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11. , ABSTRACT ' 

. . 

I n  t h i s  q u a r t e r ,  f o u r  more papers"  have been completed.    he^' a r e '  l i s t e d  
. . . below under  I V .  . . 

111. OBJECTIVE 'AND SCOPE' OF W O K  

 he g o a l  i s  t o  d e t e r m i n e  t h e  s t r u c t ' u r e  of c'oAls and m a t e r i a l s  t h a t  
a r e  . c o a l  d e r i v e d  o r  c o a l  r e l a t e d .  The work i n c l u d e s  e x p l o i t i n g  t h e  n o v e l  

. .  o x i d a t i v e  d e g r a d a t i o n  methods of CF3C03H,' r ev iewing  o l d e r ' m e t h o d s  such  as 
o x i d a t i o n s  w i t h  n i t r i c  a c i d ,  and i n v e n t i n g  new methods which p r e s e r v e  
even more ca rbon  and more s t r u c t u r a l  i n f o r m a t i o n .  

I V .  SUMMARY OF PROGRESS TO DATE 

Three  papers  have been a c c e p t e d  f o r  p u b l i c a t i o n  by Fue l .  These a r e  - 
e n t i t l e d :  ( a )  The Dihydroaromat ic  S t r u c t u r e  of I l l i n o i s  No. 6 Monterey 
Coal,  (b)  The S t r u c t u r e  of Wyodak Coal ,  ( c )  S t r u c t u r a l  Changes Occur r ing  
i n  Coal  L i q u e f a c t i o n .  

A. paper  e n t i t l e d  "Linear  Alkane c h a i n s  i n  Coals" h a s  been submi t t ed  
t o  F u e l  and t h e  r e f e r e e  h a s  recommended p u b l i c a t i o n .  A paper  e n t i t l e d  
"Low. Temperature  chemical '  F ragmenta t ion  of Coals" was p r e s e n t e d  a t  a  
c o n f e r e n c e  ' i n .  Morgantown, WV, June 2-4, and w i l l  b e  p u b l i s h e d  by t h e  
American P h y s i c s  s o c i e t y '  a s  p a r t  of t h e  p r o c e e d i n g s  of t h e  c o n f e r e n c e .  
A paper  e n t i t l e d  "Chemical Changes i n  Coal  Liqu,e£act iontf  w i l l  b e  p r e s e n t e d  
a t  a Symposium a t  t h e  American Chemical S o c i e t y  Meeting i n  San F r a n c i s c o ,  

. August,  1980. A  paper  e n t i t l e d  "A s u r v e y  of t h e  Chemical S t r u c t u r e s  o f '  
Twenty-seven, Coals  as Determined by O x i d a t i v e  Degradat ion"  h a s  j u s t  'been 
f i n i s h e d  and w i l l  b e  s u b m i t t e d  t o .  Fue l .  

V .  .DETAIT,ET), DESCRIPTION OF TECHNICAL PROGRESS 

The. amount of raw d a t a  is  s o  l a r g e ' t h a t  we w i l l  c o n t i n u e  t o  p r e s e n t  
t h e  d a t a  o n l y  a f t e r  i t  h a s  .been a n a l y z e d ,  i n t e r p r e t e d ,  and w r i t t e n  up as. 
p a p e r s  submi t t ed  o r  a c c e p t e d  f o r  p u b l i c a t i o n .  Two of t h e  a b o v e . p a p e r s  a r e  

, i n c l u d e d  a s  appendages t o  t h i s  r e p o r t  . '  Much t e c h n i c a l  p r o g r e s s  is p r e s e n t e d  
i n  g r e a t  d e t a i l  i n  t h e  Ph.D. t h e s i s  of  alter G. R a k i t s k y  and t h e  M.S. 
, t h e s i s  o f  Kenneth Curry.  Both of t h e s e  t h e s e s  ' w i l l  b e  p r e s e n t e d  i n  . . 

'. : J u n e  1980. 
. . 
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Chemical changes i n  c o a l  l i q u e f a c t i o n  

N .  C.  Deno, Kenneth W. Curry, J. Edward Cwynar, A. Danie l  Jones ,  
! 

Robert D.  Minard, Thomas P o t t e r ,  Walter G.  Raki tsky,  and Karen Wagner 

Department of Chemistry, Pennsylvania S t a t e  Un ive r s i t y ,  Univers i ty  
Park,  PA '16802 ' 

Mobil Research and Development Corp. suppl ied  f i v e  c o a l s  and t h e i r  s o l u b l e  

and i n s o l u b l e  f r a c t i o n s  a f t e r  3  mins s o l v e n t  r e f i n i n g  and t h e i r  s o l u b l e  

f r a c t i o n  a f t e r  90 mins so lven t  r e f i n i n g .  A l l  samples were o x i d a t i v e l y  

degraded wi th  CF CO H-H SO The major e f f e c t s  of so lven t  r e f i n i n g  on 
3 3  2 4 .  

molecular s t r u c t u r e  were t h e  l a r g e  i n c r e a s e s  i n  a ry lmethyl ,  a ry lpheny l ,  

and . t o t a l  aromatic  m a t e r i a l .  

L iquefac t ion  ( so lven t  r e f i n i n g )  of c o a l  involves  thermolys is  of benzyl- 

oxygen and/or benzyl-benzyl bonds a s  t h e  f i r s t  s t e p  i n  t h e  depolymerizat ion.  

1 , 2  This  view de r ives  from NMR studies1, s t u d i e s  w i th  model compounds , and 

o x i d a t i v e  degrada t ions  wi th  Na C r  0  and CF CO H 
4  

2  2 7  3  3 2 '  The o x i d a t i v e  degra- 

da t ions  wi th  CF CO H a r e  now extended t o  f i v e  new coa l s .  Products  have 
3 3 

been determined from t h e . o r i g i r i a 1  c o a l ,  t h e  s o l u b l e  and i n s o l u b l e  f r a c t i o n  

a f t e r  3  mins, and t h e  s o l u b l e  f r a c t i o n  a f t e r  90 mins. The d a t a  a r e  

summarized i n  Tables 1 and 2 .  

The b e s t  method f o r  determining t h e  amount of a ry lmethyl  groups i n  

coa l s  is  from t h e  y i e l d  of a c e t i c  a c i d  formed i n  o x i d a t i v e  degrada t ion  wi th  

C F ~ C O ~ H - H ~ S O ~ ~ - ~ .  The d a t a  from t h i s  method a r e  s h o w  i n  Table 1. The 

fol lowing observa t ions  and i n t e r p r e t a t i o n s  a r e  made. 



*: 
1. A sha rp  i n c r e a s e  i n  a ry lmethyl  accompanies l i q u e f a c t i o n  i n  a l l  

4 
f i v e  c o a l s  and i n  two c o a l s  which were stud.ied e a r l i e r  . This  i n c r e a s e  

is  t h e  r e s u l t  of thermal  c leavage  t o  benzyl  r a d i c a l s  and a b s t r a c t i o n  of 

hydrogen atoms by t h e  benzyl  r a d i c a l s  t o  form arylmethyl .  

2. A l l  f i v e  c o a l s  g i v e  about  t h e  same percentage  i n c r e a s e  i n  a r y l -  

methyl  a f t e r  90 mins of s o l v e n t  r e f i n i n g ,  b u t  no t  a f t e r  3  mins. This  

i n d i c a t e s  t h a t  benzyl  r a d i c a l s  form from more than  one type  of s t r u c t u r e .  

Arylmethyl formation i s  87-992 complcte i n  t h c  l a s t  t h r e e  c o a l s  i n  Table 1 

a f t e r  3 mins whereas i f  its only 332 and 50% complctc i n  t h e  f i r s t  two,  

coa l s .  Based on s t u d i e s  of model compoundsly2, i t  is  a t t r a c t i v e  t o  

a s c r i b e  a ry lmethyl  formation i n  3  m i n s . t o  c leavage  of henzyl  e t h e r s  and 

s lower c leavage  t o  b i b e n z y l ' s t r u c t u r e s .  Despi te  t h e  obvious oversimpli-  

f i c a t i o n ,  t h i s  i s  t h e  b e s t  . e s t i m a t e  a s  y e t  of t h e  r e l a t i v e  amounts of C-0 

and C-C cleavage. It i s  a l s o  d i r e c t  evidence f o r  b ibenzyl  s t r u c t u r e s  i n  

PSOC 372 and 330 and t h e  f i r s t  d i r e c t  evidence f o r  such s t r u c t u r e s . i n  any 

coa l .  

3 .  Ir mfghr have been expected t h a t  t h e  more a ry lmethyl ,  t h e  more 

c leavage ,  al-~d t h e  Illore SRC. I n  fact che 0ppok.IW i s  sli6wn i n  Table 1. 

The c o n f l i c t  would b e  reso lved  i f  c o a l  l i q u e f a c t i o n  depended more on 

c e r t a i n  c r i t i c a l  c leavages  and the  conversion of a  3-dimensional polymer 

t o  a  1-dimensional polymer than  on t h e  t o t a l  amount of c leavage  a n d  t h e  

ex t e n t  of depolymerizat ion.  

4 .  The amount of arylmethyl  in t h e  r e s i d u e  ( 3  a ~ i n )  is about  t h e  same 

a s  i n  t h e  o r i g i n a l  coa l .  This i n d i c a t e s  t h a t . a r y l m e t h y l s  do no t  p lay  any 

r o l e  i n  l i q u e f a c t i o n  a s  expected. 

5. No h ighe r  homologs of a c e t i c  a c i d  were observed i n d i c a t i n g  t h e  

absence of a r y l a l k y l s  above methyl. 



The d a t a  i n  Table 2 show t h a t  b i a r y l  s t r u c t u r e s  a r e  r a r e  o r  absent  

i n  t h e  o r i g i n a l  c o a l s  b u t  appear i n . s i g n i f i c a n t  q u a n t i t y  on l i q u e f a c t i o n .  

The foremost evidence f o r  t h i s  a r e  t h e  changes i n  y i e l d s  of benzoic ac id  

(column 136).  This  product was no t  observed from any of t h e  f i v e  c o a l s ,  

b u t  it was an important  product from SRC ( so lven t  r e f i n e d  c o a l ) .  Model 

s t u d i e s  have shown t h a t  benzoic ac id  forms from biphenyl  and o the r  b i a r y l s  

i n  which one of t h e  ph.&nyl r i n g s  is u n s u b s t i t u t e d .  It does n o t  form from 

5 3 6  alkylbenzenes, .  a  v a r i e t y  of polyaromatics ,  and many o t h e r  model compounds . 
There a r e  t h r e e  o the r  products  i n  Table 2 whose appearance o r  i n c r e a s e  

i n d i c a t e  b i a r y l  s t r u c t u r e s .  These a r e  benzene-1,4-dicarboxylic a c i d  (194b),  

benzene-1,3-dicarboxylic ac id  ( 1 9 4 ~ ) ~  and benzene-1,3,5-tricarboxylic acid 

(310b). A l l  have non-adjacent carboxyl  groups. These a r e  more c h a r a c t e r ; i s t i c  I 

of b i a r y l  s t r u c t u r e s  i n  c o n t r a s t  t o  ' fused aromatics  which form products  ::.' I 

wi th  ad jacen t  (1,2)  carboxyls .  i 

We i n t e r p r e t  t h e  appearance of s imple  phenyl s u b s t i t u e n t s  t o  t h e  

r educ t ive  removal of t h e  heteroatom i n  benzthiophenes,  benzfurans,  and 

poss ib ly  benzpyrroles .  I f  one of t h e  benz r i n g s  i s  u n s u b s t i t u t e d ,  such ' 1 ,  

a r e d u c t i v e  hydrogenolysis  would c r e a t e  a  s imple phenyl group a t t ached  

t o  t h e  remaining polymer by a biphenyl  t ype  of bond.  While phenyl groups 

would a l s o  be generated by hydrogenolysis  o t  t l u o r e n e s ,  f l u o r e n e s  a r e  

expected t o  be s t a b l e  under t h e  cond i t i ons  of l i q u e f a c t i o n .  

On t h e  b a s i s  of o x i d a t i v e  degrada t ions  of I l l i n o i s  no. 6  and Wyodak 

coa l s  be fo re  and a f t e r  l i q u e f a c t i o n ,  it was concluded t h a t  t h e  a romat ic  

4 
s t r u c t u r e  i nc reases  on l i q u e f a c t i o n  . The evidence was an i n c r e a s e  i n  

p h t h a l i c  (benzene-1,2-dicarboxylic) a c i d ,  which i s  t h e  dominant product  

5 
from most polyaromatic systems . 



i' 
The i n c r e a s e  i n  aromatic  s t r u c t u r e  i s  a l s o  shown by c e r t a i n  l a c t o n e s  

which a r e  minor products  from ox ida t ion  of a  v a r i e t y  of polyaromatic  

5 hydrocarbons . They appear from ox ida t ion  of t h e  s o l v e n t  r e f i n e d  samples 

b u t  n o t  from t h e  o r i g i n a l  c o a l s  (Tab le . ? ) .  

Oxidat ion of c o a l s  w i th  40% HNO a t  60' provides a  r e l i a b l e  method f o r  3 

determining t h e  amounts and l eng ths  o f .  l i n e a r  a lkane  cha ins  i n  c o a l s  by 

7 
conver t ing  such cha ins  t o  l i n e a r  d i a c i d s  of two l e s s  carbons . A s  expected,  

t h e  amounts and l e n g t h s  showed no change on s o l v e n t  r e f i n i n g  on Tllinois 

no. b Monterey coa l .  

I l l i n o i s  no. 6 Monterey c o a l  and Wyodak c o a l  showed marked dec reases  

4 i n  t h e  y i e l d s  of s u c c i n i c  ac id  a f t e r  s o l v e n t  r e f i n i n g  . This  was i n t e r -  

p re t ed  a s  showing a  marked decrease  i n  dihydrophenanthrene s t r u c t u r e s .  This  

dec rease  i n  s u c c i n i c  ac id  product i s  n o t  shown by t h e  f i v e  coa l s  i n  Table 2. 

It i s  p o s s i b l e  t h a t  dihydroaromatic  s t r u c t u r e s  donate  hydrogen t o  benzyl  

r a d i c a l s  bu t  a r e  regenera ted  by t r a n s f e r  of hydrogen from so lven t  t o  t h e  

c o a l  polymer. 

We a r e  g r a t e f u l  f o r  suppor t  f o r  t h i s  work from EPRI ( E l e c t r i c  Power 

Research I n s t i t u t e )  and DOE (U.S. Department of Energy) .  We are a l s o  

g r a t e k u l  t o  D r .  Duayne 8. Vhi t ehur s t  of Mobil Research and Development' 

Corporar ion f o r  supplying t h e  samples of c o a l s  and s o l v e n t  r e f i n i n g  c o a l s .  



EXPERIMENTAL 

The samples were k indly .provided  by D r .  D. D .  Whitehurst of Mobil Research 

and Development Corporat ion.  The pa ren t  c o a l s  were bituminous and had 

been o r i g i n a l l y  obtained from t h e  Penn S t a t e  Coal Base and c a r r y  t h e i r  

code number. 

The procedure f o r  ox ida t ion  wi th  CF CO H-H SO i s  i d e n t i c a l  t o  t h a t  
3 3  2 4  

5  
repor ted  e a r l i e r  . The a n a l y s i s  and conversion:  t o  methyl e s t e r s  was 

modified a s  fo l lows .  

The a c e t i c  a c i d  was determined from t h e  pro ton  magnetic resonance 

spectrum of t h e  f i l t e r e d  r e a c t i o n  mixture.  The a r e a  of t h e  a c e t i c  a c i d  

peak was compared t o  t h e  a r e a  of t h e  peak of a  weighed amount of DSS a s  

6 o r i g i n a l l y  descr ibed  . This  method i s  p r e f e r a b l e  t o  t h e ,  d i s t i l l a t i o n  

method5 providing l i n e  broadening is n o t  too  severe .  
B 

The i s o l a t i o n  of t h e  methyl e s t e r s  has  been made more q u a n t i t a t i v e  

by modifying t h e  procedure f o r  i s o l a t i o n .  The removal of v o l a t i l e  m a t e r i a l  
h 

5  
and t h e  conversion t o  methyl e s t e r s  was unchanged . Af te r  e s t e r i f i c a t i o n  

3  
wi th  BF i n  methanol, 100 cm of s a t u r a t e d  aqueous NaCl was added and the:  

3  

mixture  ex t r ac t ed  w i t h  t h r e e  35 cm3 por t ions  of CH C 1  The combined 
2  2 ' .  

CH C 1  e x t r a c t s  were washed wi th  100 cm3 o f .  3% NaHCO followed by washing 
2 2 3 

with  s a t u r a t e d  aq. ~ a d l .  A weighed amount of acetophenone was added as an 

i n t e r n a l s t a n d a r d .  T h e s o l u t i o n w a s d r i e d  overMgSO T h e r e s p o n s e s t o  
4  ' 

t h e  d e t e c t o r  i n  t h e  gas chromatogram were c a l c u l a t e d  from e f f e c t i v e  carbon 

5  
numbers a s  be fo re  . 
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T a b l e  ,l Y i e l d s  of a c e t i c  a c i d  from o x i d a t i v e  
d e g r a d a t i o n s  w i t h  CF CO H-H2S04 3  3  

a 
" Penn S t a t e '  c o a l  b a s e  number 

37 2  330 256 312 405 
Kentucky P  enn . Penn. Ar izona  Oklahoma - 
Imboden Middle  Lower Red Lower 

Name K i t t a n i n g  F r e e p o r t  'Har t shorne  

% l i q u i  f  i.ed a 79 7  0  6 5  5 1  25 
( 3  min) 

r a n k  HVA HVB med. v o l .  HVC low v o l .  

b  
Yie ld  of a c e t i c  a c i d  (meq. p e r  g  of ma£) : 

p a r e n t  c o a l  - 0.44 0.33 0 . 3 1  0.42 0 .31 , , 

SRC ( 3  min) 0.77 0.74 1 .05 1 .46  1 . 5 1  

r e s i d u e  0 .33 0 . 4 1  0.27 0 .27 0.24 
( 3  min) 

a  P, 

Samples and l i q u e f a c t i o n  d a t a  were  s u p p l i e d  by D .  D .  W h i t e h u r s t ,  
Mobil  Research and Development Corp. 

b ~ h e  p e r c e n t a g e s  of m o i s t u r e  (m) and a s h  ( a )  a r e  a v a i l a b l e  from t h e  
Penn S t a t e  Coal  Base computer p r i n t o u t s .  The SRC samples  had 
n e g l i g i b l e  m o i s t u r e  o r  ash .  I n  c a l c u l a t i n g  the y i e l d s  of acet ic  
a c i d  from t h e  r e s i d u e ,  i t  was assumed t h a t  a l l  o f  t h e  a s h  i n  t h e  
c o a l  w a s  r e t a i n e d  i n  t h e  r e s i d u e  i n  c o r r e c t i n g  t o  a  maf ( m o i s t u r e  
and a s h  f r e e )  b a s i s .  



a T a b l e  2  Abso lu te  y i z l d s  (mg p e r  g  ma£) of p r o c u c t s  from o x i d a t i v e  d e g r a d a t i o n s  w i t h  CF CO H-H SO 
3 3  2 4  

MW of methyl  e s t e r  132 l r 6  136 2C4 218a 218b 194a 194b 19Sc 276 252a 252b 310a 310b 
- - -  --- 

PSOC-372 
c o a l  
SRC ( 3  m) 
SRC (90 m) 
r e s  ( 3  m) 

PSOC-330 
c o a l  
SRC ( 3  m) 
SRC (90 m) 
r e s .  ( 3  m) 

PSOC-256 
c o a l  
SRC ( 3  m) 
SRC (90 m) 
r e s  ( 3  m) 

PSOC-312 
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SRC. ( 3  m) 
SRC (90 m) 
r e s  ( 3  m) 

PSOC-405 
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SRC (90 m) 
r e s  (3  m) 

, . : ! .  . . 
' . .. -,. . . . 
, I ....( : 

. 8 .*.  .. . ~. .: . 
' . ... .. . 
... . . .. ... ., . 

\, .. ,. -. .. : .". 
-: '. . .:: , . ,,- .. . :. .. . : .  . . .  . ... . 

..*, ,; 3: .. , . .... . . . ...'... 
'..::. ..:: . . ,:. .. 

> r.; : 
:'! .,.I .... :.. .I . . :. .=. .. . . . * . _ / _  ..: . :. r. ' . ; :' 
_ . r . .  .. 

. -;.. ; : .>:c: . .:,. .. , , . .;. . . ..*;..;.. '. .(..?. : . .> e i. 
*) :. '. _. . .. 

. .<.:.. : > .- .: 5.:: 
+,.::,. 
;: :- . .. ' . - . - ... :'.-' . :.. .*:;. . (  _ . < 

. : ... .. . ,.z.- 
_ _ . I  ' r.5 ' :. 
,* :-... .. ..-. . ... < . - ... . -  
I;',:;. . I ., ., ..,.. . ..I.. ... 
;;,::<:.. -.... 1 .  .... . >.. ..: . %.?.. :.. :: . ..-*... 
7 2 : :  .,. ..< .. . . ,: : ; . .! ...... : . '.. ..'.. . .L!.. 

. d:cl:. .. 'j;.. 
.'....: '...,-? :. . ._<. :. 
.. '. .;.__.: 

: .:.:. ... ..:. .. . .... .. 7:. .:,:, 2.: - .  
;:L?.;; :,, < -., 

-.LO 2.; .-y:<. 
:: .' . . ... : 
%?.. :: . .+ .-. 
':i..-. 
: ?. .. . . .  .. . . 7, T . ?::.' ;. 

. ... 
, /_.a: . .- -. . . , . ..i... : 
. ,: .... . :.A . i ::, : .... .. ; .  .;. . . ,:. . : . .. . .-: 
:.,. :. : -.:--: . 

. . .. . .. .. .' : 3 ! < . .  - .... . 

.;;I :. 
> =::+ .; 
. ,*... ... . 

.Y. ' ...... . -  . , . .. .. . .. .. 
, _. ;. .. . . .... .: .. 

. $  - 

a 
I d e n t i f i e d  i n  Tab le  3 .  



Table 3 Identification of products in Table 2 
. . 

-. 

MW of Relative GC . Name of corresponding acid (X is COOH) 
methyl ester . ret. time 

132 3.20 malonic acid (XCH2X) 

14 6 4.60 succinic acid (XCH2CH2X) 

13 6 5.15 benzoic acid 

204 9.23 1 , 1 , ' 2 - e t h a n e t r i c a r b ~ x ~ l i c  acid 

218a 10.54 1,2,3-p~0pa~letri~arb0xyli~ acid 

218b 10.97 oxiranetricarboxylic acid 

194a 11.10 benzene-1,2-dicarboxylic acid 

19 4b 11.33 benzene-1,4-dicarboxylic acid 

194c 11.58 benzene-1,3-dicarboxylic acid 

.27 6 14.33 oxiranetetracarboxylic acid 

252a 15.79 benzene-1,2,4-tricarboxylic acid 

252b 16.14 benzene-1,3,5-tricarboxylic acid 

310a . 19.18 benzene-1,2,4,5-tetracarbxylic acid .. 
310b 19.50 benzene-1,2,3,5-tetra-rboxylic acid 



T a b l e  4. Absolure  : r i e lds  (mg p e r  g maf) of s e l e c t e d  minor 
p r o d u c t s  from o x i d a t i v e  d e g r a d a t i o n s  w i t h  CF3C03H-H,S04 

L , . .: > 

PlW of p r o d u c t s  conta inin .?  N MW o f  l a c t o n e s  

,205 239 253 297 381 192 250b 2 5 0 ~ '  250d 250e 264 308a 308b 322 
- -- 

PSOC-372 - 
c o a l  --- -- 0.4 0 .4  3.4 --- --- --- --- 0 . 1  --- 0 .4  0 .3  --- 
SRC ( 3  m) 11.2 -- --- 0.4  --- 0.2 --- 0.2  0.2 --- --- 0 .3  tr --- 
SRC (90 m) 11.3 -- --- --- - -- 0.8  0 . 5  0 . 5  0.7 0 . 1  --- 0.6 0 .3  --- 
r e s ( 3 m )  0.1 8 . 5  --- 0.4 --- --- --- 0 . 1  --- --- --- --- --- --- 

PSOC-330 
c o a l  --- 0 . 1  0.2 0 . 4  0 . 5  --- --- --- --- --- --- 0.3 0 .4  --- 
S R C ( 3 r n )  --- -- --- --- --- 0.2 0.2 0.2 0.2 --- --- 0 .5  0 .3  --- 
SRC ( 9 0 m )  11.3 0.3 --- 0.7 --- 0.2 0 .5  0.5 0 .3  0.7 0.3 0.7 1 . 0  0.4 
r e s  ( 3  m) --- 0.2 --- --- -- --- --- - -- 0.2 0 . 5  --- --- 0.7 --- 

PSOC-256 
c o a l  --- C . 1  0 .3  0 .6  0 .2  --- --- --- --- 0.2 --- 0 . 1  0.3 --- 
SRC ( 3  m) --- 6.4  --- 1.1 -- --- 0.7 0 . 3  0 . 1  0.6 --- 0.2 0.7 --- 
SRC (90 m) 3.2 --- --- --- -- 0 . 3  0 . 5  0 .4  0 .5  0.3 --- 1 . 3  1 . 0  --- 
r e s  ( 3  m) --- G.2 --- 0.3 -- --- --- --- --- --- --- 0 .3  --- --- 

PSOC-312 
c o a l  --- --- --- 0.3 -- --- --- --- --- 0.1  --- 0.4  0.4 --- 
SRC ( 3  m) --- --- --- --- -- 0.4 0 . 5  0 .8  0 .3  0.2 --- 0.3 --- --- 
SRC (90 m) 0 .3  --- --- --- -- 0 .3  0 .4  0 .2  0.4 0.2 0.2 0 .6  0 .4  0.2 
r e s  ( 3  m) 0 .2  (2.1 --- 0.7 -- --- --- 0 . 1  --- --- --- --- 0.4  --- 

PSOC-405 
c o a l  --- --- --- 0 . 1  -- --- t r  tr tr --- 0 . 1  t r  --- --- 
SRC ( 3  m) --- 0.6 --- 1.8 -- 0.2 0.4 0.2 --- 0.6  0 . 2  0.4 0.2 0 .2  
SRC (90 m) 0 .6  0 . 5  --- 3.4 --- 0 .8  0 .9  0 . 2 .  0 .3  1.1 --- 0.2 0.2 0 .4  
r e s  ( 3  m) 0 .4  0 .9  --- 3 . 1  --- --- --- 0.9  --- --- --- --- 0.4  --- I-' 

0 



T a b l e  4  ( c o n t i n u e d )  

a 
The f o l l o w i n g  i d e n t i f i c a t i o n s  (somewhat s p e c u l a t i v e )  a r e  based on 
MW fr'om chemical  i o n i z a t i o n  mass s p e c t r a ,  t h e  number of c a r b o n y l s  
from t h e  MW of t h e  CD30H e s t e r ,  and f r a g m e n t a t i o n  i n  e l e c t r o n  

. i m p a c t  mass s p e c t r a .  The MW's i n  t h e  Tab le  a r e  of t h e  methyl  e s t e r s  
.and t h e  f o l l o w i n g  names are of t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d s :  
209, 3-carboxypyridine-2-acetic a c i d ;  239, p y r i d i n e - 2 , x , y - t r i -  
c a r b o x y l i c  a c i d  ( t h e  2-COOH does  n o t  e s t e r i f y ) ;  253, pyr id ine-3 ,4 ,5 -  
t r i c a r b o x y l i c  a c i d ;  297, pyridine-2,3,4,5-tetracarboxylic a c i d  ( t h e  
2-COOH does  n o t  e s t e r i f y ) ;  311, a  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 .  

The l a c t o n e s  (named a s  t h e  c o r r e s p o n d i n g  hydroxy a c i d )  were as 
f o l l o w s :  192,  2'-carboxyphenyl-2-hydroxyacetic a c i d  (z major 
p r o d u c t  from n a p h t h a l e n e ) ;  250b-e, a n a l o g s  o f  192 w i t h  a n  a d d i t i o n a l  
c a r b o x y l  on t h e  benzene r i n g  (one a t  each of t h e  f o u r  p o s i t i o n s ) ;  
264, 2'-carboxyphenyl-3-hydroxypropanoic a c i d ;  308a and b y  a n a l o g s  
of 132 w i t h  two c a r b o x y l  groups.011 t h e  benzene r i n g ;  322, t h e  a n a l o g  
of 264 w i t h  a n  a d d i t i o n a l  c a r b o x y l  group on t h e  benzene r i n g .  




