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have been carried out by Durau9, who found that 
prolonged heating was necessary to remove the last 
traces of water. 
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Infra-Red Spectra of Coals and Coal 
Products 

I w AS interested to read the comments of Gordon 
and his collaborators on the infra-red spectra of 
coal'. The spectral range of our earlier work2 was 
limited to 1,000-10,000 cm.-1 , because our first thin 
sections were mounted on fluorite plates with a trans
mission limit of 1,000 cm.-1 • Later work, as yet 
unpublished3 , using the 'Nujol' dispersion technique<, 
extended the spe.ctra of coals to 650 cm.-1, the limit 
of the rock-salt prism spectrometers used. 

Spectra of eighteen samples of bright coals (that 
is, mainly vitrain) of varying rank from Warwick
shire, Northumberland, Yorkshire and South Wales 
were recorded. Humic acids, and pyridine and aniline 
extracts from several of the coals, were also examined. 
Most of the strong absorption bands were assigned 
to specific chemical groups present in the coal 
structure. The results and major conclusions are 
briefly summarized here. 

The general level of absorption intensity was 
constant for the lower-rank coals. The general 
absorption intensity was higher for a coking coal and 
very much higher for a low-volatile steam coal. 
Gordon's spectrum of an anthracite1 is almost devoid 
of structure except at the low-frequency end. 
Graphite examined in 'Nujol' at the same path-

• length as used for the coals was completely opaque 
from 5,000 cm.-1 to 650 cm.-1 • A 'Nujol' dispersion 
c. 2 µ thick showed a continuous structureless absorp
tion of 70--80 per cent over this spectral range. This 
marked increase in general absorption for the high
rank coals can be correlated with the development 
of optical anisotropy6 • and with orientation and 
growth of crystalline regions found in X-ray dif
fraction studies8 • It seems to mark the beginning of a 
transition from an aromatic structure (see below) 
towards a graphite-type structure. 

The general similarity in the spectra of coals of 
all ranks examined (except anthracite') suggests that 
the molecular skeleton remains practically unchanged. 
As one might expect from the decrease in oxygen 
content with increase in rank, bands which can be 
assigned to oxygen-containing groups (OH, C=O, 
C-0- , etc.) decrease in intensity with increase of 
rank. The main absorption assigned to the C-0-
stretching-frequency occurs in the region of 1,250 
cm.-1 , suggesting that the OH groups a.re mainly 
phenolic rather than aliphatic hydroxyl. 

The molecular structure seems very complex, but 
the C--H and -C=C- stretching frequencies, and 
the CH out-of-plane deformation frequencies near 
880, 820 and 750 cm.-1, when correlated with the 
spectra of a large variety of aroma.tic compounds•, 
indicate the presence of both single ring and con-

densed aromatic structures. Aliphatic CH2- and 
CH 3-groups can be detected. Two carbonyl frequencies 
have been found; the stronger, near 1,690 cm.-1 , 

probably a.rises from aldehyde or keto-groups, while 
the second, near 1,730 cm.-1, suggests the presence 
of a smaller proportion of ester groups. 

For a low-rank coal, the spectrum of the material 
extracted by pyridine was practically identical with 
that of the parent coal. 

A study of the hydroxyl frequencies in the spectra 
recorded suggests that hydrogen bonding between 
hydroxyl groups is one of the factors determining 
the physical structure of coals. Orchin and Storch• 
have postulated a hydrogen-bonded structure for 
coal, following their work on solvent extraction. 
Dryden• has briefly discussed the significance of the 
spectroscopic results and the part played by hydrogen 
bonding in the solva.tion of coals. 

The humic acid spectra were clearly different from 
those of the parent coals, and had features in common 
with graphitic acid and mellitic acid (hexaca.rboxy
benzene). 

As Gordon et al. have noted1 , pitch extracts 
exhibit spectra bearing a remarkable resemblance to 
the coal spectra.. Hadzi10 has studied the spectra. 
of a variety of coal and tar extracts and has identified 
chemical groupings also found in the coal spectra. 

The results summarized above, which were obtained 
several years ago, will be published in detail else
where. 

I am indebted to Prof. G. B. B. M. Sutherland 
for his guidance during the course of this work, and 
to the late Dr. D. H. Bangham for his interest and 
encouragement. Thanks are also due to Prof. 
R. G. W. Norrish for facilities kindly provided in 
the Laboratory of Physical Chemistry, Cambridge. 
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A Trigonometric Series used in Physical 
Problems 

IN connexion with a boundary-value problem in 
room acoustics, we were led to consider the following 
trigonometric series. It has been noted further that 
certain other trigonometric series encountered by 
K. S. Krishnan1• 2 and L. S. Godda.rd3 in different 
physical situations can be obtained as special cases 
of the above series. 

The series concerned is : 

sin(n + 6)x 
n+e 

sin(n + cp)x 
n+cp 

A(6,cp ; X), say, 

0 < X < 1t, 
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