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WO 0146454 POTIUSOLABRGT

POLYMER MATRIX ELECTROLUMINESCENT MATERIALS AND DEVICES

FIELD OF THE INVENTION

This invention relates to photoluminescent and  eleciroluminescent
compositions comprising a mwatrix comprising sromatic repeat units and a
uminescent metal ion or a luninescent metal ion complex. The invention also
relates to method for making such compositions and clectroluminescent devices
asng such compositions.

BACEGROUND OF THE INVENTIDN

Many types of luminescent devices exist, including a number of all solid state
devices. Solid atate devices ave preferable over incundescent or fluorescent bulbs in
that they are lighter; more compact, can be made smaller, and can have higher
efficiency, Examplea of aolid state luminescent devices arve light emitting diodes
(LEDs), such as galium arsenide or silicon carbide LEDs, organic light emitting
diodes (OLEDs), such as GLED displays being marketed by Uniax Corporation and
CDT Ltd., end doped zinc sulfide devices that have been marketed for a number of
years, for example by GE® as Limelite™ nightlights, and American Tack and
Hurdware, Co. Ine., (Monsey, NY) s Nitslite™ nightlighis. Any of these devices can
be fabricated into arrays to represent numbers or lelters, or pictures.

Of the various lumineseent devices and displays the OLEDs are the newest
and least mature technology. QLEDs typically consisi of a thin film structune
comprising a transparvent electrode, usually indium doped tin oxide ITO) on a glass
or plastic support layer, the ITQ optionally coated with pelyaniline or
poly{ethylenedioxythiopkene) (PEDOT), one or more organic containing layers,
typically a heole conducting layer, for example, of a triphenylemine derivative, a
Ihmminescent Iayer, for exampls, a polyphenylenovinylene derivative or a
polyflugrene derivative, an electron conducting layer, for example, an oxadiazole
derivative, and a second electrode, for example, calvium, magnesium, sluminum,
and the like.

The advantages of the OLED devices are, lightweight, potentially low cost
(although this has yet to be demonstrated cornmercially), the ability to fabricate thin
film, flexible structures, wide viewing angle, and high brightness. The
disadvantages of OLEDs are short device lifetimes, incressing vollages when
operated in a cohstant current mode, and broad spectral widths. The efficiency of
OLEDs is imited by the nature of the excited stute of organic molecules. Typically,
both the singlet and triplet excited states ave populated during the operation of an
OLED. Unfortunately, only desay from the singlet state produces useful light. Decay

-1-

JP 2004-503640 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

30

(49)

WO 0146454 POTIUSOLABRGT

from the triplet state to a singlet ground state is spin forhidden and therefore slow,
giving non-radiative processes move time to take place. Pacause the triplet state is
three-fold degenerate and the singlet state is not degenerate; three quarters of the
excited alectrons enter the triplet state and produce little or no light. .

An addifional disadvantage of OLEDs is the relatively short lifetime of the
excited state of organic molecules. In a display application each pixel is scanned 10
to 100 times every second, typically 60 times every second. 1t is dosirable for the
light from the pizel to decay on about the same time seale. If the pixe] deeays too
slowly each subsequent image will be scanned over the not yet faded previous image,
and the image will blur. If the pixel decays foo quickly, there will be a noticesble
flicker.

There is a need for a solid state device that is not limited by the short
lifetimes of OLEDs. The short life of OLEDs is suspecied to arise from the
decompositien or alteration of the organic layers during operation.

There ig also a need for electroluminescent devices that have stable I.V
characteristics muking the assoviated electronics simpley.

There is also a need for electroluminescent devices with pure color
charactevistics that are more amenable to color displays. For color television,
monitore, and the like, red, blue, and green devices with exacting color ave required.

There is alee a need for electroluminescent devices with higher efficiency, not
limited by decay from non-luminescent triplet states.

There is also a need for electroluminescent devices with phasphorescent decay
times in the appropriate range for sconned displays and passive displays.

SUMMARY OF THE [NVENTION
In one aspeci, the present invention is directed to a pelymer compoesition
comprising repeat units selected frow the group consisting of:

R

<
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where R is independently selected from H, D, F, Cl, Br, T, alkoxy, aryioxy, alkyl,
aryl, alkyl ketone, aryl kelonw, alkylester, arylester, amide, carboxylic acid,
fhuorealkyl, fuoroaryl, polyalkalene oxy, any two of the R groups may be bridging, m
i3 0-2, nis 0-8, 0 is 0-4, p i 0-5, g is -6, £ is 0-7, A and B are independently selected
from the group consisting of -0-, -8-, -NRy-, and -CRiRs-, -CR{RaCRyRy- , -N=CFRy-,
-OR1=CRye-, -N=N-, and -(3()- where Bi-Fa are H, D, F, Cl, By, I, alkyl, aryl,
alkylenecxy, polyalkyleneoxy, alkoxy, aryloxy, fluoroalkyl, and flucroaryl, twa of the
R groups mey be bridging, and F is selected from the group consisting of O, NH, and
3,

and une or more fluoreseent metal iona,

In ancther aspect, the invention is dmected to an electroluminescent device
comprising the compesition aet forth above, In one embodiment, the
electroluminescent device comprises a frst electrode, one or wore charge transport
layers, an electroluminescent layer comprising the composition set forth above and a
second electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention
will be more fully understood when considered with respect to the following detailed
description, appended claims, and accompanying drawings, wherein:

FIG, 1 i a semischematic side view of one embodiment of an
electroluminescent device provided in accordance with practice of the present
invention;

FIG, 2 15 a semi-schematic oxploded view of the electroluminescent device of
TIG. 1;

FIG. 3 shows an array of electroluminescent devices exiending in two
dimensiens provided in accordance with practice of the present invention;

FIG. 4 I a semi-schematic side view of another embodiment of an
electreluminescent device provided in accordance with practice of the present
nventien which comprises an electron transfer layer but no hole transfar layer; and

FIG. b 1s a semi-schematic side view of an electroluminescent device provided
in  accordance with practice of the present invention having a graded
electreluminescent layer.

DETAILED DESCRIPTION

In order to overcome the deficiencies of previous luminescent devices it wounld
be desirable to have a device with higher efficiency than current OLEDs, and with
leonger lfelimes. It would also he desivable to have a device thak operated at low
voltage, preferably less than 20 volis, more preferably less than 15 volts, even more

4.
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preferably less than 10 velts, and most preforably less than 5 volts DC. It would also
be desirable to have a device with good color quality, and appropriate
phosphorescent decay time for displays. '

We have found that many of the disadvantages of OLEDs may be overcoms by
use of a combination of a fluorescent metal ion and an organic matrix designed to
collect and deposit energy inte the fuorescent metal fon, as the luminsscent layer{s)
in an electroluminescent device. The matrix typically comprises o polymez, but may
be an aligamer, or discrete molectles, The malrix will aceept elactrons and/or heles
fream the electrodes and trapsport them toward the center of the device where they
recombine to produce an excited elecironic sfate in the matrix. Materials that
fluoresce well tend to also electroluminesce well, and are thus good candidates for
the matrix of the preeent invention. The band gap of the matrix (or in other tarma
the HOMO-LUMO difference} will determine the enerpy of the excited siate, and
how much energy is available to excite the luminescent metal. A polymer matrix
that luminesces in the red will generally not be able to transfer energy to a metal
that luminesces hhue, except in the unusual case of a two photon or higher order
process. Thus it is desivable to choose & polymer matrix that luminesces blue, indigo,
violet, or ultravielet, ie., the high energy part of the spectrum, so that transfer to
metals that luminesce blue, green, or red is passible.

The flucreacent spectrum of organic polymers, oligomers, and disarete organic
molecules are fypically very broad, ofien 50 or 100 nm wide. The absorption and
emission bands of lanthanide metals are very nairow, typically 5 to 20 nm, because
the hands result frem transitions between { orbitals which are “buried” within outer
filled d and s orbitale. Since they are soreened by the outer d and s orbitals they are
Iegs effected by external electric fields and transitions within the f manifold are net
broadened. The narrow bands provide very pure colors, a desirable feature for
display fluorophors.

Lanthanide metals bave been used ns eathodohuminescent materials for many
years in color television picture tubes, commonly called cathode ray tubes (CRTe). [t
ie well known that certain lanthanide metals have fluorescent bands very near the
ideal color courdinates for red, blue and green, in CRTs. By using a polymer matrix
(with its broad spectrum} teo excite a lanthanide mefa] (with its narrow spectrum,
and good color ecoordinatesy a much betier color rendition is ackhieved. The
Tanthawides are ytirium, lanthanum, cerium, prasepdymiviy, peodymium,

promethivm, samarium, europium, gadolinium, terbium, dysprosium, holmium,

erbiue, thulivm, ytéerbium, and Intetium.
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Lanthanide metals, and other luminescont metals, have excited siuate
lifetimes that are closer to the lifetime needed for displays then are the lifetimes of
organic matexiale,

The excited state of a lanthanide jon produces much mere Light (about four
times more) than an exciled organic compound. Also, the Tuminescent metal ion or
complexes can accept energy from both singlet and triplet states of organic
molecules. In this way, the excited epergy in the organic singlet state that was
otherwise destined fo be lnst to non-radiative trapsetions is transferved to a metal,
which then radiatea.

Metal ions sre much less subject to bleaching or chemical reactions that
destray the fluorophor than wrganiv species. The term fluorophor is used here to
wmean the chemical system that ahsorbs energy and re-emits il, typically the emittad
enerpy is light of lower energy than the absorbed energy. The chemical system may
be an atom, an ion, a molecule, a metal complex, an oligorer, a polymer, or two or
more atoms, Jons, or molecules in close proximity, capable of exchanging enerey.
Fluorophora may be, but are not Hwmited to being, photoluminescent, fluorescent,
phosphorescent, cathedoluminescent, or electroluminescent, Although the devices of
the instant inveniion are still parely organie, (he metal ivns exert a protective effect
by removing energy from the organic excvited state. The devices of the prescnt
invention are thus expected to have longer lifetimes than all organic devices.

In the practice of the present inventinn, a luminescent or fluorescent metal
ion or coraplex, preferably a lanthanide metal fon or complex, is embedded within a
fluorracent organir: matrix, preducing & system wherein the organic matrix may be
elevated to an excitad state, which then {ransfers its encrgy to the metal ion or
complex. which then emits light. The enerey transfer between prganic matrix and
metal may be enhaneced by providing coordination sitea for the metal en the organic
matrix. The energy transfer may also be enbanced by providing the metal with
palarizable ligands.

‘The lumincscent metal ion may be any metal 1on or metal complex that
luminesces, including, but not limited to, transition meta] ions such as manganese,
silver, ruthenium, ividium, and platinum, lanthanide ions, and complexes thersof,
Lanthanide ions are preferred because of their narrow speciral line widths.

The electroluminescent (EL) compositions and EL devices of the present
invention will have very narrow emission lines because the emission is primarily
from a lanthenide metal ion. As noted above, lanthanide metal ions have narrow
emisaion bands, typically 5 to 20 nm in width (full width at helf maximom, FWHM.
The FWHM of the electroluminescent compositions and devices of the present
invention will be less than about 50 nm, preforably less than about 20 nm, more
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preferably less than about 14 nm, aven mave preferably less than about 8 nm, yet
more proforably less than about 5 nm, even yet more preferably less than about 4
nm, and moet preferably less than 3 nm,

The luminescent metal ion may be coordinated or coraplexed to a ligand, or
may be complexed or coordinated tv a polymer. One or more counter ions may alsn
be present, and these may ov may not coordinate to the metal, The luminescent
metal ions may form clusiers or may be part of a cluster of metals. Ligands and
counter ioms way also coordinate two or more luminescent metals, in a bridging
fashion.

The luminescent metal ions may be present us part of an inorganic solid. For
example, an inorganic powder, comprising a Taminescent mesal jon &y be mixed
with & luminescent pelymer. The incrganic powder is preferably 400 mesh (average
particle size Jess than abont 88 microns), or finer, more preferably leas than about 2¢
oicrops, even mere preferably less than about § microns, and most preferably less
than abeut 3 microns. The inorganic powder may be a nanosized powder with
average phyeical dimensions in the 1 to 1000 nanometer range, preferably less than
shout 500 nanometers, and more preferably less than about 100 nanometera.
Nanometer sized particles have very high surface to volume ratios and a high
fraction of the metal ions are at the sinface of the particle or within several
angstroms {several tens of nanometers) of the surface, making energy transfer from
a polymer in which the powder is embedded possible. Nanesized particles less than
about 300 nm do not scatter visible light. In the practice of the present invention,
the light emitting films may be less than 1000 nm ang, if particles are to be used,
the particles must be smaller than the film thickness. The inorganic solid may be a
semiconductor, Non-limiting examples of semiconductors ave gallium nitride, tin
oxide, zinc oxide, gine sulfide, cadmium sulfide, cadmium selenide, lead oxide, and
the like. Semiconductors comprising elements of groups Il and VI (II.VI
semiconductors) can often be prepared by wet chemical methads and are therefore
preferred.

Merely mixing a flunrescent polyer with a fluorescent metal ion or complex
does not guaraniee that energy can be transferred from the polymer to the metal.
The excited state of the palymer must ke at a higher energy level than the excited
state of the metal, otherwise little or ne enarvey will be transferred. Additionally, we
have found that the probability of energy transfer can be increased hy providing a
polymer having functional groups, either side groups, or main chain gronps, or end
groups, that bind or coordinate to the luminescent metal ion, or metal complex. Any
functional group that coordinates to a metal may be vsed, Tt will be understood by
ane skifled in the art how fo determine if a functional group is ecordinated, for
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example, by observation of spectral shifts of the functional group in the IR, vieible,
or NMR apec.;tra. Functional groups may be monodentate, or chelating multidentate,
or macrocyclic. Fusctional groups that may be used include but are not mited to
amines, amides, alecohols, alpha diketones, alpha ketoaleohols, bata diketones, beta
ketoaivohols, heta Lotoacids, bipyridines, bigquinclines, borates, carbexylic acids,

" catecols, diols, bydroxyquinelines, phenanthiolenes, phenols, phosphates,

polyamines, polyethers, pyridines, quinclines, salicylates, sulfates, thioethers, thiols,
thiophenss, and the like. Functional groups may lose one o more protons upon
coordination to the luminescent metal iom,

The functional groups on the polymer may veplace all or some of the ligands
on the finorescent metal. Thet is, the metal may have additional ligands cther than
the pelymer funciicnal groups, ineluding coordinated solvent, and coordinated
counter jons.

We have also found that the luminescont metal ion complex may be chosen to
enhance energy transfer from polymor to metal. Fven if the metal is not bound
directly to the polymer by a covalent or caordinate bond, enerzy tranefer may be
enhanced by choosing a Lgand that ioferacts with the polymer, eg, by van der
Waals, hydrogen honds, dipole-dipole, dipole-induced dipole, ar vther non-cevalent
interaction. Enexgy transfer may be enhanced by use of a ligand bearing polarizable
groups, far sxample, aromatic groups and especially multiple or fused ring aromatic
groups such as biphenyl, triphenyl, guaterphenyl, naphthyl, anthracenyl,
phengnthrenyl, pyridyl, quincliny], phenanthrolinyl, benzozazolyl, and the like. A
polarvizable ligand in general has electrons that can respond te an electric or
electromagnetic field. For the purposes of the prosent invention, a polarizable
ligund will kave at least one double hond; preferably, a carbon-carbonr double bond,
Maore preferably, the polavizable ligand will have two or more double honds; even
more preferably, three or more double bonds; yet more prefarably, four or moxe
double bonds; ever yet more preferably, five or more double bonds; and most
preferably, siv o more double bonds. It is further preferable that some ar all of the
double bonds he conjugated with one another. The double honds may be part of an
arpmatic or heteroaromatic ring, such as o benzene, pyridine, or quinoline ring, The
arcmatic ting may be terminal {eg., phenyl) or internal (e.g., phenylenc). For the
purposes of the present invention, confugated ligands are polarizable ligands.

Nop-limiting examples of polarizable ligands include benzaylacetone,
dibengoylmethane, benzoin, phenanthrolene, phenylphensnthrolens, bipyridine,
phenylbipyridine, diphenyibipyridine, Ar(CONCHOIAr, Av{CO)CHACOAY,
salicylic acid, salicylaldehyde, phenyleslicylic acid, phenylsalivylaldehyde, adenine,
purine, Z-aminobenzophenone, 2-amnino-4-chlerobenzaphenone, 2-(2-

.8.
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hydroxyphenybenzothiazole, 2-{2-hydroxyphenylquinoline, 1.naphthol-2-
carbuxaldehyde, 1,2-dihydroxybenzene, 1,2-dihydroxynaphthalene, 2,3-
dihydroxgnaphthylene, 1,8-dihydvoxynaphthylene, I-hydroxybenzophenone, 1-
hydroxyfluorenone, 7-hydroxyinden-I-one, 7-hydroxy-3-phenylinden-1-one, salen, 8-
hydroxyrquineline, 8-hiydroxyquinazoline, &-hydrosyquinoxaline, 4-
hydroxybenzoxazole, 7-hydroxybenzoxazols, ‘4~hydroxy—2fphenyl benzoxazole,
7-hydroxy-2-phenylbenzoxazole, hypoxanthine, and the like. Aryl, Ar and A ave
independently selected fror the group consisting of phenyl, 2-biphenyl, S-biphernyl,
4-biphenyl, 1-naphthyl, 2-naphthyl, 2-pyridyl, 3-pyvidyl, 4-pyridyl, terphenyl (any
isomer), quaterpheanyl {any iwomer), anthracenyl, phenanthrenyl, pyridy], quinolinyl,
phenanthrolinyl, benzoxazoly)l, and quwinazelinyl, optionally substituted with T
(deuterivm), F, Cl, Br, I aikyl, alkoxy, polyalkaleneoxy and fluoroalkyl. Preferably a
ligand will have at least one aromatic ring, more preferahly a ligand will have at.
least two aromatic rings, even more preferably a lipand will have at least three
aromatic rings. Preferably a ligand will have a direct bend botween two of the aryl
groups such that they form a biaryl group, or will have two rings in a fused ring
systera. Biaryle and fused rings have bigher polavizability than single ring systems
and therefore will couple betier to the polymer excited state. It is also preferahle for
the ligand to have a triaryl group or fused three-ring group.

Non-limiting exarmples of general structural formulae of polavizable lizands
are shown below.

R e OH
i
R R R,
s ] I L 0
OH Q
1
RW
\\_ CH t\‘\ CH
v A
3 4

JP 2004-503640 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

—
th

20

25

33

WO 01796454

-10-

(57)

POTIUSOLABRGT

JP

2004-503640 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

an

a5

(58)

WO 0146454 POTIUSOLABRGT

where R is independently sclected from H, D, F, CL Br, 1, alkoxy, arvloxy, aikyl,
aryl, alky! ketons, aryl ketone, alkylester, arylester, amide, carbosylic acid,
fiuoraalkyl, fluoroaryl, polyalkalens oxy (a.z. methoxyethoxyethoxy, etboxyethoxy,
and -(OCHzCHg)xOH 5=1-100}, two of the R groups may he bridging, m iz -2, n is 0-
3,018 0-4, p is 0-3, g is 0-6, v is 0-7. and s is 0-8. The B proups may be on any ring in
aoultiple ring structure, For example, in structure 12 there may be R groups on the
heterocyelic ring, on the phenolic ring, or on both, An example of bridging & groups
is given in structure 20 below, Structure 20 is derived from structure 8 whers two of
the R groups taken together are -CH=CH-CH=CH-.

o

O

20

Additiomal examples of polarizable ligands include R-GoHy-COoH, R-CeH,-
SO0:H, R-CoHa-POsH: substituied nicotinic acids R-CiHsMN-CO:H, substituted
salieylic acids, and the like. '

It will be apparent to one skilled in the art that the polarizable ligands could
be used as functional groups if they are covalenily attached to a polymer chain. For
example, any of the B groups in the structures could reprecent a polymer chain. A
polarizahle lignnd may ajso form part of the backbene of a polymer chain, for
example, being attached through R groups (n the cases where R has & hydrogen
that may he replaced by a polymer chain, e.g. aryl, alkyl, but not e.g, F, Br)

The gemsral formula for a polarizable ligand as part of the backbone of a
polymer chain is: —R—polarizable ligand—R}—{Y¥3— wheremn ¥ is a generalized
repeat unit.

A specific example of the foregoing is:

AR
o} OH
al

In structure 21 Y is a generalized repeat unit, and could be, for example, any
of the repeat units I-XII below.
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where B is independently selected fram H, D, F, Cl, Br, T, alkoxy, arvloxy, alkyl,
aryl, alkyl ketone, aryl ketone, alloylester, arylesier, amide, carboxylic acid,
finoroalkyl, fluorewyl, polyaikalane oxy, any two of the R groups may be bridging, m
s 0-2, nis 0-3, 0 is 0.4, p is 0-5, q is 0-G, ris 0-7, and A and B are independently
selected fromm the group comsisting of -O- -8-, -NRi-, -PR;- and -CRiRa.,
-CR1R2CRaRy, -N=CRy-, -CR1=CRe-, -N=HN-, and -(CO)- where Ri-Re are H, D, F, CL
By, I, alkyl, aryl, alkyleneoxy, polyalkyleneoxy, alkoxy, arylory, fluoroatkyl, and
fuoroaryl, two of the B groups may be bridging, and E is aclected from the group
consisting of 0, NH, and 8.

The polymers of the present invention are typically eromatic polymers,
baving relatively short confugation lengths leading to fluorescence in the blue 1o
ultraviolet region. Preferably the conjugation length will be 2 to B0 conjugated rings,
wore preferably 3 to 10 conjugated rings, even more preferably 3 to € conjugated
vings. Some or all of the rings may be part of a fused ring system. Conjugation
length, and therefors absorption and emission wavelengths, may be controlled with
non-aromatic spacer groups. Nom-limiting examples of spacer groups, or repeat units
are -Q-, -8, -NR-, -CRiRe-, -(CHgla, -(CFy)e-, ester, amide, and the like, The
polymers may be homopolymers, or copolymers. The polymers may be linear,
branched, Dhyperbranched, dendritie, rrosslinked, random, black, graft, or any
structural type. It may be desirable to utilize dendritic or hyperbvanched polymers
to channel energy into a luminescent metal beld at or pear the cove of the polymer
rmolecules. In this way the luminescent metals are naturally isolated from one
anather aveiding concentration effects, and may be mere evenly disiributed in the
polymer wmatrix allowing higher metal concentrations and greater brightness.
Examples of polymers are those having repeat uniis selected from the groups
cnr}sisting of:
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where R is independently solected from H, D, F, Cl, Br, I, alkozy, aryloxy, alkyl,
aryl alkyl ketone, aryl ketone, alkylester, arylester, amide, carhoxylic acid,
fuureullyl, fuoroaryl, pelyalkaiene oxy, any two of the R groups may be bridging, m.
13 0-2, nie 0-3, 0 is -4, p is 0-5, and q is 0-6, A and B are iﬁdcpcndﬁnﬂy selected
from the group consisting of -0-, -8, -NR;-, and -CR:Rs-, -OR1RxCRsRs- , -N=CR;-,
-CR1=CRe, -N=N-, and -(C0)- where Ri-Rq are H, D, F, alkyl, aryl, alkylencoxy,
polyalleylencoxy, alkoxy, aryloxy, fluorealkyl, and fluovoaryl, two of the B groups
may be bridgiag, w is 0-2, o 1s 0-3, o is 0-4, p is D5, g is C-6, and ¥ is 0-7, and E 35
selected from the group consisting of O, NH, and 8, and one or ware fluorescent
metal ions,

The miolecular weight (MW) of the organic matrix, or aromatic matrix, or
arpmatic hydroearbon mairix, will greatly influence the properties of the device and
the eese of fabrication of the device. Folymers are used a9 matrices partly because
polymer may be cast into thin films by spin ceating, a relativsly low cost method.
Qther methods, such as sereen-printing and ink jet printing, also require controlled
vigeosity of the solution carying the matevials to be prinied. Polymers are.very
sffective at controlling the viscoaty by adjusting their MW and concentration. The
MW of the conjugaied polymers will alze have an influence on conductivity of the
resulting film. The MW should be high, preferably greater than about 30,000
Dalton, more preferably greater than about 50,000 Dalton, even more preferably
greater than about 100,000 Dalton, and yet more preferably greater than sbout
150,000 Dalton. and most preferably greater than about 200,000 Dalton as
measured by gel permeation chrematography (GPC) neing technigues well known in
the art and refevenced against polystyvene standards. A high MW will «id in spin
coating and printing operations. A high MW will also prevent the material from
crystallizing in use, which is detrimental to device performance,

The sclution viscosity may also be used as a relative measure of MW. The
viscosily nay be meagured, for example, by using an Ubbelohde viscomster to find
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the specific viscosity at several conmcentrations and oxtrapoleting the intrinsic
visvosity. The intrinsie viscosity of the rigid and semi-vigid polymers of the present
invention is preferably greater than 0.8 dL/g, more preferably greater than 1 dLifg,
even moxre preferably greater than about 1.5 dl/g, end most preferably groater than
about £ dL/g. Intrinsic viscosity greater than 3 dLjg may also be desirable in cextain
cages. The viscosity of polymers that are not fully conjugated and having mon-
avomatic spacer groups may be lower, preferably greater than 0.3 dl/gz, more
preferably greater than D5 dlvg, and most preferably greater than 0.8 Ji/g.
Inherant viscouiby is sorvetimes used as a simpler measure than intrinsic viscosity.
For the purposes of the present invention, inherent wiscosity of greater than 1 ia
preferred, more preferably greater than 1.5, even more preferably greater than 2
dL/g, for rigid or highly confugated polymers. Lower inherent viscosity is preferred
for non-rigid, non-fully conjugated polymers, e.g., 0.3 dL/g, more preferably greater
than 0.5 dl/g, and most preferably greater than 0.6 dL/g.

A polymer matrix may be thermoplastic or thermoset, It may be desirable to
use a crosslinfked or thermosei type polymer to improve the stability of an EL layer.
Ip this vase the metal ion or complex ia mixed with a polymer precursor, prefevably
forming 2 homogeneons mixture, which is then cured using avy means known in the
art, including, but not limited to, thermal, UV, e-beam, mierowave, photo, and
chemical curing. For example, a highly avomatic bisepoxide is blended with a
(optionally highly aromatic) hardener, and a lanthanide metal complex bearing
aromatic groups. The lipands on the metal complex are chosen such that the metal
complex remains homogeneously distributed during and after curing the spoxy, and
do ot phase separate. The ligands may aleo contain thermosetting groups, for
example, & ligand bearing an epoxy group, which will become part of the polymer
malriz on curing. The ligands are also chosen such that energy transfer from excited
states of segments of the epoxy chain to the metal complex o . is efficient. The
epoxythardenerfianthanide metal mixture is then applied as needed, for example, as
a thon film, and cured. It may be desirable o include z solvent I the
epoxythardener/lanthanide metal mixture to aid film formation, which solveni is
vemoved before, during, or after cuzing. Similarly, other thermosetting systems may
be used, including but not Limited to, cyanate ester, ethynyl, maleimide, nadimide,
olefin/vuleanizer, phenolic, phenyethynyl, silicone, styrenic, ursthane, and the like.

The matwix may be oligomeric, that is relatively short chain of repeat units,
Oligomers may be desired over polymers to achieve lower melt viscority av easa of
synthesia. Ohgomers have sdvantages over small molecules in that oligemers are
more readily precessed to give amarphous films.

- 18-

JP 2004-503640 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

35

(64)

WO 0146454 POTIUSOLABRGT

The matrix may alse be composed of small melecules, Tt is proforable to use
molecules or mixtures of melecules that can be processed into amorphous o glasay
films. For exampls, it is konown in the art that spire type molecules such as 22 (J.
Salbeck, J. Bauer, and F. Weissortel, Polymer Preprints, 38, (1) 1987), will form
glassy filme that are highly fluorescent. The Salbeck et al. ariicle is incorporated
herein by this refercnce.

A key feature of the molecules reported hy Salbeck et al, are the long arms
that disrupt crystallinity and provide conjugation. Luminescent metal complexes
having phenyl, biphenyl, texphenyl, or quaterphenyl groups, preferably {erphenyl or
guaterphenyl groups, will form homogenerus amorphous mixed films with long arm
spiro molecules. The sromatic groups on the lonz arm spire moleculs and the
aromatic ligands enhance energy transfer to the metal from the spiro moleculs,
Spire moleeules, such as 22, may be combined with fluorescent metal complexes,
preferably lanthanide comaplexes, to forr glassy filme that fluoresce predominantly
the color of the fluorescent metial.

The erganic matrix of the present invention may be an aromatic matrix,
preferably an arematic hydrocarbon matrix, containing only carbon and hydrogen,
and preferably enly aromatic vings. The aromatic rings muy be phenyl or phenylene,
er fused ring structures such zs naphthalene, anthracene, phenanthreng and the
like  The arematic hydrocarbon matris may be composcd of discrete molecules (i.e.,
having melecules of only a single moleenlar weight) or may he oligomeric or
polymeric phenylenes (ie., having a range of molecular weights). The aromatic
hydrocarbon matrix may be spivo structures such as structure 22, or fluorene
containing structures such as 9.9-diphenylfluorene, The aromalic hydrocarbon
matrix may be a mixture of discrete molecules, oligomers, and/ar polymers. The
aromatic matrix may he linear or branched. Non-limiting examples of an aromatic
matrix ave 1,3-di(2-benzsosazale)benzene, 2,4-diphenylguincline, 2,3-
diphenylquinoxaline, . 1,4-di(6-inde-4-phenylquinolinedi-2-ybenzene, 8,6 -di(2,4-
diphenylquinolive),  4,4-diphenyl-4,4'dipyridyl,  triphenyltriazine, NNNN-
tetraphenylbenzidine, poly(4,4'-triphenylaming), tri-l-naphthylamine, polyaniline,

poly{N-phenylaniline), poly(2,3-dioctyl-1,4-thiophene), poly(2,3-ethylenedioxy-1,4-
-37.
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thiophene) and the like, Non-liniting examples of discrete aromativ hydrooarbon
molecules are terphenyl, 9,9-diphenylanthracene, pentacene, tetraphenylethylene,
triphenylethylene, triphenylmethane, triphenylene, tetraphenylbenzene, and the
like. Non-limiting examples of oligomeric or polymeric aromatic hydracarbon
matrices  arve poly(phenylphenyvlens), pelylphenyl-1,4-phenylenc-co.pheny!-1,3-
phenylene), }u'perbrznched_ pulyphenylene, poly(d,9-dioctylfluorens), and the like.

The organic matrix may be chosen to be an eleciron or hole transport
material. Buch materials will have 4 high electron mobility, preferably greater than
108 em2/V-s, more preferably greater than 105 con%V-s, and most preferably greater
than 104 cm2/V-g.

A funciion of the matris, whether polymerie, aligomeric, o small moleculs, is
to carry chavge (holes andlor electrons) and excited siate onergy (escitons).
Aromatic, polarizable molecules will have these properties, to en extent dependent
on their conjugation length, and ability to iransfer emergy through space; e.r.,
Férster caupling; see eg., “Blectroluminescent Materials,” Blasse and Grabmaier,
Chapter 5, 1994, Springer-Verlag, which is incorporated herein by this reference.

The effectiveness of a matrix to transfer energy to a metal, or the
effectivences of 2 ligand to transfer emergy from a mairix to a mefal may be
determined by measurement of spectra. The UV-vis spectrum of the matrix is
measurad and the extinetion cocfficient at 354 nm (or other particular wavelength,
364 is used boeause it is easily obtained from a mercury lamyp and is in the near UV)
caleulated and noted a8 Ematrs. Bmatix has wnits of lifer/mole-cm. A series of
photoluminescence spectra of the matrix plus metal complex is taken at a metal
complex concentration of 0.1 wt% metal and the quantum yield st the wavelength
maxitaum in the visible region is caleulated for each and noted as Phioupies. Phicomplex
is unitless, The. ratic Phigmpex/Ematis is the figure of merit F. The figure of merit F
has unitz of mole-cm/liter, Systems with higher F ave better than those with lower
F. This test may be modified in particular cases, e.g. it may be desived to use lower
concentrations of metsl complex to aveid concentration quenching or higher
soncentrations to improve sensitivity. Tt may he desirable to integrate the
photoluminescence intensity over a fintte wavelength range instead of using the
wavelv:ngth at maximum intensity (Note the units will change accordingly). This fest
mezsires the combined efficiency of energy transfer from the excited state of the
matrix to the metal {through Ligand or stherwise) and emission from the excited
metal.

The luminescent matrix of the instant inveotion is useful in
electroluminescent (EL) devices. In an BEL device an EL material is sandwiched
between two electrodes and a voltage applied. Typically, one of the electrodes is a

- 18-
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transparent electrode. Examples of transparent electrodes include, but are not
limited to, indiurn tin oxide (ITO), antimony tin oxide, doped metal oxides such as
.duped zine oxide, and doped titanium oxide, polyaniline, PEDOT, very thin metal
fiims such as a 50 nm gold film, and combinations of the ghove.

EL devices may contain additional layers, including, but not Lmited to hole
transport layers (HTL), electzron transport layers (ETL), conducting pelymoer layers
(CPL), metal layers, and layers to peal the device from the atmosphere.

The devices may have wmixed layers, for example a layer comprising a hole
trapsport waterial and a luminescent material. Or a layer comprising a liole
transport material, a luminescent material and an electron transport matervial. One
akilled in the art will know how to select HTL and ETL materials.

The devices may have graded or gradient layers. That is, the concentration of
a hole transpert, a luminescent, or an electron transport material may vary with
distance from the electrode in a continuous fashion. Graded layers may be prepared
by allowing one layer to diffuse into an underlying layer, ox by changing the
composition of the layer as it is being deposited.

Turning te FIG. 1, there is shown one embodiment of an clectroluminescent
device 10 provided in accordance with practice of the present invention. The
electroluminescent device 10 includes a transparent conducter 12 which acts as a

first electrode. A hole transport layer 14 and an electron transport layer 16 supply

holes and clectrons, respectively, to an electroluminescent layer 18. A second -

electrode 20 completes the circuit. The electroluminescent device 10, in this
embodiment, is mounted on a substrate 22 which, in some embadiments, can he
glass., Other subsirates such as plastic can he used if desired. The substrates can be
transparent, translucent, er opague. If the substrate is opague, the top electrode is
preferably transparent. Turning now to FI1G. 2, there is shown an exploded view of
the electroluminescent device 10 of FIG. 1, wheve lke components are labeled with
the reference numerals of FIG. 1,

Turning to FIG, 3, there is shown an array of cells of electroluminescent
devices 30 provided in accordance with practice of the present invention. Kach of
the electroluminescent devices comprises two electrodes 32.and 34 with an
electroluminescent layer 36-sandwiched therebetween. Optiooally, a hole iransport
layer andfor an electron transport layer can be provided on esch side of the
electroluminescent layer. A driver circuit 40 supplies current te the top electrodes
22. Curront-carrying lines 42 are comnected to the bottom electrodes 34, and
addvess lines 44 are used to control the current supplied through the deiver cireaitry
40 and drivelines 46. Bach cell may have a ditferent slectrokimincscent material in
the layer 86 to thereby emit & different colox. The array chown in FI1G. 3 is merely

-19.
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iustrative, and the geometry of the array provided in accordance with the present
invention is not Hmited by the arrangement of the drawing,

Turning now to FIG. 4, there is shown an electroluminescent device 50
provided in accordance with practice of the present invention which comprises a
bottom electrode 52, a fop elecivode 54, an electron trangport layer 56, and an
electrolurainescent layer 58 mounted on a substrate 60. In this embodiment, there
is no hele transport layer, and the electrode 54 supplies current through the electron
transport layer 56.

Turning now to FIG. b, thers iz shown yet another emhbodiment of an
elactroluminescent device 70 provided m accordance with practice of the present
invention. The electroluminescent device 70 incorporates a  graded
electroluminescent layer 72 sandwiched between elecirodes 74 mnd 76. The
electrolumineacent device 7} ip sopported op a substrate layer 78. In this
embodiment, the graded layer comprises an organic matrix and a lwminescent
metal iun or luminegcent metal complex, and optionally a hole transpoxt material
and/or an electron trunsport material, The concentration of the luminescent metal
ion or luminescent metal complex js dependent on position, for example the
concentration may be low, or approach zero ncar the electrodes 74 and 78, and be
highest at the center of the layer 72, Thiz arrangement wonld prevent quenching of
luminescence by the electrodes. Similarly, a gradient of hole transport material, e.g.
varying approximately lineavly from zero near the electrede 74 to the highest near
the electrode 76, would aid in hale transport from electrode 76, but net allow holes to
veach the electrode 74. Similarly, a gradient of electron transport material from
zero near the electrode 76, and highest near the electrode 74, would @d electron
transport.

In the absence of an electron trunsport layer andf/or a hole transport Layer,
the organic matrix comprising the electroluminescent layer most ¢arry electrons
and/or holes respectively.

Example 1.

0 MN{CHa)y

AR

23
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" . Polymer 23 poly.p-(N,N-dimethylamidophsnylens} (10 mg) is prepaed (as desevibed

i U.5. Patent No. 5,227,457 Example XV, incorporated herein hy reference) by
placing dry nickel chlovide (60 mg., 0.48 mmol), triphenylphesphine (G.917 &, 3.5
mmol), 2,2-bipyridine (647 mg, 0.41 mmal), sodium iodide (0.39 g, 1.44 mmol), and
zine powder (0.9% g, 14.1 mumol) indo 2 100 ml round-botiom flask. The flask and its
contents are heated to 50°C for 90 minutes under dynamic vacuwn to remove trace
water. Evacuation is discomtinued, and argon Is admitted to the fiask. Ty
dimethylformamide (DMF) (8§ ml) is added, and the teraperature is vaised to 80°C.
Within § minutes, the mixture turns a deep-red colov. After stirring for 20 minutes
under argon, a solution of 2,5-dichloro-N,N-dimethylbenzanide (2.016 g, 9.1 mmol)
in DMF (5 ml) is added. After 2 hours, the mixture is cooled bo room temperature,
then poured inte 200 ml of 156% agueous HCl and extracted with berzene. The
product, as a suspension in benzene, is washed with 5% HCl Dichloromethane is
added to the thick, white, benzene suspension to give a slightly cloudy solution,
which is separated from the remsining water and tzken io dryoess do a rotary
evaporater to give 0.5 g of poly-p-{N,N-dimethylamidophenylenc), a white powder.
The polymer 23 was dissolved in 1.5 g N-methyl pyroolidinene (NMP), Separately 15
g BuCliBH:0 was diszolved in 1.7 ¢ NMP. The solutions were mixed and stirred
for two minutes at about 120°C. A portion of this solution was cast onte 2 microscope
slide on a hot plate in air at 120-139°C. An sssentially dvy film was obtained after &
few minutes, Upon sxposure of this film to long wavelength TTV vadiation (~366 nmi)
red luminescence was observed. As a standard reference, 15 mg of polymer 28 was
dissclved in 1.2 g NMP and ¢ast as above. Upon exposure to long wavelength UV
radiation, bright blue luminescence was. chserved, The red luminescence of the
polymer 28/Eu® film diminished when placed in air for an extended period of iime.
A drop of water was placed on the film. The region of the film contacted by water
fluoresced blus.

Example 2.

B O

X

Structure 24

Poly(},3-(5-dimethylamingiphenylene), 24

.21-
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Toe MN,N-dimethyl-8,5-dichlorozniline (1.90 grams, 0.01 mol) in anhydrous NMP (50
wl) 15 added nickel(bistriphenylphosphine)dichloride (0.109 g, 0,187 mmol), sodium
bromide (0.193 g, 1 mmol), and tripbenylphosphine (0.262 g, 1 memol), and zine dust
{1.96 g 0.03 mol) under nitrogen. On addition of zinc the reaction mixture warms.
The tamperaturs is held between 70¢C and B5°C using a cooling ur haating bath as
needed, for 4 hours. The reaction misture is then cooled to below 50°C and poured
intv 100 m1 of isopropanol. The coagulated polymer is filtered and re-dissolved in
NMP. The solution is filtered to remove zine, and coagniated a second time into
isepropanol. The coagulated palymer iy filtered and dried.

Polymer 24 poly(1,3-(5-dimethylamino)phenylene) (12 me) ie dissolved in 1.2 g NMP.
10 mg EuCly.6H,0 ia dissolved in 1.2 g NMP. Half of each golution is mixed together
and cast as in Example 1. The nther half of polymer PP3 solution is sepavately casi
and dried. Upon exposure to long wavelength UV radiation, the film of pure PP3
luminescence blue while the film of the PP3/ Bu? does not lumineace.

Example 3.

OO,

Structure 25
Poly(2,5-benzephenone-ce-1,4phenylene-co-1,3-phenylene), 26

The Tollowing compounds were added to 2 vound bottom flask under a
nitrogenn purge:  2,5-dichlorobenzophenone (151 grams, 6.00 mmal), 1,4-
dichlorghenzene (0.88 gram, 6.00 mmol), 1,3-dichlorobenzene {7.06 ml, 48 mumol),
NMP (53.8 m)). Nal (0.84 gram, 5.60 mmal), triphenylphosphine (3.1 gram, 18.6
mmol), nickelbistriphenyiphosphinudichioride (0.523 gram, 0.800 mmel), and En
dust, (5.6 gram, 85.6 muwol), The reaction was hoated in an oil bath set to 65°C, The
temperature of the reaction mixture increasved to 87.1°C and then refurned to 65°C,
The reaction mixture was held at 65°C overnight, after which time the mixture wag

coagulated intc a mixture of ethanol and concentraied hydrochloric acid. The
.29,
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coagulated polymer was washed with hot. ethancl and hot acetone and dried. The
weight average ruclecular weight was determined to be 32,388 hy gel permeation
chromatography (GPC). The yield was 5.260 grams of polymer 25 indicating that
some impurities were $til present in the coagulated pelymer. Pitme were cast from
hot NMP, The films flzoresce blue under long wave ultraviclel ivradiation,

Polyphenylene polymer 25 20 (g} is dissolved in 1.5 g NMP. Separately, 10
mg EuCly.6H:0 is dissolved in 1.2 g NMP. The solutions are mixed and cast 29 in
Example 1. '[-Jpon exposure to 1TV radiation (366 nm) the typical blue luminescence
of polymer 26 is observed with no observable diminution in strength or shift in colar
due to the addition ¢f surcpium salt,

In Examples I and 2, and most notably Example 1, the color of luminescence
of the mixture was alteved from the blue colox of the host polymer, most probahly
due to cnergy tranafer from the excited state of the polymer to the rave earth metal
and the subsequent emissien from the metal fon. The red emissicn in Example 1
indicales emission only from the excited Bu® jons and the transfer of energy from
the excited sizte of 23 1o the Eu?*ions.

Complexation or cuordination of the rave earth ion and the polymer appears
to be importani for energy transfer. Polymers 23 and 24 contain smide and amwine
maieties in their structure while polymer 2§ is purely a hydrocarbon. Complexation
of the nitrogen or oxygen rontaining polymers seems to facilitate energy transfer. In
Example 3, Polymer 25 does not contain groups that inieract strongly with the
europium on and thus interaciien and energy transfer did net take place. In
Example 2 polymer 24 has an amine gide group which may coordinate to a metal
i6n. Enargy was transferved from the polymes as indicated by yuenching of polymer
luminescence, however, luminescence of the ewropium is net observed, indicating

ikat other factors may cause quenching of the rare earth luminescence.
Bsumple 4. Polyfluorene 286.

9,9-di-n-butyl-2,7-dibromoflaorens 27 is prepared by the method of Wan, et zl,
T.S. 5,962,631 the yelevant parts of which are meorporated herein by reference. The
GPC molecular weight of the polymer 27 is 50,000 to 80,600,

To 27 (436 grams, 001 mel) in anhydrous NMP (50 wl iz added
nickel{bistriphenylphosphine)dichloride (0.109 g, 0.167 mumol), ssdium bromide
(0.102 g, 1 mmel), and triphenylpbosphine {0,262 g, 1 mmel), and zinc dust (1.94 g,
0.G3 mol) under nitrogen. On addition of zine the reaction mixture warms. The
temperature 1s beld between 70°C and 85°C using a cooling or heating bath as

L 95.
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needed, for 4 hours, The reaction mixture is then cooled to below 50°C and poured
into 100 ml of isoprepancl. The coagulated polymer is filtered and redissolved in
NMP, The solution is filiered to remove winc, and coagulated a second time inta
isopropanol. The coagulated polymer 26 is filtered and dried.

Exampls 5. Polyfluorene conolymer 28

9,9-di-n-butyl-2,7-dibromoflucrene 27 is prepaved as above by the method of Woo, ot

al, U.8. 5,962,631

2,7-dibromofluorene-Y-spiro-2'-(1',3",6, %, 12, 15 hexaoxacyclobeptadecane), 29

<My
Lol o

To a solution of 2,7-dibromo-9-flucreneone (33.8 grams, §,1 mol) in toluene (250 ml),
is added pentafsthylene glycol) (23.8 grame, 0.1 mol), and DOWEX® 50WX4-100 ion-
exchange resin (5 grams). The mixture is gently refluxed for 8 hours in a dean-stavic
apparatus to remove water, after which time the mixure is cooled to rvom
temperature and the ion-exchange resin is filterad off, The solvent is removed by
distillation at reduced pressure using & rotawy ¢vaporator. The resulting product
may be used as is oy purified by column chromatography.

Alternatively, the crown ether £4 may be prepared foflowing the method of Oghima
et ul, Bull. Chem. Soc. Japan, 59, 3979-8980, except replacing 9-fluorenecne with
2, T-dibromo-8-fluoreneone,

To 29 {6.68 grama, .01 moal) in avhydrous NMP {50 mD is added 27 (4.36 grams,
0.01 mol), mnickel(bistriphenylphosphine}diehloride (0.109 g 0.187 mmol), and
triphenylphosphine (0.262 g, 1 mmol), and zinc dust (1.96g, 003 mol) under

-24-
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nitrogen. On addition of zinc the reaction mixture warms, The temperature is held

hatween 70C and 85°0 using a cooling or heating bath as needed, for 4 honrs. The
reaction mixture is then cooled te below 500C and poured into 300 ml of isopropanol.
The coagulated polymer 28 is filtered and redissolved in NMP. The solution is
filtered to romove wine, and coagulated a second time into isopropanol. The
coagulated polymer is filtered and dried.

Examples 6-8. Polylluorene type fluorophors.

Polyfluorens 28 (10.0 grams) and a metal salt as indicated in Table L ave dissolved
in 100 ml NMP. The eclution is spin-coated anto an ITO coated glass substrate to
thickness of about 100 nm. The coated substrate is dried at 100°C at reduced
preasure for 3 howrs. The films fluereses as indicated in Table 1 when Lrradiated at
265 nin. An aluminume layer of a thickness of about 200 nm is evaporated onto the
polymer/metal salt Sl at about 10% torr. Connectione were made fo the ITO and
aluminuem layer with indium-tin soldex. A potential is applied to the filme with ITO
positive and aluminum negative (forward bias), causing the devices to smit light of a
color corresponding to the photolumineseence.

TABLE 1

Example Metal Salt Weight | Moles Luminescence
Example 6 Th{NOy}-6H20Q | 4.36 grams [0.01 mol Green
Example 7 CeMN0w6H:0 | 4.84 grams [ 0.01 mol Blue

Example 8 Eu(NOggbH:0 | 4.28 sramsa §0.01 mal Roed

Examples 9-11. Films of polyfluorene and a polarizable fluorescent metal complex.

Polyiluorene 28 (10.0 grams), and a metnl complex as indicated in Table 2 (dbm is
dihenzoylmethane) are dissolved in 100 ml NMP. The solution is spin-ceabed onio an
ITO coated glass subsirate to a thickness of about 100 nm. The coated substrate is
dried at 1002C ai veduced pressure for 8 hours. The filng fluoresce as indicated in
Table 2 when lrradiated at 566 nm. An pluminum layer of a thickness of about 200
nm 15 evaporated onto the peolymer/metal zzlt flm at about 109 torr, The area
covered by the aluminum is controlled uging a mask of 1 um? open area. Connections
were made to the ITO and aluminum layer with indivm.-tin solder. A potential is
applied to the films with ITQ positive and aluminum uegative (forward bias),
causing the devices to emit light of & color corresponding to the phoicluminescence.

JP 2004-503640 A 2004.2.5
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TABLE 2
Example Meiul Complex | Weight Moles Luminescence
Expmple 9 Tuidbin)s 8.25 prams (1.01 mol Red
Exsmple 10 Thidbm)y 5.22 pramsg 0.01 ol Green
Exumple 11 Coidhm)y 8.13 oram 0.01 mpl Blue
Example 12

Buropizn doped ytiria, Yo0:Eq {100 erama) (Superior MicroPowders, Albuquergue,
NM) is added to a solution of pelymer 28 {100 grames) in NMP {1 liter). The
sugpansion is mixed well and films ave cast onto ITO voated glass substrates to give
{ilms of thickness of about 2 microns. An aluminum contact i3 evaperated onto the
#lim through a mask te cover & 1-cm square section of the film. Under forward bias
the Slm emite red light.

Examplea 13-16. Nanoerystalline phosphorfpolymer matrix type electroluminescint
eysteme,

Nanseryetalline phosphors are prepaved according to Thara et al, as reported i
Society for Information Display, International Symposium, 1999, The average
particle sive is £ to 3 nanometeyrs, Ten grams of nanocrystalline phesphor is added to
B grams of polymer 26 (or polymer 23) in 50 ml of NMP. The resulting suspensions
are spin cast onte ITO coated glass plates to foxme thin films between 100 and &00
nanometers. The fibms fluoresce (PL} under 366-nm irradiation as tabulated in Table
3. The filnsg are then coated with aluminum by vacuum evaporation through a mask
with a 3-mm by 10-mam hole. A voltape of 5 to 10 V iz applied across the deviee with
the ITO electrode being positive causing electroluwminescence (BEL) as listed in
Table 8.

'FABLE 3

Example Nanoerystal Polymer PL: BL
Examplc 18 ZuS:Eu 28 Red Red
Example 14 Zn8:Tb 26 Green Gremm
Bxample 15 Zund:EuFg 23 Red Red
Example 16 | Zn8:TbF 28 Oreen CGhreen

.85 -
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Examples 17-20. Polymer / Rare Earth Metal Comploxes

Energy transfer between an aromaiic polymer and lanthantde ions was qualitatively
examinad. NMP was used as co-solvent for all mixtures from which films were cast
and dried at avound 100°C in air. Dilute and approximaiely equivalent
concentyation solutions of all species were made m NMP. Desired aclution mixtures
were then prepared by mixing of equivalent amounts of the polymer and metal szlt
solutions. Filma were prepaved by casting these solution mixtuves onto slides and
drying in air at ~100°C wsing = hot plate, The dried films were then excited with
long wave TTV radiation (366 nx) and the luminescence observed. Table 4 shows the
lumineseence properties of the slariing matcrials. Teble 5 summarizes the results
for the mixtures.

Table 4
Material Phase Luminescence /| Comments |
Color
t 25 Solid Blue Hazy film
23 Solid Blue Clear film
24 Solid Blue Clear brownish
HuClg Solution Red Clear golution
[ ThCls Boletion Giresp Clear solution
Table 5
Example # Mixtures Phase Lumineseenc | Comments
e/ Color
17 25 + Eud+ Solid Blue Hauy film
18 23 + Eudt Selid Red Clear film
19 24 + Bu® Sclid None Clear
brownish
a0 23 + Th3 Solid Weak Blue Clear

In Examples 18, 19, and 20 the color of the film flugrescence is aliered away from -

the blue solor of the sensitizer or host polymer, mosat probably due to energy transfer
from the excited state of the polymer to the rare earth metal and the subseyuent
emission from the lattice of the metal ion. This was most pronouneed in Example 18
where the red color mdieated cmission only from the exeited Eu* ions and the
transfer of encrgy from the excited state of polymer 23 to the Eudtions, In example
19 the flusrescence of the polymer was gquenched indicating energy transfer,
bowever, the Eu fluoreseenee in the red was too wealt to be visible. In Example 20,

.97 .

JP 2004-503640 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(75)

WO 0146454 POTIUSOLABRGT

the weak blue fluoreacence indicated only partial enerpy transfer to Th, znd the
green color of Th flucrescence was not observed. In this set of experiments the

M, N-dimethylamide groups of polymer 23 was most effective at transferring energy
to Bu?+.

Example 23. Crosslinked matrix

The bisglycidylether of 4,4-biphenyl 15 mixed with 20 mole% of 1-naphtbylamine,
600" meled% anisole, and 2 mole¥ of Eufacac)z. Optionally, il to 50 mole% of &
polymer of atructures 1 thwough XII 18 added. The mixture is cast into a filn and
heated to 80°C under reduced pressure causing simultaneous evaporation of anisole
and aiving of the epoxy groups. The cured film fluoresces red.

Example 22, Photocrosslinked matrix

Monomers 1-vinylnaphthalene (0.1 mol) and diviaylbenzene (0.005 rmol),
photoinitistor {0.001 mal), =nd tr{s{8-hydrozyquinolinato)terbium, are mixed and
cast as a thin film by spin coating onto an ITO coated glass substrate. The flm is
immediately exposed to 254 nm light to activats the photoinitiator. The film is then
heated to 100°C for 5 min ta remove unreacted menomer. The film fluoresces green.
A second electrode of aluminum is deposited onto the luminescent layer by
sputtenng.

Example 28, Photecrosslinked matrix

The same as example 22, except thut polystyrene (0.05 mol) is added to the mixture
before spin coating to adjust the viscosity of the mixture.

Example 24, Small molecule matvix - spivo compeound matrix

The apiro compound 22 (0.1 mol) is dissolved in a mixture of toluene (B0 ml) and
tetrahydrofuran (50 ml) and tris(benzoylnaphthoylmethane)terkium, (G.056 mol) and
polystyrene (0.01 mol) are added. The resulting mixture is spin coated onto the top
of a muliilayer structure consisting of glass, ITD, and  tris(d-
phenylethymylphenyliamine cured at 306°C fur 1 hour under nitrogen (50 nm). The
resulting multilaper structure fluoresces green. A top electrode is formed by
avaporation of aluminure.

.928-
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Tris(4-phenylethynylphenylyamine.
Tri(4-bromophenyllamine (8.1 mol) and phenylacetylene (0.2 mol} are allowed te
rveact in NMP (100 ml} with palladinmdiacetate (0.006 mpl), tritolylphosphine (0.012
mol) and triethylamine 0.3 mol) at 80°C for 16 hours. The triethylammonivm
kromide is fltered off and the product is purified by recrystalizaton from hexane.
Example 25,

Monemsr 27 (9,9-di-n-butyl-2,7-dibromofluorene) (43.6 gram, 0.1 mol) and 2,7-

dibrome-9-fluorcneone (3.45 grams, 0.025 mol) are polymerized using the conditions
of Example 5 to give copolymer 36 having the following structure:

nBu _nBu 9
30

A film is cast from a solution of 30 (1 gram) and europiumtrichloride hydrate (0.1
gram) in NMP (12 ml). The film fluoresces rad.

Example 26. Film containing hole transport agent

The method of Example 1 is repeated excepl that NIN-diphenyl-N,N'-bie(3-
mathylphenyl)-(1,1-hiphenyl)-4, 4 diamine (TPD) 5 mg is added to the Arst solution
in addition to polymer 28. The resulting film has a red fluorescence when hrradiated
at. 366 nm.

Example 27.

Poly(para-benzeylmorpholine) 33 js prepared (as described in U.S. Patent MNo.

5,227,457 Example XVII incorpurated herein by refexence) by placing anhydrous
nickeXIT) chloride (50 mg, ©.3% mmol), triphenylphosphine (750 mg, 2.86 mmol),
sodinm. Jodide (150 sug, 1.0 mmol), and 325 mesh activated zine powder {1.2 g, 18
mumol} inte a 25 ml flask under an inert atmosphere along with § ml of anhydrous N-
methylpyrrolidinone (NMY), This mixture is stivred at 50°C for about 10 minutes,

14
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leading to a deepred coloration. A sclution of 3 g (115 mmol) of 2,5
dichlovobenzoylmurpholine (=09% pure by HPLC analysis) in 10 ml of anhydrous
NMZ is then added by syringe. Aftex stirring for abeut 60 hours, the resulting
highly viscous solution is poured into 100 ml of 1 molar hydvochloric acid in ethanol
to disgolve the excess zinc metal and to precipitate thoe pelymer. This suspension is
filtered, and the precipitate triturated with acetone to afford, afier isolation and
drying, 2.2 g (100% yield) of polyparabenzoylmorpholine as a light tan powder. The
inherent viscosity is about 1.8 dl/g. Polymer 31, 10 mg, ia digsolved in 1.5 g NMP,
Séparately, 15 mg Bu(N0O3)3.6H20 and 6 mg phenanthroling arc dissolved in 1.5 g
NMP. The solutions ave mixed and stirred for fwo minutes at 120°C. A pertion of
the solution is vast onte a glass plate at 120-130°C, and kept hot, until dry, and ihen
cocled fo room temperature. On exposure to 366 nm UV rudiation, red luminescence
is observed, A film prepared similorly from a solution centaining polymer 31 alone
fluorosces blue.

Example 28,

Copoly-{1,4-(henzoylphenylene)}-{1,4-phenylene} 82 is prepared (as described in U.S.
Patent No. 5,227,457 Example XVII incorporated herein by reference) by placing
anhydrous Dbis(triphenylphosphine) nickeKITy chlevide {375 g 57 mmol),
triphenylphosphine (18 g; 68.6 mmol}, sodiura chloride {Z.0 g, 34.2 mmol), 325 mesh
activated zine powder (19.5 g 298 mmel), and 250 mli of anbydrous NMP into an
oven dried i-liter flask under an ioert atmosphere. (Activated zine powder ia
obtained atter 2-3 washings of commercially available 3256 mesh zine dust with 1
molar hydrogen chloride in diethyl ether {anhydrous) and drying in vacuo or under
inert atmosphere for several hours at about 100° -120° C. The resulting powder
should be siftad {e.g. 2 150 mesh aieve seems to be saiisfactory), to remove the larger
clumps that sometimes form, to assure high activity. This material should be used
immediately or stored under an inert atmosphere away from cxygen and moisture)
this mixture is stirved for about 15 minutes, leading to a deep-red colaration. A
mixtura of 2,5-dichlorcbenzophenone (45 o; 173 mmol) and 1,d-dichloro-benzene
(2.5 g; 20 mmol) is then added to the flask, The temperature of the vimarounsly
stirred reaction mixture is held at 60°-70°C until the mixfure thickens (about 30
minuies). After eooling the reaction mixture to roum temperatuve overnight, the
resulting viscous solution is poured inte 1.2 L of 1 molar hydrochloric acid in ethanat
to dissolve the excess zinc metal aud to precipitate the polymer. This suspension is
filivred and the precipitate is washed with acetone and dried to afford crude resin.
The achieve high purity, the erude polymer is dissolved in shout 1.4 T of NMP and

SA0-

JP 2004-503640 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

15

20

25

30

i3

(78)

WO 0146454 POTIUSOLABRGT

coagulated into aboui 4 1, of acetone, continuously extracted with acetone, and dried
to afford 30 g (B%% yield) of an offwhite powder. The intvinsic viseosity is 4,3 dL/g
in 0.05 malar lithium bromide in NP at 40°C.

Polymer 32, 1.3 g is reduced using sodinm borehydride (1.1 molar equivalent of
sodium berohydride for each benzoyl gronp of 32) in phenethylaleohol, to give
polymer 33, Polymer 33 is treated with an excess of acetic anhydride to esterify the
aleohol groups resulting from the sodium horohydride reduction, to give polymer 34.

A layer of polymer 84 (about 300 nm thicl) is spin cast onto a glass substrate coated
with an indium tin oxide transparvent conductive layer, which has been coated with
Baytron P® (Bayer) of thickness about 500 nm. A layer of ¢aleium is evaporaied on
top of the Jayer of polymer 34 as a cathode. Finally, a layer of magnesium is
evaporated on top of the calcium to protect the calcium from ajr, When a voltage is
applied between the indium tin oxide anode and the caleium cathode, blue Jight is
emitted.

Example 25.

Copely-{1,4-(benzoylphenylene)}-{1,8-phenylenc} 86 is prepared (as described in 1.5,
Patent No. 5,854,392 Exumple 16 incorpovated herein by reference) by placing
anhydrous Dbis(iriphenylphosphine) nickel(Il) chloride {10 g 15 mmol),
triphenylphosphine (50 g; 0.12 mole), sodium iodide (15 #; 8% mmol), and 325 mesh
activated wnc powder (60 g; 0.92 mole) into 2 boiile under an inert atmosphere and
added fo an oven dried Z-iter flask containing 800 milliliters of anhydrous NMP,
against & vigorous nitrogen counterflow. This mixture is stirred for ghout 15
minutes, leading to a deep-red coloration. A mixture of 2,5-dichlorobenzophenene
(127 g 0.51 Mele) and 1,3-dichlerobenzene {11 inl; 96 mmol) is then sdded to the
flagk. After an initial slight endotherm (due to dissolution of monomer), the
temperature of the vigorously stirrved reaction mixture warms to about 80°-85°C aver
30 minutes, After sthwing for an additiopal 10-15 minutes, the viscosity of the
reaction mivture increases drastically and stirring is stopped. After cooling the
reaction mixture fo room temperature overnight, the resulting viscous solution is
poured into & L of 1 molar hydrochlonic acid in ethanol to dissolve the excess zinc
metal and to precipitate the polymor, This suspension iz filtered, and the
precipitate is vontinuousiy extracted with sthanol and then with acetone and dried
to afford 93 g (94% yield) of erude white resin. To achieve high purity, the crude
polymer is dissolved mn about 600 mL of methylene chloride, pressure filtered

-381-
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through L2 micran (nominal} polypropylene fiber filters, coapulated into about 2
liters of acetone, continuously extracted with acetone, and dried to afford 92 g (33%
yield) of a fine white pewder. The GPC MW relative to polystyrene is 160,008-
200,000,

Polymer 85, 2 ¢ is reduced uging sodium borohydride (2 molar equivalent of apdium
borohydride for each henzoyl group of 36) in phenethylaleohol to give polymer 36.
Polymer 36 15 treated wiik an excess of acetic anhydride to esterify the alcohel
groups resulbing from the sodium borohydride reduction to give polymer S7.
FPolymer 37 has a GPC MW of 160,000-200,D00 relative to polystyrenz. Polymer 87
fluoresces blue when frradiated af 366 pm. A layer of polymer 36 (2bout 250 nm
thick) is spin cast onto a glaes substrate ceated with an indium tin oxide transparent
conductive layer, which has been coated with Baytron P® (Bayer) of thickness about
500 nm, A layer of calcium is evaporaied on top of the layer of polymer 36 as a
cathode. Finally, a Jayer of maghesium is evaporated on top of the caleium to protect
the calcium from atr. When a voltage is applied between the indium tin oxide anode
and the calcium cathode, blue light is emittad.

Example 30.

Polymer 87 as prepared in Example 23 above, 1 g, is mixed with 0.4 g
Eu(MO0y);,6H20 and 0.15 g phenanthroline in 15 nal NMP. This solution is spin east
onto glass plates pre-coated with indium tin oxide und Baytron P® Bayer to give a
filrz of ubout 200 nm thick, The film fluoresces red when irradinted at 866 nm., A
maghesium/silver cathode is evaporated on top of the polymer 87 Iayer on one of the
plates. On a second plate, a 100 nm layer of 2,4-dinaphthyloxediazols is evaporated
onioc the layer of polymer 37, followed by evaporation of a magnesiuny/silver cathode.
Both devices emit red light when a voltage is applied across the anode and cathode.

The zbove descriptions of exemplary embodiments of photoluminescent and
electoluminescent compositions, the process for producing such compositions, and
the photoluminescent and electroluminescent devices preduced thereby are for
iHlustrative purposes. Because of vaviations which will he apparent fo those skilled
in the art, the presnt inveniion is not intended to he limited to the particular
ambodiemtns described above, The acape of the invention is defined in the following
claims;

.82-
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WIHAT IS CLAIMED IS:
1. A composition comprising a polymer comprising repeat units selected

from the group consisting of:

R, A R,
i1

R A /Rm

_{4%L2\ R
B
m
Ro
A A

VI
/ A
gns
VII

(80)

0y Iy

VIIL
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a 7
) 4L,
XI XII

where R is independently selected from H, Ib, F, alkoxy, arylosy. alkyl, aryl, allyl
ketone, aryl ketono, alkylester, avylester, amide, carboxylic acid, fluoroalkyl,
fiuoroaryl, polyalkalene oxy, any two of the R groups may be bridging, 1 ig 0-2, nis
0-3, ¢ i O-4, p is 0-5, and q is 0-6, A and B are independently selected from the group
consisting of -0- -5, -NIy-, 2nd -CRiBRp-, -CRiB:CReRy- , -N=CR,-, -CR1=CRa-,
-N=N., and -(C0}- where Ei-Ri ave H, D, F, allgyl, aryl, alkylencoxy, polyalkylensoxy,
alkoxy, arylozy, fluorcalkyl, and fluoroaryl, twa of the R groups may be hridging, m
iz 0-Z, nis 0-3, ¢ is 0-4, p is (-5, g is 0-8, and 1 is -7, and B is selected from the
group consisting of O, NH, and S; and

one or more luminescent metal ions er luminescent metal ion complexes.

2. The composition of claim 1, wherein the luminescent metal ion or

luminescent metal ion vomplex comprises a lanthanide metal jon.

3 The compuesition of claim 1, wherein the polymer is 2 copolymer.

4. The composition of claim 1, wherein the polymer is a dendritic or
hyperbranched polymer.

. The composition of ¢laim 1, wherein said polymer comprises repeat

units of sbructure I1.

8. The composition of cluim 1, wherein the luminescent metal ion or
[uminescent metal ion complex comprises cerium,

-34-
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7. The composition of claim 1, wherein the Iuminescent metal ion or
Juminescent metal ion complex comprises curopium.

1R The composition of claim 1, wherein the luminescent metal ion ar
luminescent metal i0n complex comprises terbium.,

9. The composgition of ¢laim 1, wherein the polymey is a copolymer,

10.  The composition of claim 9, wherein one of the repeat unita has
structure IT,

11, The composition of claim 10, wherein for one of the repeat units having
structure IT g is 0, A is -CR1Re-, and R; and Rp are alkyl.

12.  The composition of claim 11, wherein a sccond repeat unit has
structuxe [T, wherein q is 0, A is -CR(Be-, and F; and Rp are independently selected
from the group consisting of H, D, F, alkyl, aryl, alkylencoxy, polyalkylencoxy,
alkozy, arylozy, fluorealkyl, and fluorcaryl.

13.  The compesitiot of claioy 1, wherein the luminescent metal ion or
[uminescent motal lon complex is present as part of an inorganic selid.

14, The compositien of claim 13, wherein the inorganic solid is a nanosized
powder with physical dimensions in the 1 to 1000 nanometer range.

15, The composiiion of olaim 14, wherein the morganic solid is a
semicenductor.

18, The composition cof claim 15, wherein the semiconductor iz a II-VI
semiconductor,

1%.  The composition of claim 1, wherein the luminescent metal ion or
luminescent metsl ion complex comprizes a metal ion selected from the group
consisting of chromium, manganese, iron, cobalt, melybdemun, ruthenium, rhodium,
palladivm, eilver, tungsien, thenium, osmiuw, hidinm, platinum, gold, and
uranium.

18.  An electroluminescent. device comprising the coraposition of claim 1.

.85 -
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18,  The composition of claim 15, wherein the inorganic solid is a
semiconductor.

20. The composition of claisn 19, wherein the semiconductor is a II-V1
semiconductor.

21.  The composition of claim 1 having emission banda of 20 nm or less.
22,  The composition of claim 1 having emission bands of 10 nm or less.
283.  The composition of claim 1 having emission bands of § nm or less.
24.  The compuosition of ¢laim 1 having emission bands of 3 nm or less,

25, The composition of claim 1, wherein the luminescent metal ion or
Tuminescent metal ion complex comprises a polamzable ligand.

26.  The composition of ¢laim 25, wherein the polarizable ligand ie selected
from the proup consisting of :

R S -OH
i
R
Re 7 | R P o
CH O &
1 4
R Ry
Rq on “\\\ aH R
l\\ | CH
L
& aH oA | CH
Rt
-
3 4 5
Rg R Fn R
UG, &
o OB o OH ¢ 0

I
I~a
o
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27.  The composition of claim 25, wherein the polavizable kgand is part of a

polymer chain.

28.  The compesition of claim 27, wherein the polymer chain is a conjugated

polymer chain.

)

Bp
Sy
il CH

ot

OoR

14

Rn

A
Safse

15
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29,

polymer.

30.

31.
polymer.

32,

33.

polrmer.

3¢

36.

(85)
PETUSITARRG?
The composition of claim 1, wherein the polymer is & cwosslinked

The composition ef elaim 1, wherein the polymer iz an cligomer.

The composition of claim 1, wherein the polymer s a Lranched

‘The composition of claim 1, wherein the polymer is a block co-polymer.

‘I'he composition of claim 1, wherein the polymer is a vandom co-

The composition of clazm 1, wherein the polymer is a graft co-polymer.

The composition of claim 1, wherein the conjugation length of the

polymer is controlled with non-arumatic spacer groups. -

38.

The composition of claim 85, wherein the spacer groups are selected

from the group censisting of -O-, -3, -NRB-, -CRiRs, {CHale-, (CF2)n-, ester, and

amide.

37.

The composition of claim 35, wherein the conjugation length is

between 2 and 50 conjugated rings.

38.

The composition of claim 35, wherein the copgngation Iength is

between 8 and 10 conjugated rings.

39.

The composition of claim 38, wherein the conjugation length is

between 3 and 6 conjugated rings,

40.

41,

An electrolumimescent device comprising the composition of claim 1.

The electroluminescent device of cladm 40, wherein the polymer iz a

crosslinleed polymer.
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42, An electraluminescent device comprising:
a first electrode;
one or more charge franaport materials; and
an electroluminescent layer comprising the composition of claim 1 and
a second electrode.

4% The electroluminescent device of claim 42, wherein one or hoth of said
electrodes is a transparent electrode.

44,  The elechroluminescent device of clain 42, wherein ane or both of said
electrodes comprises tin oxide or doped tin oxide.

45,  The electroluminescent device of claim 42, wherein one of the charge
transport makerials 16 & hole transport material provided as 2 distinct [ayer.

48.  The electroluminescent device of claim 42 comprising two layers; a first
layer comprising a hole transport material, and the electroluminescent layer which
copprizses an cloctron fransport material.

47.  The electrolumincscont device of claim 42, wherein an electron
transport material is provided as a distinet layer.

48, The electroluminescent device of elaim 42 comprising two layers; = first
layer comprising an electron transport material, and the ¢lectroluminescent layer
which comprises a hole transport material.

49,  The electroluminescent device of claim 42 comprising three layeys, the
electroluminescent layer sandwiched between a layer of electron transpert material
and a layer hole transport material.

50.  The electroluminescent device of claim 49, wherein the layers are not
distinct, but graded.

5t.  The electroluminescent device of claim 42 comprising a hole transport

material and an electron transport material hoth of which ave praded m the
electroluminescent layer.

-89-
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52, The electroluminescent device of claim 42, wherein the swmiesion bands
are 20 nm or less.

538, The electroluminoscent device of claim 42, whevein the emission bands
are 10 nm or lesa.

&4, The electroluminescent device of claim 42, wherein the emission bandy
ave 5 nm or less.

58.  The electroluminescent davice of claim 42, wherein the emission hands
are 3 nm or less.

96.  The electreluminescent device of claim 42, wherein the
eleetroluminescent layer comprises a nanosized powder with physical dimensions in
the 1 te 1000 nanometer range. ’

57,  The electroluminescent device of elaim 42, whercin the turn-on voliage
is less than 15V.

58.  The elechroluminescent device of claim 42, wherein the turn-on veltage
18 Jess than 10V,

59.  The slectroluminescent device of claim 42, whevein the turn-on voltage
is less than 5V.

G0.  Anelectroluminescent composition comprising:
an aromatic hydrocarbon matrix; and

a lanthanide metal complex having an aromatic ligand.

61,  The composition of claim 60, wherein sail aromatic ligand has a diaryl
group.

62.  The composition of claim 60, wherein said svomatic ligand has a two
ring fused ring group.

63.  The composition of ¢laim 80, wherein said aromatic ligand has a triaryl
group.
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64.  The compesition of claim 60, wherein said uromatic ligand has a three
ring fused ring groug.

65. The composition of ¢laim 60, wherein said aromatic Ligand has a
polyaryl group.

G8.  An electroluminescent device comprising the composition of claim 60.

87.  An clectrolumineycont device comprising:
a first electrode;
one or more charge transport layers; and
an electroluminescent layer comprising the compoition of claim 60 and
a second elecirode.

88, The electroluminescent device of claim 67, wherein one or both of said
electrodes 1s a transpareni electrode,

69,  The ¢lectroluminescent device of vlaim 87, wherein one or both of said
electrodes comprises tin uxide or doped tin exide.

0.  The electroluminescent device of claim 67, wherein one of the layers is
a hole transport layer.

i, The electroluminescent device of claim 67, whereln one of the layers is
a hole transport layer and another of the layers is a mixed layer comprising a
lumineacent. matarial and an electron transport material.

72, 'The electreluminescent device of claim 67, wherein one of the layere is
an electron tranaport laycr.

738 The electreluminescent device of claim 87, wherein one of the layers is
an electron tranaport layer and another of the layers iz a mixed Jayer comprising a
luminescent material and a hole transport material.

74, The electroluminescent. device of claim 87, wherein one of the layers is

a hole transport layer, apother of the layers is a luminescent layer, and another of
the layers i3 an electron transport layer.
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75.  The electroluminescent device of claim 73, wherain the mived layer is
graded,

76, A composition comprising n polarizable matrix comprising discrete
melecules and & lupinescent lanthanide metal ion.

77.  The composition of cleim 76, wherein the polarizable matvix is o long
arm spire compound.

75.  The composition of claim 76, wherein the polarizable matrix is:

79. A composition comprising a polymer comprising the repeat unit:

where R is independently selected from H, D, ¥, Cl, By, I alkoxy, aryloxy, alkyl, aryl,
alkyl ketone, aryl ketone, allcylester, arylester, amide, carboxylic acid, Fuoroalkyl,
fluoroaryl, polyalizalens oxy, any two of the R groups may be bridging, m is 0-2, n is
0-3, 0 s 0-4, p is 0-3, und ¢ is 0-6, & and B are independently selcoted from the group
censisting of -0-, -3-, -WR;-, and -CRiRa:, -CRBuCRaR,- , -N=CRa-, -CR=CRz-, -N=N-
, and -(CO)- where Ry-Ry ave H, D, F, alkyl, aryl, alkyleneoxy, polyalkyieneoxy,
alkoxy, aryloxy, fluorcalkyl, and fluercaryl, two of the R groups may be bridging, m
is 0-2, n is 0-2, ¢ 18 G4, p Is 05, g iz 0-8, and r is O-7, and & is selected from the
group comsisting of O, NH, and S, and one or more luminescent metal ions or
[uminescent metal ion complexes, wherein said polymer has a molecular weight of
greater than about 33,000 Daltons.
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80.  The composition of claim 79, wherein said polymer has a molecular
weight greater than about 58,000 Daltons.

8l.  The composition of claim 79, wherein said polymer has a molecular
weight greater then about 60,000 Daltons.

82.  The composition of claim 78, whevein said polymer has a molecular
woight greater than about 100,000 Daitons.

83, The vomposition of claim 75, wherein said polymer has a moleculay
waight preater thap abeut 150,000 Daltons.

84.  The composition of claim 78, wherein said polymer has 2 molecular
weight greater than about 200,600 Dalions.

85,  The composition of claim 79, wherein said polymer has an inherent.
viseosity of at least 1.8 dLig.

86.  The composition of claim 79, wherein said polymer has an inkerent
viscoeity of at least 4.2 dlAg.

87.  The compesition of claim 7%, wherein ¢ is 1, and R is selected from the
group consisting of  -(C<O)NRiRa, -benzoyl, -NRjRz, -ORy, -CHR:Rs, -phenyl,
-naphthyl, and -2-benzozazole, and f1 and K; are as defined shove.

98.  The cmpposition of clzim 79, wherein the luminescent metal ion or
luminescent metal in complox comprises a lanthanide metal ion.

89.  The composition of claim 70, whesein the polymer is a copolymer.

90.  The composition of claim 79, wherein the polymer is a dendritic er
hyperbranched polymer.

91.  The compeosition of claim 79, wherein the huminescent metal jon or

luminsacant metal lon complex comprises cerinm.

92, The composttion of claim 79, wherein the hminescent metal jon oz
luminescent metal ion complex comprizes suropitm.
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93.  The composition of claim 79, wherein the Iuminescert metal iom or
Iuminescent metnl ton compler compprises terbium.

94.  The cemposition of claim 79, wherein the luminescent metsl ion or
luminescent metal ion complex is present as part of an inorganic solid.

95.  The composition of claim 94, wherein the inorganic solid is a nanosized
powder with physical dimengions in the 1 to 1000 nancmeter range.

96. The composition of ¢laim 94, wherein the inorgamic solid is a
semiconductor,

97. The composiiion of claim 96, wherein the semiconductor is a ¥I-VI
semiconducic:.

95,  The cumpbsit.]‘on of claim 7%, wherein the luminescent metal ion ox
luminescent metal ion complex comprises a metal jon selected from the proup
consigting of chrominm, mangaress, iren, cobalt, melybdenum, ruthenium, rhodium,
pullodium, silver, tungsten, rhonium, osmium, iridium, platinum, geld, and
uranium.

99.  Anclectroluminescent davice comprising the composition of claim 78.

100. The compesition of claim 95, wherein the inorganic solid iv =
semicondnctor. .

191. The rompositicn of claim 95, wherein the scmiconduector is a 1T.-VT
samiconducter.

102.  The composition of clajm 101 having emission bands of 20 nm or less.
193. The composition of claim 101 having emission bands of 10 nm or less.
104. The composition of claim 79 having emission bands of 5 nm or lees.

105. The compaosition of claim 79 having emission bands af 3 nm or less.
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106. The composition of claim 79, wherein the luminescent metal ien ar

Iuminescent metal ion eomplex comprises a pelarizable igand.

107. The composition of claim 106, wherein the polarizable ligand is
selected from the group consisting of :

R : S an
R b
R\{/‘ﬁ/ Re— e o
OH 0 '
R
1 2
Sy

|
Rci\“\ o \\ OH Ra o
& 7 o OH
R
o

(=]
len

O
._r-'/,Rp Ry
RP\__\ U / I\/\iQH
| P | S &
OH
e OH
8 10 11
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O G-
17 18 19

108  The composition of claim 106, wherein the polarizable ligand is part of
a polymer chain.

108. The composition of claim 118, wherein the polymer chain ia a |

conjugated polymer chain.

110. The composition of claim 79, whevein the polymer iz a crosslinked
polymer.

111. The composition of claim 78, wherein the polymer is an oligomer.

112, The composition of dlaim 72, wherein the polymer is a branched
pelymer.

113 The compesition of claim 79, wherein the polymer is a hlock co-
polymer.
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114. The composition of clabmy 79, wherein the polymer is a random co-
polymer.

115, The composition of claim 79, wherein the polymer is a graft co-
polymer. .

116. The composition of claim 78, wherein the conjugation length of the
poiymer is controlled with nen-aromatic spacer groups.

117. The composition of claim 116, wherein the spacer groups are selected
from the group consisting of +O-, -8, -NR-, -CR:Ra-, (CH2)p-, -(CFy)y-, eater, and
amide.

118. The composition of claim 116, wherein the copjugation length is
between 2 and 50 conjugated rings.

118, The composition of claim 116, wherein the conjugation length is
beiween 3 and 10 conjugated rings.

120, The composition of claim 118, wherein the comjugation length e
between 2 and 6 conjugated rings.

121, An electroluminescent device comprising:
a first electrode;
one or more cherge transport layers; and
an electroluminescent layer comprising the composition of claim 79
and a second electrode.

122. The electroluminescent device of claim 121, wherein one or both of said
electrodes i a transparent electrode.

123. The device of claim 1Z1, wherein ome or both of said clectrodes
comprises tin vxide oy doped tin oxide.

124. The device of claim 121, whersin ons of the charge transport material
is 2 hole transpoxt material provided as a distinet laver,
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125, The device of claim 121 comprising two layere; o first layer comprising
a hole Lransport muterial and the eloctroluminescent layer.

126.  The device of claim 121, wherein an electron transpoert material is
provided a8 2 layer,

127, The device of claim 121 comprising twe ayers; a fivst layer comprising
an elactron transport material and the electroluminescent layer additionally
comprizing z hole tranaport material.

128. The device of claimm 121 comprising three layers; the
elecireluminescent layer sandwiched between a layer of electron transport material
and z layer hole traneport material.

124, The device of claim 128, wherein the layers are not distinct, but are
graded.

130. The electroluminescent device of claim 121 somprising & hole transport
material and an electron transport material both of which are graded in the

electroluminescent layer,

181. The electroluminescent device of claim 181, wherein the emission
bands arve 20 nm or loss.

21, wherein the emission

—_

134, The electroluminescent device of claim
bands are 10 nm or less.

133. The eleclroluminescent device of claim 121, wherein the emission
hands are 5 nm or lass.

134. The electroluminescent device of claim 121, wherein the emission
bands are § nm or less,

186, The electroluminescent dovice of cdaim 121, wherein the

electroluminescent layer comprises a nanosized powder with physical dimensions in
the 1 to 1000 nanometer range.
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136. The electroluminescent device of claim 121, wherein the turn-on
voltage s less than 15V,

137. The electroluminescent device of claim 121, wherein the turn-on
voltage is Jess than 10V.

138. The eleetroluminescent device of claim 121, wherein the turn-on
‘oltage 1a less than 5V.

139. A composition comprising g polymer of the structiwe:
—{R-polarizable ligand —R}—~<¥}—; and one or more luminescent
wmetal ions or metal ion complexes, whersin R is independently selected from H, D,
¥, Ol Br, I, alkoxy, aryloxy, alkyl, avyl, alkyl ketone, aryl ketone, alkylester,
arylester, amide, varboxylic acid, fluoroalkyl, flucroaryl, polyalialene oxy, any two of
the R groups may be bridging, and Y is a polymer repeat unit,

140.  The cormposition of claim 189, wherein the luminescent metal ion or
lumingseent metal ion complex comprises a metal ion selected from the group
consisiing of chromivm, manganese, iron, cobalt, molyhdenum, ruthenium, rhadium,

pailadivm, silver, tungsten, thenium, osmium, iridinm, platinum, gold and uranium.

141, The compesition of claim 139, wherein the polarvizable ligand is
selected for the group consisting of :

R N aH
R = | R Re™Tp P o
GH
1
Ro oH Rq\‘\ o
» |
. ™ on

loe
=
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142. The composition of claim 139, wherein Y is selecied from the group
consisting of:

Ro
/\\
@
OO
P TA
m
7\ in
W
v v
Re
<)
w1
T >
V1
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WL L

Ry
/A

/

X

whare R on the T repeat unitis) is indepondently selected feroan H, T, F, Cl, By, I,
alkoxy, arvlexy, alkyl, aryl, alkyl ketone, aryl ketone, alkylester, arylester, amide,
carbexylic acid, Ouorvalkyl, fluorvaryl, polyalkalenc oxy, any two of the ¥ vopeat
undt B groups may be bridging, w is 0-2, »is 0-3, 015 0-4, p is -5, and q 15 0-6, 4 and
B are independently selected from the group consisting of -Q-, S, -NR;-, and
-CRABz-, -CRAReCR3RA- , -W=CRy-, -CR1=CRs, -N=N-, and -(CO} where R;-Ry are H,
D, F, Cl, Br, I, alkoxy, aryloxy, alkyl, aryl, alkyleneoxy, polyalkyleneoxy, alkoxy,
aryloxy, lueroalleyl, and flucroaxyl, two of the B groups may be bridging, m is 0-2, n
is -3, 0 iz 0-4, p ig 0-5, q i3 -6, and » 1 0-7, and E is sclected fom the group
consisting of 0, NH, and 8.

148. A composition comprising z polymer comprising repeat units selected
from the group conersting of:

& H )
O
m
_B2.
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IV v

g
b4
pay XiT

where R is independently selected from H, D, F, Cl, By, I, aikoxy, arylozy, alkyl,
avyl, alkyl ketone, aryl ketone, alkylester, avglester, amide, carboxylic acid,
TNuoroalkyl, flugroaryl, polyalkalene oxy, any two of the R groups may be bridging, m
13 0-2, nis 0-3, 0 is 04, p is 0-5, and q is 0-6, A and B are independently selected
from the group consisting of -O-, -8-, -NR;-, and -CRiRs-, -C‘,RiRzCRgR;- , -N=CR,-,
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-CRi=CRg-, -N=N-, and -(C0)- where Ri-R4 are H, D, F, alkyl, aryl, alkyleneoxy,

polyalkylensoxy, alkoxy, aryloxy, fiuoroalkyl, and fluorcaryl, two of the R groups
may be bridging, m is 0-2, 5 is 0-3, o ia 0-4, pis 0-B, gis 0-6, and r 15 -7, and B is

selected fiom the group consisting of O, MH, and &; and
one or more Juminescent metal ions or luminescent metal ion complexes,

144 The composition of claim 143, wherein said polymer has 2 molecular
weight greater than about 50,000 Daltons,

145, The compesition of claim 148, wherein said polymer has a malecular
woight greater than about 60,000 Daltons.

146. The composition of claim 143, wherein asid polymer has a molecular
welght greater than about 140,000 Daliona.

147. The composition of claim 143, wherein 3aid polymer has a molecular
waight greater than about 150,000 Daltons.

148. The compesition of claim 143, wherein said polymer has & molecular
weight greater than about 200,000 Daltons.

149. The composition of claim143, wherein said polymer has an inherent
viscosity of at least 1.8 dL/g.

150. The composition of claim 143, wherein said pokymer has an inherent

viscosity of at least 4.2 dL/g.
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