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An anthracene-based compound is provided as represented
by Formula 1:

<Formula 1>
R
—(An)p—Si—
R,
NN
_(Arl)nl 1 | (3)01
x

with substituents as described herein.
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ANTHRACENE-BASED COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
COMPRISING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority under 35
U.S.C. §119 to Korean Patent Application No. 10-2013-
0099886, filed on Aug. 22, 2013, in the Korean Intellectual
Property Office, and entitled: “Anthracene-Based Compound
and Organic Light-Emitting Device Comprising The Same,”
which is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an anthracene-based com-
pound and an organic light-emitting device including the
anthracene-based compound.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs) are self-
emitting devices have advantages such as wide viewing
angles, excellent contrast, quick responses, high brightness,
excellent driving voltage characteristics, and provision of
multicolored images. A typical OLED has a structure includ-
ing and an anode, a hole transport layer (HTL), an emission
layer (EML), an electron transport layer (ETL), and a cath-
ode, which may be sequentially stacked in this order on a
substrate. In this regard, the HTL, the EML, and the ETL are
organic thin films including one or more organic compounds.
When a voltage 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 EML via
the ETL. The holes and electrons recombine in the EML to
generate excitons. When the excitons drop from an excited
state to a ground state, light is emitted.

SUMMARY

[0006] Embodiments are directed to an anthracene-based
compound represented by Formula 1:

Ry

[0007] wherein, in Formula 1, Ar, and Ar, are each inde-
pendently selected from a substituted or unsubstituted C,-C,,
cycloalkylene group, a substituted or unsubstituted C5-Cs,
cycloalkenylene group, a substituted or unsubstituted C4-Cs,
arylene group, a substituted or unsubstituted C,-C,, hetero-
cycloalkylene group, a substituted or unsubstituted C,-Cs,
heterocycloalkenylene group, and a substituted or unsubsti-
tuted C,-C,, heteroarylene group; nl and n2 are each inde-
pendently an integer from 0 to 3; asum of nl and n2 is 1 or
greater; R, to Ry are each independently selected from a
hydrogen atom, a deuterium atom, a halogen atom, a
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hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a cat-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C,-C,, alkyl group, a substituted or unsub-
stituted C,-C,, alkenyl group, a substituted or unsubstituted
C,-C,, alkynyl group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkyl group, a substituted or unsubstituted C,-C,,
cycloalkenyl group, a substituted or unsubstituted C,-Cs,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-C4, aryl group, and a substituted or unsubstituted C,-Cs,
heteroaryl group; al and a3 are each independently an integer
from 0 to 7; and a2 is an integer from 0 to 8.

[0008] Embodiments are also directed to an organic light-
emitting device that includes: a first electrode; a second elec-
trode opposite to the first electrode; and an organic layer
between the first and second electrodes and including an
emission layer, wherein the organic layer includes at least one
anthracene-based compound of Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0010] FIG. 1 illustrates a schematic view of a structure of
an organic light-emitting device;

[0011] FIG. 2illustrates a graph showing results of thermo-
gravimetry analysis (TGA) on Compound 1;

[0012] FIG. 3 illustrates a graph showing results of differ-
ential scanning calorimetry (DSC) on Compound 1;

[0013] FIG. 4 illustrates a graph showing a UV absorption
spectrum and a photoluminescence (PL) spectrum of Com-
pound 1 in solution; and

[0014] FIG. 5illustrates a graph showing a UV absorption
and a PL spectrum of Compound 1 in film form.

<Formula 1>

DETAILED DESCRIPTION

[0015] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.

[0016] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
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reference numerals refer to like elements throughout. The
term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list.

[0017] There is provided an anthracene-based compound
represented by Formula 1:

Rs)a3

R] /
7N N .
- _|  (Arp) S (Ary)y
Ry~ A
X Xy R,
[0018] In Formula 1, Ar, and Ar, may be each indepen-

dently selected from a substituted or unsubstituted C;-Cs,
cycloalkylene group, a substituted or unsubstituted C;-Cs,
cycloalkenylene group, a substituted or unsubstituted C4-Cs,
arylene group, a substituted or unsubstituted C,-C,,, hetero-
cycloalkylene group, a substituted or unsubstituted C,-Cs,
heterocycloalkenylene group, and a substituted or unsubsti-
tuted C,-C;, heteroaryl group.

[0019] Ar, and Ar, in Formula 1 may be each indepen-
dently selected, for example, from a substituted or unsubsti-
tuted phenylene group, a substituted or unsubstituted pental-
enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted azulenylene group, a substituted
or unsubstituted heptalenylene group, a substituted or unsub-
stituted indacenylene group, a substituted or unsubstituted
acenaphthylene group, a substituted or unsubstituted fluore-
nylene group, a substituted or unsubstituted spiro-fluore-
nylene group, a substituted or unsubstituted phenalenylene
group, a substituted or unsubstituted phenanthrenylene
group, a substituted or unsubstituted anthracenylene group, a
substituted or unsubstituted fluoranthenylene group, a substi-
tuted or unsubstituted triphenylenylene group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrysenylene group, a substituted or unsubstituted
naphthacenylene group, a substituted or unsubstituted picen-
ylene group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene group, a
substituted or unsubstituted hexacenylene group, a substi-
tuted or unsubstituted pyrrolylene group, a substituted or
unsubstituted imidazolylene group, a substituted or unsubsti-
tuted pyrazolylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted pyridazinylene group, a
substituted or unsubstituted isoindolylene group, a substi-
tuted or unsubstituted indolylene group, a substituted or
unsubstituted indazolylene group, a substituted or unsubsti-
tuted purinylene group, a substituted or unsubstituted quino-
linylene group, a substituted or unsubstituted benzoquinoli-
nylene group, a substituted or unsubstituted phthalazinylene
group, a substituted or unsubstituted naphthyridinylene
group, a substituted or unsubstituted quinoxalinylene group,
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a substituted or unsubstituted quinazolinylene group, a sub-
stituted or unsubstituted cinnolinylene group, a substituted or
unsubstituted carbazolylene group, a substituted or unsubsti-
tuted phenanthridinylene group, a substituted or unsubsti-
tuted acridinylene group, a substituted or unsubstituted
phenanthrolinylene group, a substituted or unsubstituted
phenazinylene group, a substituted or unsubstituted benzoox-
azolylene group, a substituted or unsubstituted benzoimida-

<Formula 1>

zolylene group, a substituted or unsubstituted furanylene
group, a substituted or unsubstituted benzofuranylene group,
a substituted or unsubstituted thiophenylene group, a substi-
tuted or unsubstituted benzothiophenylene group, a substi-
tuted or unsubstituted thiazolylene group, a substituted or
unsubstituted isothiazolylene group, a substituted or unsub-
stituted benzothiazolylene group, a substituted or unsubsti-
tuted isoxazolylene group, a substituted or unsubstituted
oxazolylene group, asubstituted or unsubstituted triazolylene
group, a substituted or unsubstituted tetrazolylene group, a
substituted or unsubstituted oxadiazolylene group, a substi-
tuted or unsubstituted triazinylene group, a substituted or
unsubstituted benzooxazolylene group, a substituted or
unsubstituted dibenzopuranylene group, a substituted or
unsubstituted dibenzothiophenylene group, and a substituted
or unsubstituted benzocarbazolylene group.

[0020] Ar, and Ar, in Formula 1 may be each indepen-
dently selected, for example, from 1) a phenylene group, a
naphthylene group, and an anthracenylene group; and ii) a
phenylene group, a naphthylene group, and an anthrace-
nylene group, each substituted with at least one selected from
a deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, and a C,-C,, alkyl group; a C,-C,, alkyl
group 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, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group ora
salt thereof, and a phosphoric acid group or a salt thereof; a
Cs-Cyy aryl group and a C,-C,, heteroaryl group; and a
Cs-C4, aryl group and a C,-C,, heteroaryl 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, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C;,
alkyl group, a C,-C;, alkenyl group, a C,-C;, alkynyl group,
a C,-C,, alkoxy group, a C¢-Cs, aryl group, and a C,-Cs,
heteroaryl group.

[0021] Arl and Ar2 in Formula 1 may be each indepen-
dently selected, for example, from 1) a phenylene group, a
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naphthylene group, and an anthracenylene group; and ii) a
phenylene group, a naphthylene group, and an anthrace-
nylene group, each substituted with at least one selected from
a deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a methyl group, an ethyl group, a n-pro-
pyl group, an iso-propyl group, a n-butyl group, a sec-butyl
group, an iso-butyl group, and a tert-butyl group; and a
methyl group, an ethyl group, a n-propyl group, an iso-propyl
group, a n-butyl group, a sec-butyl group, an iso-butyl group,
and a tert-butyl group, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, and a nitro group.

[0022] Arl and Ar2 in Formula 1 may be each indepen-
dently selected, for example, from i) a phenylene group, a
naphthylene group, and an anthracenylene group; and ii) a
phenylene group, a naphthylene group, and an anthrace-
nylene group, each substituted with at least one selected from
a deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a methyl group, an ethyl group, a n-pro-
pyl group, an iso-propyl group, a n-butyl group, a sec-butyl
group, an iso-butyl group, and a tert-butyl group.

[0023] In Formula 1, nl, which indicates the number of
Arls, may be an integer from 0 to 3 When n1 is an integer of
2 or greater, for example, n1 number of Arls may be identical
to or different from each other. In Formula 1, n2, which
indicates the number of Ar2s, may be an integer from 0 to 3.
Whenn?2 is an integer of 2 or greater, for example, n2 number
of Ar2s may be identical to or different from each other. For
example, nl and n2 in Formula 1 may be each independently
an integer from O to 2. Other integers for n1 and n2 may be
employed. In Formula 1, a sum of nl and n2 may be 1 or
greater. At least one Ar2 may be between a Si atom and an
anthracene ring, or at least one Arl may be between an Si
atom and a naphthalene ring. For example, nl in Formula 1
may be an integer of 0, and n2 may be an integer of 1 or 2.
Other suitable integers for nl and n2 may be employed. For
example, (Arl)nl and (Ar2)n2 in Formula 1 may be each
independently one selected from groups represented by For-
mulae 3-1to 3-11:

31
%
\©\*’
32
*, : k!
33
* CH;
CHy x
34

*,
. ' !
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-continued

35

. 3-6

37

3-8

3-9

3-10

&

*4._'7*

[0024] In Formulae 3-1 to 3-11, * indicates a binding site
with an anthracene ring, and * indicates a binding site with a
Si atom. For example, R1 to R5 in Formula 1 may be 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, a hydrazine,
ahydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C,-C;, alkenyl group, a substi-
tuted or unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or

]

3-11
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unsubstituted C,-C,, heterocycloalkyl group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C, -C, heterocycloalkenyl group, a substituted
or unsubstituted C,-Cs,, aryl group, and a substituted or
unsubstituted C, -C;, heteroaryl group.

[0025] For example, R1 and R2 in Formula 1 may be each
independently selected from a deuterium atom, a halogen
atom, a cyano group, a nitro group, a substituted or unsubsti-
tuted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted n-propyl group, a sub-
stituted or unsubstituted i-propyl group, a substituted or
unsubstituted n-butyl group, a substituted or unsubstituted
iso-butyl group, a substituted or unsubstituted sec-butyl
group, a substituted or unsubstituted tert-butyl group, a sub-
stituted or unsubstituted pentyl group, a substituted or unsub-
stituted hexyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted pentalenyl group, a sub-
stituted or unsubstituted indenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
azulenyl group, a substituted or unsubstituted heptalenyl
group, a substituted or unsubstituted indacenyl group, a sub-
stituted or unsubstituted acenaphthyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
spiro-fluorenyl group, a substituted or unsubstituted phenale-
nyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted anthracenyl group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted or unsubstituted triphenylenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubstituted
chrysenyl group, a substituted or unsubstituted naphthacenyl
group, a substituted or unsubstituted picenyl group, a substi-
tuted or unsubstituted perylenyl group, a substituted or
unsubstituted pentaphenyl group, and a substituted or unsub-
stituted hexacenyl group.

[0026] R1 andR2 in Formula 1 may be each independently
selected, for example, from 1) a methyl group, an ethyl group,
and an n-propyl group; ii) a methyl group, an ethyl group, and
an n-propyl group, each substituted with a deuterium atom, a
halogen atom, a cyano group, and a nitro group; iii) a phenyl
group, a naphthyl group, and an anthryl group; and iv) a
phenyl group, a naphthyl group, and an anthryl group, each
substituted with at least one of a deuterium atom, a halogen
atom, a cyano group, a nitro group, a methyl group, an ethyl
group, and an n-butyl group.

[0027] RI andR2 in Formula 1 may be each independently
selected, for example, from a methyl group, an ethyl group, a
phenyl group, and 2-naphthyl group. R3 to RS in Formula 1
may be each independently selected, for example, from a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, and a nitro group. In Formula
1, al, which indicates the number of R3s, may be an integer
from 0 to 7. For example, when al in Formula 1 is 0, the
naphthalene ring is not substituted. In Formula 1, a2, which
indicates the number of R4s, may be an integer from 0 to 8.
For example, when a2 in Formula 1 is 0, the anthracene ring
1s not substituted. In Formula 1, a3, which indicates the num-
ber of R5s, may be an integer from 0 to 7. For example, when
a3 in Formula 1 is 0, the naphthalene ring is not substituted.
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[0028] The anthracene-based compound of Formula 1 may
be a compound represented, for example, by Formula 1a or

—_
=3

<Formula 1a>

R
% 7™

b : Rsal
(Ary)=Si—(Ar))y |
| Xy

R,

o0
Neee

<Formula 1b>

R,

(AIZ)n2_$i_(Al‘1)nl ﬁ(Rﬁal

' :

[0029] In Formulae la and 1b, Ar, and Ar, may be each
independently selected from i) a phenylene group, a naphth-
vylene group, and an anthracenylene group, and ii) a phenylene
group, a naphthylene group, and an anthracenylene group,
each substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, a methyl group, an ethyl group, an-propyl group,
an iso-propy!l group, a n-butyl group, a sec-butyl group, an
iso-butyl group, and a tert-butyl group; n1 and n2 may be each
independently an integer from 0 to 2; a sum of nl and n2 may
be 1 or greater; and R, and R, may be each independently
selected from 1) a methyl group, an ethyl group, and an n-pro-
pyl group, ii) a methyl group, an ethyl group, and an n-propyl
group, each substituted with a deuterium atom, a halogen
atom, a cyano group, and a nitro group, iii) a phenyl group, a
naphthyl group, and an anthryl group, and iv) a phenyl group,
anaphthyl group, and an anthryl group, each substituted with
at least one of a deuterium atom, a halogen atom, a cyano
group, a nitro group, a methyl group, an ethyl group, and an
n-butyl group; Ry may be selected from a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, and a nitro group; and al may be an integer from 0 to
7.

[0030] The anthracene-based compound of Formula 1 may
be a compound represented by, for example, Formula 1a or
1b:

<Formula 1a>

R
(Ary)n=Si— (A1)} I Rdas
| Xy

R,

\ ¢
Oabd
OX®
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-continued

<Formula 1b>

' Ar _SI'_ Ar /\'/—\i(RB)al
(Ar2)2 |1 (A1) W

)

[0031] InFormulae laand 1b, (Arl),, and (Ar,),, may be
each independently selected from groups represented by For-
mulae 3-1to 3-11:

31
E3
O\*’
32
*, : Ll
33
* CH;
CH3: : :*
3-4
*
\~\*’
35
*
#
3-6
*
x!
37
*
Y
3-8
* . . '
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-continued

39
0
3-10
. . '
&
3-11
* Q O ’

[0032] In Formulae 3-1 to 3-11, * indicates a binding site
with an anthracene ring, and * indicates a binding site with a
Siatom; R, and R, may be each independently selected from
amethyl group, an ethyl group, a phenyl group, and a 2-naph-
thyl group; Ry may be selected from a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, and a nitro group; and al may be an integer from 0 to
7.

[0033] The anthracene-based compound of Formula 1 may
be a compound represented by, for example, one of Formulae
Icto If:

<Formula 1¢>
R, O
|
Tl
Ry

<Formula 1d>

=)
|
i)
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-continued

<Formula 1e>

<Formula 1>

[0034] InFormulae lc to 1f, Ar, may be selected from i) a
phenylene group, a naphthylene group, and an anthrace-
nylene group, and ii) a phenylene group, a naphthylene group,
and an anthracenylene group, each substituted with at least
one selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, anitro group, amethyl group,
an ethyl group, a n-propyl group, an iso-propyl group, a
n-butyl group, a sec-butyl group, an iso-butyl group, and a
tert-butyl group; n2 may be aninteger of 1 or2; and R, and R,
may be each independently selected from i) a methyl group,
an ethyl group, and an n-propyl group, ii) a methyl group, an
ethyl group, and an n-propyl group, each substituted with a
deuterium atom, a halogen atom, a cyano group, and a nitro
group, iii) a phenyl group, a naphthyl group, and an anthryl
group, and iv) a phenyl group, a naphthyl group, and an
anthryl group, each substituted with at least one of a deute-
rium atom, a halogen atom, a cyano group, a nitro group, a
methyl group, an ethyl group, and an n-butyl group.

[0035] The anthracene-based compound of Formula 1 may
be a compound represented by, for example, one selected
from Formulae 1c¢ to 1f:

<Formula 1¢>

QO |
OO )
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-continued
<Formula 1d>
O R
|
(Ar2)p— Tl
O O )

<Formula 1e>

<Formula 1>

[0036] InFormulae Ic to 1f, (Ar,),, may be a group repre-
sented by one selected from Formulae 3-1 to 3-11:

31
*,
\©\*’
32
L3 : k1
33
* CH;
CHg: : :*
34
*
"
3.5
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-continued -continued

3-6
w *
]
Y
%!
*

37 3-11

* Q O '

[0037] In Formulae 3-1 to 3-11, * indicates a binding site
3-8 with an anthracene ring, and * indicates a binding site with a

Si atom; and R, and R, may be each independently selected
* * from a methyl group, an ethyl group, a phenyl group, and a
2-naphthyl group. The anthracene-based compound of For-

mula 1 may be a compound selected from, for example,
Compounds 1 to 28:

3-9

'

<Compound 2>

<Compound 1>

O ?Hg O
Si
SNe 9B evs

<Compound 4>

<Compound 3>

9, i ¢ ) O
Q Si—CH; THg
QO O O QQ O O e
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-continued

<Compound 6>

<Compound 5>

OO0 OO0,
0% m&@
Salte' Salle'

<Compound &>

<Compound 7>

() () O
9 OO Qog,

<Compound 10>

<Compound 9>

et oA

<Compound 11>

9,
Si
A OO
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-continued

(O A

<Compound 12>

<Compound 14>

<Compound 13>

o 0. ®
Q Q $i—CyHg

<Compound 16>

<Compound 15>

& g O O 8 O
\ Sl o
2 C)<¢) OQ

<Compound 18>

<Compound 17>

Q Si—CH; THs
Q Q O ‘ Q O O T
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-continued
<Compound 20>

<Compound 19>

OO0 OO0,
a2eYe m
e

<Compound 22>

<Compound 21>

\ 4
QOO 088
R0 O’ OOOO’

<Compound 24>

<Compound 23>

<Compound 26>

<Compound 24>

o 0
B,
-
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-continued

<Compound 27>

o
B=

[0038] Inanembodiment, the anthracene-based compound
of Formula 1 may have the anthracene ring (e.g., linked with
silicon) substituted asymmetrically. A maximum photolumi-
nescence (PL) peak wavelength of the anthracene-based com-
pound of Formula 1 may be easily controlled by using differ-
ent types of substituents. The thermal stability, optical
characteristics, and chemical characteristics of the
anthracene-based compound of Formula 1 may also be con-
trolled by introducing an appropriate type of substituent. An
organic light-emitting device including the anthracene-based
compound of Formula 1 may have a high emission efficiency
and may emit blue light.

[0039] Inthe anthracene-based compound of Formula 1, an
anthracene ring and a naphthalene ring might not form a
conjugate structure due to a Si atom. Accordingly, an electron
distribution of the anthracene ring may be less affected by the
introduction of the naphthalene ring, and the naphthalene ring
may independently serve as an emission host. When an aro-
matic condensed ring having 10 or more carbon atoms is
introduced to a Si atom, for example, the aromatic condensed
ring may serve as an emission host. As compared to a com-
pound substituted with an aromatic ring including a relatively
low number of carbons, the anthracene-based compound of
Formula 1, which includes an aromatic condensed ring hav-
ing a large number of carbons, such as a naphthalene ring,
introduced to a Si atom, may be more suitable for use as an
emission host.

[0040] The anthracene-based compound of Formula 1
includes a 2-naphthyl group bound at the 9-position of the
anthracenering, and thus may be electrically more stable than
the anthracene-based compound with a 1-naphthyl group.
The anthracene-based compound of Formula 1 may be syn-
thesized using organic synthesis. A synthesis method of the
anthracene-based compound of Formula 1 may be under-
stood by one of ordinary skill in the art with reference to the
examples herein.

[0041] At least one anthracene-based compound of For-
mula 1 may be used between a pair of electrodes in an organic
light-emitting device. For example, at least one anthracene-
based compound of Formula 1 may be used in an emission
layer. For example, at least one anthracene-based compound

<Compound 28>

Si—CyHs

of Formula 1 may be used as a host in the emission layer. An
organic light-emitting device includes a first electrode, a sec-
ond electrode opposite to the first electrode, and an organic
layer between the first and second electrodes, wherein the
organic layer includes at least one anthracene-based com-
pound of Formula 1. As used herein, “(for example, the
organic layer) including at least one anthracene-based com-
pound may indicate that “(the organic layer) including one of
the anthracene-based compounds of Formula 1, or at least two
different anthracene-based compounds of Formula 1.”

[0042] The organic layer may include, for example, only
Compound 1 as the anthracene-based compound. Compound
1 may be present in the hole transport layer of the organic
light-emitting device. The organic layer may include, for
example, Compounds 1 and 2 as the anthracene-based com-
pound. Compound 1 and Compound 2 may be in the same
layer, for example, in the emission layer, orin first and second
emission layers of the organic light-emitting device.

[0043] The organic layer may include a hole transport
region between the first electrode and the emission layer, and
an electron transport region between the emission layer and
the second electrode, the hole transport region including at
least one of a hole injection layer, a hole transport layer, a
functional layer (hereinafter, an “H-functional layer”) having
both hole injection and hole transport capabilities, a buffer
layer, and an electron blocking layer; the electron transport
region including at least one of a hole blocking layer, an
electron transport layer, and an electron injection layer. For
example, the anthracene-based compound of Formula 1 may
be present in the emission layer and/or located in another
suitable location. For example, the emission layer may further
include a dopant. For example, the anthracene-based com-
pound of Formula 1 may serve as a host. The term “organic
layer” as used herein may refer to a single layer and/or a
plurality of layers between the first and second electrodes of
the organic light-emitting device.

[0044] FIG. 1 illustrates a schematic sectional view of an
organic light-emitting device 100. Hereinafter, a structure of
an organic light-emitting device and a method of manufac-
turing the same are described with reference to FIG. 1. Refer-
ring to FIG. 1, the organic light-emitting device 100 accord-

Q C $H3
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ing to the present embodiment includes a substrate 110, a first
electrode 120, an organic layer 130, and a second electrode
140. The substrate 110 may be any substrate suitable for use
in organic light-emitting devices. For example, the substrate
11 may be a glass substrate or a transparent plastic substrate
with strong mechanical strength, thermal stability, transpar-
ency, surface smoothness, ease of handling, and water resis-
tance.

[0045] The first electrode 120 may be formed by depositing
or sputtering a first electrode-forming material on the sub-
strate 110. When the first electrode 120 constitutes an anode,
for example, a material having a high work function may be
used as the first electrode-forming material to facilitate hole
injection. The firstelectrode 120 may be a reflective electrode
or a transmission electrode. Transparent and conductive
materials such as [TO, IZO, SnO,, and ZnO may be used to
form the first electrode 120. The first electrode 120 may be a
reflective electrode using magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), magnesium-silver (Mg—Ag), or the like.
[0046] The first electrode 120 may have a single-layer
structure or a multi-layer structure including at least two
layers. For example, the first electrode 120 may have a three-
layered structure of ITO/Ag/TTO. Other number of layers and
material layers may be employed. The organic layer 130 may
be on the first electrode 120. The organic layer 130 may
include aholeinjection layer (HIL) 131, ahole transport layer
(HTL) 132, a functional layer (not shown), also referred to as
an H-functional layer) having both hole injection and trans-
port capabilities, a buffer layer, an emission layer (EML) 133,
an electron transport layer (ETL) 134, and an electron injec-
tion layer (EIL) 135.

[0047] The HIL 131 may be on the first electrode 120 by
any of a variety of methods, for example, including vacuum
deposition, spin coating, casting, Langmuir-Blodgett (LB)
deposition, or the like. When the HIL 131 is formed using
vacuum deposition, for example, vacuum deposition condi-
tions may vary depending on the compound that is used to
form the HIL 131, and the desired structure and thermal
properties of the HIL 131 to be formed. For example, vacuum
deposition may be performed at a temperature of about 100°
C.to about 500° C., a pressure of about 10~ torr to about 10~
tort, and a deposition rate of about 0.01 to about 100 A/sec.
Other deposition conditions may be employed.

[0048] When the HIL 131 is formed using spin coating, for
example, the coating conditions may vary depending on the
compound that is used to form the HIL 131, and the desired
structure and thermal properties of the HIL 131 to be formed.
For example, the coating rate may be in the range of about
2000 rpm to about 5000 rpm, and a temperature at which heat
treatment is performed to remove a solvent after coating may
be in the range of about 80° C. to about 200° C. Other coating
conditions may be employed.

[0049] A material for forming the HIL 131 may be a suit-
able hole injection material. Examples of the suitable hole
injection material include N,N'-diphenyl-N,N'-bis-[4-(phe-
nyl-m-tolyl-amino)-phenyl]-biphenyl-4.4'-diamine,

(DNTPD), a phthalocyanine compound such as copper phtha-
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locyanine,  4,4',4"-tris(3-methylphenylphenylamino)triph-
enylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphe-
nylbenzidine  (NPB),  4,4'4"-tris(N,N-diphenylamino)
triphenylamine (TDATA), 4,4'4"-tris[2-naphthyl(phenyl)
amino[triphenylamine (2-TNATA), polyaniline/
dodecylbenzenesulfonic acid (PANI/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (PANI/CSA), and
polyaniline)/poly(4-styrenesulfonate (PANI/PSS).
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[0050] The thickness of the HIL 131 may be, for example,
about 100 A to about 10000 A, or, for example, from about
100 A to about 1000 A. When the thickness of the HIL 131 is
within these ranges, for example, the HIL 131 may have a
good hole injecting ability without a substantial increase in
driving voltage.

[0051] The HTL 132 may be formed on the HIL 131 by
using any of a variety of methods, for example, vacuum
deposition, spin coating, casting, [.B deposition, or the like.
When the HTL 132 is formed using vacuum deposition or
spin coating, for example, the conditions for deposition and
coating may be similar to those for the formation of the HIL
131, though the conditions for the deposition and coating may
vary depending on the material that is used to form the HTL
132.

[0052] Examples of suitable hole transport materials
include carbazole derivatives, such as N-phenylcarbazole or
polyvinylcarbazole, N,N'-bis(3-methylphenyl)-N,N'-diphe-
nyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4',4"-tris(N-carba-
zolyDtriphenylamine (TCTA), and N,N'-di(1-naphthyl)-N,
N'-diphenylbenzidine) (NPB).

A A
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[0053] The thickness of the HTL 132 may be, for example,
from about 50 A to about 2000 A, or, for example, may be
from about 100 A to about 1500 A. When the thickness of the
HTL 132 is within these ranges, for example, the HTL 132
may have a good hole transporting ability without a substan-
tial increase in driving voltage.

[0054] The H-functional layer (having both hole injection
and hole transport capabilities ) may contain at least one mate-
rial from each group of the hole injection layer materials and
hole transport layer materials. The thickness of the H-func-
tional layer may be, for example, from about 500 A to about
10,000 A, or, for example, may be from about 100 A to about
1,000 A. When the thickness of the H-functional layer is
within these ranges, for example, the H-functional layer may
have good hole injection and transport capabilities without a
substantial increase in driving voltage.

[0055] At least one of the HIL 131, the HTL 132, and the
H-functional layer may include at least one of a compound of
Formula 300 and a compound of Formula 350:

<Formula 300>

R
RSI 58
\
R
Re> N 57
Rs; O (Ary1)e Rso
N
N
Rsg
Rsy Rss (AI ll)f
Reg Rs
Re1
Re7
Rs2
Res
Res
Rey Res
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<Formula 350>

Ry
/ . . N
Ay Aryp

[0056] In Formula 300, Ar,, and Ar,, may be each inde-
pendently selected from, for example, a substituted or unsub-
stituted C5-C;, cycloalkylene group, a substituted or unsub-
stituted C;-C,, cycloalkenylene group, a substituted or
unsubstituted C4-Cs, arylene group, a substituted or unsub-
stituted C,-Cs,, heterocycloalkylene group, a substituted or
unsubstituted C,-C,, heterocycloalkenylene group, and a
substituted or unsubstituted C,-C;, heteroarylene group. A
detailed description of Ar;, and Ar,, may be the same as
described in conjunction with Ar;.

[0057] In Formula 350, Ar,, and Ar,, may be each inde-
pendently a substituted or unsubstituted arylene group. For
example, a detailed description of Ar,; and Ar,, may be the
same as described in conjunction with R, . For example, Ar,,
and Ar,, in Formula 350 may be each independently selected
from a phenylene group, a naphthylene group, an anthrylene
group, and a biphenylene group; and a phenylene group, a
naphthylene group, an anthrylene group, and a biphenylene
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, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C,,, alkyl group,
and a substituted or unsubstituted C, -C,, alkoxy group. Other
groups may be employed.

[0058] In Formula 300, e and f may be each independently
an integer from 0 to 5, for example, may be 0, 1, or 2. For
example, e may be 1, and f may be 0. Other integers for e and
f'may also be employed.

[0059] In Formulae 300 and 350, Rs, to Rsg, R4 to R,
R,,, and R, may be each independently 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 hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a substituted or unsubstituted C,-C,,, alkyl
group, a substituted or unsubstituted C,-C,,, alkenyl group, a
substituted or unsubstituted C,-C, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C¢-Cs, aryl group, a substituted or unsubsti-
tuted C4-C,, arvloxy group, or a substituted or unsubstituted
Cs-C,, arylthio group. For example, Ry, to Rqg, Re; 10 Ry,
R;,, and R, in Formulae 300 and 350 may be each indepen-
dently selected, for example, from a hydrogen atom, a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, anamidino group, ahydrazine,
ahydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
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thereof, a C,-C,, alkyl group (for example, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, and the like), and a C,-C;, alkoxy group (for
example, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, and the like); a
C,-Cy, alkyl group and a C,-C,, alkoxy group, each substi-
tuted 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, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof; a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl group,
and a pyrenyl group; and a phenyl group, a naphthyl group, an
anthryl group, a fluoreny! group, and a pyrenyl 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, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C;,
alkyl group, and a C,-C,, alkoxy group.

[0060] InFormula 300, R., may be selected from a phenyl
group, a naphthyl group, an anthryl group, a biphenyl group,
and a pyridyl group; and a phenyl group, a naphthyl group, an
anthryl group, a biphenyl group, and a pyridyl 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, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C,-C,, alkyl group, and a substituted or
unsubstituted C,-C;, alkoxy group.

[0061] Thecompound of Formula 300 may bea compound,
for example, represented by Formula 300A:

<Formula 300A>

R¢i
R¢s

[0062] InFormula300A,a detailed descriptionofRs, , Ry,
Rgs, and Ry may be the same as the ones for Formula 300
described. At least one of the HIL 131, the HTL 132, and the
H-functional layer may include, for example, at least one of
the compounds represented by Formulae 301 to 320:
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[0063] At least one of the HIL 131, the HTL 132, and the
H-functional layer may further include a charge-generating
material to have improved conductivity, in addition to a suit-
able hole injecting material, hole transport material, and/or
material having both hole injection and hole transport capa-
bilities. The charge-generating material may be, for example,
/ one of quinine derivatives, metal oxides, and compounds with
\ a cyano group. Examples of the p-dopant include quinone
derivatives such as tetracyanoquinonedimethane (TCNQ),
2,3,5,6-tetrafluoro-tetracyano-1,4-benzoquinonedimethane
(F4-TCNQ), and the like; metal oxides such as tungsten
oxide, molybdenum oxide, and the like; and cyano-contain-
ing compounds such as Compound 200.
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<Compound 200>
CN
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N N CN
F
I\i N CN
N
NC 7
CN
F F
NC CN
NC CN
F F
<F4-TCNQ>
[0064] When the HIL 131, the HTL 132, or the H-func-

tional layer further includes a charge-generating material, for
example, the charge-generating material may be homoge-
neously dispersed or inhomogeneously distributed in the
layer. The buffer layer may be between at least one of the HIL
131, the HTL 132, and the H-functional layer, and the EML
133. The buffer layer may compensate for an optical reso-
nance distance of light according to a wavelength of the light
emitted from the EML 133, and thus may increase efficiency.
The buffer layer may include any hole injecting material or
hole transporting material that is suitable. The buffer layer
may include the same material as one of the materials
included in the HIL 131, the HTL 132, and the H-functional
layer that underlie the buffer layer.

[0065] The EML 133 may be formed on the HTL 132, the
H-functional layer, or the buffer layer by vacuum deposition,
spin coating, casting, LB deposition, or the like. When the
EML 133 is formed using vacuum deposition or spin coating,
the deposition and coating conditions may be similar to those
for the formation of the HIL 131, though the conditions for
deposition and coating may vary depending on the material
that is used to form the EML 133. The EML 133 may include
a suitable light-emitting material. For example, the EML 133
may include the anthracene-based compound of Formula 1.

H;C0

A
M
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The EML 133 may include a suitable host and a suitable
dopant. Examples of a suitable host include aluminum this
(8-hydroxyquinoline) (Algs), 4,4'-N,N'-dicarbazole-biphe-
nyl (CBP), poly(n-binylcarbazole (PVK), 9,10-di(naphtha-
lene-2-yDanthracene (ADN), 4.4'4"-tris(carbazole-9-yl)
triphenylamine (TCTA), 1,3,5-tris(N-phenylbenzimidazole-
2-yl)benzene) (TPBI), 3-tert-butyl-9,10-di(naphth-2-yI)
anthracene (TBADN), 9,9'-(1,3-phenylene)bis-9H-carbazole
(mCP), and 1,3-bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-

y1] (OXD-7).
JF\N)E
PVK

(-
J

N—N
[\

N

A
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[0066] Forexample, at least one of a fluorescent dopant and
aphosphorescent dopant may be used. For example, the phos-
phorescent dopant may be an organometallic complex includ-
ing at least one selected from among iridium (Ir), platinum
(Pt), osmium (Os), rhenium (Re), titanium (Ti), zirconium
(Zr), hafnium (Hf), and a combination of at least two thereof.
[0067] Examples of suitable blue dopants include F,Irpic,
(Foppy ), Ir(tmd), Ir(dfppz),, ter-fluorene, 4,4'-bis(4-dipheny-
laminostyryl)biphenyl (DPAVBI), 2,5,8,11-tetra-tert-butyl
pherylene (TBPe), and 4,4'-bis(2,2,-diphenylvinyl})-1,1'-bi-
phenyl (DPVBI).

mCP

(0]

OXD-7
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Ir(dfppz);
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DPVBi
TBPe
[0068] Examples of suitable red dopants include PtOEP, -continued
Ir(piq)s, and Btplr.
O )
— — AN
7 | CH; >Ir
SGPAN O=—
N
N/
0O — =13

CH; Ir(piq)3

[0069] Examples of green dopants include Ir(ppy),
Biplr (ppy=phenylpyridine), Ir(ppy)s(acac), and Ir(mpyp)s.

PtOEP
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[0070] For example, the dopant may be a dopant repre-
sented by Formula 100:

<Formula 100>
Aryo)
/

N

Ary02
n

[0071] In Formula 100, X may be selected from a substi-
tuted or unsubstituted C,-C,,, cycloalkyl group, a substituted
or unsubstituted C5-C5,cycloalkenyl group, and a substituted
or unsubstituted C4-Cs, aryl group; Ary,; and Ar,,, may be
each independently selected from a substituted or unsubsti-
tuted C4-C,,, aryl group and a substituted or unsubstituted
C,-C4, heteroaryl group; and n may be an integer from 1 to 4.
X in Formula 100 may be selected, for example, from 1) a
naphthalenyl group, a phenanthrenyl group, a pyrenyl group,
an anthracenyl group, a chrysenyl group, a fluorenyl group,
and a benzofluorenyl group; and ii) a naphthalenyl group, a
phenanthrenyl group, a pyrenyl group, an anthracenyl group,
a chrysenyl group, a fluorenyl group, and a benzofluorenyl
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, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C;, alkyl group, a C,-C;, alkenyl group, a
C,-C,, alkynyl group, a C,-C,, alkoxy group, a C4-C,, aryl
group, and a C,-C,, heteroaryl group.

[0072] X in Formula 100 may be selected, for example,
from 1) a fluorenyl group and a benzofluorenyl group; and ii)
a fluorenyl group and a benzofluorenyl group, each substi-
tuted with at least one of a deuterium atom, —F, a cyano
group, a nitro group, a methyl group, an ethyl group, a n-pro-
pyl group, an iso-propyl group, a n-butyl group, a sec-butyl
group, an iso-butyl group, a tert-butyl group, and a phenyl
group.

[0073] X in Formula 100 may be selected, for example,
from 1) a fluorenyl group and a benzofluorenyl group; and i1)
a fluorenyl group and a benzofluorenyl group, each substi-
tuted with a phenyl group. For example, in Formula 100,
Ar,,, and Ar,,, may be each independently selected from1i)a
Cs-Cyq aryl group; and ii) a C4-C,, aryl group substituted
with at least one selected from a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C;,
alkyl group, a C,-C;, alkenyl group, a C,-C5, alkynyl group,
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a C,-C;, alkoxy group, a C4-C,, aryl group, a C,-Cy, het-
eroaryl group, and —Si(Q, )(Q,)(Q;), where Q, to Q, may be
each independently selected from a C,-C,, alkyl group and a
C4-Cy, aryl group.

[0074] Ar101 and Ar102 in Formula 100 may be each inde-
pendently selected, for example, from i) a phenyl group, a
naphthyl group, and a biphenyl group; and ii) a phenyl group,
anaphthyl group, and a biphenyl group, each substituted with
at least one selected from a deuterium atom, —F, a cyano
group, a nitro group, a methyl group, an ethyl group, a n-pro-
pyl group, an iso-propyl group, a n-butyl group, a sec-butyl
group, an iso-butyl group, a tert-butyl group, a phenyl group,
and —Si(Q1)(Q2)(Q3), where Q1 to Q3 may be each inde-
pendently selected from a methyl group, a tert-butyl group,
and a phenyl group.

[0075] Ar101 and Ar102 in Formula 100 may be each inde-
pendently selected, for example, from 1) a phenyl group; and
11) a phenyl group substituted with at least one selected from
—F, a methyl group, a phenyl group, and —Si(CH,),. For
example, in Formula 100, n may be an integer of 2. Other
integers may be employed for n. The dopant represented by
Formula 100 may be, for example, Compound 101:

101
TMS

T
80

[0076] When the EML 133 includes both a host and a
dopant, for example, an amount of the dopant may be from
about 0.01 wt % to about 15 wt % based on 100 wt % of the
EML 133. Other amounts of the dopant may be employed. A
thickness of the EML 133 may be, for example, about 200 A
to about 700 A. When the thickness of the EML 133 is within
these ranges, for example, the EML 133 may have a good
light emitting ability without a substantial increase in driving
voltage.

[0077] The ETL 134 may be formed on the EML 133 by
vacuum deposition, spin coating, casting, or the like. When
the ETL 134 is formed using vacuum deposition or spin
coating, for example, the deposition and coating conditions
may be similar to those for the formation of the HIL 131,
though the deposition and coating conditions may vary
depending on a compound that is used to form the ETL 134.
A material for forming the ETL 134 may be any suitable
material that can stably transport electrons injected from an
electron injecting electrode (cathode). Examples of materials
for forming the ETL 134 include a quinoline derivative, such
as tris(8-quinolinorate)aluminum (Alg3), TAZ, BAlq, beryl-
lium bis(benzoquinolin-10-olate (Bebq2). 9,10-di(naphtha-
lene-2-yl)anthracene (ADN), Compound 201, Compound
202, and Bphen.

N
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[0078] The thickness of the ETL 135 may be, for example,
BAI from about 100 A to about 1,000 A, or, for example, may be
from about 150 A to about 500 A. When the thickness of the
<Compound 201> BT 135 is within these ranges, for example, the ETL 135
may have a satisfactory electron transporting ability without
a substantial increase in driving voltage. The ETL 135 may
further include a metal-containing material, in addition to any
N suitable electron-transporting organic compound. The metal-
containing material may include a lithium (Li) complex.
N Examples of the Li complex include lithium quinolate (Liq)
and Compound 203:

OOO <Compound 203>

<Compound 202>

) ¢
4

| [0079] Then, the EIL 135, which facilitates injection of
electrons from the cathode, may be formed on the ETL 134.
Any suitable electron-injecting material may be used to form
the EIL 135. Examples of materials for forming the EIL 135
include LiF, NaCl, CsF, Li,0, and BaO. The deposition and
coating conditions for forming the EIL 135 may be similar to
those for the formation of the HIL 131, though the deposition
and coating conditions may vary depending on the material
that is used to form the EIL 135.
[0080] The thickness of the EIL 135 may be, for example,
from about 1 A to about 100 A, or, for example, may be from
about 3 A to about 90 A. When the thickness of the EIL 135
is within these ranges, for example, the FIL 135 may have a

satisfactory electron injection ability without a substantial
| increase in driving voltage.

[0081] The second electrode 140 may be on the organic

layer 130. The second electrode 140 may be a cathode that is

\ /
\ NNV

A

N/ N7/ 7/

4

/
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an electron injection electrode. A material for forming the
second electrode 140 may be ametal, an alloy, and an electro-
conductive compound, which have a low work function, or a
mixture thereof. The second electrode 140 may include
lithium (1), magnesium (Mg), aluminum (Al), aluminum
(AD-lithium (Li), calcium (Ca), magnesium (Mg)-indium
(Tn), magnesium (Mg)-silver (Ag), or the like, and may a thin
film type transmission electrode. To manufacture a top-emis-
sion light-emitting device, for example, the transmission
electrode may include indium tin oxide (ITO) or indium zinc
oxide (1Z0).

[0082] When a phosphorescent dopant is used in the EML
133, for example, a HBL may be formed between the HTL
132 and the EML 133 or between the H-functional layer and
the EML 133 by using vacuum deposition, spin coating,
casting, LB deposition, or the like, in order to prevent diffu-
sion of triplet excitons or holes into the ETL 135. When the
HBL is formed using vacuum deposition or spin coating, for
example, the conditions for deposition and coating may be
similar to those for the formation of the HIL 131, although the
conditions for deposition and coating may vary depending on
the material that is used to form the HBL. Any suitable hole-
blocking material may be used. Examples of hole-blocking
materials include oxadiazole derivatives, triazole derivatives,
and phenanthroline derivatives. For example, bathocuproine
(BCP) represented by the following formula may be used as a
material for forming the HBL.

BCP

[0083] Thethicknessofthe HBL may be, for example, from
about 20 A to about 1000 A, or, for example, may be from
about 30 A to about 300 A. When the thickness of the HBL is
within these ranges, for example, the HBL may have
improved hole blocking ability without a substantial increase
in driving voltage. Other organic light-emitting devices
besides that illustrated in FIG. 1 and described herein, or
variations thereof, may be employed.

[0084] As used herein, the unsubstituted C,-C;, alkyl
group (or a C,-C;, alkyl group) may be a linear or branched
C,-C,, alkyl group, such as a methyl group, an ethyl group, a
propyl group, an isobutyl group, a sec-butyl group, a pentyl
group, an iso-amyl groups, and a hexyl group. The substituted
C,-Cg alkyl group may be a C,-C, alkyl group of which at
least one hydrogen atom is substituted with one selected from
[0085] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C5, alkenyl group, a C,-C,, alkynyl group, and a C,-Cy,
alkoxy group;

[0086] a C,-C,, alkyl group, a C,-Cgyalkenyl group, a
C,-C5, alkynyl group, and a C, -C5, alkoxy group, each sub-
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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, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof,
[0087] a C;-C;, cycloalkyl group, a C,-C;, heterocy-
cloalkyl group, a C5-C;, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cs, aryl group, a C4-C,g aryloxy
group, a C,-C,, arylthio group, and a C,-C,, heteroaryl
group;

[0088] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C5, cycloalkenyl group, a C,-C;, het-
erocycloalkenyl group, a C4-C,, aryl group, a C,-C, aryloxy
group, a C4-C,, arylthio group, and a C,-C,gheteroaryl
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, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C;, alkyl group, a C,-C;, alkenyl group, a
C,-C,,alkynyl group, a C, -C,,, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethyl fluorenyl group, a diphenyl fluorenyl group, a carba-
zolyl group, a phenylcarbazolyl group, a pyridyl group, a
pyrimidyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, and an isoquinolyl group;
and

[0089] —N(QI1)(Q12) and -Si(Q;3)(Q4)(Q,5), where
Q,, and Q,, may be each independently a C,-C;, aryl group
or a C,-C, heteroaryl group, and Q, 5 to Q,5 may be each
independently a C,-C,, alkyl group, a C,-C,, alkoxy group, a
C¢-Cyp aryl group, or a C,-Cs, heteroaryl group.

[0090] As used herein, the unsubstituted C,;-C;, alkoxy
group (or a C,-C,, alkoxy group) may be a group represented
by —OA, wherein A is an unsubstituted C,-C;, alkyl group
described above. Examples of the unsubstituted C,-C,,
alkoxy group are a methoxy group, an ethoxy group, and an
isopropyloxy group. Atleast one of the hydrogen atoms in the
alkoxy group may be substituted with the substituents
described above in conjunction with the substituted C,-C,,
alkyl group.

[0091] As used herein, the unsubstituted C,-C;, alkenyl
group (or a C,-C,, alkenyl group) is a C,-C,, alkyl group
having at least one carbon-carbon triple bond in the center or
at a terminal thereof. Examples of the alkenyl group are an
ethenyl group, apropenyl group, a butenyl group, and the like.
At least one hydrogen atom in the unsubstituted C,-C,, alk-
enyl group may be substituted with those substituents
described above in conjunction with the substituted C,-Cs,
alkyl group.

[0092] As used herein, the unsubstituted C,-C,, alkynyl
group (or a C,-Cy,, alkynyl group) is a C,-C;, alkyl group
having at least one carbon-carbon triple bond in the center or
at a terminal thereof. Examples of the unsubstituted C,-Cy,
alkynyl group (or a C,-Cg, alkynyl group) are an ethenyl
group, a propynyl group, and the like. At least one hydrogen
atom in the alkynyl group may be substituted with those
substituents described above in conjunction with the substi-
tuted C,-C,, alkyl group.

[0093] As used herein, the unsubstituted C,-C,, cycloalkyl
group (or a C;-C4, cycloalkyl group) indicates a cyclic,
monovalent C3-C30 saturated hydrocarbon group. Non-lim-
iting examples of the unsubstituted C,-C,,, cycloalkyl group
are a cyclopropyl group, a cyclobutyl group, a cyclopentyl
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group, a cyclohexyl group, and a cyclooctyl group. At least
one hydrogen atom in the cycloalkyl group may be substi-
tuted with those substituents described above in conjunction
with the substituted C,-C;, alkyl group.

[0094] As used herein, the unsubstituted C;5-C5,, cycloalk-
enyl group indicates a nonaromatic, cyclic unsaturated hydro-
carbon group with at least one carbon-carbon double bond.
Examples of the unsubstituted C,-C;, cycloalkenyl group are
acyclopropenyl group, a cyclobutenyl group, a cyclopentenyl
group, a cyclohexcenyl group, a cycloheptenyl group, a 1,3-
cyclohexadienyl group, a 1.4-cyclohexadienyl group, a 2,4-
cycloheptadienyl group, and a 1,5-cyclooctadienyl group. At
least one hydrogen atom in the cycloalkenyl group may be
substituted with those substituents described above in con-
junction with the substituted C,-C5, alkyl group.

[0095] As used herein, the unsubstituted C,,-C;, aryl
group is a monovalent group having a carbocyclic aromatic
system having 6 to 30 carbon atoms including at least one
aromatic ring. The unsubstituted C,,-Cq, arylene group is a
divalent group having a carbocyclic aromatic system having 6
to 30 carbon atoms including at least one aromatic ring. When
the aryl group and the arylene group have at least two rings,
they may be fused to each other via a single bond. At least one
hydrogen atom in the aryl group and the arylene group may be
substituted with those substituents described above in con-
junction with the C,-C,, alkyl group.

[0096] Examples of the substituted or unsubstituted C,-C,,
aryl group are a phenyl group, a C,-C,, alkylphenyl group
(e.g., an ethylphenyl group), a C,-C,, alkylbiphenyl group
(e.g., an ethylbiphenyl group), a halophenyl group (e.g., an o-,
m-, or p-fluorophenyl group and a dichlorophenyl group), a
dicyanophenyl group, a trifluoromethoxyphenyl group, an o-,
m-, or p-tolyl group, an o-, m-, or p-cumenyl group, a mesityl
group, a phenoxyphenyl group, a (a,c-dimethylbenzene)
phenyl group, a (N,N'-dimethyl)aminopheny] group, a (N,N'-
diphenyl)aminophenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, a halonaphthyl group (e.g., a fluo-
ronaphthyl group), a C,-C,, alkylnaphthyl group (e.g., a
methylnaphthyl group), aC,-C, , alkoxynaphthyl group (e.g.,
amethoxynaphthyl group), an anthracenyl group, an azulenyl
group, an acenaphthylenyl group, a phenalenyl group, a fluo-
renyl group, an anthraquinolyl group, a methylanthryl group,
a phenanthryl group, a triphenylenyl group, a pyrenyl group,
achrysenyl group, an ethyl-chrysenyl group, a picenyl group,
a perylenyl group, a chloroperylenyl group, a pentaphenyl
group, a pentacenyl group, a tetraphenylenyl group, a
hexaphenyl group, a hexacenyl group, a rubicenyl group, a
coronenyl group, a trinaphthylenyl group, a heptaphenyl
group, a heptacenyl group, a pyranthrenyl group, an ovalenyl
group, and a spiro-fluorenyl group. Examples of the substi-
tuted C4-Cs, aryl group may be inferred based on those of the
unsubstituted C4-Cs, aryl group and the substituted C,-C;,
alkyl group described above. Examples of the substituted or
unsubstituted C;-Cs, arylene group may be inferred based on
those examples ofthe substituted or unsubstituted C4-C, , aryl
group described above.

[0097] As used herein, the unsubstituted C,-C;, heteroaryl
group (or a C,-C,, heteroaryl group) is a monovalent car-
bocyclic aromatic system having at least one aromatic ring
and at least one of the heteroatoms selected from the group
consisting of N, O, P, and S as a ring-forming atom. The
unsubstituted C,-C;, heteroarylene group is a divalent car-
bocyclic aromatic system having at least one aromatic ring
and at least one of the heteroatoms selected from the group
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consisting of N, O, P, and S. In this regard, when the het-
eroaryl group and the heteroarylene group have at least two
rings, they may be fused to each other via a single bond. At
least one hydrogen atom in the heteroaryl group and the
heteroarylene group may be substituted with those substitu-
ents described with reference to the C,-Cy, alkyl group.

[0098] Examples of the unsubstituted C,-C,, heteroaryl
group are a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, a tetrazolyl group,
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, a
benzoimidazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group. Examples of the substituted or
unsubstituted C,-C,,, heteroarylene group may be inferred
based on those examples of the substituted or unsubstituted
Cs-Cy, arylene group described above.

[0099] The substiuted or unsubstituted C,-C,, aryloxy
group indicates —OA, (where A, is a substituted or unsub-
stituted C4-C, aryl group described above). The substituted
or unsubstituted C,-C,, arylthiol group indicates —SA,
(where A; is a substituted or unsubstituted C,-C,, aryl group
described above).

[0100] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but the Examples and Compara-
tive Examples are not to be construed as limiting the scope of
the embodiments, nor are the Comparative Examples to be
construed as being outside the scope of the embodiments.
Further, it will be understood that the embodiments are not
limited to the particular details described in the Examples and
Comparative Examples.

Synthesis Example 1

Preparation of Compound 1

[0101]

¥
Cl—35i O
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@ indicates text missing or illegible when filed

[0102] Synthesis of Compound A

[0103] 15.0g(96.6 mmol) of 2-bromonaphthalene and 100
mL of THF were put into a 250-mlL, three-necked flask in a
nitrogen atmosphere, followed by cooling to about -78° C.
Then, 29.44 mL (0.074 mmol) of n-BuLi (2.5 M in hexane)
was slowly dropwise added thereto over 30 minutes. 5 g
(0.0334 mol) of trichlorosilane was slowly added thereto at a
temperature of about -80° C. or less, followed by increasing
the temperature to between —-10° C. and 0° C. and stirring for
about 2 hours. 11.84 g (0.0502 mol) of 1,4-dibromobenzene
was dissolved in THF in a 500-mL three-necked flask, and 20
mL (0.0502 mol) of n-BuLi was slowly added thereto at about
-78° C., and maintained at the same temperature for about 1
hour. The reaction product in the 250-mL three-necked flask
was added into the 500-mlL three-necked flask at a tempera-
ture of about -78° C., and then reacted for about 12 hours. The
resulting reaction product was quenched using water, and
then extracted using dichloromethane. The resulting solution
was distilled to remove the solvent. The residue was purified
by column chromatography using hexane as an eluent, fol-
lowed by recrystallization with hexane to obtain 10 g of
Compound A (Yield: 65%). This compound was structurally
identified using ‘H-nuclear magnetic resonance (NMR).
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'"H-NMR (300 MHz, a CD,Cl,): 8 8.08 (5, 2H), 7.91-7.98 (m,
6H), 7.72 (S, 1H), 7.65-7.62 (m, 2H), 7.59-7.52 (m, SH),
7.33-7.28 (t, 1H), 1.04 (S, 3H).

[0104] Synthesis of Compound B

[0105] 10 g (0.022 mol) of Compound A was dissolved in
THF in a 500-mL three-necked flask in a nitrogen atmo-
sphere. 13.23 mL (0.033 mol) of n-BuLi was slowly added
into the flask at a temperature of about -78° C., and main-
tained at the same temperature for about 30 minutes. 6.83 g
(0.033 mol) of 2-isopropoxy-4,4.5,5-tetramethyl-1,3,2-diox-
aborane was slowly added at a temperature of about -80° C.,
and then reacted for about 12 hours or longer. The resulting
reaction product was quenched using ice water, and then
extracted using ethyl acetate to obtain 5 g of Compound B
(Yield: 48%). This compound was structurally identified
using 'H-NMR. 'H-NMR (300 MHz, a CD,Cl,): 3 8.15-8.14
(d, 1H), 8.05-8.04 (d, 2H), 7.92-7.78 (m, 7H), 7.66-7.61 (m,
3H), 7.55-7.45 (m, 4H), 7.40-7.35 (t, 1H).

[0106] Preparation of Compound C

[0107] 15 g (0.072 mol) of 2-bromonaphthalene and THF
were put into a 500-mL three-necked flask, followed by cool-
ing to about -78° C. Then, 43.46 mL (0.109 mol) of n-Bul i
(2.5 M) was added thereto and stirred for about 1 hour, fol-
lowed by adding 18.5 mL (0.109 mol) of triethyl borate and
stirring for about 6 hours. A sufficient amount of a 2M HCl
solution was added to terminate the reaction, followed by
extraction with CH,Cl, and water. Water was removed from
the resulting solution, followed by drying to obtain 11.22 g of
Compound C (Yield: 90%). This compound was structurally
identified using "H-NMR. *H-NMR (300 MHz, a CDCl,): §
8.92 (m, 1H), 8.38-8.35 (m, 2H), 7.74-7.72 (t, 1H), 7.67-7.52
(m, 3H).

[0108] Preparation of Compound D

[0109] 10 g (0.058 mol) of Compound C and 7.5 g (0.029
mol) of 9-naphthalene-2-yl-anthracene were put into a 250-
mL three-necked flask, and dissolved with 100 mL of toluene
and 20 mL of THF. 40 mL of a 2M K, CO; solution was added
thereto in a nitrogen atmosphere and vigorously stirred for
about 30 minutes. 1.01 g (0.87 mmol) of Pd(pph,), was then
added thereto, and reacted at about 100° C. for about 48
hours. HCI was added into the reaction product to terminate
the reaction, followed by extraction with dichloromethane to
obtain 12.8 g of Compound D (Yield: 69.1%). This com-
pound was structurally identified using "H-NMR. ‘H-NMR
(300 MHz, CD2C12): & 8.59 (s, 1H), 8.14-8.05 (m. 4H),
7.96-7.93 (m, 2H), 7.71-7.68 (m, 2H), 7.64-7.57 (m, 3H),
7.54-7.48 (m, 2H), 7.39-7.34 (m, 2H).

[0110] Preparation of Compound E

[0111] 9 g (29.57 mmol) of Compound D was put into a
250-ml three-necked flask, and dissolved with 108 mL of
chloroform. The flask was wrapped with an aluminum foil to
block out light, and then 7.37 g (41.40 mmol) of N-bromo-
succinimide was added thereinto. After about 2 hours, water
was added to terminate the reaction, followed by extraction
with chloroform to obtain 9.65 g of Compound E (Yield:
85%). This compound was structurally identified using
'H-NMR. 'H-NMR (300 MHz, CD,CL,): 88.70-8.69 (d, 2H),
8.14-8.05 (m, 2H), 7.77-1.72 (t, 1H), 7.66-7.61 (m, 2H),
7.56-7.49 (m, 2H), 7.44-7.41 (d, 2H), 7.35-7.29 (m, 2H),
7.25-7.2 (m, 1H), 7.02-6.99 (d, 1H).

[0112] Synthesis of Compound 1

[0113] 1.91 g (4.9 mmol) of Compound E and 3 g (5.9
mmol) of Compound B were put into a 250-mL three-necked
flask and dissolved with toluene. 39 mL of a 2M NaOH
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solution was added thereto in a nitrogen atmosphere and
vigorously stirred for about 30 minutes. 0.39 g (0.24 mmol) of
Pd(pph;), was then added thereto, and reacted at about 100°
C. for about 48 hours. HCI was added to terminate the reac-
tion, followed by extraction with ethyl acetate and purifica-
tion by sublimation to obtain 1.5 g of Compound 1 (Yield:
47%). This compound was structurally identified using
'"H-NMR. 'H-NMR (300 MHz, a CDCl): § 8.70-8.69 (d,
2H), 8.14-8.05 (m, 2H), 7.77-7.72 (t, 1H), 7.66-7.61 (m, 2H),
7.56-7.49 (m, 2H), 7.44-7.41 (d, 2H), 7.35-7.29 (m, 2H),
7.25-7.2 (m, 1H), 7.02-6.99 (d, 1H).

Synthesis Example 2

Preparation of Compound 2

[0114]
Br
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[0115] Preparation of Compound F

[0116] 15 g (0.074 mol) of 2-bromonaphthalene was put
into a 500 mL three-necked flask and dissolved with 180 mL
of THF, followed by cooling to about =78° C. Then, 29.44 mL
(0.074 mol) of n-BuLi (2.5 M in hexane) was slowly dropwise
added thereto, and stirred for about 30 minutes. 5 g (0.0334
mol) of trichloromethyl silane was slowly dropwise added
thereto at a temperature of about 80° C. or less, followed by
increasing the temperature to between —10° C. and 0° C. and
stirring for about 2 hours. 11.84 g (0.0502 mol) of 1,3-dibro-
mobenzene was dissolved in 170 mL of THF in a 250-mL
three-necked flask, and 20 mL (0.0502 mol) of n-BulLi (2.5 M
in hexane) was slowly dropwise added thereinto at about -78°
C., and stirred at the same temperature for about 1 hour. The
reaction product in the 250-mL three-necked flask was added
into the 500-mL three-necked flask at a temperature of about
-78°C.,and then reacted for about 12 hours. Water was added
to terminate the reaction, followed by extraction with meth-
vylene chloride. An organic phase was collected, followed by
removing the solvent from the organic phase. The resulting
product was separated by column chromatography using hex-
ane as an eluent, followed by recrystallization using hexane to
obtain 10 g of Compound F (Yield: 65%). This compound
was structurally identified using "H-NMR. "H-NMR (300
MHz, a CD,Cl,, ppm): 8=8.08 (s, 2H), 7.91-7.82 (m, 6H),
7.72 (m, 1H), 7.65-7.52 (m, 8H), 7.33-7.28 (t, 1H), 1.04 (s,

3H).
[0117] Preparation of Compound G
[0118] 10 g (0.022 mol) of Compound F was dissolved in

300 mL of THF in a 500-mL three-necked flask. 13.23 mL
(0.033 mol) of n-BuLi (2.5M in hexane) was slowly dropwise
added thereto in a nitrogen atmosphere at a temperature of
about -78° C., and maintained at the same temperature for
about 30 minutes. 6.83 g (0.033 mol) of 2-isopropoxy-4.4,5,
S-tetramethyl-1,3,2-dioxaborane was slowly added thereto at
atemperature of about -80° C., and reacted for about 12 hours
or longer. An organic phase was collected, followed by dis-
tillation to remove the solvent from the organic phase. The
residue was separated by column chromatography using hex-
ane as an eluent to obtain 5 g of Compound G (Yield: 48%).
This compound was structurally identified using 'H-NMR.
'H-NMR (300 MHz, a CD,Cl,, ppm): 8=8.15 (5, 1H), 8.05 (1,
2H), 7.92-7.78 (m, 7H), 7.66-7.61 (m, 3H), 7.55-7.45 (m,
4H), 7.40-7.35 (m, 1H), 1.34 (s, 12H), 1.03 (s, 3H).

[0119] Preparation of Compound C

[0120] 15 g (0.072 mol) of 2-bromonaphthalene and THF
were put into a 500-mL three-necked flask, followed by cool-
ing to about -78° C. Then, 43.46 mL (0.109 mol) of n-Bul.i
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(2.5 M) was added thereto and stirred for about 1 hour, fol-
lowed by adding 18.5 mL (0.109 mol) of triethyl borate and
stirring for about 6 hours. A sufficient amount of a 2M HCl
solution was added to terminate the reaction, followed by
extraction with CH,Cl, and water. Water was removed from
the resulting solution, followed by drying to obtain 11.22 g of
Compound C (Yield: 90%). This compound was structurally
identified using "H-NMR. *H-NMR (300 MHz, a CDCl,): &
8.92 (m, 1H), 8.38-8.35 (m, 2H), 7.74-7.72 (t, 1H), 7.67-7.52
(m, 3H).

[0121] Preparation of Compound D

[0122] 10 g (0.058 mol) of Compound C and 7.5 g (0.029
mol) of 9-naphthalene-2-yl-anthracene were put into a 250-
mL three-necked flask and dissolved with 100 mL of toluene
and 20 mL of THF. 40 mL of a 2M K, CO; solution was added
thereto in a nitrogen atmosphere and vigorously stirred for
about 30 minutes. 1.01 g (0.87 mmol) of Pd(pphs,), was added
thereto and reacted at about 100° C. for about 48 hours. HC1
was added to terminate the reaction, followed by extraction
with dichloromethane to obtain 12.8 g of Compound D
(Yield: 69.1%). This compound was structurally identified
using "H-NMR. 'H-NMR (300 MHz, CD,CL,): 8 8.59 (s,
1H), 8.14-8.05 (m, 4H), 7.96-7.93 (m, 2H), 7.71-7.68 (m,
2H), 7.64-7.57 (m, 3H), 7.54-7.48 (m, 2H), 7.39-7.34 (m,
2H).

[0123] Preparation of Compound E

[0124] 9 g (29.57 mmol) of Compound D was put into a
250-mL three-necked flask and dissolved with 108 mL of
chloroform. The flask was wrapped with an aluminum foil to
block out light, and then 7.37 g (41.40 mmol) of N-bromo-
succinimide was added thereto. After about 2 hours, water
was added to terminate the reaction, followed by extraction
with chloroform to obtain 9.65 g of Compound E (Yield:
85%). This compound was structurally identified using
'H-NMR. ‘H-NMR (300 MHz, a CD,Cl,): 88.70-8.69 (d,
2H), 8.14-8.05 (m, 2H), 7.77-7.72 (t, 1H), 7.66-7.61 (m, 2H),
7.56-7.49 (m, 2H), 7.44-7.41 (d, 2H), 7.35-7.29 (m, 2H),
7.25-7.2 (m, 1H), 7.02-6.99 (d, 1H).

[0125] Synthesis of Compound 2

[0126] 1.91 g (4.9 mmol) of Compound E and 3 g (5.9
mmol) of Compound G were put into a 250-mL three-necked
flask and dissolved with 100 mL of toluene. 39 mL of a 2M
NaOH was added thereto and vigorously stirred for about 30
minutes while bubbling nitrogen thereinto. 0.39 g (0.24
mmol) of Pd(PPh,), was then added thereto, and reacted at
about 100° C. for about 48 hours. 100 mL of a 2M HCI
solution was added to terminate the reaction, followed by
extraction with ethyl acetate. The resulting product was sepa-
rated by column chromatograph using hexane and CH,Cl, as
eluents to obtain 1.5 g of Compound 2 (Yield: 47%). This
compound was structurally identified using 'H-NMR.
'H-NMR (300 MHz, a CD,Cl,, ppm): $=8.18 (s, 2H), 8.13-
8.05 (m, 2H), 7.99-7.79 (m, 13H), 7.76-7.68 (m, 5SH), 7.64-
7.59 (m, 3H), 7.56-7.51 (d, 4H), 7.41-7.29 (m, 4H), 1.09 (s,
3H).

Example 1

[0127] To manufacture an anode, a glass substrate with
deposited ITO/Ag/ITO layers (70 A/1000 A/70 A) was cut to
a size of 50 mmx50 mmx0.5 mm and then ultrasonicated in
isopropyl alcohol and pure water each for 10 minutes, and
then cleaned by irradiation of ultraviolet rays for 10 minutes
and exposure to ozone. The resulting glass substrate was
loaded into a vacuum deposition device.
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[0128] 2-TNATA was deposited on the anode to form an
HIL having a thickness of about 700 A, and then Compound
311 represented by the following formula was deposited
thereon to form an HTL having a thickness of about 500 A.
Compound 1 (host) and Compound 101 (dopant) represented
by the following formula were co-deposited on the HTL ina
weight ratio of 200:3 to form an EML having a thickness of
about 200 A. After Compound 201 represented by the follow-
ing formula and lithium quinolate (LiQ) were co-deposited
on the EML in a weight ratio of 5:5 to form an ETL having a
thickness of about 300 A, LiQ was deposited on the ETL to
form an EIL having a thickness of about 10 A, and then
magnesium (Mg) and silver (Ag) were deposited on the EIL
in a weight ratio of 130:10 to form a cathode having a thick-
ness of about 130 A, thereby completing the manufacture of
an organic light-emitting device.

311

-0
Q O‘O

0

101
TMS
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-continued
201

==z

Example 2

[0129] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
2, instead of Compound 1, was used to form the EML.

Feb. 26,2015

40° C. to about 800° C. at a rate of 10° C./min in a nitrogen
atmosphere. The analysis results of Compounds 1 and 2 are
shown in FIGS. 2 and 3. The temperatures at which Com-
pounds 1 and 2 had a mass loss of about 5% were about 420°
C. and 440° C., respectively. The analysis results indicate that
the anthracene-based compound of Formula 1 has high ther-
mal stability.

Evaluation Example 2

[0132] Compound 1 was dissolved at a concentration of
1x10~> M in chloroform solvent to obtain UV and photolu-
minescence (PL) spectra. The results are shown in FIG. 4.
Compounds 1 had maximum peaks at about 413 nm and about
421 nm, respectively, in the PL spectra. The analysis results
indicate that the PL spectra were changed depending on the
position of a silyl substituent.

Evaluation Example 3

[0133] Driving voltages, current densities, luminance,
emission colors, and efficiencies of the light-emitting devices
of Examples 1 and 2 and Comparative Example were mea-
sured using a PR650 (Spectroscan) Source Measurement
Unit. (available from Photo Research, Inc.). The results are
shown in Table 1.

TABLE 1
Driving  Current
EML voltage  density =~ Luminance Efficiency Tg  Emission

Example material (V) (mAlem?) (cd/m?) fed/A)  (°C) color
Comparative Compound X 4.10 153 600 37 101 Blue
Example

Example 1  Compound 1 4.00 143 600 5.5 189 Blue
Example 2 Compound 2 4.20 14.7 600 6.0 — Blue

Comparative Example [0134] Referring to Table 1, the organic light-emitting

[0130] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
X, instead of Compound 1, was used to form the EML.

<Compound X>

C

Evaluation Example 1

[0131] Compounds 1and 2 were analyzed by thermo gravi-
metric analysis (TGA) and differential scanning calorimetry
(DSC) in which the temperature was increased from about

device of Example 1 was found to have a higher efficiency by
about 20% or more and higher thermal stability than the
organic light-emitting device of Comparative Example 1.
[0135] By way of summation and review, an anthracene-
based compound of Formula 1 may have high thermal stabil-
ity and improved optical and chemical characteristics, and
thus a high-quality blue organic light-emitting device may be
manufactured using the anthracene-based compound of For-
mula 1. Thus, an anthracene-based compound and a high-
quality organic light-emitting device including the
anthracene-based compound are both provided.

[0136] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.

[0137] Accordingly, it will be understood by those of skill
in the art that various changes in form and details may be
made without departing from the spirit and scope of the
present disclosure as set forth in the following claims.
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What is claimed is:
1. An anthracene-based compound represented by Formula

—(An)p = Si—— (A1)

Ry

wherein, in Formula 1,

Ar, and Ar, are each independently selected from a substi-
tuted or unsubstituted C;-C;, cycloalkylene group, a
substituted or unsubstituted C;-C,, cycloalkenylene
group, a substituted or unsubstituted Cq-Cs, arylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkylene group, a substituted or unsubstituted C, -Cs,
heterocycloalkenylene group, and a substituted or
unsubstituted C,-C,, heteroarylene group;

nl and n2 are each independently an integer from 0 to 3;

asumof nl and n2 is 1 or greater;

R, to 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, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-Cs, alkyl group, a sub-
stituted or unsubstituted C,-C;, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substi-
tuted or unsubstituted C,-C,, cycloalkyl group, a
substituted or unsubstituted C,-C;, heterocycloalkyl
group, a substituted or unsubstituted C;-C;, cycloalk-
enyl group, a substituted or unsubstituted C, -C;, hetero-
cycloalkenyl group, a substituted or unsubstituted
C4-Cyp aryl group, and a substituted or unsubstituted
C,-C,, heteroaryl group;

al and a3 are each independently aninteger from O to 7; and

a2 is an integer from 0 to 8.

2. The anthracene-based compound as claimed in claim 1,
wherein Ar, and Ar, are each independently selected from a
substituted or unsubstituted phenylene group, a substituted or
unsubstituted pentalenylene group, a substituted or unsubsti-
tuted indenylene group, a substituted or unsubstituted naph-
thylene group, a substituted or unsubstituted azulenylene
group, a substituted or unsubstituted heptalenylene group, a
substituted or unsubstituted indacenylene group, a substi-
tuted or unsubstituted acenaphthylene group, a substituted or
unsubstituted fluorenylene group, a substituted or unsubsti-
tuted spiro-fluorenylene group, a substituted or unsubstituted
phenalenylene group, a substituted or unsubstituted phenan-
threnylene group, a substituted or unsubstituted anthrace-
nylene group, a substituted or unsubstituted fluoranthenylene
group, a substituted or unsubstituted triphenylenylene group,
a substituted or unsubstituted pyrenylene group, a substituted
or unsubstituted chrysenylene group, a substituted or unsub-
stituted naphthacenylene group, a substituted or unsubsti-

I|{l m R3)al
AN
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tuted picenylene group, a substituted or unsubstituted peryle-
nylene group, a substituted or unsubstituted pentaphenylene
group, a substituted or unsubstituted hexacenylene group, a

<Formula 1>

substituted or unsubstituted pyrrolylene group, a substituted
or unsubstituted imidazolylene group, a substituted or unsub-
stituted pyrazolylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted pyridazinylene group, a
substituted or unsubstituted isoindolylene group, a substi-
tuted or unsubstituted indolylene group, a substituted or
unsubstituted indazolylene group, a substituted or unsubsti-
tuted purinylene group, a substituted or unsubstituted quino-
linylene group, a substituted or unsubstituted benzoquinoli-
nylene group, a substituted or unsubstituted phthalazinylene
group, a substituted or unsubstituted naphthyridinylene
group, a substituted or unsubstituted quinoxalinylene group,
a substituted or unsubstituted quinazolinylene group, a sub-
stituted or unsubstituted cinnolinylene group, a substituted or
unsubstituted carbazolylene group, a substituted or unsubsti-
tuted phenanthridinylene group, a substituted or unsubsti-
tuted acridinylene group, a substituted or unsubstituted
phenanthrolinylene group, a substituted or unsubstituted
phenazinylene group, a substituted or unsubstituted benzoox-
azolylene group, a substituted or unsubstituted benzoimida-
zolvlene group, a substituted or unsubstituted furanylene
group, a substituted or unsubstituted benzofuranylene group,
a substituted or unsubstituted thiophenylene group, a substi-
tuted or unsubstituted benzothiophenylene group, a substi-
tuted or unsubstituted thiazolylene group, a substituted or
unsubstituted isothiazolylene group, a substituted or unsub-
stituted benzothiazolylene group, a substituted or unsubsti-
tuted isoxazolylene group, a substituted or unsubstituted
oxazolylene group, asubstituted or unsubstituted triazolylene
group, a substituted or unsubstituted tetrazolylene group, a
substituted or unsubstituted oxadiazolylene group, a substi-
tuted or unsubstituted triazinylene group, a substituted or
unsubstituted benzooxazolylene group, a substituted or
unsubstituted dibenzopuranylene group, a substituted or
unsubstituted dibenzothiophenylene group, and a substituted
or unsubstituted benzocarbazolylene group.
3. The anthracene-based compound as claimed in claim 1,
wherein Ar, and Ar, are each independently selected from
1) a phenylene group, a naphthylene group, and an anthra-
cenylene group; and
ii) a phenylene group, a naphthylene group, and an anthra-
cenylene group, each substituted with at least one
selected from
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino



US 2015/0053945 A1l Feb. 26,2015
31

group, a hydrazine, a hydrazone, a carboxyl group or a _continued

salt thereof, a sulfonic acid group or a salt thereof, a 32
phosphoric acid group or a salt thereof, and a C,-C;, *

alkyl group;

a C,-C4, alkyl group 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, a hydrazine, a hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, and a
phosphoric acid group or a salt thereof;

*

Q

33

t3

o
&
%

CH;

a Cg-Cyq aryl group and a C,-C,, heteroaryl group; and 14

*

86

a C4-Cs 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, a nitro
group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C;,
alkenyl group, a C,-C,, alkynyl group, a C,-C,,, alkoxy
group, a C4-Cy, aryl group, and a C,-C,, heteroaryl
group.

4. The anthracene-based compound as claimed in claim 1,

wherein Ar, and Ar, are each independently selected from

1) a phenylene group, a naphthylene group, and an anthra-
cenylene group; and

1i) a phenylene group, a naphthylene group, and an anthra-
cenylene group, each substituted with at least one
selected from

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a methyl group, an ethyl
group, a n-propyl group, an iso-propyl group, a n-butyl
group, a sec-butyl group, an iso-butyl group, and a tert-
butyl group; and

a methyl group, an ethyl group, a n-propyl group, an iso-
propyl group, a n-butyl group, a sec-butyl group, an
iso-butyl group, and a tert-butyl group, each substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, and a nitro group. 18

5. The anthracene-based compound as claimed in claim 1,

wherein Ar, and Ar, are each independently selected from

1) a phenylene group, a naphthylene group, and an anthra-
cenylene group; and 39

i) a phenylene group, a naphthylene group, and an anthra-
cenylene group, each substituted with at least one
selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, a n-propyl group, an iso-propyl 3.10
group, a n-butyl group, a sec-butyl group, an iso-butyl
group, and a tert-butyl group.

6. The anthracene-based compound as claimed in claim 1,

wherein nl and n2 are each independently an integer from 0
to 2, and a sum of nl and n2 is 1 or greater.

35

*®

3-6

3-7

g8

*

8¢

7. The anthracene-based compound as claimed in claim 1,
wherein (Ar,),, and (Ar,),, are each independently one
selected from groups represented by Formulae 3-1 to 3-11:

%
*
*
e

31

wherein, in Formulae 3-1 to 3-11,* indicates a binding site
% with an anthracene ring, and * indicates a binding site with a
silicon (Si) atom.
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8. The anthracene-based compound as claimed in claim 1,
wherein R, and R, are each independently selected from a
deuterium atom, a halogen atom, a cyano group, a nitro group,
a substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted
n-propyl group, a substituted or unsubstituted i-propyl group,
a substituted or unsubstituted n-butyl group, a substituted or
unsubstituted iso-butyl group, a substituted or unsubstituted
sec-butyl group, a substituted or unsubstituted tert-butyl
group, a substituted or unsubstituted pentyl group, a substi-
tuted or unsubstituted hexyl group, a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted pentalenyl
group, a substituted or unsubstituted indenyl group, a substi-

tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted azulenyl group, a substituted or unsubstituted heptal-
enyl group, a substituted or unsubstituted indacenyl group, a
substituted or unsubstituted acenaphthyl group, a substituted
or unsubstituted fluorenyl group, a substituted or unsubsti-
tuted spiro-fluoreny! group, a substituted or unsubstituted
phenalenyl group, a substituted or unsubstituted phenanthre-
nyl group, a substituted or unsubstituted anthraceny! group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted or unsubstituted triphenylenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubstituted
chrysenyl group, a substituted or unsubstituted naphthacenyl
group, a substituted or unsubstituted picenyl group, a substi-
tuted or unsubstituted perylenyl group, a substituted or
unsubstituted pentaphenyl group, and a substituted or unsub-
stituted hexacenyl group.
9. The anthracene-based compound as claimed in claim 1,
wherein R, and R, are each independently selected from
1) a methyl group, an ethyl group, and an n-propyl group;
ii) a methyl group, an ethyl group, and an n-propyl group,
each substituted with a deuterium atom, a halogen atom,
a cyano group, and a nitro group;
iii) a phenyl group, a naphthyl group, and an anthryl group;
and
iv) a phenyl group, a naphthyl group, and an anthryl group,
each substituted with at least one of a deuterium atom, a
halogen atom, a cyano group, a nitro group, a methyl
group, an ethyl group, and an n-butyl group.
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10. The anthracene-based compound as claimed in claim 1,
wherein R, and R, are each independently selected from a
methyl group, an ethyl group, a phenyl group, and a 2-naph-
thyl group.

11. The anthracene-based compound as claimed in claim 1,
wherein R; to R, are each independently selected from a

hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, and a nitro group.

12. The anthracene-based compound as claimed in claim 1,
wherein the anthracene-based compound of Formula 1 is a
compound represented by Formula 1a or 1b:

<Formula 1a>

Ry
| /lﬁia{ﬁal

(Ap)y——Si——(Ar)yy

| NN
Ry
<Formula 1b>
R /\/\
) |. . — R
An)p—Si—(An)y———— |
| e X
Ry

wherein, in Formulae 1a and 1b,

Ar, and Ar, are each independently selected from

1) a phenylene group, a naphthylene group, and an anthra-
cenylene group, and

ii) a phenylene group, a naphthylene group, and an anthra-
cenylene group, each substituted with at least one
selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, a n-propyl group, an iso-propyl
group, a n-butyl group, a sec-butyl group, an iso-butyl
group, and a tert-butyl group;

nl and n2 are each independently an integer from 0 to 2;

asum of nl and n2 is 1 or greater; and

R, and R, are each independently selected from

1) a methyl group, an ethyl group, and an n-propyl group,

ii) a methyl group, an ethyl group, and an n-propyl group,
each substituted with a deuterium atom, a halogen atom,
a cyano group, and a nitro group,

iil) a phenyl group, a naphthyl group, and an anthryl group,
and

iv) a phenyl group, a naphthyl group, and an anthryl group,
each substituted with at least one of a deuterium atom, a
halogen atom, a cyano group, a nitro group, a methyl
group, an ethyl group, and an n-butyl group;

R; is selected from a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, and a
nitro group; and

al is an integer from O to 7.

13. The anthracene-based compound as claimed in claim 1,

wherein the anthracene-based compound of Formula 1 is a
compound represented by Formula 1a or 1b:
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(Aty)=—Si—(Ar))——————

Ry

e

(AIZ)nZ_Ti_(AII)nI

~N

R;

wherein, in Formulae 1a and 1b,

Ar,) , and (Ar are each independently selected from
1n1 2)n2 P y
groups represented by Formulae 3-1 to 3-11:

31
%
\©\*’
32
3 #!
33
*/ : :CH3
CHjz *
34
*
\~\*’
35
*
szl
3-6
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<Formmla la>

R
|1 (\|/—/\l(R3)a1
| N

<Formula 1b>

)

(Ra)al

-continued

1

*H*’

&

*4._'7*

wherein, in Formulae 3-1 to 3-11,

* indicates a binding site with an anthracene ring, and
* indicates a binding site with a silicon (Si) atom;

Y
®i

37

3-8

3-9

R, and R, are each independently selected from a methyl
group, an ethyl group, a phenyl group, and a 2-naphthyl

group;

R; is selected from a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, and a

nitro group; and
al is an integer from O to 7.
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14. The anthracene-based compound as claimed inclaim 1,
wherein the anthracene-based compound of Formula 1 is a
compound represented by one selected from Formulae 1c to
1f:

<Formula 1¢>

O Ry O
|
(Arg)— Tl
O ’
<Formula 1d>

O R]

I
QQ Q T O

<Formula 1>

wherein, in Formulae 1c to 1f,
Ar, is selected from

1) a phenylene group, a naphthylene group, and an anthra-
cenylene group, and

i) a phenylene group, a naphthylene group, and an anthra-
cenylene group, each substituted with at least one
selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, a n-propyl group, an iso-propyl
group, a n-butyl group, a sec-butyl group, an iso-butyl
group, and a tert-butyl group;
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n2 is an integer of 1 or 2; and
R, and R, are each independently selected from
1) a methyl group, an ethyl group, and an n-propyl group,

11) a methyl group, an ethyl group, and an n-propyl group,
each substituted with a deuterium atom, a halogen atom,
a cyano group, and a nitro group,

1i1) a phenyl group, a naphthyl group, and an anthryl group,
and

iv) a phenyl group, a naphthyl group, and an anthryl group,
each substituted with at least one of a deuterium atom, a

halogen atom, a cyano group, a nitro group, a methyl
group, an ethyl group, and an n-butyl group.

15. The anthracene-based compound as claimed in claim 1,

wherein the anthracene-based compound is a compound rep-
resented by one selected from Formulae 1c to 1f:

<Formula 1¢>

<Formula 1d>

<Formula 1>
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wherein, in Formulae 1c to 1f, (Ar,),, is a group repre-
sented by one selected from Formulae 3-1 to 3-11:
31
32
33
* CH;
CH3: : :*
. 3-4
. 35
3-6

<Compound 1>
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-continued

1

37

3-8

* . . )
3-9
3-10

k!
Q O '
&

*4._'7*

wherein, in Formulae 3-1 to 3-11,
* indicates a binding site with an anthracene ring, and
* indicates a binding site with a silicon (Si) atom; and
R, and R, are each independently selected from a methyl
group, an ethyl group, a phenyl group, and a 2-naphthyl
group.
16. The anthracene-based compound as claimed in claim 1,
wherein the anthracene-based compound is a compound
selected from Compounds 1 to 28:

<Compound 2>
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-continued

<Compound 4>

<Compound 3>

§ ) o ¢ O
Q Si—CH; TH;
OQ Q O QO O O I

<Compound 6>

<Compound 5>
CH;

0

<Compound &>

<Compound 7>

STNe O (0
OO O
ke o) CTHYEY

<Compound 10>

<Compound 9>

()
o 0 o
0“8'
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-continued

O THs
Si
OO

<Compound 11>

<Compound 12>

<Compound 14>

<Compound 13>

?f@ 0800
o O~ K

<Compound 16>

<Compound 15>

“* g O O 8 O
\ Sl .
X, X0 OQ
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-continued

<Compound 18>

<Compound 17>

9, i () O
O Si—CH; le
2029 O =)

<Compound 19>

CH;
X0 X8,
Si
I

<Compound 21>

ST Tl
X9 DXOXY,

@]

<Compound 20>
<Compound 22>

<Compound 24>

<Compound 23>

iR
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-continued

<Compound 24>

<Compound 27>

17. An organic light-emitting device comprising: a first
electrode; a second electrode opposite to the first electrode;
and an organic layer between the first and second electrodes
and including an emission layer, wherein the organic layer
includes at least one anthracene-based compound as claimed
in claim 1.

18. The organic light-emitting device as claimed in claim
17, wherein the organic layer includes a hole transport region
between the first electrode and the emission layer, and an
electron transport region between the emission layer and the
second electrode, the hole transport region including at least
one of a hole injection layer, a hole transport layer, a func-
tional layer having both hole injection and hole transport
capabilities, a buffer layer, and an electron blocking layer, and
the electron transport region including at least one of a hole
blocking layer, an electron transport layer, and an electron
injection layer.

19. The organic light-emitting device as claimed in claim
17, wherein the at least one anthracene-based compound is
present in the emission layer.

20. The organic light-emitting device as claimed in claim
19, wherein the emission layer further includes a dopant
represented by Formula 100, and the at least one anthracene-
based compound is a host:

<Formula 100>
Ari01

Ary02
n

<Compound 26>

<Compound 28>

wherein, in Formula 100,

X is selected from

1) a naphthalenyl group, a phenanthrenyl group, a pyrenyl
group, an anthracenyl group, a chrysenyl group, a fluo-
renyl group, and a benzofluorenyl group, and

ii) a naphthalenyl group, a phenanthrenyl group, a pyrenyl
group, an anthracenyl group, a chrysenyl group, a fluo-
renyl group, and a benzofluorenyl group, each substi-
tuted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-Cs,
alkenyl group, a C,-C5,, alkynyl group, a C,-C5,, alkoxy
group, a C4-Cs, aryl group, and a C,-C;, heteroaryl
group;

Ar,,, and Ar, , are each independently selected from

1) a C4-Cy aryl group, and

ii) a C4-C, aryl group substituted with at least one selected
from a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C4, alkenyl group, a C,-Cs,
alkynyl group, a C,-C;, alkoxy group, a C4-Cs, aryl
group, a C,-C,, heteroaryl group, and —Si(Q,)(Q,)
(Q5), where Q, to Q5 are each independently selected
from a C,-C;, alkyl group, and a C4-C,, aryl group; and

nis an integer from 1 to 4.

L S S T
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