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Project Summary

The research program in this grant focused on developing new solids NMR techniques for
improved NMR analysis of coal structure. Our goal has been to provide accurate average model
coal structures to guide development of coal beneficiation chemistry.

Four major areas of inquiry have been pursued in this grant. Advanced solid state NMR
methods were developed to assay the distribution of the various important functional groups that
determine the reactivity of coals. Special attention was paid to methods that are compatible with
the very high magic angle sample spinning rates needed for operation at the high magnetic field
strengths available today. Polarization inversion methods utilizing the difference in heat capacities
of small groups of spins were particularly effective. Methods combining proton-proton spin diffu-
sion with *C CPMAS readout were investigated as a means of determining the connectivity of
functional groups in coals in a high sensitivity relay type of experiment. Additional work was
aimed at delineating the role qf methyl group rotation in the proton NMR relaxation behavior of
coals.

Most of our work was in the further dgvelopment of spectral editing NMR methods %or
solids. One of our greatest successes is a new class of spectral editing methods for separating
different types of carbon functional groups in >*C CPMAS spectra. In the past, NMR spectro-
scopists have relied upon the dipolar couplings to attached protons to separate °C signals coming
from C, CH, CH; and CHj; groups. Such methods assume that molecular motion is severely lim-
ited so that the *C -'H dipolar couplings have characteristic strengths. We have developed a new
set of methods that utilize the polarization inversion process, and rely upon the relative heat ca-

pacities (in the NMR sense) of the *C nuclei and their directly attached protons. In this manner




CH;, CH,, CH and C groups can be readily distinguished even if there is a wide distribution in
molecular mobility. By taking linear combinations of a few different spectra we can generate sub-
spectra which contain just one type of carBon. We find the new methods are simple to employ and
require what we consider to be fairly standard solids NMR hardware.

These techniques have been applied in a comprehensive study of the Argonne Premium
coals. Several generalizations are apparent from these new data. First, the subspectra show there
are many more methyl groups in coals of all ranks than is generally believed. In addition, a signifi-
cant number of aliphatic CH groups are found, and these account for the majority of the 40-60
ppm shoulder in the aliphatic region of the *C CPMAS NMR spectra of mid-rank coals. Interest-
ingly, the CH subspectra for coals of different ranks show significant trends. Low rank coals are
found to have few aliphatic CH groups. These grow in with increasing rank, maximizing at inter-
mediate rank parameters. Furtherl maturation leads to a progressive decrease in aliphatic CH car-
bon centers, and they disappear altogether at high ranks. The subspectra also demonstrate the
near complete absence of CH, or CHj; groups attached to O or other heteroatoms (except in
lower rank coals). Furthermore, the oft invoked CH, aryl-aryl bridges are rarely found.

With a fairly quantitative breakdown of thé 3C CPMAS spectra into the four carbon types
in both the aliphatic and aromatic region, we can place some severe restrictions on sensible aver-
age structures. These data can also be compared to ultimate analysis data, and the agreement be-
tween the H/C ratios determined by analysis and these new NMR methods is quite good. In the
case of the Pocahontas coal, the NMR experiments were used to determine the structural parame-
ters Stock and co-workers determined via a combination of solids NMR and chemical degrada-

tion. The new methods developed in our lab give similar results, but are inherently more reliable.




This work has resulted in a number of papers on the development of spectral editing
methods and the associated spin dynamics. Further work is being carried out to carefully assess
the quantitative aspects of the methods. While the techniques work well on the NMR hardware
developed in our laboratory, many commercial instruments do not have the same level of stability
and RF excitation purity as those we have constructed at Yale. As such we are developing proto-
cols that will ameliorate the most common performance deficiencies of commercial NMR instru-
ments in applications of our new methods. Although we have completed what we consider to be a
seminal paper on the spectral editing results we have obtained on the Argonne Coal samples, we
are delaying its publication until we are certain that we have determined how other researchers
may reproduce our data on less capable instrumentation. We feel this is important for building
confidence in our methods with the rest of the fossil fuel community that employs solids NMR in

their research.
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