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INTRODUCTION 

In a s e a r c h  f o r  r e l a t i v e l y  m i l d  methods f o r  s o l u b i l i z i n g  c o a l ,  
we have found t h a t  t r e a t i n g  a b i tuminous  c o a l  w i t h  po ta s s ium 
hydrox ide  i n  e t h y l e n e  g l y c o l  a t  250°C i s  q u i t e  e f f e c t i v e .  The use  
o f  a l k a l i  i n  p r o t i c  s o l v e n t s  i s  n o t  new. R e c e n t l y ,  Ouchi and co- 
workers (1) have r e p o r t e d  i n  d e t a i l  t h e  r e a c t i o n  o f  c o a l  w i t h  
e t h a n o l i c  KOH f rom 260° t o  450OC. A l s o ,  Ross and  B l e s s i n g  have  
looked  a t  bo th  iPrOH/iPrOK ( 2 )  and MeOH/KOH sys tems a t  4 O O 0 C  ( 3 ) .  
I n  an e a r l y  s t u d y  Pew and Withrow found t h a t  t h e  y i e l d  o f  Z-e thoxy-  
e t h a n o l  e x t r a c t  a t  135OC f o r  a b i tuminous  c o a l  i n c r e a s e d  from 9 . 4 %  
t o  31 .3% w i t h  t h e  a d d i t i o n  of KOH ( 4 ) .  I n  g e n e r a l  a t  lower  tempera-  
t u r e s  (5 2 5 O O C )  i t  has  been  found t h a t  o n l y  low r a n k  c o a l s  are 
a p p r e c i a b l y  s o l u b i l i z e d  ( 1 ) .  We f e e l  t h a t  t h e  g l y c o l  i s  p l a y i n g  
a s p e c i a l  r o l e  i n  p roduc ing  a s o l u b l e  p r o d u c t  and have c h a r a c t e r i z e d  
t h i s  p roduc t  i n  o r d e r  t o  u n d e r s t a n d  t h e  c h e m i s t r y  i n v o l v e d .  Our 
c o n c l u s i o n s  a r e  s i m i l a r  t o  t h o s e  g i v e n  by Ouchi (1). 

F i r s t ,  t h e  r e s u l t s  of Pew and Withrow (4)  i n d i c a t e  t h a t  g l y c o l  and 
KOH have s p e c i a l  p r o p e r t i e s  and t h e r e f o r e  more d r a s t i c  c o n d i t i o n s  
c o u l d  g i v e  improved e x t r a c t  y i e l d s .  I t  i s  e a s i e r  t o  o b t a i n  h i g h e r  
r e a c t i o n  t e m p e r a t u r e s  w i t h  g l y c o l s  w i t h o u t  u s i n g  an a u t o c l a v e .  
F i n a l l y ,  c l e a v a g e  o f  C - C  bonds has  o c c u r r e d  a s  s i d e  r e a c t i o n s  i n  
Wolf -Kishner  r e d u c t i o n s  ( 5 ) .  A l s o ,  a l k a l i n e  h y d r o l y s i s  a t  h igh  
t e m p e r a t u r e s  (>  200°C) w i l l  c l e a v e  e t h e r s  ( 6 , 7 )  and c a r b o n y l s  ( 7 ) .  
The o r i g i n a l  o b j e c t i v e  o f  t h e s e  e x p e r i m e n t s  was t o  c l e a v e  t h e s e  
l i n k a g e s  and t o  d e t e r m i n e  t h e i r  impor t ance  i n  t h e  s t r u c t u r e  o f  c o a l .  
However, a s  o b s e r v e d  by Ouchi (1) and Ross ( 2 , 3 )  a p p a r e n t l y  r educ -  
t i o n  i s  i n v o l v e d  a l s o  a s  s e e n  i n  t h e  i n c r e a s e d  H / C  r a t i o  and d e c r e a s e  
i n  a r o m a t i c  c a r b o n s .  We s h a l l  show t h a t  t h i s  i s  a t r u e  r e d u c t i o n  of 
a r o m a t i c  r i n g s  i n  t h e  c o a l ,  n o t  j u s t  an a t t a c h m e n t  o f  t h e  s o l v e n t .  

In  t h e  a n a l y s i s  o f  t h e  g l y c o l  s o l u b i l i z e d  c o a l  we have a p p l i e d  
a l l  t h e  t e c h n i q u e s  u s e d  i n  ou r  s t u d i e s  on c o a l s ,  SRC and SRL p roduc t s  
( 8 ) .  The e f f e c t  o f  t h e  r e a c t i o n  on t h e  a r o m a t i c  u n i t s  was shown by 
comparing s e l e c t i v e  o x i d a t i o n  p r o d u c t s  from t h e  c o a l  and i t s  hydro-  
l y t i c  p r o d u c t .  These  r e s u l t s  were compared w i t h  t h e  a r o m a t i c i t y  o f  
t h e  p roduc t  d e t e r m i n e d  by C-13 nmr. The m o l e c u l a r  s i z e  d i s t r i b u t i o n  
was de t e rmined  u s i n g  g e l  p e r m e a t i o n  chromatography (GPC). A l s o ,  we 
compared t h e  p r o d u c t s  from g l y c o l s  t o  t h o s e  from wa te r  and a l c o h o l  
a l k a l i n e  h y d r o l y s i s .  

EXPERIMENTAL 

We d e c i d e d  t o  u s e  g l y c o l  as a s o l v e n t  f o r  s e v e r a l  r e a s o n s .  

In a t y p i c a l  r e a c t i o n  15  g of I l l i n o i s  # 2  h igh  v o l a t i l e  b i tuminous  
c o a l  [ 7 3 . 9 %  C ,  5 . 2 %  H ,  1 . 4 %  N ,  3 . 4 %  t o t a l  S ( 1 . 2 %  o r g a n i c  S ) ,  1 6 . 1 %  
0 (by d i f f e r e n c e )  on a maf b a s i s ]  which was e x t r a c t e d  by r e f l u x i n g  
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w i t h  benzene/MeOH (3 /1)  was mixed w i t h  2 0  g p o t a s s i u m  h y d r o x i d e  and 
. 200 g o f  s o l v e n t  and h e a t e d  a t  250OC i n  a r o c k i n g  a u t o c l a v e  f o r  2 - 3  

h o u r s .  With t r i e t h y l e n e  g l y c o l  t h e  r e a c t i o n  was a l s o  r u n  a t  a tmos-  
p h e r i c  p r e s s u r e  u n d e r  a n i t r o g e n  sweep.  The a u t o c l a v e  was c o o l e d  
and  t h e  g a s e s  produced  were c o l l e c t e d  f o r  mass s p e c t r o m e t r i c  a n a l y -  
s i s .  The homogeneous, a l k a l i n e ,  r e a c t i o n  m i x t u r e  was p o u r e d  i n t o  
w a t e r ,  a c i d i f i e d  w i t h  conc .  H C 1 ,  f i l t e r e d  and d r i e d  i n  v a c u o  a t  
100°C. The p r o d u c t  was s u c c e s s i v e l y  e x t r a c t e d  w i t h  Gx-benzene- 
methanol  ( 1 : l )  and p y r i d i n e  u n d e r  r e f l u x  w i t h  t h e  r e s u l t s  shown i n  
T a b l e  1. 

The hexane i n s o l u b l e  p r o d u c t  f rom R e a c t i o n  No. 1 and t h e  
o r i g i n a l  c o a l  were d e r i v a t i z e d  w i t h  d 6 - d i m e t h y l s u l f a t e  and  o x i d i z e d  
w i t h  a q .  NazCr207 a t  250OC f o r  38-48 h o u r s  ( 8 ) .  The r e s u l t i n g  
a r o m a t i c  a c i d s  were d e r i v a t i z e d  w i t h  d iazomethane  and a n a l y z e d  by gas  
chromatography mass s p e c t r o m e t r y .  The i d e n t i f i c a t i o n s  o f  t h e  e s t e r s  
were conf i rmed from r e t e n t i o n  t i m e s  and mass s p e c t r a  o f  a u t h e n t i c  
compounds, from p u b l i s h e d  d a t a  and from h i g h  r e s o l u t i o n  mass s p e c -  
t r o m e t r i c  a n a l y s i s  o f  t h e  m i x t u r e .  

The m o l e c u l a r  s i z e  d i s t r i b u t i o n  was d e t e r m i n e d  u s i n g  g e l  p e r -  
meati n chromato r a p h y  w i t h  a s e r i e s  o f  f o u r  u - s t y r a g e l  columns 
( 5 0 0  1, 3 x 1 0 0  1).  
w i t h  a UV d e t e c t o r  s e t  a t  254 nm ( s e e  F i g .  1, R e a c t i o n  1 p r o d u c t ) .  
C a l i b r a t i o n  c u r v e s  ( F i g u r e  2) were o b t a i n e d  under  t h e  same c o n d i t i o n s  
f o r  l i n e a r  po lymers  and  a s e r i e s  o f  a r o m a t i c  h y d r o c a r b o n s .  

The C-13 nmr s p e c t r a  were o b t a i n e d  on a Bruker  WP-60 a t  1 5 . 0 8  
MHz, w i t h  3 sec d e l a y s ,  no d e c o u p l i n g  and t y p i c a l l y  5 0 , 0 0 0  s c a n s .  
The samples  o f  c h l o r o f o r m  s o l u b l e  p r o d u c t  were made up t o  5 0 %  (w/v) 
i n  d e u t e r o c h l o r o f o r m .  

RESULTS AND DISCUSSION 

T e t r a h y d r o f u r a n  was u s e d  as t h e  e l u t i o n  s o l v e n t  

I n  t h e  i n i t i a l  e x p e r i m e n t s  w i t h  t r i e t h y l e n e  g l y c o l  (TEG) i t  was 
n o t i c e d  t h a t  t h e  H / C  o f  t h e  p r o d u c t  ( 1 . 0 8 )  was s i g n i f i c a n t l y  h i g h e r  
t h a n  t h a t  o f  t h e  c o a l  ( 0 . 8 4 ) .  T h i s  would i n d i c a t e  t h a t  e i t h e r  r e d u c -  
t i o n  o r  s o l v e n t  a t t a c h m e n t  o r  b o t h  were  o c c u r r i n g .  A l s o ,  t h e  y i e l d  
o f  s o l i d  p r o d u c t  was g r e a t e r  t h a n  t h e  amount o f  t h e  o r i g i n a l  c o a l .  
The hexane e x t r a c t ,  which was s i g n i f i c a n t  i n  t h i s  c a s e  ( 1 1 . 9 % ) ,  was 
shown by s o l i d  p r o b e  MS and GCMS t o  b e  m o s t l y  g l y c o l  d e g r a d a t i o n  
p r o d u c t s .  When e t h y l e n e  g l y c o l  was u s e d  t h e r e  was no i n c r e a s e  i n  
w e i g h t  and t h e  amount o f  hexane  e x t r a c t a b l e  m a t e r i a l  was r e d u c e d .  
Both Ouchi ( 1 )  and Ross ( 2 , 3 )  o b s e r v e d  an  H / C  i n c r e a s e  w i t h  t h e  
a l c o h o l s .  

With t h e  i n c r e a s e  i n  H / C  r a t i o  one would e x p e c t  a d e c r e a s e  i n  
t h e  f r a c t i o n  o f  a r o m a t i c  c a r b o n s  ( f a ) .  From t h e  C-13 nmr s p e c t r a  
( F i g .  3)  t h e  f a  f o r  p r o d u c t  #1 was d e t e r m i n e d  t o  b e  0 . 5 0 .  T h i s  same 
c o a l  h a s  been shown by f l u o r i n a t i o n  t o  have an f a  o f  a p p r o x i m a t e l y  
0 . 6 9  ( 9 ) .  The a t t a c h m e n t  o f  e t h y l e n e  g l y c o l  g r o u p s  (ROCHzCHz-0-COAL) 
h a s  been d e t e r m i n e d  t o  be 5 . 1 %  o f  c a r b o n s  from t h e  i n t e g r a t i o n  o f  
t h e  peaks  from 55-65 ppm. We have  found t h e s e  p e a k s  t o  b e  a b s e n t  
i n  o t h e r  c o a l  p r o d u c t s  such  as SRC. A l s o ,  t h e  i m p o r t a n c e  o f  t h e  
c a r b o n y l  carbon peak a t  2 1 5  ppm w i l l  be  d i s c u s s e d  l a t e r .  However, 
t h e s e  d a t a  do  n o t  e x c l u d e  t h e  r e a c t i o n  o f  e t h y l e n e  (CHz=CHz) w i t h  
t h e  c o a l  as ment ioned  by Ouchi  ( 1 ) .  

r e d u c t i o n  is  t h e  compar ison  o f  t h e  aq .  NazC1-207 o x i d a t i o n  p r o d u c t s  
of t h e  h y d r o l y t i c  p r o d u c t  w i t h  t h o s e  o f  t h e  o r i g i n a l  c o a l  (Table  2). 

The b e s t  e v i d e n c e  f o r  t h e  o c c u r r e n c e  o f  p o l y c y c l i c  a r o m a t i c  r i n g  
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The gas chromatogram f o r  t h e  v o l a t i l e  methyl  e s t e r s  f rom t h e  o r i g i n a l  
c o a l  o x i d a t i o n  i s  shown i n  F i g u r e  4 w i t h  i d e n t i f i c a t i o n  i n  T a b l e  3 .  
As w e  have shown b e f o r e  a s i g n i f i c a n t  amount o f  p o l y c y c l i c  a r o m a t i c s  
s u c h  as p h e n a n t h r e n e  and n a p h t h a l e n e  c a r b o x y l i c  a c i d s  and h e t e r o -  
a r o m a t i c s  i n c l u d i n g  d i b e n z o f u r a n  and xanthone  c a r b o x y l i c  a c i d s  were 
i s o l a t e d  ( 8 ) .  F i g u r e  5 i s  t h e  g a s  chromatogram f o r  t h e  o x i d a t i o n  
p r o d u c t s  f rom t h e  h y d r o l y t i c  p r o d u c t  w i t h  peak i d e n t i f i c a t i o n  i n  
T a b l e  3 .  The m a j o r  p r o d u c t s  a r e  benzene ,  methoxybenzene,  and methyl -  
b e n z e n e c a r b o x y l i c  a c i d s .  The a c i d s  f rom t h e  c o a l  and h y d r o l y t i c  
p r o d u c t  are compared i n  T a b l e  2 .  I t  i s  o b v i o u s  t h a t  t h e  p o l y c y c l i c  
a r o m a t i c s  and  h e t e r o a r o m a t i c s  have been r e d u c e d  and d e g r a d e d .  As 
e x p e c t e d  t h e  f u r a n  r i n g  i n  d i b e n z o f u r a n  was d e s t r o y e d .  S i n c e  aqueous 
a l k a l i  t r e a t m e n t  h a s  b e e n  used  as  a method f o r  removal  o f  s u l f u r  from 
c o a l  (lo), i t  i s  n o t  s u r p r i s i n g  t h a t  i n  R e a c t i o n  #1 t h e  t o t a l  s u l f u r  
was reduced  from 3 . 5 %  ( 1 . 2 %  o r g a n i c )  t o  0 . 7 2 % .  Most o f  t h e  l o s s  was 
due  t o  t h e  removal  of i n o r g a n i c  s u l f u r ,  b u t  a s i g n i f i c a n t  amount o f  
o r g a n i c  s u l f u r  i n c l u d i n g  d i b e n z o t h i o p h e n e  was removed. The y i e l d  o f  
p h e n a n t h r e n e  and a n t h r a c e n e  ( i s o l a t e d  a s  a n t h r a q u i n o n e s )  c a r b o x y l i c  
a c i d s  has been r e d u c e d  t o  a n o n d e t e c t a b l e  l e v e l .  We and Ross ( 3 )  
have  observed  i n d e p e n d e n t l y  t h a t  a n t h r a c e n e s  a r e  r e d u c e d  w i t h  a l c o h o l i c  
a l k a l i .  The g r e a t e r  amount o f  hydroxybenzene compounds i n  t h e  p r o d u c t  
i n d i c a t e  t h a t  as  e x p e c t e d  a r y l  and a r y l a l k y l  e t h e r s  have  been c l e a v e d .  
The e x c e p t i o n  t o  t h i s  i s  t h e  a r y l  methyl  e t h e r s  which from t h e  
l a b e l i n g  e x p e r i m e n t s  w i t h  d g - d i m e t h y l s u l f a t e  a p p e a r  t o  be s t a b l e .  

t h e  g e l  p e r m e a t i o n  chromatogram shown i n  F i g u r e  1. For compar ison  i t  
h a s  been super imposed  on a chromatogram f o r  a SRC (11) u s i n g  t he  same 
amount o f  sample .  The h y d r o l y t i c  p r o d u c t  h a s  a h i g h e r  m o l e c u l a r  
w e i g h t  d i s t r i b u t i o n  t h a n  t h e  SRC. Using t h e  a r o m a t i c  hydrocarbon 
c u r v e  from F i g u r e  1 ,  t h e  M . W .  r u n s  from a p p r o x i m a t e l y o 3 5 0  t o  1 5 0 0 .  
Because of t h e  l o w e r  t e m p e r a t u r e  o f  t h e  r e a c t i o n  ( 2 5 0  compared t o  
45OoC), t h i s  c o a l  h a s  n o t  been  s o  e x t e n s i v e l y  f r a g m e n t e d .  The l o w e r  
UV a b s o r p t i o n  o f  t h e  h y d r o l y t i c  p r o d u c t  (HSC) a g a i n  i n d i c a t e s  a lower 
a r o m a t i c i t y  compared w i t h  t h e  SRC which h a s  an  f a  = 0 . 8 5  f rom C-13 
nmr d a t a .  F i g u r e  2 d e m o n s t r a t e s  a problem e n c o u n t e r e d  i n  u s i n g  GPC 
f o r  c o a l  p r o d u c t  a n a l y s i s ,  t h a t  i s  which s t a n d a r d s  s h o u l d  be u s e d .  
We chose  t h e  a r o m a t i c  hydrocarbons  b e c a u s e  t h e y  were more r e p r e s e n t a -  
t i v e  of t h e  h y d r o l y t i c  p r o d u c t  t h a n  l i n e a r  po lymers .  

t o  o t h e r  p r o t i c  s o l v e n t s  f o r  h y d r o l y s i s .  T h e r e  a r e  a t  l e a s t  two 
p o s s i b l e  r e a s o n s  f o r  t h i s .  F i r s t ,  t h e  g l y c o l  i s  b e t t e r  a t  s o l v a t i n g  
t h e  p o s i t i v e  i o n .  S e c o n d l y ,  t h e  g l y c o l  may b e  more e f f e c t i v e  f o r  
r e d u c i n g  t h e  a r o m a t i c s  i n  c o a l .  Even i n  a n o n p o l a r  s o l v e n t  s u c h  a s  
t o l u e n e  ( R e a c t i o n  # 3 )  TEG b r o u g h t  t h e  KOH i n t o  s o l u t i o n  and gave  a 
s u b s t a n t i a l  y i e l d  o f  s o l u b l e  p r o d u c t .  The e f f e c t s  o f  b a s e  s t r e n g t h s  
were examined b y  c h a n g i n g  t h e  a l k a l i  m e t a l  u s i n g  L i + ,  Na', K + ,  Rb' 
and  Cs'. However, n o  t r e n d s  were found i n  t h e  e x t r a c t i o n  y i e l d s  and 
t h e  GPC i n d i c a t e d  a p o s s i b l e  i n c r e a s e  i n  M . W .  w i t h  i n c r e a s e  i n  s i z e  
o f  t h e  i o n .  

i n v o l v e  h y d r i d e  t r a n s f e r  w i t h  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  t h e  
c o r r e s p o n d i n g  a l d e h y d e  ( 7 , 1 2 )  (Eq. 1) .  

Other  c h a r a c t e r i s t i c s  o f  t h e  h y d r o l y t i c  p r o d u c t  c a n  be s e e n  i n  

From e x a m i n a t i o n  o f  T a b l e  1 it i s  e v i d e n t  t h a t  g l y c o l  i s  s u p e r i o r  

The a l k a l i n e  o x i d a t i o n  o f  a l c o h o l s  and g l y c o l s  i s  t h o u g h t  t o  
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T h e r e f o r e ,  a p o s s i b l e  pathway f o r  r e d u c t i o n  i s  by a h y d r i d e  
t r a n s f e r  t o  an  a c t i v a t e d  a r o m a t i c  r i n g  (Eq. 2 ) .  H y d r o g e n a t i o n  w i t h  
H 2  c a n  be  r u l e d  o u t  f o r  two r e a s o n s .  F i r s t ,  t h e r e  a r e  n o  a c t i v e  
c a t a l y s t s  a v a i l a b l e .  Secondly ,  t h e  t r i e t h y l e n e  g l y c o l  r e a c t i o n s  
were c o n d u c t e d  i n  an  open sys tem s o  t h a t  t h e  H Z  c o u l d  e s c a p e  and y e t  
t h e  d e c r e a s e  i n  a r o m a t i c  c a r b o n  w a s  o b s e r v e d .  A l s o  a l k a l i n e  o x i d a t i o n  
of  reduced  p h e n o l s  and a l c o h o l s  c o u l d  a c c o u n t  f o r  t h e  c a r b o n y l s  s e e n  
i n  t h e  C-13-nmr s p e c t r a .  

CONCLUSIONS 

From t h e  c h a r a c t e r i z a t i o n  o f  t h e  h y d r o l y t i c a l l y  s o l u b i l i z e d  c o a l  
w i t h  g l y c o l s  t h e  f o l l o w i n g  o b s e r v a t i o n s  can  be  made: 1. The p o l y c y c l  
a r o m a t i c  r i n g s  a r e  b e i n g  r e d u c e d .  A p o s s i b l e  mechanism i s  h y d r i d e  
t r a n s f e r  f rom t h e  s o l v e n t .  A l s o  oxygen h e t e r o a r o m a t i c s  are  d e s t r o y e d  
2 .  A r y l a l k y l  e t h e r s  a r e  b e i n g  c l e a v e d  by t h i s  p r o c e s s .  3 .  The a b i l i  
o f  t h e  g l y c o l s  t o  c h e l a t e  t h e  p o s i t i v e  a l k a l i  m e t a l  i o n  c o u l d  c o n t r i b  
u t e  t o  t h e  enhanced y i e l d s  of  s o l u b l e  c o a l  compared t o  o t h e r  p r o t i c  
s o l v e n t s .  

T h i s  s t u d y  d e m o n s t r a t e s  t h e  u t i l i t y  o f  u s i n g  a m u l t i - p r o n g e d  
a n a l y t i c a l  and c h e m i c a l  approach  t o  t h e  s t u d y  of  n o n - v o l a t i l e  c o a l  
p r o d u c t s .  
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Table 1 
Yields and Solubilities of the Hydrolytic Coal Products in Weight Percenta 

Reaction #I Solvent Yield Hexane Benzene/ Pyridine Insoluble 
MEOH(l/l) 

1 Triethylene glycol (TEG) 123 11.9 46.8 37.3 4.1 

2 Ethylene glycol 90 1.3 48.9 42.2 7.4 

3 Toluene-TEG 124 0.6 46.6' 35.1 17.7 

4 Water 86 - - -  18.5 12.0 69.7 

5 Methanol 90 0.8 37.3' 7.8 54.0 

b 

aAll reactions at 250OC; bl:l mole ratio of TEG and KOH; 'Includes solids soluble 
in the reaction solvent. 

Table 2 
Relative Mole Abundances from the GC Data of the Volatile Aromatic Carboxylic Acids 

from the Oxidation of the Coal and its Hydrolytic Product 

Carboxylic acids of: Illionois # 2  Bituminous Hydrolytic Product from 
Coal Reaction #1 (Table 1) 

Benzene 
Hydroxybenzene 
Methylbenzene 
Naphthalene 
Phenanthrene 
Dibenzofuran 
Xanthone 
Dibenzothiophene 
Other Heteroaromatics 

100 
1.4 
2.3 
7.2 
1.1 
1.5 
1.3 
0.5 
2.8 

100 
10 
7 
1 

0.4 
_ _ _  
_ _ _  
_ _ _  
<l 

~ ~~~ 

- - -  not detected. 
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Table 3 
Methyl Esters o f  the Oxidation Products from Coal (Figure 4) and the 

Hydrolytic Product (Figure 5) 

Peak No. 

Coal Product 
Compound 

1 
2 
3 
4 
5 
9 
11 
12 
13 
14 
15 

16 
17 

19 

20 
21 
22 
23 

24 
25 
26 
27 
28 
29  

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
4 2  
43 
44 
45 
46 

1 
2 
3 
4 

6,9,10 

11 
13 
12,14 

5,798 

16 
17 
18 
19 
20-23 

24,25 

26 
27-29 

30 
31 
32 
33,34 

35,36 

3 7  
38 

Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 

succinate 
methylsuccinate 
benzoate 
methylfurancarboxylate 
me thylbenzoate 
methoxybenzoate (+d3-methoxy) 
methoxymethylbenzoate 
furandicarboxylate 
1,2-benzenedicarboxylate 
1,4-benzenedicarboxylate 
1,3-benzenedicarboxylate 
methoxy- (methoxy-d3) -benzoate(T) 
m e t h y l b e n z e n e d i c a r b o x y l a t e  
naphthalenecarboxylate 
pyridinedicarboxylate 
methoxybenzened ica rboxy la t e  (+ds-methoxy) 
(methoxy-d3)-benzenedicarboxylate 
d i m e t h y l f u r a n d i c a r b o x y l a t e  
biphenylcarboxylate 
1,2,4-benzenetricarboxylate 
1,2,3-benzenetricarboxylate 
unidentified m/e 261,230 
1,3,5-benzenetricarboxylate 
m e t h y l b e n z e n e t r i c a r b o x y l a t e  
dibenzofurancarboxylate 
n a p h t h a l e n e d i c a r b o x y l a t e  
pyridinetricarboxylate 
m e t h o x y b e n z e n e t r i c a r b o x y l a t e  (+d3-methoxy) 
(methoxy-d3)-benzenetricarboxylate 
fluorenonecarboxylate 
1,2,4,5-benzenetetracarboxylate 
1,2,3,4-benzenetetracarboxylate 
1,2,3,5-benzenetetracarboxylate 
m e t h y l b e n z e n e t e t r a c a r b o x y l a t e  
phenanthrenecarboxylate 
d i b e n z o t h i o p h e n e c a r b o x y l a t e  
xanthonecarboxylate 
anthraquinonecarboxylate 
n a p h t h a l e n e t r i c a r b o x y l a t e  
methylxanthonecarboxyla te  
d i b e n z o f u r a n d i c a r b o x y l a t e  
benzenepentacarboxylate 
b e n z o q u i n o l i n e c a r b o x y l a t e  
phenanthrenedicarboxyla te  
carbazolecarboxylate 
xanthonecarboxylate 

T indicates that identification is tentative 
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