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Table 1. Observed infrared LiF spectrum of
butatriene: gas 10 cin, equilibrium temperature
—19°C.
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Effect of Irradiation Temperature
on the Yield of Solute Radicals in
Frozen Aqueous Solutions

A. PIHL, T. SANNER* and
T. HENRIKSEN *

Norsk Hydro’s Institute for Cancer Research,
Montebello, Norway

[n the present communication data are
reported on the effect of the irradiation
temperature on the efficiency of the
indirect action of ionizing radiation.

When solutions are exposed to ionizing
radiation, free radicals are induced in the
solvent as well as in the solute. At 7T7°K
or lower, there is little or no interaction
between solvent radicals and solute mole-
cules. Under these conditions the solute
radicals, as revealed by electron spin
resonance (ESR) spectroscopy, are formed
predominantly by direct action.!-* When
frozen aqueous solutions are heat-treated
after irradiation, the radicals induced in
the water disappear in the temperature
range 100° to 130°K, largely by recombina-
tion reactions. Some of the radicals will,
however, interact with the solute mole-
cules with the result that radiation energy
is transferred to the solute. The extent of
this indirect effect in frozen aqueous solu-
tions irradiated at 77°K is small compared
to that observed after irradiation in the
liquid state.®* Although the state of the
solution is the most important factor in
this respect,®® the possibility exists that
the irradiation temperature as such may
have a significant influence on the inter-
action of water radicals with solute mole-
cules.

Frozen aqueous solutions of pr-a-alanine
were irradiated in vacuum with X.rays
at different temperatures in the range
77° to 195°K. During the exposure (104
min) secondary reactions will occur in the
solvent as well as in the solute. In order
to eliminate possible differences in the
oxtent of the secondary reactions at the
different temperatures used, all samples
were heat-treated for 3 min after the
exposure. A temperature was chosen
(250°K) that was appreciably higher than
the highest irradiation temperature. The
ESR spectra were recorded at 77°K. The

* Fellow of the Norwegian Cancer Society.
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Fig. 1. The effect of the irradiation temperature
on the observed yield of ESR centers in
DL-@-alanine. The samples were irradiated in
vacuum with X-rays (104 min at a dose rate
of 4600 R/min). After the irradiation the
samples were heat-treated as described in the
text. All spectra were recorded at 77°K.
@, alanine, 10 9 solution; O, alanine, dry
state.

spectrometer used operates at 9200 Mc/sec
and uses 110 ke/sec modulation frequency.
The spectra, following phase sensitive
detection, yield the first derivative of the
absorption curves. The procedure for
obtaining quantitative data has heen
described elsewhere.”

The qualitative spectra observed imme-
diately after the irradiation differed with
the irradiation temperature. However, the
spectra observed after the heat-treatment
demonstrated that the same type of
radicals were eventually present whether
the irradiation was carried out at 77°,
158°, or 195°K. Also, the same radicals
were present whether the alanine was
irradiated in solution (10 9%, by weight)
or in the dry state. The quantitative results
demonstrate (Fig. 1) that when alanine
was irradiated in solution the observed
number of solute radicals increased appreci-
ably with increasing temperature.

The observed temperature effect on the
yield of solute radicals could be due to
several factors. An increase in the direct
effect can not account for the results since
the yield of alanine radicals was virtually
unaffected by the temperature when
alanine was irradiated in the dry state
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(Fig. 1). The possibility that the results
could be accounted for by a temperature
effect on the number of water radicals
available for interaction with solute mole-
cules can not be excluded.

The most plausible explanation of the
data seems to be that the efficiency of the
interaction of water radicals with alanine
molecules increases with increasing irradi-
ation temperature. Reactions between
alanine molecules and radicals induced in
water presumably have higher energies of
activation than radical-radical interactions.
Thus, the latter ones predominated at low
temperatures, in spite of the fact that in
the 10 9% solution the probability for
collisions between water radicals is much
lower than the probability for collisions
between radicals and solute molecules.
Consequently, when frozen aqueous solu-
tions are irradiated at 77°K and subse-
quently heat-treated most of the free radi-
cals formed from water will disappear in
recombination reactions before a tempera-
ture is reached which permits reactions with
solute molecules to occur at a significant
rate. When the temperature at the time
of radical formation is higher, 7.e. at higher
irradiation temperatures, reactions result-
ing in the transfer of radiation energy from
solvent to solute molecules will assume
relatively greater importance.?
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