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(57) ABSTRACT

A method for manufacturing a condensed-cyclic compound
and an electroluminescent device is provided, the con-
densed-cyclic compound is represented by the following
formula:

wherein —R1, —R2 and —CHO are connected to any one
of an unsaturated carbon atom of a naphthalene ring; —R1,
—R2 are respectively a hydrogen and any one of an alkane
group or a condensed-cyclic aromatic hydrocarbon group.
The embodiments provided by the present invention using
the above-described manner is able to reduce ACQ phenom-
enon of the condensed-cyclic compound in aggregate state
or solid state.
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CONDENSED-CYCLIC COMPOUND,
ELECTROLUMINESCENT DEVICE AND
METHOD FOR MANUFACTURING
THEREOF

FIELD OF THE INVENTION

[0001] The present disclosure related to a field of organic
electroluminescent device, especially related to a con-
densed-cyclic compound, an electroluminescent device and
a method for manufacturing thereof.

BACKGROUND OF THE INVENTION

[0002] An organic electroluminescent device (OLED) has
the advantages of simple structure, high yield, low cost, and
active light emission, etc., thus becomes a hot topic in the
field of flat panel display in recent years.

[0003] In an OLED preparation and optimization proce-
dure, the choice of a luminescent material is essential; the
property is one of the important factors determining the
device performance. Currently, a condensed-cyclic com-
pound is a classic fluorescent material, and also is one of the
earliest luminescent materials found in an OLED device
with an electroluminescent property and the most widely
used.

[0004] The present inventors have found that in long-term
studies, most of the condensed-cyclic compounds in the
dissolved state have a strong fluorescence, while in aggre-
gate state or solid state it has Aggregation-Caused Quench-
ing (ACQ) phenomenon due to the non-radiative relaxation
of the excited state of the aggregates. Also, in most industrial
processes, ACQ effect is inevitable when a fluorescent
material need to be prepared into aggregated, solid state, or
thin film. Thus the application of such materials is greatly
limited.

SUMMARY OF THE INVENTION

[0005] The objective of the present disclosure is to solve
a technical problem of ACQ phenomenon of a condensed-
cyclic compound in aggregate state or solid state by pro-
viding a condensed-cyclic compound, an electroluminescent
device and a manufacturing method thereof.

[0006] To solve the above technical problem, an aspect of
the present disclosure is: providing an electroluminescent
device manufacturing method, which comprises: providing
a substrate; disposing a hole transport layer on the substrate
by spin coating or vapor deposition; disposing a light-
emitting layer on the hole transport layer by vapor depos-
iting, wherein a material of the light-emitting layer is a
condensed-cyclic compound, the condensed-cyclic com-
pound is represented by a following general formula:

AN Ri\

R “T~CHO.

A

[0007] Wherein —R1, —R2 and —CHO are connected to
any one of an unsaturated carbon atom of a naphthalene ring;
—R1, —R2 are respectively a hydrogen and any one of an
alkane group or a condensed-cyclic aromatic hydrocarbon
group, the alkane group is —CnH2n+1, where 1=n<12; the

Mar. 21, 2019

condensed-cyclic aromatic hydrocarbon group is a benzene,
a naphthalene, an anthracene, a pyrene, a phenanthrene or a
perylene group; and vapor depositing an electron transport
layer and a metal cathode layer on the light-emitting layer
sequentially.

[0008] To solve the above technical problem, an aspect of
the present disclosure is: providing a condensed-cyclic com-
pound; the condensed-cyclic compound is represented by
the following general formula:

[0009] Wherein —R1, —R2 and —CHO are connected to
any one of an unsaturated carbon atom of a naphthalene ring;
—R1, —R2 are respectively a hydrogen and any one of an
alkane group or a condensed-cyclic aromatic hydrocarbon
group.

[0010] To solve the above technical problem, another
aspect of the present disclosure is: providing an electrolu-
minescent device, the electroluminescent device comprises
a light-emitting layer, wherein the light-emitting layer com-
prises a condensed-cyclic compound of the above embodi-
ment.

[0011] The beneficial effects of the present disclosure are:
apart from the current technologies, the present disclosure
provides a condensed-cyclic compound, which is repre-
sented by the following general formula:

AN R\\

R “T=cHo.

Ve

[0012] An aldehyde group introduced on the condensed-
cyclic compo and makes the original conjugated planar
configuration into a stereoscopic configuration, the aldehyde
group is linked to the conjugate center of the condensed-
cyclic compound via a rotatable single bond. While in
aggregate or solid state, an internal rotation of the molecule
is blocked, a non-radiative relaxation channel is suppressed,
an excited state molecule can only return to ground state by
radiation decay due to the presence of the aldehyde. There-
fore, reducing the ACQ phenomenon of a condensed-cyclic
compound in aggregate state or solid state, and increasing
the application of the condensed-cyclic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1is a schematic structure diagram showing an
embodiment of a condensed-cyclic compound of the present
disclosure;

[0014] FIG. 2 is a schematic structure diagram showing an
embodiment of an electroluminescent device of the present
disclosure;

[0015] FIG. 3 is a schematic characterization diagram of
an embodiment showing a nuclear magnetic resonance of
9-anthracene aldehyde.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0016] Referring to FIG. 1, FIG. 1 is a schematic structure
diagram showing an embodiment of a condensed-cyclic
compound in the present disclosure. The condensed-cyclic
compound is represented by a following general formula:

\\’\

R “~CHO.

A

[0017] Wherein —R1, —R2 and —CHO are connected to
any one of an unsaturated carbon atom of a naphthalene ring;
—~R1, —R2 are respectively a hydrogen and any one of an
alkane group or a condensed-cyclic aromatic hydrocarbon
group; when —R1, —R2 is a hydrogen or an alkane group,
it can be connected to an unsaturated carbon atom at any
position of a naphthalene ring; when —R1, —R2 is a
condensed-cyclic aromatic hydrocarbon group, it can be
connected to at least two unsaturated carbon atoms adjacent
to the naphthalene ring, the present disclosure is not limited
thereto. In one embodiment. the above alkane group is
—C,H,,,, where 1=n=<12; for example, —CH,;. —C,H,,,
and —C,,H,5 and so on. Further, the alkane group can be a
straight chain alkane group or a branched alkane group as
well. In another embodiment, the above condensed-cyclic
aromatic hydrocarbon group is a benzene, a naphthalene, an
anthracene, a pyrene, a phenanthrene or a perylene group.

[0018] When the condensed-cyclic aromatic hydrocarbon
group is a benzene, the structure of the condensed-cyclic
compound can be:

N
Re=| ~CHO,
Z
Z I
TrcHO
SN
|
R
Y
and so on.
[0019] When the condensed-cyclic aromatic hydrocarbon

group is a naphthalene, the structure of the condensed-cyclic
compound can be:
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-continued

AN AN
| / /\CHO,
J

CHO
N K
R
F F
and so on.
[0020] When the condensed-cyclic aromatic hydrocarbon

group is an anthracene, the structure of the condensed-cyclic
compound can be:

and like.

[0021] When the condensed-cyclic aromatic hydrocarbon
group is a pyrene, the structure of the condensed-cyclic
compound can be:

/N

~CHO

and so on.

[0022] When the condensed-cyclic aromatic hydrocarbon
group is a phenanthrene, the structure of the condensed-
cyclic compound can be:
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and like.

[0023] When the condensed-cyclic aromatic hydrocarbon
group is a phenanthrene, the structure of the condensed-
cyclic compound can be:

| “~CHO
/-

R3

and like.

[0024] Of course, the structure of the condensed-cyclic
compound of the present disclosure is not limited to the
above examples, the design can be selected according to the
actual situation. Further, the above —R3, —CHO are con-
nected on any one of the unsaturated carbon atom, —R3 is
a hydrogen or an alkane group, the alkane group is —C, H,,
1, where 1=n=<12, for example —CH,;, —CsH,;, and
—C,,H,5, and so on. The above alkane group can be a
straight chain alkane group or a branched alkane group.

[0025] To prepare the above condensed-cyclic compound,
in one embodiment, it can be prepared by using the Vils-
meier-Haack reaction, the chemical reaction equation is as
follows:

POC;,
| X x DMF
R e
a
R,

TN
R “JCHO.

A
[0026] Specifically, by using phosphorus oxychloride

(POClI3)and  dimethylformamide(DMF) as vilsmiere
reagent, the above reaction is carried out by microwave or
heating, and then —CHQO is introduced into the naphthalene
ring of the above reactants.

[0027] A condensed-cyclic compound with an aldehyde
group introduction as described above has an effect of
aggregation-induced luminescence, this is because
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has a conjugated planar configuration in aggregate state or
solid state. The m-w interaction between molecules or other
non-radiative channel forms an excimer or an exciplex, and
then consumes excitation energy, thereby reduces fluores-
cence or even no fluorescence emission. When a naphtha-
lene ring is introduced into an aldehyde group and forming

R
N
/\\CHO.

N

R

[0028] The molecular structure becomes a stereoscopic
configuration, an aldehyde group and a conjugate center are
connected via a rotatable single bond. When in aggregate
state or solid state, due to space constraints, intramolecular
rotation is limited, a non-radiative decay channel is sup-
pressed, an excited state molecule can return to ground state
by radiation decay, so that the fluorescence is significantly
enhanced. That is, a condensed-cyclic compound has an
effect of aggregation-induced luminescence, therefore it
reduces the ACQ phenomenon of a condensed-cyclic com-
pound in aggregate state or solid state, which broadens its
field of application.

[0029] In one application, since a condensed-cyclic com-
pound has an effect of aggregation-induced luminescence,
the condensed-cyclic compound can be applied as a lumi-
nescent material, for example, it can be used as an optical
organic thin film, an electroluminescent device and so on.
[0030] The following case as an example of an electrolu-
minescent device, the condensed-cyclic compound is further
described on the application of a luminescent material.
[0031] Referring to FIG. 2, FIG. 2 is a schematic structure
diagram showing an embodiment of an electroluminescent
device in the present disclosure, the electroluminescent
device comprises a light-emitting layer 101, a material of the
light-emitting layer is a condensed-cyclic compound in any
one of the above embodiments, it will not be repeated herein.
In other embodiments, the above electroluminescent device
farther comprises:

[0032] A substrate 102 disposed on a side of the light-
emitting layer 101 is serving as an anode of the device. In
one application, the work function of the substrate 102
material is high, it can be ITO (indium tin oxide).

[0033] A hole transport layer 103 disposed between the
substrate 102 and the light-emitting layer101, is functioned
to enhance the transport of a hole in the device, and
preferably offers a blocking effect on an electronic. The
material is PEDOT:PSS (Poly (3.4-ethylenedioxythio-
phene):polystyrene sulfonate), NPB (N,N'-bis(1-naphthyl)-
N, N'-diphenyl-1,1'-biphenyl-4-4'-diamine), etc.

[0034] An electron transport layer 104 disposed on
another side of the light-emitting layer 101 opposite to the
substrate 102, is functioned to transport an electron, prefer-
ably offers a blocking effect on a hole, so that the electron
can be efficiently into the light-emitting layer. The materials
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can be TPBi (1,3,5-tris (1-phenyl-1H-benzimidazol-2-y1)
benzene) and Alq3 (8-hydroxyquinoline aluminum).
[0035] A metal cathode layer 105 is disposed on a surface
of the electron transport layer 104 opposite to the light-
emitting layer 101, the work function of which is generally
low, and the material can be LiF (lithium fluoride)/Al
(aluminum), Mg (magnesium), Ag (silver), etc.

[0036] In one embodiment, in order to prepare the elec-
troluminescent device of the above structure, the following
steps may be adopted: washing the substrate 102; disposing
the hole transport layer 103 on the substrate 102 by spin
coating or vapor deposition; disposing the electron transport
layer 104 and the metal cathode layer 105 on the light-
emitting layer 101 by vapor deposition sequentially.
[0037] The structure of the electroluminescent device in
the above embodiment is a multilayer structure, other struc-
tures can also be used in other embodiments, as long as it
comprises a light-emitting layer, and the luminescent layer
material is a condensed-cyclic compound in the above
embodiments; the manufacturing method can also be
changed according to the actual situation.

[0038] The following will briefly introduce a light-emit-
ting process of the electroluminescent device, comprising
the steps of: A. injecting a carrier: an electron and a hole are
respectively injected into the device to from a cathode (the
metal cathode layer 105) and an anode (the substrate 102) of
the device; B. transporting the carrier: the electron and the
hole migrate respectively from the electron transport layer
104 and the hole transport layer 103 to the light-emitting
layer 101; C. recombining the carrier to form an exciton: the
electron and the hole meet in the light emitting layer 101 and
recombine into an exciton. D. diffusing the exciton: exciton
diffusion transfers energy to a condensed-cyclic compound
of the luminescent layer 101, and making an electron in the
condensed-cyclic compound to be excited from ground state
to excited state; E. retreating an exciting light: excited state
is an unstable state, the electron in excited state of the
condensed-cyclic compound returns to ground state, and
energy released in the form of a photon, and then the
electroluminescent device starts to emit light. In one appli-
cation, a brightness of the electroluminescent device is 1000
cd/m? to 6000 ¢d/m?, with an external quantum efficiency is
1% to 3%, under a current density of 0.5 A/cm® to A/em?.
[0039] The present disclosure will be further explained by
the following specific embodiments.

Embodiment 1: Preparing a Condensed-Cyclic
Compound 9-anthracene aldehyde

[0040]
POCL;,
DMF
CHO
[0041] Mixing 55 g of POCI3 and 30 g of anthracene and

heating to 90° C.-95° C., dropping 19 g of DMF slowly,
reaction 15 h to get the product 9-anthracene aldehyde; FIG.
3 is a schematic characterization diagram showing a nuclear
magnetic resonance of 9-anthracene aldehyde embodiment.
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Embodiment 2: Characterization of the
Fluorescence Quantum Yield of 9-anthracene
aldehyde

[0042] As shown in the following table 1, when the
solvent is DMSO (dimethyl sulfoxide), 9-anthracene alde-
hyde has a high solubility in DMSO, an aldehyde group in
9-anthracene aldehyde free rotates around a single bond,
consumes excitation state energy, and becomes non-radia-
tive decay. So that 9-anthracene aldehyde has almost no
fluorescence and the quantum yield is almost zero. When
9-anthracene aldehyde is dispersed in the mixture of DMSO:
H20~=1:99, due to the solubility of 9-anthracene aldehyde in
water 1s low, 9-anthracene aldehyde is in agglomerate state
in the mixture and emits yellow fluorescence, the quantum
vield is 14.2%, thus confirming that the condensed-cyclic
compound of the present disclosure is an aggregation-
induced emission compound.

TABLE 1

fluorescence quantum vield of 9-anthracene aldehyde.

fluorescence fluorescence

maximum maximum
condensed- excitation emission  fluorescence
cyclic wavelength ~ wavelength quantum
compound solvent (nm) (nm) yield, %
9-anthracene DMSO 365 — ~0
aldehyde
9-anthracene  DMSO:H20 = 365 516 0.142
aldehyde 1:99

Embodiment 3: Preparing the Electroluminescent
Device by 9-anthracene aldehyde and
Characterizing Its Performance

[0043] Under high vacuum conditions, a hole transport
layer NPB (60 nm) is deposited on the cleaned conductive
ITO substrate, and then disposing the light emitting layer
9-anthracene aldehyde, the electron transport layer TPBI (20
nm)/Alg3 (30 nm) and the metal cathode layer LiF (1 nm)/ Al
(100 nm) by vapor deposition sequentially.

[0044] After testing, the electroluminescent device has a
yellow emission peak at 520 nm, and luminance of the
device up to 3500 cd/m?, power is 27 m/W, external quan-
tum efficiency is 2.2% under a current density of 3 A/em?.
[0045] In summary, apart from the current technologies,
the present disclosure provides a condensed-cyclic com-
pound, the condensed-cyclic compound is represented by
the following general formula:

N
R /\\CHO.

A \F

[0046] An aldehyde group introduced on the condensed-
cyclic compound makes the original conjugated planar con-
figuration into a stereoscopic configuration, the aldehyde
group is linked to the conjugate center of the condensed-
cyclic compound by a rotatable single bond. While in
aggregate or solid state, an internal rotation of the molecule



US 2019/0088877 Al

is blocked, a non-radiative relaxation channel is suppressed,
an excited state molecule can only return to ground state by
radiation decay due to the presence of the aldehyde. There-
fore, reducing the ACQ phenomenon of a condensed-cyclic
compound in aggregate state or solid state, and increasing
the application of the condensed-cyclic compound.

[0047] The embodiments described above are only
embodiments of the present disclosure, not intended to limit
the scope of the present disclosure, all utilize the present
specification and drawings taken equivalent structures or
equivalent process, or other direct or indirect application
related technical fields shall fall within the scope of protec-
tion of the present disclosure.

What is claimed is:

1. A method of manufacturing an electroluminescent
device, comprising the steps of:

providing a substrate;

spin coating or vapor depositing a hole transport layer on
the substrate;

vapor depositing a light-emitting layer on the hole trans-
port layer, wherein a material of the light-emitting layer
is a condensed-cyclic compound, the condensed-cyclic
compound is represented by a following general for-
mula:

wherein —R1, —R2 and —CHO are connected to any
one of an unsaturated carbon atom of a naphthalene
ring; —R1, —R2 are respectively a hydrogen and any
one of an alkane group or a condensed-cyclic aromatic
hydrocarbon group, the alkane group is —CnH2n+1,
where 1=n=<12; the condensed-cyclic aromatic hydro-
carbon group is a benzene, a naphthalene, an anthra-
cene, a pyrene, a phenanthrene or a perylene group; and

vapor depositing an electron transport layer and a metal
cathode layer on the light-emitting layer sequentially.

2. The method of manufacturing an electroluminescent
device according to claim 1,

wherein the condensed-cyclic compound s selected from
any one of the following compounds:

O
R~ ~CHO
/
CHO
| \ \\
R
/ /
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-continued
\CHO R \CHO
~cHO
X
Va

| x X
=l “~CHO
F F

wherein —R3, —CHO are connected on any one of the
unsaturated carbon atom, —R3 is a hydrogen or an
alkane group, the alkane group is —CnH2n+1, where
1=n<12.

3. The method of manufacturing an electroluminescent
device according to claim 1, wherein the condensed-cyclic
compound is derived from a corresponding reactant

| TR
R TR,
P aya

via Vilsmeier-Haack reaction.

4. A condensed-cyclic compound, which is represented by
the following general formula:

wherein —R1, —R2 and —CHO are connected to any
one of an unsaturated carbon atom of a naphthalene
ring; —R1, —R2 are respectively a hydrogen and any
one of an alkane group or a condensed-cyclic aromatic
hydrocarbon group.

5. The condensed-cyclic compound according to claim 4,
wherein the alkane group is —CnH2n+1, where 1=n<12; the
condensed-cyclic aromatic hydrocarbon group is a benzene,
a naphthalene, an anthracene, a pyrene, a phenanthrene or a
perylene groups.

6. The condensed-cyclic compound according to claim 5,
wherein the condensed-cyclic compound is selected from
any one of the following compounds:
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| N
R~ P ~CHO

CHO O
N Y4 | N
R Ry ~~CHO
F / /
7
L S
R3/: “~CHO ycHO
F | N
R
@ g

| AN X
Ry / /\CHO

wherein —R3, —CHO are connected to any one of the
unsaturated carbon atom, —R3 is a hydrogen or an
alkane group, the alkane group is —CnH2n+1, where
1=n=12.
7. The condensed-cyclic compound according to claim 4,
wherein the condensed-cyclic compound is derived from a
corresponding reactant

| T X
R y /\ R

via Vilsmeier-Haack reaction.

8. The condensed-cyclic compound according to claim 4,
wherein the condensed-cyclic compound is an aggregation-
induced emission compound.

9. An electroluminescent device comprising a light-emit-
ting layer, wherein the light-emitting layer comprises a
condensed-cyclic compound; the condensed-cyclic com-
pound is represented by the following general formula:

wherein —R1, —R2 and —CHO are connected to any
one of an unsaturated carbon atom of a naphthalene
ring; —R1, —R2 are respectively a hydrogen and any
one of an alkane group or a condensed-cyclic aromatic
hydrocarbon group.
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10. The electroluminescent device according to claim 9,
wherein the alkane group is —CnH2n+1, where 1=n=<12, the
condensed-cyclic aromatic hydrocarbon group is a benzene,
a naphthalene, an anthracene, a pyrene, a phenanthrene or a
perylene groups.

11. The electroluminescent device according to claim 10,
wherein the condensed-cyclic compound is selected from
any one of the following compounds:

7N
R

Va

CHO C
N Y4 | N
R R ~F~CHO
F P /
9 ~
I S~cHo
R “~CHO
37| > | N
R
@ e

N X
R / /\CHO

wherein —R3, —CHO are connected to any one of the
unsaturated carbon atom, —R3 is a hydrogen or an
alkane group, the alkane group is —CnH2n+1, where
1=n<12.
12. The electroluminescent device according to claim 9,
wherein the condensed-cyclic compound is derived from a
corresponding reactant

—~CHO

/

I N TR
R~ - /\RZ

via Vilsmeier-Haack reaction.
13. The electroluminescent device according to claim 9,
wherein the device further comprises:
a substrate disposed on a side of the light-emitting layer,
serving as an anode of the device;
a hole transport layer disposed between the substrate and
the light-emitting layer;
an electron transport layer disposed on another side of the
light-emitting layer opposite to the substrate;
a metal cathode layer disposed on a surface of the electron
transport layer opposite to the light-emitting layer.
14. The electroluminescent device according to claim 9,
wherein a brightness of the electroluminescent device is
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1000 cd/m? to 6000 cd/m?, with an external quantum effi-
ciency is 1% to 3%, under a current density of 0.5 A/em? to
5 Alem®,
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