US 20170062771A1

a2 Patent Application Publication o) Pub. No.: US 2017/0062771 A1

a9y United States

Cheng et al.

43) Pub. Date; Mar, 2, 2017

(54) CARRIER GENERATION MATERIAL AND
ORGANIC LIGHT-EMITTING DIODE

(71) Applicant: NATIONAL TSING HUA
UNIVERSITY, Hsinchu (TW)

(72) Inventors: Chien-Hong Cheng, Hsin-Chu City
(TW); Wei-Ting Hsieh, Hsinchu (TW);
Chen-Hsun Hung, Hsinchu (TW);
Min-Jie Huang, Hsinchu (TW);
Cheng-Chang Lai, Hsinchu (TW);
Chuang-Yi Liao, Hsinchu (TW)

(21) Appl. No.: 14/860,559

(22) Filed: Sep. 21, 2015
(30) Foreign Application Priority Data
Aug. 24,2015 (TW) e, 104127446
Publication Classification
(31) Imt.CL
HO1L 51/52 (2006.01)
HOIL 51/00 (2006.01)
CO7D 487/04 (2006.01)
CO7D 241/42 (2006.01)
CO7D 241/46 (2006.01)
CO7D 241/44 (2006.01)
(52) US.CL
CPC ... CO7D 487/04 (2013.01); CO7D 241/42

(2013.01); HOIL 51/0072 (2013.01); HOIL
51/5278 (2013.01); CO7D 241/46 (2013.01);
CO07D 241/44 (2013.01);

(57) ABSTRACT

A carrier generation material is provided, which has a
chemical structure of:

(Continued)

100




US 2017/0062771 Al
Page 2

R R’
:I T j{
P P
R’ R5, or
R’
RG
N O
)
&
N
R O
R’
wherein R' is hydrogen or alkyl group; each of R is
independently hydrogen, halogen, —CN, —CF;, —NO,, or
alkyl group; each of R? is independently hydrogen, halogen,
—CN, —CF,, —NO,, or alkyl group; R* is hydrogen,
halogen, —CN, —CF,, —NO,, or alkyl group; R’ is hydro-
gen, halogen, —CN, —CF,, —NO,, or alkyl group; R® is

—0, —NH, or malononitrile group, and R” is hydrogen,
halogen, —CN, —CF,, —NO,, or alkyl group.
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CARRIER GENERATION MATERIAL AND
ORGANIC LIGHT-EMITTING DIODE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 104127446, filed on Aug. 24, 2015, the
entirety of which is incorporated by reference herein.

BACKGROUND

Technical Field

[0002] The disclosure relates to an organic light-emitting
diode, and in particular it relates to the composition of a
carrier generation layer thereof.

Description of the Related Art

[0003] Compared to inorganic compounds, organic com-
pounds are more varied in terms of their material system.
Organic materials with any function can be synthesized
through the appropriate molecular designs. The films of
organic compounds have extremely high flexibility and
excellent processability. In recent years, functional organic
materials with the above advantages have attracted attention
among those in the photonics and electronics industries.
[0004] Because organic compounds are inherently free of
carriers, they normally have excellent insulative properties.
In the electronics field, these organic compounds generally
served as insulators, being used in insulation materials,
protection materials, encapsulation materials, etc. However,
a mechanism wherein a large current flows through organic
materials was initially developed in the electronics field. For
example, organic films with a total thickness of about 100
nm can be disposed between electrodes. Organic hole trans-
port layers and organic electron transport layers are stacked
to constitute a stack of the organic films, and a light-emitting
material (phosphorescent material) may serve as an electron-
hole combination layer in the stack. By applying a voltage
to a device, the electrons and holes can be combined in the
light-emitting layer to emit light. As such, the device is a
so-called organic light-emitting diode (OLED).

[0005] Some related art provides the concept of a carrier
generation layer to improve the luminescent efficiency of the
OLED, in which an anode, a first electroluminescent layer,
a carrier generation layer, a second electroluminescent layer,
and a cathode are sequentially stacked. Note that the elec-
troluminescent layer (EL layer) means an organic compound
layer, and it may emit light by injecting carriers. In addition,
the carrier generation layer is a floating electrode without a
connection to an outer circuit.

[0006] When a voltage V is applied through the anode and
the cathode of the OLED, the carrier generation layer may
produce electrons and holes, wherein the electrons are
injected into the first EL layer and the holes are injected into
the second EL layer. Compared to an OLED with only one
EL layer, the OLED with two EL layers may emit double the
amount of luminescence using the same current (but using
double or higher voltage).
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[0007] The OLED with the carrier generation layer may
enhance the current efficiency and lower the current density
several-fold by stacking a plurality of EL layers. Theoreti-
cally, the device lifetime should be elongated by the
enhanced current efliciency due to lowered current density.
However, the selection of the carrier generation material is
rare, due to late development. Accordingly, a novel carrier
generation material is called for to increase the enablement
of the carrier generation material in the OLED.

BRIEF SUMMARY

[0008] One embodiment of the disclosure provides a car-
rier generation material, having a chemical structure of:
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wherein R' is hydrogen or alkyl group; each of R? is
independently hydrogen, halogen, —CN, —CF,, —NO,, or
alkyl group; each of R? is independently hydrogen, halogen,
—CN, —CF,, —NO,, or alkyl group; R* is hydrogen,
halogen, —CN, —CF,, —NO,, or alkyl group; R® is hydro-
gen, halogen, —CN, —CF,, —NO,, or alkyl group; R° is
—0, —NH, or malononitrile group; and R” is hydrogen,
halogen, —CN, —CF,, —NO,, or alkyl group.

[0009] One embodiment of the disclosure provides an
organic light-emitting diode, comprising: an anode; a cath-
ode; a carrier generation material layer, including the
described carrier generation material, disposed between the
anode and the cathode; a first light-emitting layer disposed
between the anode and the carrier generation material layer;
and a second light-emitting layer, disposed between the
cathode and the carrier generation material layer.

[0010] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The disclosure can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0012] FIG. 1 shows an organic light-emitting diode in one
embodiment of the disclosure.

DETAILED DESCRIPTION

[0013] The following description is of the best-contem-
plated mode of carrying out the disclosure. This description
is made for the purpose of illustrating the general principles
of the disclosure and should not be taken in a limiting sense.
The scope of the disclosure is best determined by reference
to the appended claims.

[0014] In one embodiment, a carrier generation material
has a chemical structure of Formula 1. In Formula 1, R! is
hydrogen or alkyl group. Each of R? is independently
hydrogen, halogen, —CN, —CF;, —NO,, or alkyl group.
Each of R® is independently hydrogen, halogen, —CN,
—CF;, —NO,, or alkyl group.

(Formula 1)

\ / \
:é

A

RZ

/
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[0015] The carrier generation material of Formula 1 can be
synthesized as described below. First, a compound should be
pre-synthesized as shown in Formula 2. In Formula 2, R' can
be varied by selecting commercially available raw materials
or processing general chemical reactions, and the related
description is omitted here for simplifying the description.

3602, Hzo
[ j reflux

(Formula 2)

'Hzo

[0016] Subsequently, the product in Formula 2 is reacted
with an alkyne compound, as shown in Formula 3. In
Formula 3, R* can be varied by selecting commercially
available raw materials or processing general chemical
reactions, and the related description is omitted here for
simplifying the description.

(Formula 3)
Rl
0
H FeCly, 44
0 molecular
sieve
+ -
DCE, 2¢° C.
0]
R! 0
RZ
RZ

[0017] The product in Formula 3 is then reacted with a
diamine compound to form a compound of Formula 1, as
shown in Formula 4. In Formula 4, R? can be varied by
selecting commercially available raw materials or process-
ing general chemical reactions, and the related description is
omitted here for simplifying the description.
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(Formula 4)

0

Rl 0
R2
R? toluene,
N reflux
R} R
H,N NH,
R3
N Z ®
RY N

Y

[0018] In one embodiment, the carrier generation material
has a chemical structure of Formula 5. In Formula 5, R! is
hydrogen or alkyl group. Each of R* is independently
hydrogen, halogen, —CN, —CF;, —NO,, or alkyl group.
R* is hydrogen, halogen, —CN, —CF,, —NO,, or alkyl
group.

(Formula 5)

.
N

R! N

\ /
\

\

R2

x

RZ

[0019] The carrier generation material of Formula 5 can be
synthesized as below. The product in Formula 3 is reacted
with a diamine compound to form the compound of Formula
5, as shown in Formula 6. In Formula 6, R* can be varied by
selecting commercially available raw materials or process-
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ing general chemical reactions, and the related description is
omitted here for simplifying the description.

(Formula 6)
0
R! 0
R2
RZ
toluene, reflux
+
R4
N NH,

R4

N

R! I I N

R2

[0020] In one embodiment, the carrier generation material
has a chemical structure of Formula 7. In Formula 7, R is
hydrogen, halogen, —CN, —CF;, —NO,, or alkyl group.

(Formula 7)

R3 RS
N, : N
}r : \I:\/
Z P
N N
R® RS

[0021] The carrier generation material of Formula 7 can be
synthesized as below. An ethanedione compound and a
tetramine compound are reacted to form the product of
Formula 7, as shown in Formula 7. In Formula 8, R can be
varied by selecting commercially available raw materials or
processing general chemical reactions, and the related
description is omitted here for simplifying the description.
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(Formula 8)
HN NH,
HN NH,
sodium acetate
+ B
n-butanol, 120° C.
R RS
O ]
R? R?
O N, N
| N N
Z Z
O N N
R? R?

[0022] In one embodiment, the carrier generation material
has a chemical structure of Formula 9. In Formula 9, R® is
=0, =NH, or malononitrile group. R7 is hydrogen, halo-
gen, —CN, —CF;, —NO,, or alkyl group.

(Formula 9)
R7
R6
N
x
F
N
R6
R7

[0023] The carrier generation material of Formula 9 can be
synthesized as below. First, 2.3-dichloro-1,4-naphthoqui-
none is reacted with phthalimide salt, as shown in Formula
10.

(Formula 10)

Cl

Cl

CH,CN
—_—

NK
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-continued
)
(0]
N
o N
0
[0024] Subsequently. the product in Formula 10 is reacted
with hydrazine monohydrate, as shown in Formula 11.
(Formula 11)
0]
O
N
hydrazine
monchydrate
water
0 N
[0)
0]
NH,
NH,
0]

[0025] Subsequently, the product in Formula 11 is reacted
with an ethanedione compound amine compound, as shown
in Formula 12. In Formula 12, R” can be varied by selecting
commercially available raw materials or processing general
chemical reactions, and the related description is omitted
here for simplifying the description.

(Formula 12)

NI,

NH;

acetic acid

+ O:&O

reflux

=



US 2017/0062771 A1l

-continued

R7
O
N
=
/
N
¢}
R7

[0026] Alternatively, the product in Formula 12 can be
reacted with malononitrile, as shown in Formula 13. Both of
the products in Formulae 12 and 13 belong to the compound
of Formula 9, and the difference therebetween is R6 being
—O or malononitrile group.

(Formula 13)

R7
0
: i N,
x
P
N
N
§) A
R’ |
4

+ —_—
TiCl, CH,Cl,

NCACN
NC CN R’
s
| N
F
| N
NC CN R’
[0027] The above carrier generation materials can be
applied in OLEDs. As shown in FIG. 1, the OLED 100 may
include an anode 11, a cathode 19, and a carrier generation
material layer 15 disposed therebetween. The OLED 100
also includes a first light-emitting layer 13 disposed between
the anode 11 and the carrier generation material layer 15,

and a second light-emitting layer 17 disposed between the
cathode 19 and the carrier generation material layer 15.

[0028] Inoneembodiment, the anode 11 has a thickness of
about 15 nm. The anode 11 can be a transparent conductive
material such as indium tin oxide (ITO), indium zinc oxide
(IZ0), aluminum zinc oxide (AZQO), cadmium tin oxide
(CTO), tin oxide (SnO2), zinc oxide (Zn0), or the like. The
cathode 19 may have a thickness of 75 nm to 100 nm. The
cathode can be composed of composition of magnesium
aluminum alloy, magnesium silver alloy, magnesium indium
alloy, aluminum lithium alloy, or aluminum. The first light-
emitting layer 13 may have a thickness of 120 nm to 140 nm.
The first light-emitting layer can be composed of N,N'-
diphenyl-1-naphthaleny-1,1'-biphenyl-4,4'-diamine, 4,4'4"-
Tris(carbazol-9-y])-triphenylamine, 9,9-(1,3 -phenylene)
bis-9H-carbazole, tris(2-phenylpyridine)iridium,  tris[1-
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phenylisoquinoline-C2,N]iridium(I1T) (Tr(piq)3), bis[2-(4,6-
difluorophenyl)pyridinato-C2,N](picolinato )iridium(III),
1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene, 3,3'-[5'-
[3-(3-Pyridinyl)phenyl][1,1":3',1"-terphenyl]-3,3"-diyl]
bispyridine, co-evaporated lithium fluoride and electron
transport layer, or aluminum. The second light-emitting
layer 17 may have a thickness of 120 nm to 140 nm. The
second light-emitting layer can be composed of N,N'-diphe-
nyl-1-naphthaleny-1,1'-biphenyl-4,4'-diamine, 4,4',4"-Tris
(carbazol-9-yl)-triphenylamine, 9,9-(1,3-phenylene)bis-9H-
carbazole, tris(2-phenylpyridine)iridium, Ir(pig)3, bis[2-(4,
6-difluorophenyl)pyridinato-C2 ,N](picolinato)iridium(III),
1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene, or 3,3'-
[5'-3-(3-Pyridinyl)phenyl][1,1":3",1"-terphenyl]-3,3"-diyl]
bispyridine. The carrier generation material layer 15 may
have a thickness of 1 nm to 5 nm. The carrier generation
material layer 15 can be composed of the compound of
Formula 1, Formula 5, Formula 7, or Formula 9.

[0029] The OLED 100 may further include other common
layered materials such as an electron injection layer, a hole
injection layer, an electron transport layer, a hole transport
layer, a hole block layer, other functional layer, or a com-
bination thereof if necessary. Alternatively, the OLED 100
may include a plurality of carrier generation layer, and the
number of the light-emitting layers is the number of the
carrier generation layer add one (+1), wherein at least one of
the carrier generation layer is composed of the compound of
Formula 1, Formula 5, Formula 7, or Formula 9.

[0030] Below, exemplary embodiments will be described
in detail with reference to the accompanying drawings so as
to be easily realized by a person having ordinary knowledge
in the art. The inventive concept may be embodied in various
forms without being limited to the exemplary embodiments
set forth herein. Descriptions of well-known parts are omit-
ted for clarity, and like reference numerals refer to like
elements throughout.

EXAMPLES

Example 1

[0031] SeO, (8 g, 72 mmol) and water (1 g, 55 mol) were
put into a two neck bottle (100 mL). 40 mL of 1,4-dioxane
was then added into the bottle, and the mixture was heated
to reflux for dissolving the SeO,. 4-methyl-acetophenon
(5.37 g, 40 mmol, and commercially available from Alfa
Aesar) was then added into the bottle to react for 6 hours.
The reaction result was filtered and washed by ethyl acetate
to collect filtrate, and the organic solvent of the filtrate was
removed by a rotary evaporator. The concentrated substance
was re-crystallized by hot water to obtain 5.88 g of white
solid (yield=88%). For details relating to the above reaction,
refer to P. Wang, W.-J. Tao, X.-L. Sun, S. Liao, Y. Tang, J.
Am. Chem. Soc., 2013, 135, 16849-16852. The above reac-
tion is shown in Formula 14. The spectra of the product in
Formula 14 are listed below: 'H NMR (400 MHz, CDCl,):
8 9.65 (s, | H), 8.09 (d, I=8.4 Hz, 2 H), 7.31 (d, J=8.0 Hz,
2 H), 2.43 (s, 3 H).

(Formula 14)
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-continued

HIL,0
0

[0032] The product in Formula 14 (33.3 mg, 0.2 mmol),
diphenylacetylene (42.8 mg, 0.24 mmol), and molecular
sieves were put in a high-pressure tube. 0.5 mL of 1,2-
dichloro ethane was added into the tube. Iron trichloride
(97.4 mg, 0.6 mmol) was added into and dissolved by 1.5
mL of 1,2-dichloro ethane under nitrogen, and then added
into the tube. The tube was vacuumed and purged by
nitrogen, and the mixture in the tube was then reacted at
room temperature for 1 hour. The reaction result was neu-
tralized by 1 mL of water, and then filtered and washed by
ethyl acetate to collect filtrate. The organic solvent of the
filtrate was removed by a rotary evaporator. The concen-
trated substance was purified by chromatography with an
eluent of ethyl acetate and n-hexane (v/v=1/4), thereby
obtaining 39 mg of a red solid (yield=60%). The above
reaction is shown in Formula 15. The spectra of the product
in Formula 15 are listed below: 'H NMR (400 MHz,
CDCl,): 8 8.00 (s, 1 H), 7.30-7.24 (m, 4 H), 7.12-7.06 (m,
5 H), 6.95-6.89 (m, 3 H), 2.40 (s, 3 H); *C NMR (100 MHz,
CDCly): 6 180.6 (CO), 179.3 (CO), 1529 (C), 140.9 (C),
137.5 (C), 1359 (CH), 135.7 (C), 134.1 (C), 133.5 (C),
130.9 (C), 130.8 (CH). 130.3 (2 CH), 130.2 (CH), 129.0 (2
CH), 128.1 (2 CH), 128.1 (CH), 127.4 (2 CH), 127.2 (CH),
21.0 (CH,).

(Formula 15)
o]
H
0]
FeCls, 4A molecular sieve
DCE, 20° C.
o]

‘ O

[0033] The product of Formula 15 (324.4 mg, 1 mmol)
and o-phenylenediamine (108.2 mg, 1 mmol) were put in a
round-bottom bottle (100 mL). 40 mL toluene was then
added into the bottle, and a Dean-Stark device was set on the
bottle. The mixture in the bottle was refluxed and reacted
under nitrogen. The organic solvent of the reaction result
was removed by rotary evaporator, and the concentrated
substance was dissolved by a small amount of ethyl acetate.
The ethyl acetate solution was mixed with n-hexane for

Example 2
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re-crystallization, thereby obtaining 361 mg of a pale yellow
solid (yield=91%). The above reaction is shown in Formula
16. The spectra of the product in Formula 16 are listed
below: 'H NMR (400 MHz, CDCL,): § 9.38 (s, 1 H), 8.38
(d,J=8.4Hz,1H),8.13 (d, I=8.4Hz, 1 H), 7.83 (t, J=8.4 Hz,
1 H), 7.75 (t, J=8.4 Hz, 1H2, 7.52-7.47 (m, 2 H), 7.33-7.22
(m, 10 H), 2.70 (s, 3 H); °C NMR (100 MHz, CDCL,): §
1434 (C), 142.7 (2 C), 141.8 (C), 1413 (C), 138.6 (C),
137.7 (C), 137.7 (C), 136.4 (C), 131.7 (2 CH), 131.5 (C),
131.0 (CH), 130.8 (C), 130.7 (2 CH), 130.0 (CH), 129.7
(CH), 1293 (CH), 129.2 (CH), 127.7 (2 CH), 127.7 (CH),
127.0 (2 CH), 126.9 (CH), 126.3 (CH), 125.1 (CH), 21.7
(CH,).

(Formula 16)
0
O‘ O
toluene, reflux
n
LN NH,
®
Y
|
N
X
/
/
X

[0034] The product in Formula 16 was dissolved in dichlo-
romethane to prepare a solution with a concentration of
107>M. The UV absorption spectrum and the photolumines-
cence spectrum of the solution were measured, and the cross
value of the spectra was divided 1241 to obtain the Eg of the
product in Formula 16 (2.7 eV).

[0035] The ultraviolet photoelectron spectrum (UPS) of
the product in Formula 16 was measured to obtain the
HOMO value of the product in Formula 16 (=7.5 eV). For
details concerning the method of calculating the HOMO
value from the UPS, refer to Adv. Funct. Mater.,, 2012, 22,
600-608 and J. Mater. Chem. C, 2014, 2, 1982-1989. The
LUMO value (-4.8 V) can be obtained by subtracting the
Eg from the HOMO value.

Example 3

[0036] 4.4'-dibromobenzil (2 g, 5.4 mmol, and commer-
cially available from Alfa Aesar) was put in a high-pressure
tube. Copper (I) cyanide (1.07 g, 12 mmol) was then added
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into the tube. The tube was then vacuumed and introduced
by nitrogen. 30 mL of DMF was then added into the tube,
and the mixture in the tube was heated to 160° C. and stirred
for 20 hours. The reaction result was extracted by super-
saturated saline and ethy! ether to collect an organic phase.
The organic phase was dehydrated by magnesium sulfate,
and then concentrated by a rotary evaporator. The concen-
trated substance was purified by chromatography with an
eluent of dichloromethane and n-hexane (v/v=>5/1), thereby
obtaining 0.8 g of a yellow solid (yield=40%). The above
reaction is shown in Formula 17. The spectra of the product
in Formula 17 are listed below: 'H NMR (400 MHz,
CDCL,): & 8.09(d, J=8Hz, 4H), 7.83(d, J=8Hz, 4H). '*C
NMR (100 MHz, CDCl;, 8): 190.8, 135.3, 132.9, 1304,
1184, 117.4.

(Formula 17)

Br, Br
CuCN, DMF
160° C.
0 (6]
NC CN
[0} (6]
[0037] 1,2,4,5-Benzenetetramine tetrahydrochloride (0.5

g, 1.76 mmol, and commercially available from Alfa Aesar)
and the product in Formula 17 (1 g, 3.85 mmol) were put
into a reaction bottle. Sodium acetate (0.576 g, 7.02 mmol)
and n-butanol (50 ml) were added into the bottle. The
mixture in the bottle was heated to 120° C. to react for 20
hours. A yellow precipitate was formed in a solution of the
reaction result, and the yellow precipitate was then collected
by filtering. The filtered cake was washed by n-hexane and
ethyl ether, and then purified by thermal sublimation to
obtain 0.8 g of a bright yellow powder (yield=25%). The
above reaction is shown in Formula 18. The spectra of the
product in Formula 18 are listed below: "H NMR (400 MHz,
CDCl,): 8 9.08(s, 2H), 7.72(s, 16H). HRMS (EI, m/z): cald.
for C38H18NS: 586.1654, Found: 586.1649(M+).

(Formula 18)
HoN. NH,
HN NH,
sodium acetate
+ - .
n-butanol, 120° C.
NC CN
0 ]
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-continued

NC CN
O N, N O
X =

| F V
NC CN
The product in Formula 18 had an Eg of 2.8 eV, a

[0038]
HOMO value of -7.2 eV, and a LUMO value of -4.4 eV,
which were measured and calculated by methods that were
similar to those of Example 2.

Example 4

[0039] 2.3-Dichloro-1,4-naphthoquinone (4.54 g, 20
mmol, and commercially available from Alfa Aesar) and
potassium phthalimide (15.54 g, 84 mmol) were put in a
reaction bottle. 100 mL of acetonitrile was then added into
the bottle, and the mixture in the bottle was heated to 85 to
react for 3 hours. A yellow precipitate was formed in a
solution of the reaction result, and the yellow precipitate was
then collected by filtering. The filtered cake was washed by
water and methanol to obtain yellow powder (yield=97%).
The above reaction is shown in Formula 19. The spectra of
the product in Formula 19 are listed below: '"H NMR (400
MHz, CDCI3): 8 8.21(m, 2H), 7.86(m, 4H) ,7.83(m, 2H),
7.75(m, 4H).

(Formula 19)
(0]
Cl
Cl
(0]
CH;CN
+ 0
reflux
o]
NK
6]
o]
0]
N
0]
0]
5] N
0

[0040] The product in Formula 19 (2.24 g, 5 mmol) was
put in a reaction bottle. 20 mL. of hydrazine hydrate and 150
mL of water were added into the reaction bottle, and the
mixture in the bottle was heated to 70° C. to react for 3
hours. A purple precipitate was formed in a solution of the
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reaction result, and the purple precipitate was then collected
by filtering. The filtered cake was washed by water and ethyl
ether to obtain purple solid (yield=70%). The above reaction
is shown in Formula 20. The spectra of the product in
Formula 20 are listed below: 'H NMR (400 MHz, CDCI,):
6 8.21(m, 2H), 7.86(m, 4H), 7.83(m, 2H), 7.75(m, 4H).

(Formula 20)
[0)
O
N
hydrazine
monohydrate
O —_—
0 water
0 N
)
0O
NH,
NH,
0O

[0041] The product in Formula 20 (0.1 g, 0.5 mmol) and
the product in Formula 17 (0.138 g, 0.53 mmol) were put in
a high-pressure tube. Acetic acid was added into the bottle,
and the mixture in the bottle was heated to 75° C. to react
for 20 hours. A yellow precipitate was formed in a solution
of the reaction result, and the yellow precipitate was then
collected by filtering. The filtered cake was washed by water
and ethyl ether, and then purified by thermal sublimation to
obtain 0.15 g of yellow powder (vield=35%). The above
reaction is shown in Formula 21. The spectra of the product
in Formula 21 are listed below: 'H NMR (400 Mz,
CDCly): 6 8.45(m, 2H), 7.93(m, 2H) ,7.71(dd, J=8.4, 18Hz,
8H). °C NMR (100 MHz, CDCL,, d): 180.5, 154.9, 142.7,
140.5, 135.4, 133.1, 132.6, 130.7, 128.1, 117.8, 114.4.
HRMS (EL m/7): cald. for C26H12N402: 412.0960, found:
412.0961(M+).

(Formula 21)

e}

NH;

NH;
e}

acetic acid
+ —_—
NC CN
0] 0]
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-continued

CN
0
N
X

Va
N
(0]
CN

[0042] The product in Formula 21 had an Eg of 3.4 €V, a
HOMO value of -7.5 eV, and a LUMO value of -4.1 eV,
which were measured and calculated by methods that were
similar to those of Example 2.

Example 5

[0043] The product in Formula 21 (0.15 g, 0.24 mmol)
was put into a reaction bottle. The bottle was vacuumed and
purged by nitrogen. Anhydrous dichloromethane (5 mL) and
malonienitrile (0.063 mL) were then added into the bottle.
Anhydrous titanium tetrachloride (0.22 mL) was then added
into the bottle in ice bath, and anhydrous pyridine (0.66 mL)
was then slowly injected into the bottle. The mixture in the
bottle was then stirred for 15 minutes and the ice bath was
removed. The mixture was then left at room temperature to
react at room temperature for 24 hours. The reaction result
was neutralized by dilute hydrochloric acid, and the neu-
tralized substance was extracted by dichloromethane to
collect an organic phase. The organic phase was dehydrated
by magnesium sulfate and then concentrated by a rotary
evaporator. The concentrated substance was purified by
chromatography with an eluent of dichloromethane, thereby
obtaining a yellow solid. The yellow solid was further
purified by thermal sublimation to obtain 0.035 g of dark
green powder (yield=24.3%). The above reaction is shown
in Formula 22. The spectra of the product in Formula 22 are
listed below: *H NMR (400 MHz, CDCL,): § 8.57(m, 2H),
7.88(m, 2H) ,7.76(dd, J=8.8, 42Hz, 8H). HRMS (EI, m/7):
cald. for C32H12N8: 508.1185, found: 508.1187(M+).

(Formula 22)

CN
0
N
X
V
N
N,
0 S
CN |
s

N —
TiCly, CH,Cl,

N

NC CN CN

| ﬁ:
F
| N

NC CN CN
[0044] The product in Formula 22 had an Eg of 3.0 €V, a
HOMO value of -7.2 eV, and a LUMO value of -4.2 eV,

which were measured and calculated by methods that were
similar to those of Example 2.

NC



US 2017/0062771 A1l

[0045] While the disclosure has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the disclosure is not limited to the
disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A carrier generation material, having a chemical struc-
ture of:

R3
R3
N “
R. N
RZ
RZ
R4
N
R. I I N
RZ

RZ
R> R’
O N N, ‘
| x X
Z &
O ) ) O
RS Rs, or
RS *
N,
N
P
N
R6
R,

wherein R' is hydrogen or alkyl group;
each of R* is independently hydrogen, halogen, —CN,
—CF;, —NO,, or alkyl group;

Mar. 2, 2017

each of R® is independently hydrogen, halogen, —CN,
—CF,, —NO,, or alkyl group;

R* is hydrogen, halogen, —CN, —CF,, —NO,, or alkyl

oup;

ngirs hgdrogen, halogen, —CN, —CF,, —NO,,, or alkyl
group;

R® is =0, =NH, or malononitrile group; and

R” is hydrogen, halogen, —CN, —CF,, —NO,, or alkyl

group.
2. The carrier generation material as claimed in claim 1,
having a chemical structure of:

CN

CN
N

OO N
3. The carrier generation material as claimed in claim 1,

having a chemical structure of:

N/

OO N

4. The carrier generation material as claimed in claim 1,
having a chemical structure of:

NC CN
N, : N,
E \ \{
& &
N N
NC CN.

5. The carrier generation material as claimed in claim 1,
having a chemical structure of

CN
o]
N
x
F
N
0
CN.
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6. The carrier generation material as claimed in claim 1,
having a chemical structure of:

NC CN CN
L
=
/
| N
NC CN CN.

7. An organic light-emitting diode, comprising:

an anode;

a cathode;

a carrier generation material layer, including the carrier
generation material as claimed in claim 1, disposed
between the anode and the cathode;

a firstlight-emitting layer disposed between the anode and
the carrier generation material layer; and

a second light-emitting layer, disposed between the cath-
ode and the carrier generation material layer.

I I I
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