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Temperature dependence of the OH2 absorption in SiO2 glass and melt to 1975 K

ANDRZEJ GRZECHNIK* AND PAUL F. MCMILLAN*,†

Department of Chemistry and Biochemistry, Arizona State University, Tempe, Arizona 85287, U.S.A
.

ABSTRACT

FTIR absorbance spectra of SiO2 glass containing 1200 ppm OH2 groups were recorded
in situ to 1975 K. There are only minor changes in peak height to 1700 K, indicating that
the molar extinction coefficient measured at ambient conditions, at the peak maximum, is
applicable for OH2 determination at high temperature. However the integrated peak inten-
sity shows a slight decrease with increasing temperature over the entire temperature range,
due to changes in the band shape associated with small modifications to the hydrogen
bonding environment and loss of hydrous component at the highest temperatures.

INTRODUCTION

By studying the role of H2O in high silica magmas, its
effects on magma rheology and degassing behavior may
be understood (e.g., Carroll and Holloway 1994; Hurwitz
and Navon 1994). Infrared spectroscopy is an ideal tech-
nique for this type of study because it can give quanti-
tative information on the H2O content, as well as a de-
tailed appreciation of the speciation and structural
environment of the OH2 groups (Newman et al. 1986;
Ihinger et al. 1994). Several in situ high-temperature stud-
ies of silicate melts and liquids, using the dispersive in-
frared spectrometers, have been reported in the literature
(Sweet and White 1969; Aines et al. 1983; Gable and
Shankland 1984). These experiments were very difficult
to perform at temperatures above about 1000 K due to
the black body radiation. Recently, the use of Fourier-
transform infrared spectrometers and technical develop-
ments have permitted investigations of the behavior of
OH2 (and H2O) species in silicate glasses and melts in
situ at higher temperatures or under combined high P-T
conditions (Keppler and Bagdassarov 1993; Bassett et al.
1994; Nowak and Behrens 1995; Shen and Keppler 1995;
Nowak et al. 1996; Behrens and Nowak 1997). It is now
important to evaluate the influence, if any, of pressure
and temperature on the infrared absorption coefficients of
the principal OH2-bearing species to determine the tem-
perature- and pressure-dependence of H2O speciation
(Nowak and Behrens 1995; Shen and Keppler 1995;
Holtz et al. 1996). In the present study, we have inves-
tigated the O-H stretching vibration in SiO2 glass and
melt containing 1200 ppm OH2, dissolved as hydroxyl
groups (Stone and Walrafen 1982), by infrared absorption
spectroscopy to .1900 K. This method permits the eval-
uation of the effect of temperature on the molar absorp-
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tion coefficient, both measured at the peak maximum and
integrated over the entire band. In addition, it is well
known that the presence of even trace amounts of dis-
solved OH has dramatic effects in reducing the relaxation
time associated with viscous flow in high silica melts.
Analysis of the IR band shapes at high temperature give
some insight into how the OH species interact with SiOSi
linkages within the melt to facilitate the bond breaking
process.

EXPERIMENTAL METHODS

Spectra were collected using a Bio-Rad Digilab FTS-
40 FTIR instrument (a Michelson interferometer) coupled
with an IR microscope (Cassegrainian objective). A
quartz beamsplitter, tungsten source, and MCT detector
were used to measure near-infrared spectra, and 64 scans
(128 s) were accumulated for each spectrum. The spectral
resolution was 8 cm21.

Experiments were carried out on thin (20–40 mm)
plates of Suprasil (commercial SiO2 glass containing 1200
ppm OH2 by weight; Brückner 1970; McMillan and
Remmele 1986), pressed into a 400 mm diameter hole in
an Ir wire heater (Daniel et al. 1994). The sample thick-
ness was limited to avoid potential problems with tem-
perature gradients. The thin sample was also used to min-
imize the reabsorption of the black body radiation (see
the discussion below). The diameter of the infrared beam
at the focal point of the Cassegrainian objective in the
Bio-Rad IR microscope used in that study was 200 mm.
We found that the use of the 400 mm hole in the wire
loop is a good compromise between temperature gradi-
ents, increasing with the increased diameter of the hole
in the wire loop and lack of the black body radiation from
the wire itself, providing that the infrared beam (200 mm)
is perfectly focused in the middle of the hole (400 mm)
during the entire series of measurements. Temperatures
were calibrated from known melting point standards. The
heating stage was mounted under the IR microscope with


