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SUMMARY 

Chars of four  0-18 l a b e l e d  compounds were p repa red .  I n f r a r e d  s p e c t r a  were 
examined f o r  i s o t o p i c  s h i f t s .  On t h e  b a s i s  o f  a few pub l i shed  r e s u l t s  on pure  com- 
pounds t h e  s h i f t s  f o r  C = O 1 8  a t  1600 cm-l were  expec ted  t o  be -20 cm-l o r  more.  The 
observed  s h i f t s  a r e  less t han  5 cm-l; t h i s  r e s u l t  may i n d i c a t e  t h a t  c h e l a t e d  c a r -  
bony l s  a r e  no t  involved .  However, ve ry  s t r o n g  hydrogen bond'ing as i n  c h e l a t e d  
con juga ted  carbonyl  s t r u c t u r e s  may be r e s p o n s i b l e  f o r  t h e  small s h i f t s .  
l a b e l e d  c h e l a t e  i s  be ing  p repa red  a t  t h e  CSIRO l a b o r a t o r i e s  i n  o r d e r  t o  i n v e s t i g a t e  
t h i s  p o i n t .  

An 0l8- 

I n t r o d u c t i o n  

Chars - 
Since  t h e  e a r l y  work a t  t h e  Bureau o f  Mines on ca rbohydra t e  char&/ t h e  

i n f r a r e d  s p e c t r a  of c h a r s  ( 5 500" C) o f  v a r i o u s  chemica ls  have been  s t u d i e d . m /  
S p e c t r a l  i n v e s t i g a t i o n s  of s t r u c t u r e  o f  c h a r s  have inc luded  s t u d i e s  o f  t h e  e f f e c t  
of e l e m e n t a l  c o n s t i t u t i o n ;  t h e  e f f e c t  o f  i n t r o d u c i n g  oxygen i n t o  c h a r s  o f  hydro- 
ca rbons  i n d i c a t e d  t h a t  s p e c t r a l  a b s o r p t i o n  bands ,  p a r t i c u l a r l y  t h e  i n t e n s e  1600 cm-1 
band, were a t t r i b u t a b l e  t o  oxygenated s t r u c t u m s . 4 ' 6 I I /  
has  been  u t i l i z e d ;  a s u c c e s s f u l  s t u d y  of deu te r ium l a b e l i n g  was c a r r i e d  o u t  by com- 
p a r i n g  i n f r a r e d  s p e c t r a  o f  c h a r s  o f  a n  a l i p h a t i c  hydrocarbon and a co r re spond ing  
deu te roca rbon .  From t h i s  s t u d y  d e f i n i t e  ev idence  w a s  o b t a i n e d  f o r  a s s ignmen t  o f  
t h e  730-910 cm-1 a b s o r p t i o n  bands  t o  CH o u t - o f - p l a n e  aromatic v i b r a t i o n s . = /  
f u r t h e r  i n d i c a t i o n s  were  found t h a t  t h e  most i n t e n s e  band i n  cha r  s p e c t r a ,  1600 cm-i, 
was a t t r i b u t a b l e  t o  oxygenated  s t r u c t u r e s .  

A more d i r e c t  i n v e s t i g a t i o n  of the s p e c i f i c  s t r u c t u r e s  r e s p o n s i b l e  f o r  t h e  1600 
cm'l band seemed d e s i r a b l e .  
judged t o  be  a d i r e c t  method w i t h  good chances  f o r  s u c c e s s .  Three s t r u c t u r e s  were 
cons ide red  on t h e  b a s i s  o f  t h e i r  i n t e n s e  a b s o r p t i o n ,  n e a r  1600 an-1 ,  t o  be  p o s s i b l e  
s o u r c e s  of t h e  1600 c m - 1  band i n  c h a r s :  

(1) Carbonyl g roups  i n  k e t o n e s ,  q u i n o n e s ,  o r  c o n j u  a t e d  c h e l a t e  s t r u c t u r e s  
should  show a s h i f t  t o  l o w  f r equency  i n  go ing  from GOLg t o  C=018; ( 2 )  a r o m a t i c  
n u c l e i  should  produce no change i n  s p e c t r a l  f requency;  (3)  aromatic n u c l e i  w i t h  
enhanced i n t e n s i t i e s  due t o  oxygenated  s u b s t i t u e n t s  on t h e  r i n g  s h o u l d  n o t  undergo 
any a p p r e c i a b l e  f requency  s h i f t  i n  t h e  1600 c m - l  r e g i o n ;  a s h i f t  shou ld  occur  i n  
t h e  C-0 s t r e t c h  r e g i o n  a t  1100 cm-1. 

I s o t o p e - l a b e l i n g  of c h a r s  

A l so  

Char r ing  of compounds l a b e l e d  w i t h  oxygen-18 w a s  
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Coa l s  

S t u d i e s  of t h e  1600 c m - l  band i n  c h a r  s p e c t r a  may produce in fo rma t ion  on t h e  
o r i g i n  o f  t h e  same band i n  t h e  s p e c t r a  o f  c o a l s .  S p e c t r a l  d a t a  from c h a r s  o f  
c a r b o h y d r a t e s  would be  p a r t i c u l a r l y  a p p l i c a b l e  f o r  comparison w i t h  c o a l  s p e c t r a  as 
ca rbohydra t e  c h a r s  p roduce  s p e c t r a  n e a r l y  i d e n t i c a l  t o  s p e c t r a  of c o a l s . u /  
t u n a t e l y  018- labe led  c a r b o h y d r a t e s  are not a v a i l a b l e .  

Unfor- 

In fo rma t ion  on  t h e  i n t e n s e  1600 cm-' band i n  c o a l s  has  been ob ta ined  i n  s t u d i e s  
of a b s o r p t i o n  i n t e n s i t i e s  f o r  many pure  compounds i n  a n  e f f o r t  t o  de te rmine  what 
s t r u c t u r e s  could produce  t h e  1600 cm-l a b s o r p t i o n . j /  The p r i n c i p a l  t y p e  of s t r u c -  
t u r e  found t o  have  s u f f i c i e n t  i n t e n s i t y  i s  t h e  con juga ted  c h e l a t e d  carbonyl  group. 
These groups  can on ly  produce t h e  1600 band i f  a l l  o r  n e a r l y  a l l  o f  t h e  oxygen i n  
t h e  c o a l  is i n  t h e  form of hydroxyl  c h e l a t e d  ca rbony l  groups .  

018-Labeled Compounds 

The minimum s p e c t r a l  s h i f t  i n  t h e  i n f r a r e d  s p e c t r a  f o r  a l a b e l e d  ca rbony l  
group (C=018) r e l a t i v e  t o  an  un labe led  group (C=O16) i s  -40 cm-l,  on t h e  b a s i s  of 
t he  s imple  r a t i o  o f  t h e  reduced  masses .  Hooke's law f o r  t h e  s t r e t c h i n g  v i b r a -  
t i o n  of ~=016 i s :  u16 = 2rrc J =, where 

mC + m016 
; u = f r equency ,  cm-1; k = c o n s t a n t ;  

%mol6 
p16 = 

For  C=OL8 t h e  same e q u a t i o n  a p p l i e s ;  d i v i d i n g ,  

'or ~ 1 8  = 
Jl.05 ' 

For  
c h a r  o r  c o a l  spec t rum is due  t o  a s imple  ca rbony l  s t r u c t u r e ,  t h e  co r re spond ing  
l a b e l e d  carbonyl  group shou ld  produce  a n  a b s o r p t i o n  band s h i f t e d  t o  1560 cm-l. I f  
t h e  s t r e t c h i n g  v i b r a t i o n  ,of t h e  ca rbony l  s t r u c t u r e  is complex t h e  s imple  va lue  ob- 
t a i n e d  from t h e  reduced  mass c a l c u l a t i o n  w i l l  d i f f e r  somewhat from 40 crn-l. A 
ke tone  i n v e s t i  a t e d  by Karaba tsos? /  showed a n  a p p r e c i a b l e  d e v i a t i o n ;  2 ,3-d imethyl -  
3-pentanone-018 shows a s h i f t  of 31 c m - l  i n s t e a d  of t h e  expec ted  40. T h i s  s h i f t  
i s  i n  t h e  neighborhood p r e d i c t e d  by F r a n c i s E I  f o r  a mixed v i b r a t i o n  composed of 
abou t  80 p e r c e n t  C=O s t r e t c h  and 20 p e r c e n t  C-C s t r e t c h .  With c o n j u g a t i o n  t h e  
s h i f t  does  no t  change f o r  t h e  benzenoid ca rbony l  compounds: Benzoic  a c i d ,  t w o  
b e n z o a t e s ,  benzophenone, and benzoquinone. 

= 1600 cm-1, "18 = 1560 c m - l i  Au = -40 c m - l .  I f  t h i s  1600 c m - l  band i n  a 
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A V ,  cm-1 

Benzoic a c i d  (monomer) -32- 111 

111 Methylbenzoate  -31- 

Cinnamyl n i t r o b e n z o a t e  

Benzophenone 

p -Benzoquinone 

Benzoylchlor ide  -25- 11/ 

151 Benzamide -24- 

The decreased  s h i f t  f o r  benzamide is  a t t r i b u t a b l e  & g r e a t e r  p a r t i c i p a t i o n  o f  
o t h e r  groups of t h e  molecule  i n  t h e  carbonyl  v i b r a t i o n . -  A p p a r e n t l y  t h e  same 
e x p l a n a t i o n  may be g i v e n  f o r  t h e  d e c r e a s e d  s h i f t  observed  f o r  b e n z o y l c h l o r i d e .  It 
i s  s u r p r i s i n g  t h a t  t h e  s h i f t s  observed  i n d i c a t e  no p a r t i c u l a r  i n c r e a s e  due t o  con- 
j u g a t i o n  w i t h  a n  a r o m a t i c  r i n g .  
by comparison of  t h e  s p e c t r a  of n i t romethane-018 and nitrobenzene-018.16,17/) 
F u t u r e  i n v e s t i g a t i o n s  o f  more a l i p h a t i c  k e t o n e s  may produce d i f f e r e n t  r e s u l t s .  

The only p u b l i s h e d  i n d i c a t i o n  o f  t h e  e f f e c t  o f  conjugated  c h e l a t i o n  i s  on  

(A l a r g e  e f f e c t  due t o  r i n g  c o n j u g a t i o n  is  observed 

b e n z o i c  a c i d  dimer:  

A U ,  cm-1 

Benzoic a c i d  dimer -20 

Benzoic a c i d  monomer -32 

Thus hydrogen bonding is s e e n  t o  produce a s i g n i f i c a n t  d e c r e a s e  i n  t h e  OI8 
s h i f t  o f  a conjugated  c a r b o n y l  sys tem.  It was a n t i c i p a t e d  t h a t  t h e  s p e c t r a  of c h a r s  
having  carbonyl  groups  e n r i c h e d  i n  0l8 may shaw s h i f t s  f o r  t h e  1600 c m - l  band of 
-20 t o  -30 cm-l. 
s o r p t i o n  bands a r e  broad .  

Such s h i f t s  i n  char s p e c t r a  would.be m e a s u r a b l e ,  even  though ab-  

Experiment  a 1 

On t h e  i n i t i a t i o n  o f  t h i s  work o n l y  t h r e e  u s a b l e  0 l 8 - l a b e l e d  o r g a n i c  compounds 
were commercial ly  a v a i l a b l e .  They were i n v e s t i g a t e d  i n  t h e  f o l l o w i n g  o r d e r :  
L i n o l e i c  a c i d ,  p h e n o l ,  and b e n z o i c  a c i d ;  sodium phenate  and sodium benzoate-018 
were a l s o  prepared  and c h a r r e d .  F i r s t  the u n l a b e l e d  compounds were c h a r r e d  under  
v a r i o u s  c o n d i t i o n s  i n  o r d e r  t o  de termine  t h e  most f a v o r a b l e  c o n d i t i o n  f o r  produc- 
i n g  i n t e n s e  1600 cm-l bands.  
monosubs t i tu ted  benzenes  i n  o r d e r  t o  produce c o a l - l i k e  a b s o r p t i o n  bands i n  t h e  730- 
900 cm-1 aromatic band r e g i o n  were u s u a l l y  so h i g h  t h a t  o t h e r  s p e c t r a l  d e t a i l s ,  
i n c l u d i n g  t h e  1600 c m - I  band,  were weakened. 

Tempera tures  r e q u i r e d  t o  e l i m i n a t e  t h e  a b s o r p t i o n  of  

Samples of  OI6 compounds were p laced  i n  a g l a s s  t u b e  o r  a steel  bomb, s e a l e d  
or u n s e a l e d ,  i n  vacuo o r  under  n i t r o g e n .  Amounts of  sample used were 50-100 mg 
because  of t h e  s c a r c i t y  of OI8  samples .  
350" C t o  620" C; times were v a r i e d  from 1 t o  5 8  h o u r s .  

P y r o l y s i s  t e m p e r a t u r e s  were v a r i e d  from 



L i n  o l e  i c a c id  - 0' 
Two samples were i n v e s t i g a t e d :  ( a )  A s a m p l e  o f  22 p e r c e n t  018-enriched a c i d  

( k i n d l y  g i v e n  by D r .  A .  Miko, of t h e  Yeda Research and Development Co., Rehovoth, 
I s r a e l ) ,  and (b) a commercial s a m p l e  of  38  p e r c e n t  e n r i c h e d  a c i d .  The b e s t  condi -  
t i o n s  found f o r  o b t a i n i n g  1600 cm-l bands were 400° C ,  2 h o u r s ,  under  1 atmosphere 
of n i t r o g e n  i n  a s e a l e d  pyrex  tube .  The 22 p e r c e n t  e n r i c h e d  sample w a s  d o n a t e d ,  
w i t h  t h e  warning t h a t  p o l y m e r i z a t i o n  probably  had o c c u r r e d ;  i t  i s  ais0 p o s s i b l e  
t h a t  p o l y m e r i z a t i o n  o c c u r r e d  i n  t h e  38 p e r c e n t  e n r i c h e d  sample. Yeda h a s  t a k e n  
l i n o l e i c  acid-018 o f f  t h e  m a r k e t .  

Phenol-018, 86 p e r c e n t  

P y r o l y s i s  o f  phenol  of 86 p e r c e n t  OI8 enrichment  w a s  c a r r i e d  o u t  a t  tempera- 
t u r e s  n e a r  550" C f o r  a b o u t  18 h o u r s  i n  a s e a l e d  tube  under  n i t r o g e n .  

Sodium phenate  

The 0 I 8 - l a b e l e d  p h e n a t e  w a s  n o t  prepared  because o f  i n s u f f i c i e n t  phenol-018. 
Sodium phenate-016 was p r e p a r e d  from o r d i n a r y  phenol  and c h a r r e d .  
s i m i l a r  t o  those  used f o r  p h e n o l .  

Benzoic  a c i d - 0 I 8 ,  95.6 p e r c e n t  

C o n d i t i o n s  were 

Condi t ions  were s i m i l a r  t o  t h o s e  used f o r  phenol .  

Sodium benzoate-0I8  

A n i t r o g e n  atmosphere a n d  a t e m p e r a t u r e  of 500' C were used .  P y r o l y s i s  t imes 
were a b o u t  24 hours .  

I n  a l l  samples e x c e p t  t h e  sodium phenate  and sodium b e n z o a t e ,  c h a r  was ob- 
t a i n e d  i n  t h e  form o f  a t h i n  f i l m  o n  t h e  w a l l s  o f  t h e  s e a l e d  t u b e .  These f i l m s  
were s u f f i c i e n t l y  t h i n  t o  g i v e  s p e c t r a  of good q u a l i t y  d i r e c t l y ;  d a t a  o b t a i n e d  from 
such  f i l m s  was q u a l i t a t i v e  o r  s e m i - q u a n t i t a t i v e  as t h i c k n e s s e s  o f  t h e  f i l m  v a r i e d  
c o n s i d e r a b l y .  I n  a l l  c a s e s  s p e c t r a  were a lso o b t a i n e d  by means of KC1 p e l l e t s  
which were b e t t e r  f o r  q u a n t i t a t i v e  a b s o r p t i o n  measurements. 

S p e c t r a  were de te rmined  f i r s t  o n  g a s e s  produced.  Then t h e  samples  were washed 
w i t h  hexane a n d / o r  benzene a n d  t h e  s p e c t r a  of  t h e  s o l u b l e  p r o d u c t s  were o b t a i n e d .  
The b e n z e n e - i n s o l u b l e  c h a r  w a s  t h e n  i n v e s t i g a t e d .  

Ultimate a n a l y s e s  o f  a l l  of t h e  c h a r s  are g i v e n  i n  t a b l e  1. 

R e s u l t s  and , D i s c u s s i o n  of  R e s u l t s  

R e s u l t s  ob ta ined  on t h e  f o u r  s u b s t a n c e s  i n v e s t i g a t e d  show t h a t  t h e  s p e c t r a l  
s h i f t s  are very small o r  n e g l i g i b l e  ( t a b l e  2 ) ;  no s h i f t  was d e f i n i t e l y  d e t e c t a b l e  
f o r  any o f  t h e  c h a r s .  I n  f i g u r e  1 t h e  s p e c t r a  of  c h a r s  from benzoic  a c i d - 0 I 6  and 
-0l8 are g i v e n ;  t h e y  are p r a c t i c a l l y  i d e n t i c a l ,  i n c l u d i n g  t h e  p o s i t i o n s  of the  
two 1600 cm-l bands. 

1600 cm-I bands were o b t a i n e d  i n  a l l  , c h a r s  b u t  i n  no c a s e  were t h e y  i n t e n s e  
bands .  T h i s  i s  a p o s s i b l e  i n d i c a t i o n  t h a t , c a r b o n y l  groups may n o t  have been i n -  
v o l v e d .  For l i n o l e i c  a c i d  a n d  b e n z o i c  a c i d  it is  n e a r l y  c e r t a i n  t h a t  n o  oxygen- 
c o n t a i n i n g  group could  be an i m p o r t a n t  c o n t r i b u t o r  t o  t h e  1600 cm-l band ,  as t h e  
oxygen c o n t e n t s  of t h e  c h a r s  were found t o  b e  n e g l i g i b l e .  Hydrocarbon s t r u c t u r e s  
could  have  produced t h e  weak bands found. 
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T a b l e  1.- U l t i m a t e  a n a l y s e s  o f  c h a r s  

c - .  H ' " 0 " ' S t a t e  

Table  2 . -  N e g a t i v e  s p e c t r a l  s h i f t s  of oxygen-18 l a b e l e d  chars 

S p e c t r a l  s h i f t ,  
cm-1 11 

L i n o l e i c  ac id -0 I8  < 5  
(22 and 36 p e r c e n t )  

Phenol-018 (86 p e r c e n t )  < 5  

Benzoic a c i d - 0 I 8  (95 .6  p e r c e n t )  < 5  

Sodium benzoate-018 ' < 5  

- 1/ Bands were b r o a d .  Small s h i f t s  were d i f f i c u l t  t o  measure a c c u r a t e l y .  



The phenol c h a r s  a l s o  showed no s h i f t  from lbOU cm-', even though one char  con-  
t a i n s  20 p e r c e n t  oxygen. 
d o e s  n o t  produce c a r b o n y l  groups .  The 1600 c m - l  band observed i n  t h e  spec t rum o f  
t h e  phenol c h a r  must be due t o  aromatic a b s o r p t i o n  enhanced by oxygen-conta in ing  
s u b s t i t u e n t s  on  t h e  a r o m a t i c  r i n g s  ( e t h e r s  and p h e n o l s ) .  

It i s  n o t  s u r p r i s i n g  i f  t h e  p y r o l y s i s  of  phenol  a t  550" C 

The char  of sodium benzoate  a l s o  shows a n e g l i g i b l e  s h i f t .  If w a s  t h e  most 
l i k e l y  p o s s i b i l i t y  f o r  producing  a n  i s o t o p e  s h i f t ,  as t h e  e l i m i n a t i o n  of  oxygen 
encountered  i n  t h e  c h a r s  of  l i n o l e i c  and b e n z o i c  a c i d  does  n o t  o c c u r  f o r  t h e  c h a r  
of  sodium benzoate .  The s i z e a b l e  p e r c e n t a g e  of  oxygen p r e s e n t  i n  t h e  c h a r ,  4 p e r -  
c e n t ,  i s  l i k e l y  t o  e x i s t  i n  t h e  c h a r  a s  carbonyl  groups o f  some s o r t ;  even  so ,  no 
a p p r e c i a b l e  s h i f t  is observed .  

The l a c k  of a p p r e c i a b l e  s h i f t  i n  t h e  s p e c t r a  of 018-labeled c h a r s  may be a t t r i -  
b u t a b l e  t o  ex t remely  s t r o n g  a s s o c i a t i o n  ( c h e l a t i o n ,  or  o t h e r ) .  With t h e  s i z e a b l e  
oxygen c o n t e n t  of some of  t h e s e  c h a r s  t h e r e  are presumably some c a r b o n y l  groups p r e -  
s e n t .  
bonding have been i n v e s t i g a t e d .  A s  ment ioned above ,  t h e  spectrum of benzoic  a c i d -  
OI8 shows a smaller s i f t  f o r  t h e  a s s o c i a t e d  dimer a c i d  (-20 cm-l)  t h a n  f o r  t h e  f r e e  
monomer (-32 c m - l ) . g 7 '  These r e s u l t s  a r e  f o r  a r a t h e r  weakly a s s o c i a t e d  a c i d  d imer ;  
t h e  v i b r a t i o n  of t h e  C=O group i n  t h e  d imer  o b v i o u s l y  i n v o l v e s  p a r t i c i p a t i o n  of  
o t h e r  groups  i n  t h e  molecule .  For  a more s t r o n g l y  hydrogen-bonded c h e l a t e ,  as  
a c e t y l a c e t o n e ,  t h e  p a r t i c i p a t i o n  of o t h e r  groups i n  t h e  molecule  would be g r e a t e r  
and t h e  s h i f t  p robably  would be less. On t h i s  b a s i s  t h e  small s h i f t s  i n  c h a r s  are 
e x p l a i n a b l e .  C e r t a i n l y  t h e  n e g l i g i b l e  s h i f t  observed  f o r  c h a r s  does  n o t  exc lude  
t h e  p r e s e n c e  o f  C=O groups  i n  s t r u c t u r e s  p r o d u c i n g  t h e  1600 cm-1 band.  I n  o r d e r  t o  
i n v e s t i g a t e  t h e  e f f e c t  o f  s t r o n g  c h e l a t i o n  on  t h e  C=OI8 s h i f t  p r e p a r a t i o n  o f  d ibeneo-  
y lmethane ,  H5Cg-C018-CH2-C018-C6H5, is  b e i n g  c a r r i e d  o u t  a t  t h e  CSIRO l a b o r a t o r i e s .  
L i t t l e  o r  no e018 s h i f t  i s  e x p e c t e d .  I f  a n  a p p r e c i a b l e  s h i f t  i s  observed  f o r  t h i s  
compound it w i l l  be n e c e s s a r y  t o  conclude t h a t  c h a r s  do  n o t  c o n t a i n  s t r o n g l y  c h e l a t e d  
c a r b o n y l s .  

U n f o r t u n a t e l y  no O18-labeled p u r e  compounds having  very  s t r o n g  hydrogen- 

F u r t h e r  s t u d i e s  w i l l  be  c a r r i e d  o u t  on l a b e l e d  c h a r s  as o t h e r  Ol8-conta in ing  
compounds become a v a i l a b l e .  It i s  e x p e c t e d  t h a t  p r i c e s  of t h e s e  compound w i l l  de-  
c r e a s e  g r e a t l y ,  f o r  cheaper  methods of p r e p a r a t i o n  a r e  b e i n g  d e v e 1 o p e d . d  
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