10

15

20

25

30

WO 2009/127424 PCT/EP2009/002530 FLUORESCENCE STANDARDS

AN, IddRMSE 5 Field of the Invention The invention relateS{er/kp2009/002830
fluorescence standards or optical standards and their use, and in particular

to fluorescence standards for calibrating optical detectors and fluorescence
spectroscopy instruments such as microscopes, imaging devices,

spectrophotomalejciie EREES s PANB ARDS RIRBITISERR D BIE like. 10

Background of the Invention Fluorescence refers to the short-duration,
spontaneous emission of light of one wavelength upon transition of an
excited electron state to a lower-energy state following excitation with light,

or electromagnetic radiationlg? 9 I’(l)?l’?.J ?f a %!?I glri‘fferent wavelength. There
are numerous natural and smﬁgnréu%s?aren:evm compounds in which the
pheadnventonofdlamse scdhrsescencs; atahddnith careptiwa#eft&edmt&radddfw
fiyjogo Bharf?ﬁpé'hi%%ne&?ﬂ08?e§88ﬁé@§fé%@érﬂée{& IS B}Sﬁﬁgf%fpﬂk!&r%%?@é%{i?s

standards in" 20 order to have reference points for the meaSurements to be
AR S RSCE DR FRRINEASROBIE JBEREB SEAR dRHHEIR SISHIRIREQEEPRRR/eEMNaTINg

ggeRtaky Siecieopheesadtel praanisaeersPRIGES IdWIbRYIBIS! 4R83Re like.
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 Battk@Bovinib lef she lbnweidtinight. These dye

”I‘—?ﬂf%i&%?%r?é& ré?s%i{b%\@@'@%&fﬁﬁfﬁmpmmgaé BRI Y1 ne

where the fluorescence signals they emit can provide information about the

sW?G&%VB@GdWWW@@r%@WF@%ﬁWI@@é@HG@ Sdowareoaiey state

f'i&’lfﬁ/ﬁt@@tn%?&’i@&ihﬂt\;]ﬁliﬂmQilglﬁt,glg@&t%ﬂ%@%wiﬁgiéi:@?dwfﬁéﬁﬁ%l,T geya

are not stable over icable time period, fade easily (especially under

SHLSTREL MRYRIROGEH LAY AL OISR Lee BFIWEH FGR RHERS oS} BTG

ochynpithids imawbichs e tphleraorgenén of fluorescence occurs, and which are
therefore referred to as fluorophores.

In fluorescence spectroscopy, there is a need for fluorescence standards in
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
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
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,
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are costly, are mechanically, thermally, and chemically unstable, and can age
or dry out, which results in a change in the fluorescence intensity. The object
of the present invention is to provide a fluorescence standard that 5 does not

saffeeQRbyaB B aRRINeH thgaS Ballinsas dfamicrlemriabiG cirdiegtege or
figs}, dsperhRhthasimentioenihgahone sbisekisaAtiaingshbyythe means thata
fluorescent mineral, or a substance that contains a fluorescent 10 mineral, is
used as fluorescence standard. This can be a natural mineral or a synthetic
miherabjdciscdviantagsmmidrios ttierflisote Jpentdainciabtodoe ey iaudardnthat
p nl%tégurl%f u%r%es 8\@8? %%gﬁaﬁg%orophane, turquoise, zircon, zoisite,
iolite or cor%llerite, splne?, topaz, calcium fluorite, sphalerite or zincblende,
wurtzite, calcite or calcspar, apatite, scheelite or calcium tungstate, powellite,

willemite, feldspar, sodalityy,dmMyeMNtRdNRRnAGALte or fluorapatite or
chlorapatite or hydroxylapatite, halite, tanzanite, aquamarine, tourmaline,

tr‘%ﬂ?@f@%@wﬂw@f@ﬁé‘?%ﬁgr@i?eim@fv?@]’nq&‘ ,q&ﬁﬁ%'éﬂ@iﬂﬂWit@,e
vitieamsitgabanliiersid darwiteralpie casatsitascavardedsnthinstanfigrescent

celestine chondradie, dhnvsolie o1 cHoeEhyYROllG, EASOREN voral or o

chr
h@mﬁﬁ%?ﬁﬁiyes,ehe?(%hygrrﬁgc g rontianite, ammoli?e, andesine, ankeri

asypisitie, imerdle, chalcedony, cerussite, charoite, diamond, diopside,
diaspore, ekanite, eudialyte, friedelite, greenockite, grossular, kunzite, lapis
lazuli, lepidolite, minium, norbergite, oligoclase, opal, 25 painite, phosgenite,
phEBHEBRARRO U BRiidhe THRIESRebEHBS RLIGH Rer Wit WhbriieuGrERY,
spuyiHepspduIBERS, ciRiisharf) adiglieisaoliamitez oisités nikte bACorgiaais,

cinnahar, zunyite, smithsonite, anglesite, microcline, orthoclase, danhurite,
NG b Te M Nt e C N S e
doddgsiter, sapdiite, pekeslite, dratiteiumaingasiakniegwslbteitw| BOnites Hibtdgrar,
hagstigite, ofaviianigRnbaBLS, kypalits UYRraXittapamiding, saapeliite or
moissanite (SiC), cubic zirconia, amber, corals, pearls, mother of pearl,

VIS Y RRATHE ARl HARA R 193300 BIAERCARH A DG damplpaigenthelvite,

gonnardite, helvite, meionite, leucophanite, tugtupite, villiaumite, barylite,
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,
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,
roeblingite, harstigite, otavite, johnbaumite, kyanite, uvarovite, sanidine,
scapolite, moissanite (SiC), cubic zirconia, amber, corals, pearls, mother of

|3+

pearl, ivory, or a mineral containing AlI** or oxide and hydroxide minerals.
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3 Optionally the fluorescent mineral can be doped with an activator or
combinations of activators, wherein sugable activators are: divalent

manganese, lead, antimony, cerium, in particular trivalent cerium, trivalent
cRiianaty dRealdhioneseivalemineral ricelerRor dopadalatihtitaniuastivepperor

SHYRTbIANBRS 0P SETVRIHHEN WHYAIRNE AfIHNARHT RUFSRIKE IV MBI SPiRAHESe,

trivalent dysprosium, . trivalent holmium, trivalent erbjum, uranyl compounds,
rIRAE NI G RSB GEEY Mhin RoRASHEIAS, MR CSHHBunGYal5ahmGiiromium,
caivglonindisirivalgatatencainpleunds tenclyhidataizomopguuth sy Bliveradiagliem
C ounds,.la , unds, prasegdymium ¢ 0 .

o S RS ysprosm
ctiiv@lenhas! i rivivalersoemdany tisabiyl reoomapads osithgeitioimcompounds,

CHNPRBRDUNES, ACtYARRIR MBYREIRIRESNT BisHGMINESA B HRRINGS fHedtate
0.001% to 20% &percent by weight). 15 The fluorescent mineral can be used

aSCRRHRSSe R REAHRI SRR Drie B " ARG Me RAMBRY fifEn dardATE™

cybingrsngsjspnas ¢daiesiwcellsompemdsapibady rilrasconboidsd]akesn pellais
or beads nanopaaréié:ll.es Qr as (g)owder. In th%u(fase of beads rﬁxsnopagi%crgam
y

o?oprgaloéjehr(,j?he fﬂjore'snc'gn miner: oéja{'r(lj Be 2 er'h@eddceo(:lﬂcg)rogg Pherized in-a

polynperods baetisrmeatnrofiasxample made of glass, plastic, or hydrogel.
The use of a fluorescent mineral as a fluorescence standard in the form of a
plurality of small particles, such as beads, improves the homogeneity of the

stdlfiaRi VIRt HARRIREFGIEIAJBC B EAA R APAINGS HRIANG QRET to 20%

measigiabemiehiptionally, 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
flibeckicerespantrainenalzatididarsexide amiddrpdesxick standestbinre warsstyoof

MOy, $6e8¥&H e in the form of cylinders, prisms, plates, cells, tubes, capillary
tubes, cuboids, flakes, pellets or beads, nanoparticles, or as powder. In the
case of beads, nanoparticles, or powder, the fluorescent mineral can be
embedded or polymerized in a polymer or a carrier matrix, for example made of
glass, plastic, or hydrogel. The use of a fluorescent mineral as a fluorescence
standard in the form of a plurality of small particles, such as beads, improves
the homogeneity of the standard, since a statistical average can be ascertained

during the measurement.

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.
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.
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30 Functionalized minerals can then be bound to other molecules as markers
for detection as a fluorescence standayd. 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

funslienadesdssy, 4A8 tRRNEINAIRSd f AbRRERgaRIsrRsJaIRBUERRERA o

mineral is used as a fluorescence standard to calibrate an optical instrument.
SCAIRIARRJLBOLRR tRBMIBFEECcent mineral is used as a fluorescence

standard to identify a product or an object. Advantageously, the fluorescent

ineral i ed as,a fluor standard to ermine th Nntj ligh
R e e B R S TR Sl
nidiestHy is prstiielson Aokiecience standard to measure and, if applicable, to
control the temperature. According to another aspect of the invention, a

sample plate for accommodating 15 at least one sample is prepared that
iftYBBLAGERYS s HOAFRSCAThAHIRIBLIS Saf &fcf Brssnsaichstapriard to
InRktetes e meoany ofinghainagi#uosasperitoretardaningéhis 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
eRtbeiegepletelyhariduersbenivelinsaeiangad asizeflloprresenaelidndard to

dimensiensshsHeihiieba AR iR akIsH Bighese wells is held in the

wells against the force of gravity as a result of capillary forces. 25 According
to the invention, the entire sample plate or only a part of the sample plate
My belimpieaplothBuargset of tneTedntba, SLbSiaNep et fifrciddemmodating

flypressept mineral, as fusrescencs standard. Aemalely inhe case of 3,
nflcrofter pl%lte W a pﬁjraqﬁy of we Is,(i & S3FriloTeseant Mmingral orthe
sepyhetn, tharisclosiesce flhetdsckemmdidrascent mineral, as fluorescence

standard.

This sample plate may be designed, for example, as a microtiter plate with a
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 introduced into these wells is held in the wells

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

According to 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
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
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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

flueedidenptatstahtiaraved plséel Jeatieerin ke IPASER Dt MRiREAR, thikch as
aBREIRYEY R Projerabie iHidigorsdbenviinRiaiea SrIbFAR AR BB Rird has

known materials, such as plastic or glass. Preferably the fluorescent mineral
a8 FiRpadeEricsal dRdTcR) ahapEsghercsiify s fhaneany thavells of the
coticzspiengtate trarshainspefdhthavelsiobthiee metrpites. plate or the shape of
the wells of the well plate. 5 Additional advantageous embodiments of the
inventive aspects are defined in the dependent claims. Brief Description of
e diianah gsvantgeaes sacshioagineptefet g dpuadiivalashests girehdefined in
inMERidSR Hyaresrems mineral as fluorescence standard. Figure 1 b
schematically shows a top view of a sample plate that is provided with the
inventive fluorescent mineral as fluorescence standard from Fig. 1a. 15
Figure 1 ¢ shows a cr@@des @siondptionvaifthg® Drawihgdong line A-A. Figure 2

sehematically shows an optical reader. that is especially suitable for, use wit
SEITE 156 $aha 2 MCABheR) SRNGTGAE ShaBeer ThY TVERhs el

formestbas tvarsssaneastardbfidiorescence intensities for inventive
fluorescence standards and, for the purpose of comparison, some
conventional fluorescence standards at different excitation and emission

WAGHIENRISS NI RHGAIY SHANRIB IR AP UIRIG, SATIREBIAEINBLISGAgyred with

mieaswedtiflodrasesoeat mieasities flaoioyenive Jluoseseence Bignt@rds and,
for the purpose of

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

Figure 2 schematically shows an optical reader that is especially suitable for use

with the inventive fluorescence standard.

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 conventional fluorescence standards at different excitation

and emission wavelengths.

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.

Figure 5 shows the measured fluorescence intensity of an inventive
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.
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comparison, some conventional fluorescence standards at different excitation
and emission wavelengths in an overview. 30 Figure 5 shows the measured
fluorescence intensity of an inventive fluorescence standard in the form of a
rifiguss 8 RiwiDinss R pRiaitich depenasase rriibie IRfniseicin weastatonof an
WRYSHEDETRF E32 AEB- Safidrie Bisb Y BB perature dependence of the
emission spectrum of an inventive fluorescence standard in the form of ruby.
Figure 7 shows the fluorescence intensity of an inventive fluorescence
SRigalard showkhehéofioadgedncbeatetsiy approxiveately 200resc2hialegiiedsd

Celsius unction of time. Detaile CHRLIO e Jnventi 0 As
ol R el PR 2ol S e 8
stupetigngif/tithet fluorescent minerals or substances or materials containing
fluorescent minerals are suitable for advantageous use as fluorescence
standards, which have numerous advantages over prior art fluorescence
standards, as is evident from the following detailed description of the
invention. 15 As is KDewildd Deseriptidedonhttieelatestiore naturally occurring
Tigerale, bye, Small auantties of ang oL more AGL AN BEIENNE mined,
acfivator’is present in the” form of atoms, molecules, or iIohs that are
irssppsaeRd ithat tHearegseinistniorigds ofrtiselbaiaaeasant regigitiats containing
fgsrssenfe phrnaren Whske mipesbiseyaieddy radialidiescence

However, amorphous fluorescent minerals also exist. In this regard, some

NHRBRALSan Wb iN I SLIBREV B 8P KAMALSR aQUREn B rRTh e RTP FEEPERt

tetieiexdiies andvadetitdebhig fiie Adlngab fimssiscene ripiaster this iavaiansiard
that exhibits essentially constant fluorescence intensity over the entire
spectral range of the light that lies in the range of interest for the 25
applisatimwiste dbasenitdled de sheoarhdonag tidlesally coqurviogse methisahdye

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
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
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 fluorescence standard
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
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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

whigiivells dsprleeBub dRevibel suistiaiectuticisesanp e fliovdisdrtauoise,
stapsiard ARarcosdisgkto hRdnentisriritedlsphr cheipisallkdinetionrlizge,

as described further below. Surprisingly, extensive experiments have

dehaleLtie el HACRRFeaRASE SEchHRREYr sRgicPRISaHRrescaRickm
stangbtfaie:hait/iaamﬁtmcHmsabarwegbdalrt@atb(ewmlynﬁtﬁralsmqt@rmin_eral
”&%%%'c.;%'% SAR A5 ?%&B@Sdf'%%?ﬁﬂﬁ%f%%ﬁe% S BSihef <Ot & Hedéotlf%%d
or cor |erﬁe, splngl, topaz, calcium fluorite, spﬁalerleor Zihcblen e, calcite
ofeedudpar taghtten wehisitasoachisieacenagssie daitleaitedesridresisn the

SBEGKLS, ‘& MEIBREBHBUNRERINQ! Sl IMRRlaISOMRIENNG 1S TIRY iRt USRfAnuel

Additional fluorescent minerals that can be used according to the invention

a8 PRI eSEORELBES RIS rd WesENIBERN HEHFoRS 1B st World of
GruvscaadnYlinikatalsndsiublitr seinteiddghSetsnurlidRsbin $ 1> e AGpisndeA,
P , Inc...Phoenix. Arizona, 1994, and "The.World of Fluorescent
ogeaidie Sl B S Bl nean i B Acgien. A, 10 2006,
which are herewith expressly referenced in full. An individual skilled in the art

WAL rREREENEE Rk FAMOSRIMRAIBEGAYS IRATHBANBIUIVEHIRAYE 6 der

characteristics of the inventive fluorescence standard, especially with regard
16Ul THENRNRR FERERTIBESSICEh Ol iRt dB¥BRtbe 1 Bupiesrsnrs elagdard,

bsepdaivilyelatigtiesang aottopevide e imginelop eideraet dfuaiestesiescence

erals whigh watlologeier in sion & wey thay e Jaixure nas e desiied
wave erP/gtR gepencfence SR YRE REOre Sl ee MRS y for an application. He
alivvesnandraisenaly bbidopetininhasher if $ieko ovenghat tivatorstareoas the

CRERIIRRR Ry RlMARAE D dNBRNRRR o L2RA AT fof A Bpllication.

particular trivalent cerium, trivalent chromium, divalent or trivalent iron,
trivalent or tetravalent titanium, copper, silver, divalent samarium, divalent or

trivRleabove minerals may be doped with one of the following activators or

combinations thereof: divalent manganese, lead, antimony, cerium, in particular
trivalent cerium, trivalent chromium, divalent or trivalent iron, trivalent or
tetravalent titanium, copper, silver, divalent samarium, divalent or trivalent
europium, trivalent terbium, trivalent dysprosium, trivalent holmium, trivalent
erbium, uranyl compounds, ruthenium compounds, tungstate compounds,
molybdate compounds, sulfur, and other rare earths. In this context, the
activators may be present in the mineral in dopings from 0.001% to 20%
(percent by weight).

An advantage of the invention consists in that the above-mentioned minerals, if
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.
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europium, trivalent terbium, trivalent dysprosium, trivalent holmium, trivalent
erbium, uranyl compounds, ruthenium §ompounds, tungstate compounds, 25

molybdate compounds, sulfur, and other rare earths. In this context, the
atitivagstianaych e e s@tvialtheoetHeraginflopRsgsTromiDamasy, syribetically

(%%S%EQYIM‘&@H%A&ﬁ@yﬁg?gﬁeﬁfat@% EVRREIhaMRISiRAsthaE &M @re also
abo 0

ve-mentioned minerals, if applicable in combination with at least one
aolaRlE HRioHRe VRIS USHa8s dHAtEEBRNGRSIF0IRIA:, bOF f28BRIFnde
ekditedngvanmavide wavgengiinengan nemglyoaisey esyngibsoallpvendOare
nm in_some, case n ition tQ. tura curring. fluorescen .
B S Rlber il R i Shppnio
syifieatickpsitstentspishe ap), suitaiitle findthe iapantividrgseias, flirpissderdt

S BelyPr S¥aRRIScTHE, fedaMAREHEINGIE RiIIINRRICAWERzite, and

produced synthetiqalg/ and are 5 commercially available: diamond, silicon
o frrbidIrirdsd dB5CuRlihrb SAHRBHC BARArEMmer AaMSHRICauNRZeer
janigiyiopaiz, dkilpaoisehkapis @zthe fohoy@ahasyblamiperh 9pinetetoittinaanessly
tanzanite, zinchlend urtzite, and others,.For iled descripti
eI SR e R e Mo TR AR A Sreme
folgy BOd%, which is herewith expressly 10 referenced in full: "Artificial
Gemstones," Michael O'Donoughue, NAG Press, London, 2005. Since the
above-described inventive fluorescent minerals for use as fluorescence

seifeRrd IR uARPYFeASsRER the i ¥aRINE pIARSEFHta RINERIST 85 fotffs as
depsredian e shanderiradiplisatieolias fithesesaence pravided ifos exasplef

flakes, cylinders, prisms, or.other geometric shapes, polished or rough
LR, B EIE 28, T HPeHd AR Bt o R BRGNS op =nosic. or
pelamelzes plakekr cyindarsanrisnsioce steer @eorvptiedihrpdacedlishal or
Steeiah, Pelerzatnahas ipp VAR Harhhg WastoRde oY cehiuglsr P
for 20 cutting and polishing are eliminated, innomogeneities in the _

flogherergad powder, which can be processed or prepared/produced in all sizes.
Pulverization has the advantage that no waste is produced, high costs for
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.).

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
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
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standards are averaged out, powders of different materials can be mixed
together, and powders can be further %nbedded in other materials (e.g.,
polymers, resin, gels, etc.). 25 Preferably, the inventive fluorescent mineral

feylireriasl sfapeetbigeretdnduith i rgiihandadiamper £ ige cylinder 2
SeBRIGaHealL m"tﬂéﬂéﬁ?ﬂﬁrﬁrﬂa-dTé’rﬂEiéreéthé)éWﬁHé?d.bey (such as ruby
e

nanoparticles), for example, can be embedded in” a polymer (for example,
COC [cyclic olefin copolymer], COP [cyclic olefin polymer], acrylic, and

olier sy yinarvalrapebandmaldadyerhict iduorsayedillyndtgpalynoeriasel, as a
?}[MBPe%ré%ﬁVé%‘ Herenhdiameters ?&%J%@g 7 pachagylingen GRa b \é%%ive
into suitable, shorter cylinders as needed. This represents an easy an
elbopiestient protrietidarmisth@s fer tiveespersdinsiandardsinatiadationeadn e

"?H@égtié& P@ﬁeéé_&ﬂl .riﬂ-lﬂeéalcmé!ﬁﬁ)%{@iwgr%&‘%@war@mésﬁ&ding

cylindrical shape in Figure 1a, with the length and diameter of the cylinder 2
ORI SRANE PR ISR RthCaHBr aliag der B3 tHE B hriQE £%2FRIE cylindrical
shape for an inventive fluorescent mineral for use as a 5 fluorescence

sl']ahnda dis agso Cpref rred for thef reason that the i veptive fluoreﬁcent
-ne_appve-describeq inventive flugrescent .minérals for useD as. uo[eacence
minéral Tor usé as a fluorescence standard in this Torm can be " Insertéd very

esteindaits savadspBadirws s hepsttasitedin T samiopiiegoisempieccrtier
th‘@rP%&%ﬁ%’é&éﬂHb’aféﬁ%thﬁaifi‘?”k)m%%f%&xﬁfﬂ%'es&FhEﬁIBe plate may be

above-described inventive fluorescent minerals for use as fluorescence
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nilyersspiudBesiidotonimicabfoe uptass, rjiescenestaiansardthilieufaieeoan
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Alternatively, an inventive sample Carrier can be designed to accommodate
alPRGRIRG!5F ERRAHAR VRIBR'S, BEl%, RRNEIRIS wiéQ@éléQj%&‘, BISKATEFC GiHes,

and/or microfluidic chips.

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
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 permanently

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

In Figures 1b and 1c, another preferred embodiment of a sample plate for
accommodating 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, 12b, 12c, 14a, 14b, 14c, which extend
completely through the well plate 10 and the size of these wells is dimensioned
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20 In the case of a microtiter plate, the inventive fluorescent mineral for use
as a fluorescence standard can be loggted in at least one of the wells. For
example, if the inventive fluorescent mineral for use as a fluorescence

sthdnaiaprarmie inreduaedveleldesmu@ts/ iR datsHase, 148d THE.wélsin
thipnicralienalaiaghmye MEareERINGIRGlY SemRImRHeRYSHERFFSRESN TR,

the inventive 25 fluorescent mineral for use as a fluorescence standard can

WEINPHIG B RBONA 'Brid FRoHR BRthESE3Fe Y, WahalPXaeIRiR:t iWRlls 122,
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Flgures‘lb and 1c is a well plate with multiple wells 12a, 12b, 12c, 14a, 14b,

1WEIRARAVEX R RIgUERNIRERT, through the well plate 10 and the size of these

wells is dimensioned 10 such that a sample introduced into these wells 12a,

12b.12c, 1 14b. 14c.is held in the wells against the.force of gravity as a
LR 0 1 e S AR e SR R IR P R R e
byesejostiexbovplecitharctizel eatira 2vsll plgte 4H) ahugte, paneteaiepioops be
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12b, 12c is smaller than the diameter of the wells 14a, 14b, 14c. However,
ANERAGNSP SKRIAIN the art will recognize that the present invention is not
restricted to the number, shape, and arrangement of wells shown in Figures

haang Lb-A0 4,51 e cate ol ihe migiosePhe. side and(he piciolier
p|ate, RS Were descrf%edr’a'bove, Sl the 'CHETS well ﬁ%ﬁeafo or justa par
tiséradérshin bee aivghe ateotdingen tuehmeioybindefis éresdehtratinEigufert,
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mineral for use as a fluorescence standard in the shape of a cylinder, such

a@%?f@%ﬁﬂmd@f@eéaéﬁq A$RAS p@lﬂlfg%cence standard is located in each of the

wells 12b and 14b in the well plate 10 shown in Figure 1b. Located in the wells
12a and 14a is a liquid sample, and the wells 12c and 14c are empty. As in the
case of the microtiter plate described above, a cylinder of fluorescent mineral for
use as a fluorescence standard can be inserted in the well plate 10 such that it
is removable, or be permanently bonded to the well plate 10, for example by
adhesive bonding. Additional preferred embodiments of well plates that are
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
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



10

15

20

25

30

is inserted in at least one of the wells of the well plate 10. Thus, for example,
a fluorescent mineral for use as a flugrescence standard is located in each of
the wells 12b and 14b in the well plate 10 shown in Figure 1 b. Located in

tifeodelits 28MiGhn dkRIvisR IS adRfGiiPSAMiplegEaRiethelails in2énencraareapied
epIVEASIDIR 19888 IRIdhe BN eAIBkBigieof BRCERREs above, a cylinder of

fluorescent mineral for use as a fluorescence standard can be inserted in the
well plate 10 such that it is removable, or be permanently bonded to the well
plateddiition exaraplebysadigsivethondig. Mdiﬁdndbpre&rra‘dsert 54 for

' f well f din
AT BB AR 36, S R s R it o
herawith piRiRBsRAMEl e Ao Mie@$GTDH. Shldé cmmﬂartmamlmg aisrweleptede, in
S!M%Y&H 8 ﬂ%FQté@l \HBHEJPdﬁqW 'ﬂ?é‘%Fl\}éXmE% RIS ehGRMRAMAES as a

described in greater detail in the international 30 patent application
PHpiRsesH68 /B EEES WHB P RIS RIAR AR S¥XPReRas st thdipiitiaf, #d
pnwmutcem\@pemallmsumma fo ﬁwmsa vithlbv@adbeyeidesntbeid 52 can

fIHorescen e zfmd and san]gl measun instrumen
oved relativ Icehe samP el is

g asuring. Instrument.
includes a menolith ectroopti calt odue5 Whic con ins” the op

afdogleoaihhieaipmeon ity forkeyivgith@owcatiet anenfehtiorhionttolingdiie,
WHIClikeWisRsis ARPEIRRAIN, HBAS Gﬁgﬁﬁym#hﬁ’l@bﬁgﬁsﬁwent results that

PCT/EP2008/001468, has a confocal design of the optics. In addition, the
MEXERA iARtARAENt 50 includes an insert 54 for 5 accommodating a
sample plate 56, which can be one of the above-described sample plates,

davily e%égé‘vre*“ r88§888 .%'Q%%t.9e”\'&f9é§8eﬁc'%‘8fa%arwe” #daggm&eve%“"%hs'?nade
ntegr ed according t e Invention a fluorescent mineral for'us
flgbﬁa@teﬂuerswﬁﬁaedsrahdadmpr@ Featalze éantbe pridsationtied instsndents
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52 can 10 be moved relative to t samp e plate 56. The measuring

ifutARRERReD iduatRnteRemy ERiimSoedniinn A wipsaansechrlpsatAR! 38 fbis
C@mlt@utn%@%oﬁmﬁw@lmﬁnﬁg andcalidisnlay deisdisnlayingvbrRngth of the
nﬁeasurement resul m
uorescence S|gna e intensity of the fluorescence 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.

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
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 fluorescence 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
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have been obtained. 15 The above-described inventive fluorescence
standards and sample plates made of such fluorescence standards are
suitable for the calibration of instruments that are used for measuring

spsaessstatefligibsoures, aindcthesdaiedonuansstim eediiutiescanse alisithe,
AR IHULBSREGR RAASEAIIMAY {HipeCoRiRY. iIHMRtPNEEMEHMRIBHHChre

calibration relates to the wavelength of the 20 fluorescence signal, the
irﬁ@‘?’gﬁpof the fluorescence signal, the lifetime or length of the fluorescence
signal, and/or the orientation of a sample plate. The orientation can be
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fluorescence sensors, for example. The fluorescence standards can be built
il @S %&9@6%@%&%&% B RS tRePHBS G s BRI GHIRA) With a
mmase&ma&saxmmw{h) nmoderdedusteasiog tiel 3@ fantbasalgnenthesae
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the Sensor functions. oing’so, the sensor Illumin the fluoréscen
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permitted tolerance ranﬁe then the self-test is reported as passed. During
tIA6 MR e REHNSERIR'E, REnHSHR %ﬁet%%ﬂﬂargﬁd%é'lafgdﬁ%%%’p&ﬁ&f

alstbscaneshasuealgragstélf the sensor has to be moved initially) of the
instrument are checked. 5 The use of the inventive fluorescent minerals is

not limited only to intensity measurements. Fluorescence can be carried out
ashen iserditthenéagenivaetitoreacaioninarifa eig esaiiViedifed Hiorihegirause as

lifRine dsteEmination & th%tﬁé?”%ﬁes‘i%ﬁeﬁaﬁé PolpriAgtiopdnEasy uepLIAs
a phase-shift measurement with a
standards or reflectometric standards, in general as optical standards.

Similarly, the inventive fluorescence standards can be functionalized, for
example through the chemical attachment of functional groups to the surface.
An individual skilled in the art will recognize that oxides such as corundum /
ruby / sapphire or silicates can be equipped relatively easily and with all
possible functional groups by means of silicon chemistry (silanes, siloxanes).
Furthermore, it is also possible to encapsulate the inventive fluorescent
minerals in pellets or beads, in particular nanobeads, and use them in a flow

counter.

It is further possible according to the invention to uniquely identify any desired
products or objects with the inventive fluorescence standards. The inventive
fluorescent minerals for use as fluorescence standards are, namely, stable with
regard to 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
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fluorescence excited with a modulated intensity, and as a measurement of
the 10 rotational correlation time, sinc%the fluorescent molecules can move
during the time delay from excitation to emission and, if emitting in a
posgrivaitPhfapiedle HHareserRNk MiMrelens bperaiscessrisiarferdrnthdedtice

Tty SRRt HIEERlh MdMEMES IREeAbFaR IBRSIYr eRRUISRADAS SiamHast:

for all of these ti/ges of fluorescence measurements. 15 The use of the
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tredhetidar sualsihnicat andirrtrRae grdiglss paithe. surface. An individual
skilled in the art will recognize that oxides such as corundum / ruby /

sapphire or silicates can be equipped relatively easily and with all possible
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Ruaheveriies ludrelscepbssiideats ensapsidatesheanyentive suchescaientive

mineralf, inlrpgllet%eg peads in articulatr nanobnglds and uste theg]jirrmafft ﬂr?vé'f

mineral can pe % cf 0 mBFitor emperatures an or.temtoera urecf {
counter. [t'is further possible according to the invention to uniquely identi
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S@H%F‘éﬁ; rENGr 'W@%W&mtf@?%@%éﬂi“ﬁﬁﬁ@é@, %am@yq{%eé‘%latively

standards are, namely, stable with regard to light, temperature and other
g Reing PRk (B MelHRGPBIRE AJHRY, [PARATING dicaRRrPERIFIBL050
pevided thesasiit), ant canastilbbediediablyergastaurecabrnigg affesrascence
relavelcjong Reriodof e Ip hisdesidn, gne gan 1 HsRualiows Siable
fluoreatent minerars as fudrescence standar , Shd de e origina
objtlengthe isastyef tht actnate ivevesagatbmibirthitonsrdexifférémtespecially
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supermarket, when multiplexing biochemical assays, at customs, to identify
cover a range of up to more than 2000 degrees Celsius, something which,

however, is very important for industrial sintering processes, for instance.

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

glucose content in implants.

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
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.
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5 supply chains and originals, for forgery-resistant identification cards,
money, and, e.g., for customized and tfaceable artists’ paints. Furthermore,
by using their fluorescence properties as a temperature detector, the

iVEneoenacrescelasanRarsts cirsubstanprserdiabavaiakleselarpd ahisees
1RIMINREAE EABHDG ARCELIA SHAY! R FEMO PFRMISS R DIEMBBET BHEIE number:

calibration of measurements. Since the strength of the fluorescence depends
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a@%%&@?&eyrﬁ% 0 degrees Celsius) one can ascertain temperature through
1

fluorescencée easurement based on the fluorescence intensity, if

applicable at different wavelengths or even at a single wavelength. In this

CRRYERs g PREAIY3INtERBRIING thAL ORI \RNLIBWAAPNENtRBAmeasured
temperature measurement devices cover a range of up to more than 2000
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atexia andd e o dissolie<Jhis perfpita s dss lngnedicrl  cgion
t(gc‘:ﬁn(ﬁogy, or eXxample in’implants, and’for many iagnos%lc purposes, for
ewanghiagibs standard for monitoring the glucose content in implants. 25
Examples: 1. Commercially available colored glasses were compared with
the inventive minerals for use as fluorescence standard. Here, excitation
(d6rdiRiiRd aBRiGaRHe FgliesTRURGIRIREY aBYVAIGELS; 9123857 SIARIRYSSS as
nMiGedochee smnaadeivissivedriiitespiactas Bty figives) way slight

neasyred At yalues,ina [anae from 480, A o 120 N with & (excitation
abave-de€cribed measu%ng’ iStriment 5 |mpF§menﬁed as an %ssé

HEspdgtecimmsdrn® The comparison glasses used are the commercially
available colored glasses

In contrast, ruby, for example, shows a very distinct fluorescence signal at
nearly all wavelength combinations, but especially also at higher wavelengths.
In this range, virtually no organic compounds exist for use as fluorescence
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

(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
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.
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from the Schott glass company, with the product names OG 550 (melt
number: 339636, dimensions 50.0 x 3Q.0 mm, thickness 1.0 mm), OY 530
(dimension 13.0 mm, diameter, thickness 2.0 mm), and OY 570 (dimension
13.0 mm, 5 thickness 2.0 mm). Figures 3a through 3n show, in the form of

bgr grapiisudhe siRaRes (LI SPANERUNRREIRSIMHRAVVEY SR8 Rith a
turquoise, calcium fluoride, and the three different fluorescence standards |
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nearly all wavelength combinations, but especially also at higher
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Figures 4a through 4f show the measured fluorescence intensities for the
iV deBbatiTiiaRess WhisfdPerRNRERIAEIRIH S imaeyidGilars inicastygnian
bive grenbsord hgHpakwoetah(s dsprdimedite liidreway géasegdardne senrsitivity

setting 3 op;| e fluprescence sensor. In general, the higher the numeric
Ghpu .
rGis, the

valL@ igher 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 Efﬁ_l”gﬁﬂi hiensuatatignish HoaR MERIPBURLRELLALRSHREAS RS
over a wide wavelength range is espemal!?/ noticeable for ruby.
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
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.

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 t=0, the ruby cooled back down to room
temperature. During this cooling phase, which is to say with decreasing
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.
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15 3. Figure 5 shows the results of a "bleaching" test that was performed

with a laser with an output of 18 MW gkan excitation wavelength of 532 nm.
In this test, a ruby was irradiated or excited with the laser for time periods of
dfifeiadivBlien g, inakitedlibréscancwilheatily weeameashadenia\gaine

shoureskcrRIremRIRNs!iNG taabisspreaniialy bsiapn@hc el isseatniirals,
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magnitude less intensive than the excitation light used in this experiment,
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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 t=0, the ruby cooled back 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,
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and hence of temperature. The measurement took place at a wavelength of
520 nm. 16 An individual who is skillgd in the art will easily recognize that
the inventive fluorescent minerals, or substances that contain such
fluorescent minerals, described here can be used to advantage in ways
other than those described apgys idndldiweg likewise are intended to be
included in the scope of protection 5 of the invention, as defined by the
attached claims. In particular, an individual who is skilled in the art will
recogrize thlahthedexsoeiiiuorescainee stantdatalicesachthettusies uddflu@lexemaly
Cons”ﬁﬁﬁe%? '”C'éﬁ&ﬁ 3 %HB%C%??P%HQS‘!:VQ@% E{}ﬁ H&%[,evsv &I the mineral
characteristic oTthe Inventive minerals Is use , W ich is to say after sUitaple
excitatien b enmitleledy oeratrieddiadrationasinhetisalhapledLTetyireral.
properties (for example, such as intensity, polarization, lifetime, phase shift,
rotational correlation time) at a well defined wavelength. 17 What is claimed

i2-1. 18 Geqqrdsiedesitimiderdnessia R EHABECHI THERIGES £AIELTei
5 mingratiadpiiogl staagptirer flluwiesobinee stiandatdrqubisesiniitenmiorisal,
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particwiartaitey mekiispiire chiaspry, caR@idphaseheaeliuaisesaieton, roigstate,
10 io"FoWeﬁF?é‘,ji%iF%n%@f‘eﬂeIW; caleisims fluoriiea SRR GG PN ZInpalREAS
€,

wurtzite, calcite or calcspar, apatite, scheelite or calcium tungstate, powellite,
willemitéorRGEHar, ShcisiteraParkmiu miRKIE X453 ESr MFigpatangrnite,
chlorapgtitenarihgdrasyiapaliie, halgeolaszagéaihalitamagsrthdatienaligyite,

ot GLrSHE EAANIE: o e G B B
celestiagglcihomdrodinsribry suit@mitelirmstesiineliteshamngrstieryl chrysolite  or
hemimgpjaitey &Ny BRtfs SIEPt i Enimorphite, 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, 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, roeblingite, harstigite,
otavite, johnbaumite, kyanite, uvarovite, sanidine, scapolite, moissanite

(SiC), cubic zirconia, amber, corals, pearls, mother of pearl, ivory, or a

mineral containing AI** or oxide and hydroxide minerals.

3. Use according to claim 1, 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,



10

15

20

25

30

ammolite, andesine, ankerite, aragonite, burmite, chalcedony, cerussite,
charoite, diamond, diopside, diaspore,lgkanite, eudialyte, friedelite, 20
greenockite, grossular, kunzite, lapis lazuli, lepidolite, minium, norbergite,
oligoclsyalesp Al friranalehdizunime qoRespheyeyiiRealaptramarium, divalent
rhodo@arq&uaemagn?&fﬁ@nﬁukfwa@m@rtﬂé%@lﬁlermvaﬂerﬂae/sﬁRsywemMem

stolzite, vanadinite framite, wulfenite, YAG, zincite, cinnabar, zunyite,
smith <SP Bn NGRS Indr AW GORBOUIS AL (e TR SapRe2dnds, tin
paralacmmpﬁendasomwuahorlteorhemtode, plégmalsite, eumpptnt&isdolwngetate
svabit 0| tir ng ite, esper e rog lte har
otawte% Ojo éunﬁlte%(éya (fé uv%gr'%épe ﬁ’gghld%('la scapo gmoéca?#%éu’nds
(SiC), lenthanimonigoapdendsoralg! gseadyMivdther esipeerndsory, nsroglymium
minerl FARANIRY AloRleiisa anipsliRdde aBRHAln 3bmddaRACCHiRh

to claim 1, wherein the fluorescent mineral contains an activator or
combiRGHROLS: ARG GATIRCHAS D HE TR SSMBBINEd from the
following group: divalent manganese, lead, antimony, cerium, in particular
trhvale[uft cerium m/al Cal‘ll}’r?r‘pl drgllal goarlg Il\\//alent|ron,“\1/§,[otrrlvalent e
tetrava ent??anlumgcopper silVer oe ivalent Samarium, dvaeRF S trivaient
europicentaimngsleint tbﬂmmmetﬁ{/atemowmo&mm,Q@@d%qtmhaﬁ%u fretdeateby
erbiurr\}vagq\ Icompounds ruthenium compounds, tin compounds, thallium
compounds, bismuth compounds, tungstate 5 compounds, molybdate
compounds, sulfur, vanadium compounds, lanthanum compounds,

PFASEeQIRAHUED AT RO Wi me@dymiunmecmmmumrdsnpr@naemium substance

comp nd a 0I|n|u compounds, thyl |um com ounﬁ!1 tterbium
compolRUL THATER BN ESRTs 6o UISe ESSIING HoebSH WA

the activiares,graietvdakssigeteiscocbessingthirotasticizse @l powdpings from
0.001% to 20% (percent by weight).

6. Use according to claim 1, 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.

7. Use according to claim 1, wherein the use as fluorescence standard
includes measurement of the intensity, polarization, lifetime, phase shift
and/or rotational correlation time of the fluorescence.

8.  Use according to claim 1, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is 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.

9. Use according to claim 1, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is embedded in a nanopatrticle for a
desired application.
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5. Use according to claim 1, wherein the fluorescent mineral or the substance
15 that includes a fluorescent mineral 1@ present in the form of cylinders,
prisms, plates, flakes, pellets or beads, nanoparticles, or powder. 6. Use
according to claim 1, wherein the fluorescent mineral or the substance that

ingudera uRAcs 1 Clmeral BHmhediedURr RU¥MPRIFRAIDLAHORBMARTe

gel, hydrogel, glass, or a carrier matrix. 7. Use according to claim 1, wherein
the usHaSRIGRES AP Gs AR A Rl de LRfehad R HlurresFanesnetangg/d to

polarizatibratifetnetiphlidsstsmferand/or rotational correlation time of the
fluorescence. 25 8. Use according to claim 1, wherein the fluorescent mineral
or the substance that includes a fluorescent mineral is functionalized for a
désiresamsicading & clainiotevtenes Sierftia@seenbminacicahgrouprianich

the deskiemhHiion ﬂ%@%@@ﬂ?%‘%%@@%@é& Hesylaeadibe dupeseent

30 mineral. 9. Use according to claim 1, wherein the fluorescent mineral or
the suB<48hC tRathctiedm™ fITSFEEEMN: SeHdRS! iCbnAedRliFah sneasuring

nanopagialentait ar de siredkapplicaiitiondRy 1P ab $esaceasding to claim 1,
wherein the fluorescent mineral or the substance that includes a fluorescent
mineral is used as a fluorescence standard to calibrate an optical instrument.
5121. Use according o atiiim11 Woaeasi thgh 8utuesesot nineirse 1l the thigbstance

SUbSta}HSP|r?@l%léhc'é‘Q%éiwﬁﬁﬁﬁéﬁé“l@%@dsa'ésﬁq@éré‘s@@ﬁ&%s%%%rd in

standard in order to carry out an instrument self-test of an optlca measurlng
instrurAEI oot SRbRaeH Y fFadi IRy SERFRLRRSYAD £ #obiggpemical or

accordirgtogtlainsdaydraesin the fluorescent mineral or the substance

13. Use according to claim 12, wherein the assay or test to be read is a
glucose monitoring test, immunoassay, protein detection assay, cell assay,
cell count test, hormone test, water analysis, food analysis, surface

analysis, or nucleic acid test or nucleic acid amplification test.

14. Use according to claim 1, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is used as a fluorescence standard in

that it is applied as a marker to a molecule.

15.  Use according to claim 1, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is used as a fluorescence standard to

identify a product or an object.

16. Use according to claim 1, wherein the fluorescent mineral or the substance
that includes a fluorescent mineral is used as a fluorescence standard to
measure and, if applicable, to control the temperature, in particular the

temperature of the fluorescent mineral.
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that includes a fluorescent mineral is used as a fluorescence standard in
order to calibrate or read out a chemi% reaction or a biochemical or
diagnostic assay or test. 15 13. Use according to claim 12, wherein the assay
ot festIahelcftpie Hohl e mesiRbthge seaphnPNR0S8SBIepASIEIRIISING @

detectipp @zzant Aah@esays LallsxanidanhthREmess darioMatenfRahes, for
food analysis, surface analysis, or nucleic acid test or nucleic acid

amplift4tian fﬂé’gfe%%&e@@gﬁ%rdmg to claim 1, wherein the fluorescent

mineral or the substance that includes a fluorescent mineral is used as a

flugre r tltald a rker t | 5.
Ul[lsge aﬁaor |ng g? géio}g% rel§1 t@g ﬁjo;‘?ﬁce %nljélr'ﬁer Or%%r%éﬂb i%é-els
that inefuaedsediuenisdgnomibherdlusreseerismifiedleseeribe stahstamnte that

identify,a s uci ¥ r8bcehighlndGy Use according to claim 1, wherein the

fluorescent mineral or the substance 30 that includes a fluorescent mineral is
used as a fluorescence standard to measure and, if applicable, to control the
teigpesaitisie iplpartatdarding t@mperaw,ewhéna'rilwneeﬁuemseﬁnenalnafbllar
Sampie plaie or acsammeraiing. gl sast-one SATPIe SUMRINIALAD o carier
quorescent minerar, or a SUbStande that Reludes a fuorescen mineral, Tor
use aS’TTRIGXescence standard. 5 18. Sample plate according to claim 17,
wherein the sample plate is comprised entirely of the fluorescent mineral, or
the substance that includes a fluorescent mineral. 19. Sample plate

afBordRARIcc1BIAteL AoRAEIBH HReGlatleddent RRFRIPAtGY ﬁ@ﬂﬂ@ sBis&Rarite?
that inaligdester lmecaiaant pringial osvesibedded in a carrier matrix.

21. Sample plate according to claim 17, wherein the fluorescent mineral or the
substance that includes a fluorescent 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.

22. Sample plate according to claim 17, wherein the sample plate is a well
plate in which multiple wells extend completely through the well plate and
the size of these wells is dimensioned such that a sample introduced into
these wells is held in the wells against the force of gravity as a result of

capillary forces.

23. Sample plate according to claim 22, wherein the fluorescent mineral or the
substance that includes a fluorescent mineral, for use as a fluorescence
standard, is located 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.
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20. Sample plate according to claim 17, wherein the sample plate is a
microtiter plate with a plurality of wells, 15 21. Sample plate according to
claim 17, wherein the fluorescent mineral or the substance that includes a

flebrestRPiRiPIial 2F60 (B SIRTDrescvheteistHieusamale IBledead Mcapidamt
one ofitia welsinfahe sappioduate. namely saindhal itisdeBIoyahis Miic
permanently bonded to the sample plate. 20 22. Sample plate according to
claim £7Rvherein the sample plate is a well plate in which multiple wells
extend completely through the well plate and the size of these wells is
cimensioneg supl gt g sampledntodiced i Ness WElBILnell B gon:
wells against the torce of gravity as a result o caplllary torces. 23.
SampRipRia, @scadkiertor driigistonagrstiaiadigidresitepaiithanainoihth eV,
substaes it GidesHA JYBFRSGRILENBS Rl Higr s Asqofiuorescence
standard, is located in at least one of the wells of the well plate, and has a 30
shape that corresponds substantially to the shape of the wells of the well
plate. 21 24. Sample plate according to claim 17, wherein the sample plate is
a capillary tube, a cell, a reaction vessel, a gel, a polymer, a tube, or a
microfluidic chip. 5 25. Use of a fluorescent mineral, or a substance that
includes a fluorescent mineral, as a detector for electromagnetic radiation, in
particular in the UV, visible, and infrared regions, as well as in the x-ray
region. 10 15 20 25



