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(57) Abstract

Preparation of a solid fluorescent composition comprising (1) mixing a host chromophore and an effective amount of a pigment
precursor in a solvent, then generating a pigment as guest chromophore in situ from the pigment precursor, and, subsequently, isolating the
mixture of the host and guest chromophores, thereby forming a solid solution, or (2) mixing a polymer as a matrix or a polymer precursor
and a pigment precursor in a solvent, if desired in the presence of a chromophore being a host component, then generating a pigment in situ
from the pigment precursor (being the guest component if a host component is present), and subsequently isolating the mixture of polymer
and pigment, and - if present — the host component, thereby forming a solid solution, wherein in all cases where there is a host component,
the absorption spectrum of the pigment (guest chromophore) overlaps with the fluorescence emission spectrum of the host chromophore.
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Process for the preparation of fluorescent compositions, fluorescent compositions and their

use -

The invention relates to process for the preparation of a solid fluorescent composifion
comprising ,

(1) mixing a host chromophore and a fluorescing effective amount of a pigment precursor in a
solvent, then generating a pigment as guest chromophore in-situ from the pigment precursor,
and, subsequently, isolating the mixture of the host and guest chromophores, thereby forming

a solid solution, or

(2) mixing (a) a polymer as a matrix or a polymer precursor and (b) a pigment precursor in a

solvent in the presence of a chromophore being a host component, (c) then generating a
pigment in-situ from the pigment precursor, and, (d) subsequently, isolating the mixture of
polymer and pigment, and the host component, thereby forming a solid solution, wherein the
absorption spectrum of the pigment (guest chromophore) overlaps with the fluorescence
emission spectrum of the host chromophore, wherein overlap means "spectral overlap”

defined by the following integral
S=[=f(Mf.(dv

wherein f ¢ (v) is normalized, so that [*® f ¢ (v) is equal to fluorescence quantum yield of the
host, and where v is the wave number, f A the fluorescence spectrum of the host measured in
quanta, and f A the spectral distribution of the molar extinction coefficient of the guest, and
wherein the spectral overlap is greater than 10, and wherein the pigment is selected from the
group consisting of quinacridones, anthraquinones, perylenes, indigos, quinophthalones,'
isoindolinones, phthalocyanines, diketo- and dithioketopyrrolopyrroles, and azo pigments, and
wherein the host chromophore is selected from the group consisting of fluorescent
anthracenes, oxazoles, pyrenes, coumarines, fluoresceines, rhodamines, perylenes,

perinones, isoindolones and metal complexes consisting of metals and organic ligands.

In addition, the present invention relates to a composition comprising (a) a polymer matrix or a
polymer precmjrsor, (b) a host chromophore, and (c) a pigment precursor, wherein the
absorption spectrum of the pigment (as guest chromophore), obtainable from the pigment
precursor, overlaps with the fluorescence emission spectrum of the host chromophore.
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Furthermore, the present invention relates to a composition comprising (a) a polymer matrix or
a polymer precursor, (b) a host chromophore, and (c) a pigment, wherein the absorption
spectrum of the pigment (guest chromophore) overlaps with the fluoresence emission
spectrum of the host chromophore, and wherein the pigment is selected from the group
consisting of quinacridones, anthraquinones, perylenes, indigos, quinophthalones,
isoindolinones, phthalocyanines, diketo- and dithioketopyrrolopyrroles, and azo pigments, and
wherein the host chromophore is selected from the group consisting of fluorescent
anthracenes, oxazoles, pyrenes, coumarines, fluoresceines, rhodamines, perylenes,
perinones, isoindolones and metal complexes consisting of metals and organic ligands, with
the proviso, that if the pigment is an anthraquinone or a perylene the guest chromophore is not

a perylene or a perinone.

Combinations consisting of host chromophores and guest chromophores dissolved in the:
host matrix to generate an enhanced fluorescence and a Stoke shift of the emission fluores-
cence through an energy transfer from the host to the guest are highly desired matenials in

~many technical applications.

The possibility of energy transfer between chromophores that possess overlapping emission

“and excitation wavelengths of host and guest chromophores is known. For example, H. Port

et al. describe in Z. Naturforsch., 36a, pages 697 to 704 (1981) mixed crystals of fluorene
doped with dibenzofurane (or benzindan) which possess an enhanced fluorescence in the
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UV region, at temperatures below 100K. Although low temperature fluorescence has no

practical value and is only of scientific interest.

C.W. Tang et al. disclose in J. Appl. Phys., 65, 3610 to 3616 (1989) a multilayer electrolumi-
nescent device with a light emitting layer composed of 8-hydroxyquinoline aluminum, in
which is embedded a zone doped with a fluorescent molecule e.g. coumarin. The device
shows improved electroluminescence and a large gap between the excitation and emission
wavelengths. This Stoke’s shift is dependent on the dopant employed. The manufacture of
the device is complicated and not suitable for an industrial production.

J.M. Lang et al. describe in J. Phys. Chem. 97, pages 5058 to 5064 (1993) the combination
of coumarin as host and rhodamine as guest whereby both components are dissolved in
polyacrylic acid, but enhanced fluorescence is possible only under high pressure.

In WO 93/23492 are disclosed fluorescent microparticles with an enhanced Stokes shift,
which are composed of soluble and fluorescent host and guest dyes absorbed or bonded to
polymeric microparticles. The material is used for the optical detection of nucleic acids like
DNA or RNA. Unfavorably, the solid state fluorescence of these microparticles is poor.

US 5,227,252 discloses a fluorescent composition comprising a support material which is
coated on one side with a layer of 8-hydroxyquinoline aluminum, as host, and a derivative of
quinacridone, as guest. Similarly, JP-A-05 320 633 discloses a fluorescent composition
comprising a support material which is coated on one side with a layer of 8-hydroxyquinoline
aluminum, as host, and a diketopyrrolopyrrole, as guest. Although the guest structures are
inherently insoluble materials, they are in fact dissolved mainly as microsized clusters, which
is a consequence of the applied co-sublimation manufacturing process. The materials
possess an enhanced Stoke shift fluorescence and are used for example as light emitting
materials in electroluminescent devices. The sublimation temperatures of the used
chromophores are quite different. The process for their manufacture, which is a co-
sublimation of both components, placed in different containers, requires large expenditures
of technical equipment for precise control of the different sublimation conditions like
temperature to achieve uniform layers on the support. The process is not suitable for large

scale industrial manufacture. The process is also not suitable for the production of powders,
which are highly desired materials.
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In EP-A-0 456 609 is disclosed a process for the preparation of 1,2,3,4-tetrachloro-benzo
[4,5]) imidazo [2,1-a] isoindol-11-one and its derivatives in the presence of selected solvents.
They are pigments which display solid state fluorescence and improved outdoor durability. It -
is also mentioned therein, that the combination of 95% 1,2,3,4-tetrachloro-benzo[4,5]
imidazo[2,1-ajisoindol-11-one with 5% of Indanthrone Blue generates a green fluorescent
pigment. Such a system is a pigment composite, wherein the new color generated is simply
a sum of the two component colors. The color is not created by virtue of the occurrence of
complex, molecular level, energy transfer processes that require close interaction between
the components of the mixture.

EP 0 654 711 A d.iscloses a means for preparing structured color images via the use of a
soluble pigment precursor, which can be subsequently transformed, by the use of chemical,
thermal, photolytic or radiative means, to generate an insoluble, nanosize, stable pigment
thereof. The composition is specific to the ‘generation of aggregated pigment particles that
are dispersed homogeneously throughout a polymer matrix. Thus the compositions show the
color of the pigment and are not fluorescent.

Hence, the object of the invention on hand was to provide a fluorescent composition, which
does not show the above-mentioned disadvantages, preferably a composition should be
provided whereby

- a highly uniform distribution of inherently insoluble pigment in a matrix of a host
chromophore or in a polymer matrix is achieved;

- a solid solution is achieved, wherein an insoluble pigment is dissolved, preferably in a
molecularly state, and thus is distributed, preferably homogeneously, in a matrix of a host
chromophore;

- fluorescent materials are generated from polymers as matrix and contain a
dissolved pigment;

- fluorescent materials with enhanced luminescence are obtained by the co-use of a
host chromophore and energy transfer from the host to the pigment even in a polymer
matrix;

- the manufacturing process is far less expensive than known processes, particularly
compared with the known co-sublimation technique;

- the space-time-yield is improved;

- an economic industrial scale production is achieved;




- even an easy preparation of fluorescent particles comprising a host chromophore matrix
and a pigment is achieved; '

- fluorescent layers of a host chromophore matrix and a pigment directly are obtained from -
a powder from host chromophore/pigment mixtures;

- fluorescent layers of a host chromophore matrix and a pigment directly are obtained from
a powder from host chromophore/pigment precursor mixtures;

Further, enhancement factors for the present invention preferably should be all positive and
should be at least 1.3, preferably' at least 2 and more preferably at least 5. The term
*enhancement factor" as used herein, is defined as th'e increased or decreased factor, in
terms of peak height emission intensities of a solid-state composition comprising of host and
guest fluorescent moieties compared to an identical polymer that does not contain
fluorescent guest moieties. Comparisons are considered real, for as long as the excitation
radiatioh, wavelengths are identical. Naturally however the emission wavelengths of
host/guest material occurs at longer wavelengths (lower energy) as compared to an identical

material with no guest component.

Accordingly, a process for the preparation of a solid fluorescent composition was found com-

prising

(1) mixing a host chromophore and a fluorescing effective amount of a pigment precursor in a
solvent, then generating a pigment as guest chromophore in-situ from the pigment precursor,

and, subsequently, isolating the mixture of the host and guest chromophores, thereby forming
a solid solution, or |
(2) mixing (a) a polymer as a matrix or a polymer precursor and (b) a pigment precursor in a
solvent in the presence of a chromophore being -a host component, (c) then generating a
pigment in-situ from the pigment precursor, and, (d) subsequently, isolating the mixture of
polymer and pigment, and the hoét component, thereby forming a solid solution, wherein the
absorption spectrum of the pigment (guest chromophore) overlaps with the fluorescence
emission_ ~spectrum of the host chromophore. ‘

In addition, a composition comprising a polymer matrix or a polymer precursor, and/or a host
’chr_omophore, and a pigment precursor or a pigment, wherein in all cases where there is a
host component, the absorption spectrum of the pigment (as guest chromophore),




obtainable from the pigment precursor, overlaps with the fluorescence emission spectrum of
the host chromophore, a process for the preparation of a powder, a powder, a prbcess for
the preparation of a layer on a solid support material and the use of the abovementioned -

compositions and the powder as fluorescent material were found, too.

A first embodiment of the invention on hand is a process for the preparation of a solid

fluorescent composition comprising

(1) mixing a host chromophore and a fluorescing effective amount of a pigment precursor
in a solvent, then generating a pigment as guest chromophore in-situ from the pigment
precursor, and, subsequently, isolating the mixture of the host and guest chromophores,
thereby forming a solid solution, or

(2) mixing (a) a polymer as a matrix or a polymer precursor and (b) a pigment precursor in
a solvent in the presence of a chromophore being a host component, (c) then generating
a pigment in-situ from the pigment precursor, and, (d) subsequently, isolating the mixture
of polymer and pigment, and the host component, thereby forming a solid solution,
wherein the absorption spectrum of the pigment (guest chromophore) overlaps with the
fluorescence emission spectrum of the host chromophore, wherein overlap means

"spectral overlap" defined by the following integral

S=["f,(v)f,(v) dv

wherein f ¢ (v) is normalized, so that (" f ¢ (v) is eq;.lal to fluorescence quantum yield of
the host, and where v is the wave number, f 5 the fluorescence spectrum of the host
‘measured in quanta, and f » the spectral distribution of the molar extinction coefficient of
the guest, and wherein the spectral overlap is greater than 10, and wherein the pigment is
selected from the group consisting of quinacridones, anthraquinones, perylenes, indigos,
quinophthalones, isoindolinones, phthalocyanines, diketo- and dithioketopyrrolopyfroles,
and azo pigments, and wherein the host chromophore is selected from the group
consisting of fluorescent anthracenes, oxazoles, pyrenes, coumarines, fluoresceines,
rhodamines, perylenes, perinones, isoindolones and metal complexes consisting of

metals and organic ligands.
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In a preferred embodiment of the above process the in-situ generation of the pigment is
carried out under conditions that avoid migration of the deliberated pigment. Usually this can

be done by choosing a reaction temperature below 250°C, preferably in the range of from 10.
to 250°C.

In another preferred embodiment of the above processes the in-situ generated pigment is

distributed homogeneously within the mixture of host chromophore and pigment or within the
polymer matrix.

In the context of this invention, the term “homogeneously” means that the molecules of the
in-situ generated pigment are evenly or uniformly distributed or dispersed throughout the
mixture or the polymer matrix, and, preferably in the ideal case are essentially equidistant
from each other. According to observations today, the more even or uniform the distribution
is, the better are the fluorescence properties. Furthermore, a homogeneous or even
distribution is preferred, because usually the chances for aggregation are decreased.

Another preferred embodiment of the present invention relates to a process for the
preparation of a solid fluorescent composition comprising (1) a host chromophore and
distributed therein, preferably dissolved and homogeneously distributed therein, a pigment,
wherein the amount of pigment preferably is at most 10 weight percent of the total

composition or (2) a polymer matrix or polymer precursor and distributed therein, preferably
dissolved and homogeneously distributed therein, a pigment, wherein the amount of pigment
preferably is at most 10 weight percent of the total composition, alone or together with a host
chromophore, in all cases where there is a host component, the absorption spectrum of the
pigment overlaps with the fluorescence emission spectrum of the host chromophore,
wherein preparation of both (1) and (2) employ pigment precursors, and to form the
composition the ingredients are dissolved in a solvent, optionally polymerized, and

subsequently isolated to form a solid solution, wherein the pigment is then generated in-situ

from the pigment precursor in decomposing said pigment precursor under heating
conditions, which avoid migration of the deliberated pigment.

Under the aspects of the invention solubility of host chromophores means that at least 10

mg, more preferably at least 50 mg and most preferably at least 100 mg of the host chro-
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mophores are soluble in 1 liter of solvent like dimethylformamide, at 20°C. it is self-evident,

that the solubilities are higher at increased temperatures and depend on the solvent choice.

Under the aspects of the invention solubility of pigment precursors means that at least 200
mg, more preferably at least 300 mg and most preferably at least 500 mg of the pigment
precursors are soluble in 1 liter of solvent like dimethylformamide at 20°C. It is self-evident,

that the solubilities are higher at increased temperatures and depend on the solvent choice.

Under the aspects of the invention insolubility of pigments means that less than 500 mg,
preferably less than 300 mg, more preferably less than 200 mg, most preferably less than
100 mg, particularly preferred less than 50 mg, and particularly preferred less than 10 mg of
the pigments are soluble in 1 | of solvent like dimethylformamid, at 20°C. It is self-evident,

that the solubility are higher at increasing temperatures and depend on the choice of a
solvent.

Under the aspects of the invention, wherein there is a loss of a small molecule(s), usually a
gas, upon deliberation of the pigment from its precursor, the actual amount of precursor may
exceed the limit of 10 weight percent prescribed for the pigment itself.

In the context of this invention, the term “dissolved’ means that a molecule exists as a free
and isolated entip/ in a given surrounding or matrix, preferably in such a way, that it is
disengaged from any interactions between molecules of the same species, i.e. it is entirely
surrounded by matrix molecules. Usually the matrix can be a liquid organic solvent or a solid
material such as a polymer or another fluorescent material (host), which possesses a
different chemical structure. The concentration limits for molecules in the dissolved state in
general depend strongly on the associative nature between the molecule and the matrix
medium, and/or the intrinsic cohesive forces that exist between the guest molecules in
question. Correspondingly, it is impossible to define universal ranges for preferred

concentrations, and therefore, usually must be treated on an ad hoc basis, €.g. by a few
simple experiments.

The weight ratio of (host plus pigment):polymer matrix is dependent on the actual practical
application, hence there are no well defined preferred ratios, other than the broad range

90:10 to 1:999. In certain applications where both color strength and fluorescence are
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required, then the preferred ratios of (host plus pigment) to polymer matrix are 20:80 to
90:10, preferably 50:50 to 90:10 and more preferably 80:20 to 90:10. In circumstances
where fluorescence is desired but color strength is not required, then the preferred ratio
(host'plus pigment) to polymer matrix are 20:80 to 1:999, more preferably 10:90 to 1:999 and
more preferably 5:95 to 1:999.

The ratio of host to pigment may be for example 10000:1 to 10:1. Preferred ranges are
5000:1 to 10:1, more preferably 1000:1 to 20:1.

In the context of the invention isolation means evaporation of a solvent, precipitation from a
solution (for example through addition of a non-solvent under vigorous stirring), freeze-drying

or precipitation through polymerization of polymerisable monomers or oligomers, preferably
under vigorous stirring.

Suitable inert solvents are for example protic-polar and aprotic solvents, which may be used
alone or in an admixture of at least two solvents. Examples are: water, alcohols (methanol,
ethanol, propanol, butanol), ethyleneglycolmonomethyl- or -monoethylether, ethers (dibutyl-
ether, tetrahydrofuran, dioxane, ethyleneglycol dimethylether, ethyleneglycoldiethylether, di-
ethyleneglycoldiethylether, triethyleneglycoldimethylether), halogenated hydrocarbons (me-
thylenchloride, chloroform, 1,2-dichloroethane, 1,1,1-trichlororethane, 1,1,2,2-tetrachloro-
ethane), carboxylic esters and lactones (acetic acid ethylester, propionic acid methylester,
benzoic acid ethylester, 2-methoxyethylacetate, y-butyrolactone, &-valerolactone, pivalolacto-
ne), carboxylic acid amides and lactames; N,N-dimethylformamide, N,N-diethylformamide,
N,N-dimethylacetamide, tetramethylurea, hexamethylphosphorous acidtriamide, y-butyrolac-
tame, e-caprolactame, N-methylpyrrolidone, N-acetylpyrrolidone, N-methylcaprolactame;
sulfoxides (dimethylsulfoxide), sulfones (dimethylisulfone, diethylsulfone, trimethylenesulfone,
tetramethylenesulfone), tertiary amines (N-methylpiperidine, N-methylmorpholine), aliphatic
and aromatic hydrocarbons like petroleumether, pentane, hexane, cyclohexane, methyl-
cyclohexane, benzene or substituted benzenes (chlorobenzol, o-dichlorobenzene, 1,2,4-tri-
chlorobenzene, nitrobenzene, toluene, xylene) and nitriles (acetonitrile, propionitrile, ben-
zenenitrile, phenylacetonitrile), ketones (acetone, methyl-isobutyl-ketone).

The precipitation process may be carried-out by a variety of means. When the pigment
precursors, the host chromophores and polymers possess solubilities affording the desired
weight range in the final composition, the precipitation may be completed by adding the

solution to a large excess of non-solvent, preferably under vigorous stirring, filtering off then
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the precipitate and removing the non-solvent, preferably by drying the solid at elevated tem-
peratures and more preferably under vacuum. Another possibility is to evaporate the solvent
under vacuum and/or elevated temperatures.

Another preferred embodiment of the present invention is to isolate the soluble host
chromophores, pigment precursors and optionally polymers is freeze-drying, as a steady
state of host, pigment precursor and the solvent is generated by freezing the solution, which
contains the host chromophores, pigment precursors and optionally polymers in an homoge-
neous distribution. This state usually is maintained upon removal of the solvent by freeze-
drying.

Another embodiment of the present invention is to dissolve the pigment precursors and
optionally the host chromophores in a suitable solvent and to add it to a polymer gel
(polymer swollen with a solvent). The host chromophores and pigment precursors usually
penetrate into the gel. Removal of the solvent and drying in general generates a composition

from which the pigment can be deliberated to afford a composition according to the
invention.

Another preferred embodiment of the present inevntion is to mill together host chromophores
and pigment precursors using a ball mill. Due to the high shearing forces the pigment
precursor preferably penetrates into the host chromophore to form a solid solution from
which the pigment can be generated.

Another preferred embodiment of the present invention is to mix together the host
chromophores, the pigment precursor and optionally a polymer, by melt-mixing them at

temperatures below the decomposition temperatures of the components, optionally under
pressure.

Another preferred embodiment of the present invention is to dissolve a pigment precursor
and optionally a host chromophore in polymer precursors like polymerisable monomers or
oligomers with or without solvent and to polymerize the mixture in known manner like bulk,
solution or emulsion polymerization, thereby forming a polymer solid solution. By using
emulsion polymerization, highly desired and finely divided particles can be obtained.
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In the context of the invention generation of the pigment from the pigment precursor means
removing protecting groups linked to the corresponding pigment. The protecting groups may
additionally have the function to solubilize the insoluble pigment. The removal of protecting
groups may be achieved by chemical means like acids or bases, or catalysts present in the
composition, by radiation, by heating, or a combination of these methods. A preferred
method is heating, whereby addition of small amounts of acid, base and or catalysts may
assist to facilitate the forming of the pigment.

To produce the compositions according to the invention from the above solid solutions
(precipitates) the pigment preferably is deliberated from the pigment precursor under the
action of heat, such that it does not migrate to form undesired non-fluorescent pigment
particles. To avoid the migration preferably a temperature is selected according to the
decomposition temperature of the pigment precursor and the thermal properties of the host
chromophores and the polymers used.

Preferably, the temperature is below the decomposition temperatures of the host
chromophore and the polymer. In addition, it is preferred, the temperature being also below
the melting temperatures of the host chromophore and the polymer to avoid migration of the

generated pigment. Further, preferably the temperature is above the decomposition
temperature of the pigment precursor, too.

In general the mobility of the deliberated pigment is low at temperatures of about 100 °C or
less, so that a broad range of polymers or hdst chromophores can be selected when those
temperatures are employed. The temperature range for the heat treatment of the solid
solution may be for example at least 50 °C using irradiation and or acids, and may be below
the melting or softening (or glass transition temperatures) of the host chromophores and
polymers respectively, when higher temperatures like more than 100°C or 120°C are emplo-
yed, due to a higher mobility of the deliberated pigment. in practical terms the temperature
may be from 50 to 250°C, preferably 70 to 220°C, more preferably 80 to 200°C, and most
preferably 100 to 180°C.

When a polymer matrix is used the selected decomposition temperature may also depend
on the softening or glass transition temperature of the polymers, to avoid the migration of the

generated pigment molecules, as it may lead to the formation of undesired nanosize pigment




WO 98/33863 PCT/EP98/00315
| 11 -

particles. It was found that the heating temperature preferably is chosen about or slightly
above the softening or glass transition temperatures, particularly when short and optionally
repeated heating times are employed. Short and spared heating times can be achieved for
example with microwaves or heat radiation. These methods can also be employed to
polymers with low glass transition temperatures like polyolefines or rubbers.

The composition generated by the process of the invention contains pigment usually in the
molecularly dissolved state, whereby the pigment itself is insoluble in a solvent or polymer
matrix. The compositions according to the invention thus usually do not show the typical
color of the pigment in compositions containing a polymer matrix and only the pigment, or
the typical mixed color in compositions containing a host chromophore optionally together
with a polymer matrix. The color of the compositions can be used therefore as a means of
control in the decomposition of the pigment precursor. Preferably, these compositions are
prepared using soluble pigment precursors.

Suitable pigment precursors are well known and described for example in EP-A-O 648 770
and EP-A-0 648 817. Preferred pigments are those containing NH-groups, wherein the hy-
drogen is replaced by a protecting group. The protecting group in general has the functions
to solublize the pigment and usually can be removed by various means, preferably by heat.
Preferred protecting groups correspond to the formulae | and la,

-C(0)-OR; (1),
-C(O)-NHR, (la),
wherein

R, means C, to Céoalkyl, C., to Cxalkenyl or C; to Cyoalkynyl; or phenyl, benzyl, 1-phenyl-1-
ethyl, or 2-phenyl-2,2-propylidene, which are unsubstituted or substituted with OH, F, Cl, Br,
C, to Caalkyl, C, to Cshalogenalkyl, C, to Calkoxy, C, to C,alkylthio, phenyl or C, to Cs,al-
‘kylphenyl.

The alkyl, alkenyl or alkynyl may be linear or branched. Alkyl contains preferably 1 to 18, mo-
re preferably 1 to 14 and particularly preferred 1 to 12 carbon atoms. The alkyl is preferably
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branched at the a-position with one and more, preferably two, C, to C,alkyl groups, especi-

ally preferred methyl groups. Some examples are i-propyl, t-butyl, but-2-yl, 2-
methylbut-2-yl, and 1,1,2,2-tetramethyleth-1-yl.

Alkenyl contains preferably 2 to 18, more preferably 2 to 14 and particularly preferred 2 to 12
carbon atoms. The ethylenic group is preferably located at the 2- or 3-position, related to the
carbon/oxygen or carbon/nitrogen linkage in formulae | and la. Branched alkenyl is prefe-
rably branched at the a-position with one and more, preferably two, C; to Csalkyl groups,

particularly preferred methyl groups.

Alkynyl contains preferably 3 to 18, more preferably 3 to 14 and particularly preferred 3 to 12
carbon atoms. The ethylinic group is preferably located at the 2- or 3-position, related to the
carbon/oxygen or carbon/nitrogen linkage in formulae | and la. Branched alkynyl is pre-
ferably branched at the a-position with one and more, preferably two, C; to C,alkyl groups,

particularly preferred methyl groups.

The pigments may be selected from the group consisting of nitrogen containing organic pig-
ments like quinacridones, anthraquinones, perylenes, indigos, quinophthalones, isoindolino-

nes, phthalocyanines, diketo- and dithioketopyrrolopyrroles, azo pigments and mixtures
thereof.

More preferred are organic pigments selected from the group consisting of quinacridones,

perylenes and diketopyrrolopyrroles.

The quinacridones may correspond to the formula Il,

ROCH ?030 O R

029 (")'

wherein
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Ra2, Rs, Rozs to Rozg and Rgag to Reas are independently from one another H, C, to Cealkyl, C,

to Cealkoxy, F, Cl, Br, CN, NO,, or -NRq,;Roz2, Wherein Rqz: and Ry, independently from one
another are H, C, to Cyoalkyl, phenyl, C, to Cyalkylphenyl, benzyl or C, to Cy.alkylbenzyl, or
Roz2; and Rz, together mean tetramethylene, pentamethylene or -CH,CH,-O-CH,CH,-; or two
neighbored residues of R, Rozs to Ro2g and/or Ra, Rgas to Rgas together with carbon atoms, to
which they are linked, a 5- or 6-membered aliphatic, heteroaliphatic, aromatic or heteroaro-
matic ring, whereby the herteroatoms are selected from the group of -O-, -S- and N; and

Roso is H, C; to Ciealkyl, C, to Cyalkenyl, C, to Cjsalkynyl, phenyl, benzyl, C; to
Cealkylphenyl, C; to Cgalkylbenzyl or Rq3-O-C(0O)-, wherein Rqs means C, to Cygalkyl, C, to
Cigalkenyl, C, to Cygalkynyl, phenyl, benzyl, C, to Cealkylphenyl, or C, to Cgalkylbenzyl.

Perylenes are for example described in US-A-4,446,324 and US-A-5,470,502. Preferred

examples are those perylenes of formulae Il and 1V,

7\ 7 N\

O.Q .
(0]

(1),

; O O O
i 0.0 .
0] 0]

wherein

Re is H, C, to Caalkyl, C, to Csalkenyl, C, to C,,élkynyl, phenyl, benzyl, C, to Cealkylphenyl, C,
to Cealkylbenzyl or Ry-O-C(O)-, wherein R, means C, to Cygalkyl, C, to Csalkenyl, C, to Cys-
alkynyl, phenyl, benzyl, C, toCealkylphenyl, or C, to Calkyl benzyl, and

which are unsubstituted or substituted with halogen, preferably F, Cl or Br, CN, C, to Cjalkyl,
C, to C,alkoxy, or phenyl or phenoxy, which are unsubstituted or substituted with halogen,
preferably F, Cl or Br, CN, C, to C,alkyl, C, to C,alkoxy.

(V),

Examples for diketopyrrolo-pyrroles correspond to the formula V,
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H
|
SN
\
\
07 N7 TR,
R7

V),

wherein

the Rg independently from one another are H, halogen, or phenyl which is unsubstituted or
substituted with C, to Cealkyl, C, to Csalkoxy, phenyl, C, to Calkylphenyl, F, Cl, Br, CN, NO,,
or -NRyR2;, wherein Ry and R,, independently from one another are H, C; to Cyalkyl,
phenyl, C; to Cysalkylphenyl, benzyl or C, to Cy,alkylbenzyl, or Ry; and Ry, together mean
tetramethylene, pentamethylene or -CH,CH,-O-CH,CH,-; and

R; means H, C, to Cysalkyl, C, to Cygalkenyl, C, to Cisalkynyl, phenyl, benzyl, C, to Cealkyl
. phenyl, or C,; to Cgalkylbenzyl, or R,-O-C(O)-, wherein R; means C, to Cjgalkyl, C, to Cygal-
kenyl, C, to Cisalkynyl, phenyl, benzyl, C, to Cgalkylphenyl, or C, to Csalkylbenzyl.

The pigments are well known or can be prepared according to known methods in the art

(see for example “Industrial Organic Pigments” by W. Herbst and K. Hunger, published by
VCH (1993)).

Host chromophores can be selected from a broad range of chromophores, so long as

(i) they emit solid-state fluorescence, and that their emission spectra overlap with the
absorption spectrum of the corresponding guest pigment in the system, and (ii) they dissolve
a pigment precursor, and one or 'both are soluble in a solvent and opfionally in a polymer.
Appropriate host chromophores are for example described in WO 93/23492.

The term host chromophore may be for example selected from the group consisting of fluo-
rescent anthracenes, oxazoles, pyrenes, coumarines, fluoresceines, rhodamines, perylenes,
perinones, isoindolones and metal complexes consisting of metals and organic ligands.
Examples for organic ligands are quinolines, phenanthrolines, bipyridines, azos and

azomethines. Some specific examples of metal complexes are tris(8-hydroxyquinolinate)
aluminum, bis(8-hydroxyquinolinate) beryllium, bis(8-hydroxyquinolinate) magnesium, bis(8-
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hydroxyquinolinate) zinc, bis(10-hydroxybenzo[h]quinolinate) beryllium, tris(1,3-diphenyl-1,3-
propanediono)(monophenanthroline) europium and (N,N’-disalicylidene-1,6-hexanediami-
nate) zinc.

The host chromophore may be unsubstituted or substituted with F, Ci, Br, |, -CN, -NO,, C, to
Cisalkyl, C; to Cy, cycloalkyl, Cs to Cyg aryl, Cs to Cy7 heteroaryl, C; to C,, cycloalkylalkyl, Cg
to Cyg aralkyl, Cs to Cy; heteroaralkyl, C, to Cyg alkyloxy, C; to Cy, cycloalkyloxy, Cs to Cyg
aryloxy, Cs to C,7 heteroaryloxy, Cs to Cy, cycloalkylalkyloxy, Cg to Cyg aralkyloxy, Cs to Cy;
heteroaralkyloxy, C, to C,g alkylthio, C3 to C,2 cycloalkyithio, C¢ to Cyg arylthio, Cs to Cy7
heteroarylthio, C, to C,, cycloalkylalkylthio, Cs to C,g aralkylthio, Cs to C;; heteroaralkylthio,
C, to Cygalkyl-SO- or -SO,, C; to C,, cycloalkyl-SO- or -SO,, Cg to Cygaryl-SO- or -SO,, Cs to
Cy7 heteroaryl-SO- or -SO,, C; to C,, cycloalkylalkyl-SO- or -SO,, Cs to Cg aralkyl-SO- or -
S0O,, Cs to Cy; heteroaralkyl-SO- or -SO,, secondary amines with 2 to 30 carbon atoms, and
alkoxyalkyl with 2 to 20 carbon atoms.

The cyclic aliphatic and aromatic residues (substituents) may be also substituted, for
example with F, Ci, Br, |, -CN, -NO,, C, to Csgalkyl, C; to C, cycloalkyl, Cs to Cygaryl, , Cs to
C.2 cycloalkylalkyl, Cs to C,g aralkyl, Cs to Cy7 heteroaralkyl, C, to C,g alkyloxy, Cs to Cy
cycloalkyloxy, Ce¢ to C,g aryloxy. The alkyl substituent may be linear or branched and may be
substituted with a halogen like F or CI.

Examples of substituents are F, Cl, Br, methyl, ethyl, propyl, butyl, hexyl, methyloxy,
ethyloxy, propyloxy, butyloxy, hexyloxy, methyithio, ethylthio, methyl- or ethyl-SO-, methyl- or
ethyl-SO,, phenyl, benzyl, toluyl, xylyl, methylbenzyl, dimethylbenzyl, chlorophenyl,
dichlorophenyl, methoxyphenyl, dimethoxyphenyl, methoxybenzyl, dimethoxybenzyl.

The number of substituents is arbitrary and depends essentially upon synthetic possibilities
and the desired optical properties pertaining to fluorescence and absorption.

A preferred group of host chromophores is selected from anthracenes, perylenes,
phtaloperinones, benzoimidazoisoindolones and metal complexes.

Particularly preferred host chromophores are 8-hydroxyquinoline aluminums and benzo [4,5)
imjdazo [2,1-a] isoindol-11-ones, the latter ones being most preferred.
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The benzoimidazoisoindolones may correspond to the formula VI
o]
N
N\
N V1),

wherein

the neighboring carbon atoms of the benzene rings 1 and 2 are uncondensed or condensed
with benzene rings, heteroaromatic rings, aliphatic rings, or hetroaliphatic rings, and wherein
the benzene rings 1 or 2 or both, the condensed ring moieties or all are unsubstituted or sub-
stituted with organic groups and/or halogen atoms.

The groups forming a condensed ring are preferably selected from the group consisting of
bivalent residues of formulae -CH=CH-CH=CH-, -CH=CH-N=CH-,-CH=CH-CH=N-, -CH=N-
CH=N-, -CH=CH-NRg-, -CH=N-CH,-, -CH=CH-S-, -CH=CH-O-, -(CH;);-, -(CHy)s-, -CH,-CH,-
NRg-CHa-, -CH,-CH,-CH-NRg-, -CH,-CH»-O-CH,-, -CH2-CH,-CH,-0-, -CH,-CH,-S-CH,-,
-CH2-CH,-CH,-S-, -CHp-O-CH,-, -CH,-CH,-O-, -CH,-S-CH,-, and -CH,-CH,-S-, wherein Rq
is H or an organic substituent, and the bivalent residues are unsubstituted or substituted with
an organic group.

Ry as organic substituent may be linear or branched C; to Cpalkyl, Cs to C;cycloalkyl, benzyl
or Ro-C(O)-, wherein Ry is C, to Cypalkyl, which is unsubstituted or substituted with F, Cl or

C, to Cialkoxy, or Cs to Cscycloalkyl, phenyl or benzyl, which are unsubstituted or
substituted with F, Cl, C, to Cyzalkyl, or C, to Czalkoxy.

Preferred examples for Ry are H, methyl, ethyl, propyl, butyl, pentyl, hexyl, benzyl, methyl-
benzyl, dimethylbenzyl, acetyl, propionyl, butyroyl, benzyl-C(O)-, phenyl-C(O)-, toluyl-C(O)-,
mono-, di- or tri-chloroacetyl, and mono-, di- or tri-fluoroacetyl, mono- and dichlorophenyl-
C(0O)-.

The organic group substituent may be selected from the group consisting of halogen, -CN, -
NO,, C; to Cyg alkyl, C, to Cigalkenyl, C, to Cjgalkynyl, C, to Cs hydroxyalkyl, C, to Cys
halogenalkyl, C, to Cy, cycloalkyl, Cs to Cygaryl, Cs to Cy;heteroaryl, C; to C,, cycloalkylalkyl,
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Ce to Cygaralkyl, Cs to Cy7 heteroaralkyl, C; to C4g alkyloxy, C, to Cy, cycloalkyloxy, Cs to Cig
aryloxy, Cs to Cs; heteroaryloxy, Cs to C,, cycloalkylalkyloxy, Ce to Cyq aralkyloxy, Cs to C;;
heteroaralkyloxy, C, to Css alkylthio, C3 to C;, cycloalkylthio, Cs to Cyg arylthio, C5 to C,;
heteroarylthio, C3 to C,2 cycloalkylalkylthio, Cs to C,g aralkyithio, Cs to Cy7 heteroaralkyithio,
C, to Cgalkyl-SO- or -SO,, C; to C42 cycloalkyl-SO- or -SO;, Cg to Cysaryl-SO- or -SO,, Cs to
C.7 heteroaryl-SO- or -SO,, C; to C,. cycloalkylalkyl-SO- or -SO,, C; to C,g aralkyl-SO- or -
SO, C; to Cisalkyl-CO-, C3 to Cy2cycloalkyl-CO-, Cgto Csaryl-CO-, Cs to Cy7 heteroaryl-CO-
, Ca to Cy, cycloalkylalkyl-CO-, Gg to C,garalkyl-CO-, Cs to C,; heteroaralkyl-CO-,

-NRy;R;2, alkoxyalkyl with 2 to 20 carbon atoms, polyoxyalkylene-OR,s, -X-(Ri3)-C(O)-
NR11R12, -X-(R13}-C(O)-OR14, -X-(Riz)k -SO2ORy4, -X-(Ry3) -SO2-NR;;Ry2, -NH-C(0)-R4
and -O-C(O)-R14,

wherein _

R, and R,, independently from one another mean H, C; to Cyalkyl, cyclopentyl, cyclohexyl,
phenyl, benzyl, C, to Csalkylphenyl or C, to C,alkylbenzyl, or Ry; and Ry, together mean
tetramethylene, pentamethylene, or the groups -CH,-CH,-O-CH>-CH,- or -CH,-CH,-NRs-
CH,-CH_-,

Ri; is C; to Cyzalkylene, phenylene or benzylene,

R, means H, C, to Cpyalkyl, cyclopentyl, cyclohexyl, phenyl, benzyl, C, to Ci.alkylphenyl or
C, to Cyqalkylbenzyl,

Ris is H or C; to C,alkyl,

X is a direct bond, -O- or S,

kisOor 1, and

and the salts of the acids.

Preferred salts are the alkaline metal and earth alkaline metal salts, e.g. from Li, Na, K, Mg,
Ca, Sr, Ba. '

The cyclic aliphatic and aromatic residues (substituents for the organic group) may be also
substituted, for example with F, Cl or Br, -CN, -NO,, C, to Cysalkyl, C3 to C,, cycloalkyl, Cs to
Ciearyl, C;to Cy,cycloalkylalkyl, Cs to Cigaralkyl, Csto Cyy heteroaralkyl, C, to Cyg alkyloxy,
C, to Cyz cycloalkyloxy, Cs to Cg aryloxy.

In the context of the invention the alkyl substituent may be linear or branched and contain

preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most preferably 1 to 6 C-atoms
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and particularly preferred 1 to 4 C-atoms. Some examples are methyl, ethyl, n- or i-propyl, n-
, i- or t-butyl, and the isomers of pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecy!.

In the context of the invention the organic group substituent halogen may be F, Cl, Br or |
and is preferably F or Ci.

In the context of the invention the organic group substituent alkenyl may be linear or bran-
ched and contains preferably 2 to 12 C-atoms, more preferably 2 to 8 C-atoms, most prefe-
rably 2 to 6 C-atoms and particularly preferred 2 to 4 C-atoms. Some examples are vinyl, al-
lyl, methylvinyl, but-1-ene-4-yl, but-2-ene-4-yl, but-3-ene-4-yl, 3-methyl-prop-1-ene-3-yl, and
the isomers of pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl and octadecenyl.

In the context of the invention the alkynyl substituent may be linear or branched and contains
preferably 2 to 12 C-atoms, more preferably 2 to 8 C-atoms, most preferably 2 to 6 C-atoms
and particularly preferred 2 to 4 C-atoms. Some examples are ethinyl, crotonyl,
methylethenyl, but-1-ine-4-yl, but-2-ine-4-yl, but-3-ine-4-yl, 3-methyl-prop-1-in-3-yl, and the
isomers of pentinyl, hexinyl, heptinyl, octinyl, noninyl, decinyl, undecinyl, dodecinyl,

tridecinyl, tetradecinyl, pentadecinyl, hexadecinyl, heptadecinyl and octadecinyl.

In the context of the invention the hydroxyalkyl substituent may be linear or branched and
contain preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most preferably 1 to 6
C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are hydroxymethyl,
hydroxyethyl, n- or i-hydroxypropyl, n-, i- or t-hydroxybutyl, and the isomers of hydroxypentyl,
hydroxyhexyl, hydroxyheptyl, hydroxyoctyl, hydroxynonyl, hydroxydecyl, hydroxyundecyl,
hydroxydodecyl, hydroxytridecyl, hydroxytetradecyl, hydroxypentadecyl, hydroxyhexadecyl,
hydroxyheptadecyl and hydroxyoctadecy!.

In the context of the invention the organic group substituent halogenalkyl may be linear or
branched and contain preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most
preferably 1 to 6 C-atoms and particularly preferred 1 to 4 C-atoms. The halogen may be F,
Cl, Broor |, and is preferably F and Cl. Some examples are chloromethyl, dichloromethyl,
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trichloromethyl, fluoromethyl, difluoromethyl, triftuoromethyl, chioroethyl, n- or i-chloropropyl,
n-, i- or t-chiorobutyl, perfluoroethyl and perfiuorobutyl.

In the context of the invention the cycloalkyl substituent contains preferably 4 to 8 and more
preferred 5 to 7 ring carbon atoms. Examples are cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, cycloheptyl, cyclooctyl and cyclododecyl. Preferred groups are cyclopentyl and
cyclohexyl.

In the context of the invention the aryl substituent may be naphthyl or preferably phenyl.

In the context of the invention the heteroaryl substituent contains preferably 5 or 6 ring
atoms and preferably 1 to 3, more preferably 1 or 2 heteroatoms selected from group

consisting of O, S and N. Some examples are pyridinyl, pyrimidinyl, furanyl, pyrrolyl and
thiophenyl.

In the context of the invention the cycloalkyl-alkyl substituent is preferably cycloalkyl-methy!
or -ethyl, and cycloalkyl means preferably cyclopentyl or cyclohexyl.

In the context of the invention the aralkyl substituent is preferably arylmethyl or -ethyl, and

aryl means preferably phenyl or naphthyl. Some examples are benzyl, phenylethyl and
naphthylmethyl.

In the context of the invention the heteroaralkyl substituent is preferably heteroarylmethyl or -
ethyl, and the heteroaryl contains preferably 5 or 6 ring atoms and preferably 1 to 3, more
preferably 1 or 2 heteroatoms selected from group consisting of O, S and N. Some examp-

les are pyridinylmethyl or -ethyl, pyrimidinyl, furanylmethyl, pyrrolylmethyl and thiophe-
nyimethyl.

In the context of the invention the organic group substituent alkoxy may be linear or bran

ched and contains preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most prefe-
rably 1 to 6 C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are methoxy,
ethoxy, n-.of i-propoxy, n-, i- or t-butoxy, and the isomers of pentoxy, hexoxy, heptoxy, octo-

xy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, tridecyloxy, tetradecyloxy, pentadecyloxy,
hexadecyloxy, heptadecyloxy and octadecyloxy.
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In the context of the invention the cycloalkyloxy substituent contains preferably 4 to 8 and
more preferred 5 to 7 carbon ring atoms. Examples are cyclopropyloxy, cyclobutyloxy, cyc-

lopentyloxy, cyclohexyloxy, cycloheptyloxy, cyclooctyloxy and cyclododecyloxy. Preferred
groups are cyclopentyloxy and cyclohexyloxy.

In the context of the invention the aryloxy substituent may be naphthyloxy or preferably
phenyloxy.

In the context of the invention the heteroaryloxy substituent contains preferably 5 or 6 ring
atoms and preferably 1 to 3, more preferably 1 or 2 heteroatoms selected from group

consisting of O, S and N. Some examples are pyridinyloxy, pyrimidinyloxy, furanyloxy,
pyrrolyloxy and thiophenyloxy.

In the context of the invention the cycloalkyl-alkyloxy substituent is preferably cycloalkyl-
methyloxy or -ethyloxy, and cycloalkyl means preferably cyclopentyl or cyclohexyl.

In the context of the invention aralkyloxy substituent is preferably arylmethyloxy or -ethyloxy,
and aryl means preferably phenyl or naphthyl. Some examples are benzyloxy,
phenylethyloxy and naphthylmethyloxy.

In the context of the invention the heteroaralkyloxy substituent is preferably heteroaryimethyl
or -ethyl, and the heteroaryl contains preferably 5 or 6 ring atoms and preferably 1 to 3, more
preferably 1 or 2 heteroatoms selected from group consisting of O, S and N. Some examp-

les are pyridinylmethyloxy or -ethyloxy, pyrimidinyloxy, furanylmethyloxy, pyrrolylmethyloxy
and thiophenylmethyloxy.

In the context of the invention the alkylthio substituent may be linear or branched and
contains preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most preferably 1 to 6
C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are methyithio, ethyithio,
n- or i-propylthio, n-, i- or t-butylthio, and the isomers of pentylthio, hexylthio, heptylthio,
octylthio, nonylthio, decylthio, undecyithio, dodecyithio, tridecyithio, tetradecylthio,
pentadecylthio, hexadecylthio, heptadecylthio and octadecylthio.
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In the context of the invention the cycloalkyl substituent contains preferably 4 to 8 and more
preferred 5 to 7 ring carbon atoms. Examples are cyclopropylthio, cyclobutyithio, cyc-
lopentylthio, cyclohexyithio, cycloheptylithio, cyclooctylthio and cyclododecylthio. Preferred
groups are cyclopentylthio and cyclohexylthio.

In the context of the invention the arylthio substituent may be naphthyithio or preferably
phenylthio.

In the context of the invention the heteroaryithio substituent contains preferably 5 or 6 ring
atoms and preferably 1 to 3, more preferably 1 or 2 heteroatoms selected from group
consisting of O, S and N. Some examples are pyridinylthio, pyrimidinylthio, furanyithio,
pyrrolylthio and thiophenyithio.

In the context of the invention the cycloalkyl-alkylthio substituent is preferably cycloalkyl-
methylthio or -ethylthio, and cycloalkyl means preferably cyclopentyl or cyclohexyl.

In the context of the invention the aralkyithio substituent is preferably arylmethyithio or -

ethylthio, and aryl means preferably phenyl or naphthyl. Some examples are benzylthio,
phenylethylthio and naphthylmethyithio.

In the context of the invention the heteroaralkylthio substituent is preferably heteroarylme-
thylthio or -ethyithio, and the heteroaryl contains preferably 5 or 6 ring atoms and preferably
1 to 3, more preferably 1 or 2 heteroatoms selected from group consisting of O, S and N.
Some examples are pyridinylmethylthio or -ethylthio, pyrimidinylithio, furanylmethyithio, pyr-
rolylmethyithio and thiophenyimethyithio.

in the context of the invention the alkyl-SO- or -SO,- substituent may be linear or branched
and contains preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most preferably 1
to 6 C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are methyl-SO- or -
SOz, ethyl-SO- or -SO,-, n- or i-propyl-SO- or -SO,-, n-, i- or t-butyl-SO- or -SO,-, and the
isomers of pentyl-SO- or -SO;-, hexyl-SO- or -SO,-, heptyl-SO- or -SO,-, octyl-SO- or -SO,-,
nonyl-SO- or -SO,-, decyl-SO- or -SO,-, undecyl-SO- or -SO,-, dodecyl-SO- or -SO,-,
tridecyl-SO- or -SO,-, tetradecyl-SO- or -SO,-, pentadecyl-SO- or -SO,-, hexadecy!-SO- or -
SO,-, heptadecyl-SO- or -SO,- and octadecyl-SO- or -SO;-.
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In the context of the invention the cycloalkyl-SO- or -SO,- substituent contains preferably 4
to 8 and more preferred 5 to 7 ring carbon atoms. Examples are cyclopropyl-SO- or -SO,-,
cyclobutyl-SO- or -SO,-, cyclopentyl-SO- or -SO,-, cyclohexyl-SO- or -SO,- cycloheptyl-SO-
or -SO,-, cyclooctyl-SO- or -SO,- and cyclododecyl-SO- or -SO,-. Preferred groups are cyc-
lopentyl-SO- or -SO,- and cyclohexyl-SO- or -SO;-.

In the context of the invention the aryl-SO- or -SO,- substituent may be naphthyl-SO- or -
SO,- or preferably phenyl-SO- or -SO,-.

In the context of the invention the heteroaryl-SO- or -SO,- substituent contains preferably 5
or 6 ring atoms and preferably 1 to 3, more preferably 1 or 2 heteroatoms selected from
group consisting of O, S and N. Some examples are pyridinyl-SO- of -SO,-, pyrimidinyl-SO-
or -SO,-, furanyl-SO- or -SO,-, pyrrolyl-SO- or -SO,- and thiophenyl-SO- or -SO,-.

In the context of the invention cycloalkyl-alkyl-SO- or -SO,- the substituent is preferably
cycloalkyl-methyl-SO- or -SO,- or -ethyl-SO- or -SO,-, and cycloalkyl means preferably
cyclopentyl or cyclohexyl.

In the context of the invention the aralkyl-SO- or -SO,- substituent is preferably aryimethy!-
SO- or -SO,- or -ethyl-SO- or -SO,-, and aryl means preferably phenyl-SO- or -SO,- or
naphthyl-SO- or -SO,-. Some examples are benzyl-SO- or -SO,-, phenylethyl-SO- or -SO,-
and naphthylmethyl-SO- or -SO.-.

In the context of the invention the heteroaralkyl-SO- or -SO,- substituent is preferably
heteroaryimethyl-SO- or -SO,- or -ethyl-SO- or -SO,-, and the heteroaryl contains

preferably 5 or 6 ring atoms and preferably 1 to 3, more preferably 1 or 2 heteroatoms se-
lected from group consisting of O, S and N. Some examples are pyridinylmethyl-SO- or -
S0;- or -ethyl-SO- or -SO,-, pyrimidinyl-SO- or -SO,-, furanyimethyl-SO- or -SO,-, pyrrolyl-
methyl-SO- or -SO,- and thiophenylmethyl-SO- or -SO.-.

In the context of the invention the alkyl-CO- substituent may be linear or branched and
contains preferably 1 to 12 C-atoms, more preterably 1 to 8 C-atoms, most preferably 1 to 6
C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are methyl-CO-, ethyl-
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CO-, n- or i-propyl-CO-, n-, i- or t-butyl-CO-, and the isomers of pentyl-CO-, hexyl-CO-,
heptyl-CO-, octyl-CO-, nonyl-CO-, decyl-CO-, undecyl-CO-, dodecyl-CO-, tridecyl-CO-,
tetradecyl-CO-, pentadecyl-CO-, hexadecyl-CO-, heptadecyl-CO- and octadecyl-CO-.

In the context of the invention the cycloalkyl-CO- substituent contains preferably 4 to 8 and
more preferred 5 to 7 ring carbon atoms. Examples are cyclopropyl-CO-, cyclobutyl-CO-,
cyclopentyl-CO-, cyclohexyl-CO-, cycloheptyl-CO-, cyclooctyl-CO- and cyclododecyl-CO-.
Preferred groups are cyclopentyl-CO- and cyclohexyl-CO-.

In the context of the invention the aryl-CO- substituent may be naphthyl-CO- or preferably
phenyl-CO-.

In the context of the invention the heteroaryl substituent contains preferably 5 or 6 ring
atoms and preferably 1 to 3, more preferably 1 or 2 heteroatoms selected from group

consisting of O, S and N. Some examples are pyridinyl, pyrimidinyl, furanyl, pyrrolyl and
thiophenyl.

In the context of the invention the cycloalkyl-alkyl-CO- substituent is preferably cycloalkyi-
methyl-CO- or -ethyl-CO-, and cycloalkyl means preferably cyclopenty! or cyclohexyl.

In the context of the invention the aralkyl-CO- substituent is preferably aryimethyl-CO- or -
ethyl-CO-, and aryl means preferably phenyl-CO- or naphthyl-CO-. Some examples are
benzyl-CO-, phenylethyl-CO- and naphthylmethy|-CO-.

In the context of the invention the heteroaralkyl-CO- substituent is preferably hetero
arylmethyl-CO- or -ethyl-CO-, and the heteroaryl contains preferably 5 or 6 ring atoms and
preferably 1 to 3, more preferably 1 or 2 heteroatoms selected from group consisting of O, S
and N. Some examples are pyridinylmethyl-CO- or -ethyl-CO-, pyrimidinyl-CO-, furanylme-
thyl-CO-, pyrrolylmethyl-CO- and thiophenyimethyl-CO-.

In the context of the invention the alkoxyalkyl substituent contains preferably in total 2 to 12,
more preferably 2 to 8 and most preferably 2 to 6 carbon atoms. The alkoxy may contain 1 to
4 carbon atoms. Some examples are methoxyethyl, methoxyethyl, methoxypropy!,
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methoxybutyl, methoxypentyl, methoxyhexyl, ethoxymethyl, ethoxyethyl, ethoxypropyl,
ethoxybutyl, ethoxypentyl, ethoxyhexyl, propoxymethyl and butoxymethyl.

In the context of the invention the polyoxyalkylene-0-Rg substituent preferably contains 2 to
12 and more preferably 2 to 6 oxyalkylene units, wherein alkylene is preferably ethylene, 1,2-
or 1,3-propylene or 1,2-, 1,3- or 1,4-butylene. R is preferably H or C, to C,alkyl.

In the context of the invention when Ry, and R, are linear alkyl or branched alkly, they and
contain preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most preferably 1 to 6
C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are methyl, ethyl, n- or i-
propyl, n-, i- or t-butyl, and the isomers of pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl.

In the context of the invention when Ry, and R;, are alkylphenyl, they may be preferably C,
to Cgalkylphenyl, C; to C,alkylphenyl. Some examples are methylphenyl, ethylphenyl, n- or i-
propylphenyl, n-, i- or t-butylphenyl, hexylphenyl, octylphenyl, dodecylphenyl, and dimethyl-
phenyl.

In the context of the invention when Ry, and R, are alkylbenzyl, they may be preferably C,
to Cgalkylbenzyl, C, to C,alkylpenzyl. Some examples are methylbenzyl, ethylbenzyl, n- or i-

propylbenzyl, n-, i- or t-butylbenzyl, hexylbenzyl, octylbenzyl, dodecylbenzyl, and dimethyl-
benzyl.

In the context of the invention Ry; and R;, independently from one another mean preferably
H, C, to C,alkyl, cyclohexyl, phenyl, benzyl, C;to C,alkylphenyl or C, to C,alkylbenzyl, or Ry,
and R;, together mean tetramethylene, pentamethylene, or the group -CH,-CH,-O-CH,-CH,-

In the context of the invention when R; is alkylene, it is preferably C, to Cealkylene, C, to
Caalkylene, for example methylene, ethylene, propylene or butylene. Most preferred Ry; is
methylene, ethylene, phenylene or benzylene.

In the context of the invention when R, is alkyl, it may be linear alkyl or branched alkyl and

contain preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most preferably 1 to 6
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C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are methyl, ethyl, n- or i-

“propyl, n-, i- or t-butyl, and the isomers of pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl. R, is.
preferably H, C, to Cyalkyl, cyclopentyl, cyclohexyl, phenyl, benzyl.

Examples for substituents are F, Cl, Br, methyl, ethyl, propyl, butyl, hexyl, methyloxy, ethylo-
xy, propyloxy, butyloxy, hexyloxy, methyithio, ethylthio, methyl- or ethyl-SO-, methyl- or ethyl-
SO,, phenyl, benzyl, toluyl, xylyl, methylbenzyl, dimethylbenzyl, chlorophenyl, dichlorophenyt,
methoxyphenyl, dimethoxyphenyl, methoxybenzyl, dimethoxybenzyl, CH3-CO-, CgHs-CO-,
CH3-C0O-0-, CgHs-CO-0-, CH3-S0O,-0-, CgHs-SO2-0-, -NH,, -NHCHg, -NHC,Hs,

-NHCgH7, -N(CHj3),, -COOH, -CO-OCHj, -CO-OC;Hs, SO3H, -SO,-OCH3, SO,-OC,Hs, -CO-
NH;, -CO-NCH3;, -CO-NHC;Hs, -CO-NHCgH,7, -CO-NH(CHjy),, -SO,-NH,, -SO,-NHCH3, -SO,-
NHC.Hs, -SO,-NHCgH7, -SO2-N(CHs),, HoN-SO,-, methoxymethyl, methoxyethyl, ethoxy-
ethyl, -(OCH,CH,),-OH, -CN and -NO..

The number of substituents usually is arbitrary and depends essentially upon synthetic
possibilities, the desired optical properties related to fluorescence and absorption, and the
desired solubility.

In a preferred embodiment of the invention the compounds of formula VI correspond to for-

mula VI,
Ris o)
F{17
N 7
R18 \N 8
Rio (ViI),
wherein

Rie, Ry7, Ryg and Ryg are independently from one another H, C, to Cygalkyl, C; to Cigalkoxy,
Ci to Cygalkylthio, aryl, aralkyl, C, to Cszalkyl-aryl or C, to C,alkyl-aralkyl, and

the ring 2 is unsubstituted or substituted as described before, including the preferred
substituents.
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Preferably at least one of Ry, Ry, Rig and Ryg is one of the defined substituents. More
preferably Ry, and R,g are one of the defined substituents. Mostly preferred Ry, R;,, Ry and
R, are substituents.

In the context of the invention Rig, R17, Ris and Ry may be in the meaning of alky! linear or
branched and contains preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most
preferably 1 to 6 C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are me-
thyl, ethyl, n- or i-propyl, n-, i- or t-butyl, and the isomers of pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and oc-
tadecyl.

In the context of the invention Ry, Ri7, Rig and Ry may be in the meaning of alkoxy linear or
branched and contains preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most
preferably 1 to 6 C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are
methoxy, ethoxy, n- or i-propoxy, n-, i- or t-butoxy, and the isomers of pentoxy, hexoxy, hept-
oxy, octoxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, tridecyloxy, tetradecyloxy, pentade-
cyloxy, hexadecyloxy, heptadecyloxy and octadecyloxy.

In the context of the invention Ry, Ry7, Ris and Ry may be in the meaning of alkylthio linear
or branched and contains preferably 1 to 12 C-atoms, more preferably 1 to 8 C-atoms, most
preferably 1 to 6 C-atoms and particularly preferred 1 to 4 C-atoms. Some examples are
methyithio, ethylthio, n- or i-propylthio, n-, i- or t-butylthio, and the isomers of pentyithio, he-
xylthio, heptyithio, octylthio, nonyithio, decylthio, undecylthio, dodecylthio, tridecylthio, tetra-
decyithio, pentadecylithio, hexadecylthio, heptadecylthio and octadecyithio.

In the context of the invention Rs¢, Rz, Rig and R may be in the meaning of aryl naphthyl or
preferably phenyl.

In the context of the invention Ry, Ri7, Rig and Ryg may be in the meaning of aralkyl prefe-
rably arylmethyl or -ethyl, and aryl means preterably phenyl or naphthyl. Some examples are
benzyl, phenylethyl and naphthylmethyl.

In the context of the invention Ry, R;7, Rig and Rye may be in the meaning of alkyl-aryl
preferably alkylphenyl, more preferably C, to. Csalkylphenyl, and most preferably C, to
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C.alkylphenyl. Some examples are methylphenyl, ethylphenyl, n- or i-propylphenyl, n-, i- or t-
butylphenyl, hexylphenyl, octylphenyl, dodecylphenyl, and dimethylphenyl.

In the context of the invention Ry, Rz, Rig and Ryg in the meaning of alkyl-aralkyl may be
preferably alkyl-benzyl, more preferably C, to Cgalkylbenzyl, and most preferably C, to C,al-
kylbenzyl. Some examples are methylbenzyl, ethylbenzyl, n- or i-propylbenzyl, n-, i- or t-
butylbenzyl, hexylbenzyl, octylbenzyl, dodecylbenzyl, and dimethylbenzyl.

In a particularly preferred embodiment of the invention the ring 2 is also substituted, particu-

larly in the 7-position, in the 8-position or in both with in organic group substituent.

In a particularly preferred embodiment of the invention the compounds of formula VIi corres-
ponds to formula VI,

16 o)
R17
N RZO
N\
R!B R N R
19 21 (Vh),
wherein

Ris, R17, Rig and Ryg are phenyl or C; to Czalkylphenyl,

R0 is H or an organic group substituent, and

R2; is H or an organic group substituent, or

the ring 2 is substituted by 1 or 2 groups selected from -CH=CH-CH=CH-.

The ring 2 is preferably monosubstituted, meaning that one of Ry and R,y is an organic
group substituent.

Ris, R17, Rig and Ry are particularly preferred phenyl.
In the context of the invention Ry or Ry, in the meaning of an organic group substituent are

preferably selected from the group consisting of -CN, -NO,, C, to Csgalkyl, C, to C,salkenyl,
C, to Cygalkynyl, C, to Cg hydroxyalkyl, C, to C,g halogenalkyl, C; to C,, cycloalkyl, Cg to Cig
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aryl, Cs to Cy2 cycloalkyl-alkyl, Cs to Cyg aralkyl, Cy to Cg alkyloxy, Cs to C12 cycloalkyloxy, Cg
to Cs aryloxy, C; to C,, cycloalkyl-alkyloxy, Cs to Cyg aralkyloxy, C, to C,g alkyithio, C, to Cys
cycloalkylthio, Cg to C,g arylthio, C3 to C2 cycloalkyl-alkylthio, Cg to Cg aralkyithio, C, to Cig-
alkyl-CO-, C3 to Cy, cycloalkyl-CO-, Cg to Cygaryl-CO-, C; to Cy2 cycloalkylalkyl-CO-, Cg to Cyg
aralkyl-CO-, -NRR;,, alkoxyalkyl with 2 to 20 carbon atoms, polyoxyalkylene-OR,s, -X-
(R13)x-C(0)-NR1R1z, -X-(R13)k-C(O)-OR4, -X-(R1a)k -SO2-ORy4, -X-(Ry3)k -SO,-NRy4Ry;, -NH-
C(0)-Rys and -O-C(O)-R1a,

wherein )

R;; and R, independently from one another mean H, C, to Cyealkyl, cyclopentyl, cyclohexyl,
phenyl, benzyl, C, to Cs.alkylphenyl or C, to Cqalkylbenzyl, or Ry, and R;, together mean
tetramethylene, pentamethylene, or the groups -CH,-CH>-O-CH,-CH,- or -CH,-CHy-NRys-
CH,-CH,-,

Ri3 is C, to Calkylene, phenylene or benzylene,

R,s means H, C, to Cyalkyl, cyclopentyl, cyclohexyl, phenyl, benzyl, C, to C,,alkylphenyl or
C; to Cysalkylbenzyl, ‘

Risis H or C, to C,alkyl,

X is a direct bond, -O- or S,

kisOor 1 and

and the salts of the acids.

The preferred meanings described before are also valid for the meanings of Ry, Rz, X and
Ry to Rya.

Rz and R, in the meaning of an organic group substituent are most preferably selected
from the group consisting of -CN, -NO,, C; to C,s alkyl, C; to Cys hydroxyalkyl, Cs to C;
cycloalkyl, Cg to Cyoaryl, C; to Cy, aralkyl, C, to Cg alkyloxy, C; to Cy; cycloalkyloxy, Cg to Cyo
aryloxy, Cs to C; cycloalkyl-alkyloxy, C; to C,; aralkyloxy, C; to Cg alkylthio, Cs to C,
cycloalkylthio, Cg to Cyo arylthio, Cs to C; cycloalkyl-alkylthio, C; to C,, aralkylthio, C, to Cyg
alkyl-CO-, C; to C, cycloalkyl-CO-, Cg to Cyoaryl-CO-, Cs to C; cycloalkyl-alkyl-CO-, C, to Cy;,
aralkyl-CO-, -NR;R{,, alkoxyalkyl with 2 to 12 carbon atoms, polyoxyalkylene-ORis, -X-
(R13)k-C(0)-NR1R12, -X-(R43)k-C(0)-ORy4, -X-(Ri3)k -SO2-OR14, -X-(R13)k -SO»-NRy4R12, -NH-
C(0)-Ri4 and -O-C(0)-R1a,

wherein
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R and Ry2 independently from one another mean H, C, to Cealkyl, cyclopentyl, cyclohexyl,
phenyl, benzyl, C; to Cealkylphenyl or C, to Cealkylbenzyl, or R,y and R;; together mean
tetramethylene, pentamethylene, or the group -CH,-CH,-O-CHz-CH,-,

Rz is C, to C,alkylene, phenylene or benzylene, }
Ri« means H, C; to Cyealkyl, cyclopentyl, cyclohexyl, phenyl, benzyl, C, to Cgsalkylphenyl or
C, to Cealkylbenzyl, :
X is a direct bond, -O-or S,
kis0or1and

and the salts of the acids.

In a particularly preferred embodiment of the invention Ry, and R,y are selected from the
group consisting of -NO,, G, to C,g alkyl, which is linear or branched, C, to C,g alkyloxy,
which is linear or branched, -C(O)OH, or -C(0)-O-C, to C,galkyl.
The compounds of formulae | and la are partially known or can be easily prepared from un-
substituted or substituted orthophenylenediamines and from unsubstituted or substituted
phthalic anhydride as described for example in EP-A-O 456 609.

Polymers which may be used as a polymer matrix may be selected from the group consisting
. of thermoplastics, polymer blends, thermosettings and structurally crosslinked polymers. The

polymers may be homopolymers, copolymers, blockpolymers, graft polymers, emulsion
polymers or random polymers.

The polymers may be opaque, translucent or transparent, preferably transparent. The
polymers may be selected for example from the group of thermoplastic polymers like
polyesters, polyamides, polyimides, polyamide-imides, polyamide esters, polyurethanes,
polyureas, polyolefines; polymers from substituted olefines like vinylethers, vinylesters,
vinylalcohols, vinylchloride, vinyldichloride, acrylonitrile, acrylic acid, methacrylic acid, esters
and amides of acrylic acid and methacrylic acid, styrene, chlorostyrene, methyistyrene,
styrene sulfonic acid and their esters and amides, vinylcarbazole, vinylpyridine,
vinylpyrrolidone; polymaleic acid and esters and amides therefrom; polyethers (for example
from bisphenol-A diglycidyl ether), polysulfones, polyketones, polyphenyisulfides, and
polyacetales; and natural polymers and their derivatives like cellulose and its esters and
ethers, and starch or derivatives of starch.
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Examples of thermosetting resins and structurally crosslinked resins are polyepoxides, unsa-
turated polyesters, photocrosslinked resins for example from acrylic acid and/or methacrylic
esters and/or amides from polyols and/or polyamines, melamine/formaldehyde resins, and
phenol/formaldehyde resins; polymers from butadiene, isoprene and or chloroprene and
copolymers with olefins, which may be crosslinked and rubbery in nature, including latices;
as well as silicates obtainable for example through the known sol/gel process.

The polymeric compositions of the invention may contain further ingredients to enhance cer-
tain features such as electrical, physical and mechanical properties, and/or the processabili-
ty, for example dispersing agents to achieve a uniform distribution of particles, lubricants,
plasticizers, antistatica, solvents, molding agents, antioxidants, light stabilizers, fillers and re-
inforcing fillers like glass beads and glass fibbers, quartz powder, silicates (e.g. mica,

clay, wollastonite), metal and semiconductor metal oxides, metal carbonates, metal salts,
metals and semiconductor metals, carbon black, as powder, or carbon fibers, whiskers, me-

tal and semiconductor metal carbides, metal and semiconductor metal nitrides, dyes, pig-
ments and others.

The total amount of dissolved pigment, or pigment precursor, in the polymer matrix, in the

absence of host chromophore, may be for example from 0.001 to 10 weight%, preferably 0.1
to 10 weight%, more preferably 1 to 8 weight%, and most preferably 1 to 5 weight%, related
to the total composition, will furnish highly fluorescent materials. The total amount of
dissolved pigment, or pigment precursor, in the polymer matrix, in the presence of a host
chromophore, may be for example from 0.001 to 10 weight%, preferably 0.01 to 8 weight%,

more preferably 0.01 to 5 weight%, and most preferably 0.01 to 3 weight%, related to the
total composition.

In applications where a host and a pigment or a pigment precursor are dissolved in a
polymer matrix, the amount of host chromophores is dependent on the actual practical
application, hence there are no well defined preferred ratios, other than the broad range
90:10 to 1:999 (host/pigment or pigment precursor, resp.). In certain applications where both
color strength and fluorescence are required, then the preferred weight ratio of host to
pigment, or pigment precursor, resp., is usually in the range of from 10 to 90 wt%, preferably
from 20 to 90 wt% and more preferably from 50 to 90 wt%. In circumstances where

fluorescence is desired, but color strength is not required, then the weight ratio of host to
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pigment or pigment precursor, resp., may be chosen in the range of from 0.01 to 50 wt%,
more preferably from 0.01 to 20 wt% and more preferably from 0.01 to 10 wt%.

Another preferred embodiment of the present invention relates to a composition comprising
a polymer matrix or a polymer precursor, and/or a host chromophore, and a pigment
precursor, wherein in all cases where there is a host component, the absorption spectrum of
the pigment (as guest chromophore), obtainable from the pigment precursor, overlaps with
the fluorescence emission spectrum of the host chromophore.

Another preferred embodiment of the present invention relates to a composition comprising
a polymer matrix or a polymer precursor, and/or a host chromophore, and a pigment,
wherein in all cases where there is a host component, the absorption spectrum of the

pigment (guest chromophore) overlaps with the fluorescence emission spectrum of the host
chromophore.

Another preferred embodiment of the present invention concerns a composition obtainable
by (1) mixing a host chromophore and an effective amount of a pigment precursor in a
solvent, then generating a pigment as guest chromophore in-situ from the pigment
precursor, and, subsequently, isolating the mixture of the host and guest chromophores
thereby forming a solid solution, or

(2) mixing a polymer as a matrix or a polymer precursor and a pigment precursor in a .
solvent, if desired in the presence of a chromophore being a host component,  then
generating a pigment in-situ from the pigment precursor (being the guest component if a
host component is present), and, subsequently, isolating the mixture of polymer and
pigment, and - if present - the host component, thereby forming a solid solution, wherein in
all cases where there is a host component, the absorption spectrum of the pigment (guest
chromophore) overlaps with the fluorescence emission spectrum of the host chromophore.

it was found that inherently insoluble pigments can be molecularly incorporated into a
polymer matrix, in a ready manner, to generate highly fluorescent polymeric materials. It was
also found that these materials in general show an enhanced emission fluorescence and a
large shift between the respective excitation spectra and the emission spectra of the system,
which might be due to the occurrence of resonant energy transfer, when a host chromophore
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is additionally incorporated; or alternatively, when the pigment functions as host
chromophore, a guest chromophore is additionally incorporated.

A turther preferred embodiment of the present invention relates to a solid composition com-
prising (1) a host chromophore and distributed, preferably homogeneously, therein a
pigment precursor, wherein the amount of pigment precursor usually is at most 10 weight
percent of the total composition; or (2) a polymer matrix and distributed, preferably
homogeheously, therein a pigment precursor and a host chromophore, wherein the amount
of pigment precursor in general is at most 10 weight percent of the total composition, and
wherein the absorption spectra of the pigment precursor overlaps with the fluorescence
emission spectrum of the host chromophore.

In a more preferred embodiment thereof, the pigment precursor is, in addition, dissolved,
preferably molecularly, either in a matrix formed by the host chromophore, or the pigment

precursor and the host chromophore are dissolved, preferably molecularly, in the matrix
formed by the polymer.

All the embodiments and preferences described above are also valid for this composition.

Another preferred embodiment of the present invention is a process for the preparation of a
powder characterized in mixing a pigment or a pigment precursor, a chromophore H and a
solvent, preferably homogeneously, precipitating the pigment or pigment precursor together
with the chromophore H thereby obtaining a precipitate, then separating the precipitate, if
desired, washing the separated precipitate, and drying it.

Iin a more preferred embodiment the chromophore H is a host chromophore, for example,
selected from the host chromophores mentioned already above, and the pigment or pigment
precursor acts as a guest chromophore, wherein the absorption spectra of the pigment

precursor overlaps with the fluorescence emission spectrum of the host chromophore.

in another more preferred embodiment of the abovementioned process, the separated

precipitate containing the pigment precursor is heat-treated, thereby generating a pigment
in-situ.
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A still further preferred embodiment of the present invention relates to a powder obtained by
the abovementioned processes, preferably containing particles.

Another preferred embodiment of the present invention relates to a process for the
preparation of a layer on a solid support material characterized in heating a composition
consisting essentially of a chromophore H and a pigment precursor or a pigmént, preferably
the inventive powder described above, in the presence of a solid support material, and
depositing the chromophore H together with the originally pigment or the pigment obtained
in-situ during this process from the pigment precursor on the solid support material, wherein

the absorption spectrum of the pigment overlaps with the fluorescence emission spectrum
of the chromophore H.

Another preferred embodiment of the present invention relates to a solid composition in the
form of particles, which comprises a host chromophore matrix and, if desired dissolved, and,
preferably homogeneously, distributed therein a pigment precursor or a pigment, wherein the
amount of pigment precursor, or pigment, preferably is at most 10 weight percent of the total
composition, and wherein the absorption spectrum of the pigment precursor, or the pigment,
overlaps with the fluorescence emission spectrum of the host chromophore.

Another preferred embodiment of the present invention relates to a powder consisting
essentially of polymer particles containing the abovementioned pigment precursor or
pigment and optionally host chromophores, if desired dissolved and, distributed therein,
preferably homogeneously, which in general is obtainable through grinding or emulsion

polymerization, aqueous suspension polymerization or a combination thereof.

The particles of the powder may have an average diameter in the range from 10 nm to 500

um, more preferably from 50 nm to 100 um, and most preferably from 50 nm to 50 pum.

Another object of the invention is a carrier material, wherein at least one surface of it is
coated with a layer of a composition comprising (1) a host chromophore matrix and
distributed therein, preferably homogeneously, a pigment precursor, wherein the amount of
pigment precursor preferably is at most 10 weight percent of the total composition, or (2) a
polymer matrix, and therein distributed, preferably homogeneously, a pigment precursor and

a host chromophore, wherein the amount of pigment precursor preferably is at most 10
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weight percent of the total composition, and wherein the absorption spectra of the pigment

precursor overlap with the fluorescence emission spectrum of the host chromophore.

In a more preferred embodiment of the abovementioned carrier material, the pigment
precursor is dissolved, preferably molecularly, within the host chromophore matrix (variant
1), or the pigment precursor and the host chromophore are dissolved, preferably
molecularly, within the polymer matrix (variant 2).

Suitable carrier materials may be selected from organic or inorganic materials such as glass,
ceramics, minerals, plastics, paper, wood, semiconductors, metals, metal oxides and semi-

conductor metal oxides, and metal or semiconductor metalnitrides or -carbides.

Usually, the thickness of the layer depends on the desired use and may be in the range from

0.01 to 1000 um, preferably from 0.05 to 500 um, and particularly preferred from 0.1 to 100
pum.

In a still further preferred embodiment the coatings may be protected by cover layers which
are preferably transparent. Such coatings are well known and in general, photocrosslinked

coatings are mainly used for this purpose, and are well known in the art. Preferred coatings
are transparent.

Preferably the inventive pigment precursor containing compositions can all be used to
generate a fluorescent pigment, which is distributed, preferably homogeneously, in a

polymer matrix, and more preferred homogeneously distributed and molecularly dissolved in
the matrix.

A turther preferred embodiment of the present invention is a composition comprising a
polymer matrix, and distributed, preferably homogeneously, therein a fluorescent pigment.
More preferred is a composition, wherein the fluorescent pigment is molecularly dissolved
and homogeneously distributed within the polymer matrix.

The amount of pigments is described above, incorporated by reference.

The former disclosed embodiments and preferences are also valid for this composition.
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In an preferred embodiment the composition additionally contains a soluble host chromopho-
re, for example the afore mentioned host chromophores, including the preferences. In case
the emission spectrum of the dissolved host chromophores overlaps with the absorption
spectrum of the fluorescent dissolved pigment, the dissolved pigment functions as a guest
chromophore, which preferably affords an enhanced fluorescence. |

Host and guest chromophores for this application have been mentioned previously.

Solid solutions of a pigment precursor in a host chromophore may be used, where the
pigment preferably is deliberated by thermal treatment to generate the powders. It is also
possible that the composition containing the molecularly dissolved pigment, in the host
matrix, can be simply ground into powders.

Another preferred embodiment of the present invention relates to a composition containing a
pigment, preferably dissolved, more preferred molecularly dissolved, in a host matrix,
preferably in the form of powders, which can be sublimed together at the same time from

one single container and deposited as a layer on a carrier material, whereby the layer still

contains the pigment, preferably in a dissolved state, most preferred in a molecularly
dissolved state.

Another preferred embodiment of the present invention relates to a process for the
preparation of a layer on a solid support (or carrier) material wherein the layer composition is
comprised of a matrix formed by a host chromophore and distributed therein, preferably
homogeneously, more preferred dissolved and homogeneously distributed therein, a
fluorescent pigment, wherein the amount of pigment preferably is at most 10 weight percent
of the layer composition, and wherein the absorption spectrum of the pigment overlaps with
the fluorescence emission spectrum of the host chromophore, whereby a powder of a
composition, containing the host chromophore matrix and a fluorescent pigment, or a
pigment precursor, distributed therein, preferably homogeneously, more preferred
molecularly - dissolved and homogeneously distributed therein, is heated (“sublimed”),

preferably in an atmosphere with a reduced pressure, and deposited on at least one surface
of the support material.
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If a pigment precursor is used, in general the temperature depends on the choice of the
pigment precursor. Usually, the temperature is chosen preferably in the range of from 50 to
250°C, more preferably from 80 to 200°C, and most preferably from 100 to 180°C. The
pressure usually is chosen not higher than 100 kPa, preferably the pressure is not higher
than 1x10 Torr, more preferably not higher than 1x10° Torr, most preferably not higher than
1x10” Torr.

The compositions according to the invention may be milled to generate a powder form, which
can be very convenient for many industrial applications.

The patrticles of the composition of the invention also may be encapsulated with polymers by
known methods to generate for example another form of pigments for coloring polymers.

The compositions according to the invention may be coated as layer(s) on support materials,
obtainable through well known coating processes. Hence, a further preferred embodiment of
the present invention relates to a support material, to which on at least one surface a layer of
the polymer composition according to the invention is coated.

Suitable carrier materials may be selected from organic or inorganic materials like glass, ce-
ramics, minerals, plastics, paper, wood, semiconductors, metals, metal oxides and semicon
ductor metal oxides, and metal or semiconductor metalnitrides or -carbides.

The thickness of the layer usually depends on the desired use and preferably may be in the
range from 0.01 to 1000 um, preferably frrom 0.05 to 500 um, and particularly preferred from
0.1 to 100 um.

The coatings may be protected by cover layers which preferably are transparent. Such
coatings are well known and in general photocrosslinked coatings are mainly used for this
purpose, and are well known in the art. Preferred coatings are transparent.

The powders, containing particles, of the polymer compositions according to the invention
may be admixed with polymers. A further preferred embodiment of the present invention
relates to a composition comprising (a) a polymer substrate, and (b) particles of the polymer

composition according to the invention or particles of a composition containing a host




WO 98/33863 PCT/EP98/00315
-37-

chromophore matrix and a pigment, preferably molecularly dissolved, or both,
homogeneously distributed therein.

The amount of particles in general is dependent on the actual practical application, hence
there are no well defined preferred ratios, other than the broad range 90:10 to 1:999
(particles : polymer). In certain applications where both color strength and fluorescence are
required, then the preferred weight ratio of particles to polymer is from 10 to 90 wt%,
preferably from 20 to 90 wt%, and more preferably from 50 to 90 wt%. In circumstances
where fluorescence is desired but color strength is not required, then the weight ratio of

particles preferably is in the range of from 0.01 to 50 wt%, more preferably from 0.01 to 20
wt%, and more preferably from 0.01 to 10 wt%.

The polymer substrate may be selected from thermoplastics, polymer blends, thermosettings
and structurally crosslinked polymers. The polymers may be homopolymers, copolymers,
blockpolymers, graft polymers, alternating copolymers or random polymers.

The polymers may be opaque, transparent or translucent, preferably transparent. The
polymers may be selected for example from the group consisting of thermoplastic polymers
like polyesters, polyamides, polyimides, polyamide-imides, polyamide esters, polyurethanes,
polyureas, polyolefines; polymers from substituted olefines like vinylethers, vinylesters,
vinylalcohols, vinylchloride, vinyldichloride, acetonitrile, acrylic acid, methacrylic acid, esters
and amides of acrylic acid and methacrylic  acid, styrene, chlorostyrene, methylstyrene,
styrene sulfonic acid and their esters and amides, vinylcarbazole, vinylpyridine,
vinylpyrrolidone: polymaleic acid and esters and amides therefrom; polyethers (for example
from bisphenol-A diglycidyl ether), polysufones, polyketones, polyphenylsulfides, and
polyacetales; and natural polymers and their derivatives like cellulose and its esters and
ethers, and starch or derivatives of starch.

Examples of thermosetting resins and structurally crosslinked resins are polyepoxides,
unsaturated polyesters, photocrosslinked resins for example from acrylic acid and/or
methacrylic esters and/or amides from polyols and/or polyamines, melamine/formaldehyde
resins, and phenol/formaldehyde resins; polymers from butadiene, isoprene and or
chloroprene and copolymers with olefins, which may be crosslinked and of rubbery nature;
as well as silicates obtainable for example through the known sol/gel process.




WO 98/33863 PCT/EP98/00315
-38-

The thermoplastic compositions in general are obtainable by well known mixing methods,
such as admixing solutions of polymers and removing the solvent, injection molding and
extrusion molding. Thermosetting and structurally crosslinked compositions usually are
obtainable by known methods like press molding, whereby the particles preferably are
dispersed prior to the polymerization of a precursor composition.

The polymeric compositions of the invention may contain further ingredients to enhance cer-
tain properties such as electrical, physical and mechanical properties, and/or the processabi-
lity, for example dispersing agents to achieve a uniform distribution of particles, lubricants,
plasticizers, antistatica, solvents, molding agents, antioxidants, light stabilizers, fillers and
reinforcing fillers like glass balls and glass fibbers, quartz powders, silicates (e.g. mica, clay,
wollastonite), metal and semiconductor metal oxides, metal carbonates, metal salts, metals
and semiconductor metals, carbon black, as powder, or carbon fibers, whiskers, metal and

semiconductor metal carbides, metal and semiconductor metal nitrides, dyes, pigments and
others.

The polymer compositions of the invention preferably may be used in the form of shaped
articles.

The polymer compositions or polymerisable precursor compositions with particles preferably

may contain a solvent to generate coating compositions. Suitable solvents have been
mentioned previously.

In another aspect of the invention the polymer composition containing polymer may be used
as coatings on carrier materials, using the aforementioned composition.

Another preferred embodiment of the invention relates to a composition comprising (a) a
carrier material and (b) at least on one surface a coating of a composition comprising (c) a
polymer matrix, and (d) polymer particles of the composition according to the invention, or
particles of a composition containing a host chromophore matrix and a pigment, preferably
molecularly dissolved, or both, distributed therein, preferably homogeneously.
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The coatings preferably may be protected by overlays which are preferably transparent.
Such coatings in general are well known and preferably photocrosslinked coatings are
mainly used for this purpose.

The coated materials usually are obtainable by known methods like painting, casting or
spincoating, directly or with dispersion of the polymeric compositions.

It is also possible to use a polymerisable composition containing polymer forming monomers
or oligomeric precursors, particularly crosslinkable olefinically unsaturated monomers, to
generate coatings. The polymerization may be induced thermally or by actinic radiation or
both. The preparation of this composition preferably can be achieved by simply mixing the

ingredients together using suitable mixing equipment. Dispersions are in general stable
depending upon the viscosity. If particles should aggregate they may be redistributed by
stirring. In a highly advantageous embodiment of preparing coatings polymerisable
compositions can be used, wherein at least one surface of a carrier material is coated and
- subsequently polymerized by heat, radiation or both. Photopolymerizable mixtures can also

be used to generate fluorescent images by known photoresist technology.

The .composition may be used to generate the polymers or polymer particles according to
the invention as described before. Preferably the composition contains a solvent, when coa-
tings or images are to be generated. The afore described embodiments also apply to this
composition, including the preferred embodiments.

In another preferred embodiment the composition is based on polymerisable monomers
and/or prepolymers containing a functional group selected from olefinically unsaturated

groups, preferably from -CH=CH, and -C(CH,)=CH,, which can be thermally polymerized or
photopolymerized.

Photopolymerisable monomers and prepolymers are well known in the art and described for
example in EP-A-0 654 711. Preferred photopolymerisable monomers and prepolymers are

those based on the esters or amides of acrylic acid or methacrylic acid and alcohols, polyols,
amines and polyamines.
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Preferred ethylenically unsaturated photopolymerisable agents are selected from the group
of acrylic or methacrylic acid esters of aliphatic, cycloaliphatic and cycloaliphatic-aliphatic al-
cohols and diols to tetrols, and amines and diamines to tetramines containing particularly
preferred 2 to 12, and particularly preferred 2 to 8 C-atoms. Some examples of these diols
are alkylenediols like ethylenglycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- and 1,4-butanediol,
pentanediol, hexanediol, octanediol, decanediol, dodecanediol, cyc!ohexa'nediol. di(hydroxy-
methyl)-cyclohexane, polyoxyalkylendiols from preferably C,-Cealkylendiols with preferably 2
to 100 alkylenediol units, more preferably 2 to 50 alkylenediol units, and most preferably 2 to
20 alkylenediol units, like for example polyethylenediols, polypolypropylenediols, poly-
butylenediols and polyethylene/polypropylenediols, further 1,1,1-trihydroxymethylethane or -
propane, pentaerythritol and dipentaerythritol. Some examples for polyamines are ethy-
lenediamine, 1,3- and 1,3-propanediamine, 1,2-, 1,3- and 1,4-butanediamine, 1,6-hexanedi-
amine, diethylenetriamine, triethylenetetramine, cyclohexanediamine, (aminomethyl)cyclohe-
xaneamine, isophorondiamine and di(aminomethyl)cyclohexane. Examples of alcohols are li-
near or branched C, to Calkanols.

The photopolymerisable composition is particularly suitable for generating coatings and ima-
ges.

A further preferred embodiment of the present invention relates to a composition comprising
(a) a carrier material and on at least one surface of the carrier is coated (b) a high relief
image of a polymerized photoresist material, which contains particles of the polymer
composition according to the invention or particles composed of a host matrix and a

pigment, preferably molecularly dissolved, or both, distributed therein, preferably
homogeneously.

Another preferred embodiment of the present invention relates to a process for the creation
of fluorescent radiation which requires the excitation either electrically or by UV or visible

radiation, or both, of a fluorescent composition according to the invention.

Another preferred embodiment of the present invention relates to the use of the
compositions according to the invention as fluorescent materials.

The fluorescent composition of the present invention emits solid state fluorescence with a

greatly enhanced emission intensity when compared to the solid-state emission intensity of a
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composition that contains host units but lacks any guest units, or a composition that contains
guest units but lacks any host units.

All the materials described before preferably may be used in optical and electrooptical
devices.

The compositions on hand do show the following advantages compared to known
compositions:

a) a highly uniform distribution of inherently insoluble pigment in a host chromophore or in a
polymer matrix can be achieved;

b) a solid solution can be achieved, wherein an insoluble pigment is dissolved in a
molecularly state and thus homogeneously distributed in a host chromophore;

c) fluorescent materials are generated from polymers as matrix and contain a dissolved
pigment;

d) fluorescent materials with enhanced luminescence are obtained by the co-use of a host
chromophore and energy transfer from the host to the pigment even in a polymer matrix;

e) the manufacturing process is far less expensive than the known co-sublimation technique;
f) high amounts can be produced within short periods of time; and

g) an economic industrial scale production can be achieved;

h) even an easy preparation of fluorescent particles comprising a host chromophore matrix
and a pigment can be achieved;

i) fluorescent layers of a host chromophore matrix and a pigment can be directly achieved
from the powder form host chromophore/pigment mixtures;

j) fluorescent layers of a host chromophore matrix and a pigment can be even directly
achieved from the powder form host chromophore/pigment precursor mixtures:

when the insoluble pigmentary guest chromophore is incorporated into the host chromo-
phore or in a polymer matrix with or without a dissolved host chromophore using a soluble
and decomposable pigment precursor, limiting the upper content of the pigment in the

matrices, and the decomposition conditions must be controlled to avoid unwanted migration
of the deliberated pigment.

Further, a preparation method was found which is much more simple and convenient as the
methods of the conventional art using separate sources of host and guest for sublimation as
described for example in US 5,227,252 and JP-A-05 320 633. The co-sublimation of a
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simple mechanical mixture of the host and pure pigment (i.e. not precursor) components

from one a single container does not result in generating materials of this invention.

Another preferred embodiment of the present invention relates to the use of the solid
fluorescent compositions prepared according to the inventive process as organic emitting
materials in and for the preparation of electroluminescence (“EL") devices. Those EL-
devices are well known in the art and e.g. described in US 5,593,788, WO 94/15441, and the
literature cited therein. For example one of the common EL devices comprises two extremely
thin layers (< 1.0 um in combined thickness) which separate the anode and the cathode.
One layer specifically is chosen to inject and transport holes and the other specifically
chosen to inject and transport electrons and also acting as the organic luminescent zone of
the device. The extremely thin organic luminescent medium offers reduced resistance,
permitting higher current densities for a given level of electrical biasing. Since light emission
is directly related to current density through the organic luminescent medium, the fhin layers
coupled with increased charge injection and transport efficiencies have allowed acceptable
light emission levels (e.g. brightness levels capable of being visually detected in ambient
light) to be achieved with low voltages in ranges compatible with integrated circuit drivers,
such as transporting layer also acting as the luminescent zone of the device.

In another preferred embodiment of this invention, the inventive host/guest solid solutions,
either with or without a polymer, and the inventive compositions comprising a polymer, a
host chromophore and either a pigment precursor or a pigment (obtainable trom the pigment
precursor) can be used as organic emitting material in a layer of an EL device as well as for
the preparation of such an EL device. Such devices are known in principle e.g. from US

5,593,788 and the prior art cited therein, hence, no further details are necessary for a skilled
person in the art.

Hence, electroluminescent devices comprising an anode , a cathode and as organic emitting
material the inventive solid solutions or compositions are also part of this invention. The

preparation of such devices is given in detail e.g. in the above cited US 5,593,788 or WO
94/15441.

In a particularly preferred embodiment, a EL device comprises an anode, e.g. an ITO glass
substrate, a cathode, e.g. magnesium, a hole-transporting substance, e.g. TPD (, N,N'-
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diphenyl-N,N’-bis(3-methylphenyl)-1,1’-biphenyl-4,4’-diamine, and a light-emitting material,
preferred a pigment or pig,ent'precursor as described above, particularly preferred a
pigment precursor such as one of the abovementioned DPP-BOC compounds.

In another preferred embodiment of this invention, the light-emitting material and, optionally
a hole-transporting material, are deposited on one of the electrodes, either cathode or
anode, by sublimation, particularly preferred the light-emitting layer is obtained by the
simultaneous sublimation of a host chromophore and a guest chromophore, wherein the
abovementioned definitions for the host and guest compounds are valid, preferred is the
sublimation of an inventive host/guest mixture, particularly preferred the above described -
inventive powder. Hence, an electroluminescent element comprising an anode and a
cathode as electrodes, and an organic light-emitting material, wherein a thin layer on one of
the electrodes is obtained by sublimation of the organic light-emitting material, and wherein
the organic light-emitting material is either a pigment or a pigment precursor, is also part of
this invention.

A further embodiment of this invention relates to layers comprising a host and a guest,
obtained by sublimation of the corresponding host/guest mixtures, wherein the host and
guest compounds are as defined above, e.g. the host exhibiting a solid-state fluorescence,
and a guest being a pigment or a pigment precursor, and wherein the absorption spectrum

of the pigment or pigment precursor overlaps with the fluorescence emission spectrum of the
host compound.

Accordingly, a further embodiment of this invention relates to a process for the preparation
of a layer comprising a host and a guest compound, wherein the corresponding host/guest
mixture is subjected to sublimation thereby forming a layer, wherein the host and guest
compounds are as defined above, e.g. the host exhibiting a solid-state fluorescence, and a
guest being a pigment or a pigment precursor, and wherein the absorption spectrum of the

pigment or pigment precursor overlaps with the fluorescence emission spectrum of the host
compound.

Further, an electroluminescent element comprising a cathode, an anode and a layer
obtained by sublimation of the inventive host/guest mixtures.
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The compositions according to the invention can span a broad number of applications as
they readily facilitate themselves to excitation by both UV and daylight radiation sources.
Preferably, these materials could be rendered very useful as coloring agents in applications
such as road markings and traffic signs for night and daylight uses, as they exhibit brilliant
daylight fluorescence and can also be excited by the UV radiation of motor vehicles halogen
lamps, thereby providing inténse, bright colors during both day and nighttime. Other applica-
tions include their use as pigments, coloring agents, materials for scintillators, materials for
solar energy collectors, materials for light emitting electroluminescent devices, materials for
generating fluorescent images. Moreover, the choice of host and guest compounds can lend
a lot of flexibility to the desired emission wavelength required -of the overall system, therein
imparting the capability for color-tuning and ease of tailoring of the core system to specific
color applications via wavelength modulation. It is also possible to produce fluorescent
images (high relief structures) by the well known photoresist technology. The compositions
of the invention may also be used in paintings and lacquers as well as in printing inks.

The following examples demonstrate the invention.
In the examples, the following abbreviations are used:

DPP:1,4-diketo-3,6-diphenyl-pyrrolo-[3,4-c]pyrrole
MeDPP:1,4-diketo-3,6-di(4-methyl-phenyl)-pyrrolo-[3,4-c]pyrrole
tBuDPP:1,4-diketo-3,6-di(4-tert.-butyl-phenyl)-pyrrolo-[3,4-c]pyrrole
PhDPP:1,4-diketo-3,6-di(4-biphenyl)-pyrrolo-[3,4-c]pyrrole
CIDPP:1,4-diketo-3,6-di(4-chloro-phenyl)-pyrrolo-[3,4-c]pyrrole

QA : quinacridone

DPP-BOC: N,N'-bis-tert.-butyloxycarbonyl-1,4-diketo-3,6-diphenyl-pyrrolo-[3,4-c]pyrrole
MeDPP-BOC: N,N'-bis-tert.-butyloxycarbonyl-1,4-diketo-3,6-di(4-methyl-phenyl)-pyrrolo-[3,4-
clpyrrole
tBuDPP-BOC:N,N*-bis-tert.-butyloxycarbonyl-1,4-diketo-3,6-di(4-tert.-butyl-phenyl)-pyrrolo-
[3,4-c]pyrrole
PhDPP-BOC:N,N'-bis-tert.-butyloxycarbonyl-1,4-diketo-3,6-di(4-biphenyl)-pyrrolo-[3,4-c}-
pyrrole |

CIDPP-BOC: N,N’-bis-tert.-butyloxycarbonyl-1,4-diketo-3,6-di(4-chloro-phenyl)-pyrrolo-
[3,4-c]pyrrole
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QA-BOC: N,N’-bis-tert.-butyloxycarbonyl quinacridone

The Solvents used in the examples are purchased from Wako Chemical Co. Ltd.
Polycarbonate resin (2200) is purchased from Mitsubishi Gas Chemical Co., Inc. Tris(8-
hydroxyquinolinate) aluminum is purchased from Dojindo Laboratories. The wire bar used in
the examples (KCC rod No. 8) is purchased from RK Print-Coat Instruments. The ITO glass
substrate used in the examples (ITO film thickness 200nm, sheet resistance 10ohm/cm?) is
purchased from Matsuzaki Shinku Co. The homogenizer used in the examples (Uitra-Turrax
T-25) is purchased from IKA-Labortechnik. The fluorescence spectrophotometer (F-4500)
used to evaluate fluorescent properties is purchased from Hitachi Co. LTD.

A) PREPARATION OF FLUORESCENT POLYMER FILMS

Example A1:

0.00244 g of DPP-BOC precursor is dissolved in 5.0 ml of a 10 wt% THF solution of
polycarbonate resin. Then the solution is applied to a glass substrate using a wire bar coater
and dried at 40°C for 30 minutes. The color of the film is green with green fluorescence. The
sample is then heat-treated at 150°C for 30 minutes, to fumish a yellowish green film with

strong yellowish green fluorescence.

Example A2:

0.00279 g of CIDPP-BOC precursor is dissolved in 5.0 ml of a 10 wt% THF solution of
polycarbonate resin. Then the solution is applied to a glass substrate using a wire bar coater
and dried at 60°C for 1 hour. The color of the fim is green with green fluorescence. The
sample is then heat-treated at 150°C for 2 hours, to furnish a yellowish green film with strong

yellowish green fluorescence.

Example A3:

0.00256 g of QA-BOC precursor is dissolved in 5.0 ml of a 10 wt% THF solution of
polycarbonate resin. Then the solution is applied to a glass substrate using a wire bar coater
and dried at 60°C for 1 hour. The color of the film is green with green fluorescence. The
sample is heat-treated at 150°C for a half hour, to furnish a yellowish green film with strong

yellowish green fluorescence.
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Determination of fluorescence properties of films

The fluorescence properties of the polymer films obtained in Examples A1 to A3 are
measured using a fluorescence spectrophotometer (F-4500, Hitachi Co. LTD.). The peak
absorption of the fluorophore is selected as the excitation wavelength, and for all cases it is
480 nm. The results obtained are summarized in Table 1.

Table 1: Fluorescence properties of polymer films

Example Peak wavelength Intensity
(nm) (arb. units)
A1 512 285
A2 523 290
A3 525 86
Example A4:

Carefully measured amounts of the host compound 1,2,3,4-tetraphenyl-benzo [4,5] imidazo
'[2,1-a)] isoindol-11-one, a precursor of a guest compound (DPP-BOC or QA-BOC) and
polymethyimethacrylate are dissolved in CHClymethanol (95/5), to yield a clear,
homogeneous solution (5Wt% concentration). The mixture is then cast onto a glass substrate
using a wire bar, and the solvent flashed off at room temperature, to yield a polymer film
that has the visual color and spectroscopic features typical of the precursor (green with
green fluorescence). This film is then is heat-treated at 120°C for the times given in table 2,

resulting in a fluorescent film with yellowish green color. The fluorescence properties of the
fluorescent powders are measured using a fluorescence spectrophotometer in the standard
reflection mode (F-4500, Hitachi Co. LTD.) fitted with a solid sample hdlder. The
monochromatic excitation wavelength corresponds to the absorption maximum of the host
i.e. 360 nm. The results are listed in Table 2.
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Table 2:
Host* Guest Polymer Heating time  Peak wave- Peak
(weight%) (weight%) (weight%) (min) length (nm) Intensity
(arb. Units)
20 DPP 80 6 509 229
(0.1)
50 DPP 50 1 510 370
(0.1)
20 QA 80 1 520 182
(0.1)
20 none 80 2 500 104

*1,2,3,4-tetraphenyl-benzo {4,5] imidazo [2,1-a] isoindol-11-one
B) PREPARATION OF HOST AND GUEST CHROMOPHORES MIXTURES

Example B1:

1 x 10”° mol (0.0056 g) of CIDPP-BOC as a precursor of a guest compound and 2 x 10°® mol
(0.919 g) of tris(8-hydroxyquinolinate) aluminum as a host compound are dissolved in 100 ml
of N,N-dimethylformamide. The homogenous solution is poured into a large excess of water,
which is vigorously stirred with a homogenizer. The precipitated solid is isolated by filtration,
and the residue is washed numerous with water, before drying at 80°C in vacuo for 24 hours.
Furnished is 0.773 g (yield 84%) of a green powder with green fluorescence. The powder is
in turn heat-treated at 150°C for 2.5 hours, affording a yellowish green powder with yellowish

green fluorescence. The fluorescence properties are given in table 3.

Example B2:

1 x 10®° mol (0.00513 g) of QA-BOC as a precursor of a guest compound and 2 x 10° mol
(0.919 q) of tris(8-hydroxyquinolinate) aluminum as a host compound are dissolved in 150 ml
of N,N-dimethylformamide. The homogenous solution is poured into a large excess of water
which is vigorously stirred with a homogenizer. The precipitated solid is isolated by filtration,
and washed numerous times with water and dried at 80°C in vacuo for 24 hours. Furnished
is 0.632 g (yield 68%) of a green powder with green fluorescence. The powder is in turn
heat-treated at 180°C for 1 hour, affording a yellowish green powder with yellowish green

fluorescence. The fluorescence properties are given in table 3.
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Table 3
Example Host Guest Peak Wave- Peak Intensity
length (nm)
B1 Alg3 CIDPP 549 585
B2 Alg3 QA 538 528

C) APPLICATION EXAMPLES

The luminance of 'examples C1 to C3 are measured using a luminometer (LS-110, Minolta
Camera Co. Ltd.) attached with close-up lens (No.110, maximum focusing distance 205 mm,

target diameter at maximum focusing distance 0.5 mm) at its maximum focusing distance.
Example C1: Electroluminescent element (EL) with pigment dissolved in a polymer film

Fluorophore precursors used herein are DPP-BOC, MeDPP-BOC, tBuDPP-BOC, PhDPP-
BOC, CIDPP-BOC, (prepared in analogy to examples 1, 4, 3, 9, and 2 of EP-A 648 770) and
QA-BOC (prepared in analogy to example 1 of EP-A 648 817), which provide upon heat-
treatment DPP, MeDPP, tBuDPP, PhDPP, CIDPP and QA, respectively.

Each of the fluorophore precursors as a light-emitting material, 2-(4'-tert.-butylphenyl)-5-
(4"-biphenyl)-1,3,4-oxadiazole (PBD, melting point in the range of ca. 135 to 140°C,
commercially available from Dojindo Laboratories) as an electron-transport material and
poly(N-vinylcarbazole)(PVCz, molecular weight in the range of 400,000 to 600,000 g/mo!;
Kanto Chemical Co. Ltd.) as a hole-transport material, are dissolved in 1,2-dichloroethane,
with a ratio of precursor:PBD:PVCz=1:20:80 (mol%), to yield a clear, homogeneous solution
of the mixed components (all solutions 1.4w/w%). The mixture is then cast onto an ITO glass
substrate using a spin-coater (1H-11ID, Kyoei Semiconductor) and the solvent removed to
form a light-emitting layer with a thickness of 100 nm. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>