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POLYMERIC CHARGE TRANSFER LAYER AND ORGANIC
ELECTRONIC DEVICE CONTAINING SAME

FIELD OF THE INVENTION

The present invention relates to a polymeric charge transfer layer comprising a
polymer. The polymer comprises as polymerized units, Monomer A, Monomer B, and
Monomer C crosslinking agent. The present invention further relates to an organic
electronic device, especially, a light emitting device containing the polymeric charge

transfer layer.

INTRODUCTION

Organic electronic devices are devices that carry out electrical operations using at
least one organic material. They are endowed with advantages such as flexibility, low
power consumption, and relatively low cost over conventional inorganic electronic
devices. Organic electronic devices usually include organic light emitting devices,
organic solar cells, organic memory devices, organic sensors, organic thin film transistors,
and power generation and storage devices such as organic batteries, fuel cells, and
organic supercapacitors. Such organic electronic devices are prepared from hole injection
or transportation materials, electron injection or transportation materials, or light emitting
materials.

A typical organic light emitting device is an organic light emitting diode (OLED)
having a multi-layer structure, and typically includes an anode, and a metal cathode.
Sandwiched between the anode and the metal cathode are several organic layers such as a
hole injection layer (HIL), a hole transfer layer (HTL), an emitting layer (EL), an electron
transfer layer (ETL) and an electron injection layer (EIL). New material discovery for
ETL and HTL in OLEDs have been targeted to improve device performance and lifetimes.
In the case of HTL layer, as a typical polymeric charge transfer layer, the process by
which the layer is deposited is critical for its end-use application. Methods for depositing
HTL layer, in small display applications, involve evaporation of a small organic
compound with a fine metal mask to direct the deposition. In the case of large displays,
this approach is not practical from a material usage and high throughput perspective. With
these findings in mind, new processes are needed to deposit HTLs that satisfy these

challenges, and which can be directly applied to large display applications.
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One approach that appears promising is a solution process which involves the
deposition of a small molecule HTL material attached with crosslinking or
polymerization moiety. Solution process based methods include spin-coating, inkjet
printing, and screen printing which are well-known in the art. There have been extensive
efforts in this area, along these lines, however, these approaches have their own
shortcomings. In particular, the mobility of the charges in the HTL becomes reduced, as a
result of crosslinking or polymerization chemistry. This reduced hole mobility leads to
poor device lifetime.

Therefore, it is still desired to provide new polymeric charge transfer layer
compositions for organic electronic devices, specifically for organic light emitting

devices, organic solar cells, or organic memory devices with improved device lifetime.

SUMMARY OF THE INVENTION

The present invention provides a polymeric charge transfer layer, and an organic
electronic device, especially a light emitting device comprising the polymeric charge
transfer layer. The polymeric charge transfer layer is formed from a polymer comprising,
as polymerized units, Monomer A, and Monomer C crosslinking agent.

Monomer A has Structure A:

Ry

n
RJ (Structure A),

wherein A and M are each substituted or unsubstituted aromatic moiety or a
substituted or unsubstituted heteroaromatic moiety; and

wherein n is from 2 to 10; and

wherein R; through R; are each independently selected from the following:
hydrogen; deuterium; a hydrocarbyl, further a Ci-Cigo hydrocarbyl, further a Cs-Cino
hydrocarbyl, further a C10-Ci00 hydrocarbyl, further a C20-Cioo0 hydrocarbyl, further a Cso-
Cioo hydrocarbyl; a substituted hydrocarbyl, further a Ci-Cioo substituted hydrocarbyl,
further a Cs;-Cioo substituted hydrocarbyl, further a Cio-Ci0o substituted hydrocarbyl,
further a Cy0-Cioo substituted hydrocarbyl, further a C30-Cioo substituted hydrocarbyl; a
heterohydrocarbyl, further a Ci-Cip0 heterohydrocarbyl, further a Cs-Cipo
heterohydrocarbyl, further a Ci10-Ci00 heterohydrocarbyl, further a Ci0-Cioo
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heterohydrocarbyl, further a Cso-Ci00 heterohydrocarbyl; a substituted heterohydrocarbyl,
further a Ci-Cioo substituted heterohydrocarbyl, further a Cs-Cioo substituted
heterohydrocarbyl, further a Ci0-Cioo substituted heterohydrocarbyl, further a Ca0-Cioo
substituted heterohydrocarbyl, further a Cs0-Cioo substituted heterohydrocarbyl; a halogen;
a cyano, an aryl, further a Cs-Cioo aryl, further a Cs-Cioo aryl, further a Cio-Cioo aryl,
further a Cy-Cioo aryl, further a Csp-Cioo aryl, a substituted aryl, further a Cs-Ciono
substituted aryl, further a Cs-Cioo substituted aryl, further a Ci0-Cioo substituted aryl,
further a C20-Cio0 substituted aryl, further a C30-Cioo substituted aryl; a heteroaryl, further
a Cs-Cioo heteroaryl, further a Cs-Cio heteroaryl, further a Cio-Cioo heteroaryl, further a
C20-Cio0 heteroaryl, further a C;30-Cioo heteroaryl; a substituted heteroaryl, further a Cs-
Cioo substituted heteroaryl, further a Cg-Cioo substituted heteroaryl, further a Cio-Cioo
substituted heteroaryl, further a Ci0-Cioo substituted heteroaryl, further a Cso-Cioo
substituted heteroaryl; and

wherein L, is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a Ci-Cioo hydrocarbyl, a C;-Cipo substituted hydrocarbyl, a C;-Cino
heterohydrocarbyl, and a C;-C,oo substituted heterohydrocarbyl; and

wherein two or more of R; through R; may optionally form one or more ring
structures.

Monomer C crosslinking agent has Structure C-1 or Structure C-2:

Ry
N
12
Re
M- (Structure C-1), or
B Rio Ri7 -

R1
Oy
Ri2
R

Ri4

M (Structure C-2),

wherein C is an aromatic moiety, a heteroaromatic moiety, a C,-Cs, hydrocarbyl, a
C,-Cy, substituted hydrocarbyl, a C,-Cs, heterohydrocarbyl, or a C,-Cs, substituted
heterohydrocarbyl; and
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wherein R4 through Rg and Ry through R;;are each independently selected from
the following: hydrogen, deuterium, a Ci-Cso hydrocarbyl, a Ci-Cso substituted
hydrocarbyl, a C;-Csp heterohydrocarbyl, a C;-Csg substituted heterohydrocarbyl, halogen,
cyano, a Cs-Csp aryl, a Cs-Cso substituted aryl, a Cs-Cso heteroaryl, a Cs-Cso substituted
heteroaryl; and

wherein L, is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a Ci-Cioo hydrocarbyl, a C;-Cipo substituted hydrocarbyl, a C;-Cino
heterohydrocarbyl, or a C;-C1go substituted heterohydrocarbyl; and each chemical group of
L, is independently bonded to C and one of Ry, through R,7; and

wherein m is from 2 to 25; and

wherein two or more of R4 through R and Ry through R;7 may optionally form

one or more ring structures.

DETAILED DESCRIPTION OF THE INVENTION

The polymeric charge transfer layer composition of the present invention
comprises a polymer comprising, as polymerized units, Monomer A, optional Monomer B,
and Monomer C crosslinking agents.

The Polymer

The polymer comprises Monomer A having a Structure A:

R1

n
Rs (Structure A),

wherein A and M are each substituted or unsubstituted aromatic moiety or a
substituted or unsubstituted heteroaromatic moiety; and

wherein n is from 2 to 10; and

wherein R; through Rj; are each independently selected from the following:
hydrogen; deuterium; a hydrocarbyl, further a Ci-Cigo hydrocarbyl, further a Cs-Cino
hydrocarbyl, further a C10-Ci00 hydrocarbyl, further a C20-Cioo0 hydrocarbyl, further a Cso-
Cioo hydrocarbyl; a substituted hydrocarbyl, further a Ci-Cioo substituted hydrocarbyl,
further a Cs;-Cioo substituted hydrocarbyl, further a Cio-Ci0o substituted hydrocarbyl,
further a Cy0-Cioo substituted hydrocarbyl, further a C30-Cioo substituted hydrocarbyl; a
heterohydrocarbyl, further a Ci-Cip0 heterohydrocarbyl, further a Cs-Cipo
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heterohydrocarbyl, further a Ci0-Cioo heterohydrocarbyl, further a Ca-Cioo
heterohydrocarbyl, further a Cso-Ci00 heterohydrocarbyl; a substituted heterohydrocarbyl,
further a Ci-Cioo substituted heterohydrocarbyl, further a Cs-Cioo substituted
heterohydrocarbyl, further a Ci0-Cioo substituted heterohydrocarbyl, further a Ca0-Cioo
substituted heterohydrocarbyl, further a Cs0-Cioo substituted heterohydrocarbyl; a halogen;
a cyano, an aryl, further a Cs-Cioo aryl, further a C¢-Cioo aryl, further a Cip-Cioo aryl,
further a Ci0-Cioo aryl, further a Cso-Cioo aryl, a substituted aryl, further a Cs-Cioo
substituted aryl, further a Cs-Cioo substituted aryl, further a Ci0-Cioo substituted aryl,
further a C20-Cio0 substituted aryl, further a C30-Cioo substituted aryl; a heteroaryl, further
a Cs-Cioo heteroaryl, further a Cs-Cio heteroaryl, further a Cio-Cioo heteroaryl, further a
C20-Cio0 heteroaryl, further a C30-Cioo heteroaryl; a substituted heteroaryl, further a Cs-
Cioo substituted heteroaryl, further a Cs-Cioo substituted heteroaryl, further a Cio-Cioo
substituted heteroaryl, further a Ci0-Cioo substituted heteroaryl, further a Cso-Cioo
substituted heteroaryl; and

wherein L, is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a C;-Cipo hydrocarbyl, a C;-Cyop substituted hydrocarbyl, a C;-Cig
heterohydrocarbyl, and a C,-C,o substituted heterohydrocarbyl; and

wherein two or more of R; through R; may optionally form one or more ring
structures.

In one embodiment, Monomer A is selected from the following A1 through A12:
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In one embodiment, Structure A is selected from the following A13 through A28:
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Optionally, the polymer further comprises Monomer B comprising at least two

dienophile moieties and has a Structure B:

Rg
B
R7
14 X
Rs

5 X (Structure B),
wherein B is a substituted or unsubstituted aromatic moiety or a substituted or
unsubstituted heteroaromatic moiety; and
wherein Ls is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a Ci-Cioo hydrocarbyl, a C;-Cipo substituted hydrocarbyl, a C;-Cino
10 heterohydrocarbyl, and a C,-Ciqo substituted heterohydrocarbyl; and
wherein x is from 2 to 10; and
wherein Ry through Ro are each independently selected from the following:
hydrogen, deuterium, a Ci-Cso hydrocarbyl, a Ci-Cso substituted hydrocarbyl, a Ci-Cso
heterohydrocarbyl, a C;-Cso substituted heterohydrocarbyl, halogen, cyano, a Cs-Csparyl, a
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Cs-Cso substituted aryl, a Cs-Csp heteroaryl, and a Cs-Csp substituted heteroaryl; and
wherein two or more of R; through Ry may optionally form one or more ring
structures.

In one embodiment, Monomer B is selected from the following B1 through B6:
- o
é = o,

N Rog oo
O @ N N
Q ‘ -

N N
5 %
5 / B1), v B2), v B3),
’ QL
%é & Qo
® J :lé QQ QQ - QQ
‘\‘ Q N OVOJ/
O ! O O\/OJ/ N

» B4), r'Bs). or O B6).

The polymer further comprises Monomer C crosslinking agent having Structure C-
1 or Structure C-2:

R4
A Rs
12
Re
M- (Structure C-1), or
B Rio Ri7 -
Ry R
O Y
R12
R
- Ri3 R -
10 1 M (Structure C-2),

wherein C is an aromatic moiety, a heteroaromatic moiety, a C,-Cs, hydrocarbyl, a
C,-Cs, substituted hydrocarbyl, a C;-Cs, heterohydrocarbyl, or a C,-Cs, substituted
heterohydrocarbyl; and

wherein R4 through Rg and Ry through R;;are each independently selected from
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the following: hydrogen, deuterium, a C;i-Cso hydrocarbyl, a Ci-Cso substituted
hydrocarbyl, a C1-Cso heterohydrocarbyl, a C1-Cso substituted heterohydrocarbyl, halogen,
cyano, a Cs-Csp aryl, a Cs-Cso substituted aryl, a Cs-Cso heteroaryl, a Cs-Cso substituted
heteroaryl; and

wherein L, is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a C;-Cipo hydrocarbyl, a C;-Cyop substituted hydrocarbyl, a C;-Cig
heterohydrocarbyl, or a C,-C ¢ substituted heterohydrocarbyl; and each chemical group of
L, is independently bonded to C and one of Ry, through R,7; and

wherein m is from 2 to 25; and

wherein two or more of R4 through R and Rjo through R;7 may optionally form
one or more ring structures.

Suitable examples of Structure C-1 chemical include the following C1-C11:

Vo o LT S
3
> ®
b ix) Saa s

S

ﬂ W Pl

10
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Suitable examples of Structure C-2 chemical include the following C12-C29:

O
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In one embodiment, Monomer C crosslinking agent is present in an amount from
0.1 to 50mole%, preferably from 0.5 to 15mole%, and more preferably from 5 to 12mole%
based on the sum moles of Monomer A (Structure A).

In one embodiment, the molar ratio of Monomer A to Monomer B is from 0.8 to
1.2, and preferably from 0.9to 1.1.

In one embodiment, the molecule weight of either of Monomer A, Monomer B,
and Monomer C is from 500g/mole to 28000g/mole, preferably from 700g/mole to
14000g/mole, and more preferably from 1000g/mole to 4000g/mole.

In one embodiment, the purity of either of Monomer A, Monomer B and
Monomer C is equal to or above 99%, preferably is equal to or above 99.4%, and more
preferably is equal to or above 99.5%. The said purify is achieved through well-known
methods in the art to remove the impurities, and includes fractionation, sublimation,
chromatography, crystallization and precipitation methods.

In one embodiment, either of Monomer A, Monomer B and Monomer C is further
purified through ion exchange beads to remove cationic impurities and anionic impurities,
such as metal ion, sulfate ion, formate ion, oxalate ion and acetate ion.

ORGANIC ELECTRONIC DEVICE

The present invention provides a method of making an organic electronic device.
The method comprises providing a polymeric charge transfer layer solution, and
dissolving or dispersing the polymeric charge transfer layer solution in any of the organic
solvents known or proposed to be used in the fabrication of an organic electronic device
by solution process. Such organic solvents include including tetrahydrofuran (THF),
cyclohexanone, chloroform, 1,4-dioxane, acetonitrile, ethyl acetate, tetralin,
chlorobenzene, toluene, xylene, anisole, mesitylene, tetralone, and any combination
thereof. The polymeric charge transfer layer solution may be filtered through a membrane

or a filter to remove particles larger than 220nm.
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The polymeric charge transfer layer solution is then deposited over a first
electrode, which may be an anode or cathode. The deposition may be performed by any
of various types of solution processing techniques known or proposed to be used for
fabricating light emitting devices. For example, the polymeric charge transfer layer
solution can be deposited using a printing process, such as inkjet printing, nozzle printing,
offset printing, transfer printing, or screen printing; or for example, using a coating
process, such as spray coating, spin coating, or dip coating. After deposition of the
solution, the solvent is removed, which may be performed by using conventional method
such as vacuum drying or heating.

The polymeric charge transfer layer solution is further cross-linked to form the
layer. Cross-linking may be performed by exposing the layer solution to heat and/or
actinic radiation, including UV light, gamma rays, or x-rays. Cross-linking may be carried
out in the presence of an initiator that decomposed under heat or irradiation to produce
free radicals or ions that initiate the cross-linking reaction. The cross-linking may be
performed in-situ during the fabrication of a device. After cross-linking, the polymeric
charge transfer layer made thereof is preferably free of residual moieties which are
reactive or decomposable with exposure to light, positive charges, negative charges or
excitons.

The process of solution deposition and cross-linking can be repeated to create
multiple layers.

The organic light emitting device of the present invention comprises a first
conductive layer, an electron transport layer (ETL) and a hole transport layer (HTL) and a
second conductive layer. The hole transport layer, as the typical polymeric charge transfer
layer, is prepared according to the above process. The first conductive layer is used as an
anode and in general is a transparent conducting oxide, for example, fluorine-doped tin
oxide, antimony-doped tin oxide, zinc oxide, aluminum-doped zinc oxide, indium tin
oxide, metal nitride, metal selenide and metal sulfide. The second conductive layer is a
cathode and comprises a conductive material. It is preferred that the material has a good
thin film-forming property to ensure sufficient contact between the second conductive
layer and hole transport layer to promote the electron injection under low voltage and
provide better stability. For example, the material of the cathode can be a metal such as
aluminum and calcium, a metal alloy such as magnesium/silver and aluminum/lithium,
and any combination thereof. Moreover, an extremely thin film of lithium fluoride may

be optionally placed between the cathode and the emitting layer. Lithium fluoride can

15
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effectively reduce the energy barrier of injecting electrons from the cathode to the
emitting layer. In addition, the emitting layer plays a very important role in the whole
structure of the light emitting device. In addition to determining the color of the device,
the emitting layer also has an important impact on the luminance efficiency in a whole.
Common luminescent materials can be classified as fluorescence and phosphorescence
depending on the light emitting mechanism.

DEFINITIONS

The term “dienophile,” refers to a molecule that possesses 2 m-electrons, and
which can participate in Diels-Alder cycloaddition reactions. Examples of this include
alkenes, alkynes, nitriles, enol ethers, and enamines.

The term “organic electronic device,” refers to a device that carries out an
electrical operation with the presence of organic materials. Specific example includes
organic light emitting devices, organic solar cells, organic memory devices, organic
sensors, organic thin film transistors, and power generation and storage devices such as
organic batteries, fuel cells, and organic supercapacitors.

The term “organic light emitting device,” refers to a device that emits light when
an electrical current is applied across two electrodes. Specific example includes light
emitting diodes.

The term “polymeric charge transfer layer,” refers to a polymeric material that can
transport charge, either holes or electrons, or both. Specific example includes hole
transport layer.

The term “aromatic moiety,” refers to an organic moiety derived from aromatic
hydrocarbon by deleting at least one hydrogen atom therefrom. An aromatic moiety may
be a monocyclic and/or fused ring system, each ring of which suitably contains from 4 to
7, preferably from 5 or 6 atoms. Structures wherein two or more aromatic moieties are
combined through single bond(s) are also included. Specific examples include phenyl,
naphthyl, biphenyl, anthryl, indenyl, fluorenyl, benzofluorenyl, phenanthryl,
triphenylenyl, pyrenyl, perylenyl, chrysenyl, naphtacenyl, and fluoranthenyl. The
naphthyl may be 1-naphthyl or 2-naphthyl, the anthryl may be 1-anthryl, 2-anthryl or 9-
anthryl, and the fluorenyl may be any one of 1-fluorenyl, 2-fluorenyl, 3-fluorenyl, 4-
fluorenyl and 9-fluorenyl.

The term “heteroaromatic moiety,” refers to an aromatic moiety, in which at least
one carbon atom or CH group or CH; group is substituted with a heteroatom or a

chemical group containing at least one heteroatom. The heteroaromatic moiety may be a
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5- or 6-membered monocyclic heteroaryl, or a polycyclic heteroaryl which is fused with
one or more benzene ring(s), and may be partially saturated. The structures having one or
more heteroaromatic moieties bonded through a single bond are also included. Specific
examples include monocyclic heteroaryl groups, such as furyl, thiophenyl, pyrrolyl,
imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl,
oxadiazolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl; polycyclic heteroaryl groups, such as benzofuranyl, fluoreno[4,
3-b]benzofuranyl, benzothiophenyl, fluoreno[4, 3-b]benzothiophenyl, isobenzofuranyl,
benzimidazolyl, benzothiazolyl, benzisothiazolyl, benzisoxazolyl, benzoxazolyl,
isoindolyl, indolyl, indazolyl, benzothia- diazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, carbazolyl, phenanthridinyl and benzodioxolyl.

The term “hydrocarbyl,” refers to a chemical group containing only hydrogen and
carbon atoms.

The term “substituted hydrocarbyl,” refers to a hydrocarbyl in which at least one
hydrogen atom is substituted with a heteroatom or a chemical group containing at least
one heteroatom.

The term “heterohydrocarbyl,” refers to a chemical group containing hydrogen
and carbon atoms, and wherein at least one carbon atom or CH group or CH, group is
substituted with a heteroatom or a chemical group containing at least one heteroatom.

The term “substituted heterohydrocarbyl,” refers to a heterohydrocarbyl in which
at least one hydrogen atom is substituted with a heteroatom or a chemical group
containing at least one heteroatom.

The term “aryl,” refers to an organic radical derived from aromatic hydrocarbon
by deleting one hydrogen atom therefrom. An aryl group may be a monocyclic and/or
fused ring system, each ring of which suitably contains from 4 to 7, preferably from 5 or
6 atoms. Structures wherein two or more aryl groups are combined through single bond(s)
are also included. Specific examples include phenyl, naphthyl, biphenyl, anthryl, indenyl,
fluorenyl, benzofluorenyl, phenanthryl, triphenylenyl, pyrenyl, perylenyl, chrysenyl,
naphtacenyl, and fluoranthenyl. The naphthyl may be 1-naphthyl or 2-naphthyl, the
anthryl may be 1-anthryl, 2-anthryl or 9-anthryl, and the fluorenyl may be any one of 1-
fluorenyl, 2-fluorenyl, 3-fluorenyl, 4-fluorenyl and 9-fluorenyl.

The term “substituted aryl,” refers to an aryl in which at least one hydrogen atom

is substituted with a heteroatom or a chemical group containing at least one heteroatom.
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The term “heteroaryl,” refers to an aryl group, in which at least one carbon atom
or CH group or CH, group is substituted with a heteroatom or a chemical group
containing at least one heteroatom. The heteroaryl may be a 5- or 6-membered
monocyclic heteroaryl or a polycyclic heteroaryl which is fused with one or more
benzene ring(s), and may be partially saturated. The structures having one or more
heteroaryl group(s) bonded through a single bond are also included. The heteroaryl
groups may include divalent aryl groups of which the heteroatoms are oxidized or
quarternized to form N-oxides, quaternary salts, or the like. Specific examples include,
but are not limited to, monocyclic heteroaryl groups, such as furyl, thiophenyl, pyrrolyl,
imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl,
oxadiazolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl; polycyclic heteroaryl groups, such as benzofuranyl, fluoreno[4,
3-b]benzofuranyl, benzothiophenyl, fluoreno[4, 3-b]benzothiophenyl, isobenzofuranyl,
benzimidazolyl, benzothiazolyl, benzisothiazolyl, benzisoxazolyl, benzoxazolyl,
isoindolyl, indolyl, indazolyl, benzothia- diazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, carbazolyl, phenanthridinyl and benzodioxolyl; and
corresponding N-oxides (for example, pyridyl N-oxide, quinolyl N-oxide) and quaternary
salts thereof.

The term “substituted heteroaryl,” refers to a heteroaryl in which at least one
hydrogen atom is substituted with a heteroatom or a chemical group containing at least
one heteroatom.

Heteroatoms include O, N, P, P(=0), Si, B and S.

The term “polymer,” refers to a polymeric compound prepared by polymerizing
monomers, whether of the same or a different type. The generic term polymer thus
embraces the term homopolymer (employed to refer to polymers prepared from only one
type of monomer, with the understanding that trace amounts of impurities can be
incorporated into and/or within the polymer structure), and the term interpolymer as
defined hereinafter.

The term “interpolymer,” refers to polymers prepared by the polymerization of at
least two different types of monomers. The generic term interpolymer thus includes
copolymers (employed to refer to polymers prepared from two different types of

monomers), and polymers prepared from more than two different types of monomers.
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EXAMPLES

I. Reagents and Test Methods

All solvents and reagents were obtained from commercial vendors, for example,
Sigma-Aldrich, TCI, and Alfa Aesar, and were used in the highest available purities,
and/or when necessary, recrystallized before use. Dry solvents were obtained from in-
house purification/dispensing system (hexane, toluene, and tetrahydrofuran), or purchased
from Sigma-Aldrich. All experiments involving “water sensitive compounds” were
conducted in “oven dried” glassware, under nitrogen atmosphere, or in a glovebox.

'H-NMR-spectra (500MHz or 400MHz) was obtained on a Varian VNMRS-500
or VNMRS-400 spectrometer, at 30°C, unless otherwise noted. The chemical shifts were
referenced to tetramethylsilane (TMS, 6=0.00) in CDCls.

Routine liquid chromatography/mass spectrometry (LC/MS) studies were carried
out as follows. One microliter aliquots of the sample, as “Img/ml solution in
tetrahydrofuran (THF),” were injected on an Agilent 1200SL binary liquid
chromatography (LC), coupled to an Agilent 6520 quadruple time-of-flight (Q-TOF) MS
system, via a dual electrospray interface (ESI), operating in the PI mode. The following
analysis conditions were used: Column: Agilent Eclipse XDB-C18, 4.6*50mm, 1.7um,;
Column oven temperature: 30°C; Solvent A: THF; Solvent B: 0.1% formic acid in
water/Acetonitrile (v/v, 95/5), Gradient: 40-80% Solvent A in 0-6min, and held for 9min,;
Flow: 0.3mL/min; UV detector: diode array, 254nm; MS condition: Capillary Voltage:
3900kV (Neg), 3500kV (Pos), Mode: Neg and Pos; Scan: 100-2000amu; Rate: 1s/scan;
Desolvation temperature: 300°C.

Gel permeation chromatography (GPC) studies were carried out as follows. 2mg
of B-staged HTL polymer was dissolved in 1mL THF. The solution was filtrated through
a 0.20um polytetrafluoroethylene (PTFE) syringe filter and 50ul of the filtrate was
injected to the GPC system. The following analysis conditions were used: Pump:
Waters™ 2695 Separations Modules at a nominal flow rate of 1.0mL/min; Eluent:
Fisher Scientific HPLC grade THF (unstabilized); Injector: Waters 2695 Separations
Modules; Columns: two Sum mixed-C columns from Polymer Laboratories Inc., held at
40°C; Detector: Shodex RI-201 Differential Refractive Index (DRI) Detector; Calibration:
17 polystyrene standard materials from Polymer Laboratories Inc., fit to a 3rd order

polynomial curve over the range of 3,742kg/mol to 0.58 kg/mol.

I1. Examples
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1. Svynthesis of N-([1.1'-biphenyl]-4-y1)-9.9-dimethyl-N-(4-(4.4.5.5-tetramethyl-

1.3.2-dioxaborolan-2-yl)pheny])-9H-fluoren-2-amine (Formula 1)

I

o, .0
B

Br

A mixture of N-([1,1'-biphenyl]-4-yl)-N-(4-bromophenyl)-9,9-dimethyl-9H-
5  fluoren-2-amine (15.48g, 30mmol), 4,4,4'4'5,55" 5 -octamethyl -2,2'-bi(1,3,2
dioxaborolane) (9.14g, 36mmol), Pd(dppf).Cl, (571mg, 0.75mmol), CH;COOK (4.41g,
45mmol), and 60mL of dry dioxane were heated at 85°C under nitrogen atmosphere for
12h. After cooling to room temperature, solvent was removed under vacuum and then
water was added. The mixture was extracted with CH,Cl,. The organic phasewas
10 collected and dried over anhydrous sodium sulphate. After filtration, the filtrate was
evaporated to remove solvent and the residue was purified through column
chromatography on silica gel to give white solid (84% yield). The product had the
following characteristic: MS (ESI): 564.30 [M+H]". '"H-NMR (CDCl;, 400MHz, TMS,
ppm): & 7.65 (d, 2H), 7.59 (d, 2H), 7.50 (d, 2H), 7.40 (m, 8H), 7.17 (m, 3H), 7.05 (m, 3H),
15 1.42 (s, 6H), 1.38 (s, 12H).
2. Synthesis of 9-(4-formylphenyl)-9H-carbazole-3-carbaldehyde (Formula 2)

Br Br CHO

:

To a solution of 9-(4-bromophenyl)-9H-carbazole (32.2g, 100mmol) in 150mL
dimethyl formamide (DMF), N-bromosuccinimide (NBS) (17.8g, 100mmol) in 100mL

20 DMF was added dropwise in 30min. After addition, the mixture was stirred at room
temperature for 12h and then poured into water to precipitate. The solid was filtrated and
recrystallized from dichloromethane and ethanol to give white solid (92% yield) and used
for the next step. The product had the following characteristic: MS (ESI): 402.09 [M+H]".

To a solution of 3-bromo-9-(4-bromophenyl)-9Hcarbazole (8.02g, 20mmol) in

25  THF (500mL), n-BuLi (24mL of a 2.5M solution in hexanes, 60mmol) was added at a

rate to keep the internal temperature below -78°C. The mixture was stirred at -78°C for

20



10

15

20

25

WO 2016/110140 PCT/CN2015/092893

1h and 10mL DMF with 10mL THF were added dropwise. After the addition, the reaction
mixture was stirred at -45°C for 30min and at 0°C for an additional 30min. Saturated
aqueous NH4CI (400mL) was added and the organic solvent was evaporated. The residue
was extracted with CH,Cl, (2 x 100mL) and the combined organic phase was dried over
anhydrous MgSQO,. After removing solvent, the crude product was purified through
column chromatography to give crude product (65% yield). The product had the
following characteristics: MS (ESI): 300.09 [M+H]". "H-NMR (CDCl;, 400 MHz, TMS,
ppm): & 10.15 (s, 1H), 10.13 (s, 1H), 8.67 (s, 1H), 8.23 (d, 1H), 8.17 (d, 2H), 7.99 (d, 1H),
7.80 (d, 2H), 7.54 (m, 3H), 7.40 (m, 1H).

3. Synthesis of 6-bromo-9-(4-formylphenyl)-9H-carbazole-3-carbaldehyde

(Formula 3)

CHO CHO

NBS, DMF:DCM=1:1 ©
o0
oun, S0,
To a solution of Formula 2 chemical (0.898g, 3mmol) in CH,Cl, (20mL) and
DMF (20mL), NBS (0.587mg, 3.3mmol) was added in portion. After stirred for 4h, the

B

precipitates formed was filtered and washed with DMF and CH,Cl, for several times to
afford the crude product (84% yield). The product had the following characteristic: MS
(ESI): 378.01 [M+H]". (Fail to get 'H-NMR data due to low solubility).

4. Synthesis of 6-(4-([1.1'-biphenyl]-4-y1(9,9-dimethyl-9H-fluoren-2-

yDamino)phenyl)-9-(4-formylphenyl)-9H-carbazole-3-carbaldehyde (Formula 4)

CHO

e

[SNpe) N
B

S © et
| | « O

To a mixture of Formula 3 chemical (0.756g, 2mmol), Formula 1 chemical (1.24g,
2.2mmol), Pd(OAc), (12.8mg, 0.06mmol) and X-Phos (28.6mg, 0.06mmol), 20mL mixed
solvents with proportion of 1:1:2 mixture of 2.0M Na,COs:Ethanol:toluene were added
under flow of nitrogen. The reaction mixture was stirred overnight under nitrogen
atmosphere at 90°C. After evaporation of toluene and ethanol, water was added and the

mixture was extracted with CH,Cl, (2 x 30mL) and the combined organic phase was
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dried over MgSO,. The solvent was removed under reduced pressure and the residue was
purified through column chromatography on silica gel to give yellow solid (64% yield).
The product had the following characteristics: MS (ESI): 735.29 [M+H]+. 'H-NMR
(CDCls, 400 MHz, TMS, ppm): & 10.12 (s, 1H), 10.09 (s, 1H), 8.36 (s, 1H), 8.20 (d, 1H),
7.64 (m, 12H), 7.53 (m, 2H), 7.42 (m, 6H), 7.32 (m, 7H), 7.15 (d, 1H), 4.88 (s, 2H), 4.85
(s, 2H), 1.45 (s, 6H).

5. Synthesis of  (4-(3-(4-([1.1'-biphenyl]-4-y1(9,9-dimethyl-9H-fluoren-2-

yDamino)phenyl)-6-(hyvdroxymethy])-9H-carbazol-9-yl)phenyl)methanol (Formula 5)

CHO OH

¢
SO s N
Cof Nﬁ e
<

o O

To a solution of Formula 4 chemical (734mg, 1mmol) in 10mL THF and 10mL
ethanol at 40°C, NaBH; (302mg, 8mmol) was added under nitrogen atmosphere. The
solution was allowed to stir at room temperature for 2h. Then, aqueous hydrochloric acid
solution was added until pH 5 and the mixture was kept stirring for 30min. The solvent
was removed under vacuum and the residue was extracted with dichloromethane. The
product was then dried under vacuum and used for the next step without further
purification (95% yield). The product had the following characteristics: MS (ESI): 739.32
[M+H]". 'H-NMR (CDCl;, 400 MHz, TMS, ppm): & 8.36 (s, 1H), 8.20 (d, 1H), 7.64 (m,
12H), 7.53 (m, 2H), 7.42 (m, 6H), 7.32 (m, 7H), 7.15 (d, 1H), 4.88 (s, 2H), 4.85 (s, 2H),
3.74 (m, 2H), 1.45 (s, 6H).

6. Synthesis of Monomer B chemical, N-([1.1'-biphenyl]-4-y1)-9.9-dimethyl-N-(4-
(6-(((4-vinylbenzyl)oxy)methyl)-9-(4-(((4-vinylbenzyl)oxy)methyl)phenyl)-9H-carbazol -
3-yl)phenyl)-9H-fluoren-2-amine (99.6% purity)
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: o)
¢ :

Q O NaH, DMF O O

OH

Oy S .
Q. ﬂ ?

Y

5
Monomer B4

To a solution of Formula 5 chemical (3.69g, Smmol) in SOmL dry DMF was
added NaH (432mg, 18mmol), the mixture was stirred at room temperature for 1h. And 1-
(chloromethyl)-4-vinylbenzene (2.75g, 15mmol) was added to above solution via syringe.
5  The mixture was heated to 60°C overnight. After quenched with water, the mixture was
poured into water to remove DMF. The residue was filtrated and the resulting solid was
dissolved with dichloromethane, which was then washed with water. The solvent was
removed under vacuum and the residue was extracted with dichloromethane. The product
was then obtained by column chromatography on silica gel (55% yield). The product had
10 the following characteristics: MS (ESI): 943.42 [M+H]". 'H-NMR (CDCl;, 400 MHz,
TMS, ppm): & 8.35 (s, 1H), 8.17 (d, 1H), 7.62 (m, 12H), 7.42 (m, 14H), 7.29 (m, 10H),
6.72 (dd, 2H), 5.77 (d, 2H), 5.24 (d, 2H), 4.74 (s, 2H), 4.67 (s, 4H), 4.60 (s, 2H), 1.45 (s,
6H).
7. Synthesis of Monomer A chemical, N-([1.1'-biphenyl]-4-y]1)-N-(4-(6-
15  ((bicyclo[4.2 0]octa-1(6).2.4-trien-7-yloxy)methyl)-9-(4-((bicyclo[4.2 OJocta-1(6).2.4-
trien-7-yloxy)methyl)phenyl)-9H-carbazol-3-yl)phenyl)-9.9-dimethyl-9H-fluoren-2-

é\@
“ 2 Q Q

5

amine (99.6% purity)

OH

Monomer A24
To a solution of Formula 5 chemical (3.69g, Smmol) in SOmL dry DMF was
20  added NaH (432mg, 18mmol), the mixture was stirred at room temperature for 1h. And 7-
bromobicyclo[4.2.0]octa-1,3,5-triene (Br-BCB) (2.75g, 15mmol) was added to above

solution via syringe. The mixture was heated to 60°C and stirred overnight. After
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quenched with water, the mixture was poured into water to remove DMF. The residue
was filtrated and the resulting solid was dissolved with dichloromethane, which was then
washed with water. The solvent was removed under vacuum and the residue was
extracted with dichloromethane. The product was then obtained by column
chromatography on silica gel (65% yield). The product had the following characteristics:
MS (ESI): 943.42 [M+H]". 'H-NMR (CDCls, 400 MHz, TMS, ppm): & 8.35 (s, 1H), 8.22
(d, 1H), 7.65 (m, 12H), 7.47 (d, 2H), 7.43 (m, 6H), 7.29 (m, 10H), 7.15 (m, 6H), 5.27 (d,
2H), 4.89 (s, 2H), 4.82 (s, 2H), 3.55 (d, 2H), 3.22 (d, 2H), 1.45 (s, 6H).
8. B-Staged HTL Polymer Preparation

A mixture of Monomer A chemical (Monomer A24, 657.1mg, 0.697mmol),
Monomer B chemical (Monomer B4, 479.7mg, 0.494mmol), and 1-((bicyclo[4.2.0]octa-
1(6),2,4-trien-7-yloxy)methyl)-3,5-bis((bicyclo[4.2.0]octa-1,3,5-trien-7-
yloxy)methyl)benzene (C14) (10mol%, 20mol%, and 40mol% respectively, with 99.6%
purities) was dissolved in 1.2mL electronic anisole to make a 10wt% solution. The B-
staging of the above solution was carried out at 105°C for 5hr under nitrogen atmosphere.
After cooling to room temperature, the B-staged HTL solution was diluted to 4wt% with
electronic solvent. Equal volume of electronic methanol was then added into the diluted
B-staged HTL solution for precipitating HTL polymer out of the solution. The B-staged
HTL polymer was then collected via filtration and dried in vacuum oven at 40°C
overnight. The resulting B-staged HTL polymer was re-dissolved in electronic anisole to
make a 4wt% solution and the above precipitation was repeated once more to completely
remove residual HTL monomer. Finally, 0.71g (77% yield) B-staged HTL polymer
product was collected in the form of yellow crystalline-like solid. Table 1 showed the B-

staged HTL polymer molecular weights and distributions after precipitation.

TABLE 1. Molecular weights of B-staged HTL polymers with different ratio of C14

Description (g/mol) M, M, M, M.+ M,/M,
10mol% C14 5,978 | 36,505 170,951 469,046 6.107
20mol% C14 10,868 | 74,997 172,085 277,682 6.901
40mol% C14 7,766 | 306,552 | 1,282.335 | 2,382940 | 3947

9. Hole Only Device Fabrication

Indium tin oxide (ITO) glass substrates (2*2cm) were cleaned with solventswater,
acetone, and isopropanol by sequence, and then were treated with a UV Ozone cleaner for

20 min. The hole injection layer (HIL) material Plexcore™ OC AQ-1200 from
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Plextronics Company was spin-coated from water solution onto the ITO substrates in
glovebox and annealed at 150°C for 20min. After that, for comparative evaporative HTL,
N-([1,1'-biphenyl]-4-yl)-9,9-dimethyl-N-(4-(9-phenyl-9H-carbazol-3-yl)phenyl)-9H-
fluoren-2-amine, the substrate was transferred into a thermal evaporator for the deposition
of the HTL. The inventive HTL for solution process, HTL materials (B-staged HTL
polymers) were deposited from anisole solution and annealed at 150°C for 10 min to
remove organic solvent. After that, the crosslinking of B-staged material was carried out
on a hotplate in glovebox at 205°C for 10 min.

To evaluate charge transport performances of the B-staged polymer as hole-
transporting layer material, hole-only devices (HODs) with the following structures were
fabricated:

Device A: ITO/AQ-1200/Comparative HTL (evaporated, 400A)/Al;

Device B: ITO/AQ-1200/B-staged HTL (not crosslinked, 390A)/Al;

Device C: ITO/AQ-1200/B-staged HTL (crosslinked, 390A)/Al,

III. Results

The current-voltage (J-V) characterizations for the HODs were performed with a
Keithley™ 2400 Sourcemeter.

Device A was fabricated with evaporative Comparative HTL, while Devices B
and C were deposited with the inventive B-staged HTL polymer through a solution
process. Both Devices B and C had significantly higher charge current which translates to
improved mobility and injection. This demonstrates the critical role played by the

inventive formulation in the HTL polymer.

TABLE 2
Devices ; HOD J-V char‘acterizations
Current (mA/cm”) Measured at Field Strength (125 /750 kV/cm)
A 0.01/125
B 0.8/175
C 0.8/175
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What is claimed is:

1. A polymeric charge transfer layer formed from a composition comprising a
polymer comprising, as polymerized units, Monomer A, and Monomer C crosslinking
agent; wherein Monomer A has Structure A:

R1

n
Rs (Structure A),

wherein A and M are each substituted or unsubstituted aromatic moiety or a
substituted or unsubstituted heteroaromatic moiety; and

wherein n is from 2 to 10; and

wherein R; through R; are each independently selected from the following:
hydrogen; deuterium; a hydrocarbyl, further a Ci-Cioo hydrocarbyl, further a Cs-Cioo
hydrocarbyl, further a C10-Ci00 hydrocarbyl, further a C20-Cioo0 hydrocarbyl, further a Cso-
Cioo hydrocarbyl; a substituted hydrocarbyl, further a Ci-Cioo substituted hydrocarbyl,
further a Cs;-Cioo substituted hydrocarbyl, further a Cio-Ci0o substituted hydrocarbyl,
further a Cy-Cioo substituted hydrocarbyl, further a C30-Cioo substituted hydrocarbyl; a
heterohydrocarbyl, further a Ci-Cip0 heterohydrocarbyl, further a Cs-Cipo
heterohydrocarbyl, further a Ci10-Ci00 heterohydrocarbyl, further a Ci0-Cioo
heterohydrocarbyl, further a Cso-Ci00 heterohydrocarbyl; a substituted heterohydrocarbyl,
further a Ci-Cioo substituted heterohydrocarbyl, further a Cs-Cioo substituted
heterohydrocarbyl, further a Ci9-Cioo substituted heterohydrocarbyl, further a Cio-Cioo
substituted heterohydrocarbyl, further a C30-C1oo substituted heterohydrocarbyl; a halogen;
a cyano, an aryl, further a Cs-Cioo aryl, further a Cs-Cioo aryl, further a Cio-Cioo aryl,
further a Ci0-Cioo aryl, further a Cso-Cioo aryl, a substituted aryl, further a Cs-Cioo
substituted aryl, further a Cs-Cioo substituted aryl, further a Ci0-Cioo substituted aryl,
further a C20-Cio0 substituted aryl, further a C30-Cioo substituted aryl; a heteroaryl, further
a Cs-Cioo heteroaryl, further a Cs-Cio heteroaryl, further a Cio-Cioo heteroaryl, further a
C20-Cio0 heteroaryl, further a C;30-Cioo heteroaryl; a substituted heteroaryl, further a Cs-
Cioo substituted heteroaryl, further a Cs-Cioo substituted heteroaryl, further a Cio-Cioo
substituted heteroaryl, further a Ci0-Cioo substituted heteroaryl, further a Cso-Cioo
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substituted heteroaryl; and
wherein L, is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a Ci-Cioo hydrocarbyl, a C;-Cipo substituted hydrocarbyl, a C;-Cino
heterohydrocarbyl, and a C,-Ciq substituted heterohydrocarbyl; and wherein two or more
5  of R, through R; may optionally form one or more ring structures;

Monomer C crosslinking agent has Structure C-1 or Structure C-2:

R

Rs
X
L2

M (Structure C-1), or
Rio Ri7 -

4
Rs
R11
Rie
Ri2
Ry

R

- 3 J
Ri4

M (Structure C-2),
wherein C is an aromatic moiety, a heteroaromatic moiety, a C,-Cs, hydrocarbyl, a
10 C,-Cs, substituted hydrocarbyl, a C,-Cs, heterohydrocarbyl, or a C,-Cs, substituted
heterohydrocarbyl; and
wherein R4 through Rg and Ry through R;;are each independently selected from
the following: hydrogen, deuterium, a Ci-Cso hydrocarbyl, a Ci-Cso substituted
hydrocarbyl, a C1-Cso heterohydrocarbyl, a C1-Cso substituted heterohydrocarbyl, halogen,
15  cyano, a Cs-Cso aryl, a Cs-Cso substituted aryl, a Cs-Cso heteroaryl, a Cs-Cso substituted
heteroaryl; and
wherein L, is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a Ci-Cioo hydrocarbyl, a C;-Cipo substituted hydrocarbyl, a C;-Cino
heterohydrocarbyl, or a C;-C1go substituted heterohydrocarbyl; and each chemical group of
20  L,isindependently bonded to C and one of Ry through R,7; and
wherein m is from 2 to 25; and
wherein two or more of R4 through R and Rjo through R;7 may optionally form

one or more ring structures.
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2. The polymeric charge transfer layer according to Claim 1 wherein the polymer

further comprises Monomer B having Structure B:

Rg
O
] 3)\( Ry
R

wherein B is a substituted or unsubstituted aromatic moiety or a substituted or

X (Structure B),

5  unsubstituted heteroaromatic moiety; and
wherein x is from 2 to 10; and
wherein Ls is selected from a heteroatom, an aromatic moiety, a heteroaromatic
moiety, a Ci-Cioo hydrocarbyl, a C;-Cipo substituted hydrocarbyl, a C;-Cino
heterohydrocarbyl, and a C;-C,oo substituted heterohydrocarbyl; and
10 wherein Ry through Ro are each independently selected from the following:
hydrogen, deuterium, a Ci-Cso hydrocarbyl, a Ci-Cso substituted hydrocarbyl, a Ci-Cso
heterohydrocarbyl, a Ci-Cso substituted heterohydrocarbyl, halogen, cyano, a Cs-Csparyl, a
Cs-Cso substituted aryl, a Cs-Csp heteroaryl, and a Cs-Csp substituted heteroaryl; and
wherein two or more of R; through Ry may optionally form one or more ring

15 structures.

3. The polymeric charge transfer layer according to Claim 1 wherein Monomer A

is selected from the following A1 through A12:

Do), ety DeO)

NA2), NA3),
N= = N
L e, D), (D)

" AS), " A6),
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4. The polymeric charge transfer layer according to Claim 1 wherein Monomer A
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& &
.y .y
L) A25), O A26),

-
N
O A27), or () A28).

5. The polymeric charge transfer layer according to Claim 1, wherein Monomer C

crosslinking agent is selected from the following C1-C29:
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C15),
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O C28), or O C29).

6. The polymeric charge transfer layer according to Claim 1 wherein Monomer C

crosslinking agent is from 0.1 to SOmole% based on the sum moles of Monomer A.

5
7. The polymeric charge transfer layer according to Claim 2 wherein Monomer B
is selected from the following B1 through B6:
3 o
= J 0 /
® 9% O ) '
Yoo B o0
2 J J
v o 9
’ B1), v B2), v B3),
!
%5 hg; oW
O @ >0 o@
N J o J " O, & vy
& T ¢ Y
v B4), Ved B5), or O B6).
10

8. The polymeric charge transfer layer according to Claim 2 wherein the molar

ratio of Monomer A to Monomer B is from 0.8 to 1.2.

9. The polymeric charge transfer layer according to Claim 2 wherein either of
15  Monomer A, Monomer B, and Monomer C has a molecular weight of from 500g/mole to

28000g/mole.
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10. The polymeric charge transfer layer according to Claim 1 wherein either of

Monomer A, and Monomer C has a purity equal to or above 99%.

5 11. The polymeric charge transfer layer according to Claim 2 wherein either of

Monomer A, Monomer B, and Monomer C has a purity equal to or above 99%.

12. An organic light emitting device comprising the polymeric charge transfer
layer of Claim 1.
10
13. An organic electronic device comprising the polymeric charge transfer layer of

Claim 1.
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