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Free Radicals in Tobacco Smoke

THE presence of free radicals in cigarette smoke was demon-
strated by Lyons et al.!*?, who trapped cigarette smoke conden-
sate at low temperatures and examined it for unpaired electrons
using electron spin resonance (ESR) technigues.

Nitroso compounds and nitrones have been reported to be
spin traps for short lived species and this technique has been
shown to be useful for the identification of the initial radical
fragment®*~°. When a-phenyl-N-f-butylnitrone (PBN) is
used as a spin trap, the initial reactive radical R- adds to the
nitrone to yield the longer lived nitroxide radical (equation ).
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Identification of the radical trapped is derived from the values
of the nitrogen and B-hydrogen hyperfine-splitting constant.

A 20 ml. glass syringe with a suitable connexion was used
to aspirate the smoke directly from various cigarettes (non-
filter), cigars or pipe tobacco. The smoke was then discharged
through a ‘Teflon’ capillary into 0.25 ml. of a 0.05 M solution
of PBN in benzene, at room temperature, in a 3 mm ESR
cell. After de-aeration by passing a stream of argon bubbles
through the solution, the ESR spectra were measured. Usually
five 20 ml. smoke samples were aspirated, but in most cases
as little as one 20 ml. sample was sufficient to produce a strong
signal. Measurements were made at room temperature with a
Varian 4500 ESR spectrometer. The sweep rates were cali-
brated by the spectrum of p-benzosemiquinone in aqueous
alcohol according to the procedure of Maki’.

A quantitative evaluation of the relationship of smoke
and the number of radicals was not attempted. But we
found that although the visual density of the smoke from
cigarettes was greatest and their benzene solutions had the
deepest colour, these solutions gave very weak signals. Smoke
from cigars gave the highest concentration of radicals.

One 20 mi. aspiration is roughly equivalent to one “puff”,
which makes this a simple and sensitive technigue for the
evaluation of radicals from smoke. Benzene solutions to which
PBN had not been added and which had been treated similarly
with smoke gave no signal on the spectrometer.

The hyperfine splitting pattern was typical for this nitroxide
radical, in which the nitrogen triplet is split into doublets
giving a six line spectrum® The splitting constants were
almost identical for all of the tobacco smokes : AN 13.76+0.12
gauss and AY 1.9940.10 gauss, indicating that the same type
of radical was trapped in all cases. Fig. 14 shows an ESR
spectrum from cigar smoke, This spectrum also shows a
radical which appears as a triplet with 8.01 gauss splitting. This
is probably from a-benzoyl-N-z-butylnitroxide radical arising
from oxidation of PBN %8,
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Fig. 1 A, The ESR spectrum of the nitroxide radical from
cigar smoke and phenyl-z-butylnitrone in benzene. B, The ESR
spectrum of the nitroxide by ultraviolet irradiation of a solution
of phenyl-t-butylnitrone in benzene containing 1% ethanol.

In our studies of nitroxide radicals from PBN we have
noted that ultraviolet irradiation of solutions of PBN in ben-
zene with traces of alcohols gave spectra with hyperfine
splitting constants almost identical to those observed for
tobacco smokes. In these examples we believe the nitroxide
radicals arise from addition of -OR species to the nitrone®. In
Fig. 1B the spectrum is from the irradiated solution of PBN in
benzene containing a trace of ethanol. The splitting constants
are AM 13.88 gauss and A" 2.09 gauss. We have also noted
these splitting constants from the irradiation of solutions of
PBN and diethylmercury or triethyl lead acetate in benzene
in the presence of traces of oxygen®. When R in equation (1)
is an alkyl group, the B-hydrogen splitting constants are of a
larger order. For example, when soliutions of PBN and
diethylmercury in benzene were thoroughly de-aerated and
irradiated with ultraviolet light, the splittings we observed
were AN 14,58 gauss and A" 3.19 gauss which are characteristic
of the nitroxide in which R = Et {equation 1)%,
Apparently the short lived species which attaches to the
C atom of the nitrone may be an "OR radical. It is not clear
why these radicals seem stronger from the cigar and pipe
tobaccos.
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Possible Wind Transport of Coffee
Leaf Rust across the Atlantic Ocean

Corree leaf rust (Hemileia vastatrix Berk, and Br.), for long
widespread in Asia and Africa, can devastate crops of Coffea
arabica. The fungus spread rapidly in West Africa between
1952 and 19622, but the New World seemed free from it
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