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The methods f o r  o x i d a t i v e l y  f ragment ing  c o a l s  t o  i d e n t i f i a b l e  s t r u c t u r e s  
d i v i d e  themselves i n t o  two types .  In t h e  more t r a d i t i o n a l  type  a s  exempl i f i ed  
by oxygen, permanganate, chromate,  and n i t r i c  a c i d ;  benzy l i c  hydrogen a r e  
s e l e c t i v e l y  a t t a c k e d .  S ince  about h a l f  of t h e  a l i p h a t i c  hydrogens i n  
coa l s  a r e  benzy l i c ,  t he  r e s u l t  of t h i s  s e l e c t i v i t y  i s  t o  d e s t r o y  t h e  a l i p h a t i c  
s t r u c t u r e .  
t r i f l u o r o p e r o x y a c e t i c  a c i d  (TFPA), t h e  a romat ic  r i n g s  a r e  s e l e c t i v e l y  
a t t acked  and t h e  r eagen t  shows g r e a t  r e l u c t a n c e  t o  r e a c t  w i t h  benzy l i c  
hydrogen, a l though such  hydrogen may be u l t i m a t e l y  l o s t  i n  p a r t  due t o  
subsequent hydrogen s h i f t s .  The two types  of ox idan t s  compliment each o t h e r  
and provide  two of t h e  most e f f e c t i v e  methods f o r  i n v e s t i g a t i n g  t h e  chemica l  
s t r u c t u r e  of c o a l .  Although the  TFPA method i s  s t i l l  under development,  
e a r l y  r e s u l t s  on 27 c o a l s  can now be p resen ted .  

In t h e  newly d iscovered  ROf type  of r eagen t  a s  exempl i f i ed  by 

Products .  A l i p h a t i c  d i a c i d s  and t r i a c i d s  of  3-8 carbons  g e n e r a l l y  
account f o r  50-90% of t h e  observed p roduc t s .  Extens ive  model s t u d i e s  show 
t h a t  these  a r i s e  from hydroaromatic-aromatic p o l y c y c l i c  sys tems.  A minor 
f r a c t i o n  o f  t h e s e  p roduc t s  con ta in  OH o r  C=C groups .  
a l i p h a t i c  monoacid. It a r i s e s  from ary lmethyl  groups i n  70-80% y i e l d s  and 
t h e  amount of a c e t i c  a c i d  provides  t h e  b e s t  c u r r e n t  method f o r  de te rmining  
t h e  %C p re sen t  as a ry lme thy l .  This  va lue  i s  around 1% i n  most c o a l s  and 
inc reases  t o  about 3% on l i q u e f a c t i o n  of t he  c o a l .  Higher monoacids such 
a s  propanoic and bu tano ic  a r e  no t  observed from which i t  i s  concluded t h a t  
a r y l e t h y l  and a r y l p r o p y l  groups a r e  n o t  p re sen t  i n  the  c o a l s .  

The format ion  of methanol and methyl t r i f l u o r o a c e t a t e ,  is a measure 
of t he  amount of arylmethoxy but s p e c i a l  p recau t ions  must be taken  t o  t r a p  
these  v o l a t i l e  products .  These p recau t ions  were taken wi th  a l i g n i n  and 
a North Dakota l i g n i t e ,  and 15% of t h e  carbon was found t o  be p r e s e n t  i n  
arylmethoxy groups.  

Ace t i c  ac id  i s  t h e  on ly  

Benzene t r i a c i d s  and t e t r a a c i d s  a r i s e  from most c o a l s .  These p roduc t s  
do no t  a r i s e  from TFPA o x i d a t i o n s  of po lyaromat ics  of 1-5 r i n g s ,  po lya lky l -  
benzenes,  o r  any hydroaromatic-aromatic of 2-3 r i n g s .  They do form from 
TFPA ox ida t ion  of 5,12-dihydronaphthacene and t h e i r  format ion  from c o a l s  
presumably r e f l e c t  s t r u c t u r e s  of t h i s  type  i n  t h e  c o a l s .  

P h t h a l i c  a c i d  i s  t h e  dominant product  from TFPA o x i d a t i o n  of po lya romat i c s .  
I t  i s  r a r e  o r  absen t  from t h e  p roduc t s  from most c o a l s ,  b u t  becomes a major 
product from l i q u e f i e d  c o a l s  and c e r t a i n  a romat ic  c o a l s  such a s  PSOC-349. 
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Oxirane t r i c a r b o x y l i c  and t e t r a c a r b o x y l i c  a c i d s  are major p roduc t s  from 
v i r t u a l l y  eve ry  c o a l .  
aromatic-aromatic  s t r u c t u r e s .  

Model s t u d i e s  i n d i c a t e  t h a t  these a r i s e  from hydro- 

P y r i d i n e  p o l y a c i d s  a r e  minor p roduc t s  and a r e  t h e  only p r o d u c t s  which 
c o n t a i n  n i t r o g e n .  Pyridine-3,5-dicarboxylic a c i d ,  one p y r i d i n e  t r i c a r b o x y l i c  
a c i d ,  and one p y r i d i n e  t e t r a c a r b o x y l i c  a c i d  were observed.  The t w o  remaining 
p y r i d i n e  a c i d s  are more complex and c o n t a i n  a carboxyl  which does n o t  e s t e r f y .  
Model s t u d i e s  i n d i c a t e  t h a t  t h e s e  two p roduc t s  a r e  polycarboxypyridine-2-acetic 
a c i d s .  

Divergent  Coa l s .  S ix  of t h e  2 7  c o a l s  g i v e  p roduc t s  which d i v e r g e  
markedly from t h o s e  o f  t h e  remaining 2 1  c o a l s .  A Texas l i g n i t e  (PSOC-623) 
gave two unusual  p r o d u c t s  which accounted f o r  77% of GC peak a r e a s .  These 
two p roduc t s  appea r  t o  be a carboxybiphenyl  w i th  a l a c t o n e  b r i d g e  a c r o s s  t h e  
2,2 '  p o s i t i o n s  and a product of MW 286 which could be a n  acenaph thene t r i -  
c a r b o x y l i c  a c i d .  

A Utah c a n n e l  c o a l  (PSOC-155) gave anthraquinone a s  82% of t h e  GC peak 
a r e a s  and t h i s  one p roduc t  accounted f o r  23% of t h e  carbon i n  t h e  c o a l .  Th i s  
c o a l s  was a l s o  unusua l  i n  t h a t  42% of t h e  carbon was i n  unbranched a l i p h a t i c  
c h a i n s  of s i x  o r  more carbons.  A Kentucky Imboden c o a l  (PSOC-372) gave 
anthraquinone as 43% of GC peak a r e a s  and i s  ano the r  d i v e r g e n t  c o a l .  

One c o a l ,  PSOC-349 Pennsylvania  Lower C l a r i o n ,  c o n t a i n s  p o l y c y c l i c  
a romat i c  s t r u c t u r e s  as evidenced by p h t h a l i c  a c i d  a s  a major product  and 
c e r t a i n  p h t h a l i d e s  as minor p roduc t s .  T h i s  c o a l  resembled l i q u e f i e d  c o a l s  
and perhaps h a s  been s u b j e c t e d  t o  times and t empera tu res  e q u i v a l e n t  t o  
l i q u e f a c t i o n  c o n d i t i o n s .  

Two Utah c o a l s  (Bl ind Canyon PSOC-453 and Lower Sunnyside PSOC-459) 
had 15% and 28% of t h e  GC peak a r e a s  due t o  a product  of MW 268. This  product  
appea r s  t o  c o n t a i n  l i n e a r  a l i p h a t i c  c h a i n s  and is. e i t h e r  absen t  o r  a t r a c e  
p roduc t  i n  o t h e r  c o a l s .  

The above examples show t h a t  c e r t a i n  c o a l s  have a r i s e n  from unusual  
and s p e c i a l  c i r cums tances .  Th i s  could be an unusual  b i o o r i g i n  o r  an  
unusual  b i o d e g r a d a t i o n .  Only t h e  c a s e  of PSOC-349 does t h e  d i v e r g e n t  
n a t u r e  of t h e  p r o d u c t s  appea r  t o  a r i s e  from t h e  e f f e c t  of e l e v a t e d  temperature  
on t h e  coa l .  

Conclusions.  It is accep ted  t h a t  c o a l ,  petroleum, o i l  s h a l e ,  and t a r  
sands have d i f f e r e n t  b i o l o g i c a l  o r i g i n s .  The d a t a  h e r e i n  i n d i c a t e  t h a t  some 
c o a l s  can have r a d i c a l l y  d i f f e r e n t  b i o l o g i c a l  o r i g i n s  r e l a t i v e  t o  o t h e r  c o a l s .  
General ly  80% o r  more of t h e  GC peak a r e a s  were due t o  only 10-15 p roduc t s .  
These products  had u n u s u a l ,  s p e c i f i c ,  and n o n - t r i v i a l  s t r u c t u r e s .  This  
i n d i c a t e s  t h a t  c o a l s  s t i l l  r e t a i n  much of t h e  s t r u c t u r a l  s p e c i f i c i t y  of 
t h e i r  b i o o r i g i n s  and a r e  f o s s i l s  i n  t h e  s e n s e  of chemical  s t r u c t u r e .  It 

few y e a r s  a f t e r  d e p o s i t i o n  and were t h e  r e s u l t  of b a c t e r i a l  and funga l  
a c t i o n .  However, t h e r e  are excep t ions  such a s  PSOC-349 where t h e  a romat i c  
n a t u r e  could be a consequence of t imes and temperatures  e q u i v a l e n t  t o  t h e  
cond i t ions  of c o a l  l i q u e f a c t i o n .  
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The c a t a l y s i s  of chemical changes by c l a y s  and o t h e r  mine ra l s  is  
dismissed as be ing  i n e f f e c t i v e  i n  a m a t e r i a l  a s  non-f lu id  a s  c o a l .  The 
e f f e c t s  of geo log ica l  p r e s s u r e  i s  d ismissed  on the  b a s i s  t h a t  t h e  known 
thermal  r e a c t i o n s  of c o a l  ( l i q u e f a c t i o n )  i nvo lve  bond d i s s o c i a t i o n s  t o  
benzyl and o t h e r  r a d i c a l s .  
and w i l l  be slowed by p r e s s u r e ,  n o t  a c c e l e r a t e d .  I n  summary, t h e  n a t u r e  
of t he  products  from TFPA o x i d a t i o n s  and t h e i r  pauc i ty  a long  wi th  o t h e r  
arguments sugges t  t h a t  most c o a l s  have undergone r e l a t i v e l y  l i t t l e  chemica l  
change over  g e o l o g i c a l  t ime a f t e r  t h e  e a r l y  changes due t o  decay p rocess .  

Such r e a c t i o n s  have p o s i t i v e  volumes of  a c t i v a t i o n  
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