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(57) ABSTRACT

The present invention relates to a depositable ionic organic
functional material having a structure shown in the follow-
ing formula (1):

wherein, R is a hydrogen atom, a halogen atom or —CF; R’
is a hydrogen atom or a halogen atom; the N'N ligand is
selected from Pzpy shown in the following formula (31) and
its derivatives, Pyim shown in the following formula (32),
Ptop shown in the following formula (33), Pop shown in the
following formula (34), Bpy shown in the following formula
(35), and Dfppy shown in the following formula (36):

formula (31)
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When the functional material is used as a luminescent dye,
the synthesis conditions are mild and easy to carry out, the
vield is high, and the product is simple to purify. The
functional material can be used in high-efficiency blue to red
OLED:s.
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DEPOSITABLE ION ORGANIC FUNCTION
MATERIAL AND USE THEREOF IN
ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the field of organic
electroluminescent materials, and in particular relates to a
depositable ionic organic functional material which can be
used in an organic electroluminescent device, a preparation
method thereof and use thereof in the field of organic
electroluminescent materials.

BACKGROUND

[0002] The organic light-emitting layer of an organic
electroluminescent device OLED is prepared mainly by
using a fully fluorescent material, a fully phosphorescent
material, or a mixture of fluorescent material and phospho-
rescent material. The fluorescent light-emitting material in
the prior art is prone to fluorescent quenching, and the
device prepared by doping the light-emitting layer with the
fluorescent light-emitting material in the prior art is prone to
crystallization phenomenon, which leads to reduced service
life. And it is difficult to use a phosphorescent light-emitting
material to synthesize a stable dark-blue light material.
[0003] In order to solve the above-mentioned problem,
cationic complex is developed to be used as light-emitting
material. The synthesis conditions of this type of material
are mild and easy to carry out, with high yield, and the
product is simple to purify; secondly, this type of complex
has good redox properties and can increase the stability of
the device. However, because ionic material has poor vola-
tilization properties and is not suitable for preparing a device
by means of evaporation-deposition, which severely limits
the use of this type of material in electronic devices.
[0004] Advanced Functional Materials, 2007, 17, 315
discloses an Iridium complex having a structure shown in
the following formula (41), wherein the reported two kinds
of depositable ionic complexes adopt an Iridium complex as
the cation, and adopts a hexafluorophosphate anion as the
counterion. This method has a deficiency of not having
universality, i.e. more kinds of depositable ionic complexes
cannot be developed according to this route.

formula (41)

— —_

(PFs)

X =noene (1)
X=CH=CH ()
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SUMMARY OF THE INVENTION

[0005] An objective of the present invention is to provide
a depositable ionic organic functional material wherein,
when the functional material is used as a luminescent dye,
the synthesis conditions are mild and easy to carry out, the
vield is high, the product is simple to purify, and the
functional material can be used in high-efficiency OLEDs
emitting blue to red light.

[0006] In order to achieve the above-mentioned objective,
the present invention adopts the following technical scheme:
[0007] A depositable ionic organic functional material is
provided, which has a structure shown in the following
formula (1):

formula (1)

wherein, R is a hydrogen atom, a halogen atom or —CF;
R'is a hydrogen atom or a halogen atom;

the N'N ligand is selected from Pzpy shown in the following
formula (31) and its derivatives, Pyim shown in the follow-
ing formula (32), Ptop shown in the following formula (33),
Pop shown in the following formula (34), Bpy shown in the
following formula (35), and Dfppy shown in the following
formula (36):

formula (31)

formula (32)
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-continued -continued
formula (33) formula (35)
/ N N=—
formula (36)
N N
/ N\_ /S
formula (34) N
P

[0008] Preferable, the depositable ionic complex has a
structure shown in the following formulas (11) to (16) and
formulas (21) to (26):

formula (11)
B FyC CH N
F3C \Q/ CF3
F;C CF3
formula (12)

B

) /@\
FC CFs

F5C CF3

F5C CF;
C C

F3

formula (13)

F5C CF3

\_/ FsC CF3

| F5C CF3
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CF3

CF;

formula (14)
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formula (15)

formula (16)
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formula (21)

formula (22)

formula (23)
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F F F F F F
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- B E B

[0009] A use of the aforementioned depositable ionic
organic functional material in an organic electroluminescent
device is provided, wherein, the depositable ionic organic
functional material is used as a dye in an organic light-
emitting layer of the organic electroluminescent device.

[0010] An organic electroluminescent device is provided,
which comprises a substrate, and an anode layer, an organic
light-emitting functional layer, a cathode layer formed in
sequence upon the substrate, wherein the organic light-
emitting functional layer comprises a hole transport layer, an

organic light-emitting layer and an electron transport layer,
and wherein a host material of the organic light-emitting
layer is doped with the aforementioned depositable ionic
organic functional material.

[0011] Doping concentration of the depositable ionic
organic functional material is 2 wt %-10 wt %.

[0012] The depositable ionic organic functional material is
red, yellow, green or blue light emitting material.

[0013] The organic light-emitting layer has a thickness of
10 mm-50 mm, preferably 10 mm-30 mm.
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[0014] As compared to the prior art, the depositable ionic
organic functional material of the present invention has the
following advantages:

[0015] A molecular design strategy for obtaining a depos-
itable ionic organic functional material is provided for the
first time by the present invention, wherein a series of
depositable ionic Iridium complexes are designed and devel-
oped. In this type of depositable ionic Iridium complexes, a
tetraphenylborate derivative anion, which is a counterion
with large steric hindrance and good electrical charge dis-
persion, is introduced into a cationic Iridium complex to
replace the hexafluorophosphate anion as mentioned in the
background technology, thereby reducing the interactivity
between anions and cations. Furthermore, the tetraphenyl-
borate derivative anion can increase the electrical charge
transport capability, reduce the drive voltage of the device,
reduce the energy consumption, and thus effectively reduce
the production cost. The present invention is simple and easy
to carry out and has universality, depositable ionic Iridium
complexes as dyes of various colors can be developed
accordingly, so as to produce high-efficiency OLEDs emit-
ting blue to red light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a thermogravimetric analysis diagram of
the complexes shown by the formulas (11) to (16) in a N2
atmosphere;

[0017] FIG. 2 is a current density-voltage spectrogram of
the devices 1-6 in the application example 1;

[0018] FIG. 3 is a luminance-voltage spectrogram of the
devices 1-6 in the application example 1;

[0019] FIG. 4 is an EL spectrogram of the devices 1-6 in
the application example 1;

[0020] FIG. 5 is a thermogravimetric analysis diagram of
the complexes shown by the formulas (21) to (26) in a N2
atmosphere;

[0021] FIG. 6 is a current density-voltage spectrogram of
the devices 7-12 in the application example 2;

[0022] FIG. 7 is a luminance-voltage spectrogram of the
devices 7-12 in the application example 2;

[0023] FIG. 8 is an EL spectrogram of the devices 7-12 in
the application example 2;

[0024] FIG. 9 is a structural schematic diagram of an
organic electroluminescent device, wherein 01 is substrate,
02 is anode layer, 03 is cathode layer, 04 is hole-injection
layer, 05 is hole-transport layer, 06 is organic light-emitting
layer, and 07 is electron-transport layer.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] The present invention is further described herein-
after by illustrating specific embodiments.

[0026] The present invention can be implemented in many
different forms, and should not be interpreted to be limited
to the embodiments described herein. On the contrary, by
providing these embodiments, the present disclosure is made
complete and thorough, and the inventive concept of the
present invention is sufficiently conveyed to those skilled in
the art, wherein the present invention is defined by the
Claims. In the accompanying drawings, for the sake of
clarity, dimensions and relative sizes of layers and areas
might be exaggerated. It should be understood that, when
one element such as a layer, an area or a substrate is
described as “formed on™ or “configured on” another ele-
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ment, this one element may be configured directly upon that
another element, or there may exists intermediate element
(s). On the contrary, when one element is described as
“directly formed upon” or “directly configured upon”
another element, there exists no intermediate element.

[0027] The present invention provides a depositable ionic
organic functional material, wherein the depositable ionic
organic functional material has a structure shown in the
following formula (1):

formula (1)

wherein, R is a hydrogen atom, a halogen atom or —CFy;
R'is a hydrogen atom or a halogen atom;

N'N ligand is selected from Pzpy shown in the following
formula (31) and its derivatives, Pyim shown in the follow-
ing formula (32), Ptop shown in the following formula (33),
Pop shown in the following formula (34), Bpy shown in the
following formula (35), and Dfppy shown in the following
formula (36):

formula (31)

formula (32)
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formula (33) formula (35)
/ N N=—
O,
_/ U/
\ / formula (36)
N—N N Naw
fi la (34 /
ormula (34) / \ N
— / '
[0028] The depositable ionic organic functional material is
preferably:
formula (11)
B F;C CT; N
F,C CF,
B
F,C CF,
F;C CT;
(Ir(dfppy)>(pzpy)| [BArFo4]
formula (12)
n
B FsC CF; ]
FsC CF;3
B
F3C CF3
FsC CFs
[r(ppy)2(pzpy)][BArFa]
_ formula (13)
n
B F5C CF; N
F;C CT;
B
F,C CT;
F5C CF,

[Ir(ppy)a(pyim)][BArEF ]
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F;C

F,C

F;C

F;C

(Ir(ppy)a(ptop)][BArFo4]

F;C

FC

F;C

F;C

(Ir(ppy)2(pop)] [BATF»4]

CF;

CF;

CF,

CF,

CFs

CFs

CFs

CF,

CF3

CF3

CF;

formula (14)
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formula (15)

formula (16)
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formula (22)
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[Ir(ppy)2(pzpy)][B(S fph)s]

formula (23)

(Ir(ppy)2(pyim))[B{5fph)q]
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_ _ formula (24)
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N F —
[Ir(ppy)2(bpy)][B(5fph)4]
formula (25)
B * F F
/N— F F | FF F
,/"'/ \\\\\\N\ 0 —
N =
F F F F F F
| F F
[I(ppy)2(ptop)][B(3fph)4]
formula (26)

(Ir(ppy)2(pop)|[B(STph)a]



US 2018/0277785 Al

[0029] A use of the aforementioned depositable ionic
organic functional material in an organic electroluminescent
device is provided.

[0030] In the above-mentioned use, the depositable ionic
organic functional material is used as a dye in an organic
light-emitting layer of the organic electroluminescent
device.

[0031] As shown in FIG. 9, the organic electroluminescent
device comprises a substrate 01, and an anode layer 02, an
organic light-emitting functional layer, a cathode layer 03
formed in sequence upon the substrate, wherein the organic
light-emitting functional layer comprises a hole injection
layer 04, a hole transport layer 05, an organic light-emitting
layer 06 and an electron transport layer 07, and wherein a
host material of the organic light-emitting layer 06 is doped
with the aforementioned depositable ionic organic func-
tional material.

[0032] Doping concentration of the depositable ionic
organic functional material is 2 wt %-10 wt %.

[0033] The depositable ionic organic functional material is
red, yellow, green or blue light emitting material.

[0034] The organic light-emitting layer has a thickness of
10 mm-50 mm, preferably 10 mm-30 mm.

[0035] If not particularly described otherwise, the respec-
tive layers of the device in the present invention are made of
the following materials:

[0036] The anode layer may adopt inorganic material or
organic conducting polymer. The inorganic material is usu-
ally selected from metal oxides such as indium tin oxide
(ITO), zinc oxide (ZnO), indium zinc oxide (I1ZO), and
metals having relatively high work function such as gold,
copper, silver, and it is preferably ITO. The organic con-
ducting polymer is preferably selected from Polythiophene/
Polyvinylbenzenesulfonate sodium (hereinafter abbreviated
as PEDOT:PSS), and polyaniline (hereinafter abbreviated as
PANTI).

[0037] The cathode layer usually adopts metals having
relatively low work function such as lithium, magnesium,
calcium, strontium, aluminum, indium, or their alloys with
copper, gold, silver, or the cathode layer is an electrode layer
formed by alternately arranged metal and metal fluoride. In
the present invention, the cathode layer is preferably a mixed
electrode of Mg:Ag/Ag.

[0038] The material of the hole transport layer may be
selected from aromatic amine type, carbazole type and
branched polymer type low molecular material, and is
preferably selected from NPB and TCTA.

[0039] In the organic electroluminescent device of the
present invention, there may also be a hole injection layer
between the anode layer and the hole transport layer. The
material of the hole injection layer may adopt, for example,
2,3,6,7,10,11-hexacyanyl-1.4,5,8,9,12-hexaazatriphenylene

(HAT-CN), 4.,4',4"-tri-(3-methyl-phenyl-aniline)-tri-aniline
doped with F4ATCNQ, or may adopt copper phthalocyanine
(CuPc), or may be a metal oxide such as molybdenum oxide,
rhenium oxide.

[0040] The light-emitting material of the organic light-
emitting layer 06 may be a fluorescent dye selected from
coumarins such as DMQA or C545T, bis-pyrans such as
DCJTB or DCM, or may be a metal complex containing
lanthanide series or actinide series metal such as Ir, Pt, Os,
Ru, Rh, and Pd.

[0041] The fluorescent dye has a doping concentration no
higher than 5 wt % in the organic light-emitting layer 06, and
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the phosphorescent dye has a doping concentration no
higher than 30 wt % in the organic light-emitting layer 06.
Said doping concentration=dye mass/(dye mass+host mate-
rial mass)x100%.

[0042] The host material of the organic light-emitting
layer 06 may be selected from materials which are com-
monly used as a substrate material, such as 4,4'-di-(carba-
zole-9-yl)-biphenyl (CBP).

[0043] The material of the electron transport layer may
adopt a material which is commonly used for an electron
transport layer, such as aromatic fused ring compound (e.g.
pentacene, perylene) or o-phenanthroline compound (e.g.
Bphen, BCP).

[0044] The organic electroluminescent device of the pres-
ent invention comprises an anode layer 02, a hole transport
layer 05, an organic light-emitting layer 06, an electron
transport layer 07 and a cathode layer 03 sequentially
deposited in a stacked manner upon a substrate 01, which are
then encapsulated.

[0045] The substrate may be a glass substrate or a flexible
substrate, wherein the flexible substrate may adopt polyes-
ter, polyimide compound material, or a thin metal plate. The
layered stacking and encapsulation may be conducted by
using any suitable method known to a person skilled in the
art.

[0046] A specific preparation method of the organic elec-
troluminescent device of the present invention is as follows:

[0047] Firstly, washing a glass substrate with detergent or
deionized water, placing the glass substrate under an infra-
red lamp for drying, and spattering a layer of anode material
with a film thickness of 150 nm upon the glass substrate.

[0048] Then, placing the above-mentioned glass substrate
with anode layer into a vacuum chamber, vacuumed to
1x10™* Pa, continuing to evaporation coating NPB as a hole
transport layer upon the anode layer, at a film coagulation
speed of 0.1 nm/s, to get an evaporation coated film thick-
ness of 40 nm.

[0049] Evaporation coating an organic light-emitting layer
upon the hole transport layer by using a double source
co-evaporation method, wherein the mass percentages of the
host material and the dye are controlled by using a film
thickness monitor-controller to adjust the film coagulation
speed, and the evaporation coated film thickness thereof is
30 nm.

[0050] Continuing to evaporation coating a layer of TPBi
material as a second electron transport layer upon the
organic light-emitting layer, at a deposition rate of 0.1 nm/s,
to get an evaporation coated film total thickness of 30 nm.

[0051] Finally, evaporation coating a Mg:Ag layer and a
Ag layer in sequence as a cathode layer upon the electron
transport layer, wherein the Mg:Ag layer is coated by using
a double source co-evaporation method, and the mass per-
centages of Mg and Ag are controlled by using a film
thickness monitor-controller to adjust the film coagulation
speed, and the evaporation coated film thickness thereof is
150 nm; the Ag layer is evaporation coated at a speed of 1.0
nm/s, to get a thickness of 50 nm.
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Embodiment 1

[0052] The synthesis routes of the N'N ligand Pzpy, Pyim,

Ptop and Pop in the complexes are as follows:

(1) Synthesis Process of Pzpy:

[0053]
2123-2131 (2008).

Cul K«CO;
Br * HN
\ L -proline

(2) Synthesis Process of Pyim:

[0054]
2950-2960 (2009).

Z N
I + NH3 Hzo

1) C,HsOH, 0° C.

2) Room Temperature

S
| Br |
N N
———
1, 10-phenanthroline
Cul, Cs,CO
N7 i 152 N
\ / DME, reflux \ /
Pyim

(3) Synthesis Process of Ptop:

[0055]
4667-4677 (2013).

NHZNHZ L0
COOMe —————>
EtOH, reflux
NHNH2 C>—COOH
::: POC13 reflux

OYO
9

Ptop

See details in He, L., et al., Adv Funct. Mater 18,

See details in He, L., et al., Adv Funct. Mater 19,

See details in Zhang, 1., et al. Adv. Funct. Mater 23,
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(4) Synthesis Process of Pop:
[0056]

NHZNHa HO
COOMe ——™
EtOH, reflux
_N

POCl3 reflux

wa

Pop

Embodiment 2

Synthesis Process of [Ir(dfppy),(pzpy)][BArF, ]
Shown in Formula (11)

[0057] Di-chlorine bridged Iridium di-ligand [Ir(dfppy)
5Cl], (3.100 g, 2.55 mmol) and pzpy ligand (0.743 g, 5.12
mmol) is dissolved in 1,2-glycol (60 mL). In nitrogen
atmosphere, the solution system is refluxed for 12 h at 140°
C. to get a clear bright yellow solution. After cooling to
room temperature, Na[BArF,,] (4.522 g, 5.10 mmol) is
slowly added to the reaction system with stirring. The
reaction product is suction filtrated, washed with CH,Cl,,
and then dried over a night in a 70° C. vacuum drying oven.
The crude product is subsequently passed through silica
chromatographic column (200-300 mesh), with CH,Cl, as
the mobile phase, to get the clathrate compound [Ir(dfppy)
>(pzpy)]|BArF,,] shown in formula (11) as pale yellow
powder (5.283 g, 3.34 mmol) at a yield of 66%.

[0058] 'H-NMR (600 MHz, DMSO-dg): 8 9.34 (d, I=3.1
Hz, 1H). 8.55 (d, J=8.5 Hz, 1H), 8.40-8.36 (m, 1H), 830 (d,
J=7.3 Hz, 2H), 8.07 (t, I=6.3 Hz, 2H), 7.84 (d, ]=5.1 Hz,
1H), 7.78 (d, J=5.8 Hz, 1H), 7.73 (s, 4H), 7.63 (s, 8H), 7.56
(t, J=5.4 Hz, 2H), 7.32 (t, J=6.7 Hz, 1H), 7.29 (t, J=6.7 Hz,
1H), 7.01-6.91 (m, 2H), 5.65 (d, J=2.3 Hz, 1H), 5.64 (d,
J=2.3 Hz, 1H), 5.62 (d, ]=2.3 Hz, 1H), 5.60 (d, J=2.3 Hz,
1H); '"F-NMR (600 MHz, DMSO-d,): & -61.68 (s, 24F),
-106.51 (s, 1F), -107.12 (s, 1F), -108.67 (s, 1F), -109.29
(s, 1F); MS (ESD) [m/z]: [M-BArF,,]* caled for
CyoH oFIrNg,  718.12; found, 718.39; [M-Ir(dfppy),

(pzpy)]™ caled for C,,H,,BF,,, 863.06; found, 863.35.
| N | A
PZaN cl LN A
\Ir/ \Ir/
F / \Cl/ \ F +
F F
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X

A OH
) 107 " i 128

) Na[BArT o]

F3C CF3

F5C CFy

F,C CF;

Embodiment 3

Synthesis Process of [Ir(ppy),(pzpy)][BAIF,,]
Shown in Formula (12)

[0059] The reactants are [Ir(ppy),Cl], (1.662 g, 1.55
mmol) and pzpy ligand (0.468 g, 3.22 mmol), and by going
through the same synthesis method as that of Embodiment
2, the clathrate compound [Ir(ppy).(pzpy)][BArF,,] shown
in formula (12) is obtained as pale yellow powder (3.790 g,
2.51 mmol) at a yield of 81%.

[0060] 'H-NMR (600 MHz, DMSO-d,): 8 9.30 (d, I=3.0
Hz, 1H), 8.53 (d, J=8.5 Hz, 1H), 8.35-8.30 (m, 1H), 8.26
(dd, J=8.0 Hz, 3.9 Hz, 2H), 7.95 (ddd, J=7.7Hz,3.2 Hz, 1.9
Hz, 2H), 7.89 (dd, J=12.6 Hz, 7.8 Hz, 2H), 7.77 (d, J=5.7 Hz,
1H), 7.71 (d, J=5.3 Hz, 1H), 7.68 (s, 4H), 7.65 (d, J=5.6 Hz,
1H), 7.61 (s, 8H), 7.55-7.51 (m, 1H), 7.28 (d, J=1.9 Hz, 1H),
7.22 (1, 1=6.7 Hz, 1H), 7.18 (t, J=6.6 Hz, 1H), 7.01 (t, J=8.0
Hz, 1H), 6.98 (t, I=7.5 Hz, 1H), 6.91-6.87 (m, 2H), 6.84 (t,
1=7.4 Hz, 1k), 6.19 (dd, ]=9.6 Hz, 7.9 Hz, 2H); *F-NMR
(600 MHz, DMSO-d,): 8 =61.74 (s, 24F); MS (ESI) [m/z]:
[M-BArF,,]* caled for C;,H,,1rNs, 646.16; found, 646.16;
[M-Ir(ppy)s(pzpy)]~ caled for C5,H,,BF,,, 863.06; found,
863.06.
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Embodiment 4

Synthesis Process of [Ir(ppy),(pyim)][BArF_,]
Shown in Formula (13)

[0061] The reactants are [Ir(ppy),Cl], (3.064 g, 2.86
mmol) and pyim ligand (1.255 g, 5.67 mmol), and by going
through the same synthesis method as that of Embodiment
2, the clathrate compound [Ir(ppy).(pyim)][BArF,,] shown
in formula (13) is obtained as yellow powder (1.024 g, 0.77
mmol) at a yield of 86%.

[0062] 'H-NMR (600 MHz, DMSO-dy): & 8.25 (t, I=8.6
Hz, 2H). 7.98-7.87 (m, 8H), 7.86 (d, ]=1.4 Hz, 1H), 7.83 (d,
J=5.4 Hz, IH), 7.73 (d, J=4.9 Hz, 4H), 7.68 (s, 4H), 7.62 (s,
8H), 7.51-7.47 (m, 1H), 7.28-7.25 (m, 1H), 7.25-7.20 (m,
1H), 7.02-6.95 (m, 2H), 6.93 (d, J=8.3 Hz, 1H), 6.91-6.84
(m, 2H), 6.64 (d, J=1.4 Hz, 1H), 6.23 (dd, J=94, 8.2 Hz,
2H); °F-NMR (600 MHz, DMSO-d,): 8 -61.12 (s, 24F);
MS (ESI) [m/z]: [M-BArF,,]* caled for C;cH,,IrNs, 722.
19; found, 722.19; [M-Ir(ppy),(pyim)]~ caled for
C;,H,,BF,,, 863.06; found, 863.07.
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Embodiment 5

Synthesis Process of [Ir(ppy).(bpy)]|[BArF,,]
Shown in Formula (14)

[0063] The reactants are [Ir(ppy),Cl], (1.767 g, 1.65
mmol) and 2,2'-bipyridine (bpy) ligand (0.528 g, 3.38
mmol), and by going through the same synthesis method as
that of Embodiment 2, the clathrate compound [Ir(ppy),
(bpy)][BATrF,,] shown in formula (14) is obtained as yellow
powder (4.290 g, 2.82 mmol) at a yield of 86%.

[0064] ‘H-NMR (600 MHz, DMSO-dy): & 8.89 (d, J=8.2
Hz, 2H). 827 (t, J=7.2 Hz, 4H), 7.95-7.90 (m, 4H), 7.88 (d,
J=4.7Hz, 2H), 7.71 (s, 4H), 7.69 (s, 2H), 7.63 (s, 2H), 7.62
(s, 8H), 7.16 (t, J=6.0 Hz, 2H), 7.03 (dd, J=12.6 Hz, 5.5 Hz,
2H), 6.90 (t, J=7.5 Hz, 2H), 620 (d, J=7.2 Hz, 2H);
F.NMR (600 MHz, DMSO-d): & -61.74 (s, 24F); MS
(ESD) [m/z]: [M-BArF,,]* caled for C;,H,,IrN,, 657.16;
found, 657.16; [M-Ir(ppy),(bpy)]™ calcd for C,,H,,BF,,,
863.06; found, 863.06.
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Embodiment 6

Synthesis Process of [Ir(ppy).(ptop)|[BArF,,]
Shown in Formula (15)

[0065] The reactants are [Ir(ppy),Cl], (1.786 g, 1.67
mmol) and ptop ligand (0.798 g, 3.36 mmol), which are
dissolved in methanol/CH,Cl, (v/v=60:60 mL), and the rest
of the synthesis method is the same as that of Embodiment
2, thereby obtaining the clathrate compound [Ir(ppy).(ptop)]
[BArF,,] shown in formula (15) as red powder (4.131 g,
2.58 mmol) at a yield of 77%.

[0066] ‘H-NMR (600 MHz, DMSO-d,): § 8.66 (d, J=7.8
Hz, 1H), 8.37 (t, J=7.4 Hz, 1H), 8.26 (d, J=6.0 Hz, 1H), 8.22
(d, 1=8.2 Hz, 2H), 8.01 (d, 1=8.1 Hz, 2H), 7.93 (t, J=7.8 z,
2H), 7.88 (d, J=7.6 Hz, 1H), 7.82 (dd, J=5.9 Hz, 1H), 7.69
(s, 4H), 7.63 (d, I=5.9 Hz, 1H), 7.60 (s, 8H), 7.44 (d, J=8.0
Hz, 2H), 7.18 (t, I=6.6 Hz, 2H), 7.01 (dd, J=9.8 Hz, 4.9 Hz,
1H), 6.94 (t, J=7.4 Hz, 1H), 6.89 (1, I=7.3 Hz, 1H), 6.81 (t,
J=7.1 Hz, 1H), 6.11 (dd, J=13.1 Hz, 7.6 Hz, 2H), 1.22 (s,
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3H); '*F-NMR (600 MHz, DMSO-d): § -61.51 (s, 24F);
MS (ESI) [nv/z]: [M-BArF,,]* caled for C;H,,IrNSO, 738.
18; found, 738.18; [M-Ir(ppy)(ptop)]” caled for
C,,H,,BF,,, 863.06; found, 863.06.
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2, the clathrate compound [Ir(ppy),(pop)][BArF,,] shown in
formula (16) is obtained as red powder (4.551 g, 2.87 mmol)
at a yield of 87%.

[0068] ‘H-NMR (600 MHz, DMSO-d): & 8.68 (d, J=7.7
Hz, 1H), 8.38 (td, J=7.8 Hz, 2.1 Hz, 1H), 8.26 (d, J=5.5 Hz,
1H), 8.22 (d, J=8.5 Hz, 2H), 8.14-8.10 (m, 2H), 7.94 (,
J=1.8 Hz, 2H), 7.88 (d, ]=8.7 Hz, 1H), 7.86-7.81 (m, 3H),
7.72(d, J=7.4 Hz, 1H), 7.69 (s, 4H), 7.63 (dd, J=13.5 Hz, 6.1
Hz, 3H), 7.60 (s, 8H), 7.18 (dt, ]=6.0 Hz, 4.7 Hz, 2H), 7.01
(t, I=7.6 Hz, 1H), 6.94 (t, J=7.6 Hz, 1H), 6.89 (dd, ]=8.1 Hz,
7.1 Hz, 1H), 6.81 (t, J=7.5 Hz, 1H), 6.11 (dd, I=11.9 Hz, 7.5
Hz, 2H); °F-NMR (600 MHz, DMSO-d,): 8 -61.60 (s,
24F); MS (ESI) [m/z]: [M-BArF,,]* caled for C;5H, 51N O,
724.17, found, 724.16; [M-Ir(ppy),(pop)]~ caled for
C;,H,,BF,,, 863.06; found, 863.06.

| AN | AN
N N
N Cl e S
e d
/
NS N +
e — ) e — 2
Ne=
1\4 O 1) MeOH/CH,Cls, reflux 6 h

7) Na[BAtT o]

FC CF,

Embodiment 7

Synthesis Process of [Ir(ppy),(pop)][BArF,,]
Shown in Formula (16)

[0067] The reactants are [Ir(ppy),Cll, (1.775 g, 1.66
mmol) and pop ligand (0.740 g, 3.32 mmol), and by going
through the same synthesis method as that of Embodiment

FiC

FC

CF,
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[0069] The clathrate compounds shown in formulas (11)
to (16) prepared in Embodiments 2-7 undergo thermogra-
vimetric analysis in N2 atmosphere, as shown in FIG. 1, it
can be seen that the series of Iridium-containing depositable
materials with [BArF,,]~ as a counterion do not have notable
mass loss until above 250° C., which indicates this type of
materials have a high glass transition temperature and good
thermal stability.

Embodiment 8

Synthesis Process of [Ir(dfppy),(pzpy)I[B(5fph).]
Shown in Formula (21)

[0070] The reactants are [Ir(ppy),Cl], (0.473 g, 0.39
mmol) and dfpzpy ligand (0.187 g, 1.29 mmol), and by
going through the same synthesis method as that of Embodi-
ment 2, the clathrate compound [Ir(dfppy),(pzpy)][B(5fph)
4] shown in formula (21) is obtained as bright yellow powder
(0.770 g, 0.56 mmol) at a yield of 71%.

[0071] ‘H NMR (600 MHz, DMSO-dq, 8) 9.34 (dd, J=2.9
Hz, 1.4 Hz, 1H), 8.55 (d, J=8.5 Hz, 1H), 8.39-8.36 (m, 1H).
8.30 (d, J=6.3 Hz, 2H), 8.09-8.04 (m, 2H), 7.84 (dd, J=6.8
Hz, 6.4 Hz, 1H), 7.78 (d, J=5.8 Hz, 1H), 7.75 (d, J=5.7 Hz.
1H), 7.57-7.53 (m, 2H), 7.34-7.23 (m, 3H), 7.19-7.13 (m,
1H), 7.00-6.91 (m, 3H). *°F NMR (600 MHz, DMSO-d,, 9)
-106.45 (s, 1F), -107.10 (s, 1F), -108.60 (s, 1F), -109.25
(s, 1F), -132.23 (s, 8F), =161.17 (s, 4F), =165.71 (s, 8F). MS
(ESD) [m/z]: 718.40 [M-B(5fph),]*, 679.28 [M-Ir(dfppy),
(pzpy)]™. Anal. Caled. for Cy H,,BF,,Ir'N.: C, 46.43; H,
1.37; N, 5.01. Found: C, 45.84; H, 1.50; N, 4.95.
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Embodiment 9

Synthesis Process of [Ir(ppy).(pzpy)][B(5fph),]
Shown in Formula (22)

[0072] The reactants are [Ir(ppy),Cl], (0.578 g, 0.54
mmol) and pzpy ligand (0.231 g, 1.59 mmol), and by going
through the same synthesis method as that of Embodiment
2, the clathrate compound [Ir(ppy).(pzpy)][B(5fph),] shown
in formula (22) is obtained as yellow powder (1.024 g, 0.77
mmol) at a yield of 72%.

[0073] 'H NMR (600 MHz, DMSO-d6, §) 9.28 (d, J=2.8
Hz, 1H), 8.51 (d, J=8.3 Hz, 1H), 831 (t, J=8.0 Hz, 1H),
8.28-8.21 (m, 2H), 7.94 (d, I=7.8 Hz, 2H), 7.88 (dd, J=12.3,
7.8 Hz, 2H), 7.75 (d, J=5.7 Hz, 1H), 7.70 (d, J=5.6 Hz, 1H),
7.64 (d, I=5.5 Hz, 1H), 7.54-7.50 (m, 1H), 7.27 (s, 1H),
7.25-7.15 (m, 2H), 6.99 (dt, 1=19.2, 7.5 Hz, 2H), 6.93-6.80
(m, 3H), 6.22-6.15 (m, 2H). "F NMR (600 MHz, DMSO-
dg, 8) —132.35 (s, 8F), —161.20 (s, 4F), ~165.81 (s, 8F). MS
(BSD) [m/z]: 646.40 [M-B(5fph),]*, 679.22 [M-Ir(ppy)s
(pzpy)]”~. Anal. Caled. for C;,H,;BF,IrNs: C, 48.96; H,
1.75; N, 5.29. Found: C, 49.37; H, 2.00; N, 5.46.
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Embodiment 10

Synthesis Process of [Ir(ppy),(pyim)][B(5fph),]
Shown in Formula (23)

[0074] The reactants are [Ir(ppy),Cl], (0.569 g, 0.53
mmol) and pyim ligand (0.233 g, 1.05 mmol), and by going
through the same synthesis method as that of Embodiment
2, the clathrate compound [Ir(ppy).(pyim)][B(5fph),]
shown in formula (23) is obtained as yellow powder (1.024
g, 0.77 mmol) at a yield of 61%.

[0075] 'H NMR (600 MHz, DMSO-d,, §) 8.24 (t, J=8.9
Hz, 2H), 7.97-7.92 (m, 4H), 7.89 (dd, I=13.1, 6.8 Hz, 4H),
7.85(d,J=1.1Hz, 1H),7.83 (d, J=5.3 Hz, 1H), 7.74 (d, J=5.7
Hz, 4H), 7.48 (dd, J=7.0, 6.2 Hz, 1H), 7.26 (dd, ]=9.7, 3.5
Hz, 1H), 7.21 (t, J=6.6 Hz, 1H), 7.01-6.92 (m, 3H), 6.88 (dd,
J=12.5, 5.0 Hz, 1H), 6.85 (t, J=7.4 Hz, 1H), 6.64 (d, I=1.3
Hz, 1H), 6.24 (dd, 1-9.9, 7.8 Hz, 2H). °F NMR (600 MHz,
DMSO-d,, §) -132.36 (s, 8F), -161.18 (s, 4F), -166.20 (s,
8F). MS (ESI) [m/z]: 722.19 [M-B(5fph),]*, 678.98 [M-Ir
(ppy)-(pyim)]~. Anal. Calcd. for CH,,BF,,IrN.: C, 51.44;
H, 1.94; N, 5.00. Found: C, 51.79; H, 2.27; N, 4.87.
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Embodiment 11

Synthesis Process of [Ir(ppy),(bpy)l[B(5{ph),]
Shown in Formula (24)

[0076] The reactants are [Ir(ppy),Cl], (0.655 g, 0.61
mmol) and 2,2'"-bipyridine (bpy) ligand (0.25 g, 1.60 mmol),
and by going through the same synthesis method as that of
Embodiment 2, the clathrate compound [Ir(ppy),(bpy)][B
(5fph),] shown in formula (24) is obtained as yellow powder
(1.024 g, 0.77 mmol) at a yield of 65%.

[0077] 'H NMR (600 MHz, DMSO-d,, 8) 8.89 (d, J=8.4
Hz, 2H), 8.28 (dd, J=11.0, 4.8 Hz, 4H), 7.96-7.91 (m, 4H),
7.89-7.87 (m, 2H), 7.70 (ddd, J=7.6, 5.5, 1.1 Hz, 2H), 7.62
(dd, J=5.8, 0.7 Hz, 2H), 7.18-7.15 (m, 2H), 7.05-7.00 (m,
2H), 6.91 (td, J=7.5, 1.3 Hz, 2H), 6.20 (dd, J=7.6, 0.6 Hz,
2H). MS (ESI) [m/z]: 657.16 [M-B(5fph),]*, 678.98 [M-Ir
(ppy),(bpy)]-. Anal. Caled. for CsH,,BF,IrN,: C, 50.35;
H, 1.81; N, 4.19. Found: C, 50.83; H, 2.24; N, 4.18.
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Embodiment 12

Synthesis Process of [Ir(ppy),(ptop)][B(5fph).]
Shown in Formula (25)

[0078] The reactants are [Ir(ppy).Cll, (1.775 g, 1.66
mmol) and ptop ligand (0.341 g, 1.44 mmol), and by going
through the same synthesis method as that of Embodiment
2, the clathrate compound [Ir(ppy),(ptop)][B(5fph),] shown
in formula (25) is obtained as red powder (1.65 g, 1.16
mmol) at a yield of 81%.

[0079] 'H NMR (600 MMz, DMSO-d,, d) 8.71 (d, I=7.8
Hz, 1H), 8.43 (td, I=7.8 Hz, 1.9 Hz, 1H), 8.32-8.30 (m, 1H),
8.29-8.26 (m, 2H), 8.07 (d, J=8.2 Hz, 2H), 8.01-7.97 (m,
2H), 7.93 (d, I=7.3 Hz, 1H), 7.87 (ddd, J=6.8 Hz, 5.5 Hz, 2.8
Hz, 3H), 7.69 (d, J=5.8 Hz, 3H), 749 (d, J=8.0 Hz, 1H),

Sep. 27,2018

7.25-7.21 (m, 2H), 7.08-7.04 (m, 1H), 7.01-6.97 (m, 1H),
6.94 (td, J=7.5 Hz, 1.2 Hz, 1H), 6.86 (td, J=7.5 Hz, 1.2 Hz,
1H), 6.16 (dd, I=12.9 Hz, 7.0 Hz, 1H), 2.53 (dt, J-3.6 Hz,
1.8 Hz, 3H). **F NMR (600 MHz, DMSO-d,, §) -133.28 (s,
8F), -161.68 (s, 4F), -165.84 (s, 8F). MS (ESI) [m/z]:
738.18 [M-B(5iph),]*, 678.97 [M-Ir(ppy),(ptop)]”. Anal.
Caled. for C; H,,BF, ,IiIN;O: C, 50.86; H, 1.92; N, 4.94.
Found: C, 51.93; H, 1.83; N, 4.98.
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Embodiment 13

Synthesis Process of [Ir(ppy),(pop)][BATF,,]
Shown in Formula (26)

[0080] The reactants are [Ir(ppy),Cl], (0.576 g, 0.54
mmol) and pop ligand (0.243 g, 1.09 mmol), and by going
through the same synthesis method as that of Embodiment
2, the clathrate compound [Ir(ppy),(pop)|[BArF,,] shown in
formula (26) is obtained as red powder (1.024 g, 0.77 mmol)
at a yield of 74%.

[0081] 'H NMR (600 MHz, DMSO-d, 8) 8.73 (d, I=7.7
Hz, 1H), 8.43 (td, J=7.7 Hz, 1.6 Hz, 1H), 8.32 (d, J=5.2 Hz,
1H), 8.27 (d, 1=8.0 Hz, 2H), 8.18 (d, ]=7.3 Hz, 2H), 7.99 (1,
J=7.8 Hz, 2H), 7.93 (d, ]=7.6 Hz, 1H), 7.91-7.86 (m, 3H),
776 (t, 1=7.5 Hz, 1H), 7.69 (dd, I=15.8 Hz, 7.5 Hz, 3H).
7.23 (ddd, I-6.0 Hz, 4.5 Hz, 2.2 Hz, 2H), 7.06 (dd, 1-9.7 Hz,
53 Hz, 1H), 6.9 (t, 1=7.5 Hz, 1H), 6.94 (t, J=7.5 Hz, 1H).
6.86 (t, 7.4 Hz, 1H), 6.17 (dd, J=12.0 Hz, 7.6 Hz, 2H). °F
NMR (600 MHz, DMSO-d,, 8) -=133.30 (s, 8F), =161.68 (s,
4F), -166.65 (s, 8F). MS (ESI) [nv/z]: 724.17 [M-B(5ph)
4% 67897  [M-Ir(ppy),(pop)]~. Anal. Caled. for
ColLBF, IN;O: C, 50.51; H, 1.80; N, 4.99. Found: C,
51.88; H, 1.92; N, 4.98.
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[0082] The clathrate compounds shown in formulas (21)
to (26) prepared in Embodiments 8-13 undergo thermogra-
vimetric analysis in N2 atmosphere, as shown in FIG. 5, it
can be seen that the series of Iridium-containing depositable
materials with [B(5fph),]” as a counterion do not have
notable mass loss until above 320° C., which indicates this
type of materials have a high glass transition temperature
and good thermal stability.

Embodiment 14

[0083] Devices 1-6 of this embodiment have the following
structure:

[0084] ITO/NPB (40 nm)/host material: x % dye (20
nm)/TPBi (30 nm)/Mg:Ag (150 nm)/Ag (50 nm)

[0085] The “x %” before the dye of the devices 1-6
represents a doping concentration of the dye in the organic
light-emitting layer. In this embodiment and hereinatter, the
doping concentration is measured in wt %.

TABLE 1

Performance of OLED devices made with clathrate compounds 11-16

PL Current EL
Structure of the wavelength efficiency Luminance wavelength
organic light-emitting » My Buax Iy CIE
layer [nm]® [ed A7Y] [ed m™] [nm]? (%, y)*
CzPO,: 2% 452, 481 1.3 6.0 x 10° 446 (0.16, 0.12)
clathrate compound 11
26DCzPPy: 8% 473, 502 3.0 1.9 x 10 476,501 (0.20,0.37)
clathrate compound 12
DIC-TRZ: 4% 527 16.3 >27.1 x 10° 532 (036, 0.57)
clathrate compound 13
DIC-TRZ: 2% 554 226  >271x10° 551 (042, 0.54)

clathrate compound 14
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TABLE 1-continued

Sep. 27,2018

Performance of OLED devices made with clathrate compounds 11-16

PL Current EL
Structure of the wavelength  efficiency Luminance  wavelength
organic light-emitting » Ny B uax A CIE
layer [nm]® [ed A™H [ed m™2] [nm]? x, y)¢
DIC-TRZ: 10% 597 7.1 16.3 x 10° 588 (0.51, 0.46)
clathrate compound 135
DIC-TRZ: 6% 597 5.1 111 x 10° 594 (0.52, 0.46)

clathrate compound 16

[0086] In table 1:

[0087] The clathrate compound 11 refers to [Ir(dfppy)
5(pzpy)][BAIF,,] shown in formula (11), and the cor-
responding device serial number is 1;

[0088] The clathrate compound 12 refers to [Ir(ppy),
(pzpy)][BArF,,] shown in formula (12), and the cor-
responding device serial number is 2;

[0089] The clathrate compound 13 refers to [Ir(ppy),
(pyim)][BArF,,] shown in formula (13), and the cor-
responding device serial number is 3;

[0090] The clathrate compound 14 refers to [Ir(ppy),
(bpy)I[BArF,,] shown in formula (14), and the corre-
sponding device serial number is 4;

devices corresponding to the compounds shown in formula
(11), formula (12), formula (13), formula (14), formula (15),
formula (16).

Embodiment 15

[0094] Devices 7-12 of this embodiment have the follow-
ing structure:
[0095] ITO/NPB (40 nm)/host material: x % dye (20

nm)/TPBi (30 nm)/Mg:Ag (150 nm)/Ag (50 nm)

[0096] The “x %” before the dye of the devices 7-12
represents a doping concentration of the dye in the organic
light-emitting layer. In this embodiment and hereinafter, the
doping concentration is measured in wt %.

TABLE 2

Performance of OLED devices made with clathrate compounds 21-26

PL Current EL
Structure of the wavelength  efficiency Luminance  wavelength
organic light-emitting A L B, A CIE
layer [nm]® [ed A ] [edm™?] [nm]? (%, y)°
CzPCh: 8% 452, 480 1.5 5.7 x 103 452 (0.18, 0.19)
clathrate compound 21
26DCzPPy: 6% 476, 503 6.7 8.2 x 103 506 (0.25,0.47)
clathrate compound 22
DIC-TRZ: 6% 531 153 >27.1 % 10° 532 (0.35,0.57)
clathrate compound 23
DIC-TRZ: 8% 555 243 >27.1 x 10° 550 (0.42,0.54)
clathrate compound 24
DIC-TRZ: 4% 599 4.5 22.1x 103 588 (0,51, 0.47)
clathrate compound 25
DIC-TRZ: 6% 599 4.5 19.4 x 10° 596 (0.52,0.46)
clathrate compound 26
[0091] The clathrate compound 15 refers to [Ir(ppy), [0097] In table 2:
(ptop)I[BAIF, | shown in formula (15), and the corre- [0098] The clathrate compound 21 refers to [Ir(dfppy)

sponding device serial number is 5;

[0092] The clathrate compound 16 refers to [Ir(ppy),
(pop)][BArF,,] shown in formula (16), and the corre-
sponding device serial number is 6.

[0093] The current density-voltage spectrogram of the
devices 1-6 is shown in FIG. 2, their luminance-voltage
spectrogram is shown in FIG. 3, their electroluminescence
spectrogram is shown in F1G. 4. As seen from FIGS. 24, the
devices begin to illuminate at a drive voltage of 4V, the
maximum luminance is as high as 27.1x10° cd/m?, and as
seen from the electroluminescence spectrogram, they can
realize light-emitting colors from blue to red. The “11, 12,
13, 14, 15, 16” in FIGS. 24 respectively represent the

S(pzpy)I[B(5fph),] shown in formula (21), and the
corresponding device serial number is 7,

[0099] The clathrate compound 22 refers to [Ir(ppy),
(pzpy)1[B(5fph),] shown in formula (22), and the cor-
responding device serial number is 8;

[0100] The clathrate compound 23 refers to [Ir(ppy),
(pyim)][B(5fph),] shown in formula (23), and the
corresponding device serial number is 9;

[0101] The clathrate compound 24 refers to [Ir(ppy),
(bpy)][B(5fph),] shown in formula (24), and the cor-
responding device serial number is 10;
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[0102] The clathrate compound 25 refers to [Ir(ppy),
(ptop)][B(5fph),] shown in formula (25), and the cor-
responding device serial number is 11;

[0103] The clathrate compound 26 refers to [Ir(ppy),
(pop)|[BArF,,] shown in formula (26), and the corre-
sponding device serial number is 12.

[0104] “CzPO,: 2% clathrate compound 217 of the struc-
ture of the organic light-emitting layer in the first column of
the Tables above refers to that the host material CzPO, of the
organic light-emitting layer is doped with 2 wt % of dye, and
the dye is [Ir(dfppy),(pzpy)][B(5fph),] shown in formula
(21). And so on for the second to sixth lines.

[0105] The current density-voltage spectrogram of devices
7-12 is shown in FIG. 6, their luminance-voltage spectro-
gram is shown in FIG. 7, their electroluminescence spec-
trogram is shown in FIG. 8. As seen from FIGS. 6-8, the
devices begin to illuminate at a drive voltage of 4V, the
maximum luminance is as high as 27.1x10° cd/m?, and as
seen from the electroluminescence spectrogram, they can
realize light-emitting colors from blue to red. The “21, 22,
23, 24, 25, 26”7 in FIGS. 6-8 respectively represent the
devices corresponding to the compounds shown in formula
(21), formula (22), formula (23), formula (24), formula (25),
formula (26).

Sep. 27,2018
Embodiment 16
[0106] A device 13 of this embodiment has the following
structure:
[0107] ITO/NPB (40 nm)/ host material: 4% dye (50 nm)/

TPBi (30 nm)/Mg:Ag (150 nm)/Ag (50 nm)
[0108] The host material and dye of the device 13 is the
same as the device 1.

Embodiment 17

[0109] A device 14 of this embodiment has the following
structure:
[0110] ITO/NPB (40 nm)host material: 6% dye (30 nm)/

TPBi (30 nm)yMg:Ag (150 nm) Ag (50 nm)
[0111] The host material and dye of the device 14 is the
same as the device 1.

Embodiment 18

[0112] A device 15 of this embodiment has the following
structure:

[0113] ITO/NPB (40 nm)'host material: 7% dye (10 nm)/
TPBi (30 nm)Mg:Ag (150 nm) Ag (50 nm)

[0114] The host material and dye of the device 15 is the
same as the device 1.

[0115] The molecular formulas of the materials involved
in the present invention are as follows:

Abbreviation Full name

Structural formula

NPB N,N'"-di-(1-naphthyl)-
N,N'-diphenyl-1,1"-biphenyl-
4 A'-diamine

TPBi 1,3,5-tri-(1-phenyl-1H-

benzimidazole-2-yl)-benzene

»
N

NPB

N/ N/O
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-continued

Abbreviation Full name Structural formula

CzPO, 9-(3,5-di-(diphenyl-phosphoryl)-
phenyl)-9H-carbazole

26DCzPPy  2,6-di-(3-(9H-carbazole-9-yl)-
phenyl)-pyridine

DIC-PIZ 2-[9-phenyl]-
indolo[2,3-A]carbazole-
4,6-diphenyl-1,3,5-triazine
N
N
N %4

N

N/

N

[0116] Although the present invention is described with formula (1)
reference to specific embodiments, the present invention is
not limited to the aforementioned embodiments. It should be
understood that, under the guidance of the inventive concept
of the present invention, a person skilled in the art can
conduct various changes and modifications, and the scope of
the present invention is summarized by the appended
Claims.

1. A depositable ionic organic functional material, char-
acterized in having a structure shown in the following
formula (1):
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. -continued _

N
R | g R
| i
/ N\_|_/
_ \ | /
= R

R |

— \ p—

wherein, R is a hydrogen atom, a halogen atom or —CF;

R' is a hydrogen atom or a halogen atom;

the N'N ligand is selected from Pzpy shown in the
following formula (31) and its derivatives, Pyim shown
in the following formula (32), Ptop shown in the
following formula (33), Pop shown in the following
formula (34), Bpy shown in the following formula (35),
and Dfppy shown in the following formula (36):

formula (31)

/\

\ /

/

formula (32)

B F,C
e}
‘ \_/ e
z N 3
| B F,C
F A
N
B FsC
FsC
\ / F3C
N
7 | F5C
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-continued
formula (33)
\
N—N
formula (34)
0.
\ /
N—N
formula (35)
N N—
/' \ ¢ )
formula (36)

2. The depositable ionic organic functional material
according to claim 1, characterized in that, the depositable
ionic complex has a structure shown in the following

formulas (11) to (16) and formulas (21) to (26):

CF,

CF,

formula (11)

CF3

CF3

C,

formula (12)

CF3

CF3
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formula (13)
B FC CF;
F;C CF3
B
F;C CF,
sC CFy

CF3

CF,

CF,

formula (14)

formula (15)
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F;C CFs 7]
e CF;
B
FiC CF;
F;C CF,

F

F F

F F E
B

\ /

F
F

i
=

F
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formula (16)

formula (21)

formula (22)
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-continued
F
F
F F F F
7\ o
F B
_ \ /
F F F F
F
F
. _
F
F F F F
B F
\ /
F F F F
F
F E—
F F
F F F F F F
7\ o
_ \ /
F F F F F F
F F
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formula (23)

F
formula (24)
formula (25)
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3. A use of the depositable ionic organic functional
material according to claim 1 in an organic electrolumines-
cent device, wherein, the depositable ionic organic func-
tional material is used as a dye in an organic light-emitting
layer of the organic electroluminescent device.

4. An organic electroluminescent device, comprising a
substrate, and an anode layer, an organic light-emitting
functional layer, a cathode layer formed in sequence upon
the substrate, wherein the organic light-emitting functional
layer comprises a hole transport layer, an organic light-
emitting layer and an electron transport layer, characterized
in that, a host material of the organic light-emitting layer is
doped with the depositable ionic organic functional material
according to claim 1.

formula (26)

5. The organic electroluminescent device according to
claim 4, characterized in that, doping concentration of the
depositable ionic organic functional material is 2 wt %-10 wt
%.

6. The organic electroluminescent device according to
claim 4, characterized in that, the depositable ionic organic
functional material is red, yellow, green or blue light emit-
ting material.

7. The organic electroluminescent device according to
claim 4, characterized in that, the organic light-emitting
layer has a thickness of 10 mm-50 mm.

8. The organic electroluminescent device according to
claim 7, characterized in that, the organic light-emitting
layer has a thickness of 10 mm-30 mm.

I S T T
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