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I f ,  as i s  genera l l y  supposed, coal i s  comprised o f  predominantly aromatic ca r -  
bon conf igurat ions,  i t  should be open t o  a t t a c k  by e l e c t r o p h i l i c  agents. However, 
w h i l e  sulphonation, ha logenat ion and n i t r a t i o n  o f  coal have been repor ted ( l ) ,  
i n t e r a c t i o n  o f  coal w i t h  a s e l e c t i v e  e l e c t r o p h i l e  - f o r  example, i n t e r a c t i o n  w i t h  
the  n i t ron ium ion - have n o t  y e t  been explored i n  d e t a i l .  Some inves t i ga t i ons  of 
t h i s  reac t i on  have been publ ished by Brown (2) who employed c u p r i c  n i t r a t e  i n  ace- 
t i c  anhydride and by L a h i r i  e t  a1 (3) who used mixtures o f  n i t r i c  and su lphu r i c  
acids; and i n  these cases, i t  was presumed t h a t  the a c t i v e  agent was the n i t r o n i u m  
ion which formed as an in termediate i n  the so lvent  system. With c r y s t a l l i n e  s a l t s  
which conta in  t h e  n i t r o n i u m  ion, e.g. NO;BF&, N O $ l O z  now r e a d i l y  ava i l ab le ,  i t  
should, i n  p r i n c i p l e ,  now be poss ib le  t o  achieve s e l e c t i v e  n i t r a t i o n  more c lean ly  
i n  non-aqueous, a c i d - f r e e  systems; and we have i n  f a c t  used n i t r o n i u m  t e t r a f l u o r o -  
bo ra te  f o r  " a c t i v a t i n g "  bituminous coal before sub jec t i ng  i t  t o  hypoch lo r i t e  o x i -  
d a t i o n  ( 4 ) .  But recent  s tud ies ,  notably  by Olah e t  a1 (5) .  i n d i c a t e  t h a t  such 
s a l t s  can a l so  promote reac t i ons  o t h e r  than n i t r a t i o n .  They w i l l ,  f o r  example, 
o x i d i z e  benzyl a lcohols  t o  ketones, induce n i t r o l y s i s  o f  alkanes, and cleave eth-  
ers. In  the case o f  reac t i ons  between n i t r o n i u m  t e t r a f l u o r o b o r a t e  and coal, i t  
must therefore be expected t h a t  var ious oxygen-bearing funct ions as w e l l  as n i t r o -  
groups could be es tab l i shed  i n  the coal .  The work repor ted i n  t h i s  paper was 
undertaken i n  e f f o r t s  t o  determine the v a l i d i t y  o f  these expectat ions.  

EXPERIMENTAL 

Reaction w i t h  n i t r o n i u m  s a l t  
A mix ture o f  5 t o  90 mmles o f  the s a l t  and 25 m l  a c e t o n i t r i l e  o r  methylene 

c h l o r i d e  was s t i r r e d  a t  ice-bath temperature t o  produce a homogeneous suspension, 
and 1 g o f  d ry  coal was added. Reaction was al lowed t o  cont inue f o r  16 hours a t  
ice-bath temperature under a b lanke t  o f  helium. The so l ven t  was then evaporated 
under reduced pressure, t h e  res idue quenched w i t h  ice-water, and the  product iso-  
l a t e d  by f i l t r a t i o n  and washed f r e e  o f  acid. 

mantane, tetrahydronaphthalene and decahydronaphthalene. 

n i t r i c - s u l p h u r i c  a c i d  a t  ice-bath temperature f o r  16 hours. The m ix tu re  was then 
poured i n t o  crushed i ce ,  d i l u t e d  t o  a large volume, the  n i t r o - c o a l  f i l t e r e d  o f f  and 
f i n a l l y  washed f ree  o f  ac id .  

Funct ional  group a n a l y s i s  

c h l o r i d e  or t i taneous c h l o r i d e ,  us ing  a standard procedure (6 ) .  

d i s t i l l i n g  o f f  the a c e t i c  acid, and the  hydroxy l -content  was determined by ace ty la -  
t i o n  w i t h  a c e t i c  anhydr ide i n  p y r i d i n e ,  f o l l o w i n g  the procedure developed by L. 
Blom (7). 

RESULTS AND DISCUSSION 
Tetramethylene su l fone,  a c e t o n i t r i l e  and var ious o the r  so lvents  have been used 

f o r  n i t r a t i o n w i t h  n i t r o n i u m  s a l t s .  I n i t i a l l y ,  a c e t o n i t r i l e  was used i n  t h i s  study. 
The n i t r a t i o n  o f  po l ys ty rene  i n  t h i s  system in t roduced one n i t r o  group per chain- 
length o f  f ou r  monomer u n i t s .  

S i m i l a r  react ions were performed w i t h  model compounds, e.g. po lystyrene,  ada- 

For comparison, one coal sample was n i t r a t e d  w i t h  1 : l  v /v  concentrated w i t h  

The number o f  n i t r o  groups introduced was est imated by t i t r a t i o n  w i t h  stannous 

The ca rboxy l i c  a c i d i t y  was estimated by ion-exchange w i t h  sodium acetate and 

The y i e l d  o f  m o n o - n i t r o t e t r a l i n  was 78%. In con- 
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ras t ,  adamantane and octahydronaphthalene cou ld  n o t  b e  n i t r a t e d  b u t  va ry ing  y i e l d s  
(up t o  85%) o f  some o the r  n i t rogen-con ta in ing  product was obtained. The product  
der ived  from adamantane was i d e n t i f i e d  as N-(1-adamanty1)acetamide by comparing 
me l t i ng  po in t ,  i n f r a - r e d  and 1H-n.m.r. spect ra o f  t he  sample w i t h  au then t i c  com- 
pound. 
y i e l d )  f rom octahydronaph tha lene, wh i 1 s t  tetrahydronaphthalene on l y  f u rn  i shed the  
mono-ni t r o  product.  

tane t o  the  adamantyl rad i ca l  o r  i o n  which, i n  tu rn ,  reacts w i t h  the  so l ven t  
according t o  

The spec t ra l  data ind ica ted  the  fo rmat ion  o f  a s i m i l a r  product  ( i n  3% 

I t  may be  presumed t h a t  t he  n i t r o n i u m  ion, be ing  an ox idant ,  o x i d i z e s  adaman- 

AdH & N 0' Ad* CH3CN b AdN:&H3 - H2° AdNHCOCH3 (85%) 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  o f  t h e  f o u r  model compounds s tud ied ,  adamantane has 
the most e a s i l y  ox id i zab le  C-H bonds. From hypoch lo r i t e  ox ida t i on  (41, i t  was de- 
monstrated t h a t  coa l  has s i m i l a r  types o f  C-H bonds, and i t  i s  poss ib le  t h a t  reac- 
t i o n  w i t h  n i t r o n i u m  s a l t  i n  a c e t o n i t r i l e  may produce an acetamide d e r i v a t i v e  of coal. 

f i l e  which accounts f o r  a l l  added n i t r o g e n  i n  n i t r o  groups, and s i m i l a r  r e s u l t s  were 
obtained when coal was t rea ted  w i t h  n i t r o n i u m  s a l t  i n  methylene ch lo r i de .  However, 
i n  a c e t o n i t r i l e  so lvent ,  depending on the  amount o f  n i t r o n i u m  s a l t  used i n  each re -  
ac t ion ,  on ly  48-67% o f  t he  added n i t r o g e n  cou ld  be found i n  n i t r o  groups (Table 1).  

Ma te r ia l  balances i nd i ca te  t h a t  l i t t l e ,  i f  any, carbon i s  l o s t  when the  coa l  
i s  t rea ted  w i t h  HNO /H2S04 m ix tu re  or w i t h  a n i t r o n i u m  s a l t  i n  methylene ch lo r ide .  
However, the  reac t i an  o f  coa l  w i t h  n i t r o n i u m  s a l t  i n  a c e t o n i t r i l e  y i e l d s  products 
w i t h  more carbon and n i t r o g e n  content.  Since the  o n l y  extraneous source o f  carbon 
was the  so lvent ,  t he  added carbon must come from t h e  reac t i on  o f  a c e t o n i t r i l e  w i t h  
coal .  Moreover, i t  was a l s o  found t h a t  f o r  every n i t rogen  atom added o the r  than as 
N i n  n i t r o  groups two carbon atoms were added. And hyd ro l ys i s  o f  the  products i n  
1N phosphoric a c i d  gave a c e t i c  ac id .  From these observat ions i t  i s  surmised t h a t  
a n i t ron ium s a l t  i n  a c e t o n i t r i l e  in t roduces  acetamido as w e l l  as n i t r o  groups. The 
resu l t s  o f  reac t i on  between n i t ron ium s a l t s  and coal ,  based on ma te r ia l  balances 
and t i t r a t i o n  data, a re  presented i n  Table 2. 

coal w i t h  HNO -H SO i nvo l ve  i n t r o d u c t i o n  o f  n i t r o  groups and, even under very  m i l d  
condi t ions,  s?muftaieous ox ida t i on  o f  the  carbon-st ructure.  
carboxyl ,  hydroxyl  and k e t o n i c  func t ions ,  w i t h  fo rmat ion  o f  carboxyl  be ing  the  dom- 
inant  process. But  s ince  no  loss  o f  carbon was observed, i t  was concluded t h a t  o x i -  
da t ion  i s  l i m i t e d  t o  methyl groups. React ion o f  coal  w i t h  n i t r o n i u m  s a l t  a l s o  in- 
duces some ox ida t i on  and 7-15% weight  inc rease cou ld  be ascr ibed to newly c rea ted  
oxygen funct ions.  The concentrat ion o f  oxygen-bearing groups i n  v a r i o u s l y  t rea ted  
coal samples are shown i n  Table 3. 

I t i s  i n t e r e s t i n g  t o  no te  t h a t  whatever t h e  n i t r a t i n g  system, almost i d e n t i c a l  
oxygen-bearing groups a re  generated. Since n i t r o n i u m  s a l t s  can c leave e thers ,  t he  
ox ida t i on  can be r e l a t e d  t o  such cleavage reac t ions  fo l l owed  by f u r t h e r  degradat ion 
depending on the o x i d a t i o n  p o t e n t i a l s  o f  t h e  n i t r a t i n g  systems, e.g. 

N i t ro -coa l  prepared w i t h  n i t r i c - s u l f u r i c  a c i d  mix tu res  gave a t i t r a t i o n  pro-  

Mazumdar e t  a1 (8) have repor ted  t h a t  t h e  major reac t ions  du r ing  n i t r a t i o n  o f  

The o x i d a t i o n  creates 

C H CH -O-CH2C6H5 - C H CH OH + C6H5CH0 6 5  2 6 5  2 (i) 

(ii) 

C6H5CH0 C6H5COOH (iii) 

From the  n i t r a t i o n  s tud ies ,  some in fe rences  about coal  s t r u c t u r e  can be drawn. 
Thus, reac t i on  w i t h  n i t r o n i u m  s a l t  in t roduces  3-7 n i t r o  groups per 100 carbon atoms 
wh i l e  HNO /H2S0,, mix tures  permi t  a d d i t i o n  of 8-10 n i t r o  groups. 
t h a t  i s o d r i z a t t o n s  o f  condensed p o l y c y c l i c  a1 i p h a t i c  s t ruc tu res  t o  aromat ic  s t ruc -  
tures does n o t  occur dur ing  n i t r a t i o n  a t  O O C .  t he  number o f  n i t r o  groups per  100 

I f  i t  i s  assumed 
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carbon atoms may p rov ide  in fo rmat ion  about aromat ic r i n g  s ize.  In Table 4, the 
average composition o f  coal  sub-uni ts w i t h  n i t r o  group a r e  ca l cu la ted  from pub- 
l i s h e d  data (8). These sub-groups vary from C H t o  C H and consequently sug- 
ges t  t ha t  on l y  benzene o r  naphthalene n u c l e i  at; 3resenk0ift them. 

Some support  for t h i s  deduct ion i s  a f fo rded  by da ta  r e l a t i n g  t o  reduc t ion  of  
coa l  w i t h  l i t h i u m  i n  e thy lene  diamine. Reduction o f  aromat ic compounds in  such or 
s i m i l a r  systems y i e l d s  d ihydro-  o r  te t rahydro-der ivat ives,  and assuming benzene or 
naphthalene as t h e  o n l y  aromat ic s t r u c t u r e  i n  t h e  unknown molecule, t he  hydrogen 
uptake by the  sample can be ca l cu la ted  from the  number o f  such r i n g  per 100 carbon 
atoms o f  the  samples (Table 5 ) .  
s u l t s  ind ica tes  t h a t  t h e  abundance o f  naphthalene r i n g s  increases w i t h  rank. I t  
i s  ha rd l y  expected t h a t  the  reduc t ion  of s i n g l e  benzene r i n g  would s top  a t  the 
tetrahydro-stage. From t h i s  d iscuss ion we conclude t h a t  the  smal les t  hydrocarbon 
s k e l e t a l  s t r u c t u r e  i n  c o a l  may be  i n  u n i t s  o f  C H t o  C and tha t ,  depending 
on rank and geographical  loca t ion ,  the  nucleus b? guch dit i s  a benzene or naph- 
thalene r ing .  
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Table 1. Ni t ro-groups in  Reacted Coal and Model Compounds 

Samp l e  N t o t a l  NN02' mmle/g NN02/Ntotal (added) 

a. 1 g coal reacted w i t h  

mmole/g SnCI2 TiC13 % 

(i) HNO -H SO ( 1 0 O C )  
( i i ) 90 k o f e  k12BF4MeCN 

(ii i) 45 I '  I ,  

( i v )  5 ' I  ( 8  ,I 

- - - - - _ -  - - - -2- 2 - - (v) 90 I '  ' I  CH CI 

b. Model compounds/N02BF4/MeCN 

(ii i) A n i 1  i n e  

( i  1 Polystyrene 
(i i) Adamantane 

( i v )  Benzoic a c i d  

5.1 4.14 4.28 100 
5.6 2.36 2.50 48 
3.0 1.28 1.35 57 
1.5 0.00 0.49 67 
2.9 2.32 .2.35 100 - - - - - - - - - ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2.0 2.26 2.40 
7.2 0.00 0.00 

14.5 7.28 6.98 
6.0 6.0 5.98 
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Table 2. Reactions w i t h  Nitronium-Tetrafluoroborate 

A n a l v s  i s 
%C %H %N NO2 meq/g % Weight 

Subst rate Increase Product 
A c e t o n i t r i l e  Solvent  
1. Polystyrene 10 (C8H8)3.3$8ti3;02 a. 83.39 6.8 2.8 2.0 

(C8H8) b. 84.2 7.0 2.8 2.4 
FW n ~ " 1 0 4  

2. Coal %C = 85.7 36 C100H68N0 .g3(N02)6.4(NHCoMe)3 .g06. 3 
a. 68.0 4.4 8.2 3.4 

C H  N 0 FW 1904 b. 69.0 4.1 7.9 3.2 #9487.3 0.93 6.76 

3. Coal %c = 88.8 35 ClooH59.1N(N02)5(NHCOMe) .8013.5 

a. 68.2 3.6 6.0 2.7 
FW 1822 b. 69.0 3.3 6.2 2.6 

Methylene Ch lo r ide  Solvent  
4 .  Coal %C = 88.8 21  C100H55. lN(N02)3.701 1.4 

a. c a l c u l a t e d  b. found 

a. 74.0 3.4 4.1 2.3 
FW 1623 b. 74.0 3.4 4.0 2.3 

Table 3. Oxygen-Bearing Funct ional  Groups i n  Treated Coal 

Sample -OH meq/g -COOH, meq/g 

1. Coal %c = 88.8 
2. Sample l/N02BF4/CH CN 
3. Sample 1/NO BF /CH3Cl  
4. Sample 1 1 ~ ~ 8  /A 50' 
5. N02-Coal* f r d m  $oaf  % C  = 89.8 

0.9 
2.3 
1.5 
2.2 
2.8 

n i  1 
3.0 
0.8 
2.8 
3.5 

*See Reference (8) 

Table 4. N i t r a t i o n  of Bituminous Coals* 

Coal N i t ro  g r  pe r  Average composit ion o f  subunit/N02 gr 
%C 100 C-atoms Number o f  atoms 

80.8 8.6 11.6 8.9 0.24 1.24 

85.5 9.2 10.9 7.9 0.22 0.65 
87.1 9.9 10.1 7.7 0.24 0.38 
89.8 8.6 11.6 7.3 0.23 0.27 
go. 2** 9.3 10.8 6.6 0.15 0.31 

C H N 0 

83.6 8.2 12.2 9.6 0.29 0.90 

*Data r e c a l c u l a t e d  f r o m  B. K. Mazumdar e t  a l ,  Fuel 4 6 ,  380. 1967 
**From the  s tudy  by t h e  author. 
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Table 5. Reduction o f  Coals by  A l k a l i  Meta ls  i n  Basic  Solvent 
H-uptake pe r  100 Carbon Atoms 

Coal Calcu lated va lue  from n i t r a t i o n  Experimental va lue (IO) American coal  
2 C  o f  Gondwana coal 

d ihydro t e t  rahyd ro  %C H-uptake 

80.8 11.2 
83.6 16.4 
85.5 18.4 
87.1 19.8 
89.8 17.2 
90.2* 18.6 

*Canadian coal 

34.4 
32.8 83.1 
36.8 85.1 
39.6 88.7 
34.4 89.3 
37.2 90.1 

17 
19 
27 
29 
45 

228 


