
The Goal: Create a Windows software Utility that loads time-domain NMR data (FID’s) from a Bruker spectrometer, or from another vendor’s equipment, and offers the User a set of processing and

calibration tools needed to assess the total content (or the concentration) of the observed nuclides in a sample, possibly regardless of its chemical composition.

The (easy) Theory: Theoretically, since NMR is a linear quantitative method, and since the initial intensity of the FID is proportional to the number of the observed nuclides X in the sample volume, 

an assay of the total amount of X should require only an estimate of the initial FID signal magnitude, just after the excitation pulse.

The (hard) Practice: However, we know that in practice such a quantitation is not so simple. In most cases, the initial

FID signal value is not available, covered up by artefacts such as group delay, receiver dead time, and probe ringing, while at

later times the FID becomes affected by the chemical composition of the sample through the distribution of chemical shifts and

coupling constants.

Moreover, the absolute FID magnitude is ill defined due to unknown absolute RF gain settings and a continuous distribution
of responsivity through the sample volume. It therefore requires a reliable calibration procedure, but the so far proposed
instrumental solutions - such as ERETIC – tend to be very inaccurate.

The Solution: TotalXMR
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Principle evaluation steps:
✓ Load raw data (an FID). The first figure on the right shows a starting portion of a 29Si spectrum acquired on a Bruker 400

MHz spectrometer. The sample was a liquid mixture of poly-silane oligomers, doped with a standardized amount of Cr(acac)3

relaxation agent in order to reduce relaxation times and be able to acquire 500 scans in time of few minutes (undoped

sample had T1 >> 10s). One can clearly see the group delay artefact as well as the starting “spike” due in part to the 29Si

present in the sample tube.

✓ Remove the group delay artefact.

✓ Apply a special apodization function, here called Cos2Tmax.It is basically a cosine lobe that smoothly drops from initial value

of 1 to zero at a selected time Tmax. The purpose of this function is to suppress the FID features at longer times that would

bring-in a undesired dependence of the quantitation results on the chemical composition of the sample.

✓ Apply another apodization function, here called “SmoothStep” that starts at zero at time t=0 and grows smoothly until it

reaches a value of 1.0 at a time t = a (the approach is polynomial with a degree given by the selected value of n). The

purpose of this apodization is to suppress the very first points which are often distorted by pulse artefacts and, in this case,

also to reduce the leakage of the fast decaying signal from the 29Si contained in the 10 mm glass tube.

✓ Compute the magnitude of the remaining signal (shown black in the Figure on the right).

✓ Quantitate the sample by integrating the area under the magnitude curve.

The Setup is stored and, once finalized, the whole evaluation can be executed by a single click. 

Typical workflow:
✓ Given a family of samples to be quantitated, one first needs to prepare two or more (R) reference samples, preferably

similar to the rest of the family, with a well know quantitative content. The quantitation may be in terms of absolute weight,

in which case the samples should be limited in volume to fit inside the observe coil. Otherwise (like in the example shown

here) it may be in terms of concentration, in which case the samples should be liquid and fill a standard-height volume in

the sample tubes. If you need to speed-up the assays, include also a relaxation agent of your choice, always in a fixed

quantity. Note that these reference samples should be stable since they may be used repeatedly over long periods of time.

✓ To assay one or more (U) unknown samples, prepare them in the same way as the reference samples.

✓ Acquire the FID’s of all the R+U samples on your instrument under identical acquisition conditions (note: do not apply any

decoupling). The use of a high-field instrument is required only for the purpose of increasing the sensitivity and thus

keeping acquisition times acceptably short. Hydrogen assays of many samples can be done using a low-field instrument.

✓ Run the TotalXMR utility and check that it has a desired parameters Setup. Then load all the R+U FID’s.

✓ Press the menu command “Processing” in order to automatically process and quantitate all the loaded FID’s.

✓ Press the menu command “Calibration” to display a calibration dialog (Figure on the right).

✓ Input the quantitation data of the R reference samples.

✓ Press “Run calibration” to quantitate the whole set of R+U samples. This involves a linear regression fit that minimizes

deviations for the reference samples and reports the best values for all the samples. The parameters of the regression are

reported as well.

What’s ahead:
So far we have tested TotalXMR on Bruker 400 MHz (high-resolution) 29Si and 13C data. This means that its potential has been barely tapped. We will continue testing it with various nuclei, types of

samples, and also using FID’s acquired on various instruments (including low-field and/or low-resolution). We also need to investigate further the TotalXMR capability to differentiate broadly between the

chemically or physically different environments in which the investigated nucleus can be present in a sample (liquid/solid, aromatic/aliphatic, protonated/aprotic, …).

There is a lot of interest in such qNMR studies and there are an infinity of possible applications in the fields such as food, biological tissues, agriculture, soils, fuels, materials, and many others.

To develop at least some of them, we need your support and collaboration. What we propose is this:

When you encounter a possible application, you send us some sample data and we make sure, first of all, that TotalXMR can read them. Then you install TotalXMR and, after a trial period, you purchase a

standard license and we start jointly developing the application to your exact needs. Beyond the standard license, such a joint development will never cost you anything.
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