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ABSTRACT 

Summarized in this, the FINAL TECHNICAL REPORT for our project "New Strategies for Breaking 
Carbon-Sulfur Bonds in Coal", are results of our research pertaining to reactions in which organic free 
radicals and/or organic anions are allowed to react with physically cleaned illinois coal, and sulfur-contain
ing coal model compounds. Also summarized are determinations of the strengths of various carbon-sulfur 
(and other) bonds in coal model compounds and radical ions derived from coal model compounds. 

Specifically, contained in this final report are summaries of our examinations of the reactions of BPS, 
PS and DBT with NaOH, a mixture of NaOH/KOH or molten caustic under various conditions; with tin, 
aluminum, zinc, copper and nickel-containing compounds; hydroperoxide; potassiwn metal in 
tetrahydrofuran (THF) containing polycyclic aromatic compounds such as anthracene; and organic 
radicals. We have also investigated the uv irradiation and photooxidation of coal model compounds, as 
well as thermal reactions of coal model compounds with various solvents with or without radical initiators, 
electron acceptors or metal catalysts using refluxing and Parr bomb reaction conditions. 

( ~j Results from these studies indicate that BPS, when allowed to react with selected oxygen- and nitro-
gen-centered free radicals at temperatures ranging from I800 C to 4000 C, in various solvents, undergoes 
substantial degradation. Some C-S bond cleavage, along with a thiophenol-like odor, appears to result 
when BPS was allowed to react with the galvinoxyl free radical, at temperatures as low as 200oC. Results 
from these studies indicate that PS is completely unreactive toward caustic and hydroperoxide at tempera
tures < 2000 C. On the other hand, BPS at times shows some' degradation, when allowed to react with 
caustic at various temperatures (in various solvents). BPS, PS and DBT, when allowed to react with 
potassiwn metal in THF containing anthracene at room temperature, undergoes C-S bond cleavage indic
ated by the formation of toluene as a main product, among others. Some C-S bond cleavage appears to 
result when BPS, PS and DBT were allowed to react with triphenyl tin hydride at temperatures of about 
I300 C. Successful C-S bond-breaking was also noted for the reaction of BPS and tributyltin hydride. On 
the other hand, using aluminum bromide and aluminum chloride at room temperature, only in BPS was the 
C-S bond broken. PS and DBT were completely unreactive towards these Lewis acids. When allowed to 
react with copper sulfate at 2000 C, BPS appears to undergo degradation. At lower temperatures no reac
tion is evident. With cuprous chloride, BPS shows bond cleavage both at 1000C and 2000 C but not at 
room temperature. The reactions of BPS and DBT (oxidized by hydroperoxide) with molten caustic also 
indicate C-S bond breaking. 

Results from these studies also have provided new facts concerning the strengths of C-S, S-S, S-H, 
C-O, and C-H bonds present in coal and coal model compounds. Hydrogen atom transfer reactions 
appear to play little or no role in the initial reactions of incipient radical anions derived from coal model 
compounds. The BDE data that have resulted from these studies are the fIrst of their kind. 
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