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aBsTRacT

A temperature-dependent in situ micro-FTIR and micro-Raman spectroscopic investigation was 
performed on powdered (FTIR, Raman) and single-crystal (Raman) lizardite-1T samples between 
room temperature and 819 °C. Between room temperature and 665 °C, the OH stretching bands shift 
to lower wavenumbers, demonstrating a weak expansion of the O3-H3…O2 interlayer distance. Band 
deconvolution of FTIR and Raman spectra at room temperature show differences in the number of bands 
in the OH stretching region with respect to group theory: four (FTIR) and six (Raman) OH stretching 
bands, respectively. This number reduces to four (Raman) at non-ambient temperatures either caused 
by LO-TO splitting, the presence of non-structural OH species or the presence of different lizardite 
polytypes and/or serpentine polymorphs as well as defects. During dehydroxylation, the evolution of 
the integrated intensity of the OH bands suggests a transport of hydrogen and oxygen as individual 
ions/molecule or OH–. A significant change in Raman spectra occurs between 639 and 665 °C with 
most lizardite peaks disappearing contemporaneously with the appearance of forsterite-related features 
and new, non-forsterite bands at 183, 350, and 670 cm–1. A further band appears at 1000 cm–1 at 690 
°C. The long stability of Si-O-related bands indicates a delayed decomposition of the tetrahedral sheet 
with respect to the dehydroxylation of the octahedral sheet. Moreover, evidence for a small change in 
the ditrigonal distortion angle during heating is given. In general, all appearing non-forsterite-related 
frequencies are similar to Raman data of talc and this indicates the presence of a talc-like intermediate.
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inTRoducTion

Lizardite Mg3Si2O5(OH)4 is a member of the serpentine 
group. The 1:1 phyllosilicate consists of brucite-like octahedral 
sheets connected to SiO4 tetrahedral sheets. The most common 
structures are the one-layer 1T and the two-layer 2H1 polytypes, 
although other polytypes are known. At ambient pressure and 
temperatures above 500 °C, lizardite breaks down to anhydrous 
phases, i.e., forsterite and enstatite. A probable mechanism for 
the liberation of the hydroxyl groups is a reaction of two adjacent 
hydroxyl groups that presumably recombine to a water molecule 
(e.g., Guggenheim et al. 1987). Theoretical studies have shown 
that the two symmetrically distinguishable hydroxyl groups (Fig. 
1) in each lizardite polytype can be recognized by their infrared 
(IR) and Raman active bands in the frequency range between 
3500 and 3800 cm–1 (Balan et al. 2002; Auzende et al. 2004). 
Temperature-dependent FTIR and Raman studies are therefore 
suitable to study the structural change of serpentine minerals, 
which is difficult to understand by X-ray techniques (XRD) alone 
(e.g., Guggenheim and Zhan 1998). In general, temperature-
dependent peak shifts or intensity/absorbance changes are 
caused by changes in the bond length, symmetry changes, or 
short- to large-scaled structural rearrangements (e.g., Zhang et 
al. 2006; Gillet 1996). Intensity changes of the OH Raman bands 

and changes in absorbance of the OH IR bands can serve as a 
(semi-)quantitative information source to estimate the amount 
of OH or H2O within the crystal structure. Previous Raman and 
FTIR studies on serpentine minerals were mainly used as tools 
to distinguish serpentine polymorphs (e.g., Rinaudo et al. 2003) 
or to determine the structural behavior at high-pressure/high-
temperature (HP/HT) conditions within the stability region of 
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FiGuRe 1. Crystal structure of lizardite-1T (Mellini 1982) projected 
along the b axis showing the positions of the inner and inner-surface 
hydroxyl groups. Some authors, e.g., Auzende et al. (2004), designate 
the “inner-surface” OH also as “outer” OH.


