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Am(III) is generated during nuclear fission, and is a large contributor to the long-lived radiotoxicity of used nuclear fuel (UNF).1
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Therefore, we have conducted the first kinetic study of the 
oxidation of Am(III) to produce Am(IV) under conditions relevant 
to UNF reprocessing, i.e. high nitric acid (HNO3) concentrations 

and non-ambient temperatures.6

Selective oxidation of Am(III) to the americyl states–Am(V) or Am(VI)–has proven 
to be a promising separation strategy,2 but equivalent knowledge of Am(IV) has 
proven more elusive.3-5 To optimize extraction flowsheets, the role of Am(IV) in 
the disproportionation of Am(V) needs to be resolved. 

The separation of Am(III) from other lanthanide fission products in UNF remains an enduring challenge due to the similar chemical and physical 
properties of these trivalent f-elements.

Previous work has demonstrated that NO3
• can be used 

to transiently oxidize trivalent actinides with formally 
higher (III)/(IV) redox couples.9,10

Under the high HNO3 concentration conditions found in 
UNF reprocessing, radicals and molecular products are 
generated by the radiolysis of aqueous solutions:7 

    

Am(III) + NO3
• → Am(IV) + NO3

−

Background Radiation Chemistry

Kinetic data for the growth and decay of 
Am(IV) and the complementary decay of 
NO3

• as a function of Am(III) 
concentration  was acquired.

A custom-built cell holder allowed the 
first temperature-dependent radiation-
induced kinetics study of an actinide 
element to be conducted. 

Derived kinetic activation parameters 
(Arrhenius and Eyring) give 
unprecedented molecular-level insight.

Temperature-Dependent Am(III) + NO3
• Kinetics

Dose normalized Am(IV) growths and decays at 365 nm from the 
electron pulse irradiation of Am(III) in aqueous 6.0 M HNO3 at 22 ± 1 
°C. Solid white lines are exponential growth and decay fits to data. 
Calculated pseudo-first-order growth rates were used to derive the 
corresponding second-order rate coefficient, k(Am(III) + NO3

• → 
Am(IV) + NO3

–) = (1.32 ± 0.06) × 108 M–1 s–1, R2 = 0.99.

Complementary dose normalized NO3
• decays at 632 nm from the 

electron pulse irradiation of Am(III) in aqueous 6.0 M HNO3 at 22 ± 1 
°C. Solid white lines are double exponential  fits to data. Calculated 
pseudo-first-order decay rates were used to derive the 
corresponding second-order rate coefficient, k(Am(III) + NO3

• → 
Am(IV) + NO3

–) = (1.38 ± 0.03) × 108 M–1 s–1, R2 = 0.99.
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Transients are detected by changes in optical absorption.

Samples were prepared by purifying a solution of 
Am(III) in HCl and performing an acid metathesis to 
yield a Am(III)/6.0 M HNO3 stock that was then diluted.

Electron pulse 
radiolysis 
measurements were 
performed at the Laser 
Electron Accelerator 
Facility (LEAF) at 
Brookhaven National 
Laboratory.11

Conclusions

• The average second-order rate coefficient of  k = (1.35 ± 0.05) × 108 
M–1 s–1 for the growth of Am(IV)/decay of NO3

•.

• The radiolytically generated Am(IV) was unstable, exhibiting a 
lifetime of ~16 µs; sufficiently long-lived to play a critical 
mechanistic role under UNF reprocessing conditions.

• Am(IV) was observed in concentrated HNO3 for the first time.

• The first temperature-dependent kinetics study for an actinide was 
conducted.

Custom-built cell holder for temperature-dependent electron pulse 
radiolysis measurements at the Brookhaven National Laboratory LEAF.

H2O ⇝ eaq
−, H•, •OH, H2O2, H2, Haq

+, 

and transformed into reducing nitrous acid (HNO2) and 
oxidizing nitrate radicals (NO3

•) .8
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Combined Arrhenius and Eyring plots utilizing second-order rate 
coefficient data from the reaction of Am(III) with NO3

• at 8, 22, 30, 
and 40 ± 1 °C.

Dose normalized transient absorption spectra from the electron 
pulse irradiation of 2.32 mM Am(III) in aerated 6 M HNO3 at 21 ± 1 °C 
for several time slices after the electron pulse.
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