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Abstract
The thermal behavior of optical phonons and OH vibrations of phlogopite (a trioctahedral mica)
was examined at temperatures up to 1000 K using in situ infrared spectroscopy. The results showed
that with increasing temperature, O–K bands in phlogopite exhibited a relatively strong variation in
frequency in a manner similar to those in muscovite. The work revealed that different types of OH bands
(fundamentals and combinations) have very different thermal behavior or temperature dependence,
and their absorption coefficients are commonly not constant on heating. OH combination bands that
are associated with summation processes of multi-phonon interactions commonly show a decrease in
their intensities on heating, but in contrast combination bands due to difference processes generally
exhibit an increase. This means that temperature dependencies of their absorption coefficients need
to be considered when using the Beer-Lambert law to determine or estimate OH contents or hydrogen concentrations at high temperatures. The results showed a structural anomaly associated with a
discontinuity in the temperature derivative of the wavenumber of Al–O and Si–O vibrations and O–H
stretching near 600 K. However, framework-related phonon modes in the FIR and MIR regions do
not suggest a break of the original monoclinic structural symmetry in the investigated temperature
region. The complex changes are attributed to temperature-induced alteration of local configuration
involving TO4 tetrahedra and a possible change of the orientation of OH dipoles, in addition to a previously reported distortion of MO6 octahedra. Increasing temperature to 1000 K also causes partial
dehydroxylation, as evidenced by the disappearance of the OH band near 3623 cm–1 and the decrease
in OH band height and area of other OH bands. The study did not record the formation of H2O inside
phlogopite as a result of partial dehydroxylation. The work offers new data and findings that have
important implications in understanding the complex structural modifications and the behavior of
phonon modes and the thermal stability of hydroxyls on approaching the dehydroxylation, as well as
the way hydrogen is released from micas at high temperatures. Our data also show that phologpite
becomes less transparent with increasing temperature suggesting a change of radiative properties and
ability to transmit heat, which could be of interest for modeling thermal-transmission in crustal rocks.
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Introduction
Micas, as common rock-forming phases, occur in various
geological environments. They may be involved in many petrogenetic reactions occurring in fluid-absent melting processes
and in mineral-fluid interactions and play important roles in
the storage and release of water in the mantle through complex
reactions (Virgo and Popp 2000). Phlogopite, with a typical
chemical formula of [KMg3(AlSi3)O10(OH)2], is a trioctahedral
mica and has monoclinic C2/m symmetry. In natural phlogopite,
an octahedral sheet (M = Mg, Fe, Mn, and Al) is sandwiched
between two sheets of linked TO4 (T = Si, Al) tetrahedra to form
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a “1:2” layer. Interlayer cations, such as K, Na, Ca, and Ba, lie
between these composite layers. In this trioctahedral mica, each
octahedral site is similarly occupied and the O–H vector points
along the [001] direction toward the interlayer cation. The OH
ions in phlogopite can be replaced by F, Cl, etc., to form fluorphlogopite, chlorphlogopite, etc. Vacant positions (symbol: o)
may occur in natural samples for charge balance (Vedder and
Wilkins 1969; Rieder et al. 1998).
The present work is a continuation of our recent infrared
(IR) studies on phyllosilicates (such as pyrophyllite, sericite,
talc, and muscovite) (e.g., Wang et al. 2002, 2003; Zhang et al.
2005, 2006, 2010a, 2010b). The principle objectives are fourfold.
First, we wish to gain better insights into the thermodynamic
behavior of lattice vibrations and hydroxyls at high temperatures,
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