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Abstract 

The actinide elements present a unique intersection of both radiochemistry and radiation chemistry 
since the effects due to the inherent radiation field produced by radioactive decay go hand in hand 
with their thermodynamic properties. Of these elements, the knowledge and understanding of the 
chemical behavior exhibited by the later actinides in these dynamic radiation field environments 
are especially obscure and ill-defined due mostly to limited availability of material coupled with 
the extreme handling capabilities required. To date, only a handful studies have investigated the 
effects of radioactively produced and highly redox active transients on later actinide redox 
behavior usually with vague and inconsistent results. For both curium and californium, only one 
previous study each had investigated the kinetics of radiolytically produced transients in aqueous 
solutions relevant to actinide manipulations1,2. The only kinetic data reported from these 
experiments were the reaction rate coefficients (k) for the reduction of Cf(III) by the hydrated 
electron (e¯aq, k > 3  109 M–1 s–1) from water radiolysis, and subsequent decay of the corresponding 
transient Cf(II) (k = (7 ± 1)  105 s–1)1.  

Here we present the results from the first time-resolved picosecond pulsed electron radiolysis 
measurements for californium-249 and curium-248 with radiolytic transients from nitric acid 
solutions. The reaction rate coefficients were determined by direct decay of the observed species 
or via competition kinetics. For the reductive reactions of Cf(III) with the e¯aq and H• transients, 
the reaction rate coefficients were measured to be (7.11 ± 0.18) × 1010 and (2.61 ± 0.54) × 108 M−1 
s−1, respectively, while studies for the oxidation of Cf(III) by the •NO3 and •OH species yielded 
(2.0 ± 0.5) × 108 and (7.2 ± 0.6) × 108 M−1 s−1, respectively. 
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