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INTRODUCTION

Uranyl oxide hydrates are an important and structurally 
diverse group of uranyl minerals.  They are common alteration 
products of uraninite, UO2+x, and are often found in the oxidized 
portions of U deposits (Frondel 1956; Finch and Ewing 1992).  
They occur in soils contaminated by actinides (Roh et al. 2000; 
Yamakawa and Traina 2001), where they impact the mobility of 
U.  In experiments intended to simulate the alteration of spent 
nuclear fuel under conditions expected in the proposed geological 
repository at Yucca Mountain, uranyl oxide hydrates were found 
as early alteration products of unirradiated UO2 (Wronkiewicz 
et al. 1992, 1996) and spent nuclear fuel (Finn et al. 1996; Finch 
et al. 1999). Despite the obvious importance of uranyl oxide hy-
drates, and uranyl minerals in general, few studies have examined 
the thermochemistry of these compounds.  Knowledge of uranyl 
minerals lags behind most other major mineral groups, owing to 
the difÞ culty of studying these phases that often occur as intimate 
intergrowths of multiple species.  Recently, considerable progress 
has been made concerning the crystal structures, compositions, 
and synthesis of uranyl oxide hydrates (Burns 1999; Weller et al. 
2000; Li and Burns 2000a, 2001; Burns and Li 2002; Glatz et al. 
2002).  The structures of most are now known, and it is possible 
to synthetically prepare substantial quantities of pure material 
for detailed study.  We are conducting a systematic study of the 
thermochemistry of various uranyl minerals (e.g., Kubatko et 
al. 2003).  Here we report direct calorimetric measurement of 
the heats of formation of eight uranyl oxide hydrate phases, of 
which four have been described as minerals.

STRUCTURES OF URANYL OXIDE HYDRATES

The structures of uranyl oxide hydrates are almost invari-
ably dominated by two dimensional sheets of linked uranyl 
polyhedra, with lower-valence cations and H2O groups located 
in interlayer positions (Burns 1999).  We have selected a series 
of uranyl oxide hydrates (and one anhydrous phase) for study 
that present signiÞ cant chemical and structural diversity.  These 
are, together with references for their crystal structures, metas-
choepite, [(UO2)4O(OH)6](H2O)5 {i.e., (UO3)(H2O)2} (Weller 
et al. 2000); β-UO2(OH)2 (Bannister and Taylor 1982); CaUO4 
(Takahashi et al. 1993); becquerelite, Ca[(UO2)6O4(OH)6](H2O)8 
(Burns and Li 2002); Ca(UO2)4O3(OH)4(H2O)2 (Glatz et al. 
2002); clarkeite, Na(UO2)O(OH) (Finch and Ewing 1997); 
Na2(UO2)6O4(OH)6(H2O)7, the Na analogue of compreignacite 
(Burns 1998), and curite, Pb3(UO2)8O8(OH)6(H2O)2 (Li and 
Burns 2000a).

The structure of metaschoepite contains sheets of uranyl 
pentagonal bipyramids that are based upon the fourmarierite 
anion-topology (Fig. 1a), which also occurs in the structures of 
schoepite (Finch et al. 1996) and fourmarierite (Li and Burns 
2000b). In metaschoepite, the sheets of polyhedra are electro-
neutral, and the interlayer region contains only H2O groups that 
link to the sheets by hydrogen bonding. In contrast, β-UO2(OH)2 
contains electroneutral sheets of uranyl square bipyramids de-
rived from the autunite anion-topology (Fig. 1b).  The structure 
does not contain any interlayer constituents; the sheets are linked 
directly by hydrogen bonds.  

The most common structural theme in uranyl oxide hydrates 
is sheets of uranyl pentagonal bipyramids that are based upon 
the protasite (α-U3O8) anion-topology (Fig. 1c) (Burns 1999).  
Several minerals, including becquerelite and the synthetic com-
pound Na2(UO2)6O4(OH)6(H2O)7, contain this sheet (the latter by * E-mail: khughes1@nd.edu
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ABSTRACT

The enthalpies of formation of seven uranyl oxide hydrate phases and one uranate have been 
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respectively. These values are useful in exploring the stability of uranyl oxide hydrates in auxiliary 
chemical systems, such as those expected in U-contaminated environments.
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