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METHOD FOR SUBSTANCE IDENTIFICATION FROM NMR SPECTRUM 

5 Specification 

The present invention relates to a method for the identification of a substance in a sample 

according to the preamble of Claim 1 as well as to a software product, containing a software 

suitable for executing such a method, according to the preamble of Claim 10. 

10 
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 

15 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 

20 and simply identified with the help of a joint NMR spectrum. 

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 

25 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. 

30 As a result, 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, temperatures, salt 

concentrations and other parameters would have to be measured for each individual 

35 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. 
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DE 10 2010 038 014 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 

5 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. 

10 
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 

15 as well as features of a proposed chemical structure. After several iterative method cycles a 
list of probability weighted hypotheses is generated. 

Vu et al.: "An integrated workflow for robust alignment and simplified quantitative analysis of 
NMR spectrometry data", BMC Bioinformatics 2011, 12: 405 describe a classical adaptation 

20 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. 

25 The object underlying the present invention is to specify a method with which an automatic 
substance identification 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. 

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

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 1H, 13C and 15N. 

35 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 
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integral value and a position value. The integral value specifies the height and/or the area of 
an individual line of the NMR spectrum or else of an individual spectral section 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. 

5 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. 

10 
As position, usually the central or mean position of the line considered or 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 

15 skilled in the art under the technical term "to bin". 

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 

20 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. That is, 
preferably each line of the NMR spectrum is separated from each other line of the NMR 

25 spectrum. 

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 of the NMR spectrum. Each 

30 integral ratio value here specifies the ratio of the height and/or of the area 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 
35 values by each other) and are preferably not taken into further account as integral ratio 

values because they contain no relevant information. 
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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 

5 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 

10 relevant information. 

The spectral distance 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 spectral distance can be given in 

15 various units such as for instance Hz or ppm. 

In the claimed method a comparison of the calculated integral ratio values of the NMR 
spectrum with corresponding integral ratio values of an NMR reference spectrum now takes 
place. The NMR reference spectrum here is an NMR spectrum of at least one reference 

20 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. 

25 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 

30 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 signal-to-noise 

35 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 
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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. 

For example, when all integral ratios with the exception of one integral ratio value of an NMR 
5 reference spectrum 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 

10 100 % can no longer be classified as correspondence in other case constellations with less 
significant integral ratio values. 

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 

15 known substance in an 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. 

Preferably, it is proceeded on the assumption that there is a correspondence when an 
20 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 

25 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 of the 
respective measurement accuracies, however, usually at least the previously mentioned 

30 tolerances have to be taken into account. 

In the scope of the 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 

35 the same manner as the distance values of the NMR spectrum of the examined sample. 
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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 

5 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, it is 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 

10 % 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 

15 compared. Preferably there is a correspondence 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. 

20 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. 

25 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 

30 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 
35 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. 
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Finally, a quality criterion of the values contained in the third subset is determined, said 
criterion resulting from a comparison of these values with the integral ratio values and/or with 
the distance values of the NMR reference spectrum. With the help of this quality criterion a 

5 decision can then be made as to whether the substance contained in the sample is identified 
as the reference substance or not. 

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 

10 spectrum and/or for the deviation of the distance values of the NMR spectrum from the 
distance values of the NMR reference spectrum. 

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 

15 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, n2 integral ratio 

20 values are obtained when there are n spectral values. Of these n2 integral ratio values n 
integral 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 

25 for the NMR reference spectrum. 

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 

30 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 

35 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 
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the sample in such a case, some of the aforementioned steps of the method should be 
performed again preferably with a new NMR reference spectrum. 

In order to not distort the informative value of the number of integral ratio values or distance 

5 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. 

10 The quality criterion can preferably take into account various parameters. It is 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 

15 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. 

20 
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. 

25 This property is expressed by the integral value. On the other hand, here it is the magnetic 
shielding of individual molecular groups in the entire molecule. This property is expressed by 
the position value of each spectral value. 

What is special about the present method is that it can be performed independently of the 
30 respective measurement 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 

35 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 
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spectroscopy can thus take place by means of a database, set up once, with NMR reference 
spectra of reference substances. 

Alternatively, a substance can also be identified by means of its molecular structure based 
5 on theoretical foundations insofar as individual molecular groups of this substance have been 

identified by the present method. 

A user's intervention in the method is not required here. Rather, the method can be 
performed fully automatically, so that an automatic or automated substance identification is 

10 possible even in complex substance mixtures. 

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. 

15 
In one variant the substance contained in the sample is then identified as the reference 
substance, when at 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 %, 

20 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 

25 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. 

30 The aforementioned individual steps of the 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. 

35 For a person skilled in the art it 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. 
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In a further variant the above explained steps of comparing the integral ratio values, selecting 
a first 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 

5 is identified as reference substance are repeated so often until all the substances contained 
in 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, preferably of another reference substance, is used for the 
respective comparative purposes. In this manner it is possible to allocate the various 

10 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. 
15 

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

Preferably, the distance values are calculated as direct differences of the position values, as 
20 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 (,/n=T+Ava) j here refers to the carrier frequency (also referred to as 

operating frequency or proton resonance frequency) of the NMR spectrometer used. 

refers to the natural frequency share of the respective signal appertaining to a substance A. 
25 

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 

30 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 » 

In one variant the 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 

35 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 ("2~")/2 relevant integral ratios 
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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 

5 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. 

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. 

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. 

30 In order to enhance the measurement accuracy it can be recommendable here to compare 

not only 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 

35 same concentration 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 

10 

15 

20 

25 
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based on different integral values can be detected, which said deviations can be illustrated in 

a normally distributed frequency distribution. 

In order to be able to perform the conventional evaluation methods according to prior art in 
5 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, 

10 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 

15 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. 
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. 

20 
The object underlying the present invention is also achieved by a software product having a 
software which has a program code to perform a method according to the previous 
explanations when the software is run on a computer. Such a software represents the 
technical solution to the hitherto unsolved technical problem of how to be able to 

25 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 

30 corresponding substance identification. Furthermore, an automatic substance identification in 
this manner becomes available for NMR spectra measured under various conditions and on 
various instruments. 

The present invention will now be further explained with the help of drawings and examples. 

35 In the figures: 

Figure 1 shows an NMR spectrum of a substance A; 



WO 2013/150098 PCT/EP2013/057104 
13 

Figure 2 shows a graphic illustration of two lines of an NMR spectrum to illustrate the 

calculation of distance values; 

5 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; 

10 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. 

15 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. 

Figure 1 shows an NMR spectrum of a substance A serving as reference substance. The 

20 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 

25 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. 

30 

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

spectrum of substance A 

Peak Position Integral Width 
PI 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 
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P5 0.481 0.789 0.0012 

As already explained, when there are n different peaks of a substance A there are (»2 -«)/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 

5 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. 

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 

10 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 frequencies 
can be formed. On the basis of the ppm scale, standardized differences of resonance 

frequencies can be detected. 

15 The three possibilities of calculating the distance values are subsequently illustrated again by 
corresponding formulae: 

(i) direct differences (axis 1): (T + Avb)-(l +Ava) = Avb-Ava = vb-va [Hz] 

20 (ii) standardized differences (axis 2): 
-VTSP 

vb _T + Ai/b / v 
(iii) distance as quotient (axis 1): y + 

Now, on the basis of table 1 first all possible integral ratios, in each case from two integral 
25 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 
30 corresponding results for the integral values of table 1. 

Integral 11 12 13 14 15 
11 11/11 11/12 11/13 11/14 11/15 
12 12/11 12/12 12/13 12/14 12/15 
13 13/11 13/12 13/13 13/14 13/15 
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14 14/11 14/12 14/13 14/14 14/15 
15 15/11 15/12 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 

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 

5 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. 

10 

ppm 81 82 S3 54 55 
Si SI- 51 Si- 52 81-83 51-8 4 51-85 
82 82- 51 82- 52 82-83 <£2-54 52-85 
S3 S3- 51 S3- 52 83-83 JJ-84 53-85 
84 S4-8\ 84-82 84- 53 84-U 54-85 

85 85-Sl 55- 52 85-83 55- 54 55-85 

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 

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 

15 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. 

Table 4: Basis of calculation for calculating distance values on the basis of quotients and 

concrete results for the position values of table 1. 



WO 2013/150098 
16 

PCT/EP2013/057104 

16n 
vl/vl v]/v2 vl/v3 vl/v4 vl/v5 

VI v.2/vl V2/V2 \'2/v3 V2/V4 \'2/v5 
v3 v3/vl v3/v2 v3/v3 v3/v4 v3/v5 
V4 v4/vl V4/V2 V4/V3 V4/V4 v4/v5 
v5 vS/vJ \'5/v2 v5/v3 vS/v4 vS/vS 

600000090.30 600000120.00 600000150.30 600000216.90 600000288.30 Hz 

600000090.30 

600000120.00 

600000150.30 

600000216.90 

1.000000000 

1.000000049 

1.000000100 

1.000000211 

0.999999951 

1.000000000 

1.000000050 

1.000000161 

0.999999900 

0.999999950 

1.000000000 

1.000000111 

0.999999789 

0.999999839 

0.999999889 

1.000000000 

0.999999670 

0.999999720 

0.999999770 

0.999999881 

Figure 3 shows the NMR spectrum of substance A, already illustrated in Figure 1, as NMR 

5 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 

10 comparison. In the present case, this would indeed still be possible due to the comparably 

low complexity of the NMR spectrum of the sample. 

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 

15 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 

20 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. 

Afterwards, the integral ratio values of the NMR spectrum of the sample are compared with 

25 the integral ratio values of the NMR reference spectrum. In like manner, the distance values 
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of the NMR spectrum of the sample are compared with the distance values of the NMR 

reference spectrum. 

The subsequent table 5 shows the integral ratio values of the NMR spectrum of. the sample 

5 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. 

10 

Peak 

Int. 

P1' PT P3' P4' P5' 

0.696 0.826 1.019 0.683 1.626 1.249 1.178 0.791 

P6" P7" P8' P9" 

0.789 

P10' P11" P12' P13' 

1.496 1.367 1.408 1.474 1.494 1.450 

P14' P15" 

P6' 

P7' 

P8' 

P9' 

P10' 

P11' 

PI 2' 

P13" 

P14' 

P15' 

0.843 0.683 1.019 0.428 0.557 0.591 0.880 0.883 

1.626 

1.249 

2.335 1.969 1.595 2.380 

1.828 0 

1.178 

0.791 

0.789 

1.496 

509 0.494 0. 

604 0.586 0. 

746 0.724 0. 

,500 0.485 0.. 

914 0.887 0 

862 0.836 0 

579 0.562 0 

472 0.466 0.480 

560 0.553 0.570 

692 0.683 0.703 

464 0.457 0.471 

103 1.089 1.121 

848 0.836 0.862 

799 0.789 0.813 

537 0.530 0.546 

535 0.528 0.544 

1.367 

1.408 

1.474 

1.494 

1.450 

1.963 1.655 1.341 2.001 0, 

2.023 1.705 1.382 2,061 || 

2.117 1.784 1.446 2.157 0 

2.145 1.808 1.465 2.186 0 

2.082 1.755 1.422 2.122 0 

841 1,094 1.160 1.728 

II! 1,128 1.196 1.780 
.907 1.180 1.251 1.863 

.919 1.196 1.268 1.888 

.892 1.161 1.231 1.833 

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 

15 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. 

20 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 
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the basis of differences or quotients. Distance values of the NMR 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 

5 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. 

10 
The distance values marked with diagonal hatching in table 6 represent a second subset of 
values. 

Now, upon comparing the values of table 5 with the values of table 6 and filtering for all those 
15 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 pr mm mm siiity P4' P5' wwk. P8' P10' pi 1" P12' P13' P14' P15' 
pr SSEEEB 
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P11' 
P12' 
P13' 
P14' 
P15' 

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 

5 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 
10 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 P6' 
P4 PT 
P5 P9' 

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 

15 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. 
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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. 

5 
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 

T"»A allocated peaks the concentration J py (in mg/ml) of substance A in the NMR spectrum of the 

sample can be calculated by means of the following equation, wherein r*er (jn mg/ml) is the 

10 concentration of substance A in the reference spectrum (Ref): 

r* [mg/ml] = • r£f [nig/ml] 
H P] ) 

Figure 4A shows an NMR spectrum of a composite sample B1 composed of seven different 
individual substances. The composite sample B1 here does not contain adenosine. Figure 

15 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). 

20 
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 concentration in the composite sample B1 was 
afterwards determined from each peak allocated to the substance adenosine. For this 

25 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. 

Figure 5 shows the frequency distribution of the adenosine concentration in the composite 
30 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. 

35 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 
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method, first qualitatively and afterwards quantitatively. 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 concentration was exactly detected upon composition of the composite sample B1 

5 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) 

10 

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). 

15 

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 

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 

20 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 
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detected in this manner was afterwards compared to the set value to calculate 
measurement error. It is noticeable here that the measurement error regularly lies in t 
lower single-digit percent range and always stays considerably below 10 %. This proves t 
high accuracy of the presently specified quantification method. 

Table 11: Quantification results of different individual substances. 

Set value Measured value Uncertainty Deviation 
Substance Img/ml] [mg/ml] [mg/mll [%] 

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 
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Pyruvic acid OJ 0.095 0.0005 5.00 

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. 

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. 
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Patent Claims 

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

a) Providing an NMR spectrum of a sample containing at least one substance having at 

least one NMR-active nucleus, 

b) Converting the NMR spectrum into discrete spectral values, wherein each spectral 

value has an integral value, specifying the height and/or the area of an individual line 

of the NMR spectrum or of an individual spectral section of the NMR spectrum, and a 

position value, specifying the mean position of the line considered or of the considered 

spectral section in the NMR spectrum, 

c) Determining all possible integral ratio values, in each case from two integral values of 

the NMR spectrum, wherein each integral ratio value specifies the ratio of the height 

and/or of the area of the underlying spectral values, 

d) Determining all possible distance values, in each case from two position values of the 

NMR spectrum, wherein each distance value specifies the spectral distance between 

the underlying spectral 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, 
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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. 

2. Method according to Claim 1, characterized in that the NMR reference spectrum is an 

NMR spectrum of exactly one reference substance. 

3. 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. 

4. 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. 

5. Method according to any of the preceding claims, characterized in that 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. 

6. Method according to any of the preceding claims, characterized in that the substance 

contained in the sample is identified quantitatively. 

7. Method according to any of the preceding claims, characterized in that the method is 

performed by using a decoupled NMR spectrum and, when the substance is not 

unequivocally identified, is performed again by using a non-decoupled NMR spectrum of 

the same sample. 
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Software product having a software which has a program code to perform a method 

according to any of the preceding claims, when the software is run on a computer. 


