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SILICON-BASED COMPOUND AND
ORGANIC LIGHT EMITTING DIODE
COMPRISING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No, 10-2013-0001313, filed on
Jan. 4, 2013, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to a compound for
an organic light-emitting diode and an organic light-emitting
diode.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs), which are
self-emitting diodes, have advantages such as wide viewing
angles, excellent contrast, quick response, high brightness,
excellent driving voltage characteristics, and can provide
multicolored images.

[0006] A typical OLED has a structure including a sub-
strate, and an anode, a hole transport layer (HTL), an emis-
sion layer (EML), an electron transport layer (ETL), and a
cathode which are sequentially stacked on the substrate. The
hole transport layer, the emission layer, and the electron trans-
port layer are organic thin films formed of organic com-
pounds.

[0007] An operating principle of an OLED having the
above-described structure is as follows.

[0008] Whenavoltage is applied between the anode and the
cathode, holes injected from the anode move to the EML via
the HTL, and electrons injected from the cathode move to the
emission layer via the electron transport layer. The holes and
electrons (carriers) recombine in the organic emission layer to
generate excitons. When the excitons drop from an excited
state to a ground state, light is emitted,

SUMMARY

[0009] Aspects of the present invention are directed toward
a silicon-based compound having a novel structure and an
organic light-emitting diode including the same.

[0010] According to an embodiment of the present inven-
tion, there is provided a silicon-based compound represented
by Formula 1:

Formula 1

[RioF—Si——(Li)a—N,
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[0011] In Formulal,

[0012] L, is a substituted or unsubstituted C,-Cg, arylene
group or a substituted or unsubstituted C,-C,, heteroarylene
group;

[0013] a is an integer of 1 to 5, when a is 2 or more, a

plurality of L, may be identical to or different from each
other;

[0014] R, and R, are, each independently, a C,-Cg, alkyl
group substituted with at least one —F;

[0015] b and ¢ are, each independently, an integer of 0 to 4,
and b+cz1;

[0016] R, and R, are each independently selected from,
[0017] ahydrogen atom, adeuterium atom, a halogen atom,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic add or a salt thereof, a
phosphoric add or a salt thereof, a C,-Cq, alkyl group, a
C,-Cy, alkenyl group, a C,-Cg, alkynyl group, and a C,-Cy,
alkoxy group;

[0018] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cy, alkynyl group, and a C,-Cy, alkoxy group, each sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic add or a salt thereof, and a
phosphoric add or a salt thereof;

[0019] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-C, aryloxy
group, a C,-Cg, arylthio group, and a C,-Cg, heteroaryl
group; and

[0020] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C,-C, aryloxy
group, a C,-Cgy, arylthio group, and a C,-Cg, heteroaryl
group, each substituted with at least one ofa deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic add or asalt
thereof, a phosphoric add or a salt thereof, a C,-C, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cg, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfluorenyl group, a
diphenylfluorenyl group, a carbazolyl group, a phenylcarba-
zolyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quinolyl
group, and an isoquinolyl group;

[0021] R,, is selected from,

[0022] aC,-Cqqalkyl group,aC,-Cyqalkenyl group, and
a C,-C, alkynyl group;

[0023] aC,-C4,alkylgroup,aC,-Cy, alkenyl group, and
a C,-Cq, alkynyl group, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, and a
phosphoric acid or a salt thereof;

[0024] a C,-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cq, aryl group, and a
C,-Cy, heteroaryl group;

[0025] a C,-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,
heterocycloalkenyl group, a C4-C, aryl group, and a
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C,-C, heteroaryl group, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, and a
phosphoric acid or a salt thereof, C,-C, alkyl group,
C,-C, alkenyl group, C,-C, alkynyl group, C,-Cy,
alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfluorenyl
group, a diphenylfluorenyl group, a carbazolyl group, a
phenylcarbazolyl group, a pyridinyl group, a pyrimidi-
nyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, and an isoquinolyl
group and
[0026] —N(Q,;)(Q,,) (wherein Q,, and Q,, are, each
independently, a C,-C, alkyl group, a C,-C, alkoxy
group, a C,Cg, aryl group, or a C,-C,, heteroaryl
group); and
[0027] nis selected from an integer of 2 to 4.
[0028] According to another embodiment of the present
invention, there is provided an organic light-emitting diode
including a first electrode; a second electrode facing the first
electrode; and an organic layer interposed between the first
electrode and the second electrode and comprising an emis-
sion layer, wherein the organic layer includes at least one of
the silicon-based compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
following Figures:

[0030] FIG. 1 is a schematic view of an organic light-
emitting diode according to an embodiment of the present
invention;

[0031] FIG.?2isagraphshowing the result of Thermogravi-
metric Analysis (TGA) characterization of Compound 2;
[0032] FIG. 3 is a graph showing the result of Differential
Scanning Calorimetry (DSC) characterization of Compound
2;
[0033] FIG. 4 shows the ultraviolet (UV) absorption spec-
trum and the photoluminescence (PL) spectrum of Com-
pound 2;

[0034] FIG. 5 is a graph showing the result of cyclic volta-
mmetry (CV) measurement of Compound 2;

[0035] FIG. 6isa graph showing the result of Thermogravi-
metric Analysis (TGA) characterization of Compound 4;
[0036] FIG. 7 is a graph showing the result of Differential
Scanning calorimetry (DSC) characterization of Compound
4
[0037] FIG. 8 shows the ultraviolet (UV) absorption spec-
trum and the photoluminescence (PL) spectrum of Com-
pound 4; and

[0038] FIG.9 is a graph showing the result of cyclic volta-
mmetry (CV) measurement of Compound 4.

DETAILED DESCRIPTION

[0039] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0040] The silicon-based compound is represented by For-
mula 1 below:
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Formula 1

Ry

5

M- R3)ap

[Rig 35— Si—— TN,

[0041] In Formula 1, L, is a substituted or unsubstituted
C¢Cyqo arylene group or asubstituted or unsubstituted C,-C,
heteroarylene group.
[0042] Forexample, L, inFormula 1 may be selected from,
[0043] 1) phenylene, pentalenylene, indenylene, naphty-
lene, azulenylene, heptalenylene, indacenylene, acenaphty-
lene, fluorenylene, spiro-fluorenylene, phenalenylene,
phenanthrenylene, anthrylene, fluoranthenylene, triphenyle-
nylene, pyrenylene, chrysenylene, naphthacenylene, picen-
vlene, perylenylene, pentaphenylene, hexacenylene, pyrro-
lylene, imidazolylene, pyrazolylene, pyridinylene,
pyrazinylene, pyrimidinylene, pyridazinylene, isoindolyiene,
indolylene, indazolylene, purinylene, quinolinylene, benzo-
quinolinylene, phthalazinylene, naphthyridinylene, quinox-
alinylene, quinazolinylene, cinnolinylene, carbazolylene,
phenanthridinylene,  acridinylene, phenanthrolinylene,
phenazinylene, benzooxazolylene, benzoimidazolylene,
furanylene, benzofuranylene, thiophenylene, benzothiophe-
nylene, thiazolylene, isothiazolylene, benzothiazolylene,
isoxazolylene, oxazolylene, triazolylene, tetrazolylene, oxa-
diazolylene, triazinylene, benzoxazolylene, dibenzofura-
nylene, dibenzothiophanylene, and benzocarbazolylene; and
[0044] i) phenylene, pentalenylene, indenylene, naphty-
lene, azulenylene, heptalenylene, indacenylene, acenaphty-
lene, fluorenylene, spiro-fluorenylene, phenalenylene,
phenanthrenylene, anthrylene, fluoranthenylene, triphenyle-
nylene, pyrenylene, chrysenylene, naphthacenylene, picen-
vlene, perylenylene, pentaphenylene, hexacenylene, pyrro-
lylene, imidazolylene, pyrazolylene, pyridinylene,
pyrazinylene, pyrimidinylene, pyridazinylene, isoindolylene,
indolylene, indazolylene, purinylene, quinolinylene, benzo-
quinolinylene, phthalazinylene, naphthyridinylene, quinox-
alinylene, quinazolinylene, cinnolinylene, carbazolylene,
phenanthridinylene,  acridinylene, phenanthrolinylene,
phenazinylene, benzooxazolylene, benzoimidazolylene,
furanylene, benzofuranylene, thiophenylene, benzothiophe-
nylene, thiazolylene, isothiazolylene, benzothiazolylene,
isoxazolylene, oxazolylene, triazolylene, tetrazolylene, oxa-
diazolylene, triazinylene, benzoxazolylene, dibenzofura-
nylene, dibenzothiophenylene, and benzocarbazolylene,
each substituted with at least one of
[0045] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, alkoxy group;
[0046] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
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group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, and a phosphoric acid or a salt
thereof;,

[0047] a C4-Cyy aryl group and a C,-C,, heteroaryl
group; and

[0048] a C,-C,, aryl group and a C,-C,, heteroaryl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, hydra-
zine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a
C,-Cy alkynyl group, a C,-Cy, alkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl
group, a dimethylfluorenyl group, a diphenylfluorenyl
group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group,
a pyridazinyl group, triazinyl group, quinolyl, and iso-
quinolyl.

[0049] Forexample, L, in Formula 1 may be selected from
Formulae 2-1 to 2-8, but is not limited thereto:

Formula 2-1

Z1)a1

(
L
aY

*,

Formula 2-2

Formula 2-3

Formula 2-4

\ |/

(Z1)ea

N
T Zs
N

Formula 2-5
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-continued
__ Formula 2-6
\ | /
\ | /
Za
___ Formula 2-7
\ |/
\ | /
Zas
. Formula 2-8
Vg VN
| ——— s
P AV ay -

Py

Z, to Z, in Formulae 2-1 to 2-8 are, each independently,
selected from,

[0050] ahydrogen atom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic add or a salt thereof, a
phosphoric add or a salt thereof, a C,-C,,, alkyl group, and a
C,-C,, alkoxy group;

[0051] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, and a phosphoric add or a salt thereof; and

[0052] phenyl group, naphthyl, and anthryl;

dl is an integer of 1 to 4; d2 is an integer of 1 to 3; d3 is an
integer of 1 to 6; d4 is an integer of 1 to §; * is a binding site
with Si of Formula 1 oris a binding site with a neighboring L, ;
and * is a binding site with “N” of carbazol of Formula 1 or
a binding site of a neighboring L, .

[0053] According to an embodiment of the present inven-
tion, L; in Formula 1 may be represented by Formula 2-1 or
2-2, but is not limited thereto.

[0054] ainFormula 1 refers to the number of L;, may be an
integer of 1 to 5. When a is 2 or more, a plurality of L, may be
identical to or different from one another. For example, a may
be 1 or 2. According to an embodiment of the present inven-
tion, a may be 1, but is not limited thereto.

[0055] R, and R, in Formula 1 are, each independently, a
C,-Cy, alkyl group substituted with at least one —F. The
C,-Cg, alkyl group substituted with at least one—F may be a
linear or branched group.

[0056] For example, R, and R, in Formula 1 are, each
independently, a C,-Cy, perfluoro alkyl group, in detail, a
C,-C, perfluoro alkyl group.

[0057] According to another embodiment of the present
invention, R, and R, in Formula 1 are, each independently,
selected from methyl, ethyl, propyl, butyl, pentyl, hexyl, hep-
tyl, and octyl, each substituted with at least one —F.

[0058] According to another embodiment of the present
invention, R, and R, in Formula 1 may be, each indepen-
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dently, selected from methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, and octyl, in which all hydrogen atoms are
substituted with —F.

[0059] According to another embodiment of the present
invention, R, and R, may be, each independently, selected
from —CF,, —C.,F;, —C,F,, —C,F,, —C,F,,, and
7C6F13'

[0060] According to another embodiment of the present
invention, R; and R, may be identical to each other.

[0061] In Formula 1. b refers to the number of R,, and ¢
refers to the number of R,. b and ¢ are each independently an
integer of 0 to 4, and b+c=1. That is, b and ¢ are not both 0.
Accordingly, at least one of R; and R, exists in Formula 1.
[0062] When b is 2 or more, a plurality of R, may be
identical to or different from each other, and when ¢ is 2 or
more, a plurality of R, may be identical to or different from
each other.

[0063] According to an embodiment of the present inven-

tion, band c in Formula 1 may be, each independently, 0, 1, or
2, and b+cz1.

[0064] R, and R, in Formula 1 are, each independently,
selected from,
[0065] ahydrogen atom, adeuterium atom, a halogen atom,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidine group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-Cg, alkyl group, a
C,-Cg, alkenyl group, a C,-C,,, alkynyl group, and a C,-C,
alkoxy group;

[0066] a C,-C, alkyl group, a C,-Cg, alkenyl group, a
C,-Cq, alkynyl group, and a C, -Cy, alkoxy group, each sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, and a
phosphoric acid or a salt thereof;

[0067] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C4-C, aryl group, a Co-Cy, aryloxy
group, a C4-Cy, arylthio group, and a C,-Cy, heteroaryl
group; and

[0068] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp aryloxy
group, a C,-Cy, arylthio group, and a C,-Cg, heteroaryl
group, each substituted with at least one of a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, a phosphoric acid or a salt thereof, a C, -Cg, alkyl
group, a C,-Cq, alkenyl group, a C,-Cq, alkynyl group, a
C,-Cq, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethy!fluorenyl group, a
diphenylfluorenyl group, a carbazolyl group, a phenylcarba-
zolyl group, a pyridinyl group, a pyrimidiny1 group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quinolyl
group, and an isoquinolyl group.

[0069] According to an embodiment of the present inven-
tion, R; and R, are, each independently, selected from,
[0070] ahydrogen atom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
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group or a salt thereof, a sulfonic add or a salt thereof, a
phosphoric add or a salt thereof, a C,-C,, alkyl group, and a
C,-C,, alkoxy group;

[0071] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic add or a salt
thereof, and a phosphoric add or a salt thereof;

[0072] phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl; and

[0073] phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric add or a salt
thereof, a C,-Cg, alkyl group, a C,-Cq, alkenyl group, a
C,-Cq alkynyl group, a C, -Cy, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridaziny! group, a triazi-
nyl group, a quinolyl group, and an isoquinolyl group, but is
not limited thereto.

[0074] According to another embodiment of the present
invention, R, and R, in Formula 1 are, each independently,
selected from a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic add or a salt
thereof, a phosphoric add or a salt thereof, a C,-C,, alkyl
group, a C,-C, , alkoxy group, phenyl, naphthyl, and anthryl.
[0075] According to another embodiment of the present
invention, Ry and R, in Formula 1 may all be a hydrogen
atom.

[0076] R,,inFormula | may be selected from,

[0077] aC,-C, alkyl group, a C,-Cy, alkenyl group, and a
C,-Cg, alkynyl group;

[0078] aC,-C, alkyl group, a C,-Cg, alkenyl group, and a
C,-Cy, alkynyl group, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic add or a salt thereof, and a phosphoric add or a salt
thereof;

[0079] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C,-Cg, aryl group, and a C,-Cg,
heteroaryl group;

[0080] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C;-C, , het-
erocycloalkenyl group, a Cg-Cy, aryl group, and a C,-Cy,
heteroaryl group, each substituted with at least one of a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic add or a salt thereof, a phosphoric add or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-Cgo alkynyl group, a C, -Cy, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
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idinyl group, a pyrazinyl group, a pyridaziny! group, a triazi-
nyl group, a quinolyl group, and an isoquinolyl group; and

[0081] —N(Q,,)(Q,,) (wherein Q,, and Q,, are, each
independently, a C,-C, alkyl group, a C,-C, alkoxy group,
a C¢-Cyq aryl group, or a C,-C, heteroaryl group).

[0082] According to an embodiment of the present inven-
tion, R, in Formula 1 may be selected from,

[0083]

[0084] a C,-C,, alkyl group, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic add or a salt thereof, and a phosphoric add
or a salt thereof;,

[0085] phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl; and

[0086] phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic add or a salt thereof, a phosphoric add or a salt
thereof, a C,-C, alkyl group, a C,-C,, alkenyl group, a
C,-Cqoalkynyl group, a C, _Cq, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluoreny! group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, and an isoquinolyl group.

[0087]

[0088] According to an embodiment of the present inven-
tion, n may be 2, but is not limited thereto.

[0089] Thesilicon-based compound may be represented by
one of Formulae 1A to 1F below, but is not limited thereto:

aC,-C,, alkyl group;

nin Formula 1 may be an integer of 2 to 4.

Formula 1A

[RioF5—8i—

Formula 1B

—/N
[Rlo‘]ﬂSi—_ \ /
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- Formula 1C
R
Ry O
—\ N
X
[Riot—Si \ /
Formula 1D
— N —_
Ry O
—\ _N
P R,
[Rio=Fz—5i— \ / 2
Formula 1E
_ % _
Ry O
—\ N
o 9 K
[Rio o Si— \ /
_ _ Formula 1F
Ry
= N
P¢
[RioF75—8i \ /
[0090] R,,R,,R,,andninFormulae 1A to IF are the same

as described in the present specification.
[0091]
[0092] R, and R, are, each independently, selected from
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl. and octyl,
each substituted with at least one —F;

For example, in Formulae 1A to 1F,

[0093] R,, is selected from,
[0094] aC,-C,, alkyl group;
[0095] a C,-C,, alkyl group, each substituted with at

least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a car-
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boxyl group or a salt thereof, a sulfonic acid or a salt
thereof, and a phosphoric add or a salt thereof;

[0096] phenyl, naphthyl, anthryl, fluorenyl, phenanthre-
nyl, pyrenyl and chrysenyl; and

[0097] phenyl, naphthyl, anthryl, fluorenyl, phenanthre-
nyl, pyrenyl, and chrysenyl, each substituted with at
least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a car-
boxyl group or a salt thereof, a sulfonic add or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cq,
alkyl group, a C,-Cq, alkenyl group, a C,-Cg, alkynyl
group, a C,-Cy, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group,
and an isoquinolyl group; and

[0098] nis an integer of 2 to 4.

[0099] According to another embodiment of the present
invention, in Formulae 1A to 1F, R, and R, are, each inde-
pendently, selected from —CF,, —C,F,, —C,F,, —C,F,,
CeFyy, and —CF 55 Ry, is selected from a C,-C,, alkyl
group, phenyl, naphthyl, and anthryl; and n may be 2, but is
not limited thereto.

[0100] According to another embodiment of the present
invention, the silicon-based compound represented by For-
mula 1 has a highest occupied molecular orbit (HOMO)
energy level absolute value of 5.80 eV or more, and has a
lowest unoccupied molecular orbit (LUMO) energy level
absolute value of 2.20 eV or more. Compounds with such
HOMO and LUMO energy level absolute values and an
energy band gap (Eg) calculated therefrom are suitable for
use as a material for an organic light-emitting diode, for
example, a host of an emission layer. This is confirmed in
Evaluation Examples.

[0101] Indetail, the silicon-based compound may be one of
Compounds 1 to 10, but is not limited thereto:
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-continued
8
FiC CF,
N
FsC CF3
FyC CF;
N,
F,C CF,
9

FiC I FsC l CF;
j =. ~CF, [ CF;

10

FiC l l CF,
F;Cj =l =l :CF3

[0102] R, and R, in the silicon-based compound of For-
mula 1 are each independently selected from a C,-Cy alkyl
group substituted with at least one —F. The number of R, is
indicated by b, and the number of R, is indicated by ¢, and b
and c are each an integer of 0 to 4, and b+c=1. That is, b and
¢ are not both 0. Accordingly, since at least one of R, and R,
of the silicon-based compound of Formula 1 is necessarily
substituted with a carbazol group, at least one of hydrogen
atom of the carbazol group of the silicon-based compound of
Formula 1 is necessarily substituted with a C,-Cg, alkyl
group substituted with at least one —F.

[0103] WhenR, and R, are, each independently, a C,-Cy,
alkyl group substituted with at least one —F (for example,
—CF,), the silicon-based compound represented by Formula
1 may have excellent thermal stability. Accordingly, an
organic light-emitting diode including the silicon-based com-
pound represented by Formula 1 may have excellent effi-
ciency characteristics.

FsC
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[0104] For example, an imaginary compound which is the
same as the silicon-based compound represented by Formula
1 except that R, and R, are each —F (see, for example,
Compound C of Comparative Example 3), may have low
synthesis efficiency and low thermal stability due to the inclu-
sion of —F, which has very high reactivity.

[0105] In addition, since R, and R, in the silicon-based
compound represented by Formula 1 are substituted with a
carbazol group, an LUMO energy level absolute value of the
silicon-based compound represented by Formula 1 may be
high. Accordingly, the silicon-based compound represented
by Formula 1 may be useful as a material for an organic
light-emitting diode, for example, a blue phosphorescent host
which is used together with a blue phosphorescent dopant.
[0106] For example, an imaginary compound which is the
same as the silicon-based compound represented by Formula
1, except that such R, and R, are not included and at least one
of hydrogen atom of L, is substituted with a C,-C, alkyl
group substituted with at least one —F (for example, Com-
pound B of Comparative Example 2), may have a relatively
low LUMO energy level absolute value due to the absence of
R, and R,. Accordingly, since the imaginary compound has a
relatively small energy band gap (Eg) (a difference between a
HOMO energy level absolute value and a LUMO energy level
absolute value), the imaginary compound may be inappropri-
ate for use as a material for an organic light-emitting diode,
for example, a blue phosphorescent host which is used
together with a blue phosphorescent dopant.

[0107] Accordingly, an organic light-emitting diode
including the silicon-based compound represented by For-
mula 1 may have a low driving voltage, high efficiency, high
brightness, and long lifetime.

[0108] The silicon-based compound of Formula 1 may be
synthesized by using a known organic synthesis method. A
synthesis method for the condensed cyclic compound may be
apparent to one of ordinary skill in the art by referring to the
following Examples.

[0109] The silicon-based compound of Formula 1 may be
used between a pair of electrodes of an organic light-emitting
diode. For example, the silicon-based compound may be used
in an emission layer.

[0110] Accordingly, provided is an organic light-emitting
diode including a first electrode, a second electrode facing the
first electrode, and an organic layer that is interposed between
the first electrode and the second electrode and includes an
emission layer, wherein the organic layer includes the silicon-
based compound represented by Formula 1.

[0111] The wording that “(an organic layer) includes at
least one of silicon-based compound” used herein may be
interpreted as the meaning that “(an organic layer) includes at
least one of silicon-based compound represented by Formula
1 or at least two different silicon-based compounds each
represented by Formula 1.

[0112] For example, the organic layer may include only
Compound 1 as the silicon-based compound. In this regard,
Compound 1 may exist in an emission layer of an organic
light-emitting diode. Alternatively, the organic layer may
include, as the silicon-based compound, Compound 1 and
Compound 2. In this regard, Compound 1 and Compound 2
may exist in an identical layer (for example, Compound 1 and
Compound 2 may both exist in an emission layer).

[0113] The organic layer may further include 1) at least one
layer selected from a hole injection layer, a hole transport
layer, a functional layer having a hole injection function and
a hole transport function, a buffer layer, and an electron
blocking layer between the first electrode and the emission
layer, and ii) at least one layer selected from a hole blocking
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layer, an electron transport layer, and an electron injection
layer interposed between the emission layer and the second
electrode.

[0114] The “organic layer” term used herein refers to a
single layer and/or a multi-layer interposed between the first
electrode and the second electrode of the organic light-emit-
ting diode.

[0115] The organic layer may include an emission layer,
and the emission layer may include the silicon-based com-
pound. In this regard, the silicon-based compound of the
emission layer may function as a host, and the emission layer
may further Include a phosphorescent dopant or a fluorescent
dopant.

[0116] According to an embodiment of the present inven-
tion, the silicon-based compound may exist in the emission
layer, and the emission layer may further include a blue
phosphorescent dopant that emits blue light based on a phos-
phorescent emission mechanism, and the silicon-based com-
pound in the emission layer may function as a host,

[0117] FIG. 1 is a schematic sectional view of an organic
light emitting diode 10 according to an embodiment of the
present invention. Hereinafter, the structure and manufactur-
ing method of an organic light-emitting diode according to an
embodiment of the present invention is described in detail
with reference to FIG. 1.

[0118] A substrate 11 (which may be any substrate that is
used in general organic light-emitting diodes) may be a glass
substrate or a transparent plastic substrate with excellent
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and water resistance.

[0119] A first electrode 13 may be formed by, for example,
depositing or sputtering a material for a first electrode on the
substrate 11. When the first electrode 13 is an anode, the
material for the first electrode may be selected from materials
with a high work function to enable ease of hole injection. The
first electrode 13 may be a reflective electrode or a transmis-
sive electrode. The material for the first electrode may be a
transparent material with high conductivity, and examples of
such a material are indium tin oxide (ITO), indium zinc oxide
(1Z0), tin oxide (Sn0,), and zinc oxide (Zn0O). When mag-
nesium (Mg), aluminum (Al), aluminum-lithinm (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), or magnesium-
silver (Mg—Ag) is used, the first electrode 13 may be used as
a reflective electrode.

[0120] The first electrode 13 may have a single-layer struc-
ture or a multi-layer structure including at least two layers.
For example, the first electrode 13 may have a three-layered
structure of ITO/Ag/ITO, but is not limited thereto.

[0121] The organic layer 16 may be disposed on the first
electrode 13.
[0122] The organic layer 15 may include a hole injection

layer, a hole transport layer, a buffer layer, an emission layer,
an electron transport layer, and an electron injection layer.

[0123] A hole injection layer (HIL) may be formed on the
first electrode 13 by using various methods, such as vacuum
deposition, spin coating, casting, and Langmuir-Blodgett
(LB) deposition.

[0124] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
107® torrto about 107> torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.
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[0125] When the HIL is formed using spin coating, the
coating conditions may vary according to the compound that
is used to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the spin
coating rate may be in the range of about 2000 rpm to about
5000 rpm, and a temperature at which heat treatment is per-
formed to remove a solvent after coating may be in the range
of about 80° C. to about 200° C. However, the coating con-
ditions are not limited thereto.

[0126] As a material for the HIL, a known hole injection
material may be used. Examples thereof are N,N'-diphenyl-
N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-
diamine (DNTPD), a phthalocyanine compound such as cop-
per phthalocyanine, 44" 4"-tris(3-
methylphenylphenylamino)triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB),
TDATA, 2-TNATA, polyaniline/dodecylbenzenesulfonic
acid (Pani'DBSA), poly(3,4-ethylenedioxythiophene)/poly
(4-styrene sulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonic acid (Pani/CSA), and (polyaniline)/poly(4-styrene
sulfonate) (PANI/PSS), but are not limited thereto:
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[0127] A thickness of the HIL may be in a range of about
100 A to about 10000 A, for example, about 100 A to about
1000 A. When the thickness of the HIL is within the range
described above, the HIL. may have satisfactory hole injection

characteristics without a substantial increase in a driving
voltage.

[0128] Then, a hole transport layer (HTL) may be formed
on the HIL by using vacuum deposition, spin coating, casting,
LB deposition, or other suitable methods. When the HTL is
formed using vacuum deposition or spin coating, the deposi-
tion and coating conditions may be similar to those for the
formation of the HIL, though the deposition and coating
conditions may vary according to a compound that is used to
form the HTL.

[0129] As a material for the HTL, a known material for a
HTL may be used. Examples thereof are a carbazole deriva-
tive, such as N-phenylcarbazole, or polyvinylcarbazole,
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4
4'-diamine (TPD), 4,4" 4"-tris(N-carbazolyl)triphenylamine
(TCTA), or N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), but are not limited thereto.

e

DNTPD
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[0130] A thickness of the HTL may be in a range of about
50 A to about 2000 A, for example, about 100 A to about 1500
A. When the thickness of the HTL is within the range
described above, the HIL may have satisfactory hole transport
characteristics without a substantial increase in a driving
voltage.

[0131] The H-functional layer (a functional layer with a
hole injection function and a hole transport function) may
include at least one material selected from those materials for
the HIL and those materials for the HTL, and the H-functional
layer may have a thickness of about 100 A to about 10000 A,
for example, about 100 A to about 1000 A. When the thick-
ness of the H-functional layer is within the range described
above, satisfactory hole injection and transportation charac-
teristics may be obtained without a substantial increase in a
driving voltage.

[0132] Also, at least one of the hole injection layer, the hole
transport layer, and the H-functional layer may include at
least one of a compound represented by Formula 300 below
and a compound represented by Formula 301 below:

Formula 300
Rios
Riol
\
Ryo7
Rio2 N !
N
R |
Ry 105 (A1)
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Formula 301

Rz
/ \

ase

Rz Rioa

[0133] Ar,,, and Ar,, in Formula 300 are, each indepen-
dently, a substituted or unsubstituted C,-Cg, arylene group.
For example, Ar,,, and Ar,, are, each independently,
selected from,

[0134] phenylene, pentalenylene, indenylene, naphty-
lene, azulenylene, heptalenylene, substituted or unsub-
stituted acenaphtylene, fluorenylene, phenalenylene,
phenanthrenylene, anthrylene, fluoranthenylene, triph-
enylenylene, pyrenylene, chrysenylene, naphthace-
nylene, picenylene, perylenylene, and pentaphenylene;
and

[0135] phenylene, pentalenylene, indenylene, naphty-
lene, azulenylene, heptalenylene, substituted or unsub-
stituted acenaphtylene, fluorenylene, phenalenylene,
phenanthrenylene, anthrylene, fluoranthenylene, triph-
enylenylene, pyrenylene, chrysenylene, naphthace-
nylene, picenylene, perylenylene, and pentaphenylene,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cq,
alkynyl group, a C,-C4, alkoxy group, a C;-Cj,
cycloalkyl group, a C5-C, , cycloalkenyl group, aC5-C
heterocycloalkyl group, a C;-C,, heterocycloalkenyl
group, a C4-Cg, aryl group, a C,-Cg, aryloxy group, a
C¢-Cyo arylthio group, and a C,-C,, heteroaryl group.

[0136] xa and xb in Formula 300 may each independently
an integer of 0to 5, or 0, or 2. For example, xa may be 1 and
xb may be 0, but xa and xb are not limited thereto.

[0137] Ryo to R, s, Ryjt0R;sand R, to R, in For-
mulae 300 and 301 are, each independently, selected from a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic add or a salt thereof, a
phosphoric add or a salt thereof, a substituted or unsubstituted
C,-Cg, alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C-C, , cycloalkyl group, a sub-
stituted or unsubstituted C4-C, aryl group, a substituted or
unsubstituted C4-Cq, aryloxy group, or a substituted or
unsubstituted C,-Cq, arylthyo group. For example, R, to
Rsg Rg; 10 Ryy and R, and R, are each independently
selected from,

[0138] a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a sat thereof, a sulfonic add
group or a salt thereof, a phosphoric add group or a salt

11
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thereof, a C,-C,, alkyl group (for example, methyl,
ethyl, propyl, butyl, pentyl, or hexyl) and a C,-C,
alkoxy group (for example, a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, or a pentoxy
group);

[0139] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic
add or a salt thereof, a phosphoric add or a salt thereof;
phenyl, naphthyl, anthryl, fluoreny! and pyrenyl; and

[0140] phenyl, naphthyl, anthryl, fluorenyl, and pyrenyl,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-C,, alkyl group, and a C,-C,, alkoxy group, but is
not limited thereto.

[0141]

[0142]
and
[0143] phenyl group, naphthyl, anthryl, biphenyl, and
pyridyl, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, hydra-
zine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, and a phosphoric acid or a
salt thereof, a substituted or unsubstituted C,_C,, alkyl
group, and a substituted or unsubstituted C,-C,,, alkoxy
group.
[0144] According to an embodiment of the present inven-
tion, the compound represented by Formula 300 may be rep-
resented by Formula 300A below, but is not limited thereto:

R, 4o in Formula 300 may be selected from,
phenyl, naphthyl, anthryl, biphenyl and pyridyl;

Formula 300A
Ryg1

\
N

&

Runo

Ry

W
R0 Ryipy Ryj, and Ry in Formula 300A is already
described above.

[0145] For example, at least one layer selected from the
hole injection layer, the hole transport layer, and the H-func-
tional layer may include at least one of Compounds 301 to
320 below, but may instead include other materials:



Jul. 10,2014

US 2014/0191207 Al

12

oA © 3 o0 QMW\MM o4
(J ( ® §

8 & ¢

C > > >
°g of o 0FY o

wa QWNQ QWNQ QWNQ
R

» > » »
CECOE T g og ™



Q

Q

- 9

e e
QN: O
s oy O
-

9 9






US 2014/0191207 Al Jul. 10,2014
15

-continued -continued
317

Y Y

G L0 on

319

Y C

®
C
jo
Q‘
.
.

—
/N
= \
s
N\ [0146] At least one of the hole injection layer, the hole

transport layer, and the H-functional layer may further
include, in addition to those known hole injection materials,
those known hole transportation materials, and/or those mate-
rials having a holeinjection function and a hole transportation
function, a charge-generation material to improve conductiv-
ity of a film.

[0147] The charge-generation material may be, for
example, p-dopant. The p-dopant may be one of a quinone
derivative, a metal oxide, and a cyano-containing compound,
but is not limited thereto. For example, unlimiting examples
of the p-dopant are a quinone derivative, such as tetracyano-
quinonedimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracy-
ano-1.4-benzoquinonedimethane (F4-TCNQ); a metal oxide,
such as tungsten oxide and molybdenum oxide; and a cyano-
containing compound.

[0148] Forexample, Compound 200 below may be used as
the cyano-containing compound, but the cyano-containing
compound is not limited thereto.
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Compound 200
CN
NC
]
N N, CN
Va
I\i N CN
N
NC 7
CN
F4TCNQ
E F
NC CN
NC CN
F F

[0149] When the hole injection layer, the hole transport
layer, or the H-functional layer further includes the charge-
generation material, the charge-generation material may be
homogeneously or non-homogeneously dispersed in the hole
injection layer, the hole transport layer, or the H-functional
layer.

[0150] A buffer layer may be interposed between the emis-
sion layer and at least one of the hole injection layer, the hole
transport layer, and the H-functional layer. The buffer layer
may compensate for an optical resonance distance of light
according to a wavelength of the light emitted from the emis-
sion layer, and thus may increase efficiency, or may control an
energy level with the emission layer. The buffer layer may
include a known hole injection material or a known hole
transportation material. According to another embodiment of

,C0
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the present invention, the buffer layer may include a material
that is identical to one of the materials included in the hole
injection layer, the hole transport layer, and the H-functional
layer formed under the buffer layer, or a host material.
[0151] An emission layer (EML) may be formed on the
hole transport layer, the H-functional layer, or the buffer layer
by vacuum deposition, spin coating, casting, LB deposition,
or other suitable methods. When the EML is formed using
vacuum deposition or spin coating, the deposition and coating
conditions may be similar to those for the formation of the
HIL, though the conditions for deposition and coating may
vary according to the material that is used to form the EML.
[0152] The EML may include the silicon-based compound
represented by Formula 1. The emission layer may include, as
aluminescent material, only the silicon-based compound rep-
resented by Formula 1, or may include the silicon-based
compound represented by Formula 1 and at least one com-
pound selected from known hosts and dopants.

[0153] When the organic light-emitting diode is a full-color
organic light-emitting diode, the EML may be patterned into
a red emission layer, a green emission layer, and a blue
emission layer. Alternatively, the emission layer may be
formed by stacking at least two of the red emission layer, the
green emission layer, and the blue emission layer to emit
white light.

[0154] The EML may include any known dopant. For
example, the EML may include a known dopant that emits red
fluorescent light, red phosphorescent light, green fluorescent
light, green phosphorescent light, blue fluorescent light, or
blue phosphorescent light. According to an embodiment of
the present invention, the emission layer may include the
silicon-based compound represented by Formula 1 as a host,
and a blue phosphorescent dopant emitting blue phosphores-
cent light, but is not limited thereto.

[0155] For example, as a blue dopant, the following com-
pounds may be used, but the blue dopant is not limited
thereto.

()

Ir(dfppz);

F
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[0156] For example, as a red dopant, the following com- —continued

pounds may be used, but the red dopant is not limited thereto. = -
Alternatively, as the red dopant, DCM or DCJTB may be
used.

N
PtOEP
_ -2
Ir(pg)a(acac)
>Ir ; E
S N 0
/ |N/ é \\Ir/ \
7
XN l o=
— —3 — —2
Ir(2-phq)s Ir(BT)(acac)

Btp,Ir{acac)
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~u N
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Ir(flg)s(acac)

— —2
Ir(ppy)a(acac)
B

PN
Ir

N
e

C545T

[0158] Inaddition, other dopants below may be used, but re
net limited thereto:

t-Bu

DCITB

[0157] For example, as a green dopant, the following com-
pounds may be used, but the green dopant is not limited
thereto. According to an embodiment of the present inven-
tion, as a green dopant, C545T may be used.

Firtaz
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-continued

Fir6

[0159] When the EML includes both a host and a dopant,
the amount of the dopant may be from about 0.01 parts to
about 16 parts by weight based on 100 parts by weight of the
host. However, the amount of the dopant is not limited to this
range.

[0160] A thickness of the EML may be in a range of about
100 A to about 1000 A, for example, about 200 A to about 500
A. In one embodiment, when the thickness of the EML is
within these ranges, the EML has improved light emitting
ability without a substantial increase in driving voltage.

[0161] Next, an electron transport layer (ETL) is formed on
the EML using various methods, for example, by vacuum
deposition, spin coating, or casting. When the ETL is formed
using vacuum deposition or spin coating, the deposition and
coating conditions may be similar to those for the formation
of the HIL, though the conditions for deposition and coating
may vary according to the material that is used to form the
ETL. As a material for the ETL, any known electron trans-
porting material that stably transports electrons injected from
an electron injection electrode (cathode) may be used.
Examples of a known electron transporting material are a
quinoline derivative, such as tris(8-quinolinolate)aluminum
(Algsy), TAZ. Balg, beryllium bis(benzoquinolin-10-olate)
(Bebg,), ADN, Compound 201, Compound 202, and
TmPyPB, but are not limited thereto.
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[0162] A thickness of the ETL, may be in a range of about
100 A to about 1000 A, for example, about 150 A to about 500
A. When the thickness of the ETL is within these ranges, the
BETL may have satisfactory electron transporting ability with-
out a substantial increase in driving voltage.

[0163] According to an embodiment of the present inven-
tion, the ETL may further include, in addition to, a known
electron transporting organic compound, a metal-containing
compound.

[0164] The metal-containing compound may include a Li
complex. Unlimiting examples of the Li complex are lithium
quinolate (LiQ) or Compound 203 below:

Compound 203

\

g N N- Li
LiQ
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[0165] Then, anelectron injection layer (EIL), which facili-
tates injection of electrons from the cathode, may be formed
on the ETL. Any suitable electron-injecting material may be
used to form the EIL.

[0166] Non-limiting examples of materials for forming the
EIL are LiF, NaCl, CsF, Li,0, and BaO, which are known in
the art. Deposition conditions of the EIL. may be similar to
those for the formation of the HIL, although the conditions
may vary according to a material that is used to farm the EIL.

[0167] A thickness of the EIL may be in a range of about 1
A to about 100 A, or about 3 A to about 90 A. When the
thickness of the EIL is within these ranges, the EIL may have
satisfactory electron transporting ability without a substantial
increase in driving voltage.

[0168] A second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode, which is
an electron injecting electrode. A metal for forming the sec-
ond electrode may be a metal, an alloy, an electrically con-
ductive compound, which have a low-work function, or a
mixture thereof. In this regard, the second electrode 17 may
be formed of lithium (L1), magnesium (Mg), aluminum (Al),
aluminum (AO-lithium (L1), calcium (Ca), magnesium (Mg)-
indium (In), or magnesium (Mg)-silver (Ag), and may be
formed as a thin film type transmissive electrode. In some
embodiments, to manufacture a top-emission light-emitting
diode, the transmissive electrode may be formed of indium tin
oxide (ITO) or indium zine oxide (IZ0).

[0169] Hereinbefore, the organic light-emitting diode 10
according to an embodiment of the present invention has been
described with reference to FIG. 1, but is not limited to the
structure illustrated in FIG. 1.

[0170] In addition, when the EML is formed using a phos-
phorescent dopant, to prevent or reduce diffusion of triplet
excitons or holes toward the ETL, a hole blocking layer
(HBL) may be formed between the HTL and the EML or
between the H-functional layer and the EML by a method, for
example, vacuum deposition, spin coating, casting, or LB.
When the HBL is formed using vacuum deposition or spin
coating, the deposition and coating conditions may be similar
to those for the formation of the HIL, though the conditions
for deposition and coating may vary according to the material
that is used to form the HBL. Any known hole-blocking
material may be used. Non-limiting examples of hole-block-
ing materials are oxadiazole derivatives, triazole derivatives,
and phenanthroline derivatives. For example, BCP illustrated
below may be used as a material for the HBL.

BCP
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[0171] A thickness of the HBL may be in a range of about
20 A to about 1000 A, for example, about 30 A to about 300
A. When the thickness of the HBL is within these ranges, the
HBL may have improved hole blocking ability without a
substantial increase in driving voltage.

[0172] Hereinafter, an organic light-emitting diode accord-
ing to an embodiment of the present invention is described in
detail with reference to Synthesis Examples and examples.
However, the organic light-emitting diode according to an
embodiment of the present invention is not limited to the
Synthesis Examples and Examples.

[0173] The unsubstituted C,-Cq, alkyl group (or C,-Cq,
alkyl group) used herein may be a C,-C, linear or branched
alkyl group, such as methyl, ethyl, propyl, isobutyl, sec-butyl,
pentyl, iso-amyl, or hexyl, and the substituted C,-C, alkyl
group may be formed by substituting at least one substituent
of the unsubstituted C,-Cg, alkyl group with a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C,-Cq,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C4-Cy, aryl group, a C,-Cg, heteroaryl group, —N(Q,,)
(Q12), or —Si(Q;3)(Q14)(Qys) (Wherein Q;; to Q5 are each
independently a hydrogen atom, a C,-C¢, alkyl group, a
C,-Cy, alkenyl group, a C,-Cg, alkynyl group, a C;-Cg, aryl
group, and a C,-C,, heteroaryl group).

[0174] The unsubstituted C,-C, alkoxy group (or C,-Cg,
alkoxy group) used herein has a formula of —OA (where A is
the unsubstituted C,-C, alkyl group described above), and
detailed examples thereof are methoxy, ethoxy, and isopro-
pyloxy, and at least one hydrogen atom of these alkoxy groups
may be substituted with the same substituent as described
above in connection with the substituted C,-Cy,, alkyl group.
[0175] The unsubstituted C,-Cq, alkeny! group (or C,-Cy,
alkenyl group) used herein refers to an unsubstituted C,-Cq,
alkyl group having one or more carbon double bonds at a
center or end thereof. Examples of the unsubstituted C,-C,
alkenyl group are ethenyl, prophenyl, and butenyl. At least
one hydrogen atom of these unsubstituted C,-C, alkenyl
groups may be substituted with the same substituent as
described above in connection with the substituted C,-Cq,
alkyl group.

[0176] The unsubstituted C,-Cq, alkyny! group (or C,-Cy,
alkynyl group) used herein refers to an unsubstituted C,-Cy,
alkyl group having one or more carbon triple bonds at a center
or end thereof. Examples of the unsubstituted C,-C , alkynyl
group include ethynyl and propynyl. At least one hydrogen
atom of these alkynyl groups may be substituted with the
same substituent as described above in connection with the
substituted C,-Cy, alkyl group.

[0177] The unsubstituted C,-Cy, aryl group is a monova-
lent group having a carbocyclic aromatic system having 6 to
60 carbon atoms including at least one aromatic ring. The
unsubstituted C,-Cg, arylene groupis a divalent group having
a carbocyclic aromatic system having 6 to 60 carbon atoms
including at least one aromatic ring. When the aryl group and
the arylene group include two or more rings, the rings may be
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fused to each other. At least one hydrogen atom of these aryl
groups and arylene groups may be substituted with the same
substituent as described above in connection with the substi-
tuted C,-Cq, alkyl group.

[0178] Examples of the substituted or unsubstituted C4-Cg,
aryl group are a phenyl group, a C,-C,, alkylphenyl group
(for example, ethylphenyl group), a C,-C,, alkylbiphenyl
group (for example, ethylbiphenyl group), a halophenyl
group (for example, an o-, m- or p-fluorophenyl group, a
dichlorophenyl group), a dicyanophenyl group, a trifluo-
romethoxyphenyl group, o-, m-, and p-tolyl groups, o-, m-
and p-cumenyl groups, a mesityl group, a phenoxyphenyl
group, a (a,ca-dimethylbenzene)phenyl group, a (N,N'-dim-
ethyl)aminophenyl group, a (N,N'-diphenyl)aminophenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, halonaphthyl group (for example, a fluoronaphthyl
group), a C,-C,, alkylnaphthyl group (for example, a meth-
ylnaphthyl group), a C,-C,, alkoxynaphthyl group (for
example, a methoxynaphthyl group), an anthracenyl group,
azrenyl group, a heptalenyl group, an acenaphthylenyl group,
a phenalenyl group, a fluorenyl group, anthraquinolinyl
group, a methylanthryl group, a phenanthryl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, an ethyl-
chrysenyl group, a picenyl group, perylenyl group, a chlorop-
erylenyl group, a pentaphenyl group, a pentasenyl group, a
tetraphenylenyl group, a hexaphenyl group, a hexacenyl
group, arubicenyl group, a coroneryl group, atrinaphthylenyl
group, a heptaphenyl group, a heptacenyl group, a piranthre-
nyl group, and an ovarenyl group, and examples of the sub-
stituted C4-Cg,, aryl group may be easily understood by refer-
ring to the examples of the unsubstituted C4-Cy, aryl group
and the substituents of the substituted C,-Cg, alkyl group.
Examples of the substituted or unsubstituted C,-C, arylene
group may be easily understood by referring to examples of
the substituted or unsubstituted C4-C,, aryl group.

[0179] The unsubstituted C,-Cq, heteroaryl group used
herein refers to a monovalent group having a system com-
posed of one or more aromatic rings having at least one hetero
atom selected from nitrogen (N), oxygen (O), phosphorous
(P), and sulfur (S) and carbon atoms as the remaining ring
atoms. The unsubstituted C,-C,, heteroarylene group used
herein refers to a divalent group having a system composed of
one or more aromatic rings having at least one hetero atom
selected from nitrogen (N), oxygen (O), phosphorous (P), and
sulfur (8) and carbon atoms as the remaining ring atoms, in
this regard, when the heteroaryl group and the heteroarylene
group each include two or more rings, the rings may be fused
to each other. At least one hydrogen atom of the heteroaryl
group and the heteroarylene group may be substituted with
the same substituent described in connection with the C,-Cy,
alkyl group.

[0180] Examples of the unsubstituted C,-C, heteroaryl
group are a pyrazolyl group, animidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, tetrazolyl, an
oxadiazolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolinyl group, an isoquinolinyl group,
bemoan imidazolyl group, an imidazo pyridinyl group, and
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an imidazo pyrimidinyl group. Examples of the unsubstituted
C,-Cq, heteroarylene group may be easily understood by
referring to the examples of the substituted or unsubstituted
C,-Cy, arylene group.

[0181] The substituted or unsubstituted Cy-Cg, aryloxy
group indicates —OA,, (where A, is the substituted or unsub-
stituted C4-Cgy, aryl group), and the substituted or unsubsti-
tuted C5-C,, arylthio group indicates —SA, (where A, is the
substituted or unsubstituted C4-Cy, aryl group).

EXAMPLE
Synthesis Example 1

Synthesis of Compound 2

[0182] Compound 2 was synthesized according to Reaction
Scheme 1:

Reaction Scheme 1

c1\ e BIOBI
si

n-Buli
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Compound 2
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A
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Synthesis of Intermediate A

[0183] 11.8 g (50 mmol) of 1,4-dibromobenzene and 100
mL of purified diethy] ether were added to a 500 mL 3-neck
flask and then stirred under N, stream. The reaction mixture
was cooled in a cooling water bath (EtOAc/Liq-N, bath) to a
temperature of -78° C. and then, n-Buli (2.5 M, 10 mL, 25
mmol) was added thereto. Under nitrogen stream, the mixture
was stirred for 1 hour, and then, 6.33 g (25 mmol) of dichlo-
rodiphenylsilane was added thereto and the temperature was
slowly raised and then, the result was stirred at room tem-
perature for 12 hours, and 100 mL of water was added thereto
to stop the reaction. The reaction product was extracted with
diethyl ether (100 mix3) and then water was removed there-
from by using an anhydrous MgSO, and a solvent was
removed therefrom by using a rotation evaporator. The result
was separated by column chromatography (n-hexane/EA;
20/1) to obtain Intermediate A (white solid, 10.1 g, 81.6%).

[0184] 'HNMR (300 MHz, CDCl,) d 7.53 (m, 8H), 7.41
(m, 10H).

Synthesis of Intermediate B

[0185] 1.2 g (49.5 mmol) of Mg and 80 mL of purified
diethyl ether were added to a 250 mL 3-neck flask, and then,
the temperature of the mixture was lowered in an ice-bath to
0°C.,and then 11.1 g (49.5 mmol) of 1-bromo-4-(trifluorom-
ethyl)benzene was slowly added thereto, and the mixture was
stirred for 1 hour to prepare a Grignard reagent. 10 g (49.5
mmol) of 1-bromo-2-nitrobenzene, 0.5 g (1 mmol) of and
Ni(dppp)Cl,, and 200 mL of purified diethyl ether were added
to a 500 mL 3-neck flask, and the reaction materials were
stirred in an ice-bath while the temperature was maintained at
0° C., and the Grignard reagent was slowly dropped thereto
and the mixture was stirred for 12 hours, and then, 2N HCl
was added thereto to stop the reaction. The reaction product
was washed with 250 mL of ethyl acetate, and then, water was
removed therefrom by using an anhydrous MgSO, and then a
solvent was removed therefrom by using a rotation evapora-
tor. The result was separated by column chromatography
(petroleum ether/EA; 7/1) to obtain intermediate B (yellow
solid, 7.1 g, 54%).

[0186] ‘HNMR (300 MHz, CD,Cl,)d7.98 (dd, 1H),7.75-
7.71 (m, 3H). 7.63 (m, 1H), 7.56-7.47 (m, 3H).

Synthesis of Intermediate C

[0187] 2 g (7.49 mmol) of 2-nitro-4'-trifluoromethylbiphe-
nyl (Intermediate B) and 3.24 g (8.24 mmol) of 1,2-bis(diphe-
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nylhosphino)ethane (DPPE) were added to a 10 mL., 2-neck
flask, and then, under N, stream, the reaction was performed
at the temperature of 150° C. for 5 hours, and then, the
reaction product was cooled to room temperature. The result
was separated by column chromatography (petroleum ether/
EA; 2/1) to obtain Intermediate C (white solid, 1.5 g, 85%).

[0188] *H NMR (300 MHz, CD,C1,) d 11.64 (s, 1H), 8.34
(d, 1H), 8.23 (d, 1H). 7.82 (s, 1H1), 7.60 (d, 111), 7.48 (m, 2H),
7.24 (t, 1H).

Synthesis of Compound 2

[0189] 1 g (4.3 mmol) of 2-(trifluoromethyl)-9H-carbazole
(Intermediate C), 0.99 g (2.0 mmol) of dibromophenyldiphe-
nylsilane (intermediate A), 20 mg (0.1 mmol) of Cul, 40 mg
(0.15 mmol) of 18-crown-6 ether, and 0.41 g (3 mmol) of
K,CO, were added to a 100 mL 2-neck flask, and then, under
N, stream, the mixture was stirred for 30 minutes, and then, 4
mL of 1,2-dichlorobenzene was added thereto, and the result
was refluxed at the temperature of 180° C. for 48 hours. Then,
the refluxed result was extracted with 100 mI of ethyl acetate,
and then, water was removed therefrom by using an anhy-
drous MgSO, and then a solvent was removed therefrom by
using a rotation evaporator. The result was separated by col-
umn chromatography (petroleum ether/n-hexane; 7/1) to
obtain Compound 2 (white solid, 0.76 g, 47%).

[0190] 'HNMR (300 MHz, DMSO-d6)d 8.52(d, 2H), 8.40
(d, 2H), 7.93 (d, 4H) 7.83 (d, 4H), 7.73-7.66 (m, 8H), 7.63-
7.55 (m, 10H), 7.42-7.37 (m, 2H). MS(FAB) m/z 803.22
[(M+1)*]

Evaluation Example 1
Characteristics of Compound 2

Thermal Characteristics of Compound 2

[0191] Thermal analysis (N, atmosphere, a temperature
range of room temperature to 600° C. (10° C./min)-Thermo-
gravimetric Analysis (TGA), a temperature range of room
temperature to 400° C.-Differential Scanning calorimetry
(DSC), Pan Type: Pt Pan in disposable Al Pan (TGA), dispos-
able Al pan (DSC)) was performed on Compound 2 by using
Thermogravimetric Analysis (TGA) and Differential Scan-
ning calorimetry (DSC), and results thereof are shown in
FIGS.2 and 3. Referring to FIGS. 2 and 3, thermal stability of
Compound 2 was confirmed.

Spectroscopic Characteristics of Compound 2

[0192] Ultraviolet (UV) absorption spectrum and photolu-
minescence (PL) spectrum of Compound 2 were evaluated,
and results thereof are shown in FIG. 4. The three plots of
FIG. 4 were measured by using the following methods.

TABLE 1
“UV__solution” Compound 2 was diluted at a concentration of 1 x 10~°M
graph in CHCl;_ and then a UV absorption spectrum thereof
was measured at room temperature by using Shimadzu
UV-350 Spectrometer.
“PL_solution” Compound 2 was diluted at a concentration of 1x 107°M
graph in CHCl; and PL thereof was measured at room

temperature by using ISC PC1 spectrofiuorometer
equipped with a Xenon lamp.
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TABLE 1-continued

“PL_low Compound 2 was diluted at a concentration of 1 x 107°M

temperature”  in CHC; and PL thereof was measured at a low

graph temperature (77 K) by using by using ISC PC1
spectrofluorometer equipped with a Xenon lamp.

[0193] Referring to FIG. 4, it was confirmed that Com-
pound 2 has spectroscopic characteristics suitable for use as a
material for an organic light-emitting diode.

Electrochemical Characteristics of Compound 2

[0194] Characteristics of Compound 2 were measured by
using cyclic voltammetry (CV) (electrolyte: 0.1 M
Bu,NCIO,/solvent: CH,Cl,/electrode: 3 electrode system
(working electrode: GC, reference electrode: Ag/AgCl, aux-
iliary electrode: Pt)), and results thereof are shown in FIG. 5.

HOMO and LUMO Energy Levels of Compound 2

[0195] A LUMO energy level of Compound 2 was mea-
sured from reduction onset of FIG. 5, and a HOMO energy
level thereof was measured from an optical band gap (Eg) of
an edge of the UV absorption spectrum of FIG. 4, and results
thereof are shown in Table 2. For comparison, data obtained
from the TGA and DSC plots are also shown in Table 2 (the
HOMO energy level and the LUMO energy level are indi-
cated as an absolute value):

TABLE 2
Td Tg Tm  HOMO LUMO  Eg Er
“ccy (¢Ccy (¢cC) (eV) eV) (eV) eV)
385 135 215 5.80 2.37 343 297
Synthesis Example 2
Synthesis of Compound 4
[0196] Compound4 was synthesized according to Reaction

Scheme 2:

Reaction Scheme 2
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Synthesis of Intermediate D

[0197] Intermediate D (yellow solid, 5.2 g, 31%) was
obtained in the same manner as used to synthesize Interme-
diate B, except that 14.5 g (49.5 mmol) of 1-bromo-3,5-bis
(trifluoromethyl)benzene was used instead of 1-bromo-4-(tri-
fluoromethyl)benzene.

[0198] 'HNMR (300 MHz, CD,CL,) 7.81 (d, 1H), 7.51-7.
55 (m, 3H), 7.39-7.31 (m, 1H), 7.19 (s, 1H).

Synthesis of Intermediate E

[0199] Intermediate E (white solid, 1.1 g, 51%) was
obtained in the same manner as used to synthesize Interme-
diate C, except that 2.34 g (7.0 mmol) of Intermediate D was
used instead of Intermediate B.

[0200] 'HNMR (300 MHz, CD,Cl,)8.67 (s, 1H), 7.72 (d,
1H), 7.41 (d, 2H), 7.33 (s, 2H), 7.15-7.10 (m, 1H),



US 2014/0191207 Al

Synthesis of Compound 4

[0201] Intermediate E (white solid, 0.82 g, 44%) was
obtained in the same manner as used to synthesize Compound

2, except that Intermediate E was used instead of Intermediate
C.

[0202] 'H NMR (300 MHz, DMSO-d6) 7.77-7.73 (m, 2H),
7-57-7.22 (m, 23H), 7.04-7.00 (m, SH). MS(FAB) m/z 939.
20 [(M+1)*]

Evaluation Example 2

Characteristics of Compound 4

[0203] Thermal characteristics, spectroscopic characteris-
tics, electrochemical characteristics, and HOMO and LUMO
energy levels of Compound 4 were evaluated in the same
manner as in Evaluation Example 1, and results thereof are
shown in FIGS. 6 to 9 and Table 3 below:

TABLE 3
Td Tg Tm  HOMO LUMO  Eg ET
“ccy (¢Ccy (¢cC) eV) eV) (eV) eV)
269 — — 5.80 2.37 343 2,97
[0204] From FIGS. 6to9 and Table 3, it was confirmed that

Compound 4 has thermal characteristics, spectroscopic char-
acteristics, and electrochemical characteristics, suitable for
use as a material for an organic light-emitting diode.

Synthesis Example 3

Synthesis of Compound 6

[0205] Compound 6 was synthesized in the same manner as
in Synthesis Example 1, except that 1-bromo-3,5-bis(trifluo-
romethyl)benzene and 1-bromo-4-(trifluoromethyl)-2-ni-
trobenzene were used instead of 1-bromo-4-(trifluoromethyl)
benzene and 1-bromo-2-nitrobenzene in synthesizing
Intermediate B.

Synthesis Example 4

Synthesis of Compound 9

[0206] Compound 9 was synthesized in the same manner as
in Synthesis Example 1, except that 1-bromo-3,5-bis(trifluo-
romethyl)benzene and 2-bromo-4-(trifluoromethyl)-1-ni-
trobenzene were used instead of 1-bronco-4-(trifluorom-
ethyl)benzene and 1-bromo-2-nitrobenzene in synthesizing
Intermediate B.

Synthesis Example 5

Synthesis of Compound 10

[0207] Compound 10 was synthesized in the same manner
as in Synthesis Example 1, except that 1-bromo-3-(trifluo-
romethyl)benzene and 2-bromo-4-(trifluoromethyl)-1-ni-
trobenzene were used instead of 1-bromo-4-(trifluoromethyl)
benzene and 1-bromo-2-nitrobenzene in synthesizing
Intermediate B.
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Comparative Synthesis Example 1

Synthesis of Compound A

[0208] Compound A was synthesized in the same manner
as in Synthesis Example 1, except that bromobenzene was
used instead of 1-bromo-2-nitrobenzene in synthesizing
Intermediate B.

Compound A

ﬁ@@

Evaluation Example 3

Characteristics of Compounds A, 6, 9 and 10

[0209] Spectroscopic characteristics, HOMO and LUMO
energy levels of Compound A, 6, 9 and 10 were evaluated
through simulation, and results thereof are shown in Table 4
below.

TABLE 4
v PL
absorption  absorption
maximum maximum
wavelength ~ wavelength  Eg Er HOMO LUMO
(nm) (nm) eV) V) (V) (V)
Com- 292,320, 347,361 353 303 559 2.06
pound A 335
Com- 240,264, 36 3.54 3.00 593 2.39
pound 6 295,322
Com- 242,262, 357 355 3.03  6.02 2.49
pound 9 293,325
Com- 256,291, 342,354 3.65 305 592 2.27
pound 10 320,332
[0210] Referring to Tables 2, 3 and 4, although Eg (energy

band gap) of Compounds 2, 4, 6,9 and 10 is equivalent to or
higher than Eg of Compound A, HOMO and LUMO energy
level absolute values of Compounds 2, 4, 6, 9 and 10 are all
higher than HOMO and LUMO energy level absolute values
of Compound A. Therefore, it was confirmed that Com-
pounds 2, 4, 6, 9 and 10 are suitable for use as a host in a
material for an organic light-emitting diode, for example, a
host of an emission layer.

Example 1

[0211] A Corning 15 Qcm™ (1200 A) ITO glass substrate
was cut to a size of 50 mmx50 mmx0.7 mm, ultrasonically
cleaning the glass substrate using isopropyl alcohol and pure
water for 5 minutes each, and then irradiating UV light for 30
minutes and exposing to ozone to clean. Then, the glass
substrate was loaded into a vacuum deposition apparatus.



US 2014/0191207 Al Jul. 10,2014
27

[0212] DNTPD was deposited onthe ITO layer, which is an _continued
anode, to form ahole injection layer having a thickness of 600

A, and then, 4,4'-bis[N-(1-naphthyl)-N-phenylamino] biphe-
nyl (NPB) was deposited on the hole injection layer to form a
hole transport layer having a thickness of 100 A. FC

[0213] mCP was deposited on the hole transport layer to
form a buffer layer having a thickness of 200 A, and Com-
pound 2 (blue phosphorescent host) and FCNIr (blue phos-
phorescent dopant) were co-deposited on the buffer layer at a
weight ratio of 90:10 to form an emission layer having a
thickness of 200 A.

Compound 2

[0214] Subsequently, Compound TmPyPB was deposited
on the emission layer to form an electron transport layer
having a thickness of 300 A, and then, LiF was deposited on
the electron transport layer to form an electron injection layer
having a thickness of 10 A, and Al was deposited on the
electron injection layer to form a second electrode having a
thickness of 3000 A (cathode), thereby completing the manu-
facturing of an organic light-emitting diode,

DNTPD FCNIr

CN

G TmPyPB

NPB

mCP
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Example 2
[0215] An organic light-emitting diode was manufactured

in the same manner as in Example 1, except that Compound
4 was used instead of Compound 2 in forming the emission
layer,

Compound 4
F;C

Si

CF,

Comparative Example 1

[0216] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
A was used instead of Compound 2 in forming the emission
layer.

Compound A

oot

Comparative Example 2

[0217] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
B was used instead of Compound 2 in forming the emission
layer.
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Compound B

tBu |
o Q
t-Bu _|

L 4

Comparative Example 3

[0218] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
C was used instead of Compound 2 in forming the emission

layer.
— i
O
SI——QN
ale
— F_

[0219] Characteristics of the organic light-emitting diodes
of Examples 1 and 2 and Comparative Examples 1 to 3 are
summarized in Table 5 below (driving voltage, brightness,
efficiency, and color purity were measured by using Kethley
SMU 236).

Compound C

TABLE 35
Emis- Current
sion Driving density Bright-  Effi-
layer voltage  [mA/ ness  ciency
material V] em?]  [ed/im?] [ed/A] CIEx CIEy
Example 1 Com- 6.4 19 100 15.1  0.147 0.192
pound
2
Example 2 Com- 6.7 24 100 16.7 0.147 0.195
pound
4
Compar-  Com- 6.5 15 100 5.2 0.147 0.197
ative pound
Example 1 A
Compar-  Com- 6.6 16 100 5.5 0.149 0.201
ative pound
Example 2 B
Compar-  Com- 6.5 17 100 42 0150 0.193
ative pound
Example 3 C
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[0220] From Table5, it was confirmed that the organic light
emitting diode of Examples 1 and 2 have lower driving volt-
age and higher current density, efficiency, and lifetime char-
acteristics, and better color purity characteristics than the
organic light-emitting diodes of Comparative Examples 1 to
3.
[0221] An organic light-emitting diode including the sili-
con-based compound according to an embodiment of the
present invention may have low driving voltage, high effi-
ciency, high color purity, and long lifetime.
[0222] While aspects of the present invention has been
particularly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and details
may be made therein without departing from the spirit and
scope of the present invention as defined by the following
claims, and equivalents thereof.

What is claimed is:

1. A silicon-based compound represented by Formula 1:

Formula 1

Ryt —Si—(@La—N,

L, isasubstituted or unsubstituted C,-C,, arylene group or

a substituted or unsubstituted heteroarylene group;

ais an integer of 1 to S when a is 2 or more, a plurality of

L, may be identical to or different from each other;

R, and R, are, each independently, a C,-C,, alkyl group

substituted with at least one —F;

b and ¢ are, each independently, an integer of 0 to 4, and
b+cz1;
R, and R, are, each independently, selected from,

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-Cq alkyl group, a C,-C, alkenyl group, a C,-Cg,
alkynyl group, and a C,-Cy, alkoxy group;

aC,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sul-
fonic acid or a salt thereof, and a phosphoric acid ora
salt thereof;

a C;-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C |, cycloalkenyl group, a C5-C, ; hetero-
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cycloalkenyl group, a C,-Cy, aryl group, a C4-Cq,
aryloxy group, a C,-C,, arylthio group, and a C,-Cy,
heteroaryl group; and

a C5-C,, cycloalkyl group, a C,-C,,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C5-C, , hetero-
cycloalkenyl group, a C,-Cy, aryl group, a C4-Cy,
aryloxy group, a C¢-Cq, arylthio group, and a C,-Cg,
heteroaryl group, each substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric add or a salt thereof, a C,-C, alkyl
group, a C,-Cq, alkenyl group, a C,-Cg, alkynyl
group, aC,-Cg,alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinolyl group, and an isoquinolyl group;

R, 1s selected from,

a C,-Cg, alkyl group, a C,-Cg, alkenyl group, and a
C,-Cy, alkynyl group;

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, and a
C,-C,, alkynyl group, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group,
an amidino group, hydrazine, hydrazone, a carboxyl
group or asalt thereof, a sulfonic add or a salt thereof,
and a phosphoric add or a salt thereof;

a C;-C, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C5-C,, hetero-
cycloalkenyl group, a Co-Cy aryl group, and a C,-Cy,
heteroaryl group;

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group,and a C,-Cy,
heteroaryl group, each substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
and a phosphoric acid or a salt thereof, C,-C, alkyl
group, C,-C, alkenyl group, C,-Cy, alkynyl group,
C,-Cq, alkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group,
and an isoquinolyl group; and

—N(Q,,)(Q,5), wherein Q,, and Q, , are, each indepen-
dently, aC,-C, alkyl group, aC,-C,, alkoxy group, a
Cs-Cy aryl group, or a C,-C, heteroaryl group; and

nis selected from an integer of 2 to 4.
2. The silicon-based compound of claim 1, wherein
L, is selected from,
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1) phenylene, pentalenylene, indenylene, naphtylene, azu-
lenylene, heptalenylene, indacenylene, acenaphtylene,
fluorenylene,  spiro-fluorenylene,  phenalenylene,
phenanthrenylene, anthrylene, fluoranthenylene, triph-
enylenylene, pyrenylene, chrysenylene, naphthace-
nylene, picenylene, perylenylene, pentaphenylene,
hexacenylene, pyrrolylene, imidazolylene, pyra-
zolylene, pyridinylene, pyrazinylene, pyrimidinylene,
pyridazinylene, isoindolylene, indolylene, inda-
zolylene, purinylene, quinolinylene, benzoquinoli-
nylene, phthalazinylene, naphthyridinylene, quinoxali-
nylene, quinazolinylene, cinnolinylene, carbazolylene,
phenanthridinylene, acridinylene, phenanthrolinylene,
phenazinylene,  benzooxazolylene,  benzoimida-
zolylene, furanylene, benzofuranylene, thiophenylene,
benzothiophenylene, thiazolylene, isothiazolylene, ben-
zothiazolylene, isoxazolylene, oxazolylene, triaz-
olylene, tetrazolylene, oxadiazolylene, triazinylene,
benzoxazolylene, dibenzofuranylene, dibenzothiophe-
nylene, and benzocarbazolylene; and

i) phenylene, pentalenylene, indenylene, naphtylene, azu-
lenylene, heptalenylene, indacenylene, acenaphtylene,
fluorenylene,  spiro-fluorenylene,  phenalenylene,
phenanthrenylene, anthrylene, fluoranthenylene, triph-
enylenylene, pyrenylene, chrysenylene, naphthace-
nylene, picenylene, perylenylene, pentaphenylene,

hexacenylene, pyrrolylene, imidazolylene, pyra-
zolylene, pyridinylene, pyrazinylene, pyrimidinylene,
pyridazinylene, isoindolylene, indolylene, inda-

zolylene, purinylene, quinolinylene, benzoquinoli-
nylene, phthalazinylene, naphthyridinylene, quinoxali-
nylene, quinazolinylene, cinnolinylene, carbazolylene,
phenanthridinylene, acridinylene, phenanthrolinylene,
phenazinylene,  benzooxazolylene,  benzoimida-
zolylene, furanylene, benzofuranylene, thiophenylene,
benzothiophenylene, thiazolylene, isothiazolylene, ben-
zothiazolylene, isoxazolylene, oxazolylene, triaz-
olylene, tetrazolylene, oxadiazolylene, triazinylene,
benzoxazolylene, dibenzofuranylene, dibenzothiophe-
nylene, and benzocarbazolylene, each substituted with
at least one of

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an ami-
dino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl
group, and a C,-C,, alkoxy group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, and a phos-
phoric acid or a salt thereof;

a C4-C,, aryl group and a C,-C,, heteroaryl group; and

aC,-C,, aryl group and a C,-C,, heteroaryl group, each
substituted with at least one of a deuterium n atom, a
halogen atom, a hydroxyl group, a cyano group, a

30
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nitro group, an amino group, an amidine group,
hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-Cq, alkyl group, a C,-Cg,
alkenyl group, a C,-Cg4, alkynyl group, a C,-Cq,
alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfluorenyl
group, adiphenylfluorenyl group, a carbazolyl group,
a phenylcarbazolyl group, a pyridinyl group, a pyri-
midinyl group, a pyrazinyl group, a pyridazinyl
group, triazinyl group, quinolyl, and isoquinolyl, and

ais lor2.
3. The silicon-based compound of claim 1, wherein

L, is selected from Formulae 2-1 to 2-8 below:

- Formula 2-1
N (ZDa
| ”
/ !
Formula 2-2
(Z1)a1
| ”
* / ®!
Formula 2-3
Formula 2-4
A/
ZDa
Formula 2-5
*
TR
| e
PN\
Formula 2-6

\ |/

Za
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-continued
__ Formula 2-7
\ |/
\ | /
@
. Formula 2-8
TR X
|
P ay

®t

Z, to 7, are, each independently, selected from

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-C,, alkyl group, and a C,-C,,, alkoxy group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, and a phos-
phoric acid or a salt thereof; and

phenyl group, naphthyl, and anthryl,

dl is an integer of 1 to 4;

d2 is an integer of 1 to 3;

d3 is an integer of 1 to 6;

d4 is an integer of 1 to 8,

*is a binding site with Si of Formula 1 or is a binding site

with a neighboring L, ; and

* 1s a binding site with “N” of carbazol of Formula 1 or a

binding site of a neighboring L,.

4. The silicon-based compound of claim 1, wherein R, and
R, are each independently a C,-Cy, perfluoro alkyl group.

5. The silicon-based compound of claim 1, wherein R, and
R, are each independently selected from methyl, ethyl, pro-
pyl, butyl, pentyl, hexyl, heptyl, and octyl, each substituted
with at least one —F.

6. The silicon-based compound of claim 1, wherein R, and
R, are each independently selected from —CF;, —C,F,,
—C,F,,—C,F,, —C,F, ,and —C/F ;.

7. The silicon-based compound of claim 1, wherein b and
c are each independently, O, 1, or 2, and b+c=1.

8. The silicon-based compound of claim 1, wherein

R, and R, are, each independently, selected from,

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-C,, alkyl group, and a C,-C,, alkoxy group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a
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nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, and a phos-
phoric acid or a salt thereof;

phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl; and

phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group,
an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric acid or a salt thereof, a C,-Cy, alkyl
group, a C,-Cg alkenyl group, a C,-Cg, alkynyl
group, aC,-Cg, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinolyl group, and an isoquinolyl group.

9. The silicon-based compound of claim 1, wherein R; and
R, are hydrogen atoms.

10. The silicon-based compound of claim 1, wherein R is
selected from is selected from,

aC,-C,, alkyl group;

a C,-C,, alkyl group, each substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, and a phosphoric
acid or a salt thereof;

phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl, pyre-
nyl and chrysenyl; and

phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl, pyre-
nyl, and chrysenyl, each substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C, alkyl group, a C,-Cq,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a dimethylfluorenyl group, a
diphenylfluorenyl group, a carbazolyl group, a phenyl-
carbazolyl group, a pyridinyl group, a pyrimidinyl
group, apyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolyl group, and an isoquinolyl group.

11. The silicon-based compound of claim 1, whereinn is 2.

12. The silicon-based compound of claim 1, wherein the
silicon-based compound is represented by one of Formulae
1A to 1F below:
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—/N Q
[Rig+—"5i—
10T, ot \ /

[RygF—Si—

[RigF,—Si—

e

32

Formula 1A

Formula 1B

Formula 1C

Formula 1D

—n
Formula 1E

Ry
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-continued

Formula 1F

et O

in Formulae 1A to 1F,

R, and R, are, each independently, selected from
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and
octyl, each substituted with at least one —F;

R, is selected from,

aC,-C,, alkyl group;

a C,-C,, alkyl group, each substituted with at least one
of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group,
an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
and a phosphoric acid or a salt thereof;,

phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl and chrysenyl; and

phenyl, naphthyl, anthryl, fluorenyl, phenanthrenyl,
pyrenyl, and chrysenyl, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group,
an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric add or a salt thereof, a C,-C,, alkyl
group, a C,-Cg, alkenyl group, a C,-C, alkynyl
group, aC,-C,alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinoly]l group, and an isoquinolyl group; and

nis an integer of 2 to 4.

13. The silicon-based compound of claim 12, wherein R,
and R, are each independently selected from —CF 5, —C,F.,
—C,F,,—C,F,, —C,F,|,and —C.F ;,and nis 2.

14. The silicon-based compound of claim 1, wherein a
HOMO level absolute value of the silicon-based compound is
5.80 eV or more and a LUMO level absolute value of the
silicon-based compound is 2.20 eV or more.

15. The silicon-based compound of claim 1, wherein the
silicon-based compound is one of Compounds 1 to 10 below:
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-continued
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-continued

F;C I l CF3
:N% >—Si—< >—N{
F;C O O CF3

16. An organic light-emitting diode comprising: a first
electrode; a second electrode facing the first electrode; and an
organic layer between the first electrode and the second elec-
trode and comprising an emission layer, wherein the organic
layer comprises at least one of the silicon-based compound of
claim 1.

17. The organic light-emitting diode of claim 16, wherein
the organic layer further comprises

1) at least one layer selected from a hole injection layer, a
hole transport layer, a functional layer having a hole
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injection function and a hole transport function, a buffer
layer, and an electron blocking layer between the first
electrode and the emission layer, and

11) at least one layer selected from a hole blocking layer, an
electron transport layer, and an electron injection layer
interposed between the emission layer and the second
electrode.

18. The organic light-emitting diode of claim 17, wherein
the emission layer comprises the silicon-based compound.

19. The organic light-emitting diode of claim 18, wherein
the emission layer further comprises a blue phosphorescent
dopant for emitting blue light based on a phosphorescent light
emission mechanism, and wherein the silicon-based com-
pound in the emission layer acts as a host.

20. The silicon-based compound of claim 17, wherein at
least one of the hole injection layer, the hole transport layer,
and the functional layer having a hole injection function and
a hole transport function comprises a charge-generation
material.
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