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• Nuclear energy supplies over 70% of the 
clean, non-carbon emitting electricity in the 
United States.

• Reliant on the fundamental instability of      
U-235.

• Approximately 2.5 kg of americium (Am) is generated by a 
pressurized water reactor each year.

• Am-243 formed under high flux conditions (4n + 𝛽𝛽 decay).

Generation of Americium by Nuclear Fission
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• Americium is a major contributor to the long-term 
radiotoxicity of used nuclear fuel (UNF).

• Closing the nuclear fuel cycle has several benefits:
 

 Minimize final high-level waste for 
disposal or storage.

 Recover additional energy from fuel.
 Reduce impact on the environment and 

natural resources.

• Transmutation of americium is hindered by the high 
neutron cross section of lanthanide fission products.

Closing the Nuclear Fuel Cycle
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Trivalent Americium 
• Separation achieved by preferential binding of 

organic ligands to Am(III) or Ln(III).

• Exploits chemical bonding differences between 
Am(III) and Ln(III)

• Difficult because Am(III) and Ln(III) are very 
chemically similar.

High Valent Americium
• Penta- and hexavalent oxidation         

states are not accessible for Ln.

• Am(V) and Am(VI) are not easily extracted by 
organic ligands.

• The chemistry of Am(V) and Am(VI) need to be 
better understood.

• Zsabka, Wilden, Van Hecke, Modolo, Verwerft and Cardinaels, Journal of Nuclear Materials 2023, 581, 154445.
• Runde and Mincher, Chemical Reviews 2011, 111, 5723.

Separation of Americium from Trivalent Lanthanide Fission Products
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• The lifetime of the americyl states are dictated by a combination of 
chemical and radiolytic processes.

• Under alpha and gamma irradiation, Am(VI) is converted to Am(V) by 
nitric acid radiolysis products (HNO2, H2O2, HO2

•).

• Disproportionation of Am(V)/Am(III) system eventually leads to the 
reduction of Am(V) and quantitative ingrowth of Am(III).

2AmVO2
+ + 4Haq

+ AmIV + AmVIO2
2+ + H2O

AmVO2
+ + AmIV AmVIO2

2+ + AmIII

2AmIV + H2O AmVO2
+ + AmIII  + 4Haq

+ 

• Grimes, Horne, Dares, Pimblott, Mezyk and Mincher, Inorganic Chemistry 2017, 56, 8295.
• Horne, Grimes, Bauer, Dares, Pimblott, Mezyk and Mincher, Inorganic Chemistry 2019, 58, 8551.

Radiation-Induced Americium Redox Chemistry

5

AmO2
2+

0.82 V 2.62 V
AmO2

2+ Am(III)Am(IV)
1.59 V

1.20 V

1.68 V

1.72 V



Solid State

AmO2

AmF4

Rb2AmF6

Am(OH)4 + NH4F (NH4)4AmF8

• Tetravalent Am(IV) not observed in solution until the 1960s

Heteropolyanions

Am(α2-P2W17O61)2

• Penneman, Coleman and Keenan, Journal of Inorganic and Nuclear Chemistry 1961, 17, 138.
• Runde and Mincher, Chemical Reviews 2011, 111, 5723.
• Erin, Baranov, Volkov and Chistyakov, Radiochemistry 2007, 49, 367.

Tetravalent Americium 
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Am(III) + •OH → Am(IV) + HO−

• Use of accelerated electrons to create radical species in 
solution.

• Oxidizing •OH radical used to generate Am(IV) in perchloric 
acid.

• Am(IV) characterized through changes in optical absorption.

• No study of the oxidation of Am(III) using the nitrate radical (NO3
•) 

exists.
• Am(IV) has not been observed under conditions relevant to UNF 

reprocessing.

• Gordon, Mulac, Schmidt, Sjoblom and Sullivan, Inorganic Chemistry 1978, 17, 294.
• Pikaev, Shilov and Spitsyn, Proceedings of the USSR Academy of Sciences 1977, 232, 70.

Using Pulse Radiolysis to Generate Am(IV)

Am(III) + NO3
 • → Am(IV) + NO3

−
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Multiple acid metathesis cycles 
required to convert to the nitrate 

complex used to generate samples.

• Ryan and Wheelright, Industrial and Engineering Research 1959, 51, 60.
• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.

Americium-243 Purification
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Conversion to 
chloride complex
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α-decay
t½= 7350 y

β-decay
t½= 2.4 days

Am-243 Np-239 Pu-239
α-decay

t½= 433 y
α-decay

t½= 2.1 x 106 y
Am-241 Np-237 Pa-233

AmIII



Temperature Controlled Actinide Sample Holder

• Wishart, Cook and Miller, Review of Scientific Instruments 2004, 75, 4359.
• Horne, Rotermind, Grimes, Sperling, Meeker, Zalupski, Beck, Huffman, Gomez Martinez, Beshay, Peterman, Layne, Johnson, Cook, Albrecht-Schönzart and Mezyk, 

Journal of Physical Chemistry A 2022, 61, 10822.
• Rotermund, Mezyk, Sperling, Beck, Wineinger, Cook, Albrecht-Schönzart and Horne, Journal of Physical Chemistry A 2024, 128, 590.
• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.
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Transient Am(IV) Absorption 

• Am(IV) in the absence of strong 
complexing agents observed in HNO3 for 
the first time.

• Results consistent with previous reports 
of Am(IV) in solution.

• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.
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Ambient temperature Am(III) + NO3
• kinetics

• Rate constant = (1.35 ± 0.05) × 108 M−1 s−1
• Am(IV) lifetime in 6 M HNO3 is approximately 16 µs.

• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.
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Temperature-dependent Am(III) + NO3
• kinetics

• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.

• First radiation-induced temperature-
dependent kinetics for any actinide 
element.

• Unprecedented molecular level insight 
into Am chemistry.

• Oxidation of Am(III) to Am(IV) occurs 
via an associative mechanism with 
some perturbation of its coordination 
sphere by NO3

• . 
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Conclusions and Future Work

• Transient Am(IV) observed in nitric acid for the first time 
with a lifetime of 16 μs.

• First temperature-dependent radiation-induced kinetics 
of any actinide conducted.

• Further investigation of temperature-dependent 
actinide kinetics under varied conditions.

• Continued development of multiscale models to 
predict Am chemistry.

• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.
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• Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and  Horne, Dalton Transactions 2024, 53, 9262.
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