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Introduction

The intent of this research is to conduct an experimental study of f-element chemistry fo r

the purpose of identifying reaction trends and mechanisms of the early actinide metals with

simple gas phase molecules . Previous research has elucidated some of the fundamenta l

chemistry of the 4f elements,1-5 however, more complex chemistry is expected for the 5f serie s

due to the inclusion of the 5f electrons in the valence shell . The matrix isolation approach ,

which is well-suited to the experimental study of transient species, will be used for sample

collection, and IR/NIR/VIS spectroscopy will be employed to interrogate deposited matrices .

The strength of this method lies in the use of isotopes of reactants, which permits the

identification of guest molecules in a noble gas matrix by observation of vibrational frequency

shifts and patterns upon isotopic substitution . Using this technique at the University of Virginia,

the first noble gas-actinide bond has recently been identified, a weak U-Ar bond on the CUO

molecule .6 Uranium has similarly been observed to bond to krypton and xenon, whereas thoriu m

and the lanthanides have not exhibited this activity . It is expected that plutonium will be even

more reactive in this respect . We will extend the body of actinide experimental evidence t o

include the transuranic elements neptunium, plutonium, and americium reacted with isotopes o f

oxygen, nitrogen, hydrogen, carbon monoxide, and carbon dioxide .

Results

As of February 2003, the experimental apparatus has been tested, and final authorization s

are forthcoming. Installation is expected to be completed in March 2003, and analysis of the



plutonium and oxygen reaction system will be completed by May 2003 . The presentation wil l

include background on the experimental setup and presentation of data and conclusions from th e

initial plutonium and oxygen study .

Discussion

Much of the fundamental reaction chemistry of actinides remains unexplored . Greater

knowledge of reaction pathways of actinides with common atmospheric constituents, an d

characterization of the products of such reactions, will have broad applicability ranging fro m

elucidation of corrosion mechanisms to enhanced weapon surveillance . The spectroscopic data

of these fundamental reaction intermediates and products is needed to identify corrosion product s

of actinide metals by providing an infrared fingerprint of particular actinide-containin g

chromophores and compounds . The reactivity data is needed for the development of models

applicable to the corrosion process, as well as those applicable to the fundamental reactions a t

the solid-gas interface where radiolysis reactions are important .

The matrix isolation technique can be used to study the formation of actinide-containin g

molecules, including the direct study of short-lived reaction intermediates, in well-defined an d

reproducible reaction systems . In past studies, the most commonly used gaseous reactants hav e

been atmospheric constituents such as 02, N2, H2, H20 and CO2, and common pollutants NO ,

and CO . 1-7 Reaction trends of the lanthanides with several of these reactants were identifie d

from results of experiments across the lanthanide series .s Attempts to study the actinides at the
,

University of Virginia have been limited to thorium and uranium due to safety concerns . This

study seeks to identify similar trends in the early actinides. In this study, the matrix isolation



technique will be applied to reactions of the actinides Np, Pu, and Am with 02, N2, H2, CO, an d

C02 .

In concord with its relevance to the exploration of actinide reactivity, this direc t

experimental study of fundamental f-element chemistry will also be of importance to th e

theoretical community, providing experimental benchmarks for computation and, in conjunctio n

with calculations, identification of the ground states of actinide-containing species, which is

often complicated by the abundance of low-lying electronic states . Many novel ionic and neutra l

actinide compounds will be identified spectroscopically and substantiated by theoretical

calculations .
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