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The Double Cross Polarization 13C-MAS/NMR experiment has been used to derive y
a new operational classification of solid fossil fuels based on chemical reac-
tivityl®2, The method requires labeling reactive sites in the organic matrix

with a magnetically active isotope not present in the precursor material, and

using the Tocal, isolated dipole-dipole interaction between this nucleus and |
nearby 13C nuclei to detect via cross polarization the carbon centers in the

vicinity of the label. The technique is a marriage of chemistry and spec- !
troscopy and the information content of the DCP spectra is defined by both

partners.

1H-13C-31p DCP/MAS 13C-NMR spectroscopy has been used to statistically describe
phenolic ortho-substitution patterns of coals via their aryl phosphinate or
phosphate derivatives, as per model 1. The identification of specific func-
tional group types as the activation source for acidic C-H bonds in these
materials has also been effected via the tertiary phosphine oxide derivatives
generated from coal carbonions as in model 2. The bold line in these
structures indicates the carbon bonding network that is detected by this
technique, with signal intensities nominally proportional to the inverse sixth
power of the 31P-13C internuclear distance. The sensitive volume element
centered on 31P in which DCP signals are observed is determined by the rate at
which the 31P-13C cross polarization signal accrue$, primarily determined by
the depolar interaction strength, and the rate at which this signal decays,
the 13C rotating frame T,. For the 31P-13C pair, DCP signals are confined to
a spherical volume element with a ca. 4 A radius.
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In these applications of DCP NMR the new, detailed structure and/or reactivity :
information is realized by detection of carbon resonances one or more bonds

removed from the reaction center, but in a volume element of intramolecular

dimensions. To the extent that intermolecular contributions to the spectrum

are deﬁectgd, and not recognized as such, the structure/reactivity correlation

is weakened.
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Direct substitution of phosphorus on the aromatic rings in the organic matrix
of the coal is not readily accomplished. This environment potentially can be
labeled with fluorine in a selective fashion using newly developed reagents3.
The possibility of determining the changes in average ring substitution pat-

terns as a function of chemical treatment or coal diagenisis emerges. Recent
developments in the field of OCP 13C NMR will be presented.
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