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INTRODUCTION

Hydrous and hydroxyl species in minerals, melts, glasses, 
and synthetic materials have been the subject of extensive stud-
ies. Water molecules, hydroxide ions, and ß uid inclusions are 
important components of many natural systems and are also 
prominent in a variety of synthetic minerals and technologi-
cal materials. The presence of hydrous species may affect the 
physical properties of minerals and synthetic materials. Traces 
of OH in nominally anhydrous minerals are capable of recycling 
water from the hydrosphere back into the mantle. Analysis of 
these hydrous species can reveal important information on the 
crystal chemistry, local structural modiÞ cations, and atomic 
order-disorder processes in minerals and crystals, and may lead 
to new information on the stability of hydrous phases, thermal 
or hydrothermal history, and geologic environments of the host 
rocks of the minerals. A better understanding of the incorpora-
tion mechanism of hydrous species in silicate glasses and melts 
may yield insight into kinetic processes during magma degas-
sing and for modeling thermodynamic properties of magmas. 

Determinations of the frozen-in hydrous speciation in natural 
mineral glasses may offer information on the cooling rate of 
the host rocks. The hydrogen content of minerals may be used 
to extract information on water or oxygen fugacity and silica 
activity related to metamorphic and metasomatism events (e.g., 
Langer et al. 1993; Zhang et al. 2003).

As one of the most sensitive techniques for detecting and 
analyzing hydrous/hydroxyl species, IR spectroscopy has been 
widely used for investigations of hydrous components, �water� 
concentrations, and their locations in crystal structures (e.g., 
Nakamoto et al. 1955; Novak 1974; Paterson 1982; Stolper 
1982; Aines and Rossman 1984, 1985; Hemley et al. 1987; 
Rossman 1988; McMillan 1995; Libowitzky and Rossman 1997; 
Struzhkin et al. 1997; Hofmeister et al. 1999; Zhang et al. 2001; 
Johnson and Rossman 2003; Libowitzky and Beran 2004), as 
well as hydrous speciation, solubility, and kinetics of reactions 
in glasses and melts (Keppler and Bagdassarov 1993; Zhang et 
al. 1995; Nowak and Behrens 1995; Shen and Keppler 1995; 
Behrens et al. 1996; Carroll and Blank 1997; Ihinger et al. 1999; 
Withers and Behrens 1999; Sowerby and Keppler 1999; Zhang, 
Y. et al. 2000; Okumura et al. 2003; Liu et al. 2004; Okumura 
and Nakashima 2005). * E-mail: mz10001@esc.cam.ac.uk
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ABSTRACT

We report on temperature dependencies of infrared (IR) fundamental, combination, and overtone 
vibrations of hydroxyl species (OH) in nominally anhydrous minerals (e.g., titanite), ferroelectric 
crystals (KTa1�xNbxO3, KTN), layer silicates (talc, mica, and pyrophyllite), and hydrous minerals 
such as apatite and synthetic hydrous/deuterated garnets [Ca3Al2(O4H4)3 and Ca3Al2(O4D4)3] for the 
temperature range of 20�300 K. Data obtained by high-resolution FTIR spectroscopy show that in-
creasing temperature generally leads to a decrease in the band height and band area of fundamental 
vibrations of hydroxyl species, whereas the combination and Þ rst-overtone bands commonly show 
different temperature dependencies. The results show that in the investigated temperature range, the 
variations of the band height and area for different OH bands (especially for combinations and over-
tones) on cooling or heating do not reß ect changes in OH concentrations in the materials, but relate 
to temperature-dependent absorption coefÞ cients. The observations imply that absorption coefÞ cients 
calibrated at room temperature cannot necessarily be used for the determination of hydroxyl contents 
at other temperatures.
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