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LUMINESCENT MATERIAL

FIELD OF THE INVENTION

The invention relates to a material, to a lu-
minescent material, to a device, and to uses of the

material.

BACKGROUND OF THE INVENTION

There are various light emitting components
and devices based on a light emitting element, wherein
the color or wavelength of the light emitted by the
light emitting element must be converted into one or
more other colors or wavelengths. A typical example is
a white LED, where the initial wavelength range e.g.
in the wultraviolet, blue, or green portion of the
spectrum is converted into white light comprising sev-
eral wavelength ranges. White light is used e.g. in
illumination applications. Other typical examples of
luminescent components and devices where wavelength
conversion is used are various displays for presenting
alphanumerical and graphical information, backlight
units, as well as fluorescent lamps.

The wavelength conversion is typically made
by means of a luminescent material receiving and ab-
sorbing the light of a first wavelength range emitted
by the light emitting element, and emitting the ab-
sorbed energy at one or more other wavelength ranges.

There is a variety of different luminescent
materials, often called “phosphors”, for this purpose
known in the art. However, the longest emitting after-
glow materials contain either rare earth elements
(lanthanides) or other heavy metal elements. Examples
of such long and brightly emitting commercially used
materials are e.g. Sr,MgSi,0;:Eu, Dy (blue color),
CaAl,04,Eu,Nd (blue color), SrsAli40,5:Eu,Dy (blue/green
color), SrAl,04:Eu,Dy (green color) and Y»0,S:Eu,Mg,Ti
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(red color). The longest persistent reported is in the
near infrared (NIR) and 1t has been observed for
Z2n3GayGe01p:Cr (invisible emission, over 360 h persis-
tence). The prior art also recognizes some white af-
terglow materials of which e.g. CdSiOs:Dy, Y,0,5:Ti,
CaSn0O3:Tb, and CayMgSi,0;:Dy have the longest after-
glows.

All of the best performing materials thus
contain rare earth metals and/or other heavy metal el-
ements. The necessity to use rare earth metals as well
as elements 1like Bi and Ge increase the production
costs of these materials. Moreover, heavy metal ele-
ments, such as Cd, are commonly not considered healthy
either for the environment or humans. The inventors
have therefore recognized the need for a new material
providing a long afterglow without any rare earth met-

als or other heavy metal ions.

PURPOSE OF THE INVENTION

The purpose of the invention is to provide a
new type of material and its use. Further, the purpose
of the invention is to provide a luminescent material
and its use. Further, the purpose of the invention is

to provide a device.

SUMMARY

The material according to the present inven-
tion 1is characterized by what is presented in claim 1
or claim 23,

The luminescent material according to the
present invention is characterized by what is present-
ed in claim 15 or claim 23.

The device according to the present invention

is characterized by what is presented in claim 18.
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The use of the material according to the pre-
sent invention is characterized by what is presented

in claim 21 or in claim 22.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together with
the description help to explain the principles of the
invention. In the drawings:

Fig. 1 discloses the test results of example
4; and

Fig. 2 discloses the test results of example

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a material

represented by the following formula (I)

(M7) g (M7 M”77 ) 6024 (X, X7 ) o2 M7 7 1

formula (I)

wherein

M’ represents a monoatomic cation of an alka-
1i metal selected from Group 1 of the IUPAC periodic
table of the elements, or any combination of such cat-
ions;

M’’’ represents a trivalent monoatomic cation
of an element selected from Group 13 of the IUPAC pe-
riodic table of the elements, or of a transition ele-
ment selected from any of Groups 3 - 12 of the IUPAC
periodic table of the elements, or any combination of

such cations;
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M’’’ represents a monoatomic cation of an el-
ement selected from Group 14 of the IUPAC periodic ta-
ble of the elements, or of an element selected from
any of Groups 13 and 15 of the IUPAC periodic table of
the elements, or of Zn, or any combination of such
cations;

X represents an anion of an element selected
from Group 17 of the IUPAC periodic table of the ele-
ments, or any combination of such anions, or wherein X
is absent;

X’ represents an anion of an element selected
from Group 16 of the IUPAC periodic table of the ele-
ments, or any combination of such anions, or wherein
X’ is absent; and

M’7’7" represents a dopant cation of an ele-
ment selected from transition metals of the IUPAC pe-
riodic table of the elements, or any combination of
such cations;

with the proviso that at least one of X and
X’ 1is present.

In one embodiment, M’ represents a monoatomic
cation of an alkali metal selected from a group con-
sisting of Na, Li, K, and Rb, or any combination of
such cations. In one embodiment, M’ represents a mono-
atomic cation of an alkali metal selected from a group
consisting of Li, K, and Rb, or any combination of
such cations.

In one embodiment, M’ represents a monoatomic
cation of an alkali metal selected from Group 1 of the
IUPAC periodic table of the elements, or any combina-
tion of such cations; with the proviso that M’ does
not represent the monoatomic cation of Na alone. In
one embodiment, M’ does not represent the monocatomic
cation of Na alone.

The material is a gsynthetic material. I.e.

the material 1is synthetically prepared. The present
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invention relates to a synthetic material represented

by the following formula (I)

(M7) g (M7 M”77 ) 6024 (X, X7 ) o2 M7 7 1

formula (I)

wherein

M’ represents a monoatomic cation of an alka-
1i metal selected from Group 1 of the IUPAC periodic
table of the elements, or any combination of such cat-
ions;

M’’’ represents a trivalent monoatomic cation
of an element selected from Group 13 of the IUPAC pe-
riodic table of the elements, or of a transition ele-
ment selected from any of Groups 3 - 12 of the IUPAC
periodic table of the elements, or any combination of
such cations;

M’’’ represents a monoatomic cation of an el-
ement selected from Group 14 of the IUPAC periodic ta-
ble of the elements, or of an element selected from
any of Groups 13 and 15 of the IUPAC periodic table of
the elements, or of Zn, or any combination of such
cations;

X represents an anion of an element selected
from Group 17 of the IUPAC periodic table of the ele-
ments, or any combination of such anions, or wherein X
is absent;

X’ represents an anion of an element selected
from Group 16 of the IUPAC periodic table of the ele-
ments, or any combination of such anions, or wherein
X’ is absent; and

M’7’7" represents a dopant cation of an ele-
ment selected from transition metals of the IUPAC pe-
riodic table of the elements, or any combination of

such cations;
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with the proviso that at least one of X and
X’ 1is present.

The proviso that at least one of X and X’ is
present should in this specification, unless otherwise
stated, be understood such that either X or X’ is pre-
sent, or such that both X and X’ are present.

In this specification, unless otherwise stat-
ed, the expression “monoatomic ion” should be under-
stood as an ion consisting of a single atom. If an ion
contains more than one atom, even 1f these atoms are
of the same element, it is to be understood as a poly-
atomic ion. Thus, in this specification, unless other-
wise stated, the expression “monoatomic cation” should
be understood as a cation consisting of a single atom.

Hackmanite, which is a wvariety of sodalite
material, 1is natural mineral having the chemical for-
mula of NagAlegSis0:4(Cl,S),. The inventors surprisingly
found out that a synthetic hackmanite based material
showing a long emitting afterglow can be prepared. The
inventors surprisingly found out that the synthetic
material, as a result of being subjected to e.g. ul-
traviolet radiation or sunlight has the technical ef-
fect of showing a long white color afterglow. In one
embodiment, the wavelength of the emission of the ma-
terial according to one or more embodiments described
in this specification is 370 - 730 nm. In one embodi-
ment, the peak of emission of the material according
to one or more embodiments described in this specifi-
cation is at about 515 nm.

In this specification, unless otherwise stat-
ed, the expressions “afterglow”, ‘“persistent lumi-
nescense”, “phosphorescence”, or any corresponding ex-
pression should be understood as referring to the phe-
nomenon encountered in materials which make them glow
in the dark after having been excited with ultraviolet

or visible light or with higher energy radiation.
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In one embodiment, M’ represents a combina-
tion of at least two moncatomic cations of different
alkali metals selected from Group 1 of the IUPAC peri-
odic table of the elements.

In one embodiment, M’ represents a combina-
tion of at least two moncatomic cations of different
alkali metals selected from Group 1 of the IUPAC peri-
odic table of the elements, and wherein the combina-
tion comprises at most 66 mole percent (mol-%) of the
monoatomic cation of Na. In one embodiment, M’ repre-
sents a combination of at least two monoatomic cations
of different alkali metals selected from Group 1 of
the IUPAC periodic table of the elements, and wherein
the combination comprises at most 50 mol-% of the mon-
catomic cation of Na. In one embodiment, M’ represents
a combination of at least two monoatomic cations of
different alkali metals selected from Group 1 of the
IUPAC periodic table of the elements, and wherein the
combination comprises at most 40 mol-% of the monoa-
tomic cation of Na, or at most 30 mol-% of the monoa-
tomic cation of Na, or at most 20 mol-% of the monoa-
tomic cation of Na.

In one embodiment, M’ represents a combina-
tion of at least two moncatomic cations of different
alkali metals selected from Group 1 of the IUPAC peri-
odic table of the elements, wherein the combination
comprises 0 - 98 mol-% of the monoatomic cation of Na.
In one embodiment, M’ represents a combination of at
least two monocatomic cations of different alkali met-
als selected from Group 1 of the IUPAC periodic table
of the elements, wherein the combination comprises 0 -
100 mol-% of the monoatomic cation of K. In one embod-
iment, M’ represents a combination of at least two
monoatomic cations of different alkali metals selected
from Group 1 of the IUPAC periodic table of the ele-
ments, wherein the combination comprises 0 - 100 mol-%

of the monocatomic cation of Rb. In one embodiment, M’



WO 2017/194825 PCT/F12016/050349

10

15

20

25

30

35

represents a combination of at least two monoatomic
cations of different alkali metals selected from Group
1 of the IUPAC periodic table of the elements, wherein
the combination comprises 0 - 100 mol-% of the monoa-
tomic cation of Li.

In one embodiment, M’ represents a combina-
tion of at least two moncatomic cations of different
alkali metals selected from a group consisting of Li,
Na, K, and Rb. In one embodiment, M’ represents a com-
bination of two monocatomic cations of different alkali
metals selected from a group consisting of Li, Na, K,
and Rb. In one embodiment, M’ represents a combination
of three monocatomic cations of different alkali metals
selected from a group consisting of Li, Na, K, and Rb.
In one embodiment, M’ represents a combination of mon-
oatomic cations of Li, Na, K, and Rb.

In one embodiment, M’ represents a combina-
tion of a monoatomic cation of Na with a monocatomic
cation of Li, a monoatomic cation of K and/or a monoa-
tomic cation of Rb. In one embodiment, M’ represents a
combination of a moncatomic cation of Na with a monoa-
tomic cation of K or a monoatomic cation of Rb. In one
embodiment, M’ represents a combination of a monoatom-
ic cation of Na with a monoatomic cation of K and a
monoatomic cation of Rb.

In one embodiment, M’ represents a combina-
tion of a monoatomic cation of Na and a monoatomic
cation of K; or a combination of a monoatomic cation
of Na and a monocatomic cation of Rb; or a combination
of a monoatomic cation of K and a monoatomic cation of
Rb; or a combination of a moncatomic cation of Na, a
monoatomic cation of K, and a monoatomic cation of Rb;
or a combination of a monocatomic cation of K and a
monoatomic cation of Rb.

In one embodiment, M’ represents a combina-
tion of a monoatomic cation of ILi and a monoatomic

cation of Na; or a combination of a monoatomic cation
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of Li and a monoatomic cation of K; or a combination
of a monoatomic cation of Li and a monoatomic cation
of Rb; or a combination of a monoatomic cation of Li,
a monoatomic cation of K, and a monoatomic cation of
Rb; or a combination of a moncatomic cation of Li, a
monoatomic cation of Na, a monoatomic cation of K and
a monoatomic cation of Rb.

In one embodiment, M’ represents a monoatomic
cation of Li. In one embodiment, M’ represents a mono-
atomic cation of K. In one embodiment, M’ represents a
monoatomic cation of Rb.

The inventors surprisingly found out that
controlling the combination of at least two monoatomic
cations of different alkali metals selected from Group
1 of the IUPAC periodic table of the elements makes it
possible to adjust the effect of the material to
change color and/or to show afterglow

In one embodiment, M’’ represents a trivalent
monoatomic cation of a metal selected from a group
consisting of Al and Ga, or a combination of such cat-
ions.

In one embodiment, M’’ represents a trivalent
monoatomic cation of B.

In one embodiment, M’’ represents a trivalent
monoatomic cation of an element selected from a group
consisting of Cr, Mn, Fe, Co, Ni, and Zn, or any com-
bination of such cations.

In one embodiment, M’’’ represents a monoa-
tomic cation of an element selected from a group con-
sisting of Si, Ge, Al, Ga, N, P, and As, or any combi-
nation of such cations.

In one embodiment, M’’’ represents a monoa-
tomic cation of an element selected from a group con-
sisting of Si and Ge, or a combination of such cati-
ons.

In one embodiment, M’’’ represents a monoa-

tomic cation of an element selected from a group con-
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sisting of Al, Ga, N, P, and As, or any combination of
such cations.

In one embodiment, M’’’ represents a monoa-
tomic cation of an element selected from a group con-
sisting of Al and Ga, or a combination of such cati-
ons.

In one embodiment, M’’’ represents a monoa-
tomic cation of an element selected from a group con-
sisting of N, P, and As, or any combination of such
cations.

In one embodiment, M’’’ represents a monoa-
tomic cation of Zn.

In one embodiment, X represents an anion of
an element selected from a group consisting of F, Cl1,
Br, I, and At, or any combination of such anions. In
one embodiment, X represents an anion of an element
selected from a group consisting of F, Cl, Br, and I,
or any combination of such anions. In one embodiment,
X is absent.

In one embodiment, X’ represents an anion of
an element selected from a group consisting of 0O, S,
Se, and Te, or any combination of such anions. In one
embodiment, X’ represents an anion of S. In one embod-
iment X’ is absent.

In one embodiment, the material is doped with
at least one transition metal ion. In one embodiment,
the material 1is represented by formula (I), wherein
Mf 7'’ represents a cation of an element selected from
transition metals of the IUPAC periodic table of the
elements, or any combination of such cations. In one
embodiment, M’’’’ represents a cation of an element
selected from a group consisting of Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, and Zn, or any combination of such cati-
ons. In one embodiment, M'’’’ represents a cation of
Ti.

In one embodiment, the material represented

by the formula (I) comprises M’’’’ in an amount of
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10 mol-%,

based on the total amount of the material.

11

or 0.001 -

In one embodiment,

from a group consisting of:

Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,

Li.Naj_y-.K,Rb,
Li.Naj_y-.K,Rb,

(
(
(
(
(
(
(
(
(
(
(
(
(
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,
(LiNaj-xy-,K,Rb,

)s (Al,Ga) 516024
Al,Cr
Al,Mn
Al,Fe
Al,Co
g (Al,Ni

Al,Cu

8 6516024

8 6316024
8 6316024
8 6316024
6316024

)
)
)
)
)
)

8 6516024

(
(
(
(
(
(
(
(
sMngSig024(C1, S
5CreSis024
sFesSis024
5§C06516024
gN16516024
8Cu6816024(Cl S

8GagSig004 (C1, S
sBAls (Si, Zn) 004
gAls (Si, Ge) 024
gAlsZng0,4 (C1, S
sAl:Ges0,4(C1, S

sAls (Ga, As) 024
Al, Ga
Al,Cr
Al,Mn

) 6Ges024
)
)
Al,Fe)
)
)
)

8
8 6Ge6024
8 6Ge6024
8 6Ge6024
Al,Co
g (Al,Ni

Al,Cu

8 6Ge024

6Ge024

8 6Ge024

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
) s (
) s (
) s (
) s (
) s (
) s (
) s (
) s (
)

gMngGegOy4 (Cl, S

5 mol-%,
the material

(Cl1,8),:T1i,
(Cl1l,8)2:T1
(Cl1,8),:T1i,
(Cl1,8),:T1i,
(Cl1,8),:T1i,
(Cl1,8),:T1i,
( )

Cl,S 2:Ti,

8 Al,B) 6Si6024 (Cl S)QZTi,

SB6Si6024(Cl,S)22Tl,

)2:T1i,
(Cl,8),:T1i,
(Cl,8),:T1i,
)2:T1i,
)2:T1i,

sAls (Ga, S1,N)024(Cl,S)»:T1,

gAlg(Ga,Si,AS) 6004 (Cl,S)QZTi,
sAls (Ga,N) 024 (Cl,S)»:T1,
(

(Cl,S8),:T1,

(Cl1,S8),:T1,
(Cl1,S8),:T1,
(C1,S8),:T1i,
(C1,S8),:T1i,
(C1,S8),:T1i,
(C1,S8),:T1i,
(C1,S8),:T1i,

s (Al,B) sGeg024(C1,S)»:T1,

)2:Til

or 0.1 -

PCT/F12016/050349

5 mol-%

is selected
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(LixNaj-x-y--KyRb;) sCrsGes0,4 (Cl,S)»: T1,
(LixNaj-x-y--KyRb,) sFesGes0s4 (Cl,S)»:T1,
(LixNaj-x-y--KyRb;) 5C0sGes024(Cl,S),:T1,
(LixNaj-x-y--KyRb,) sN1sGeg0s4 (Cl,S)»:T1,
(LixNaj-x-y--KyRb;) sCusGes0s4 (Cl,S)»:T1,
(LixNaj-x-y--KyRb,) sBsGes024 (C1,S),:Ti, and

(LixNaj-x-y--KyRb;) sGasGes0,4(Cl, S),:T1,

wherein

x + vy + 2z <1, and

x 20, yv20, z 20,

In one embodiment, the material is selected
from a group consisting of (Li,Na)g(Al,S1i)s0,4(Cl,S).:Ti
(Na,K)g(Al,Si)60,4(C1,S),:T1, and
(Na,Rb)g(Al,Si) 604 (C1,S),:Ti.

In one embodiment, the material is synthe-
sized by a reaction according to Norrbo et al.
(Norrbo, I.; Gtuchowski, P.; Paturi, P.; Sinkkonen,
J.; Lastusaari, M., Persistent Luminescence of Tene-
brescent NagAlgSis0,,(Cl,S),: Multifunctional Optical
Markers. Inorg. Chem. 2015, 54, 7717-7724), which ref-
erence 1is based on Armstrong & Weller (Armstrong,
J.A.; Weller, J.A. Structural Observation of Photo-
chromism. Chem. Commun. 2006, 1094-1096) using stoi-
chiometric amounts of Zeolite A and Na;S0, as well as
LiCl, NaCl, KCl and/or RbCl as the starting materials.
The at least one dopant is added as an oxide, such as
TiO,. The material can be prepared as follows: Zeolite
A 1is first dried at 500 °C for 1 h. The initial mix-
ture is then heated at 850 °C in air for 48 h. The
product is then freely cooled down to room temperature
and ground. Finally, the product is re-heated at 850
°C for 2 h under a flowing 12 % H, + 88 % N, atmos-
phere. The as-prepared materials are washed with water
to remove any excess LiCl1/NaCl/KCl1/RbCl impurities.
The purity can be verified with an X-ray powder dif-

fraction measurement.
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The present invention further relates to a
luminescent material, wherein the material is a mate-
rial according to one or more embodiments described in
this gspecification. The present invention further re-
lates to a luminescent material, wherein the lumines-
cent material comprises the material according to one
or more embodiments described in this specification.

The present invention further relates to a use
of the luminescent composite material according to one
or more embodiments described in this specification
for receiving light at a first wavelength and emitting
at least part of the thereby received energy as light
at a second wavelength which is longer than the first
wavelength.

In one embodiment, the luminescent material
is configured to receive at least part of a light
emitted by a lighting device and emitting at least
part of the thereby received energy as light at a sec-
ond wavelength which is longer than the first wave-
length. In other words, the emitted light is at least
partially absorbed by the luminescent material, and
the energy thereby absorbed is at least partially
emitted by the luminescent material so that the spec-
trum of the light emitted by the luminescent composite
material differs from the spectrum of the light re-
ceived by it. By the second wavelength being longer
than the first wavelength is meant that the peak wave-
length of the spectrum of light emitted by the lumi-
nescent material is higher than the peak wavelength of
the spectrum of the light absorbed by the luminescent
material.

In one embodiment, the luminescent material
is a white light-emitting material. In one embodiment,
the material 1is configured to be persistent for at
least 50 hours, or at least 55 hours, or at least 60
hours, or at least 65 hours. The inventors surprising-
ly found out that the material has the ability to show
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a long afterglow of white color. Without limiting the
invention to any specific theory about why the materi-
al according to one or more embodiments described in
this gpecification results in the aforementioned ad-
vantage, it should be considered that the presence of
a doping cation affects the material in a manner to
enable it to be persistent for a long period of time.

The material can be used in different appli-
cations where the material’ s property of showing af-
terglow for a long period of time can be of use. The
present invention further relates to a device, wherein
the device comprises a material according to one or
more embodiments described in this specification. In
one embodiment, the device is a lighting arrangement.
In one embodiment, the device is a light emitting de-
vice (LED), a display element or a fluorescent tube.
In one embodiment the device 1is an organic light-
emitting diode (OLED). In one embodiment, the device
is an active-matrix organic light emitting diode
(AMOLED). In one embodiment, the device 1s a head-
light, a road lighting, a house lighting, a decorative
lighting, a window lighting, a heads-up display (HUD).
In one embodiment, the device is a display element for
IoT (internet of things), IoE (internet of everything)
or II (industrial internet) applications.

The actual configuration of the lighting ar-
rangement, e.g. the LED, can be based on principles as
such known in the art. The luminescent material can be
arranged in direct physical contact with a light emit-
ting element, as is the case e.g. in LED chips encap-
sulated within an encapsulant forming or comprising
the luminescent material. Alternatively, it can be ar-
ranged as or in a separate wavelength conversion ele-
ment or a coating at a distance from the primary light
emitting element. In the field of white LEDs, this
kind of wavelength conversion material 1is usually

known as “remote phosphor”.
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The material, the luminescent material, or
the device can be used in e.g. watches and clocks, ex-
it signalization, or toys. These can also be applied
e.g. in a label on a bottle. The material can also be
mixed as a powder in the raw materials used for the
production of a plastic bottle, a sticker, a glass and
a similar product. The products containing the materi-
al may also be conceived as jewelry. The material can
be used as a display portion of a meter.

The present invention further relates to the
use of the material according to one or more embodi-
ments described in this specification in a security
device. In one embodiment, the security device is se-
lected from a group consisting of a thread, a foil and
a hologram. In one embodiment the security device 1is
an ink. In one embodiment, the security device is used
on a banknote, a passport or an identity card. The
present invention further relates to the use of the
material according to one or more embodiments de-
scribed in this specification in 3D printing.

The present invention further relates to the
use of the material according to one or more embodi-
ments described in this specification in imaging or in
diagnostics. The material according to one or more em-
bodiments described in this specification can be used
in diagnosing a sample received from human or animal
body. In one embodiment, the sample is selected from a
group consisting of body fluids and tissues. In one
embodiment, the sample comprises blood, skin, tissue
and/or cells. The present invention further relates to
the material according to one or more embodiments de-
scribed in this specification for use in imaging or in
diagnostics. The present invention further relates to
the material according to one or more embodiments de-
scribed in this specification for use in in vivo imag-
ing or in in vivo diagnostics. In one embodiment, the

imaging is medical imaging. This is because the mate-
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rial can be irradiated before being injected into the
tissue to be studied, thus avoiding the damage caused
by conventional materials requiring UV excitation af-
ter injection. In one embodiment, the material accord-
ing to one or more embodiments described in this spec-
ification is used in a diagnostic assay. In one embod-
iment, the material according to one or more embodi-
ments described in this gspecification is used in de-
tection technology.

The embodiments of the invention described
hereinbefore may be used in any combination with each
other. Several of the embodiments may be combined to-
gether to form a further embodiment of the invention.
A material, a device, or a use, to which the invention
is related, may comprise at least one of the embodi-
ments of the invention described hereinbefore.

The material has the added utility of it be-
ing able to be used in a large range of applications.

The material has the added utility of being
chemically stable and being able to provide long af-
terglow.

The material has the added utility of being a
low-cost material. The material has the added utility
of being environmentally friendly as it does not con-
tain any rare earth elements or other heavy metal ele-

ments.

EXAMPILES

Reference will now be made in detail to the
embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

The description below discloses some embodi-
ments of the invention in such a detail that a person
skilled in the art is able to utilize the invention
based on the disclosure. Not all steps of the embodi-

ments are discussed in detail, as many of the steps
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will be obvious for the person skilled in the art

based on this specification.

EXAMPLE 1 - Preparing (Li,Na)gAlgSig0,4(Cl,S).:Ti

The material represented by the formula
(Li,Na)ghAlgSig0,4(Cl,S8)2:Ti was prepared in the follow-
ing manner: 0.7000 g of dried (500 °C for 1 h) Zeolite
A, 0.0600 g of NayS0Os and 0.1700 g of LiCl powders were
mixed together with 0.006 g of TiO, powder. The mix-
ture was heated at 850 °C in air for 48 h. The product
was freely cooled down to room temperature and ground.
Finally, the product was re-heated at 850 °C for 2 h

<

under a flowing 12 % Hy, + 88 % N, atmosphere.

EXAMPLE 2 - Preparing (Na,K)gAlsSig0,,(Cl,S),:Ti

The material represented by the formula
(Na,K)gAlgSis0:4(Cl,S),:Ti was prepared in the following
manner: 0.7000 g of dried (500 °C for 1 h) Zeolite A,
0.0600 g of NaySO; and 0.1800 g of NaCl and 0.0675 g
KCl powders were mixed together with 0.006 g of TiO;
powder. The mixture was heated at 850 °C in air for 48
h. The product was freely cooled down to room tempera-
ture and ground. Finally, the product was re-heated at
850 °C for 2 h under a flowing 12 % H, + 88 % N, atmos-

phere.

EXAMPLE 3 - Preparing (Na,Rb)gAlgSig0,4(Cl,S).:Ti

The material represented Dby the formu-
la(Na,Rb)sgAlsS16024(C1l,S8)2:Ti was prepared in the fol-
lowing manner: 0.7000 g of dried (500 °C for 1 h) Zeo-
lite A, 0.0600 g of NaySOs and 0.4957 g of RbCl powders
were mixed together with 0.006 g of TiO, powder. The
mixture was heated at 850 °C in air for 48 h. The

product was freely cooled down to room temperature and
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ground. Finally, the product was re-heated at 850 °C
for 2 h under a flowing 12 % H, + 88 % N, atmosphere.

EXAMPLE 4 - Testing of a sample of the material pre-

pared in example 1

A sample of the material prepared in example
1 was tested by measuring the emission and excitation
spectra using a Varian Cary Eclipse luminescence spec-
trometer in phosphorescence mode. The excitation spec-
trum was collected while monitoring emission at 480 nm
and the emission spectrum was obtained with excitation
at 310 nm. The excitation source in the spectrometer
is a Xe lamp. The standard Sun spectrum is that in
ASTM G173-03. The results are presented in Fig. 1 in-
dicate that the luminescence and afterglow are white
and can be achieved with UV radiation and also with
sunlight.

Further, the a sample of the material pre-
pared in example 1 was first irradiated for 30 min us-
ing a 4 W hand-held 254 nm UV lamp (UVP UVGL-25). The
sample was then transferred to a Varian Cary Eclipse
luminescence spectrometer and afterglow spectra were
measured 1in Dbio/chemiluminescence mode every 15 min
until 65 h from the stopping of the irradiation was
reached. The thus obtained spectra were then integrat-
ed over the visible wavelength range (400 - 700 nm)
using the program Origin (OriginLab). The results of
the integrations represent the total luminescence in-
tensity at each point in time. These were then plotted
to give Figure 2. Thus, the results are presented in
Fig. 2 indicate that the prepared material show after-

glow even over 65 hours.

It is obvious to a person skilled in the art
that with the advancement of technology, the basic

idea of the invention may be implemented in wvarious
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ways. The invention and its embodiments are thus not
limited to the examples described above; instead they

may vary within the scope of the claims.
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CLAIMS

1. A material represented by the following

formula (I)

(M7) g (M7 M”77 ) 6024 (X, X7 ) o2 M7 7 1

formula (I)

wherein

M’ represents a monoatomic cation of an alka-
1i metal selected from Group 1 of the IUPAC periodic
table of the elements, or any combination of such cat-
ions;

M’’’ represents a trivalent monoatomic cation
of an element selected from Group 13 of the IUPAC pe-
riodic table of the elements, or of a transition ele-
ment selected from any of Groups 3 - 12 of the IUPAC
periodic table of the elements, or any combination of
such cations;

M’’’ represents a monoatomic cation of an el-
ement selected from Group 14 of the IUPAC periodic ta-
ble of the elements, or of an element selected from
any of Groups 13 and 15 of the IUPAC periodic table of
the elements, or of Zn, or any combination of such
cations;

X represents an anion of an element selected
from Group 17 of the IUPAC periodic table of the ele-
ments, or any combination of such anions, or wherein X
is absent;

X’ represents an anion of an element selected
from Group 16 of the IUPAC periodic table of the ele-
ments, or any combination of such anions, or wherein
X’ 1is absent; and

M’7’7" represents a dopant cation of an ele-
ment selected from transition metals of the IUPAC pe-
riodic table of the elements, or any combination of

such cations;
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with the proviso that at least one of X and
X’ 1is present.

2. The material of claim 1, wherein M’ repre-
sents a monoatomic cation of an alkali metal selected
from Group 1 of the IUPAC periodic table of the ele-
ments, or any combination of such cations, with the
proviso that M’ does not represent the monocatomic cat-
ion of Na alone.

3. The material of any one of claims 1 - 2,
wherein M’ represents a combination of at least two
monoatomic cations of different alkali metals selected
from Group 1 of the IUPAC periodic table of the ele-
ments.

4. The material of any one of claims 1 - 3,
wherein M’ represents a combination of at least two
monoatomic cations of different alkali metals selected
from a group consisting of Li, Na, K, and Rb.

5. The material of any one of claims 1 - 4,
wherein M’ represents a monocatomic cation of an alkali
metal selected from a group consisting of Li, K, and
Rb, or any combination of such cations.

6. The material of any one of claims 1 - 5,
wherein M’ represents a combination of a monoatomic
cation of Na with a monoatomic cation of Li, a monoa-
tomic cation of K and/or a monoatomic cation of Rb.

7. The material of any one of claims 1 - 6,
wherein M’’ represents a trivalent moncatomic cation
of a metal selected from a group consisting of Al and
Ga, or a combination of such cations.

8. The material of any one of claims 1 - 6,
wherein M’’ represents a trivalent moncatomic cation
of B.

9. The material of any one of claims 1 - 8,
wherein M’’’ represents a monoatomic cation of an ele-
ment selected from a group consisting of Si and Ge, or

a combination of such cations.
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10. The material of any one of claims 1 - 8,
wherein M’’’ represents a monoatomic cation of an ele-
ment selected from a group consisting of Al, Ga, N, P,
and As, or any combination of such cations.

11. The material of any one of claims 1 - 10,
wherein X represents an anion of an element selected
from a group consisting of F, Cl, Br, and I, or any
combination of such anions.

12. The material of any one of claims 1 - 11,
wherein X’ represents an anion of an element selected
from a group consisting of O, S, Se, and Te, or any
combination of such anions.

13. The material of any one of claims 1 - 12,
wherein M’’’’ represents a cation of an element se-
lected from a group consisting of Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, and Zn, or any combination of such cati-
ons.

14. The material of any one of claims 1 - 13,
wherein the material is selected from a group consist-
ing of (Li,Na)sg(Al,Si)s0,4(Cl,S8),:T1
(Na,K)g(Al,Si)60,4(C1,S),:T1, and
(Na,Rb)g(Al,Si) 604 (C1,S),:Ti.

15. A luminescent material, character -
ized in that the material is a material as defined
in any one of claims 1 - 14.

16. The luminescent material of claim 15,
wherein the luminescent material is a white light-
emitting material.

17. The luminescent material of any one of
claims 15 - 16, wherein the material is configured to
be persistent for at least 50 hours, or at least 55
hours, or at least 60 hours, or at least 65 hours.

18. A device, characterized in that
the device comprises a material as defined in any one
of claims 1 - 14 or claims 15 - 17.

19. The device of claim 18, wherein the de-

vice is a lighting arrangement.
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20. The device of claim 18, wherein the de-
vice is a light emitting device, a display element, or
a fluorescent tube.

21. Use of the material as defined in any one
of claims 1 - 14 or claims 15 - 17 in a security de-
vice.

22. Use of the material as defined in any one
of claims 1 - 14 or claims 15 - 17 in imaging or in
diagnostics.

23. The material as defined in any one of
claims 1 - 14 or claims 15 - 17 for use in diagnos-
tics.
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