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INTRODUCTION
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FID’s (black lines) of BSA gel samples prepared in protonated (A) and 
deuterated (B) water buffer solution. The red lines  are the fitted curves 
corresponding to a simple theoretical model and con voluted with an  
experimental water signal.
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AIM OF THE WORK

We show that a technique known in high resolution N MR as reference 
deconvolution [1] can be modified and used to fit distorted FIDs to 
any desired theoretical model. The essence of the p roposed 
reference convolution method (see the Appendix  for details) is to 
convolute the theoretical model data with an intens e experimental 
signal (for example a water signal) prior to compar ing them with an 
actual FID.

REFERENCES

Quantification of proton FID signals in time-domain  NMR is mostly done by fitting the experimental dat a to a discrete 
number of suitable decay functions while ignoring a ny frequency differences between their individual c omponents. The 
latter simplification is justified when measuring sy stems with inherently broad lines (solids, gels, ti ssues, etc.) using low-
field  (<0.5 T) time-domain instruments. Instrument s of this type, however, are typically built around  permanent magnets 
with no shimming facilities. As a result, the measu red FID’s of all samples - but the most rigid solids  - are heavily and 
unpredictably distorted by magnetic field inhomogen eity and approximating them by meaningful fitting f unctions is often 
nearly impossible.

EXPERIMENTAL

The new protocol was tested using the FIDs of two s amples, of  
bovine serum albumin (BSA) gels obtained, respectiv ely, from two
equiconcentrated  H 2O (sample A) and D 2O (sample B) BSA solutions 
with pH = 8 by heating them at 75 °C for 12 minutes . In the Figure, the 
two FID’s are shown as black lines.

RESULTS AND CONCLUSIONS

The ratio between the intensity of the ‘fast’ and th e ‘slow’
components in sample A matched the ratio between th e BSA and 
water protons (23.7 to 24.1), indicating that the e xchange between 
solvent water and exchangeable BSA protons is quite  slow, in 
agreement with previous studies [2-4]. Further, on passing from H 2O 
to D2O the ‘fast’ signal decreases by about 17.8%, an amo unt 
comparable to the percentage of exchangeable proton s in the BSA 
(19.3%) [2]. These results illustrate the usefulnes s of the reference 
convolution method for the quantification of proton pools in hi ghly 
distorted  FID's .

THEORETICAL

The theoretical model consisted in both cases of on e ‘fast’ and one 
‘slow’ Lorentzian line. During the fitting process, g iven the model 
parameters (component intensities and linewidths), one generates
the respective theoretical decay data and convolves  them with an
experimental water signal according to Equation (3)  prior to each 
square-deviation comparison with the experimental F ID’s.

The reference convolution technique [5] starts from the hypothesis that the 
effect of the magnetic field inhomogeneity on the F ID is independent of the 
sample; an experimental FID (FID exp) is thus the point-by-point multiplication of 
the undistorted FID (FID und ) by an unknown distortion function D:

(1)

To get rid of D, the FID of a water sample with the  same geometry of the 
previous sample is recorded in the same experimenta l conditions. The 
experimental water FID (FID w)  can be expressed as:

(2)

where R 2w is the water transverse relaxation rate. If for exa mple all components 
(i, i=1,2,…) of the FID und are exponential, Equation (1) can be rewritten as:

(3)

In frequency domain, this would be equivalent to th e convolution between an 
undistorted spectrum and the spectral line of water  acting as a distortion 
reference (whence the name).
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APPENDIX


