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intermediate species and the ubiquitous 
role of chain reactions. Under these 
conditions, free radicals bore the status 
of some postulated entities necessary 
for the logic of reaction kinetics but 
were hardly "real" enough for direct 
and on-the-spot inspection. It was G. N. 
Lewis who in 1942 first achieved stabili- 
zation of the radicals by trapping them 
in the frozen state, thus obviating diffi- 
culties due to very short life times. 
But the principal job of direct and 

specific inspection of trapped species 
had to wait for the introduction, after 
the end of the Second World War, of a 

technique known as electron spin 
resonance (ESR). Since then, the rapid 
adoption of the ESR technique for the 

study of free radicals has been most 

phenomenal. Whereas there was only 
one paper on ESR in the first interna- 
tional symposium on free radicals 

(Quebec, Canada, 1956) 27 of the 
39 papers presented at this symposium 
dealt with this method. 

Free radicals can be produced and 

trapped in solids in a variety of ways. 
In some experiments radicals were 

generated in an electric discharge and 
were condensed, along with other dis- 

charge products, on a cold target. In 
a majority of cases, however, they were 

generated by irradiating the solid sam- 

ple at a low temperature with ultraviolet 

light or y-rays (occasionally x-rays). 
Results obtained by using electron beam 
bombardment were not materially dif- 
ferent from those using x- or y-rays 
because radical production was most 

probably accomplished by secondary 
electrons in either case. 

The stabilization of free radicals in 
solid media or on solid surfaces is not 

very well understood. It is hard to 

understand, for instance, that hydrogen 
atoms are not stable in irradiated ice at 

liquid nitrogen temperature whereas 

they are quite stable in certain irradi- 
ated frozen acids at the same tempera- 
ture. J. Weiss (New Castle) raised 

questions of this kind and speculated 
about the nature of the trapping sites. 

If, according to one suggestion, the 

hydrogen atoms could only be stabilized 
at certain trapping sites, then with a 
limited site density the radical con- 
centration ought to reach a saturation 
value after prolonged irradiation. There 
is as yet no experimental verification 
of this suggestion. In another direction, 
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hydrogen atoms could be stabilized on 
the surface of a silica gel (an insulator) 
up to about 170?K. On the other hand, 
hydrogen atoms or any other free radi- 
cals could not be stabilized at all on the 
surface of a semiconductor or conduc- 
tor. Theories postulating a one-electron 
bond between a radical and an insulator 
or a two-electron bond between a radi- 
cal and a semiconductor (or conductor) 
may well explain the above-mentioned 
phenomena but they are so far only 
qualitative. 

In the field of radical identification 
by ESR technique, many successful ex- 
amples exist. However, there is also 
a case of considerable confusion that 
is concerned with the problem of iden- 

tifying free radical species in a solid 

hydrogen-oxygen system (H20, H202, or 
mixture) when one of several radical 
production methods (frozen discharge 
product, uv, x-ray, y-ray, or electron 
bombardment) is used. For a number 
of years various groups of workers all 
over the world (American, Russian, 
English, and French) have put forth 
their claims of identification (such as 
OH, H02, and so forth) with rather 
different kinds of ESR data and quite 
dissimilar interpretations. More re- 

cently, Siegel, Baum, Sholnik, and 
Flournoy (Aerojet Corp., California) 
observed a doublet ESR spectrum in 
y-irradiated ice and interpreted this as 
due to the OH radical. The results of 
Kroh, Green, and Spinks (University 
of Saskatchewan) with partially tritiated 
ice strongly supported this identification. 

However, one would hardly get this 

feeling of surety if he had listened to 
some of the researchers who dealt with 
this same general subject. After study- 
ing radicals produced in frozen H202- 

H20 solutions by ultraviolet and ioniz- 

ing radiations, S. J. Wyard and R. C. 
Smith (Guy's Hospital, London) 
concluded that one of five observed 

spectra could most probably be as- 

signed to HO2 but none could reason- 
ably be assigned to OH. Other experi- 
ments with ultraviolet-irradiated, frozen 
H202-H20 solution led to the belief 
that the observed spectra were due 
to a mixture of OH and HOS radicals, 
according to B. C. Green and J. W. 
T. Spinks (University of Saskatchewan). 

R. Marx, S. Leach, and M. Horani 

(University of Paris) studied the con- 
densed product (at 77?K) of water 
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Laboratory) with frozen discharge 
products of water vapor and y-irradi- 
ated ice and solid hydrogen peroxide 
(both single- and polycrystalline) re- 
vealed five different types of ESR spec- 
tra, two of which could be assigned as 
triplet state systems. Of the three re- 

maining spectra, two were regarded as 
unknown and the last one may possibly 
be assigned to OH. Livingston further 

conjectured that the triplet state species 
may be thought of as two OH molecules 
coupled in a hydrogen-oxygen complex. 
In summary, the problem of identifying 
free radicals in a hydrogen-oxygen sys- 
tem is still unresolved. 

The electronic structure of free 
radicals by ESR analysis was inves- 

tigated by F. J. Adrian, E. L. Cochran, 
and V. A. Bowers (Applied Physics 
Laboratory, Johns Hopkins University) 
in their studies of the HC=R type of 
free radicals. Here the unpaired electron 
occupies a a-orbital which, unlike a 
7r-orbital, has very rarely been treated 
experimentally or theoretically. They 
observed the hyperfine splittings for 
formyl (HC=O) and vinyl (HC--CH2) 
radicals and were able to assign the 
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by ultraviolet light. They found that a 
divalent carbon species (methylenes) 
and a monovalent nitrogen species 
(nitrenes) represented two classes of 
triplet state molecules which had the 
stable characteristics of being in the 
ground state. 

Some ingenious experimental methods 
were presented for the study of radical 
reactions and intermediate radical 
species. A new technique was intro- 
duced by J. E. Bennett and A. Thomas 
("Shell" Research, England) who used 
a rotating cryostat for direct measure- 
ment of rates of radical-molecule re- 
actions. The rotating cryostat served as 
a "conveyer belt" on which radicals 
were first frozen and then bombarded 
by molecules for specific reactions. The 
reaction products were then examined 
by an ERS spectrometer. Another new 
technique was initiated by P. L. Kolker, 
T. J. Stone, and W. A. Waters (Oxford 
University) for the study of transient 
free radicals involved in oxidation and 
reduction processes. By appropriately 
injecting the reactants, they were able 
to observe intermediate radical species 
when the reaction products passed 
through the ESR spectrometer at a 
very high flow rate. It was possible to 
establish whether the observed species 
were the primary or secondary products 
of a reaction sequence. The informa- 
tion on the identity of transient radicals 
should throw light on the mechanism of 
chemical reactions and the nature of 
electron transfer for oxidation and re- 
duction processes. 

C. K. JEN 

Applied Physics Laboratory, 
Johns Hopkins University, 
Silver Spring, Maryland 
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an invited international staff and 110 
participants from 19 countries. A NATO 
grant aided in the financing, and the 
institute provided the fine facilities of its 
laboratories and lecture hall now being 
completed in Milan. The institute, 
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