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abSTRacT

As shown by in situ infrared spectroscopy and analysis of quenched samples, phyllosilicates 
(muscovite, sericite, pyrophyllite, and talc) under dehydroxylation conditions lack the characteristic 
bands near 1600 cm–1 (bending) and 5200 cm–1 (combination) of H2O, and they contain virtually no 
H2O but an abundance of OH. This observation appears to be at variance with the formal description 
of dehydroxylation in bulk samples as 2(OH) → H2O + O, whereas it is suggested that hydrogen dif-
fuses in the form of (OH)– or/and H+ in dehydroxylation. The upper limit of H2O in the dehydroxlated 
bulk is likely to be at the parts per million level in phyllosilicates that contain structural OH ions 
equivalent to 4–5 wt% H2O. The observations suggest that H2O molecules are probably formed near 
the surface of the sample. 
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inTRoducTion

Dehydroxylation of phyllosilicates was suggested (e.g., Ab-
bott 1994; Mazzucato et al. 1999; Gualtieri and Ferrari 2006; 
Gemmi et al. 2008) to involve the condensation of two adjacent 
OH ions into a H2O molecule, which then diffuses and leaves 
the sample. Dehydroxylation-induced weight losses in phyllo-
silicates were well documented by thermogravimetric analyses 
(e.g., MacKenzie et al. 1985; Guggenheim et al. 1987; Redfern 
1987; Lapides 1997; Bray and Redfern 1999). The principal 
species released from sample surfaces during dehydroxylation 
was identified as H2O (e.g., Kristóf et al. 1985). For some phyl-
losilicates (e.g., kaolinite, halloysite, and sepiolite), the release of 
H2O was observed by mass spectrometry to be accompanied by 
H2 (e.g., Heller-Kallai et al. 1989). However, releases of H2O may 
or may not fully relate to the condensation and diffusion of H2O 
in bulk. In this paper, we will argue that infrared spectroscopy 
does not detect dehydroxylation-induced H2O molecules in the 
bulk, which means that the conversion rate of water is very small 
and that, if water is the transporting medium, its dwell time in 
the sample must be extremely short.

We describe the infrared (IR) spectra of heated muscovite 
[with the ideal formula of KAl2(AlSi3O10)(OH)2; sericite is a 
fine-grained variation of muscovite], talc [Mg3(Si4O10)(OH)2], 
and pyrophyllite [Al2(Si4O10)(OH)2]. These minerals contain 
hydrogen or protons in the form of hydroxyls at levels equivalent 
to 4–5 wt% H2O. Infrared absorption spectroscopy was used 
because of its high sensitivity for the detection of H2O and OH 
(Zhang et al. 1991; Shen and Keppler 1995; Okumura and Na-
kashima 2004; Behrens et al. 2007) and successful applications 
in analyzing dehydroxylation (e.g., Aines and Rossman 1985; 
Bray and Redfern 2000; Su et al. 2008). Furthermore, H2O has 
characteristic and relatively intense bands near 1600 cm–1 (bend-

ing) and 5200 cm–1 (combinations), which can be easily recorded. 
In infrared absorption measurements, IR radiation passes through 
the sample so that bulk properties rather than surface effects are 
measured. The dehydroxylation process investigated in this study 
was conducted at relatively low temperatures so that muscovite 
and pyrophyllite may, at most, alter to metastable dehydroxy-
lated phases (Wardle and Brindley 1972; Udagawa et al. 1974; 
MacKenzie et al. 1985; Guggenheim et al. 1987; Fitzgerald 
et al. 1989; Wang et al. 2002), which can be rehydroxylated 
(Heller et al. 1962; Gaines and Vedder 1964). The restored OH 
stretching bands have the same characteristics (frequency and 
dipole orientation) as those of the untreated muscovite (Gaines 
and Vedder 1964). 

SaMpleS and expeRiMenTal MeThodS
The muscovite samples (MUS1, MUS2, and MUS293) used in this study 

were transparent single crystals. Electron microprobe analysis showed that their 
chemical compositions were close to the ideal values of pure muscovite. MUS1 
and MUS2 were previously analyzed by Zhang et al. (2010) to investigate the 
thermal behavior of OH and phonons in muscovite. The samples of pyrophyllite 
(EM08), sericite (HZ02 and HZ08), and talc (GLS01 and LHC01) were those 
characterized and investigated by Wang et al. (2002, 2003) and Zhang et al. (2005, 
2006, 2007) for changes of fundamental, combination, and overtone bands of OH 
species or the formation of CO and CO2. These samples were re-measured in dif-
ferent wavenumber regions or the previously recorded data were reanalyzed and 
re-examined for dehydroxylation-induced H2O. A single crystal of talc (sample 
16524) was also analyzed. Very weak absorption near 1631 or 5210 cm–1 was 
recorded only in untreated HZ08 (sericite) and EM08 (polycrystalline pyrophyl-
lite) plates with thicknesses greater than ~300 µm. These features disappeared in 
samples heated at 473 K for 1 h, indicating that the absorptions were from trapped 
or absorbed H2O (absorbed water on grain surfaces or water trapped in cracks is 
not dehydroxylation-induced H2O and can be removed by simply heating samples 
at ~100 °C; this type of H2O is not considered in this study). For the best measure-
ments of different bands (fundamental, combination, and overtones), a variation 
of sample thicknesses (from ~4 to 370 µm) was used. Samples with thickness of 
a few hundred micrometers increased the detection of hydrogen-related species 
in the optical path by one or two orders of magnitude as compared with the 4 µm 
thick samples. The samples for measurement were polished using a soft cloth prior 
to thermal annealing, except for muscovite, talc (16524), and the large LHC01 
sample (size ~9.5 mm). This sample’s central part was cut without a lubricating * E-mail: mz10001@esc.cam.ac.uk 


