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INTRODUCTION

In the past decade many theoretical and experimental stud-
ies have contributed to our understanding of the mobility of
rare earth elements (REEs) in the hydrosphere (e.g., Wood 1990;
Haas et al. 1995; Lewis et al. 1998; Gammons and Wood 2000).
The special attention given to the aqueous geochemistry of the
REEs stems from their importance as tracers in a variety of
geochemical processes (Brookins 1989; Henderson 1985), the
need to understand the genesis and chemical controls of REE
hydrothermal ore deposition (Taylor and Fryer 1982; Williams-
Jones et al. 2000), and the use of the REE group as an analogue
in studying the behavior of elements of the similar actinide
group (Krauskopf 1986).

Although significant progress has been made in calculating
REE speciation in aqueous solutions, very little is directly
known about the structure, stoichiometry, and stability of REE
complexes in hydrothermal systems. Habenschuss and
Spedding (1979a, 1979b) studied the hydration of rare earth
ions in aqueous chloride solutions at ambient conditions by X-
ray diffraction. Photoacoustic spectroscopy (PAS) has been used
to provide direct information on REE species in sparingly
soluble systems under ambient conditions (Wood et al. 1995).
Ragnarsdottir et al. (1998) investigated the local structure of
yttrium in 0.1 M YCl3-bearing aqueous solutions from 25 to

340 ∞C using extended X-ray absorption fine structure spec-
troscopy. However, there are presently no direct measurements
of REE complexes at elevated temperatures and pressures in
aqueous solutions having low concentrations typical of natural
hydrothermal systems.

In this study the hydration structure of La3+ in aqueous ni-
trate solutions (containing 0.007 m La) from 25 to 300 ∞C is
investigated in a hydrothermal diamond anvil cell designed
specifically for XAFS analysis in the fluorescence mode. The
new hydrothermal diamond anvil cell has a shallow sample
chamber and grooves cut into the face of one of the diamond
anvils. This cell has the advantage of extending analytical ca-
pabilities to micromolar concentrations of elements having X-
ray absorption edge energies as low as 5000 eV up to
temperatures of 700 ∞C and several kilobars of pressure thus
making it possible to study K-edge absorption spectra of rela-
tively low Z elements such as V or Ti and L-edge absorption of
the light REEs in fluids at extreme conditions. The advent of
bright third generation synchrotron sources has made these dif-
ficult experiments possible.

Measurements at different pressures and temperatures with
the diamond anvil cell are conducted on a fluid of constant
density (i.e., isochoric). The trajectory of the isochore in pres-
sure-temperature space can be controlled by adjusting the den-
sity of the fluid after loading. This is done by controlled leakage
of the fluid at 110 ∞C followed by rapid sealing of the cell. In
the present study the density of the fluid was set at 870 kg/m3.
Previous work has shown that temperature, rather than pres-
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ABSTRACT

The first direct measurements are reported for the structure of the hydrated La3+ ion in an aqueous
solution (containing 0.007 m La) over a range of temperatures from 25 to 300 ∞C and pressures up to
1600 bars. The radial distribution of atoms around the La3+ ion was measured using the X-ray ab-
sorption fine structure (XAFS) technique. La L3-edge spectra were collected in the fluorescence
mode from nitrate solutions in a modified hydrothermal diamond anvil cell using the PNC-CAT X-
ray microprobe at the Advanced Photon Source, Argonne National Laboratory. Analysis of the XAFS
spectra collected at all temperatures indicates that each La3+ ion has a hydration number of nine and
that the solvating waters surround the ion in a tricapped trigonal prismatic arrangement. As tempera-
ture is increased from 25 to 300 ∞C, the bond distance between the equatorial-plane O atoms and the
La3+ ion increases from 2.59 ± 0.02 to 2.79 ± 0.04 Å, whereas the bond distance between La3+ and the
O atoms at the ends of the prism decrease to 2.48 ± 0.03 Å. This study also demonstrates the unique
capability of the modified hydrothermal diamond anvil cell for in situ low energy X-ray spectro-
scopic analysis of elements in dilute aqueous solutions at elevated temperatures and pressures.


