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Overview
Over the years much debate has centered around the validity and accuracy of NMR
measurements to accurately describe the sample chemistry of heavy petroleum
materials. Of particular issue has been the calculated size of aromatic ring systems that in
general seem to be underestimated in size by NMR methods. This underestimation is
principally caused by variance in chemical shift ranges used by researchers to define the
aromatic carbon types observed in the 13C NMR spectrum, in particular the bridgehead
aromatic carbons that can be shown to overlap strongly with the protonated aromatic
carbons. The ability to discern between bridgehead aromatic carbons and protonated
carbons in the 108-129.5 ppm region of the spectrum is key in the derivation of
molecular parameters that properly describe the "molecular average" carbon structure
present in the sample. Utilizing methodologies developed by Pugmire and Solum1 for the
solid-state 13C NMR analysis of coals and other carbonaceous solids we have developed a
liquid-state 13C NMR methodology that allows the relative quantification of overlapping
protonated and bridgehead aromatic carbon signals to be determined. The NMR
experiments involve the combined analysis of both quantitative 13C single pulse excitation
which observes "all carbons in the observes only the protonated carbons in the sample.
Though the DEPT-45 results are not quantitative across all carbon types (CH, CH2, and
CH3) due to polarization transfer differences, the technique is well enough understood
that simple multiplication factors allow the relative absolute intensities of the different
carbons to be determined. An additional aspect of the experiments is the addition of a
standard material (Polyethyleneglycol (PEG) polymer) that allows the calculation of the
absolute percentage of the carbons that are observed by the 13C NMR technique. This
allows the relative amount of bridgehead carbon to be calculated by direct comparison of
the aromatic region with the standard signal intensity. The average ring system sizes
derived from these NMR experiments tend to be several ring systems larger than has
been calculated in previous studies. In asphaltenes for example the ring systems are 5-7
rings in size rather than the 3-4 rings reported previously2. The ring sizes determined by
this new combined NMR method are in agreement with FTICR-MS and fluorescence
measurements3-6.
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