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Hitherto, various studies of hydrogen distribu-
tion in coals have been made by such methods 
as infrared1) and broad-line NMR spectro-
scopy.2) Of these analytical methods, although 
it would seem that the high resolution NMR 
method has some important advantages, only 
a few papers3) have been published reporting 
on studies of the constitution of coal or coal-
like materials made using it. 

The present report deals with the constitu-
tion of the pyridine extracts of some Japanese 
coals, a study based upon their hydrogen 
distribution. The pyridine extracts of Yubari, 
Taiheiyo, Sumiyoshi and Sohya coal were 
separated from the solvent, dried and redis-
solved into deutero-pyridine, C5D5N. The CsD5N 
solutions (18-20%) of the coal extracts thus 

prepared were examined by NMR spectroscopy 
at 60Mc. with a JNM-3H-60 NMR spectro-
meter. 

The distribution of hydrogen was estimated 
from the intensities of the three different

NMR bands. Ha represents the aromatic 
hydrogen atom which was situated ca. 7.5 
p. p. m. from the tetramethyl silane peak in the 
NMR spectra; Ha, the hydrogen atom at a-
positions to the aromatic rings (ca. 2.6 p. p. m.), 
and Ho, the hydrogen on the other saturated 
carbon atoms (ca. 1.5 p. p. m.). It has been 
confirmed by Ikenoue that the resonance peak 
for phenolic hydrogens in a pyridine solution 
appeared at a far lower position of the applied 
magnetic field than 8.5 p. p. m.4) 

From the contents of the different types of 
hydrogen atoms and the elementary analysis, 
the structural parameters: fa, (carbon aroma-
ticity), a (the measure of the substitution of 
the aromatc systems) and Hau/Ca, (the aro-
matic hydrogen-to-carbon ratio of the hypothe-
tical unsubstituted aromatic material) which 
were introduced by Brown et al.3a) have been 
calculated for the pyridine extracts of coals. 
A new parameter of the length of the aliphatic 
carbon chain is proposed by the present authors

TABLE I. ANALYTICAL AND STRUCTURAL DATA OF THE PYRIDINE EXTRACTS

*These data are revised by substraction of phenolic hydrogen.
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on the basis of the following relation: Ho/ 

Hƒ¿=(Ho/H)/(Hƒ¿/H). In the derivation of 

the above four parameters, nitrogen and sulfur 

(less than 2% d. a. f.-basis) in coal constituents 

have been disregarded. Furthermore, two 

assumptions were made regarding the constitu-

tion of coal: (1) all oxygen elements are 

attached directly to the aromatic systems; i, e., 

practically all oxygen occurs as phenolic OH 

and quinone groups, and (2) the aromatic 

rings are not directly linked by a C-C bond.3a) 

Assumption 1 may be accepted on the 

basis of our experimental results,5) which show 

that more than 60% of the oxygen involved in 

the four parent sample coals appears as phe-

nolic OH and quinone groups; assumption 
2 is reasonable since a high degree of C-C 
crosslinking between aromatic systems is un-
likely because of the large steric interactions 
of the aromatic systems involved. A realistic 
value for x and y in Brown's relations appears 
to be close to 2, as Brown et al. have set 
forth.3a) 

The structural parameters, fa, u, Hau/Ca and 
above Ho/Ha, calculated on the above assump-
tions, together with the features for the mean 
structure which are inferred from these para-
meters, are given in Table I.

5) G. Takeya et al., the 14th Annual Meeting of the 
Chemical Society of Japan, Tokyo, April 4, 1961.
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