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Sclid Polymer Composition

Technical Field

The present invention relates to a solid poly-
mer compositicon comprising luminescent crystals, lumines-—
cent components comprising the solid polymer composition,
and a light emitting device comprising one of the lumines-

cent components.

Background Art

Luminescent <crystals, specifically guantum
dots, are a known c¢lass of materials. Integrating these
luminescent crystals into a composite makes them applicable
for electronic devices in general and in particular makes
them applicable for light emitting devices or cells. Such
light emitting devices or cells find applications in var-
ious flelds, in particular in display technolcgies, such
as liquid crystal displays or light-emitting diodes or or-
ganic-light-emitting dicdes.

Ayguler et al (J. Phys. Chem. C 2015, 119,
12047-12054) disclose light emitting electrochemical cells
based on hybrid lead halide perovskite nancoparticles. The
authors disclose a method for manufacturing such nanopar-
ticles of 50-390 nm.

Li et al (Chem. Mater., 2015, 284-292) de-
scribe the formation of (FA,Cs)PblIsz solid state alloys in
bulk film form to stabilize Perovskite Structures, where
A represents formamidinium. The materials disclosed in
that document do not show luminescence. The formation of
the films 1s obtained via solution in N,N-dimethylforma-
mide.

Protesescu, L. et al. (Nano Lett., 2015, 15,
3692-3690) disclose a new class of luminescent guantum dots
(ODs) of high gquality. The authors disclose the fabrication
of a composite comprising CsPb nanocrystals (NC) which were
integrated into PMMA, for their usability for light-emit-
ting applications. However, such NC-PMMA composites suffer
from thermal instability at increasing temperatures which
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makes them not very favorable for their application in
light emitting devices, in particular display devices, or
luminescent composites respectively, which in particular
might heat up when excited by a background lighting.

Ling et al (Adv. Mater., 28, 2016, 305-311)
disclose bright LEDs based on MAPBBri3; perovskite nanoplate-
lets in a PVK:PBD matrix, where the nanoplatelets comprise
a capping agent.

Dubrow et al (W02011/053635) disclose LED de-
vices comprising nanocrystals dispersed in a polymeric ma-
terial to thereby hermetically seal said nanocrystals.

Kwon et al {(US2015/0034875) disclose LED de-
vices comprising multiple polymer matrix layers comprising

quantum dots.

Disclosure of the Invention

The problem to be solved by the present inven-
tion is therefore to overcome the disadvantages of the

prior art.
This problem is solved by the subjects of the

independent claims concerning a first, second, third and

fourth aspect of the invention.

Unless otherwise stated, the following defini-

tions shall apply in this specification:

The terms “a”, "an,” "the” and similar terms
used in the context of the present invention are to be
construed to cover both the singular and plural unless
otherwise indicated herein or clearly contradicted by the
context. Further, the terms "including", "containing” and
"comprising"” are used herein in their open, non-limiting
sense. The term “containing” shall include both, “compris-
ing” and “consisting of”.

Percentages are given as weight-%, unless oth-
erwise indicated herein or clearly contradicted by the
context.

The term “perovskite” is known in the field and
denotes ternary minerals having the perovskite-type crys-
tal structure. Its structure 1is ABXs3 where A and B are
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cations, A having coordination number 12 and B having co-
ordination umber 6. X are anions forming a cubic or dis-
torted cubic (e.g. orthorhombic). The term shall also in-
clude structures derived from perovskites, such as the
Elpasolithes [Ao.5A 9.5]BXs3.

The terms Y“surfactant”, “ligand” and “disper-
sant” are known in the field and have essentially the same
meaning. In the context of the present invention, these
terms denote an organic substance, other than a solvent,
which is used in suspensions or colloids to improve the
separation of particles and to prevent agglomeration or
settling. The term “surfactant” particularly relates to
compounds that lower the surface tension between two lig-
uids or between a liguid and a solid. In the context of
this invention, surfactants are organic compounds selected
from the group of non-ionic, anionic, cationic, zwitter-—
ionic surfactants. Without being bound to theory, it is
believed that surfactants are physically or chemically at-
tached on the particle surface either before or after add-
ing the particles to the solvent and thereby provide the
desired effects. In the context of the present invention,
solvents (e.g. toluene) are ncot considered surfactants.

The term “solvent” 1is known in the field and
particularly includes aliphatic hydrocarbons, arocmatic hy-
drocarbons, ethers (including glycol-ethers), esters, al-
cohols, ketones, amines, amides, sulfones, phosphines, al-
kylcarbonates. The above organics can be substituted or
unsubstituted by one or more substituents, for example by
halogen (such as fluoro), Hydroxy, Cl-4 alkexy (such as
methoxy or ethoxy) and alkyl (such as methyl, ethyl, iso-
propyl). The above organics include linear, branched and
cyclic derivatives. There can also be unsaturated bonds in
the molecule. The above compounds typically have 4 - 24
carbon atoms, preferably 5 -~ 12 carbon atoms, most prefer-
ably 6-10 carbon atoms.

The term “suspension” is known and relates to
a heterocgeneous fluid of an internal phase (i.p.) that is
a solid and an external phase (e.p.) that is a liquid. The
external phase comprises cone or more dispersants/surfac-
tants, optionally one or more solvents and optionally one
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or more pre-polymers and optionally one or more dissolved
polyvmers. Accordingly, each type of luminescent crystal is
added to the dedicated portion of suspension. Further pro-
cessing includes the application of one or each portion of
suspension to the desired area onto a preferred substrate.
This step is also referred to as solution processing which
denotes the application of a coating film or thin element
to a preferred substrate by the use of a solution-based
(=liquid) starting material.

The term “luminescent crystals” (LC) is known
in the field and relates to crystals of 3-500 nm, made of
semiconductor materials. The term comprises gquantum dots,
typically in the range of 3 - 15 nm and nanccrystals,
typically in the range of more than 15 nm and up to 100 nm
(preferably up to 50 nm) and crystals, typically in the
range more than 100 nm and up to 500 nm. Preferably, lumi-
nescent crystals are approximately isometric (such as
spherical or cubic). Particles are considered approxi-
mately iscmetric, 1n case the aspect ratio (longest
shortest direction) of all 3 orthogonal dimensions is 1 -

2. Accordingly, an assembly of LCs preferably contains 50

- 100 & (n/n), preferably 66 - 100 % (n/n) much preferably
75 - 100 % {n/n) isometric nanocrystals.

LCs show, as the term indicates, luminescence
or more specifically defined photoluminescence. In the con-
text of the present invention the term luminescent crystal
includes single crystals or can be polycrystalline parti-
cles. In the latter case, one particle may be composed of
several crystal domains (grains), connected by crystalline
or amorphous phase boundaries. A luminescent crystal 1is
spatially separated from other particles due to the pres-
ence of a surfactant. It is a semiconducting material which
exhibits a direct bandgap (typically in the range 1.1 -
3.8 eV, more typically 1.4 - 3.5 eV, even more typically
1.7 - 3.2 eV). Upon excitation/illumination with electro-
magnetic radiation equal or higher than the bandgap, the
valence band electron is excited to the conduction band
leaving an electron hole in the valence band. The formed
exciton (electron-electron hole pair) then radiatively re-

combines in the form of photoluminescence, with maximum
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intensity centered around the LC bandgap value and exhib-
iting photoluminescence quantum yield of at least 1 %. In
contact with external electron and electron hole sources
LC could exhibit electroluminescence. In the context of
the present invention LCs do not exhibit mechanc-lumines-—
cence (e.g. piezoluminescence), chemi-luminescence, elec-—
trochemi~luminescence nor thermo-luminescence.

The term “quantum dot” (QD) is known and par-—
ticularly relates to semiconductor nanocrystals, which
have a diameter typically between 3 - 15 nm. In this range,
the physical diameter of the QD is smaller than the bulk
excitation Bohr radius, causing quantum confinement effect
to predominate. As a result, the electrconic states of the
QD, and therefore the bandgap, are a function of the QD
composition and physical size, i.e. the color of absorp-
tion/emission is linked with the QD size. The optical qual-
ity of the QDs sample 1s directly linked with their homo-
geneity (more monodisperse (QDs will have smaller FWHM of
the emission). When @D reach size bigger than the Bohr
radius the quantum confinement effect i1s hindered and the
sample may not be luminescent anymore as nonradiative path-
ways for exciton recombination may become dominant. Thus,
QDs are a specific sub-group of nanocrystals, defined in
particular by its size and size distribution. Properties
of the (QDs are directly linked with these parameters, dis-
tinguishing them from nanocrystals.

The term “matrix” is known in the field and in
the context of this invention denotes continuous material
encompassing a discontinuous or particulate phase.

The term “QOD composite” denotes a solid inor-
ganic/organic composite material comprising LCs/QD, sur-
factant and a matrix. The form of a QD composite includes
films, fibers and bulk material. QD composites are used
for applications where the LCs/QD s only have an optical
function, as the LCs/QD’ s are not electronically addressed.

In QD composites, the LCs/QD’'s are embedded in
a matrix, such as a polymer matrix or an inorganic matrix,

in order (o spatially separate the LCs/QD’s from each
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other. Depending on the use, the thickness of a QD compo-
site film may vary over a broad range, but typically is 1
- 1000 microns.

The term QD layer” denotes a thin layer com-
prising luminescent crystals (specifically QDs) and sur-
factant and are free of, or essentially free of additional
components, such as matrix / binder. QD layers may find
various applications, including guantum dot light emitting
diodes (QLED) or guantum dot scolar cells. In these appli-
cations, the LCs/QDs are electronically addressed; a cur-
rent flows through the QbD-layer by applying a voltage.
Depending on the use, the thickness of a QD layer may vary
over a broad range, but typically is 3 - 200 nm, preferably
5 - 100 nm, most preferably 6-30 nm. A QD layer can be
composed of a monolayer of LCs/QDs, thus having a thickness
equal to the size of the LCs/QDs used and thus defining a
Jower limit of the thickness.

The term “RoHS compliance” refers to embodi-
ments of the present invention that comply with RoOHS
{"Restriction of Hazardous Substances") Directive by the
Furopean Union. At the time of filing the present patent
application the applicable directive 2011/65/EU generally
restricted the use of the following elements: Lead (Pb)
<1000 ppm by weight, Mercury (Hg) <1000 ppm, Cadmium (Cd)
<100 ppm, Hexavalent chromium (Cré6+) < 1000 ppm, Polybro-
minated biphenyls (PBB) < 1000 ppm, Polybrominated diphe-
nyl ether (PBDE) <1000 ppm.

The term "quantum yvield (QY)" is known in the
field and relates to the amount of times a specific event
occurs per photon that is absorbed in the system. In the
context of the present invention the term "gquantum yield"”
refers to the "photoluminescence quantum yield" of the
described substance and both terms are used with identi-
cal meaning. The "photoluminescence quantum yield" de-
fines how many photons of a longexr wavelength (lower en-
ergy) are emitted by the described system per photon that
is absorbed by the system.

The term “polymer” 1is known and includes or-
ganic synthetic materials characterized by 1its repeating
units, molecular weight and further parameters. The term
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“pre-polymer” shall include both, monomers and oligomers.
The term polymer thus includes as exemplary embodiments
acrylate polymers, carbonate polymers, sulfone polymers,
epoxy polymers, vinyl polymers, urethane polymers, imide
polymers, ester polymers, furane polymers, melamine poly-—
mers, styrene polymers and silicone polymers and cyclic

olefin copolymers.

A first aspect of Lthe invenllion concerns a solid polymer

composition comprising luminescent crystals, surfactants
and hardened / cured polymer.

The solid polymer composition comprises Luminescent Crys-
tals / Quantum Dots (LCs/QDs) of formula (I): The lumines-
cent crystals are of 3-500 nm size. Preferably, the LCs/QDs
have a narrow size distribution, as indicated by the low
FWHM values of the emission peaks. The luminescent crystals

are selected from compounds of formula (1),
[MIAL] aM2pXc (I), wherein:

represents one or more organic cations selected from the
group consisting of ammonium, formamidinium, guanidinium,
imidazolium, pyridinium, pyrreolidinium, protonated thiou-
rea,

represents one or more alkaline metals selected from Cs,
Rb, K, Na, Li,

represents one or more metals selected from the group con-
sisting of Ge, Sn, Pb, Sb, andlBi,

represents one or more anions selected from the group con-
sisting of chloride, bromide, i1odide, c¢yanide, thiccya-
nate, isothiccyanate and sulfide,

represents 1-4,

represents 1-2, and

represents 3-9.

The solid polymer composition comprises one or more sur-
factants selected from the group of non-ionic, anionic,

cationic, zwitter—ionic surfactants and mixtures thereof.
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One or more surfactants encompass surfactants of the same

cor of different type.

The solid polymer composition comprises a hardened / cured
polymer. Preferably, the hardened / cured polymer is light
transmissive, 1i.e. non-opaque for allowing light emitted
by the luminescent crystals, and possible light of a light
source used for exciting the luminescent crystals to pass.
Said polymer preferably is selected from the group con-
sisting of acrylate polymers, epoxy polymers, urethane pol-
ymers, styrene polymers, silicone polymers, carbonate pol-

ymers, and cyclic olefin copclymers.

This aspect of the invention shall be explained in further
detail below, with emphasis given to the compounds of for-
mula (I); surfactants:; hardened / cured polymer; LC/QDs

and preferred embodiments.

The compounds of formula (I) include stoichiometric and
‘non-stoichiocmetric compounds. Compounds of formula (I) are
stoichiometric, in case a, b and ¢ represent a natural
number (i.e. positive 1integers); they are non-stoichio-
metric, in case a, b and c¢ represent a rational number,
excluding natural numbers. Tn one embodiment, the invention

relates to LCs/QDs of formula (I), where a=1, b=1, c=3.

As can be seen from the above formula (I), the compounds
subject to this invention are hybrid materials in that they
contain two types of caticns. While cation Al is an organic
cation, cation M? {(and M!, if present) 1is a metal cation.
Such hybrid materials, particularly in the form of Perov-
skite Nanoparticles, have beneficial properties. A broad
range of hybrid materials (I) comprising organic cations
Al are available following the inventive manufacturing
method. It i1s understood that according to the invention
the presence of Al is mandatory. However, the amount of M!
may vary over a broad range. Accordingly, the invention

provides for the following:
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Compounds of formula (I) where cations M! and Al are sta-
tistically distributed over the same position in the crys-
tal lattice. This is indicated by square brackets [MIAl];
herein, they are termed hybrid perovskites.

Compounds of formula (I-3) define a specific sub-group of
such hybrid perovskites; herein termed organic-—-inorganic
perovskites.

Compounds of formula (I-2) define a further specific sub-
group of such perovskites. According to this subgroup, no
Ml is present, herein termed organic perovskites.
Compounds of formula (I-1) define a further specific sub-
group of such percovskites. According to this subgroup, more
than one anion X is present.

In its didealized focrm of compounds of formula (I), The
anions X define a cubic structure (either undistorted or
distorted to orthorhombic, tetragonal or trigonal); the
smaller cation M2 has a coordination number of 6 and the
larger cation [MIA!l] has a coordination number of 12. Ac-
cordingly Al and M! (if present) are randomly located at
the same position within the crystal structure; and are

therefore indicated by square brackets [..].

Suitable organic cations Al may be selected from the group
consisting of formamidinium cations (IV-1), ammonium cat-

ions (IV-2), guanidinium cations (IV-3), protonated thio-

urea cations (IV-4), dimidazolium cations (IV-5), pyri-
dinium cations (IV~-6), pyrrolidinium cations (IV-7),
. @ @ ® (©]
R R\ /R SH
/k /N\ )J\
RZ,N7 " “NRZ, R R RZN NRZ?,
(IV-1) (IV-2) (IV-4)
N Q N O
SN N\,
R? R N N
| RZ \R2

RZ
(IV-5) (IV-0) {(Iv-17)
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wherein the substituents R represents, independent from
each other, hydrecgen, or Ci-s alkyl, or phenyl, or benzyl
and in case R 1s connected to carbon it additionally rep-
resents independent from each other halide or pseudchalide.
For (IV-1), RZ preferably represents hydrogen; and R! pref-
erably represents methyl or hydrogen or halide or pseudo-
halide. Preferred cations are selected from the group con-
sisting of the acetamidinium, formamidinium (FA). FA is
the preferred cation.

For (IV-2), R preferably represents hydrogen and methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-bu-
tyl, phenyl, benzyl. Preferred cations are selected from
the group consisting of benzylammonium, iso-butylammonium,
n-butylammonium, t-butylammonium, diethylammonium, dime-
thylammonium, ethylammonium, methylammonium (MA), phene-
thylammenium, iso-propylammonium, n-propylammonium. MA is
the preferred cation.

For (IV-3), R¢ preferably represents hydrogen, resulting
in the parent compound, the guanidinium cation.

For (IV-4), R? preferably represents hydrogen, resulting
in the parent compound, the protonated thiourea cation.
For (IV-5), R? preferably represents methyl or hydrogen.
Imidazolium is the preferred cation.

For (IV-6), R? preferably represents methyl or hydrogen.
Pyridinium is the preferred cation.

For (IV-7), R? preferably represents methyl or hydrogen.
Pyrrolidinium is the preferred cation.

In one embodiment, the invention relates to LCs/ODs of
formula (I), where no M* is present. In Lhis embodiment,
the invention relates to compounds of formula (I-2)

AL M2pX (I-2) where

the substituents are as defined herein.

In this specification, such compounds of formula (I-2) are

termed organic perovskites, due to the absence of M!.
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In one further embodiment, the invention relates tc LCs/QDs
of formula (I), where M! is present up to 90 mol% when
calculated on the basis of MI+Al. In this embodiment, M?!
and Al are statistically distributed and relate to com-

pounds of formula (I-3)
[Ml a\Al a“]aMszc (1—3), wherein:

a’+ a > =1 and a*/(a +a > ")<0.9 and a >0, and

the remaining substituents are as defined herein.

In this specification, such compounds of formula (I-3) are
termed inorganic-organic perovskites, due to the presence
of ML,

In one embodiment, the invention relates to LCs/QDs of
formula (I), where M! = Cs. In cne embodiment, the invention
relates to LCs/QDs of formula (I), where Al = FA. In one
embodiment, the invention relates to LCs/QDs of formula
(I), where M? = Pb. In one embodiment, the invention relates
to LCs/QDs of formula (I), where X is a combination of at
least two elements selected from the list of Cl, Br, and
I.

In one embodiment, the invention relates to LCs/QDs of
formula (1), selected from FA1Pb:iX3, particularly FAPbRrs3,
FAPbBr2I. This embodiment also includes corresponding molar
mixtures of FABr and PbBrZ2 or mixtures of FAI and PbBrZz.

In one further embodiment, the invention relates to LCs/QDs
of formula (I) further including doped materials, i.e.
wherein part of M! is replaced by other alkaline metals,
or wherein part of M? is replaced by cother transition metals
or rare earth elements, or wherein part of X is replaced
by other halogenides, or wherein part of Al is replaced by
other cations as defined herein. Dopants (i.e. replacing
ions) are generally present in an amcocunt of less than 1%

in respect to the ion they are replacing.
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In one further embodiment the invention relates to LCs/QDs
of formula (I-2), selected from AlSnXs;, Al3Bi;Xg, AlGeXs.

In one further embodiment the invention relates to LCs/QDs
of formula (I) wherein part of X is replaced by one or more
anions selected from the group consisting of cyanide, thi-
ocyanate, isothiocyanate and sulfide. As exemplary embod-

iments are identified
Al M2 [X1.-X2.-] (I-1), wherein:

Al, MZ, a, b are as identified above;

X1l represents one or more anions selected from the
group of halides as identified above;

X? represents an anion different from X!, selected
from the group of pseudohalides or sulfide, as
identified above;

c'+c' ' represents a natural number from 3 to 9 and
c /¢ ">»0.9. As sulfide is 2-, 1t counts twice when

calculating ¢, c °

Exemplary embodiments of formula (I-1) include FAP-
bCl, oCNp. 1, FASNBrz (SCN) 4, FA3Bi2Brg.g (NCS)o.2, and FAP-

bBro.4a3T2.4350.07-

The materials of formula (I) are available in analogy to
known methods, e.g. from application PCT/CH2016/000081 or
Aygiiler et al. as cited above.

The materials of formula (I) have multiple uses and are
specifically applicable for a luminescent component ac-
cording to a second and third aspect of the invention.

The emission of light with a specific wavelength of the
luminescent crystals depends on a selection of the material
of the luminescent crystals within the constraints of this
first aspect of the invention, in particular within the
constraints of formula (I), and depends on a size of the

luminescent crystals.
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Suitable amounts of LCs/QDs in the inventive polymer com-
position may vary over a broad range and determined by

routine experiments. In a preferred embodiment, the sclid

polymer composition has the weight ratio LCs/QDs : matrix
(polymer + surfactant) in the range of 0.0001-0.1, and/or
has the weight ratio surfactant : LCs/QDs in the range of
100-0.01.

In a preferred embodiment, the luminescent crystals of
formula (I) are selected from the group of FA1PbiXz. In this
embodiment, the surfactant preferably comprises a zwitter-
ionic surfactant, and / or the polymer preferably is se-
lected from the group of acrylates.

Surfactant: A broad variety of surfactants may be used in
the context of the present invention. Suitable surfactants
may be determined in routine experiments; its choice de-
pends mainly on the polymer used in the next step and the
nature of solid material. Surfactants may be selected from
the class of non-ionic surfactants, cationic surfactants,

zwitterionic surfactants and anionic surfactants.

It is known in the art to combine two or more surfactants
to improve positive properties; such combination of sur-—
factants beling also subject to the present invention. In a
further embodiment, the surfactants comprise a mixture of
a zwitter-ionic surfactant and a non-ionic surfactant,
preferably a saturated or unsaturated fatty amine.

In a further embodiment, the surfactants are selected from
the group of anionic, cationic, non-ionic and zwitter—-ionic
surfactants comprising apolar end-groups selected from the
group of alkyl- or alkyl-ether-chains with 4-30, preferably
b—-24, most preferably 8-20 carbon atoms.

In a further embodiment, the surfactants are selected from
the group of anionic, cationic, non-ionic and zwitter—-ionic
surfactants, having one or more chemical moieties selected
from the group of alkyl ethers with the formula (II)
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RO—= (C2H40) m (C3HeO) n— (IT), whereby

m and n independently are 0-10, but m+n>2 and
R represents Ci.s—alkyl.

In a preferred embodiment the surfactant comprises one or
more compounds selected from the following list: SP 13300,
Sp 20006, SPp 240008C, SP 41000, SP540, BYK9077, Hypermer
KD1-30C-{AP), Spanbtb, SpanB0, Span8b, methoxy-ethoxy-eth-
oxy—acetic acid, oleylamine, oleic acid, stearic acid,
Poly{maleic anhydride—-alt—-1l-octadecene), oleylammonium
bromide, 3-(N,N-dimethyl-cctadecyl-ammonio)propane sul-

fonate, miltefosine and TOPO.

Non—-ionic surfactants include: maleic polymers such as
Poly(maleic anhydride-alt-l-octadecene), polyamines, al-
kylamines, (e.qg. N—-alkyl-1,3-propylene-diamines, N—-al-
kyldipropylene-triamines, N-alkyltripropylene-tetra-
amines, N-alkylpolypropylene-polyamines,) poly-(ethylene-
imine), polyesters, alkyl esters (e.g. cetyl palmitate),
alkyl polyglycol ethers (such as fatty alcchol peolyglycel
ether with 3-25 ethoxy units (EO), e.g. Dehypon E124) and
oxoalcohol polyglycolether), mixed alkyl/aryl polygly-
colethers, alkyl polyglucosides (APGs), fatty alcohols,
such as stearyl alcochols (e.g. Lorol C18TM), N-acylamides
(e.g. N-oleoyl-gamma-aminobutyric acid).

Non-ionic surfactants further include polymeric ethoxylate
and/or propoxylate (EOQO/PO) adduct surfactants, such as
fatty alcohol alkoxylates, alcoheol EQ/PO adducts (includ-
ing fatty alcohol EO/PO adducts, oxo alcohol EO/PC ad-
ducts), EO/PO block-copolymers, ethylene diamine ethylene
oxlde-propylene oxide (EO/PO) block-copolymers, endcapped
(fatty) alcohcel BO adducts and EO/PO adducts{e.g. butyl
endcapped), esters of carboxylic acids, in particular EO/PO
adducts and sorbitan esters (e.g. from the group of SPAN).
Non~ionic surfactants further include alkoxy-silanes and

hydrolyzed products thereotf.
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Non—-ionic surfactants further include alkylphosphines, al-
kylphosphine oxides {(e.g. trioctylphosphine oxide - TOPO)
and alkylthiols.

Non—-ionic surfactants further include alkyl esters of fatty
acids (e.g. cetyl palmitate, lauric acid, capric acid).

A preferred class of non-ionic surfactants are alkylimines
alkylamines, e.g. dioctylamine, oleylamine, octadecyla~-

mine, hexadecylamine.

Cationic surfactants include: alkylammonium halides, e.g.
cleyvlammonium bromide, alkyltrimethylammonium halides e.qg.
cetyltrimethylammonium bromide, dialkyldimethylammonium
halides such as e.g. distearyldimethylammonium chloride,
trialkylmethylammonium halides e.qg. trioctylmethylammonium

chloride, diquarternary polydimethylsiloxanes.

Zwitterionic surfactants, also called amphoteric surfac-
tants, are a known class of compounds. They consist of a
cationic part, preferably an amine salt, a guaternary am-
monium group, sulfonium or phosphonium and an anionic part
preferably a carboxylate, sulfonate, sulfite, sulfate,
prhosphinate, phosphonate, phosphite or phosphate group.
Zwitterionic surfactants most preferably comprise quater-
nary ammonium as the cationic part and carboxylate, sul-
fonate or phosphonate as the anionic part. Examples of
zwitterionic surfactants include: betaines, such as
caprvlic glycinate, cocamidopropylbetain, and disodium co-
coampho diacetate: 3-(N,N-dimethylalkylammonio)propane

sulfonate, alkylphospcazanium zwitterion.

Specific groups of zwitterionic surfactants include:
Ammonium carboxylates according to formula (V-1),
Ammonium derivatives according to formulae (V-2),
Phosphocholines according to formula (V-3),
1-Ammonium—2-propanol derivatives of formula (V-4},
Amideoalkyl ammonium carboxylates of formula (V-5),
Amidecalkyl ammonium derivatives of formula (V-6), and
1-(Amidoalkyl-ammonium)-2-hydroxy-propyl derivatives of
formala (V-7).
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Ammonium carboxylates according to formula (V-1),

RQ\\@ o®

A
RS \R5

o (V-1), wherein:

R® is H or methvyl,

A4 is 1-8, and

R6 is an apolar tail, selected from substituted or
unsubstituted hydrocarbons.

R¢ is preferably selected from the group of alkyl, alkoxy-
alkyl, aryl-alkyl, aryloxy-alkyl, and alkenyl.

R® is particularly preferably selected from Ilinear or
branched alkyl, more preferably a linear or branched Cs-30

alkyl, most preferably Cip-zealkyl.
v preferably represent an integer from 1-4.

Specific subgroups of ammonium carboxylates according to
(V-1) include glycinates where R is H and v is 1, dimethyl
ammonium betaines where R> is CHs and v is 1, and ammonium

propionates where R is H and v is 2).

Ammonium derivatives according to formula (V-2),

\/N JFG
5
R RS (V-2), wherein:

R5, Rf and v are as defined in formula (V-1), and

FG represents a negatively charged functional group.

FG preferably 1s selected from the group consisting of
sulfonate (end group -S037), sulfite (end group 0-S0:7),
sulfate (end group -0-3S037), phosphonate (end group -
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P(OR7)02"), phosphinate {(end group -PR7027), phosphate (end
group -0~-P(OH)02") and phosphite (end group -0O-P(H)Oz7).

R7 i1s preferably selected from the group of alkyl, alkoxy-
alkyl, aryl-alkyl-, aryloxy-alkyl-, and alkenyl.

R7 1s particularly preferably selected from 1linear or
branched alkyl, more preferably a linear or branched Cg-3g

alkyl, most preferably Cig-zealkyl.

A preferred subgroup are ammonium sulfonates according to

formula (V-2.1),

RS @/4/\+\. 0®
\/N\ V/s\\/
R® RS o/ o (V-2.1), wherein:

R®>, R® and v are as defined in formula (V-2).

Specific subgroups of ammonium sulfonates according to for-

mula (V-2.1) idinclude sulfobetaines wherein R® 1s CHs).

A further preferred subgroup are Ammonium sulfites accord-

ing to formula (V-2.2),
09
R @ é

N
/ v
5
R* RS (V-2.2), wherein:

R5, Rf® and v are as defined in formula (V-2).

Specific subgroups of ammonium sulfites according to for-

mula (V—2.2) 1nclude sulfitobetaines wherein R® is CHa.

A further preferred subgroup are ammonium sulfates accord-

ing to formula (V-2.3),
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O ©
N S
/ \ v / O
RS 5 o .
R (V-2.3), wherein:

R®, R® and v are as defined in formula (V-2).

Specific subgroups of ammonium sulfates of formula (V-2.3)

include sulfatobetaines wherein R® = CHs.

A further preferred subgroup are ammonium phosphonates ac-—
cording to formula (V-2.4),

OR’ o
6
R\\\ﬁ Vl//,o
R5/ \R5 ”

O (V-2.4), wherein:

R>, Rf%, R’ and v are as defined in formula (V-2), and

Specific subgroups of ammonium phosphonates according to
formula (V-2.4) include phosphonatebetaines where R® is
CHs.

A further preferred subgroup are ammonium phosphinates ac-
cording to formula (V-2.5),

R7

6 &)
R\i%ﬁ/"

5
R® RS O (V-2.5), wherein:
R°, R%, R’ and v are as defined in formula (V-2).

Specific subgroups of ammonium phosphinates according to
formula (V-2.5) include phosphinatebetaines where R> = CHs.

A further preferred subgroup are ammonium phosphates ac-

cording to formula (V-2.6),
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0@
P
Sy SN
AN °
R® 5 HO .
R (V-2.6), wherein:

R5, R® and v are as defined in formula (V-2).

Specific subgroups of ammcocnium phosphates according to for-
mula (V-2.6) include phosphatobetaines where R5 = CHs.

A further preferred subgroup are ammonium phosphites ac-

cording to formula (V-2.7),

S

O
|
e N
A\ /
RS R5

H
(V-2.7), wherein:

R%, R¢ and v are as defined in formula (V-2).

Specific subgroups of ammonium phosphites according to for-
mula (V-2.7) include phosphitobetaines where R = CHs.

Phosphocholine derivatives according to formula (V-3),

; |
R\GH/\F 0TS

5 R8O
R® RS (V-3), wherein

v is 1-8, preferably 1-4, particular preferably 2,
R5 is as defined in formula (V-1),

R® is hydrogen or methyl, and

R® 1is an apolar tail, selected from substituted or

unsubstituted hydrocarbons.
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R® is preferably selected from the group of alkyl, alkoxy-
alkyl, aryl-alkyl-, aryloxy-alkyl-, and alkenvl.

R® dis particularly preferably selected from linear or
branched alkyl, more preferably a linear or branched Ceg-3¢
alkyl, most preferably Cio-zoalkyl.

Specific subgroups of phosphocholines according to formula
(V-3) include phosphitobetaines where R® and R® are CHsz. A

specific example is miltefosine.

l-Ammonium—-2-propancl-derivatives of formula (V-4),

6 ©
R\Gfl FG
/\
RS Rs OH

RS> and R® are as defined in formula (V-1), and

(V-4) , wherein:

FG represents a negatively charged functional group.

FG preferably 1s selected from the group consisting of
sulfonate (end group =-S03"), sulfite (end group O0-S027),
sulfate (end group -0-503"), phosphonate (end group -
P{OR7)02"), phosphinate (end group —PR’0z7), phosphate (end
group -0-P(0OH)O02") and phosphite (end group -0-P(H)O027)

wherein R7 is defined above.
FG particularly preferably represents sulfonate. Specific
subgroups of compounds of formula (Vv-4) include hydroxyl

sulfobetaines where R® and Rf is CHz and FG is —S03 .

Amidoalkyl ammonium carboxylates of formula (V-5),

O

5
R® R 0 (V-5), wherein:
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R3, Rf, and v are as defined in formula (V-1), and

w is 2-5, preferably 2.

Amidoalkyl ammonium derivatives of formula (V-6),

5
rR® R (V-6), wherein:

R53,R®, and v are as defined in formula (V-1),
w is 2-5, preferably 2, and

FG represents a negatively charged functional group.

FG preferably represents a sulfonate (end group -S037),
sulfites (end group 0-S027) and sulfates (end group -0-S03-
), phosphonates (end group ~-P{OR7)0:27), phosphinates {end
group —PR’0:27), phosphates (end group -O-P(0OH}0O:") and phos-
phites (end group -0-P(H)O02") and wherein R’ 1is defined

above.

FG particularly preferably represents a sulfonate. Spe-
cific subgroups of amidoalkyl ammonium sulfconates include
amido alkyl sulfobetaines where R> is CHz and FGC is —-SO0;3™.

1-{(Amidoalkyl-ammonium)-2-hydroxy-propyl derivatives ac-

cording to formula (V-7)

N N FG
RS H W \
5
RS R OH (V-7), wherein:

R°> and R® are as defined in formula (V-1), and

FG represents a negatively charged functional group.
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FG particularly preferably represents a sulfonate. Spe-
cific subgroups of amidecalkyl hydroxy ammonium sulfonates
include amidoalkyl hydroxyl sulfobetaines where R® is CHa
and FG is —303".

Imidazoline~derived amphoteric surfactants: This group in-
cludes amphoacetates (mono or diacatates) and amphopropi-

onates.

Anionic surfactants are a known class of compounds and
include sulfates, sulfonates, phosphates, and carbox-
ylates. Specific examples include phosphate esters of alkyl
ethers, ammonium lauryl sulfate, alkali lauryl sulfate and
the related alkyl-ether sulfates e.g. alkali laureth sul-
fate.

In a further embodiment, the anionic surfactants are car-
boxylates from the class of fatty acids, such as oleic

acid, stearic acid, palmitic acid.

In a further embodiment, anionic surfactants are selected
from monocarboxylic acids comprising a polyether tail ac-

cording to formula (II-1),
R (OCnH2n) ¢OCH2C (O) OH (IT-1), wherein:
R is Ci-s—alkyl,
q 1s an integer from 0 to 5 and

n is an integer from 2 to 3.

Five particularly preferred compounds of that class are

shown in formula (II-1la):
O OH
H3C/{ \V//f%o//\\”/
q O

g is from 0-4.

(II-1a), wherein:
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This corresponds to a carboxylic acid of formula (II),
wherein R=Methyl, n=2 and g is an integer from 0-4.

A particularly preferred compound of that class is of for-
mula (II-1b):

O
H,CO O
e s \V/H\OH (TT-1b) .

Polymers: In an advantageous embodiment, the hardened /
cured polymer comprises or consists of acrylate polymers.
The term acrylate polymers relates to polymers comprising
or consisting of repeating units of formula (III),

R® (ITII), wherein:

R® represents H or CHs,

R1¢ represents an cyclic, linear or branched Ci-zs alkyl,
or a cyclic, linear or branched C:z-25 alkenyl group, or
a Ce-26 aryl group, each optionally substituted with one
or more cyclic, linear or branched Ci-z¢ alkyl, phenyl
or phenoxy,

n represents 0 or 1, and

X represents a spacer from the group of alkoxylates com-

prising 1-40 carbon atoms and 1-10 oxygen atoms.

X preferably represents a spacer of formula (IITa),

(IIIa), wherein:

b represents 1 - 10, preferably 1, 2, 3, or 4.
3% represents 0, 1, 2, 3 or 4, preferably 2.
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Thus, compounds of formula (III) include acrylates of for-
mulae (III-1) and (III-2) where R9 is H, and Methacrylates
of formula (III-3) and (III-4) where R9 is Methyl, collec-
tively also Lermed (Meth)acrylates.

Further, compounds of formula (III) also include simple
(meth)acrylates where n is 0 and X is not present (formulae

(ITI-1) and (IIT-3) and alkoxylated (meth)acrylates (for-
mulae (III-2) and (III-4)).
O

w i

CHs  (111-3) CHs (1171-4)

(ITI-2)

R represents an aliphatic group either saturated or un-
saturated group selected from the group of cyclic, linear

or linear branched molecules, or an arcmatic group.

Acrylate polymers include homo- and co-polymers. Acrylate
co-polymers preferably comprise 50 — 100 wt.% of repeating
units according to formula (IIT), particularly preferably
90 - 100 wt%. Acrylate homo-polymers comprise one or more,
preferably one repeating unit of formula (III). Acrylate
pre-polymers include monomers and partially reacted oligo-

mers of formula (III).

R0 preferably represents a cyclic, linear or branched Ci-
25 alkyl. Cyclic alkyl includes mono-cyclic and poly-cyclic
groups and also includes optionally substituted groups,
comprising 1-6 substituents from the group of Ci-s alkyl.
R10 particularly preferably represents methyl, ethyl, pro-
pyl, butyl, octyl, lauryl, cetyl, stearyl, Z-ethylhexyl,
isooctyl, isodecyl, cyclohexyl, trimethyl-cyclohexvyl,
isobornyl, dicyclopentenyl.
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R1¢  further preferably represents a c¢yclic, 1linear or
branched Czo2s alkenyl group. RI® particularly preferably
represents allyl, oleyl,

R0 further preferably represents a Ce-26 aryl group, op-
ticonally substituted with one or more cyclic, linear or
branched Ci-20 alkyl. Aryl includes mono-cyclic and poly-
cyclic aryls which may optionally be substituted by 1-4
substituents, said substituents being selected from the
group of Ciqa alkyl, phenyl and phenoxy. R!? particularly
preferably represents phenyl, benzyl, 2Z-naphtyl, 1-naph-
tyl, 9-fluorenyl.

Specific examples of acrylates of formula (III-1) include:
isobornylacrylate and dicyclopentadienylacrylate (CAS
33791-58-1).

Specific examples of acrylates of formula (III-2) and (III-
4y dinclude: poly(ethylene glycol) phenyl ether acyrlates
(specifically Z-phenoxyethyl acrylate), O-phenyl phenoxy-
ethyl acrylate, Polyethylene glycol o-phenylphenyl ether
acrylate (CAS 72009-86-0), polylethylene glycecl) ethyl
ether methacrylate, Di(ethylene glycol) ethyl ether acry-
late, Poly(ethylene oxide) nonylphenyl etheracrylate,
Poly (propylene glycol) 4-nonylphenyl ether acrylate, Eth-
vlene glycol dicyclopentenyl ether acrylate, Ethylene gly-
col dicyclopentenyl ether methacrvylate.

Due to the definition of RiY, (meth)acrylates of formula

(ITT) are mono-functional.

In a further embodiment, the (meth)acrylates are multi-
functional (meth)acrylates. Such multifunctional
(meth)acrylates are obtainable in case (meth)acrylic acid
is reacted with a polyol to thereby obtain di-, tri-,
tetra-, penta- and hexafunctional (meth)acrylates. Suita-
ble polyols for forming multifuncticnal (meth)acrylate in-
clude aliphatic or aromatic Ci.z0 polyols, opticnally sub-
stituted with one or more Ci-salkoxy groups, wherein the
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number of alkoxy groups is preferably £ 10, more preferably
< 5. Examples of polyols i1include, glycole, hexanediol,
decandiol, Dbisphenol, fluorene-9~-bisphenol, ethoxylated
bisphenol comprising 2-6, e.g. 4 ethoxy-groups and ethox-
vlated fluorene~9-bisphenol comprising 2-6, e.g. 4, eth-

OXY—groups.

Specific examples of difunctional (meth)acrylates include
1,10-decanediol diacrylate, 1, 6-hexanediol diacrylate,
1, 6-hexanedicl dimethacrylate, Neopentyl glycol dimethac-
rylate, tricyclodecane dimethancl diacrylate, Bisphenol A
ethoxylate diacrylate (including CAS 64401-02-1), Bi-
sphenol A ethoxylate dimethacrvlate, modified fluorene-9-
bisphenol diacrylate, modified fluorine~9-bisphencl di-
methacrylate, 1,3-buthylene glycol dimethacryvlate.

Specific examples of trifunctional (meth)acrylates include
Ethoxylated trimethylolpropane triacrylate (CAS 28961-43-
5), trimetylolpropane triacrylate (CAS 15625-89-5),
trimetvylolpropane trimethacrylate (CAS 32380-92-4).

Specific examples of tetrafunctional {(meth})acrylates in-
clude Di(trimethylolpropane) tetraacrylate (CAS 94108-97-
1), Pentaerythritol tetraacrylate (CAS 4986-8%9-4).

Specific examples of hexafunctional (meth)acrylates in-
clude Dipentaerythritol hexaacrylate (CAS 29570-58-9).

Among the above discussed (methacrylates), mono- or multi-
functional (meth)acrylates are particularly preferred,
provided:

R0 represents a cyclic C5-25 alkyl group, or
R0 represents a cyclic C5-25 alkenyl group, or
R10 represents a substituted aryl group.

Among the above discussed mono- or multifunctional
{meth)acrylates, very particularliy preferred are compounds
where R0 represents isobornyl; dicyclopentenyl; bisphenol

or fluoren-9-bisphenol.
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A second aspect of the invention concerns a

luminescent component comprising a first element compris-—
ing a first solid polymer composition according to the
first aspect of the inventicn, wherein luminescent crystals
of the first solid polymer composition emit light of a
first wavelength in response to excitation by light with a
wavelength shorter than the first wavelength. The lumines-
cent component comprises an encapsulation enclosing the
first element, wherein the encapsulation comprises an en-
capsulation polymer or inorganic matrix.

The inventive luminescent component according
to an embodiment provides for LCs/QDs having an average
size of 3-500 nm, in particular of 3-100nm.

Preferably, the luminescent crystals of the
first solid polymer composition are of size between 3 nm
and 100 nm.

It is preferred that the first element dcoces not
spontaneocusly emit light of a wavelength but does soc in
response to an excitation, and in particular in response
to an excitation with light of a wavelength shorter than
the wavelength of the light to be emitted in response to
the excitation. Hence, in a preferred embodiment, the first
element emits light of a first wavelength, e.g. 1light in
the red spectrum in response to an excitation with e.g.
light in the blue spectrum.

In a preferred embodiment, the first wavelength
of the light emitted has its peak in the red spectrum which
is considered as light with a peak wavelength in the range
between 590 nm and 700 nm, preferably with an FWHM (Full
Width at Half Maximum) between 15 and 50 nm.

In a different embodiment, the first wavelength
of the light emitted has its peak in the green spectrum
which is considered as light with a peak wavelength in the
range between 490 nm and 570 nm, preferably with an FWHM
between 15 and 50 nm.

Preferably the polymer of the first solid pocl-
ymer composition is not dissolvable in the encapsulation
polymer or inorganic matrix, and vice versa, in particular
when 1in contact with each other at least in the solid

rhase.
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In a preferred embodiment of the second aspect,
the luminescent component comprises a second element com-
prising a second solid polymer composition according to
the first aspect of the invention. Luminescent crystals of
the second solid polymer composition are of a different
chemical composition and/or a different size than the lu-
minescent crystals of the first solid polymer composition.
The luminescent crystals of the second solid polymer com-
position emit light of a second wavelength different to
the first wavelength in response to excitation by light
with a wavelength shorter than each of the first and second
wavelength. The encapsulation encloses the second element.

Preferably, the luminescent crystals of the
second solid polymer compositicn are of size between 3 nm
and 100 nm.

For example, 1f the luminescent crystals of the
first solid polymer compositicon emit light in the red spec-
trum, the luminescent crystals of the second solid polymer
composition may be selected to emit light in the green
spectrum. Again, 1t 1is preferred that the second element
does not spontanecusly emit light of the second wavelength
but does so in response to an excitation, and in particular
in response to an excitation with light of a wavelength
shorter than the second wavelength and shorler than Lthe
first wavelength. The luminescent crystals of the second
solid polymer composition may be excited by light in the
blue spectrum, for example.

Preferably, the luminescent crystals emitting
light in the green spectrum are selected from the group
comprising of FAPbBri;, FAPDLBr,Iz x where 25x<3, FAPbBriClsz.x
where 2<x<3.

Preferably, the luminescent crystals emitting
light in the red spectrum are selected from the group com-
prising of FAPbIsz, FAPbBrxIls-x where 0sx<2.

Preferably, the polymer of the second solid
polymer composition is not disscolvable in the encapsulation
polymer or inorganic matrix and vice versa, 1in particular
when 1in contact with each other at least 1in the solid

phase.
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In a further preferred embodiment of the second
aspect, the luminescent component comprises N further el-
ementes with N 2> 1, each further element comprising a fur-
ther solid polymer composition according to the first as-
pect of the invention. The luminescent crystals of the
further solid polymer composition are of a different chem-
ical composition and/or a different size than the lumines-
cent crystals of the first solid polymer composition, the
Juminescent crystals of the second solid polymer composi-
tion, and any luminescent crystals of the N-1 other solid
polymer compositions. The luminescent crystals of the fur-
ther solid polymer composition emit light of a further
wavelength in response to excitation by light with a wave-
length shorter than the further wavelength, wherein the
further wavelength is different from the first wavelength,
is different from the second wavelength, and is different
from any of the N-1 other further wavelengths, with N being
a natural number, wherein N =2 1. Preferably, N is between
3 and 28 (3 £ N < 28).

Preferably, the luminescent crystals of the
first scolid polymer composition are of size between 3 nm
and 100 nm.

Preferably the polymer of the further solid
polymer composition is not dissolvable in the encapsulation
polymer or inorganic matrix, and vice versa, in particular
when 1in contact with each other at least in the solid
phase.

In a preferred embodiment, the luminescent com-
ponent comprises overall between 5 to 30 different elements
comprising different luminescent crystals thus leading to
a tunable emission spectrum of the luminescent component.

Preferably, the polymer of the first solid pol-
ymer composition and the polymer of the second solid pol-
ymer composition and the polymer of any further solid pol-
ymer composition, if present, are identical.

Preferably, the surfactant of the first solid
pelymer composition and the surfactant ol the second solid
polymer composition and the surfactant of any further solid

polymer composition, 1f present, are identical.
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By selecting the respective polymer materials
appropriately, the luminescent crystals of the first solid
polymer composition are confined in the first element and
cannot interact with luminescent crystals outside the first
element, e.g. in a second or further element. If the pol-
ymers are properly selected, preferably also the lumines-
cent crystals of the second solid polymer composition are
confined in the second element and cannot interact with
the luminescent crystals outside the second element and
the luminescent crystals of the further solid polymer com-
position are confined in the further element and cannot
interact with the luminescent crystals outside the further

element.

In a further preferred embodiment of the lumi-
nescent component ¢©f the second aspect, the first element
and the second element and any further element, if present,
are arranged spaced within the encapsulatiocon.

In the case of the luminescent component com-
prising a first element only but no second or further el-
ements, not only a single first element may be provided in
the luminescent component, but multiple first elements in
order to enhance its luminosity. In the case of the lumi-
nescent component comprising first and second elements only
but no further elements, multiple first elements and mul-
tiple second elements may ke provided in the luminescent
component in order to enhance its luminosity. In the case
of the luminescent component comprising first, second and
further elements, multiple first elements, multiple second
elements and multiple further elements of each kind may be
provided in the luminescent component in order to enhance
its luminosity. It may be preferred that the multiple first
elements and the multiple second elements and possible
multiple further elements are arranged alternating or are
arranged random in the encapsulation.

In a further preferred embodiment of the second
aspect of the invention, the encapsulation fully encloses
the first element, and in case of multiple first elements,
encapsulates all first elements. However, in a different
scenario in case of multiple first elements, one or more
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of these first elements may reside at an outer surface of
the encapsulation such that for those first elements the
encapsulation is a partial encapsulation instead of a full
encapsulation. However, even in these instances, there is
at least one other first element fully enclosed by the
encapsulation. This concept 1s also applicable to second
or further elements, if any.

In a preferred embodiment of the second aspect
of the present invention, i1f a second or further element
is present, this second or further element preferably is
separated from the first element by the encapsulation. The
first and the second and the further element 1f present
are arranged spaced in the encapsulation. Hence, any gap
between elements is filled by the material of the encapsu-
lation, such as the solid encapsulation polymer or the
inorganic matrix.

It is preferred that the polymer of the encap-
sulation, the polymer of the first element, the polymer of
the second element, and any further polymer of any further
element do not dissolve with each other when in contact,
at least when in contact in the solid phase.

Preferably, the encapsulation polymer is a pol-
ymer selected from the list of acrylate polymers, carbonate
polymers, sulfone polymers, epoxy polymers, vinyl poly-
mers, urethane polymers, ester polymers, styrene polymers,
silicone polymers, olefin poclymers and cyclic olefin co-
polymers, preferably silicones, c¢yclic olefin copolymers
acrylates, epoxies, and halogenated vinyl polymers, most
preferably epoxy polymers and acrylate polymers or co-pol-
ymers or mixtures thereof.

Preferably, the encapsulation polymer has a wa-
ter vapor permeability of less than 5 g mm m?2 day ! (deter-
mined at a temperature of 38°C and 90% relative humidity
and atmospheric pressure). The water vapor permeability of
the polymer is characteristic to the specific polymer and
is i.a. dependent on the thickness of an applied polymer
laver.

In another embodiment, the encapsulation is
preferably an inorganic matrix. The incrganic matrix pref-

erably is obtained ftrom a liguid precursor which forms an
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inorganic matrix upon thermal decomposition or reaction
with humidity/water. Such precursors include cne or more
of metal alkoxides (such as alkoxy-silanes), metal hydrox-
ides (such as hydroxy-silanes), and liquid silicates (such
as sodium silicates, potassium silicates and lithium sil-
icates) .

Preferably, the encapsulation, and preferably
also each polymer of the first element, of the second el-
ement and of any further element, if present, is transmis-
sive for light in the visible spectrum, i.e. is non-opaque.

In a preferred embodiment, the encapsulation
may take the shape of a film or layer, i.e. with a length
and width exceeding a thickness of the encapsulation, and
preferably exceeding the thickness at least ten times.

In a further preferred embodiment, the encap-
sulation, preferably the encapsulation polymer or inor-
ganic matrix thereof, comprises additional luminescent
crystals according to formula (I).

The additional luminescent crystals which
might be comprised in the encapsulation are preferably of
different chemical composition and/or size than the lumi-
nescent crystals cof the first solid polymer composition.
In addition, the additional luminescent crystals emit light
of a wavelength different to the first wavelength in re-
sponse to excitation by light with a wavelength shorter
than the first wavelength.

Preferably, the additional luminescent crys-
tals comprised in the encapsulation are of different chem-
ical composition and/or size than the luminescent crystals
of the second and/or further solid polymer compoesition, 1if
present. The additional luminescenlt crystals emit light of
a wavelength different to the second and/or further wave-
length in response to excitation by light with a wavelength
shorter than each of the first, second, and/or further
wavelength.

An embodiment of the invention can comprise an
encapsulation comprising an encapsulation polymer or inor-
ganic matrix. The additional luminescent crystals can be
embedded directly in such encapsulation polymer or inor-

ganic matrix.
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In a further preferred embodiment of the second
aspect, the luminescent component comprises one or more
barrier films each having a water vapor transmission rate
of less than 0.1 g m? day! {determined at a temperature of
38°C and 90% relative humidity and atmospheric pressure) .

Such barrier film may in particular have a low
water wvapour transmission rate in order to avoid a degra-
dation of the Iuminescent crystals in the component in
response to being exposed to water. The barrier film may
in one embodiment be permeable for 0Oz, or, in a different
embodiment, may also be impermeable for oxygen. Preferably,
the barrier film is transmissive for light, and preferably,
such barrier film may be present in the form of a single
layer or in the form of multilayers.

In any of the above and below embodiments, the
component may include a barrier film on top of an otherwise
exposed surface of the luminescent component.

In a preferred embodiment, barrier films may
be attached to both sides ¢f the encapsulation in case of
a rectangular, sheet-like luminescent component.

Preferably, a material of each barrier film is
selected from the group consisting of polyvinylidene chlo-
rides, c¢yclic olefin copeclymers, high-density polyeth-
yvlene, metal oxides, 8510w, SixzNy; optionally in the form of

organic / inorganic multilayers.

In a further preferred embodiment of the lumi-
nescent component of the second aspect, a mean diameter of
the first elements, second elements if present, and any
further elements if present independently is between 1 pm
and 500 um, preferably between 5 pm and 100 pm.

In a further preferred embodiment of the lumi-
nescent component of the second aspect, the first element
comprises luminescent crystals of the first solid polymer
composition only and is therefore free from any other lu-
minescent crystals. The second element, if present, com-
prises luminescent crystals of the second solid polymer
composition only and 1s free from any other luminescent
crystals. The further element, 1f present, comprises lumi-
nescent crystals of the further solid polymer composition



ul

20

25

40

WO 2018/028870 PCT/EP2017/065720
34

only and is free from any other luminescent crystals. By
these means, each element 1s dedicated to solely emitting
light 1in the assigned peak wavelength, and nc light of a
different color.

The concept of this embodiment may hold for any first el-
ement in case of multiple first elements, and for any sec-—
ond element in case of multiple second elements, etc.

The preferred embodiment of the present lu-
minescent component of the second aspect provides for a
spatial separation of the luminescent crystals of the first
solid polymer composition, the second sclid polymer compo-
sition and any further solid polymer compositions. The
separation is achieved by embedding the one or more first
elements in the encapsulation. Hence, the luminescent crys-
tals of the first sclid polymer composition are arranged
in the dedicated one or more first elements only, while
any luminescent crystals of the second solid polymer com-
position or further solid polymer composition are provided
in assoclate elements only. By doing so an exchange of
cations and anions between the luminescent crystals of the
first solid polymer composition on the one hand and any of
the luminescent crystals of the second or further solid
polymer composition on the other hand is avoided. Given
that the fabrication of the each of the different elements
preferably is performed in a suspension, a mixing of lumi-
nescent crystals of the first solid polymer composition
and luminescent crystals of the second or further solid
polymer composition in a common suspension is avoided. Such
mixing in a common suspension instead would result in a
conversion of the luminescent crystals of the first, sec-
ond, and further solid polymer composition intoc different
luminescent crystals by way of reaction / recombination
based on the above mentioned ion exchange. As a result,
such different luminescent crystals would possibly emit
light of a different wavelength than supposed for the
first, second or further solid polymer composition. Hence,
luminescent crystals of different kind are separated at
the stage of manufacturing, and hence are added to differ-

ent portions of the suspension resulting in the above
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first, second or further elements after hardening / curing
/ drying.

Fach portion of the suspension preferably
comprises the assigned luminescent crystals, a soclvent, a
surfactant and a polymer. Given that the resulting elements
are solid elements, an interaction of the luminescent crys-
tals of the first solid polymer composition in the first
element with any luminescent crystals of the second solid
pelymer compeosition in a second element is avoided.

Preferably, a concentration of the respec-
tive luminescent crystals with respect to a polymer and
surfactant matrix representing the solid polymer composi-
tion of the first element in case of red light emission is
between 0,01 wt% and 10,0 wt%, preferably between 0,05 wt%
and 6,0 wt%, most preferably between 0,1 wt% and 2,6 wt%;
and for a second element 1if any in case of green light
emission preferably between 0,01 wt% and 10,0 wt%, prefer-
ably between 0,05 wt% and 6,0 wt%, most preferably between
0,1 wt% and 2,1 wt%.

In a preferred embodiment, if the luminescent
crystals emit red light and are of FAPbI: a concentration
of the luminescent crystals is 3.03 wt$%; and 1if the lumi-
nescent crystals are of FAPbBr:I, a concentration of the
luminescent crystals is 2.63 wt%.

In a preferred emboediment, if the luminescent
crystals emit green light and are of FAPbBrs a concentration
of the luminescent crystals i1s 2.38 wt%; and if the lumi-
nescent crystals are of FAPbBr:Cl, a concentration of the
luminescent crystals is of 2.17 %wt.

The upper limit of this concentration range
supports RoHS compliance under the condition that the lu-
minescent component comprises 99wt% encapsulant, while the
lower limit of this concentration range provides for a
sufficient emission at reasonable component thickness un-
der the condition that the luminescent component comprises

50wt% encapsulant.

The luminescent component of the second as-
pect of the present invention provides an excellent photo-

luminescence quantum yield.
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For example, the quantum yield of the solid
polymer compositions suggested to be used in the present
one or more elements is in total > 60%, and preferably >
80%, most preferably > 90%, preferably when excited by blue
light. In addition, owed to the material selection, the
crystal size, and the strict separation of LCs of different
colors, sharp wavelength distributions can be achieved in
the emitted light, such that the quality of the resulting
emitted light i1s superior. Preferably, the FWHM (Full Width
at Half Maximum) of the solid polymer composition of each
of the elements for visible emissions is < 50nm, prefera-
bly, < 40nm, and most preferably < 30 nm. For example, an
FWHM for the emission peak at 528 nm of 30 nm can be
observed, at the same time measuring a high luminescence
gquantum yield of e.g. 90%. A preferred embocdiment of such
a so0lid polymer composition is given in Example 4 below.

As to further specifying optical properties,
it is preferred that the component has a haze between 10
and 20%. A haze may be introduced by scattering particles
with RI > 2.0 and size of 100 - 1000 nm, or by microstruc-
tures or microcrystalline polymer structures or by the el-
ements itself.

Preferably, the luminescent component of any
of the preceding embodiments is used for emitting white
light in response to the luminescent component being radi-
ated by blue light, 1in particular as a backlight in a
liquid crystal display. For this purpose, a blue light
source may be provided in the device for exciting lumines-
cent reactions in the luminescent component. In case the
luminescent component comprises first elements enitting
red light and second elements emitting green light, to-
gether with the blue light emission of the light source,
the luminescent component emits white light resulting as a
combination of the emission of red and green light in re-
sponse to an excitation of the luminescent crystals in the
first and second element respectively, and from the trans-
mission of the blue light stemming from the lighl source
which blue light i1s also used to excite the first and the
second element. An intensity proportion of the red, green
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and blue light emitted preferably is in the range of a 1/3
each.

By suitable designing of the elements, the lu-
minescent component may emit any wavelength combination of
light.

A third aspect of the invention concerns a lu-

minescent component, comprising a first film comprising a
first solid polymer composition according to a first aspect
of the dinvention. The luminescent crystals of the first
solid polymer composition emit light with a first wave-
length, preferably green light or red light, in response
to excitation by light with a shorter wavelength, prefer-
ably blue light.

Preferably, a film is defined having at least
one of a length and a width - and preferably both - ex-
ceeding a height / thickness of the film.

It is preferred that the first film does not
spontaneously emit light but does so in response to exci-
tation, and in particular in response tTo an excitation with
light of a wavelength shorter than the wavelength of the
light to be emitted in response to the excitation.

In a preferred embodiment of the luminescent
component according to the third aspect of the invention,
the luminescent crystals of the first solid polymer compo-
sition emit red or green light in response te excitation
by light with a shorter wavelength, e.g. blue light.

The inventive luminescent component according
to an embodiment provides for LCs/QDs having an average
size of 3-500 nm, in particular of 3-100nm.

Preferably, the luminescent crystals of tLhe
first solid polymer composition are of size between 32 nm
and 100 nm.

In a further preferred embodiment of the third
aspect of the invention, the luminescent component com-
prises the first film, wherein the luminescent crystals of
Lthe firsl solid polymer composition emit red light in re-
sponse to excitation by light with a shorter wavelength,
preferably by blue light. In addition, the luminescent
component comprises a second film comprising a second solid
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polymer composition according to a first aspect of the
invention. The luminescent c¢rystals of the second solid
polymer composition emit green light in response to exci~
tation by light with a shorter wavelength, preferably by
blue light.

Preferably, the luminescent crystals of the
second solid polymer composition are of size between 3 nm
and 100 nm.

It is preferred that the first and the second
film do not spontaneously emit light but do so in response
to excitation, and in particular in response to an excita-
tion with light of a wavelength shorter than the wavelength
of the light to be emitted in respconse to the, preferably
the same, excitation.

Hence, 1n a preferred embodiment, the first
film emits red light, preferably in response to an excita-
tion with blue light, while the second film emits green
light, preferably in response to an excitation with blue
light. Red light is considered 1light with a peak wavelength
in the range between 590 nm and 700 nm. Green light is
considered light with a peak wavelength in a range between
490 nm and 570 nm.

Such different wavelength spectrum preferably
is achieved by selecting a different chemical composition
and/or a different size for the luminescent crystals of
the second sclid polymer composition compared to the lumi-
nescent crystals of the first solid polymer composition.

In a preferred embcocdiment of the third aspect,
the red light emitting property of the luminescent crystals
of the first solid polymer composition preferably is a
result from the proper selection of the material at a de-
fined size constraint by the first aspect of the invention,
in particular constraint by formula (I). The green lumi-
nescent crystals preferably have a different chemical com-
position and / or a different size than the red luminescent
crystals and are a result from the proper selection of the
material at a defined size constraint by the first aspect
of the invention, in particular coenstraint by formula (I).

In a very preferred embodiment, the luminescent

crystals of the first solid polymer compesition designed
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for emitting red light show a peak wavelength in the range
between 590 nm and 700 nm, preferably with an FWHM between
15 and 50 nm.

In a very preferred embodiment, the luminescent
crystals of the second sclid polymer compeosition are de-
signed for emitting green light and show a peak wavelength
in the range between 490 nm and 570 nm, preferably with an
FWHM between 15 and 50 nm.

Preferably, a concentration of the respective
luminescent crystals with respect to a polymer and surfac-
tant matrix of the sclid polymer composition per film is
within a range of 0,01 wt% and 0,5 wt%, preferably between
0,015 wt% and 0,35 wt%, most preferably between 0.02 wth
and 0.26 wt% for the first film; and between 0,01 wt% and
0,5 wt%, preferably between 0,015 wt% and 0,35 wt%, most
preferably between 0.02 wt% and 0.2 wt% for the second
film.

In a preferred embodiment, if the luminescent
crystals emit red light and are of FAPbIz a concentration
of the luminescent crystals is 0.305 wt%; and if the lumi-
nescent crystals are of FAPhBr:I, a concentration of the
luminescent crystals is 0.260 wt%.

In a preferred embodiment, 1if Lthe luminescent
crystals emit green light and are of FAPLBriz a concentration
of the luminescent crystals is 0.238 wt%; and if the lumi-
nescent crystals are of FAPbBr:Cl, a concentration of the
luminescent crystals is of 0.217 %Swt.

The upper limit of this concentration range
supports RoHS compliance on the one hand, while the lower
limit of this concentration range provides for a sufficient
emission at recasonable film thicknesses of the component
on the other hand.

Preferably, a thickness of the first film is
between 3 pum and 500 pm more preferably between 5 pm and
100 pm, most preferably between 10 pm and 30 pum and / or a
thickness of the second film is between 30 pm and 500 pm
preferably between 50um and 200 um, most preferably between
70 pm and 150 um.

In a further embodiment of the third aspect,

the luminescent crystal weight per area of film is between



10

15

20

25

35

40

WO 2018/028870 PCT/EP2017/065720

40

0.05% g/m2 and 3.0 g/m2, preferably between 0.2 g/m2 and
1.5 g/m2, most preferably between 0.25 g/m2 and 0.7 g/m2.
Such amounts of luminescent crystals per film area are
favourable to absorb a very high fraction of the excitation
light and transform all it to the corresponding higher
emission wavelength.

The presenl luminescent component provides for
a spatial separation of the luminescent crystals of the
first and the second solid polymer compesition. As will be
shown in more detail below, the separation may be achieved
by means of one or more of a substrate, a gap between the
first and second £ilm, and / or an arrangement of the first
solid polymer composition in the dedicated first film only
and an arrangement of the second solid polymer composition
in the dedicated second film only. By doing so, an exchange
of cations and anions between the luminescent crystals of
the first solid polymer composition and the luminescent
crystals of the second solid polymer composition 1is
avoided. Given that the fabrication of each of the first
film and the second film preferably is performed in a sep-
arate suspension, a mixing of luminescent crystals of the
first solid polymer composition of the first film and lu-
minescent crystals of the second solid polymer composition
of the second film is avoided. Such mixing instead would
result in a conversion of the origin luminescent crystals
of the first and second solid polymer composition into
different luminescent crystals by way of reaction / recom-
bination based on the above mentlconed ion exchange. As a
result, such different luminescent crystals would emit
light of a different wavelength than the luminescent crys-
tals of the first and second solid polymcr composition.
Without being bound to theory, due te such an ion exchange
reaction a resulting formulation of above red and green
luminescent crystals would, depending on the effective com-
positions of the red and green particles emit a light with
a wavelength between the original red and green emission
peaks. Instead, the luminescent crystals of the first and
the second solid polymer composition are separated at the
stage of manufacturing, and hence are added to different

portions of the suspension resulting in the above first
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and second films after hardening / curing / drying. By
doing so, the luminescent crystals emitting green 1light
(also referred to as green luminescent crystals) do not
interact with luminescent crystals emitting red light (also
referred to as red luminescent crystals). Each portion of
the suspension preferably comprises the assigned lumines-—
cent crystals, optionally a solvent, a surfactant, and a
polymer and/or a pre-polymer. Given that Lthe resullting
films are solid films, an interaction of the luminescent
crystals in the first film with the luminescent crystals
in the second film is avoided. In case of an adjacent
arrangement of the first film and the second film, such
interaction is aveoided to a large extent, given that only
cations / anions of the (QDs residing at the interface of
the first and the second film may recombine.

The present luminescent component according to
the third aspect of the invention provides an excellent
photoluminescence quantum yield.

For example, the quantum yield of the solid
polymer compositions suggested to be used in the present
films is in total > 60%, and preferably > 80%, most pref-
erably > 90%, preferably when excited by blue light. In
addition, owed to the material selection, the crystal size,
and the strict separation of the green and the red LCs,
sharp wavelength distributions can be achieved in the emit-
ted red and green light respectively, such that the guality
of the resulting emitted light is superior. Preferably,
the FWHM (Full wWidth at Half Maximum) of the solid polymer
composition of each of the first f£ilm and the second film
for visible emissions 1s < 50nm, preferably, < 40nm, and
most preferably < 30 nm, each in the range of red or green
light respectively. For example, an FWHM for the emission
peak at 528 nm of 30 nm can be observed, at the same time
measuring a high luminescence quantum yield of e.g. 90%. A
preferred embodiment of such a solid polymer composiltion
is given in Example 1 below.

As to further specifying optical properties,
it is preferred that either one or both of the first and
the second film have a haze between 10 and 90%. A haze may
be introduced by scattering particles with RI > 2.0 and
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size of 100 - 1000 nm, or by microstructures or microcrys-—
talline polymer structures.

In & further preferred embodiment of the third
aspect, the luminescent component comprises one or more
barrier films each having a water vapor transmission rate
of less than 0.1 g m?2 day! (determined at a temperature
of 38°C and at 90% relative humidity and atmospheric pres-
sure) .

In any of the above and below embodiments, the
component may include a barrier film on top of an otherwise
exposed surface of the first and / or second film. Such
barrier film may in particular have a low water vapour
Transmission rate in order to avoid a degradation of the
LCs in the film/s in response to being exposed to water.
The barrier film may in one embodiment be permeable for O,
or, in a different embodiment, may also be impermeable for
oxygen. Preferably, the barrier film is transmissive for
light. Such barrier film may be present in the form of a
single layer or in the form of multilayers. The barrier
film might comprise organic polymers and / or inorganic
materials.

Preferably, a material of each barrier film is
selected from the group consisting of polyvinylidene chlo-
rides, cyclic olefin copolymers, high-density polyeth-
vlene, mebtal oxides, SiOx, Si«Ny; optionally in Lthe form of
organic / inorganic multilavers.

In a first embodiment, the first film and the
second film are attached to each other. No substrate may
be reguired in this embodiment. Barrier films may be at-
tached to both outside surfaces of the stack of first and
second film. The first f£ilm, the second film and the two
barrier films preferably have the same plane extension,
i.e. length and width.

In a preferred embodiment of the third aspect,
the luminescent component comprises a substrate, wherein
the first film is supported by the substrate, and

wherein the second film is supported by the
substrate.

In particular the substrate is one ©of an or-

ganic substrate or an inorganic substrate (e.g. glass) and
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non-opaque, preferably wherein the substrate comprises a
polymer, and very preferably wherein the substrate com-
prises or consists of a polymer selected from the list of
polyehtylenterephthalat (PET), Triacetylcellulose (TAC),
polyethylene naphthalate (PEN).

Preferably, the substrate might serve as a bar-
rier film, as described above, itself.

Preferably, the substrate is transmissive for
light in the visible spectrum, i.e. the substrate is non-
opaque. As to further specifying optical properties of
the substrate, it is preferred that the substrate has a
haze between 10 and 20% that might be introduced as de-
scribed above.

In an embodiment of the third aspect of the
invention, the first film and the =second film are both
attached to the substrate, and hence, except for a possible
bonding or other attachment layer in between, are in direct
contact with the substrate.

In a different embodiment, one or both of the
first film and the second film may nct be in direct contact
with the substrate but may be attached to another layer or
film which in turn is attached to the substrate. In such
arrangement the one or more films are still considered to
be supported by the substrate. Such support results in a
component, that may be easy to further assemble or that
may be robust enough for further handling.

In a preferred embodiment, the thickness of the
substrate 1is in a range between 30 um and 300 um, and
preferably is between 50 um and 150 pm.

In one embodiment, the substrate may also act
as a barrier film such that an exposed surface of the
substrate may not necessarily be covered by a dedicated
barrier film. In a different embodiment, however, and in
particular when the substrate is transmissive to water, an
otherwise exposed surface of the substrate may also be
covered by a barrier film.

The term “film” does not necessarily imply that
its plane extension defined by its length and width is
equal to the plane extension of the substrate defined by
its length and width. Each of the first and the second film
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may in particular show a smaller plane extension than the
substrate. However, in another embodiment, each of the
first and the second film shows a plane extension equal to
the plane extension of the substrate.

In a preferred embodiment, one or more of the
first and the second film may comprise scatter particles,
such as ZrOz or TiO:2.

In a preferred first class of embodiments, the
substrate, the first film and the second film are verti-
cally stacked, i.e. orthogonal to their plane extensions.

In a first of such an embodiment of the lumi-
nescent component according to the third aspect, the sub-
strate is arranged between the first film and the second
film. Hence, the first and the second films are separated
by the substrate.

In a preferred variant, the first film is de-
posited directly on a first surface of the substrate, e.qg.
its bottom surface, while the second film is directly de-
posited on a second surface of the substrate, e.g. its top
surface. In a different variant, one or more intermediate
layers, in particular of light transmissive property, may
be arranged between one or both of the films and the sub-
strate. Any deposition / attachment of the first or second
film on the substrate or on each other - the latter will
be explained below - may include coating, depositing, lam-
inating, bonding, etc.

Preferably, a first of the barrier films is
deposited on the surface of the first film otherwise ex-
posed, and a second of the barrier films is deposited on
the surface of the second film otherwise exposed.

Preferably, the first film is arranged between
a first of the barrier films and the substrate, and the
second film is arranged between a second cf the barrier
films and the substrate.

In a further preferred embodiment of the lumi-~-
nescent component according to the third aspect, one of
the first and the second film is arranged between the sub-
strate and the other of the first and the second film.

Preferably, the first and the second film are

arranged between the substrate and the barrier film.
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ITn such an embodiment, the first film 1is ar-
ranged between the substrate and the second film. In a
second embodiment, the second film is arranged between Lthe
substrate and the first film. In a preferred variant, one
of the films 1is deposited directly on a surface of the
substrate, e.g. its top surface, while the other film is
directly deposited on the one film. In a different variant,
one or more intermediate layers, in particular of light
transmissive property, may be arranged between the one film
and the substrate, and / or between the one film and the
other film. Preferably, the otherwise exposed surface of
the first or second film may be covered by a barrier f£ilm.
In one embodiment, the otherwise exposed surface of the
substrate may also be covered by another barrier film.

In the above embodiments, it is preferred that
the planar extension of the substrate, the first and the
second film, and the one or more barrier films if any, is
the same. In this respect, the luminescent component may
also be considered as a layered structure, a film made from
multiple individual films, a foil, etc.

In case of the luminescent component serving
as a backlight film for a liguid crystal display, such
rectangular component may have a planar extension with a
diagonal of more than 3 inches, e.g. for displays of
handhelds, or preferably with a diagonal of more than 15
inches for computer displays or TVs. Although the above
requires a rectangular plane extension of each of the sub-
strate if any, the first film and the second film, it is
emphasized that the scope 1is not limited to rectangular
components. A compconent may also take a different basic
shape, such as a shape of a circle, an ellipse, etc.

In a second class of embodiments, the sub-
strate, the first film and the second film are not all
vertically stacked, but the first film and the second film
are preferably arranged on the same vertical level, i.e.
they are arranged next to each other laterally in the plane
of extension of the component. Preflerably, both the first
film and the second film are arranged on a common surface
of the substrate, e.g. 1its top surface. In a different

variant, one or more intermediate layers, in particular of
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light transmissive property, may be arranged between the
substrate and each of the first and the second film. It is
noted that the size of each individual piece of the first
or second film preferably 1is below a size that is detect-
able by eve in the final application (comparable to the
pixel size in LCD screens).

In such an embodiment o©of the luminescent com-
ponent according to the third aspect, the first film and
the second film are arranged on a common surface of the
substrate, wherein the first film and the second film are
arranged spaced or adjacent.

If the first and second film are arranged
spaced, a gap 1is preferably provided laterally between the
first film and the second film. The gap may be filled by
air or a different gas, or may be filled by a solid such
as a polymer. Hence, the first and the second film are
separated from each other, thereby not allowing any recom-
bination between the luminescent crystals of the first and
the second solid polymer composition.

If the first film and the second film are ar-
ranged adjacent, the first film and the second film are
preferably in contact with each other, and in particular
are in contact at their side surfaces.

Preferably, the first film and the second film
are arranged between the substrate and the barrier film.

Any of above embodiments of the component, and
in particular cof the embodiments of the second class are
not limited to a single first film and a single second
film.

Preferably, the Jluminescent component com=-
prises multiple first films of the first solid polymer
compeosition, and multiple second f£ilms of the second solid
polymer composition. The multiple first films and the mul-
tiple second films are arranged on the common surface of
the substrate.

Preferably, the multiple first films and the
multiple second [ilms are arranged between the substrate

and the barrier f£ilm.
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Preferably, the multiple first films and the
multiple second films are arranged alternating on the com-
mon surface of the substrate in one of a spaced or an
adjacent arrangement.

In one embodiment, each of the first and second
film may take the shape of a stripe having a length equal
to the length of the substrate, and a width less than the
width of the substrate, and preferably less than a tenth
of the width of the substrate and most preferably less than
1 mm, such that multiple first f£ilm stripes and second film
stripes can be arranged in alternating fashion on the sub-
strate. In a different embodiment, fthe multiple first and
second films may be arranged in form of a two dimensional
array on the substrate. For example, the substrate may be
covered by alternating first film type rectangles / circles
and second film type rectangles / circles, either in spaced
relation, or in contact. Any such arrangement may in par-
ticular be beneficial when the plane extension of the com-
ponent is rather large, e.g. when the component is supposed
to be used in a display, since in terms of the generation
of white background light it may be preferred not to gen-
erate red light only at one end of the underlying substrate
and green light on the other end, but intermingle red and
green light sources represented by the corresponding films.

Any of the embodiments of the second class may
include a barrier film covering the otherwise exposed sur-
faces of the first and second films. In addition, the oth-
erwise exposed surface of the substrate may be covered by
another barrier film.

In a preferred embodiment when the first film
is in direct contact with the second film the polymer of
the first solid polymer composition of the first film dif-
fers from the polymer of the second solid polymer composi-
ticn of the second film in order to avoid potential inter-
mixing of the first f£ilm with the second film.

In a further preferred embodiment, when the
first film is not in direct contact with the second film,
the polymer of the first solid pelymer compositicn of the
first film 1is identical with the polymer of the second
solid polymer composition of the second film. Preferably,
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also the surfactant of the first solid polymer composition
of the first film 1is identical with the second solid pol-
ymer composition of the second f£ilm.

The hardened / cured polymer preferably is
light transmissive, 1i.e. non-opagque for allowing light
emitted by the luminescent crystals, and possible light of
a light source used for exciting the luminescent crystals
to pass.

In a further preferred embodiment of the lumi-
nescent component according to the third aspect, the first
film comprises luminescent crystals of the first solid
polymer composition only and is free from luminescent crys-—
tals of the second solid polymer composition. The second
film comprises luminescent crystals of the second solid
polymer composition only and is free from luminescent crys-
tals of the first solid polymer composition. The first f£ilm
comprises luminescent crystals of the first solid polymer
composition only and is free from any other luminescent
crystals. The second film comprises luminescent crystals
of the second solid polymer composition only and is free
from any other luminescent crystals.

By these means, the first film is dedicated to
solely emitting red light in respcnse to an excitation,
but no green light or light of a different color, respec-
tively, while the second film is dedicated to solely emit-
ting green light in response to an excitation, but no red
light or 1light of a different color, respectively. This
concept may hold for any first film in case of multiple
first films, and for any second film in case of multiple
second films.

In a preferred embodiment, the device repre-
sents a backlight film for a ligquid crystal display for
emitting white light. For this purpose, a blue light source
may be provided in the device for exciting luminescent
reactions in the first and the second film. In case the
substrate is of light transmissive property for light in
the visible spectrum, the luminescent component emits white
light resulting as a combination of the emission o©of red
and green light in response to an excitation of the lumi-
nescent crystals in the first and second film respectively,
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and from the transmission of the blue light stemming from
the light source which blue light is also used to excite
the first and the second film. An intensity proportion of
the red, green and blue light emitted preferably is in the
range of a 1/3 each.

A concurrent high guantum yield, RoHS compli-
ance, a stable peak position and narrow FWHM in the emitted
spectrum, and a high stability represents a major achieve-
ment of the inventicn of the second aspect and of the third
aspect over the state of the art. Conventionally, CdSe or
InP materials were suggested for LCs. However, while the
first provides a sufficient guantum yvield, RoHS compliance
is challenging and often relies on regulatory exemptions.
The latter on the other hand is RoHS compliant but shows
inferior optical gualities (quantum yield < 60%; FWHM > 40
nm) . In contrast, the component of the presenlt inventions
according to the second and third aspect provide both, a
good guantum yield, low peak FWHM and RoHS conformity. This
is achieved by selecting appropriate materials for LCs,
applying appropriate LC concentrations in the component
and by selecting appropriate component dimensions / thick-
nesses and at the same time arranging the different I.Cs
such that they are separated from each other to avoid ilon
exchange reactlons. Avoiding i1on exchange reaction is in
particular important in a luminescent component, wherein
the first solid polymer composition of the first f£ilm
touches the second solid polymer composition of the second
film.

In particular, the luminescent component ac-
cording to the second or third aspect 1s an intermediate
good that is assembled together with other components into
a device, such as an optical device, and preferably into
one of a Liquid Crystal Display (LCD), a Light Emitting
Diode (LED), an Organic Light Emitting Diode (QOLED), an
OLED display, or a solar cell. As part of an OLED, LED or
1.CD, the component may contribute to a display of a mobile
or stationary computing, telecommunication, or television

device.
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The luminescent component of the second or
third aspect is in particular comprised in a light emitting

device according to a fourth aspect of the invention.

A fourth aspect of the invention concerns a

light emitting device, comprising a luminescent component
according to the second or the third aspect of the inven-
tion and a light source for emitting blue light. The light
source is arranged for exciting the luminescent component.
The light emitting device is one of a Liguid Crystal Dis-
play (LCD), an Organic Light Emitting Diode (OLED) or a
Light Emitting Diode (LED).

Blue light is considered to have a wavelength
in a range between 400 and 490 nm.

The light socurce is arranged for exciting the
luminescent component. Accordingly, the device is prepared
to emit light of wavelengths which are defined by the lu-
minescent crystals of the respective luminescent compo-
nent.

Preferably, the light sourxce is an LED chip.
In one embodiment, the luminescent component preferably is
arranged to at least partly enclose the LED chip. In an-
other embodiment, the luminescent component preferably is
arranged distant from the LED chip. In such embodiment,
the LED chip preferably is at least partly covered by a
phosphor-free encapsulation.

The term "phosphor" is known in the field and
denotes a substance showing the phenomenon of luminescence.
This can either be phosphorescence cor fluorescence. These
materials are often used in solid state lighting applica-
tions where blue LED light is transformed into a white
light by adding the right amount and type of phosphors such
as doped yttrium aluminum oxides.

In yet another embodiment of this invention the
light source is an OLED stack. In this case, the lumines-
cent component 1is preferably arranged to cover the whole

OLED stack or al least parts of 1it.
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The present invention will be described in more
detail below. It is understood that the various embodi-
ments, preferences and ranges as provided / disclosed in
this specification may be combined at will. Further, de-
pending of the specific embodiment, selected definitions,

embodiments, or ranges may not apply.

Brief Description of the Drawings

The invention will be better understood and
objects other than those sel forth above will become ap-
parent from the following detailled description of embodi-
ments thereof. Such description makes reference to the an-
nexed drawings, wherein:

Figure la illustrates a schematic perspective
view of a luminescent component according to an embodiment
of the second aspect of the present invention;

Figure 1k illustrates a schematic perspective
view of a luminescent component acccerding to a further
embodiment of the second aspect of the present invention;

FFigure 1lc illustrates a schematic perspective
view of a luminescent component according to a further
embodiment of the second aspect of the present invention;

Figure 2 illustrates a light emitting device
according Lo an embodiment of the fourth aspect of the
present invention;

Figure 3 illustrates a light emitting device
according to another embodiment of the fourth aspect of
the present invention;

Figure 4 illustrates a light emitting device
according Lo ancther embodiment of the fourth aspect of
the present invention;

Figures 5 to 7 each shows a perspective view
of a luminescent component according to an embodiment of
the third aspect of the present invention;

Figure 8 illustrates a schematic block diagram
of a light emitting device according to an embodiment of

the third aspect of the present invention;
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Figure 9 illustrates a schematic block diagram
of a light emitting device according to an embodiment of
the fourth aspect of the present invention;

Figure 10 shows an X-ray diffraction pattern
of a preferred starting material FAPbBrs3:

Figure 11 shows a TEM image of FAPbBrs lumi-
nescent crystals for a solid polymer composition according
to an embodiment of the present invention;

Figure 12 shows a TEM image of Csp.s5FAp.15PbBrs
luminescent crystals for a solid pelymer composition ac-
cording to an embodiment of the present invention; and

Figure 13 cshows a TEM image of Cso.5FAg.sPbBr;
luminescent crystals for a solid polymer composition ac-
cording to an embodiment of the present invention.

Detailed Description of the Drawings

Figure la illustrates a schematic perspective
view of a luminescent component according to an embodiment
of the second aspect of the present invention. The lumi-
nescent component 104 comprises an encapsulation 103, e.g.
made from a non-opague polymer. In the present embodiment,
the encapsulation 103 is of a thin film shape whereby the
length (x-axis) and width (y-axis) are of much greater size
than the thickness in z-direction. However, the encapsula-
tion 103 may take a different shape if needed.

First elements 101, second elements 102, and
first further elements 1f are embedded in the encapsulation
103, only one of each i1s shown in a cut mode in Figure la.

The first element 101 comprises a first solid
polymer compesition comprising luminescent crystals 111, a
polymer 112 and surfactants. The luminescent crystals 111
of the first solid polymer composition are selected from
compounds of formula (I) introduced above. These lumines-
cent crystals 111 have a size between 3 nm and 500 nm. In
response to excitation by blue light BT as indicated by
the arrow, these luminescent crystals 111 emit red light
RD, for example.

The second element 102 comprises a second solid

polymer composition comprising luminescent crystals 121, a
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polymer 122, and surfactants. The luminescent crystals 121
of the second solid polymer composition are selected from
compounds of formula (I) introduced above. These lumines-
cent crystals 221 have a size between 3 nm and 500 nm. In
response to excitation by the blue light BL, these lumi-
nescent crystals 121 emit green light GR, for example.

Generally, different further elements nf with
n € [1,N] may be comprised in the encapsulation 103 in-
cluding a first further element 1, preferably a second
further element 2f, ... an Nth further element Nf. Each
further element nf comprises a further solid polymer com-
position comprising luminescent crystals nlf, a polymer
n2f, and surfactants.

Presently, only first further elements 1f are
inciuded in the encapsulation 103. Each first further el-
ement 1f comprises luminescent crystals 11f, a polymer 12f
and surfactants. The luminescent crystals 11f of the first
further elements 1f are selected from compounds of formula
(I) introduced above. These luminescent crystals 11f have
a size between 3 nm and 500 nm. In response to excitation
by the blue light BL, these luminescent crystals 11f emit
vellow light YL, for example.

In one embodiment of the invention there can
also be multiple further elements nf emitting multiple
different colors.

The luminescent crystals of the first, second
and further solid polymer component 111, 121, nlf are sep-
arated from each other by means of the separated elements
101, 102, nf. In this embodiment, the encapsulation 103
builds the separation. Hence, the first, second and further
luminescent elements 101, 102, nf are stable, also in a
long-term.

As is indicated in Figure la, once such lumi-
nescent component 1s exposed to radiation of a shorter
wavelength than the emitted wavelength, and in particular
to blue radiation BL, the luminescent crystals of the
first, second and first further solid polymer composition
111, 121, 11f are excited and emit red, green and yellow
light RD, GR, YL, respectively. Together with a portion of
the blue light BL passing the luminescent component 104
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the output of the Jluminescent component is a mixture of
these colors and can be tuned by the amount of first,
second and first further elements 101, 102, 11f in the
luminescent component.
5 In case the luminescent component 104 of Figure
la comprises first and second elements 101 and 102 emitting
red and green light only, the luminescent component 104
may in combination with a light source emitting the blue
light BL represent a backlight f£ilm that can be used in an
10 LCD given that the combination of red, green and blue light
emitted result in white light. An intensity proportion of
the red, green and blue light emitted preferably is in the
range of a 1/3 each.
Figure 1lb illustrates a schematic perspective
15 view of a luminescent component 104 according to an embod-
iment of the second aspect of the invention as shown in
Figure la. The embodiment of figure 1lb distinguishes from
the embodiment of figure la in that the luminescent compo-
nent 104 comprises multiple first elements 101 only that
20 are embedded in the encapsulation 103. The first elements
101 comprise esach luminescent crystal of the first solid
polymer composition only.
Figure lc illustrates a schematic perspective
view of a luminescent component 104 according to a further
25 embodiment of the second aspect of the invention. The en-
capsulation 103 of this further embodiment comprises addi-
tional luminescent crystals 133.
These luminescent crystals 133 are of different
chemical composition and/or size than the luminescent crys-
30 tals 111 of the first solid polymer composition and emit
light of a wavelength different to the first wavelenglh in
response to excitation by light with a wavelength shorter
than the first wavelength.
In addition, the luminescent crystals 133 en-
35 closed by the encapsulation 103 might be different in com-
position and/or in size to the luminescent crystals 121 of
the second and or/to the luminescent crystals (11f) of the
first further solid polymer composition.
The additional luminescent crystals 133 might
40 emit light of a wavelength different to the second and/or
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further wavelength in response to excitation by light with
a wavelength shorter than each of the first, second and/or
further wavelength.

Figure 2 1llustrates a light emitting device
according to an embodiment of the fourth aspect of the
invention comprising a luminescent component according to
the second aspect of the invention. The light emitting
device presently is a Light Emitting Diode LED. The device
includes a luminescent component 104 of a sphere-like
shape. As is indicated in Figure 2, the luminescent compo-
nent 104 includes multiple first elements 101. Each first
element 101 includes luminescent crystals of the first
solid polymer composition in addition to a polymer and
surfactants, but nco other luminescent crystals. The first
elements 101 are embedded in the encapsulation 103 separate
from each other, which encapsulation 103 is transmissive
to light. Subject to the application of the resulting de-
vice other elements configured to emit light of one or more
different wavelengths than the first elements may be in-
corporated in the encapsulation.

Reference numeral 5 indicates an LED chip as a
light source that is arranged on a carrier 6. The lumines-
cent component 104 partly encloses — the top and the sides
of - the LED chip 5. The LED chip 5 preferably is configured
to emit blue light. In response to an excitation by blue
light emitted from the LED chip 5, the luminescent crystals
in the first elements 101 and/or further elements of the
luminescent component 104 emit light of a different colour,
e.g. red, green and/or yellow light. Hence, the present
embodiment schematically illustrates an LED emitting e.qg.
additive colour mixtures of red and/or green and/or yellow
with LED chip 5 blue light. As to the manufacturing of the
device of Figure 2, the LED chip 5 may be preassembled onto
the carrier 6, and the luminescent component 104 may be
dropped onto the LED chip 5 / carrier 6 arrangement in
liguid form, and then be hardened, cured or dried.

In view of the luminescent component 104 being
arranged directly on the LED chip 5, the luminescent com-
ponent 104 preferably includes heat resistant materials.
For example, the polymer in the first elements 101 and the
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encapsulation 103 may be a temperature stable polymer, and
preferably may be Silicone or Polysilazane.

Figure 3 illustrates a light emitting device
according to another embodiment of the fourth aspect of
the present invention comprising a luminescent component
according to the second aspect of the inventicn. The light
emitting device presently is a Light Emitting Diode LED.
The device includes a luminescent component 104 of a film-
like shape. As is indicated in Figure 3, the luminescent
component 104 includes multiple first elements 101. Each
first element 101 includes luminescent crystals of a first
solid polymer composition in addition to a peolymer and
surfactants but no other luminescent crystals. The first
elements 101 are embedded in the encapsulation 103 separate
from each other, which encapsulation 103 is transmissive
to light. Subject to the application of the resulting de-
vice other elements configured to emit light of one or more
different wavelengths than the first elements 101 may be
incorporated in the encapsulation 103.

The luminescent component 104 is arranged on a
transparent plate 9, e.g. of a housing or a front. The
luminescent component 104 / plate 9 - combination is ar-
ranged distant from an LED chip 5 acting as a light source
that 1s arranged on a carrier 6. The distant arrangement
may be achieved by means of a housing 8. The LED chip 5
preferably 1s configured to emit blue 1light. Presently,
the LED chip 5 is partly enclosed by a phosphor-free en-
closure 7. In response to an excitation by blue light emit-
ted from the LED chip 5, the luminescent crystals in the
first elements 101 and/or further elements of the lumines-
cent component 104 emit light of a different colour, e.qg.
red, green and/or yellow light. Hence, the present embod-
iment schematically illustrates an LED emitting e.g. addi-
tive colour mixtures of red and/or green and/or yellow with
LED chip 5 blue light. As to the manufacturing of the
device of Figure 3, the LED chip 5 may be preassembled onto
the carrier 6, while the luminescent component 104 may in
its hardened form be attached to the plate 9.
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In contrast to the embodiment illustrated in
Figure 2, the luminescent component is arranged distant
form the LED chip 5 such that the luminescent component
may not be required to stand heat in the same way.

Figure 4 illustrates a light emitting device
according to an embodiment of the fourth aspect of the
present invention comprising a luminescent component ac-
cording te the second aspeclL of Lhe present invention. The
light emitting device presently is an Organic Light Emit-
ting Diocde OLED. The device includes a luminescent compo-
nent 104 of flat shape. As is indicated in Figure 4, the
luminescent component 104 includes multiple first elements
101. Each first element 101 includes luminescent crystals
of a first solid polymer composition in addition to a pol-
ymer and surfactants, but no other luminescent crystals.
The first elements 101 are embedded in the encapsulation
103 separate from each other, which encapsulation 103 is
transmissive to light. Subject to the application of the
resulting device other elements configured to emit light
of one or more different wavelengths than the first ele-
ments may be incorporated in the encapsulation.

Reference numeral 10 indicates an OLED stack
as a light source that may be arranged on further carrier.
The OLED stack 10 preferably is configured to emit blue
light. In response to an excitation by blue light emitted
from the OLED stack 10, the luminescent crystals in the
first elements 101 and/or further elements of the lumines-
cent component 104 emit light of a different colour, e.g.
red, green and/or yellow light. Hence, the present embod-
iment schematically illustrates an OLED device emitting
e.g. additive colour mixtures of red and/or green and/or
veilow. As to the manufacturing of the device of Figure 4,
the OLED stack 10 may be preassembled onto a carrier, and
the luminescent component 104 may be coated onto the OLED
stack 10 in liguid form, and then be hardened, cured or
dried.

Figure 5 illustrates a perspective view of a

luminescent component according to an embodiment of a third



10

15

20

25

35

40

WO 2018/028870 PCT/EP2017/065720

58

aspect of the present invention. The luminescent component
comprises a substrate 203, e.g. made from a non-opague
polymer or a non-opagque inorganic material such as glass.
The substrate 203 has a top surface TS and a bottom surface
BS opposite the top surface TS.

A first film 201 is attached to the top surface
TS of the substrate 203. A second film 202 is attached to
Lhe bottom surface BS of the substrate 203. The attachment
may be achieved e.g. by bonding or by directly casting the
respective film onto the substrate 203. Each of the first
film 201, second film 202 and substrate 203 has a length
along the x-axis, a width along the y-axis, and a thickness
along the z-axis.

The following description of characteristics
of the first and the second film 201, 202 are applicable
to all other embodiments introduced in this section.

The first film 201 comprises a first solid pol-
ymer composition. The first solid polymer composition at
least comprises a polymer, surfactants, and luminescent
crystals 211, wherein these luminescent crystals 211 are
selected from compounds of formula (I) as defined herein.

The luminescent crystals 211 of the first solid
polymer composition have a size between 3 nm and 500 nm.
In response to excitation, these luminescent crystals 211
emit red light.

The second film 202 comprises a second solid
polymer composition. The second solid polymer composition
comprises at least a polymer, surfactants, and luminescent
crystals 221. The luminescent crystals 221 of the second
solid polymer composition are selected from compounds of
formula (I) as defined herein.

The luminescent crystals 221 of the second film
have a size between 3 nm and 500 nm. In response to exci-
tation, the luminescent crystals 221 of the second film
emit green light.

The polymer of the first and the second solid
polymer composition are preferably but not necessarily the
same. The surfactants of the first and the second solid
polymer composition are preferably but not necessary the

same.
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As can be derived from Figure 5, it is pre-
ferred that both the first and the second film 201, 202
extend all across the top and respective bottom surface
TS, BS of the substrate 203. Hence, the footprint of the
substrate 203 can fully be exploited.

The luminescent crystals 211 of the first solid
polymer conposition and the luminescent crystals 221 of
the second solid polymer composition are separated from
each other. In this embodiment, the substrate 203 builds
the separation. Hence, the first and second films 201, 202
are stable, alsc in a long-term. It 1is preferred - which
feature 1s alsoc true for any of the other embodiments -
that the first film 201 exclusively comprises the lumines-
cent crystals 211 of the first solid polymer ccmposition
emitting red light when excited, such that preferably there
are no luminescent crystals 221 of the second solid polymer
composition present in the first film 201, nocr any other
than the luminescent crystals 211 of the first solid pol-
ymer composition. Accordingly, it is preferred, - which
feature is also true for any of the other embodiments -
that the second film 202 exclusively comprises the lumi-
nescent crystals 221 of the second solid polymer composi-
tion emitting green light when excited, such that prefer-
ably there are no luminescent crystals 211 of the first
solid polymer composition present in the second f£ilm 202,
nor any other than the luminescent crystals 221 of the
second solid polymer composition.

As is indicated in Figure 5, once such lumi-
nescent component is exposed to radiation, and in partic-
ular to blue radiation BIL, the luminescent crystals of the
first and second solid polymer composition 211 and 221 are
excited and emit red and green light RD, GR respectively.
Together with a portion of the blue light BL passing the
luminescent component the cutput of the luminescent compo-
nent is white light. Hence, the present device can prefer-
ably be used as a backlight illumination in an LCD, for

example.

Figure 6 illustrates a perspective view of a
luminescent component according to another embodiment of
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the third aspect of the present invention. Again, the lu-
minescent component comprises a substrate 203 and a first
and a second f£ilm 201, 202. The first f£ilm 201 preferably
comprises luminescent crystals 211 of the first solid pol-
ymer composition only while the second film 202 preferably
comprises luminescent crystals 221 of the second solid
polymer composition only. Again, the first and the second
films 201 and 202 fully extend across a surface of the
substrate 203. In contrast to Figure 5, however, the first
and the second films 201 and 202 are not arranged on dif-
ferent sides of the substrate 203, but are arranged at the
same side of the substrate 203 on top of each other. Pref-
erably, in such an embodiment, the substrate 203 might also
act as a barrier film or might be formed as a barrier film
203 itself. Hence, a stack built from the first and the
second film 201 and 202 is deposited on a surface of the
substrate 203, e.g. the bottom surface BS. This stack may
also be divided by a layer of a different soclid polymer
composition. In the example shown in Figure 6, the first
film 201 is attached to the bottom surface BS of the sub-
strate 203, while the second film 202 is arranged on bottom
of the exposed surface of the first fiilm 201. In a different
arrangement, the second film 202 is attached to the bottom
surface BS of the substrate 203 while the first film 201
is attached to the exposed surface of Lhe second f£ilm 202.
Of course, when it comes to manufacturing the luminescent
component, the films may be attached in sequence to the
substrate 203. In a different embodiment, the first and
the second films 201, 202 are attached to each other form-
ing a stack prior to attaching the stack to the substrate
203.

Figures 7 and 8 illustrate perspective views
of luminescent components according to further embodiments
of the third aspect of the present invention. Instead of
providing only a single first film 201 and a single second
film 202 such as in the embodiments of Figures 5 and 6,
multiple first films 201 and multiple second films 202 are
provided, wherein the number of two films per type is only
exemplary. Instead of arranging the first and second films



10

20

30

35

WO 2018/028870 PCT/EP2017/065720

6l

201, 202 on different levels, 1.e. on different vertical
(z—=) positions such as in the embodiments of Figures 5 and
6, the luminescent films 201 and 202 are arranged in the
same level on the z—axis. Hence, the first and the second
films 201 and 202 are arranged next to each other in the
same plane, and, as a result, the first and the second film
201, 202 are both arranged on a common surface of the
substrate 203, e.g. its bottom surface BS. In the embodi-
ment of Figure 7, the first and second films 201 and 202
are arranged alternating and in contact with each other,
while in the embodiment of Figure 8, the first and second
films 201 and 202 are arranged alternating and separated
from each other by air gaps. It is noted that the spatial
arrangement preferably is in such a small size that it is
not visible by eye in the final application.

Figure 9 illustrates a schematic block diagram
of a light emitting device according to an embodiment of
the fourth aspect of the present invention comprising a
luminescent component according to the third aspect of the
present invention. The device includes a luminescent com-
ponent 241 according to Figure 5, and a light source 50
for emitting blue light, the light source 50 being arranged
such that the emitted blue light excites the luminescent
component 241. Preferably, the light scurce 50 is embodied
as an element of the same length and width as the first
and second film 201,202, and is attached to the luminescent
component 241.

In any of the emboediments of the luminescent
components of Figure 5 to 9, otherwise exposed surfaces ES
of the first or second film 201 or 202 are preferably
covered by a barrier film for protecting the luminescent
crystals in the respective films 201 and 202. Preferably,
such one or two barrier films fully extend across the oth-
erwise exposed surface, but not necessarily across side
surfaces of the first or second films 201, 202 represented
by the thickness of the subject films 201, 202, along the

z—-direction.
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Figure 10 shows an X-ray diffraction pattern
(measurement tocol: MiniFlex €00, Rigaku) of the starting
material FAPbBrs according tc Example 1. X-axis: Z2theta

(°); y axis: intensity (arbitrary units).

To further illustrate the invention, the fol-
lowing examples are provided. These examples are provided
with no intend to limit the scope of the invention

Example 1: Synthesis of a polymer film with
green luminescent crystals

Formamidinium lead tribromide (FAPbBriz) was
synthesized by milling PbBr: and FABr. Namely, 16 mmol PbBr:
(5.87 g, 98% ABCR, Karlsruhe (DE)) and 16 mmol FABr (2.00
g, Dyesol, Queanbeyan, (AU)) were milled with Yttrium sta-
bilized zirconia beads (5 mm diameter) for 6 h to obtain
pure cubic FAPbBriz, confirmed by XRD (X-ray diffraction;
Figure 10, bottom spectrum). This material did not show
any luminescence. The hydrodynamic particle size distribu-
tion (volume weighted) was obtained by centrifugal sedi-
mentation method (LUMiSizer, LUM GmbH, Berlin (DE)) mixing
12 mg of powder with 10 ml of 3520 Viscosity 0il Standard
(PSL Rheotek, Essex (UK)) and using a 2 mm polyamide cu-
vette. An average particle size (D50) of 7 pym and a size
range (D10-D9%0) of 1-12 um resulted. The average particle
size is defined by the average particle diameter by mass,
wherein e.g. D10, D50, and D90 denote the particle size
where 10%, 50%, and 90% respectively of the cumulative mass
of the distribution is observed.

The orange FAPbBr; powder was added to Oleic
acid (90%, Sigma Aldrich, Missouri (US)), Oleylamine (80—
90, Acros Organics, Geel (BE)) (FAPbBriz:0leic acid:0Oleyla-
mine = 2:1:1) and Cyclohexane (>99.5 %, puriss, Sigma Al-
drich). The final concentration of FAPbBrz was 1lwt%. The
mixture was then dispersed by ball milling using Yttrium
stabilized zirconia beads with a diameter size of 200 pmat
ambient conditions (if not otherwise defined, the atmos-
pheric conditions for all experiments are: 35°C, 1 atm, in
air) for a pericd of 1h yielding an ink with green lumi-

nescence.
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Analysis: Luminescent properties of the ink
were measured in a 10mm guartz cuvette (3ul of the ink
diluted in 3ml of toluene) with a spectroflucrimeter
equipped with an integrating sphere (Quantaurus Absolute
PL. guantum vyield measuring system C1134711, Hamamatsu).
The photoluminescence gquantum yield (PLQY) of above ink

was 97% with an emission peak centered at 522 nm (= peak
position, PP). The FWHM of the emission was determined as
42 nm.

Film formation: The green emitting ink was then
mixed with 10% cyclic olefin copolymer solution in toluene,
coated on a glass substrate and dried at 60°C for 15
minutes. After drying the resulting optical properties of
film were measured with a spectrofluorimeter eguipped with
an integrating sphere (Quantaurus Absolute PL guantum yield
measuring system C1134711, Hamamatsu, Hamamatsu (JP)).

Analysis: The photcluminescence qgquantum yield
of the film was 90% with an emission peak centered at 528
nm. The FWHM was determined as 30 nm. The resulting film
was subjected to a degradation test for 2h with increased
temperature in a drying oven (80°C, ambient humidity). The
photoluminescence quantum yield of the film after degrada-
tion was 79% with an emission peak centered at 527 nm. The
FWHM was determined as 30 nm.

Conclusion: This example shows the effective-
ness of luminescent crystals of formula (I) implemented

into a solid polymer composition.

Example 2: Synthesis of a polymer film with red
luminescent crystals.

Step (a) : Commercial formamidinium i1odide
(>88%, Dyescl) and Pbl: (98.5%, Alfa Aesar, Massachusetts
(US)) were mixed in equal molar ratio leading to a net
stolichiometric composition of FAPbIz. The powder mixture
was dry-milled using Yttrium stabilized zirconia beads with
a size of 5 mm at ambilent conditions for a period of 400
min, and subsequently dried at 80°C.

Step (b): The salt mixture was added to oleyla-

mine (80 - 90%, Acrcs Organics) and oleic acid (90%, Sigma
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Aldrich) (CsPbBriz:0Qleylamine:oleic acid = 2:1:1) in cyclo-
hexane (2 99%, Sigma Aldrich). The final concentration of
FAPbI3 was 1% wt. The mixture was then dispersed by ball
milling using Yttrium stabilized zirconia beads with a size
of 200 um at ambient conditions for a period of 60 min
yielding an ink with red luminescence. Film sample was
prepared analogous to the procedure in Example 1.

Analysis: The photoluminescence guantum yield
of above polymer film was 71% with an emission peak cen-
tered at 758 nm. The FWHM of the emission was determined
as 89 nm.

Conclusion: This result shows how to obtain a

red emitting solid polymer composition comprising FAPbIs.

Example 3: Thermal stability comparison of or-
ganic, i1norganic and organic—inorganic solid polymer com-
positions in the form of a film.

Synthesis: The following compositions of mate-
rial were obtained by the same dry milling method as de-
scribed in Example 1 or 2: CsPbBrs, Csu.g5sFA0.15PoBrs,
Cso.5FRo0.5PbBrs, Cso.15FAp.85PbBr;. Luminescent inks and films
were prepared analogous to the procedure described in Ex-
ample 2.

Analysis: XRD revealed no peaks of the solid
material (dry milled starting material) CsBr, FPFABr nor
PbBr:; corroborating the formation of a single phase of
mixed cations in the crystal lattice.

Centrifugal sedimentation method (LUMiSizer,
LUM GmbH) showed similar hydrodynamic size distribution
for all materials with D10 between 0.8-2 um, D530 between
1-12 um, and D90 between 4-35 pm.

TEM (transmissicn electron microscopy) images
of inks from FAPLBr3z (Fiure 11), Csop.gsFAp.15PbBrs (Figure 12)
and Cso.5FRy.sPbBrz (Figure 13) show LCs of size in the range
of 5-50 nm.

Table 1 shows the optical properties of the ink
and the film as initially obtained. Table 2 shows the prop-
erties of the film after degradation for 2 hours at 80°C
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and ambient humidity (i.e. approximately 5% relative hu-
midity) as well as after degradation for 2 hours at 60°C

at 90% relative humidity.

Table 1:
Composition Ink properties Film properties
PLQY PP FWHM PLQOY PP FWHM
(%) (nm) {nm) (%) (nm) (nm)
CsPbBry 42 % 507* 40%* 90 514 23
Cso.95FAp . 01 PbBr3 42%* 507* 46%* 86 515 23
Csp.asFAg. 0sPbBrs 38* 506%* 48* 80 514 25
Csp.85FAn.1sPbRT3 54* 504* 38* 74 513 25
CSo.5FAy.sPbBI3 58* 496%* 50* 74 | 510 27
C8p.15FAs . ssPbBr3 8g* 512~* 38% 85 522 26
FAPbLBr= 97* 522% 42%* 92 530 31

* measurement result might be bilased because of dilution effects of
the ink

Table 2:
Composition Degraded film proper- Degraded film prop-
ties erties
2h 80°C Z2h 60°C/90% RH
PLOY PP FWHM PLQY PP FWHM
(%) {(nm) (rum) (%) (nm) (num)
CsPbBrs 68 515 24 60 515 22
Csg.99FAg. 0: PbBr; 66 516 23 80 517 21
Csp.esFAn. gsPbBrs 58 515 25 68 517 22
Csn.85FAn.15PbBra 37 514 25 53 519 22
Cso.5FAp.5sPOBrs 29 512 25 66 512 26
CSeo.i5FAp. s PLBrs o0 521 26 58 519 26
FAPbBr, 76 530 30 86 525 28
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Conclusion: The data clearly show the high PLQY
for both, ink and film. For films, this high PLQY is main-—

tained even after stress-test under severe conditions.

Example 4: Luminescent crystals of composition
Cs0.15FAp.55PbBrs emitting green light were used for the fol-
lowing experiment as described in example 3. The load of
the solid polymer compositicon was measured to be 0.38 wt$
by heating up to 450°C and thus evaporating the solvent
and burning away the surfactants.

The ink was mixed with a cyclic olefin copoly-
mer solution in cyclohexane (4 wt% polymer in solvent) to
yield a Pb concentration of 207000 ppm. Spray drying in an
inert locp (nitrogen) of the green polymer solution was
used to obtain a powder exhibiting a particle size of 1-
100 yum as confirmed by scanning electron microscopy. The
resulting powder showed a gquantum yield of 85%, peak posi-
tion of 519 nm, and FWHM of 28 nm.

0.030 g of the green powder was mixed with an
UV curable monomer (1.2 g Miramer SIU2Z2400 with 3% wt ini-
tiator TPO-L, Rahn AG, Switzerland) in a speed mixer and
the resulting mixture was cured between two glass slides
(18x18 mm) for 60 s in UV (with a mercury lamp). This film
sample showed a total guantum yield of 68%, a peak at 517
nm with FWHM of 29 nm.

The sample was subjected to a degradation test
for 70 h with increased temperature in a drying oven (80°C,
ambient humidity, 1.e. approximately 5% relative humid-
ity). The photoluminescence quantum vield of the sample
after degradation was 71% with an emission peak centered
at 514 nm. The FWHM was determined as 28 nm.

Conclusion: This example shows that the mate-
rial as described in the present invention does not show
pronounced degradation {(drop of guantum yield, change of
peak position or FWHM) when subjected to high temperature
(80°C) for 70 h.
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Example 5: The luminescent crystal ink in cy-
clohexane of Example 1 emitting green light was used for
the following experiment.

0.5 g of the ink was mixed with 1.5 g of
isobornyl-acrylate {Sartomer), 100 mg Decane-diol-acrylate
(Sartomer}, 50 mg Z2Z2-Hydroxy-Z2-methylpropiophenone (Sigma
Aldrich). This mixture was applied on a glass slide and
the cyclohexane was dried-off for 5 min at 60°C in air.
Afterwards a second glass slide was put on top of the dried
ink and the resin mixture was UV cured using a mercury lamp
for 30 s.

The optical performance of the final cured film
showed a quantum yield of 71%, a peak position at 528 nm,
and a FWHM of 31 nm.

Conclusion: This result clearly shows that LC
containing polymer compositions can be obtained starting

from an acrylate monomer.

Example 6-11: Synthesis of green emitting LCs
and transfer into different solid polymer compositions

FAPDbBr; was obtained as described in Example 1.
The orange FAPbBrz powder was added to (Lauryldime-
thylammonio)acetate (>95%, Sigma Aldrich), Oleylamine (80-
50%, Acros) (FAPbBr;: (Lauryldimethyl-ammonio)ace-
tate:Cleylamine = 1:0.1:0.3) and toluene (>99.7%, Fluka).
The final nominal concentration of FAPbBra was 1lwt%. The
mixture was then dispersed by ball milling using Yttrium
stabilized =zirconia beads with a size of 200 microns at
ambient conditions for a period of 1h yielding an ink with
green luminescence.

Analysis: Luminescence properties of the ink
were recorded as presented in Example 1. The photolumines-
cence quantum yield (PLQY) of above ink was 88% with an
emission peak centered at 528 nm (= peak position, PP).
The FWHM of the emission was determined as 24 nm.

Film formation: The green emitting ink was then
mixed with different polymers / pre-polymers. For acrylates
lwt% Irgacure 184 as an initiator was mixed with the acry-
late. The toluene from the acrylate/ink mixture was evap-

orated at room temperature by vacuum (1072 mbar) and the
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mixture was coated between two glass substrates with a
thickness of 100 pm and cured with UV (Hoenle UVAcube 100,
Hg lamp with quartz filter, 1 min). The glass slides were
removed for further analysis and testing of the film. For
cyclic colefin copolymer, polycarbonate (Makrolon CD2015),
polystyrene (Mw=357000, Sigma Aldrich), Poly(S9-vinylcarba-
zole) (PVK, average Mn 257000-50"000, Sigma Aldrich) and
PVK: 2-(4-Biphenylyl)~5-phenyl-1, 3, 4~-oxadiazole (PBD,
Sigma Aldrich) mixtures (64wt%:36wt%) films were obtained
as described in Example 1.

Analysis: Table 3 shows the optical properties
of the film as initially obtained and after degradation
for 20 hours at 80°C and ambient humidity (i.e. approxi-
mately 5% relative humidity). The resulting optical prop-
erties of the film was measured with a spectrofluorimeter
equipped with an integrating sphere (Quantaurus Absoclute
PI. quantum vield measuring system C1134711, Hamamatsu).

Table 3:
Ex.# Polymer Initial film prop- Degraded film prop-
erties erties 20h 80°C
PLQY PP FWHM PLQY PP FWHM
(%) (nm) (nm) (%) (nm} (nm)
6: Acrylate* 79 531 27 60 531 26
7: Cyclic olefin | 83 531 24 57 531 24
copolymer
8: polycar- 86 525 27 63 528 29
bonate**
9: Polystyrene 84 531 26 63 530 25
10: Com— | Poly (9-vinyl~- 60 534 25 17 534 28
parative | carbazole)
11: Com— | PVK:PBD 65 531 24 14 538 26
parative (64wt %:36wtd)

o

*: Sartomer SR506D:Sartomer SR59L (90wht&:5wt?); **: Makrolon OD2015
Conclusion: These results show that 1L.Cs as de-
scribed in this invention exhibit excellent initial prop-
erties and maintain high optical performance after accel-
erated degradation at 80°C with acrylate, cyclic olefin
copolymer, polycarbonate and polystyrene. The comparative
exanples with PVK and mixtures of PVK and PBD showed infe-

rior initial optical properties and a significantly more
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pronounced degradation, rendering these polymers unsuita-
ble for application in TVs or the like.

Example 13: A green luminescent crystal ink
with FAPbBr: was prepared according to the procedure de-
scribed in Example 1 but using toluene (»3%9.5 %, puriss,
Sigma Aldrich) as the solvent and (Lauryldimethylammonio
acetate (>95%, Sigma Aldrich), Oleylamine (80-90%, Acros)
(FAPbBrs3: {Lauryldimethylammonio) acetate:0Oleylamine =
1:0.1:0.3). The concentration of FAPbBri was 1lwt%. Lumi-
nescent crystals emitting red light were produced as de-
scribed by Protesescu et al. (Nanco Lett., 2015, 15, 3692-
3696). The resulting solids load was measured to be 0.53
wt% for red, by heating up to 350°C and thus evaporating
the solvent and burning away the ligands. The optical prop-
erties of the resulting nanocrystal formulation were meas-
ured with a Hamamatsu Quantaurus Cl1347-11 device (equipped
with an integration sphere, 450nm excitation) and a guantum
yield of 90% at an emission peak wavelength of ©45nm with
a FWHM of 38nm for red was achieved. This nanocrystal for-
mulation was mixed with a cyclic olefin copolymer solution
in toluene (20wt% polymer in solvent) to yield a poly-
mer:nanocrystal ratio of 20:1 and subsequently diluted with
toluene to a final polymer content in the formulation of
dwt%. Spray drying in an inert loop (nitrogen) of the red
polymer solution was used to obtain a powder exhibiting a
particle size of 1-20 um as confirmed by scanning electron
microscopy. The red powder showed a quantum yield of 87%,
peak position of 647nm, and FWHM of 38nm.

0.6 g of the green ink was mixed with 4.0 g of
isobornyl-acrylate (SR506D, Sartomer) :Decane-dicl-diacry-
late (SR595, Sartomer) in a weight ratio of 95:5 and 40 mg
Irgacure 184 (Ciba). The toluene was evaporated in vacuum
(1072 mbar) at room temperature. 0.02 g of the red powder
was added and homogenized in a speed mixer. The final mix-
ture was applied between two glass slides and the resin
mixture was UV cured using a mercury lamp for 60 s.

The optical performance of the final cured film

showed a guantum vyield of 68%, a peak position at 528 nm,
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and a FWHM of 24 nm for green and 643nm and 38nm for red,
respectively.

Conclusion: This result confirms that LC poly-
mer compositions containing one fraction of LCs in an el-
ement dispersed within an encapsulation polymer containing
the second fraction of LCs can be obtained by the present

invention.

Example 14: A green luminescent crystal ink
with FAPbBrs was prepared according to the procedure de-
scribed in Example 13. The ink was roughly 10 times con-
centrated by evaporation at 50°C and 130mbar. The resulting
solids load was measured to be 4.5wt%, by heating up to
350°C and thus evaporating the solvent and burning away
the ligands. The photoluminescence gquantum yield (PLQY) of
above concentrated ink was 84% with an emission peak cen-
tered at 525 nm. The FWHM of the emission was determined
as 25 nm. 2.8 g concentrate was then mixed with 1g of an
acrylate (Sartomer SR506D:Sartomer SR595, 95wt%:5wt%) and
lwt% Irgacure 184 as an initiator. The mixture was coated
on a glass substrates dried at room temperature and cured
with UV (Hoenle UVAcube 100, Hg lamp with quartz filter, 1
min). The film thickness was 4.5 um measured by atomic
force microscopy and the LC weight per area was 0.5 g/m?
exhibiting a PLQY of 80% a PP of 533 nm and a FWHM of 25
nm. The leakage of blue light through this film was meas-
ured by placing it in front of the blue Samsung SUHD TV
backlight (Model UE48J585807T). The resulting spectra was
recorded with a spectrometer (UPRtek, MK350N) and a ratio
of green peak:blue peak of 1:0.1 was recorded, indicating
that most of the blue light was abscrbed.

Conclusion: This result confirms that LC poly-
mer compositions obtained by the present inventicon; with a
certain LC weight loading per area of film allow for ab-
sorption of most of a commercial TV set blue light and the
transformation of this blue light into another color with

larger wavelength.

Example 15: Synthesis using alternative sur-

factants, solvents
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Step (a): Formamidinium lead tribromide (FAP-
bBrs) was synthesized as described above.

Step (b): The following Ifurther experiments
were all conducted by ball milling using similar process
parameters (LCs/QDs:total surfactant ratio = 2:1, milling
bead size = 200 microns, milling time = 60 min, LCs/QDs
concentration in the ink = 1%, filltered by 0.45 um PTFE
syringe filter for optical characterization, optical char-

acterization was identical as in Example 1) :

Ex. Solid ) Peak cmission /
" material Surfactant solvent FWHM / OY
(N, N-dimethyl-octa- cveloo vellow-green,
15-1 FAPbLBr; decylammonio) pro- ye- 534 nm / 23 nm
hexane .
pane sulfonate / 91%
B . N-Oleoyl-gamma—ami- cyclo= Green, NA / Na/
15-2 FAPLBI: nobutyric acid hexane NA
il _ "
153 FAPDET Oleylammpnlum bro Loluene Green, 518%@ /
mide 26nm/ 76%
N-Dodecyl-N, N- (di-
, . methylammonio)bu- . Green / NA /
L;4 " ¥ 1
o FRPDBYs tyrate (zwitteri- toluene NA/ NA
onic carboxylate)
N-Dodecyl-N, N- (di-
methylammonio) bu-
) tyrate {(zwitteri- Green / 532nm /
15-5 FAPbBI3 onic carboxylate) : toluene 21nm / 862
Oleylamine
1:2
Hexadecyl phospho- o-
. . . . /nr
15-6 FAPbBrs3 choline (zwitteri- toluene Griﬁ;éfjx1§f /
onic phosphonate) ’

Above suspensions are also suited for incorpo-
ration in a sclid polymer composition as outlined in pre-
vious examples.

Conclusion: These example shows Lhe effecltive-
ness of the invention using different surfactant classes

and solvents.
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Claims

1. A solid polymer composition comprising:

(1)

(11)

(1i1i)

luminescent crystals of 3-500nm size, said lumi-
nescent crystals being selected from compounds

of formula (I)
[MIAT] aM%pXc (I), wherein:

cation Al is an organic cation, cation M2 is a
metal cation and cation M!, 1if present, is an
alkali metal cation; and

Al  represents one or more caticns selected from
the group consisting of ammonium, forma-
midinium, guanidinium, imidazolium, pyri-
dinium, pyrrolidinium, protonated thiourea,

M1 represents one or more alkaline metals se-
lected from Cs, Rb, K, Na, Li,

M? represents one or more metals selected from
the group consisting of Ge, Sn, Pb, Sb, and
Bi,

X represents one or more anions selected from
the group consisting of chloride, bromide,
iodide, cyanide, thiocyanate, isothioccyanate
and sulfide,

a represents 1-4,
b represents 1-2,
c represents 3-9; and

surfactant selected from the group of non-ionic,
anionic, cationic and zwitter—-ionic surfactants,

preferably zwitter-ionic surfactants; and

a hardened / cured polymer, said polymer selected
from the group of acrylate polymers, styrene pol-
ymers, silicone polymers, carbonate polymers,
and cyclic clefin copolymers, preferably acry-

lates.
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The solid polymer composition according to claim 1,

wherein

= the weight ratioc luminescent crystals : matrix (pol-
ymer -+ surfactant) is in the range of 0.00001-0.2;
and/or

» the weight ratio surfactant : luminescent crystals

is in the range of 100-0.01.

The solid polymer compoesition according to claim 1 or

2, wherein

(i) the luminescent crystals (I) are selected from
the group of FA1Pb:X3, wherein FA represents
formamidinium;

{ii) the surfactant comprises a zwitterionic surfac-
tant, and

(1iii) the polymer is selected from the group of acry-

lates.

A luminescent component, comprising

" a first element (101) comprising a first solid pol-
ymer composition according to any one of claim 1
to 3,
wherein luminescent crystals (111) of the first
solid polymer composition emit light of a first
wavelength in response to excitation by light with
a wavelength shorter than the first wavelength, and

o an encapsulation (103) enclosing the first element
(101),
wherein the encapsulation (103) comprises an en-

capsulation polymer or inorganic matrix, and

preferably wherein the polymer of the first solid
polymer composition is not dissolvable in the encapsu-
lation polymer (103) or inorganic matrix, and vice

versa.

The luminescent component according to claim 4, com-
prising
= a second clement (102) comprising a second solid

polymer composition according to any one of claim 1
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to 3, wherein luminescent crystals (121) of the sec-
ond sclid polymer composition
= agre of a different chemical composition and/or a
different size than the luminescent crystals
(111) of the first solid polymer compoesition,
= emit light of a second wavelength different to
the first wavelength in response to excitation
by light with a wavelength shorter than each of
the first and second wavelength,
wherein the encapsulation (103) encloses the sec-
ond element (102), and
preferably wherein the polymer of the second
solid polymer composition 1s not dissolvable in the
encapsulation polymer (103) or incorganic matrix, and

vice versa.

The luminescent component according to claim 5, com-
prising
= N further elements (nf) with N >= 1, each further
element (nf) comprising a further solid polymer
composition according to any one of claim 1 to 3
wherein the luminescent crystals (nlf) of the fur-
ther solid polymer compositiocon
= are of a different chemical compeosition and/or
a different size than the luminescent crystals
(111) of the first solid polymer composition,
the luminescent crystals (121) of the second
solid polymer composition, and any luminescent
crystals (nlf) of the N-1 other solid polymer
compositions,
= emit light of a further wavelength in response
to excitation by light with a wavelength shorter
than the further wavelength, wherein the further
wavelength 1s different from the first wave-
length, is different from the second wavelength,
and 1s different from any of the N-1 other fur-
ther wavelengths, and
preferably, wherein N is between 3 and 28, and
preferably wherein the polymer (n2f) of the

further sclid polymer composition is not disscolvable
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in the encapsulation polymer (103) or inorganic matrix,

and vice versa.

The luminescent component according to claim 5 or 6,
wherein the first element (101) and the second
element (102) and any further element, if present, are
arranged spaced within the encapsulation (103), and
preferably wherein the polymer of the first solid
polymer composition and the polymer of the second solid
polymer composition and the polymer of any further
solid polymer composition, if present, are identical.

The luminescent component according to any one of
claims 4 to 7,

wherein the encapsulation polymer is a polymer
selected from the list of acrylate polymers, carbonate
polymers, sulfone polymers, epoxy polymers, vinyl pol-
ymers, urethane polymers, ester polymers, styrene pol-
ymers, silicone polymers, olefin polymers and cyclic
olefin copolymers, preferably silicones, cyclic olefin
copolymers acrylates, epoxies, and halogenated vinyl
polymers, and

preferably wherein the encapsulation polymer
has a water vapor permeability of less than

5 g mm m=2 dayl.

The luminescent component according to any one of
claims 4 to 8,

wherein the encapsulation (103) comprises lumi-
nescent crystals according to formula (I) of any one

of claim 1 or 3.

The luminescent component according to claim 9,

wherein the luminescent crystals (133) comprised
in the encapsulation (103) are of different chemical
composition and/or size than the luminescent crystals
(111) of the first solid polymer composition and emit
light of a wavelength different to the first wavelength
in response to excitation by light with a wavelength
shorter than the first wavelength,
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preferably, wherein the luminescent crystals
(133) comprised in the encapsulation (103) are addi-
tionally of different chemical composition and/or size
than the luminescent crystals (121) of the second
and/or the luminescent crystals (nlf) of the further
solid polymer compositicn, 1f present, and emit light
of a wavelength different to the second and/or further
wavelength in response to excitation by light with a
wavelength shorter than each of the first, second

and/or further wavelength.

The luminescent component according to any one of
claims 4 to 10, comprising

one or more barrier films each having a water
vapor transmission rate of less than 0.1 g m?2 day?i,

preferably wherein a material of each barrier
film is selected from the group consisting cf polyvi-
nylidene chlorides, c¢yclic olefin copolymers, high-
density polyethylene, metal oxides, SiOx, SizNy; op-
tionally in the form of organic / inorganic multi-

layers.

A luminescent component, comprising
a first film comprising a first solid polymer
composition according to any one of claim 1 to 3,
wherein the luminescent crystals (211) of the
first solid polymer composition emit light, in partic-
ular green or red light, with a first wavelength in
response to excitation by light with a wavelength

shorter than the first wavelength.

The luminescent component according to claim 12,

wherein the luminescent crystals (211) of the
first solid polymer composition emit red light in re-
sponse to excitation by light with a shorter wave-
length,

comprising a second f£ilm (202), comprising a sec-
ond solid polymer composition according to any one of
claim 1 to 3, wherein the luminescent crystals (221)

of the second solid polymer composition emit green
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light in response to excitation by light with a shorter

wavelength.

The luminescent component according to claim 13,
wherein a thickness of the first f£ilm (201) is
between 3 pm and 500 um and / or
wherein a thickness of the second film (202) is

between 30 pm and 500 pm.

The luminescent component according to claims 12 or
13, wherein the luminescent crystal weight per area of
film is betwecen 0.05 g/m? and 3.0 g/m?, preferably be-
tween 0.2 g/m? and 1.5 g/m?, most preferably between
0.25 g/m? and 0.7 g/m?.

The luminescent component according to any one of
claims 12 to 14, comprising one or more barrier films
each having a water vapor transmission rate of less
than 0.1 g m?2 day?,

preferably wherein a material of each barriex
film is selected from the group consisting of polyvi-
nylidene chlorides, c¢yclic olefin copolymers, high-
density polyethylene, metal oxides, 3510y, SixNy; op-
tionally din the form of organic / inorganic multi-

lavyers.

The luminescent component according to any one of
claims 13 to 0,comprising

a substrate (203),

wherein the first film (201) is supported by the
substrate (203), and

wherein the second film (202) is supported by the
substrate (203), and

in particular wherein the substrate (203) 1s one
of an organic substrate (203) or an inorganic substrate
(203) and non-opaque, preferably wherein the substrate
(203) comprises a polymer, and very preferably wherein
the substrate (203) comprises or consists of a polymer
selected from the 1list of polyehtylenterephthalat
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(PET), Triacetylcellulose (TAC), polyethylene naph-
thalate (PEN).

The luminescent component according to claim 17,

wherein the substrate (203) is arranged between
the first film (201) and the second film (202), and

preferably wherein the first film (201) is ar-
ranged between a first of the barrier films and the
substrate (203), and the second film (202) is arranged
between a second of the barrier films and the substrate
(203).

The luminescent component according to claim 17,
wherein one of the first and the second film
(201,202) 1s arranged between the substrate (203) and
the other of the first and the second film (202,201),
and
preferably wherein the first and the second film
(201,202) are arranged between the substrate (2Z03) and

the barrier film.

The luminescent component according to claim 17,

wherein the first film (201) and the second film
(202) are arranged on a common surface (TS3,BS) of the
substrate (203},

wherein the first film (201) and the second film
(202) are arranged spaced or adjacent, and

preferably wherein the first film (201) and the
second film (202) are arranged between the substrate
(203) and the barrier £f£ilm.

The luminescent component according to claim 20, com-
prising

multiple first films (201) of the first solid
polymer composition,

multiple second films (202) of the second solid
polymer composition,

wherein the multiple first films (201) and the
multiple second films (202) are arranged on the common
surface (T3,BS) of the substrate (203), and
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preferably wherein the multiple first films (201)
and the multiple second films (202) are arranged be-
tween the substrate (203) and the barrier film.

The luminescent component according to claim 21,
wherein the multiple first films (201) and the

multiple second films (202) are arranged alternating

on the common surface (TS,BS) of the substrate (203)

in one of a spaced or an adjacent arrangement.

The Jluminescent component according to any one of
claims 4 to 22,

wherein the luminescent crystals (111, 211) of
the first solid polymer composition, the luminescent
crystals (121, 221) of the second solid polymer compo-
sition if present, and any luminescent crystals (nlf)
of the further solid polymer compositions 1f present,

independently are of size between 3 nm and 100 nm.

A light emitting device, comprising
* 3 luminescent component according to any of claims 4
to 23,
* a light source (5) for emitting blue light,
wherein the light source i1s arranged for ex-
citing the luminescent component, and/or
wherein the light emitting device is one of a
Liguid Crystal Display (LCD), an Organic Light Emitting
Diode (OLED) or a Light Emitting Diode (LED).
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