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EFFECT OF BOILING ON THE EXCHANGE AND COMBINATION
OF RADICALS IN THE RADIOLYSIS OF OXYGEN-CONTAINING
LIQUIDS

A. Ponomareyv, S. Vlasov, E. Kholodkova, V. Chulkov, A. Bludenko
Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of
Sciences, Moscow, Russia

The boiling state is used both in conventional organic synthesis and in radiation-chemical
synthesis, because it provides increased solubility and mobility of reagents, as well as an
increased rate of reactions. Accordingly, information on how the reactivity of radiolytic
intermediates varies under the boiling conditions of the solvent is very important.

Bubble boiling refers to the extreme states of a liquid and consists in intense vaporization
both in the volume of the liquid and on its surface. Boiling is accompanied by mass transfer
of vapor bubbles, which provides a rather efficient mixing of the irradiated system. At the
same time, the boiling state maximally relieves the molecules of intermolecular attraction
forces, including hydrogen bonds. In the process of boiling the liquid molecules acquire the
greatest mobility and elasticity. Under irradiation, the boiling substance is continuously
depleted in light radiolysis products and, accordingly, is enriched in the heaviest products.
All these factors can provide a significant difference between the radiolysis of boiling liquid
and its radiolysis in an unheated state.

The radiation-chemical yields of molecular products of electron beam radiolysis of diglyme,
n-propanol, acetone, 2-butanone, and 4-methyl-2-pentanone in boiling and unheated states
are measured and discussed in the present work.
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diglyme n-propanol  acetone 2-butanone 4-methyl-2-pentanone
Figure 1. Investigated compounds.

Only molecular products of the first generation, which appear already at low absorbed doses
and whose content increases monotonically with the dose, are considered. lonization is a key
radiolytic process and, accordingly, the formation and neutralization of cations and anions
play a key role in the primary stage of radiolysis. Ionic processes in the studied solvents are
completed much faster than radical processes, which gives reason to consider the observed
range of end products, primarily from the point of view of the effect of temperature on the
reactivity of radicals.

The present study shows that the boiling state provokes dissociation of certain intermediates,
increases the yield of solvent degradation, enhances the exchange and combination of
radicals, while the relative role of the processes of radical disproportion is reduced.



