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Abstract
The infrared (IR) spectra of gem-quality xenotime crystals containing considerable amounts of
rare earth elements (REEs), are characterized by sharp and strongly pleochroic absorption bands in
the 3650–3350 cm–1 region. In contrast, the spectra of partially metamict samples are dominated by
a broad band centered at around 3450 cm–1. Xenotime presents the interesting case of a nominally
anhydrous mineral, where the OH stretching frequency region of weakly hydrogen-bonded OH groups
is overlapped by absorption bands due to low-energetic f-f electron transitions of REEs, especially of
dysprosium. In polarized spectra measured parallel to the c-axis, Dy shows a prominent sharp band
at 3519 cm–1. The assignment of the REE bands is based on the polarized IR spectra of REE doped
xenotime single crystals, which have been synthesized by the flux method. A single band at 3480 cm–1,
strongly polarized perpendicular to the c-axis, is assigned to the stretching vibration of an OH group.
Deuteration experiments performed at 950 °C prove the assignment of this band and the presence of
additional structural OH groups, appearing at annealing temperatures above 500 °C. Models of the
OH point defect incorporation into the crystal structure of xenotime can be derived on the basis of
fully occupied cation sites and under the assumption of Y- and P-site vacancies. The water content
of the gem-quality samples ranges from 5 to 10 wt ppm and for the partially metamict samples from
370 wt ppm to 1.7 wt% H2O.
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Introduction
Xenotime, (Y,REE)PO4, is a relatively common accessory
mineral in crustal igneous and metamorphic rocks. Large-sized
crystals occur in evolved granitic pegmatites that are enriched in
rare earth elements (REE) and phosphorus. It forms a component
of beach sand deposits where it presents an important source of
yttrium. Due to the radioactive decay of incorporated uranium
and thorium radionuclides, xenotime is a source of natural radioactivity, also used for U-Th-total Pb geochronology (Seifert et al.
2009). Xenotime also presents an interesting engineering material
in advanced ceramics. Because of its low coefficient of thermal
expansion, two-phase monazite-xenotime fiber coatings might
allow tailoring of the thermal expansion coefficients. Significant
interest also exists in monazite-xenotime ceramics as a potential
agent in nuclear waste management and containment (Boatner 2002;
Spear and Pyle 2002; Lumpkin 2006; Mogilevsky 2007).
Xenotime is isostructural with zircon, ZrSiO4. A critical review of the phase fields, metastable modifications, solid-solution
ranges, and phase transitions of zircon- and monazite-type compounds is given by Kolitsch and Holtstam (2004). Great attention
has been devoted to the hydrous component of zircons showing
radiation-induced metamictization. Models for the incorporation
mode of the hydrous phase in zircon by discerning structural OH
defects and “secondary water” were discussed by Woodhead et
al. (1991) and Nasdala et al. (2001).
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Although it is now well established that trace amounts of
hydrogen commonly occur in nominally anhydrous silicate
minerals, there have been comparatively few studies on the
trace hydrogen content of non-silicate minerals (Libowitzky
and Beran 2004; Johnson 2006; Keppler and Bolfan-Casanova
2006; Beran et al. 2010). Infrared (IR) spectroscopy has become
the most widely used method for detecting hydrogen traces
bonded to oxygen, thus forming OH defects in the structure of
various nominally anhydrous minerals (Libowitzky and Beran
2006). Using polarized IR radiation and oriented single-crystal
sections, the pleochroic scheme of the OH absorption bands
allows one to obtain information on the OH dipole orientation
within the crystal structure. Orientation-dependent absorption
features of REEs in the same spectral region make the verification of a hydrous phase a difficult task. Xenotime presents the
very special case of a nominally anhydrous mineral, where the
OH stretching frequency region of weakly hydrogen-bonded OH
groups is overlapped by absorption bands due to low-energetic
electron transitions of REEs, especially of Dy that in xenotime
is usually present in considerable amounts. However, the aim
of this paper is to present a polarized IR spectroscopic study of
the anhydrous phosphate mineral xenotime with considerable
amounts of REEs, showing significant absorption features that
indicate the presence of OH defects and to propose a model
for the incorporation mode of intrinsic structural OH groups;
quantitative information on the water concentration range will
be derived. REE doped xenotime crystals have been synthesized
as a basis for discussing OH defect incorporation.
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