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ABSTRACT 

The broad goals of this project are to determine by nondestructive means the 
chemical and physical structure of organic sulfur in native and treated Illinois coals, and to 
follow the course of coal cleaning processes with microscopic spatial resolution. For the 
past five years, our laboratory has worked on extensions of the EPR technique as applied 
to coal to address this analytical problem. We have developed computer-controlled 
instrumentation capable of performing complex ENDOR experiments involving two variables, 
which we term 2-dimensional ENDOR, and which have shown tremendous promise in 
increasing still further the spectral resolution of the technique for coal work. We also 
have developed theoretical methods for analyzing the powder ENDOR spectra obtained from 
coal samples, and have performed many experiments on model systems as well. We are 
developing a library of ENDOR spectra from powders containing model compounds (eg, 
anthracene, naphthalene, pyrene, perylene, dibenzothiophene, etc), which we are using to 
begin the analysis of data from whole coals. In addition, we have built a time-domain 
(pulsed) EPR sp~ctrometer optimized for coal stvdies, and have begun to employ it to do 
Electron Spin Echo (ESE) spectroscopy with excellent results. 

This year, we have completed Phase I of the construction of a novel Very High 
Frequency W-band EPR spectrometer, one of only five such instruments in the world, and 
the only one 9urrently studying coal. W-band (96 GHz/3.4 T.) EPR resolves several peaks
in an Illinois #6 coal and separated macerals. Spectra from model compounds, together 
with theoretical simulations, suggest that these peaks represent contributions from 
chemically different species. One of the spectral components arises from a purely 
hydrocarbon species, which almost certainly has a conjugated aromatic structure. A 
second prominent peak can be accounted for very well by assuming a thiophenic species. 
Vitrinite and sp.orinite macerals separated from the whole coal by density gradient 
centrifugation give different W-band EPR spectra that can be understood on the basis of 
differing organic sulfur concentrations. The VHF EPR approach seems likely to allow the 
development of a reliable, non-destructive method to analyze for organic sulfur. 

ENDOR studies on thianthrene and dibenzothiophene confirm that g-anisotropy in . 
these systems brought about by spin-orbit coupling with sulfur can be a mechanism for 
"orientation selection" at X-band. Theoretical simulations confirm the adequacy of our 
molecular model for this process, allowing us to predict the nature of spectra exhibiting 
this interaction. 

S-band pulsed EPR and ESE continue to develop experimentally and theoretically as 
useful and powerful tools for determining the atomic structure of coal. Parallel studies at 
S- and X-band in our laboratory and in laboratories at the Argonne National Laboratory, 
Albert Einstein College of Medicine, Cornell University, and at the ETH, Zurich confirm that 
our experimental and theoretical methods are accurate in determining positions, numbers, 
and orientations of atoms in coal. Multi-frequency ESE measurements continue to be vital 
for accurate interpretation of the data. 

The world's first proton Magnetic Resonance Imaging of coal has been performed, 
providing information not available by any other technique. Our preliminary data on 
solvent penetration suggests that both NMR and EPR imaging will be useful. In the coming 
year, we plan to continue to develop ~his method for coal. The preliminary solvent data 
suggest that MRI may allow determination of the extent and rate of solvent penetration in 
coals. 

9ICCITime
Typewritten Text
ICCI Project Number:	88/4.1A-7


























































