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INTRODUCTION 

I n  a r ecen t  rev iew of c o a l  s t r u c t u r e  Neavel (1) remarked t h a t  c o a l  i s  analagous 
t o  f r u i t c a k e  i n  t h a t  i t  i s  an  a g g r e g a t e  o f  d i f f e r e n t  and d i s t i n g u i s h a b l e  components. 
Consequent ly ,  t h e  c h a r a c t e r i z a t i o n  of c o a l  s t r u c t u r e  ( o r  f o r  t h a t  matter, f r u i t -  
cake)  demands a r e c o g n i t i o n  and i n v e s t i g a t i o n  o f  t h e  s e p a r a t e  components, 
macera ls .  For  most U . S .  c o a l s  t h e  major macera l  t ype  p r e s e n t  i s  v i t r i n i t e ,  s o  
t h a t  an  unders tanding  of many s t r u c t u r e / p r o p e r t y  r e l a t i o n s  w i l l  u l t i m a t e l y  depend 
on a knowledge of t h e  s t r u c t u r e  of t h i s  mace ra l .  A s  p a r t  of a s y s t e m a t i c  s t u d y  
o f  t h e  v a r i a b i l i t y  o f  c o a l  p r o p e r t i e s  w i t h i n  a s i n g l e  seam, a set of v i t r i n i t e  
c o n c e n t r a t e s  has been ob ta ined  from samples t a k e n  from t h e  Lower K i t t a n i n g  seam (2). 
Th i s  seam is p a r t i c u l a r l y  i n t e r e s t i n g  because  o f  i t s  b road  e x t e n t  and t h e  r ange  
of envi ronments  by which i t  i s  though t  t o  have  been  a f f e c t e d .  However, even 
though t h e  f a r  from t r i v i a l  t a s k  o f  o b t a i n i n g  and s t o r i n g  t h e s e  macera l  concen- 
t r a t e s  under optimum c o n d i t i o n s  h a s  been accomplished ( 2 ) ,  t h e r e  remains  t h e  
formidable  t a s k  o f  s t r u c t u r a l  c h a r a c t e r i z a t i o n .  

Because of t h e  he t e rogeneous ,  n o n - c r y s t a l l i n e ,  l a r g e l y  i n s o l u b l e  n a t u r e  of 
c o a l ,  i t  i s  p r a c t i c a l l y  imposs ib l e  t o  app ly  t h e  t r a d i t i o n a l  methods of o r g a n i c  
and p h y s i c a l  chemis t ry  t o  s t r u c t u r a l  c h a r a c t e r i z a t i o n  work. Such methods e s sen -  
t i a l l y  r e l y  on  t h e  s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  t h e  c o n s t i t u e n t  s imple  mole- 
c u l e s  of a complex sys tem.  I n  f a c t ,  f o r  c o a l  i t  i s  a n o t o r i o u s l y  d i f f i c u l t  t a s k  
t o  o b t a i n  r e l i a b l e  d a t a  on even t h e  most fundamenta l  p r o p e r t y ,  t h e  ave rage  
molecu la r  weight  and t h e  molecu la r  weight  d i s t r i b u t i o n  of  t h e  macromolecular 
c o n s t i t u e n t s .  Consequent ly ,  t h e  most u s e f u l  i n fo rma t ion  concern ing  c o a l  s t r u c t u r e  
t h a t  w e  can reasonably  expec t  t o  o b t a i n  is  a q u a n t i t a t i v e  i d e n t i f i c a t i o n  of t h e  
molecu la r  t ypes  o f  hydrocarbons  p r e s e n t  ( eg  a r o m a t i c  and a l i p h a t i c  carbon)  and 
t h e  t y p e  and d i s t r i b u t i o n  o f  s p e c i f i c  f u n c t i o n a l  groups ( a l i p h a t i c  CH,  CH and 
CH3; p h e n o l i c  OH, a l k y l  OH,  c a rbony l  e t c ) .  
s p e c t r o s c o p i c  methods a r e  un ique ly  capab le  of e l u c i d a t i n g .  

2 It is p r e c i s e l y  t h i s  i n fo rma t lon  t h a t  

Spec t roscop ic  t echn iques  have been wide ly  a p p l i e d  t o  t h e  s t u d y  of c o a l ,  b u t  
have m e t  w i t h  only  l i m i t e d  s u c c e s s  (3-6). Advances i n  s p e c t r o s c o p i c  in s t rumen t -  
a t i o n  however,  shou ld  a l l o w  us  t o  o b t a i n  new i n s i a h t s  i n t o  c o a l  s t r u c t u r e .  Of 
p a r t i c u l a r  s i g n i f i c a n c e  i s  t h e  r e c e n t  a p p l i c f s i o n  of F o u r i e r  t r ans fo rm i n f r a r e d  
(FT-IR) spec t roscopy  (7-17) and s o l i d  s t a t e  C NMR s p e c t r o s c o p y ,  u s i n g  magic- 
a n g l e  s p i n n i n g  i n  con junc t ion  w i t h  c r o s s - p o l a r i z a t i o n  and h i g h  power decoup l ing  
(18-21). I n  t h i s  communication w e  w i l l  c o n s i d e r  t h e  i n i t i a l  r e s u l t s  o f  app ly ing  
t h e s e  two t echn iques  t o  t h e  set  of v i t r i n i t e  c o n c e n t r a t e s  mentioned above. 

SAMPLE CHARACTERISTICS 

A set  o f  24 v i t r i n i t e  c o n c e n t r a t e s  were s e l e c t e d  f o r  i n i t i a l  s t u d y .  These  
samples  have been c h a r a c t e r i z e d  by a number o f  methods and an e x t e n s i v e  body of 
b a s i c  d a t a  h a s  been r e p o r t e d  ( r e f e r e n c e  2 and subsequen t  r e p o r t s )  Space does  
n o t  p e r m i t  r ep roduc t ion  of a l l  o f  t h i s  d a t a  h e r e .  
o u t  t h e  c r i t i c a l  impor tance  of r e p o r t i n g  r e f l e c t a n c e  v a l u e s  and t h e  p e t r o g r a p h i c  
a n a l y s i s  of c o a l s  on which s t r u c t u r a l  s t u d i e s  a r e  per formed.  

However, Meavel (1) has  po in t ed  

Accord ingly ,  a p l o t  
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of  r e f l e c t a n c e  a s  a f u n c t i o n  of ca rbon  c o n t e n t  of t h e  c o n c e n t r a t e s  used i n  t h i s  
s tudy  is shown i n  F i g u r e  1. P e t r o g r a p h i c  a n a l y s i s  of t h e  c o n c e n t r a t e s  demonstrated 
t h a t  m o s t  were 95-96% v i t r i n i t e  w i t h  one o r  two h i g h e r  (up t o  98%) and one odd 
sample t h a t  was s i g n i f i c a n t l y  lower  (88% v i t r i n i t e ) .  

TYPE OF INFORMATION THAT CAN BE OBTAINED FROM FT-IR AND I 3 C  NMR 

Both FT-IR and 1 3 C  NMR have a l r e a d y  been used t o  o b t a i n  v a l u a b l e  informat ion  
concern ing  c o a l  s t r u c t u r e .  However, i n  many ways t h e s e  t echn iques  a r e  s t i l l  be ing  
developed and i t  should  be  p o s s i b l e  t o  o b t a i n  new in fo rma t ion  a s  in s t rumen t s  and 
methodology a r e  improved. I n  t h i s  s e c t i o n  w e  w i l l  b r i e f l y  d e s c r i b e  t h e  type  of 
complementary in fo rma t ion  t h a t  can be ob ta ined  from each method and a n t i c i p a t e  
a r e a s  where  w e  b e l i e v e  advances  can  be made. 

Typ ica l ly ,  i n f r a r e d  spec t r socopy  is s e n s i t i v e  t o  s p e c i f i c  f u n c t i o n a l  groups. 
The s p e c t r a  of t h r e e  of t h e  v i t r i n i t e  c o n c e n t r a t e s ,  chosen s o  a s  t o  r ep resen t  
samples o f  d i f f e r e n t  r ank ,  a r e  p r e s e n t e d  i n  F i g u r e  2 .  Four r e g i o n s  of t h e  spectrum 
have  been used t o  o b t a i n  q u a n t i t a t i v e  in fo rma t ion ;  t h e  0-H s t r e t c h i n g  r eg ion  nea r  
3400 cm -1, t h e  a romat i c  C-H s t r e t c h i n g  modes between 3100 and 3000 cm-l, the 
a l i p h a t i c  C-H s t r e t c h i n g  modes between 3000 and 2800 c m - l ,  and t h e  a romat i c  C-H 
out-of-plane bending modes between 900 and 700 cm-l. 

The c e n t r a l  problem wi th  i n f r a r e d  s p e c t r o s c o p i c  s t u d i e s  of c o a l  is t h e  
absence  of r e l i a b l e  e x t i n c t i o n  c o e f f i c i e n t s  ( r e l a t i n g  band i n t e n s i t i e s  t o  the  con- 
c e n t r a t i o n  of t h e  co r re spond ing  f u n c t i o n a l  group) .  Usua l ly ,  t h e  i n t e g r a t e d  in- 
t e n s i t y  i n  an e n t i r e  r eg ion  o f  t h e  spec t rum ( f o r  example t h e  a l i p h a t i c  C-H s t r e t c h -  
i n g  modes) i s  used and t h e  e x t i n c t i o n  c o e f f i c i e n t s  of i n d i v i d u a l  bands are thus 
averaged. 
work o r  on p ro ton  magnet ic  r e sonance  s t u d i e s  of c o a l  e x t r a c t s .  
Solomon (16 ,17 )  has  equated  t h e  c o n c e n t r a t i o n  of hydrogen c o n t a i n i n g  f u n c t i o n a l  
groups t o  t h e  t o t a l  hydrogen de termined  by e l emen ta l  a n a l y s i s  i n  o r d e r  t o  o b t a i n  
e x t i n c t i o n  c o e f f i c i e n t s .  We have  p r e v i o u s l y  d i scussed  t h e  problems a s s o c i a t e d  wi th  
i n f r a r e d  a n a l y s i s  (22 ,23 ) ,  t h e  most c r i t i c a l  of which would appear  t o  be  t h e  use 
of e n t i r e  r eg ions  of t h e  spec t rum r a t h e r  t han  i n d i v i d u a l  bands.  
t h e r e  i s  no v i a b l e  a l t e r n a t i v e  t o  t h i s  approach ,  b u t  one p o s s i b i l i t y  is t o  use 
wel l -def ined  curve  r e s o l v i n g  methods.  We have p r e v i o u s l y  r e p o r t e d  (22 ,23)  the 
u s e  of such procedures  i n  d i s t i n g u i s h i n g  t h e  p roduc t s  of a c e t y l a t i o n .  
allowed u s  t o  s e p a r a t e l y  de t e rmine  p h e n o l i c  OH, a l k y l  OH and NH groups .  
r e c e n t l y  a p p l i e d  t h e s e  methods t o  t h e  a romat i c  C-H ou t -of -p lane  bending  modes 
between 900 and 700 cm-l. 
o f  t h e  a n a l y s i s  o f  v i t r i n i t e  c o n c e n t r a t e s .  

C a l i b r a t i o n  h a s  i n  t h e  p a s t  most o f t e n  been based on model compound 
More r e c e n t l y ,  

It may be t h a t  

This  has 
We have 

These r e s u l t s  w i l l  b e  cons ide red  below i n  t h e  con tex t  

I n  most of t h e  s o l i d  s t a t e  I 3 C  NMR r e s u l t s  r e p o r t e d  t o  d a t e ,  i n c l u d i n g  those  
u t i l i z i n g  magic a n g l e  s p i n n i n g  and c r o s s - p o l a r i z a t i o n  (18-21), on ly  two broad 
bands a r e  u s u a l l y  d i s c e r n e d ,  one f o r  a romat i c  carbon and one f o r  a l i p h a t i c .  
c a r e f u l  examinat ion  of t h e s e  s p e c t r a  r e v e a l s  t h e  p re sence  of s h o u l d e r s ,  b u t  t h e  
s i g n a l  t o  n o i s e  r a t i o  i s  such  t h a t  t hey  a r e  n o t  w e l l  de f ined .  N e v e r t h e l e s s ,  t h e  
s p e c t r a  a l l o w  u s e f u l  e s t i m a t e s  of t h e  deg ree  of a r o m a t i c i t y ,  f , t o  be ob ta ined .  
We have r e c e n t l y  a p p l i e d  t o  c o a l  s t u d i e s  a spec t romete r  w i t h  a a s  t i c  f i e l d  of 
3.5T, approximate ly  2 .5  t imes  t h e  f i e l d  s t r e n g t h  f o r  which most C s p e c t r a  of 
s o l i d  c o a l s  have been r e p o r t e d .  The r e s u l t i n g  i n c r e a s e  i n  s e n s i t i v i t y  and 
p o t e n t i a l  r e s o l u t i o n  a r e  c o n s i d e r a b l e ,  a s  demonst ra ted  by t h e  spec t rum of a v i t -  
r i n i t e  c o n c e n t r a t e  shown i n  F i g u r e  3.  Shou lde r s  a r e  c l e a r l y  v i s i b l e  on bo th  t h e  
a romat i c  and a l i p h a t i c  peaks and can  be  r e a d i l y  a s s igned  us ing  a p p r o p r i a t e  polymer 
model compounds. 
s i m i l a r i t i e s  between t h e  i n f r a r e d  s p e c t r a  o f  c e r t a i n  pheno l i c  r e s i n s  and c o a l  (22).  
These m a t e r i a l s  should  a l s o  be  an impor t an t  a i d  i n  a s s i g n i n g  s h o u l d e r s  i n  t h e  
a romat i c  and a l i p h a t i c  r e sonances  of c o a l s .  The spec t rum of a s imple  phenol- 
formaldehyde r e s i n  and a phenol/dihydroxynaphthalene-formaldehyde copolymer a r e  
a l s o  p re sen ted  i n  F igu re  3. Based on t h e  known s t r u c t u r e  of t h e s e  polymers a 

A 

i9 

We have  p r e v i o u s l y  r e p o r t e d  t h e  s u r p r i s i n g  bu t  s a t i s f y i n g  

56 



number of  ass ignments  can  b e  made. 
carbons  d i r e c t l y  a t t a c h e d  t o  hydroxy l  groups  r e s o n a t e  n e a r  153  ppn and t h i s  a g r e e s  

T h i s  ass ignment  can a l s o  b e  conf i rmed by a c e t y l a t i o n  s t u d i e s .  
spec t rum of  a c o a l  b e f o r e  and a f t e r  a c e t y l a t i o n  i s  p r e s e n t e d  i n  F i g u r e  4 ,  t o g e t h e r  
w i t h  a d i f f e r e n c e  spectrum. 

ance  n e a r  170 ppm and t h e  methyl  r e sonance  n e a r  22 .2  ppm c h a r a c t e r i s t i c  o f  t h e  
a c e t y l  groups  in t roduced  i n t o  t h e  c o a l  can  b e  c l e a r l y  d i s t i n g u i s h e d  and used i n  
con junc t ion  w i t h  FT-IR s t u d i e s  of t h e  same samples  t o  o b t a i n  q u a n t i t a t i v e  d a t a .  

For  example,  i n  t h e  model compounds a romat i c  

~ w e l l  w i t h  a low f i e l d  s h o u l d e r  on t h e  a romat i c  r e sonance  of v i t r i n i t e  c o n c e n t r a t e s .  
. The 1 3 C  NMR 

A n e g a t i v e  peak  c e n t e r e d  n e a r  155 ppm i n d i c a t e s  t h e  
, l o s s  of carbon a t t a c h e d  t o  p h e n o l i c  OH groups .  Fur thermore ,  t h e  ca rbony l  reson- 

The p o t e n t i a l  of s u i t a b l e  polymer ic  m a t e r i a l s  as models f o r  c o a l  i s  c l e a r l y  
o u t s t a n d i n g .  However, b e f o r e  p roceed ing  t o  a d i s c u s s i o n  o f  some of t h e  r e s u l t s  
of t h e  a n a l y s i s  of v i t r i n i t e  c o n c e n t r a t e s  w e  wish t o  draw a t t e n t i o n  t o  a n o t h e r  
procedure  t h a t  should  b e  ex t r eme ly  u s e f u l  i n  r e s o l v i n g  s h o u l d e r s  on t h e  broad  
a romat i c  and a l i p h a t i c  resonances  of c o a l  macerals. We a r e  p r e s e n t l y  on ly  j u s t  
s t a r t i n g  t o  apply  t h i s  method t o  c o a l  s t u d i e s ,  b u t  p r e l i m i n a r y  r e s u l t s  are 
s u f f i c i e n t l y  i n t e r e s t i n g  t o  r e p o r t  h e r e .  
d i f f e r e n t i a t e  among carbons  c o n t r i b u t i n g  t o  t h e  broad  a romat i c  and a l i p h a t i c  
resonances  (21) .  
a de lay  b e f o r e  t h e  beg inn ing  o f  a q u i s i t i o n  d u r i n g  which t h e  p ro ton  p u l s e  i s  
swi tched  o f f  ( 2 4 ) .  The p ro tona ted  ca rbons  dephase  p r e f e r e n t i a l l y  d u r i n g  t h i s  
p e r i o d ,  l e a v i n g  only  t h e  nonprotonated  carbons  t o  c o n t r i b u t e  t o  t h e  accumulated 
f r e e  i n d u c t i o n  decay. 
5 t h a t  b o t h  t h e  a l i p h a t i c  and t h e  h i g h  f i e l d  s i d e  o f  t h e  a romat i c  resonance  c o n s i s t  
o f  p ro tona ted  carbons .  T h i s  t ype  o f  i n fo rma t ion  should  p rove  ex t r eme ly  v a l u a b l e  
i n  con junc t ion  wi th  FTIR s t u d i e s ,  where bands  due t o  v a r i o u s  a l i p h a t i c  groups  
(CH, CH2 and CH3) and a r o m a t i c  hydrogen ar rangements  ( lone  C-H, two a d j a c e n t  C-H 
e t c . )  can  be  observed .  
s e rved  i n  t h i s  spectrum. These a r i s e  when t h e  magic-angle r o t a t i o n  r a t e  i s  less 
than  t h e  chemical s h i f t  a n i s o t r o p y ,  a s  is a lmost  a lways  t h e  case  f o r  t h e  a romat i c  
resonances  of coa l .  The c o n t r i b u t i o n  of t h e s e  s idebands  can  be  accounted  f o r  by 
v a r i o u s  methods,  b u t  r e c e n t l y  a p u l s e  sequence  h a s  been in t roduced  which a l lows  
e l i m i n a t i o n  of f i r s t  o r d e r  S idebands  (25) .  Both t h i s  p u l s e  method and a c o r r e c t i o n  
based on t h e  observed i n t e n s i t y  of t h e  h igh  f i e l d  a r o m a t i c  s ideband  have  been 
a p p l i e d  t o  c o a l  s t u d i e s .  The a romat i c  ca rbon  f r a c t i o n  f a  w a s  de te rmined  t o  b e  t h e  
same. 

i. 

It i s  p o s s i b l e  t o  use  p u l s e  sequences  t o  

F igu re  5 shows t h e  a p p l i c a t i o n  of a sequence  which i n c o r p o r a t e s  

It can  b e  s e e n  from t h e  d i f f e r e n c e  spec t rum shown i n  F igu re  

It shou ld  b e  no ted  t h a t  weak s p i n n i n g  s idebands  are ob- 

ANALYSIS OF VITRINITE CONCENTRATES 

Our i n i t i a l  a i m  i n  t h e s e  s t u d i e s  i s  t o  c o r r e l a t e  t h e  c o n c e n t r a t i o n  of v a r i o u s  
f u n c t i o n a l  groups  t o  r a n k  pa rame te r s .  I n  p r e l i m i n a r y  work w e  p l o t t e d  t h e  area of 
bands a s s igned  t o  s p e c i f i c  f u n c t i o n a l  groups  a g a i n s t  %C (dmmf). A t y p i c a l  r e s u l t  
i s  shown i n  F igu re  6 ,  where t h e  area of t h e  1770 cm-l band i n  t h e  a c e t y l a t e d  
v i t r i n i t e  c o n c e n t r a t e s  h a s  been  used. T h i s  band area is a measure of t h e  concen- 

\ t r a t i o n  of pheno l i c  OH groups  ( 2 2 ,  23) .  We found much less s c a t t e r  when our  
s p e c t r o s c o p i c  d a t a  was p l o t t e d  a g a i n s t  r e f l e c t a n c e ,  as i l l u s t r a t e d  i n  F igu re  7. It 

'I can  b e  s e e n  t h a t  t h e  c o n c e n t r a t i o n  o f  p h e n o l i c  hydroxy l  groups  d r o p s  o f f  i n  an  
a lmost  l i n e a r  f a sh ion  w i t h  i n c r e a s i n g  rank  o f  t h e  c o a l .  
r e p r e s e n t i n g  a l k y l  OH c o n c e n t r a t i o n  (22, 23) d i s p l a y s  p r e c i s e l y  t h e  same behav io r ,  
b u t  i t s  i n t e n s i t y  is a lmost  e x a c t l y  h a l f  of t h e  1770 cm-1 band. 
of t h e  1770 c m - l  band a g a i n s t  t h e  1740 cm-1  band i s  l i n e a r ) .  Convers ion  f a c t o r s  

concen t r a t ion , (measu red  a s  % 0 a s  OH) f o r  t h e  lowes t  rank  c o a l  shown i n  F i g u r e  7 
i s  about  6%. 

A band a t  1740 cm-l 

(In f a c t ,  a p l o t  
) 
, r e l a t i n g  t h e  i n t e n s i t i e s  of t h e s e  bands  have  been de termined  (26) and t o t a l  OH 

I n  o r d e r  t o  de te rmine  t h e  c o n c e n t r a t i o n  of a l i p h a t i c  and a romat i c  CH groups  as 
a f u n c t i o n  of rank  e q u i v a l e n t  e x t i n c t i o n  c o e f f i c i e n t s  need t o  b e  de te rmined .  Values  
are a v a i l a b l e  i n  t h e  l i t e r a t u r e  and w e  have  a p p l i e d  s imilar  c a l i b r a t i o n  procedures .  
We have l i t t l e  f a i t h  i n  t h e  r e s u l t s ,  however. There  a r e  a number of r easons  f o r  
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t h i s ,  t h e  most impor t an t  o f  which i s  t h a t  e n t i r e  a r e a s  of t h e  spec t rum a r e  used 
f o r  measuring a l i p h a t i c  and a r o m a t i c  areas, as w e  no ted  i n  t h e  i n t r o d u c t i o n  t o  t h i s  
work. As t h e  bands  i n  t h e s e  r e g i o n s  may each  b e  independen t ly  r e l a t e d  t o  rank  
parameters  c o n s i d e r a b l e  sca t te r  i n  t h e  r e s u l t s  can  be  a n t i c i p a t e d .  Th i s  i s  pre- 
cisely what we obse rve ,  as sham i n  F i g u r e  8. The a l i p h a t i c  C-H s t r e t c h i n g  and 
a romat i c  ou t -of -p lane  bend ing  modes (900-700 cm-l) form a lmost  a " sca t t e r - sho t ' '  
p a t t e r n .  Of cour se  t h i s  b e h a v i o r  could  r e p r e s e n t  incompetent  sample p repa ra t ion  
and e r r o r s  i n  methodology on o u r  p a r t ,  b u t  t h e  ev idence  i n d i c a t e s  o the rwise .  The 
a romat i c  C-H s t r e t c h i n g  mode shows a n i c e  c o n s i s t e n t  t r e n d  t o  i n c r e a s i n g  va lues  
w i t h  i n c r e a s i n g  rank .  ( U n f o r t u n a t e l y ,  because  t h i s  band i s  weak it i s  no t  t he  most 
u s e f u l  f o r  q u a n t i t a t i v e  work) .  Fur thermore ,  i f  w e  cons ide r  i n d i v i d u a l  bands ,  
c a r e f u l l y  cu rve  r e s o l v e d  u s i n g  p r e c i s e l y  d e f i n e d  c r i t e r i a  (22 ,23) ,  t h e n  a r e l a t i o n -  
s h i p  to  r a n k  of a l i p h a t i c  and a r o m a t i c  C-H groups  t o  r a n k  emerges. 
F i g u r e g  shows t h e  i n t e n s i t y  of t h e  2853 cm-' mode, r e p r e s e n t i n g  a l i p h a t i c  CH2 
groups ,  as a f u n c t i o n  of f e f l e c t a n c e .  
d e c r e a s e s  w i t h  i n c r e a s i n g  rank .  S i m i l a r l y ,  c e r t a i n  bands i n  t h e  a romat i c  C-H 
ou t -of -p lane  bending  r e g i o n  i n c r e a s e  i n  i n t e n s i t y  a s  a f u n c t i o n  of t h e  rank  of 
v i t r i n i t e  rank ,  as shown i n  F i g u r e  lQ u s i n g  t h e  753 cm-' band ( 4 a d j a c e n t  a romat ic  
C-H groups)  as an  example. 
r e s u l t s  observed  u s i n g  i n t e g r a t e d  i n t e n s i t i e s  o f  e n t i r e  s p e c t r a l  r e g i o n s  makes 
a major c o n t r i b u t i o n  t o  p o o r l y  d e f i n e d  b e h a v i o r  as a f u n c t i o n  o f  rank .  However, 
i f  w e  cons ide r  i n d i v i d u a l  bands a s s i g n e d  t o  s p e c i f i c  f u n c t i o n a l  g roups ,  a p a t t e r n  
of behav io r  emerges. 

For  example, 

The c o n c e n t r a t i o n  of t h e s e  groups  c l e a r l y  

Consequent ly ,  w e  can  conclude  t h a t  t h e  sca t te r  i n  the  

One o t h e r  r eason  f o r  t h e  s c a t t e r  i n  t h e  r e s u l t s  ob ta ined  by p l o t t i n g  t h e  in- 
t e g r a t e d  i n t e n s i t y  of t h e  a r o m a t i c  C-H ou t -of -p lane  bending modes became apparent  
from our cu rve - re so lv ing  work. A l so  shown i n  F i g u r e l o i s  a p l o t  of t h e  i n t e n s i t y  
of a band n e a r  830 c m - l  as a f u n c t i o n  o f  r e f l e c t a n c e .  C l e a r l y ,  t h i s  band behaves 
d i f f e r e n t l y  t o  t h e  753 cm-l band. 
spectrum of a t y p i c a l  v i t r i n i t e  c o n c e n t r a t e  i s  shown i n  F i p r e 1 1 .  
p o s i t i o n s  and h a l f  w id ths  of t h e  bands  were  i n i t i a l l y  w e l l  d e f i n e d  u s i n g  d e r i v a t i v e  
t echn iques ,  as d i scussed  p r e v i o u s l y  (22 ,23 ) ,  so t h a t  w e  can b e  r easonab ly  con- 
f i d e n t  t h a t  t h e  bands  shown i n  F i g u r e  1 1 a c t u a l l y  e x i s t  and a r e  no t  a r t i f a c t s  of 
t h e  curve  r e s o l v i n g  p rocedure ) .  Bands a t  801, 815 and 864 ( a s s igned  t o  3 ad jacen t ,  
2 a d j a c e n t  and l o n e  a romat i c  C-H g roups ,  r e s p e c t i v e l y )  d i s p l a y  t h e  same t r end  wi th  
r ank  a s  t h e  753 cm- l  band shown i n  F i g u r e  10. However, t h e  785 cm-l band d i sp layed  
behav io r  s imilar  t o  t h e  830  c m - l  band. We s u g g e s t  t h a t  t h e s e  bands have  a t  least  
a p a r t i a l  c o n t r i b u t i o n  f rom CH2 r o c k i n g  modes t h a t  are expec ted  t o  appea r  i n  t h i s  
r e g i o n  o f  t h e  spec t rum.  
a l l o w  u s  t o  a s s i g n  t h e s e  modes w i t h  more c e r t a i n t y .  However, i f  w e  p l o t  t h e  t o t a l  
i n t e n s i t y  o f  t h e  a r o m a t i c  ou t -of -p lane  bend ing  modes, less t h e  c o n t r i b u t i o n  of the  
830, 785 cm-I  bands ,  a g a i n s t  r e f l e c t a n c e ,  a good c o r r e l a t i o n  t o  rank  emerges, a s  
shown i n  F igu re  1 2 .  

The cu rve  r e so lved  900-700 cm-l r e g i o n  of t h e  
(The i n i t i a l  

We are p r e s e n t l y  s y n t h e s i z i n g  pheno l i c  r e s i n s  t h a t  w i l l  

One r e s u l t  o f  t h e s e  s t u d i e s  i s  t h a t  t h e r e  i s  c l e a r l y  an i n c r e a s e  i n  a romat ic  
C-H and loss  of pheno l i c  OH as a f u n c t i o n  of i n c r e a s e  i n  rank. I n  f a c t ,  t h e s e  two 
t r e n d s  are r e l a t e d ,  as shown i n  F i g u r e 1 3 ,  where t h e  a r e a  of t h e  a c e t y l a t e d  pheno l i c  
OH band (1770 cm-l) i s  p l o t t e d  a g a i n s t  t h e  t o t a l  a r e a  o f  t h e  900-700 c m - 1  
ou t -of -p lane  modes ( l e s s  t h e  c o n t r i b u t i o n  of t h e  830, 785 cm-l bands ) .  Of course ,  
t h e r e  is n o t  s imply  a s t r a i g h t  r ep lacemen t  o f  p h e n o l i c  OH by a romat i c  C-H w i t h  
i n c r e a s i n g  r ank ,  as t h e  1 3 C  NMR r e s u l t s  show an i n c r e a s i n g  degree  of a r o m a t i c i t y  
w i t h  r e f l e c t a n c e ,  as shown i n  F i g u r e  14 .  (At t h e  t i m e  o f  w r i t i n g  n o t  a l l  of t h e  
samples had been c h a r a c t e r i z e d  by NMR). 

Although t h e s e  r e s u l t s  demons t r a t e  t h e  t r e n d s  i n  t h e  c o n c e n t r a t i o n  of s p e c i f i c  
f u n c t i o n a l  groups i n  v i t r i n i t e  c o n c e n t r a t e s  as a f u n c t i o n  of r ank ,  t h e r e  is 
obv ious ly  a d d i t i o n a l  work r e q u i r e d  t o  comert i n f r a r e d  band i n t e n s i t i e s  t o  a quan- 
t i t a t i v e  measure of s p e c i f i c  f u n c t i o n a l  roups .  I n  t h i s  r e s p e c t  w e  are pur su ing  
t h e  use  o f  polymer model compounds and ''C NMR p u l s e  methods,which shou ld  p rov ide  the  
necessa ry  d a t a .  It w a s  shown above  t h a t  t h e  c o n t r i b u t i o n  of p r o t o n a t e d  carbons  t o  
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t h e  NMR spec t rum can b e  de te rmined  by such  methods,  a l l o w i n g  a q u a n t i t a t i v e  d e t e r -  
mina t ion  of a romat ic  C-H. 
t h e  a romat i c  C-H ou t -of -p lane  bending  modes. 

T h i s  can  t h e n  b e  used  t o  c a l i b r a t e  t h e  i n t e n s i t i e s  of 
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Figure 2 .  FT-IR spectra of  t h r e e  vitrinite concentrates  obtained on d Digilnh FTS 158 inStlYment 
(LOO scans at 2 cm-l resolution). 
XC dmf. PSMC 72 8 8 . 7 4 2 C  drnrnf). 

Top co borrom. PSMC 67 (83.2% C drnmf). PSMC 6 8  (87 .04  
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