US 20150155499A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0155499 A1

Kwong et al.

(43) Pub. Date: Jun, 4, 2015

(54)

(1)

(72)

(73)

1)
(22)

(60)

e

ORGANOSELENIUM MATERIALS AND (60) Provisional application No. 61/100,229, filed on Sep.
THEIR USES IN ORGANIC LIGHT 25, 2008.
EMITTING DEVICES
Publication Classification
Applicant: Universal Display Corporation, Ewing,
NIJ (US) (51) Imt.ClL
HOIL 51/00 (2006.01)
Inventors: Raymend Kwong, Plainsboro, NJ (US); Co7D 421/14 (2006.01)
Bin Ma, Plainsboro, NJ (US); Chuanjun CO7F 5/02 (2006.01)
Xia, Lawrenceville, NJ (US); Chun Lin, CO7D 345/00 (2006.01)
Langhome, PA (US) (52) U.S. CL
. . . . . CPC ........ HO1L 51/0071 (2013.01); HO1L 51/0085
Assignee: Universal Display Corporation, Ewing, (2013.01); HOIL 51/0087 (2013.01); HOIL
NJ(US) 51/0088 (2013.01); HOIL 51/0069 (2013.01);
. CO7D 345/00 (2013.01); CO7D 421/14
Appl. No.: 14/611,468 (2013.01); CO7F 5/027 (2013.01); HOIL
Filed:  Feb.2,2015 31/5016 (2013.01)
Related U.S. Application Data (7 ABSTRACT
Division of application No. 13/775.584, filed on Feb. The present invention provides organoselenium compounds
25, 2013, now Pat. No. 8,945,727, which is a continu- comprising dibenzoselenophene, benzo[b]selenophene or
ation of application No. 12/565,966, filed on Sep. 24, benzo[c|selenophene and their uses in organic light emitting
2009, now Pat. No. 8,426.035. devices.
E
¢
L
G R
’ES ’ - hv\""&w--ﬂu
1] QS ——
2§ e

e 210



Patent Application Publication Jun. 4,2015 Sheet 1 of 2

e
S gt
e

US 2015/0155499 A1

Xy aae R
1 J—

125 ]
R —
11§

el 110

Figure 1



Patent Application Publication Jun. 4,2015 Sheet 2 of 2 US 2015/0155499 A1

200
e

s

FREY e
e N

AL
2T

28

e 210



US 2015/0155499 A1

ORGANOSELENIUM MATERIALS AND
THEIR USES IN ORGANIC LIGHT
EMITTING DEVICES

RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 61/100,229,
filed Sep. 25,2008; which is incorporated herein by reference
in its entirety.

[0002] The claimed invention was made by, on behalf of
and/or connection with one or more ofthe following parties to
ajoint university corporation research agreement: Regents of
the University of Michigan, Princeton University. The Uni-
versity of Southern California, and the Universal Display
Corporation. The agreement was in effect on and before the
date the claimed invention was made, and the claimed inven-
tion was made as a result of activities undertaken within the
scope of the agreement.

FIELD OF THE INVENTIONS

[0003] The present invention relates to organoselenium
materials comprising dibenzoselenophene, benzo[b]sele-
nophene or benzo[c]selenophene and their uses in organic
light emitting devices.

BACKGROUND

[0004] Opto-electronic devices that make use of organic
materials are becoming increasingly desirable for a number
of reasons. Many of the materials used to make such devices
are relatively inexpensive, so organic opto-electronic devices
have the potential for cost advantages over inorganic devices.
In addition, the inherent properties of organic materials, such
as their flexibility, may make them well suited for particular
applications such as fabrication on a flexible substrate.
Examples of organic opto-electronic devices include organic
light emitting devices (OLEDs), organic phototransistors,
organic photovoltaic cells, and organic photodetectors. For
OLED:s, the organic materials may have performance advan-
tages over conventional materials. For example, the wave-
length at which an organic emissive layer emits light may
generally be readily tuned with appropriate dopants.

[0005] OLEDs make use of thin organic films that emit
light when voltage is applied across the device. OLEDs are
becoming an increasingly interesting technology for use in
applications such as flat panel displays, illumination, and
backlighting. Several OLED materials and configurations are
described in U.S. Pat. Nos. 5,844,363, 6,303,238, and 5,707,
745, which are incorporated herein by reference in their
entirety.

[0006] One application for phosphorescent emissive mol-
ecules is to full color display. Industry standards for such a
display call for pixels adapted to emit particular colors,
related to as “saturated” colors. In particular, these standards
call for saturated red, green, and blue pixels. Color may be
measured using CIE coordinates, which are well known to the
art.

[0007] A One example of a green emissive molecule is
tris(2-phenylpyridine)iridium, denoted Ir(ppy);, which has
the structure of Formula I:
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[0008] Inthe, and later figures herein, we depict the dative
bond from nitrogen to metal (here, Ir) as a straight line.
[0009] As used herein, the term “organic” includes poly-
meric materials as well as small molecule organic materials
that may be used to fabricate organic opto-electronic devices.
“Small molecule” refers to any organic material that is not a
polymer, and “small molecules” may actually be quite large.
Small molecules may include repeat units in sonic circum-
stances. For example, using a long chain alkyl group as a
substituent does not remove a molecule from the “small mol-
ecule” class. Small molecules may also be incorporated into
polymers, for example as a pendent group on a polymer
backbone or as a part of the backbone. Small molecules may
also serve as the core moiety of a dendrimer, which consists of
a series of chemical shells built on the core moiety. The core
moiety of a dendrimer may be a fluorescent or phosphores-
cent small molecule emitter. A dendrimer may be a “small
molecule,” and it is believed that all dendrimers currently
used in the field of OLEDs are small molecules.

[0010] As used herein, “top” to means furthest away from
the substrate, while “bottom” means closest to the substrate.
Where a first layer is described as “disposed over” a second
layer, the first layer is disposed farther away from substrate.
There may be other layers between the first and second layer,
unless itis specified that the first layer is “in contact with” the
second layer. For example, a cathode may be described as
“disposed over” an anode, even though there are various
organic layers in between.

[0011] As used herein, “solution processible” means
capable of being dissolved, dispersed, or transported in and/
or deposited from a liquid medium, either in solution or
suspension form.

[0012] Aligand may bereferred to as “photoactive” when it
is believed that the ligand directly contributes to the photo-
active properties of an emissive material. A ligand may be
referred to as “ancillary” when it is believed that the ligand
does not contribute to the photoactive properties of an omis-
sive material, although an ancillary ligand may alter the prop-
erties of a photoactive ligand.

[0013] As used herein, and as would generally understood
by one skilled in the art, a first “Highest Occupied Molecular
Orbital” (HOMO) or “Lowest Unoccupied Molecular
Orbital” (LUMO) energy level is “greater than” or “higher
than” a second HOMO or LUMO energy level if the first
energy level is closer to the vacuum energy level. Since ion-
ization potentials (IP) are measured as a negative energy
relative to a vacuum level, a higher HOMO energy level
corresponds to an IP having a smaller absolute value (an IP
that is less negative). Similarly, as LUMO energy level cor-
responds to an electron affinity (EA) having a smaller abso-
lute value (an EA that is loss negative). On a conventional
energy level diagram, with the vacuum level at the top, the
LUMO energy level of a material is higher than the HOMO
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energy level of the same material. A “higher” HOMO or
LUMO energy level appears closer to the top of such a dia-
gram than a “lower” HOMO or LUMO energy level.

[0014] As used herein, and as would be generally under-
stood by one skilled in art, a first work function is “greater
than” or “higher than” a second work function if the first work
function has a higher absolute value. Because work functions
are generally measured as negative numbers relative to
vacuum level, this means that a“higher” work function is
more negative. On a conventional energy level diagram, with
the vacuum level at the top, a “higher” work function is
illustrated as further away from the vacuum level in the down-
ward direction. Thus, the definitions of HOMO and LUMO
energy levels follow a different convention than work func-
tions.

[0015] More details on OLEDs, and the definitions
described above, can be found in U.S. Pat. No. 7,279,704,
which is incorporated herein by reference in its entirety.

SUMMARY OF THE INVENTION

[0016] The present invention provides an organic light
emitting device, comprising an organic layer positioned
between an anode layer and a cathode layer. The organic layer
comprises an organoselenium material selected from the
group consisting of a compound comprising a dibenzosele-
nophene, a compound comprising a benzo[b]selenophene,
and a compound comprising benzo[c]selenophene. Orga-
noselenium compounds that can be used in the organic light
emitting device of the invention are disclosed herein below.
The invention also provides such organoselenium com-
pounds.

[0017] Inoneembodiment, the organoselenium material is
a host material, and the organic layer further comprises a
dopant material. The dopant material can be a phosphorescent
or fluorescent dopant material. In a preferred embodiment,
the dopant material is a phosphorescent dopant material, such
as any of the phosphorescent dopant material disclosed in
Table 1 below.

[0018] In one embodiment, the organic light emitting
device of the invention farther comprises one or more organic
layers selected from the group consisting of a hole injecting
layer, an electron injecting layer, a hole transporting layer, an
electron transporting layer, a hole blocking layer, an exciton
blocking layer, and an electron blocking layer.

[0019] In one embodiment, the hole transporting layer or
the electron transporting layer comprises an organoselenium
material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows an organic light emitting device.
[0021] FIG. 2 shows an inverted organic light emitting
device that does not have a separate electron transport layer.

DETAILED DESCRIPTION

[0022] Generally, an OLED comprises at least one organic
layer disposed between and electrically connected to an
anode and a cathode. When a current is applied, the anode
injects holes and the cathode injects electrons into the organic
layer(s). The injected holes and electrons each migrate toward
the oppositely charged electrode. When an electron and hole
localize on the same molecule, an “exciton,” which is a local-
ized electron-hole pair having an excited energy state, is
formed. Light is emitted when the exciton relaxes via a pho-
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toemissive mechanism. In some cases, the exciton may be
localized on an excimer or an exciplex. Non-radiative mecha-
nisms, such as thermal relaxation, may also occur, but are
generally considered undesirable.

[0023] The initial OLEDs used emissive molecules that
emitted light from their singlet states (“fluorescence™) as
disclosed, for example, in U.S. Pat. No. 4,769,292, which is
incorporated by reference inits entirety. Fluorescent emission
generally occurs in a time frame of less than 10 nanoseconds.
[0024] More recently, OLEDs having emissive materials
that emit light from triplet states (“phosphorescence”) have
been demonstrated. Baido et al., “Highly Efficient Phospho-
rescent Emission from Organic Flectroluminescent Devices”
Nature, vol. 395, 151-154, 1998; (“Baldo-I"") and Baldo et al.,
“Very high-efficiency green organic light-emitting devices
based on electrophosphorescence.” Appl. Phys. Lett., vol. 75.
No. 3, 4-6 (1999) (“Baldo-II"), which are incorporated by
reference in their entireties. Phosphorescence is described in
more detail in U.S. Pat. No. 7,279,704 at cols. 5-6, which are
incorporated by reference.

[0025] FIG. 1 shows an organic fight emitting device 100.
The figures are not necessarily drawn to scale. Device 100
may include a substrate 110, an anode 115, a hole injection
layer 120, a hole transport layer 125, an electron blocking
layer 130, an emissive layer 135, ahole blocking layer 140, an
electron transport layer 145, an electron injection layer 150, a
protective layer 155, and a cathode 160. Cathode 160 is a
compound cathode having a first conductive layer 162 and a
second conductive layer 164. Device 100 may be fabricated
by depositing the layers described, in order. The properties
and functions of these various layers, as well as example
materials, are described in more detail in U.S. Pat. No. 7,279,
704 at cols, 6-10, which are incorporated by reference.
[0026] More examples for each of these layers are avail-
able. For example, a flexible and transparent substrate-anode
combination is disclosed in U.S. Pat. No. 5,844,363, which is
incorporated by reference in its entirety. An example of a
p-doped hole transport layer is m-MTDATA doped with
F.sub.4-TCNQ at a molar ratio of 50:1, as disclosed in U.S.
Patent Application Publication No. 2003/0230980, which is
incorporated by reference in its entirety. Examples of emis-
sive and host materials are disclosed in U.S. Pat. No. 6,303,
238 to Thompson et al., which is incorporated by reference in
its entirety. An example of an n-doped electron transport layer
is BPhen doped with Li at a molar ratio of 1:1, as disclosed in
U.S. Patent Application Publication No. 2003/0230980,
which is incorporated by reference in its entirety. U.S. Pat.
Nos. 5,703,436 and 5,707,745, which are incorporated by
reference in their entireties, disclose examples of cathodes
including compound cathodes having a thin layer of metal
such as Mg:Ag with an overlying transparent, electrically-
conductive, sputter-deposited ITO layer. The theory and use
of blocking layers is described in more detail in U.S. Pat. No.
6,097,147 and U.S. Patent Application Publication No. 2003/
0230980, which are incorporated by reference in their entire-
ties. Examples of injection layers are provided in U.S. Patent
Application Publication No. 2004/0174116, which is incor-
porated by reference in its entirety. A description of protective
layers may be found in U.S. Patent Application Publication
No. 2004/0174116, which is incorporated by reference in its
entirety.

[0027] FIG. 2 Shows an inverted OLED 200. The device
includes a substrate 210, a cathode 215, an emissive layer
220, ahole transport layer 225, and an anode 230. Device 200
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may be fabricated by depositing the layers described, in order.
Because the most common OLED configuration has a cath-
ode disposed over the anode, and device 200 has cathode 215
disposed under anode 230, device 200 may be referred to as
an “inverted” OLED. Materials similar to those described
with respect to device 100 may be used in the corresponding
layers of device 200. FIG. 2 provides one example of how
some layers may be omitted from the structure of device 100.

[0028] The simple layered structure illustrated in FIGS. 1
and 2 is provided by way of non-limiting example, and it is
understood that embodiments of the invention may be used in
connection with a wide variety of other structures. The spe-
cific materials and structures described are exemplary in
nature, and other materials and structures may be used. Func-
tional OLEDs may be achieved by combining the various
layers described in different ways, or layers may be omitted
entirely, based on design, performance, and cost factors.
Other layers not specifically described may also be included.
Materials other than those specifically described maybe used.
Although many of the examples provided herein describe
various layers as comprising a single material, it is under-
stood that combinations of materials, such as a mixture of
host and dopant, or more generally a mixture, may be used.
Also, the layers may have various sublayers. The names given
to the various layers herein are not intended to be strictly
limiting. For example, in device 200, hole transport layer 225
transports holes and injects holes into emissive layer 220, and
may be described as a hole transport layer or a hole injection
layer. In one embodiment, an OLED may be described as
having an “organic layer” disposed between a cathode and an
anode. This organic layer may comprise a single layer, or may
further comprise multiple layers different organic materials
as described, for example, with respect to FIGS. 1 and 2.

[0029] Structures and materials not specifically described
may also be used, such as OLEDs comprised of polymeric
materials (PLEDs) such as disclosed in U.S. Pat. No. 5,247,
190 to Friend et al., which is incorporated by reference in its
entirety. By way of further example, OLEDs having a single
organic layer may be used. OLEDs may be stacked, for
example as described in U.S. Pat. No. 5,707,745 to Forrest et
al, which is incorporated by reference in its entirety. The
OLED structure may deviate from the simple layered struc-
ture illustrated in FIGS. 1 and 2. For example, the substrate
may include an angled reflective surface to improve out-
coupling, such as a mesa structure as described in U.S. Pat.
No. 6,091,195 to Forrest et al., and/or a pit structure as
described in U.S. Pat. No. 5,834,893 to Bulovic et al., which
are incorporated by reference in their entireties.

[0030] Unless otherwise specified, any of the layers of the
various embodiments may be deposited by any suitable
method. For the organic layers preferred methods include
thermal evaporation, ink-jet, such as described in U.S. Pat.
Nos. 6,013,982 and 6,087,196, which are incorporated by
reference in their entireties, organic vapor phase deposition
(OVPD), such as described in U.S. Pat No. 6,337,102 to
Forrest et al., which is incorporated by reference in its
entirety, and deposition by organic vapor jet printing (OVIP),
such as described in U.S. patent application Ser. No. 10/233,
470, which is incorporated by reference in, its entirety. Other
suitable deposition methods include spin coating and other
solution based processes. Solution based processes are pref-
erably carried out in nitrogen or an inert atmosphere. For the
other layers, preferred methods include thermal evaporation.
Preferred patterning methods include deposition through a
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mask, cold welding such as described in U.S. Pat. Nos. 6,294,
398 and 6,468,819, which are incorporated by reference in
their entireties, and patterning associated with some of the
deposition methods such as inkjet and OVJID. Other methods
may also be used. The materials to be deposited may be
modified to make them compatible with a particular deposi-
tion method. For example, substituents such as alkyl and aryl
groups, branched or unbranched, and preferably containing at
least 3 carbons, may be used in small molecules to enhance
their ability to undergo solution processing substituents hav-
ing 20 carbons or more may be used, and 3-20 carbons is a
preferred range. Materials with asymmetric structures may
bare better solution processibility than those having symmet-
ric structures because asymmetric materials may have a lower
tendency to recrystallize. Dendrimer substituents may be
used to enhance to the ability of small molecules to undergo
solution processing.

[0031] Devices fabricated in accordance with embodi-
ments of the invention may be incorporated into a wide vari-
ety of consumer products, including at panel displays, com-
puter monitors, televisions, billboards, lights for interior or
exterior illumination and/or signaling, heads up displays,
fully transparent displays, flexible displays, laser printers,
telephones, cell phones, personal digital assistants (PDAs),
laptop computers, digital cameras, camcorders, viewfinders,
mico-displays, vehicles, is large area wall, theater or stadium
screen, or a sign. Various control mechanisms may be used to
control devices fabricated in accordance with the present
invention, including passive matrix and active matrix. Many
of the devices are intended for use in a temperature range
comfortable to humans, such as 18 degrees C. to 30 degrees C.
and more preferably at room temperature (20-25 degrees C.).
[0032] The materials and structures described herein may
have applications in devices other than OLEDs. For example,
other optoelectronic devices such as organic solar cells and
organic photodetectors may employ the materials and struc-
tures. More generally, organic devices, such as organic tran-
sistors, may employ the materials and structures.

[0033] The terms halo, halogen, alkyl, cycloalkyl, alkenyl,
alkynyl, arylkyl, heterocyclic group, aryl, aromatic group,
and heteroaryl are known to the art, and are defined in U.S.
Pat. No. 7,279,704 at cols. 31-32, which are incorporated
herein by reference.

[0034] The present invention provides an organoselenium
compound comprising dibenzoselenophene, benzo[b]sele-
nophene and/or benzo[c]selenophene. The present invention
also provides OLED devices in which such material is used,
e.g., as a host material.

[0035] The organoselenium compound of the invention can
comprise one, two, three, four or more a mixture moieties,
benzo[b]selenophene moieties benzo[b]selenophene moi-
eties or a mixture thereof. The dibenzoselenophene moieties,
benzo[b]selenophene moieties, benzo[c]selenophene moi-
eties or a mixture thereof can be linked directly or through one
or more other molecular moieties.

[0036] Inoneembodiment, the organoselenium compound
is selected from the groups consisting of
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-continued

wherein each R, R,, R;, R,, R,, R and R, indicates an
optional substituent to any possible position in the relevant
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moiety. Ar indicates an aromatic group, and each line linking
two molecular moieties indicates attachment between the two
moieties at any possible positions on the respective moieties.
BEach R, R,, R;, R, R,, R, and R, may represent multiple
substitions

[0037] Suitable substituents include but are not limited to
halo, alkyl, heteroalkyl, cycloalkyl, alkenyl, alkynyl, arylkyl,
heterocyclic group, aryl, and heteroaryl. Preferably the sub-
stituent is selected from the group consisting of heterocyclic
group, aryl, aromatic group, and heteroaryl. In one embodi-
ment, the substituent is an aromatic group, including but not
limited to benzene and substituted benzene; polyaromatic
group such as benzocyclopropene, benzocyclopropane, ben-
zocyclobutadiene, and benzocyclobutene, naphthalene,
anthracene, tetracene, pentacene, phenanthrene, triph-
enylene, belicnes, corannulene, azulene, acenaphthylene,
fluorene, chrysene, fluoranthene, pyrene, benzopyrene, coro-
nene, hexacene, picene, perylene; and heteroaromatic group
such as furan, benzofuran, isobenzofuran, pyrrole, indole,
isoindole, thiophene, benzothiophene, benzo[c]thiophene,
imidazole, benzimidazole, purine, pyrazole, indazole,
oxazole, benzoxazolo, isoxazole, benzisoxazole, thiazole,
benzothiazole, pyridine, quinoline, isoquinoline, pyrazine,
quinoxaline, acridine, pyrimidine, quinazoline, pyridazine,
cinnoline; and derivatives thereof.

[0038] The linkage between two molecular moieties as
indicated by the line linking the two molecular moieties can
be a single bond or multiple bonds. In one embodiment, the
linkage is a single bond between two atoms in respective
molecular moieties. In another embodiment, the linkage is via
multiple bonds, e.g., via a used ring.

[0039] In another embodiment, the invention provides an
organoselenium compound selected from the group consist-
ing of:
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and derivatives thereof. Derivatives, such as compounds sub- -continued

stituted by a substituent, including but not limited to halo,

H-2
alkyl, heteroalkyl, cycloalkyl, alkenyl, alkynyl, arylkyl, het-
erocyclic group, aryl, and heteroaryl, are contemplated. Q O
[0040] In one embodiment, organoselenium compound is Se
(y O

H-1 or a derivatives thereof, such as such as the compound sub-
stituted by a substituent, including but not limited to halo,
alkyl heteroalkyl, cycloalkyl, alkenyl, alkynyl, arylkyl, het-
erocyclic group, aryl, and heteroaryl.

[0041] In still another embodiment, the organoselenium
Se compound is selected from the group consisting of:
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-continued -continued

and derivative thereof. Derivatives, such compounds substi-
tuted by a substituent, including but not limited to halo, alkyl,
L / heteroalkyl, cycloalkyl, alkenyl, alkynyl, arylkyl, heterocy-
¢ clic group, aryl, and heteroaryl, are contemplated.
[0042] The organoselenium compounds of the present
invention can be prepared by methods known in the art,
including but not limited to method illustrated in the
Examples below.
[0043] An organic light emitting device comprising the
organoselenium compound of the invention is also provided.
The device may include an anode, a cathode, and an organic
emissive layer disposed between the anode and the cathode.
The organic emissive layer may include a host and a phos-
phorescent dopant. In one embodiment, the device includes
the organoselenium material of the invention as the host mate-
Se rial in an emissive layer. Any of the dopants listed in Table 1
O = bel b d in the emissive | i juncti ith
elow may be used in the emissive layer in conjunction wi
an organoselenium material as the host material. In a pre-
ferred embodiment, the dopant is a red dopant selected from
the list of red dopants in Table 1. In another preferred embodi-
ment, the dopant is a green dopant selected from the list of
green dopants in Table 1. In still another embodiment, the
dopant is a blue dopant selected from the list of blue dopants
in Table 1.
[0044] The concentration of the dopant in the emissive
S layer can be determined by a person skilled in the art based on
the particular dopant used and the requirement of the device.
[0045] The organic light emitting device may comprise
additionally a lack transporting layer (HTL) or an electron
transporting layer (ETL). In preferred embodiments, the hole
transporting layer or the electron transporting layer com-
prises an organoselenium material of the invention.
Combination with Other Materials

[0046] The organoselenium materials described herein as
useful for a particular layer an organic light emitting device
may be used in combination with a wide variety of other
materials present in the device. For example, the organosele-
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nium material of the invention can be used as a host of an
emissive layer in conjunction with one or more emissive
dopants disclosed in Table 1.

[0047] The organoselenium material may also be used in
conjunction with a wide variety of other host materials dis-
closed Table 1 in transport layers, blocking layers, injection
layers, electrodes and other layers that may be present in an
OLED.

[0048] The materials described or referred to below are
non-limiting examples of materials that may he useful in
combination with the compounds disclosed herein, and one of
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skill in the art can readily consult the literature to identify
other materials that may be useful in combination.

[0049] In addition to and/or in combination with the mate-
rials disclosed herein, many hole injection materials, hole
transporting materials, host materials, dopant materials, exci-
ton‘hole blocking layer materials, electron transporting and
electron injecting materials may be used in an OLED. Non-
limiting examples of the materials that may be used in an
OLED combination with materials disclosed herein are listed
in Table 1 below. Table 1 lists non-limiting classes of mate-
rials, non-limiting examples of compounds for each class,
and references that disclose the materials.

TABLE 1

MATE-

RIAL EXAMPLES OF MATERIAL

PUBLI-
CATIONS

Hole injection materials

Phthalo-
cyanine

Phys.
and N Lett. 69,
porph- N RN \ 2160
ryrin \ (1996)
com- N N
pounds \ /

Appl

N Cu N
'\ 7
N N
\ \ 7
N
Star- 1.
burst Lumin.
triaryl- 72-74,
amines 985
/@ (1997)
N

Q0
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TABLE 1-continued

MATE- PUBLI-

RIAL EXAMPLES OF MATERIAL CATIONS

CF, —FCHF, 4 Appl.

Fluoro- Phys.

hydro- Lett.

carbon 78,

polymer 673
(2001)

Con- SO53(HY Synth.

ducting Met.

poly- 87,

mers 0 0 171

(e.g., n (1997)

PEDOT: / \ WO02007002683

PSS,

poly- g

aniline, n

poly- ]

pthio-

phene)

Phos- US20030162053

phonic .

acid N SiCls

and

silane 3

SAMs

Triaryl- EA01725079A1

amine

or

ploy-

thio-

phene N N

poly-

mers

with

con-

duc-

tivity

dopants —0 o]

<

and

o

g
kY
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MATE-
RIAL

EXAMPLES OF MATERIAL

PUBLI-
CATIONS

Aryl-
amines
com-
plexed
with
metal
oxides
such
as
moly-
bdenum
and
tung-
sten
oxides

p-type
semi-
con-
ducting
organic
com-
plexes

Metal
organo-
metallic
com-
plexes

N +MoOy

NC N / N\ CN

NC CN

Ir

N/

SID

Symposium
Digest,

37,923

(2006)
WO02009018009

US20020158242

US20060240279
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Cross- B n US20080220265
linkable x N
com- |
pounds = N\ /N Z

™ Ir

e

L -2
N

Hole transporting materials

Tri- Appl.

aryl- Phys.

amines Lett.

(c.g. 51,

TPD, 913

o-NPD) (1987)
US5061569
EP650955

Yoo abad
~ 58
; ; ;
Noto W obeloge
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
1.
Mater.
Chem.
3,319
N (1993)

Appl.
Phys.
Lett.
90,
183503
(2007)
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Appl.
Phys.
Lett.
90,
183503
N N (2007)
N N
Tri- Synth.
aryl- Met.
amine 91,
on Ph,N . NPh, 209
spiro- (1997)
fluorene
core Ph,N NPh,
Aryl- Adv.
amine Mater.
carba- 6,677
zole (1994),
com- N US20080124572
pounds
n ?
Tri- US20070278938,
aryl- US20080106190
amine
with
(di)-
benzo-
thio-
phene/
(di)-
benzo-
furan
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Indo- Synth.
lo- Met.
carba- 111,421
zoles (2000)
mN
“N
Iso- Chem.
indole Mater.
com- 15,3148
pounds (2003)
N\/
Metal US20080018221
carbene
com-
plexes
— NE
N
N \
/Ir
Phosphorescent OLED host materials

Red hosts
Aryl- Appl.
car- Phys.
bazoles Lett.

78,

1622

(2001)

Goof
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Metal Nature
8- / \ 395,
hydroxy- N 151
quino- Al (1998)
lates ’
(e.g. 0
Algs,
BAlg) 3
US20060202194
a
Al—0
o)
2
WO02005014551
/N
Al—O
[0)
2
WO02006072002
a
Q
2
Metal Appl.
phen- Phys.
oXy Lett.
benzo- [ ] 90,
thi- 123509
azole S N (2007)
com- Va \
pounds ™~ 7n
O//
= -2
Con- Org.
Jugated Electron.
oli- 1,15
gomers (2000)
and
poly-
mers CsHyy  CsHys
(e.g.,
poly-

fluorene)
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MATE- PUBLI-

RIAL EXAMPLES OF MATERIAL CATIONS

Aro- W02009066779,

matic WO02009066778,

fused W02009063833,

rings US20090045731,
US20090045730,
WO02009008311,
US20090008605,
US20090009065

Zine W02009062578

com-

plexes

H N N, H
Z \Zn / N
[0) 0

Green hosts

Aryl- Appl.

car- Phys.

bazoles Lett.
78,
1622

N N 2001)
US20030175553
N N

W02001039234
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Aryl- US20060280965
tri-
phenyl-
ene
com-
- O O

I US20060280965

O Q W02009021126
| O O O

Donor W02008056746
acceptor
type

mol-
ecules

oke
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Aza- JP2008074939
car-
bazole/
DBT/
DBF
Poly- Appl.
mers Phys.
(e.g., Lett.
PVK) 77,

2280

(2000)
Spiro- W02004093207
fluorene
com-
pounds
Metal W02005089025
phen-
OXy-
benzo- B 7
oxazole
com- O N
pounds 4 \

Sai—o
O//
L -2
W02006132173
[0) N
7 \\
| ~Al—O N
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
JP200511610

| ~Zn

Spiro- IP2007254297
fluorene-

car-

bazole O O 0 Q

com-

pounds N O Q N

n l -

Indolo- WO02007063796
car-
bazoles

N N
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
O WO02007063754
N N
I :N N: I

5- N—N T. Appl.
member / \ Phys.
ring 90,
electron N 5048
de- (2001)
ficient
hetero-
cycles
(e.g.,
triazole,
oxadi-
azole)

N N\N W02004107822

D=l
Tetra- US20050112407
phenyl-
ene
com-
plexes
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Metal W02005030900
phenoxy- x
pyridine
com- 2 N
pounds
Zn
O
2

Metal US20040137268,
coor- US20040137267
dination
com-
plexes
(e.g., N
Zn, Al L Zn
with
NN
ligands) 5
Blue hosts
Aryl- Appl.
car- Phys.
bazoles Lett,

82,

N N 2422
(2003)
’ . US20070190359
H
Dibenzo- WO020061149¢6,
thio- US20090167162
phene/
Dibenzo-
furan-
carba-
N, N
zole
com-
pounds
S
US20090167162
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
WO02009086028
N
N,
S
S US20090030202,
US20090017330

Silicon US20050238919
aryl

com-

pounds

Q00
slelote

Silicon/ EP2034538A
German-

aryl

com-

pounds 8

WO02009003898
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Aryl W02006100298
benzoyl
ester o O O o
[ j [0) [0) I j
High — /_ US7154114
triplet N
metal
organo- A
metallic
com- N \ I
plex T
L 3
Phosphorescent dopants
Red dopants
Heavy Et Ft Nature
metal 395,
por- 151
phyrins Et Ft (1998)
(e.g.,
PiOEP)
Et Ft
Et Ft
Iridium [~ ] Appl.
(1) N Phys.
organo- | Lett.
metallic Z N 0] 78
\ il
com- N Ir/ \ 1622
plexes vz \ (2001)
\ 0=
S
L —>
B ] US2006835469
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
[ ] US2006835469

US20060202194

US20060202194

US20070087321

US20070087321
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
B ] Adv.
\ Mater.
19,
N, 739
7 \\ . (2007)
e
— —3
Hy7Cs
W02009100991
N7 R
Z N\\
Ir(acac)
e
O —2
Q WO2008101842
N N
N7 N [0}
N N/ \
Ir
=
Platinum \ W02003040257
oy
organo- | N
metallic & 0O
com- \Pt/ \
plexes
AN —
Os- FzC Chem.
mium Mater.
I 17,
com- 3532
plexes (2005)

)

<\
\
N\
N
Os(PPhMe,),
L/
i
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Ruth- Bu Adv.
enium Mater.
(m 17,
com- 1059
plexes (2005)
Ru(PPhMe,),
2
Rhe- US20050244673
nium / \N
@, D,
and — \Re—(CO)4
() /
com- O
plexes
Green dopants
Tridium Inorg.
(1) Chem.
organo- 40,
metallic x \ 1704
com- | | (2001)
plexes N,
\Ir/N /
N
| x
/
and its derivatives
US20020034656
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS

O US7332232

US20090108737

US20090039776

US6921915
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
[~ ] US6687266

N N
O/ g \\ Ir/o \
RN

Chem.
Mater.
2480

(2004)

Q US20070190359

B ] US 20060008670
TP2007123392
N. 7 N\\
v '
— -3
B 7] Adv.
\ Mater.
| 16,
N 0 2003
P2
N Ir/ \ (2004)
L
A \O_
— -2
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MATE- PUBLI-

RIAL EXAMPLES OF MATERIAL CATIONS
Angew.
Chem.
Int.
Ed.
2006,
45,
7800
W02009050290
US20090165846
US20080015355

N. N,
AN O
¥ A\
Ir
V
o=
— =2

Mon- B ] US7250226,

omer \ US73963598

for

poly- y N\ O=—

meric \I

metal r

organo- 4 \O /

metallic

com-

pounds

— -
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Pr(ID) Appl.
organo- Phys.
metallic Lett.
com- 86,
plexes, 153505
includ- (2005)
ing
poly-
dentated
ligands
Appl.
Phys.
Lett.
86,
153505
(2005)
Chem.
Lett.
34,
592
| N F (2003)
/ N, Fs
>Pt N
S NA
\ _|_
Fs
W02002015645

US20060263635



US 2015/0155499 Al Jun. 4, 2015
49
TABLE 1-continued
MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Cu W02009000673
com-
plexes
Gold Chem.
com- Commun.
plexes 2906
(2005)
Rhe- Inorg.
nium Chem.
(1) 42,
com- 1248
plexes (2003)
Deuter- D US20030138657
ated
organo-
metallic
com-

plexes
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MATE-
RIAL

PUBLI-
EXAMPLES OF MATERIAL CATIONS

Organo-
metallic
com-
plexes
with
two

or

more
metal
centers

Blue dopants

US20030152802

T US7090928

Tridium
(1)
organo-
metallic
com-
plexes

AN W02002002714

/=\ ‘WO02006009024
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
/=\ US20060251923
N N,
Y
I
3
/ US7393599,
N WO02006056418,
/ US20050260441,
WO02005019373
N
Ir
3
B /_ US7534505
N

z,
N/

(\ e US7445855
N

US20070190359,
US20080297033




US 2015/0155499 A1 Jun. 4, 2015
52
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS

US7338722

US20020134984

Angew.
Chem.
Int.

47,1
(2008)

2

\ Chem.
N Mater.

/ s
5119
AN (2006)

7\ Chom

46,
B N ] 4308
\ (2007)
NN
\Ir
E 4
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
/ WO02005123873

Osmium
an
com-
plexes

N
\
N

\ WO02005123873
N
\<

\ WO02007004380
N

WO02006082742

US7279704

Os
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
—N Organo-
metallics
N, 23,
3745
Os(PPhs) (2004)
N b
Gold Appl.
com- PhyP PPhy Phys.
plexes | Lett.
Au Au 74,
Cl - ~al 1361
(1999)
Plat- S W02006098120,
inum RS N= W02006103874
® \ |
com- \N . N\ _ N /
plexes P B
B A\
N TSN—N N—N
N\ /> k) K)
Bath- Appl.
ocupring Phys.
com- Lett.
pounds 75,
(e.g., 4
BCP, (1999)
BPhen)
Appl.
Phys.
Lett.
79,
449
(2001)
Metal Appl.
8- Phys.
hydroxy- Lett.
quin- 81,
olates 162
(e.g., (2002)

BAlg)




US 2015/0155499 A1 Jun. 4, 2015
55
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
3- Appl.
member Phys.
ring Lett.
electron 81,
deficient 162
hetero- N I\/] (2002)
cycllles _
sue N N
as
triazole,
oxadi-
azole,
imi-
dazole, N
benzo- N N
imi-
dazole
Tri- /\ US20050025993
phenyl- \
ene |
com- \/
pounds

|/\

|/ \

\ /

/ |

X
Fluor- Appl.
inated Phys.
aro- Lett.
matic 79,
com- 156
pounds (2001)
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS

Pheno- WO2008132085
thia-
zine-
o |
i 0 (0]
oxide >S L . <
o” | )

Electron transporting materials

Anthra- WO02003060956

cene-
benzo-
imida-
zole
com-
pounds

US20090179554

Aza
tri-
phenyl-
ene
deriva-
tives

US20090115316
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
An- Appl.
thra- Phys.
cene- Lett.
benzo- N N 89,
thia- 063504
zole \ O / (2006)
com-
pounds S Q 8
Metal Appl.
8- Phys.
hydroxy- Lett.
quine- 51,
lates 913
(e.g., (1987)
Algs, US7230107
Zrqq)
Metal Chem.
hydroxy- Lett.
beno- 5,
quin- 905
olates (1993)
Batho- Appl.
cuprine Phys.
com- Lett.
pounds 91,
such 263503
as (2007)
BCP,
BPhen,
etc
Appl.
Phys.
Lett.
79,449
(2001)
5- Appl.
member Phys.
ring Lett.
electron 74,
de- 865
ficient N I\/] (1999)
hetero-
cveles N/ N
(c.g.
triazole,
oxadi-
azole,
imida-
zole, N
benzo- N N
imida-

zole)



US 2015/0155499 A1 Jun. 4, 2015
58

TABLE 1-continued

MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS

N—N Appl.

/ \ Phys.
Lett.
] 35,
1489
(1989)

N—N Tpn.
/\ i
Apply.
Phys.
32,
1917
(1993)

Silole Org.

com- Electron.

pounds 4,113
(2003)

Aryl-
borane
com-
pounds

Full-
erene
(e.g.,
C60)

US20090101870
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MATE- PUBLI-
RIAL EXAMPLES OF MATERIAL CATIONS
Triazine F F US20040036077
com-
plexes
F F
3 F FE F
T N
F —N
F F F F
F F
F F
Zn [ 1 UB6528187
(N'N) / \N
com-
plexes — \>Zn
i
SO,
— —1s
EXAMPLES chloride in hexane as the ehttetit 9.8 g of white solids were
obtained as the product which was confirmed by MS.
Example 1
Compound F-1 2. dibenzoselenophen-4-ylboronic acid
. . [0052]
1. Synthesis of dibenzoselenophene
[0050]
O Q 1. BuL, ether
_—
2. B(OMe);
3. HCI
Se
Bry, nitrobenzene O O
Se—=Se - .
Se
B—
OH
HO/
O O [0053] 4.0 g (17.3 mmol) of dibenzoselenophen and 150
mL of dry ether were added in a 250 mL three necked flask
Se under nitrogen. To the mixture, 11.5 mL of BuLi (1.6 M in
hexane) was added slowly at room temperature. The reaction
[0051] A mixture of 10 g (21.5 mmol) of 1,2-di(biphenyl- mixture was then heated to reflux for 5 hours. The reaction

2-yl)disilane (synthesized according to J. Am. Chem. Soc.
1950, 72, 5753-5754),3.45 g, (21.5 mmol) of bromine and 30
mL nitrobenzene was heated at 110° C. for 3.5 hours. Then
the reaction mixture was cooled and nitrobenzene was
removed by vacuum distillation. The residue was purified by
silica gel column chromatography using 10% methylene

mixture was cooled to —=78° C. and 5 mL of trimethylborate
was added. It was the left to stir at room temperature for
overnight. About S0 mL of 1 M HCI was added to the reaction
mixture. The organic phase was extracted with ethyl acetate
and dried with sodium sulfate. The combined organic phase
was evaporated to dryness and 100 mL 30% ethyl acetate in
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hexane was added to the solid with stirring at room tempera-
ture for 8 hours. The suspension was filtered, the solids were
washed with hexane and dried, yielding 2 of white solids as
the product which was confirmed by NMR

3. Synthesis of Compound H-1

[0054]

OTf

Se
H-1

[0055] 1.0g(3.6 mmol)ofdibenzoselenophen-4-ylboronic
acid, 1.51 g (3.3 mmol) of triphenylenepheny] trifiate (syn-
thesized according to the method disclosed in Example 3
below), 0.15 g (0.16 mmol) of Pd,(dba),, 0.27 g (0.66 mmol)
of dicyclohexylphosphino-2',6'-dimethoxybiphenyl, 4.2 g of
K;PO,, 90 mL of toluene and 10 mL of water were added in
a 250 mL three necked flask. The reaction mixture was
bubbled with nitrogen for 20 mins and heated to reflux for
overnight under nitrogen. The reaction mixture was dried and
purified by silica gel column chromatography with 15%
methylene chloride in hexane as ehttent, ~1.35 g of white
solids were obtained as the product which was confirmed by
NMR.

Jun. 4, 2015

Example 2
Compound II-2

1. Synthesis of Compound H-2

[0056]
TO sé
B
~OH
OTf
O Se
H-2
[0057] 1.67 g (6.0 mmol) of dibenzoselenophen-4-ylbo-

ronic acid, 1.20 g (2.6 mmol) of biphenyl-4,4'-diy] bis(trif-
luoromethanesulfonate), 0.025 g (0.027 mmol) of Pd,(dha),,
0.045 mg (0.11 mmol) of dicyclohexylphosphino-2',6'-
dimethoxybiphenyl, 1.7 gof K PO, 90 mL of toluene and 10
mL of water were added in a 250 mL three necked flask. The
reaction mixture was bubbled nitrogen for 20 mins and then
heated to reflux for overnight under nitrogen. The reaction
mixture was dried and the residue was purified by silica gel
column chromatography with 10% methylene chloride in
hexane as elutent. ~1.31 g of white solids was obtained as the
product which was confirmed by NMR.
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Example 3

Method of Preparing 3-(triphenylen-2-yl)phenyl
trifluoromethanesul fonate(triphenylenephyenyl

triflate)
[0058]
O o ?
—_— .
PINO,
\ N

O G

[0059] Triphenylene (19.0 g, 83 mmol) was added to and
600 mL of nitrobenzene. After all the triphenylene had dis-
solved, iron powder (0.07 g, 1.25 mmol) was added. The
reaction flask was put in an ice bath. Bromine (20.0 g, 125
mmol) in 50 mL of nitrobenzene was slowly added via addi-
tion funnel. After that, the reaction was stirred in an ice bath
for 5 hours. HPLC was performed to monitor the reaction
(TLC did not show separation of triphenylene and bromot-
riphenylenes). When the ration of triphenylene:2-bromot-
riphenylene: dibromotriphenylenes reached approximately
2:7:1 (at 254 nm), the reaction was quenched by adding
Na,SO; solution. The mixture was then extracted with
CH,Cl,. The combined organic extract was dried over
MgSO, and the CH,Cl, was removed by rotovap. The
remaining nitrobenzene was removed by vacuum distillation
to yield the crude bromotriphenylene product which was used
without further purification.

CQO )

Br

Jun. 4, 2015

-continued

Shey

MeO OMe
B(OH),
Pdy(dba),
K5PQy, toluene, water
MeO
[0060] 12g (39 mmol) bromotriphenylene mixture contain-

ing a 2:7:1 mixture of unreacted triphenylene, monobromo
and dibrome triphenylene, 13g (86 mmol) 3-phenylboronic
acid, 0.6 g (1.56 mmol) 2-dicyclohexylphosphino-2',6'-
dimethoxybiphonyl and 25 g (117 mmol) potassium phos-
phate tribasic (K,PO,) are weighed in a round bottom flask.
150 mL toluene and 80 mL water were added to the flask as
solvent. The solution was purged with nitrogen and 0.4 g
(0.39 mmol) of tris(dibenzylideneacetone)dipalladium (0)
[Pd,(dba);] was added. The solution was heated to reflux for
twelve hours. Upon cooling, the organic layer was separated,
and dried with MgSO,,. The product was readily separated by
column chromatography from triphenylene di-(3-methox-
yphenyl) substituted triphenylene using

[0061] Hexane/dichloromethane as eluent (1/0 gradient to
3/2). The solvent was removed by rotary evaporation, and the
product, 2-(3-methoxyphenyl)triphenylene, was dried over-

night under vacuum.
BBI;, CH2C12
TfZO pyridine,
CH,Cl
H;CO
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-continued
o
TRO = o\ /
/S\o
i
[0062] In a round bottom flask under nitrogen, 1.8 g (5.4

mmol) 2-(3-methoxyphenyl)triphenylene was dissolved in
25 mL anhydrous dichloromethane. The solution was cooled
-78° C. and 4 g (1.5 mL, 16 mmol) boron tribromide was
added slowly via syringe. The solution was warmed to room
temperature and stirred overnight. Ice was carefully added to
quench unreacted BBr,. The 3-(triphenylen-2-yl)phenol
intermediate precipitated upon addition of ice, and dichlo-
romethane was added to dissolve. The organic layer was
separated and dried with MgSQ,, the dichloromethane was
removed by rotary evaporation and the product was dried
under vacuum.

[0063] 1.7 g (5.3 mmol) of 3-(triphenylen-2-yl)phenol was
added to a flask under nitrogen with 0.84 g (10.5 mmol)
anhydrous pyridine and 100 mL anhydrous dichloromethane.
The solution was cooled in an ice bath and 2.97 g (10.5 mmol)
trifluoromethanesulfonic anhydride (Tf,0) was added slowly
via syringe. The solution was warmed to room temperature
and stirred overnight. The solution was washed with water,
dried with MgSO, and the solvent was removed by rotary
evaporation. The product, 3-(triphenylen-2-yl)phenyl trifluo-
romethanesulfonate, was purified by column chromatogra-
phy using hexane/dichloromethane as eluent (1/0 to 1/1 gra-
dient).

[0064] Description of the method of synthesis can also be
found in U.S. provisional application No. 60/963,944 corre-
sponding to International Application No: PCT/US08/72452,
filed Aug. 7, 2008, which is incorporated herein by reference
in its entirety.

Example 4

Device Examples

[0065] All example devices were fabricated by high
vacuum (<107 Torr) thermal evaporation. The ancde elec-
trode is 1200 A of indium tin oxide (ITO). The cathode
consisted of 10 A of LiF followed by 1,000 A of Al. All
devices are encapsulated with a glass lid sealed with an epoxy
rosin in a nitrogen glove box (<1 ppm of H,O and O, ) imme-
diately after fabrication, and a moisture getter was incorpo-
rated inside the package.

[0066] The organic stack of the device examples consisted
of sequentially, from the ITO surface, 100 A of Compound A
as the hole injection layer (HIL), 300 A of 4,4'-bis[N-(1-
naphthyl)-N-phenylamino|biphenyl (a-NPD) as the hole
transporting layer (HTL). 300 A of the invention compound
doped with 10 or 15 wt % of an Ir phosphorescent compound
as the emissive layer (EML). 50 A of HTP or 100 A of the
invention compound as the ETL 2 and 450 or 400 A of Alq,
(tris-8-hydroxyquinoline aluminum) as the ETL1.

[0067] Comparative Examples 1 and 2 were fabricated
similarly to the Device Examples except that the CBP is used
as the host.
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[0068] The device structures and data are summarized in
Tables 2 and 3, where Table 2 shows device structure and
Table 3 shows corresponding measured results for those
devices. As used herein, Compounds A and B and HPT, have
the following structures:

_ _ Compound A
A
Z N\
N Ir
e
— -3
_ _ Compound B
X
N,
7N
N Ir
V
— —3
Ph
Ph
l Ph
‘ Ph
Ph
Ph
HPT
TABLE 2
Device
Example Host ~ Dopant % ETL2 (A) ETL1 (&)
Comparative 1 CBP B 10% HPT (50) Alg; (450)
Comparative 2 CBP A10% HPT (50) Alq; (450)
1 H-1 A10% HPT (50)  Alg, (450)
2 H-1 A10% H-1(100) Alq; (400)
3 H-1 A15% HPT (50)  Algs (450)
4 H-1 A15% E-1(100)  Alg, (400)
5 H-2 A10% HPT (50)  Alg; (450)
6 H-2 A10% H-2 (100) Alq; (400)
7 H2  A15% HPT (50)  Algs (450)
8 H2  AlS% H-2(100)  Algs (400)
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At L = 1000 cd/m?

Device CIE v LE  EQE PE At T = 40 mA/em?
Example X Y V) (cd/A) (%) (W) L,(cd/m?) LT, (hr)
Comparative 1 0331 0.627 61 610 17 314 18933 87
Comparative2 0346 0.613 62 570 16 289 13304 105
1 0357 0.605 61 626 173 332 15561 140
2 0338 6.605 67 569 157 267 15421 150
3 0362 0.604 3.8 633 174 343 17977 130
4 0363 0.603 63 568 154 278 16436 175
5 0352 0.611 62 611 168 309 16,102 126
6 0351 0.610 7.3 436 126 196 14364 148
7 0354 0.610 63 592 163 295 16255 73
8 0354 0.610 7.5 365 10 153 11,88 185
[0069] From Device Examples 1-8, it can be seen that Com- What is claimed is:

pounds H-1 and H-2 as hosts in green phosphorescent OLEDs
give high device efficiency (LE>40 cd/A at 1000 cd/m?),
indicating the dienzoselenophene linked with aryl building
blocks such as biphenyls or triphenylene, have triplet energy
high enough for efficient green electrophosphorescence. The
high stability of devices incorporating Compounds H-1 and
H-2 as the host is notable. Device Example 1 and Compara-
tive Example 2 are only different in the host. Device Example
1 uses Compound H-1 as the host whereas Comparative
Example 2 uses the commonly used host CBP. The lifetime,
Tgov, (defined as the time required for the initial luminance,
L, to decay to 80% of its value, at a constant current density
of 40 mA/cm?® at room temperature) are 140 hours and 105
hours respectively, with Device Example 1 having a slightly
higher L. Similarly, Device Example 5 using Compound H-2
as tho host, is more stable than Comparative example 2. It is
also notable that the compounds may function well as an
enhancement layer material (ETL2). For example, Device
Example 8 and Device Example 4 both have Compound H-1
and H-2 as the host and ETL2 layer, respectively. They have
T, 5 of 185 and 175 hours respectively, indicating the good
performance of Compounds H-1 and H-2 as the enhancement
layer material.

[0070] The data suggest that hosts containing dibenzosele-
nophenes are excellent host and enhancement layer materials
for phosphorescent OLEDs, providing as least the same effi-
ciency and improvement in stability compared to the com-
monly used CBP as the host. More conjugated versions of
triphenylene containing benzoselenophenes, for example
triphenylene and dibenzoselenophene units linked via p-phe-
nylene (such as 4,4'-biphenyl) may be very suitable for lower
energy (yellow to red) phosphorescent OLEDs. The triph-
enylene containing group may be attached to any position of
benzoselenophenes.

[0071] It is understood that the various embodiments
described herein are by way of example only, and are not
intended to limit the scope of the invention. For example,
many of the materials and structures described herein may be
substituted with other materials and structures without devi-
ating from the spirit of the invention. The present invention as
claimed may therefore includes variations from the particular
examples and preferred embodiments described herein, as
will be apparent to one of skill in the art. It is understood that
various theories as to why the invention works are not
intended to be limiting.

1. An organic light emitting device, comprising an organic
layer positioned between an anode layer and a cathode layer,
said organic layer comprising an organoselenium material,
wherein said organoselenium material is selected from the
group consisting of
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wherein each of R, R,, R;, Ry, Ry, R and R, indicates an
optional substituent to any possible position in the relevant
moiety and are independently selected from the group con-
sisting of halo, alkyl, heteroalkyl, cycloalkyl, alkenyl,
alkynel, arylkyl, heterocyclic group, aryl, and heteroaryl, Ar
indicates an aromatic group, and each line linking two
molecular moieties indicates attachment between the two
moieties at any possible positions on the respective moieties.

2. An organic light emitting device, comprising an organic
layer positioned between an anode layer and a cathode layer,
said organic layer comprising an organoselenium material,
wherein said organoselenium material is selected from the
group consisting of
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and derivatives thereof.

3. The organic light emitting device of any of claims 1 to 2,
wherein said organoselenium material is a host material, and
wherein said organic layer further comprises a dopant mate-
rial.

4. The organic light emitting device of claim 3, wherein
said organic layer is an emissive layer, and wherein said
dopant material is a phosphorescent or fluorescent dopant
material.

5. The organic light emitting device of claim 4, wherein
said dopant material is a phosphorescent dopant material.

6. The organic light emitting device of claim 5, wherein
said dopant material is a phosphorescent dopant material
selected from the group consisting of
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7. The organic light emitting device of claim 5, wherein
said dopant material is a phosphorescent dopant material
selected from the group consisting of
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8. The organic light emitting device of claim 5, wherein
said dopant material is a phosphorescent dopant material
selected from the group consisting of
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9. The organic light emitting device of claim 5, further
comprising one or more organic layers selected from the
group consisting of a hole injecting layer, an electron inject-
ing layer, a hole transporting layer, an electron transporting
layer, a hole blocking layer, an exciton blocking layer, and an
electron blocking layer.

10. The organic light emitting device of claim 9, wherein
said hole transporting layer comprises an organoselenium
material.

11. The organic light emitting device of claim 9, wherein
said electron transporting layer comprises an organoselenium
material.

12. The organic light emitting device of any of claim 1,
wherein said organic layer is a hole transporting layer or an
electron transporting layer.

13. The organic light emitting device of any of claim 2,
wherein said organic layer is a hole transporting layer or an
electron transporting layer.
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14. An organoselenium compound selected from the group
consisting of
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wherein each of R, R,, R;, Ry, Rq, Ry, and R, indicates an
optional substituent to any possible position in the relevant
moiety and are independently selected from the group con-
sisting of halo, alkyl, heteroalkyl, cycloalkyl, alkenyl,
aklynel, arylkyl, heterocyclic group, aryl, and heteroaryl, Ar
indicates an aromatic group, and each line linking two
molecular moieties indicates attachment between the two
moieties at any possible positions on the respective moieties,

15. An organoselenium compound selected from the group
consisting of
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