PF 55764 DE | METHOD FOR DETERM NI NG THE PRESENCE OF AT LEAST ONE CHEM CAL
COVPOUND WHI CH | S HOMOGENEOQUSLY DI STRI BUTED I N A MEDI UM BY MEANS OF

CROSS- CORRECTI NG A MEASURI NG SPECTRUM W TH REFERENCE SPECTRA 5 Description -
The presenPFid%/64BEon relates to a methdd for determining the identity or
nom-identity of at Ieast one chem cal . conpound V hormgeneousl y di strl but ed
in a nmedium EXE ) ) o

honogeneou B =' E4 -&gl'ﬁ on with a
vari abl e V\MMHDUND wcams EDMEGENEOMSLQ( [DMI—‘Q@B\Q‘CE[DM AnMEBlUMrmht function
Fadi nt § on, MESREOF SROSSTAIREERRE AEhS ORI seR R B vRH e RaN g o
accordi ng G_Q@an I K(6A,c',c) =1/ M1 I'(A c )I(A+SA c)dA (1) in which
K(JA, c",c) denotes the correl ation depending on the relative shift dA of the
functions 20 1'(A,c') and I(A c) and the concentrations ¢' and c of the at

| east one pebsptieml conpound Vand V, c¢' denotes the concentration of the at

| east one chem cal conpound V honogeneously distributed in the medium wth
a known or suspected 25 identity, c denotes the concentration of the at

| east one Thepidsaht iIGRMAOY Rdatts td19 FRGRIITONEG Y mIhiRG tHbE Ay bindrligeAlyopm with

a known identity,
at least’one chemical compound V' homogeneously distributed in a medium, by

10 ,
a) exposing the medium containing at least one homogeneously distributed chemi-
cal compound V’ to analysis radiation with a variable wavelength 4, and
b) determining the spectral measurement function I'(A) with the aid of the absorbed,
reflected, emitted and/or scattered radiation,
15
wherein a correlation function K(d4,¢’,¢) is determined according to Equation |
K(sA,C'\c) = 1IN j I(A,C)1(A+6A,c)dA )
in which
K(dA,c’,c) denotes. the correlation depending on the relative shift 64 of the functions
20 F'(A,c’) and i(A,c) and the concentrations ¢’ and ¢ of the at least one
chemical compound V' and V,
¢ denotes the concentration of the at least one chemical compound V'
homogeneously distributed in the medium, with a known or suspected
25 identity,
c denotes the concentration of the at least one chemical compound V
homogeneously distributed in the medium, with a known identity,
30 I{Ac) denotes the measurement function of the at ieast one homogene-

ously distributed chemical compound V' in a medium containing the

concentration ¢’,

i{4,c) denotes the comparison function of the at least one homogeneously



ey e,

30 1" (A c") denot es the rreasurerrent function of the at |east one honogene
ous]y distributed chem cal conpound Vin a nmedi um containing the _
concentration c', |(A c) denotes the conparison function of the at | east one
hormogeneoudtRy5#tb 64 DE 2 distributed Zhenical conpound V in a nedium
contai ning the concen- tration ¢, and 5 N denotes a normalization factor
and identity or non-iden t ween the coppounds V. and V is determ ned
with the aid of the c8 Sltf %“tﬁﬁ@‘?ﬂ&?’i‘%ﬂ” K1 2 megiun gentaining the congepar  of
met hods are enpl oyed f etidhe, i dentification and study of chem cal

conpounds. Many of the analysis nethods use a wi de variety of analysis
radiation types for this, which interact with the chem cal conpound to be
studi ed and experiencean& change in their original intensity as a function
of the \g/avel ength in question by ab 15 sorption, emi ssion, reflection and/or
scatteriFfng. In this way, a neasurenment function 1'(A) is obtained which

r epr oduces N he nodi fi edeh(ﬂbgaﬁbtma]gét,dm@c@ﬁal ysis radiation as a function
of the wavelength in question. If the chem cal conpound is hom)geneousl y

distributed in a medium then a meas- 20 urement function " (A, c') is
obt ai ned Whing liddriti/dryR- u@erﬁgmwééwe%nfpa@nw @AY AldeRimired With ﬂha%ld
i um

chem cal conpound in the ne Wth only a | ow concentration of the
chenmi cal c&gg*tﬁﬁ?amf%w FCHIIK{AG' - question - for exanple, the cheni cal
conmpounng nmay be present as a conponent in a gas mxture, dissolved in a

solvent or a solid sub- stance, for instance a polyner - then the
cont ri but i dnlaggre nurebes REmetheds @wglﬁmec{ {or theddentification and study of chemical

compounds. Many of the analysis methods use a wide variety of analysis radiation
types for this, which interact with the chemical compound to be studied and experience
a change in their original intensity as a function of the wavelength in question by ab-
15  sorption, emission, reflection énd/or scattering. In this way, a measurement function
'{A) is obtained which reproduces the modified intensity of the analysis radiation as a

function of the wavelength in question.

If the chemical compound is homogeneously distributed in a medium, then a meas-

20 urement function I'(4,c’) is obtained which invoives a dependency on the concentration
¢’ of the chemical compound in the medium. With only a low concentration of the
chemical compound in the medium in question - for example, the chemical compound
may be present as a component in a gas mixture, dissolved in a solvent or a solid sub-
stance, for instance a polymer - then the contribution of the chemical compound fo the

25 measurement function I'{A,c’) is so small that it cannot be detected.

It is therefore an object of the present invention to provide a method which, on the one
hand, makes it readily possible to determine extremely small concentrations of at least
one chemical compound in a medium, which are too smali to be detected by conven-
30 tional methods based on analysis radiation, and, on the other hand, allows the identity
or non-identity of at least one suspected chemical compound in a medium to be deter-
mined by comparison with a known chemical compound in the same medium, orin a

medium which is as similar as possible.

35 The method as described in the introduction is therefore provided.



25 neasurenent function I'(A,c') is so small that it cannot be detected. It
Is therefore an object of the present invention to provide a nethod which,
on the one hand, nmakes it readily possible to determ ne extrenely small
concent r aPFFR64DEt | east one chemicd conpound in a nedium which are too
small to be detected by -conven 30 tional nethods based on anal ysis

radi ati on, and, on the other hand, allows the identity or non-identity of
at | east one suspected chem cal conpound in a nmediumto be deter- mned by
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with cured coating appl I cations. 10 Any radiation which can | nteract with
t he chem cal compound(s) V or V and delivers a corresponding -
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radi ation | ectromagnetic radiation is a particular exanp al t hough
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t herefore, any known neasurenent nethod 15 which makes it possible to

determ neV@QHQ%H%%H?UtM‘erﬁ'%"fOP'r?%at@”) OWC%BWEPl@%SUW"i‘”% | (A c) is
al so sui t gy, n‘ﬁ?%‘@ RSsuMbbid Brincidie thepdtsel ERPRIUINCMERAFEHENBRGthod®t hods
for determ nin asurement function are IR N R Raman, W, VIS or NWR
spect f1®sc¥pigh makes it possible to determine a measurement function P{4,¢’) or comparison

function 1(4,c) is also suitable. Examples of widely used spectroscopic measurement

methods for determining the measurement function are IR, NIR, Raman, UV, VIS or

NMR spectroscopy.

20 The determination of the measurement function is conditicnal on the behavior of the
system formed by the chemical compound V’ or V and the medium containing it. With
sufficient transparency for the analysis radiation, the measurement function can repro-
duce the absorption and transmission behavior of the system. If this transparency is not

_ available, or available only to an insufficient extent, the measurement function may

25  reflect the reproduction of the wavelength-dependent reflection behavior of the system.
If the system is stimulated by the analysis radiation so that it emits radiation, the wave-~
iength-dependent emission behavior may be used as a measurement function. A com-
bination of different measurement functions is also possible. For example, both the
absorption (transmission) and emission behaviors of the system may be used as a ba-

30 sis for the determination method according to the invention.

The homogeneous distribution of the chemical compound V' or V in the medium en-
sures that the measurement function obtained is not dependent on the measurement
site. '

35
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In the case of solid media, and in particular plastics, the chemical compounds V' or V
are usually present as finely divided solid particles or molecularly dissolved. Naturaliy,

therefore, demixing phenomena do not usually constitute a problem here.

The method according to the invention may, on the one hand, be used for more accu-
rate determination of the concentration of ingredients (corresponding 1o the at least one
chemical compound V') in a wide variety of media. Inter alia, it may be used for the
determination of pollutants, for example nitrogen oxides, sulfur dioxide or finely divided

airborne components in the atmosphere.

On the other hand, the method according to the invention may also be employed in
order to determine the authenticity or non-authenticity of a medium, which contains at
least one chemical compound V'’ as a tagging substance. It is particularly advanta-
geous in this case that the tagging substance can be added in amounts so small that it
cannot be detected either visually or by conventional spectroscopic analysis methods.
The method according to the invention can therefore be used to determine the authen-
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smal | ®®hat it cannot be detected either vi sual |y -or by conventi onal .
spectroscoqﬁcﬁrd&rggl,fqhétidmt hods. 35 The nethod according to the invention can
therefore be us to determne the authen- il PF 55764 DE 5 ticity of

appropriately tagg r,oduct  Pac in r.mneral oils etc., or even to
di s- cover the exi g@ﬁ%é’%ﬁ}'\ép s'gﬁ"gl)ﬁf‘f){"g%l ) mani pul at i ohg. The
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K(64,c',c) = 1/N* i I'{ALC')Y {A+64,0) | (1

i=1
15 in which n denotes the number of sample values, I’ and |; denote the respective intensi-
ties at the wavelength A;, and N* is again a normalization factor.

In particular cases, it is also possible to determine the comparison function and meas-

urement function respectively in different media. This is possible, in particular, when
20 the effect of the medium in the relevant wavelength range is small and the comparison

function or measurement function is accordingly determined merely, or predominantly,

by the measurement response of the chemical compound V or V'.

The normalization factor N makes it possible to scale the correlation function K(é4,c’,c)
25 to anintended wavelength range. N will usually be selected so that K(dA,c’,c) takes
values of between 0 and 1, a value of 0 corresponding to no correlation and a value of
1 corresponding to maximum consoletion between the measurement function I'{A,c’)
and the comparison function I{4,c). Accardingly, the normalization factor N (for 64 = 0,

that is to say maximum correlation) is
30 N= j P(4,C) HA+6A,c)dA

and the normalization factor N*( for 64 = 0, that is to say maximum correlation) is



5 ently being used for a conplex profile of the neasurenent and conparison
functions, while naking do with fewer sanple val ues for neasurenent and
conpari sonpeuxgbiprs W th a sinpler prgfile. Accordingly, it is necessary
to_neasure the intensities |I' and | at a nmnultiplicity, or even only a
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meani ngful results. 10 Accordingly éfguatlon | K(SA,c',c) = 1/NJ

' (A c" )i (A+SA c)dA (1) may aIsH PiidieXileheRd by Equation Il K(SA c',c)
= /N 1"i(A,c') I;(A +SA,c) (I1) 18 in which n denotes the nunber of

sanpl e val rRg spéctr,al ﬁﬂﬁlék usGRIR@bMpHSEs & %@@@ﬁgtﬁ%dg@tlﬁwﬁlch the R2adirehi2®t.
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function r amgblra@défa lono kAT £1@PYVHIE d - Wikl Salf lﬁa)ﬁﬁhﬁﬁi) blifore IFQVHIAITdor-cul ar,
when 20 the effect of the mediumin the Tel evant wavel ength range is small

and t he® coffSRPISHA thewikkh efthe measdremehBIREtan {4 C) SheosPralisen fincign y4.c)
det er m nedamichiximam ,ﬁ[reﬁgﬁ:[?{mmaxa(g}tll by the measurenent response of the
chem cal conpound V or V. The nor Walization factor N makes it possible to
scale the correlation function K(SA,c',c) 25 to an intended wavel ength

range. N Wrhé clSeat kisiReops @ﬁineﬁorﬁaéﬂbgcut&e%é‘com@a bakgptovpl e Ry

bet ween 0 and 1, a va correspondl ng to no corre
1 cor r espofiiehyalues dfes Phe hipicalis apreearvas meresenledtin Eigvesdia todent! AL on
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factor N (fo to sa X1 mum corr atl
' (A c')-I ((Amm eqmﬂoaﬂ@ theé arfﬁ?'&ﬁaﬂrﬁﬁqqlfrebﬁioﬂém@ﬂn m{toqoorrela&w ﬁJf@’flOm)h%lt is to

say maxi MugpGEREE Gnthi i®@Me daind s e f&steSnt&tion in Figure 6a.

As the concentration ¢’ decreases, the background noise increases both for the meas-

15 urement fﬁnction and for the correlation function K(84,¢’,c). With the aid of conventional
statistical methods, however, it is readily possible to establish the probability with which
the noise-free correlation function can be detected in a multiplicity of measurements of
noisy correlation functions K(d4,¢',c). A statistical evaluation of 50 individual measure-
ments, for example, each of which is per se similar to the graphical representation of

20 the correlation function in Figure 6e, gives a correlation factor - and therefore identity
detection - of =95%. | |

Once the identity of the chemical compound V or V' has been confirmed, then Equation
(1) can be used in order to determine the concentration ¢’. The normalization factor N or

25 N¥is equal to 1 for this case. The concentration ¢’ can be calculated numerically from
the value of K(é4,c',c).

The method according to the invention is preferably used in order to determine the
identity or non-identity of at least one chemical compound V' homogeneously distrib~'

30 uted in aliquid or solid medium.

The chemical compound V' or V may in principle be any substance distributed or distri-
butable homogeneously in the medium, which interacts with the analysis radiation be-
ing employed. The substance may necessarily be contained in the medium according



a NI"c(A,c')'l (Ac) t=1 The spectral shift SA usually conprises a

wavel ength range in which the neasurenent function |I'(A ¢c') or conparison
function | (PF §37d4pgE epr oduced fully, or ;almost fully. It is wusually a range
B of 0 <_SA <_10-FWHM (Ful (Wdth hal f Maxi rrurr) where FWHM cor 5 responds to
the width of the measurement function |' (A c¢c') or conparison function I(A c)
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c)|s repd aced ction | ©.C) . in uatjon (I1), then a .
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establ i sh the praobabil he noi se-free correlation function

can be detdtaibg qilnThe @ﬁﬂ"l @fpihe eﬂ 9§n therefereshﬂ@wﬁmed gfdenipgl by detespriring theon
functions 'ﬁéﬁﬁ@v&' noﬁ)lderﬁftyséf@ﬁvﬁ] ?aﬂ‘n'ce@ﬂﬂe‘gé?ﬂ p%s EP&' éx%ﬁ'lgy gtlﬁtl B ure-

ments, for exanple 'S per

repr esdht atyRes VMCM@\'@W@R?@W@IOMMD&&' fNeE pomﬁmuaﬁtﬁemnémaen @e gibelg,
correlation factor - and therefore identity detection - of > 95% Once the
identity of the chemical conpound V or V has been confirmed, then Equation

(1) can be lfigidepst aneehhemical somppencthy neastlieen elikasately-added te the mredium, for
Concont £ ot ERAmpRS Rfic) R 1 EBobbink o BURtt et ofHelills Rab@Rn ey is
K( SA, c¢', c) authiestiorer Hisdover possibhia gnanipulaiions.rn éns ey fosexamfles fad loff windadhd i n
or der us8 d%&@élf?ﬁ%@ té%@oncessions can be distinguished from diesel oil, which in general is
taxed more heavily, or liquid product flows in industrial systems, for example natural oil
refineries, can be tagged and thereby tracked. Sihce the method according to the in-
vention makes it possible to determine very small concentrations of the at least one
chemical compound V', this can be added to the medium in a correspondingly small
20  concentration; any possible negative effect due to the presence of the compound, for

example during the combustion of heating or diesel oil, can therefore be prevented.

Similarly, for example, spirits can be marked so that properly manufactured, taxed and
‘sold alcoholic drinks can be distinguished from illegally manufactured and sold goods.
25  What is important here, naturally, is that chemical compounds V' which are safe for

human consumption should be used for the tagging.

It is furthermore possible to use at least one chemical compound V’ to tag plastics or
paints. This may again be done in order to determine the authenticity or non-

30 authenticity of the plastics or paints, or in order to ensure type-specific classification of
used p'lastics with a view to their recycling. The increased sensitivity of the method ac-
cording fo the invention is advantageous in this case as well, since the at least one
chemical compound V', for example a dye, may be added in only very small amounts
and therefore not affect the physical appearance of the plastics or paints, for example.

35
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concesf on&-2Eiiens ¢yl Megar Srimetwisinen é@eﬁthﬂ?ﬂe ghyeql BrenpPnorgieiaylfthe’s  t axed

nor e heavi 8¥netifxypiopthdél, @Js@ﬁwbbx}dr@fy%o! 'fetde&%Wrb@br &Mﬁér%nﬁetoﬁég sigpanpl e
natural oil refineries, can hereby tracked |ncethe nmet hod

accor di ng #928iens metpg ﬁWUf?t‘Pl‘%@'s"g ?Qet%%@@% epigr %‘@-tcé‘r%ﬁ RSyl @cetaderal |

concent r at afsceiatd, ot ad@slor 8081 ac@f@m &gham&ﬂﬂlc\mmﬁa&o&@%@ﬁ added
to the nmediumin a correspondingly concentration; any possible

negati ve e?¥RRTaNfyHEXING, H@PtBF%é%“FﬁE@ ’éPocit‘Filﬁ pelipBumEther dolueagaMsing. dur i ng t he
combusig one@fibERRhE"@iralin, dbesB! difickh ur%%ﬂthfaré%%mfeesm RirRYSBH Sdeh agi M | arly,
for exanple, spirits can_be marked so hat properly manufactured, taxed and

gasohne kerosene, diesel oil or heating onl natural oils such as olive oil, soybean oil or

sunflower oil, or natural or synthetic motor, hydraulic or gear oils, for example vehicle

motor oil or sewing machine oil, or brake fluids. These are also intended to include

products which are produced by processing particular types of plant, for example rape

20  or sunfiower. Such products are also referred to by the term "bio-diesel".

According to the invention, the method may also be used in order to determine the
identity or non-identity of at least one chemical compound V' homogeneously distrib-
uted in mineral oil. In this case, the at least one chemical compound is particularly

25 preferably a tagging substance for mineral oils.

Tagging substances for mineral oils may be fnost substances which have absorption in the
visible and invisible wavelength range of the spectrum (for example in the NIR). A very wide
variety of compound classes have been proposed as tagging substances, for example

30  phthalocyanines, naphthalocyanines, nickel-dithiclene complexes, aminium cormpounds of
aromatic amines, methine dyes and azulene-squaric acid dyes (for example WO 94/02570 A1,
WO 96/10620 A1, prior German patent application 10 2004 003 791.4) as well as azo dyes (for
example DE 21 29 590 A1, US 5,252,108, EP 256 460 A1, EP 0 509 818 A1, EP 0519 270
A2, EP 0679 710 A1, EP 0 803 563 A1, EP 0 989 164 A1, WO 95/10581 A1, WO 85/17483

35 A1) Anthraquinone derivatives for the coloring/tagging of gasoline or rhineral oils are described



sold al coholic dri nks can be d| stl ngw "shed fromill egal I y “ranut act ur ed and

sol d goods. 25 What is inportant here, naturally, is that chem cal conpounds
Whi ch are safe for hunman consunption should be used for the tagging. It is
further noP& $764iDH e to use at | east ofe chemical conpound V to tag plastics
or paints. This may again be done in order to determne the authenticity or

[ype. specttieceieletis o207 2ife iz PButod ook syl aiip”

recycl i ng 94/2hEs2i Mg #sasios@arfrishipdiehyapphicatidrel 03t I50gloac- cording to the
invention is advantageous in this case as well, since the at |east one

chem cal conpound V, for exanple a dye, nay be added in only very snall

armount s snsstbhﬁsaimredm@t ledd Gt vidltly BhysdcerabcopRpepiaasabefcoldfgedd)-ast i cs or
pai nts for ex PF 55764, DE 8 Particul arly Eref erably, the nethod

accor dﬁng Ipry U gﬁ?rrﬁ)@ﬁ{:’i’%ﬁr%y“ea’?‘g‘@r%é" ﬁ%‘éﬁ”kﬁ?qkﬁmd& yatiggliophavedlsh t he

identity géem@élschsaﬂés falgf;giﬁg s@bstbﬁtéb%tfoﬂﬁﬁ\eﬁé%ﬂn&éh t tacB9ardmgeneousl y
distributed in a |l ium be nentioned are in

medi a whi c
Tt cul aSEga g detvalsen o e NG oAH HH A T GBREHB T bHD) o Such
as met hangles (%r@aﬁbnempbg@@t wosgmmrml UQHé %qhethoa 59&86&xﬁ§%the

secC- butanol pentano 1 SOpP entano neopentano hexanol g such as
1, 2- et hy| Ewentgnyités posyb@to&eteyt aniliensd wtw%m dellvaﬁves ittt @rlor

1, 4-bysyl gesalmenrl . di- or triethylene glycol or di- or tripropylene
gI ycol , ethers such as nethyl tert-butyl ether, 10 1, 2-ethyl ene gl ycol nono-

or dinethyl ether, 1,2-ethylene glycol nono- or diethyl ether,
3- et hoxyE&@&ﬁuEH'and/%r WQF @ﬁ%ﬁ(z%’neﬁéf‘% tagiﬁ‘?ﬁd é\ﬁ&é@ern%% el%ngh Hadfe ketones

such as acetone, t one or acet one al C ol esters such as
net hyl acetthe gited @Qqnmenéﬁeét @n:ier tombitaiy Bn inceaaged color macton erde canasntraty phatic

or aromat j taggﬁggws&qfeﬁ s34t its R810PEAH @setté?%?g?@{nh Rudfifor HELARS

|sooctane eum et uene ene, ne, tetralln
decal 1%, mqmaﬂylmalpnph%ﬂltéﬁ but merai!ys:pne¢ets,sarw1a¢e¢rdlngd¢: thesresend sethod.

Document WO 02/50216 A2 discloses inter alia aromatic carbonyl compounds as tag-
ging substances, which are detected UV-spectroscopically. With the aid of the method
according to the invention, it is possible to detect these compounds at much lower con-

20  centrations.

The tagging substances as described in the cited documents may of course also be
used to tag other liquids, such liquids having already been mentioned by way of exaple.

25 Examples:

Correlation-spectroscopically different anthraquinone dyes were studied as tagging

substances for mineral oil.

30 A) Preparation of the anthraquinone dyes

Example 1:



gasol i ne, kerosene, diesel oil or heating oil, natural oils such as olive
oi'l , soybean oil or sunflower oil, or natural or synthetic notor, hydraulic
or gear oiprss576@meexanpl e vehicle notgg oil or sewi ng machine oil, or brake
fluids. These are also intended to include products which are produced by
processing particular types of plant, for exanple rape 20 or sunflower. Such
products are also referred to . by.the term"hio-diesel". According to the

i nvention, the method rrayd in o@ to determine the identity
or non-identity of at |east one efil cal ngonipound V honogeneously distrib-
uted in mineral oil. In this case, e at 4] east one chem cal conpound is

particularly 25 preferably a tagg ance for mneral oils. Taggi ng
substances for mneral oils my be ™0 fbst ances whi ch have absorption in

the visible and invisible wavel i pam t he spectrum (for exanple in
the NNR). A very wide variety onpoungﬁ;ZEE;gg/pave been proposed as
t aggi ng substances, for ex phthaloc ni napht hal ocyani nes,

ni ckel -di t hi ol ene conpl exes, anlnlun1co ounds of aromatic am nes, nethine
dyes and é%%ﬂ%@é@g -2&Sagoler ayess 767 41l; uwﬂhezmgzﬁgzav@owne))v\o 96110620
A, prior CGerman patent application 10 2004 003 791.4) as well as azo dyes
(for exanple DE 21 29 590 Al, US 5,252,106, EP 256 460 Al, EP 0 509 818 Al,
EP 0 519 2A®, Bﬂ@traﬁsi(fbb@tmhens(b)ammolﬁﬁOearamo@&taow wasEynthesizod suilanly, WO

95/ 10581 E&g*q . Ant hr aqui none derivatives for the
col ori ng/ ?gggl n U%% aso |ne or mneral oils are described PF 55764 DE 9 in

- the docunents US 2, 611 772, US 2,068,372, EP 1 001 003 Al, EP 1 323 811 A2

N V0 SRR BleeaBllob B90REYOfs ST ARG (SRR} Vgécodr&@%%ﬁo %8St abi e
col or rea3.0514mola) ant.4.5, Saﬁetrecnhlmamthraqummé (2% hd 3rﬂ0rgaﬁ0a1365|moiamf
subsequenbofEllin AL, 1o DRIG R TAe) GSRRJESCEURRAITS,EAOGNIG 43 gt ances

for m ner s subs ces , ani IFi ne
deri vé@i v&OQﬁdnole)(afrhﬂneylWDoﬁdV\&dré&ﬂd@d andtherizbdit Wigd bevrtekiod80FGak wesves (for

exanpl e Ugdsf8P6 389Pat 196G AORe N0 170”2hE %Al aJ5A RS AGCOHE Nekdr© the
_cooling the 80°C, 240 mi of acetone were added, suction was applied at 25°C and the
residue was washed first with 180ml of acetone and then with 850 mi of water until the
filtrate had a conductance of 17 pS. The washed residue was finally dried. 19.62 g of
15 product were obtained, corresponding to a yield of 78.4%.

In entirely the same way, the compounds listed below were synthesized by reacting

1,4,5,8-tetrachloroanthraquinone with the appropriate aromatic amines:

20 Example 2:

Example 3:



W thout prior 10 derivatization. Extraction and/or further derivatization of
t he taggi ng substance, as nentioned in sone of the cited docunents, in
order to OMR 85FP4PE| ncreased col or readflion or to concentrate the tagging
substance so that its color can be better determ ned visually or spectro 15
scopically, is also possible but generally unnecessary according to the
present nethod. Docunent WO Q2~R50216 A2 di ses inter alia aromatic

car bonyl conpounds as tag- gi_ubstances, ch are detected
UV-spectroscopically. Wth tfieSe dnof & hennetho according to the
invention, it is possible to detect onpounds at nuch | ower con- 20
centrations. The tagging substan ibed in the cited docunments may
of course also be wused to tag othe #s, such |iquids having al ready
been nentioned by way of exaple. 2 bl es: Correl ation-spectroscopically
di fferent anthraqui none dyes™yers a5 taggi ng substances for m neral
oil. 30 A Preparation of tracui nones Exanpl e 1: PF 55764 DE 10
\'l NHOHN\ { NHO HN (CAS No.: 108313-21-9, nolar mass 797.11;
C54H50N402 Amax = 760 nm (t ol uene)) '

1, 4,5, 8- Tebxamhpls i 4- but yl phenyl ) am no] - 9, 10- ant hr acendi one was synt hesi zed
simlarly 5 as in Docunent EP 204 304 A2. For this purpose, 82.62 g (0.5370
nol e) of 4-butylaniline (97% & ¥T~42 g (0.0314 nole) of
1,4,5,8-tetrachl oroant hraquin g (0.1365 nol e) of

potassi um acetate, 1.24 g (O. rous copper(ll) sulfate and
3.41 ¢ - - '

Example 5:

Example 6:



10 (0.0315 nole) of benzyl al cohol were added and the batch was heated to
130C. It was stirred for 6.5 h at 130C, then heated to 170 and stirred
again for 6 hat 170C. After cooling the 60C, 240 ml of acetone were added,
suction wi¥ SRIBADE] at 25C and the re¥ due was washed first with 180ml of
acetone and then with 850 ml of water until the filtrate had a conductance
of 17 pS. The washed residue was finally dried. 19.62 g of 15 product were
obt ai ned, corresponding to-a yiel~d of 78.4%-In entirely the same way, the
conmpounds |isted bel ow were synthegi zed by{reacting

1,4,5,8-tetrachl oroant hraqui none wth the_appropriate aromatic am nes: 20

Exanple 22 NON'O No NI \ bl e 55764 DE 11t N ONa yNON
I~ 1 Exanple 4: NON NON e 5: NON\V NON\ 5 Exanple 6:
PF 55764 DE 12

N 0 N

N &) N

Example 7:
Example 8:



NON r

]

) NONI / I Exanple 7. NO~INON- ! T Exanple 88 NON NO
PF 55764 DE 13 Exanple 9@ NO N\ NONI1 \ Exanple 10: CV H25 \ | C zHzs
NHOH, NPHEsS37BUDE ,a\ / | / Cl2Hn G®H2 5 Exanple 11: I I tNON
I \.NO Na '

Example 9:
Example 10:
c12H25 C12Hz5
NTTO TN
Ne O _N
SRR P
CZHZ.’: . C12H25
5 Example 11:
g : z,
_ N O N/O/ |
IO
: j&t
O
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| B1) Correlation analysis of the anthraguinone dyes in absorption
Figure 1 describes by way of example the schematic experimental setup based on
10  seven wavelength sample values corresponding to seven light-emitting diodes ("1" to

"7" in the "light-emitting diode row" block). With the aid of the intensity-stabilized light-
emitting diode row, the radiation of the individual light-emitting diodes was selectively
injected via optical fibers into a 1 cm cuvette. The transmitted or emitted light (fluores-
cence or phosphorescence) is detected in detectors 1 and 2 (silicon diodes). The de-



i / 131) Correlation analysis of the anthragui none dyes in absorption
Figure 1 describes by way of exanple the schematic experinental setup based
on 10 sevep ssg£bengt h sanpl e val ues cyresponding to seven light-emtting
diodes ("1" to 7" in the "light-emtting diode row' block). Wth the aid of
the intensity-stabilized light- emtting diode row, the radiation of the

i ndi vi dual tecligrhsigeais ate evglugitexteith thasic ef @erelalieh plecironiecamet] asidasojiiedcal

fibers int 1 . o T . ANSH] r g i , uor es- cence
or phosphorg%@ceéﬁtge &ilﬁsloqﬁéeet%gté’tge}g'obﬁg%Z'Wégb%ﬁ%'%Teni%éb%ggll‘ P?t@%rq&%({'odes). The
de PF 55764mithdldioden atl e doilmivingaenaissivalvaatlengths trmm:he ai d of correl ation
el ectronics and, as described above, checked for identity or non-identity.
The light-emtting diodes of the light- emtting diode row had the foll ow ng
em ssi of whigbt-emifiirigsdiode NB005 Li ght-em tting diode 1. 600 Light-emtting
diode 2: 670, ., Light-entii diode 3: 700 Light-emtting diode 4: 770

Li ght-emtl—‘ﬁﬂbefB?‘B‘Se“e“r%He%?gglo Light-emitting diode 6: 810 Light-enitting
di ode 7: 8Bightraiitihgwisdecd: 70be |ight-enmitting diodes lay in the range of from

| to 10 . The spegctr. position of the radiation emtted by the

i ndi vi dum'gﬁgﬂpiﬂm‘f‘?q%n‘ga’épodes, relative to the absorption spectrum of

t he ant hr apightemnigingyiodeoR@edi ng to Exanple 1, is schematically shown in
Figure 2 wth the ai f t marked triangles, the ordinate values not
bei ng %@eﬁ'ﬂF@ﬂ“‘ﬁlﬁ‘ﬂt‘ﬁ‘éﬁ.agsThe ant hr aqui none dye according to Exanple 1 was
di ssol ved wghterhifttigfdddeomiggg con- centrations in tol uene:

The power of the light-emitting diodes lay in the range of from 1 to 10 mW.

15 The speciral position of the radiation emitted by the individual light-emitting diodes,
relative to the absorption spectrum of the anthraquinone dye according to Examplé 1,
is-schematically shown in Figure 2 with the aid of the marked triangles, the ordinate
values not being specified further. | |

20" The anthraquinone dye according to Example 1 was dissolved with the following con-

centrations in toluene:

Weigh-in
(ppb by weight)
8877.0
3548.2
1563.7
846.4
470.2
337.9
272.6
154.6
89.3
446




Weigh-in (ppb by wei ght) T8877.0 3548 0 TISEE T SAS A ATOTTT IO
272.6 154.6 89.3 44.6 PF 55764 DE 15 If the weighed-in concentrations are
respectively plotted linearly against the correlation- analytically

det er mi nedPEShe@hPEat i ons (ppb by wei gH), then the straight line with a
high correlation factor is obtained as shown in Figure 3. 5 The

Iogarlthmc | ogarithmc plot in Figure 4 shows that the correlation

“conti nues ¥ Keoveighrs-in spprenyighons:ag egasgtivabi Rjaksd linserly parinstdhe Ferseiatiane

obt ai ned Vaddytichify FASHIRRASIHESRAbNS By ight) e s es of
Exanpl es 2 tdc[)y 111%/ wi th lcorrpar abl e rfgo%rnlﬁcpleﬁ!‘ntyr atll ojr:s ?{r}htgg ﬂ'ghn%%”tor?é{v\hl ch rea-

10 son it high EWFRJMQ?W”P@%VW%%WM%B@HW $g presentation of the
nmeasurenent results. Once the identity of a conpound has been ascertai ned,
t he met hod_according to the invention makes possible to determ ne nmuch

smal | er® cofidRgarbmisriaaasithmisiniot inigeiaishawshatihe saveatioreratinegsdieta oscopi ¢

measur enenhe iokwr Bab r&ye’ BY @kigpf. anal ysis of a cationic cyanine dye in
absorption

Similar results were obtained with the same measurement setup for the anthraquinone
dyes of Examples 2 to 11 (with comparable concentrations in toluene), for which rea-

10 sonitis unnecessary to give a corresponding presentation of the measurement results.

Once the identity of a compound has been ascertained, the method according to the
invention makes possible to determine much smaller concenirations of this compound
than a conventional spectroscopic measurement.

15
B2) Correlation analysis of a cationic cyanine dye in absorption

Figures 5a to 5e show the absorption spectra obtained with a dilution series of a cati-
onic cyanine dye. The abscissa value range in Figures 5b to 5e corresponds to that in
20 Figure 5a. The abscissa legend is therefore omitied from the former. The relative con-
centrations were 1.0 (Fig. 5a; relative extinction at the absorption maximum: E = 1), 0.1
(Fig. 5b; relative extinction at the absorption maximum: E = 0.1), 0.01 (Fig. 5¢; relative
extinction at the absorption maximum: E = 0.01), 0.002 (Fig. 5d; relative extinction at
the absorption maximum: E = 0.002) and 0.001 (Fig. 5e; relative extinction at the ab-
- 25 sorption maximum: E = 0.001). Although the absorp’uon by the dye can still be detected
in the spectra of Figures 5a to 5¢, Figures 5d and 5e reach or fall below the detection

timit.

Figures 6a to 6e show the correlation functions corresponding to the spectra in Figures
30 5ato Se. Since the ordinate énd abscissa value ranges in Figures 6b to 6e correspond
to those in Figure 5a, the axis legends are omitted from the former. The correlation
values K(dA,c',c) lie in the range of from about -0.001 to about 0.001, but can be con-
verted into any other vaiue range, for example from 0 to 1, by shifting parallel to the
ordinate and changing the scale.
35



Figures 5a to 5e ShOM/the absorptlon spectra obtained With a dilution series
of .a cati- onic cyanine dye. The abscissa value range in Figures 5b to 5e
corresponds to that in 20 Figure 5a. The abscissa legend is therefore
onitted frBmMS5Ke4 PErner. The rel ative c¢i®n centrations were 1.0 (Fig. 5a;
relative extinction at the absorption maximum E = 1), 0.1 (Fig. 5b;

relative extinction at t sorption maximum E = 0.1 0.01

e O et oot M oIR8 el o pE amers ooy Fpsmbel o 5.
rel ative egd.imohéftidnad ab@\keetraab@ﬁfemﬂbﬁ@hwlrnmgmre%eﬂf@r&élsbs.ﬁ\me@m@01 (Fig.
5e; relative extinction at orption maxi num E = 0.001). Although

t he absor ptGNGAME R eIty Qgéh‘? %Ctmr?qunsiemstsm in the spectra of Figures
5a to 5c, Figures 5d and 5e reach or fall below the detection limt.
Figures 6a to 6e show the correlation functions corresp ondln%:to the spectra

in Fi gut eslt shpyldglsp hespentianerberediaat gl diaveqresiation fandiens Shpwrdn fddyrghgas in

Figures 6blge £8 baeed &8I ¢he hBaddidRent. M e BEsRIrafents Bfe M¥a& coRERIIE are

omtted fromthe former. The correlation values K(JA c',c) lie in the range
of from abgeatedlyean !@\@erdqgagent@ngmof thadye andiee E@ﬁsurﬁ@ﬁf‘@@'W%@t@ﬂ?d ot her
val ue 1 anggre Jiba B ATBh el @B AoLe rolio B pRflinbidvBd shRiAeahichRatdiein ey di nat e
and changi ng the scal DE 16 The step profile typical of the
correlatldﬁ”ﬁuﬁ@ﬂﬂﬁﬂﬁ@&hmﬁéC@@EWOQUQQWHWp“We¢|gures 6a to 6d. As mentioned
above, the correlation showm in Figure 6e offers a positive result
concerning the identity of the conmpound being studied. 5 It should al so be
mentioned here that all the correlation functions shown in Figures 6a to 6e
are based on just one neasurenent. |f the measurenents are in fact carried
out repeatedly with | ower concentrations of the dye, and the measurenent

val ues obtained are added up, then the signal/noise ratio can be inproved
so that the information in the <correlation graphs is also correspondingly

i mproved.



it it PF 55764 DE 17 Patent Clains 1. A nethod for determning the identity
or non-identity of at |east one chem cal conpound V honobgeneously

di stri but egrigs7aamedi um by -5 a) exposi{y the medi um containing at |east one
honmogeneously distributed chem cal conpound Vto analysis radiation with a
vari abl e wavel ength A, and 10 b) determi ning the spectral neasurenent
function | Patgniv@laimg he ai d of the absorbed, reflected, emtted and/ or
scattered radiation, wherein a correlation function K(dA c',c) is determ.ned
according to Equation I K(SA,c',c) = 1/NTf I'"(Ac' )I(A+tSA c)dA (1) 15 in

whi ch K(JA1C', O riiaR&d %dé@ﬁnlﬁﬁpﬁﬁé %lbhﬂ’t? ogtﬁ@@mhng oPHt 1BE& dnBlcAbig Shi Tt 6A

of the functlons ' (A, C he conCentrations ¢’ and c of the
at | east one ch%?ﬁ‘lé%ndé{)ﬁﬁ@eﬁ@ﬂe@é!ﬁ'ﬂ tnbgbectrn afepditEs bY he concentration of
the at 4east one chemical conpound V honbgeneously distributed in the
medium wth a known or suspected identity, 25 ¢ denotes the concentration
of the at |eastabne SWeANg e medHporpntrinngahise voe iompgenenusiyisistablied t he

medi um wi th a  Knowthehgbbpour Ao Sndly e Rk RRn Wi JRASHRSIRBlerHNEt | On of

the at | east one
and

10 b) - determining the spectral measurement function I'(4) with the aid of the
absorbed, reflected, emitted and/or scattered radiation,

wherein a correlation function K(dA,c’,c) is determined according to Equation |
K(64,c,c) = 1IN j PACYIA+A YA )

15 in which

K(dA,c',c) denotes the cdrreiation depending on the relative shift A of the
| functions I'{A,¢’) and 1{A,c) and the concentrations ¢’ and ¢ of the
at least one chemical compound V' and V,
- 20
c -~ denotes the concentration of the at ieast one chemical
compound V' homogeneously distributed in the medium, with a
known or suspected identity,

25 c denotes the concentration of the at least one chemical
compound V homogeneously distributed in the medium, with a
known identity,

I'AC) denotes the measurement function of the at least one
30 homogeneously distributed chemical compound V' in a medium

containing the concentration ¢’,

A,c) denotes the comparison function of the at least one
homogeneously distributed ehemical compound V in a medium

35 ' containing the concentration c,



it e

30 honogeneousl y di st ri but ed chem cal conmpound V in a nedium contalning the
concentration c¢', I(A c) denotes the conparison function of the at |east one
honogeneously distributed chem cal conpound V in a nmedium 35 containing the
concent r atRoAST4 PE 55764 DE 18 and N18enotes a normalization factor 5 and
identity or non-identity between the conmpounds V and V is determned with
the aid of the correlation function K(6A c',c). 2. The nethod according to
claim| when us¥lf in order to determine the identity or non-identity of  at

| east one chem cal corrpound V honogeneously distributed in. 10 a liquid or
solid nedium 3. The neth d accordin | aim 1 when used in order to
deternmine the i'lentity or enﬁ@ﬁ%%’ﬁ'ﬁ 4‘5\}‘0'8)? aclyr | east one chenical conpound V
honbgeneously distributed in a liquid nmedium 15 4. The nmet-hod according to
claim 3 wherein th quid mediumis a mneral oil. he met hod accordi ng

to clai’m 4 \Aheraéidrﬁ%fwa/ ertnqnéa%ﬁf'tsbfe@wemﬁem@mmuatﬁmvtwVetdqt%rmedow
conpound V ar e thagigiohthesdbpelzA08 Amcliod kaneepl oils. 20

2, The method according to claim 1 when used in order to determine the identity or
non-identity of at least one chemical compound V' homogeneously distributed in
10 a liquid or solid medium.

3. The method according to claim 1 when used in order to determine the identity or
non-identity of at ieast one chemical compound V' homogeneously distributed in
a liquid medium.
15
4. The method according to claim 3 wherein the liquid medium is a mineral oil.

5. The method according to claim 4 wherein the at least one compound V and the
at least one compound V' are tagging substances for mineral oils.
20



