
[image: image1.png]contain some annoying dispersive components. As a resul of the underlying assumptions of
the Fourier transform, the timing of the pulse sequence has a strong impact on the phase of
the signals. During this presentation, 1 will show that phase correction i the worst remedy 0
improper timing of the sequence, contrary 1o the general feeling

During this talk, the key role played by the first data point in the time domain will be
discussed in detail: when it should be measured, what i the outcome of a late sampling, how
it influences the integral of the spectrum, why it could be incortectly scaled. Every attempt
should be made to sample the frst data point when all spins of iterest are perfectly in phase:
though diffcult 0 achieve in practce due fo finite pulse duration, his condiion i required to
lead 10 a perfectly phase spectrum. On the other hand, the amplitude of the first point is
merely the overall integral of the spectrum and thus s incorreet scaling leads to severe
baseline offsets.

NMR spectra of biological macromolecules are generaly recorded in water solution,
e in presence of large solvent line. A large corpus of techniques is available a the acqui

sition level (0 reduce the intensity of this signa, based on slective excitation or pulsed field
‘eradient. These spectroscopic techniques can be complementd by solvent filering method at
the processing level, awing to the low frequency of ths signal when the r.£. carrie i set on-

During the las pare of this lecture, some recent advances in NMR processing will be
introduced: the overall duration of ND. experiment can be reduced by sparse sampling
techniques in indircet dimensions. Processing these data using DFT is no longer possible and
other techniques (Maximum Entropy Reconstruction, Three-Way Decomposition Analysis...)
are required. Enhanced digital resolution is brought by these techniques although additonal
antifacts due o the violaion of the Nygquist sampling theorem are introduce
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In this presentation, 1 wil discuss a number of key aspects of data processing in the.
context of multidimensional NMR. Since data acquisition and processing are. strongly
interelated, the design of ND pulse sequences i frequently dictated by some inuinsic limits
Of the processing steps. Most of the NVIR data are processed using Fourier transform (FT)
although this algorithm imposcs severe consiraints on the acquisition.  Because the NMR
signal has been digialized, we are not using the integral ransform defined by the mathema-
ticians but the discrete Fourier ransform (DFT). The discrete nature of the FT is responsible
for most of the artifacts observed in NMR that will be discussed later. The DFT shares a
Dumber of properties of the integral wransform (such as the convoluion theorem) but
introduces a periodiciy in both the time domain and frequency domains.

Quadrature detection, .. the process used 10 detect the sign of the frequencies, is a
‘major source of difficulties when dealing with ND data srs. It should be remembered that the
detection of the sign requires (wo components, @ real and an imaginary one, tha are handled
independently. Processing a ND data set along the acquisition dimension is usually siraight-
forward because the software is aware of the type of acquisition that has been used. As far as
indireet dimensions are concerned, the cases are more numerous: the data can be real oF
complex, the selction of the coherences could have been done using cither phase cycling or
pulsed field gradients. Each case requires a different preprocessing or processing algorithm o
ensure a correet position and shape of the peaks. If the processed spectrum exhibits an
unexpected pattern, the user should inspect the pulse sequence used and analyze how the data
are sored.

Several atifacts associated with Fourie transform willbe discussed such as tmuncation
artifact, quadracure atifacts, alasing and phasing issues. Truncation artfucts occur when the
length of the acquisidon s shorter than the signal decay, a case frequently encountered in the
indirect dimensions of ND experiments. I the early days of NMR, quadrature arifacts used
0 be associated with hardware imperfections but are nowadays only observed when the data
are not processed with the correet agorithm as discussed carlier. Finally, aliasing (or signal
folding) is present when the spectral widih has not been properly defined during acquisiton;
the concept of Nyquist frequency as its relationship with the duwell time will b discussed. In
many instances, the peaks in a ND spectrum are not displayed with the correct phase, .. they



 













































