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The invention provides compositions, organic electronic
devices, and methods for preparing organic electronic
devices. The compositions include a small molecule that is
combined with at least one other material selected from a
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light emitting material, a color conversion material, or a
combination thereof. The first compound has an aromatic
core and two to four identical end capping groups attached
to the aromatic core. The second compound has at least some
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1
MATERIALS FOR ORGANIC ELECTRONIC
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application No. 60/373,857, filed Apr. 19, 2002.

TECHNICAL FIELD

The invention relates to compositions, organic electronic
devices, and methods for preparing organic electronic
devices.

BACKGROUND

Electroluminescent materials can be used to make organic
electroluminescent (OEL) devices such as organic light-
emitting diodes (OLEDs). There is continuing research and
development of materials suitable for such devices and
methods for making the devices. In some instances, mate-
rials can be selected or developed which facilitate one or
more of these methods.

Pattern-wise thermal transfer of materials from donor
sheets to receptor substrates has been proposed as one
method for forming OFL devices. Selective thermal transfer
of organic light emitters for formation of organic electrolu-
minescent devices has been shown to be particularly useful.

SUMMARY OF THE INVENTION

Compositions, organic electronic devices, and methods
for preparing organic electronic devices are described. More
particularly, the compositions include a small molecule that
is combined with at least one other material selected from a
charge transporting material, a charge blocking material, a
light emitting material, a color conversion material, and a
combination thereof. The compositions are amorphous and
solution processible. The compositions can be used to pre-
pare organic electronic devices such as organic electrolumi-
nescent devices.

A composition is provided that includes

(a) a first compound of Formula 1
[ECH— Ar!

that is a charge transporting molecule, a charge blocking
molecule, a light emitting molecule, a color conversion
molecule, or a combination thereof,

wherein

Ar' is a first aromatic core and is a divalent, trivalent, or
tetravalent radical of

O~
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that is unsubstituted or substituted with one or more sub-
stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;,

EC is a first end capping group and is a monovalent
radical of

-
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-continued -continued

N that is unsubstituted or substituted with one or more sub-

N stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;
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n is an integer of 2 to 4, wherein the first end capping
groups are identical;

each R is independently an alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof;

each R* is independently hydrogen, alkyl, alkenyl, alkoxy,
aryl, aryloxy. fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof}

each X is O, S, or NR? where R? is a C,_, alkyl, a C,_5,
heteroalkyl, a Cg_,, aryl, a C,_,, heteroaryl, or a com-
bination thereof;

A is C, Si, Ge, Pb, or Sn;

7 is NH or CH,;

tis an integer of 0 to 4; and

(b) a second compound that is selected from a charge

transporting material, a charge blocking material, a light
emitting material, a color conversion material, or a combi-
nation thereof, said second compound having

an aromatic radical that comprises the first aromatic core
of the first compound, wherein the aromatic radical of
the second compound can be unsubstituted, substituted
with a substituent of a same type that is present on the
first aromatic core of the first compound, or substituted
with a substituent that is absent on the first aromatic
core of the first compound,

a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted, sub-
stituted with a substituent of a same, type that is present
on the first end capping group, or substituted with a
substituent that is absent on the first end capping group;

a divalent radical that comprises a divalent radical of the
first end capping group of the first compound, wherein
the divalent radical in the second compound can be
unsubstituted, substituted with a substituent of a same
type that is present on the first end capping group, or
substituted with a substituent that is absent on the first
end capping group; or

a combination thereof,

wherein the composition is amorphous and solution proces-
sible.

Another aspect of the invention provides a composition
that includes

(a) a first compound of Formula I

[EC4— Ar!

that is a charge transporting molecule, a charge blocking
molecule, a light emitting molecule, a color conversion
molecule, or a combination thereof,

wherein

Ar' is a first aromatic core and is a divalent, trivalent, or
tetravalent radical of

, O ,
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that is unsubstituted or substituted with one or more sub-
stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;

EC is a first end capping group that is a C;_¢, carbocyclic
aryl, a C,_, heteroaryl, a C, , 4, tertiary aromatic amino
aryl, or a monovalent radical of a silsesquioxane that is
unsubstituted or substituted with one or more substitu-
ents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;

n is an integer of 2 to 4, wherein the first end capping
groups are identical;

each R is independently an alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof;

each R' is independently a hydrogen, alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoro-
alkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof;

X is O, S, or NR? where R* is a C, 5, alkyl, a Cy_50
heteroalkyl, a C_,, aryl, a C,_,, heteroaryl, or a com-
bination thereof;

Ais C, Si, Ge, Pb, or Sn;

7 is N or CH;

tis an integer of 0 to 4; and

(b) a second compound that is selected from a charge

transporting material, a charge blocking material. a light
emitting material, a color conversion material, or a combi-
nation thereof, said second compound having

an aromatic radical that comprises the first aromatic core
of the first compound, wherein the aromatic radical of
the second compound can be unsubstituted, substituted
with a substituent of a same type that is present on the
first aromatic core of the first compound, or substituted
with a substituent that is absent on the first aromatic
core of the first compound,

a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted, sub-
stituted with a substituent of a same type that is present
on the first end capping group, or substituted with a
substituent that is absent on the first end capping group;

a divalent radical that comprises a divalent radical of the
first end capping group of the first compound, wherein
the divalent radical in the second compound can be
unsubstituted, substituted with a substituent of a same
type that is present on the first end capping group, or
substituted with a substituent that is absent on the first
end capping group;

or a combination thereof,

wherein the composition is amorphous and solution proces-
sible.

An additional aspect of the invention provides a compo-
sition that includes

(a) a first compound of Formula 1T
EC—Ar'—EC I
that is a charge transporting molecule, a charge blocking

molecule, a light emitting molecule, a color conversion
molecule, or a combination thereof,
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wherein

Ar' is a first aromatic core and is a divalent radical
selected from

&



US 7,282,275 B2
29 30

-continued -continued
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-continued
R* R*

o—\_o

wherein
each Ph is phenyl; and
each R? is independently hydrogen, C, ., alkyl, C,_,, aryl,
C;_50 heteroaryl, or C, 5, heteroalkyl;
each R* is independently C, ., alkyl, Cq_o aryl, Cs oo
heteroaryl, or C, ;, heteroalkyl;

(b) a second compound that is selected from a charge
transporting material, a charge blocking material, a light
emitting material, a color conversion material, or a combi-
nation thereof, said second compound having

an aromatic radical that comprises the first aromatic core
of the first compound, wherein the aromatic radical of
the second compound can be unsubstituted, substituted
with a substituent of a same type that is present on the
first aromatic core of the first compound, or substituted
with a substituent that is absent on the first aromatic
core of the first compound,

a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted, sub-
stituted with a substituent of a same type that is present
on the first end capping group, or substituted with a
substituent that is absent on the first end capping group;

a divalent radical that comprises a divalent radical of the
first end capping group of the first compound, wherein
the divalent radical in the second compound can be
unsubstituted, substituted with a substituent of a same
type that is present on the first end capping group, or
substituted with a substituent that is absent on the first
end capping group; or

a combination thereof,

wherein the composition is amorphous and solution proces-
sible.

Another aspect of the invention provides an organic
electronic device that includes a composition of the inven-
tion. In some embodiments, the organic electronic device is
an organic electroluminescent device.

Additionally, the invention provides a method of making
an organic electroluminescent device. The method includes
(1) preparing a donor sheet that includes a transfer layer
containing a composition of the invention and (2) transfer-
ring the transfer layer to a surface of a receptor substrate.

The above summary of the present invention is not
intended to describe each disclosed embodiment or every
implementation of the present invention. The Figures and
the detailed description that follow more particularly exem-
plify these embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in
consideration of the following detailed description of vari-
ous embodiments of the invention in connection with the
accompanying drawings, in which:

FIG. 1 is a schematic side view of an organic electrolu-
minescent display construction;

FIG. 2 is a schematic side view of a donor sheet for
transferring materials;

FIG. 3 is a schematic side view of an organic electrolu-
minescent display;

FIG. 4A is a schematic side view of a first embodiment of
an organic electroluminescent device;

FIG. 4B is a schematic side view of a second embodiment
of an organic electroluminescent device;

FIG. 4C is a schematic side view of a third embodiment
of an organic electroluminescent device; and

FIG. 4D is a schematic side view of a fourth embodiment
of an organic electroluminescent device.

While the invention is amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example in the drawings and will be described in
detail. It should be understood, however, that the intention is
not to limit the invention to the particular embodiments
described. On the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the invention.

DETAILED DESCRIPTION

Definitions

As used herein, the terms “a”, “an”, and “the” are used
interchangeably with “at least one” to mean one or more of
the elements being described.

As used herein, the term “active” when used to refer to a
compound means that the compound can transport holes,
transport electrons, participate in electron/hole recombina-
tion, emit light, or a combination thereof.

As used herein, the term “amorphous” refers to a com-
pound or composition that is not crystalline and that does not
crystallize when removed from a solvent.

As used herein, the term “alkyl” includes both straight-
chained, branched, and cyclic alkyl groups that are unsub-
stituted or substituted. The alkyl group typically has 1 to
about 30 carbon atoms. In some embodiments, the alkyl
group contains 1 to about 20 or 1 to about 10 carbon atoms.
Examples of alkyl groups include, but are not limited to,
methyl, ethyl, n-propyl, n-butyl, n-pentyl, tert-butyl, isopro-
pyl, isobutyl, n-octyl, n-heptyl, and ethylhexyl.

As used herein, the term “alkoxy” refers to a group having
an oxygen atom attached to an alkyl group. The alkoxy
group typically has 1 to about 30 carbon atoms. In some
embodiments, the alkoxy group contains 1 to about 20 or 1
to about 10 carbon atoms. Examples include methoxy,
ethoxy, propoxy, butoxy, and the like. An alkoxy is a subset
of a heteroalkyl group. Alkoxy groups can be unsubstituted
or substituted.

As used herein, the term “alkenyl” refers to a monovalent
radical of a straight-chained, branched, or cyclic alkene
having one or more aliphatic carbon-carbon double bond
and includes both unsubstituted and substituted alkenyl
groups. The alkenyl groups typically include 2 to about 30
carbon atoms. In some embodiments, the alkenyl groups
contain 2 to about 20 or 2 to about 10 carbon atoms.

10

15

20

25

30

40

45

60

65

34

Examples of alkenyl groups include, but are not limited to,
n-oct-3-enyl and n-hept-6-enyl. The alkenyl groups can have
alternating double and single carbon-carbon bonds. For
example, the alkenyl groups can be a diene or a triene with
a single carbon-carbon bond between each carbon-carbon
double bond.

As used herein, the term “alkylene” includes both
straight-chained, branched, and cyclic divalent hydrocarbon
radicals and includes both unsubstituted and substituted
alkylene groups. The alkylene groups are typically include
up to about 30 carbon atoms. In some embodiments, the
alkylene groups contain up to about 20 or up to about 10
carbon atoms. Examples of “alkylene” as used herein
include, but are not limited to, methylene, ethylene, propy-
lene, butylene, and isopropylene, and the like.

As used herein, the term “aromatic” refers to both a
carbocyclic aromatic compound or group and a heteroaro-
matic compound or group. A carbocyclic aromatic com-
pound is a compound that contains only carbon atoms in the
aromatic ring structure. A heteroaromatic compound is a
compound that contains at least one heteroatom selected
from S, O, N and P in ring in the aromatic ring structure.

As used herein, the term “aryl” refers to monovalent
unsaturated aromatic carbocyclic radicals having one to ten
rings, multiple fused rings, or combinations thereof. In some
embodiments, the aryl group has up to 10 rings, up to 8
rings, up to 6 rings, up to 4 rings, up to 3 rings, up to 2 rings,
or one aromatic ring. The aryl group can contain, for
example, up to about 60, up to about 50, up to about 40, up
to about 30, or up to about 20 carbon atoms. Examples of
aryl groups include, but are not limited to, phenyl, biphenyl,
terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl,
dihydrophenathrenyl, anthracenyl, fluorenyl, 9-silafluore-
nyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl, fluo-
ranthenyl, pyrenyl, rubrenyl, chrysenyl, dihydropyrenyl, and
tetrahydropyrenyl.

As used herein, the term “arylene” refers to divalent
unsaturated aromatic carbocyclic radicals having one to ten
rings, multiple fused rings, or combinations thereof. In some
embodiments, the arylene group has up to 8 rings, up to 6
rings, up to 4 rings, up to 3 rings, up to 2 rings, or one
aromatic ring. In some examples, the arylene group contains
up to 60 carbon atoms, up to 50 carbon atoms, up to 40
carbon atoms, up to 30 carbon atoms, or up to 20 carbon
atoms. Examples of arylene groups include, but are not
limited to, divalent radicals of benzene, naphthalene,
acenaphthene, phenanthrene, anthracene, fluorene, 9-si-
lafluorene, fluoranthene, benzopyrene, aromatic corene,
dihyrophenanthrene, tetrahydropyrene, pervlene, spirobis-
fluorene, pyrene, rubrene, and chrysene. Specific examples
of arylene groups include benzene-1,2-diyl, benzene-1,3-
diyl, benzene-1,4-diyl, naphthalene-1,8-diyl, naphthalene-2,
7-diyl, naphthalene-2,6-diyl, naphthalene-1,4-diyl, naphtha-
lene-1,5-diyl,  anthracene-1,4-diyl,  acenaphthene-diyl,
phenanthren-3,8-diyl, 5,6-dihydrophenathren-3,8-diyl, 4,5,
9,10-tetrahydropyren-2,7-diyl, pyren-2,7-diyl, fluoren-2,7-
diyl, 9-silafluoren-2,7-diyl, anthracene-9,10-diyl, perylene-
3,9-diyl, perylene-3,10-diyl, spirobisfluorene-diyl, 5,6,12,
13-tetrahydrodibenzo [a.h] anthracene-3,10-diyl,
fluoranthene-diyl, rubrene-diyl, chrysene-diyl, benzo[gh,i]
perylene-diyl, and the like.

As used herein, the term “aryloxy” refers to a group
having an oxygen atom attached to an aryl group. An
example includes, but is not limited to, phenoxy.

An asterisk (—*) in any formula infra indicates the
location of a bond to another group in a molecule.
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As used herein, the term “carbocyclic” refers to a ring
formed of carbon atoms. There are no heteroatoms in the
ring structure.

As used herein, the term “conjugated” refers to unsatur-
ated compounds having at least two carbon-carbon double or
triple bonds with alternating carbon-carbon single bonds and
carbon-carbon double or triple bonds. Likewise, the term
“unconjugated” refers to unsaturated compounds that are not
conjugated. For example, an unconjugated aromatic group
can have two or more carbon-carbon single bonds interrupt-
ing alternating carbon-carbon single bonds and carbon-
carbon double or triple bonds.

As used herein, “electrochemically stable” is meant stable
to electrochemical degradation such that any oxidation and/
or reduction reactions entered into are reversible.

As used herein, the term “electroactive” refers to a
compound that transports holes, transports electrons, or
participates in an electron/hole recombination.

As used herein, the term “ester” refers to a compound
having a COO-alkyl group where alkyl is defined above. The
ester typically has 2 to 30, 2 to 20, or 2 to 10 carbon atoms.

As used herein, the term “fluoroalkyl” refers to an alkyl
group that has at least one hydrogen atom replaced with a
fluorine atom.

As used herein, the term “heteroalkyl” includes both
straight-chained, branched, and cyclic alkyl groups with one
or more heteroatoms independently selected from S, O, N,
P, or Si replacing a carbon atom. The heteroalkyl group
typically contains 1 to about 30 carbon atoms and can have
up to 10 heteroatoms. In some embodiments, the heteroalkyl
group contains 1 to about 20 or 1 to about 10 carbon atoms.
An alkoxy group is a subset of a heteroalkyl group.
Examples of heteroalkyl groups include, but are not limited
to, methoxy, ethoxy, propoxy, 3,6-dioxaheptyl, 3-(trimeth-
ylsilyl)-propyl, poly(oxyalkylene) groups having a segment
of formula —O(C,,H,,,0),/— where m is an integer of 1 to
6 and y is an integer of 2 to 20, and poly(dialkylsiloxane)
groups having a segment of formula —{Si(C, H,,,.,,),0],—
where w is an integer of 1 to 10 and y is an integer of 2 to
20. Heteroalkyl groups can be unsubstituted or substituted.

As used herein, the term “heteroaryl” refers to a monova-
lent radical of a five to seven member aromatic ring that
includes one or more heteroatoms independently selected
from S, O, N and P in the ring. Such a heteroaryl ring can
be fused to one or more rings and can contain one to about
10 other rings selected from another heterocyclic ring(s),
heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s),
cycloalkyl rings, and combinations thereof. In some embodi-
ments, the heteroaryl ring has to up to 8 other rings, up to 6
other rings, up to 4 other rings, up to 3 other rings, up to 2
other rings, or one other ring. The heteroaryl typically
contains up to about 50 carbon atoms. In some embodi-
ments, the heteroaryl contains up to about 40 carbon atoms,
up to about 30 carbon atoms, or up to about 20 carbon atoms.
Examples of heteroaryl groups include, but are not limited
to, furanyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, tria-
zolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
pyrimidinyl, quinolinyl, isoquinolinyl, benzofuranyl, ben-
zothiophenyl, indolyl, carbazoyl, benzoxazolyl, benzothia-
zolyl, benzimidazolyl, cinnolinyl, quinazolinyl, quinoxali-
nyl, phthalazinyl, benzothiadiazolyl, benzotriazinyl,
phenazinyl, phenanthridinyl, acridinyl, and indazolyl,
siloles, and the like.

As used herein, “heteroaryls having a —C=N— unit” is
a subset of the heteroaryls and refers to heteroaryls that have
a —C=N— unit in at least one heteroaromatic ring.
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Examples of suitable groups include, but are not limited to,
oxadiazolyls, N-substituted-triazolyls, N-substituted imida-
zolyls, N-substituted pyrazolyls, oxazolyls, isooxazolyls,
thiazolyls, isothiazolyls, pyridinyls, pyridazinyls, pyrimidi-
nyls, pyrazinyls, triazinyls, tetrazenyls, benzoxazolyls, ben-
zothiazolyls, benzothiadiazolyls, quinolinyls, isoquinoli-
nyls, cinnolinyls, quinazolinyls, quinoxalinyls,
phthalazinyls, benzotriazinyls, phenazinyls, phenanthridi-
nyls, acridinyls, and the like.

As used herein, “heteroaryls that are electron rich” is a
subset of the heteroaryls and refers to heteroaryls that can
donate electron density from the heteroatom into the pi
bonding system. Examples include, but are not limited to,
monovalent radicals of diarylsilanolyls, thiophenyls,
bithiophenyls, furanyls, N-alkyl carbazolyl, N-aryl carba-
zolyl, N-alkyl pyrrolyl, N-aryl pyrrolyl, and the like.

As used herein, the term “heteroarylene” refers to an
aromatic divalent radical of a five to seven member aromatic
ring that includes one or more heteroatoms independently
selected from S, O, N, and P. Such a heteroaromatic ring can
be fused to one or more rings and can contain 1 to about 10
other rings selected from another heterocyclic ring(s), het-
eroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), cycloalkyl
rings, and combinations thereof. In some embodiments, the
heteroaromatic ring is fused to up to 8 other rings, up to 4
other rings, up to 3 other rings, up to 2 other rings, or one
other ring. The heteroarylene typically contains up to about
50 carbon atoms. In some embodiments, the heteroarylene
contains up to about 40 carbon atoms, up to about 30 carbon
atoms, or up to about 20 carbon atoms. Examples of het-
eroarylene groups include, but are not limited to, divalent
radicals of furan, thiophene, pyrrole, imidazole, pyrazole,
triazole, tetrazole, thiazole, oxazole, isoxazole, oxadiazole,
thiadiazole, isothiazole, pyridine, pyridazine, pyrazine, pyri-
midine, quinoline, isoquinoline, benzofuran, ben-
zothiophene, indole, carbazole, benzoaxazole, benzothizole,
benzimidiazole, cinnoline, quinazoline, quinoxaline,
phthalazine, benzothiadiazole, benzotriazine, phenazine,
phenanthridine, acridine, indazole, and silones. Specific
examples of heteroarylenes include, but are not limited to,
furan-2,5-diyl, thiophene-2,4-diyl, 1,3.4-oxadiazole-2,5-
diyl, 1,3,4-thiadiazole-2,5-diyl, 1,3-thiazole-2,4-diyl, benzo
[1,2,5]thiadiazole-4,7-diyl, 1,3-thiazole-2,5-diyl, pyridine-
2,4-diyl, pyridine-2,3-diyl, pyridine-2,5-diyl, pyrimidine-2,
4-diyl, quinoline-2,3-diyl, 1,1-dialkyl-1H-silole-2,5-diyl,
and the like.

As used herein, “heteroarylenes having —C=N— units”
is a subset of heteroarylenes and refers to heteroarylenes
having a —C=N— unit in at least one heteroaromatic ring.
Examples of heteroarylenes having —C=N— units
include, but are not limited to, divalent radicals of oxadia-
zoles, N-substituted-triazoles, N-substituted imidazoles,
N-substituted pyrazoles, oxazoles, isoxazole, thiazoles,
isothiazoles, pyridines, pyridazines, pyrimidines, pyrazines,
triazines, tetrazenes, benzoxazoles, benzothiazoles, ben-
zothiadiazoles, quinolines, isoquinolines, cinnolines,
quinazolines, quinoxalines, phthalazines, benzotriazines,
phenazines, phenanthridines, acridines, and the like.

As used herein, “heteroarylenes that are electron rich” is
a subset of heteroarylenes and refers to heteroarylenes that
can donate electron density from the heteroatom into a pi
bonding system. Suitable examples include divalent radicals
of diarylsilanoles, thiophenes, bithiophenes, furans, N-alkyl
carbazoles, N-aryl carbazoles, N-alkyl pyrroles, N-aryl pyr-
roles, and the like.
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As used herein, the term “inactive” when used to refer to
a compound means that the compound is not electroactive,
not electroluminescent, or a combination thereof.

As used herein, the term “perfluoroalkyl” refers to an
alkyl group that has all the hydrogen atoms replace with
fluorine atoms. A perfluoroalkyl is a subset of a fluoroalkyl.

As used herein, the term “silsesquioxane” refers to a
compound that have 1.5 times as many oxygen atoms as
silicon atoms (e.g., SiO, ;). The compounds can has up to
20, up to 16, up to 8, or up to 4 Si atoms. The compounds
can be bridged or unbridged. In some embodiments, the
compound is bridged and contains 8 silicon atoms.

As used herein the term “solution processible” refers to a
compound or composition that can be dissolved in a solu-
tion. In some embodiments, a compound or composition that
is solution processible can be coated from a solution as a thin
film. In other embodiments, a solution of the compound of
composition can be applied to a substrate. For example, the
solution can be printed or coated onto a substrate.

As used herein, the term “small molecule” refers to a
compound that is non-polymeric (e.g., less than three repeat-
ing units when there are repeating units).

As used herein, the term “substituent” refers to a group
selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, het-
eroalkyl, fluoro, fluoroalkyl, perfluoroalkyl, diarylamino,
cyano, nitro, ester, or combinations thereof. In some
embodiments, the substituents are selected from C, 5, alkyl,
C,_50 alkenyl, C, ;. alkoxy. Cq 5, aryl, Cg 5, aryloxy, C, 5,
heteroalkyl, C,_3, heteroaryl, fluoro, C, s, fluoroalkyl, and
C,,, perfluoroalkyl, C,, 5, diarylamino, cyano, nitro, C, 5,
ester, or combinations thereof.

As used herein, the term “tertiary aromatic amine” refers
to a class of molecular compounds having one or more
tertiary nitrogen centers and each nitrogen center is bonded
to three aromatic carbon centers. Examples of tertiary aro-
matic amines include diarylanilines; alkyl carbazole; aryl
carbazole; and tetraaryldiamine such as, for example, N,N,
N'N  '-tetraarylbenzidines, N,N,N'N'tetraaryl-1,4-phe-
nylenediamines, N,N,N'N'tetraryl-2,7-diaminofluorene
derivatives such as those taught in patent applications EP 0
953 624 Aland EP 0 879 868 A2, N,N'-bis(3-methylphenyl)-
N,N'-bis(phenyl)benzidine (also known as TPD), N,N'-bis(1
-naphthyl)-N,N'-bis(phenyl)benzidine (also known as NPB),
1,4-bis(carbazolyl)biphenyl (also known as CBP), and other
tetraaryldiamine derivatives such as those described in B.E.
Koene et al., Chem. Mater.,10, 2235-2250 (1998), U.S.
Patent No. 5,792,557, U.S. Pat. No. 5,550,290 and patent
application EP 0 891 121 Al; peraryltriamine derivatives
such as those described in U.S. Pat. No. 6,074,734 and
patent application EP 0 827 367 Al; starburst amine deriva-
tives such as 4,4'4"-tris(N,N-diarylamino )triphenylamines
and 1,3,5-tris(4-diarylaminophenyl)benzenes, 4,4',4"-tris(N,
N-diphenylamino)triphenylamine (also known as TDATA),
44" 4"-tris(N-3-methylphenyl-N-phenylamino)tripheny-
lamine (also known as mTDATA); 1,3,5-Tris(4-dipheny-
laminophenyl)benzenes (TDAPBs); and other dendridic and
spiro amine derivatives as taught in patent application EP 0
650 955 Al, Tokito et al., Polym. Prep. (Am. Chem. Soc.
Div. Polym. Chem.) 38(1), 388-389 (1997), Tanake et al.,
Chem. Commun., 2175-2176 (1996), and Tokito et al., Appl.
Phys. Lett., 70(15), 1929-1931 (1997).

As used herein, the term “tertiary aromatic amino aryl”
refers to a monovalent aromatic ring radical of a tertiary
aromatic amine as defined above.

As used herein, the term “tertiary aromatic amino
arylene” refers to a divalent unsaturated aromatic carbocy-
clic radical of a tertiary aromatic amine as defined above.
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The present invention contemplates compositions and
methods for making organic electronic devices and displays
that include the compositions. Examples of organic elec-
tronic devices that can be made include organic transistors
and diodes, photovoltaic devices, organic electrolumines-
cent (OEL) devices such as organic light emitting diodes
(OLEDs), and the like. The compositions can be used in
thermal patterning methods to prepare organic electronic
devices. The compositions can also be used in non-thermal
printing, patterning, and transfer methods of preparing
organic electronic devices such as, for example, inkjet
printing, screen printing, and photolithographic patterning.

Organic electroluminescent (OEL) display or device
refers to an electroluminescent display or devices that
includes an organic emissive material, whether that emissive
material includes a small molecule (SM) emitter, a SM
doped polymer, a light emitting polymer (LEP), a doped
LEP, a blended LEP, or another organic emissive material
whether provided alone or in combination with any other
organic or inorganic materials that are functional or non-
functional in the OFL display or devices

R. H. Friend, et al. (“Electroluminescence in Conjugated
Polymers,” Nature, 121, 397 (1999)), incorporated herein by
reference, describes one mechanism of electroluminescence
as including the “injection of electrons from one electrode
and holes from the other. the capture of oppositely charged
carriers (so-called recombination), and the radiative decay
of the excited electron-hole state (exciton) produced by this
recombination process.”

Materials for OEL devices can be small molecule (SM) or
polymeric in nature. SM materials include charge transport-
ing, charge blocking, color converting, semiconducting, and
electroluminescent organic and organometallic compounds.
Generally, SM materials can be vacuum deposited or evapo-
rated to form thin layers in: a device. In practice, multiple
layers of SMs are typically used to produce efficient OELs
since a given material generally does not have both the
desired charge transport and electroluminescent properties.

LEP materials are typically conjugated polymeric or oli-
gomeric molecules that preferably have sufficient film-
forming properties for solution processing. Conventionally,
LEP materials are utilized by casting a solvent solution of
the LEP material on a substrate, and evaporating the solvent,
thereby leaving a polymeric film. Other methods for forming
LEP films include ink jetting and extrusion coating. Alter-
natively, LEPs can be formed in situ on a substrate by
reaction of precursor species. Efficient LEP lamps have been
constructed with one, two, or more organic layers.

As an example of a device structure, FIG. 1 illustrates an
OEL display or device 100 that includes a device layer 110
and a substrate 120. Any other suitable display component
can also be included with display 100. Optionally, additional
optical elements or other devices suitable for use with
electronic displays, devices, or lamps can be provided
between display 100 and viewer position 140 as indicated by
optional element 130.

In some embodiments like the one shown, device layer
110 includes one or more OEL devices that emit light
through the substrate toward a viewer position 140. The
viewer position 140 is used generically to indicate an
intended destination for the emitted light whether it be an
actual human observer, a screen, an optical component, an
electronic device, or the like. In other embodiments (not
shown), device layer 110 is positioned between substrate
120 and the viewer position 140. The device configuration
shown in FIG. 1 (termed “bottom emitting”) may be used
when substrate 120 is transmissive to light emitted by device
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layer 110 and when a transparent conductive electrode is
disposed in the device between the emissive layer of the
device and the substrate. The inverted configuration (termed
“top emitting”) may be used when substrate 120 does or
does not transmit the light emitted by the device layer and
the electrode disposed between the substrate and the light
emitting layer of the device does not transmit the light
emitted by the device.

Device layer 110 can include one or more OFL devices
arranged in any suitable manner. For example, in lamp
applications (e.g., backlights for liquid crystal display
(LCD) modules), device layer 110 might constitute a single
OEL device that spans an entire intended backlight area.
Alternatively, in other lamp applications, device layer 110
might constitute a plurality of closely spaced devices that
can be contemporaneously activated. For example, rela-
tively small and closely spaced red, green, and blue light
emitters can be patterned between common electrodes so
that device layer 110 appears to emit white light when the
emitters are activated. Other arrangements for backlight
applications are also contemplated.

In direct view or other display applications, it may be
desirable for device layer 110 to include a plurality of
independently addressable OEL devices that emit the same
or different colors. Each device might represent a separate
pixel or a separate sub-pixel of a pixilated display (e.g., high
resolution display), a separate segment or sub-segment of a
segmented display (e.g., low information content display),
or a separate icon, portion of an icon, or lamp for an icon
(e.g., indicator applications).

In at least some instances, an OEL device includes a thin
layer, or layers, of one or more suitable organic materials
sandwiched between a cathode and an anode. When acti-
vated, electrons are injected into the organic layer(s) from
the cathode and holes are injected into the organic layer(s)
from the anode. As the injected charges migrate towards the
oppositely charged electrodes, they may recombine to form
electron-hole pairs that are typically referred to as excitons.
The region of the device in which the excitons are generally
formed can be referred to as the recombination zone. These
excitons, or excited state species, can emit energy in the
form of light as they decay back to a ground state.

Other layers can also be present in OEL devices such as
hole transport layers, electron transport layers, hole injection
layer, electron injection layers, hole blocking layers, elec-
tron blocking layers, buffer layers, and the like. In addition,
photoluminescent materials can be present in the electrolu-
minescent or other layers in OEL devices, for example, to
convert the color of light emitted by the electroluminescent
material to another color. These and other such layers and
materials can be used to alter or tune the electronic proper-
ties and behavior of the layered OEL device, for example to
achieve a desired current/voltage response, a desired device
efficiency, a desired color, a desired brightness, and the like.

FIGS. 4A to 4D illustrate examples of different OEL
device configurations. Each configuration includes a sub-
strate 250, an anode 252, a cathode 254, and a light emitting
layer 256. The configurations of FIGS. 4C and 4D also
include a hole transport layer 258 and the configurations of
FIGS. 4B and 4D include an electron transport layer 260.
These layers conduct holes from the anode or electrons from
the cathode, respectively.

The anode 252 and cathode 254 are typically formed
using conducting materials such as metals, alloys, metallic
compounds, metal oxides, conductive ceramics, conductive
dispersions, and conductive polymers, including, for
example, gold, platinum, palladium, aluminum, calcium,
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titanium, titanium nitride, indium tin oxide (ITO), fluorine
tin oxide (FTO), and polyaniline. The anode 252 and the
cathode 254 can be single layers of conducting materials or
they can include multiple layers. For example, an anode or
a cathode may include a layer of aluminum and a layer of
gold, a layer of calcium and a layer of aluminum, a layer of
aluminum and a layer of lithium fluoride, or a metal layer
and a conductive organic layer.

The hole transport layer 258 facilitates the injection of
holes from the anode into the device and their migration
towards the recombination zone. The hole transport layer
258 can further act as a barrier for the passage of electrons
to the anode 252. The hole transport layer 258 can include,
for example, a diamine derivative, such as N,N'-bis(3-
methylphenyl)-N,N'-bis(phenyl)benzidine (also known as
TPD) or N,N'-bis(1-naphthyl)-N,N'-bis(phenyl)benzidine
(NPB), or a triarylamine derivative, such as, 4,4'4"-Tris(N,
N-diphenylamino)triphenylamine (TDATA) or 4,4',4"-Tris
(N-3-methylphenyl-N-phenylamino)triphenylamine  (mT-
DATA). Other examples include copper phthalocyanine
(CuPC);, 1,3,5-Tris(4-diphenylaminophenyl)benzenes
(TDAPBs); and other compounds such as those described in
H. Fujikawa, et al., Synthetic Metals, 91, 161 (1997) and 1.
V. Grazulevicius, P. Strohriegl, “Charge-Transporting Poly-
mers and Molecular Glasses”, Handbook of Advanced Elec-
tronic and Photonic Materials and Devices, H. S. Nalwa
(ed.), 10, 233-274 (2001), both of which are incorporated
herein by reference.

The electron transport layer 260 facilitates the injection of
electrons and their migration towards the recombination
zone. The electron transport layer 260 can further act as a
barrier for the passage of holes to the cathode 254, if desired.
As an example, the electron transport layer 260 can be
formed using the organometallic compound tris(8-hydrox-
yquinolato) aluminum (Alg3). Other examples of electron
transport materials include 1,3-bis [5-(4-(1,1 -dimethyl-
ethyl)phenyl)-1,3 4-oxadiazol-2-yl|benzene, 2-(biphenyl-4-
y1)-5-(4-(1,1 -dimethylethyl)phenyl)-1,3.4-oxadiazole
(tBuPBD) and other compounds described in C. H. Chen, et
al., Macromol. Symp. 125, 1 (1997) and J. V. Grazulevicius,
P. Strohriegl, “Charge-Transporting Polymers and Molecu-
lar Glasses”, Handbook of Advanced Electronic and Photo-
nic Materials and Devices, H. S. Nalwa (ed.), 10, 233
(2001), both of which are incorporated herein by reference.

Each configuration also includes a light emitting layer 256
that includes one or more light emitting polymers (LEP) or
other light emitting molecules (e.g., small molecule (SM)
light emitting compounds). A variety of light emitting mate-
rials including LEP and SM light emitters can be used.
Examples of classes of suitable LEP materials include
poly(phenylenevinylene)s (PPVs), poly-para-phenylenes
(PPPs), polyfluorenes (PFs), polybisfluorenes, other LEP
materials now known or later developed, and co-polymers or
blends thereof. Suitable LEPs can also be molecularly
doped, dispersed with fluorescent dyes or other photolumi-
nescent (PL) materials, blended with active or non-active
materials, dispersed with active or non-active materials, and
the like. Examples of suitable LEP materials are described in
Kraft, et al., Angew. Chem. Int. Ed., 37, 402-428 (1998),
U.S. Pat. Nos. 5,621,131; 5,708,130; 5,728,801; 5,840,217,
5,869.350; 5,900,327; 5,929,194; 6,132,641; and 6,169,163;
and PCT Patent Application Publication No. 99/40655, all of
which are incorporated herein by reference.

SM materials are generally non-polymer organic or orga-
nometallic molecular materials that can be used in OEL
displays and devices as emitter materials, charge transport
materials, as dopants in emitter layers (e.g., to control the
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emitted color) or charge transport layers, and the like.
Commonly used SM materials include metal chelate com-
pounds, such as tris(8-hydroxyquinoline) aluminum (Alq3),
and N,N'-bis(3-methylphenyl)-N,N'-diphenylbenzidine
(TPD). Other SM materials are disclosed in, for example, C.
H. Chen, et al., Macromol. Symp. 125, 1 (1997), Japanese
Laid Open Patent Application 2000-195673, U.S. Pat. Nos.
6,030,715, 6,150,043, and 6,242,115 and, PCT Patent Appli-
cations Publication Nos. WO 00/18851 (divalent lanthanide
metal complexes), WO 00/70655 (cyclometallated iridium
compounds and others), and WO 98/55561, all of which are
incorporated herein by reference.

Light emitting material, such as one or more light emitting
polymers (LEPs) or other light emitting molecules, can be
solution coated as part of a coating composition that
includes a material capable of forming a matrix (preferably,
an amorphous, non-polymeric, organic matrix that resists
crystallization). Preferably, the matrix can facilitate a reduc-
tion in cohesive strength, as compared to typical polymer
transfer layers, during transfer from a donor medium to a
receptor, as described below. The matrix-forming material
may also act to compatibilize more than one electrically
active material (e.g. two otherwise incompatible LEPs or an
LEP and a phosphorescent emitter). LEPs will be used as an
example for the description below, but it will be recognized
that other light emitting, semiconducting, hole transporting,
electron transporting, or otherwise electrically active mol-
ecules could be used in place of or in addition to one or more
LEPs. In addition, laser thermal transfer will be used as an
example of a method for forming light emitting and other
layers, however, it will be recognized that other transfer,
patterning, and printing techniques can be used, such as
inkjet printing, screen printing, thermal head printing, and
photolithographic patterning.

One aspect of the present invention provides composi-
tions that include a first compound that is a small molecule
in combination with at least one other material selected from
a charge transporting material, a charge blocking material, a
light emitting material, a color conversion material, or a
combination thereof. The second compound can be a small
molecule or a polymeric material and has at least some
structural similarities to the first compound. The composi-
tions can be used to prepare organic electronic devices such
as organic electroluminescent devices. The compositions are
amorphous and solution processible.

The first compound has an aromatic core and 2 to 4
identical end capping groups that are bonded to the aromatic
core. As used herein, the term “aromatic core” refers that
that portion of the compound that is not part of an end
capping group. The aromatic core can include carbocyclic
aromatic groups, heteroaromatic groups, or combinations
thereof. The aromatic core can be fully conjugated or can
have the conjugation interrupted in one or more locations
(i.e., unconjugated).

The second compound has structural similarities to the
first compound. The second compound can include a radical
that includes the aromatic core of the first compound, a
monovalent radical that includes the end capping groups of
the first compound, or a group that is a divalent radical that
includes a divalent radical of the end capping group of the
first compound.
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One aspect of the invention provides a composition that
includes

(a) a first compound of Formula I
[ECH—Ar!

that is a charge transporting molecule, a charge blocking
molecule, a light emitting molecule, a color conversion
molecule, or a combination thereof,

wherein

Ar' is a first aromatic core and is a divalent, trivalent, or
tetravalent radical of
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that is unsubstituted or substituted with one or more sub- 15

R R
stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano, '
nitro, ester, heteroalkyl, heteroaryl, or combinations thereof; Q O O
EC is a first end capping group and is a monovalent ,,
radical of Q O
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,or

that is unsubstituted or substituted with one or more sub-
stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;,
n is an integer of 2 to 4, wherein the first end capping
groups are identical; and
each R is independently an alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof}
each R' is independently a hydrogen, alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoro-
alkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof;
each X is O, S, or NR* where R” is a C,_;, alkyl, a C,_5,
heteroalkyl, a Cq 5 aryl, a C;_,, heteroaryl, or a com-
bination thereof;
A is C, Si, Ge, Pb, or Sn;
7 is NH or CH,;
tis an integer of 0 to 4; and
(b) a second compound that is selected from a charge
transporting material, a charge blocking material, a light
emitting material, a color conversion material, or a combi-
nation thereof, said second compound having
an aromatic radical that comprises the first aromatic core
of the first compound, wherein the aromatic radical of
the second compound can be unsubstituted, substituted
with a substituent of a same type that is present on the
first aromatic core of the first compound, or substituted
with a substituent that is absent on the first aromatic
core of the first compound,
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a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted, sub-
stituted with a substituent of a same type that is present
on the first end capping group, or substituted with a
substituent that is absent on the first end capping group;

a divalent radical that comprises a divalent radical of the
first end capping group of the first compound, wherein
the divalent radical in the second compound can be
unsubstituted, substituted with a substituent of a same
type that is present on the first end capping group, or
substituted with a substituent that is absent on the first
end capping group; or

a combination thereof,

wherein the composition is amorphous and solution proces-
sible.

The end capping group and aromatic core radicals formed
typically do not include hydrogen attached to a silicon or
nitrogen atom. That is, if the compound from which the
radical is selected has a hydrogen attached to either a
nitrogen or silicon atom, then the radical typically is formed
by abstraction of the hydrogen atom attached to the nitrogen
or silicon atom.

The aromatic core of the first compound can be conju-
gated or unconjugated. The end capping groups are typically
attached to a conjugated portion of the aromatic core. When
the aromatic core is unconjugated, the two to four end
capping groups of the first compound can be connected such
that they are all in the same conjugated portion of the
aromatic core, all in conjugated portions of the aromatic core
but separated from each other by a non-conjugated portion,
or a combination thereof. For example, if the aromatic core
of the first compound is a divalent, trivalent, or tetravalent
radical of

the end capping groups could all be attached to the same
phenyl ring, to separate phenyl rings, or to a combination
thereof. In some embodiments, A is Si or C.

In some embodiments, the end capping groups are con-
jugated to the aromatic core. There can be 2 to 4 end capping
groups attached to the aromatic core. In some examples, the
first compound has two end capping groups.

The first compound can have a substituent on the first
aromatic core, the first end capping group, or a combination
thereof. The substituents can be selected from alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalky, dia-
rylamino, cyano, nitro, ester, heteroalkyl, heteroaryl, and
combinations thereof. In some embodiments, the com-
pounds are substituted with a C, 5, alkyl, C, 5, alkenyl,
C ,, alkoxy, Cq 54 aryl, Cq 5, aryloxy, fluoro, C,_;, fluoro-
alkyl, C, ;, perfluoroalkyl, C,, ;, diarylamino, cyano, nitro,
C, 3 ester, C,_joheteroalkyl, C,_ 5, heteroaryl, and combi-
nations thereof. For example, the compounds can be sub-
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stituted with a C,_,, alkyl, C,_,, alkenyl, C,_,, alkoxy, Cs_5,
aryl, Cq_,, aryloxy, fluoro, C,_,, fluorcalkyl, C, ,, perfluo-
roalkyl, C,,_,, diarylamino, cyano, nitro, C,_ 5, ester, C, 5,
heteroalkyl, a C;_,, heteroaryl, and combinations thereof.

The substituent group can enhance, for example, the
solubility of the compounds in organic solvents, the com-
patibility of the compounds with other materials in a com-
position, the solution processability of the compounds, or a
combination thereof. The substituent can modify the solu-
bility parameter, modify the ionization potential, modify the
electron affinity, reduce intramolecular or intermolecular
interactions that can produce undesirable emissions, or any
combination of these. For example, a substituent can sup-
press aggregation and phase separation of the compounds
when the compounds are formed into thin films.

In some embodiments of the first compound, R, R, or a
substituent can include a divalent poly(oxyalkylene) soft
segment of Formula I11

*—0(C,,H,,,0),—* III

or a divalent poly(dialkylsiloxane) soft segment of Formula
v

v
= SiCoHaw 01

where m is an integer of 1 to 6, y is an integer of 2 to 20,
and w is an integer of 1 to 10. In some embodiments, the
poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can
be connected to an alkyl (e.g., straight chain, branched
chain, or cyclic), aryl, or heteroaryl group. The substituent
can, for example, have Formula V

*—f Arf—SS—R"

where SS is a poly(oxyalkylene) or poly(dialkylsiloxane)
soft segment, Ar is an arylene group, v is an integer of 0 or
1, and R" is an aryl, heteroaryl, or a alkyl. In some examples,
R" is a sterically hindered group. Groups according to
Formula V can reduce the formation of intermolecular or
intramolecular configurations that produce undesirable exci-
mer or exciplex emission.

In other embodiments of the first compound, R, R', or a
substituent can include fluoro, C,_;, fluorocalkyl, C, 5, per-
fluoroalky, or combinations thereof. These substituents can
improve the solubility and the film forming properties of the
compounds. These substituents can also lower the vapor
pressure of the compounds and make them easier to vapor
deposit. Additionally, these substituents can increase the
ionization potential of the compound, can increase the
electron affinity of the compound, or a combination thereof.
Compounds having an increased ionization potential and
electron affinity can more easily inject electrons and block
holes when used in an organic electroluminescent device.

The second compound can be unsubstituted, can have a
substituent of a same type that is present on the correspond-
ing structure of the first compound, or can be substituted
with a substituent that is absent on the corresponding
structure of the first compound. The corresponding structure
of the first compound can be the first aromatic core, the first
end capping group, or a divalent radical of the first end

capping group.
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In some embodiments, the substituent on a radical of the
second compound can be identical to that on a correspond-
ing structure of the first compound. Both the radical of the
second compound and the corresponding structure of the
first compound can be free of substituents. In a specific
example, the first end capping group can be a radical of
anthracene without any substituent group and the second
compound includes a radical of anthracene without any
substituent group. Similarly, both the radical of the second
compound and the corresponding structure of the first com-
pound can have identical substituents. In a specific example,
the first end capping group can be a radical of anthracene
with a methoxy substituent and the second compound
includes a radical of anthracene with a methoxy substituent
in the same position as in the first end capping group.

Additionally, the second compound can contain a radical
that is similar to, but not identical to, a corresponding
structure of the first compound. For example, a substituent
on a radical of the second compound can be absent on a
corresponding structure of the first compound. In a specific
example, the first end capping group is a radical of
anthracene without any substituent groups and the second
compound includes a radical of anthracene with a methoxy
substituent. Likewise, a substituent on a radical included in
the first compound can be absent on a corresponding struc-
ture of the second compound. In another specific example,
the first compound has an end capping group that is a
spirobisfluorenyl group with a methyl substituent and the
second compound has an end capping group that is an
unsubstituted spirobisfluorenyl group.

A substituent on a radical of the second compound can be
of the same type of substituent (e.g., alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or com-
binations thereof) present on the corresponding structure of
the first compound but contain a different number of carbon
atoms. In a specific example, the first end capping group is
a radical of anthracene with a methoxy substituent and the
second compound includes a radical of anthracene with an
ethoxy substituent. In another specific example, the first
compound has an end capping group that is a spirobisfluo-
renyl group substituted with a methyl group and the second
compound contains an end capping group that is a spirob-
isfluorenyl group substituted with a tert-butyl group.

The substituents on the first compound and the second
compound cannot be of a different type if they are substi-
tuted in the same position. In a specific example, if the first
end capping group 1s a spirobisfluorenyl group substituted
with a methyl group and the second compound has a
spirobisfluorenyl group substituted with a phenyl group in
the same position where the methyl group is located on the
first end capping groups, then the groups are not considered
to be structurally similar.

The second compound of the composition can be a small
molecule (i.e., non-polymeric) or can be a polymeric mate-
rial. In some embodiments, the composition includes both a
hole transporting material and an electron transporting mate-
rial. In other embodiments, the composition includes a hole
transporting material, an electron transporting material, and
a light emitting material.

The composition of the invention can include a compound
of Formula I and a second compound that has an aromatic
radical that includes the first aromatic core of the first
compound. The first aromatic core can be a carbocyclic
aromatic radical that is a divalent, trivalent, or tetravalent
radical of
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that is unsubstituted or substituted with one or more sub-
stituents selected from C,,, alkyl, C,,, alkenyl, C, .,
alkoxy, Cq.q aryl, Cq 5o aryloxy, fluoro, C, 5, fluorcalkyl,
C ,, perfluoroalkyl, C,, ,, diarylamino, cyano, nitro, C; 5,
ester, C,_,, heteroalkyl; C,_,, heteroaryl, and combinations
thereof. Each Z is N or CH. Each A is A is C, Si, Ge, Pb, or
Sn. Each R is independently a C, 5, alkyl, C, 5, alkenyl,
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C, 30 alkoxy, Cq 5, aryl, Ce 54 aryloxy, fluoro, C, 5, fluoro-
alkyl, C, 5, perfluoroalkyl, C,, ;, diarylamino, cyano, nitro,
C, 3, ester, C,_ 5, heteroalkyl, C, 5, heteroaryl, or combina-
tions thereof. Each R* is independently a hydrogen, C, 1,
alkyl, C, 5, alkenyl, C, 5, alkoxy, Cq 5, aryl, C4 5, aryloxy,
fluoro, C,_;, fluoroalkyl, C, 5, perfluoroalkyl, C,, ;, diary-
lamino, cyano, nitro, C, 5, ester, C, 5, heteroalkyl, C, 5,
heteroaryl, or combinations thereof.

The composition of the invention can include a compound
of Formula I and a second compound that has an aromatic
radical that includes the first aromatic core of the first
compound. The first aromatic core can be an electron rich
heteroaromatic radical or a tertiary aromatic amino aromatic
radical that is a divalent, trivalent, or tetravalent radical of
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that is unsubstituted or substituted with one or more sub-
stituents selected from C,_,, alkyl, C,,, alkenyl, C, 5,
alkoxy, Cy_,q aryl, Cq 5, aryloxy, fluoro, C,_,, fluoroalkyl,
C,,, perfluoroalkyl, C,, ,, diarylamino, cyano, nitro, C, 5,
ester, C,_,, heteroalkyl, C,_,, heteroaryl, and combinations
thereof. Each R is independently a C, 5, alkyl, C, 5, alkenyl,
C,_30 alkoxy, Cg 54 aryl, C¢ 5, aryloxy, fluoro, C, 5, fluoro-
alkyl, C, 5, perfluoroalkyl, C,, 5, diarylamino, cyano, nitro,
C, 3 ester, C, 5, heteroalkyl, C, 5, heteroaryl, or combina-
tions thereof. Fach X is O, S, or NR* where R? is a C,_5,
alkyl, a C, 5, heteroalkyl, a C,_,, aryl, a C;_,, heteroaryl, or
a combination thereof. Each t is an integer of O to 4.

The composition of the invention can include a compound
of Formula I and a second compound that has an aromatic
radical that includes the first aromatic core of the first
compound. The first aromatic core can be a heteroaromatic
radical having a —C=N— unit. That is, the first aromatic
core can be a divalent, trivalent, or tetravalent radical of
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that is unsubstituted or substituted with one or more sub-
stituents selected from C,_,, alkyl, C,,, alkenyl, C, 5,
alkoxy, Cq_q aryl, Cq 5, aryloxy, fluoro, C, 5, fluorcalkyl,
C,,, perfluoroalkyl, C,, ,, diarylamino, cyano, nitro, C, 5,
ester, C,_,, heteroalkyl, C, 5, heteroaryl, and combinations
thereof. Each X is O, S, or NR* where R*is a C,_, alkyl, a
C, .30 heteroalkyl, a Cg,o aryl, a C;,, heteroaryl, or a
combination thereof.

The composition of the invention can include a first
compound of Formula I and a second compound that con-
tains an aromatic radical selected from
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Each R? is independently hydrogen, C, ., alkyl, C,_,, aryl,
C,_y0 heteroaryl, or C, 5, heteroalkyl. Each R* is indepen-
dently C, ;, alkyl, Cq 5 aryl, C;_5, heteroaryl, or C, 5,
heteroalkyl.

The composition of the invention can include a compound
of Formula I and a second compound that has a second end
capping group that includes the first end capping group or a
second compound that has a divalent radical that includes a
divalent radical of the first end capping group. The first end
capping group can be a C, ¢, carbocyclic aryl that is a
monovalent radical of
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that is unsubstituted or substituted with one or more groups
selected from C, ,q alkyl, C,_,, alkenyl, C, 4 alkoxy, Cg_5q
aryl, Cq 5 aryloxy, fluoro, C, ,, fluoroalkyl, C, ,, perfluo-
roalkyl, C,,_,, diarylamino, cyano, nitro, C,_,, ester, C, 5,
heteroalkyl, C,_,, heteroaryl, and combinations thereof.
Each R is independently a C, 5, alkyl, C, 5, alkenyl, C, 5,
alkoxy, Cq4 5, aryl, Cq 5, aryloxy, fluoro, C, 5, fluoroalkyl,
C,,, perfluoroalkyl, C,, 5, diarylamino, cyano, nitro, C, 5,
ester, C,_,, heteroalkyl, C,_,, heteroaryl, or combinations
thereof.

The composition of the invention can include a compound
of Formula I and a second compound that has a second end
capping group that includes the first end capping group or a
second compound that has a divalent radical that includes a
divalent radical of the first end capping group. The first end
capping group can be a C;_g, heteroaryl havinga —C=N—
unit that is a monovalent radical of
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that is unsubstituted or substituted with one or more groups
selected from C, ,, alkyl, C,_,, alkenyl, C, ,, alkoxy, Cq_»q
aryl, Cq 5o aryloxy, fluoro, C, 5, fluoroalkyl, C, ,, perfluo-
roalkyl, C,,_,, diarylamino, cyano, nitro, C,_,, ester, C,_,,
heteroalkyl, C,,, heteroaryl, and combinations thereof.
Each R is independently a C, 5, alkyl, C, 5, alkenyl, C, 5,
alkoxy, C 5, aryl, C 5, aryloxy, fluoro, C,_;, fluoroalkyl,
C ,, perfluoroalkyl, C,, 5, diarylamino, cyano, nitro, C; 34
ester, C,_;, heteroalkyl, C, 5, heteroaryl, or combinations
thereof. Each X is O, S, or NR? where R?is a C, 5, alkyl, a
C, 30 heteroalkyl, a C,,, aryl, a C,,, heteroaryl, or a
combination thereof.

[

30

35

40

45

50

55

60

65

80

The composition of the invention can include a compound
of Formula I and a second compound that includes the first
end capping group or a second compound that has a divalent
radical that includes a divalent radical of the first end
capping group. The first end capping group can be a C,, ¢,
tertiary aromatic amino aryl or a C,_¢, heteroaryl that is
electron rich. That is, the first end capping group can be a
monovalent radical of
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| 15 that is unsubstituted or substituted with one or more groups
5 selected from C, ,, alkyl, C,_,, alkenyl, C,_,, alkoxy, Cs_5,
, i aryl, fluoro, C, ,, fluoroalkyl, C, ,, perfluoroalkyl, C,, .,

—

Z

diarylamino, cyano, nitro, C,_,, ester, C, , heteroalkyl,
C,,, heteroaryl, and combinations thereof. Each R is inde-
pendently a C, 5, alkyl, C, 5, alkenyl, C, 5, alkoxy, Cg 5,
N aryl, Cq 5, aryloxy, fluoro, C,_;, fluorcalkyl, C, ., perfluo-
Si roalkyl, C,,_;, diarylamino, cyano, nitro, C,_5, ester, C, 5,
heteroalkyl, C;_;, heteroaryl, or combinations thereof. Each
’ 25 X is independently O, S, or NR? where R* is a C,_,, alkyl,
a C,_,, heteroalkyl, a C,_,, aryl, a C,_,, heteroaryl, or a
combination thereof. In structures having a hydrogen
attached to a nitrogen or silicon atom, the monovalent
radical is typically formed by removal of that hydrogen.

20

The composition of the invention can include a compound
of Formula I and a second compound that includes the first

N end capping group or a second compound that has a divalent
H radical that includes a divalent radical of the first end
\‘ _N 35 capping group. The first end capping group is a radical

H \. selected from
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heteroalkyl. Each R* is independently C, _,, alkyl, C;_,, aryl,
-continued C;_50 heteroaryl, or C, 5, heteroalkyl.
Another aspect of the invention provides a composition
CsHy7  CsHyr S that includes

(a) a first compound of Formula II

N O'O *, EC—Ar'EC il
that is a charge transporting material, a charge blocking

10" material, a light emitting material, a color conversion mate-

rial, or a combination thereof,
CeHyr  Colys

\w/ wherein

i
Ar' is a first aromatic core and is a divalent radical
" 15 selected from
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where each Ph is phenyl and each R? is independently R,

hydrogen, C, 5, alkyl, Cq_,, aryl, C; 5 heteroaryl, or C, 5,
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NPhy . NPh,

wherein

each Ph is phenyl; and

each R? is independently hydrogen, C, , alkyl, C;_,, aryl,
C;_50 heteroaryl, or C, 5, heteroalkyl;

each R* is independently C,_,, alkyl, Cs arvl, Cs o0

heteroaryl, or C,_;cheteroalkyl; and

(b) a second compound that is selected from a light

emitting material, a charge transporting material, an electron
transporting material, or a combination thereof, said second
compound having

an aromatic radical that comprises the first aromatic core
of the first compound, wherein the aromatic radical of
the second compound can be unsubstituted, substituted
with a substituent of a same type that is present on the
first aromatic core of the first compound, or substituted
with a substituent that is absent on the first aromatic
core of the first compound,;

a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted, sub-
stituted with a substituent of a same type that is present
on the first end capping group, or substituted with a
substituent that is absent on the first end capping group;

a divalent radical that comprises a divalent radical of the
first end capping group of the first compound, wherein
the divalent radical in the second compound can be
unsubstituted, substituted with a substituent of a same
type that is present on the first end capping group, or
substituted with a substituent that is absent on the first
end capping group; or

a combination thereof,

wherein the composition is amorphous and solution coat-
able.

An additional aspect of the invention provides a compo-
sition that includes

(a) a first compound of Formula 1

[ECH-Ar

that is a light emitting material, a charge transporting
material, a charge blocking material, or a combination
thereof,
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tetravalent radical of
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that is unsubstituted or substituted with one or more sub-
stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;,

EC is a first end capping group that is a C,_¢, carbocyclic
aryl, a C5_g heteroaryl, a tertiary C, ; 4, aromatic amino
aryl, or a monovalent radical of a silsesquioxane that is
unsubstituted or substituted with one or more substitu-
ents selected from alkyl, alkenyl, alkoxy. aryl, fluoro,
fluoroalkyl, perfluoroalkyl, diarylamino, cyano, nitro,
ester, heteroalkyl, heteroaryl, and combinations
thereof;,

n is an integer of 2 to 4, wherein the first end capping
groups are identical; and

each R is independently an alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof;

each R' is independently a hydrogen, alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoro-
alkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof;

X is O, S, or NR? where R* is a C, 5, alkyl, a C,_50
heteroalkyl, a C,,, aryl, a C,_,, heteroaryl, or a com-
bination thereof;

45

50

55

60

A is C, Si, Ge, Pb, or Sn;
Z is NH or CH,;
t is an integer of 0 to 4; and

(b) a second compound that is selected from a light
emitting material, a charge transporting material, an electron
transporting material, or a combination thereof, said second
compound having

an aromatic radical that comprises the first aromatic core
of the first compound, wherein the aromatic radical of
the second compound can be unsubstituted, substituted
with a substituent of a same type that is present on the
first aromatic core of the first compound, or substituted
with a substituent that is absent on the first aromatic
core of the first compound,

a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted, sub-
stituted with a substituent of a same type that is present
on the first end capping group, or substituted with a
substituent that is absent on the first end capping group;

a divalent radical that comprises a divalent radical of the
first end capping group of the first compound, wherein
the divalent radical in the second compound can be
unsubstituted, substituted with a substituent of a same
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type that is present on the first end capping group, or
substituted with a substituent that is absent on the first
end capping group; or

a combination thereof,

wherein the composition is amorphous and solution coat-
able.

The first compound can have two to four end capping
groups. In some examples, the first compound has two end
capping groups.

The second compound can have a second end capping
group that includes the first end capping group or the second
compound can include a divalent radical that includes a
divalent radical of the first end capping group. The first end
capping group can be a Cg 4, carbocyclic aryl, a C,_, a
heteroaryl, or a C, , ¢, tertiary aromatic amino aryl.

The first end capping group can be a Cg_q, carbocyclic
aryl that contains phenyl, biphenyl, terphenyl, anthryl, naph-
thyl, acenaphthyl, phenanthryl, dihydrophenathrenyl,
anthracenyl, fluorenyl, 9-silafluorenyl, tetrahydropyrenyl,
perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl, dihy-
dropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl, benzo
[g,hyi]perylenyl or a radical thereof. The first end capping
group of the first compound can be unsubstituted or substi-
tuted with one or more groups selected from C,_,, alkyl,
C, , alkenyl, C, 5, alkoxy, Cy 5 aryl, Cs.», aryloxy, fluoro,
C,,, fluoroalkyl, C, ,, perfluoroalkyl, C,, ,, diarylamino,
cyano, nitro, C, », ester, C, 4 heteroalkyl, C;_,, heteroaryl,
and combinations thereof.

The first end capping group can be a C; ¢, heteroaryl that
contains a furanyl, thiophenyl, pyrrolyl, imidazolyl, pyra-
zolyl, triazolyl, tetrazolyl, thiazolyl. oxazolyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazi-
nyl, pyrazinyl, pyrimidinyl, quinolinyl, isoquinolinyl, ben-
zofuranyl, benzothiophenyl, indolyl, carbazoyl, benzox-
azolyl, benzothiazolyl, benzimidazolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, benzothiadiazolyl,
benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl, inda-
zolyl, siloles, or a radical thereof. The first end capping
group of the first compound can be unsubstituted or substi-
tuted with one or more groups selected from C,_,, alkyl,
C, , alkenyl, C,_5, alkoxy, Cq 5 aryl, Cq.»p aryloxy, fluoro,
C,,, fluoroalkyl, C, ., perfluoroalkyl, C,,,, diarylamino,
cyano, nitro, C,_,, ester, C, ,, heteroalkyl, C,_,, heteroaryl,
and combinations thereof.

The first end capping group can be a C,, 4, tertiary
aromatic amino aryl that contains a radical of diarylaniline,
alkylcarbazole, arylcarbazole, tetraaryldiamine, starburst
amine, peraryltriamine, dendridic amine, or spiroamine. The
first end capping group of the first compound can be
unsubstituted or substituted with one or more groups
selected from C, ,, alkyl, C,_,, alkenyl, C, , alkoxy, Cq 5,
aryl, Cq 5 aryloxy, fluoro, C, ,, fluoroalkyl, C, ,, perfluo-
roalkyl, C,,_,, diarylamino, cyano, nitro, C,_ 5, ester, C, 5,
heteroalkyl, C, ,, heteroaryl, and combinations thereof.

Suitable C,, 4, tertiary aromatic amino aryl end capping
groups can be radicals, for example, of N,N,N'N'-tetraaryl-
benzidine, N,N,N',N'-tetraaryl-1,4-phenylenediamine, N,N,
N'N'-tetraryl-2,7-diaminofluorene, N,N'-bis(3-methylphe-
nyl)-N,N'-bis(phenyl)benzidine, N,N'-bis(1 -naphthyl)-N,
N'-bis(phenyl)benzidine, 1,4-bis(carbazolyl)biphenyl, 4,4,

4"-tris(N,N-diarylamino)triphenylamine, 1,3,5-tris(4-
diarylaminophenyl)benzene, 4,4" 4" -tris(N,N-
diphenylamino)triphenylamine, 4,4' 4"-tris(N-3-

methylphenyl-N-phenylamino)triphenylamine, or 1,3,5-tris
(4-diphenylaminophenyl)benzene that can be unsubstituted
or substituted with one or more groups selected from C, _,,
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alkyl, C,_,, alkenyl, C, ., alkoxy, Cq_», aryl, C4 ., aryloxy,
fluoro, C,_,, fluoroalkyl, C,_,, perfluoroalkyl, C,, ,, diary-
lamino, cyano, nitro, C,_,, ester, C, 5, heteroalkyl, C; ,,
heteroaryl, and combinations thereof.

The end capping group of the first compound can be
radical that include a silsesquioxane. Suitable silsesquiox-
anes can have up to 20 Si atoms. In some embodiments, the
silsesquioxane has 8 Si atoms. For example, the silsesqui-
oxane can have the formula R,Si;O,; (OH) where R is a
C,,, alkyl, C, 5, alkenyl, C, 5, alkoxy, Cy 5, aryl, Cy s,
aryloxy, fluoro, C, _, fluoroalkyl, C, 5, perfluoroalkyl, C,,.
30 diarylamino, cyano, nitro, C, , ester, C,_,, hetercalkyl,
C,,, heteroaryl, and combinations thereof.

In one embodiment of a composition of the invention, the
first compound is a compound according to Formula I or
Formula IT and has a first end capping group (e.g., the first
compound can be represented, for example by the formula
Z,-A-Z, where A is the aromatic core and Z, are two
identical end capping groups). The second compound can be
polymeric or a small molecule (i.e., non-polymeric) and has
a second end capping group that includes the first end
capping group(e.g., the second compound has an end cap-
ping group Z,; and 7, includes Z,).

In a variation of this first embodiment, the first end
capping group or the second end capping group has a
substituent that is absent in the other moiety. In another
variation, the first end capping group and the second end
capping group have the same type of substituents (e.g.,
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, diarylamino, cyano, nitro, ester, heteroalkyl,
heteroaryl, or combinations thereof) but the number of
carbon atoms in the substituents are different.

In a second embodiment, the first compound is a com-
pound according to Formula I or Formula II and has a first
aromatic core (e.g., the first compound can be represented,
for example by the formula Z-A,-7Z where A, is the first
aromatic core and Z are two identical end capping groups).
The second compound can be polymeric or a small molecule
and contains a divalent, trivalent, or tetravalent radical that
includes the first aromatic core (e.g., the second compound
contains a radical A, and A, includes A,).

In a variation of the second embodiment, the first aromatic
core or the corresponding radical in the second compound
has a substituent that is absent in the other moiety. In another
variation, the first aromatic core and the corresponding
radical in the second compound have the same type of
substituents (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, or combinations thereof)
but the number of carbon atoms in the substituents are
different.

In a third embodiment, the first compound is a compound
according to Formula I or Formula II and has a first end
capping group (e.g., the first compound can be represented,
for example, by the formula Z -A-Z, where A is the aromatic
core and 7, are two identical first end capping groups). The
second compound is a small molecule and has a second end
capping group that includes the first end capping group (e.g.,
the second compound can be represented, for example, by
the formula 7,-B-7., where B is the aromatic core and 7, are
two identical second end capping groups; and Z, includes
7.). Such a composition could be used, for example, to
prepare a film that includes two small molecules with an
active (i.e., electroactive or electroluminescent) aromatic
core. The similar end capping groups can be used to enhance
the compatibility of the two small molecules.
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In a variation of the third embodiment, the first end
capping group or the second end capping group can contain
a substituent that is lacking in the other end capping group.
In another variation, both the first and the second end
capping groups can have substituents that are of the same
type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluo-
roalkyl, perfluoroalkyl, diarylamino, cyano, nitro, ester, het-
eroalkyl, heteroaryl, or combinations thereof) but the sub-
stituents can contain a different number of carbon atoms.

In a fourth embodiment, the composition includes a first
compound according to Formula T or Formula 11, a second
compound that is a small molecule, and a third compound
that is a light emitting polymer. The first compound has a
first end capping group (e.g., the first compound can be
represented, for example, by the formula Z,-A-7, where A
is the aromatic core and Z, are two identical first end
capping groups) and the second compound has a second end
capping group that includes the first end capping group (e.g.,
the second compound can be represented, for example, by
the formula Z,-B-Z, where B is the aromatic core and Z, are
two identical second end capping groups; and Z, includes
Z,). Such a composition could be used, for example, to
prepare a film that includes a small molecule blend with a
light emitting polymer where the end capping groups of the
first and second compound can enhance the compatibility of
the entire composition. The small molecules can include
active aromatic cores.

In a variation of the fourth embodiment, the first end
capping group or the second end capping group can contain
a substituent that is lacking in the other end capping group.
In another variation, both the first and the second end
capping groups can have substituents that are of the same
type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluo-
roalkyl, perfluoroalkyl. diarylamino, cyano, nitro, ester, het-
eroalkyl, heteroaryl, or combinations thereof) but the sub-
stituents can contain a different number of carbon atoms.

In a fifth embodiment, the composition includes a first
compound according to Formula I or Formula II, a second
compound that is a small molecule, and third compound that
is an electroactive polymer. The first compound has a first
end capping group (e.g., the first compound can be repre-
sented, for example, by the formula Z,-A-Z, where A is the
aromatic core and 7, are two identical first end capping
groups) and the second compound has a second end capping
group that includes the first end capping group (e.g., the
second compound can be represented, for example, by the
formula Z,,-B-Z, where B is the aromatic core and 7, are two
identical second end capping groups; and Z, includes 7).
Such a composition could be used, for example, to prepare
a film that includes a small molecule blend with an electro-
active polymer where the end capping groups of the first and
second compound can enhance the compatibility of the
entire composition. The small molecules can include active
aromatic cores.

In a variation of the fifth embodiment, the first end
capping group or the second end capping group can contain
a substituent that is lacking in the other end capping group.
In another variation, both the first and the second end
capping groups can have substituents that are of the same
type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluo-
roalkyl, perfluoroalkyl, diarylamino, cyano, nitro, ester, het-
eroalkyl, heteroaryl, or combinations thereof) but the sub-
stituents can contain a different number of carbon atoms.

In a sixth embodiment, the composition include a first
compound according to Formula I or Formula II, a second
compound that is a small molecule, and a third compound
that is an inactive polymer. As used herein, the term “inac-
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tive polymer” refers to a polymer that is not electroactive
and that is not a light emitting polymer. The inactive
polymer can serve as a matrix for the first compound and the
second compound. The first compound has a first end
capping group (e.g., the first compound can be represented,
for example, by the formula Z,-A-Z, where A is the aromatic
core and Z, are two identical first end capping groups) and
the second compound has a second end capping group that
includes the first end capping group (e.g., the second com-
pound can be represented, -for example, by the formula
Z-B-Z, where B is the aromatic core and Z, are two
identical second end capping groups; and Z, includes Z,).
Such a composition could be used, for example, to prepare
a film that includes a small molecule blend in an inactive
polymer matrix where the end capping groups of the first and
second compound can enhance the compatibility of the
entire composition. The small molecules can include active
aromatic cores.

In a variation of this sixth embodiment, the first end
capping group or the second end capping group can contain
a substituent that is lacking in the other end capping group.
In another variation, both the first and the second end
capping groups can have substituents that are of the same
type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluo-
roalkyl, perfluoroalkyl, diarylamino, cyano, nitro, ester, het-
eroalkyl, heteroaryl, or combinations thereof) but the sub-
stituents can contain a different number of carbon atoms.

In a seventh embodiment, the composition includes a first
compound according to Formula I or Formula II and a
second compound that is a small molecule. The first com-
pound has a first aromatic core (e.g., the first compound can
be represented, for example, by the formula Z-A,-7Z where
A, is the first aromatic core and 7 are two identical end
capping groups) and the second compound contains a cor-
responding radical that includes the first aromatic core (e.g.,
the second compound can be represented, for example, by
the formula Y-A,-Y where A, is the second aromatic core
and Y are two identical end capping groups; and A, includes
A)). Such a composition could be used, for example, to
prepare a film that includes two small molecules with active
(i.e., electroactive or electroluminescent) end capping
groups. The similar aromatic cores can be used, for example,
to enhance the compatibility of the two small molecules.

In a variation of the seventh embodiment, either the first
aromatic core or the corresponding radical in the second
compound contain a substituent that is lacking in the other
moiety. In another variation, both the first aromatic core and
the corresponding radical in the second compound have
substituents that are of the same type (e.g., alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
diarylamino, cyano, nitro, ester, heteroalkyl, heteroaryl, and
combinations thereof) but the substituents can contain a
different number of carbon atoms.

In an eighth embodiment, the composition includes a first
compound according to Formula I or Formula II, a second
compound that is a small molecule, and a third compound
that is a light emitting polymer. The first compound has a
first aromatic core (e.g., the first compound can be repre-
sented, for example, by the formula Z-A -7 where A, is the
first aromatic core and 7 are two identical end capping
groups) and the second compound contains a corresponding
radical that includes the first aromatic core (e.g., the second
compound can be represented, for example, by the formula
Y-A,-Y where A, is the second aromatic core and Y are two
identical end capping groups; and A, includes A)). Such a
composition could be used, for example, to prepare a film
that includes a small molecule blend with a light emitting
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polymer where the aromatic cores of the first and second
compound can enhance the compatibility of the entire com-
position. The small molecules can include, for example,
active end capping groups.

In a variation of the eighth embodiment, either the first
aromatic core or the corresponding radical in the second
compound can contain a substituent that is lacking in the
other moiety. In another variation, both the first aromatic
core and the corresponding radical in the second compound
can have substituents that are of the same type (e.g., alkyl,
alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluo-
roalkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms.

In a ninth embodiment, the composition includes a first
compound according to Formula I or Formula II, a second
compound that is a small molecule, and a third compound
that is an electroactive polymer. The first compound has a
first aromatic core (e.g., the first compound can be repre-
sented, for example, by the formula Z-A,-Z where A, is the
first aromatic core and 7 are two identical end capping
groups) and the second compound contains a corresponding
radical that includes the first aromatic core (e.g., the second
compound can be represented, for example, by the formula
Y-A,-Y where A, is the second aromatic core and Y are two
identical end capping groups; and A, includes A)). Such a
composition could be used, for example, to prepare a film
that includes a small molecule blend with an electroactive
polymer where the aromatic cores of the first and second
compound can enhance the compatibility of the entire com-
position. The small molecules can include, for example,
active end capping groups.

In a vanation of the ninth embodiment, either the first
aromatic core or the corresponding radical in the second
compound can contain a substituent that is lacking in the
other moiety. In another variation, both the first aromatic
core and the corresponding radical in the second compound
can have substituents that are of the same type (e.g., alkyl,
alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluo-
roalkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms.

In a tenth embodiment, the composition includes a first
compound according to Formula I or Formula II, a second
compound that is a small molecule, and a third compound
that is an inactive polymer. The first compound has a first
aromatic core (e.g., the first compound can be represented,
for example, by the formula Z-A,-7Z where A, is the first
aromatic core and 7 are two identical end capping groups)
and the second compound contains a corresponding radical
that includes the first aromatic core (e.g., the second com-
pound can be represented, for example, by the formula
Y-A,-Y where A, is the second aromatic core and Y are two
identical end capping groups; and A, includes A,). Such a
composition could be used, for example, to prepare a film
that includes a small molecule blend with an inactive
polymer where the aromatic cores of the first and second
compound can enhance the compatibility of the entire com-
position. The small molecules can include, for example,
active end capping groups.

In a variation of the tenth embodiment, either the first
aromatic core or the corresponding radical in the second
compound can contain a substituent that is lacking in the
other moiety. In another variation, both the first aromatic
core and the corresponding radical in the second compound
can have substituents that are of the same type (e.g., alkyl,
alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluo-
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roalkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms.

In an eleventh embodiment, the composition includes a
first compound according to Formula T or Formula IT and a
second compound that is a polymer. The first compound has
a first aromatic core (e.g., the first compound can be repre-
sented by the formula Z-A -7 where A, is the first aromatic
core and 7 are two identical end capping groups). The
polymer is a reaction product of a monomer mixture that
includes a first monomer that contains a radical that includes
the first aromatic core (e.g., the first monomer contains a
radical A,; and A, includes A ). Such a composition can be
used, for example, to prepare a film that includes a small
molecule having groups in common with a polymer. The
common groups can enhance the compatibility of the com-
pounds in the composition.

In a variation of the eleventh embodiment, either the first
aromatic core or the corresponding radical in the second
compound can contain a substituent that is lacking in the
other moiety. In another variation, both the first aromatic
core and the corresponding radical in the second compound
can have substituents that are of the same type (e.g., alkyl,
alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluo-
roalkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms.

In a twelfth embodiment, the composition includes a first
compound according to Formula I or Formula II and a
second compound that is a polymer. The first compound
contains a first end capping group (e.g., the first compound
can be represented, for example, by a formula 7,-A-7Z,
where A is the aromatic core and 7, are two identical first
end capping groups). The polymer is a reaction product of a
monomer mixture that includes a first monomer that con-
tains a divalent radical that includes a divalent radical of the
first end capping group (e.g., the first monomer contains Z.,;
and 7, includes a radical of Z,). Such a composition can be
used, for example, to prepare a film that includes a small
molecule having groups in common with a polymer. The
similar groups in both the first and second compound can
enhance the compatibility of the compounds in the compo-
sition.

In a variation of the twelfth embodiment, the first end
capping group or the second end capping group can contain
a substituent that is lacking in the other end capping group.
In another variation, both end capping groups can have
substituents that are of the same type (e.g., alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
diarylamino, cyano, nitro, ester, heteroalkyl, heteroaryl, and
combinations thereof) but the substituents can contain a
different number of carbon atoms.

In a thirteenth embodiment, the composition includes a
first compound according to Formula I or Formula 1II, a
second compound that is a small molecule, and a polymer.
The first compound has a first end capping group and a first
aromatic core (e.g., the first compound can be-represented,
for example, by the formula 7Z,-A-Z, where A is the first
aromatic core and Z, are two identical first end capping
groups). The second compound has a second end capping
group that includes the first end capping group Z, but a
second aromatic core that is different than the first aromatic
core (e.g., the second compound can be represented, for
example, by the formula 7,-B-Z, where B is the second
aromatic core and 7, are two identical second end capping
groups; Z, includes 7,; and B does not include A). The
polymer is the reaction product of a monomer mixture that
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includes a first monomer that contains a radical that includes
the first aromatic core and a second monomer that contains
a radical that includes the second aromatic core (e.g., the
first monomer contains a radical A and the second monomer
contains a radical B;; A; includes A; and B, includes B).
Such a composition can be used, for example, to prepare a
film that includes small molecules that have groups in
common with a polymer formed by reacting the monomer
mixture. The similar groups in both the small molecules and
the similar groups between the small molecules and the
polymer can enhance the compatibility of the compounds in
the composition.

In a first variation of the thirteenth embodiment, the first
end capping group or the second end capping group can
contain a substituent that is lacking in the other end capping
group. In a second variation, both end capping groups can
have substituents that are of the same type (e.g., alkyl,
alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluo-
roalkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms. In a third
variation, either the first aromatic core or the corresponding
radical in the polymer can contain a substituent that is
lacking in the other moiety. In a fourth variation, both the
first aromatic core and the corresponding radical in the
polymer can have substituents that are of the same type (e.g.,
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, diarylamino, cyano, nitro, ester, heteroalky],
heteroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms. In a fifth
variation, either the second aromatic core or the correspond-
ing radical in the polymer can contain a substituent that is
lacking in the other moiety. In another variation, both the
second aromatic core and the corresponding radical in the
polymer have substituents that are of the same type (e.g.,
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, diarylamino, cyano, nitro, ester, heteroalky],
heteroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms.

In a fourteenth embodiment, the composition includes a
first compound according to Formula I or Formula 1I, a
second compound that is a small molecule, and a polymer.
The first compound has a first aromatic core and a first end
capping group (e.g., the first compound can be represented,
for example, by the formula Z-A,-7Z where A, is the first
aromatic core and 7 are two identical first end capping
groups). The second compound has a second aromatic core
that includes the first aromatic core but a second end capping
group that is different than the first end capping group (e.g.,
the second compound can be represented, for example, by
the formula Y-A,-Y where A, is the second aromatic core
and Y are two identical second end capping groups; and A,
includes A;). The polymer is the reaction product of a
monomer mixture that includes a first monomer that con-
tains a divalent radical of the first end capping group and a
second monomer that contains a divalent radical of the
second end capping group (e.g., the first monomer can
contain the radical Z; and the second monomer can contain
the radical Y;; Z, includes a radical of Z; Y5 includes a
radical of Y). Such a composition can be used, for example,
to prepare a film that includes small molecules that have
groups in common with a polymer formed by reacting the
monomer mixture. The similar groups between the two
small molecules and the similar groups between the small
molecules and the polymer can enhance the compatibility of
the composition.
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In a first variation of the fourteenth embodiment, the first
aromatic core or the radical in the second compound can
contain a substituent that is lacking in the other moiety. In
a second variation, both the first aromatic core and the
corresponding radical in the second compound can have
substituents that are of the same type (e.g., alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
diarylamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof) but the substituents can contain a
different number of carbon atoms. In a third variation, either
the first end capping group or the corresponding monovalent
radical in the first monomer of the monomer mixture can
contain a substituents that are lacking in the other moiety. In
a fourth variation, both the first end capping group and the
corresponding monovalent radical in the first monomer can
have substituents that are of the same type (e.g., alkyl,
alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluo-
roalkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof) but the substituents can
contain a different number of carbon atoms. In a fifth
variation, either the second end capping group or the cor-
responding monovalent radical in the second monomer of
the monomer mixture can contain a substituent that is
lacking in the other moiety. In another variation, both the
second end capping group and the corresponding, monova-
lent radical in the second monomer can have substituents
that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diarylamino,
cyano, nitro, ester, heteroalkyl, heteroaryl, or combinations
thereof) but the substituents can contain a different number
of carbon atoms.

The above embodiments provide examples where the first
compound has two end capping groups. Similar examples
include those in which the first compound has three or four
end capping groups.

The above embodiments provide examples where the
second compound has two end capping groups. Similar
examples include those in which the second compound has
only one end capping group or more than two end capping
groups.

The above embodiments provide examples where the
second compound has identical end capping groups. The end
capping groups of the second compound can be the same or
different from each other. Similar examples include those in
which at least one of the end capping groups has structural
similarities to the first compound.

In some examples of the first compound, there are two end
capping groups attached to the aromatic core. The com-
pounds of Formula II or compounds of Formula I where n
equals two can be formed using the following reaction, for
example:

Br Q Br )
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-continued

S.K. Brownstein, et al. J. Org. Chem. 2002, 67, 663

The compositions of the invention can be used to prepare
organic electroluminescent devices. In some embodiments,
the organic electroluminescent includes an organic emissive
element that contains the compositions of the invention.
That is, the organic emissive element includes a first com-
pound that is a small molecule having a first aromatic core
and two to four identical end capping groups and a second
compound that has at least some structural similarities to the
first compound. The second compound can be a charge
transporting material, a charge blocking material, a light
emitting material, a color conversion material, or a combi-
nation thereof.

In some embodiments, the organic emissive element has
multiple layers. The composition of the invention can be in
a light emitting layer, a charge transporting layer, a charge
blocking layer, or a combination thereof.

The various layers in an organic emissive element can be
formed by solution coating the layers. Light emitting layers
based on LEP materials have been fabricated by solution
coating a thin layer of the material as described, for example,
in U.S. Pat. No. 5,408,109, incorporated herein by reference.

Another method of forming devices includes the transfer
of one or more transfer layers by laser thermal patterning as
described in, for example, U.S. Pat. Nos. 6,485,884; 6,242,
152; 6,228,555; 6,228,543; 6,221,553; 6,221,543; 6,214,
520; 6,194,119; 6,114,088; 5,998,085; 5,725,989; 5,710,
097, 5,695,907, 5,693,446, U.S. Patent Publication Nos.
2003-0068525; 2003-0124265; and 2002/0158574; U.S.
Pat. Nos. 6.521,324; 6,358,664; and 6,284,425; and WO02/
22374; all of which are incorporated herein by reference.
The patterning process can depend upon the physical prop-
erties of the transfer layer.

One parameter is the cohesive, or film strength, of the
transfer layer. During imaging, the transfer layer preferably
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breaks cleanly along the line dividing imaged and unimaged
regions to form the edge of a pattern. Highly conjugated
polymers that exist in extended chain conformations, such as
polyphenylenevinylenes, can have high tensile strengths and
elastic moduli comparable to that of polyaramide fibers. In
practice, clean edge formation during the laser thermal
imaging of light emitting polymers can be challenging. The
undesired consequence of poor edge formation is rough,
torn, or ragged edges on the transferred pattern. Another
parameter is the strength of the bond formed between the
transfer layer and the receptor surface. This strength may be
influenced by the solubility parameter compatibility of the
transfer layer and the receptor surface.

In addition, laser thermal transfer will be used as an
example of a method for forming light emitting and other
layers, however, it will be recognized that other transfer,
patterning, and printing techniques can be used, such as
inkjet printing, screen printing, thermal head printing, and
photolithographic patterning.

Referring back to FIG. 1, device layer 110 is disposed on
substrate 120. Substrate 120 can be any substrate suitable for
OEL device and display applications. For example, substrate
120 can include glass, clear plastic, or other suitable
material(s) that are substantially transparent to visible light.
Substrate 120 can also be opaque to visible light, for
example stainless steel, crystalline silicon, poly-silicon, or
the like. Because some materials in OEL devices can be
particularly susceptible to damage due to exposure to oxy-
gen or water, substrate 120 preferably provides an adequate
environmental barrier, or is supplied with one or more
layers, coatings, or laminates that provide an adequate
environmental barrier.

Substrate 120 can also include any number of devices or
components suitable in OEL devices and displays such as
transistor arrays and other electronic devices; color filters,
polarizers, wave plates, diffusers, and other optical devices;
insulators, barrier ribs, black matrix, mask work and other
such components; and the like. Generally, one or more
electrodes will be coated, deposited, patterned, or otherwise
disposed on substrate 120 before forming the remaining
layer or layers of the OEL device or devices of the device
layer 110. When a light transmissive substrate 120 is used
and the OEL device or devices are bottom emitting, the
electrode or electrodes that are disposed between the sub-
strate 120 and the emissive material(s) are preferably sub-
stantially transparent to light, for example transparent con-
ductive electrodes such as indium tin oxide (ITO) or any of
a number of other transparent conductive oxides.

Element 130 can be any element or combination of
elements suitable for use with OEL display or device 100.
For example, element 130 can be an LCD module when
device 100 is a backlight. One or more polarizers or other
elements can be provided between the LCD module and the
backlight device 100, for instance an absorbing or reflective
clean-up polarizer. Alternatively, when device 100 is itself
an information display, element 130 can include one or more
polarizers, wave plates, touch panels, antireflective coatings,
anti-smudge coatings, projection screens, brightness
enhancement films, or other optical components, coatings,
user interface devices, or the like.

Organic electronic devices containing materials for light
emission can be made at least in part by selective thermal
transfer of light emitting material from a thermal transfer
donor sheet to a desired receptor substrate. For example,
light emitting polymer displays and lamps can be made by
coating an LEP on a donor sheet and then selectively
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transferring the LEP layer alone or along with other device
layers or materials to the display substrate.

Selective thermal transfer of layers containing light emit-
ting materials for organic electronic devices can be pet-
formed using a thermal transfer donor. FIG. 2 shows an
example of a thermal transfer donor 200 suitable for use in
the present invention. Donor element 200 includes a base
substrate 210, an optional underlayer 212, an optional light-
to-heat conversion layer (LTHC layer) 214, an optional
interlayer 216, and a transfer layer 218. Fach of these
elements are described in more detail in the discussion that
follows. Other layers can also be present. Examples of
suitable donors or layers of donors are disclosed in U.S. Pat.
Nos. 6,242,152; 6,228,555; 6,228,543, 6,221,553; 6,221,
543; 6,214,520, 6,194,119; 6,114,088; 5,998,085; 5,725,
989; 5,710,097; 5,695,907; 5,693.446; 6,485,884; 6,358,
664; 6,284.425; and 6,521.324; U.S. Publication Nos. 2003-
0068525 and 2003-124265; and WO02/22374, all of which
are incorporated herein by reference.

In processes of the present invention, emissive organic
materials, including compositions of the invention, can be
selectively transferred from the transfer layer of a donor
sheet to a receptor substrate by placing the transfer layer of
the donor element adjacent to the receptor and selectively
heating the donor element. Illustratively, the donor element
can be selectively heated by irradiating the donor element
with imaging radiation that can be absorbed by light-to-heat
converter material disposed in the donor, often in a separate
LTHC layer, and converted into heat. In these cases, the
donor can be exposed to imaging radiation through the
donor substrate, through the receptor, or both. The radiation
can include one or more wavelengths, including visible
light, infrared radiation, or ultraviolet radiation, for example
from a laser, lamp, or other such radiation source. Other
selective heating methods can also be used, such as using a
thermal print head or using a thermal hot stamp (e.g., a
patterned thermal hot stamp such as a heated silicone stamp
that has a relief pattern that can be used to selectively heat
a donor). Material from the thermal transfer layer can be
selectively transferred to a receptor in this manner to image-
wise form patterns of the transferred material on the recep-
tor. In many instances, thermal transfer using light from, for
example, a lamp or laser, to patternwise expose the donor
can be advantageous because of the accuracy and precision
that can often be achieved. The size and shape of the
transferred pattern (e.g., a line, circle, square, or other shape)
can be controlled by, for example, selecting the size of the
light beam, the exposure pattern of the light beam, the
duration of directed beam contact with the donor sheet, or
the materials of the donor sheet. The transferred pattern can
also be controlled by irradiating the donor element through
a mask.

As mentioned, a thermal print head or other heating
element (patterned or otherwise) can also be used to selec-
tively heat the donor element directly, thereby pattern-wise
transferring portions of the transfer layer. In such cases, the
light-to-heat converter material in the donor sheet is
optional. Thermal print heads or other heating elements may
be particularly suited for making lower resolution patterns of
material or for patterning elements whose placement need
not be precisely controlled.

Transfer layers can also be transferred from donor sheets
without selectively transferring the transfer layer. For
example, a transfer layer can be formed on a donor substrate
that, in essence, acts as a temporary liner that can be released
after the transfer layer is contacted to a receptor substrate,
typically with the application of heat or pressure. Such a
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method, referred to as lamination transfer, can be used to
transfer the entire transfer layer, or a large portion thereof,
to the receptor.

The mode of thermal mass transfer can vary depending on
the type of selective heating employed, the type of irradia-
tion if used to expose the donor, the type of materials and
properties of the optional LTHC layer, the type of materials
in the transfer layer, the overall construction of the donor,
the type of receptor substrate, and the like. Without wishing
to be bound by any theory, transfer generally occurs via one
or more mechanisms, one or more of which may be empha-
sized or de-emphasized during selective transfer depending
on imaging conditions, donor constructions, and so forth.
One mechanism of thermal transfer includes thermal melt-
stick transfer whereby localized heating at the interface
between the thermal transfer layer and the rest of the donor
element can lower the adhesion of the thermal transfer layer
to the donor in selected locations. Selected portions of the
thermal transfer layer can adhere to the receptor more
strongly than to the donor so that when the donor element is
removed, the selected portions of the transfer layer remain
on the receptor. Another mechanism of thermal transfer
includes ablative transfer whereby localized heating can be
used to ablate portions of the transfer layer off of the donor
element, thereby directing ablated material toward the
receptor. Yet another mechanism of thermal transfer includes
sublimation whereby material dispersed in the transfer layer
can be sublimated by heat generated in the donor element.
A portion of the sublimated material can condense on the
receptor. The present invention contemplates transfer modes
that include one or more of these and other mechanisms
whereby selective heating of a donor sheet can be used to
cause the transfer of materials from a transfer layer to
receptor surface.

A variety of radiation-emitting sources can be used to heat
donor sheets. For analog techniques (e.g., exposure through
amask), high-powered light sources (e.g., xenon flash lamps
and lasers) are useful. For digital imaging techniques, infra-
red, visible, and ultraviolet lasers are particularly useful.
Suitable lasers include, for example, high power (=100
mW) single mode laser diodes, fiber-coupled laser diodes,
and diode-pumped solid state lasers (e.g., Nd:YAG and
Nd:YLF). Laser exposure dwell times can vary widely from,
for example, a few hundredths of microseconds to tens of
microseconds or more, and laser fluences can be in the range
from, for example, about 0.01 to about 5 J/em® or more.
Other radiation sources and irradiation conditions can be
suitable based on, among other things, the donor element
construction, the transfer layer material, the mode of thermal
mass transfer, and other such factors.

When high spot placement accuracy is desired (e.g., when
patterning elements for high information content displays
and other such applications) over large substrate areas, a
laser can be particularly useful as the radiation source. Laser
sources are also compatible with both large rigid substrates
(e.g., 1 mx1 mx1.1 mm glass) and continuous or sheeted
film substrates (e.g., 100 pm thick polyimide sheets).

During imaging, the donor sheet can be brought into
intimate contact with a receptor (as might typically be the
case for thermal melt-stick transfer mechanisms) or the
donor sheet can be spaced some distance from the receptor
(as can be the case for ablative transfer mechanisms or
material sublimation transfer mechanisms). In at least some
instances, pressure or vacuum can be used to hold the donor
sheet in intimate contact with the receptor. In some
instances, a mask can be placed between the donor sheet and
the receptor. Such a mask can be removable or can remain
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on the receptor after transfer. If a light-to-heat converter
material is present in the donor, radiation source can then be
used to heat the LTHC layer (or other layer(s) containing
radiation absorber) in an imagewise fashion (e.g., digitally
or by analog exposure through a mask) to perform image-
wise transfer or patterning of the transfer layer from the
donor sheet to the receptor.

Typically, selected portions of the transfer layer are trans-
ferred to the receptor without transferring significant por-
tions of the other layers of the donor sheet, such as the
optional interlayer or LTHC layer. The presence of the
optional interlayer may eliminate or reduce the transfer of
material from an TTHC layer to the receptor or reduce
distortion in the transferred portion of the transfer layer.
Preferably, under imaging conditions, the adhesion of the
optional interlayer to the LTHC layer is greater than the
adhesion of the interlayer to the transfer layer. The interlayer
can be transmissive, reflective, or absorptive to imaging
radiation, and can be used to attenuate or otherwise control
the level of imaging radiation transmitted through the donor
or to manage temperatures in the donor, for example to
reduce thermal or radiation-based damage to the transfer
layer during imaging. Multiple interlayers can be present.

Large donor sheets can be used, including donor sheets
that have length and width dimensions of a meter or more.
In operation, a laser can be rastered or otherwise moved
across the large donor sheet, the laser being selectively
operated to illuminate portions of the donor sheet according
to a desired pattern. Alternatively, the laser may be station-
ary and the donor sheet or receptor substrate moved beneath
the laser.

In some instances, it may be necessary, desirable, or
convenient to sequentially use two or more different donor
sheets to form electronic devices on a receptor. For example,
multiple layer devices can be formed by transferring sepa-
rate layers or separate stacks of layers from different donor
sheets. Multilayer stacks can also be transferred as a single
transfer unit from a single donor element. For example, a
hole transport layer and a light emitting layer can be
co-transferred from a single donor. As another example, a
semiconductive polymer and a light emitting layer can be
co-transferred from a single donor. Multiple donor sheets
can also be used to form separate components in the same
layer on the receptor. For example, three different donors
that each have a transfer layer comprising a light emitting
layer capable of emitting a different color (for example, red,
green, and blue) can be used to form RGB sub-pixel OEL
devices for a full color polarized light emitting electronic
display. As another example, a conductive or semiconduc-
tive polymer can be patterned via thermal transfer from one
donor, followed by selective thermal transfer of emissive
layers from one or more other donors to form a plurality of
OEL devices in a display. As still another example, layers for
organic transistors can be patterned by selective thermal
transfer of electrically active organic materials (oriented or
not), followed by selective thermal transfer patterning of one
or more pixel or sub-pixel elements such as color filters,
emissive layers, charge transport layers, electrode layers,
and the like.

Materials from separate donor sheets can be transferred
adjacent to other materials on a receptor to form adjacent
devices, portions of adjacent devices, or different portions of
the same device. Alternatively, materials from separate
donor sheets can be transferred directly on top of, or in
partial overlying registration with, other layers or materials
previously patterned onto the receptor by thermal transfer or
some other method (e.g., photolithography, deposition
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through a shadow mask, etc.). A variety of other combina-
tions of two or more donor sheets can be used to form a
device, each donor sheet forming one or more portions of the
device. It will be understood that other portions of these
devices, or other devices on the receptor, may be formed in
whole or in part by any suitable process including photo-
lithographic processes, ink jet processes, and various other
printing or mask-based processes, whether conventionally
used or newly developed.

Referring back to FIG. 2, various layers of the donor sheet
200 will now be described.

The donor substrate 210 can be a polymer film. One
suitable type of polymer film is a polyester film, for
example, polyethylene terephthalate (PET) or polyethylene
naphthalate (PEN) films. However, other films with suffi-
cient optical properties, including high transmission of light
at a particular wavelength, or sufficient mechanical and
thermal stability properties, depending on the particular
application, can be used. The donor substrate, in at least
some instances, is flat so that uniform coatings can be
formed thereon. The donor substrate is also typically
selected from materials that remain stable despite heating of
one or more layers of the donor. However, as described
below, the inclusion of an underlayer between the substrate
and an LTHC layer can be used to insulate the substrate from
heat generated in the LTHC layer during imaging. The
typical thickness of the donor substrate ranges from 0.025 to
0.15 mm, preferably 0.05 to 0.1 mm, although thicker or
thinner donor substrates may be used.

The materials used to form the donor substrate and an
optional adjacent underlayer can be selected to improve
adhesion between the donor substrate and the underlayer; to
control heat transport between the substrate and the under-
layer, to control imaging radiation transport to the LTHC
layer, to reduce imaging defects and the like. An optional
priming layer can be used to increase uniformity during the
coating of subsequent layers onto the substrate and also
increase the bonding strength between the donor substrate
and adjacent layers.

An optional underlayer 212 may be coated or otherwise
disposed between a donor substrate and the LTHC layer, for
example to control heat flow between the substrate and the
LTHC layer during imaging or to provide mechanical sta-
bility to the donor element for storage, handling, donor
processing, or imaging. Examples of suitable underlayers
and methods of providing underlayers are disclosed in U.S.
Pat. No. 6,284,425, incorporated herein by reference

The underlayer can include materials that impart desired
mechanical or thermal properties to the donor element. For
example, the underlayer can include materials that exhibit a
low specific heat x density or low thermal conductivity
relative to the donor substrate. Such an underlayer may-be
used to increase heat flow to the transfer layer, for example
to improve the imaging sensitivity of the donor.

The underlayer may also include materials for their
mechanical properties or for adhesion between the substrate
and the LTHC. Using an underlayer that improves adhesion
between the substrate and the LTHC layer may result in less
distortion in the transferred image. As an example, in some
cases an underlayer can be used that reduces or eliminates
delamination or separation of the LTHC layer, for example,
which might otherwise occur during imaging of the donor
media. This can reduce the amount of physical distortion
exhibited by transferred portions of the transfer layer. In
other cases, however it may be desirable to employ under-
layers that promote at least some degree of separation
between or among layers during imaging, for example to
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produce an air gap between layers during imaging that can
provide a thermal insulating function. Separation during
imaging may also provide a channel for the release of gases
that may be generated by heating of the LTHC layer during
imaging. Providing such a channel may lead to fewer
imaging defects.

The underlayer may be substantially transparent at the
imaging wavelength, or may also be at least partially absorp-
tive or reflective of imaging radiation. Attenuation or reflec-
tion of imaging radiation by the underlayer may be used to
control heat generation during imaging.

Referring again to FIG. 2, an LTHC layer 214 can be
included in donor sheets of the present invention to couple
irradiation energy into the donor sheet. The LTHC layer
preferably includes a radiation absorber that absorbs inci-
dent radiation (e.g., laser light) and converts at least a
portion of the incident radiation into heat to enable transfer
of the transfer layer from the donor sheet to the receptor.

Generally, the radiation absorber(s) in the LTHC layer
absorb light in the infrared, visible, or ultraviolet regions of
the electromagnetic spectrum and convert the absorbed
radiation into heat. The radiation absorber(s) are typically
highly absorptive of the selected imaging radiation, provid-
ing an LTHC layer with an optical density at the wavelength
of the imaging radiation in the range of about 0.2 to 3 or
higher. Optical density of a layer is the absolute value of the
logarithm (base 10) of the ratio of the intensity of light
transmitted through the layer to the intensity of light incident
on the layer.

Radiation absorber material can be uniformly disposed
throughout the LTHC layer or can be non-homogeneously
distributed. For example, as described in U.S. Pat. No.
6,228,555, non-homogeneous LTHC layers can be used to
control temperature profiles in donor elements. This can give
rise to donor sheets that have improved transfer properties
(e.g., better fidelity between the intended transfer patterns
and actual transfer patterns).

Suitable radiation absorbing materials can include, for
example, dyes (e.g., visible dyes, ultraviolet dyes, infrared
dyes, fluorescent dyes, and radiation-polarizing dyes), pig-
ments, metals, metal compounds, metal films, and other
suitable absorbing materials. Examples of suitable radiation
absorbers includes carbon black, metal oxides, and metal
sulfides. One example of a suitable LTHC layer can include
a pigment, such as carbon black, and a binder, such as an
organic polymer. Another suitable LTHC layer includes
metal or metal/metal oxide formed as a thin film, for
example, black aluminum (i.e., a partially oxidized alumi-
num having a black visual appearance). Metallic and metal
compound films may be formed by techniques, such as, for
example, sputtering and evaporative deposition. Particulate
coatings may be formed using a binder and any suitable dry
or wet coating techniques. LTHC layers can also be formed
by combining two or more LTHC layers containing similar
or dissimilar materials. For example, an LTHC layer can be
formed by vapor depositing a thin layer of black aluminum
over a coating that contains carbon black disposed in a
binder.

Dyes suitable for use as radiation absorbers in a LTHC
layer may be present in particulate form, dissolved in a
binder material, or at least partially dispersed in a binder
material. When dispersed particulate radiation absorbers are
used, the particle size can be, at least in some instances,
about 10 pm or less, and may be about 1 pm or less. Suitable
dyes include those dyes that absorb in the IR region of the
spectrum. A specific dye may be chosen based on factors
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such as, solubility in, and compatibility with, a specific
binder or coating solvent, as well as the wavelength range of
absorption.

Pigmentary materials may also be used in the LTHC layer
as radiation absorbers. Examples of suitable pigments
include carbon black and graphite, as well as phthalocya-
nines, nickel dithiolenes, and other pigments described in
U.S. Pat. Nos. 5,166,024 and 5,351,617. Additionally, black
azo pigments based on copper or chromium complexes of,
for example, pyrazolone yellow, dianisidine red, and nickel
azo yellow can be useful. Inorganic pigments can also be
used, including, for-example, oxides and sulfides of metals
such as aluminum, bismuth, tin, indium, zinc, titanium,
chromium, molybdenum, tungsten, cobalt, iridium, nickel,
palladium, platinum, copper, silver, gold, zirconium, iron,
lead, and tellurium. Metal borides, carbides, nitrides, car-
bonitrides, bronze-structured oxides, and oxides structurally
related to the bronze family (e.g., WO, ;) may also be used.

Metal radiation absorbers may be used, either in the form
of particles, as described for instance in U.S. Pat. No.
4,252,671, or as films, as disclosed in U.S. Pat. No. 5,256,
506. Suitable metals include, for example, aluminum, bis-
muth, tin, indium, tellurium and zinc.

Suitable binders for use in the LTHC layer include film-
forming polymers, such as, for example, phenolic resins
(e.g., novolak and resole resins), polyvinyl butyral resins,
polyvinyl acetates, polyvinyl acetals, polyvinylidene chlo-
rides, polyacrylates, cellulosic ethers and esters, nitrocellu-
loses, and polycarbonates. Suitable binders may include
monomers, oligomers, or polymers that have been, or can
be, polymerized or crosslinked. Additives such as photoini-
tiators may also be included to facilitate crosslinking of the
LTHC binder. In some embodiments, the binder is primarily
formed using a coating of crosslinkable monomers or oli-
gomers with optional polymer.

The inclusion of a thermoplastic resin (e.g., polymer) may
improve, in at least some instances, the performance (e.g.,
transfer properties or coatability) of the LTHC layer. It is
thought that a thermoplastic resin may improve the adhesion
of the LTHC layer to the donor substrate. In one embodi-
ment, the binder includes 25 to 50 wt. % (excluding the
solvent when calculating weight percent) thermoplastic
resin, and, preferably, 30 to 45 wt. % thermoplastic resin,
although lower amounts of thermoplastic resin may be used
(e.g., 1 to 15 wt. %). The thermoplastic resin is typically
chosen to be compatible (i.e., form a one-phase combina-
tion) with the other materials of the binder. In at least some
embodiments, a thermoplastic resin that has a solubility
parameter in the range of 9 to 13 (cal/cm®)"/?, preferably, 9.5
to 12 (calicm®)!”, is chosen for the binder. Examples of
suitable thermoplastic resins include polyacrylics, styrene-
acrylic polymers and resins, and polyvinyl butyral.

Conventional coating aids, such as surfactants and dis-
persing agents, may be added to facilitate the coating
process. The LTHC layer may be coated onto the donor
substrate using a variety of coating methods known in the
art. A polymeric or organic LTHC layer can be coated, in at
least some instances, to a thickness of 0.05 pm to 20 pm,
preferably, 0.5 pm to 10 um, and, more preferably, 1 um to
7 um. An inorganic LTHC layer can be coated, in at least
some instances, to a thickness in the range of 0.0005 to 10
um, and preferably, 0.001 to 1 um.

Referring again to FIG. 2, an optional interlayer 216 may
be disposed between the LTHC layer 214 and transfer layer
218. The interlayer can be used, for example, to minimize
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damage and contamination of the transferred portion of the
transfer layer and may also reduce distortion in the trans-
ferred portion of the transfer layer. The interlayer may also
influence the adhesion of the transfer layer to the rest of the
donor sheet. Typically, the interlayer has high thermal resis-
tance. Preferably, the interlayer does not distort or chemi-
cally decompose under the imaging conditions, particularly
to an extent that renders the transferred image non-func-
tional. The interlayer typically remains in contact with the
LTHC layer during the transfer process and is not substan-
tially transferred with the transfer layer.

Suitable interlayers include, for example, polymer films,
metal layers (e.g., vapor deposited metal layers), inorganic
layers (e.g., sol-gel deposited layers and vapor deposited
layers of inorganic oxides (e.g., silica, titania, and other
metal oxides)). and organic/inorganic composite layers.
Organic materials suitable as interlayer materials include
both thermoset and thermoplastic materials. Suitable ther-
moset materials include resins that may be crosslinked by
heat, radiation, or chemical treatment including, but not
limited to, crosslinked or crosslinkable polyacrylates, poly-
methacrylates, polyesters, epoxies, and polyurethanes. The
thermoset materials may be coated onto the LTHC layer as,
for example, thermoplastic precursors and subsequently
crosslinked to form a crosslinked interlayer.

Suitable thermoplastic materials include, for example,
polyacrylates, polymethacrylates, polystyrenes, polyure-
thanes, polysulfones, polyesters, and polyimides. These
thermoplastic organic materials may be applied via conven-
tional coating techniques (for example, solvent coating,
spray coating, or extrusion coating). Typically, the glass
transition temperature (T,) of thermoplastic materials suit-
able for use in the interlayer is 25° C. or greater, preferably
50° C. or greater. In some embodiments, the interlayer
includes a thermoplastic material that has a T, greater than
any temperature attained in the transfer layer during imag-
ing. The interlayer may be either transmissive, absorbing,
reflective, or some combination thereof, at the imaging
radiation wavelength.

Inorganic materials suitable as interlayer materials
include, for example, metals, metal oxides, metal sulfides,
and inorganic carbon coatings, including those materials that
are highly transmissive or reflective at the imaging light
wavelength. These materials may be applied to the light-to-
heat-conversion layer via conventional techniques (e.g.,
vacuum sputtering, vacuum evaporation, or plasma jet depo-
sition).

The interlayer may provide a number of benefits. The
interlayer may be a barrier against the transfer of material
from the light-to-heat conversion layer. It may also modulate
the temperature attained in the transfer layer so that ther-
mally unstable materials can be transferred. For example,
the interlayer can act as a thermal diffuser to control the
temperature at the interface between the interlayer and the
transfer layer relative to the temperature attained in the
LTHC layer. This may improve the quality (i.e., surface
roughness, edge roughness, etc.) of the transferred layer. The
presence of an interlayer may also result in improved plastic
memory in the transferred material.

The interlayer may contain additives, including, for
example, photoinitiators, surfactants, pigments, plasticizers,
and coating aids. The thickness of the interlayer may depend
on factors such as, for example, the material of the inter-
layer, the material and properties of the LTHC layer, the
material and properties of the transfer layer, the wavelength
of the imaging radiation, and the duration of exposure of the
donor sheet to imaging radiation. For polymer interlayers,
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the thickness of the interlayer typically is in the range of 0.05
um to 10 um. For inorganic interlayers (e.g., metal or metal
compound interlayers); the thickness of the interlayer typi-
cally is in the range of 0.005 um to 10 pm.

Referring again to FIG. 2, a thermal transfer layer 218 is
included in donor sheet 200. Transfer layer 218 can include
any suitable material or materials, disposed in one or more
layers, alone or in contbination with other materials. Trans-
fer layer 218 is capable of being selectively transferred as a
unit or in portions by any suitable transfer mechanism when
the donor element is exposed to direct heating or to imaging
radiation that can be absorbed by light-to-heat converter
material and converted into heat.

The present invention contemplates a transfer layer that
includes a composition of the invention. The composition of
the invention can be in a light emitting layer, a charge
transfer layer, a charge blocking layer, a color conversion
layer, or a combination thereof. The transfer layer includes
a small molecule according to Formula I or Formula II in
combination with a second compound that has at least some
structural similarities to the first compound and that is a light
emitting material, a charge blocking material, a charge
transporting material, a color conversion material, or a
combination thereof.

One way of providing the transfer layer is by solution
coating the light emitting material onto the donor. In this
method, the compositions of the invention can be solubilized
by addition of a suitable compatible solvent, and coated onto
the alignment layer by spin-coating, gravure coating, Mayer
rod coating, knife coating and the like. The solvent chosen
preferably does not undesirably interact with (e.g., swell or
dissolve) any of the already existing layers in the donor
sheet. The coating can then be annealed and the solvent
evaporated to leave a transfer.

The transfer layer can then be selectively thermally trans-
ferred from the donor element to a proximately located
receptor substrate. There can be, if desired, more than one
transfer layer so that a multilayer construction is transferred
using a single donor sheet. The receptor substrate may be
any item suitable for a particular application including, but
not limited to, glass, transparent films, reflective films,
metals, semiconductors, and plastics. For example, receptor
substrates may be any type of substrate or display element
suitable for display applications. Receptor substrates suit-
able for use in displays such as liquid crystal displays or
emissive displays include rigid or flexible substrates that are
substantially transmissive to visible light. Examples of suit-
able rigid receptors include glass and rigid plastic that are
coated or patterned with indium tin oxide or are circuitized
with low temperature poly-silicon (LTPS) or other transistor
structures, including organic transistors.

Suitable flexible substrates include substantially clear and
transmissive polymer films, reflective films, transflective
films, polarizing films, multilayer optical films, and the like.
Flexible substrates can also be coated or patterned with
electrode materials or transistors, for example transistor
arrays formed directly on the flexible substrate or transferred
to the flexible substrate after being formed on a temporary
carrier substrate. Suitable polymer substrates include poly-
ester base (e.g., polyethylene terephthalate, polyethylene
naphthalate), polycarbonate resins, polyolefin resins, poly-
vinyl resins (e.g., polyvinyl chloride, polyvinylidene chlo-
ride, polyvinyl acetals, etc.), cellulose ester bases (e.g.,
cellulose triacetate, cellulose acetate), and other conven-
tional polymeric films used as supports. For making OELs
on plastic substrates, it is often desirable to include a barrier
film or coating on one or both surfaces of the plastic
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substrate to protect the organic light emitting devices and
their electrodes from exposure to undesired levels of water,
oxygen, and the like.

Receptor substrates can be pre-patterned with any one or
more of electrodes, transistors, capacitors, insulator ribs,
spacets, color filters, black matrix, hole transport layers,
electron transport layers, and other elements useful for
electronic displays or other devices.

The present invention contemplates light emitting OEL
displays and devices. In one embodiment, OEL displays can
be made that emit light and that have adjacent devices that
can emit light having different color. For example, FIG. 3
shows an OEL display 300 that includes a plurality of OEL
devices 310 disposed on a substrate 320. Adjacent devices
310 can be made to emit different colors of light.

The separation shown between devices 310 is for illus-
trative purposes only. Adjacent devices may be separated, in
contact, overlapping, etc., or different combinations of these
in more than one direction on the display substrate. For
example, a pattern of parallel striped transparent conductive
anodes can be formed on the substrate followed by a striped
pattern of a hole transport material and a striped repeating
pattern of red, green, and blue light emitting layers, followed
by a striped pattern of cathodes, the cathode stripes oriented
perpendicular to the anode stripes. Such a construction may
be suitable for forming passive matrix displays. In other
embodiments, transparent conductive anode pads can be
provided in a two-dimensional pattern on the substrate and
associated with addressing electronics such as one or more
transistors, capacitors, etc., such as are suitable for making
active matrix displays. Other layers, including the light
emitting layer(s) can then be coated or deposited as a single
layer or can be patterned (e.g., parallel stripes, two-dimen-
sional pattern commensurate with the anodes, etc.) over the
anodes or electronic devices. Any other suitable construction
is also contemplated by the present invention.

In one embodiment, display 300 can be a multiple color
display. As such, it may be desirable to position optional
polarizer 330 between the light emitting devices and a
viewer, for example to enhance the contrast of the display.
In exemplary embodiments, each of the devices 310 emits
light. There are many displays and devices constructions
covered by the general construction illustrated in FIG. 3.
Some of those constructions are discussed as follows.

OEL backlights can include emissive layers. Construc-
tions can include bare or circuitized substrates, anodes,
cathodes, hole transport layers, electron transport layers,
hole injection layers, electron injection layers, emissive
layers, color changing layers, and other layers and materials
suitable in OEL devices. Constructions can also include
polarizers, diffusers, light guides, lenses, light control films,
brightness enhancement films, and the like. Applications
include white or single color large area single pixel lamps,
for example where an emissive material is provided by
thermal stamp transfer, lamination transfer, resistive head
thermal printing, or the like; white or single color large area
single electrode pair lamps that have a large number of
closely spaced emissive layers patterned by laser induced
thermal transfer; and tunable color multiple electrode large
area lamps.

Low resolution OEL displays can include emissive layers.
Constructions can include bare or circuitized substrates,
anodes, cathodes, hole transport layers, electron transport
layers, hole injection layers, electron injection layers, emis-
sive layers, color changing layers, and other layers and
materials suitable in OEL devices. Constructions can also
include polarizers, diffusers, light guides, lenses, light con-
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trol films, brightness enhancement films, and the like. Appli-
cations include graphic indicator lamps (e.g., icons); seg-
mented alphanumeric displays (e.g., appliance time
indicators); small monochrome passive or active matrix
displays; small monochrome passive or active matrix dis-
plays plus graphic indicator lamps as part of an integrated
display (e.g., cell phone displays); large area pixel display
tiles (e.g., a plurality of modules, or tiles, each having a
relatively small number of pixels), such as may be suitable
for outdoor display used: and security display applications.

High resolution OEL displays can include emissive lay-
ers. Constructions can include bare or circuitized substrates,
anodes, cathodes, hole transport layers, electron transport
layers, hole injection layers, electron injection layers, emis-
sive layers, color changing layers, and other layers and
materials suitable in OEL devices. Constructions can also
include polarizers, diffusers, light guides, lenses, light con-
trol films, brightness enhancement films, and the like. Appli-
cations include active or passive matrix multicolor or full
color displays; active or passive matrix multicolor or full
color displays plus segmented or graphic indicator lamps
(e.g., laser induced transfer of high resolution devices plus
thermal hot stamp of icons on the same substrate); and
security display applications.

EXAMPLES
Examples 1-20 describe the synthesis of compounds of
the invention and intermediates used in making them. All
reagents were purchased from Aldrich Chemical Company
unless other wise specified. All compounds were character-

ized by 'H-NMR and found to correspond to the structures
shown.

Example 1

Synthesis of 2,7-dibromo-9,9-dioctyl-fluorene (1).

CeH)s CgHy7

o

2,7-dibromo-9,9-dioctyl-fluorene (1) was synthesized by
methods described by M. Ranger and M. Leclerc in Can. J.
Chem. 1998, 1571-1577, incorporated herein by reference.

Example 2

Synthesis of 2,7-bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-9,9-dioctylfluorene (2).

CgH
i T

CeH 0
B/ &
3y 07
)
B
/
o
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2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9,9-
dioctylfluorene (2) was synthesized from 2,7-dibromo-9,9-
dioctyl-fluorene (1) by methods described by M. Ranger and
M. Leclerc in Chem. Commun. 1997, 1597-1598, incorpo-
rated herein by reference.

Example 3

Synthesis of
2,7-dibromo-9,9-bis(3,6-dioxaheptyl)-fluorene (3).

o

Benzyltriethylammonium chloride (3.19 g, 14 mmole, 0.077
eq) and 2,7-dibromofluorene (59 g, 182 mmole, 1 equiv.)
were suspended in 178 mL DMSO. 50% aqueous NaOH 80
ml was added. 1-Bromo-2-(2-methoxyethoxy)ethane (80 g,
437 mmole, 2.4 equiv.) was then added in small portions.
The reaction was stirred at room temperature for 2 hours
before it was stopped and the aqueous layer was extracted
with ether. The combined ether layers were washed with
water five times and dried over Na,SO,. The organic layer
was filtered, evaporated to dryness and the residual was flash
chromatographed on a silica-gel column to give the pure
compound 3 (73 g), in a yield of 86%.

Example 4

Synthesis of 2,7-dibromo-9,9-bis(3,6-dioxahexyl-6-
phenyl)-fluorene (4).

S

PhO(CH,),0(CH,),1 was first synthesized according to
methods described by J. Otera, T. Shiomi, K. Murakami and
Y. Kawasaki in Bull. Chem. Soc. Jpn., 1981, 2964-2967,
incorporated herein by reference.
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2,7-Dibromo-9,9-bis(3,6-dioxahexyl-6-phenyl)-fluorene (4)
was then synthesized from PhO(CH,),O(CH,),l and 2,9-
dibromofluorene following the general procedure outlined in
Example 3.

Example 5

Synthesis of 4,7-dibromobenzo| 1,2,5]thiadiazole (5)

4,7-dibromobenzo[1,2,5]thiadiazole (5) was synthesized
by methods described by K. Pilgram, M. Zupan and R.
Skiles in J. Heterocycl. Chem. 1970, 7, 629-633, incorpo-
rated herein by reference.

Example 6

Synthesis of 3,9-dibromo-perylene and
3,10-dibromo-perylene (6)

Br

3,9-dibromo-perylene and 3,10-dibromo-perylene (6) were
synthesized as a mixture by methods described by A. Zinke
and H. Troger in Ckhem. Ber. in 1941, 74, 107-112, incor-
porated herein by reference.

Br

Br

-

Br

S

Example 7

Synthesis of 3,6-Dibromo-9-phenylcarbazole (7)

Br Br

i)

N
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3,6-Dibromo-9-phenylcarbazole (7) was synthesized by the
methods described by M. Park, J. R. Buck, C. J. Rizzo and
J. Carmelo, in Tetrahedron 1998, 42, 12707-12714, incor-
porated herein by reference.

Example 8

Synthesis of 9-Phenyl-3,6-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)-9H-carbazole (8).

¢} (0]
, d

A 2L flask was charged with 600 mL dry THF and 3,6-
dibromo-9-phenylcarbazole (7) (60 g, 0.15 mole). This was
cooled to -78° C. with an acetone-dry ice bath. n-Butyl-
lithium (138 mL of a 2.5M solution in hexanes, 0.34 mole)
was added drop-wise via syringe. The reaction was stirred
for 20 minutes and then warmed to =50° C. The temperature
was reduced to -78° C. and 2-isopropoxy-4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolane (64 g, 0.34 mole) added via
syringe at such a rate as to maintain the temperature below
-60° C. The temperature was maintained at =78° C. for two
hours and then poured into an aqueous solution of ammo-
nium acetate (90 g in 2100 mL water). The layers were phase
separated and the aqueous phase extracted with methyl-t-
butyl ether (2x200 mL). The combined organic phase and
extracts were washed with brine (2x200 mL) and dried over
magnesium sulfate. Concentration and re-crystallization of
the solid obtained from acetone gave pure 9-phenyl-3,6-bis
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-carbazole
®)

Example 9

Synthesis of 2-Bromo-9,9-dioctylfluorene (9).

csry; fst

v

A 3L flask fitted with a mechanical stirrer was charged with
2-bromofluorene (45 g, 183.6 mmole) and 150 mL. DMSO.
Under a N, atmosphere was added 80 mL of a 50% aqueous
NaOH solution and 2.72 g of benzyl triethylammonium
chloride (2.72 g, 11.98 mmole). This was stirred for 2 h at
RT. With vigorous mechanical stirring, n-octylbromide
(84.96 g, 440 mmole) was added via a dropping funnel
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(exotherm). Stirring was continued for 2 h. To the reaction
mixture was added 500 mL of a 1:1 mixture of water/ether
and the organic layer separated and washed successively
with brine and then water. Drying over magnesium sulfate
and evaporation of the solvent gave an oil. Purification by
column chromatography (silica gel; hexane as the mobile
phase) gave 67 g (78% yield) of 2-bromo-9,9-dioctylfluo-
rene (9) as a pale oil.

Example 10

Synthesis of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-y1)-9,9-dioctylfluorene (10).
Cell17

CsHyr
' \
2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-y1)-9,9-dio-
ctylfluorene (10) was synthesized from 2-bromo-9,9-dio-
ctyl-fluorene (9) by methods described by M. Ranger and M.

Leclerc in Chem. Commun. 1997, 1597-1598, incorporated
herein by reference.

Example 11

Synthesis of 4-bromo-N,N-diphenylaniline (11)

Br

4-Bromo-N,N-diphenylaniline was synthesized according to
methods described by S. C. Creason, J. W. Wheeler and R.
F. Nelson in J. Org. Chem. 1972, 37, 4440-4446, incorpo-
rated herein by reference.

Example 12

Synthesis of 4-[9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-y1)-9H-fluoren-2-y1]-N,N-diphe-

nylaniline (12).

CeHy7 CeHr

Ot
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-continued

SAGN

Cstlir ey,

Moo f

4-Bromo-N,N-diphenylaniline (11) (19.44 g, 60 mmole, 1
equiv),  2-[9,9-dioctyl-7-(4,4.5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-9H-fluoren-2-yl]-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (2) (76.9 g, 120 mmole, 2 equiv), Aliquat®
336 (6 g, 15 mmole, 0.25 equiv) and 2M sodium carbonate
solution (75 mL, 150 mmole, 2.5 equiv) were added to 600
mL of toluene. This was purged with a stream of nitrogen for
about 30 min. Under a nitrogen purge, tetrakis(triph-
enylphosphine)palladium (348 mg, 0.30 mmole, 0.005
equiv) was added. The reaction mixture was then refluxed
for 16 hrs. The reaction was cooled to RT and water added.
The organic layer was separated and washed with water
followed by brine. Drying of the organic layer over Na,SO,
and evaporation of the solvent gave a light yellow solid. This
was suspended in acetone and the mixture brought to reflux
and then allowed to stand at RT overnight. Filtration of the
solid and concentration of the filtrate gave a solid that was
subjected to column chromatography (toluene/hexane 3:7)
to give 4-[9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-9H-fluoren-2-y1]-N,N-diphenylaniline (12).

Example 13
Synthesis of 2-{7-[3,5-bis(triflucromethyl)phenyl]-
9.9-dioctyl-9H-fluoren-2-y1}-4,4,5,5-tetramethyl-1,

3,2-dioxaborolane (13a) and 2,7-bis[3,5-bis(trifluo-
romethyl)phenyl]-9,9-dioctyl-9H-fluorene (135).

CeHy; CeHyy

3,5-Bistrifluoromethylbromobenzene (0.293 g, 1 mmole, 1
equiv), 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)-9,9-dioctylfluorene (2) (1.28 g, 2 mmole, 2 equiv),
Aliquat® 336 (0.15 g, 0.375 mmole, 0.25 equiv) and 2M
sodium carbonate solution (1.25 mL, 2.5 mmole, 2.5 equiv)
were added to 10 mL of toluene. This was purged with a
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stream of nitrogen for about 30 min. Under a nitrogen purge,
tetrakis(triphenylphosphine)palladium (14 mg, 0.012
mmole, 0.012 equiv) was added. The reaction mixture was
then refluxed for 16 hrs. The reaction was cooled to RT and
water added. The organic layer was separated and washed
with water followed by brine. Drying of the organic layer
over Na,SO, and evaporation of the solvent gave a light
yellow solid. The solid was dissolved in ether, and a small
portion of it was applied on a silica prep TLC. The TLC plate
was eluted with 1:1 toluene: hexane to give three distinctive
bands. The middle band was collected and was determined
to be 2-{7-[3,5-bis(trifluoromethyl)phenyl]-9,9-dioctyl-9H-
fluoren-2-yl}-4.4,5,5-tetramethyl-1,3,2-dioxaborolane  (3a)
obtained as a light yellow oil (28 mg). *H NMR: 50.53-0.69
(m, 4H), 0.78 (t, 6H), 0.96-1.29 (m, 20H), 1.40 (s, 12H),
1.97-2.11 (m, 4H), 7.52, (s, 1H), 7.56 (d, 1H), 7.72-7.80 (m,
2H), 7.80-7.88 (m, 3H), 8.05 (s, 2H). The fast-running band
was collected and was determined to be the by-product
2,7-bis[3,5-bis(trifluoromethyl)phenyl]-9,9-dioctyl-9H-
fluorene (13b) obtained as a light yellow oil (8 mg). 'H
NMR: 60.51-0.65 (m, 4H), 0.70 (t, 6H), 0.91-1.26 (m, 20H),
1.98-2.11 (m, 4H), 7.49, (s, 2H), 7.56 (d, 2H), 7.80 (d, 4H),
8.00 (s, 4H).

Example 14
Synthesis of
2-bromo-9,9-bis(3,6-dioxaheptyl)-fluorene (14).

CHy

H,C

2-Bromo-9,9-bis(3,6-dioxaheptyl)-fluorene (14) was syn-
thesized from bromo-2-(2-methoxyethoxy)ethane and
2-bromofluorene following the general procedure outlined
in Example 3.

Example 15

Synthesis of 2-bromo-9,9-bis(3,6-dioxahexyl-6-
phenyl)-fluorene (15).
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2-Bromo-9,9-bis(3,6-dioxahexyl-6-phenyl)-fluorene  (15)
was synthesized from PhO(CH,),O(CH,),I and 2-bromof-
luorene following the general procedure outlined in
Example 3.

Example 16

Synthesis of 4,7-Bis-(9,9-dioctyl-9H-fluoren-2-yl)-
benzo[1,2,5]thiadiazole (16).

CsHy7 CsHys CsHy7 CeHyr

OG0

Into a flask was introduced 100 mL of toluene, 8.77 g of
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9,9-dio-

ctylfluorene (10) (17 mmol), 2 g of 4,7-dibromo-benzo[1,
2,5]thiadiazole (5) (6.8 mmole), 0.69 g of Aliquat® 336 (1.7
mmol) and 17.2 mL of aqueous 2M Na,CO,. This was N,
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purged for 1 h. The flask was heated to about 80° C. and 33
mg of tetrakistriphenylphosphine palladium (0) (0.0042
mmol) then added under a nitrogen purge. The content of the
flask was refluxed for 3 days. The reaction flask was allowed
to cool to RT and about 50 mL water added and the organic
layer separated. The aqueous layer was extracted with 50 mL
toluene. The organic layers were combined and washed
successively with water twice and then dried over MgSO,.
Concentration gave an oil which was purified by flash
chromatography (eluent: 10% CH,Cl, in Hexane) to give
4.0 g (64% yield) of 4,7-Bis-(9,9-dioctyl-9H-fluoren-2-yl)-
benzo[1,2,5]thiadiazole 16 as a green solid.

Compound 16 was shown to exhibit a blue-white fluores-
cence (425 nm and 518 nm emissions) in dilute toluene
solution when excited at 375 nm. At 0.2 mg/ml or as a spin
cast thin film, this compound gave a green fluorescence (518
nm) under UV excitation.

Example 17

Synthesis of 3,9-Bis-(9,9-dioctyl-9H-fluoren-2-yl)-
perylene (17a) and 3,10-Bis-(9,9-dioctyl-9H-fluo-
ren-2-yl)-perylene (17b)

Csllj7 Csllyr
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3,9-Bis-(9,9-dioctyl-9H-fluoren-2-yl)-perylene (17a) and
3,10-bis-(9,9-dioctyl-9H-fluoren-2-yl)-perylene (17b) are
prepared as a mixture by reaction of the mixture of 3,9-
dibromo-perylene and 3,10-dibromo-perylene (6) (6.8
mmoles) with 2-(4,4,5,5-tetramethyl-1.3,2-dioxaborolan-2-
y1)-9,9-dioctylfluorene (10) (17 mmoles) under conditions
as described in Example 16.

Example 18

Synthesis of 4,7-Bis-[9,9-dioctyl-9H-fluoren-2-yl-N,
N-diphenyl-4-anilenyl]-benzo[ 1,2,5]thiadiazole (18)

128

10

4,7-Bis-[9,9-dioctyl-9H-fluoren-2-yl-N,N-diphenyl-4-anile-
nyl]-benzo[ 1.2,5]thiadiazole (18) is prepared by reaction of
4-9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

y1)-9H-fluoren-2-y1]-N,N-diphenylaniline (12) (17 mmoles)
with 4,7-dibromobenzo[1,2,5]thiadiazole (5) (6.8 mmoles)
under conditions as described in Example 16.

Example 19

Synthesis of 9-Phenyl-3,6-bis{9,9-bis(3,6-dioxa-
hexyl-6-phenyl)-fluoren-2-y1 }-carbazole (19).
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9-Phenyl-3,6-bis  {9,9-bis(3,6-dioxahexyl-6-phenyl)-fluo-
ren-2-yl}-carbazole 19 is prepared by reaction of 9-Phenyl-
3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-
carbazole (8) (6.8 mmoles) with 2-bromo-9,9-bis(3,6-
dioxahexyl-6-phenyl)-fluorene (15) (17 mmoles) under
conditions as described in Example 16.

Example 20

Synthesis of 9-Phenyl-3,6-Bis-[9,9-dioctyl-fluoren-
2-y1-N,N-diphenyl-4-anilenyl]-carbazole (20)

10

130

9-Phenyl-3,6-Bis-[9,9-dioctyl-fluoren-2-yl-N,N-diphenyl-
4-anilenyl]-carbazole (20) is prepared by reaction of 4-[9,
9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl1)-
9H-fluoren-2-y1]-N,N-diphenylaniline (2) (17 mmoles) with
3,6-dibromo-9-phenylcarbazole (2) (6.8 mmoles) under con-
ditions as described in Example 16.

The present invention should not be considered limited to
the particular examples described above, but rather should
be understood to cover all aspects of the invention as fairly
set out in the attached claims. Various modifications, equiva-
lent processes, as well as numerous structures to which the
present invention may be applicable will be readily apparent
to those of skill in the art to which the present invention is
directed upon review of the instant specification.

Each of the patents, patent documents, and publications
cited above is hereby incorporated into this document as if
reproduced in full.
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What is claimed is:
1. A composition comprising:

(a) a first compound of Formula 1

[ECH-Ar

that is a charge transporting material, a charge blocking
material, a light emitting material, a color conversion mate-
rial, or a combination thereof,

wherein

Ar' is a first aromatic core and is a divalent, trivalent, or
tetravalent radical of

N
o (¢
000 0008
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that is unsubstituted or substituted with one or more sub-
stituents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof; 30
EC is a first end capping group and is a monovalent
radical of

o0 O X
O oY
00 -



US 7,282,275 B2
139 140

-continued

)

§ )
=

-
V4

/

<




US 7,282,275 B2

C
: ii@
O o0 OO



5
s v

s 3"@ (O g _
[0}
( (e 4
=1 o
: = B
& )
o

o
C
@ O Q *@
N@ .INO
O
@@@
@

0y Ty Ej@g



US 7,282,275 B2
145 146

-continued
N N N

SO e
spoVeachaciicge

. >
Sl U
Q 41

N/ \N

N\
0o
SINe N OO0



US 7,282,275 B2
147 148

-continued

O30 o O @%

>




US 7,282,275 B2

149

that is unsubstituted or substituted with one or more sub-
stituents selected from alky), alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,
nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;,

n is an integer of 2 to 4, wherein the first end capping
groups are identical; and

each R is independently an alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof}

each R' is independently a hydrogen, alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoro-
alkyl, diarylamino, cyano, nitro, ester, heteroalkyl, het-
eroaryl, or combinations thereof;

X is O, S, or NR* where R* is a C, 5, alkyl, a C, 5,
heteroalkyl, a Cq 5 aryl, a C;_,, heteroaryl, or a com-
bination thereof;

Ais C, Si, Ge, Pb, or Sn;

7 is NH or CH,;

tis an integer of 0 to4; and

(b) a second compound that is selected from a charge
transporting material, a charge blocking material, a
light emitting material, a color conversion material, or
a combination thereof, said second compound being a
polymeric material having
an aromatic radical that comprises the first aromatic

core of the first compound, wherein the aromatic
radical of the second compound can be unsubsti-
tuted, substituted with a substituent of a same type
that is present on the first aromatic core of the first
compound, or substituted with a substituent that is
absent on the first aromatic core of the first com-
pound,

10
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a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted,
substituted with a substituent of a same type that is
present on the first end capping group, or substituted
with a substituent that is absent on the first end
capping group;

a divalent radical that comprises a divalent radical of
the first end capping group of the first compound,
wherein the divalent radical in the second compound
can be unsubstituted, substituted with a substituent
of a same type that is present on the first end capping
group, or substituted with a substituent that is absent
on the first end capping group; or

a combination thereof,

wherein the composition is amorphous and solution proces-
sible.

2. The composition of claim 1, wherein the second
compound is a light emitting polymer.

3. The composition of claim 1. wherein the second
compound is an electroactive polymer.

4. The composition of claim 1. wherein the second
compound is a polymer comprising the reaction product of
a monomer mixture comprising a first monomer comprising
the fist aromatic core of the first compound.

5. The composition of claim 1. wherein the second
compound is a polymer that is the reaction product of a
monomer mixture comprising a first monomer comprising
the first end capping group or a radical of the first end
capping group.

6. The composition of claim 1, wherein the second
compound has an aromatic moiety that comprises the first
aromatic core of the first compound, said first aromatic core
being a divalent, trivalent, or tetravalent radical of

()
000 000 Y
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that is unsubstituted or substituted with one or more sub- cyano, nitro, C, 5, ester, C, ;, heteroalkyl, C,
stituents selected from C, ,, alkyl, C, ., alkenyl, C, 5, heteroaryl, or combinations thereof; and
alkoxy, Cq.,, aryl, C4 54 aryloxy, fluoro, C,_,, fluoroalkyl, each R' independently a hydrogen, C, ., alkyl, C, .,
C,_,, perfluoroalkyl, C,, 5, diarylamino, cyano, nitro, C, 5, alkenyl, C,;, alkoxy, C¢;, aryl, Cq;, aryloxy,
ester, C,_,, heteroalkyl, C,_,, heteroaryl, and combinations 2 fluoro, C,_ 55, fluoroalkyl, C,;, perfluoroalkyl,
thereof, C,,.30 diarylamino, cyano, nitro, C, 5, ester, C, 3,
wherein heteroalkyl, C,,, heteroaryl, or combinations
7 is NH or CH,; and thereof.
A is C, Si, Ge, Pb, or Sn; 7. The composition of claim 1, wherein the second

each R is independently an C, _,, alkyl, C, 5, alkenyl, compound has an aromatic moiety that comprises the first
3 45 . C -
C ,, alkoxy, Cg 5, aryl, Cq.5, aryloxy, ﬂ.uoro, C.1'30 aromatic core of the? first compound, said ﬁrst. aromatic core
fluoroalkyl, C, 5, perfluoroalkyl, C, , 5, diarylamino, being a divalent, trivalent, or tetravalent radical of

A O O
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that is unsubstituted or substituted with one or more sub-
stituents selected from C,_,, alkyl, C,,, alkenyl, C, .,
alkoxy, Cg.,, aryl, Cq o aryloxy, fluoro, C,_,, fluorcalkyl,
€, perfluoroalkyl, C,, ,, diarylamino, cyano, nitro, C, ,,
ester, C,_ 54 heteroalkyl, C;_ 5 heteroaryl, and comblnatlons
thereof,
wherein
each R is independently an C,_,, alkyl, C,_;, alkenyl,
C,  alkoxy, Cq 5, aryl, Cg 5, aryloxy, fluoro, C, 5,
fluoroalkyl, C, , perfluoroalkyl, C, , 5, diarylamino,

Sh B

45

156

cyano, nitro, C, 54 ester, C, 5, heteroalkyl, C, 5,
heteroaryl, or combinations thereof;

X is O, S, or NR* where R? is a C,_5, alkyl, a C, s,
heteroalkyl, a Cg_,, aryl, a C,_,, heteroaryl, or a
combination thereof; and

t is an integer from 1 to an integer of O to 4.

8. The composition of claim 1, wherein the second
compound has an aromatic moiety that comprises the first
aromatic core of the first compound, said first aromatic core
being a divalent, trivalent, or tetravalent radical of
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that is unsubstituted or substituted with one or more sub-
stituents selected from C,,, alkyl, C, ,, alkenyl, C, ,,
alkoxy, Cq 5 aryl, Cq 5o aryloxy, fluoro, C,,_,, fluoroalkyl,
C ,, perfluoroalkyl, diarylamino, cyano, nitro, estet, C, 5,
heteroalkyl, C, ,, heteroaryl, and combinations thereof, 5
wherein
X is O, S, or NR? where R? is a C,_,, alkyl, a C, .,
heteroalkyl, a C,,, aryl, a C,,, heteroaryl, or a
combination thereof.
9. The compositions of claim 1, wherein the second 10
compound has an aromatic moiety tat comprises the first
aromatic core of the first compound, said first aromatic core

being selected from
4

§ /N

7
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wherein 10. The composition of claim 1, wherein the second
each R? is independently hydrogen, C, -, alkyl, C,_,, aryl,
C;_50 heteroaryl, or C, 5, heteroalkyl containing one or
more atoms of S, N, O, P, or Si; and the first end capping group or the second compound com-
each R,is independently C, s, alkyl, C; 5y aryl, Cs o
heteroaryl, or C,_;,, heteroalkyl containing one or more
atoms of S, N, O, P, or Si. first end capping group selected from

O

20 compound has a second end capping group that comprises

prises a divalent radical of the first end capping group, said

CgHy7  CsHyy CeHy7 Csllyy

FOF0 SO0
O
920 a0

R3 R4\/R4
L - D
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CF;
R* R4
CF; O
R* R*

wherein

each Ph is phenyl;

each R? is independently hydrogen, C,_s, alkyl, C4_,, aryl,
C,_5 heteroaryl, C, ;, heteroalkyl, or combinations
thereof; and each R* is independently C, s, alkyl, Cq_o0
aryl, C,_,, heteroaryl, C, 5, heteroalkyl; or combina-

tions thereof.

Ny ou
0

11. The composition of claim 10, wherein R® or R* is

25 methyl or phenyl.

12. The composition of claim 1, wherein the second
compound has a second end capping group that comprises
the first end capping group or the second compound com-
prises a divalent radical of the first end capping group, said
first end capping group being a C,_¢, carbocyclic aryl that is

30

a monovalent radical of

OO OO0 QP

& o 0

azeey
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HNN4@7 Or
IaUaBat
that is unsubstituted or substituted with one or more groups
selected from C, ,, alkyl, C,_,, alkenyl, C, ,, alkoxy, Cq_»q
aryl, Cg_,, aryloxy, fluoro, C,_,, flucrcalkyl, C, ,, perfluo-

roalkyl, C,,,.,, diarylamino, cyano, nitro, C,_,, ester, C,_,,
heteroalkyl, C,_,, heteroaryl, and combinations thereof,

60

,or

0

lamino, cyano, nitro, C, 5, ester, C, 5, heteroalkyl,
C, , heteroaryl, or combinations thereof.

13. The composition of claim 1, wherein the second

compound has a second end capping group that comprises

the first end capping group or the second compound com-

wherein each R is independently an C, 5, alkyl, C, 5, ¢5 prises a divalent radical of the first end capping group, said

alkenyl, C,_,, alkoxy, C 5, aryl, C 5, aryloxy, fluoro,
C, 30 fluoroalkyl, C, 5, perfluoroalkyl, C,, 5, diary-

first end capping group being a C,_, heteroaryl having an
imine linkage and a monovalent radical of
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that is unsubstituted or substituted with one or more groups
selected from C, , alkyl, C,_,, alkenyl, C, ,, alkoxy, Cs_54 35 -continued
aryl, Cq 5 aryloxy, fluoro, C, 5, fluoroalkyl, C, 5, perfluo-

roalkyl, diarylamino, cyano, nitro, ester, C,_,, heteroalkyl,
C,, heteroaryl, and combinations thereof,
wherein
each R is independently an C,_,, alkyl, C,_,, alkenyl, 49 i
C,,, alkoxy, Cg 5, aryl, Cq 5, aryloxy, ﬂl.loro, Cis0 ' / \
fluoroalkyl, C, ;. perfluoroalkyl, C,, ., diarylamino,
cyano, nitro, C, 5, ester, C,_5, heteroalkyl, C; 5, het- Si

eroaryl, or combinations thereof; and R/ \R
X is O, S, or NR? where R? is a C, 5, alkyl, a C, 5, 45
heteroalkyl, a Cg_,, aryl, a C,_,, heteroaryl, or a com-
bination thereof. O R R
14. The composition of claim 1, wherein the second \Si/
compound has a second end capping group that comprises
the first end capping group or the second compound com- 50 \ / \ X ;
prises a divalent radical of the first end capping group, said | |
first end capping group being a C,_., aromatic amino aryl or ¥ Si \
a C,_4o heteroaryl that is electron rich and a monovalent R/ \R
radical of

L -
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that is unsubstituted or substituted with one or more groups
selected from C, ,, alkyl, C,_,, alkenyl, C,_,, alkoxy, Cs_5,
aryl, Cq 5 aryloxy, fluoro, C,,_,, fluoroalkyl, C, ,, perfluo-
roalkyl, C,,_,, diarylamino, cyano, nitro, C,_, ester, C, 5,
heteroalkyl, C,_,, heteroaryl, and combinations thereof,
wherein

each R is independently an C, 5, alkyl, C, 5, alkenyl,

C ,, alkoxy, Cg 5, aryl, Cg 5, aryloxy, fluoro, C, 5,
fluoroalkyl, C, 5, perfluoroalkyl, C,, ;, diarvlamino,
cyano, nitro, C,_5, ester, C,_;, heteroalkyl, C;_,, het-
eroaryl, or combinations thereof; and

each X is independently O, S, or NR* where R*is a C,

alkyl, a C, 5, heteroalkyl, a Cg 5, aryl, a C; 5 het-
eroaryl, or a combination thereof.

15. The composition of claim 1, wherein the composition
comprises a hole transporting material and an electron
transporting material.

16. The composition of claim 1, wherein the composition
comprises a hole transporting material, an electron trans-
porting material, and a light emitting material.

17. The composition of claim 1, wherein R, R or a
substituent on the first compound comprises at least one soft
segment comprising a divalent poly(oxyalkylene) segment
of formula

*—0(Cpllzn0)y—*
or a divalent poly(dialkylsiloxane) segment of formula
F—ESiCoblaw 201

where m is an integer of 1 to 6, y is an integer of 2 to 20,
and w is an integer of 1 to 10.

18. The composition of claim 1, wherein R, R', or a
substituent on the first compound comprises at least one
fluoro, fluoroalkyl, or perfluoroalkyl group.

19. The composition of claim 1, wherein n is equal to 2.

20. A composition comprising:

(a) a first compound of Formula 11

EC— Ar'—EC

that is a light emitting material, a charge transporting
material, a charge blocking material. or a combination
thereof,
wherein
Ar ! is a first aromatic core and is a divalent radical
selected from
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Q CgHy7  CgHyy
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20

25 CsHy;  CsHyr
\/

R and
N 35 .
* * 40 R3
# # R3
R R4
EC are two identical first end capping groups selected % 0.0 .
from '

CsHyz  CeHyr
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wherein
-continued Ar! is a first aromatic core and is a divalent, trivalent, or
R* /R4 tetravalent radical of

o OO

—

wherein 5 O
each Ph is phenyl; and , O ,

each R? is independently hydrogen, C, ., alkyl, C,_,, aryl,
C;_5 heteroaryl, or C, 5, heteroalkyl;

each R* is independently C, ., alkyl, Cq_,, aryl, Cs o 20

heteroaryl, or C, 5, heteroalkyl; and

(b) a second compound that is selected from a charge O
transporting material, a charge blocking material, a , Q , . ,
light emitting material, a color conversion material, or 2
a combination thereof, said second compound being a Q Q Q

o]

polymeric material having

an aromatic radical that comprises the first aromatic
core of the first compound, wherein the aromatic 30

radical of the second compound can be unsubsti-
tuted, substituted with a substituent of a same type
that is present on the first aromatic core of the first ‘ \
compound, or substituted with a substituent that is
R R

absent on the first aromatic core of the first com- 35
pound;

a second end capping group that comprises the first end O
capping group of the first compound, wherein the \
second end capping group can be unsubstituted, 4 \
substituted with a substituent of a same type that is
present on the first end capping group, or substituted

with a substituent that is absent on the first end
capping group;
a divalent radical that comprises a divalent radical of 4 Q
the first end capping group of the first compound, Q '
wherein the divalent radical in the second compound
can be unsubstituted, substituted with a substituent Q

of a same type that is present on the first end capping
group, or substituted with a substituent that is absent

on the first end capping group; O
or a combination thereof, O \
wherein the composition is amorphous and solution proces- Q
sible. 53

21. A composition comprising: O

(b) a first compound of Formula I

60 |
1
) -]H_Arl . O O

that is a charge transporting material, a charge blocking 65
material, a light emitting material, a color conversion mate-
rial, or a combination thereof,
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X
, that is unsubstituted substituted with one or more substitu-
/ \ / 30 ents selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
N N fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,

n nitro, ester, heteroalkyl, heteroaryl, and combinations

thereof;

Q / \ / EC is a first end capping group that is a C, ¢, carbocyclic

33 aryl, a C5_g, heteroaryl, a C,, _;, aromatic amino aryl, or

N— ’ a monovalent radical of a silsesquioxane that is unsub-

stituted or substituted with one or more substituents

selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,

fluoro, fluoroalkyl, perfluoroalkyl, diarylamino, cyano,

nitro, ester, heteroalkyl, heteroaryl, and combinations
thereof;

n is an integer of 2 to 4, wherein the first end capping
groups are identical;

each R is independently an alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof;

each R* independently a hydrogen, alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, diary-
lamino, cyano, nitro, ester, heteroalkyl, heteroaryl, or
combinations thereof;

X is O, S, or NR? where R? is a C,_5, alkyl, a C,_5,
heteroalkyl, a Cg_,, aryl, a C,_,, heteroaryl, or a com-
bination thereof;,

A is C, Si, Ge, Pb, or Sn;

7 is N or CH;

t is an integer of 0 to 4; and

(b) a second compound that is selected from a charge
transporting material, a charge blocking material, a
light emitting material, a color conversion material, or
a combination thereof, said second compound being a
polymeric material having
an aromatic radical that comprises the first aromatic

X
core of the first compound, wherein the aromatic
\ ’ 65 radical of the second compound can be unsubsti-
N tuted, substituted with a substituent of a same type

that is present on the first aromatic core of the first
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compound, or substituted with a substituent that is
absent on the first aromatic core of the first com-
pound;

a second end capping group that comprises the first end
capping group of the first compound, wherein the
second end capping group can be unsubstituted,
substituted with a substituent of a same type that is
present on the first end capping group, or substituted
with a substituent that is absent on the first end
capping group;

a divalent radical that comprises a divalent radical of
the first end capping group of the first compound,
wherein the divalent radical in the second compound
can be unsubstituted, substituted with a substituent
of a same type that is present on the first end capping
group, or substituted with a substituent that is absent
on the first end capping group;

or a combination thereof,

wherein the composition is amorphous and solution proces-
sible.

22. The composition of claim 21, wherein the second
compound has a second end capping group that comprises
the first end capping group or the second compound com-
prises a divalent radical of the first end capping group, said
first end capping group being a Cg 4, carbocyclic aryl
comprising phenyl, biphenyl, anthryl, naphthyl, acenaph-
thyl, phenanthryl, dihydrophenathrenyl, anthracenyl, fluo-
renyl, 9-silafluorenyl, tetrahydropyrenyl, perylenyl, spirob-
isfluorenyl,  fluoranthenyl, pyrenyl, dihydropyrenyl,
tetrahydropyrenyl, rubrenyl, chrysenyl, or benzo[gh,i]
perylenyl,

wherein the first end capping group is unsubstituted or

substituted with one or more groups selected from

C,,, alkyl, C, 5, alkenyl, C, 5, alkoxy, Cs 50 aryl, Cy 5

aryloxy, fluoro, C,_,, fluoroalkyl, C, ,, perfluoroalkyl,

C,_, diarylamino, cyano, nitro, C,_,, ester, C,_,, het-

eroalkyl, C;_,, heteroaryl, and combinations thereof.

23. The composition of claim 21, wherein the second
compound has a second end capping group that comprises
the first end capping group or the second compound com-
prises a divalent radical of the first end capping group, said
first end capping group being a C;_, a heteroaryl comprising
a furanyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, tria-
zolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
pyrimidinyl, quinolinyl, isoquinolinyl, benzofuranyl, ben-
zothiophenyl, indolyl, carbazoyl, benzoxazolyl, benzothia-
zolyl, benzimidazolyl, cinnolinyl, giunazolinyl, quinoxali-
nyl, phthalazinyl, benzothiadiazolyl, benzotriazinyl,
phenazinyl, phenanthridinyl, acridinyl, indazolyl, or siloles,

wherein the first end capping group is unsubstituted or

substituted with one or more groups selected from

C_,, alkyl, C, ,, alkenyl, C, 5, alkoxy, Cg 0 aryl, Cs.0

aryloxy, fluoro, C,_,, fluoroalkyl, C, _,, perfluoroalkyl,

C|4.50 diarylamino, cyano, nitro, C,_,, ester, C, ,, het-

eroalkyl, C,_,, heteroaryl, and combinations thereof.
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24. The composition of claim 21, wherein the second
compound has a second end capping group that comprises
the first end capping group or the second compound com-
prises a divalent radical of the first end capping group, said
first end capping group being a C,, ¢, tertiary aromatic
amino aryl comprising a monovalent radical of diarylaniline,
alkylcarbazole, arylcarbazole, tetraaryldiamine, starburst
amine, peraryltriantine, dendridic amine, or spiroaxnine,

wherein the first end capping group is unsubstituted or

substituted with one or more groups selected from
C,,, alkyl, C, 5o alkenyl, C, 5, alkoxy, Cs 5 aryl, Cg.
aryloxy, fluoro, C,_,, fluoroalkyl, C, ,, perfluorcalkyl,
C,,.5o diarylamino, cyano, nitro, C,_,, ester, C,_, het-
eroalkyl, C;_,, heteroaryl, and combinations thereof.

25. The composition of claim 21, wherein the second
compound has a second end capping group that comprises
the first end capping group or the second compound com-
prises a divalent radical of the first end capping group, said
first end capping group being a C,, 4, tertiary aromatic
amino aryl comprising a monovalent radical of N,N,N'N'-
tetraarylbenzidine, N,N,N',N'-tetraayl-1,4-phenylenediax-
nine, N,N,N'N'- tetraryl-2,7-diaminofluorene, N,N'-bis(3-
methylphenyl)-N,N'-bis(phenyl)benzidine, N,N'-bis(1-
naphthyl)-N,N'-bis(phenyl)benzidine,  1,4-bis(carbazolyl)
biphenyl, 4,4'4"-tris(N,N-diarylamino)triphenylamine, 1,3,
S-tris(4-diarylaminophenyl)benzene, 44" 4"-tris(N,N-
diphenylamino)triphenylamine, 44" 4"-tris(N-3-
methylphenyl-N-phenylamino)triphenylamine, or 1,3,5-tris
(4-diphenylaminophenyl)benzene,

wherein the first end capping group is unsubstituted or

substituted with one or more groups selected from
C ,, alkyl, C, 5, alkenyl, C, _,, alkoxy, C 54 aryl, Cs.
aryloxy, fluoro, C, 5, fluoroalkyl, C, ,, perfluoroalkyl,
C, ., diarylamino, cyano, nitro, C,_,, ester, C,_,, het-
eroalkyl, C;_5, heteroaryl, and combinations thereof.

26. The composition of claim 21, wherein n is equal to 2.

27. An organic electronic device comprising the compo-
sition of claim 1.

28. The organic electronic device of claim 27, wherein
organic electronic device is an organic electroluminescent
device.

29. The organic electronic device of claim 28, wherein the
organic electroluminescent device comprises an organic
emissive element comprising the first and second com-
pound.

30. The organic electronic device of claim 29, wherein the
organic emissive element has multiple layers and the com-
position is in a light emitting layer.

31. The organic electronic device of claim 29, wherein the
organic emissive element has multiple layers and the com-
position is in a charge transporting layer, a charge blocking
layer, a light emitting layer, a color conversion layer, or a
combination thereof.
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