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C H A R A C T E R I Z A T I O N  OF C O A L  T A R  P I T C H  O I L S  BY 

NUCLEAR MAGNETIC RESONANCE 

H.D. S c h u l t z  
Eneroy Research and 

Development A d m i n i s t r a t i o n  
Morgantown, West V i r g i n i a  26505 

and 
R.R. S m i t h  

West V i r g i n i a  U n i v e r s i t y  
Chemie t r y  Depar tment  

Morgantown, West V i r g i n i a  2650 6 

A B S T R A C T  

N u c l e a r  Magne t i c  Aeeonance ( N M R )  s p e c t r o m e t r y  has 

been used t o  c h a r a c t e r i z e  c o a l  t a r  p i t c h  o i l s ,  w h i c h  

had  been o b t a i n e d  f rom a l o w - t e m p e r a t u r e  c a r b o n i z a t i o n  

o f  h i g h  v o l a t i l e  b i t u m i n o u s  c o a l .  NMR p r o v i d e s  d a t a  

on  hyd rogen  d i s t r i b u t i o n  i n  c o a l  o i l s  and  s t r u c t u r a l  

c o r r e l a t l r l i t a  ? r i t a h t i s h e d  on e l u t i o n  ch romatog raph ic ,  

on  d i e t i l l a t i o n  f r a c t i o n s ,  and  on t h e  r e s i d u e s  re- 

m a i n i n g  a f t e r  d i e t i l l s t i o n .  T h i e  r e e e a r c h  i s  t h e  

P i r e t  report on t h e  hyd rogen  d i s t r i b u t i o n  o f  c o a l  

t a r  p i t c h  o i l 8  b y  NMR. 
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460 SCHULTZ AND SMITH 

INTRODUCTION 

C h a r a c t e r i z a t i o n  o f  l o w  t e m p e r a t u r e  c o a l  t a r  

o i l e  a r e  i m p o r t a n t  becauae o f  c o a l  l i q u e f a c t i o n  programs. 

P i t c h  o i l s  l a  t h a t  p o r t i o n  o f  t h e  p i t c h  t h a t  1s a o l u b l e  

i n  a e a t u r a t e d  h y d r o c a r b o n  a o l v e n t ;  i n  t h i s  r e s e a r c h  c y c l o -  

hexane b e i n g  t h e  e o l v e n t .  P i t c h  o i l e  c o n e t i t u t a a  abou t  

e i x t y  p e r  c e n t  o f  t h e  p i t c h  and f o r t y  eeven per c e n t  o f  

t h a  t o t a l  t a r .  I t  l a  t h e  b i n d i n g  m a t e r i a l  o f  t h e  p i t c h .  

Many r e a e a r c h e r a  have i n v e s t i g a t e d  t h e  p r o p e r t l e e  

o f  h i g h  t e m p e r a t u r e  p i t c h ,  b u t  l i t t l e  work has been done 

on l ow- tempera tu re  p i t c h e a ,  and c h a r a c t e r i z a t i o n  o f  t heae  

p i t c h e a ,  t h a t  l a ,  t h e  i d e n t i f i c a t i o n  o f  t h e  m a j o r  com- 

ponen te  i n  t h e  p i t c h .  F ranck  (1) i e o l a t e d  f i f t y - f i v e  

i n d i v i d u a l  compounda i n  a h i g h  t e m p e r a t u r e  p i t c h .  DeWalt 

and Morqan ( 2 )  d e t e r m i n a d  c h e m i c a l  e t r u c t u r a  o f  e l x  coke 

oven p i t c h e a  and one l o w - t e m p e r a t u r e  p i t c h .  The a t r u c -  

t u r e  o f  h i g h e r  m o l e c u l a r  w a l g h t  m a t e r i a l  i n  t h e  n e u t r a l  

o i l s  o f  f o u r  l o w - t e m p e r a t u r a  p i t c h e a  waa e e t e b l i i h e d  by  

t h e  n u c l e a r  m a g n e t i c  reeonanca ( 3 ) .  

I n  t h i e  work n u c l e a r  magne t i c  resonance i s  uaed f o r  

t h e  i d e n t i f i c a t i o n  o f  t h e  hydrogen d l i t r i b u t i o n  o f  e l u -  

t i o n  C r e c t i o n e  o f  l o w  t a m p e r a t u r e  c o a l  t a r  p i t c h  o i l s .  

A d d i t i o n a l l y ,  t h e  e l u t l o n  f r a c t i o n a  f o u r  t o  n i n e  were 

T u r t h e r  r r u b j e c t e d  t o  vacuum d l s t i l l s t i o n .  0 0 t h  t h e  d l e -  

f i l l a t i o n  f r a c t i o n e  and  t h e  d i a t i l l a t e  r e s i d u e 8  were a n a l y -  

zed b y  NMR. 

EXPERIMENTAL 

The t a r  w8a o b t a i n e d  f r o m  t h e  l o w  t e m p e r a t u r e  c a r -  

b o n i z a t i o n  OP a West V i r g l n i a  b i t u m i n o u s  c o a l  i n  8 P l u -  

i d i z e d  bed a t  8 t e m p e r a t u r e  between k80° and  510° C. The 
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C O A L  TAR PITCH OILS 469 

t a r  was d i s t i l l e d  a t  350° C e n t i g r a d e  a t  one a tmosphere  p r e s s u r e ,  

y i e l d i n g  a p i t c h  t h a t  r e p r e s e n t e d  79.2 p e r  c e n t  o f  t h e  t a r .  

The t h u s  o b t a i n e d  p i t c h  was e x t r a c t e d  w i t h  t h r e e  c o n s e c u t i v e  

p o r t i o n 8  o f  c y c l o h e x a n e ,  g i v i n g  p i t c h  o i l s  r e p r e s e n t i n g  

s i x t y  p e r  c e n t  o f  t h e  p i t c h  and  b7.5 p e r  c e n t  o f  t h e  t a r .  

The p i t c h  o i l s  were e l u t e d  t h r o u g h  a bed o f  a c t i -  

v a t e d  a l u m i n a  w i t h  s o l v e n t s  o f  i n c r e a s i n g  s t r e n g t h  and  y i e l d e d  

t w e n t y  seven  f r a c t i o n n .  E l u t i o n  f r a c t i o n s  f o u r  t o  n i n e  

were d i a t i l l e d  u n d e r  vacuum i n  s P i r o s - G l o v e r  d i s t i l l a t i o n  

appara tue .  The d i s t i l l a t e  f r a c t i o n s  and a l u t i o n  chroma- 

t o g r a p h i c  f r a c t i o n s  were a n a l y z e d  by  n u c l e a r  m a g n e t i c  

renonance  spec t romcopy  on  0 War ian A s s o c i a t e s  Mode l  HA-60-EL 

w i t h  e x t e r n a l  l o c k  a t  a m a g n e t i c  f i e l d  o f  14,092 gauss and  

a f r e q u e n c y  o f  60 megaher tz .  

The samp le r  were d i s s o l v e d  i n  c a r b o n  d i s u l f i d e  w i t h  

t e t r a m e t h y l s i l a n e  ( T M S )  a s  t h e  i n t e r n a l  r e f e r e n c e .  The 

NMR’H s p e c t r e  were o b t a i n e d  a t  room t e m p e r a t u r e  f r o m  500 

t o  0 h e r t z ,  a t  a swsep t i m e  o f  250 seconds. The r a d i o .  

f r e q u e n c y  f i o l d  was 50 m i l l i g a u s s  w i t h  a f i l t e r  

band  o f  5 h e r t z  and a r e c e i v e r  g a i n  e q u a l  t o  

one. The s p e c t r a  were r e c o r d e d  a t  a s p e c t r u m  a m p l i t u d e  

o f  10. The a r e a  u n d e r  each a s s i g n e d  s p e c t r a l  r e g i o n  was 

measured by  e l e c t r o n i c  i n t e g r a t i o n .  These v a l u e s  were u s e d  

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

s t r u c t u r a l  t ypes .  T a b l e s  2 t o  10 l i s t  t h e  r e l a t i v e  p e r  

c e n t  o f  h y d r o g e n  d i s t r i b u t i o n  a s  c a l c u l a t e d  f rom NMR i n t e g r a l  

va lues .  

DISCUSSION 

C a r e f u l  c o r r e l a t i o n  w i t h  NMR s p e c t r a  o f  p u r e  com- 

pounds a n d  s p e c t r a l  c a t a l o g s  i s  e s s e n t i a l .  NMR s p e c t r a  
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COAL TAR P I T C H  O I L S  471 

w e r e  o b t a i n e d  o n  t w e n t y  s i x  p u r e  compounds,  a v a i l a b l e  a t  

MERC, r e p r e s e n t i n g  h y d r o g e n  b o n d i n g  m o d e l s  i n  c o a l  p i t c h  

o i l s .  A d d i t i o n a l l y ,  t h e  NMA c a t a l o g s  o f  V a r i a n  A s s o c i a t e s ,  

M a n u f a c t u r i n g  C h e m i s t s  A s s o c i a t i o n ,  a n d  S a d t l e r  A s s o c i a t e s  

w e r e  u s e d  t o  c o r r e l a t e  p u r e  compound s p e c t r a  w i t h  h y d r o g e n  

s t r u c t u r a l  t y p e s  i n  c o a l  t a r  p i t c h  0116. The p u r e  com- 

p o u n d  NMa s p e c t r a  w e r e  u s e d  t o  e s t a b l i s h  t h e  l i m i t s  o f  t h e  

PPM v a l u e s .  T a b l e  1 l i s t s  t h e  name a n d  s t r u c t u r e  o f  t h e  

p u r e  compounds i n v e s t i g a t e d  i n  t h i s  r e s e a r c h .  A d d i t i o n a l l y ,  

t h e  s p e c t r a l  d a t a  f o r  t h e  h y d r o g e n  d i s t r i b u t i o n  i s  t a b u -  

l a t e d .  W i th  e a c h  compound t h e  t h e o r e t l c a l  s t r u c t u r e  a g r e e s  

w i t h  t h e  e x p e r i m e n t a l  s t r u c t u r e ,  a c c o r d i n g  t o  t h e  i n t e r p r e t a t i v e  

scheme o f  B i b l e  (b). 

I n t e r p r e t a t i o n  o f  t h e  NMR r e s u l t a  ware baaed  on 

Tabla  2 ,  w h i c h  l i s t a  t h e  t y p e a  o f  h y d r o g e n  b o n d i n g ,  cor-  

r e s p o n d i n g  s y m b o l a ,  a n d  PFM v a l u e  r a n g e .  F i r s t ,  t h e  t y p e  

o f  h y d r o g e n  s t r u c t u r e  wes a a a i g n e d  t o  each p e a k  i n  t h e  

p p e c t r a .  Far e x a m p l e ,  t h e  NMR p e a k 8  in t h e  PPM r a n g e  from 

7.90 t o  6.65 was a a a i g n e d  t o  h y d r o g e n  i n  t h e  a romat ic  r i n g  

(HA).  I n  p u r e  compounda  t h e  aromatic  r e s o n a n c e  c o n a i s t a  

o f  a h a r p  m u l t i p l e  paaka .  I n  c o a l  t a r  p i t c h  oils t h e  NMR 

aromatic  r e s o n a n c e  l a  a b r o a d  p e a k ,  o c e a a i o n a l l y  w i t h  a h a r p  

p a a k a  a u p a r l m p o a e d  on t h e  m a i n  p e a k  a n d  m u l t i p l e  s i d e  p a a k a .  

The PP:4 r e g i o n  f a r  p h z n o l i c  3 H  is 3.30 t o  7.7C. 

T h a  p h e n o l i c  OH h y d r o g e n  o f t e n  a p p e q r s  as. a s 3 a l l e r  

s i d e  p e a k  a t t a c h r d  t o  t h e  1 a r g l r  a r o m a t i c  peaks .  The 

a r o m a t i c  n i t r o g e n - h y d r o g e n  c h e m i c a l  s h i f t s  a r e  r e s o l v e d  

f r o m  t h e  a r o m a t i c  p e a k s ,  r e q u i r i n g  o f f - s e t  s p e c t r o m e t e r  

o t e r a t i o n  (down f i e l d  f r o m  H A )  on t h e  o r d e r  o f  f i f t y  

h e r t z .  W i t h  purz compounds  a n d  b i n a r y  s n d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



472 SCHULTZ AND SMITH 

TABLE 2. 
M4R IIi Symbol Key 

Symbol Hydrogen St ruc tura l  Type PPM Range 

Hx 

XA 

HE 

%I 

XF 

Ha 

HC 

HOH 

"P 

Hydrogen on aromatic nitrogen 9.00-8.30 

Phenolic hydroxyl 8.30-7.70 

Aromatic hydrogen 7.90-6.65 

Benzene 7.15 

Olef inic  hydrogen adjacent t o  ring 6.65-6-50 

Methylene hydrogen alpha t o  tno  4.20-3.20 
aromatic r ings 

Hydrogen on carbons a t o m  alpha t o  3.20-1.85 
aromatic ring 

Cgclohexane 1.5.5 

:?ydrogen on carbon atoms beta  t o  
aromatic r ing 

1 . ~ ~ - 1 . ~  

Hydrogen of paraf f in ic  metbyl 1.@-.50 

t i c  ring 
groups and methyl gatma t o  a rma-  

t e r n a r y  m i x t u r e s  t h e  s p e c t r a l  r e s o l u t i o n  o f  p h e n o l i c  OH 

a p p e a r s  as  a s h a r p  s i d e  peek a t t a c h e d  t o  t h e  m a i n  a r o m a t i c  

r e g i o n .  N i t r o g e n - h y d r o g e n  b o n d i n g  i n  a r o m a t i c  compounds 

Offers a p e c t r a l  r e a o l u t i o n ,  and appears  aa a s h a r p  peak  

z?metimes o v e r l a p p i n g  w i t h  t h e  a r o m a t i c  b t r u c t u r e .  

a i t h  c o e l  l i q u i d s  t h e  p h e n o l i c  O H  i s  a s h a r p  s i d e  peak  

s u p e r i m p o s e d  on  t h e  m a i n  a r o m a t i c  r e s o n a n c e ,  whereas  t h e  

n i t r o g e n  i n  emines i s  s p e c t r a l l y  r e s o l v e d  f rom t h e  a r o m a t i c  

r e g i o n  even i n  a p o l y m i x t u r e  s u c h  a a  c o a l  o i l s .  However ,  

s i n c e  t h e  h y d r o x y l  NMR r e s o n a n c e  i s  c o n c e n t r a t i o n  d e p e n d e n t ,  

and  i s  s u s p e c t i h l e  t o  h y d r o g e n  b o n d i n g ,  i t  may a p p e a r  o v e r  

e w i d e  r a n g e  o f  s p e c t r a l  v a l u e s  and  c o n s e q u e n t l y  may o v e r l a p  

w i t h  t h e  reonancea i n  a r o m a t i c  emine8. 
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TAXE 3. NMR L d Distribution of Elution Chronatography Fractions 

EC-1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

27 
26 

75 25 
3 10 58 29 .031 
3 8 58 31 .ox 
10 
12 

1 24 
1 25 
2 39 
2 39 
1 35 
2 35 
3 37 
2 36 
2 36 
1 37 
2 29 

34 
38 
27 
27 
26 
30 
28 
28 
21 
33 
25 

1 
1 
2 
2 

3 3  
3 2  

2 
2 1  
3 1  
2 2  
6 2  
6 2  
8 1  
5 
5 
6 

1 
1 
1 

6 3  
3 4  
3 5 3  

3 3  
7 2  

.ll1 

.136 
* 333 

15 55 25 
19 53 16 
30 32 13 
31 32 10 .351 
36 15 7 .695 
35 16 6 .695 
36 20 6 .563 
35 15 7 -587 
35 15 5 ,667 
32 21 7 
34 20 7 
32 19 7 
30 23 12 
36 13 4 
36 14 4 
37 21 6 
39 23 5 
39 24 5 
35 22 6 
36 21 5 
35 23 7 
38 20 4 
33 18 
36 18 3 

.613 

.449 - 515 

.613 - 370 

.370 

.382 

.429 

.444 

.43l 

.389 

.Em 

.463 

.33 

.67 

.67 

.73 

.66 
1.3h 
1.28 
2.87 
2.56 
2.10 
2.80 
2.67 
1.86 
2.05 
2.05 
1.83 
3.08 
2.85 
2.05 
1.91 
1.83 
1.86 
1.95 
1.83 
2.10 
2.~6 
2.17 

a) IfOF wes not soec t rd l ly  resolxd i n  t he  chrocato- 

b )  ~ ~ , % d i  = a roxa t i c i t j -  inLex is not synony.:ious v i t h  

gr$hic fractions, m d  is inclmlnrl as Yp1 m d o r  HA. 

the wocaticity factor, fa ,  2s discussed i n  ref.l,2. 

O l e f i n i c  hydrogens a d j a c e n t  t o  an  aromat ic  r i n g  a r e  

s p e c t r a l l y  r e s o l v e d  from t h e  a r o m a t i c  r e g i o n  i n  p u r e  

compounds and a r e  sharp peaks o c c u r l n g  a t  6 . 6 5  t o  6.50 

PPM. However, i n  complex m i x t u r e s  l i k e  t h e  samples i n  

t h i s  work t h e  o l e f i n i c  resonance broadens and appears 

as  a i d e  peak on t h e  a r o m a t i c  resonance. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



474 SCHULTZ AND SMITH 

sIABI;E: 4 1 
:NR H Wstr ibut ion  of  D i s t i l l a t i o n  Frac t iocs  

Fraction Roy HA H a q 3  iIyHA/Hali CS$CX/CH2 
Nuxber 

l c 4  32 46 17 5 .47 l  
2 29 49 18 4 .408 
3 26 48 26 5 .351 
4 23 47 24 6 .299 
5 1 19 40 32 8 ,250 
6 1 17 38 36 9 .no 
7 1 15 36 38 10 ,190 
8 15 35 40 10 .176 

14 33 4 0  13 ,163 
1 4  30 44 12 .I63 

9 
10 
ll 13 31 44 12 .149 
12 13 31 4 6  10 .149 

3.00 
2.94 
2.04 
2.21 
1.50 
1.31 
1.21 
1.13 
1.15 

95 
.98 . Eg 

TABLE 5. 1 
U?Q? I 1  Distribution of  Disti l l .at lon Fractions 

Fraction HT,l HA II, Jh HA/Hali CH3tCH/CH2 
Nmbe r 5 

lC5 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15 
16 
17 
18 

43 1 4 1  1 2  3 -754 
36 1 46 1.4 3 ,563 
32 1 49 15 3 ,470 
29 1 48 18 4 .408 
27 1 49 19 4 -369 
26 2 48 1.9 5 .351 
25 1 46 25 3 .333 
24 I 46 24 5 .316 
24 1 45 25 5 ,316 
22 2 42 28 5 ,282 
21  1 40 32 6 .266 

1 20 1 42 32 4 . a 0  
1 20 2 39 35 3 -250 
1 19 1 39 37 3 -235 

1 17 1 35 4 1  5 .205 
1 17 1 36 38 7 .205 

1 16 1 36 39 7 .lgO 
1 15 1 34 4 1  7 .176 

3.67 
3.50 
3.47 
2.89 
2.79 
2.79 
1.96 
2.13 
2.00 
1.68 
1.44 
1.44 
1.20 
1.14 
1.13 

1.10 
1.00 

.98 

Hydroaromatic hydrogene (HH) occur i n  t h e  s p e c t r a l  

range 6.5-6.0 PPM and a r e  m u l t i p l e  eharp peake due t o  

coupl ing .  I n  c o a l  l i q u i d s ,  peaks broaden and o v e r l a p  

w i t h  t h e  o l e f i n i e  r e g i o n ,  h u t  s p e c t r e 1  i n t e g r a t i o n  
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TABLE 6. 
NMR b Dis t r ibu t ion  of D i s t i l l a t i o n  Fract ions 

Fract ion % HA % 
Number 6 

p KjH,/H,, CHFCH/CH2 

i c6  56 39 2 
2 42  45 ll 2 
3 35 1 49 12 3 
4 32 1 48 16 3 
5 31 2 48 16 3 
6 31 3 46 17 3 
7 29 3 45 20 3 
0 1 2 9 2  4 4 2 1 3  
9 2 8 2  4 5 2 1 3  
10 1 26 3 40 26 4 
11 1 2 6 3  4 2 2 4 4  
1 2  1 2 5 3  4 2 2 4 5  

1 2 5 2  4 0 2 7 5  
l3 14 1 23 2 42 27 5 
15 2 2 2 2  4 2 8 5  
16 2 2 1 2  3 8 3 1 6  

1 2 1 2  3 9 3 0 7  
10 2 20 2 36 33 7 
19 1 20 2 35 33 9 

1.222 
.724 

.471 

.538 

.449 

.449 

.408 

.429 

.408 
-356 
.356 
,338 
.338 
-299 
.2@ . z 3  
.2@ 
.256 
,253 

4.00 
4 .z 
4.33 
3-19 
3.19 
2.88 
2.40 
1.14 
2.29 
1.69 
1.92 
1.96 
1.67 
1.74 
1.74 
1.42 
1-53 
1.30 
1.33 

p e r m i t e  r e s o l u t i o n .  The  h y d r o a r o m a t i c  c o n t e n t  l e  i m p o r t a n t  

i n  c o a l  l i q u i d s  b e c a u s e  o f  i t s  f o r m a t i o n  d u r i n g  hydro -  

g e n a t i o n  p r o c e s a e e  ( 5 ) .  

Read ing  i n  d e s c e n d i n g  v a l u e  o f  PPN t h e  n e x t  m a j o r  

peak  i n  c o a l  t a r  p i t c h  o i l e  i e  a t  3.63 w h i c h  l a  t h e  

m e t h y l e n e  b r i d g e  e t r u c t u r e ,  I n d i c a t i n g  a CH2 l i n k a g e  b e t w e e n  

a r o m a t i c  r i n g s ;  however ,  a l i p h e t i c  NH, NH2 a n d  

a l i p h a t i c  OH may a l s o  b e  p r e s e n t  i n  t h i s  r e g i o n  o? 

t h e  NMR s p e c t r u m .  

NMR p r o t o n  r e s o n a n c e a  i n  t h e  PPM r e g i o n  3 . 2 0 t o  

4 5 0  are a a a i g n e d  t d  a l i p h a t i c  s u b s t i t u t i o n  o n  aromatic 

r i n g s .  R e s o n a n c e s  i n  t h e  s p e c t r a l  r a n g e  3.29 PPM t a  1.85 PPH 

i n d l c a t e a  h y d r o g e n  a t r u c t u r e a  o n  c a r b o n  atoms w h i c h  are 

a l p h a  t o  aromatic r i n g s .  1.e. 0-CH-Me. S i g n e l s  i n  t h e  PPM 

r a n g e  1 - 8 5 t o  1 . 0 5 a r e  a a s f g n e d  t o  a l i p h a t i c  a u b a t i t u t f o n  
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TABLE 7. 
NMR %I Distribution of Distillation Fractions 

Fraction 
Xumber 7 

lC7 
2 

if' 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
rj 
26 
27 

HA 

31 3 47 17 2 
32 3 47 16 2 
37 3 44 14 2 
36 3 44 15 2 
35 3 44 15 3 
33 4 43 17 3 
31 3 43 19 4 
30 4 43 19. 4 

1 3 1 3  4 1 2 1 3  
2 3 1 3  3 8 2 1 5  
2 32 3 40 19 4 
1 2 9 3  4 1 2 2 5  
1 28 1 43 23 4 
2 2 0 1  4 3 2 1 5  
3 292 4 2 2 0 4  
2 2 9 1  4 1 2 2 5  
2 n2 4 1 2 3 5  
3 271 4 1 2 3 5  
3 2 5 1  4 0 2 5 6  
3 23 2 39 26 7 
3 2 2 2  3 9 r l 7  
2 2 1 3  3 8 2 8 8  
2 2.13 3 8 2 8 8  
2 2 0 2  3 6 3 2 8  
1 1 9 2  3 5 3 4 9  
1 19 1 34 35 10 
1 18 1 31 42 7 

.445 

.470. 
,587 
.562 
.538 
,493 
.449 
.429 
A56 
,463 
.484 
.414 
.394 
,400 
,426 
.420 
.380 
.386 
.97 
. 3 u  
-294 
.273 
.273 
.a6 
.236 
237 

.222 

i n  t h e  be ta  p o e l t i d n  t o  t h e  e r o m a i t i a  (H ) P 

2.83 
3.06 
3-29 
3.06 
3 J3 
2.71 
2.47 
2.47 
2.09 
2.05 
2.32 
2.09 
2.04 
2.29 
2.30 
2.09 
2.00 
2.00 
1.a 
1.77 
1.70 
1.64 
1.64 
1.38 
1.29 
1.26 
.90 

r i n g .  The peake 

a t  the, Tau 1 .05 to  0 . 5 0 i q d i c a t e s  t e r m i n a l  m e t h y l  

e t r u c t u r e  on a c h a i n  o f  (CH21x, where x>2.  The a l i p h a t i c  

r a g i o n  oP t h e  NMR apectrum g iven h i g h l y  c h a r a c t a r i a t i c  

a t r u c t u r n l  da ta  on compounds. I n  c o a l  t n r  p i t c h  o i l s  

t h e  a l i p h a t i c  reaonnncen a r e  aomewhat broaden, b u t  a t i l l  

g i v e  i n f o r m a t i o n  about t h e  a t r u c t u r e  o f  t h e  p i t c h  o i l s .  

Pro ton  magnet ic DBwnmce meadurementn have been 

uaed t o  determine t h e  d i n t r i b u t i o n  o f  hydrogen i n  conla,  

e a p e c i a l l y  t h e  amount o f  hydrogen preaent  i n  me thy l  p l u a  

t e r t i a r y  CH t o  t h e  m o u n t  p reaent  i n  mathylane groupa, 
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TABLE 8 
NMR % Dis t r ibu t ion  of D i s t i l l a t i o n  Fractions 

l C 8  76 1 1 6  C 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14  
15 
16  
17 
18 
19 
20 
21  

53 3 
2 53 2 
3 1 5 1 3  
3 1 4 t  4 
4 1 4 6 3  
8 47 3 
a 47 3 
5 42 5 
6 4 1  6 
9 43 2 a 40 2 
7 40 1 
5 313 2 
6 35 2 
4 3 4 3  
7 33 4 
4 32 2 
6 31 3 
3 30 2 
5 30 4 

348 2 
3 5 7  1 
3 3 0  1 
35 10 1 
3 7 8  1 
3 3 8  1 
$ 7  1 

3 t 9  2 
3 7 8  1 
4 1  8 1 
4 1 9  2 
42 11 2 
43 1 2  2 
44 13 2 
4 1  13 1 
44 15 3 
43 1 4  3 
46 15 4 
40 18 3 

3 8 9  1 

3.166 
1.128 
1.226 
1.133 

.920 

1.044 
1.044 

.792 

.774 

.896 

.770 

.TOO 

.755 

.667 

.5Y3 
,548 
s550 
. 5 a  
.492 
,447 
.462 

2.83 
4.50 
5.14 
4.25 
3.60 
4.75 
4.25 
5.00 
4.33 
4.22 
4.75 
5-25 
4.78 
4.00 
3.75 
3.54 
3.23 
3.13 
3.29 
3.33 
2.39 

TABLE 9. 
h ?  H D i s t r i b u t i o n  of D i s t i l l a t i o n  Fractions 

1 

1C9 63 2 25 4 1 l . ' i O j  

3 4 51 3 33 8 1 1.222 

5 5 50 3 34 7 1 1.222 

2 3 51 3 28 7 1 1.179 

4 4 51 3 44 1 .754 

6 4 46 3 38 8 1 1.000 
? 3 4 5 3  3 9 9  1 .??4 
8 44 3 4 1  11 1 .688 

2.89 
4 . 1 4  
4.25 
5.00 
5.00 
4.86 
4.44 
3.81 

CH3+CH/CH2 (6 -7 ) .  T h i s  r a t i o  i s  an  i m p o r t a n t  parameter  

t o  e s t i m a t e  t h e  amount o f  a l i p h a t i c  s u b s t i t u t i o n  i n  c o a l  

l i q u i d s .  The second moment f o r  a complex hydrocarbon 

i m  as f o l l o w s :  
S2- S H /H x x  

x- I+ w 
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478 SCHULTZ AND SMITH 

I t  l a  r e a m o n a b l e  t h a t  i n  coa l  l i q u i d a  t h e  number o f  

hydrogen  forma maklnp  a a l g n l f i c e n t  c o n t r i b u t i o n  t o  t h e  

a e c o n d  moment may be l i m i t e d  t o  f i v e .  Therefore e q u a t i o n  

1 c a n  be r e d u c e d  t o :  
( 2 )  

s2eR HaH HA + HCH3 + HCH + SCH HCH2 
H pH 

W i t h  t h e  u a e  o f  t h i a  e q u a t i o n  i t  l a  p o a a i b l e  t o  c a l c u l a t e  

t h e  v e r i o u a  s t r u c t u r e $  p a r a m e t e r s  f r o m  n u c l e a r  m a g n e t i c  

r e a o n a n c e  epectra .  muoh aa CH,+ CH / C H p  which  d e t e r m i n e a  

n u m e r i c a l l y  t h e  amou'nt o f  a l i p h a t i c  b r a n c h i n g  on poly-  

n u c l e a r  a r o m a t i c m  (8-11 1. 

S m a l l  amount6 of r e a i d u a l  b e n z e n e  u a e d  aa t h e  

carriar s o l v e n t  i n  t h e  e l u t i o n  c h r o m a t o g r a p h i c  p h a s e  

wam f o u n d  t o  be  p r a a e n t  in e l u t i o n  f r e c t i o n a  11, 12,  

1 4 - 2 5 ,  e n d  waa a n a l y z e d  e s  a c o n a t i t u e n t .  C y c l o h e x a n e  

w h i c h  was t h e  e x t r a c t i o n  a o l v e n t  t o  o b t a i n  t h e  p i t c h  o i l s  

f r o m  t h e  c o a l  t a r  waa a n a l y z e d  a8  a c o n s t i t u e n t  i n  t h r e e  

o f  t h e  r e s i d u e 8  (A-5, R-7, R-81, r e m a i n i n g  a f t e r  d i s t i l l a t i o n .  

D u p l i c a t e  NMR a n a l y s e s  were p e r f o r m e d  on a l l  e i g h t e e n  

d i s t i l l a t i o n  p r o d u c t s  o f  e l u t i o n  f r a c t i o n  number f i v e .  

T h e  c a l c u l a t e d  v a l u e s  a r e  r e p r o d u c i b l e  w i t h i n  one p e r  

c e n t .  

T h e  a p p e n d i x  i s  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e  

NMR d a t a ,  a p e c i f i c a l l y  ahowlng  t h e  c h a n g e  i n  a r o m a t i c  c o n t e n t .  

RESULTS AND CONCLUSIONS 

T h i a  d a t a  d e m o n a t r a t e a  t h e  a b i l i t y  oP p r o t o n  n u c l e a r  

m a g n e t i c  r e i o n a n c e  t o  m e a a u r e  a t r u c t u r a l  p a r a m e t e r s  

on c o a l  t a r  p i t c h  o i l s .  T h e  a r o m a t i c i t y  i n d e x  g i v e s  a 

d i r e c t  i n d i c a t i o n  of t h e  number o f  r i n g s  pe r  m o l e c u l e  

in coal  l i q u i d  m t r u c t u r e s .  
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TABLE 10. 
NMR b Distribution of Dis t i l l a t ion  Residues 

R-4 7 8 5 36 20 ,078 .446 
5 1 10 5 16 gi 16 .n3 ,628 
6 1 12 4 24 1 44 14 .140 .%4 
7 1 12 26 2 44 15 .141 ,931 
8 1 21 3 32 5 29 9 .287 1.412 
9 1 29 43 21 5 .414 2.284 

The a r o m a t i c i t y  i ndex  o f  t h e  e l u t i o n  f r a c t i o n s  

show a maximum a t  f r a c t i o n  e i g h t  th rough f i f t e e n  (.635- 

.613) g i v i n g  p o s i t i v e  proof  t h a t  t h e  m idd le  f r a c t i o n s  

b r a  o f  h i g h e r  a romat i c  c h a r a c t e r  w i t h  Cons iderab le  

b ranch ing  ( h i g h  HQvalues). 

m o s t l y  o f  s t r a i g h t  c h a i n  a l i p h a t i c  a t u r c t u r e  ( low %and 

h i g h  p v a l u e a ) .  

h e t e r o c y c l i c  s u b s t l t u e n t a  and a l i p h a t i c  branched s t r u c t u r e 8  

( h i g h  Hgvaluea and low va lues) ;  b u t  w i t h  l e e s  t o t a l  

a r o m a t i c i t y  t h a n  w i t h  t h e  m i d d l e  f rac t ion t i . (Append ix  A - 1 ) .  

The i n i t i a l  f r a c t i o n s  are  

The l a t e r  e l u t i o n  f r a c t i o n a  c o n t a i n  

v 
With  t h e  d i s t i l l a t i o n  p r o d u c t s  t h e  a r o m a t i c i t y  

i ndex  l a  alwaya h i g h e r  f o r  t h e  i n i t i a l  d l a t i l l a t i o n ,  

a 8  compared t o  t h e  h i g h e r  f r a c t i o n a ,  w i t h  much a l i p h a t i c  

b ranch ing  ( h i g h  valuea).  The l a t e r  f r a c t i o n s  o f  

t h e  d i a t i l l a t e a  have a h i g h e r  h e t a r o c y c l i c  a u b e t f t u e n t a  

w i t h  a l k y l  groups. The m i d d l e  f r a c t i o n a  c o n t a i n  a h i g h e r  

amount o f  oxygen-conta in ing  s t r u c t u r e s  and o l e f i n i c  hydrogen 

a t t a c h e d  t o  t h e  a romat i c  r i n g  ayatem. The d i s t i l l a t i o n  

r e s i d u e s  show low a r o m a t i c i t y  and a m a l l  amounts o f  

b ranch ing  f o r  t h e  i n i t i a l  d i a t i l l a t i o n  and a cons tan t  

i nc raaae  for b o t h  a r o m a t i c i t y  and a l i p h a t i c  b ranch ing  

acco rd ing  t o  ascanding f r a c t i o n s  (Appendix A-2, A-3). 
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About a e v e n t y - f i v e  p e r  cen t  oP t h e  e l u t i o n  chrome- 

tography and d i a t i l l a t i o n  p roduc ts  can be accounted f o r  

i n  t e r n s  of branched c h a i n  a l k y l - e u b s t i t u t e d  p o l y - n u c l e a r  

a romat i c  molecules. Hydrogen atoms are a l s o  l o c a t e d  i n  

h y d r o x y l  and a romat i c  aminea s u b e t i t u e q t a ;  and i n  t h e  

C H 2  group8 o f  P luoranr ,  acenaphthenr, diphenylmethane 

and 9, 10 dihydroanthacene types. 

Th is  reeearch  dcmonatratas t h e  impor tance o f  f r a c -  

t i o n a t i o n  o f  c o a l a i l s  t o  i nc reaee  s p e c t r a l  r e s o l u t i o n .  

oP NMR data, i n  comparison t o  mere so l ven t  e x t r a c t i o n  o f  

c o a l ,  p e r m i t t i n g  more d e t a i l e d  a t r u c t u r a l  assignments. 
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A P P E N D I X  B 

Representative X4R Spectra 
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