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Multiscale Modeling

• Monte Carlo radiation track structure simulations3,4

• Independent reaction times calculations5

• Deterministic kinetic computations6

Irradiation Methods

• Plutonium-239 stocks were purified via sequential TEVA and AG1-X8 

column elution.

• Valence setting was performed using sodium bismuthate for Pu(VI).

• Alpha irradiations were accomplished by spiking with americium-241.

• Gamma irradiations were achieved using a Nordion Gammacell 220E 

cobalt-60 irradiator.

• Plutonium oxidation states were quantified through optical absorption 

spectroscopy, using an Agilent Cary-6000i.1,2
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Conclusions and Next Steps
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• Concentrations of Pu(III)/Pu(V), Pu(IV), Pu(VI), and significant (≥1 μM) radiolysis products as a function of absorbed gamma dose by aerated, aqueous 1 (A), 3 (B), and 6 

(C) M HNO3. Cumulative reaction output multiscale model predictions as a function of absorbed gamma dose for aerated, aqueous 1 (D), 3 (E), and 6 (F) M HNO3, showing 

radiation-induced reactions with cumulative outputs ≥1 μM.7

Background

• The discovery, isolation, and large-scale production of plutonium revolutionized the world by 

enabling the development of nuclear weapons, generating civil nuclear energy, and powering 

space exploration.

• Despite the importance of these technologies, our fundamental understanding of plutonium’s 

inherent radiation chemistry is limited, hindering our ability to predict its behavior in complex 

environments under extreme conditions.

https://science.nasa.gov/wp-content/uploads/2017/11/nh-new-horizons-in-space.webp?w=1536https://static.scientificamerican.com/sciam/cache/file/9698409F-C587-40D2-9E95CE452CDD41EC_source.jpghttps://www.atomicarchive.com/media/photographs/nuclear-journeys/nmnsh/media/img_8553.jpg
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