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Description

[0001] The present invention relates to a method for the identification of a substance in a sample according to Claim
1 as well as to a computer program product, containing instructions suitable for executing such a method, according to
Claim 8. In the field of nuclear magnetic resonance spectroscopy (NMR spectroscopy) the problem has existed for
decades that it is not possible to perform an automatic identification of substances contained in a sample with the help
of a measured NMR spectrum. Rather, even today NMR spectra still have to be evaluated with great effort by hand in
order to be able to identify the substances measured by means of NMR spectroscopy. The success of the identification
here depends significantly on the technical expertise of the person performing the manual substance identification.
Moreover, the complexity of the composition of the sample which is measured by NMR spectroscopy is also important.
In this way, the individual components of a complexly composited sample can generally not be unequivocally, quickly
and simply identified with the help of a joint NMR spectrum.

[0002] Protons and other NMR-active nuclei, such as for example 15N or 13C, basically produce a defined NMR signal
in a defined chemical environment (that is in a specific molecular group of a molecule). Thus, each substance has an
individual NMR fingerprint. However, these NMR fingerprints strongly vary depending on the pH value, the temperature,
the field strength, the salt concentration and many other parameters. Moreover, the individual NMR fingerprints of different
substances contained in a sample often overlap to form complex patterns, from which the individual NMR fingerprints
can no longer be readily isolated.

[0003] As aresult, it has hitherto not been possible to take into account all these factors when it comes to the complex
compositions of many substances or to store the various influences of the aforementioned parameters on the individual
substances in a database. Because for this purpose extensive series of measurements with various pH values, temper-
atures, salt concentrations and other parameters would have to be measured for each individual substance. Moreover,
it would have to be taken into account that the behaviour of a substance can change depending on the presence of other
substances.

[0004] DE 102010038014 A1 describes a method for characterizing a sample comprising the following steps: providing
at least one analysis result having a plurality of values, wherein the analysis result was generated by the analysis of a
sample by at least one analysis method; determining the value of at least one mathematic relation between at least two
values of the plurality of values; generating a characterizing signature of the sample on the basis of the value of the at
least one mathematic relation. Thus, this method is directed to characterize a sample - i.e. a complex mixture of different
substances - as such. In doing so, it is not relevant to identify the individual substances contained in the sample - this
explicitly stated on several passages of DE 10 2010 038 014 A1.

[0005] EP 2 161 587 A1 describes a method for automatic analysis of NMR spectra that makes use of a parameter-
free interpretation system imitating human logic. This method extracts information from an NMR spectrum in a similar
manner like human experts would do this. Thereby, different expert systems are combined which provide distinct NMR
spectral features as well as features of a proposed chemical structure. After several iterative method cycles a list of
probability weighted hypotheses is generated.

[0006] Vuetal.:"Anintegrated workflow for robust alignment and simplified quantitative analysis of NMR spectrometry
data", BMC Bioinformatics 2011, 12: 405 describe a classical adaptation method for spectra during which a reference
spectrum is adapted onto a sample spectrum by modification. In doing so, an algorithm is used which is based on a
hierarchical cluster-based peak assignment. This method is strongly dependent on the measurement conditions under
which the NMR sample spectrum and the NMR reference spectrum have been recorded.

[0007] The object underlying the present invention is to specify a method with which an automatic substance identi-
fication for an NMR spectrum can be performed. This method shall here be suitable for NMR spectra which have been
recorded under the most various basic conditions.

[0008] This object is achieved by a method having the features of Claim 1. Such a method for the identification of a
substance in a sample has the subsequently explained steps.

[0009] First, an NMR spectrum of a sample containing at least one substance having at least one NMR-active nucleus
is provided. Suitable NMR-active nuclei are for example H, 13C and 15N.

[0010] Afterwards, a line separation of the NMR spectrum takes place. That is, the NMR spectrum is split into discrete
spectral values. Such a spectral value can for example be a spectral line corresponding to an individual NMR-active
chemical group. Each spectral value here has an integral value and a position value. The integral value specifies the
height of an individual line of the NMR spectrum or the height and/or the area of an individual spectral section of the
NMR spectrum, whereby each individual spectral section comprises one or multiple lines of the NMR spectrum. The
integral value thus comprises information on the intensity of the line considered or of the considered spectral section or
consists of this intensity information. Each position value specifies the position of the line considered or of the considered
spectral section in the NMR spectrum. The position values are here a measure for the magnetic shielding of individual
molecular groups/atoms in the entire molecule of the substance contained in the sample. The integral values are a
measure for the number of individual molecular groups/atoms in the NMR spectrum.
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[0011] As position, usually the central position of the line considered or the mean position of the considered spectral
section is used here. In technical terms such a spectral section is also referred to as "bin". The separation or the cutting
of an NMR spectrum into various discrete spectral sections, in each case comprising one or multiple lines, is hence also
known to a person skilled in the art under the technical term "to bin".

[0012] The line separation can basically take place according to methods generally known to a person skilled in the
art. Basically, any method suitable for extracting information about individual molecular groups or atoms from an NMR
spectrum can be employed. The line separation specified in this case tries to illustrate an NMR spectrum as an overlapping,
as perfect as possible, of Lorenz curves (or of a sum of Lorenz and Gauss curves). The objective pursued here is to
preferably allocate a defined integral value and a corresponding position value to each individual NMR-active group
after the line separation. Thatis, preferably each line of the NMR spectrum is separated from each other line of the NMR
spectrum.

[0013] Afterwards, on the basis of in each case at least two integral values of the NMR spectrum a multitude of integral
ratio values is calculated. Preferably, each individual integral value of the NMR spectrum is set off against every other
integral value ofthe NMR spectrum. Each integralratio value here specifies the ratio of the integral values of the underlying
spectral values. When, for example, 20 spectral values with 20 integral values are obtained by the line separation and
subsequently in each case exactly two integral values are set off against each other to form an integral ratio value, 20
x 20 = 400 integral ratio values are obtained. 20 of these integral ratio values have a value of 1 (division of the same
integral values by each other) and are preferably not taken into further account as integral ratio values because they
contain no relevant information.

[0014] Moreover, a multitude of distance values from in each case at least two position values of the NMR spectrum
is calculated. Preferably, in this case also, setting off each individual position value of the NMR spectrum against every
other position value of the NMR spectrum takes place. Each distance value here mirrors the spectral distance between
the underlying spectral values. When, according to the example above, 20 spectral values and correspondingly also 20
position values are obtained and in each case exactly two position values are set off against each other, thus 20 x 20
= 400 distance values are obtained. 20 of these distance values have a value of 1 (division of the same position values
by each other) and are preferably not taken into further account as distance values because they contain no relevant
information.

[0015] The distance values are calculated as direct differences of the position values, as standardized differences of
the position values or as quotient of the position values. Taking into account absolute position values, one can work with
the direct differences of resonance frequencies (v,=T+Av,). T here refers to the carrier frequency (also referred to as
operating frequency or proton resonance frequency) of the NMR spectrometer used. Ay, refers to the natural frequency
share of the respective signal appertaining to a substance A.

[0016] Alternatively, the use of standardized differences of resonance frequencies is recommendable for calculating
the distance values, wherein the position values are then no longer expressed in Hz but in ppm. Finally, unequivocally
determining the distance of two peaks or lines from each other is also possible via forming a quotient. An unequivocal
allocation of distance via ratios is possible in this case because the carrier frequency is much greater than the natural
frequency shares of the individual signals (T >> Av).

[0017] The distance value is a measure for how far individual lines of the NMR spectrum are distanced from each
other. When the distance is small, the lines lie close to each other. When the distance is great, the lines are far apart.
The distance value can be given in various units such as for instance Hz or ppm.

[0018] In the claimed method a comparison of the calculated integral ratio values of the NMR spectrum with corre-
sponding integral ratio values of an NMR reference spectrum now takes place. The NMR reference spectrum here is
an NMR spectrum of at leastone reference substance. For the calculation of the integral ratio values of the NMR reference
spectrum, one preferably proceeds analogously to the calculation of the integral ratio values of the examined NMR
spectrum. That is, first, particularly a line separation is performed to obtain integral values of multiple, preferably of all,
spectral values.

[0019] After comparing the integral ratio values, a selection of a first proper subset from the integral ratio values of
the NMR spectrum takes place. The first subset here comprises those integral ratio values which correspond to an
integral ratio value of the NMR reference spectrum within first tolerance limits that can be given in each case. Whether
there is a correspondence or not basically depends on the respective individual case, wherein factors such as for example
the number of lines in the considered NMR spectrum, their distance from each other and the absolute value of the
considered integral ratio values have to be taken into account. That is, the quality of the data which is to be compared
with each other is one of the decisive factors for whether there is a correspondence or not. With high-quality data to be
compared (few interferences, small measurement errors, a good signhal-to-noise ratio, lines which can well be separated
from each other, significant integral ratios etc.) the tolerance limits are to be set lower than with lesser-quality data.
Preferably, the tolerance limits or the still permissible errors are selected in such a way that no right candidates are
excluded by mistake. That is, false negative results shall be avoided.

[0020] Forexample, when all integral ratios with the exception of one integral ratio value of an NMR reference spectrum
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fall within the range of about 1 and the only remaining integral ratio value lies in the range of 10, there can be a
correspondence when in the NMR spectrum of the sample likewise all integral ratio values but one integral ratio value
fall within the range of about 1 (and have no relevant deviations from the integral ratio values of the NMR reference
spectrum) and the remaining integral ratio value is 20. On the other hand, such a deviation of 100 % can no longer be
classified as correspondence in other case constellations with less significant integral ratio values.

[0021] In other words, the decision whether there is a correspondence or not takes place with the help of individual
criteria. Preferably, these criteria are determined according to whether a known substance inan NMR spectrum is actually
identified as this substance when a comparison of the NMR spectrum of a sample containing this substance with an
NMR reference spectrum of this substance takes place.

[0022] Preferably, it is proceeded on the assumption that there is a correspondence when an integral ratio value of
the NMR spectrum deviates from an integral ratio value of the NMR reference spectrum by 100 % or less, particularly
50 % or less, particularly 40 % or less, particularly 30 % or less, particularly 20 % or less, particularly 15 % or less,
particularly 10 % or less, particularly 5 % or less, particularly 4 % or less, particularly 3 % or less, particularly 2 % or
less, particularly 1% or less and very particularly 0.5 % or less. A respective particular deviation of a corresponding
integral ratio value of the NMR reference spectrum can here be taken as a basis for each integral ratio value of the NMR
spectrum to be compared. Ideally, there is a correspondence in the case when an integral ratio value of the NMR
spectrum is identical to an integral ratio value of the NMR reference spectrum. In the scope ofthe respective measurement
accuracies, however, usually at least the previously mentioned tolerances have to be taken into account.

[0023] Inthe scope ofthe method claimed a comparison of the distance values of the NMR spectrum with corresponding
distance values of the NMR reference spectrum also takes place. The distance values of the NMR reference spectrum
here are preferably calculated in the same manner as the distance values of the NMR spectrum of the examined sample.
[0024] Comparing the distance values serves to select a second proper subset from the distance values of the NMR
spectrum. The second subset here comprises those distance values which correspond to a distance value of the NMR
reference spectrum within second tolerance limits that can be given in each case. Preferably, it is proceeded on the
assumption that there is a correspondence here under the same prerequisites which were explained with reference to
the comparison of the integral ratio values. Expressed in relative errors, itis then preferably proceeded on the assumption
that there is a correspondence when the deviation between a distance value of the NMR spectrum and a distance value
of the NMR reference spectrum is 100 % or less, particularly 50 % or less, particularly 40 % or less, particularly 30 %
or less, particularly 20 % or less, particularly 15 % or less, particularly 10 % or less, particularly 5 % or less, particularly
4 % or less, particularly 3 % or less, particularly 2 % or less, particularly 1 % or less and very particularly 0.5 % or less.
In this case also, a respective particular deviation from a corresponding distance value of the NMR reference spectrum
can be taken as a basis for each distance value of the NMR spectrum to be compared. Preferably there is a correspond-
ence between the distance values in the case when a distance value of the NMR spectrum is identical to the distance
value of the NMR reference spectrum. But in this case also, in the scope of the measurement accuracy usually at least
the aforementioned tolerances have to be taken into account.

[0025] When the first subset and the second subset are formed, they are compared with each other. Afterwards, all
those integral ratio values and distance values are selected from both subsets which are based on the same spectral
values. This selection represents a third proper subset.

[0026] As an example, for a more detailed explanation the following case constellation is assumed: The first subset
contains a first integral ratio value formed from the integral values of a first and a second spectral value. The first subset,
moreover, contains a second integral ratio value formed from the integral values of a third and a fourth spectral value.
The second subset contains a first distance value formed from the first spectral value and the second spectral value.
The second subset, moreover, contains a second distance value formed from a fifth spectral value and a sixth spectral
value. Then the first integral ratio value and the first distance value would be formed from the same spectral values,
while the second distance value would be formed from spectral values from which no integral ratio value in the first
subset would be formed. In this example the third subset will thus consist of the first integral ratio value or the first
distance value. The second integral ratio value and the second distance value, however, would not be contained in the
third subset. The third subset thus represents an intersection between the first subset and the second subset.

[0027] Finally, a quality criterion of the values contained in the third subset is determined, said criterion resulting from
acomparison of these values with the integral ratio values and/or with the distance values ofthe NMR reference spectrum.
With the help of this quality criterion a decision can then be made as to whether the substance contained in the sample
is identified as the reference substance or not.

[0028] The quality criterion can for example comprise or be a measure for the deviation of the integral ratio values of
the NMR spectrum from the integral ratio values of the NMR reference spectrum and/or for the deviation of the distance
values of the NMR spectrum from the distance values of the NMR reference spectrum.

[0029] Theaboveexplained steps of comparing the integralratio values, selecting afirst subset, comparing the distance
values, selecting a second subset, comparing the first subset with the second subset and deciding whether the substance
contained in the sample is identified as reference substance are repeated so often until all the substances contained in
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the sample have unequivocally been identified with the help of the reference substances or else there no longer are
further NMR reference spectra. Here, in each step of the repetition, another NMR reference spectrum of another reference
substance is used for the respective comparative purposes. In this manneritis possible to allocate the various substances
contained in the sample to different reference substances by a corresponding iterative method. The only prerequisite
for this is that there already are NMR reference spectra for the individual reference substances. The NMR reference
spectra can be generated by measurement, by simulation or by other methods. These NMR reference spectra are
preferably stored in a database.

[0030] In a further embodiment the quality criterion can comprise or be the number of values contained in the third
subset in comparison with the number of integral ratio values or distance values of the NMR reference spectrum. When,
to calculate the integral ratio values and the distance values, in each case the same number of spectral values is used,
the number of integral ratio values and the number of distance values are identical. When the calculation of the integral
ratio values is, for example, based on, in each case, exactly two spectral values or on the integral values allocated to
these spectral values, n? integral ratio values are obtained when there are n spectral values. Of these n? integral ratio
values nintegral ratio values have exactly a value of 1 (division of two identical integral values by each other). Preferably,
these integral ratio values as also the corresponding distance values are not taken into account when determining the
number of integral ratio values or distance values. This rule applies both for the considered NMR spectrum of the analyzed
sample and for the NMR reference spectrum.

[0031] When the number of values contained in the third subset is identical to the number of integral ratio values or
distance values of the NMR reference spectrum or when it exceeds them by at least a lower threshold which can be
predetermined, the substance contained in the sample can in one embodiment be identified as the reference substance.
When, however, the values contained in the third subset are significantly less than integral ratio values or distance values
comprised in the NMR reference spectrum, the substance contained in the sample can in one embodiment not be
identified as the reference substance. Depending on the number of values contained in the third subset, however, for
example the statement can be made that the substance contained in the sample is at least not the reference substance.
In order to be able to unequivocally identify the substance contained in the sample in such a case, some of the afore-
mentioned steps of the method should be performed again preferably with a new NMR reference spectrum.

[0032] Inorder to notdistort the informative value of the number of integral ratio values or distance values of the NMR
spectrum, the integral ratio values and the distance values of the NMR reference spectrum should be calculated in each
case from the same number of spectral values (e.g. in each case exactly two spectral values) as the integral ratio values
and the distance values of the NMR spectrum of the examined sample.

[0033] The quality criterion can preferably take into account various parameters. Itis thus conceivable that, when there
is little correspondence between the number of values of the third subset and the number of integral ratio values or of
distance values of the NMR reference spectrum, a substance identification nevertheless takes place when at the same
time only a small deviation between the compared integral ratio values and/or distance values has been ascertained.
By the same token, greater deviations of the compared integral ratio values and/or distance values can be compensated
for when there is a higher correspondence between the number of values of the third subset and the number of integral
ratio values or distance values of the NMR reference spectrum. The quality of the values of the third subset can thus
take into account qualitative and quantitative aspects of the values.

[0034] The present method is based on measuring two properties of a molecule which are independent of each other
with the same measuring method. Herein, on the one hand, it is the number of the molecular groups and their proton
ratios in the entire molecule to which said number of molecular groups and their proton ratios an NMR signal can be
allocated. This property is expressed by the integral value. On the other hand, here itis the magnetic shielding of individual
molecular groups in the entire molecule. This property is expressed by the position value of each spectral value.
[0035] What is special about the present method is that it can be performed independently of the respective meas-
urement conditions. That is, otherwise most critical parameters such as for instance the pH value, the temperature, the
salt concentration or the magnetic field strength, under which an NMR measurement is performed, are practically no
longer of importance for the evaluation and can be processed automatically. It is also possible that the NMR reference
spectrum has been recorded with other parameters than the NMR spectrum of the sample containing the substance to
be identified. That ensures a global applicability of the present method independent of individual instruments. Applying
the presently claimed method, an unequivocal identification of a substance in a sample by means of NMR spectroscopy
can thus take place by means of a database, set up once, with NMR reference spectra of reference substances.
[0036] Alternatively, a substance can also be identified by means of its molecular structure based on theoretical
foundations insofar as individual molecular groups of this substance have been identified by the present method.
[0037] Auser’sinterventioninthe methodis notrequired here. Rather, the method can be performed fully automatically,
so that an automatic or automated substance identification is possible even in complex substance mixtures.

[0038] Although the NMR reference spectrum can be a spectrum of different substances, in a preferable embodiment
of the method the NMR reference spectrum is a spectrum of exactly one individual reference substance.

[0039] In one variant the substance contained in the sample is then identified as the reference substance, when at
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least 60 % of the integral ratio values or of the distance values of the NMR reference spectrum are contained in the third
subset. In further preferable embodiments a value of 70 %, particularly 75 %, particularly 80 %, particularly 85 %,
particularly 90 %, particularly 95 % and very particularly 99 % is selected as lower threshold value for the unequivocal
identification of the substance as reference substance. In a further preferable embodiment of the method the substance
is unequivocally identified not to be the reference substance when less than 40 %, particularly less than 30 %, particularly
less than 20 %, particularly less than 10 % and very particularly less than 5 % of the integral ratio values or of the distance
values of the NMR reference spectrum are contained in the third subset. As explained above, the aforementioned limits
can be exceeded upwards or downwards insofar as, when it comes to the quality criterion, additional information about
the values of the third subset is taken into account.

[0040] Theaforementionedindividual steps ofthe method here do not necessarily have to be performed in the previously
explained sequence. Rather, for example, comparing the integral ratios and selecting the first subset could take place
directly after determining the multitude of integral ratio values. Equally, for example, comparing the distance values and
selecting a second subset could take place directly after determining the multitude of distance values. For a person
skilled inthe artit goes without saying that the step of comparing the first subset with the second subset can be performed
only when the first subset and the second subset have been formed.

[0041] The distance values can basically be determined by any suitable method which permits characterizing the
resonance properties of the spectral values considered.

[0042] Inone variantthe integral ratios are formed from in each case exactly two integral values of the NMR spectrum.
Alternatively, or supplementary to this, preferably the distance values are also calculated in each case from exactly two
position values of the NMR spectrum. When there are n different lines of a substance A, there are (n2-n)/2 relevant
integral ratios between in each case two lines and exactly as many relevant distance values between in each case two
lines. Based on n2 integral ratios or distance values preferably n values having a value of 1 are subtracted, according
to the considerations explained above. The subsequent division of the remaining group of values is divided by 2, as half
of the respective values corresponds to the reciprocal value of the other half of the values. Consequently, the number
of relevant integral ratio values or distance values is only less than half the number of all the integral ratio values or
distance values. The distance values can also be referred to as peak distances or line distances.

[0043] The use of exactly two integral values or of exactly two position values to determine corresponding integral
ratio values or distance values has the advantage that in this case the information contained in the integral ratio values
and distance values is not too complex, but can still be attributed to the underlying spectral values in a comparably
simple manner. This facilitates performing the method.

[0044] In a further variant the substance contained in the sample is not only qualitatively identified as a specific
substance, but is also quantified. That is, in this variant the concentration of the substance contained in the sample is
detected. In order to permit such a quantification, the substance first must have been identified in a qualitative manner.
When this has taken place, it is also known which NMR reference spectrum can be used to quantify the substance
contained in the sample. Now, for example, an integral value of the NMR spectrum can be compared with a corresponding
integral value of the same spectral value of the NMR reference spectrum. Insofar as the concentration of the substance
underlying the NMR reference spectrum is known, the concentration of the substance in the sample can be determined
in this manner. For when the proton concentration for an integral value is known, all other integral values can then be
converted into proton concentrations from this. When a molecular group is allocated to an integral value or to the
corresponding spectral value, its concentration can be calculated from this.

[0045] Inorderto enhance the measurementaccuracy it can be recommendable here to compare notonly an individual
integral value of the NMR spectrum with a corresponding individual integral value of the NMR reference spectrum, but
also to compare all the integral values of the NMR spectrum characteristic of the respective considered substance with
corresponding integral values of the NMR reference spectrum. Ideally, one should be able to detect the same concen-
tration of the respective considered substance from all spectral values or the corresponding integral values of the spectral
values of the NMR spectrum. Actually, however, due to the measurement accuracy smaller deviations between the
determined concentrations based on different integral values can be detected, which said deviations can be illustrated
in a normally distributed frequency distribution.

[0046] In order to be able to perform the conventional evaluation methods according to prior art in as simple a manner
as possible, one usually works with decoupled NMR spectra. The present method can also be performed on the basis
of decoupled NMR spectra. This is, however, not required. Rather, non-decoupled NMR spectra can also be used in
order to be able to perform a substance identification according to the present method. In a preferable variant the method
is first performed by using a decoupled NMR spectrum. If, in this manner, an unequivocal substance identification of the
substances contained in the sample was not yet possible, the method is afterwards performed again by using a non-
decoupled NMR spectrum of the same sample. Although non-decoupled NMR spectra are more complex and hence
are more difficult to evaluate according to the traditional methods, it has to be taken into account that they contain more
information than decoupled NMR spectra. Thus surplus information can, in a preferable manner, be made use of in the
present method to be able to surely and successfully perform a substance identification even in more difficult cases.
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Preferably, when a decoupled NMR spectrum is analysed a decoupled NMR reference spectrum is employed also.
Preferably, when a non-decoupled NMR spectrum is analysed a non-decoupled NMR reference spectrum is employed
also.

[0047] The object underlying the present invention is also achieved by a computer program product comprising in-
structions for carrying out the steps of a method according to the previous explanations when the computer program
product is run on a computer. Such a computer program product (or software) represents the technical solution to the
hitherto unsolved technical problem of how to be able to automatically identify different substances contained in a sample
as specific substances on the basis of an NMR spectrum. As, to run this software, it is not required to hold available
extensive databases with NMR spectra which have been recorded under various conditions, the computational effort
when using a corresponding software is reduced considerably. In a very advantageous manner resources, time and
money can thereby be saved using a corresponding substance identification. Furthermore, an automatic substance
identification in this manner becomes available for NMR spectra measured under various conditions and on various
instruments.

[0048] The present invention will now be further explained with the help of drawings and examples. In the figures:

Figure 1 shows an NMR spectrum of a substance A;

Figure 2 shows a graphic illustration of two lines of an NMR spectrum to illustrate the calculation of distance values;

Figure 3 shows a comparison of an NMR spectrum of a sample with the NMR spectrum of the substance A from
Figure 1;

Figure 4A  shows an NMR spectrum of a composite sample B1 without adenosine;
Figure 4B shows an NMR spectrum of a composite sample B1 with adenosine and

Figure 5 shows a graphic illustration of the frequency distribution of the adenosine concentration, detected on the
basis of the NMR spectrum of Figure 4B.

[0049] The subsequent explanation of the figures is to be understood as exemplary embodiment of the presently
specified method, wherein individual steps of the method will be addressed in more detail than others.

[0050] Figure 1 shows an NMR spectrum of a substance A serving as reference substance. The spectrum shows the
intensity, plotted against the chemical shift (measured in ppm), of the individual signals. The spectrum of Figure 1 has
five lines or peaks P1, P2, P3, P4 and P5. Each individual peak of these peaks is characteristic of a molecular group in
the entire molecule of substance A. As the individual peaks of the NMR spectrum of Figure 1 are well separated from
each other, no special line separation needs to be performed. Rather, the spectral values of the individual peaks can
be deduced directly from the NMR spectrum. Each spectral value consists of an integral value, specifying the area under
the individual peaks, and a position value, specifying the chemical shift of the respective considered peak. The subsequent
table 1 lists the individual integral values and position values of the five spectral values contained in the NMR spectrum
of substance A.

Table 1: Integral values and position values of the individual peaks contained in the NMR spectrum of substance A

Peak Position Integral Width
P1 0.151 0.826 0.0010
P2 0.200 1.019 0.0011
P3 0.251 1.249 0.0009
P4 0.362 1.178 0.0009
P5 0.481 0.789 0.0012

[0051] As already explained, when there are n different peaks of a substance A there are (n? - n)/2 relevant integral
ratios and peak distances or distance values. The distance values can be calculated either (i) as direct differences of
resonance frequencies or (ii) as standardized differences of resonance frequencies or (iii) as ratios - by using resonance
frequencies written in relation to the carrier frequency -, depending on which scaling is used.

[0052] Figure 2 illustrates the various calculation methods for determining the distance values from the position values
of the individual peaks of an NMR spectrum. While axis 1 specifies a scaling in Hertz (Hz), axis 2 shows a scaling in
ppm. On the basis of the Hertz scaling, direct differences of individual resonance frequencies or quotients of the resonance
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frequencies can be formed. On the basis of the ppm scale, standardized differences of resonance frequencies can be
detected.
[0053] The three possibilities of calculating the distance values are subsequently illustrated again by corresponding
formulae:

(i) direct differences (axis 1): (T + AVb )_(T + Ava ) = Avb _AVa =V, -V, [HZ]

vV, =V vV, =V vV, =V
(ii) standardized differences (axis 2): [ b TSP j—[ a TSP ] =_b ‘a [ppm]

T T T
(iii) distance as quotient (axis 1): V_b = m (T >> AV b)
v, T+Av, :

[0054] Now, on the basis of table 1 first all possible integral ratios, in each case from two integral values, are formed.
That is, each integral value is divided by every other integral value. The corresponding calculation basis as well as the
concrete results for the integral values of table 1 are illustrated in the subsequent table 2.

Table 2; Basis of calculation of calculating integral ratio values from integral values and corresponding results for the
integral values of table 1.

Integral " 12 13 4 15

" 111 11712 11713 11/14 11/15
12 12/ 12112 12/13 12/14 12/15
13 1311 13112 13/13 13/14 13/15
4 1411 14712 14/13 14/14 14/15
15 15/11 1512 15/13 15/14 15/15

Integral 0.83 1.02 1.25 1.18 0.79

0,83 1.00 0.81 0.66 0.70 1.05

1,02 1.23 1.00 0.82 0.87 1.29

= 1,25 1.51 1.23 1.00 1.06 1.58

1,18 1.43 1.16 0.94 1.00 1.49

[0055] Now, based on the position values of table 1 the corresponding distances of in each case two peaks are
calculated as peak distances or distance values. This is subsequently illustrated as an example according to the second
variant (distance values as standardized differences of resonance frequencies) explained above.

Table 3: Basis of calculation for calculating distance values as standardized difference of resonance frequencies and
results for the position values of table 1.

ppm o1 62 03 o4 o5

61 61-61 61-62 61-63 51-64 61-85
62 62-61 62-62 62-83 62-34 62-85
53 63-61 63-62 63-83 63-34 63-85
54 64-61 64-62 64-83 64-34 64-85
55 65-61 65-62 65-83 65-34 65-85

ppm 0.15 0.20 0.25 0.36 0.48

0.15 0.00 -0.05 -0.10 -0.21 -0.33

0.20 0.05 0.00 -0.05 -0.16 -0.28

= 0.25 0.10 0.05 0.00 -0.11 -0.23

0.36 0.21 0.16 0.11 0.00 -0.12

[0056] Alternatively, instead of the standardized differences of the resonance frequencies, quotients of the individual
resonance frequencies can also be employed to calculate the distance of in each case two peaks. The basis of calculation
for this as well as the corresponding results for the position values of table 1 are illustrated in the subsequent table 4.
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[0057] Figure 3 shows the NMR spectrum of substance A, already illustrated in Figure 1, as NMR reference spectrum
(upper curve, dashed line) as well as an NMR spectrum of a sample, referred to as test spectrum, which said sample
contains a substance to be identified (lower curve, solid line). According to the manual evaluation methods known from
prior art, one would search for the peaks contained in the NMR reference spectrum of substance A in the NMR spectrum
of the sample with the substance to be identified by means of a visual comparison. In the present case, this would indeed
still be possible due to the comparably low complexity of the NMR spectrum of the sample.

[0058] However, the present method, illustrated as an example, takes a different approach. Allocating peaks contained
in the NMR spectrum of the sample to corresponding peaks in the NMR reference spectrum of substance A thus does
not take place by means of a pattern matching. Rather, the integral ratio values and the distance values of the matrices
illustrated in tables 2 to 4 are compared with each other. For this purpose, integral ratio values for all possible integral
ratios, in each case from two integral values of the NMR spectrum of the sample, are now calculated. Additionally, all
the distance values of in each case two peaks are calculated on the basis of corresponding position values for the NMR
spectrum of the sample. This takes place in the manner already illustrated above for the NMR reference spectrum of
substance A.

[0059] Afterwards, the integral ratio values of the NMR spectrum of the sample are compared with the integral ratio
values of the NMR reference spectrum. In like manner, the distance values of the NMR spectrum of the sample are
compared with the distance values of the NMR reference spectrum.

[0060] The subsequent table 5 shows the integral ratio values of the NMR spectrum of the sample calculated in such
a way, wherein those integral ratio values which correspond to the integral ratio values of the NMR reference spectrum,
are marked.

Table 5: Integral ratio values of the peaks of the NMR spectrum of the sample with marked
correspondences to integral ratio values of the NMR reference spectrum.

Peak P1’ P2’ P3’ P4’ P5' Pe’ P7’ P8’ P9’ | P10’ | P11" | P12' | P13’ | P14’ | P15’
Int. | 0.696]0.826 | 1.019 | 0.683 | 1.626 [ 1.249 | 1.178 | 0.791 | 0.789 | 1.496 | 1.367 | 1.408 | 1.474 | 1.494 | 1.450
P1' |0.696 =F—0.843 0.683 1.019 0.428 0.557 0.591 0.880 0.883 0.466 0.509 0.494 0.472 0.466 0.480

—
P2' |10.826|1.186 EIE/ 9 1.209 0.508
- i ——
P3' |1.019|1.464 4 Z 0.627

V2
P4' ]0.683|0.981 0.827%0.420 0.547 0.580 7946 366 0.457 0.500 0.485 0.464 0.457 0.471
T == 7
P5' 11.626 (2.335 1.969 1.595 2.380 =——= 1.302 1.380 2.055 2.061 1.087 1.189/ %1.103 1.089 1.121

%
Pe6' |1.249 0By 1.579/ 0.835 0.914 0.887 0.848 0.836 0.862
1.489 /%0.788 0.862 0.836 0.799 0.789 0.813

P7' |1.178 /
635 Fb12—+— 1.003 0.529 0.579 0.562 0.537 0.530 0.546

P8' |0.791]1.136 0.958 0.776 1.158 0.487
05810 0.997 == 0.527 0.577 0.560 0.535 0.528 0.544

P9' |0.789]1.133 W/% 0.485

= % %
P10' | 1.496 [ 2.148 1.811 1.467 2.189 0.920 1.197 1.270 1.891 1.896551.094//%1.015% %1.032

= %
P11' |1.367|1.963 1.655 1.341 2.001 0.841 1.094 1.160 1.728 1.733 0.914 =—E— 0.971 0.927 0.915%
% V7 2RRE 7
P12' | 1.408 |2.023 1.705 1.382 2.061% %1.128 1.196 1.780 1.785/ //1.030% /0.972
v a V 7.
P13' |1.474|2.117 1.784 1.446 2.157 0.907 1.180 1.251 1.863 1.868 0.985 1.078/ 0.987 1.017

2 e
P14 | 1.494|2.145 1.808 1.465 2.186 0.919 1.196 1.268 1.888 1.893/ %1.093 %1.013551.030
b =
P15' | 1.450 | 2.082 1.755 1.422 2.122 0.892 1.161 1.231 1.833 1.838 0.969/ 1.029 0.984 0.971 =

0.552 0.604 0.586 0.560 0.553 0.570
0.682 0.746 0.724 0.692 0.683 0.703

[0061] A correspondence of an integral ratio value of the NMR spectrum of the sample to a corresponding integral
ratio value of the NMR reference spectrum was then assumed when the respective integral ratio values differed from
each other by less than = 0.002. The values, marked diagonally hatched in table 5, represent a first subset from the
integral ratio values. The non-significant values resulting from a division by themselves are marked by a horizontal
hatching in this table - as in all the subsequent tables also.

[0062] In the subsequent table 6 all possible distance values between in each case two peaks on the basis of the
corresponding position values of these peaks of the NMR spectrum of the sample are illustrated. As explained above,
calculating the distance values can take place on the basis of differences or quotients. Distance values of the NMR
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spectrum of the sample which correspond to distance values of the NMR reference spectrum of substance A are again
marked. It was proceeded on the assumption that there is a correspondence here when the distance values of the NMR
spectrum of the sample differed from the distance values of the NMR reference spectrum by less than = 0.005.

Table 6: Distance values between in each case two peaks of the NMR spectrum of the

sample with marked correspondences to distance values of the NMR reference spectrum.

Peak P’ | P2 P3' P4 P5' Pé’ P7 Pg' P’ | P10’ | P11' | P12' | P13 | P14’ | P15
ppm | 0.063 | 0.151 | 0.200 | 0.210 | 0.224 | 0.251 | 0.362 | 0.389 | 0.481 | 0.518 | 0.712 | 0.884 | 0.957 | 1.011 | 1.082
P1' | 0.063 == -0.088 -0.137 -0.147 / -0.188 -0.299 / -0.418 -0.455 -0.649 -0.821 -0.894 -0.948 -1.019
P2' 10.151|0.088 %/ -0.059 -0.073 / -0.238 / -0.367 -0.561 -0.734 -0.806 -0.860 -0.931
P3' 10.200|0.137 % %% -0.009 -0.024 2 -0.189 7 -0.318 -0.512 -0.684 -0.757 -0.811 -0.882
P4’ 10.210|0.147 0.053 0.009 —6— -0.014 -0.041 -0.152 -0.179 -0.271 -0.308 -0.502 -0.675 -0.747 -0.801 -0.872
P5' |0.224 / 0073 0024 0.014 =5— -0.027 -0.138 % %, 0.257 0.294 -0.488 -0661 -0.733 -0.787 -0.858
P6' |0.251|0.188 / 0.041 0.027 0.138 % -0.267 -0.461 -0.634 -0.706 -0.760 -0.831
P7' |0.362|0.299 7 0.152 /E -0.027 9 0156 -0.350 -0.523 -0.595 -0.649 -0.720
P8’ |0.389 / 0.238 0.189 0.179 0 138 0.027 =F=— -0.092 -0.129 -0.323 -0.496 -0.568 -0.622 -0.693
P9’ | 0.481 0418W//W 0.271 0.257 W/W 0.092 =F— 0037% -0.404 -0.476 -0.530 -0.601
P10’ [ 0.518( 0455 0367 0318 0308 0294 0267 0.156 0.129 0.037 EGE -0.194 -0.367 -0.439 -0.493 -0564
P11’ [0.712( 0649 0561 0512 0502 0488 0461 0350 0.323 7% y 019 =6— -0173 -0.245 -0.298 -0.370
P12' [0.884| 0821 0734 0684 0675 0661 0634 0523 0496 0404 0367 0.173 —B— -0.073 -0.127 -0.198
P13' | 0.957| 0.894 0806 0.757 0.747 0.733 0.706 0.595 0.568 0476 0.439 0245 0.073 EE%% -0.125
P14' | 1.011|0.948 0860 0.811 0.801 0.787 0.760 0.649 0.622 0530 0493 0299 O. 127 EBE -0.071
P15' | 1.082|1.019 0931 0.882 0.872 0.858 0.831 0.720 0.693 0.601 0564 0.370 0.198 0.125 0.071 ==
[0063] The distance values marked with diagonal hatching in table 6 represent a second subset of values.
[0064] Now, upon comparing the values of table 5 with the values of table 6 and filtering for all those values which

were formed from the same spectral values and are marked in both table 5 and also table 6, the result illustrated in table
7 is obtained.

Table 7: Visualization of values of the first subset and the second subset formed from the

same spectral values.

Peak
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P10'
P11’
P12’
P13’
P14'
P15’

[0065] The values marked with diagonal hatching in table 7 represent the intersection between the first subset and
the second subset and can be referred to as third subset. When all the columns and rows which are not marked are
now deleted from table 7, one can directly correlate the individual peaks of the NMR spectrum of the sample with the
individual peaks of the NMR reference spectrum. This correlation or allocation is illustrated in the subsequent table 8.

Table 8: Allocation of the peaks of substance A in the NMR spectrum of the sample to the peaks of substance A in
the NMR reference spectrum.

Peaks of substance A in the reference spectrum Peaks of substance A in the test spectrum
P1 P2
P2 P3
P3 P&’
P4 P7
P5 P’

[0066] In the present exemplary embodiment of a method for substance identification 100 % of the peaks or spectral
values of substance A in the NMR reference spectrum could therefore also be found again in the NMR spectrum of the
sample. Consequently, an unequivocal identification of a component of the sample as substance A can take place.
Insofar as the further composition of the sample shall be clarified, a further run through the previously specified method
would now have to take place, wherein then another NMR reference spectrum would be used for comparison.

[0067] Apart from a qualitative determination of the substance contained in the sample as substance A, moreover, a
quantitative statement about the concentration of substance A contained in the sample is possible on the basis of the
measured NMR spectrum.

[0068] While previously a peak from the NMR spectrum of the sample Pj was allocated to each peak of the reference

substance Pi (i=1, 2,..., 5), now from each individual one of these allocated peaks the concentration F}[;' (in mg/ml) of

substance A in the NMR spectrum of the sample can be calculated by means of the following equation, wherein Flif

(in mg/ml) is the concentration of substance A in the reference spectrum (Ref):

I(Pi
I;[mg/mi]= ; ((le.)) T [mg/mi]

[0069] Figure 4A shows an NMR spectrum of a composite sample B1 composed of seven different individual sub-
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stances. The composite sample B1 here does not contain adenosine. Figure 4B shows an NMR spectrum of the same
composite sample B1, to which, however, as eighth substance 0.5 mg/ml adenosine has been added. The peaks which
are to be attributed to adenosine are illustrated in black, while the peaks which are to be attributed to the remaining
seven substances are illustrated with a dashed line. In both NMR spectra of Figure 4 the intensity is again plotted against
the chemical shift (measured in ppm).

[0070] In the composite sample B1 the peaks caused by adenosine were identified by means of an NMR reference
spectrum of adenosine by performing the previously specified method of substance identification. The adenosine con-
centration in the composite sample B1 was afterwards determined from each peak allocated to the substance adenosine.
For this purpose the previously explained formula was used, wherein the adenosine concentration of the adenosine
solution used for creating the NMR reference spectrum of adenosine was known.

[0071] Figure 5 shows the frequency distribution of the adenosine concentration in the composite sample B1 detected
in this manner. It is noticeable here that the measured value of 0.5075 mg/ml which was most often detected deviated
from the set value of 0.5 mg/ml only by 1.5 %. This shows that a quantitative substance identification with the presently
specified method is possible with very high accuracy.

[0072] In order to be able to detect the accuracy not only for adenosine, all the seven individual substances of the
composite sample B1 were determined with the previously specified method, first qualitatively and afterwards quantita-
tively. The corresponding quantification results are illustrated in the subsequent table 9. The specification "set value"
here refers to the concentration of the respective substance actually contained in the composite sample B1. Said con-
centration was exactly detected upon composition of the composite sample B1 to in this way be able to make statements
about the accuracy of the present quantification method.

Table 9: Quantification results of all the individual substances present in the composite sample B1 (without adenosine)

Substance Set value [mg/ml] Measured value [mg/ml] Deviation [%]
Adenosine 0 0.000 0.00
Leucine 0.186 0.195 4.84
Benzoate 0.084 0.084 0.00
Lactate 0.375 0.403 7.47
Uridine 0.153 0.15 1.96
Creatinine 0.542 0.575 6.09
Phenylalanine 0.896 0.91 1.56
Glucose 0.893 0.852 4.59

Table 10: Quantification results of all the individual substances present in the composite sample B1 (with adenosine).

Substance Set value [mg/ml] Measured value [mg/ml] Deviation [%]
Adenosine 0.5 0.508 1.50
Leucine 0.186 0.195 4.84
Benzoate 0.084 0.084 0.00
Lactate 0.375 0.403 7.47
Uridine 0.153 0.15 1.96
Creatinine 0.542 0.575 6.09
Phenylalanine 0.896 0.91 1.56
Glucose 0.893 0.52 4.59

[0073] To be able to make extensive statements about the accuracy of the presently specified quantification method,
numerous individual substances were provided as solutions with a concentration of 0.1 mg/ml each and were measured
by NMR spectroscopy. Afterwards, a comparison of the NMR spectra detected in this manner with corresponding NMR
reference spectra of the same substances of other concentration took place. The measured value detected in this manner
was afterwards compared to the set value to calculate a measurement error. It is noticeable here that the measurement
error regularly lies in the lower single-digit percent range and always stays considerably below 10 %. This proves the
high accuracy of the presently specified quantification method.
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Table 11: Quantification results of different individual substances.

Substance Set value [mg/ml] Measured value [mg/ml] Uncertainty [ng/ml] Deviation [%]
Acetic acid 0.1 0.1089 0.001 8.90
Formic acid 0.1 0.0977 0.001 2.30
Propionic acid 0.1 0.096 0.002 4.00
Butyric acid 0.1 0.099 0.0005 1.00
Isobutyric acid 0.1 0.109 0.0005 9.00
Valeric acid 0.1 0.105 0.0015 5.00
Isovaleric acid 0.1 0.091 0.0005 9.00
Phenylacetic acid 0.1 0.1043 0.0015 4.30
Benzoic acid 0.1 0.103 0.0005 3.00
Ethanol 0.1 0.096 0.001 4.00
Methanol 0.1 0.1033 0.001 3.30
Butanol 0.1 0.1 0.0025 0.00
Propanol 0.1 0.105 0.0025 5.00
2-Butanol 0.1 0.0985 0.0005 1.50
Glycerine 0.1 0.1035 0.0015 3.50
Acetone 0.1 0.0911 0.0009 8.90
Formaldehyde 0.1 0.0991 0.001 0.90
Acetaldehyde 0.1 0.108 0.001 8.00
Isopropanol 0.1 0.102 0.003 2.00
Succinic acid 0.1 0.1 0.001 0.00
Citric acid 0.09 0.975 0.001 8.33
Glutamine 0.1 0.101 0.001 1.00
Alanine 0.1 0.105 0.0015 5.00
Valine 0.1 0.109 0.001 9.00
Glucose 0.1 0.1033 0.0035 3.30
Acetylcysteine 0.1 0.099 0.006 1.00
2-furoic acid 0.1 0.098 0.007 2.00
Syringic acid 0.1 0.1005 0.0005 0.50
4-hydroxybenzaldehyde 0.1 0.0985 0.0005 1.50
4-hydroxybenzoic acid 0.1 0.102 0.006 2.00
Vanillic acid 0.1 0.098 0.001 2.00
Indole 0.1 0.1025 0.0025 2.50
2,6-Dimethoxyphenol 0.1 0.099 0.0005 1.00
Monomethylamine 0.1 0.1006 0.001 0.60
Dimethylamine 0.1 0.103 0.001 3.00
Trimethylamine 0.1 0.0957 0.001 4.30
Pyruvic acid 0.1 0.095 0.0005 5.00

[0074] Through a combination of the quantification method with the previously explained method of identification it is
therefore possible not only to be able to unequivocally identify individual substances as specific substances, but also to
be able to make precise statements about the concentration of these substances in a composite sample.

[0075] The exemplary embodiments of the method claimed, which are presently illustrated as examples, can in the
scope of the explanations above be varied in any kind of manner and are not to be understood as a restriction of the
subject-matter claimed.

Claims
1. Method for the identification of a substance in a sample, comprising the following steps:

a) Providing an NMR spectrum of the sample containing at least one substance having at least one NMR-active
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nucleus,

b) Converting the NMR spectrum into discrete spectral values, wherein each spectral value has an integral
value, specifying the height of an individual line of the NMR spectrum or the height and/or the area of an individual
spectral section of the NMR spectrum, whereby each individual spectral section comprises one or multiple lines
of the NMR spectrum, and a position value, specifying the position of the line considered or the mean position
of the considered spectral section in the NMR spectrum,

c) Determining a multitude of integral ratio values, in each case from at least two integral values of the NMR
spectrum, wherein each integral ratio value specifies the ratio of the integral values of the underlying spectral
values,

d) Determining a multitude of distance values, in each case from at least two position values of underlying
spectral values of the NMR spectrum, wherein each distance value is calculated as a direct difference of the
position values, as a standardized difference of the position values, or as a quotient of the position values,

e) Comparing the integral ratio values of the NMR spectrum with corresponding integral ratio values of an NMR
reference spectrum of at least one reference substance,

f) Selecting a first proper subset from the integral ratio values of the NMR spectrum, wherein the first subset
comprises those integral ratio values which correspond to an integral ratio value of the NMR reference spectrum
within first tolerance limits that can be given in each case,

g) Comparing the distance values of the NMR spectrum with corresponding distance values of the NMR reference
spectrum,

h) Selecting a second proper subset from the distance values of the NMR spectrum, wherein the second subset
comprises those distance values which correspond to a distance value of the NMR reference spectrum within
second tolerance limits that can be given in each case,

i) Comparing the first subset with the second subset and selecting those integral ratio values and distance
values from both subsets as third proper subset which were formed from the same spectral values,

j) Deciding whether the substance contained in the sample is identified as the reference substance, with the
help of a quality criterion of the values of the third subset, said criterion being determined by comparing these
values with the integral ratio values and/or the distance values of the NMR reference spectrum

wherein steps e) to j) are repeated with further NMR reference spectra of other reference substances so often until
the substance contained in the sample is identified as reference substance or until there are no further NMR reference
spectra.

Method according to Claim 1, characterized in that the NMR reference spectrum is an NMR spectrum of exactly
one reference substance.

Method according to Claim 1 or 2, characterized in that the quality criterion comprises a measure for the deviation
of the integral ratio values of the NMR spectrum from the integral ratio values of the NMR reference spectrum and/or
the deviation of the distance values of the NMR spectrum from the distance values of the NMR reference spectrum.

Method according to any of the preceding claims, characterized in that the quality criterion comprises a measure
for the number of values of the third subset in comparison with the number of integral ratio values or of distance
values of the NMR reference spectrum.

Method according to any of the preceding claims, characterized in that the integral ratio values are in each case
calculated from exactly two integral values of the NMR spectrum and/or the distance values are in each case
calculated from exactly two position values of the NMR spectrum.

Method according to any of the preceding claims, characterized in that the substance contained in the sample is
identified quantitatively.

Method according to any ofthe preceding claims, characterized in that the method is performed by using adecoupled
NMR spectrum and, when the substance is not unequivocally identified, is performed again by using a non-decoupled

NMR spectrum of the same sample.

Computer program product comprising instructions for carrying out the steps of a method according to any of the
preceding claims, when the computer program product is run on a computer.
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Patentanspriiche

1.

Verfahren zur Identifizierung einer Substanz in einer Probe, umfassend die folgenden Schritte:

a) Bereitstellen eines NMR-Spektrums der Probe, die mindestens eine Substanz enthalt, welche mindestens
einen NMR-aktiven Kern aufweist,

b) Uberfiihren des NMR-Spektrums in diskrete Spektralwerte, wobei jeder Spektralwert einen Integralwert, der
die Hohe einer einzelnen Linie des NMR-Spektrums oder die Hohe und/oder die Flache eines einzelnen spek-
tralen Abschnitts des NMR-Spektrums angibt, wobei jeder einzelne spektrale Abschnitt eine oder mehrere
Linien des NMR-Spektrums umfasst, und einen Positionswert, der die Position der betrachteten Linie oder die
mittlere Position des betrachteten spektralen Abschnitts im NMR-Spektrum angibt, aufweist,

c) Bestimmung einer Vielzahl von Integralverhaltniswerten aus jeweils mindestens zwei Integralwerten des
NMR-Spektrums, wobei jeder Integralverhaltniswert das Verhaltnis der Integralwerte der zugrundeliegenden
Spektralwerte angibt,

d) Bestimmung einer Vielzahl von Abstandswerten aus jeweils mindestens zwei Positionswerten zugrundelie-
gender Spektralwerte des NMR-Spektrums, wobei jeder Abstandswert als eine direkte Differenz der Positions-
werte, als eine normierte Differenz der Positionswerte oder als ein Quotient der Positionswerte berechnet wird,
e) Vergleich der Integralverhaltniswerte des NMR-Spektrums mit entsprechenden Integralverhaltniswerten ei-
nes NMR-Referenzspektrums mindestens einer Referenzsubstanz,

f) Auswahl einer ersten echten Untermenge aus den Integralverhaltniswerten des NMR-Spektrums, wobei die
erste Untermenge diejenigen Integralverhéltniswerte umfasst, die einem Integralverhaltniswert des NMR-Re-
ferenzspektrums innerhalb von jeweils vorgebbaren ersten Toleranzgrenzen entsprechen,

g) Vergleich der Abstandswerte des NMR-Spektrums mit entsprechenden Abstandswerten des NMR-Referenz-
spektrums,

h) Auswahl einer zweiten echten Untermenge aus den Abstandswerten des NMR-Spektrums, wobei die zweite
Untermenge diejenigen Abstandswerte umfasst, die einem Abstandswert des NMR-Referenzspektrums inner-
halb von jeweils vorgebbaren zweiten Toleranzgrenzen entsprechen,

i) Vergleich der ersten Untermenge mit der zweiten Untermenge und Auswahl derjenigen Integralverhaltnis-
und Abstandswerte aus beiden Untermengen, die aus denselben Spektralwerten gebildet wurden, als dritte
echte Untermenge,

j) Entscheidung, ob die in der Probe enthaltene Substanz als die Referenzsubstanz identifiziert wird, anhand
eines Gutekriteriums der Werte der dritten Untermenge, das aus einem Vergleich dieser Werte mit den Inte-
gralverhaltniswerten und/oder den Abstandswerten des NMR-Referenzspektrums bestimmt wird,

wobei die Schritte e) bis j) mit weiteren NMR-Referenzspektren anderer Referenzsubstanzen so oft wiederholt
werden, bis die in der Probe enthaltene Substanz als Referenzsubstanz identifiziert ist oder bis keine weiteren NMR-
Referenzspektren mehr vorliegen.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das NMR-Referenzspektrum ein NMR-Spektrum
genau einer Referenzsubstanz ist.

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Gutekriterium ein MaR fir die Abweichung
der Integralverhaltniswerte des NMR-Spektrums von den Integralverhaltniswerten des NMR-Referenzspektrum
und/oder der Abstandswerte des NMR-Spektrums von den Abstandswerten des NMR-Referenzspektrums umfasst.

Verfahren nach einem der vorherigen Anspriiche, dadurch gekennzeichnet, dass das Gutekriterium ein MaR fir
die Anzahlder Werte der dritten Untermenge im Vergleich zur Anzahl der Integralverhaltniswerte oder der Abstands-
werte des NMR-Referenzspektrums umfasst.

Verfahren nach einem der vorherigen Anspriiche, dadurch gekennzeichnet, dass die Integralverhaltniswerte aus
jeweils genau zwei Integralwerten des NMR-Spektrums und/oder die Abstandswerte aus jeweils genau zwei Posi-

tionswerten des NMR-Spektrums berechnet werden.

Verfahren nach einem der vorherigen Anspriiche, dadurch gekennzeichnet, dass die in der Probe enthaltene
Substanz quantitativ identifiziert wird.

Verfahren nach einem dervorherigen Anspriiche, dadurch gekennzeichnet, dass dasVerfahren unter Verwendung
eines entkoppelten NMR-Spektrums durchgefihrt wird und bei nicht eindeutiger Substanzidentifizierung unter Ver-
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wendung eines nicht entkoppelten NMR-Spektrums derselben Probe erneut durchgefiihrt wird.

8. Computerprogrammprodukt, das Anweisungen zur Durchfilhrung der Schritte eines Verfahrens nach einem der
vorherigen Anspriiche umfasst, wenn das Computerprogrammprodukt auf einem Computer ausgefiihrt wird.

Revendications

1. Procédé d’identification d’'une substance dans un échantillon, comprenant les étapes suivantes :
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a) la fourniture d’un spectre RMN de I’échantillon contenant au moins une substance ayant au moins un noyau
actif en RMN,

b) la conversion du spectre RMN en valeurs spectrales discrétes, dans lequel chaque valeur spectrale a une
valeur d’intégrale, spécifiant la hauteur d’'une raie individuelle du spectre RMN ou la hauteur et/ou la surface
d’une section spectrale individuelle du spectre RMN, moyennant quoi chaque section spectrale individuelle
comprend une ou plusieurs raies du spectre RMN, et une valeur de position, spécifiant la position de la raie
considérée ou la position moyenne de la section spectrale considérée sur le spectre RMN,

c) la détermination d’une multitude de valeurs de rapport d’intégrale, dans chaque cas a partir d’au moins deux
valeurs d’intégrale du spectre RMN, dans lequel chaque valeur de rapport d’intégrale spécifie le rapport des
valeurs d’intégrale des valeurs spectrales sous-jacentes,

d) la détermination d’'une multitude de valeurs de distance, dans chaque cas a partir d’au moins deux valeurs
de position des valeurs spectrales sous-jacentes du spectre RMN, dans lequel chaque valeur de distance est
calculée sous laforme d’'une différence directe des valeurs de position, sous la forme d’une différence normalisée
des valeurs de position, ou sous la forme d’un quotient des valeurs de position,

e) la comparaison des valeurs de rapport d’intégrale du spectre RMN a des valeurs de rapport d’intégrale
correspondantes d’un spectre RMN de référence d’au moins une substance de référence,

f) la sélection d’'un premier sous-ensemble approprié parmi les valeurs de rapport d’intégrale du spectre RMN,
dans lequel le premier sous-ensemble comprend les valeurs de rapport d’intégrale qui correspondent a une
valeur de rapport d’intégrale du spectre RMN de référence dans des premiéres limites de tolérance qui peuvent
étre données dans chaque cas,

g) la comparaison des valeurs de distance du spectre RMN a des valeurs de distance correspondantes du
spectre RMN de référence,

h) la sélection d’un deuxiéme sous-ensemble approprié parmi les valeurs de distance du spectre RMN, dans
lequel le deuxieme sous-ensemble comprend des valeurs de distance qui correspondent & une valeur de
distance du spectre RMN de référence dans des secondes limites de tolérance qui peuvent étre données dans
chaque cas,

i) la comparaison du premier sous-ensemble au deuxiéme sous-ensemble et la sélection des valeurs de rapport
d’intégrale et des valeurs de distance parmi les deux sous-ensembles en tant que troisieme sous-ensemble
approprié qui ont été formés a partir des mémes valeurs spectrales,

j) le fait de décider si la substance contenue dans I'échantillon est identifiée comme la substance de référence,
alaide d’un critére de qualité des valeurs du troisi@éme sous-ensemble, ledit critere étantdéterminé en comparant
ces valeurs aux valeurs de rapport d’intégrale et/ou aux valeurs de distance du spectre RMN de référence

dans lequel les étapes e) a j) sont répétées avec des spectres RMN de référence supplémentaires d’autres subs-
tances de référence jusqu’a ce que la substance contenue dans I’échantillon soit identifiée comme substance de
référence ou jusqu’a ce qu’il n’y ait plus de spectres RMN de référence supplémentaires.

Procédé selon la revendication 1, caractérisé en ce que le spectre RMN de référence est un spectre RMN d’exac-
tement une substance de référence.

Procédé selon la revendication 1 ou 2, caractérisé en ce que le critére de qualité comprend une mesure pour la
déviation des valeurs de rapport d’intégrale du spectre RMN a partir des valeurs de rapport d’intégrale du spectre
RMN de référence et/ou la déviation des valeurs de distance du spectre RMN a partir des valeurs de distance du
spectre RMN de référence.

Procédé selon 'une quelconque des revendications précédentes, caractérisé en ce que le critére de qualité com-

prend une mesure pour le nombre de valeurs du troisieme sous-ensemble en comparaison au nombre de valeurs
de rapport d’intégrale ou de valeurs de distance du spectre RMN de référence.
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Procédé selon 'une quelconque des revendications précédentes, caractérisé en ce que les valeurs de rapport
d’intégrale sont calculées dans chaque cas a partir d’exactement deux valeurs d’intégrale du spectre RMN et/ou
les valeurs de distance sont calculées dans chaque cas a partir d’exactement deux valeurs de position du spectre
RMN.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que la substance contenue
dans I'échantillon est identifi€e de maniére quantitative.

Procédé selon 'une quelconque des revendications précédentes, caractérisé en ce que le procédé est réalisé en
utilisant un spectre RMN découplé et, quand la substance n’est pas clairement identifiée, est réalisé de nouveau
en utilisant un spectre RMN non découplé du méme échantillon.

Produit de programme informatique comprenant des instructions pour mettre en oeuvre les étapes d’un procédé

selon 'une quelconque des revendications précédentes, quand le produit de programme informatique est exécuté
sur un ordinateur.
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