FLUORESCENCE STANDARDS AND THEI R USE 5Field of the Invention The
invention relates to fluorescence standards or optical standards and
their use, and in particular to fluorescence standards for
calibrating optical detectors and fl uorescence spectroscopy
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i nformati on about the syste r, the prior art

f | uor escenceistrasdarelefant fhesboesoanion, c&;aerﬂadrmae eotsioorof light of one
wavelength upon transition of an excited electron state to a lower-energy state

following excitation with light, or electromagnetic radiation in general, of a
15 different wavelength. There are numerous natural and synthetic substances or
compounds in which the phenomenon of fluorescence occurs, and which are

therefore referred to as fluorophores.

In fluorescence spectroscopy, there is a need for fluorescence standards in
20 order to have reference points for the measurements to be undertaken.
Conventional fluorescence standards or fluorescent dyes generally are
composed of organic compounds. The basis for these fluorescent dyes is that
the molecules of the fluorescent dye emit a portion of the absorbed energy as
fluorescent light at a known, different wavelength when they are irradiated with
25  visible or ultraviolet light. These dye molecules are used in a variety of different
biological assays, for example, where the fluorescence signals they emit can

provide information about the system under study.

However, the prior art fluorescence standards and fluorescent dyes have one or
30  more of the following disadvantages: They are not stable over the applicable
time period, fade easily {especially under extended illumination and when

iluminated with high intensities), are usable only within a narrow spectral range,



30 nore of the follow ng di sadvantages: They are not stable over the
applicable tinme period, fade easily (especially under extended
i1lumnation and when illumnated with high intensities), are usable
only within a narrow spectral range, 2 are costly, are nechanically,
thermal Iy, and chemnically unstable, 2d can age or dry out, which
results in a change in the fluorescence intensity. The obj ect of
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particul ar ruby or sapphire, fluorite, chlorophane, turquoi se,
zircon, zoisite, iolite or cordierite, 15 spinel, topaz, calcium

fluorite, sphalerite or zi ncbPURmary githe Invegtio | cite or cal cspar,
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It is advantageous for the fluorescent mineral to be corundum, in particular ruby
or sapphire, fluarite, chlorophane, turguoise, zircon, zoisite, iolite or cordierite,
15 spinel, topaz, calcium fluorite, sphalerite or zincblende, wurizite, calcite or
calcspar, apatite, scheelite or calcium tungstate, powellite, willemite, feldspar,
sodalite, a uranium mineral, apatite or fluorapatite or chlorapatite or
hydroxylapatite, halite, tanzanite, aquamarine, tourmaline, tremolite, genthelvite,
gonnardite, helvite, meionite, leucophanite, tugtupite, villiaumite, barylite,
20 beryllite, albite, analcime, wohlerite, bustamite, celestine, chondrodite, chrysolite
or clinochrysolite, chrysoberyl, hemimorphite, hexahydrite, strontianite,
ammolite, andesine, ankerite, aragonite, burmite, chalcedony, cerussite,
charoite, diamond, diopside, diaspore, ekanite, eudialyte, friedelite, greenockite,
grossular, Kunzite, lapis lazuli, lepidolite, minium, norbergite, oligoclase, opal,
25  painite, phosgenite, phosphophyllite, rhodicite, rhodochrosite, magnesite, sulfur,
shortite, siderite, spurrite, spodumene, stolzite, vanadinite, wolframite, wulfenite,
YAG, zincite, cinnabar, zunyite, smithsonite, anglesite, microcline, orthoclase,
danburite, laurionite, paralaurionite, vlasovite, thorite, benitoite, phenakite,
eucryptite, dolomite, svabite, pectolite, tirodite, manganaxinite, esperite,
30 roeblingite, harstigite, otavite, johnbaumite, kyanite, uvarovite, sanidine,
scapolite, moissanite (SiC), cubic zirconia, amber, corals, pearls, mother of

|3+

pearl, ivory, or a mineral containing Al®* or oxide and hydroxide minerals.



20 beryllite, albite, analcinme, wohlerite, bustamte, celestine,
chondrodite, chrysolite or clinochrysolite, chrysoberyl,

hem nor phi te, hexahydrite, strontianite, ammolite, andesine,
ankerite, aragonite, burmte, chal cedony, cerussite, charoite,
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25
Optionally, the fluorescent mineral can be functionalized for a desired
application as a fluorescence standard in that functional groups with the desired
function are chemically attached to the surface of the fluorescent mineral. In
particular, oxide and hydroxide minerals are easy to modify chemically.

30  Functionalized minerals can then be bound to other molecules as markers for
detection as a fluorescence standard. Another type of binding can take place
through encapsulation in beads, nanomaterials, polymers, gels, hydrogels,
glasses, and pellets, for example, which in turn have been functionalized or can
be functionalized.



Optionally, the fluorescent mneral can be functionalized for a
desired application as a fluorescence standard in that functional
groups with the desired function are chemcally attached to the
surface of the fluorescent mneral. In particular, oxide and

hydr oxi de m nerals are easy to nodify chemcally. 30 Functionalized
m neral s can then be bound to other mfl ecul es as markers for
detection as a fluorescence standard. Another type of binding can

take pl ace through encapsuy| ation . in beads anonmteri al s, I rs,
gel s, "hyar oguenage e be tiesgi rieds Bie L AATPRSS RS R oRids 1
have been f uraibrateral dptiea irstrumam. be functional i zed. 4 Advant ageously,
the fluorescent mneral is used as a fluorescence standard to
calibrate an optical instrunment. 5Advantageously, the fluorescent

m neral i%s ustvdniageaustyl therfbosaed nineraldaged as A deeresdepca sfandatdde or
an obj ect. : fluorescent mneral is used as a

fl uorescencggéslrﬁawnégg?g&?lgy%%%@?ﬁi ne the quantity of light incident on
the fluorescent mneral. 10 Advantageously, the fluorescent m neral
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i nvention, &emFIedne A 'nggjf?ﬂb%*?ﬁﬁorf§e§ mingdt one sanple is
preparedid hat includes a fluorescent mneral (natural or synthetic),
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m crotiter phedsaranridnif applicable, to control the temperature.

According to another aspect of the invention, a sampie plate for accommodating
15 at least one sample is prepared that includes a fluorescent mineral (natural or
synthetic), or a substance that includes a fluorescent mineral, as fluorescence

standard.

This sample plate may be designed, for example, as a microtiter plate with a
20 plurality of wells (e.g., 96 wells), or preferably as a well plate, wherein multiple
wells extend completely through the well plate and the size of these wells is
dimensioned such that a sample infroduced into these wells is held in the wells

against the force of gravity as a result of capillary forces.

25 According 1o the invention, the entire sample plate or only a part of the sample
plate may be made of a fluorescent mineral, or a substance that includes a

fluorescent mineral, as fluorescence standard.

Alternatively, in the case of a microtiter plate with a plurality of wells, the
30 fluorescent mineral or the substance that includes a fluorescent mineral as
fluorescence standard can be located in at least one of the wells, namely such
that it is removable or is permanently bonded to the sample plate. In the case of
the well plate with a plurality of wells, the fluorescent mineral as fluorescence

standard can be located in at least one of the wells. In this alternative, the



20 plurality of wells (e.g., 96 wells), or preferably as a well

plate, wherein nmultiple wells extend conpletely through the well
plate and the size of these wells is dinensioned such that a sanple
introduced into these wells is held in the wells against the force of
gravity as a result of capillary forces. 25According to the
invention, the entire sanple plate orsonly a part of the sanple plate
may be made rmikcrofitef blaty @€ Rkl platteifsalf ca®be tasid s kisowgembtaadls, sach ugles a
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| ocated in at | east one © . Inthis alternative,
mcrotiter phaferesdentsliniel | plate itself can be made of known
materials, such as plastic or glass. Preferably the fluorescent
m neral as fluorescence stgndard has a shap referably cylindrical)
that corresponds to the sh SErpio mcrotiter plate or
t he shapeo ofFigre wekhewvfa priarie! dylipdriableshdpe Askdinki inv@ltiivedvanrkageous
enbodi nents of tQ%sij nventive ects are defined in the dependent

t

as
claims. Brielf D8 i'“ﬁ{‘?SSﬁncngt%Wgr awi ngs 10Figure |l a shows a
preferred cylindrical shape of the inventive fluorescent mneral as

f 1 uor escencerglandabihbmatically shows a top view of a sample plate that is provided with
the inventive fluorescent mineral as fluorescence standard from Fig. 1a.
15

Figure 1c shows a cross-sectional view of Figure 1h along line A-A.

Figure 2 schematically shows an optical reader that is especially suitable for use
with the inventive fluorescence standard.

20
Figures 3a through 3n show, in the form of bar graphs, measured fluorescence
intensities for inventive fluorescence standards and, for the purpose of
comparison, some conventiohal fluorescence standards at different excitation
and emission wavelengths.

25
Figures 4a through 4f show, in the form of bar graphs, measured fluorescence
intensities for inventive fluorescence standards and, for the purpose of
comparison, some conventional fluorescence standards at different excitation
and emission wavelengths in an overview.

30
Figure 5 shows the measured fluorescence intensity of an inveniive
fluorescence standard in the form of a ruby as a function of the duration of

irradiation with light at an excitation wavelength of 532 nm.



Figure I b schematically shows a top view of a sanple plate that is
provided with the inventive fluorescent mneral as fluorescence
standard fromFig. | a. Figure | c shows a cross-sectional view of
Figure Ib along line A-A. Figure 2 schematically shows an opti cal
reader that is especially suitable for use with the inventive

fl uorescence standard. Figures 3a thrgugh 3n show, in the form of bar
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wavel engt hs ¢, /iR oP¥es Vi ew. 30 Figure 5 shows the neasured
fluorescence intensity of an inventive fluorescence standard in the
formof a ruby as a function of the duration of irradiation with
light at an excitation wavel ength of 532 nm 6 Figure 6 shows the

t enper at ure dependence of thq 'ssiqn S §§t{un1of an inventive
fl uorescence standard in %MEE?—@MQM% 7 shows the
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fluorescent minerals are suitable for advantageous use as fluorescence
standards, which have numerous advantages over prior art fluorescence
standards, as is evident fram the foilowing detailed description of the invention.
15
As is known to those skilled in the art, some naturally occurring minerals have
small quantities of one or more activators, wherein the activator is present in the
form of atoms, molecules, or ions that are incorporated into the crystal structure
of the mineral and result in fluorescence phenomena when the mineral is
20 excited by radiation. However, amorphous fluorescent minerals also exist. In
this regard, some minerals can exhibit fluorescence over a wide wavelength
range with respect to the excited and emitted light. An ideal fluorescence
standard is a standard that exhibits essentially constant fluorescence intensity
over the entire spectral range of the light that lies in the range of interest for the
25 application, is economical, does not fade, and is easy to process and can be
made into different shapes, is as stable over temperature as possible, is
chemically inert, and does not age. In this context, chemically inert means that
the fluorescence standard does not change its fluorescence properties when it
is exposed to chemical substances. However, the flucrescence standard
30 according to the invention can also be chemically functionalized as described

further below.

Surprisingly, extensive experiments have demonstrated that ruby (naturally

occurring or synthetic) is a fluorescence standard that approaches the ideal



Det ai | ed Description of the Invention 10As a result of extensive
testing and experinments, it has been determ ned, surprisingly, that
fluorescent mnerals or substances or materials containing
fluorescent mnerals are suitable for advantageous use as

fl uorescence standards, which have numer ous advant ages over prior art
fl uorescence standards, as is evident fromthe follow ng detailed
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In this context, chemcally inert means that the fluorescence

standard does not change its fluorescence properties when it is
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trivalent cerium, trivalent chromium, dlvalent or trivalent |ron trivalent or
tetravalent titanium, copper, silver, divalent samarium, divalent or trivalent
europium, trivalent terbium, trivalent dysprosium, trivalent holmium, trivalent
erbium, uranyl compounds, ruthenium compounds, tungstaie compounds,

25 molybdate compounds, sulfur, and other rare earths. In this context, the
activators may be present in the minerai in dopings from 0.001% to 20%
{percent by weight).

An advantage of the invention consists in that the above-mentioned minerals, if
30 applicable in combination with at least one activator, fluoresce not only under
excitation with UV light, but also can be excited over a wide wavelength range,

namely at wavelengths of over 600 nm in some cases.



102006, which are herewith expressly referenced in full. An

i ndi vidual skilled in the art will recognize that it can be

advant ageous in order to further inprove the characteristics of the
inventive fluorescence standard, especially with regard to | ower
wavel engt h dependence of the fluorescgnce 15 intensity over a broad
wavel ength range, to provide a m xturé of different fluorescent
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example as flakes, cylinders, prisms, or other geometric shapes, polished or

rough, cut, crushed, chipped, and preferably as powder or embedded or

polymerized powder, which can be processed or prepared/produced in all sizes.

Pulverization has the advantage that no waste is produced, high costs for

20 cutting and polishing are eliminated, inhomogeneities in the fluorescence

standards are averaged out, powders of different materials can be mixed

together, and powders can be further embedded in other materials {e.g.,

polymers, resin, gels, etc.).

25  Preferably, the inventive fluorescent mineral for use as a fluorescence standard
has a cylindrical shape, as is schematically shown in Figure 1a. To this end,
pulverized ruby (such as ruby nanoparticles), for example, can be embedded in
a polymer (for example, COC [cyclic olefin copolymer], COP [cyclic olefin
polymer], acrylic, and others) or a hydrogel, and molded, which is to say fully

30  polymerized, as cylinders with different diameters and lengths. Such a cylinder
can be cut into suitable, shorter cylinders as needed. This represents an easy
and economical production method for different cylinder sizes. As mentioned,

the inventive fluorescent mineral for use as a fluorescence standard has a



5 comercially avail abl e: dianond, silicon carbide (noissanite),

ruby, sapphire, zircon, beryl, enerald, opal, quartz, jade, topaz,
turquoi se, lapis lazuli, chrysoberyl, anber, spinel, tournmaline,
tanzanite, zincblende, wrtzite, and others. For a detailed
description of synthetic mnerals or genstones, we refer individuals
skilled in the art to the follow ng bdok, which is herewith expressly

10 ref er enceglindiichitdHape ' rAthufe ca ,alithGpeaéryreand dMnfehaels 1ké bBanasahue,
NAG Pr ess, Lt}ﬁ ndon 0 escri bed i nventive
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powders of different materials can be m xed together, and powders can

be further enbedded in other materials (e.qg. polyners resin, gels,
etc.). 25Pr efier altividebiiel MRt fudibstehe smemils Témescahs fledSreblé‘e‘ﬂc@S a

fl h |
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in Figure 1 a, V\A%IGthelenth and di anet er of grgln er bei ng
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cylindrical shape for an inventive fluorescent mneral for use as a
20  In the case of a microtiter plate, the inventive fluorescent mineral for use as a
fluorescence standard can be located in at least one of the wells. For example,
if the inventive fluorescent mineral for use as a fluorescence standard is present
in the above-described cylindrical shape, and the wells in the microtiter plate
have a correspondingly complementary cylindrical shape, the inventive
25  fluorescent mineral for use as a fluorescence standard can easily be inserted in
one or more of these wells, namely such that it is removable or is permanenily

bonded to the sample plate, for example by adhesive bonding.

In Figures 1b and 1c, another preferred embodiment of a sample plate for
30 accommedating a plurality of samples is shown, in which the above-described
inventive fluorescent mineral for use as a fluorescence standard can be
integrated to good advantage. The sample plate shown in Figures 1b and 1c is
a well plate with multiple wells 12a, 12h, 12¢, 14a, 14h, 14¢, which extend
completely through the well plate 10 and the size of these wells is dimensioned



5 fluorescence standard is also preferred for the reason that the
inventive fluorescent mneral for use as a fluorescence standard in
this formcan be inserted very easily into a correspondi ngly shaped
hol e of a corresponding instrunment for the purpose of calibrating the
instrunment, for exanple. 10The above-ngcribed i nventive fluorescent
m nerals for use as fluorescence standards can advant ageously be

i nt egr at ed |suclatrmambmp|@hamju@éd mahese ®aly 12, 1E@r1zapc4unmblat4lcng a

pIurallty of | e plate n
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m neral for w@@sﬁ@mamﬁ:l.gm@e@pmﬂ, standard can be located in at | east
one of the wells. For exanple, if the inventive fluorescent m neral
for use as a fluorescence standard is present in the above-described
cylindri ugl Ls;bia@eem wapdabdef el dnB:rdsDcC)j;id”lﬁzdﬁi aaheé medsrﬁmb@ple*:ehayeveae
correspondi n cylin t he ,inven
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i nserted i n roae accarding tof thehaswtml dafsa fiamedopnis odterathér ise s a

renovabl e org,| y bonded to the sanple plate, for exanple
by adhesive fyg ?%%%%H%dgur es b and 1 ¢, another preferred

enbodi nent of a sanple plate for 30 accomodat i ng a plurality of
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m neral for use as a fluorescence standard can be I nt eggrate to good

advant age. TaHpIte eae & 3 AYRAeT FHoRiagURRS/PERraRANE & Trod Boiel )
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will recognl'iéerf‘%@@et Rebp Pegeanenihbeiser dp thes wabplaiee 89 ripc XD bY he

nunber, shapgihestsl bBRdiRf IEIBRBhalOpreilel Seribtiiferit) oF W@ Bfted Fadnfe 1 b.
25  suitable for the use according to the invention are described in greater detail in
PCT/EP2009/002333, which is herewith expressly referenced in full.

The optical measuring instrument 50 shown in Figure 2, which is marketed by
ESE GmbH of Germany and is described in greater detail in the international
30 patent application PCT/EP2008/001468, which is herewith also expressly
referenced in full, has proven to be especially suitable for the use with the
above-described fluorescence standards and sample plates. The measuring
instrument 50 includes a monolithic electrooptical module 52, which contains

the optical and electronic components for carrying out a measurement. This



10Just as in the case of the mcroscope slide and the mcrotiter

pl ate, as were descri bed above, either the entire well plate 10 or
just a part thereof can be nmade according to the invention of a
fluorescent mneral for use as a fluorescence standard. 151t is
preferable, however, if a fluorescent mneral for use as a

fl uorescence standard in the shape of 1 cylinder, such as the
cylinders 2 ratdlied &nioin ikbgide €is ldedcBbédserdr&ded dedll ihemst avdve-cakd t he

wells of th . Thus,, for, exa e, .a fluorescent m neral
for use as ?WE%?@@Z&@%%Q&%H58¢f8°4?99?'%gf3‘é\%b‘?tﬁs'each of the wells
12b and 14b in the well plate 10 shown in Figure 1 b. Located in the
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per manent |y bonded t o E)Fb exanp by adhesive
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greater detail in PCT/EP2009/
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in greater detail in the internation t ent n

pCri epz008/ G taBE s dbet oL PR o S8rBR skL Pl b FahefiBadne
full, has prosenrdente apd@pedisplay B0 Son disdihend e méssuteseemivrdsialig treat
above- descrlr%ggbgéﬁjggtggggnce standards and sanpl e plates. The
measuring instrunent I ncludes a nonolithic electrooptical nodule
52, which contains the optical and electronic conponents for carrying

out a megsureBHove-ddcsived %vé@i@&il@ore%h@stéﬁd&% a?% s'a%p%eﬁé“tléé Radei N

greater detail 1n the above-cited PCT/EP2008/ 001468, has a confocal
desi gn of tH¥ Ypht ifleyresqenca giniren arg ﬁ@t%a@ﬁmen@a"loﬁé“?’? Qristruments

includes an thasedré Béed Ofor measuring steady-state fluorescence, time-resolved
fluorescence, flucrescence lifetime, and/or fluorescence polarization. In this
context, the concept calibrating or calibration relates to the wavelength of the
20 fluorescence signal, the intensity of the flucrescence signal, the lifetime or
length of the fluorescence signal, and/or the orientation of a sample plate. The
orientation can be controlled or regulated by a movement of the plate relative to
an optical reader, namely into a position in which, for example, the maximum
fluorescence intensity is observed.
25
The inventive fluorescence standards should be used to monitor the accuracy
and operational functionality of fluorescence sensors, for example. The
fluorescence standards can be built into, e.g., analytical instruments (such as
the above-described optical measuring instrument 50) in order to guarantee the
30  functionality of these instruments. For example, the instruments perform a self-
test that includes the sensor functions. In doing so, the sensor illuminates the
fluorescence standard and measures the flucrescence intensity of the standard.
This value is then compared to a stored value. If both values lie within the

permitted tolerance range, then the self-test is reported as passed. During this



5 accommodati ng a sanple plate 56, which can be one of the
above-descri bed sanple plates, nanely a m croscope slide, a
mcrotiter plate, or a well plate, in which is integrated according
to the invention a fluorescent mneral for use as a fluorescence
standard. The sanple plate 56 can be §_aced in the insert 54 and
noved relative to the nodule 52. In addition or alternatively, the
modul e 52 camock@s,bide momesburcel abd e ﬁeﬂecttble aﬁamfﬁlal eleptarice, 56d alkbanhe
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for di spl ayiahgckebe neasurenent results that have been obtained. 15
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to em ssi on raineralsi ih penkis tor BEads) ird p@otidr EedbemBNetd usamemadiatiay | | ght
over a specific solid angle. The inventive fluorescent mnerals or

m xtures t heéP¥8f can therefore be used as standards for all of these
types of fluorescence neasurenents.

It is further possible according o the invention to uniquely identify any desired
30 products or objects with the inventive fluorescence standards. The inventive
fluorescent minerals for use as fluorescence standards are, namely, stable with
regard 1o light, temperature and other influences, so that, e.g., labels, bar
codes, packaging, etc. can easily be provided therewith, and can still be reliably

read or recognized after a relatively long period of time. In this design, one can



15 The use of the inventive fluorescent mnerals is not limted to
their use as fluorescence standards; rather, the mnerals can also be
used as col or standards or reflectonetric standards, in general as
optical standards. 20Simlarly, the inventive fluorescence standards
can be functionalized, for exanple th}'ough the chem cal attachnent of
functional groups to the surface. An hdividual skilled in the art
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regard to light, tenperature and other influences, so that, e.g.,
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fluorescent mnerals or substances that contain such an inventive
wavelengths or even at a singie wavelength. In this context, it is especially
interesting that only a very few conventional temperature measurement devices
cover a range of up to more than 2000 degrees Celsius, something which,
however, is very important for industrial sintering processes, for instance.
20
Another advantage of, e.g., ruby is that it is nontoxic and is difficult to dissolve.
This permits its use in medical technology, for example in implants, and for
many diagnostic purposes, for example as a standard for monitoring the
glucase content in implants.
25
Examples:
1. Commercially available colored glasses were compared with the
inventive minerals for use as fluorescence standard. Here, excitation
{abbreviated as Ex in the figures) took place at values in a range from 365 nm
30 to 660 nm, and emission (abbreviated as Em in the figures) was measured at
values in a range from 480 nm to 720 nm with the above-described measuring
instrument 50 implemented as an ESE FluoSens sensor.



10 mineral can be used to nonitor tenperatures and for tenperature
calibration of neasurenents. Since the strength of the fluorescence
depends on the tenperature of the inventive fluorescent mnerals, and
they have a relatively high nelting point (the nelting point of ruby,
for exanple, is approxinmately 2050 degrees Cel sius) one can ascertain
tenperature through fluorescence 15 asurenent based on the
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it is nort oXekneRY204NEl-fficult to dissolve. This permits its use in
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val ues in avh%@%ﬁ §on1480 nmto 720 nmwi th the above-descri bed

measuring ins 50 inpl enented as an ESE Fl uoSens sensor. 14
The conparison gl asses used are the commercially avail abl e col ored

gl asses f ron‘i*ﬁeh!@m%ﬂh%pthcﬂillﬁ?%f m&ﬂ%erc\@ll%@vﬁmleopﬁ%t erﬂﬁ\ggeﬁogg 550

(rmelt nunber: 339636, di mensions ness
Oy 530 (di melyeieseenes S@”ﬁﬁﬁdsdﬁ E’h‘ﬁ?‘ﬁﬁ“elytaﬁp%’ﬁﬂ‘e%@ ey BRpY 2arriy @9“570

(di mensi pn Jsfgrfdl, "B even no signal, at many wavelength combinations (excitation
(Ex)/detection (Em)).

In contrast, ruby, for example, shows a very distinct fluorescence signal at
nearly all wavelength combinations, but especially also at higher wavelengths.
20 In this range, virtually no organic compounds exist for use as flucrescence
standards that are “light resistant,” which is to say that do not fade (bleach)
under relatively long irradiation. Another advantage of the inventive fluorescent
minerals, in particular ruby, is the distinct fluorescence intensity with a large
“Stokes shift,” which is to say the difference between the excitation wavelength

25  (Ex) and the emission wavelength (Em).

Figures 4a through 4f show the measured fluorescence intensities for the
investigated materials at different wavelengths in an overview in the form of bar
graphs. The parameter G listed in the figure key stands for the sensitivity setting
30 of the fluorescence sensor. In general, the higher the numeric value for G is, the
higher the sensitivity. G relates to the power of the LED for excitation. The
higher the power to the LED is, the brighter it shines and the more efficient the
excitation is. Again, the pronounced fluorescence intensity over a wide

wavelength range is especially noticeable for ruby.



5t hi ckness 2.0 mm). Figures 3a through 3n show, in the form of bar
graphs, the neasured fluorescence intensities in nV for ruby, anber,
turquoi se, calciumfluoride, and the three different fluorescence
standards avail able from Schott, nanely the 10 gl asses OG 550, OY
530, and OY 570, at different excitatjon and em ssion wavel engt hs.
The Iimted applicability of the co rcially avail abl e gl asses

enpl oyed as fluorescence standards is imedi ately apparent, since
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10 of the fluorescence standard occurs. We note here for the purpose of
comparison only that conventional, organic fluorescence standards ar dyes fade
substantially at an excitation wavelength of 532 nm with the strength of sunlight
in just a few minutes, which is several orders of magnitude less intensive than
the excitation light used in this experiment, which was generated by a laser with

15 anouiput of 18 MW,

4, Figure 6 shows a graph of the measured fluorescence intensities as a
function of the wavelength for a ruby at different temperatures. The ruby was
excited with light at a wavelength of 400 nm. The different curves show the
20 measurements at temperatures between room temperature and approximately
65 degrees Celsius, with the maximum fluorescence intensity having been
measured at an emission wavelength of approximately 693 nm at a temperature

of approximately 65 degrees Celsius.

25 5. Figure 7 shows the fluorescence dependence of a ruby on temperature
in another form. In this experiment, a ruby was heated with a heat gun to
approximately 200 or 250 degrees Celsius. After the application of heat by the
heat gun was stopped at the time i=0, the ruby cooled hack down to room
temperature. During this cooling phase, which is to say with decreasing

30 temperature, of the ruby, the fluorescence intensity was measured at the same
wavelength (470 nm) and intensity of the excitation light as a function of time,
and hence of temperature. The measurement took place at a wavelength of 520
nm.



Fi gures 4a through 4f show the neasured fluorescence intensities for
the investigated materials at different wavel engths in an overview in
the formof bar graphs. The paraneter Glisted in the figure key
stands for the sensitivity setting 30 of the fluorescence sensor. In
general , the higher the nuneric val ueﬁfor Gis, the higher the
sen5|t|V|ty Grelates to the power of® the LED for excitation. The
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of sunlight in just a few m nutes, WhICh is several orders of

magni tude | ess intensive than the excitation light used in this
experinment, which was generated by a laser with 15 an output of 18
MN 4. Figure 6 shows a graph of the neasured fluorescence
intensities as a function of the wavelength for a ruby at different
tenperatures. The ruby was excited with light at a wavel ength of 400
nm The different curves show the 20 neasurenents at tenperatures

bet ween room tenperature and approxi mately 65 degrees Cel sius, with

t he maxi mum fl uorescence intensity having been neasured at an

em ssi on wavel ength of approximately 693 nmat a tenperature of
approximately 65 degrees Celsius. 25 5.Figure 7 shows the

fl uorescence dependence of a ruby on tenperature



in another form In this experinent, a ruby was heated with a heat
gun to approximately 200 or 250 degrebb Celsius. After the
application of heat by the heat gun was stopped at the tinme t=0, the
ruby cool ed back down to roomtenperature. During this cooling phase,
which is to say with decreasi ng 30 Céaipes ature, of the ruby, the
fluorescence intensity was neasured at the sane wavel ength (470 nm
and intensity of the excitation light as a function of tinme, and

hence of 4te r : Kk C t % t.h of
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contain such fl uorf@s)cent m n?r@é descri bed here can be used to
advant age inuﬁﬁﬁé} i it g descri bed above, and these
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the invention, as defined by the attached clains. In particular, an

i ndi vi dual waempketelyi [thioyighn théneweailt plate | andc tmi sizet hhitthehe wellm is
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the inventi vevels @gramsstﬁéfdm@dfgmtyfasiérés@lt&ﬂ_)caﬁfnbﬁ;fowéé abl e
excitation to emt electromagnetic radiation wth neasurable

10physi cal phhEERin; die (flapresanipirainesyiciprathe nsehsianse hat ainchsiesos
lifetinme, ph j : td.pn r.rel ati [ W . efi ped
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sanpl e conpr ieishgna dfl the nvesisesft tha vaelr plaie,mncahasllasstmmetd hta\tllﬁbrréﬁiﬁccbndhms
a fluorescent mneral, for use as fluorescence standard, erein the
sanpl e pl at eSPg]StQ”R%‘M toptgﬁtsg'apﬁ %%W%Pﬁrﬁ wellplate: ext end
conpletely through the well plate and the size of these wells is

di nensi oned such that a sanple introduced into these wells is held in
t he wel | 2. ag&anyile phadefamcoding tagchanint 4, wiserain twusample plats isl anyprised
forces

entirely of the fluorescent mineral, or the substance that includes a

fluorescent mineral.

3. Sample plate according to claim 1, wherein the fluorescent mineral, or the
substance that includes a fluorescent mineral, is embedded in a carrier

matrix.

4. Sample plate according to claim 1, wherein the sample plate is a microtiter

plate with a plurality of wells.

5.  Sample plate according to claim 1, wherein the fluorescent mineral or the
substance that includes a flucrescent mineral, for use as a fluorescence
standard, is located in at least one of the wells of the sample plate, namely

such that it is removable or is permanently bonded to the sample plate.

6. Sample plate according to claim 1, wherein the sample plate is a capillary
tube, a cell, a reaction vessel, a gel, a polymer, a tfube, or a microfluidic

chip.



wherein the fluorescent mneral or the substance that includes a
fluorescent nineral, for use as a flubftescence standard, is |ocated
in at least one of the wells of the well plate, and has a shape that
corresponds substantially to the shape of the wells of the well

plate. 2. Sanple plate according to claim1, wherein the sanple plate

is conprised entirely of th f.l uorescent neral, .or the supstance
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mcrotiter plat ural i . 5. Sanpl e pl at cor di ng
fo crai m 1, "iRbPeid dwBaBidtshaid miterffor & svanerfaRadisBh drd atin

i ncl udes a fI uorescent mneral, for use as a fluorescence standard,
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f el dspar, sodadicieg, avenlenieunbuostaoitd,, calestinee cci‘mrfdm:dlteapahntselztmr or
chlorapatite halite
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ekanite, eudbﬁ?c}(‘ﬂ&e fropdel i p&initdr eghoslehits, Jphasphahylkenzirhedicite,
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phenaki t e, cBeajirqnite, SBH'i ethogie, Hengoltaceheidkite, epprvpliie, glolomite,

manganaX| nit T n i 0
Tohnbaum {6, ey peoite] AR HeenaRhRb, BoperioIotIbBLe, harstare
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activator ornfqeral B@ﬁtbﬁm?g AP 3¢ bkigat HcPhydakigle MrRrgs. have been

sel ected fromthe following group: divalent nmanganese, | ead,

antinony, cerium in particular trivalent cerium trivalent chrom um
di val ent gor Uébvgéc%%inbr%ndaim 7, wherein the fluorescent mineral contains an

activator or combinations of activators, which has or have been selected
from the following group: divalent manganese, lead, antimony, cerium, in

particular trivalent cerium, trivalent chromium, divalent or trivalent iron,



19 trivalent or tetravalent titanium_ copper, silver, divalent
samarium divalent or trivalent eur opWJm trival ent terbi um

trival ent dysprosium trivalent holmum trivalent erbium uranyl
conmpounds, rutheni um conpounds, tin conpounds, thallium conpounds,
bi smut h conptrivadnt drdetyswaem ‘niianinmurmtmpanpﬂnbd,aﬂiiealeatrpamadem siivdlemt,

di d th n
heodynt um coRpatielent g SRELHT B0 .o TAGIT dHPEGREhn daalent
thul i um compayRdam, Mﬁ@&éﬁi B%l&ﬂ”ﬁ@#ﬁwsoorhb&%dél%ﬁ%mﬂﬂ% déhdsUs

according to clai m 9, wherein the activator or activators |s or are
cont ai ned i ncomgonnder athallrurmOp:;crmOUrrdﬁarn isduth t copuhger cdumgdtgte

weight). 11. Use according.to,claim the fl uorescent
mneral or i REMPARSHEn EOBRRS | EpinbundSr | Sufsc dapediive, Epmpounds.
present in thethiaium of ceMipgofass, ;me»séaeymMnat eéomfpbah@§ nfédd%ﬁuw
beads, nanoparticles, or powder. 12. Use according to claim?7

wherein t he EPMEPUBESNPIOMARIYN 6PMPGsngsHaaseiviUM aomprRUNGse sthalium

fl uorescent g ngkahal S EIBEAMESBE. AR YIRHLAEShBod ol yIer . gel

hydrogel , glass, “or &-carrier gtoclaim?7,
wherein the use as fluorescence standard includes neasurenent of the
i ntensit pol ari zation, lifetinme, phase shift and/or rotational

correl at %{gn Usreagording 19 G@"@s%eﬁ’é’@re'mthe@@“‘@é@bPﬂlaf?@‘/@f@r%I'%uQ’ﬁ gre
wherein the Ele%frfe%cﬁ'Ptth@ el Eﬁé}%u%ﬁ?'@) 1t/ha{0 bR% ggfr%g
ra rate

fluorescent m ne 'S use as a scence s dard“to

an optical i|iwnsightrent. 15. Use accordl ng to cl ai m 7, wherein the
fluorescent mineral or the substance that includes a fluorescent
mneral is used as a fluorescence standard in order to carry out an

i nstrumeRy sejsh éc%%Fdiﬁé t@BIaﬂﬁtT' Wer@ﬁ%ﬁéﬁ‘lhﬂ%éc@% AT oPthel Qubsiifle
the functionality of an iInstrunen
that includes a fluorescent mineral is present in the form of cylinders,

prisms, plates, flakes, pellets or beads, nanoparticles, or powder.

12. Use according to claim 7, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is embedded or polymerized in a

polymer, gel, hydrogel, glass, or a carrier matrix.

13. Use according to claim 7, wherein the use as fluorescence standard
includes measurement of the intensity, polarization, lifetime, phase shift

and/or rotational correlation time of the fluorescence.

14. Use according to claim 7, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is used as a fluorescence standard fo

calibrate an optical instrument.

15. Use according to claim 7, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is used as a fluorescence standard in
order to carry out an instrument self-test of an optical measuring

instrument or to check the functionality of an instrument.



