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INTRODUCTION

Manually, phase (Pc) and baseline (Bc) corrections in 1D NMR spectra were always done as separate steps, carried out one after another. In addition, the Bc was always done only on the “real” part of the spectrum and
not on the imaginary part. However, one often notices that there is a mutual interference between the two corrections, causing uncertainty about the best solution in the vicinity of an optimum. In addition, the fact that
baseline correction is not done on the imaginary part implies that when one tries to iterate the whole process, any change in phase parameters brings back into the displayed real part the uncorrected baseline artifacts
present in the imaginary part. Consequently, though a lot of work on the two (separate) corrections has been done over the years, further investigation is still called for. In particular, the problem becomes imperative when
one needs a fully automatic and very robust algorithm to apply in industrial applications of NMR spectroscopy, especially those characterized by a very high sample throughput and/or a continuous or pseudo-continuous
sampling characterizes, for example, a process-control setup.

Here we present recent advances in a novel iterative algorithm in which the ‘quality function’ is based on the amplitude histograms (real and imaginary) of the spectrum. Apart from the exploitation of some convenient
features of histograms, the fully automatic algorithm handles BOTH corrections simultaneously (PcBc rather than Pc + Bc), and it applies the baseline correction to BOTH the real and the imaginary parts of the spectrum.

In summary, PcBc permits us to:
» Carry out the phase and baseline corrections simultaneously;

» Carry out both corrections (not just the phase) on both the in-phase and the out-of-phase parts of a spectrum;
» Enhance the objectivity of the corrections, especially considering that in practice one often encounters situations with multiple and/or ill-defined acceptable ‘solutions’.
Moreover, the manual corrections in current use (especially the phasing procedure) often differ depending of the personal habits of each spectroscopist.
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Modelling the baseline The weight functions The Flowchart
For the fitting, apart from the two classical phase parameters phO (constant) and phl (linear) that Modelling efficient weight functions suitable for our purposes is not an Hence, in extreme synthesis, the
need to be adjusted, we model the baseline correction by means of a linear combination of a pre- easy task because there is no rigorous mathematical theory which flowchart to compute the quality
defined number (N) of low-frequency harmonic functions or, alternatively, low-indexed Chebyshev might help. function Q(p) consists of these
polynomials. In either case, this introduces 2*N fittable coefficients, because the baseline For the real part, it is evident that the area around ¢ =0 should have the simple steps:
corrections for the real and the imaginary parts are considered totally independent. largest height, any negative values should be discouraged (negative 1. Take the experimental
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to ensure a flatter baseline. The ‘anchors’ are actually averages of 16 data points, strategically function, making sure that for perfectly symmetric histograms the result efined by the parameters p;
positioned to avoid the common smiley artifacts at the extremes of a spectrum. IS zero, while any a-symmetric shape generates a negative value (see
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The quality function ) compute the histogram of
One then needs to construct a quality function Q(p) of all the 2*N+2 fittable parameters p which, o] the resulting spectrum:
when maximized, forces the histogram to possess the principle characteristics corresponding to 3. For both Qr(p) and Qi(p):
well-conditioned spectra. We define Q(p) as the integral of a properly weighted histogram H(¢) of evaluate the weighted

a spectrum corrected using the current parameters p. Actually, two such integrals are computed, integral of the histogram.
Q,(p) for the real part of the spectrum and Q,(p) for the imaginary part, with two different weight

functions, w,(¢) and wi(¢), respectively, and then added together, Q(p) = Q,(p) + Qi(p). The fact The values of the parameters p
that this simple scheme is based on an integral over the histogram (and therefore over all Wight function Wight function  for are modified in order to minimize
experimental data points) is very important because it represents, as an extra bonus, a concurrent of the spectram tne spearum Q(p) = Qr(p) + Qi(p) according to
noise-suppressing filter. . ) —— the down hill simplex algorithm.

|l

]

m \ * I
I [ l T
| | | i
| 1l | wm/ l I ;' I
| - | r— .m:r-«‘r—‘-é--“f-"JL"'“ | MW'IW«MMWZ ’ “ | il
il IE | bt | | ol | 1IN 4| A
| | | Testosterone Ml i e | il | Vet I LTIk
J ' I spectrum after PcBe Tl I ) | }l I J |

I

o oy

Il

| | | ' it P
‘ | ‘ ‘ | ] k1 \l I i 1! fit ' ) ‘H | ‘i ’ k1
=~ | . | (L4 L ;'UH'_ mimill| | i
Testosterone fﬂﬂw | | | " /| (R L (W 111 e
spectrum with a bad baseline and bad phasing | | A AN AN o Mmrﬂl"“'w Wil VUM ST AARIRSNEIY AN e e Lovsnmmamissmm—ma [ oSS VLladl Lo NV L L Ml .~ Ol I S WY
E Detail comparison 1 Detail comparison 2
|I.5 lﬂl.ﬂ lEI.IE Q:U 8:5 3.0 ?.IE ?.IU 6:5 G:ﬂ 5:5 E:U 4.5 4.Iﬂ 3:5 3..'0 2:5 2:u 1.5 10 U.IE U.IU —UI II.E IDI.U 9:5 9:0 8:5 3.0 ?.IE ?.IU G.IE G:U 5:5 E:U 4.5 4.IU 3:5 3.IU 2:5 2:0 1.5 10 U.IE U.IU —CII 7.85 ?.éﬂ ?.IEE ?.;ED ?.I45 ?.;10 ?.,:_15 ?.:30 ?.:'25 720 715 7A0 ?.EIJE ?.IIIJU G.éIE G.‘IBI:I 2t5 24 2.T3 2.T2 211 20 1.'9 1.T8 117 16 .°L5 1.T4 113 1:2 1.1 1.T0 0.'9 0r8 0.7 0.'6
f1 (ppm) f1{ppm}) 1 (ppm) f1 (ppm)
References
1. Cobas C., Bernstein M.A, Martin-Pastor M., Tahoces P.G., 2006. A new general-purpose fully automatic baseline-correction procedure ) '
for 1D lz(and 2D NMdeata. Jolurnall of Magnetic Resonancf:e 183, 145-15#; i — | UNION EUROPEA +‘“E”+ XUNTA DE GALICIA In collaboration with "tfo
2. Binczyk F., Tarnawski R., Polanska J., 2015. Strategies for optimizing the phase correction algorithms in Nuclear Magnetic Resonance Fondo Europeo de tgt NSELLERIA DE INNOVACION, |
y ) . : . : J _ P 9 P g g S A S L ey +1+ I(I:\I%USSTRIA E COMERC?O clo WWwWw.extrabyte.eu =
spectroscopy. Biomedical Engineering On line 14 (S2); wUs! o y «e
Direccion Xeral de Investigacion y

3. Cobas C. and Sykora S., 2007. Extended DISPersion-Absorption (eDISPA) approach to Automatic Phasing of HR-NMR Spectra. 48th
ENC Conference, 2007, DOI: 10.3247/SL2Nmr07.004.

4. Zorin V., Bernstein M.A. and Cobas C., 2017. a robust, general automatic phase correction algorithm for high-resolution NMR data,
Magnetic Resonance in Chemistry 55, 738-746.

e Desenvolvemento



mailto:em.vasini@extrabyte.eu
mailto:sykora@ebyte.it
mailto:em.vasini@extrabyte.eu
mailto:carlos@mestrec.com
http://www.extrabyte.eu/
http://dx.doi.org/10.3247/SL2Nmr07.004
https://doi.org/10.3247/SL7Nmr18.001

