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abstract

Infrared spectroscopy is a powerful technique for the characterization of minerals, permitting 
insights into their structural and thermodynamic properties. The intrinsic complexity of mineral solid 
solutions makes the interpretation of their spectroscopic data a challenging task.

In this work, the IR vibrational spectra of andradite-grossular (Ca3Fe2Si3O12–Ca3Al2Si3O12) solid 
solutions were simulated at the ab initio level with the CRYSTAL09 code by using a large all-
electron Gaussian-type basis set and the B3LYP hybrid functional. All the 23 symmetry-independent 
configurations resulting from the substitution of 1 to 8 Fe atoms with Al atoms in the 16a octahedral 
site of the andradite primitive cell were considered. The IR active transverse optical frequencies and 
their intensities were computed. Graphical representation of the spectra, animation of the modes and 
isotopic substitution of the cations were used as additional interpretation tools. The dominant high-
frequency modes, corresponding to Si-O stretching motions, show a simple linear behavior of both 
frequencies and intensities with respect to the binary composition; this trend is related to the linear 
behavior of the mean lattice parameter. Also the frequencies of the low-energy bands show, roughly 
speaking, a linear dependence on composition; however, the behavior of the dominant intensities is 
more complicated and strongly connected to the Al and Fe atomic fraction. When considering different 
possible structures at fixed composition, some spectral features display a dependence upon short-range 
Y cation ordering. Overall, we show how ab initio calculations permit to analyze complex systems 
such as solid solutions, establishing relations among structure and properties and providing critical 
and robust interpretations to the experimental findings.
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iNtroDuctioN

Garnets (X3Y2Si3O12) are important rock-forming silicates, 
as major constituents of the Earth’s upper mantle and relevant 
phases of high-pressure metamorphic rocks in the Earth’s crust 
(Deer et al. 1992). From the technological point of view, they 
are largely used for various industrial applications, for example 
filtration media and abrasives, thanks to their recyclability and 
high hardness (Olson 2001). The SiO4 tetrahedra are the building 
blocks of the structure, interconnected with YO6 octahedra, whereas 
the X2+ cations fill the dodecahedral cavities. The highly symmetric 
Ia3d space group contains 48 point-symmetry operations.

Natural garnets rarely exist as pure end-members. They 
rather form solid solutions extending over a broad chemical 
range involving up to 12 end-members (Rickwood 1968). The 
most common cases refer to substitutions of trivalent cations at 
Y sites or divalent cations at X sites. Simultaneous substitutions 
at X and Y sites can also be observed. Intermediate composi-
tions have been the object of extensive studies, and a large set 

of experimental data are currently available, including structural 
refinements (Merli et al. 1995), thermal expansion and elasticity 
(Isaak and Graham 1976; Isaak et al. 1992; O’Neill et al. 1989), 
birefringence (Hofmeister et al. 1998; Akizuki 1984; Andrut and 
Wildner 2001; Wildner and Andrut 2001), and Raman spectra 
(Kolesov and Geiger 1998).

Many investigations on silicon (McAloon and Hofmeister 
1995; Hofmeister et al. 1996, 2004; Geiger et al. 1989; Geiger 
1998; Kolesov and Geiger 1998), aluminum (Chiriu et al. 2006), 
and gallium (Papagelis et al. 2010) garnets dealt with the infrared 
(IR) response. In these studies the effect of chemical substitu-
tion was investigated, and the dependence of the spectrum on 
the composition (and cell volume) was interpreted on the basis 
of simple linear models, namely one- and two-mode behaviors 
(Lucovsky et al. 1968; Chang and Mitra 1968; Fertel and Perry 
1979), which rely on the hypothesis of ideal mixing of the end-
members. However, several issues hinder a full understanding 
of the experimental data: instrumental accuracy, correlation 
among model parameters in the Kramers-Kronig analysis, 
proper symmetry analysis of the binary compounds, hypothesis 
on mode decoupling, uncertainty on composition and structural * E-mail: marco.delapierre@unito.it


