Peak shapes in NMR Spectroscopy

Stanislav Sykora, Extra Byte, Italy, www.ebyte.it
Juan Carlos Cobas Goémez, Mestrelab, Spain, www.mestrelab.com

MestReMNova ALPHA - [Document 1]

File Edit Miew Processing Analysis  Tools  Mass Analysis  Annotate  Molecule  Scripts Windows  Help

(S H S QB AL+ R[(2 [ B R KL RSSO D
|

CERC ] §8 3 7§ g[8 _ e 7
4. Guinine 1H B g2 ¥ % B
4 TR = 2 |‘/ | 1

13000

12000

11000

2. Quinine 1H 10000

3000

2000

3. Quinine 1H 7000

000

FS000

=000
4. Quinine 1H

2000

2000

=1000
5, Quinine 1H ] e

____,wm\/f——;—_ﬁﬂw\w\/w,::—‘——

T r. a5 T | SR T S P B N SRR N RN N T G R P | B S N S | T T T | R . e | e
4,930 4975 4970 4965 4960 44955 4950 4945 4940 4935 44930 4925 F14t920 ) 4915 4910 4905 4900 4,895 4890 4835 4880 4875 4870 4865 4860
PR,

.

[N LA

i | i |

<
E} - [ light graw v" O bilack v] EY B- x, - [ A black v".ﬂrial v|12 vl

Presented at MMCE 2009, February 11-15, Otocec, Slovenia



| will touch upon these topics:

Recent progress in automatic evaluation of NMR spectra:
noise & linewidth estimate, Resolution Booster, J-Correlator, GSD

GSD (Global Spectrum Deconvolution) is now operative !
GSD residuals and the shapes of spectral peaks
Classification of peak shape distortion sources

Handling of peak shape distorsions in GSD

Perspectives of GSD

Presented at MMCE 2009, February 11-15, Otocec, Slovenia




Fully automatic evaluation of NMR spectra:
completed steps

> 1 Robust Noise Estimator

> 1 Robust Mean Linewidth Estimator
> 2 RB: Resolution Booster ™

> 2 JC: J-Correlator ™

» 3 GSD: Global Spectrum Deconvolution

1 to be published
2ENC 2008 posters: see www.ebyte.it\stan\SS_Posters.html

3 First version became operative last week
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Noise Estimator

. MOISE skandard deviations:
»-‘1‘) Real part 3.37
Imag part 3.04

Ik
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Harmonic-mean Linewidth Estimator

Mean inewidth [points]:  3.588
Mean TZ_sktar [1/points]:  0.0821

Data Processing
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Example of Resolution Booster

Strychnine 500 MHz
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Example of J-Correlator

» to 2D NMR

Fan
ﬁ" gt
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What is GSD ?

The idea is very simple:

Spectra contain peaks and artifacts => Let us carry out
automatic multiplet deconvolution of the whole spectrum
to recognize and extract all peaks and discard artifacts

Problems which need to be solved:

- Recognition of all significant peaks before fitting
- Assignment of realistic a-priori bounds to peak parameters
- Fitting of hundreds of parameters in a reasonable time

Resulting objects:

* List of peaks (center, height, width, phase, shape)
* Synthetic spectrum
* Array of residues
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Why must peaks be recognized and boxed-in
prior to any fitting ?

Spectral peaks have approximately Lorentzian shapes:
P(h,Q,A;v) = h L((v-Q)/(A/2))
L(x) = 1/(1-ix)

All nearly complete sets of Lorentzian-shaped functions
are approximately linearly dependent

A consequence:

A Lorentzian peak can be approximated very well by three or five
different Lorentzian peaks ( => acute danger of ).
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Recognition of significant peaks
(1) Calculation of derivatives
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Recognition of significant peaks
(2) Marking special points [ local extremes of derivatives 0,1,2 ]

4,20 4,19 4,18 4,17 4,16 4,15 4,14 4,13 4,12 4,11 4,10 4,09 4,08 4,07 4,06 4,05 4,04 4,03 4,02 4,01 4,00 3.99 3,98 2,97 2,96
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Recognition of significant peaks:
(3) Boxing-in of recognizable peaks (251 in this case)
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Fitting of all parameters of all the peaks
Peak-by-peak passages => linear dependence on number of peaks

—=1671.27
—1518.42

Strychnine
500 MHz

Presented at MMCE 2009, February 11-15, Otocec, Slovenia



Simple GSD without splitting

200 peaks, 5 passages, about 5 seconds
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Sources of peak-shape deviations from Lorentzian

Magnetic field inhomogeneity (shimming)

Magnetic field noise (ebyte.it\library\docs\nmr06a\NMR_FieldNoise_Fid.html)
Sample spinning (dtto)

Sample temperature gradients (up to 0.01 ppm/deg)

FID weighting before FT (Voight and other profiles)

Distorsions due to Discrete Fourier Transform (cyclic condition)
Overlap of miriads of transitions in coupled spin systems
Relaxation effects (e.g., methyl lines contain 3 transitions of different widths)
Molecular dynamics effects (chemical exchange, limited mobility)

Presented at MMCE 2009, February 11-15, Otocec, Slovenia




Overlap of transitions

1 000 000 000
Spectral peaks are really o Maximum matrix
envelopes of transitions: 100000000 { | —e—k = 2, extremely weak
-~k =1,weak
10 000 000 —&— Main transitions (k=0)
Even in molecules of modest size the —#- All transitions

number of distinct peaks is tens to 1000000

thousands times smaller than that of —
quantum transitions.

10 000

= 1000

Every peak is an envelope of a large 100
number of transitions and its shape is 10
dominated by the coupling pattern of

the spin system. !
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An unresolved Lorentzian doublet:
a crude but versatile peak-shape model

It can be shown that a finely split (unresolved) Lorentzian doublet can
closely approximate peak shape distortions due to most weighting
functions (Voight profiles), many shimming and relaxation effects (T,"
dispersion), and at least some of the transition overlap effects.

Hence the most obvious approach to improving GSD quality is
peak splitting

Residuals in menthol: with splitting (top) and without splitting (bottom)

It does help, but not as much as one might hope !?!
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Example of a full GSD with splitting
Without splitting 181 peaks, with splitting 286

Menthol at 750 MHz

T T T T T T T T T T T T T T T T T T T T T
1.45 1.40 1,35 1.20 1.25 1.20 1.15 1.10 1.05 , 0,95
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GSD development tools

Virtual phantom for GSD testing
(300 peaks, log distribution, 3 heights, 3 linewidths)

Recognized peaks: 295
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Conclusions and perspectives

Global Spectrum Deconvolution is now running and usable,
even though some more work on reducing the residuals is needed

The residuals are generally peak- or multiplet-specific and therefore reflect real
lineshape deviations from the ideal, not limitations of the GSD algorithm itself.

GSD will become the most important tool for:

* Quantitative analysis with automatic/manual peak editing
* Molecular structure verification and/or elucidation

The abstract and slides of this talk are available at
www.ebyte.it/stan/Talk MMCE 2009.html
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