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DESCRIPTION

Technical field

[0001] This deals with the technical field of integration of metal clusters at high or very high
concentration in a polymeric matrix. More in particular, it deals with luminescent metal clusters
that retain their luminescent properties and that can be integrated at high or very high
concentration into a polymeric matrix.

Prior art

[0002] The integration of clusters into a host matrix, more in particular polymeric matrix, is
already known. However, although the clusters are obtained by well-known solid-state
chemistry techniques (solid gas or solid/solid reactions, high-temperature reactions), their
ceramic like behaviour (hard, fragile, non-ductile) has until now seriously restrained their use in
applicative devices in particular in optical technology.

[0003] For example, it is known to disperse octahedral metal clusters in a polymer matrix by
reduction with a "monomer as solvent" approach. In this approach, six weakly bound apical
triflate (OTf) ligands of an octahedral molybdenum cluster unit, namely [MogClg(OTf)g]2", are
substituted with N-vinylimidazole (NVI) monomer moieties yielding [MogClg(NV)g].(OTf)4. After
substitution, [MogClg(NVI)g].(OTf)4 is dispersed in labile NVI monomer at a concentration of 0.1

or 0.5 mol/L. Then, the modified molybdenum cluster and NVI are copolymerised by a radical
process using 2,2'-azobis(isobutyronitrile) (AIBN) (Golden et al., in Science, 1995, 268, 1463).

[0004] This is also described in US 5,589,537, which also mentions [Co3(CO)g(CgH7)] and
[Rhox(CO)34(NVI)3] as examples of metal clusters bound to polymerisable ligands. Examples of

metal cluster cations include [NbgClg(4-vinylpyridine)g]**, [TagClg(acrylamide)g]**,
[Ptag(CO)40(4-vinylpyridine)4H]2*, [Auqa(p-dimethylphenylvinyl)1oClo]3* and the like. Examples

of suitable anions to use with these cations include PFg, (BPhy)4*, SO42 and BPh4, wherein
Ph is phenyl.

[0005] These metal cluster units can be easily dissolved and homogeneously dispersed within
the polymerisable organic solvent. This is believed to be due to the polymerisable organic
solvent's capacity to coordinate with or solvate the metal cluster unit.

[0006] The major drawback of these compounds is linked to the number of polymerisable
ligands which are strongly coordinated to the metal cluster without possibility for spatial
rearrangement. This limits the amount of metal clusters that can be incorporated into the
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polymer matrix. Indeed, in higher concentration, too much cross-linking reactions (reticulation)

will occur, what impede processability. Further, apart from [MogClgNVlg]** that can be

luminescent, the others are not.

[0007] Adamenko et al. (in Doklady Physical Chemistry, 2001, 381, 275; in Russian Chemical
Bulletin, 2002, 51, 994; in Inorg. Mater., 2004, 40, 306) used the same approach by replacing

some of the six labile trifluoroacetate (CF3COO") ligands of [MogClg(CF3CO0)g]% with acrylate
moieties (CH,CHCOO") to obtain [MogClg(CF3C0O0)g., (CH,CHCOO), ¢, with n equals 1 to 3.

The obtained complex is then copolymerised with methacrylic acid. However, luminescent
properties of the metal cluster were lost after ageing because of some degradation induced by

the lability of the CF3COO’ligands.

[0008] Shriver et al. (in J. Coord. Ahem., 1996, 37, 119) coordinated [MogClg(OTf)g]%and
[MogClg'Cl43(EtOH)-?] (i indicating inner ligands and a apical ligands) to poly(vinylpyridine) to
produce cross-linked materials. Transient emission spectroscopy revealed that polymer bound
hexatriflate clusters lack the luminescent properties characteristic of many [MogClg]**-based

clusters while the other ones display luminescence. However, unswellable materials with no
discernible glass temperature Tqy are obtained with cluster/polymerisable ligand ratios of 1:5

and lower, indicating a high degree of cross-linking and, thus, the lack of processability.

[0009] The introduction of a monofunctionalised octahedral rhenium cluster (Reg) in the side

chain of polystyrene strands by copolymerisation between styrene and vinylpyridine
coordinated to the cluster has been described by Zhang et al. (in J. Cluster Sci., 2003, 14,
449). However, the luminescence properties of this hybrid were not reported probably because
the introduction of phosphine ligands around a Reg cluster induces a drastic decrease in its

luminescence quantum yield.

[0010] Gabriel et al. (in Chem. Rev., 2000, 101(7), 2037) showed anionic rhenium clusters
associated to counter organic cations derived from tetrathifulvalene (TTF), whereby
TTFphane, BEDT-TTF and DMTTF-ethane compounds were described.

Summary

[0011] One aim of the present development is to overcome at least one of the drawbacks of
the prior art presented above.

[0012] To this aim, a luminescent salt is provided. This luminescent salt comprises a metal
cluster anion and an organic cation,

wherein the metal cluster anion comprises a metal cluster with at least two metal atoms, the
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metal atoms being chosen amidst molybdenum, rhenium, tungsten, tantalum and niobium,

wherein the organic cation comprises a cationic head substituted by at least one substituent
including a polymerisable functional group.

[0013] It was surprisingly found that using a metal cluster anion bound to a polymerisable
moiety by ionic bonds enables the metal cluster to be incorporated into an organic matrix in
weight contents of 10 % and above. The resulting polymeric material stays soluble. Therefore,
the resulting polymeric material remains easily processable like the polymerisable moiety
alone. Furthermore, using this luminescent salt, the metal cluster is homogeneously dispersed
throughout the polymer matrix without any phase segregation even at high contents (above
10% by weight) and retains its luminescence properties. These are due to the fact that the
ionic bond between the metal cluster anion and the organic cation bearing the polymerisable
functional group provides more flexibility for the positioning of the polymerisable function group
since the organic cation can move around the metal cluster. This counters the cross linking
effect resulting in a retained solubility of the material.

[0014] A polymeric material comprising a polymer matrix which has polymerised with the
luminescent salt described above is also provided.

[0015] It is also provided a use of the luminescent salt described above as luminescent probes
for detecting gaseous oxygen concentrations ranging from about 0.09% to 90% at 1 atm.

[0016] It is also provided a use of the luminescent salt described above as luminescent probes
for medical processes such as in situ cells visualisation and monitoring drug relieves.

[0017] It is also provided a use of the luminescent salt described above in optoelectronic and
photonic components such as light source, in optic amplifier, laser source, etc. or as light
absorbing compound in protective glasses, for example absorbing light with wavelength below
540 nm.

[0018] It is also provided a use of the luminescent salt described above as photovoltaic
improver for manufacturing converter layers suitable for solar cells and photovoltaic systems.

[0019] It is also provided a use of the luminescent salt described above as photocatylists for
industrial processes.

Drawings

[0020]

Figure 1 is a schematic representation of a cluster unit, the metal cluster of which comprises
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six metal atoms (the octahedron), surrounding by eight face-capping ligands (black beads) and
six apical ligands (white beads).

Figure 2 represents the thermograms obtained by thermogravimetric analysis (ATG/TD Perkin
Pyris Diamond) of CM4 (plain line), CM3 (dashed line) and CM2 (dotted line) of the examples
under nitrogen atmosphere and illustrates the mass of the solid phase of CM4, CM3 and CM2
as a function of temperature, the mass being given as weight percentage of the initial mass.

Figure 3 represents the thermograms obtained by differential thermogravimetric analysis
(ATG/TD Perkin Pyris Diamond at a heating rate of 10K/min) of CM4 (plain line), CM3 (dashed
line) and CM2 (dotted line) of the examples under nitrogen atmosphere; these graphs are first
derivates of the graphs of figure 2.

Figure 4 represents the solid state luminescence spectra of CM3 (plain line) of the examples
and of [(n-C4Hg)4N]2[MogBri4] powder (dashed line) when exposed to an illumination of 405

nm at 25°C recorded with a Fluorolog-3™ fluorescence spectrometer (FL3-22, Horiba Jobin
Yvon).

Figure 5 represents the TH-NMR of materials CM15 (b) and CM17 (c) of the examples, as well
as the commercial PDMS material (a).

Figure 6 shows the luminescence spectra of CM24 (plain line), CM19 (dashed line), CM2
(dotted line) and CM14 (dash-dotted line) of the examples under irradiation at 400 nm.

Figure 7 shows the luminescence spectra of CM19 (dotted line), CM20 (dashed line), CM21
(dash-dotted line) and CM22 (plain line) of the examples under irradiation at 400 nm.

Figure 8 shows the luminescence spectra of CM6 (plain line) and CM16 (dashed line) of the
examples under irradiation at 400 nm.

Description

Luminescent salt

[0021] Except when stated otherwise, wordings "one or more" and "one or two" should be
interpreted as meaning "one or more identical or different" and "one or two identical or
different”.

[0022] A luminescent salt is described hereafter.

[0023] Luminescence is emission of light by a substance not resulting from heat; this



DK/EP 2945996 T3

distinguishes luminescence from incandescence, which is light emitted by a substance as a
result of heating. It is, thus, a form of cold body radiation. The energy of the electrons shifts
upon excitation before going back to its base level. When the electrons return to their base
level of energy, light is emitted. Fluorescence is luminescence wherein light emission occurs

right after excitation, usually 10° to 10® s after the excitation. Phosphorescence is
luminescence wherein light emission occurs after a longer lapse of time from the excitation,

usually 103 to 10 s.

[0024] By "salt", it is understood a compound composed of one or more cations and one or
more anions so that the product is electrically neutral.

[0025] This luminescent salt comprises a metal cluster anion and at least one organic cation.
[0026] The metal cluster anion comprises a metal cluster with at least two metal atom.

[0027] Definition of a metal cluster is given by F.A. Cotton in Inorg. Chem. 1964, 3, 1217 as: "a
finite group of metal atoms that are held together mainly, or at least to a significant extent, by
bonds directly between the metal atoms, even though some non-metal atoms may also be
intimately associated with the cluster”.

[0028] In the following description, "metal cluster” is understood as at least two metal atoms
which are covalently bound together and form metal-metal bonds. Metal-metal bonds enable
delocalisation of all valence electrons on all metal atoms. The metal atoms of the metal cluster
form a polyhedron. Each metal atom is considered as occupying a vertex (corner point) of the
polyhedron.

[0029] The metal cluster anion may comprise at least face-capping ligands and/or edge
bridging ligands, together referred as inner ligands.

[0030] A "ligand" is an ion or molecule that binds to the metal cluster to form a coordination
complex. The bonding between the metal cluster and the ligand usually involves formal
donation of one or more of the ligand's electron pairs.

[0031] "Face-capping ligands" are ligands that are located normally to the centre of one face
of the polyhedron, i.e. the virtual line passing through the ligand and the centre of the face of
the polyhedron is orthogonal to that very face.

[0032] "Edge-bridging ligands" are ligands that are located normally to the middle of a metal-
metal bond, i.e. the virtual line passing through the ligand and the middle of the metal-metal
bond is perpendicular to that very metal-metal bond.

[0033] The metal cluster anion can comprise apical ligands.

[0034] "Apical ligands" are ligands located facing the vertexes of the polyhedron. The metal
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cluster and the inner ligands are referred together in the description as a "cluster core". The
cluster core and the apical ligands are referred together as a "cluster unit".

[0035] The metal cluster has a nanometric size, preferably between about 0.5 nm to about 20
nm, more preferably between about 0.5 nm to about 2 nm.

[0036] For example, the metal cluster anion has the following formula:

(M abec]d_,

wherein M represents a metal atom of the metal cluster, a ranging from 2 to 20, preferably
from 2 to 12, and more preferably being 6,

Q and X represent the ligands,

Q representing a face-capping ligand or an edge-bridging ligand, preferably a face-capping
ligand, b ranging from 3 to 30, preferably from 8 to 12, and more preferably being 8,

X representing an apical ligand, ¢ ranging from 2 to 50, preferably being 6, and
d ranging from 1 to 12, preferably 2 to 4.

Q may be a halogen, a chalcogen or a mixture thereof. Halogen group comprises fluorine (F),
chlorine (Cl), bromine (Br), iodine (I), astatine (At), or a mixture thereof. Among the halogens,
fluorine (F), chlorine (Cl), bromine (Br), iodine (I) and a mixture thereof are preferred. The
most preferred halogens are chlorine (CI), bromine (Br), iodine (I) and a mixture thereof. More
preferably, Q is bromine (Br). Chalcogen group comprises oxygen (O), sulphur (S), selenium
(Se), tellurium (Te), polonium (Po), livermorium (Lv) or a mixture thereof. Among the
chalcogens, oxygen (O), sulphur (S), selenium (Se), tellurium (Te) or a mixture thereof are
preferred. The most preferred chalcogen is selenium (Se).

[0037] Advantageously, Q is a halogen or selenium (Se); notably is chlorine (Cl), bromine (Br),
iodine (I) or selenium (Se).

[0038] X may be chosen from the group consisting of fluorine (F), chlorine (Cl), bromine (Br),
iodine (1), astatine (At), carbon (C), nitrogen (N), sulphur (S), boron (B), oxygen (O), hydrogen
(H), cyano (CN), carboxylate and mixtures thereof.

[0039] "Carboxylate"” means, in the present invention, a group R1-COO where R1 represents a
C1-Cg alkyl group, notably a C4-C3 alkyl group, in which one or several hydrogen atoms each

can be replaced by a fluorine atom. It can be in particular a CoF5COO group.
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[0040] A "C4-Cg alkyl", respectively "C4-C3 alkyl", group means a linear or branched saturated

hydrocarbon chain comprising 1 to 6, respectively 1 to 3, carbon atoms.

[0041] Advantageously, X is chosen from the group consisting of fluorine (F), chlorine (CI),
bromine (Br), iodine (l), cyano (CN) and carboxylate. Notably, X is chosen from the group
consisting of chlorine (Cl), bromine (Br), cyano (CN) and carboxylate (such as CoF5COO).

[0042] Notably, X can be chosen from the group consisting of fluorine (F), chlorine (Cl),
bromine (Br), iodine (1), astatine (At), carbon (C), nitrogen (N), sulphur (S), boron (B), oxygen
(0), or hydrogen (H), or a mixture thereof. X is preferably a halogen, more preferably Br.

[0043] M is advantageously chosen from the group consisting of molybdenum (Mo), rhenium
(Re), tungsten (W), tantalum (Ta), niobium (Nb) and a mixture thereof. Preferably the metal
atoms are chosen from Mo, Re and W, more preferably, the metals atoms are Mo or Re, still
more preferably, the metal atom is Mo. These metal atoms have the properties to be
luminescent once integrated in a metal cluster, a cluster core or a cluster unit.

[0044] In one embodiment, the metal cluster anion comprises:

« a metal cluster with six metal atoms, which are preferably chosen from the group
consisting of Mo, Re and W, more preferably Mo and Re, still more preferably Mo,

» 8 face-capping ligands, which are preferably halogens, more preferably Br, and

« six apical ligands, which are preferably halogens, more preferably Br.

[0045] According to a particular embodiment, the metal cluster anion has the formula

[MeQgXel* with M, Q and X, as defined previously.

[0046] Such a metal cluster anion has the following structure:

where:
* represents M,
o represents Q, and

L represents X.
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[0047] The organic cation comprises a cationic head substituted by at least one substituent
including a polymerisable functional group.

[0048] Preferably, the cationic head is chosen from the group consisting of: an imidazolium, a
pyridinium, a pyrolidinium, an ammonium, a phosphonium, a hydroxyphosphonium and a
sulfonium. The pyrolidinium, the ammonium, the phosphonium, the hydroxyphosphonium and
the sulfonium can eventually be substituted by one or two C4-C3 alkyl groups. The imidazolium

can also be substituted by one or two C4-C3 alkyl groups.

[0049] More preferably the cationic head is chosen from the group consisting of: an
imidazolium, a pyridinium, a pyrolidinium, and an ammonium; and notably is an imidazolium or
an ammonium, where the imidazolium can be substituted (in particular on one nitrogen atom)
by one C4-Cj alkyl group, such as methyl, and the ammonium can be substituted by one or two

C4-Cj alkyl groups. In particular, the cationic head is an ammonium which can be substituted
by one or two C4-C3 alkyl groups, such as methyl groups, or an imidazolium which can be
substituted (in particular on one nitrogen atom) by a C¢-C3 alkyl group, such as methyl. Still
more preferably, the cationic head is an ammonium substituted by two C4-C3 alkyl groups,

such as methyl groups, or an imidazolium substituted (in particular on one nitrogen atom) by a
C1-C5 alkyl group, such as methyl.

[0050] According to a particular embodiment, the cationic head is an ammonium, the
ammonium can be further substituted by one or two C4-C3 alkyl groups. Still more preferably,

the cationic head is an ammonium substituted by two methyl groups.

[0051] The substituent may comprise a terminal part and a linker. In this case, the linker has
from 1 to 30 methylene groups, preferably 1 to 12, such as 8 to 12 methylene groups. Longer
chains enhance mobility. The terminal part is the polymerisable functional group. The linker
links the terminal part to the cationic head.

[0052] A "methylene" group means, in the present invention, a -CH»- group.

[0053] At least one of the methylene groups of the linker may be replaced by one or more
atoms or groups of atoms chosen from the group consisting of aromatic rings, -O-, -CO-, -S-, -
CH=CH-, -C=C-, -COO0O-, -OC(0O)-, -CH=N-, -CH=N-, -C(O)NH-, -N=N-, -NH-CO- and mixtures
thereof. According to a particular embodiment, one methylene group can be replaced by -
OC(O)-. More preferably, the methylene group that is replaced is the one closest to the
terminal part. At least one hydrogen atom of the linker may further be replaced by a fluorine
atom. The number of replacing fluorine atoms equals the number of the replaced hydrogen
atoms.

[0054] An "aromatic ring" means, in the present invention, an aromatic hydrocarbon group
comprising preferably 6 to 10 carbon atoms and comprising one or more fused rings, such as,
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for example, a phenyl or naphtyl group. Advantageously, it will be a phenyl group.

[0055] The polymerisable functional group may be chosen from the group consisting of:
double carbon-carbon bond, triple carbon-carbon bond, an azide function (-N3), a methacrylate

function (-OC(O)-C(CH3)=CHy), an acrylate function (-OC(O)-CH=CH5), an amine function (-
NH>), a carboxylic function (-CO5H), an aldehyde function (-CHO), a hydroxyl function (-OH),
an alkoxy function (-OR2 with R2 = C¢-Cg alkyl), an iodine atom (-1), a bromine atom (-Br) and

a chlorine atom (-ClI).

[0056] A "double carbon-carbon bond" means, in the present invention a group -CR3=CR4R5,
where R3, R4 and R5 represent, independently of each other, a hydrogen atom or a C41-Cg

alkyl group.

[0057] A "triple carbon-carbon bond" means, in the present invention a group -C=CR6, where
R6 represents a hydrogen atom or a C4-Cg alkyl group.

[0058] Acrylate, methacrylate, double carbon-carbon bond or triple carbon-carbon bond are
preferred for radical polymerisation with the polymers or monomers of the polymer matrix.
Triple carbon-carbon bond and azide function are preferred for Huisgen coupling reactions
with the polymers or monomers of the polymer matrix. Amine, carboxylic functions are
preferred for polyamide synthesis, j.e. Nylon 6-6. Hydroxyl, alkoxy functions, bromine and
chloride atoms are preferred for anionic polymerisation with the polymers or monomers of the
polymer matrix.

[0059] Preferably, the polymerisable functional group is a double carbon-carbon bond (such as
-CH=CH,), a methacrylate function (-OC(O)-C(CH3z)=CH,), an amine function (-NH,) or a

hydroxyl function (-OH).

[0060] According to a particular embodiment, the polymerisable functional group is a double
carbon-carbon bond.

[0061] The cationic head may be further substituted by a second substituent containing from 1
to 30 methylene groups, preferably from 1 to 15, more preferably from 8 to 15, such as 12. At
least one of the methylene group of the second substituent may be replaced by one or more
atoms or groups of atoms chosen from the group consisting of aromatic rings, -O-, -CO-, -S-, -
CH=CH-, -C = C-, -COO-, -OC(0O)-, -CH=N-, -CH=N-, -C(O)NH-, -N=N-, -NH-CO- and mixtures
thereof. At least one hydrogen atom of the second substituent may further be replaced by a
fluorine atom.

[0062] The second substituent can thus be a group of formula -A-H where Ais a chain of 1 to
30 methylene groups, preferably from 1 to 15, more preferably from 8 to 15, notably 10 or 11.
At least one of the methylene group of the second substituent may be replaced by one or more
atoms or groups of atoms chosen from the group consisting of aromatic rings, -O-, -CO-, -S-, -
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CH=CH-, -C=C-, -COO0-, -OC(Q)-, -CH=N-, -CH=N-, -C(O)NH-, -N=N-, -NH-CO- and mixtures
thereof. At least one hydrogen atom of the second substituent may further be replaced by a
fluorine atom. Preferably, no methylene group or hydrogen atom is replaced by another group
or atom.

[0063] The second substituent can be a C4-Cyq alkyl group, such as a C4-Cy5 alkyl group,
notably a C1g-C15 alkyl group.

[0064] In a first particular embodiment, the organic cation comprises a head which is an
ammonium, preferably substituted by one or two C4-Cz alkyl group, more preferably

substituted by two methyl groups, a linker having 1 to 12 methylene groups, preferably 8 to 12
methylene groups, more preferably 11 methylene group, at least one of the methylene group
can be further replaced by -O-CO-, preferably the one closest to the terminal part, and the
terminal part is a double C-C bond, such as -C(CH3)=CH». The ammonium can be further

substituted by one C4-Cq5 alkyl group such as a undecyl or dodecyl group.

[0065] In a second particular embodiment, the organic cation has a head which is an
ammonium, preferably substituted by one or two C4-C3 alkyl groups such as by two methyl

groups and one C4-C45 alkyl group such as a undecyl or dodecyl group, a linker having 1 to 15

methylene groups, preferably 8 to 12 methylene groups, more preferably 11 methylene
groups, and the terminal part is a methacrylate function (-OC(O)-C(CH3)=CH>).

[0066] In a third particular embodiment, the organic cation has a head which is an ammonium,
preferably substituted by one or two C4-C3 alkyl group groups such as by two methyl groups

and one C4-C45 alkyl group such as a undecyl or dodecyl group, a linker having 1 to 15

methylene groups, preferably 1 to 10 methylene groups, more preferably 1 to 5 methylene
groups, such as 3 methylene groups, and the terminal part is an amine function (-NH5) or a

hydroxyl function (-OH).

[0067] In a fourth particular embodiment, the organic cation has a head which is an
imidazolium, preferably substituted by one C4-C3 alkyl group, more preferably substituted by
one methyl group, in particular on a nitrogen atom, a linker having 1 to 15 methylene groups,
preferably 8 to 12 methylene groups, such as 9 methylene groups, and the terminal part is a
double C-C bond, such as -CH=CHo>.

[0068] More in particular, the organic cation of the luminescent salt may have the following
formula:
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L T

wherein P1 represents the cationic head chosen from the group consisting of an imidazolium, a
pyridinium, a pyrolidinium, an ammonium, a phosphonium, a hydroxyphosphonium or a
sulfonium;

wherein P2 and P3 are substituents of P1,

z ranging from 0 to 12, preferably from 1 to 3, notably 1; n ranging from 1 to 12, preferably 1 or
2; and g ranging from 1 to 4, preferably 1;

wherein P2 comprises a terminal part and a linker having from 1 to 30 methylene groups, the
terminal part being the polymerisable functional group and the linker linking the terminal part to
the cationic head,

wherein P3 contains from 1 to 30 methylene groups.

[0069] Preferably, at least one of the methylene groups of the linker is replaced by one or
more aromatic rings, -O-, -CO-, -S-, -CH=CH-, -C=C-, -COO-, -OC(0)-, -CH=N-, -CH=N-, -
C(O)NH-, -N=N-, -NH-CO- and mixtures thereof. At least one of the hydrogen atoms of the
linker may also be replaced by a fluorine atom.

[0070] The polymerisable functional group may be chosen from the group consisting of:
double carbon-carbon chemical bond, triple carbon-carbon chemical bond, an azide function, a
methacrylate function, acrylate function, an amine function, a carboxylic function, an aldehyde
function, a hydroxyl function, an alkoxy function, a bromine atom and a chlorine atom.

[0071] Notably, at least one of the methylene groups of P3 is replaced by one or more
aromatic rings, -O-, -CO-, -S-, -CH=CH-, -C = C-, -COO-, -OC(0O)-, -CH=N-, -CH=N-, -C(O)NH-,
-N=N- -NHCO- and mixtures thereof.

[0072] Thus, P1 corresponds to the cationic head as defined above, P2 is a substituent of the
cationic head comprising a terminal part and a linker as defined above and P3 is a second

substituent of the cationic head as defined above.

[0073] The luminescent salt may thus have the following formula:

4 N

[MaQeXc]* P1
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with the same definitions as stated above and where f ranging from 1 to 12 and equals fo d/g.

[0074] In one particular embodiment, the metal cluster anion comprises:

+ a metal cluster with six metal atoms, which are preferably chosen from the group
consisting of Mo, Re and W, more preferably Mo and Re, still more preferably Mo,

« 8 face-capping ligands, which are preferably halogens, more preferably Br, and

¢ six apical ligands, which are preferably halogens, more preferably Br.

[0075] The organic cation of the luminescent salt of this particular embodiment can comprise a
head which is an ammonium, preferably substituted by one or two C4-C3 alkyl group, more
preferably substituted by two methyl groups, a linker having 1 to 12 methylene groups,
preferably 8 to 12 methylene groups, more preferably 11 methylene group, at least one of the
methylene group can be further replaced by -O-CO-, preferably the one closest to the terminal
part, and the terminal part is a double C-C bond.

[0076] According to a particular embodiment, the organic cation of the luminescent salt
associated to this particular metal cluster anion has:

+ a head which is an ammonium, preferably substituted by one or two C4-C4 alkyl groups
such as by two methyl groups and one C4-C45 alkyl group such as a undecyl or dodecyl
group, a linker having 1 to 15 methylene groups, preferably 8 to 12 methylene groups,
more preferably 11 methylene groups, and the terminal part is a methacrylate function (-
OC(0)-C(CH3)=CH,), or

¢ a head which is an ammonium, preferably substituted by one or two C4-C5 alkyl group
such as by two methyl groups and one C4-C45 alkyl group such as a undecyl or dodecyl
group, a linker having 1 to 15 methylene groups, preferably 1 to 10 methylene groups,
more preferably 1 to 5 methylene groups, such as 3 methylene groups, and the terminal
part is an amine function (-NH5) or a hydroxyl function (-OH), or

* a head which is an imidazolium, preferably substituted by one C4-C3 alkyl group, more
preferably substituted by one methyl group, in particular on a nitrogen atom, a linker
having 1 to 15 methylene groups, preferably 8 to 12 methylene groups, such as 9
methylene groups, and the terminal part is a double C-C bond, such as -CH=CH>.

[0077] Depending on the nature of the cluster core/unit (metal atom used, geometry,
surrounding ligands), different types of properties suitable from an applicative point of view can
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be expected. Many metal clusters are known to have catalytic activity towards many types of
reactions.

[0078] Octahedral Mg clusters (with M=Mo, W or Re) are highly luminescent in the red-near
infrared area (form about 550nm to about 950nm). From the device perspective, the broad
absorption and emission bands, large Stokes shift (about 300 nm) and long excited state
lifetime of these octahedral clusters provide unique engineering advantages.

[0079] Further, the luminescence lifetime can be readily monitored using phase sensitive
techniques, which can be implemented using a simple phase locked loop configuration,
thereby eliminating the need for a bulky optical fluorimetre.

[0080] The upstanding luminescence properties of these luminescent salts can be used for
telecommunication or biomedical applications.

[0081] The metal clusters in these luminescent salts are ideal luminescent probes for detection
of gaseous oxygen concentrations ranging from about 0.09% to 90% at 1 atm, and important
compositional range for medical and industrial processes.

[0082] Optoelectronic and photonic components (light source, protective glasses, optic
amplifier, laser source, etc.) can also advantageously comprise these metal cluster anions.

[0083] In solar cell and photovoltaic systems, it is possible to build converter layers with these
metal cluster anions to increase photovoltaic yield.

[0084] In biomedical application, use of these metal cluster anions can be advantageous for in
situ cells visualisation, monitoring drug relieves, etc.

[0085] As said previously, the metal cluster anions may be used as photocatalists.

Polymeric material

[0086] A polymeric material incorporating the above luminescent salt will be described
hereafter.

[0087] The polymeric material is made from two or more constituent materials with significantly
different physical and/or chemical properties, which remain separate and distinct within the
finished structure. In the polymeric material in question here, the polymer matrix functions as a
support that can be easily shaped. The luminescent salt is used as a signal emitting element
for various applications mentioned more in details here above.

[0088] The polymeric material may be obtained by mixing one or more polymers or monomers
with the luminescent salt described above for subsequent polymerisation.
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[0089] Polymers may be chosen from the group consisting of polyamide, polycarbonate,
polyethylene, naphthalate polyethylene, terephthalate polyethylene, polyimide,
polymethylmethacrylate, polystyrene, polyurethane, polycarbamate, vinylpolychloride, or a
mixture thereof. The polymer can be also a hydride-terminated polydimethylsiloxane (PDMS).

[0090] Monomers may be chosen from the group consisting of amide, carbonate, ethylene,
naphthalate ethylene, terephthalate ethylene, imide, methyl methacrylate, methacrylic acid,
styrene, urethane, carbamate, vinyl chloride, and a mixture thereof. The monomer can be also
a diol such as 1,6-butanediol, a cyanate such as hexamethylene diisocyanate (HDI), or a
diamine such as hexane diamine (HAD).

[0091] According to a particular embodiment, the polymer is polymethyl methacrylate (PMMA)
or the monomer is methyl methacrylate.

[0092] The polymeric material may comprise up to 100 wt.% of the luminescent salt, preferably
up to 60 wt.%, more preferably up to 50 wt.%, preferably about 5 to about 50 wt.%, more
preferably about 10 to about 50 wt.%. The weight percentages are given with respect to the
total weight of the polymeric material.

Synthesis of a luminescent salt

[0093] A salt composed of an anion and the organic cation described above, referred to as a
organic cation precursor, is mixed with a salt composed of a counter cation and the metal
cluster anion described above, referred to as a metal cluster precursor. The luminescent salt
described above is obtained through metathesis reaction between the organic cation precursor
and the metal cluster precursor. The ratio of the organic cation precursor/metal cluster
precursor may vary depending on the anionic charge of the metal cluster precursor. For

example luminescent Rhenium clusters are teraanionic species of formula [RegQglLg]*. Their

charge is counterbalanced with Cs* or K* cations but can be replaced by a polymerisable
cation.

[0094] According to a particular embodiment, the anion of the organic cation precursor is a

halide such as Br".

[0095] According to another particular embodiment, the counter cation of metal cluster

precursor is an alkali metal cation or a hydronium ion (H30%).

[0096] Alkali metal comprises Li, Na, K, Rb, Cs and Fr. It can be in particular K or Cs.

Examples
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[0097] Examples of syntheses of a luminescent salt and a composite material according to the
above description are given hereafter.

1 - Synthesis of luminescent salts according to the invention

Compound 4

(According to SciFinder, steps 1 and 2 were published for the first time in: M. Summers,
J. Eastoe, S. Davis, Z. Du, R. M. Richardson, R. K. Heenan, D. Steytler, I. Grillo, Langmuir
2001, 17, 5388)

1 Esterification (step 1)

[0098]
i
Br/\(\%/g\OH * )\f/ — B/\M? o/h\l/
Cl
11-bromo-1-undecanol Methacryloyl chloride Compound 1

[0099] Methacryloyl chloride (0.92 g, 8.8 mmol) was dissolved in 10 mL dry tetrahydrofuran
(THF) and added drop-wise to a stirred solution of 11-bromo-1-undecanol (2.0 g, 8.0 mmol)
and triethylamine (N(CH2>-CH3)3)(0.87 g, 8.8 mmol) in 13 mL of dry THF. The mixture was

stirred at 60°C the 2.5 hours. After cooling, the precipitated triethylamine hydrochloride
(N(CHx-CHa3)3-Hcl) was filtered. The product filtrate was evaporated and purified by column

chromatographic in dichloromethane (CH,Cl,). Compound 1 was obtained after purification as

a colourless liquid (yield: 80%).

[0100] Compound 1: "-H-NMR (400 MHz, CDCly): & (ppm) = 6.09 (d, 1H, CHH=C), 5.54 (d, 1H,
CHH=C), 4.13 (t, 2H, -CH,-0), 3.40 (t, 2H, -CHx-Br), 1.94 (s, 3H, -CH3-C), 1.87 - 1.84 (m, 2H, -
CHyCH5-0), 1.68 - 1.65 (m, 2H, -CH,-CHz-Br), 1.42 - 1.39 (m, 14H, -(CHo)7-).

2. Quaternisation (step 2)
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[0101]

] fe) O%‘% S}
Br
Br%o)k]/ * \Tﬁ —_— 1 10'? 1

Compound 1 N, N-dimethyldodecylamine Compound 2

[0102] The obtained compound 1 (1.3 g, 4 mmol), N,N-dimethyldodecylamine and 1 mg of 2,6-
di-tert-butyl-4-methylmethylphenol (as inhibitor of polymerisation) were dissolved in 13 mL of
chloroform and then heated at 60°C for 72 hours. On cooling the mixture was concentrated to
3-5 mL by vacuum and diethylether was added quickly. The clouded solution was kept at-18°C
for three days (yield: 80%).

[0103] Compound 2: '-H-NMR (400 MHz, CDCly): & (ppm) = 6.09 (d, 1H, CHH=C), 5.54 (d, 1H,
CHH=C), 4.13 (t, 2H, -CH,-0), 3.51 (t, 4H, -CHx-N), 3.38 (s, 6H, CH3-N), 1.94 (s, 3H, -CH3-C),
1.7 - 1.67 (M, 4H, -(CHo-CHy),N), 1.66 (M, 2H, -CH,-CHo-0), 1.33 - 1.26 (m, 32H, -CHy), 0.86
(t, 3H, -CHa).

3. Metathesis with CsosMogBri4 (compound 3)

[0104]

®
|

zcijﬂﬁ/\h o

Compound 2 Compound 3 Compound 4

[0105] (In the reaction above, black beads represent Mo atoms, white beads and L represent
Br atoms).

[0106] Compound 3 (1.97 g, 1 mmol) used as a metal cluster precursor was stirred in 20 mL of
acetone until complete dissolution. A solution of compound 2 (1 g, 2.20 mmol) used as organic
cation precursor was dissolved in dichloromethane and added drop wise to the previous
solution of compound 3 and acetone. The mixture was heated for 2 hours. The CsBr formed
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was filtered off and the organic solution was dried under vacuum. Compound 4 was obtained
as viscous oil after drying.

[0107] Compound 4: '-H-NMR (400 MHz, CDCls): & (ppm) = 6.02 (d, 2H, CHH=C), 5.48 (d, 2H,
CHH=C), 4.06 (t, 4H, -CH,-0), 3.20 (t, 8H, -CHo-N), 3.09 (s, 12H, CH3N-), 1.87 (s, 6H,-CH3-C),
1.7 - 1.67 (m, 8H,-(CH-CHa)2N), 1.66 (M, 4H,-CH-CHy-0), 1.24 - 1.16 (m, 64H, -CHy-), 0.86
(t, 6H, -CHy).

[0108] EDS: no caesium.

Compound é
S RV AR: 17
O, O
2 I\{/%NHE B (Hy0);WeChyg, xHO 1\'(/71\&]‘%\1%1 WeChg
2
Compound 2 Compound 5 Compound 6

[0109] Compound 5 (0.38 g, 0.23 mmol) was dissolved in 5 mL of EtOH (abs). A solution of
compound 2 (0.21 g, 0.5 mmol) in 10 mL of dichloromethane was added dropwise to the
cluster solution. The mixture was heated for 1 hour and the solvents evaporated under
vacuum. The residue was dissolved in the minimum amount of acetone and filtered through a

Celite® pad. The acetone was removed under vacuum. Compound 6 was obtained as a yellow
oil. Yield 95%.

[0110] Compound 6: -H-NMR (400 MHz, CD,Cly): & (ppm) = 5.97 (d, 2H, CHH=C), 5.48 (d,
2H, CHH=C), 4.03 (t, 4H, -CH,-0), 3.15 (t, 8H, -CHo-N), 3.01 (s, 12H, CH3N-), 1.84 (s, 6H.-
CH3-C), 1.7 - 1.60 (m, 8H,-(CH2-CH2)2N), 1.59 (m, 4H,-CHy-CH,-0), 1.31 - 1.20 (m, 64H, -

CHy-), 0.80 (t, 6H, -CH3). 13-C-NMR (100 MHz, CD,Cl,): 167.5 (C=0), 136.7 (C(Me)=CHy,),
124.9 (CHy=C), 65.1 (CH,0), 64.83 (CH,N), 51.9 (CH3N), 31.9-22.7 (CH,), 18.1 (CHj
(C=CHy), 13.9 (CH3). Elemental analysis C58H116N204CI14W6.6CH2CI2: calc (%): C 25.50,

H4.28, N 0.93. Found: C 25.32, H4.24, N 1.04.
Compound 8

® ®
O (o] | Q fo} o ¢ |
. IVV}(WW B KiRegSes(CN)s —» 1\(}\#%\}1 ResSes(CN)g
4

Compound 2 Compound 7 Compound 8

[0111] Compound 7 (0.4 g, 0.19 mmol) was solubilised in 5 mL of distilled water. A solution of
compound 2 in dichloromethane was added dropwise to the stirred water solution. The
biphasic mixture was vigorously stirred for 1 h. After that the phases were allowed to separate
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and the organic phase was collected and washed three times with water. The dichloromethane
was removed under vacuum to afford compound 8 as a dark red solid. Yield 95%.

[0112] Compound 8: -H-NMR (400 MHz, CD,Cl,): d (ppm) = 5.98 (d, 4H, CHH=C), 5.46 (d,
4H, CHH=C), 4.03 (t, 8H, -CH»-0), 3.19 (m, 20H, -CH>-N+CH3-N), 1.84 (s, 12H,-CH3-C), 1.7 -
1.60 (m, 16H,-(CHx>-CHy)2N), 1.59 (m, 8H,-CHx-CH2-O), 1.31 - 1.20 (m, 128H, -CH>-), 0.80 (t,
12H, -CHz). "3-C-NMR (100 MHz, CD,Cly): 167.5 (C=0), 136.7 (C(Me)=CH,), 124.6 (CH,=C),
64.7 (CH20), 64.0 (CH2N), 52.7 (CH3N), 31.9-22.7 (CH5), 18.1 (CH3 (C=CHy), 13.9 (CHpy).
EDAX: no potassium, no bromide; Re 47.45%, Se 47.34. Elemental analysis

C122H232N1008Se8Re6.2CH2CI2: calc (%): C 38.33, H6.12, N 3.60. Found: C 38.25, H6.21,
N 3.79.

Compound 11

1. Alkylation of methylimidazole (Zhang et al J. Appl. Polym. Sci., 2001, 121, 2430)

[0113]

O PO Bre
~NTN ~ NN

\—/ o —/ T
1-methylimidazole  11-bromo-1-undecene Compound 9

[0114] 11-Bromo-1-undecene (2.0 g, 8.58 mmol) and 1-methylimidazole (0.59 g, 7.17 mmol)
were dissolved in 25 mL of CHCI3 and the solution was stirred at 50°C for 15 h. The solvent

was removed under vacuum to afford a viscous liquid. The liquid was washed 5 times with a
mixture cyclohexane / ethyl acetate (1:1 v/v). Compound 9 was dried under vacuum to yield a
viscous colourless oil. Yield 66%.

[0115] Compound 9: -H-NMR (400 MHz, CDCls): & (ppm) = 10.17 (s, 1H, CH=N), 7.62 (s, 1H,
CH=CH), 7.44 (s, 1H, CH=CH), 5.75 (m, 1H, -CH=CHy), 4.91 (dd, 2H, J = 24.4, 13.6 Hz, -
CH=CHH), 4.31 (t, 2H, J = 7.4 Hz, -CHo-N), 4.28 (s, 3H, CH3-N), 2.00 (q, 2H, J = 6.8 Hz, -
CHy), 1.82 (m, 2H, -CHy-) 1.24-1.17 (m, 12H,-CHy). ESI-MS (m/z): 235.21. Elemental
analysis for C15H27N2Br.0.5H,0: calc (%): C 55.55, H 8.70, N 8.64. Found: C 55.37, H 8.83,
N 8.61.

2. Metathesis with CsoMoglg(CoF5C0O0)g (compound 10)



DK/EP 2945996 T3

[0116]
A8 Br AP
S N7 N + CsMoglg(CoFsCO0)y —» [N SN Mogls(CoF5COO
2 \_,M;\ ,_,Mg\\\ 6l8(C2F5CO0)s
Compound 9 Compound 10 Compound 11

[0117] The cluster precursor, compound 10, (2 g, 0.70 mmol) was dissolved in 20 mL of dry
acetone. A solution of the imidazolium salt, compound 9, (0.45 g, 1.4 mmol) in 5 mL of dry
acetone was added to the solution of cluster. The mixture was stirred at room temperature for
1 h. After that the acetone was evaporated in a rotary evaporator and the mixture was

dissolved in dichloromethane. This solution was filtered through a Celite® pad. Evaporation of
solvent lead to compound 11 as an orange-red viscous liquid. Yield 97%.

[0118] Compound 11: -H-NMR (400 MHz, acetone-dg): & (ppm) = 8.74 (s, 2H, CH=N), 7.23 (s,
4H, CH=CH), 5.71 (m, 2H, -CH=CH>), 4.88 (dd, 4H, J = 27.3, 13.4 Hz, -CH=CHH), 4.10 (1, 4H,
J=7.4 Hz, -CH,-N), 3.88 (s, 6H, CH3-N), 1.95 (q, 4H, J = 7.0 Hz, -CH»-), 1.80 (m, 4H, -CH»)

1.24-1.17 (m, 24H,-CH>). 9F_NMR: 8 (ppm) = 94.45 (3F), 56.84 (2F). EDS: no cesium, no
bromide; Mo 8.30%, | 11.63 %, F 80.07% Elemental analysis for C48H54N40O12F3018Mo6:

calc (%): C 18.97, H1.79, N 1.84. Found: C 18.71, H 1.84, N 1.62.
Compound 12

AR Br° A9
~nTR
2 N °N +(H30)2WeClyg, xH20—™N" VN WsClyy
\—/ T AN S A
2
Compound 9 Compound 5 Compound 12

[0119] Compound 5 (2 g, 1.2 mmol) were dissolved in 15 mL of EtOH (abs). A solution of
compound 9 (0.77 g, 2.4 mmol) in 10 mL of dichloromethane was added drop wise to the
cluster solution. The mixture was heated for 1 hour and the solvents evaporated under
vacuum. The residue was dissolved in the minimum amount of dichloromethane and filtered

through a Celite® pad. The dichloromethane was removed under vacuum. Compound 12 was
obtained as a yellow powder. Yield 92%.

[0120] Compound 12: '-H-NMR (400 MHz, acetone-dg): & (ppm) = 9.10 (s, 2H, CH=N), 7.82
(s, 2H, CH=CH), 7.76 (s, 2H, CH=CH), 5.81 (m, 2H, -CH=CH,), 4.88 (dd, 4H, J = 28.7, 13.7 Hz,
-CH=CHH), 4.41 (t, 4H, J = 7.3 Hz, -CHx-N), 4.10 (s, 6H, CH3-N), 2.07-2.01 (m, 8H, -CHy-),
1.38-1.13 (m, 24H,-CHy-). EDS: W 29.21%, Cl 64.71%, Br 6.09 %. Elemental analysis for
C30H54N4CI14W86. HBr: calc (%): C 17.41, H2.63, N 2.70. Found: C 17.04, H 2.57, N 2.65.

Compound 14
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1. Synthesis of hydroxy-terminated ammonium salt (Progress in Organic Coatings, 72
(2011), 305-314).

[0121]
@
SNET0H ¢ Br — Fon
| 10| gP
3-dimethylaminopropanol  11-bromoundecane Compound 13

[0122] 3-dimethylaminopropanol (1.55 g, 15 mmol) and 11-bromoundecane (3.06 g, 13 mmol)
were mixed and refluxed at 80°C for 30 min. The reaction mixture was cooled to room
temperature and 1:3 (v/v) propanol: methanol was poured into the flask. After 12 h of reaction
at 80 C, the solvents were evaporated and the product was purified by washing twice with
diethyl ether. Yield 82%.

[0123] Compound 13: -H-NMR (400 MHz, CDCls): & (ppm) = 4.52(s, 1H, OH), 3.75 (m, 4H,
CHy-OH+ CHx-N), 3.42 (m, 2H, CHx-N), 3.31 (s, 6H, -CHz-N), 2.18 (m, 2H, CH,CH,N), 1.78
(m, 2H, CH,CH,N), 1.35-1.26 (m, 16H, -CH-), 0.88 (t, 3H, -CHa). 13-C-NMR (100 MHz,
CD,Cly): 63.92 (C-0), 62.01 (CHx-N), 57.96 (CH,-N), 50.55 (CH3-N), 31.76 (-CH,-), 26.23 (-
CHy), 2593 (-CHy), 13.50 (-CHs). ESI-MS (m/z): 258.28. Elemental analysis for
C17H38NOBY.0.5H,0: calc (%): C 55.32, H 10.74, N 4.03. Found: C 55.84, H 1.61, N 4.04.

2. Metathesis with CsoMoglg(CoF5C0O0)g

[0124]
@
2 {/\}r:q/\e/\OH + CoMoglo(CoFsCO0)s —» | A~ ~oH| Mogl(CaFsCO0)s
10 10]
Br ,
Compound 13 Compound 10 Compound 14

[0125] Compound 13 (1.2 g, 35 mmol) was dissolved in acetone. A solution in acetone of
fluorinated cluster (0.5 g, 17.6 mmol) was added and the mixture stirred for 1h. The acetone
was removed and the residue was solubilised in dichloromethane and the solution filtered

through Celite®. The solvent was evaporated to yield a dark orange oil. Yield = 92%.
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[0126] Compound 14: '-H-NMR (400 MHz, CDCls): & (ppm) = 3.91 (s, 2H, OH), 3.57 (m, 4H,
CHy-OH), 3.53 (m, 4H, CHo-N), 3.42 (m, 4H, CHx-N), 3.20 (s, 12H, -CHz-N), 2.08-1.70 (m, 8H,

-CH2-), 1.28-1.15 (m, 32H, -CHy), 0.74 (t, 6H, -CH3). '9F-NMR: & (ppm) = 94.52 (3F), 56.86
(2F).

Compound 16

1. Alkylation of the amine

[0127]
SEE e s — e — AR,
Dodecylamine bromopropylamine Compound 15

[0128] 3-Bromopropylamine (1.1 g, 5 mmol) and N,N-dimethyldodecylamine (1.1 g, 5.1 mmol)
were dissolved in 12.5 mL of ethanol. The reaction was heated at reflux under Ar for 40 h. The
solution was cooled down and ethylacetate was added and the compound precipitated. The
white solid was filtered off and solubilised in the minimum amount of water and potassium
hydroxide was added until a pH of 10. The water was evaporated and the product purified in a
mixture of ethanol/THF. The solvent was evaporated and the residue solubilised in
dichloromethane and precipitated in diethylether at -18°C. Yield 38%.

[0129] Compound 15: -H-NMR (400 MHz, CDCls): & (ppm) = 3.83 (br, 2H, NH5), 3.40-3.26
(m, 10H, CHy-N+ CH3-N), 2.42 (m, 2H, CHp-NH5), 1.71 (m, 2H, CHy-CHy-NHy), 1.30-1.20 (m,
20H, -CHy-), 0.81 (t, 3H, -CH3). ESI-MS (m/z): 271.3.

2. Metathesis with CsoMoglg(CoF5C0O0)g

[0130]
|
2 ’e\)\”@?‘/\@/\NHZ +  Cs;Moglg(C,FsCO0)g  — ’e\ﬂl/\/\NHz Moglg(C,FsCOO)s
11
B 11|
' 2
Compound 15 Compound 10 Compound 16

[0131] Compound 15 (0.25 g, 70 mmol) was solubilised in ethanol and added to a solution of
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compound 10 (1 g, 35 mmol) in acetone. The mixture was stirred for 1 h and the solvents

evaporated. The residue was solubilised in dichloromethane and filtered through a Celite® pad.
The solvent was evaporated to yield an orange solid. Yield = 96 %.

[0132] Compound 16: -H-NMR (400 MHz, acetone-dg): & (ppm) = 4.05 (br, 4H, NH>), 3.90 (m,
4H, CH>-NHy), 3.58 (m, 4H, CH>-N), 3.38 (s, 12H, CH3-N), 2.01-1.90 (m, 8H, CH>-NH5, + CHo-
CH2>-NHy), 1.41 (m, 8H, -CH2), 1.30 (m, 32H, -CH»-), 0.89 (t, 6H, -CH3). EDS: no cesium, no
bromide; Mo 8.30%, | 9.67 %, F 65.3%.

Il - Synthesis of polymeric materials according to the invention

Synthesis of PMMA material containing Mo cluster

[0133] Compound 4 was dissolved in distilled methylmethacrylate (MMA) (from 1 wt.% to 50
wt.%). Radical initiator azobisisobutyronitrile (AIBN) (0.2 wt.%) was added. The resulting
solutions were sonicated at 80°C for two hours. Then, the solutions were placed in an oven at
60° C for 48 hours. A transparent solid composite material was obtained.

[0134] Table 1 below shows measured properties of four samples. The decomposition
temperatures (Td) and weight percentage of compound 4 in the material with respect to the
total weight of the resulting material, are computed by Thermogravimetric analysis (TGA) using
a TGA Perkin Pyris diamond at a heating rate of 10K/min. Glass transition temperatures (Tg)
were measured by differential scanning calorimetry using a NETZSCH DSC 200 F3 instrument
equipped with an intracooler at heating and cooling rate of 10K/min.

Table 1

Sample jCompound 4 MMA (mg) jCompound 4 (mg) {Tq (°C) {Tg(°C)
(wt. %)

CM1 0 2000 0 370 107

CM2 1 1980 20 362 106

CM3 10 1800 200 365 119

CM4 50 500 500 375 113

[0135] CM1, CM2, CM3 and CM4 were all soluble in CHCI3. It was attempted to incorporate

0.36 wt.% (with respect to the total weight of the resulting material) metal cluster units
comprising six covalently linked polymerisable functions (apical ligands) in a PMMA matrix, the
resulting material was not soluble in CHCI,.

[0136] Also, as shown in figures 2 and 3, the decomposition temperature is the same for all
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CM1 to CM4 samples and that 50 wt.% or 10wt.% of compound 4 were effectively introduced
respectively in the CM4 and CM3 polymer matrix.

[0137] As shown in figure 4, and table 2 below (wherein xc indicates the wavelength at
maximum of luminescence, w indicates the full width at half maximum of the luminescent peaks

and R? indicates the correlation coefficient of the gaussian model of the solid state

luminescence: y=yg+A-exp(-0.5-((x-xc)/w)?), the closest RZ is to 1, the more accurate the given

parameters xc and w are) the metal clusters keep their luminescence properties within the
polymer matrix as compared to CsoMogBrq4 (compound 3) powder.

Table 2
XC w R2
[(N-C4Hg)4N1o[MogBrq4] 699 64.35 0.9998
CM3 704 79.36 0.9996

Synthesis of PMMA material containing W cluster

[0138] Compound 6 was dissolved in acetonitrile and was added to distiled MMA (at 1 wt.%
and 50 wt.%). Radical initiator AIBN (0.2 wt.%) was added. The solutions were kept for 12h in a
thermostated bath at 70 °C and then placed in the oven at 60°C for 48 h. A transparent solid
composite material was obtained.

[0139] Table 3 below shows measured properties of two samples. The decomposition
temperatures (Td) and weight percentage of compound 6 in the material are computed by
Thermogravimetric analysis (TGA). Glass transition temperatures (Tg) were measured by
differential scanning calorimetry 10K/min. The weight average molecular weight (M,,) and

polydispersity were mesured using a set of three columns: 2xResiPore and 1xPL gel Mixed C
(Polymer Labs.). The detection system was composed of a refractometer and UV detector.

Chloroform was used as eluent with flow rate of 0.8 mL min-!. The elution profiles were
analysed by the software Empower GPC module (Waters). Calculations were based on

calibration curves obtained from polystyrene standards ranging from 200 g mol™! up to 6 x 108

g mol'!. For the analysis, samples were refluxed 30 min in chloroform. The obtained solutions
were filtered prior to injection.

Table 3
Sample jCompound 6§MMA {Compoundji(°C) jlnorg {(°C) {Mw Polydi
(wt.%) (mg) {6 (mgQ) Tg (wt% Tg (g.mol'1) spersi
ty
CMé 1 1980 {20 403 {0.85 108 (558000 1.1
CM7 50 500 500 402 {45 90.2 §- -
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[0140] CM6 was soluble in organic solvents, i.e. CHCI3 while CM7 was only partially soluble.

Synthesis of PMMA material containing Re cluster

[0141] Compound 8 was dissolved in acetonitrile and was added to distiled MMA (at 1 wt.%
and 50 wt.%). Radical initiator AIBN (0.2 wt.%) was added. The solutions were kept for 12h in a
thermostated bath at 70 °C and then placed in the oven at 60 °C for 48 h. A transparent solid
composite material was obtained.

[0142] Table 4 below shows measured properties of two samples. The decomposition
temperatures (Td) and weight percentage of compound 8 in the material are computed by
Thermogravimetric analysis (TGA). Glass transition temperatures (Tg) were measured by
differential scanning calorimetry 10K/min. The weight average molecular weight (M,,) and
polydispersity were measured as described for examples CM6 and CM7.

Table 4

Sample { Compound {MMA {Compound{Ty {lnorg {Tg iMw Polydispersity
8 (Wt.%) i(mg) {8(mg) (°C) iWt% {(°C) {(g.mol™
CM8 1 1980 320 383 {0.64 {98 §627000 {1.1
CM9 20 1800 {200 394 140 99 §583000 1.1

[0143] CM8 and CM9 were soluble in organic solvents, i.e. CHCls.

Synthesis of Polystyrene material containing Mo cluster

[0144] Styrene is purified by an inhibitor column removal prior polymerisation. Compound 4 (in
1 and 50 wt. %) and styrene were solubilised in acetonitrile and AIBN (20 mg) as initiator was
added. The polymerisation was held for 12 h in a thermostated bath at 70 °C and the 48h in an
oven at 60 °C. An orange transparent composite was obtained.

[0145] Table 5 below shows the Tg, the Mw and polydispersity of three samples.
Table 5

Sample { Compound { Styrene { Compound{Ty {lnorgiTy iMw Polydispersity
4 (wt.%) i(mg) {4 (mg) (°C){Wt% §(°C) {(g.mol"")

CM10 {0 1000 {0 414 10.26 {91.631242000 §{2.45
CM11 {1 1980 {20 445 {0.96 {93 {130000 §{2.67
CM12 {50 500 500 432138 {34.3}- -
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[0146] CM10 and CM11 were soluble in organic solvents, i.e. CHCl; while CM12 was only

partially soluble.

Synthesis of Polydimethylsiloxane (PDMS) material containing Mo cluster

[0147] Compound 11 (at 1 and 15 wt.% (maximum) was dissolved in dry dichloromethane and
to that hydride-terminated PDMS (Mn = 17500) was added. Karsted's catalyst was added (20
mg) and the reaction heated at reflux for 2 days. The dichloromethane was evaporated and

crude solubilised in pentane and filtered over an Acrodisc® (1um) filter. The pentane was
evaporated to afford a transparent orange oil in the case of 1% cluster and an orange solid in
the case of 15% cluster.

[0148] Table 6 below shows the composition and the Mw and polydispersity of two materials.

Table 6

Sample jCompound 11 PDMS Compound 11 i Mw (g.mol { Polydi spersi
(wt.%) (mg) (mg) 1 ty

CM14 {1 1980 20 68000 1.4

CM15 {15 1266 220 - -

[0149] CM14 was soluble in organic solvents, i.e. CHCI3 while CM15 was only partially soluble.

Synthesis of PDMS material containing W cluster

[0150] The same procedure was followed with compound 12 (1% and 10 wt.%) as percursor. A
yellow oil was obtained for 1% cluster and a yellow gel for 10% cluster.

[0151] Table 7 below shows the composition and the Mw and polydispersity of two materials.

Table 7

Sample {Compound 12 PDMS Compound 12 {Mw (g.mol- { Polydispersity
(Wt.%) (mg)  |(mg) 1

CM16 1 1980 20 38000 1.1

CM17 {10 1266 236 - -

[0152] CM16 was soluble in organic solvents, i.e. CHCI3 while CM17 was only partially soluble.
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[0153] Figure 5 shows the 'H-NMR of materials CM15 (b) and CM17 (c) as well as the
commercial PDMS material (a). The disappearance of the signal at 4.65 ppm corresponding to
the proton in -Si-H groups proves the complete reaction of the cluster material with the terminal
hydride functions in the commercial PDMS.

Synthesis of Polyurethane material containing Mo cluster

[0154] A mixture of 1,6-butanediol and compound 14 (from 1 to 50 wt.%) was heated to 50 °C
to melt. To that the hexamethylene diisocyanate (HDI) was added under argon and the
reaction was left for 4h under Ar. The polymer was purified by washing with methanol twice
and filtering off. The product was dried under vacuum to yield an orange solid. All materials
were insoluble in common solvents but hot DMF and DMSO.

[0155] Table 8 below shows the composition of five materials as well as the T4, the weight
percentage of inorganic cluster calculated by TGA analysis and the T, (melting temperature)
determined by DSC.

Table 8
Sample jCompound 14 {Butanedio |{Compound {HDI {Ty4 inorganic {T,
(wt.%) (mg) 14 (mg) (mg) {(°C) {wt% (°C)
CM18 i0 270 0 500 {457 3.7 94
CM19 {1 360 10 672 {466 (5.7 137
CM20 {10 312 100 589 {394 {127 101
CM21 20 310 220 592 {432 {175 115
CM22 50 173 500 321 434 {34 128

Synthesis of nylon material containing Mo cluster

[0156] Compound 16 (1 and 50 wt.%) and hexanediamine (HDA) were dissolved in dry THF.
To that a solution of adipoyl chloride in THF was added dropwise. The reaction was heated at
50°C for 12h. The precipitate formed was filtered off and washed with water and ancetone.
Composites in the form of orange solid were obtained. All materials were insoluble in common
solvents and water.

[0157] Table 9 below shows the composition of the materials and T4 and the calculated weight
of inorganic part and the Tg and T, that were determined by DSC.
Table 9
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Sample jCompound {HDA {Compound jadipoyl Ty {Inorganici{Ty 1Tm

16 (wt.%) (mg) {16 (mg) chloride(mg)(°C) {wt% (°C)i(°C)
CM23 i0 406 {0 640 473 §3.2 148 {173
CM24 {1 490 {10 500 453 {9.3 135 {171
CM25 50 214 {500 366 382 {47 106 {146

[0158] The luminescence spectra under irradiation at 400 nm:

« of CM24 (plain line), CM19 (dashed line), CM2 (dotted line) and CM14 (dash-dotted line)
is represented on Figure 6;

» of CM19 (dotted line), CM20 (dashed line), CM21 (dash-dotted line) and CM22 (plain
line) is represented on Figure 7; and

e of CM6 (plain line) and CM16 (dashed line) is represented on Figure 8.
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Patentkrav

1. Selvlysende salt, som omfatter en metalklyngeanion og en organisk kation,
hvor metalklyngeanionen omfatter en metalklynge med mindst to metalatomer
og ligander, hvor metalatomerne er valgt fra gruppen bestaende af molybdaen,
rhenium, wolfram, tantal, niobium og blandinger deraf,

hvor den organiske kation omfatter et kationisk hoved, der er substitueret med

mindst én substituent, herunder en polymeriserbar funktionel gruppe.

2. Selvlysende salt ifslge krav 1, hvor metalklyngeanionen har falgende for-
mel:

[MaQaXc],
hvor M repreesenterer metalatomerne i metalklyngen, a er i omradet fra 2 til
20, fortrinsvis fra 2 til 8, Q og X repraesenterer liganderne,
Q repraesenterer en face-capping ligand eller en kant-brodannende ligand, b
er i omradet fra 2 til 30, fortrinsvis fra 8 til 12,
X repraesenterer en apikal ligand, c er i omradet fra 2 til 50, fortrinsvis fra 2 til
6, og
d eri omradet fra 1 til 12, fortrinsvis 2 til 4.

3. Selvlysende salt ifalge krav 2, hvor Q enten er et halogen, et chalcogen og

blandinger deraf.

4. Selvlysende salt ifglge krav 2 eller krav 3, hvor X omfatter mindst ét grund-
stof valgt fra gruppen bestaende af: fluor, chlor, brom, iod, carbon, nitrogen,

svovl, bor, oxygen, hydrogen og blandinger deraf.

5. Selvlysende salt ifglge et hvilket som helst af kravene 1 til 4, hvor det katio-
niske hoved er valgt fra gruppen bestaende af et imidazolium, et pyridinium, et
pyrolidinium, et ammonium, et phosphonium, et hydroxyphosphonium eller et
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sulfonium; hvor pyrolidinium, ammonium, phosphonium, hydroxyphosphonium
eller sulfonium kan veere yderligere substitueret med en eller to C+- Cs-alkyl-

grupper.

6. Selvlysende salt ifglge krav 5, hvor substituenten omfatter en terminal del
og en linker med fra 1 til 30 methylengrupper, hvor den terminale del er den
polymeriserbare funktionelle gruppe, og linkeren forbinder den terminale del til
det kationiske hoved.

7. Selvlysende salt ifglge krav 6, hvor mindst en af methylengruppeme af lin-
keren er erstattet af et eller flere atomer eller grupper af atomer valgt fra grup-
pen bestaende af aromatiske ringe, -O-, -CO-, -S-, -CH=CH-, -C=C-, -COO-, -
OC(0)-, -CH=N-, -CH=N-, -C(O)NH-, -N=N-, -NH(CO)- og blandinger deraf.

8. Selvlysende salt ifglge krav 6 eller krav 7, hvor mindst et af hydrogenato-
merne af linkeren er erstattet af et fluoratom.

9. Selvlysende salt ifglge et hvilket som helst af kravene 1 til 8, hvor den poly-
meriserbare funktionelle gruppe er valgt fra gruppen bestaende af: dobbelt
carbon-carbon kemisk binding, tredobbelt carbon-carbon kemisk binding, en
azidfunktion, en methacrylatfunktion, acrylatfunktion, en aminfunktion, en car-
boxylfunktion, en aldehydfunktion, en hydroxylfunktion, en alkoxyfunktion, et

jodatom, et bromatom og et chloratom.

10. Selvlysende salt ifslge et hvilket som helst af kravene 5 til 9, hvor den or-
ganiske kation yderligere er substitueret med en anden substituent indehol-
dende fra 1 til 30 methylengrupper.
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11. Selvlysende salt ifelge krav 10, hvor mindst en af methylengrupperne af
den anden substituent er erstattet af et eller flere atomer eller grupper af ato-
mer valgt fra gruppen bestaende af aromatiske ringe, -O-, -CO-, -S-, -CH=CH-
, -C=C-, -COO0O-, -OC(O)-, -CH=N-, -CH=N-, -C(O)NH-, -N=N-, -NH(CO)- og

blandinger deraf.

12. Selvlysende salt ifglge krav 10 eller krav 11, hvor mindst et af hydrogen-

atomerne af den anden substituent er erstattet af et fluoratom.

13. Selvlysende salt ifglge krav 2 til 4 med falgende formel:

s N

[MaQeX]*

\_ "

hvor P1 repraesenterer det kationiske hoved,;

hvor P2 og P3 er substituenter,

Z er i omradet fra O til 12, fortrinsvis fra 1 til 3, n er i omradet fra 1 til 12, for-
trinsvis 1 eller 2, g eri omradet fra 1 til 4, og f er i omradet fra 1 til 12 og er lig
med d/g;

hvor P1 er valgt fra gruppen bestaende af et imidazolium, et pyridinium, et
pyrolidinium, et ammonium, et phosphonium, et hydroxyphosphonium eller et
sulfonium,

hvor P2 omfatter en terminal del og en linker med fra 1 til 30 methylengrupper,
hvor den terminale del er den polymeriserbare funktionelle gruppe, og linkeren

forbinder den terminale del til det kationiske hoved,
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fortrinsvis hvor mindst en af methylengrupperne af linkeren er erstattet af et
eller flere atomer eller grupper af atomer valgt fra gruppen bestdende af aro-
matiske ringe, -O-, -CO-, -S-, -CH=CH-, -C=C-, -COO-, -OC(O)-, -CH=N-, -
CH=N-, -C(O)NH-, -N=N-, -NH(CO)- og blandinger deraf.

fortrinsvis hvor mindst et af hydrogenatomerne af linkeren er erstattet af et
fluoratom, og/eller

fortrinsvis hvor den polymeriserbare funktionelle gruppe er valgt fra gruppen
bestaende af: dobbelt carbon-carbon kemisk binding, tredobbelt carbon-car-
bon kemisk binding, en azidfunktion, en methacrylatfunktion, acrylatfunktion,
en aminfunktion, en carboxylfunktion, en aldehydfunktion, en hydroxylfunktion,
en alkoxyfunktion, et jodatom, et bromatom og et chloratom;

hvor P3 indeholder fra 1 til 30 methylengrupper,

fortrinsvis hvor mindst en af methylengrupperne af P3 er erstattet af et eller
flere atomer eller grupper af atomer valgt fra gruppen bestaende af aromatiske
ringe, -O-, -CO-, -S-, -CH=CH-, -C=C-, -COO-, -OC(O)-, -CH=N-, -CH=N-, -
C(O)NH-, -N=N-, -NH(CO)- og blandinger deraf.

14. Polymermateriale omfattende en polymermatrix, som er polymeriseret

med det selvlysende salt ifslge et hvilket som helst krav 1 til 13.

15. Polymermateriale ifslge krav 14, omfattende op til 60 vaegt-% af det selv-
lysende salt, fortrinsvis op til 50 vaegt-%, stadig fortrinsvis 5 til 50 vaegt-%,
mere fortrinsvis ca. 10 til 50 vaegt-%, hvor vaegtprocentdelen angives i forhold

til den samlede vaegt af polymermaterialet.
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