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Why do I work with the Mnova guys?
I guess it’s because they are fun to work with ...
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... and also because Small Molecules Are Still so Hot !



No REAL thing can be totally predictable!
Everything real is infinitely complex and fuzzy!
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I am going to discuss these things, applied to NMR spectra analysis!

This is NOT a real elephant!

It’s just a simple drawing of 

an elephant.

This is NOT a real molecule!

It’s just a structural sketch of 

a molecule.

This is NOT a real spectrum!

It’s a naive, simulated NMR 

spectrum.



Few examples of undesirable spectral artifacts

Meeting of GERMN, the Spanish NMR Discussion Group, Santiago de Compostela,  Spain, 27 Sep 2013, held just after SMASH

=> There is much to get rid of before doing anything serious with a spectrum!

FID truncation 

effects

Underdigitization

Noise Baseline roll Bruker & Jeol 

smileys & brownies

Imperfect phasing

Peaks overlap Sample temperature 

drift effects

Impurities peaksRotation sidebands



A basic idea:

extract all pertinent information into a table
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=> there is a big communication problem

... and forget the rest!

What does a spectroscopist see?

Peaks, multiplets (singlets, doublets, AB quartets, triplets, quadruplets, …), 

labiles, 13C stellite peaks, aromatic peaks, d-solvent peaks, reference peaks, 

water peaks, impurities, reaction solvent residuals, spinning sidebands, …  

What does a programmer see?

Just an unexciting array of complex-valued data!

He can’t understand what is the chemist talking about!



A basic idea:

extract all pertinent information into a table
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Language synchronization => better communication => better software

... and forget the rest!

What does a spectroscopist see?

Peaks, 

(solvent, reference, impurity,…), multiplets, ...

What does a programmer see?

An array of … peaks, finally! That’s GREAT

GSD



The basic idea:

extract all pertinent information into a table
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I have started insisting on this approach since 2006

but the NMR community did not pay any attention

- until it was implemented and working in Mnova !!

Now every software vendor feels obliged to do it!

... and forget the rest!

The Ist Law of Data Evaluation:

Don’t talk about it! Do it!



GSD: Global Spectral Deconvolution
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• Born in the summer of 2008,

• so it just celebrated 5 years 

• Paved the way, and showed 

that the basic idea can work

• Very robust and well tested

• 2013: Potential competitors 

start appeaearing:

– Internal (Padé based)

– External (CRAFT)

References:

DOI:  10.3247/SL2Nmr08.011

DOI:  10.3247/SL3Nmr09.003



Why must peaks be recognized and boxed-in

prior to any fitting ?

Spectral peaks have (very approximately) Lorentzian shapes:

P(h,,;) = h L((-)/(/2))

L(x) = 1/(1-ix)

Well-known fact: all nearly complete sets of Lorentzian-shaped 

functions are approximately linearly dependent

A trivial but painful consequence:

Lorentzian-type deconvolutions are numerically ill defined

A Lorentzian peak can be approximated very well by three or five

different Lorentzian peaks ( => acute danger of peak spawning ). 
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GSD example: a 400 MHz strychnine spectrum

Meeting of GERMN, the Spanish NMR Discussion Group, Santiago de Compostela,  Spain, 27 Sep 2013, held just after SMASH

All done in 20 sec

on my very slow computer



Examples of peaks detection
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Limits of GSD and GSD artifacts
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?

?

?

• Possible missing peaks (low S/N)

• Possible extra peaks (marginal resolution)

• Resolution increase is not always welcome



Limits of GSD and GSD artifacts:
Example of a «broken» symmetry in the GSD peaks
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The «famous» triplet in strychnine (400 MHz).



Limits and uncertaintaies of GSD
... or where did the fuzziness go ?

On one hand, great many original artifacts and uncertainties were 

eliminated (noise, baseline) and some were reduced (mis-phasing). 

Moreover, effective resolution was markedly enhanced, and most 

multiplets get nicely matched quantitatively.

On the other hand, some new potential problems were introduced:

• A real weak peak may  be detected or not, depending upon the 

particular noise sample.

• A nonexistent peak may get «invented» due to an unusually 

strong noise fluctuation.

• Symmetric multiplet patterns may get «broken» (very annoying).

The IInd Law of Data Evaluation:

Uncertainties don’t go away, they just change looks!
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So, did we gain anything with GSD?

The questions which all this raises are (as always):

• How much have we gained and how much have we lost?

• Is the balance positive?

Only ample statistical testing, with actual applications, can answer that.

We did it and we know for sure that the answer is very positive.

The IIIrd Law of Data Evaluation:

Nothing useful comes for free!
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GSD peaks linewidths and shapes
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Why are peak shapes so different 
even in the same spectrum?
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Reminder of the path from a Spin System to Spectrum:

Quantum transitions => Peaks => Multiplets => Spectrum

In a spin system with N spin ½ nuclei there are N.2N-1 transitions

Small molecule example:  when n = 4 there are only 32 transitions.

With a whif of luck, we might distinguish 32 peaks in its spectrum,

each of which would therefore contain a single quantum transition.

Physical theory tells us that transitions are of Lorentzian shape

(though their linewidth can vary – another story).

GREAT! How simple! Or not???



Why are peak linewidths and shapes so different? 
(even in the same spectrum)?
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Counting the main transitions in somewhat larger molecules:

N = 15: 245’760

N = 30: 16’106’127’360

N = 45: 791’648’371’998’720

But in a typical spectrum of such molecules we rarely distinguish more 

than 200 peaks. That, for N = 30 makes it well over 1000 quantum 

transitions per resolved peak!

What we see is an envelope of a distribution of Lorentzians

The IVth Law of Data Evaluation:

Don’t loose time trying to beat combinatorics! It’s hopeless! Can’t be done!



Sources of peak-shape deviations

from the Lorentzian

1. Magnetic field inhomogeneity (shimming)

2. Magnetic field noise (ebyte.it\library\docs\nmr06a\NMR_FieldNoise_Fid.html)

3. Sample spinning (dtto)

4. Sample temperature gradients (up to 0.01 ppm/deg)

5. FID weighting before FT (Voight and other profiles)

6. Distorsions due to Discrete Fourier Transform (cyclic condition)

7. Overlap of miriads of transitions in coupled spin systems

8. Relaxation effects (e.g., methyl lines contain 3 transitions of different widths)

9. Molecular dynamics effects (chemical exchange, limited mobility)

10. etc …
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Overlap of transitions

Spectral peaks are in reality

envelopes of many transitions:

Even in molecules of modest size the 

number of distinct peaks is thousands  

times smaller than that of quantum 

transitions.



Every peak is an envelope of a large 

number of transitions and its shape is 

dominated by the coupling pattern of the 

spin system. The general characteristics 

of such distributions can be analyzed 

and exploited.
N
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The Generalized Lorentzian lineshape
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The complex-valued Lorentzian lineshape, L(x) = 1/(z+i), is a rational function

which for large real x behaves as  O[1/x2]  and satisfies  L(1/x) = 1–L*(x).

There are other rational function which possess these properties.

The simplest such «successor» of a Lorentzian is

G(z) = [(2+z2)+iz33] / [2(1+z2+z4)].

Since any linear combination of L(z) and G(z) also has the desired properties,

we use the Generalized Lorentzian lineshape defined as

GL(z) = (1-k) L(z) + k G(z),

Where k is a real «kurtosis parameter»,

so called because it affects the peak’s kurtosis.

The Vth Law of Data Evaluation:

Keep an ace up your sleeve and cheat without shame! It’s Science!



GSD peaks linewidths and shapes
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Graph of the Generalized Lorentzian lineshape
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GL(x) for real x and k ranging from -1 to +2 in steps of 0.25

Green: pure Lorentzian Red: Gaussian (for comparison)



A final word on peak shapes
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While plain Lorentzian shape is basically sound, without a

generalization going beyond simple Gaussian-Lorentzian,

it could never provide good universal fits,

particularly when quantitation is an issue.

GSD works satisfactorily on typical pharma spectra,

but also on metabolomic spectra, protein spectra, etc.

It is a universal workhorse.

The VIth Law of Data Evaluation:

Generalize, but not too much!



Part II: Peaks Auto-Editing
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Having identified and tabulated all the peaks,

what more can we do ?

GSD by itself does not address issues like what might each peak be:

Nor does GSD group the peaks into multiplets and classify those.

All these are the tasks refered to generically as peaks auto-editing.

• compound,

• primary or secondary solvent, 

• potential labile, 

• 13C satellite,

• valid member of a multiplet,

• impurity,

• S or Q reference, 

• artifact,

• etc.



Peaks editing is primarily fully automatic
and uses greedily whatever information is available (1H, HSQC, molecule, ...)
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It is also the first plank in NMR spectra evaluation hierarchy

where specific NMR know-how is used  



CHCl3 identification in an aromatic multiplet
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Uses even the 13C satellites (209.25 Hz apart) and their

isotopic shift (the satellite pair center is -2.67 ppb from the main peak) 



DMSO identification example (Thalidomid 600 MHz)
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Labile identification example (Thalidomid 600 MHz)
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Assignments analysis was used to correctly label the labile peak:

a simple example of «loopbacking»



Labile identification example (Thalidomid 600 MHz)
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An anticipation of the ASV application (Automatic Structure Verification)



Scoring, scoring, and – what was the third one?
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Here, each peak is scored for «being the pivot peak of the primary solvent»



Scoring intended as a way of life
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Every question that a spectroscopist is asking himself when inspecting

a spectrum becomes a scoring procedure in the software. Examples:

Could this peak be the main solvent?  (up to 15 votes)

Could this peak be a labile? (up to 12 votes)

Does this splitting exist somewhere else in the spectrum? (6 votes)

Is this peak an essential member of its multiplet? (12 votes)

Etc etc etc etc

Except that the algorithm does it brutally for all peaks and all multiplets,

and all assignments which have the slightest of chances to pass.

It is as setting up a voting committee on every little query.

In a typical ASV run on an average pharma spectrum, for example,

the number of «votes» cast is around 10000!

It is much like a voting day in Santiago.



Various types of Scoring
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Within the AI wizard (which is what the software is becoming),

we use several types of voting approaches:

• Democratic voting with predefined voter significances

• Quadratic voting with significance proportional to the cast score

• Penalty voting for things that better should be ok

• Veto voting (extreme case of penalty voting)



The long list of Auto-Editing tasks
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• Detection of  reference peaks

• Detection of 13C satellites

• Detection of potential labiles

• Formation of multiplets

• Multiplets purging and slicing

• Detection of primary solvent

• Detection of secondary solvent (water)

• Detection of non-deuterated solvent (if requested)

• Detection of known impurities (e.g, residual reaction solvent)

• Identification of potential unknown impurities

• Enumeration of feasible assignments (if molecule is known)

• Identification of best-scoring assignment (if molecule is known)

• Enumeration of feasible matching spin systems

• Identification of actual detectable labiles

• Identification of actual unknown impurities



However ... 
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Do not think about this as a linear process !!!!

Emulating human intelligence on a sequential computer is difficult,

but that is what we have to do. Some tricks which help are:

• Iterative alternation of various steps

• Loop-back and look-ahead strategies



Once Auto-Editing is finished,
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the information becomes available

for a number of «applications» which can use it in various ways:

• ASV Automatic Structure Verification

• ASPV Automatic Structure Presence Verification

• ACD Automatic Component Detection

• ASD Automatic Structure Discrimination

• ASE Automatic Structure Elucidation

• ADBV Automatic DataBase Validation

• etc



Final example(s)
Estradiol 400 MHz, using 1H only
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Estradiol 400 MHz, using HSQC only
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Estradiol 400 MHz, using 1H and HSQC
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Estradiol 400 MHz, using 1H only
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Estradiol, modified mol, 400 MHz, using 1H only
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Estradiol 400 MHz, using 1H and HSQC
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Estradiol, modified mol, 400 MHz, using 1H and HSQC
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Thank You for your Attention

All slides will appear on ebyte.it under

DOI: 10.3247/SL4Nmr13.007
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