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(57) ABSTRACT

A triazine-containing compound and an organic electrolumi-
nescent device including the triazine-containing compound,
the compound being represented by the following Formula 1:

[Formula 1]



Patent Application Publication Sep. 3,2015 Sheet 1 0f 16 US 2015/0249217 A1




Hicuoti i Jed syaedoy

AT e ead e ] e e g e DULUOD_SQJQU

D G D G ek ) GTILTY
‘ 3 ﬁaf:

US 2015/0249217 A1

g58 ¢
o EBEE
~805°E

ik X owa 8~ N
e A AN T o s Twalew] ] CJ,.\:
§ Tt it ’
H m SEI M
- - 0. 0F 0 05
ok . i . o _ : "
i | | o m,nuv
: | I i
St | ; -
(=] m M . Iﬂv
~N m m m
: m N S Y
L , i
: ; L P
7)) m i
,M P oo
v, I
y— Ix
> 5
; TR
3 e
& :
Qu ]
o
n}L. e
=y

85
06 08 04 00

001

sauepunge

o Old

Patent Application Publication



Patent Application Publication

Sep. 3,2015 Sheet 3 of 16

US 2015/0249217 A1

3

FIG.

8.0

8t

82

8.3

8.4

ok

0z

o
: ' ' L w
gt g

AoUEPUNGE

) GO O C0 BIOG HDCOTD

Xoparis per Mitlion: TH




009 b

W3
¥

omv Qmm

IS W Y

US 2015/0249217 A1

P
q- W
vl

Sep. 3,2015 Sheet 4 of 16

POECT P0IE0 = L'H O4¥BLE = J1L

114

- P0+30 2

PO+

[8pi6y]iiL = d49 mmw.~mm ~ pa79be [WNHLD3S ]

¥ Ol

Patent Application Publication




Patent Application Publication

Sep. 3,2015 Sheet 5 of 16

US 2015/0249217 A1

0

FIG.

K4

ihexansg

H20
i

F e

02 011001 06 0B 0L 00 05 Oy 0°F

42 ¢t 0
BUURDUNGE

40

6.0

i

T 0 XD T G O T P ot
Xiparts per Mitiion:1H




WUl (i sed syied:y
~dred 00 P O v Lo
e S0 T Gl =i
=} oxEn G
WA W , Y7

5 ¢ 4 hY i
1

1626

[an]

US 2015/0249217 A1

8 zg £8 v'8 98 98 I8 88 68 06

VR RS FE R Y R R R R

JOFR T oo g e IR EST 0 e, e S, e
L / )
¢

L0

20

Sep. 3,2015 Sheet 6 of 16
£0

¥ 0

152
30

aouRpLnge

9 "Dl

Patent Application Publication



009 005 @mxﬂ g0¢e 002 <o Z F

US 2015/0249217 A1

Sep. 3,2015 Sheet 7 of 16

AN S T gt 0043070

L § ¥ i

gy #iG H M Go7 mw Bl 64l

608 W - i

Ba
57

- 04307 G
L p0+I0

819 ]

IZIED = LY B969% = O1L [G2OPL]8ID = 48 5917 i4 - 08868 [WNHLOAMS ]

Patent Application Publication

L "OId




US 2015/0249217 A1

Sep. 3,2015 Sheet 8 of 16

Patent Application Publication

o —000°0

4
e [2Y L

‘C)

. ‘ oy

Hicuoi i ded syed:y

.:a.i.i..p._.;t.i».ssg@d.nv.nﬁ,ao by oS
P o T 0 oy o €53 oot wore Py £ LB
??999?55&?8@ S

B LJ\ m,
O @ ,

\.ie!.r o s

«:g.“

300

4

19°6

B it

e

KQ:;P'

0'¢

‘{}:S‘ .

JouEpUnE

o

8 "Old




US 2015/0249217 A1

Sep. 3,2015 Sheet 9 of 16

Patent Application Publication

e g e e e T
99,9&:9 —d .Jmif._i
,G ke Eoa ~i b

[palesine

s

z)"‘
gol

a3 £

1 1Uot
DUSUOSBS)OS

f.OUDQgﬂDOUDG

oo I G o e e P D U5
QU« Cvlz:ymwd,hvv(

A, . T T, " rd
Ty xjvww\\ d

1 1ed slied:y

.L\Rv,hvnc
ﬁUnUlk o

b8 98 98 /8B 88 68

LT

Cal

aouRpUnGE

6 DId




01 "Dld

p—
«
~
I
A 004 002 0og 0ov 00E 001 <2/
M PO SR AR :,‘_m...,.“.aﬁ.."....vmpk»‘_,.‘u.nwv.. i @B.mmou
S f | I e .
m el 7RG (
wn
=)
802 |
o »
- WOk coag07 s
o
(=]
—
g
-]
= ]
w,
]
S CO+30° 7
) .
=9
[=*]
wn
= L
=]
.m VR
=
=
[~
g
= 419
31
.lw 90:80°08:E0 = L' 21040 = D11 [0BIEIZ10 = d8 B8 PPC - 08 667 [HMYMIDAS]
<
=
(=P}
=
=™



Patent Application Publication Sep. 3,2015 Sheet110f16  US 2015/0249217 Al

FIG. 11

e BIPYPTZ
10t b —#—TPBI

Current density (mA/ca”)




Patent Application Publication Sep. 3,2015 Sheet120f16  US 2015/0249217 Al

FIG. 12

10°¢ ,
b BIDGOTT

~ = TPB]

Luminance {cd/m?)

Voltage (V)



Patent Application Publication Sep. 3,2015 Sheet130f16  US 2015/0249217 Al
120
~—a— B3PyPTL
1 UO ke ?PB 5
80
E
2 i S
. 40k »
¢ ! N
= !
ol !
20
Gv L Sk, a\si:i‘ x:u% $mnebmedanbiaded
1 10 100 1000 10000

Luminance {cd/m?)



Patent Application Publication Sep. 3,2015 Sheet 14 0f16  US 2015/0249217 Al

FIG. 14

100
—a— B3PYPTZ
—x— TPBi
o i
° ;
>
[ ¥ p
o 1
S |
o ;
S 40h
E | »
S“) ) ;
3 20k !
O i bororogrsil . Jiltﬂ11§ : 1;1:1:1% i RN
1 10 100 1000 10000

Luminance (cd/m®)



Patent Application Publication Sep. 3,2015 Sheet150f16  US 2015/0249217 A1

FIG. 15

"
o

—a— B3PyPTZ
& PRI

ancy (%)

i3
- |
@ :
B . 3
3 i : :
e ¢ +
o : ;
& 10r : ;
- i ¥
5 - ! ;
= :
g ¥
& o) ;
ied ¥
= ;
L ;
!
0 A i i(lt))i . 1 ))ll(i{ 3. 3 ‘)l)ll! LN (e KR S0 )
1 14 100 1060 16600

Luminance {cd/n®)



Patent Application Publication Sep. 3,2015 Sheet160f16  US 2015/0249217 A1

FIG. 16

~—a— B3PYPTZ
~ o = TPR|

Normalized intensity {a.u.}

PR

400 450 500 550 600 650 700

Wavelengih {rm)



US 2015/0249217 Al

TRIAZINE-CONTAINING COMPOUND AND
ORGANIC ELECTROLUMINESCENT
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No. 2014-038951, filed
on Feb. 28,2014, in the Japanese Patent Office, and entitled:
“Triazine Derivative and Organic Electroluminescent Device
Using the Same,” is incorporated by reference herein in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a triazine-containing com-
pound and an organic electroluminescent device including
the same.

[0004] 2. Description of the Related Art

[0005] Triazine-containing compounds may be used in
organic electroluminescent devices.

SUMMARY

[0006] Embodiments are directed to a triazine-containing
compound and an organic electroluminescent device includ-
ing the same.

[0007] The embodiments may be realized by providing a
triazine-containing compound represented by the following
Formula 1:

[Formula 1]
A

A
NN
B N B

[0008] wherein,in Formula 1, A is an aryl group having 6 to
30 ring carbon atoms or a heteroaryl group having 5 to 30 ring
carbon atoms, and each B is independently a phenylene group
substituted with at least two azine rings.
[0009] A may be an aryl group having 6 to 30 ring carbon
atoms.
[0010] Each B may independently be a phenylene group
substituted with at least two pyridyl groups.
[0011] The phenylene group may be bound to the at least
two pyridyl groups at position 3 or position 4 of the pyridyl
groups.
[0012] The embodiments may be realized by providing an
organic electroluminescent device including a triazine-con-

taining compound, wherein the triazine-containing com-
pound is represented by the following Formula 1:

[Formula 1]
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[0013] wherein,inFormula 1, A is an aryl group having 6 to
30 ring carbon atoms or a heteroaryl group having 5 to 30 ring
carbon atoms, and each B is independently a phenylene group
substituted with at least two azine rings.

[0014] A may be an aryl group having 6 to 30 ring carbon
atoms.
[0015] Each B may independently be a phenylene group

substituted with at least two pyridyl groups.

[0016] The phenylene group may be bound to the at least
two pyridyl groups at position 3 or position 4 of the pyridyl
groups.

[0017] The triazine-containing compound may be included
in at least one of an electron transport layer and an emission
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0019] FIG. 1 illustrates a cross-sectional view of an
organic electroluminescent device according to an embodi-
ment;
[0020]
5
[0021] FIG. 3 illustrates a ‘H-NMR spectrum of Precursor
5 at a low magnetic field part;

[0022] FIG. 4 illustrates a mass spectrum of Precursor 5;
[0023] FIG. 5illustrates a "H-NMR spectrum of B3PyPTZ
according to an embodiment of the inventive concept;
[0024] FIG. 6 illustrates a 'H-NMR spectrum of B3PyPTZ
at a low magnetic field part;

[0025] FIG. 7 illustrates a mass spectrum of B3PyPTZ;
[0026] FIG. 8 illustrates a 'H-NMR spectrum of B4PyPTZ
according to an embodiment;

[0027] FIG. 9illustrates a "H-NMR spectrum of B4PyPTZ
at a low magnetic field part;

[0028] FIG. 10 illustrates a mass spectrum of B4PyPTZ;
[0029] FIG. 11illustrates a graph of current density-voltage
properties of B3PYyPTZ and TPBi (Comparative Example);
[0030] FIG. 12 illustrates a graph of luminance-voltage
properties of B3PyPTZ and TPBi;

[0031] FIG. 13 illustrates a graph of power efficiency-lu-
minance properties of B3PyPTZ and TPB;;

[0032] FIG. 14 illustrates a graph of current efficiency-
luminance properties of B3PyPTZ and TPB;;

[0033] FIG. 15 illustrates a graph of external quantum effi-
ciency-luminance properties of B3PyPTZ and TPBi; and

FIG. 2 illustrates a "H-NMR spectrum of Precursor

[0034] FIG. 16 illustrates an EL spectrum of B3PyPTZ and
TPBi.

DETAILED DESCRIPTION
[0035] 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.
[0036] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.
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[0037] <I. Configuration of Triazine-Containing Com-
pound>
[0038] The embodiments may provide a material that may

decrease the driving voltage of an organic electroluminescent
device, e.g., a triazine-containing compound (or triazine
derivative). The triazine-containing compound may help
decrease the driving voltage of the organic electrolumines-
cent device particularly when used as an electron transport
material and/or a host material of an emission layer. Here, the
configuration of the triazine-containing compound according
to an embodiment will be explained first. The triazine-con-
taining compound according to an embodiment may be rep-
resented by the following Formula 1.

[Formula 1]
A

A
NN
B N B

[0039] In the above Formula 1, A may be or may include,
e.g., an aryl group having 6 to 30 ring carbon atoms or a
heteroaryl group having 5 to 30 ring carbon atoms. In an
implementation, A may be, e.g., an aryl group having 6 to 30
ring carbon atoms. Examples of the aryl group may include a
phenyl group, a biphenyl group, a naphthyl group, an anthra-
cenyl group, or the like. Examples of the heteroaryl group
may include a furanyl group, a thieny! group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a
dibenzothiopheny! group, or the like, other than an azine ring
group or moiety that will be described below. In an imple-
mentation, the aryl group and the heteroaryl group of A may
be substituted with various suitable groups, e.g., functional
groups.

[0040] B may be or may include, e.g., a phenylene group
substituted with at least two azine rings. For example, the
azine ring may be a heteroaromatic group or moiety that
includes a nitrogen atom. Examples of the azine ring may
include pyridine, pyrazine, pyrimidine, pyridazine, triazine,
tetrazine, quinoline, isoquinoline, quinoxaline, quinazoline,
cinnoline, or the like.

[0041] In an implementation, the azine ring may include
pyridine. In an implementation, when the phenylene group is
substituted with at least two pyridine groups (i.e., a pyridyl
group), the phenylene may be bound to the pyridyl group at
position 3 or position 4 of the pyridyl group. The azine ring
may be substituted with suitable substituents. The phenylene

group may also be substituted with a suitable substituent
other than the azine ring.

[0042] As described in the following embodiments, the
driving voltage of an organic electroluminescent device may
be decreased by including the triazine-containing compound
having the above-described configuration in at least one of an
electron transport layer or an emission layer of the organic
electroluminescent device. For example, electron injecting
properties from a second electrode (e.g., cathode) may be
improved by high electron accepting properties around the
triazine moiety. In addition, a rigid network may be formed
via a hydrogen bond between triazine-containing com-
pounds. For example, a nitrogen atom in the azine ring may
have an unshared electron pair, and the unshared electron pair

Sep. 3, 2015

may form the hydrogen bond with other hydrogen atoms in
other triazine-containing compounds. Through the hydrogen
bond, reinforced network between the triazine-containing
compounds may be formed. The triazine-containing com-
pounds may transports electron with high efficiency via the
network. Thus, the driving voltage may be considered to be
decreased.

[0043] In addition, driving voltage may be high when only
one azine ring combined with or substituted on the phenylene
group (see Comparative Examples described below). For
example, the network between the triazine-containing com-
pounds may become rigid when at least two azine rings are
combined with the phenylene group. In addition, the network
between the triazine-containing compounds may become
particularly rigid when the phenylene group is bound to the
pyridyl group at position 3 or position 4 of the pyridyl group.

[0044] Examples of the triazine-containing compound
according to an embodiment may include B3PyPTZ,
B4PyPTZ,B2PyPTZ, and B2QPyTZ, represented by the fol-
lowing Formulae 2 to 5.

[Formula 2]

N
Z
AN
Z
BN
B3PyPTZ
[Formula 3]
NG
/
X
F
N

B4PYPTZ
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3
-continued -continued
[Fomula 4] [Formula 5]
A N N Z N I\i X
S Ny S
NN NN
Va /
B2PyPTZ
B2QPYIZ

[0045] <2. Preparation Method of Triazine-Containing
Compound>

[0046] Hereinafter, a method of preparing a triazine-con-
taining compound will be explained. First, a reaction scheme
for preparing B3PyPTZ and B4PyPTZ may be as follows.

Reaction Scheme 1
B(OH),
MgBr
Cl
Cl 4
2 t. PACL(PPhs)
N AN N N Va cal >(PPhs)

| THE |N M NayCOs aq
)\ )\ )\ )\ CH;CN, reflux
al N al N

L-C

cat. Pd,(dbaj;/S-Phos

\/

»  B3PYyPTZ
/ K4PO, aq
1,4-dioxane, reflux
N N N
Cl y
N
N
cat. Pd,(dbaj3/S-Phos
Cl Cl B4PYyPTZ

K3PO4 aq
5 1,4-dioxane, reflux
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[0047] B3PyPTZ and B4PyPTZ may be prepared by the
above-described reaction scheme (see the following synthetic
examples for additional detail). In addition, by changing phe-
nyl magnesium bromide of Precursor 2 into a desired aryl
magnesium bromide or a heteroaryl magnesium bromide, a
different Precursor 3 including a desired aryl group or het-
eroaryl group may be synthesized. In addition, by changing
the boronic acid derivative of pyridine into a desired boronic
acid derivative of an azine ring, a different triazine-containing
compound including two desired azine rings in each phe-
nylene group may be synthesized. For example, B2QPyTZ
may be synthesized by the following reaction scheme.

Reaction Scheme 2
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[0048] <3. Organic Electroluminescent Device Including
Triazine-Containing Compound>

[0049] Then, an organic electroluminescent device includ-
ing the triazine-containing compound according to an
embodiment will be described in brief referring to FIG. 1.
FIG. 1 illustrates a schematic cross-sectional view of an
organic electroluminescent device according to an embodi-
ment.

[0050] As shown in FIG. 1, an organic electroluminescent
device 100 according to an embodiment may include a sub-
strate 110, a first electrode 120 disposed on the substrate 110,
a hole injection layer 130 disposed on the first electrode 120,
ahole transport layer 140 disposed on the hole injection layer

B(OH),

| J /@\
N Y
cl
)\ / \ MeBr cl Cl
- 4
NZ |N NZ |N
a N Cl cl N cl
1 6
)
0
Z |
Ny 0
N/
N
cl N | cl
N
Cl Cl

-~

B2QpyTZ
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130, an emission layer 150 disposed on the hole transport
layer 140, an electron transport layer 160 disposed on the
emission layer 150, an electron injection layer 170 disposed
on the electron transport layer 160, and a second electrode
180 disposed on the electron injection layer 170.

[0051] Here, the triazine-containing compound according
to an embodiment may be included in at least one of the
electron transport layer 160 or the emission layer 150. In an
implementation, the triazine-containing compound may be
included in both the electron transport layer 160 and the
emission layer 150.

[0052] Each organic thin film between the first electrode
120 and the second electrode 180 of the organic electrolumi-
nescent device may be formed by various suitable methods,
e.g., a deposition method.

[0053] The substrate 101 may be a substrate used for a
general organic electroluminescent device. For example, the
substrate 110 may be a glass substrate, a semiconductor sub-
strate, or a transparent plastic substrate.

[0054] The first electrode 120 may be, e.g., an anode, and
may be formed on the substrate 110 by using a deposition
method or a sputtering method. For example, the first elec-
trode 120 may be formed using a metal having high work
function, an alloy. a conductive compound, etc., as a trans-
parent electrode. The first electrode 120 may be formed using,
e.g., transparent and highly conductive indium tin oxide
(ITO), indium zinc oxide (IZ0), tin oxide (SnO,), zinc oxide
(Zn0), etc. In an implementation, the first electrode 120 may
be formed as a reflection type electrode using magnesium
(Mg), aluminum (Al), etc.

[0055] The hole injection layer 130 may be a layer for
facilitating injection of holes from the first electrode 120 and
may be formed, e.g., on the first electrode 120 to a thickness
of from about 10 nm to about 150 nm. The hole injection layer
130 may be formed using suitable materials. The suitable
materials may include, e.g., triphenylamine-containing poly-
ether ketone (TPAPEK), 4-isopropyl-4'-methyldiphenyli-
odoniumtetrakis(pentafluorophenyl)borate (PPBI), N,N'-
diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-
biphenyl-4,4'-diamine  (DNTPD), a phthalocyanine
compound such as copper phthalocyanine, 4,4',4"-tris(3-me-
thylphenylamino)triphenylamine (m-MTDATA), N,N'-di(1-
natphtyl)-N,N'-diphenylbenzidine (NPB), 4,4',4"-tris(N,N-
diamino)triphenylamine  (TDATA),  4,4',4"-tris(N,N-2-
naphthylamino)triphenyamine  (2-TNATA), polyaniline/
dodecylbenzenesulfonic acid (Pani/DBSA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphorsulfonic acid (Pani/CSA),
polyaniline/poly(4-styrenesulfonate) (PANI/PSS), etc.
[0056] The hole transport layer 140 may be a layer includ-
ing a hole transport material having hole transporting func-
tion and may formed, e.g., on the hole injection layer 130 to
a thickness of from about 10 nm to about 150 nm. The hole
transport layer 140 may be formed using a suitable hole
transport material. The suitable hole transport material may
include, e.g., 1,1-bis[(di-4-tolylamino)phenyl|cyclohexane
(TAPC), a carbazole derivative such as N-phenyl carbazole,
polyvinyl carbazole, etc., N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4'4"-tris(N-
carbazolyljtriphenylamine (TCTA), N,N'-di(1-naphthyl)-N,
N'-diphenylbenzidine (NPB), etc.

[0057] Theemission layer 150 may bea layer emitting light
via, e.g., fluorescence or phosphorescence. The emission
layer 150 may be formed by including a host material and/or
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a dopant material as a light emitting material. In an imple-
mentation, the emission layer 150 may be formed to a thick-
ness from about 10 nm to about 60 nm.

[0058] Inan implementation, the triazine-containing com-
pound according to an embodiment may be included as the
host material of the emission layer 150. In an implementation,
when the triazine-containing compound is included in the
electron transport layer 160, it may not be necessary for the
host material to be the triazine-containing compound. For
example, a suitable host material may be included in the
emission layer 150.

[0059] The suitable host material included in the emission
layer 150 may include, e.g., tris(8-quinolinato)aluminum
(Alg3), 4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinyl-
carbazole) (PVK), 9,10-di(naphthalene-2-yl)anthracene
(ADN), 4,4'4"-tris(N-carbazolyl)triphenylamine (TCTA),
1,3,5-tris(N-phenybenzimidazole-2-yl )benzene (TPBI),
3-tert-butyl-9,10-di(natphto-2-yl)anthracene (TBADN),
distyrylarylene (DSA), 4,4'-bis(9-carbazole)-2,2'-dimethyl-
biphenyl (dmCBP), etc.

[0060] The emission layer 150 may be formed as an emis-
sion layer for emitting a specific color. For example, the
emission layer 150 may be formed as a red emission layer, a
green emission layer, and/or a blue emission layer.

[0061] When the emission layer 150 is the blue emission
layer, suitable materials may be used as a blue dopant includ-
ing, e.g., perylene or a derivative thereof, an iridium (Ir)
complex such as bis[2-(4,6-difluorophenyl)pyridinate]pi-
colinateiridium(I1) (Flrpic), etc.

[0062] When the emission layer 150 is the red emission
layer, suitable materials may be used as a red dopant includ-
ing, e.g., rubrene or a derivative thereof, 4-dicyanomethyl-
ene-2-(p-dimethylaminostyryl)-6-methyl-4H-pyrane
(DCM) or a derivative thereof, an iridium complex such as
bis(1-phenylisoquinoline)(acetylacetonate)iridium(1I)  (Ir
(piq),(acac), etc., an osmium (Os) complex, a platinum com-
plex, etc.

[0063] When the emission layer 150 is the green emission
layer, suitable materials may be used as a green dopant
including, e.g., coumarin or a derivative thereof, an iridium
complex such as tris(2-phenylpyridine)iridium(TIT) (Tr(ppy)
3), ete.

[0064] The electron transport layer 160 may be a layer
including an electron transport material for transporting elec-
trons and may be formed, e.g., on the emission layer 150 to a
thickness from about 15 nm to about 50 nm. The triazine-
containing compound according to an embodiment may be
used as the electron transport material. In an implementation,
in the case that the triazine-containing compound is included
in the emission layer, e.g., the triazine-containing compound
is used as the host material of the emission layer, it may not be
necessary for the electron transport material to be or include
the triazine-containing compound according to this embodi-
ment. For example, the electron transport layer 160 may be
formed using suitable electron transport materials. The suit-
able electron transport material may include, e.g., a quinoline
derivative such as Alq3, a 1,2,4-triazole derivative (TAZ),
bis(2-methyl-8-quinolinolato)-(p-phenylphenolate)-alumi-

num (BAlg), berylliumbis(benzoquinoline-10-olate
(BeBq2), a Li complex such as lithium quinolate (LIQ), etc.
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[0065] The electron injection layer 170 may be a layer for
facilitating injection of electrons from the second electrode
180 and may be formed to a thickness from about 0.3 nm to
about 9 nm. In an implementation, the electron injection layer
170 may be formed using suitable materials, e.g., may be
formed using lithium fluoride (LiF), sodium chloride (NaCl),
cesium fluoride (CsF), lithium oxide (L.i,0), barium oxide
(BaO), etc.

[0066] The second electrode 180 may be, e.g., a cathode.
For example, the second electrode 180 may be formed as a
reflection type electrode using a metal having small work
function, an alloy, a conductive compound, etc. The second
electrode 180 may be formed using, e.g., lithium (Li), mag-
nesium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), magnesium-sil-
ver (Mg—Ag), etc. In addition, the second electrode 180 may
be formed as a transparent electrode using ITO, IZ0, etc. The
second electrode 180 may be formed on the electron injection
layer 170 by using a deposition method or a sputtering
method.

[0067] As described above, the structure of the organic
electroluminescent device 100 according to this embodiment
were explained. In the organic electroluminescent device 100
including the triazine-containing compound according to this
embodiment, a rigid network may be formed between the
triazine-containing compounds, and electron transport prop-
erties may be improved and the driving voltage may be
decreased.

[0068] In an implementation, the structure of the organic
electroluminescent device 100 according to exemplary
embodiments may not be limited to the above-described
embodiments. The organic electroluminescent device 100
according to exemplary embodiments may be formed using
the structures of various other suitable organic electrolumi-
nescent devices. For example, the organic electroluminescent
device 100 may not include at least one of the hole injection
layer 130, the hole transport layer 140, the electron transport
layer 160 and the electron injection layer 170. In an imple-
mentation, each layer of the organic electroluminescent
device 100 may be formed as asingle layer or as a multilayer.

[0069] In an implementation, the organic electrolumines-
cent device 100 may be further provided with a hole inhibit-
ing layer between the hole transporting layer 140 and the
emission layer 150 to prevent the diffusion of triplet excitons
or holes to the electron transport layer 160. In an implemen-
tation, the hole inhibiting layer may be formed using, e.g., an
oxadiazole derivative, a triazole derivative, a phenanthroline
derivative, etc.

EXAMPLES

[0070] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative 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.

[0071] Hereinafter, the organic electroluminescent device
according to an embodiment will be described in particular
with the Examples and Comparative Examples.

Sep. 3, 2015

Synthetic Example 1

Synthesis of Precursor 3

[0072] Precursor 3 was synthesized according to a suitable
method
Synthetic Example 2
Synthesis of Precursor 5
[0073] In a 300 mL four-necked flask equipped with a

nitrogen inlet, a dimroth (condenser), and a mechanical stir-
rer, 11.5 g (50.9 mmol) of dichlorophenyl triazine, 214 g
(112 mmol) of dichlorophenylboronic acid, 600 mL of
CH,CN, and 200 m[. of a 1 M Na,COj aqueous solution were
added, followed by N, bubbling for 2 hours. Then, 1.79 g
(2.55 mmol) of PAC1,(PPh,), was added thereto, followed by
heating and refluxing while stirring. After 20 hours, the dis-
appearance of raw materials was checked, and the reactant
was allowed to stand and cool. The reactant was transferred to
a 2,000 mL FErlenmeyer flask, 500 mL of water was added
thereto and stirred, and salt was removed. By means of suc-
tion filtering using a glass filter, filtrate was separated and
purified by column chromatography to produce a target mate-
rial (yield 8.2 g, vield 57%).

[0074] In addition, 'H-NMR (400 MHz, CDCL,) of the
target material was measured and the following chemical
shifts were obtained (unit ppm, the same hereinafter). 8.73-
8.70 (m, 2H), 8.58 (d, J=2.0 Hz, 4H), 7.69-7.52 (m, 5H).
FIGS. 2 and 3 illustrate NMR spectra. FIG. 3 illustrates a
spectrum at a low magnetic field part in FIG. 2. In addition,
the mass spectrum of the target material was measured and
m/z=447[M]" was obtained. The mass spectrum is shown in
FIG. 4. From the results, the target material was determined to
be Precursor 5.

Synthetic Example 3

Synthesis of B3PyPTZ

[0075] In a 200 mL three-necked flask equipped with a
nitrogen inlet, a dimroth (condenser), and a magnetic stirrer,
1.14 g (2.55 mmol) of Precursor 5, 2.63 g (12.8 mmol) of
3-pyridineboronic acid ester, 40 mL of 1,4-dioxane, and 13
mL of a 1.35 M K;PO, aqueous solution were added, fol-
lowed by N, bubbling for 3 hours. Then, 0.048 g (0.052
mmol) of Pd,(dba), and 0.044 g (0.107 mmol) of 2-dicyclo-
hexylphosphino-2',6'-dimethoxybiphenyl  (S-Phos) were
added thereto, followed by heating and refluxing while stir-
ring vigorously. After 32 hours, the disappearance of raw
materials was confirmed by thin layer chromatography
(TLC), and the reactant was allowed to stand and cool. By
means of suction filtering, filtrate was separated, and salt was
removed from the filtrate by using water. The filtrate was
dissolved, and a target material was obtained by column
chromatography (vield 1.42 g, 90%).

[0076] 'H-NMR (400 MHz, CDCL,) of the target material
was measured and the following chemical shifts were
obtained. 9.07 (d, 4H, J=2.4 Hz), 9.02 (s, 4H), 8.83 (d, 2H,
J=1.6 Hz), 8.72 (d, 4H, J=4.4 Hz), 8.10 (d, 4H, J=8.4 Hz),
8.03 (5, 2H), 7.69-7.64 (m, 3H), 7.51 (dd, 4H, I=5.2, 5.2 Hz).
FIGS. 5 and 6 illustrate NMR spectra. FIG. 6 illustrates a
spectrum at a low magnetic field part in FIG. 5. In addition,
the mass spectrum of the target material was measured and
m/z=618 [M]* (Anal. Caled for C,;H,gN-: C, 79.72; H, 4.41;
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N, 15.87%. Found: C, 79.52; H, 4.25; N, 15.90%.) was
obtained. The mass spectrum was illustrated in FIG. 7. From
the results, the target material was determined to be
B3PyPTZ.

Synthetic Example 4

Synthesis of B4PyPTZ

[0077] In a 100 mL three-necked flask equipped with a
nitrogen inlet, a dimroth (condenser), and a magnetic stirrer,
1.20 g (2.68 mmol) of Precursor 5, 2.75 g (13.4 mmol) of
4-pyridineboronic acid ester, 40 mL of 1,4-dioxane, and a
1.35 M K,PQ, aqueous solution (3.82 g of K,PO, dissolved
in 13.3 mL of H,O) were added, followed by N, bubbling for
1.5 hours. Then, 0.050 g (0.055 mmol) of Pd,(dba); and 0.046
g (0112 mmol) of 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl (S-Phos) were added thereto, followed
by heating and refluxing while stirring vigorously. After 43
hours, the disappearance of raw materials was confirmed by
TLC, S0 mL of water was added to dissolve salt, followed by
stirring, and the reactant was allowed to stand and cool.
Precipitated solid was recovered, and salt was removed from
filtrate by using water. Through column chromatography, a
target material was obtained (yield 1.40 g, 85%).

[0078] ‘H-NMR (400 MHz, CDCI,) of the target material
was measured and the following chemical shifts were
obtained. 9.09 (d, 4H, J=1.6 Hz), 8.86-8.75 (m, 10H), 8.13 (d,
2H, J=3.6 Hz), 7.73-7.63 (m, 11H). FIGS. 8 and 9 illustrate
NMR spectra. FIG. 9 illustrates a spectrum at a low magnetic
field part in FIG. 8. In addition, the mass spectrum of the
target material was measured and m/z=617[M]* (Anal. Calcd
for C, H,3N;: C, 79.72; H, 4.41; N, 15.87%. Found: C,
79.81:H,4.36; N, 15.97%.) was obtained. The mass spectrum
was illustrated in FIG. 10. From the results, the target material
was determined to be B4PyPTZ.

Synthetic Example 5

Synthesis of B2PyPTZ

[0079] A target material was obtained by performing the
same procedure described in Synthetic Example 3, except for
using 2.63 g of 2-pyridineboronic acid ester instead of 3-py-
ridineboronic acid ester (yield 1.40 g, 89%).

[0080] The mass spectrum of the target material was mea-
sured and m/z=618[M]* (Anal. Caled for C, HN,: C,
79.72: H, 4.41; N, 15.87%. Found: C, 79.52%; H, 4.25%; N,
15.90%.) was obtained. From the results, the target material
was determined to be B2PyPTZ.

Synthetic Example 6

Synthesis of B2QPyPZ

[0081] Precursor 6 was synthesized by performing the
same procedure described in Synthetic Example 1 except for
using 3-pyridine magnesium bromide instead of phenyl mag-
nesium bromide.

[0082] Precursor 7 was obtained by performing the same
procedure described in Synthetic Example 2 except for using
11.6 g of Precursor 6 instead of dichlorophenyltriazine (yield
7.10 g, 31%). Then, B2QPyTZ was obtained by performing
the same procedure described in Synthetic Example 3 except
for using 1.14 g of Precursor 7 instead of Precursor 5 and
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using 3.26 g of 3-quinolineboronic acid ester instead of 3-py-
ridineboronic acid ester (yield 1.71 g, 82%).

[0083] The mass spectrum of the target material was mea-
sured and m/z=819[M]* (Anal. Calcd for Cs,H, Ng: C,
82.12; H, 4.19; N, 13.69%. Found: C, 82.12; H, 4.19; N,
13.69%.) was obtained.

[0084] (Manufacture of Organic Electroluminescent
Device)
[0085] Then, an organic electroluminescent device was

manufactured by the following method. First, with respect to
an [TO-glass substrate patterned and washed in advance,
surface treatment was performed using ozone (O;). The layer
thickness of an I'TO layer (first electrode) was about 130 nm.
After the ozone treatment, the substrate was washed. The
washed substrate was set on a glass bell jar type evaporator for
forming an organic layer, and a hole injection layer, a hole
transport layer, an emission layer, and an electron transport
layer were deposited one by one under the vacuum degree of
107*t0 107> Pa. Subsequently, the substrate was transferred to
a glass bell jar type evaporator for forming a metal layer, and
an electron injection layer and a cathode material were depos-
ited one by one under the vacuum degree of 10 to 107> Pa.

[0086] Here, TPAPEK and PPBI were used as hole injec-
tion materials. Specifically, the hole injection layer was
formed by co-depositing the materials. The thickness of the
hole injection layer was about 20 nm. TAPC was used as a
hole transport material. The thickness of the hole transport
layer was about 30 nm. The host of a light emitting material
was CBP (Examples 1 to 4, Comparative Examples 1 to 3) or
B3PyPTZ (Example 5). Dopant was Ir(ppy);. The amount
doped of the dopant was about 8 wt % with respect to the
amount of the host. Specifically, by co-depositing the mate-
rials on the hole transport layer, the emission layer was
formed. The thickness of the emission layer was about 10 nm.
As the electron transport material, B3PyPTZ (Examples 1
and 5), B4PyPTZ (Example 2), B2PyPTZ (Example 3),
B2QPyTZ (Example 4), TPBi (Comparative Example 1),
ETM 1 (Comparative Example 2) or ETM 2 (Comparative
Example 3) were used. The thickness of the electron transport
layer was about 50 nm. The structures of ETM 1 and ETM 2
are illustrated in the following Formulae 8 and 9.

[Formula 8]
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-continued

[Formula 9]

[0087] Inaddition, ETM 1and ETM 2 were synthesized by
asuitable method and by changing each material in the above-
described reaction scheme. LiF was used as the electron
injection material. The thickness of the electron injection
layer was about 0.5 nm. Al was used as the material of the
second electrode. The thickness of the second electrode was
about 100 nm.

[0088] The formation of a layer of an organic compound
was conducted by a resistance heating type deposition
method at a depositing rate of about 0.1-5.0 A/sec. The depo-
sition of LiF was performed by the same deposition method at
adepositing rate of about 0.01-0.1 A/sec. The layer formation
of Al was performed by the same deposition method at a
depositing rate of about 5.0-20.0 A/sec. In addition, the con-
trol of a layer thickness was performed by using a quartz
oscillator type layer-forming controller. According to the
above-described procedure, an organic electroluminescent
device (a green phosphorescent device) was manufactured.

[0089]

[0090] Luminance was measured by using a source meter
of 2400 series manufactured by Keithley Instruments Co., a
chroma meter CS-200 (manufactured by Konica Minolta
Holdings Co., Ltd.), a measuring angle of 1°), and a PC
program for measuring of LabVIEW 8.2 (produced by Japa-
nese National Instruments Co., [.td.) in a dark room. Measur-
ing conditions were: [a voltage set mode, a DC mode], a
voltage step width of 0.2V, and a light emission area of 4.0
mm?. Based on the measured results, current density-voltage
properties, luminance-voltage properties, power efficiency-
luminance properties, current efficiency-luminance proper-
ties and external quantum efficiency-luminance properties
were evaluated. The results are illustrated in FIGS. 11 to 15
and Table 1. In addition, the properties of B2PyPTZ,
B2QPyTZ and B4PyPTZ were similar to those of B3PyPTZ,
and the properties of B2PyPTZ, B2QPyTZ and B4PyPTZ are
not shown in FIGS. 11 to 15. In addition, even though the
properties of ETM 1 and 2 are not shown in FIGS. 11 to 15,
similar properties were obtained as those of TPBi.

(Measuring Luminance)
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TABLE 1
Electron transport ~ Voltage (V)
Host material @100 cd/m?
Example 1 CBP B3PyPTZ 23
Example 2 CBP B4PyPTZ 23
Example 3 CBP B2PyPTZ 2.6
Example 4 CBP B2PyPTZ 24
Example 5 B3PYPTZ B3PYPTZ 24
Comparative Example 1 CBP TPBi 3.1
Comparative Example 2 CBP ETM1 2.8
Comparative Example 3 CBP ETM2 29
[0091] (Measuring Electroluminescent (EL) Spectrum)

[0092] EL spectrum was measured by using a photo multi
channel analyzer, PMA-11 (manufactured by Hamamatsu
photonics Co., Ltd.), which is a spectrophotometric apparatus
including a spectrometer and a multi channel detecting device
in a body, and a source meter of 2400 series manufactured by
Keithley Instruments Co. Basic software of U6039-01version
8.2 (produced by Hamamatsu photonics Co., Ltd.) for PMA
was used as a PC program for measuring, and measuring
conditions include an optional time period (about 19 ms~) of
the exposing time of a detector, the wavelength from about
299.6 to about 800.4 nm, and an optional value (mA) of a
current value. The results are shown in FIG. 16. In addition,
since the spectra of B2PyPTZ, B2QPyTZ and B4PyPTZ were
similar to that of B3PyPTZ, the spectra of B2PyPTZ,
B2QPyTZ and B4PyPTZ are not shown in FIG. 16.

[0093] High external quantum efficiency and extremely
low driving voltage were realized for an organic electrolumi-
nescent device using B3PyPTZ, even though the device had a
common device structure. Particularly, at 100 cdm™2, a driv-
ing voltage of about 2.3 V, an external quantum efficiency of
about 20%, a current efficiency of about 71 ¢cdA™, and a
power efficiency of about 961 mW~" were exhibited. When
compared to an organic electroluminescent device (Com-
parative Example 1) having the same structure and using
TPBi as an electron transport material, the external quantum
efficiency was the same degree, however markedly decreased
effects of the driving voltage by about 0.7 V were obtained. In
addition, markedly decreased effects of the driving voltage by
about 0.5 to 0.6 V were obtained when compared to those
devices using ETM 1 and 2. An organic electroluminescent
device using a triazine-containing compound according to
another embodiment also illustrated similar properties as
those of B3PyPTZ.

[0094] First, the improvement of electron injection proper-
ties from the second electrode (cathode) due to the high
electron accepting properties around a triazine moiety may be
considered for the reason. Second, the combination of a tri-
azine-containing compound with another triazine-containing
compound by two azine rings on a phenylene group via a
hydrogen bond may be considered. Third, the combination of
a triazine-containing compound with another triazine-con-
taining compound by two azine rings on the phenylene group
via a hydrogen bond may be considered. For example, a rigid
network may be formed between the triazine-containing
compounds via the hydrogen bond, and the network may
contribute to the improvement of the electron transport prop-
erties. In addition, when comparing Examples 1 to 3,
Examples 1 and 2 (in which the phenylene group was bound
to the pyridyl group at position 3 or position 4 of the pyridyl
group) exhibited lower driving voltages than Example 3 (in
which the phenylene group was bound to the pyridyl group at
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position 2 of the pyridyl group). Thus, it may be seen that the
network between the triazine-containing compounds in
which the phenylene group is bound to the pyridyl group at
position 3 or 4 of the pyridyl group may be particularly rigid.
[0095] By way of summation and review, a triazine-con-
taining compound may be substituted with a same substituent
at positions 2, 4, and 6 of the triazine moiety. In addition, a
triazine-containing compound may include two of three phe-
nyl groups combined at positions 2, 4, and 6 of the triazine
moiety, which may each be substituted with one pyridyl
group.
[0096] Some organic electroluminescent devices including
atriazine-containing compound may have a very high driving
voltage and no practical use.
[0097] The embodiments may provide a triazine-contain-
ing compound that may help decrease the driving voltage of
an organic electroluminescent device.
[0098] 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.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A triazine-containing compound represented by the fol-
lowing Formula 1:

[Formula 1]
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wherein, in Formula 1, A is an aryl group having 6 to 30
ring carbon atoms or a heteroaryl group having 5 to 30
ring carbon atoms, and each B is independently a phe-
nylene group substituted with at least two azine rings.

2. The triazine-containing compound as claimed in claim
1, wherein A is an aryl group having 6 to 30 ring carbon
atoms.

3. The triazine-containing compound as claimed in claim
1, wherein each B is independently a phenylene group sub-
stituted with at least two pyridyl groups.

4. The triazine-containing compound as claimed in claim
3, wherein the phenylene group is bound to the at least two
pyridyl groups at position 3 or position 4 of the pyridyl
groups.

5. An organic electroluminescent device comprising a tri-
azine-containing compound, wherein the triazine-containing
compound is represented by the following Formula 1:

[Formula 1]
A

o~
NN
B N B
wherein, in Formula 1, A is an aryl group having 6 to 30
ring carbon atoms or a heteroaryl group having 5 to 30
ring carbon atoms, and each B is independently a phe-
nylene group substituted with at least two azine rings.

6. The organic electroluminescent device as claimed in
claim 5, wherein A 1s an aryl group having 6 to 30 ring carbon
atoms.

7. The organic electroluminescent device as claimed in
claim 5, wherein each B is independently a phenylene group
substituted with at least two pyridyl groups.

8. The organic electroluminescent device as claimed in
claim 7, wherein the phenylene group is bound to the at least
two pyridyl groups at position 3 or position 4 of the pyridyl
groups.

9. The organic electroluminescent device as claimed in
claim 5, wherein the triazine-containing compound is

included in at least one of an electron transport layer and an
emission layer.
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