are each an integer of 0 to 4, b is an integer of 0 to

3, and y is an integer of 0 to 2,

L is a divalent linking group represented by -(Ar, ),—, and

nis an integer of 1 to 10.

10. The organic emitting diode device of claim 9, wherein
Ar, is a CS to C60 substituted or non-substituted arylene
group, a C3 to C60 substituted or non-substituted het-
eroarylene group, or a C6 to C60 substituted or non-substi-
tuted condensation polycyclic group.

11. The organic emitting diode device of claim 9, wherein

the n amount of Ar, are the same as or different from each
other, and

two or more Ar, among the n amount of Ar, are fused to
each other or linked to each other by a single bond.
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-continued -continued
[Chemical Formula 9]

[Chemical Formula 6]
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-continued -continued
[Chemical Formula 13]

[Chemical Formula 17]

[Chemical Formula 18]

[Chemical Formula 19]
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b
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-continued -continued
[Chemical Formula 20] [Chemical Formula 24]

[Chemical Formula 23]
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-continued -continued
[Chemical Formula 27] [Chemical Formula 31]
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-continued -continued
[Chemical Formula 35] [Chemical Formula 38]

[Chemical Formula 41]
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-continued -continued

[Chemical Formula 42]

[Chemical Formula 45]

[Chemical Formula 47]

[Chemical Formula 48]
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-continued -continued
[Chemical Formula 49]

[Chemical Formula 53]

[Chemical Formula 54]

[Chemical Formula 55]

(.
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Y
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[Chemical Formula 56]
A
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[Chemical Formula 57] [Chemical Formula 61]
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[Chemical Formula 58]
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[Chemical Formula 59]
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[Chemical Formula 60] O

[Chemical Formula 64]

(.
4o®
2t
(.
o
g
O

[Chemical Formula 63]

(
COOO

>
2
e



US 2016/0126479 Al

-continued
[Chemical Formula 65]

[Chemical Formula 66]

[Chemical Formula 67]
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-continued

[Chemical Formula 68]

[Chemical Formula 69]

[Chemical Formula 70]

13. The organic emitting diode device of claim 12, wherein
the organic layer includes an emission layer, and

wherein the organic compound of Chemical Formula 1 is
included in the emission layer.
14. The organic emitting diode device of claim 13, wherein

the emission layer comprises the organic compound of
Chemical Formula 1 as a host.
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15. The organic emitting diode device of claim 13, wherein
the emission layer includes the organic compound of Chemi-
cal Formula 1 as a dopant.

16. The organic emitting diode device of claim 9, wherein
the first electrode is an anode, and the second electrode is a
cathode.

17. The organic emitting diode device of claim 16, wherein
the organic layer further comprises:

a hole injection layer disposed between the first electrode
and the emission layer,

a hole transfer layer disposed between the hole injection
layer and the emission layer,

an electron transfer layer disposed between the emission
layer and the second electrode, and

an electron injection layer disposed between the electron
transfer layer and the second electrode.

18. The organic emitting diode device of claim 9, wherein
the organic compound is acompound of Chemical Formula 5:

May 5, 2016

19. The organic emitting diode device of claim 9, wherein
the organic compound is a compound of Chemical Formula
11:

20. The organic emitting diode device of claim 9, wherein
the organic compound is a compound of Chemical Formula
23:
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