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ABSTRACT

Ianthinite ��U4+
2 �UO2�4O6�OH�4�H2O�4�·5H2O� is an exotic mineral that possesses U in both

tetravalent and hexavalent oxidation states and is structurally related to the U3O8 polymorphs, which
are commonly encountered technogenic materials in the nuclear fuel cycle. Despite the similarities
between U3O8 and ianthinite, and the importance of ianthinite in U paragenesis, no Raman spectra have
been reported for this mineral. To gain a more complete understanding of how structural attributes of
ianthinite give rise to observable spectroscopic features and how these may relate to important materials
in the nuclear fuel cycle, we provide, for the first time, Raman spectra of ianthinite. Ianthinite readily
oxidizes at ambient conditions, complicating analysis of phase-pure material. Several analytical meth-
ods are employed herein to decouple the Raman features of ianthinite from its alteration product(s).
First, a simple difference spectrum is presented, then results of Raman spectroscopic mapping are
employed, and finally, we use a novel processing and analysis method. Each analysis method provides
different insight into structural features that are unique to ianthinite, in particular, features that are attrib-
utable to U(IV) in distorted octahedral coordination in both ianthinite and U3O8 phases.
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INTRODUCTION

Ianthinite ��U4+
2 �UO2�4O6�OH�4�H2O�4�·5H2O� (Burns et al.

1997) is a rare mineral phase possessing U in both tetravalent and
hexavalent oxidation states in an identical anion topology to tech-
nogenic U3O8, which appears throughout the nuclear fuel cycle
(Miskowiec et al. 2019, 2020, 2022). The structural accommoda-
tion of multiple U valence states, as seen in ianthinite, is exceed-
ingly rare, and ianthinite is the only known mineral species that
contains essential U(IV) and U(VI). Of the hundreds of reported
minerals that contain U as an essential structural component
(Lussier et al. 2016), ianthinite, wyartite (CaU5�(UO2)2(CO3)
O4(OH)·7H2O) (Guillemin and Protas 1959; Burns and Finch
1999; Hawthorne et al. 2006), wyartite-II (so-called dehydrated
wyartite) (CaU5�(UO2)2(CO3)O4(OH)·3H2O), nollmotzite (Mg
[U5�(UO2)2O4F3]·4H2O) (Plášil et al. 2018), richetite ((Fe2�,
Mg)0.5Pb4.5[U5�(UO2)17O18(OH)14]·∼19.5H2O) (Burns 1998;
Plášil 2017), and the recently described shinkolobweite (Pb1.333
[U5�O(OH)(UO2)5O4.67(OH)5.33]·5H2O) (Olds et al. 2023), are
currently the onlyminerals known to possessU inmultiple valence

states (Olds et al. 2023). Interestingly, all mixed-valence Uminer-
als possess structural units associated with either the α- or β-U3O8

anion topology (Burns 2005), or, in the case of shinkolobweite, a
modulated structure with a mixture thereof (Olds et al. 2023). The
propensity of mixed-valence minerals and technogenic phases to
adopt U3O8 anion topologies suggests that this structural unit is
accommodating the differences in U coordination chemistry asso-
ciated with varied oxidation states, and as such, may have signifi-
cant implications for incorporating transuranic elements upon
oxidation of used nuclear fuel (Miller et al. 1997).

Recent computational and experimental investigations into
structural features of the U3O8 polymorphs, which possess
mixed U(V) and U(VI) sites (∼2:1), have elucidated exotic lat-
tice dynamics and electronic and magnetic properties. Perhaps
most interestingly, U3O8 undergoes a continuous solid-solid
phase transition upon heating, ending near 300 °C, from
Amm2 to P6̄2m. During this transition, the number of crystallo-
graphically independent U sites is reduced from two to one. As a
result, the mixed U(V) and U(VI) valence in the P6̄2m phase
approaches a single intermediate valence (effective charge of
–16/3 e−). Miskowiec et al. discussed this transition in detail,
finding no evidence of superlattice ordering (time-independent
U charge ordering), suggesting a time-dependent (dynamic)
valence of the U sites (Miskowiec et al. 2020). Using neutron
scattering, they found evidence of a quasielastic scattering term
related to the lattice response to dynamic uranium valence, as
well as a new magnetic ordering at low temperature, wherein
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