PHYS 19X

Answers to Probing Questions: Scientists
pioneer new analysis that tells how uranium
oxides stick together
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(PhysOrg.com) -- Combining experimental and theoretical methods,
scientists at the Pacific Northwest National Laboratory gained a more
complete picture of the electronic structure of a stable, soluble uranium
ion and the bonds it forms. This study included an important first: the
first nuclear magnetic resonance (NMR) spectroscopy data for solid
UO,>". Previous studies examined the ion in the liquid state. The new
data provided insights into how the elements bond together to form
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molecules and how the molecules combine to form clusters.

In addition, the team described tests that allow chemists to evaluate
different theories on the bonds formed by this uranium ion, known as
the uranyl ion or U0,™. Selecting the most effective theories means
scientists can focus experimental resources on the most promising ideas.
Because of the significance of this research, it graced the February 28,
2010, cover of the Journal of Chemical Physics.

This work advances the fundamental understanding of uranium's
chemical interactions. Hence, this research directly contributes to
predicting and manipulating uranium chemistry in the environment, in
nuclear waste, and in biological systems. Intricate knowledge of toxins
allows scientists and engineers to optimize strategies for environmental
remediation and for storing nuclear waste, protecting human and
ecosystem health.

To study the electronic structure of the uranyl ion, UO,>", the
researchers chose two solid salts. The first is an ammonium, carbonate,
uranium combination, known by the formula (NH,),UO,(CO3);. This
salt was selected to shed light on hydrogen bonding to oxygen atoms in
the uranyl ion. The second salt is rutherfordine, known by the formula
UO,CO;. It was selected as a control to exemplify a uranyl environment
free of hydrogen atoms.

The researchers conducted a series of NMR experiments, using a
300-MHz Tecmag Discovery NMR spectrometer, modified for analysis
of radioactive samples. They carefully compared the NMR results to the
results of theoretical calculations, specifically density functional theory
calculations. The comparison revealed directions to a better
understanding of bonding in uranium-containing molecules.

"This was a team effort with the experimentalists and theoreticians," said
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Dr. Herman Cho, an experimental chemist at PNNL. "The theoreticians
are getting ahead of experimentalists in calculating electronic
interactions. Through this and other projects, we are trying to come up
with experimental data to evaluate their models."

And, this project did just that. It results in a discriminating test for
theoretical descriptions of covalent bonding involving heavy elements
like uranium that contain high numbers of protons. This validates the
approach used in this study and allows it to be extended to other
molecules.

More information: Cho HM, WA De Jong, and CZ Soderquist. 2010.
"Probing the Oxygen Environment in UO,** by Solid-State O-17 NMR

Spectroscopy and Relativistic Density Functional Calculations." Journal
of Chemical Physics 132, 084501. DOI:10.1063/1.3308499

Provided by Pacific Northwest National Laboratory

Citation: Answers to Probing Questions: Scientists pioneer new analysis that tells how uranium
oxides stick together (2010, March 16) retrieved 25 April 2024 from
https://phys.org/news/2010-03-probing-scientists-analysis-uranium-oxides.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

3/3


http://dx.doi.org/10.1063/1.3308499
https://phys.org/news/2010-03-probing-scientists-analysis-uranium-oxides.html
http://www.tcpdf.org

