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That the petrological classification of coal components in four main groups, 
known as vitrinite, exinite, micrinite and fusinite, has chemical and physical sig- 
nificance, as well as practical importance, is already established. There is 
petrographic and palaeobotanic evidence indicating that each of these groups is 
complex and that several varieties of each exist, but little chemical work has been 
carried out to supplement and consolidate this evidence. Such work is in progress 
in this laboratory; so far, attention has been paid mostly to the development of 
experimental techniques, but a start has been made in applying them to the study of 
vitrinite structure. 

It is obvious that structural differences between two or more "vitrinoids"l 
found in the same coal will be more subtle than the differences between, say, vitri- 
nite and exinite. A comparison of vitrinoids from different coals but of similar 
rank will also require subtle distinctions. If these distinctions can be established 
and understood, our understanding of the concepts of rank and metamorphosis should be 
strengthened considerably, and knowledge of the relation of constitution to behavior 
increased. Research of this kind clearly requires particularly sensitive techniques, 
and any chemical reactions used must be as selective and as informative as possible. 
In this paper the extension and improvement of two such chemical reaction techniques 
are described, together with their application to some purified vitrinitic materials. 

Samples Studied. 

I n  some of the preliminary experiments designed to elucidate the mechanism of 
the dehydrogenation reaction, a sample of vitrain from the Bruceton mine of the 
Pittsburgh seam was used. The elementary analysis is shown in Table 1; the petro- 
graphic analysis of a block from the same batch of coal is: vitrinite, 85%; semi- 
fusinite, 6%; fusinite, 2%; exinite, 4%; micrinite, 2%; and pyrite, 1%. 

The other samples were pure vitrinites separated by float-and-sink techniques 
from the bright bands in selected vitrains. Their properties are collected in 
Table 1. Samples MP 10a and 10b were taken from different levels in one pillar 
section of the same seam, but differ appreciably in reflectance, and represent dif- 
ferent vitrinoids in the classification of Schapiro and Gray.' Samples M P  11 and 17 
have similar reflectances and represent the same vitrinoid V 9 according to Schapiro 
and Gray; they are, however, of quite different geological age and derived from dif- 
ferent types of plant material, since MP 11 is an Appalachian coal laid down in the 
Pennsylvanian period of the Palaeozoic and MP 17 is younger, have been laid down in 
the Cretaceous period of the Mesozoic (ages approximately 300 and 120 x lo6 years 
respectively). 

The hydroxyl contents of the samples are included in Table 1 for completeness; 
they are repeated from an earlier publication.3 
and 17 do differ somewhat in elementary analysis, but the carbon content of MP 17 

It seems clear that samples MP 11 
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may be somewhat too high . 
The i n f r a - r e d  s p e c t r a  of a l l  four v i t r i n i t e s  have been obtained. The s p e c t r a  

of MP 10a and 10b do not  d i f f e r  s i g n i f i c a n t l y ,  except t h a t  a d i f f e r e n c e  of the  
i n t e n s i t y  of t h e  hydroxyl band a t  3400 i s  observed, p a r a l l e l i n g  the  hydroxyl 
contents  determined chemically. The spec t ra  of MP 11 and 1 7  a l s o  resemble one an- 
o t h e r  c lose ly ;  here  again t h e  hydroxyl bands d i f f e r  i n  i n t e n s i t y ,  and t h e  d i s t r i -  
bution of hydrogen between aromatic and a l i p h a t i c  s t r u c t u r e s  i s  ev ident ly  somewhat , 

d i f f e r e n t  (see Table 3 below). 

Table  1. Analyses of Samples Studied 

MP loa  Lower Freeport  

MP 10b Laver Freepor t  

M 11 Upper Freepor t ,  

MP 17 Frederick,  Valdez, 

West Sunbury, Pa. 

West Sunbury, Pa. 

Maysville, Pa. 

Colo. 

P i t t sburgh  
Bruceton V i t r a i n  

Sample Source seam Av. Reflec-  
No .  and l o c a t i o n  tance  i n  o i l ,  % C 

0.743 82.6 

0.630 83.8 

0.995 84.9 

0.934 86.6 

83.6 

* 
by d i f fe rence  

Reduction with Lithium. 

H 

5.4 

5.3 

5.2 

5.5 

5.6 

Per cent  d.a.f. 
N 

1.6 

1.6 

1.5 

1.9 

1.7 

S 

1.4 

1.1 

0.8 

0.8 

2.0 

O* o as OH 

9.0 

8.2 

7.6 

5.2 

7.3 

5.6 

3.9 

3.2 

2.0 

- 

L i t h i u m  in  a l i p h a t i c  am ies i s  a powerful r e  ic ing  agent ->r aromatic systems, 
naphthalene, f o r  example, being reduced t o  the  octa-  o r  deca-hydro d e r i v a t i v e .  The 
r e a c t i o n  proceeds, depending on t h e  solvent ,  a t  18 o r  looo, and breakage of carbon- 
carbon bonds, such as occurs  i n  c a t a l y t i c  hydrogenation, is  not  found. Both e thyl -  
amine4 and ethylene diamine5,6 have been used as the amine component i n  t h e  appl i -  
c a t i o n  of the r e a c t i o n  t o  coa ls ;  the l a t t e r  causes somewhat more ex tens ive  reduct ion 
of  the coal, but is much more t o x i c  and i s  impossible to  remove completely from the  
coal  a f t e r  reac t ion .  
through a sharp maximum w i t h  v i t r a i n s  of about 89% carbon ~ o n t e n t . ~ , ~  The s o l u b i l i t y  
of t h e  coa l  i n  pyr id ine  is  a lways  increased by the  react ion,  and t h e  magnitude of t h e  
increase  v a r i e s  wi th  rank i n  a manner c lose ly  p a r a l l e l  t o  the  ex ten t  of reduct ion.  
The marked v a r i a t i o n  wi th  rank of the  e f f e c t s  of reac t ion  suggest t h a t  here  we have 
one s u i t a b l e  technique f o r  i n v e s t i g a t i n g  c lose  d i s t i n c t i o n s  among v i t r i n i t i c  mate- 
r i a l s .  

The e x t e n t  of reduct ion v a r i e s  s t rongly  wi th  rank, passing 

Hi ther to  i n  t h e  s tudy of t h e  reduct ion of coals ,  a t t e n t i o n  has been chief ly  
concentrated on t h e  v a r i a t i o n  of ex ten t  of reac t ion  wi th  rank, and l i t t l e  work has 
been done on the  chemistry of t h e  products. One i n t e r e s t i n g  p o s s i b i l i t y  is  t h e  

* The analyses quoted were made by United Analysts Ltd., Eas t  Boldon, Co. Durham, 
England, a laboratory experienced i n  coa l  analysis ,  and they a r e  bel ieved t o  be t h e  
most r e l i a b l e  d a t a  ava i lab le .  
l abora tor ies ,  w i t h  r e s u l t s  t h a t  do not a l toge ther  agree with those quoted; however, 
these  l a b o r a t o r i e s  d i d  not  observe c e r t a i n  precaut ions now bel ieved important (see 
Appendix), which were observed by United Analysts. 

The samples  have a l s o  been analysed i n  two o ther  
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s t u d y d  hydrogen d i s t r i b u t i o n  i n  the  product by nuclear magnetic resonance spec t ro-  
scopy. To g e t  the  maximum advantage from t h i s  technique, t h e  material must be i n  
solut ion,  preferably i n  a solvent  t h a t  contains  no hydrogen. Deuteropyridine has 
been used f o r  t h i s  purpose with solvent  e x t r a c t s  of un t rea ted  v i t r i n i t e s 7  and reduced 
products.8 
impur i t ies  found i n  a l l  commercial samples i n t e r f e r e s  wi th  e s t i m a t i o n  of aromatic 
hydrogen i n  t h e  so lu te .  
products of four v i t r i n i t e s  soluble  i n  pyridine is  a l s o  so luble  i n  chloroform. 
l a r g e  number of so lvents  have been tes ted ,  most of which d isso lved  very l i t t l e ;  
p iper id ine ,  chloroform, dimethylformamide and dimethylsulfoxide d isso lved  s i g n i f i c a n t  
q u a n t i t i e s  of product. Deuterochloroform i s  r e l a t i v e l y  inexpensive, and s i n c e  any 
i s o t o p i c  impurity i n t e r f e r e s  l i t t l e  wi th  t h e  coal  spec t ra ,  it is  an e x c e l l e n t  so lvent  
f o r  n.m.r. s t u d i e s .  
the r e s u l t  i s  discussed later.  

However, i t  is extremely expensive and t h e  small p ropor t ion  of i s o t o p i c  

We have now found t h a t  40-75% of t h a t  p a r t  of t h e  reduct ion 
A , 

So f a r  we have only been ab le  t o  run  one spectrum i n  the so lvent ;  

Four pure v i t r i n i t e s  have been reduced by the  l i thium-ethylamine technique. 
The amount of hydrogen added and the  s o l u b i l i t i e s  of the  products  i n  pyr id ine  and 
chloroform a r e  shown i n  Table 2. A l l  t h e  samples a r e  of lower rank than  t h a t  a t  which 
maximum reduct ion occurs; it w i l l  be seen t h a t  the  pyr id ine  s o l u b i l i t i e s  a r e  higher 
f o r  the two samples of higher  carbon content. 
lob, taken from d i f f e r e n t  l e v e l s  i n  a s i n g l e  p i l l a r  s e c t i o n  of a seam, behave d i f f e r -  
e n t l y ;  so a l s o  do t h e  p a i r  of v i t r i n i t e s  of the  same r e f l e c t a n c e  but  from d i f f e r e n t  
seams. 
1375 cm-l i n  t h e  i n f r a r e d  spec t ra  show t h a t  the  ethylamine is  n o t  r e t a i n e d  by t h e  
products. Good oxygen balances were a l s o  obtained, showing t h a t  ox ida t ion  d id  not 
occur. Some pick-up of oxygen did occur, however, i n  some of t h e  so lvent  e x t r a c t -  
ions.  

Moreover t h e  two samples MP loa and 

The n i t rogen  contents  of t h e  products and t h e  weak methyl absorp t ion  band a t  

Table 2. Reduction of V i t r i n i t e s  wi th  Lithium 

H atoms per 100 C atoms 
i n  product 

H atoms added per 100 C 
atoms 

Pyridine s o l u b i l i t y ,  % 

Chloroform s o l u b i l i t y ,  % 

Reduced V i t r i n i t e s  
MP 10a MP 10b MP 11 MP 1 7  

115 87 107 9 1  

37 11 31 15 

37 4 1  6 1  53 

27 18 45 16* 

* 
Low s o l u b i l i t y  may i n  p a r t  be  due t o  exposure to  air. 

The i n f r a r e d  s p e c t r a  of the unt rea ted  v i t r i n i t e  MP 11, t h e  chloroform-and 
pyridine-soluble  and - insoluble  p a r t s  of the reduced products  are shown i n  Fig.  2. 
It w i l l  be seen t h a t  a l l  f r a c t i o n s  of the  roduct show increased a l i p h a t i c  C-H 
absorpt ion a t  about 2920 an-' and 1450 cm-p (3.45p and 6.9p), t h e  chloroform-soluble 
p a r t  showin t h e  g r e a t e s t  increase.  The e x t i n c t i o n  c o e f f i c i e n t s  of t h e  absorpt ion 
a t  2920 cm-f c a l c u l a t e d  from t h e  per cent  transmission and t h e  concent ra t ion  i n  the 
potassium bromide d i s c s  (gm./gm.), a r e  shown i n  Table 3, toge ther  w i t h  t h e  Har/Hal 
r a t i o s  f o r  t h e  raw coals ca lcu la ted  from the absorpt ions a t  3030 cm-l and 2920 c m - 1 .  
and an assumed Ear/Ea1 = 0.44 (see r e f s .  9-11). The e x t i n c t i o n  c o e f f i c i e n t s  f o r  the  
products from d i f f e r e n t  coal  samples a r e  approximately c o n s i s t e n t  w i t h  t h e  ex ten t  of 
reduct ion der ived a n a l y t i c a l l y .  The use of t h e  e x t i n c t i o n  c o e f f i c i e n t  r a t i o s  must 
not be pushed too f a r  a s  t h e  value of 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  i s  dependent not 
only on the  concentrat ion but a l s o  on s t r u c t u r a l  f a c t o r s .  

I n  t h e  s p e c t r a  of a l l  t h e  reduced products, the  absorp t ion  i n  the  aromatic 
carbon-hydrogen bending region, 650-950 cm-l (11-15p) was considerably weaker than 
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Table 3. S p e c t r a l  Studies  of Hydrogen D i s t r i b u t i o n  

V i t  r i n i t e  
Sample MP 10a MP 10b MP 11 MP 17 

Raw Coal 

Raw Coal 

0.32 0.36 0.41 0.34 

0.11 0.12 0.12 0.16 

C r u d e  Reduction Product 3.2 2.1 3.5 1.6 E2920 (Product) 

€2920 (Raw Coal) 

,I Pyr id ine  Ex t rac t  3.6 1.5 3.6 1.3 
I t  Pyr id ine  Insolubles  1.2 0.5 1.2 0.6 

I t  2.2 Chloroform Ex t rac t  3.6 2.7 3.5 

1.2 Chloroform Insolubles  1.8 1.6 

that  i n  t h e  untreated coals ,  and t h e  C-H s t r e t c h i n g  v i b r a t i o n  a t  3030 cm-l could not 
be dis t inguished a t  a l l  i n  the  s p e c t r a  of any of t he  products but MP 1 7 .  A broad band 
centered a t  1250 cm-’ and a broad shoulder and 1050 cm-1 were no t i ceab le  i n  the  spec t r a  
of a l l  the products. S imi l a r  but not  i d e n t i c a l  s p e c t r a  have been shown previously by 
Reggel &.5 f o r  t h e  reduced products;  t hese  authors  do not  r e p o r t  spec t r a  of solvent  
e x t r a c t s  of the  products.  

I 1  - - -  

The n.m.r. spectrum o f  t h e  chloroform-soluble p a r t  of t he  product of reduct ion 
of sample MP 10b is shown i n  Fig .  1. Owing t o  instrumental  d i f f i c u l t i e s ,  it has not 
been p o s s i b l e  t o  re-run t h i s  spectrum nor t o  run o t h e r  samples o r  a solvent  blank. 
However, t h e  in f r a red  spectrum of the  so lven t  showed very high i s o t o p i c  p u r i t y  and 
l i t t l e  s i g n  of t he  presence of hydrogen. The m o s t  s t r i k i n g  f ea tu re  of t h e  spectrum 
is  the  extremely sharp doublet  a t  chemical s h i f t s  of 2.87 and 2.95 p.p.m. ( r e fe r r ed  
t o  te t ramethyls i lane) .  These peaks a r e  i n  t h e  p o s i t i o n  expected f o r  hydrogen atoms 
on carbon i n  the a -pos i t i on  t o  an aromatic r i n g  or double bond. Absorption i n  t h i s  
r eg ion  has been previously r epor t ed  f o r  c e r t a i n  coa l  der ivat ives ,  and so i t s  presence 
here  i s  n o t  su rp r i s ing .  However t h e  sharpness and the  f a c t  t h a t  t he  area under the 
peak i s  5077 of t h e  t o t a l  a r e a  under a l l  peaks is  su rp r i s ing .  As already noted, t h i s  
r e s u l t  s t i l l  awaits checking, but i t  i s  very d i f f i c u l t  t o  imagine any poss ib l e  i m -  
p u r i t y  t h a t  could g ive  a l a r g e  sharp peak he re  bu t  no s imi la r  sharp peaks elsewhere. 
Other peaks were observed corresponding t o  methyl and o the r  a l i p h a t i c  hydrogen (0.87, 
1.25 and 1.45-2.0 p.p.m.) and aromatic and phenol ic  hydrogen (8.06 p.p.m.). 

Dehydrogenation 

It i s  already e s t a b l i s h e d  t h a t  much of the  a l i  h a t i c  hydrogen i n  v i t r i n i t e s  and 
spore e x i n i t e s  i s  p resen t  in  hydroaromatic rings.12,!3 It has been argued t h a t  these 
r i n g s  p l ay  an important p a r t  i n  t h e  s t r u c t u r a l  make-up o f  t hese  macerals l4  and tha t  
they govern much of t h e  maceral chemistry. The s tudy of hydroaromatic s t r u c t u r e s  by 
dehydrogenation i s  t h e r e f o r e  important i n  any d e t a i l e d  s tudy  of macerals, but  no 
f u l l y  s a t i s f a c t o r y  method has  y e t  been reported.  Peover12 has descr ibed t h e  use of 
benzoquinone as a dehydrogenating agent ;  it i s  e f f i c i e n t ,  bu t  i n  a s ide-react ion,  
which Peover believed t o  be add i t ion  by a Diels-Alder react ion,  a considerable  pro- 
p o r t i o n  o f  quinone combines wi th  the  coa l  and cannot be removed. Peover mentions 
t h e  use  o f  tr iphenylmethyl perchlorate ,  but g ives  few d e t a i l s .  Raymond 
r e p o r t  c a t a l y t i c  dehydrogenation w i t h  palladium on calcium carbonate and o the r  ca ta -  
l y s t s ,  i n  high bo i l ing  so lven t s  such as phenanthridine.  This method permits d i r e c t  
and accu ra t e  determination o f  t he  hydrogen removed, but i t  requ i r e s  a r a t h e r  high 
temperature (over 300’C) and there i s  apparent ly  some d i f f i c u l t y  i n  removing c a t a l y s t  
and so lven t  i f  the products  are wanted f o r  f u r t h e r  study. 

&.I3 
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We have used 3,5,3',5'-tetramethyldiphenoquinone as a dehydrogenating agent for 
the Bruceton vitrain under the same conditions as Peover used for benzoquinone, 
thinking that this bulky molecule would not readily undergo Diels-Alder addition to 
the coal. The spectrum of the product showed little change from the untreated coal, 
except that a band at 1190 cm-I (8.4b) appeared. This band is in the region expect- 
ed for either ether oxygen or carbonyl vibrations, and suggest some addition of the 
quinone to the coal; however, no carbonyl stretching absorption at 1660-1700 cm-I 
was observed, in contradistinction to the situation when benzoquinone was used. 

We have also used the free radical diphenylpicrylhydrazyl, (C6H5)2.NHN*C6H2 
(N0~)3~~which is reported to be an effective dehydrogenating agent for hydroaromatic 
rings. The infrared spectrum of the product indicated that some dehydrogenation 
probably occurred, but in most cases some addition of the hydrazyl to the coal took 
place. In one experiment a relatively small amount of the hydrazyl was used; it was 
found that in the ultra-violet gpectrum of the filtered reagent solution after re- 
action the strong band at 3330 A characteristic of the hydrazyl had been completely 
replaced by a band at 3200 A characteristic of its reduction product, the hydrazine. 
We conclude that the reagent does dehydrogenate coal, but not very effectively. 

It is believed that in dehydrogenation with the quinones, the hydrazyl and 
triphenylmethyl perchlorate, the first step in all cases is a transfer of hydride 
ion, H-, from the hydroaromatic system to the reagent. This step would leave a 
carbonium ion, and the first stage of reaction must then be completed by loss of a 
proton, &, so that the net result is elimination of a hydrogen molecule. Further 
hydrogen molecules are removed in the same way until the ring has become aromatic. 
Now some Zarbonium ions are known to be stable, and so it is possible that in the 
reaction of coals a proportion of the H- loss is not followed by elimination of e. 
The carbonium ions in the coal could then react with some species derived from the 
reagent, in an addition reation. For example, if a quinone takes up H-, the hydro- 
quinone mono-anion is formed, and if this reacted with a carbonium ion, a covalently- 
bonded ether would result. 
coal carbonium perchlorate would result, in which the bonding is essentially ionic. 
We have, therefore, a possible explanation of why all four reagents add to the coal 
to some extent, which in the case of quinones would replace the Diels-Alder hypothe- 
sis. 
hypothesis to remove the perchlorate ion and a proton from the coal, thus completing 
the dehydrogenation step, by treatment of the product with a suitable base. We have 
investigated the use of triethylamine for this purpose. 

Peover12, and C unningham, Given and Wyss (unpublished observations) found that 
the products of dehydrogenating some British vitrains with triphenylmethyl perchlorate 
weighed 30-50% more than the coal originally taken. J. K. Brown (unpublished) found 
absorption in the imfrared spectra of the products characteristic of the perchlorate 
ion, but could find'no sign of the presence of the triphenylmethyl group. We have 
dehydrogenated the Bruceton vitrain and the vitrinites MF' loa and 10b with the re- 
agent, washed the product thoroughly with acetone, and find the weight increases 
shown in Table 4 .  The products were refluxed with triethylamine (b.p. 89.5'C) and 
suffered the losses in weight shown in the Table. It will be seen that with the two 
vitrinites the addition of reagent was relatively small, but nearly the whole of it 
was apparently eliminated by amine treatment. 

If triphenylmethyl perchlorate is the reagent, then a 

In the case of the perchlorate reaction, it should be possible on the above 

In the infrared spectra of all the dehydrogenated products, the aliphatic C-H 
bands at 2920 and 1420 cm-l (3.45 and 6.90~) were decreased in intensity. 
spectra showed a broad region of absorption between 1030 and 1120 cm-l (8.9 to 9.7~), 
that is, in the position where the perchlorate ion absorbs strongly. This absorption 
was completely removed by the amine treatment. The products also showed well-defined 
absorption in the aromatic C-H bending region at 698 and 745 cm-1, which was not re- 
moved by amine treatment. The triphenylmethyl group in the perchlorate and the alcohol 
absorbs strongly at 698 and 753-760 cm-1; in spite of the fact that the second fre- 
quency is somewhat higher than that in the spectrum of the coal products, this suggests 

All the 



t h a t  some triphenylmethyl anion o r  t r iphenyl  methane is  re ta ined  by t h e  c o a l t  On the 
o t h e r  hand, dehydrogenation w i l l  increase t h e  aromatici ty  of the coal, and t h i s  should 
cause increased absorpt ion i n  t h i s  genera l  region.  

Table 4. Weight Changes i n  Dehydrogenations wi th  Triphenylmethyl Perchlora te  

Bruceton v i t r a i n  V i t r i n i t e  loa V i t r i n i t e  10b 

~. 
U t .  ga in  i n  reaction, % 36 16 18 

12 W t .  loss on amine treatment, 
% of w t .  of untreated coa l  

14 17  

There were i n d i c a t i o n s  i n  t h e  spec t ra  t h a t  v i t r i n i t e  MP 10b was somewhat more 
ex tens ive ly  dehydrogenated than loa .  

There is  therefore  some support f o r  t h e  suggest ion t h a t  the  perchlora te  ion 
a t  l e a s t  is  retained i n  t h e  coa l  products on carbonium ions which a r e  in te rmedia te  
products  of the dehydrogenation, though perhaps i t  should not ye t  be regarded as 
proved. Amine treatment i s  f a i r l y  e f f e c t i v e  i n  removing the  ion. The matter  i s  
under f u r t h e r  inves t iga t ion .  

As an a l t e r n a t i v e  approach t o  t h e  study of dehydrogenation, we a r e  using C14- 
l a b e l l e d  benzoquinone, i n  the  hope t h a t  a radiochemical determinat ion of quinone 
r e t a i n e d  w i l l  permit us t o  c o r r e c t  elementary analyses  of the  products t o  a quinone- 
f r e e  bas i s .  The method w i l l  a l s o  f a c i l i t a t e  study of t h e  removal of t h e  quinone. 

General  Discussion and Conclusions 

We bel ieve t h a t  the  in t roduct ion  of chloroform as a solvent  f o r  v i t r i n i t e s  
reduced wi th  l i thium i n  an amine represents  a s i g n i f i c a n t  advance, which should 
f a c i l i t a t e  fur ther  study of t h e  chemistry of the  r e a c t i o n  and the a p p l i c a t i o n  of 
n.m.r. techniques. It should prove p a r t i c u l a r l y  usefu l  wi th  v i t r i n i t e s  of higher 
rank than those used here, where higher s o l u b i l i t y  i s  t o  be expected, and on t h e  
present  evidence t h e  s tudy of t h e  r e a c t i o n  and i t s  products does provide a s e n s i t i v e  
means of d i s t inguish ing  between c l o s e l y  r e l a t e d  macerals. The s i n g l e  n.m.r. spectrum 
of a reduced product so f a r  obtained suggests  a number of d e t a i l e d  i n t e r p r e t a t i o n s  
wi th  most i n t e r e s t i n g  impl ica t ion  f o r  coa l  s t r u c t u r e ,  but these w i l l  not  be discussed 
u n t i l  more data  a r e  a v a i l a b l e .  

’ 

Some contr ibut ion t o  t h e  understanding of the  mechanism of dehydrogenation 
r e a c t i o n s  has been made, bu t  i t  cannot be claimed t h a t  a f u l l y  s a t i s f a c t o r y  procedure 
has  y e t  been found. Information merely about t h e  amount of hydrogen removable, w i t k  
ou t  any fur ther  study of t h e  products, would b e  usefu l  i n  the  study of macerals, and 
of the  methods a v a i l a b l e  a t  present  f o r  obtaining it, the c a t a l y t i c  method13 is  
perhaps t h e  best .  

There i s  now a v a i l a b l e  a f a i r l y  d e t a i l e d  set of da ta  on two pa i rs  of highly 
p u r i f i e d  v i t r i n i t i c  m a t e r i a l s .  
each p a i r  there  a r e  s i g n i f i c a n t  d i f fe rences  i n  elementary composition, i n  d i s t r i -  
but ion of hydrogen and of oxygen funct ional  groups, and i n  response t o  l i th ium 
reduct ion .  
fe rences  a r e  matched by a d i f f e r e n c e  i n  r e f l e c t a n c e .  The re f lec tances  of t h e  two 
c o a l s  of d i f f e r e n t  geologica l  age do not  d i f f e r  much, but we mus t  conclude t h a t  i r -  
s p i t e  of t h i s  the samples a r e  of somewhat d i f f e r e n t  rank i n  a chemical sense. Thi? 
apparent  discrepancy between petrographic  and chemical rank may be a s s o c i a t e d  w i t i .  
the  d i f fe rence  i n  age and o r i g i n .  

It has been e s t a b l i s h e d  t h a t  between t h e  members of 

I n  t h e  case of t h e  p a i r s  from t h e  same p i l l a r  sect ion,  t h e  chemical d i .  

The r e s u l t s  throw some l i g h t  on t h e  problem of the  heterogenei ty  of the  
v i t r i n i t e  group of macerals, but more da ta  a r e  obviously required before  f i rm c; 
c l u s i o n s  can be s t a t e d .  

I 

‘I 

I 
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Experimental 

Spectra .  A l l  i n f r a - r ed  s p e c t r a  were run i n  a Perkin-Elmer Model 21 Spectrophotometer; 
t he  samples were dispersed i n  K B r  p e l l e t s ,  a blank K B r  window being placed i n  the 
reference beam. I n  order t o  ob ta in  r e l i a b l e  o p t i c a l  dens i t i e s ,  t h e  weight of samples 
was taken t o  t h e  nea res t  0.01 mg. on a micro-balance, and the  window thickness was 
measured wi th  a micrometer. Peak heights  were measured by the  base - l ine  technique. 

The n.m.r. spectrum w a s  run on an approximately 2% s o l u t i o n  of ma te r i a l  i n  
deuterochloroform. 

Lithium Reductions. The procedure previously described was followed; approximately 
1 gm. coal samples were taken i n  each experiment, and 8 h r s . r eac t ion  t i m e  was allowed. 
The ex t r ac t ions  of t he  products were run on 0.1 - 0.2 gm. samples, which were shaken 
mechanically wi th  4-6 m l .  solvent  a t  room temperature f o r  24 hours.  To recover t h e  
ex t r ac t s ,  so lu t ions  were evaporated slowly under nitPogen and t h e  residues d r i ed  i n  
vacuum a t  100'. 

Dehvdrogenations. 
of 2,6-xylenol w i t h  benzoyl peroxide i n  chloroform.' I n  the  dehydrogenation react ions,  
0.3 gm. coa l  was ref luxed wi th  1.2 gm. of the quinone i n  30 m l .  dimethylformamide 
under ni t rogen f o r  5-1/2 hours. 

A Varian A-60 spectrometer w a s  used. 

4 

3,5,3',5'-TetramethyIdiphenoquinone w a s  prepared by the  ox ida t ion  

In  t h e  use of diphenylpicryl  hydrazyl, 0.1 gm. coa l  w a s  r e f luxed  w i t h  0.3 gm. 
hydxazyl i n  30 m l .  of e i t h e r  py r id ine  o r  chloroform f o r  va r ious  l eng ths  of t i m e  up 
t o  24 hours. 

The above methods were appl ied only t o  t h e  Bruceton v i t r a i n .  

The r eac t ions  with tr iphenylmethyl pe rch lo ra t e  were run as fol lows.  About 1 gm. 
coa l  was ref luxed with 10 gms. perchlorate  i n  50 m l .  g l a c i a l  acetic ac id  f o r  30-35 
minutes. After  cooling t h e  l i q u i d  was poured i n t o  acetone ( t o  d i s s o l v e  the  t r i pheny l -  
methane formed and any unchanged perchlorate)  and f i l t e r e d .  The r e s i d u e  on the  f i l t e r  
was shaken mechanically i n  a f u r t h e r  100 m l .  acetone f o r  5-8 hours, f i l t e r e d ,  washed 
on the  f i l t e r  w i t h  more acetone, and dr ied.  A portionof the  product (about 0.2 gm.) 
w a s  ref luxed with t r ie thylamine f o r  2 hours;  the l i q u i d  w a s  cooled, and f i l t e r e d ,  
and the  product w a s  washed thoroughly with methanol and d r i ed .  
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Appendix: Elementary Analysis of Coal Samples 

A s  a r e s u l t  of experience accumulated during t h e  research  reported here, 
w e  have reached c e r t a i n  conclusions about the prepara t ion  of samples f o r  ana lys i s  
and about a n a l y t i c a l  procedure, which we wish to  p lace  on record.  

Samples should be submitted for  ana lys i s  and analysed i n  an undried 1. 
condi t ion .  The moisture  conten t  should be determined c a r e f u l l y  a t  t h e  same time a s  
t h e  o t h e r  determinat ions,  and t h e  hydrogen and oxygen contents  cor rec ted  appropri- 
a t e l y .  

I n  condi t ions of medium t o  high humidity and r e l a t i v e l y  low temperature, 
w e l l  d r i e d  c o a l s  a r e  very hygroscopic and can absorb moisture  from t h e  a i r  whi le  being 
handled and weighed. 

Freshly mined samples and samples t h a t  have been separa ted  by f loat-and-  
s ink  i n  o rgan ic  so lvents  should be thoroughly dr ied,  and then allowed t o  come t o  equi- 
l i b r ium wi th  moist n i t rogen  a t  a s u i t a b l y  cont ro l led  humidity. This  prevents  methane, 
so lvents ,  e t c .  being determined a s  moisture .  The cont ro l led  humidity can be chosen 
so t h a t  any change of weight  on exposure t o  moist a i r  i s  slow. 

Ash should be determined separa te ly ,  a s  i n  a proximate ana lys i s ;  weigh- 

2. 

3. 
ing t h e  r e s i d u e  a f t e r  t h e  combustion f o r  t h e  C and H determinat ion i s  no t  r e l i a b l e .  

4. Wherever poss ib le ,  oxygen should be determined d i r e c t l y ;  by comparing 
t h e  sum of t h e  var ious determinat ions w i t h  100% a va luable  check on t h e  cor rec tness  
of t h e  whole ana lys i s  i s  obtained.  1 

, 
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